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Abstract

Significant efforts have been recently made to obtain the three-dimensional (3D) structure of the genome
with the goal of understanding how structures may affect gene regulation and expression. Chromosome
conformational capture techniques such as Hi-C, have been key in uncovering the quantitative information
needed to determine chromatin organization. Complementing these experimental tools, co-polymers the-
oretical methods are necessary to determine the ensemble of three-dimensional structures associated to
the experimental data provided by Hi-C maps. Going beyond just structural information, these theoretical
advances also start to provide an understanding of the underlying mechanisms governing genome
assembly and function. Recent theoretical work, however, has been focused on single chromosome struc-
tures, missing the fact that, in the full nucleus, interactions between chromosomes play a central role in
their organization. To overcome this limitation, MiChroM (Minimal Chromatin Model) has been modified
to become capable of performing these multi-chromosome simulations. It has been upgraded into a fast
and scalable software version, which is able to perform chromosome simulations using GPUs via
OpenMM Python API, called Open-MiChroM. To validate the efficiency of this new version, analyses
for GM12878 individual autosomes were performed and compared to earlier studies. This validation
was followed by multi-chain simulations including the four largest human chromosomes (C1-C4). These
simulations demonstrated the full power of this new approach. Comparison to Hi-C data shows that these
multiple chromosome interactions are essential for a more accurate agreement with experimental results.
Without any changes to the original MiChroM potential, it is now possible to predict experimentally
observed inter-chromosome contacts. This scalability of Open-MiChroM allow for more audacious inves-
tigations, looking at interactions of multiple chains as well as moving towards higher resolution chromo-
somes models.
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Introduction

Since the human DNA sequence was decoded1

in early 2000s, significant efforts have been made
to understand the three-dimensional (3D) structure
of the genome and its role in gene regulation and
expression. This challenge gave rise to a plethora
of experimental techniques needed to investigate
the complexity of chromatin folding.2–8 Hi-C is cen-
tral in this effort and it uses a genome-wide high-
throughput sequencing technique that provides
the contact frequency between all genomic loci
pairs. Hi-C data supports the existence of chromo-
some territories and also identified that the overall
genome organization can be described by two
major compartments (called A and B) and their
respective sub-compartments. Compartment A
has a strong presence of genes, thus higher
expression, and, as expected, it is more accessi-
ble. On the other hand, compartment B is more
densely packed and tends to be more located in
the core of the chromosomes.9 Another genome
feature identified from these Hi-C maps is the topo-
logically associating domains (TADs), self-
interacting partitions in order of mega bases.10

Additionally, Rao and co-workers identified local
domains associated with distinct patterns of histone
marks resulting in six sub-compartments; they also
observed the presence of loops and observed that
loops frequently link promoters and enhancers,
indicating their key role in gene activation.11

Although Hi-C maps provide information about
the genome’s organization, the data obtained is
an average over a large number cells. It produces
a 2D average contact map and not the much
desired 3D ensemble of structures. Advances in
high-resolution microscopy and polymer modeling,
however, shed light on how chromosomes fold in
the 3D space.12–17 Many theoretical models based
on polymer physics were designed along the years,
which helps in explaining mechanisms such as
loops extrusion and phase separation.18–25 We
highlight the Minimal Chromatin Model (MiChroM),
which was the first of all these methods and has
great prediction power. MiChroM is a theoretical
energy landscape model for chromatin folding,
which uses the maximum entropy principle.18,26

MiChroM energy function was applied to polymer
chromosome simulations to generate ensembles of
individual human chromosome structures in
interphase by using the sub-compartments
chromatin types and position of loop anchor loci
as inputs. The Hi-C contact maps obtained from
the ensemble of chromosome 3D structures
reproduced in detail the maps from Hi-C at a
50 kb resolution.18 Although the model was also
used to simulate the combined pair of chromo-
somes 17 and 18 from human GM12878 lym-
phoblastoid cells successfully, the computational
cost for the simulations increased substantially with
the size of the simulation, This has been a limiting
2

factor in simulating large groups of chromosomes.
A simulation for the whole human genome, for
example, would include more than 150,000 beads
at a 50 kb resolution.
To overcome this challenge, we introduce Open-

MiChroM, a software tool that implements the
MiChroM energy function for chromosome
simulation using the OpenMM Python API.27

Open-MiChroM allows high-performance simula-
tions through Graphics Processing Unit (GPU)
acceleration and allows the simulation of more
complex and larger systems. Initially, Open-
MiChroM is used to generate an ensemble of 3D
structures for all individual chromosomes of the cell
line GM12878. Using this ensemble of structures,
we generate the in silico Hi-C maps for each chro-
mosome to validate and determine the efficiency of
the new method. This was followed by simulating
multiple chromosomes together to demonstrate
the scalability power of Open-MiChroM. Initial sim-
ulations included chromosomes 1 to 4, generating
the in silico Hi-C maps for over eight million differ-
ent structures. The Open-MiChroM code and the
trajectories generated for this work are deposited
and freely available at the Nucleome Data Bank
(https://ndb.rice.edu/). A tutorial page about
Open-MiChroM, containing the pipeline to run the
chromosome simulations and generate the in silico
Hi-C maps, is also provided at the NDB website.28

Comparison to Hi-C data shows that the inclusion
of interactions among chromosomes is essential
to be able to predict experimental Hi-C maps
beyond single chromosome but also reproducing
all the experimentally observed contacts between
different chromosomes.
Results

Open-MiChroM as tool to simulate human
genome

Comparison of Open-MiChroM to previous
simulations were performed to validate this new
tool and to verify the capabilities and efficiency of
this new method. Open-MiChroM simulations
reproduced the experimental Hi-C map from the
human B-lymphoblastoid cells GM1287811,18 as
shown in Figure 1(A) (upper triangle). The Pear-
son’s correlation between the simulation (lower tri-
angle) and experimental results (upper triangle) is
R = 0.96 for chromosome 1 at a 50 kb resolution.
It is worthwhile to mention that the parameters
were obtained from a training set using only chro-
mosome 10 from the GM12878 cell line18,11 (details
about how obtain these parameters are in SI).
Chromosome 10 was utilized because of its diver-
sity in patterns of chromosome interactions. We
show that these trained parameters are not only
transferable to all other chromosomes, as dis-
cussed in our earlier work, but also to interactions
between chromosomes. This transferability

https://ndb.rice.edu/


Figure 1. Open-MiChroM simulations of chromosome 1 of the human cell line GM12878. (A) Comparison between
the Open-MiChroM in silico Hi-C simulations (lower triangle) and experimental Hi-C map (upper triangle).11 Pearson’s
correlation between the maps is 0:96. (B) The first eigenvector obtained from the correlation matrix extracted from the
Hi-C maps.9 The orange and blue curves represent experimental data and the Open-MiChroM simulation,
respectively. (C) Contact probability as a function of genomic distance. The color scheme is the same as in (B). (D) A
representative structure of chromosome 1 highlighting the sub-compartment annotation, following the color scheme
shown in (A). (E) The same structure presented in (D) colored by the index locus position. (F) Knot formation
distribution for Open-MiChroM and the associated homopolymer.
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enables high computing performance by using
GPU to run the simulations. As presented here, this
hardware acceleration is fundamental for simulat-
ing large chromosome complexes such as the
human full nucleus to be investigated in future
works. Comparison to previous single chromosome
simulations18,11 were performed for all chromo-
somes in GM12878 and also for additional human
cell lines during interphase.16,28

Figure 1(B) shows the eigenvectors extracted
from the in silico, and from the experimental Hi-C
results. The agreement between them
corroborates the accuracy of Open-MiChroM in
determining the compartment annotations A and
B. The eigenvector analysis distinguishes the
chromatin types A and B: positive and negative
values represent the chromatin type A and type
B, respectively. Figure 1(C) shows contact
probability as a function of the genomic distance.
Previous MiChroM simulations exhibited an
unprecedented accuracy in reproducing
experimental Hi-C maps.18 Open-MiChroM uses
3

the same MiChroM energy function with one further
improvement. Since it is a much more efficient
methods, there is no need for including a truncation
length in the Ideal Chromosome (IC) term. In the
original MiChroM potential, the Ideal Chromosome
term was trained with a dcutoff ¼ 200 in genome dis-
tance and simulated to reproduce the Hi-C maps
using a dcutoff ¼ 500. Open-MiChroM has an effec-
tive way to embed the IC term by using the beads
indexation information. Hence, it is now possible
to implement the IC term calculation for the entire
chain without the need for truncation and, in addi-
tion, using less computational resources. The
removal of this cutoff leads to an improvement of
the polymer scaling when compared to experi-
ments as shown in Figure 1(C). Figure 1(D) shows
a representative structure of chromosome 1. The
color of the beads is related to the chromatin sub-
compartments annotation. Figure 1(E) shows the
same chromosome 1 but now the structure is col-
ored by the locus index in the genomic sequence
at a 50 kb resolution. Furthermore, Open-
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MiChroM has implemented in its software core a
function that calculates the knot formation in the
chromosome polymer. Reproducing the previous
results, Open-MiChroM calculates the Minimal
Rope Length29,30 for each frame of the simulation
(details can be found in SI). Figure 1(F) shows
the knot distributions for the same chromosome
simulated using Open-MiChroM and for a the asso-
ciated homopolymer. Although it still has a few
knots, the chromosome is less entangled than the
homopolymer.
The human chromosome simulations follow a

procedure described in Methods Section. Open-
MiChroM receives a sequence including
chromatin types annotation for each chromosome
as an input. An initial open configuration of the
chromosome chain is built for the minimization
step. The structure is collapsed at a high
temperature (T ¼ 5 in reduced units) for
randomizing the initial state for the equilibration
and sampling simulations. T ¼ 1 was determined
in previous work18 as the temperature that the sim-
ulation matches as the temperature during the Hi-C
experiments production; the chromosome is folded
but still dynamical. After this initial collapse, an
annealing procedure is performed, decreasing the
temperature from T ¼ 5 to T ¼ 1. This strategy
creates random and uncorrelated configurations
for different simulations. The sampling simulation
is carried out over 5� 107 steps via Langevin
dynamics with a damping coefficient of 10:0s,
where s is the time unit. A time step of
Dt ¼ 0:01s was used for all the simulations, storing
a structure every 1� 103 steps. Figure 1(A) (lower
triangle) shows the in silico Hi-C for chromosome 1
obtained over 40 sampling simulation replicas gen-
erating a total of 2� 105 different conformations.
Open-MiChroM allows simulations of multiple
chromosomes chains

The advance of Open-MiChroM makes it
possible simulations of multiple chromosome
chains, thus allowing us to analyze more than a
single chromosome. To determine how multiple
chromosome interactions affect the final folding,
we have simulated the first 4 human
chromosomes of the cell line GM12878. Table 1
describes the number of beads for each polymer
chain and the total beads for the multi-chain
simulations.
Table 1 Details of the chromosomes set up used in Open-
MiChroM multi-chain simulations

Genome Length (Mb) Number of Beads (50 kb)

C1 249.50 4990

C2 243.25 4865

C3 198.20 3964

C4 191.40 3828

Total 882.35 17,647

4

The multi-chain simulations follow the same
protocol described in Section “Open-MiChroM as
tool to simulate human genome”. The structure
initialization and the polymer collapse step were
performed for each chromosome separately.
Once the initial configuration for each
chromosome was obtained, the equilibration step
starts. The chromosome chains are distributed
using the spherical Fibonacci lattices.31 Each of
the 40 replicas has a different initial chromosome
distribution. This strategy helps to randomize the
neighboring interactions in the chromosome inter-
face. The simulations were carried over 2� 108

steps and saving a frame every 1� 103 steps. In
total, an ensemble of 8 million chromosomes struc-
tures were obtained from 40 replicas. The chromo-
some trajectories store the XYZ position of each
bead of each chromosome at every frame. The
data is deposited in the NDB server following the
.ndb file format. Open-MiChroM introduces a read-
ing and writing tool for creating a binary version of
the .ndb file format, called .cndb. Open-MiChroM
also provides a tool for reading the polymer trajec-
tories and generate the in silico Hi-C maps and the
ensemble of 3D structures.
Figure 2A shows the in silico Hi-C map(bottom)

from the multi-chain simulation. Open-MiChroM
reproduces intra- and inter-chain loci contact
observed in the experimental Hi-C maps (upper
triangle).11 The colored squares highlight the
intra-chain contacts for the four simulated chromo-
somes. The Pearson’s correlation between the in
silico and experimental Hi-C is on average
r ¼ 0:94. Figure 2(B) shows representative struc-
tures of the four chromosomes. The color intensity
highlights the formation of chromosome territories
following the more evident intra-chromosome con-
tacts in Figure 2(A).

Open-MiChroM captures the phase separation
between chromatin types in a single and
multiple interacting chromosomes

As previously reported, chromatin types A and B
tend to phase separate within a chromosome
chain.18,17 This observation is consisted with the
need to expose active genes to be expressed.
Active genes exist mostly in regions of chromatin
type A.16,19,9 Open-MiChroM has implemented an
analysis of the radial density profile for each sub-
compartment annotation (The details about RDF
calculations are presented in SI). Figure 3A shows
the radial distribution for each sub-type (A1, A2,
B1, B2, and B3) for a single-chain simulation of
chromosome 1 using an ensemble of 2� 105 struc-
tures. As expected, the B sub-type annotations are
more often observed in the inner chromosome shell
while chromatin types A are mostly present on the
chromosome surface. The AB phase separation in
the simulations is perturbed when neighboring
chromosomes are introduced. The introduction of
inter-chain interactions competes with the interac-



Figure 2. Open-MiChroM multi-chain Hi-C maps and associated representative structures for the combined
simulation of the first 4 human chromosomes of the cell line GM12878. (A) Hi-C maps from Open-MiChroM
simulations (lower triangle) and experiments (upper triangle). The squared contours highlight the intra-chain contacts
for each chromosome. (B) Representative structure of the Open-MiChroM multi-chain simulation containing the
chromosomes 1 to 4. The color scheme matches the squared contours used in (A).

Figure 3. Open-MiChroM single- and multi-chain radial distribution analysis. (A) Open-MiChroM single-chain radial
distribution of chromosome 1. The colors represent the different sub-compartment annotations. On the right, it is
shown a representative structure highlighting the A-type (red) chromatin located preferentially on the surface and B-
type (blue) chromatin buried inside of the chromosome. The gray color represents the centromere region of the
chromosome structure. (B) Open-MiChroM radial distribution of chromosomes 1 in a multi-chain simulation. The color
scheme is the same as in (A). On the right, it is shown a representative structure of chromosome 1 in the multi-chain
simulation.Notice that the structural perturbation due to neighboring interactions is accompanied by a global A-type
and B-type phase separation. (C) Open-MiChroM multi-chain radial distribution of the complex of chromosomes 1 to
4. Again, the color scheme is the same as in (A). On the right, it is shown a representative structure of the first four
simulated chromosomes. The AB phase separation is observed among different chromosome polymer chains. The
radial distribution profile calculation is described in SI.
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tions of the single chain. The result is a distortion
on the spherical shape of the polymer chain
observed in the single-chain simulation since A
types tend to move to the surface and B types to
the core. Therefore, the chromosome complex
maintains independent territories for individual
chromosomes and a global AB phase separation,
as observed in Figure 3(B) and (C). It is interesting
to notice that this distortion in structure for individ-
ual chromosomes allow the chromosome complex
to satisfy both of these conditions. The liquid-like
behavior of chromosomes32 in interphase allows
the distribution chromatin type A on the chromo-
somes surface, even with the polymer connectivity
constraint.
Conclusion

This new theoretical development and
computational tool remove existent barriers and
allow for extensions of the current simulation
beyond individual chromosomes. They represent
the first step towards a detailed simulation of the
full nucleus genome. In addition, it also allows for
future modifications to current models to improve
their resolution beyond 50 kb. These advances
also make possible to expand our studies to a
large number of cell lines. Here we have shown
the joint simulation of the four large chromosomes
and have shown how inter-chromosome
interactions affects the final structure. Although
the single chromosome structures still maintain
strong similarity to the individual chromosome
ones, it is import to highlight that the AB phase
separation observed in individual chromosomes is
maintained in this large complex.
To achieve these goals, Open-MiChroM is

introduced as a software tool to perform
dynamical simulations of chromosomes using the
Minimal Chromatin Model energy function. Open-
MiChroM uses the Python toolkit OpenMM, which
enables high computing performance by using
GPU to run the simulations. This acceleration is
the key for performing simulations of large
chromosome complexes and moving towards
simulating the full nucleus. There are many other
challenges to simulate the human full nucleus,
such as determining appropriate initial conditions
for the simulations and the effects of interactions
with Lamin-A in the nucleus wall, but the
theoretical and computational tool towards this
goal is now available. Comparison to previous
single chromosome simulations18 were performed
to show the power of the method. for example, by
using Open-MiChroM, one can now remove the
cutoff distance in the Ideal Chromosome function
(needed before due to computational limitations)
leading to a much improved polymer scaling when
compared to experiments. To facilitate result anal-
ysis, Open-MiChroM expands the analysis tools in
the code core. More specifically, these tools include
6

the knots calculations, radial density distribution,
and the in silico Hi-C contact map.
Open-MiChroM is also efficient in storing 3D

structures of the chromosome polymer chain. The
XYZ position of each bead can be exported into
different file formats, including the binary format
.ndb, named here as .cndb. Python scripts are
developed to read and write .cndb files and the
conversion of this file format to others commonly
used ones. These scripts are made available at
the NDB server. Additionally, a tutorial web page,
describing, step-by-step usage of Open-MiChroM
is included in the NDB server. Expansion of
Open-MiChroM for different resolutions will be
implemented in the near future. Going beyond
human cell lines and tissues, the model is also
being expanded to incorporate experimental data
from different species and different cell phases.
Finally, it is noteworthy that Open-MiChroM is
freely available deposited as an MIT license 4,
and any contributions to the code are welcome.
Methods

Open-MiChroM is a software tool developed to
simulate and analyze the genome organization.
Open-MiChroM implements the Minimal
Chromatin Model (MiChroM) energy function to
simulate chromosome dynamics using the Python
API OpenMM software. There are significant
advantages in using Open-MiChroM, which are
described in Section “Results”. Details about
MiChroM, OpenMM, code implementation, and
applications are described next.
MiChroM potential

The Minimal Chromatin Model (MiChroM) is a co-
polymer physics model that uses the maximum
entropy principle constrained by three
assumptions to incorporate the structural
interactions between genomics loci.20 The energy
function takes the following form:

UMiChroMð~rÞ ¼ UHP ð~rÞ þ
X

k P l

k ; l 2 Types

akl

X

i 2 fTypekg
j 2 fTypelg

f ð~r ij Þ

þ v
X

ði ;jÞ2fLoopSitesg
f ð~r ij Þ þ

Xdcutoff

d¼3

cðdÞ
X

i

f ð~r i ;iþd Þ; ð1Þ

where UHP ð~r Þ is the potential energy of a generic
homopolymer with an additional soft-core term to allow
for sporadic chain crossing (see SI for details). The
following terms result from the constraints applied when
implementing the maximum entropy approach. The
second term in Eq. (1) corresponds to type-to-type
interactions that give rise to the compartmentalization
pattern found in Hi-C maps. The third term represents
the loop anchor points, to account for the CTCF
binding sites. The last term is the translational invariant
compaction term, called the ideal chromosome
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potential, which assumes that, every time a pair of loci
comes into contact, there is a gain/loss of effective free
energy, cðdÞ, that is a function of genomic distance d.
The spatial range of all interactions is controlled by the

function f ð~r ij Þ ¼ 1
2
f1þ tanh½lðr c � r ij Þ�g, which varies

between one at short distances and zero at large
separations. All parameters used in this work were
obtained from the previous work,18 see section
”GM12878 Hi-C data usage” in SI for more details.
Open-MiChroM implementation and simulation
work using OpenMM

OpenMM is a software toolkit for high-
performance molecular dynamics simulations.
OpenMM allows users to add customized forces
with novel energy functions, such as those
implemented in Open-MiChroM. OpenMM
receives the customize energy function
expression as an input and generates an
optimized code for high-performance computing.
OpenMM supports different hardware
architectures, including both CPUs and GPUs.27
Figure 4. Open-MiChroM implementation diagram. Ope
(MiChroM) with the Python API OpenMM. This implementat
high-performance computing by using the hardware accelera
simulations of a single or multi chromosome chains. Open-
ensemble of chromosome structures is stored in trajectory fi
.cndb (binary version of .ndb).

7

The Open-MiChroM code uses Python 3 with
standard scientific libraries. Figure 4 shows a
diagram of the Open-MiChroM simulation
pipeline. The code was implemented to
accommodate a single or multiple chromosomes
chains. Analyses tools and the necessary steps to
generate in silico Hi-C maps are implemented in
the software core. Open-MiChroM initially creates
an initial chromosome chain with the chromatin
type annotation sequence as an input.
Additionally, the loop anchor information is
optional and can be provided as a file containing
the CTCF loci observed experimentally. The
chromatin sequence and the loop anchor points
can be provided as text files, or the users can
also use the chromosome information provided in
the .ndb file. The initial simulation structure can
take several forms: a straight line, a random walk
structure, a helicoidal shape, or any structure
provided by the user in a .ndb file format.
In the case of multiple chains, each chain’s initial

position is defined using a Fibonacci Lattice
distribution. After this initial preparation step,
Open-MiChroM is ready to perform simulations
n-MiChroM combines the Minimal Chromatin Model
ion allows for chromosome simulations of genomes with
tion of GPUs. The Open-MiChroM code accommodates
MiChroM reproduces experimental Hi-C maps. The 3D
les, saving them as .ndb (human-readable text file) or as
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using the energy function described in
Section “MiChroM potential”. Open-MiChroM
equilibration step uses a spherical constraint term
for the initial structure collapse. This constraint is
optional and is used to speed up the generation
of the initial configuration. In the case of multiple
chain simulations, equilibration is required until
the polymer chains get in contact. After this initial
collapse step, this constraint is turned off, and a
second equilibration is performed. The second
equilibration simulation is a strategy to randomize
the initial configuration prior to the sampling
simulation. For the simulations presented in this
work, the sampling step was carried out over 40
replicas with 5� 107 steps, storing a frame every
1� 103 steps that generates a total of two million
3D structures. These numbers were used to
produce the in silico Hi-C maps which are
compared to experimental ones. The comparison
for all human autosomes of the cell line GM12878
are presented in the SI. Trajectory files are stored
as .ndb or .cndb files. Analysis parameters such
as the potential energies, radius of gyration, knot
calculation are outputs when requested with the
corresponding flag during the Open-MiChroM
simulation. These analyses can also be
performed by reading the trajectory files after the
simulations.
Open-MiChroM performance analysis in CPUs
and GPUs

The Open-MiChroM performance was evaluated
based on the simulation time in both CPUs and
GPUs. Simulations were performed for
chromosome polymer chains at a 50 kb resolution
Figure 5. Open-MiChroM performance analyses in CPUs a
function of the polymer size. The times plotted are an avera
(Intel(R) Xeon(R) Gold 6230 CPU) (yellow) and a GPU (N
represent the time scale in seconds (green region) and hou
compared to a full nucleus genome simulation of different o

8

in a range of 1� 103 to 4� 105 beads,
comparable to sizes of the human chromosome
21 to the full wheat genome. The simulation
pipeline follows the scheme presented in
Figure 4. A sequence of the chromatin
compartment annotation, types A and B, is
provided as an input. For benchmarking
purposes, the sequences used in this section
were randomly generated. The simulations have 2
steps: 1) an initial conformation, either a straight
line or a more compact helicoidal structure is
chosen. This is followed by an equilibration run
needed for compacting the polymer chain and to
randomize the initial 3D structure for the next
step. 2) Chromosome simulations are performed
to sample different conformations which are
needed to obtain the 3D structural ensemble of
the chromosomes. For this performance analysis,
the simulations go over 2� 105 steps using a
time step Dt ¼ 0:01s, where s is the time unit
described in Section “Open-MiChroM as tool to
simulate human genome”.
Figure 5 shows the performance of Open-

MiChroM for different polymer chain lengths. For
both CPUs and GPUs, the simulations were
averaged over 20 independent runs. The error
bars in this benchmarking are negligible. The
CPU yellow curve is truncated at the valued of
the longest simulation which is shorter than for
GPUs (green line). The performance difference
between CPUs and GPUs using Open-MiChroM
is similar to those obtained in the OpenMM
performance analysis in chromosome simulations.
The GPU efficiency using Open-MiChroM allows
for the investigation of much larger systems. The
comparison presented in Figure 5 shows that
nd GPUs. The semi-log plot shows the running time as a
ge over 20 replicas of 2� 105 time steps, using a CPU
VIDIA(R) Tesla(R) V100) (green). The shaded regions
rs (yellow region). The icons represent the polymer size
rganisms.
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simulations of a full human genome size with the 46
chromosomes at a 50 kb resolution are now
possible using minutes or less of computer time.
This also opens the possibility of simulating plant
genomes, such as wheat, which have much
bigger genomes. It is important to comment that
these comparisons only show the ability of Open-
MiChroM to scale up in genome size with suitable
performance. The results containing the biological
comparisons such as between in silico and
experimental Hi-C maps are presented in
Section “Open-MiChroM as tool to simulate
human genome”.
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