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1 Prior model

The parameters of the 12-6 Lennard-Jones (LJ) potential are reported in Table S1. The
atomic partial charges for the electrostatic interaction are +1 and -1 for the Na™ and CI~
ions, respectively. For the coarse-grained representation of the DNA, the atomic partial

charges are defined in Ref.!

2 Allegro potential

The atomistic structures are represented by collections of nodes and edges. In the graph

representation, the nodes correspond to atoms and edges connect the atom to each other
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Table S1: 12-6 Lennard-Jones parameters for the prior model.

Atom i Atom ] (kcal mol L) (A)

Na Na 0.08744 3.20000
Cl 0.05578 3.45847
C 0.08672 3.10000
N 0.1200 3.80000
O 0.08718 2.45000
P 0.13221 3.09050

Cl Cl 0.03559 4.48000
C 0.0553 3.9000
N 0.07778 3.9000
O 0.05562 4.0000
P 0.08434 4.4000

within a cutoff-distance sphere. Allegro’s potential is a strictly local equivariant deep neural
network interatomic potential architecture with a graph representation.? In Allegro, the total

predicted energy Egystem Of the system is decomposed into atomic energies E;

X
Esystem = ZiEi + Zi (Sl)

where 7, and z, are respectively a per-species scale and a shift parameter. The atomic

energy E;j is also decomposed into a sum of pairwise energy Ej;

Ei = Eij (S2)
JenN(i)

where N (i) is the local environment of atom i. By definition, Ej; is different from Ej; .
The predicted force applied on atom i is then the negative gradient of the total energy with

respect to the position of atom i:

I:i = _VEsystem (SS)



The Atomic Cluster Expansion (ACE) is used to describe the local atomic environment in a
body-ordered expansion. It firstly project the local atomic density onto a set of radial bessel
and spherical harmonic angular basis functions.

The Allegro’s equivariant features VH;;'B are indexed by an ordered pair of neighboring atoms
(i;J) at each layer L. The features can be expressed as a direct sum of irreducible represen-
tations ("irreps”) of the O(3) rotation and mirror symmetry group, which are characterized
by a rotation order | ranging from 0 and upward and parity p equal to +1. These features
consist of scalars (I = 0), vectors (I = 1), and higher-order geometric tensors (I > 2). The
index N corresponds to an additional feature channel. Allegro’s potential defines the updated
equivariant features on the pair ij as a weighted sum of the tensor products of the current

features with the geometry of the other neighbor pairs ik in the local environment of i:
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3 Hyperparameters for MLP

Aqueous NaCl salt solutions trained at a specific concentration

We first investigated the cutoff distance hyperparameter and tested values from 8 to 12 A.
If the cutoff distance was set too small, we observed unphysical trajectories, e.g., phase
separation of ions. The reason is that small cutoffs lead to a low number of neighbors seen
by the ML potential, which makes the learning process harder for small cutoffs. Thus, the
cutoff was set to 12 A. We set the trainable Bessel functions to 12 with a cutoff polynomial
envelope function using p = 24 after testing values between 8 and 12. The number of Bessel
functions does not impact the results significantly. We found one layer with 8 features with
an even parity to be sufficient. The parameter |, is 2, increasing the value did not improve

the fit. A 2-body latent multi-layer perceptron consists of 2 hidden layers of dimensions [16,



32] with a SILU non-linearity that is used for all the concentrations. The final edge energy
multi-layer perceptron has one hidden layer of 16. The same Allegro architecture can be used
for all concentrations, simplifying the hyperparameter studies. In general, the variations in
Allegro-related hyperparameters led to small differences in the RDF peak heights but did
not drastically change the structural properties. We also observed similar validation loss for
these variations. For all the concentrations, the learning rate is set to 0.002 and reduced
using an on-plateau scheduler based on the validation loss with a patience of 20 and a decay

factor of 0.5. The batch size values, from 0.15 to 2.0 mol L=, are 16, 10, 10, and 5.

Aqueous NaCl salt solutions trained with all the concentrations

The hyperparameters that were used to train the model at a specific concentration did
not give successful results when training on all salt concentration configurations. Thus, we
increased the complexity of the Allegro network. We tried using a 2-body latent multi-layer
perceptron consisting of 2 hidden layers of dimensions [32, 64], two layers with 8 features
with an even parity, and one layer with 16 features with an even parity. We also tested the
batch sizes of 32, 64, and 128. We obtained the best results with a batch size of 64. For
all the training, the learning rate is set to 0.002 and reduced using an on-plateau scheduler

based on the validation loss with a patience of 20 and a decay factor of 0.5.

Aqueous NaCl salt solutions in the presence of a DNA molecule

An increased complexity of the Allegro network compared to pure salt solution models was
necessary. We set the number of trainable Bessel functions to 16 with a cutoff polynomial
envelope function using p = 24. We use one layer with 16 features with an even parity.
A 2-body latent multi-layer perceptron consists of 2 hidden layers of dimensions [32, 64]
with a SILU non-linearity. The hidden layer dimension of the latent multi-layer perceptron

is tripled. The final edge energy multi-layer perceptron has one hidden layer of 32. The



batch size is 16. For both trainings, the learning rate is set to 0.001 and reduced using an
on-plateau scheduler based on the validation loss with a patience of 50 and a decay factor of

0.5.



4 Additional Results

4.1 Pure aqueous NaCl salt solutions
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Figure S1: Coordination Number (CN) calculated from the radial distribution functions for
the Na™Na*, Na™-Cl~ and Cl~—Cl~ pairs and concentrations 0.15, 0.5, 1.0 and 2.0 mol L~!.
The all-atom, prior, and DIS models are shown in black, blue, and red, respectively.



Deep potential trained at 0.15 mol L™1
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Figure S2: Radial Distribution Functions (RDFs) for the Nat™—Na*, Nat—Cl~ and C1~—CI~
pairs and concentrations 0.15, 0.5, 1.0 and 2.0 mol L=!. The deep potential has been trained
at 0.15 mol L™!. The all-atom, prior, and DIS models are shown in black, blue, and red,
respectively.
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Figure S3: Radial Distribution Functions (RDFs) for the Na®—Na*, Nat—Cl~ and C1~-CI~
pairs and concentrations 0.15, 0.5, 1.0 and 2.0 mol L=!. The deep potential has been trained

at 0.5 mol L.
respectively.
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The all-atom, prior, and DIS models are shown in black, blue, and red,
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Figure S4: Radial Distribution Functions (RDFs) for the Na*—Na*, Nat—Cl~ and C1~—CI~
pairs and concentrations 0.15, 0.5, 1.0 and 2.0 mol L~!. The deep potential has been trained

at 1.0 mol L1,
respectively.

The all-atom, prior, and DIS models are shown in black, blue, and red,



Deep potential trained at 2.0 mol L™!
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Figure S5: Radial Distribution Functions (RDFs) for the Na™—Na*, Nat—Cl~ and C1~-CI~
pairs and concentrations 0.15, 0.5, 1.0 and 2.0 mol L=!. The deep potential has been trained
at 2.0 mol L=!. The all-atom, prior, and DIS models are shown in black, blue, and red,
respectively.

Deep potential trained with all the concentrations
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Figure S6: Radial Distribution Functions (RDFs) for the Na*—Na*, Nat—Cl~ and Cl~—CI~
pairs and concentrations 0.15, 0.5, 1.0 and 2.0 mol L~!. The deep potential has been trained
with all the concentration configurations. The all-atom, prior, and DIS models are shown in
black, blue, and red, respectively.



4.2 DNA molecule in an aqueous NaCl salt solutions of 0.5 mol L

Na* Cl-
6 2.0
—— all-atom
59 (@) ~ prior (b)
e DIS 1.5 1
4 -
o
03 1.0 1
=
2 -
0.5 1
1 -
0 = T T T T 0.0 .l T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
c Distance from DNA pitch center / A Distance from DNA pitch center / A
o
‘g 6.245 - —— training
2 6.240 - --- validation
% __________________________________________________
0 6.235 T . T . - : :
0 25 50 75 100 125 150 175 200

epoch

Figure S7: Cylindrical Normalized Density Profiles (NDP) for Na* (a) and C1~ (b) from the
center-of-mass of the DNA molecule. The results are shown for the all-atom (black), prior
(blue), and DIS (red) simulations at 0.5 mol L. The colored areas represent the standard
deviation with block averaging of 1 ns. The training (solid) and validation (dashed) loss
function as a function of the epochs (c).

Figure S8: 3D distribution of Na™t cation around the DNA pitch in a NaCl aqueous solution
at 0.5 mol L™ for the all-atom (a), DIS (b), and the difference between both simulations
(c). The distribution is normalized over the trajectory and the total number of cations. For
clarity, only the positions with a sufficient probability are represented. The black beads
represent the coarse-grained resolution of the DNA molecule.
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