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Fit to F-SAPT

Conclusions

Future Directions

What is the orientation dependence for RNA base-
base hydrogen bonds? Can standard force fields 

mimic this behavior?
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4.84 4.47 4.03 3.71 3.42 3.06 2.78 1.59 1.27 1.03 0.79 0.55 0.52 0.51 0.43 0.67 0.72 1.0 1.41

4.02 3.85 3.31 3.01 2.73 2.6 1.66 1.45 1.2 0.92 0.73 0.66 0.5 0.44 0.62 0.57 0.72 1.08 1.49

1.18 1.5 1.79 2.14 2.48 2.8 2.98 1.12 1.05 0.72 0.63 0.65 0.42 0.54 0.55 0.6 0.78 1.23 1.67

0.94 1.0 1.23 1.41 1.61 1.22 1.08 0.89 0.65 0.59 0.28 0.32 0.48 0.29 0.52 0.61 0.75 1.05 1.24

0.45 0.57 0.58 0.67 0.66 0.62 0.56 0.41 0.29 0.25 0.16 0.18 0.17 0.09 0.37 0.44 0.78 0.96 1.33
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-0.42 -0.46 -0.43 -0.44 -0.31 -0.29 -0.29 -0.35 -0.23 -0.18 -0.07 -0.04 -0.22 0.09 0.43 0.52 0.72 0.91 1.09

-0.48 -0.56 -0.56 -0.55 -0.44 -0.39 -0.49 -0.44 -0.37 -0.2 -0.28 -0.06 0.13 0.26 0.36 0.45 0.57 0.71 0.87

-0.4 -0.45 -0.34 -0.32 -0.33 -0.3 -0.36 -0.32 -0.42 -0.18 -0.07 -0.05 0.01 0.09 0.14 0.33 0.45 0.52 0.56

-0.58 -0.59 -0.5 -0.44 -0.43 -0.43 -0.3 -0.32 -0.28 -0.37 -0.17 -0.1 0.02 0.13 0.01 0.13 0.12 0.17 0.15

-0.62 -0.59 -0.46 -0.52 -0.5 -0.59 -0.58 -0.54 -0.45 -0.34 -0.3 -0.36 -0.29 -0.22 -0.31 -0.11 -0.38 -0.44 -0.35

F-SAPT Interaction Energy
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7.54 7.63 7.71 7.82 7.81 7.88 7.9 7.91 6.99 6.82 6.74 6.65 6.47 6.26 7.48 7.3 7.15 6.91 6.69

5.43 5.45 6.02 6.07 6.12 6.17 6.16 6.17 6.16 6.15 6.07 4.95 4.76 4.6 4.42 4.28 4.25 4.42 4.69

4.51 4.55 4.53 4.12 4.05 4.03 3.98 3.93 3.88 3.77 3.63 3.48 3.39 3.27 3.35 3.12 3.14 3.4 3.46

2.68 2.7 2.74 2.75 2.76 2.76 2.7 2.68 2.63 2.57 2.4 2.32 2.18 2.14 2.08 1.95 2.06 2.07 2.0

1.5 1.56 1.57 1.6 1.58 1.59 1.55 1.54 1.37 1.2 1.11 1.05 1.0 0.93 0.85 0.76 0.83 0.72 0.64

0.19 0.26 0.3 0.34 0.3 0.27 0.24 0.16 0.12 0.0 -0.06 -0.11 -0.15 -0.2 -0.24 -0.32 -0.38 -0.47 -0.47

-0.91 -0.9 -0.88 -0.85 -0.84 -0.86 -0.88 -0.92 -0.94 -1.0 -1.06 -1.07 -1.13 -1.24 -1.29 -1.33 -1.41 -1.42 -1.5

-1.87 -1.85 -1.85 -1.84 -1.84 -1.85 -1.84 -1.86 -1.87 -1.9 -1.97 -2.03 -2.08 -2.13 -2.19 -2.25 -2.3 -2.37 -2.52

-2.7 -2.69 -2.66 -2.65 -2.64 -2.66 -2.67 -2.67 -2.72 -2.76 -2.82 -2.89 -2.95 -2.99 -3.05 -3.09 -3.19 -3.29 -3.48

-3.46 -3.43 -3.39 -3.41 -3.42 -3.4 -3.44 -3.47 -3.5 -3.54 -3.59 -3.63 -3.69 -3.78 -3.86 -3.93 -4.04 -4.14 -4.23
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AMBER Interaction Energy
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2.7 3.16 3.68 4.11 4.39 4.82 5.11 6.32 5.72 5.79 5.95 6.11 5.95 5.75 7.05 6.63 6.44 5.91 5.28

1.41 1.6 2.71 3.06 3.39 3.57 4.5 4.72 4.96 5.23 5.35 4.28 4.27 4.17 3.8 3.71 3.54 3.34 3.19

3.33 3.04 2.74 1.98 1.57 1.23 1.0 2.81 2.84 3.05 3.0 2.82 2.98 2.73 2.8 2.52 2.36 2.18 1.79

1.74 1.7 1.51 1.33 1.15 1.54 1.61 1.78 1.97 1.98 2.13 2.0 1.7 1.85 1.56 1.34 1.3 1.02 0.76

1.05 1.0 0.99 0.92 0.92 0.97 0.99 1.13 1.08 0.95 0.95 0.87 0.83 0.84 0.48 0.32 0.06 -0.24 -0.69

0.27 0.3 0.32 0.34 0.35 0.29 0.16 0.23 0.21 0.0 0.09 0.05 -0.16 -0.31 -0.51 -0.83 -1.21 -1.49 -1.78

-0.49 -0.44 -0.45 -0.41 -0.53 -0.57 -0.59 -0.57 -0.71 -0.82 -0.99 -1.02 -0.91 -1.32 -1.72 -1.85 -2.13 -2.33 -2.59
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-2.3 -2.24 -2.32 -2.33 -2.32 -2.36 -2.32 -2.35 -2.3 -2.58 -2.75 -2.84 -2.96 -3.09 -3.19 -3.42 -3.65 -3.81 -4.04

-2.87 -2.84 -2.89 -2.98 -2.98 -2.96 -3.14 -3.15 -3.23 -3.17 -3.42 -3.53 -3.71 -3.9 -3.87 -4.06 -4.16 -4.31 -4.38

-3.56 -3.57 -3.69 -3.61 -3.6 -3.52 -3.52 -3.63 -3.78 -3.88 -3.96 -3.99 -4.13 -4.27 -4.24 -4.45 -4.25 -4.25 -4.39

AMBER - F-SAPT

-5.0

1.5

8.0

K
ca
l/m

o
l

-4
5

-4
0

-3
5

-3
0

-2
5

-2
0

-1
5

-1
0 -5 W

C 5 10 15 20 25 30 35 40 45

-30

-24

-18

-12

-6

WC

6

12

18

24

30

0.49 0.38 0.26 0.34 0.41 0.56 0.74 0.98 1.17 1.49 1.67 1.86 2.01 2.11 2.21 2.26 2.22 2.14 2.07

0.42 0.3 0.22 0.17 0.26 0.52 0.8 1.08 1.29 1.5 1.69 1.85 2.06 2.16 2.25 2.29 2.29 2.2 2.13

0.51 0.43 0.35 0.15 0.2 0.59 0.86 1.11 1.32 1.52 1.72 1.88 2.02 2.12 2.19 2.23 2.15 2.08 2.01

0.66 0.58 0.43 0.36 0.3 0.47 0.76 1.0 1.25 1.44 1.57 1.75 1.86 1.93 2.03 2.1 2.02 1.58 1.57

0.73 0.65 0.62 0.6 0.35 0.54 0.78 1.0 1.17 1.34 1.4 1.47 1.57 1.06 1.08 0.97 0.93 0.71 0.44

0.62 0.68 0.69 0.69 0.74 0.77 0.8 0.65 0.74 0.81 0.83 0.79 0.83 1.05 1.09 1.21 1.3 1.35 1.39

0.25 0.32 0.36 0.41 0.46 0.5 0.55 0.63 0.69 0.73 0.91 0.95 1.04 1.06 1.18 1.3 1.24 1.31 1.36

0.28 0.41 0.47 0.55 0.59 0.63 0.68 0.72 0.77 0.79 0.86 0.85 0.97 1.06 1.12 1.24 1.37 1.47 1.54

0.44 0.47 0.52 0.51 0.58 0.63 0.66 0.68 0.68 0.7 0.77 0.81 0.89 0.98 1.05 1.16 1.23 1.29 1.41

0.49 0.52 0.55 0.57 0.62 0.65 0.58 0.56 0.6 0.63 0.68 0.72 0.75 0.8 0.85 0.9 0.96 1.0 1.05

0.31 0.43 0.45 0.47 0.41 0.44 0.47 0.33 0.39 0.57 0.6 0.6 0.65 0.7 0.81 0.83 0.86 0.91 0.94

Standard error of F-SAPT IE across six SA replicas
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-0.84 -0.78 -0.79 -0.64 -0.61 -0.64 -0.69 -0.7 0.41 0.48 0.51 0.49 0.51 0.49 0.49 0.41 0.33 0.2 0.06
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0.16 0.07 0.11 0.2 0.2 0.18 0.2 0.19 0.2 0.1 0.13 0.02 -0.0 -0.16 -0.13 -0.27 -0.31 -0.42 -0.38
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-0.04 -0.12 -0.13 -0.13 -0.17 -0.17 -0.19 -0.08 -0.1 -0.14 -0.22 -0.21 -0.21 -0.34 -0.24 -0.27 -0.17 -0.25 -0.29
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Residuals, initial parameters from AMBER
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0.35 0.23 0.31 0.3 0.28 0.28 0.28 0.3 0.2 0.18 0.15 0.1 0.14 0.01 -0.09 -0.24 -0.42 -0.58 -0.69

0.31 0.3 0.2 0.21 0.3 0.28 0.29 0.26 0.23 -0.0 0.13 0.07 0.0 -0.19 -0.25 -0.35 -0.48 -0.64 -0.67
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Residuals, random initial parameters

-2.0

-0.5

1.0

Lig
htw

eight
Object OrientedStructureAnalysis

G rossfield Lab

LOOS is an open source library designed for rapid development of
software to analyze molecular dynamics simulations.  It is available 
for download from https://github.com/GrossfieldLab/loos 

How sensitive is F-SAPT FG-IE to distant atoms?
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-0.1 -0.16 -0.05 -0.24 -0.22 -0.26 -0.31 -0.58 -0.68 -0.11 0.06 0.16 0.32 0.51 0.58 0.73 0.71 0.73 0.8
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-2.55 -2.37 -2.22 -2.06 -1.65 -1.47 -1.4 -1.11 -1.14 -1.01 -0.7 -0.52 -0.46 -0.32 -1.42 -1.37 -2.24 -2.21 -2.16
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-3.31 -3.35 -3.29 -3.21 -2.96 -2.9 -2.79 -2.59 -2.4 -2.41 -2.32 -2.22 -2.16 -2.03 -1.97 -1.7 -1.56 -1.47 -1.36
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Mean F-SAPT IE across six SA replicas
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0.29 0.32 0.36 0.38 0.38 0.39 0.39 0.4 0.11 0.15 0.14 0.15 0.16 0.13 0.38 0.39 0.38 0.37 0.38

0.27 0.28 0.26 0.27 0.24 0.28 0.25 0.25 0.26 0.26 0.32 0.15 0.12 0.11 0.11 0.13 0.12 0.13 0.13

0.14 0.13 0.13 0.17 0.12 0.1 0.11 0.13 0.13 0.15 0.12 0.15 0.26 0.25 0.33 0.34 0.34 0.33 0.33

0.37 0.38 0.37 0.37 0.42 0.42 0.36 0.4 0.41 0.41 0.4 0.4 0.4 0.41 0.4 0.39 0.4 0.4 0.4

0.42 0.36 0.35 0.36 0.36 0.37 0.35 0.36 0.37 0.38 0.32 0.37 0.3 0.28 0.32 0.33 0.33 0.38 0.32

0.34 0.36 0.34 0.33 0.32 0.33 0.33 0.33 0.31 0.33 0.31 0.31 0.31 0.35 0.36 0.38 0.37 0.34 0.35

0.28 0.29 0.3 0.29 0.3 0.28 0.35 0.33 0.33 0.34 0.35 0.34 0.35 0.29 0.29 0.29 0.3 0.29 0.28

0.31 0.3 0.31 0.32 0.32 0.3 0.31 0.31 0.33 0.31 0.31 0.35 0.35 0.35 0.36 0.32 0.32 0.3 0.29

0.31 0.3 0.31 0.28 0.26 0.26 0.28 0.25 0.27 0.27 0.28 0.26 0.28 0.28 0.22 0.14 0.14 0.15 0.16

0.16 0.17 0.17 0.14 0.14 0.17 0.14 0.15 0.24 0.31 0.3 0.32 0.33 0.32 0.27 0.26 0.26 0.26 0.26

0.34 0.33 0.33 0.29 0.26 0.27 0.28 0.34 0.33 0.33 0.27 0.28 0.28 0.27 0.27 0.29 0.28 0.32 0.25

Mean heavy atom RMSD across six SA replicas
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