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Protein Folding

Protein folding is the process by which a protein (a chain of 
amino acids) folds in its 3-dimensional structure.

This folded protein is known as the native state of the protein.

The correct 3-dimensional shape is essential to function.

Computer simulations use energy 
landscapes.

Two very challenging problems in 
synthetic protein design is to predict 
stability and the native state of a 
protein from its amino acid sequence.

In this talk we will focus on protein 
folding.



Protein Folding

Dataset of predicted protein structures 
from Sagar Khare’s lab @ Rutgers

Computations with Rosetta and Amber 
software packages

Root mean square deviation (RMSD) is 
computed by comparing predicted 
structure with native protein

Many computations fail to produce a minimum energy 
configuration (local minima?)

Many computations produce a minimum energy configuration 
with large error (false minima)



Protein Folding

Is the predicted structure a valid folding not observed or is the 
error due to imprecisions in the energy functional?

We consider are small (around 100 amino acids). So errors are 
more likely due to imprecisions in the energy functional.

How can we try to identify errors in the energy functional?



Protein Folding

If so, can we identify particular global geometric structures that 
give rise to these imprecisions?

Use persistent homology to search for correlations between global 
geometric structures and the failure to predict the desired folding

This could help guide the energy minimization techniques to the 
correct minimum

Local energy between amino acids are well understood.

Major sources of imprecisions are likely due to global structures 
of the protein.

We use topology to measure global structure (shape) of the 
proteins.



Homology
Homology

� Homology: H`(X ) �→ �` = number of `-dim “holes”

� H`(X ) = Cycles�Bounday
� �` are called Betti numbers

� �0 = number of connected components

� �1 = number of cycles (or tunnels in 3D)

� �2 = number of connected cavities

Simplicial Homology

The n-th Homology Group of a simplicial complex     is defined as the 
quocient

X

Hn(X) = Cycles / Boundary

• 0-dimensional holes are connected components 
• 1-dimensional holes are loops (tunnels in 3D) 
• 2-dimensional holes are cavities 
• and so on ...
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Homology

Homology

Region u ≥ 0
�0 = 1, �1 = 847, �2 = 0 Isosurface u = 0

�0 = 1, �1 = 1705, �2 = 0



Persistent Homology

� Filtration X : X1 ⊂ X2 ⊂ � ⊂ Xn

� Persistent Homology: PH`(X ) �→ Metric info. about `-dim holes

� Information about when holes appear and for how long they persist

Perseus and PHAT provide fast software to compute persistence

Persistent Homology



Persistence DiagramsPersistence Diagrams

� Persistence Diagram (PD): PD` = {(bi ,di) � i = 1, . . . ,n}
� Each pair (bi ,di) represents and `-dimensional hole

� (bi ,di) is called a birth-death pair
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Persistence DiagramsPersistence Diagrams
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Stability of Persistence Diagrams

dB(PD,PD0) = inf
�

sup
x2PD

kx� �(x)k1

� : PD ! PD0 bijection

Bottleneck Distance
0 5 10 15 20 25 30

0

5

10

15

20

25

30

p = −1, dist = 7

Birth

D
ea

th
PD is a continuous map

Distance between Persistence Diagrams

x

✓

g

f

Two different intensity functions. Corresponding persistence diagrams.

birth

de
at
h

Stability of Persistence Diagrams
David Cohen-Steiner , Herbert Edelsbrunner , John Harer
Discrete & Computational Geometry 2007, Volume 37, Issue 1

Probability measures on the space of persistence diagrams
Yuriy Mileyko, Sayan Mukherjee and John Harer
Inverse Problems Volume 27, Issue Number Tile Start Number 12



Persistence Diagrams of Point Clouds
Point Cloud

� How to compute persistence from point cloud data?

� Need to build a cell complex!



Alpha ShapesAlpha Shape

� X = {xi ∈ Rn � i = 1, . . . ,n}
� Rn = n�

i=1Vi : Voronoi decomposition

� n�
i=1Bi(r) = n�

i=1 (Bi(r) ∩Vi)
Bi(r) = {x ∈ Rn � �x − xi� ≤ r}
� Alpha Shape A(X , r) : dual of {Bi(r) ∩Vi � i = 1, . . . ,n} (simplicial

complex)

� Homotopy Equivalence:

n�
i=1Bi(r) � A(X , r) (same Homology)



Alpha FiltrationAlpha Filtration

� A(X ,↵1) ⊂ A(X ,↵2) for ↵1 ≤ ↵2Example

↵0 � 0

↵5 � �

↵1 > ↵0 ↵2 > ↵1

↵3 > ↵2 ↵4 > ↵3

The Alpha Shape is shown in red

The Alpha Complex is shown in blue and red

Friday, August 3, 2012

CGAL provides fast software to compute alpha shape



Protein Data (PDB)

x y z



Persistence Diagrams of Protein Data

Persistence = death - birth

Protein Computations

input output(filtered) 
geometric 

object
persistent homology

PH�
metric info. of 
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Vectorized Persistence Diagrams

Vectorize using persistence image (Adams et al., 2017)

PD` = {(bi, pi) | i = 1, . . . , N}
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Persistence diagram (birth, persistence) pairs

 (x, y) =
NX

i=1

|pi|p exp
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� (bi � x)2 + (pi � y)2

2�2
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Consider

Evaluate this function on a grid on the (x, y) plane

Organize values as a vector (vectorized persistence diagram)



Vectorized Persistence Diagrams
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Retains the continuity of persistence diagrams

Resolution and regions of diagrams to use are adjustable 



Linear Regression

y = wx+ b
Vectorized persistence 
diagram

Error measure (RMSD)

Linear regression model

The vector      is called the dual persistence diagram (Obayashi 
and Hiraoka 2017)

w
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using a training dataset of pairs (xn, yn)
<latexit sha1_base64="kDa27QJLojjjQeeOZxBcwFmIfSo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisYD+wDWGz3bRLN5uwuxFD6L/w4kERr/4bb/4bt2kO2vpg4PHeDDPz/JgzpW372yqtrK6tb5Q3K1vbO7t71f2DjooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yc3M7z5SqVgk7nUaUzfEI8ECRrA20kP9yRNnKPXEqVet2Q07B1omTkFqUKDlVb8Gw4gkIRWacKxU37Fj7WZYakY4nVYGiaIxJhM8on1DBQ6pcrP84ik6McoQBZE0JTTK1d8TGQ6VSkPfdIZYj9WiNxP/8/qJDq7cjIk40VSQ+aIg4UhHaPY+GjJJieapIZhIZm5FZIwlJtqEVDEhOIsvL5POecOxG87dRa15XcRRhiM4hjo4cAlNuIUWtIGAgGd4hTdLWS/Wu/Uxby1Zxcwh/IH1+QNT55AG</latexit><latexit sha1_base64="kDa27QJLojjjQeeOZxBcwFmIfSo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisYD+wDWGz3bRLN5uwuxFD6L/w4kERr/4bb/4bt2kO2vpg4PHeDDPz/JgzpW372yqtrK6tb5Q3K1vbO7t71f2DjooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yc3M7z5SqVgk7nUaUzfEI8ECRrA20kP9yRNnKPXEqVet2Q07B1omTkFqUKDlVb8Gw4gkIRWacKxU37Fj7WZYakY4nVYGiaIxJhM8on1DBQ6pcrP84ik6McoQBZE0JTTK1d8TGQ6VSkPfdIZYj9WiNxP/8/qJDq7cjIk40VSQ+aIg4UhHaPY+GjJJieapIZhIZm5FZIwlJtqEVDEhOIsvL5POecOxG87dRa15XcRRhiM4hjo4cAlNuIUWtIGAgGd4hTdLWS/Wu/Uxby1Zxcwh/IH1+QNT55AG</latexit><latexit sha1_base64="kDa27QJLojjjQeeOZxBcwFmIfSo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisYD+wDWGz3bRLN5uwuxFD6L/w4kERr/4bb/4bt2kO2vpg4PHeDDPz/JgzpW372yqtrK6tb5Q3K1vbO7t71f2DjooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yc3M7z5SqVgk7nUaUzfEI8ECRrA20kP9yRNnKPXEqVet2Q07B1omTkFqUKDlVb8Gw4gkIRWacKxU37Fj7WZYakY4nVYGiaIxJhM8on1DBQ6pcrP84ik6McoQBZE0JTTK1d8TGQ6VSkPfdIZYj9WiNxP/8/qJDq7cjIk40VSQ+aIg4UhHaPY+GjJJieapIZhIZm5FZIwlJtqEVDEhOIsvL5POecOxG87dRa15XcRRhiM4hjo4cAlNuIUWtIGAgGd4hTdLWS/Wu/Uxby1Zxcwh/IH1+QNT55AG</latexit><latexit sha1_base64="kDa27QJLojjjQeeOZxBcwFmIfSo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahgpREBD0WvXisYD+wDWGz3bRLN5uwuxFD6L/w4kERr/4bb/4bt2kO2vpg4PHeDDPz/JgzpW372yqtrK6tb5Q3K1vbO7t71f2DjooSSWibRDySPR8rypmgbc00p71YUhz6nHb9yc3M7z5SqVgk7nUaUzfEI8ECRrA20kP9yRNnKPXEqVet2Q07B1omTkFqUKDlVb8Gw4gkIRWacKxU37Fj7WZYakY4nVYGiaIxJhM8on1DBQ6pcrP84ik6McoQBZE0JTTK1d8TGQ6VSkPfdIZYj9WiNxP/8/qJDq7cjIk40VSQ+aIg4UhHaPY+GjJJieapIZhIZm5FZIwlJtqEVDEhOIsvL5POecOxG87dRa15XcRRhiM4hjo4cAlNuIUWtIGAgGd4hTdLWS/Wu/Uxby1Zxcwh/IH1+QNT55AG</latexit>

Solved by minimizing the mean squared error function

E =
NX

n=1

(wxn + b� yn)
2 + �kwk22

<latexit sha1_base64="dJEo3o0yVWOH54Eyqm0RwmTfRco="></latexit><latexit sha1_base64="dJEo3o0yVWOH54Eyqm0RwmTfRco="></latexit><latexit sha1_base64="dJEo3o0yVWOH54Eyqm0RwmTfRco="></latexit><latexit sha1_base64="dJEo3o0yVWOH54Eyqm0RwmTfRco="></latexit> Regularization 
term



Linear Regression

Linear regression with              regularization is called Ridge�kwk22
<latexit sha1_base64="ax+CZYTsPc6efWSdOh7+BA12RQs=">AAAB/HicbVC7TsMwFL3hWcor0JHFokJiqpIKCcYKFsYi0YfUhMhxnNaq85DtgKJQfoWFAYRY+RA2/ga3zQAtR7J1dM658vXxU86ksqxvY2V1bX1js7JV3d7Z3ds3Dw67MskEoR2S8ET0fSwpZzHtKKY47aeC4sjntOePr6Z+754KyZL4VuUpdSM8jFnICFZa8syaw3U4wMh5RA/68pp3Tc+sWw1rBrRM7JLUoUTbM7+cICFZRGNFOJZyYFupcgssFCOcTqpOJmmKyRgP6UDTGEdUusVs+Qk60UqAwkToEys0U39PFDiSMo98nYywGslFbyr+5w0yFV64BYvTTNGYzB8KM45UgqZNoIAJShTPNcFEML0rIiMsMFG6r6ouwV788jLpNhu21bBvzuqty7KOChzBMZyCDefQgmtoQwcI5PAMr/BmPBkvxrvxMY+uGOVMDf7A+PwBMJ6Tzg==</latexit><latexit sha1_base64="ax+CZYTsPc6efWSdOh7+BA12RQs=">AAAB/HicbVC7TsMwFL3hWcor0JHFokJiqpIKCcYKFsYi0YfUhMhxnNaq85DtgKJQfoWFAYRY+RA2/ga3zQAtR7J1dM658vXxU86ksqxvY2V1bX1js7JV3d7Z3ds3Dw67MskEoR2S8ET0fSwpZzHtKKY47aeC4sjntOePr6Z+754KyZL4VuUpdSM8jFnICFZa8syaw3U4wMh5RA/68pp3Tc+sWw1rBrRM7JLUoUTbM7+cICFZRGNFOJZyYFupcgssFCOcTqpOJmmKyRgP6UDTGEdUusVs+Qk60UqAwkToEys0U39PFDiSMo98nYywGslFbyr+5w0yFV64BYvTTNGYzB8KM45UgqZNoIAJShTPNcFEML0rIiMsMFG6r6ouwV788jLpNhu21bBvzuqty7KOChzBMZyCDefQgmtoQwcI5PAMr/BmPBkvxrvxMY+uGOVMDf7A+PwBMJ6Tzg==</latexit><latexit sha1_base64="ax+CZYTsPc6efWSdOh7+BA12RQs=">AAAB/HicbVC7TsMwFL3hWcor0JHFokJiqpIKCcYKFsYi0YfUhMhxnNaq85DtgKJQfoWFAYRY+RA2/ga3zQAtR7J1dM658vXxU86ksqxvY2V1bX1js7JV3d7Z3ds3Dw67MskEoR2S8ET0fSwpZzHtKKY47aeC4sjntOePr6Z+754KyZL4VuUpdSM8jFnICFZa8syaw3U4wMh5RA/68pp3Tc+sWw1rBrRM7JLUoUTbM7+cICFZRGNFOJZyYFupcgssFCOcTqpOJmmKyRgP6UDTGEdUusVs+Qk60UqAwkToEys0U39PFDiSMo98nYywGslFbyr+5w0yFV64BYvTTNGYzB8KM45UgqZNoIAJShTPNcFEML0rIiMsMFG6r6ouwV788jLpNhu21bBvzuqty7KOChzBMZyCDefQgmtoQwcI5PAMr/BmPBkvxrvxMY+uGOVMDf7A+PwBMJ6Tzg==</latexit><latexit sha1_base64="ax+CZYTsPc6efWSdOh7+BA12RQs=">AAAB/HicbVC7TsMwFL3hWcor0JHFokJiqpIKCcYKFsYi0YfUhMhxnNaq85DtgKJQfoWFAYRY+RA2/ga3zQAtR7J1dM658vXxU86ksqxvY2V1bX1js7JV3d7Z3ds3Dw67MskEoR2S8ET0fSwpZzHtKKY47aeC4sjntOePr6Z+754KyZL4VuUpdSM8jFnICFZa8syaw3U4wMh5RA/68pp3Tc+sWw1rBrRM7JLUoUTbM7+cICFZRGNFOJZyYFupcgssFCOcTqpOJmmKyRgP6UDTGEdUusVs+Qk60UqAwkToEys0U39PFDiSMo98nYywGslFbyr+5w0yFV64BYvTTNGYzB8KM45UgqZNoIAJShTPNcFEML0rIiMsMFG6r6ouwV788jLpNhu21bBvzuqty7KOChzBMZyCDefQgmtoQwcI5PAMr/BmPBkvxrvxMY+uGOVMDf7A+PwBMJ6Tzg==</latexit>

Linear regression with              regularization is called Lasso�kwk1
<latexit sha1_base64="bawZwdLS82NaC+N1QnUvGXERcrM=">AAAB+nicbVC7TsMwFL0pr1JeKYwsFhUSU5UgJBgrWBiLRB9SG0WO47RWHSeyHaoq7aewMIAQK1/Cxt/gthmg5Ui2js45V74+QcqZ0o7zbZU2Nre2d8q7lb39g8Mju3rcVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wupv7nScqFUvEo56k1IvxQLCIEayN5NvVPjfhEKP+FI3N5bu+XXPqzgJonbgFqUGBpm9/9cOEZDEVmnCsVM91Uu3lWGpGOJ1V+pmiKSYjPKA9QwWOqfLyxeozdG6UEEWJNEdotFB/T+Q4VmoSByYZYz1Uq95c/M/rZTq68XIm0kxTQZYPRRlHOkHzHlDIJCWaTwzBRDKzKyJDLDHRpq2KKcFd/fI6aV/WXafuPlzVGrdFHWU4hTO4ABeuoQH30IQWEBjDM7zCmzW1Xqx362MZLVnFzAn8gfX5A/5skyk=</latexit><latexit sha1_base64="bawZwdLS82NaC+N1QnUvGXERcrM=">AAAB+nicbVC7TsMwFL0pr1JeKYwsFhUSU5UgJBgrWBiLRB9SG0WO47RWHSeyHaoq7aewMIAQK1/Cxt/gthmg5Ui2js45V74+QcqZ0o7zbZU2Nre2d8q7lb39g8Mju3rcVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wupv7nScqFUvEo56k1IvxQLCIEayN5NvVPjfhEKP+FI3N5bu+XXPqzgJonbgFqUGBpm9/9cOEZDEVmnCsVM91Uu3lWGpGOJ1V+pmiKSYjPKA9QwWOqfLyxeozdG6UEEWJNEdotFB/T+Q4VmoSByYZYz1Uq95c/M/rZTq68XIm0kxTQZYPRRlHOkHzHlDIJCWaTwzBRDKzKyJDLDHRpq2KKcFd/fI6aV/WXafuPlzVGrdFHWU4hTO4ABeuoQH30IQWEBjDM7zCmzW1Xqx362MZLVnFzAn8gfX5A/5skyk=</latexit><latexit sha1_base64="bawZwdLS82NaC+N1QnUvGXERcrM=">AAAB+nicbVC7TsMwFL0pr1JeKYwsFhUSU5UgJBgrWBiLRB9SG0WO47RWHSeyHaoq7aewMIAQK1/Cxt/gthmg5Ui2js45V74+QcqZ0o7zbZU2Nre2d8q7lb39g8Mju3rcVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wupv7nScqFUvEo56k1IvxQLCIEayN5NvVPjfhEKP+FI3N5bu+XXPqzgJonbgFqUGBpm9/9cOEZDEVmnCsVM91Uu3lWGpGOJ1V+pmiKSYjPKA9QwWOqfLyxeozdG6UEEWJNEdotFB/T+Q4VmoSByYZYz1Uq95c/M/rZTq68XIm0kxTQZYPRRlHOkHzHlDIJCWaTwzBRDKzKyJDLDHRpq2KKcFd/fI6aV/WXafuPlzVGrdFHWU4hTO4ABeuoQH30IQWEBjDM7zCmzW1Xqx362MZLVnFzAn8gfX5A/5skyk=</latexit><latexit sha1_base64="bawZwdLS82NaC+N1QnUvGXERcrM=">AAAB+nicbVC7TsMwFL0pr1JeKYwsFhUSU5UgJBgrWBiLRB9SG0WO47RWHSeyHaoq7aewMIAQK1/Cxt/gthmg5Ui2js45V74+QcqZ0o7zbZU2Nre2d8q7lb39g8Mju3rcVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wupv7nScqFUvEo56k1IvxQLCIEayN5NvVPjfhEKP+FI3N5bu+XXPqzgJonbgFqUGBpm9/9cOEZDEVmnCsVM91Uu3lWGpGOJ1V+pmiKSYjPKA9QwWOqfLyxeozdG6UEEWJNEdotFB/T+Q4VmoSByYZYz1Uq95c/M/rZTq68XIm0kxTQZYPRRlHOkHzHlDIJCWaTwzBRDKzKyJDLDHRpq2KKcFd/fI6aV/WXafuPlzVGrdFHWU4hTO4ABeuoQH30IQWEBjDM7zCmzW1Xqx362MZLVnFzAn8gfX5A/5skyk=</latexit>

The Ridge regularization term is differentiable

Lasso regularization is know to produce sparse learned vectors

With Lasso we get a sparse dual persistence diagram

Useful to identify the main regions on the proteins responsible 
for the error



Predicted Structures Dataset

Data for 48 different proteins types (48 PDB ids)

Small molecules (around 100 amino acids each)

269 are false minima (predicted structures with low energy, 
but large error)

For each PDB id we have data for predicted structures and 
for the true native molecule

All predicted structure have low energy values (minima)



Protein Folding Analysis

“Cumulative” density histogram of the dataset

Dataset: 400 persistence diagrams of predictions with small 
and large errors.

PD2
<latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit>

PD1
<latexit sha1_base64="p6R3/83np/dbv4S3PXEZTJ0tUgE=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiHjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWN//9kpr6xubW+Xtys7u3v5B9fCobeJUU9aisYh1NySGCa5Yy3IrWDfRjMhQsE44uc39zhPThsfq0U4TFkgyUjzilNhcat4N8KBa8+v+HGiV4ILUoEBzUP3qD2OaSqYsFcSYHvYTG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk6c8oQRbF2pSyaq78nMiKNmcrQdUpix2bZy8X/vF5qo+sg4ypJLVN0sShKBbIxyh9HQ64ZtWLqCKGau1sRHRNNqHXxVFwIePnlVdK+qGO/jh8ua42bIo4ynMApnAOGK2jAPTShBRTG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwBbkI3G</latexit><latexit sha1_base64="p6R3/83np/dbv4S3PXEZTJ0tUgE=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiHjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWN//9kpr6xubW+Xtys7u3v5B9fCobeJUU9aisYh1NySGCa5Yy3IrWDfRjMhQsE44uc39zhPThsfq0U4TFkgyUjzilNhcat4N8KBa8+v+HGiV4ILUoEBzUP3qD2OaSqYsFcSYHvYTG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk6c8oQRbF2pSyaq78nMiKNmcrQdUpix2bZy8X/vF5qo+sg4ypJLVN0sShKBbIxyh9HQ64ZtWLqCKGau1sRHRNNqHXxVFwIePnlVdK+qGO/jh8ua42bIo4ynMApnAOGK2jAPTShBRTG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwBbkI3G</latexit><latexit sha1_base64="p6R3/83np/dbv4S3PXEZTJ0tUgE=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiHjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWN//9kpr6xubW+Xtys7u3v5B9fCobeJUU9aisYh1NySGCa5Yy3IrWDfRjMhQsE44uc39zhPThsfq0U4TFkgyUjzilNhcat4N8KBa8+v+HGiV4ILUoEBzUP3qD2OaSqYsFcSYHvYTG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk6c8oQRbF2pSyaq78nMiKNmcrQdUpix2bZy8X/vF5qo+sg4ypJLVN0sShKBbIxyh9HQ64ZtWLqCKGau1sRHRNNqHXxVFwIePnlVdK+qGO/jh8ua42bIo4ynMApnAOGK2jAPTShBRTG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwBbkI3G</latexit><latexit sha1_base64="p6R3/83np/dbv4S3PXEZTJ0tUgE=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiHjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWN//9kpr6xubW+Xtys7u3v5B9fCobeJUU9aisYh1NySGCa5Yy3IrWDfRjMhQsE44uc39zhPThsfq0U4TFkgyUjzilNhcat4N8KBa8+v+HGiV4ILUoEBzUP3qD2OaSqYsFcSYHvYTG2REW04Fm1X6qWEJoRMyYj1HFZHMBNn81hk6c8oQRbF2pSyaq78nMiKNmcrQdUpix2bZy8X/vF5qo+sg4ypJLVN0sShKBbIxyh9HQ64ZtWLqCKGau1sRHRNNqHXxVFwIePnlVdK+qGO/jh8ua42bIo4ynMApnAOGK2jAPTShBRTG8Ayv8OZJ78V79z4WrSWvmDmGP/A+fwBbkI3G</latexit>



Protein Folding Analysis

Linear regression on dataset with 400 persistence diagrams

Grid size for vectorization of diagrams: 50x50

In [16]:

('intercept:', 14.675708631117484)
('alpha:', 5.0)
('score on test set:', 0.69864673266387722)

xs_train, xs_test, ys_train, ys_test = train_test_split(xs, ys, test_size=0.1)
model = lm.RidgeCV(alphas=[0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 5.0])
# model = lm.RidgeCV(alphas=[0.01, 0.1, 1.0, 10.0, 20.0, 30.0, 40.0])
model.fit(xs_train, ys_train);
 
print("intercept:", model.intercept_[0])
print("alpha:", model.alpha_)
print("score on test set:", model.score(xs_test, ys_test))
np.savetxt("linreg-coef.txt", np.ravel(model.coef_))
 
ys_pred = model.predict(xs)
 
plt.plot([min(ys), max(ys)], [min(ys), max(ys)])
plt.scatter(ys, ys_pred)
plt.xlabel('Root Mean Square Deviation (RMSD)')
plt.ylabel('Predicted RMSD')
plt.show()

Ridge
Score = 0.87

PD2
<latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit>

In [17]:

In [ ]:

('intercept:', 11.730599843067946)
('alpha:', 0.40000000000000002)
('score on test set:', 0.85134838767260568)

ys.reshape(1,200)
xs_train, xs_test, ys_train, ys_test = train_test_split(xs, ys, test_size=0.1)
model = lm.LassoCV(alphas=[0.4, 0.5, 1.0, 5.0, 10.0, 30.0])
model.fit(xs_train, ys_train);
 
print("intercept:", model.intercept_)
print("alpha:", model.alpha_)
print("score on test set:", model.score(xs_test, ys_test))
np.savetxt("linreg-coef-lasso.txt", np.ravel(model.coef_))
 
ys_pred = model.predict(xs)
 
plt.plot([min(ys), max(ys)], [min(ys), max(ys)])
plt.scatter(ys, ys_pred)
plt.xlabel('Root Mean Square Deviation (RMSD)')
plt.ylabel('Predicted RMSD')
plt.show()

 

Lasso
Score = 0.84

PD2
<latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit>



Protein Folding Analysis

Plot of thresholded dual persistence diagrams

PD2
<latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit>

Ridge

PD2
<latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit>

Lasso



Protein Folding Analysis

This could provide information about regions where energy 
functional is more problematic

PD2
<latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit><latexit sha1_base64="Jrblc+hvfS4q/jb5ukeV9Mq1mig=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LGoB48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+0dr6xubWdmmnvLu3f3BYOTpumzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObnO/88S04bF6tNOEBZKMFI84JTaXmneD+qBS9WreHHiV+AWpQoHmoPLVH8Y0lUxZKogxPd9LbJARbTkVbFbup4YlhE7IiPUcVUQyE2TzW2f43ClDHMXalbJ4rv6eyIg0ZipD1ymJHZtlLxf/83qpja6DjKsktUzRxaIoFdjGOH8cD7lm1IqpI4Rq7m7FdEw0odbFU3Yh+Msvr5J2veZ7Nf/hstq4KeIowSmcwQX4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWtdQMXMCf4A+fwBdFI3H</latexit>

Ridge
High density in dual persistence 
provide more relevant  regions

Need to identify these regions 
on the proteins (generators)

Compare the regions on the proteins with small and large errors



Thank you for your attention!


