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Go beyond straightforward MD and learn how to map free-energy landscapes, cross barriers and
sample rare events in biomolecular systems. This module covers reaction coordinates,
metadynamics, umbrella sampling, replica-exchange concepts and practical workflows so that you
can design and interpret advanced sampling simulations for real research problems.

Advanced Sampling, Metadynamics,
Umbrella & Replica
Help Desk · WhatsApp

S e s s i o n  I n d e x

Session 1 — Free Energy Landscapes & Reaction Coordinates Session 2 — Metadynamics

Concepts & Setup Session 3 — Umbrella Sampling, Windows & PMF Session 4 — Mini Capstone:

Replica & Advanced Campaign
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Free Energy Landscapes & Reaction Coordinates

Why advanced sampling is needed beyond standard MD

r a r e  e v e n t s  a n d  h i g h  b a r r i e r s  m e t a s t a b l e  s t a t e s  a n d

s l o w  m o d e s  c o n n e c t i o n  t o  k i n e t i c s  a n d

t h e r m o d y n a m i c s

Free-energy surfaces and collective variables (CVs)

1 D  v s  2 D  f r e e - e n e r g y  p r o f i l e s  d i s t a n c e ,  a n g l e  a n d

Advanced Sampling, Metadynamics, Umbrella & Replica —
Hands-on
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R M S D  b a s e d  C V s  c h o o s i n g  C V s  a l i g n e d  w i t h

m e c h a n i s m

Assessing CV quality and basic projection ideas

o r t h o g o n a l i t y  a n d  d e g e n e r a c y  i s s u e s  c o n n e c t i o n  t o

P C A  a n d  s l o w  c o o r d i n a t e s  s a n i t y  c h e c k s  u s i n g  s h o r t

M D  r u n s

S e s s i o n  2
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Metadynamics Concepts & Setup

Metadynamics basics and biasing along CVs

h i s t o r y  d e p e n d e n t  b i a s  p o t e n t i a l s  G a u s s i a n  h e i g h t ,

w i d t h  a n d  s t r i d e  o r d i n a r y  v s  w e l l  t e m p e r e d

m e t a d y n a m i c s  i d e a

Practical metadynamics parameter choices

c h o o s i n g  b i a s  f a c t o r  a n d  t e m p e r a t u r e  b o u n d a r y

h a n d l i n g  a n d  w a l l  p o t e n t i a l s  a v o i d i n g  r u n a w a y  b i a s

a n d  a r t e f a c t s

Reconstructing free-energy surfaces from metadynamics

a c c u m u l a t e d  b i a s  a n d  F E S  r e c o n s t r u c t i o n  m o n i t o r i n g

c o n v e r g e n c e  i n d i c a t o r s  i n t e r p r e t i n g  b a r r i e r s  a n d

m i n i m a

S e s s i o n  3
F e e :  R s  1 4 8 0 0   Apply Now

Umbrella Sampling, Windows & PMF

Umbrella sampling concepts along a chosen coordinate

h a r m o n i c  r e s t r a i n t s  a n d  w i n d o w s  i n i t i a l  s t r u c t u r e s

a n d  p u l l i n g  r u n s  c o v e r a g e  a n d  o v e r l a p  r e q u i r e m e n t s

http://www.nthrys.com
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Running umbrella windows and checking sampling quality

h i s t o g r a m  o v e r l a p  c h e c k s  e q u i l i b r a t i o n  v s

p r o d u c t i o n  f r a m e s  i n  e a c h  w i n d o w  t r o u b l e s h o o t i n g

p o o r l y  s a m p l e d  r e g i o n s

PMF reconstruction and barrier interpretation

W H A M  s t y l e  r e c o n s t r u c t i o n  o v e r v i e w  e r r o r  e s t i m a t i o n

a n d  c o n f i d e n c e  b a n d s  r e l a t i n g  P M F  t o  b i n d i n g  o r

t r a n s i t i o n  m e c h a n i s m s

S e s s i o n  4
F e e :  R s  1 8 8 0 0   Apply Now

Mini Capstone: Replica & Advanced Campaign

Replica-exchange ideas and temperature/hamiltonian ladders

T h e o r y  +  P r a c t i c a l

Design a small advanced sampling campaign for a case system

c h o o s i n g  C V s  a n d  m e t h o d  ( m e t a  o r  u m b r e l l a )

o p t i o n a l  r e p l i c a  o r  m u l t i p l e  w a l k e r s  c o n c e p t  r u n n i n g

a n d  m o n i t o r i n g  a  s h o r t  p i l o t  c a m p a i g n

Deliverables: FES/PMF plots and advanced sampling report

f r e e - e n e r g y  l a n d s c a p e  o r  P M F  p r o f i l e s  p a r a m e t e r

t a b l e s  a n d  c o n v e r g e n c e  d i a g n o s t i c s  w r i t t e n

i n t e r p r e t a t i o n  a n d  l i m i t a t i o n s  d i s c u s s i o n

http://www.nthrys.com

