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Let’s discover the rules of the game
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How many different configurations we will have ?

(K + 1)V
(Exponential in the # of chairs)

Hamilton

Damien



Akash

Damien

Hamilton

E(X) = sit(Emma) + sit(Yc) + sit(Akash) + handshake(Emma, Yc) + 3 = sit_convincing_cost.
+ + + + -

s\ ADWINA

E(X) = Xpex sit(p) + 2y, p,,,ex handshake(p;, p;4+1) + [ * sit_convincing_cost.

configuration X of size [ PhD students

We further assume the following:

* |[sit(p)| > |sit_convincing_cost|. (Damien always gains by convincing a PhD student to sit)
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Ahmed’s goal




 What is his mindset?
 What he prefers?




Modelling

 What is his mindset?
 What he prefers?

Computation




Once Upon a Time in Hamilton
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Kate
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* Ahmed can only kill, he’s an immortal man




Rules of Hamilton game

* If you kill, you are safe
* You can only kill one student, you have only one bullet

* You can be killed once
* You must respect other killers, you can cross their killing line

* Ahmed can only kill, he’s an immortal man



















Structure S




Structure S










Q: the set of all possible structures
that respect the game rules




Q: the set of all possible structures
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Ahmed’s goal
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That is so cool!

Some Criteria/Model ?
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Some Criteria/Model ?

B(S) = #killed PhDs

s 4 want
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That is so cool!
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B(S) = #Kkilled PhDs

12 BS)

Q is the set of all possible structures
that respect the game rules

How to compute this fast?
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After playing that game over and over
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Blood freshness

After playing that game over and over

1st an 3rd 4th
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Some Criteria/Model ?

B(S) = EB(Z)
[




Some Criteria/Model ?

B(S) = zB(l)
[

12 BS)

How to compute this fast?
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c = 3 sofas

That is s7bad!



Pl
Loves high quality blood
Loves mixed blood

Hates disconnectedness
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Let’s analyse this

Rotate by 180 degrees
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Let’s analyse this

S
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Let’s analyse this

S
g B

Rotate by 180 degrees Rotate by 90 degrees

R = R =2 R=4

Doesn’t penalize Penalize a little bit Penalize more
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Loves high quality blood
Loves mixed blood
Hates disconnectedness
Hates rotational symmetry
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c = 4 sofas
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c = 4 sofas

Some Criteria/Model ?
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Hamilton game

G A C

Chemical bonds



DNA secondary structures

G A C

Chemical bonds



DNA secondary structure r A
AG 3 A
C G
A T C
T A C
T A
A_G c,C
A A
c C . A
5 C, A
SR AGT ! Cog Ay A ) pseudoknot-free
C - T AAGTG .
A C
AT
Single stranded DNA Secondary structure

A list of base pairs Polymer graph representation

NP — Hard j pseudoknotted




Energy models and Minimum Free Energy

Single stranded system

Multi stranded system of s strands

v
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T
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e
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Energy models and Minimum Free Energy

Single stranded system

TAAC
G
A
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T
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C
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C
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AG(S)

Energy model

Capture the free energy
of secondary structure

Multi stranded system of s strands

v
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Energy models and Minimum Free Energy

Single stranded system

TAAC
G
A )
G CA
C G
A T C
T A C
T A
AG c,C
A A
C C
T
C G
T T
C
S'GT
2 G C
3 AATGTGG
C
C T
C AA

Free energy

AG(S)

Energy model

Capture the free energy
of secondary structure

Multi stranded system of s strands

v

[

»

System secondary structures

MFE = minAG(S)
SeQ

Minimum Free Energy
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Some Criteria/Model ?
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Some Criteria/Model ?

AG(S) = —#base pairs

min AG(S)

Q is the set of all possible structures
that respect the game rules

How to compute this fast? Yes



Some Criteria/Model ?

B(S) = ZB(I)
[

12 BS)

How to compute this fast?
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Some Crlterla/ModeI ?

AG(S) = 2 AG(1)
[

r.Snelfrll AG(S)

S How to compute this fast?
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Some Criteria/Model ?

AG(S) = 2 AG(1)
[

min AG(S)

S How to compute this fast? Yes
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c = 3 sofas

Some Criteria/Model ?

B(S) = 2 B(I) — (c — 1) Bassoc
l

12 BS)

-
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Q: the set of all connected structures
that respect the game rules

How to compute this fast?.:
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AG(S) = Z AG(]) + (c — 1) AG3ssoc
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c = 3 strands
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Some Criteria/Model ?

AG(S) = Z AG(]) + (c — 1) AG3ssoc
l

min AG(S)

): the set of all connected structures
that respect the game rules

S How to compute this fast?: Yes
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Some Criteria/Model ?

B(S) = z B(l) — (c — 1)B#%%°¢ — k5T * logR
l
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How to compute this fast?
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Some Criteria/Model ?

AG(S) = Z AG(D) + (c — 1)AG3S5°C + kT * logR
l

min AG(S)

How to compute this fast?
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c =4 strands

> |

j

Some Criteria/Model ?

AG(S) = Z AG(D) + (c — 1)AG3S5°C + kT * logR
l

min AG(S)

How to compute this fast?

No, till now .



Free energy Loop energy Entropic association cost Symmetry penalty

AG(S) = Y AG() + (c — 1) * AG®SSC + kT * logR
les — —+ +

(@) & ) b & ) © 71
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€ — ¢ /
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Fig. 2.2 Sample secondary structures and polymer graphs for a complex of four indistinguishable
strands. (a) 1-fold (i.e., no) rotational symmetry. (b) 2-fold rotational symmetry. (c)
4-fold rotational symmetry.




Computational complexity of Minimum Free Energy algorithms

Input Type _ MFE

1 Single Strand (Maximum matching) O(N3)
2 Single Strand (Loop model) O(N?3)
3 Multiple unique Strands, Bounded (< ¢) O(N3(c—1))

4 Multiple Strands, Bounded (< ¢) ?

N bases, c¢ strands

70



Computational complexity of Minimum Free Energy algorithms

Input Type _ MFE

1 Single Strand (Maximum matching) O(N3)

2 Single Strand (Loop model) O(N?3)
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Open problem for = 20 years
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Why symmetry makes that difference?



Why symmetry makes that difference?
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Entropy




AG
Free energy



AG

Free energy

/\

Enthalpy Entropy



Solid

Liquid

Increasing Entropy
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That is uggl?l ugh!



Free energy Loop energy Entropic association cost Symmetry penalty

AG(S) = Z AG(D) + (c — 1) * AG3S°C 4 kT # logR
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“ L £ /
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',Q‘ '\Q‘ ;}Q&‘

Fig. 2.2 Sample secondary structures and polymer graphs for a complex of four indistinguishable
strands. (a) l-fold (i.e., no) rotational symmetry. (b) 2-fold rotational symmetry. (c)
4-fold rotational symmetry.




Why is this difficult?
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| Level | Input Type ____wmre |
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ingle Strand (Maximum matching) O(NF)

w0 All Of these are dynamic programming algorithms

Multiple Strands, Bounded (= ¢)
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Global property
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Computational complexity of Minimum Free Energy algorithms

Input Type ___ MFE___
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[
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Computational complexity of Minimum Free Energy algorithms

Input Type ___ MFE___

1 Single Strand (Maximum matching) O(N?3)

2 Single Strand (Loop model) O(N3)

3 Multiple unique Strands, Bounded (< ¢) O(N3(c—1))
4 Multiple Strands, Bounded (< ¢) ?

N bases, ¢ strands

B(S) = z B(l) — (c — 1) B#3°¢ B(S) = zB(l) — (¢ — 1)B359¢ — kT * logR
] l

S)e)



Let’s ignore the symmetry for a while
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Is there any hope?
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Last summer, we went to Japan
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B(S)

B(Sy) = B(Sx)

?)) S, Symmetric




B(S)

B(Sy) = B(Sx)

B(S,) < B(S;) < B(Sx)

)] S, Symmetric

Q2
X (4/ S, Asymmetric

l (b C-f% Sy Symmetric




B(S)

B(Sy) = B(Sx)

B(S,) < B(S,) < B(S)

?)) S, Symmetric

S, Asymmetric

l (b @f% Sy Symmetric

Sxand S,
Admissible cut



The sandwich theorem of
secondary structures

Does this solve the problem?
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B(Sy) = B(Sx)

B(S,) < B(S,) < B(S,)
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B(Sy) = B(Sx)

B(S,) < B(S;) < B(Sx)

Upper bound
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B(Sy) = B(Sx)

B(S,) < B(S;) < B(Sx)

Upper bound

N —c
v ()

(o(v(m)) —v(T))
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» Lemma 28. For any two 2-fold rotational symmetric secondary structures, the mazrimum

number of all distinct central internal loops is > (|[A|l||T|s + ||G|ls||Clls —Zs) < N?/16,
sey
).

S

1 ¢>2ands(l) =s(

0 otherwise

where m = y?, and I, is an indicator function such that T, = {
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Computational complexity of Minimum Free Energy algorithms

Input Type _ MFE

1 Single Strand (Maximum matching) O(N3)

2 Single Strand (Loop model) O(N?3)

3 Multiple unique Strands, Bounded (< ¢) O(N3(c—1))
4 Multiple Strands, Bounded (< ¢) ?

N bases, c¢ strands

Open problem for = 20 years
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Input Type _ MFE
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2 Single Strand (Loop model) O(N?3)
3 Multiple unique Strands, Bounded (< ¢) O(N3(c—1))

4 Multiple Strands, Bounded (< ¢) O(N4(c — 1)!)

N bases, c¢ strands

146




European
Innovation
Council

Thanks

Funded by
the European Union

Maynooth
University

National University
of Ireland Maynooth

@

Hamilton Institute

dna.hamilton.ie

dna.hamilton.ie/shalaby

. '.' .o'
0g0®%9e? .
o 0o
o:...:.. ..: L4 7 N’
::€FC -
Sasoeee R
etn
RO 147


http://dna.hamilton.ie/
http://dna.hamilton.ie/

European
Innovation
Council

Thanks

i

Funded by
the European Union

Maynooth
University

National University
of Ireland Maynooth

@

Hamilton Institute

dna.hamilton.ie

dna.hamilton.ie/shalaby

O
R

cience

..
cre gl
...


http://dna.hamilton.ie/
http://dna.hamilton.ie/

	Slide 1
	Slide 2:  
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18: An efficient minimum free energy algorithm for interacting nucleic acid strands
	Slide 19
	Slide 20
	Slide 21: In a perfect world 
	Slide 22: In a perfect world 
	Slide 23: In a perfect world 
	Slide 24: In a perfect world 
	Slide 25: In a perfect world 
	Slide 26: In a perfect world 
	Slide 1: Ahmed’s goal 
	Slide 2: Ahmed’s goal 
	Slide 3: Ahmed’s goal 
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9: Level 1
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17: Rules of Hamilton game
	Slide 18: Rules of Hamilton game
	Slide 19: Rules of Hamilton game
	Slide 20: Rules of Hamilton game
	Slide 21: Rules of Hamilton game
	Slide 22: Rules of Hamilton game
	Slide 23: Rules of Hamilton game
	Slide 24: Rules of Hamilton game
	Slide 25: Rules of Hamilton game
	Slide 26: Rules of Hamilton game
	Slide 27: Rules of Hamilton game
	Slide 28: Rules of Hamilton game
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34: Structure  bold italic cap S
	Slide 35: Structure  bold italic cap S
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40: Possible scenarios
	Slide 41: Possible scenarios
	Slide 42: Possible scenarios
	Slide 43: Possible scenarios
	Slide 44: Possible scenarios
	Slide 45: Possible scenarios
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52: Level 2
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62: Ahmed’s goal 
	Slide 63: bold italic cap S
	Slide 64: bold italic cap S
	Slide 65: bold italic cap S
	Slide 66: bold italic cap S
	Slide 1: Level 3
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Ahmed’s goal 
	Slide 9: bold italic cap S
	Slide 10: bold italic cap S
	Slide 11: bold italic cap S
	Slide 12: bold italic cap S
	Slide 13: Level 4
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33: Let’s analyse this
	Slide 34: Let’s analyse this
	Slide 35: Let’s analyse this
	Slide 36: Let’s analyse this
	Slide 37: Let’s analyse this
	Slide 38: Let’s analyse this
	Slide 39: Let’s analyse this
	Slide 40: Ahmed’s goal 
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45: We are done
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60: bold italic cap S
	Slide 61: bold italic cap S
	Slide 62: bold italic cap S
	Slide 63: bold italic cap S
	Slide 64: bold italic cap S
	Slide 65: bold italic cap S
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72: Why symmetry makes that difference?
	Slide 73: Why symmetry makes that difference?
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85: Why is this difficult? 
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137
	Slide 138
	Slide 139
	Slide 140
	Slide 141
	Slide 142
	Slide 143
	Slide 144
	Slide 145
	Slide 146
	Slide 147
	Slide 148

