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Genome Rearrangements

* Not only genes undergo mutation
- Genome mutations, or genome rearrangements
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Genome Rearrangements

* Not only genes undergo mutation
- Genome mutations, or genome rearrangements

* Many rearrangement types have been considered
- Inversion, Transposition, inverse Transposition, Cut and Join, ...
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Genome Rearrangements

* Not only genes undergo mutation
- Genome mutations, or genome rearrangements

* Many rearrangement types have been considered
- Inversion, Transposition, inverse Transposition, Cut and Join, ...

* Sorting Problem: Given a set of rearrangement types, what

Is the shortest sequence of those operations to transform one
genome into another?
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Genome Rearrangements

* Not only genes undergo mutation
- Genome mutations, or genome rearrangements

* Many rearrangement types have been considered
- Inversion, Transposition, inverse Transposition, Cut and Join, ...

Sorting Problem: Given a set of rearrangement types, what
Is the shortest sequence of those operations to transform one
genome into another?

* Many rearrangement models have been considered
- Inversion + Transposition, Transposition + inverse Transposition, ...
- Depending on rearrangement types considered, sorting problem is NP-hard

MAX-PLANCK-INSTITUT /. - _ : : :
i B AT MATHEMATIK ‘@ @ Bruno Schmidt Sorting by TDRL and iTDRL Slide 2/11

UNIVERSITAT
LEIPZIG



Genome Rearrangements

Not only genes undergo mutation
- Genome mutations, or genome rearrangements

Many rearrangement types have been considered
- Inversion, Transposition, inverse Transposition, Cut and Join, ...

Sorting Problem: Given a set of rearrangement types, what
Is the shortest sequence of those operations to transform one
genome into another?

Many rearrangement models have been considered
- Inversion + Transposition, Transposition + inverse Transposition, ...
- Depending on rearrangement types considered, sorting problem is NP-hard

The Tandem Duplication Random Loss/inverse Tandem Duplication Random Loss
model can mimic most “popular” rearrangements, and we developed a polynomial time
algorithm for the sorting problem with TDRL/iTDRL
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Genome Model
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Genome Model

e Unichromosomal Genomes can be modelled by
permutations

S UNIVERSITAT
" LeRziG

MAX-PLANCK-INSTITUT > . . . .
B TS MATHEMATIE Bruno Schmidt Sorting by TDRL and iTDRL Slide 3/11



Ve
ﬁ
G~

¢4 Genome Model

e Unichromosomal Genomes can be modelled by *
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Genome Model

e Unichromosomal Genomes can be modelled by
permutations

» “Strandedness” can be modelled by signed permutations
- Important when considering inversion-like mutations I—n B 2 [ -
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Genome Model

e Unichromosomal Genomes can be modelled by * * * *
permutations 1 2 3 4
* “Strandedness” can be modelled by signed permutations
—> Important when considering inversion-like mutations |—np e [ - >
— INVERSION 5 -
-
Bruno Schmidt Sorting by TDRL and iTDRL Slide 3/11 ?“\:’ PETI!XIE}RSITN




TDRL and iTDRL?

e Tandem Duplication Random Loss (TDRL) and
inverse Tandem Duplication Random Loss (iTDRL)
—> Duplication of genome/permutation (inverted for iTDRL)
—> Followed by random loss of one copy for each gene
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TDRL and iTDRL?

e Tandem Duplication Random Loss (TDRL) and
inverse Tandem Duplication Random Loss (iTDRL)
—> Duplication of genome/permutation (inverted for iTDRL)
—> Followed by random loss of one copy for each gene
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TDRL and iTDRL?

e Tandem Duplication Random Loss (TDRL) and
inverse Tandem Duplication Random Loss (iTDRL)
—> Duplication of genome/permutation (inverted for iTDRL)
—> Followed by random loss of one copy for each gene
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TDRL and iTDRL?

e Tandem Duplication Random Loss (TDRL) and
inverse Tandem Duplication Random Loss (iTDRL)
—> Duplication of genome/permutation (inverted for iTDRL)
—> Followed by random loss of one copy for each gene

(1 234)
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Maximal Increasing Sign-Consistent Substrings (MISC)
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
= Maximal: Cannot be extended (to left or right) in permutation
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
= Maximal: Cannot be extended (to left or right) in permutation
—>Sign-Consistent: Contain only positive or negative elements
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
= Maximal: Cannot be extended (to left or right) in permutation
—>Sign-Consistent: Contain only positive or negative elements

t=(37 -6 -2 —145 —8)
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
= Maximal: Cannot be extended (to left or right) in permutation
—>Sign-Consistent: Contain only positive or negative elements

n=(B7]-6 -2 -145 -8)
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
= Maximal: Cannot be extended (to left or right) in permutation
—>Sign-Consistent: Contain only positive or negative elements

r=(B 7|6 —2 —1{45 —8)

MAX-PLANCK-INSTITUT - _ , : .
R ST b Bruno Schmidt Sorting by TDRL and iTDRL Slide 5/11




Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
= Maximal: Cannot be extended (to left or right) in permutation
—>Sign-Consistent: Contain only positive or negative elements

r=(37||-6 —2 —1/45/-8)
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
= Maximal: Cannot be extended (to left or right) in permutation
—>Sign-Consistent: Contain only positive or negative elements

r=([3 7|6 —2 —1|[4 5|-8]|)
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* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
= Maximal: Cannot be extended (to left or right) in permutation
—>Sign-Consistent: Contain only positive or negative elements

Maximal Increasing Sign-Consistent Substrings (MISC)

r=([3 7|6 —2 —1|[4 5|-8]|)

* MISC-Encoding einer Permutation:
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
= Maximal: Cannot be extended (to left or right) in permutation
—>Sign-Consistent: Contain only positive or negative elements

r=([3 7|6 —2 —1|[4 5|-8]|)

* MISC-Encoding einer Permutation:
* Each MISC-substring is assigned a letter (p or n)
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
= Maximal: Cannot be extended (to left or right) in permutation
—>Sign-Consistent: Contain only positive or negative elements

r=([3 7|6 —2 —1|[4 5|-8]|)

* MISC-Encoding einer Permutation:
* Each MISC-substring is assigned a letter (p or n)
e Capture number, and structure of MISC-substrings
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
= Maximal: Cannot be extended (to left or right) in permutation
—>Sign-Consistent: Contain only positive or negative elements

r=([3 7|6 —2 —1|[4 5/-8]

* MISC-Encoding einer Permutation:
* Each MISC-substring is assigned a letter (p or n)
e Capture number, and structure of MISC-substrings
* Allow us to ignore pesky integers
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Maximal Increasing Sign-Consistent Substrings (MISC)

* “maximal increasing sign-consistent substrings” of a permutation:
- Substring: Appear as substring of the permutation
—Increasing: Elements of appear in increasing/ascending order
= Maximal: Cannot be extended (to left or right) in permutation
—>Sign-Consistent: Contain only positive or negative elements

r=([3 7|6 —2 —1|[4 5/-8]

* MISC-Encoding einer Permutation:
* Each MISC-substring is assigned a letter (p or n)
e Capture number, and structure of MISC-substrings p n, p n

* Allow us to ignore pesky integers
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TDRL, iTDRL, and MISC-substrings

D

positive
(123456)
¢ right inverse

Duplication

123456-6-5-4-3-2-1

Y Y

positive negative

P n

g
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TDRL, iTDRL, and MISC-substrings

P P n

positive positive  negative

(123456) (173564 -2)
Random Loss
right inverse
¢ Duplication /

123456-6-5-4-3-2-1

Y Y

positive negative

P n
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TDRL, iTDRL, and MISC-substrings

P P n

positive positive negative

(123456) (13564 2)

Random Loss

right inverse —
¢ Duplication ¢D“thtwn
123456-6-5-4-3-2-1 1356-4-21356-4-2
p();irtive neg;cive posmve negatlve p031tlve negatlve

je n p n p N
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TDRL, iTDRL, and MISC-substrings

P P n

positive positive negative

(123456) (13564 2)

Random Loss

| i o { Duicator
123456-6-5-4-3-2-1 135642135642

Y Y

positive negative positive negative positive negatlve
D n p n _ p N

Random Loss

pn p

positive negative positive

(36-4-215)
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MISC-Substring Patterns

p P N

positive positive  negative

r—— prm— —  p——
(123456) (1356-4-2)
o Random Loss

| st o / | ot
123456-6-5-4-3-2-1 1356-4-21356-4-2
~ —_—— - g — N pr— —p— —— \——
positive negative positive negative positive negative

P n p n p N
¢Random Loss

p n

positive negative positive

e, e, e,
(36-4-215)

2 UNIVERSITAT
LEIPZIG

MAX-PLANCK-INSTITUT - . . . .
R ST Bruno Schmidt Sorting by TDRL and iTDRL Slide 7/11



MISC-Substring Patterns

D p n
positive ositive  negative

(123456) o ( 1p3 5o _433) * MISC-encoding of permutation after applying

| e / | Duptcator TDRL/iTDRL continuously follows a pattern

123456-6-5-4-3-2-1 1356-4-21356-4-2 édifferent orders of applylng TDRL/ITDRL y1€ldS
ot megnive posiive  negative posite _ negative different MISC-Substring Patterns
P n p n p N
¢ Random Loss
p mn

positive negative positive

e, e, e,
(36-4-215)
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p
positive
r——
(123456)
right inverse
¢ Duplication
123456-6-5-4-3-2-1
p;igve ne@ve
P n
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MISC-Substring Patterns

p n

positive  negative

T35627) * MISC-encoding of permutation after applying

Random Loss (
/ | Dupiatn TDRL/iTDRL continuously follows a pattern
135642135642 —>different orders of applying TDRL/iTDRL yields

N pr— —p— —— \——

posifive negative positive _negative different MISC-Substring Patterns
p nop n

¢ Random Loss

p n
positive negative positive TDRL TDRL/riTDRL/{iTDRL
p —mmm . pp EDN PN e+

e, e,
(36-4-215)
¢MTM
n p p p riTDRL

TDRL/rTDRL/¢iTDRL EiTDRL¢ LDR;

npnp nnpp pppp

f | N

D PN N— .

-
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p

positive
r——
(123456)
¢ right inverse

Duplication
123456-6-5-4-3-2-1

M e

positive negative

P n

p n

positive  negative

r——  p——
(1356-4-2)
Random Loss
/ ¢ Duplication

1356-4-21356-4-2
N e e e — ! e g
positive negative positive negative

p n_ p N

¢ Random Loss

p n

positive negative positive

e, e, e,
(36-4-215)

MISC-Substring Patterns

* MISC-encoding of permutation after applying

TDRL/iTDRL continuously follows a pattern
—>different orders of applying TDRL/iTDRL yields
different MISC-Substring Patterns

p 7 TDRL

. p nTDRL/m’TDRL/ZiTDEp n p n L.

MAX-PLANCK-INSTITUT b
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An Algorithm

Algorithm — Sketch:

p ~TDRL - p n TDRL/m'TDRL/mTDgL p n p n L.

*h’TDRL Lor;y
riTDRL

np pp —D PN I—

*TDRL/M‘TDRL/&‘TDRL ZiTDRL¢ Lop;,

npnp nnpp pppp
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An Algorithm

Algorithm — Sketch:
1. Greedy matching to fitting pattern.

p +TDRL - p nTDRL/m’TDRL/MTDgL p n p n L.

*&’TDRL LDp,
rTDRL

np pp ~PPNI— -

*TDRL/MTDRL/&‘TDRL mnm& Lop;,

npnp nnpp pppp

) ! A
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An Algorithm

Algorithm — Sketch:

1. Greedy matching to fitting pattern.
2. Use pattern as “sorting guide”.

p +TDRL - p nTDRL/m’TDRL/MTDgL p n p n L

*&’TDRL LDp,

np pp riTDRL :ppnn_’...

¢TDRL/M‘TDRL/€Z‘TDRL mnm& Lop;,

npnp nnpp pppp

) ! A
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An Algorithm

Algorithm — Sketch:

1. Greedy matching to fitting pattern.
2. Use pattern as “sorting guide”.
3. Sort matching intervals sequentially.

p +TDRL - p nTDRL/m’TDRL/MTDgL p n p n L.

*&’TDRL LDp,
rTDRL

np pp - PN
¢ TDRL/rTDRL/(iTDRL ZiTDRL¢ wx
npnp nnpp pppp

MAX-PLANCK-INSTITUT - . . .
N DEN NATURY, LR MATHEMATIK @ Bruno Schmidt Sorting by TDRL and iTDRL

Slide 8/11

S,
Sits s | UNIVERSITAT
Sle) | LEIPZIG

mc



An Algorithm

Algorithm — Sketch:

1. Greedy matching to fitting pattern.
Use pattern as “sorting guide”.

Sort matching intervals sequentially.
Derive a TDRL/iTDRL corresponding

to sorting step.

= W

p ~TDRL - p nTDRL/m’TDRL/MTDgL p n p n L.

*ZiTDRL Lor;y
riTDRL

np pp —D PN I—
*TDRL/M’TDRL/&TDRL ZiTDRL¢ wx
npnp nnpp pppp

) ! A
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An Algorithm

Algorithm — Sketch:

1. Greedy matching to fitting pattern.
Use pattern as “sorting guide”.

Sort matching intervals sequentially.
Derive a TDRL/iTDRL corresponding
to sorting step.

Repeat 1-4, until sorted.

= W
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p ~TDRL - p nTDRL/m’TDRL/MTDgL p n p n L.

*ZiTDRL Lor;y
riTDRL
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npnp nnpp pppp
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An Algorithm

Algorithm — Sketch:

1. Greedy matching to fitting pattern.
Use pattern as “sorting guide”.

Sort matching intervals sequentially.
Derive a TDRL/iTDRL corresponding
to sorting step.

Repeat 1-4, until sorted.
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*ZiTDRL Lor;y
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An Algorithm

Algorithm — Sketch:

1. Greedy matching to fitting pattern.
Use pattern as “sorting guide”.

Sort matching intervals sequentially.
Derive a TDRL/iTDRL corresponding
to sorting step.

Repeat 1-4, until sorted.
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5
p ~TDRL - p nTDRL/M’TDRL/MTDgL p n p n L.

*ZiTDRL Lor;y
riTDRL

np pp —D PN I—
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An Algorithm

Algorithm — Sketch:

1. Greedy matching to fitting pattern.
Use pattern as “sorting guide”.

Sort matching intervals sequentially.
Derive a TDRL/iTDRL corresponding
to sorting step.

Repeat 1-4, until sorted.

= W

5
p ~TDRL - p nTDRL/M’TDRL/MTDgL p n p n L.

*ZiTDRL Lor;y
riTDRL
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