Topics of today:

More about singular DCJ-indel distance and sorting:
1. Restricted DCJ-indel model
2. The diameter of the DCJ-indel distance

3. Establishing the triangular inequality

Capping
1. Capped relational graph of canonical genomes
2. Capped relational graph of singular genomes

3. Indel-potential of cycles via transitions



Singular DCJ-indel model - summary

where ¢ is the value obtained by opti-

+ Z A(C) =4, mizing deducting path recombinations
CERG

| Paz|

DClJ-indel distance: d[ (A,B)=n—|C|—

A and B arecircular:  d (A, B) =n—|C| + Z A(C)
CERG

Both distance computation and sorting can be done in linear time.



Singular DCJ-indel sorting: trade-off between DCJ and indels

MAd m LS
A sorting algorithm that maximizes gaining DCJs with Ay = 0 minrimizes indels.

—_—

neutral DCJs with Ay = —1

However, these gaining DCJs can be often replaced by . .
losing DCJs with Ay = —2

There is a big range of sorting possibilities between
{a sorting algorithm that maximizes gaining DCJs with Ay = 0 (miniizing indels)

a sorting algorithm that minimizes gaining DCJs with A = 0 (maximizing indels)

-



Singular DCJ-indel sorting: trade-off between DCJ and indels

Two optimal scenarios sorting { [1x53], [4y2] } into { [Lu234v5]}
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Minimizing DClJs gives 3 DCJs and 3 indels
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Minimizing indels gives 4 DCJs and 2 indels

A X5, 8, 4 V2,
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DCJ model - circular excision/integration

Canonical DCJ model Restricted canonical DCJ model
R
1‘543‘26 1.4326
excision . excision |-
1,2, 6, 5,1 4, 3 1,26, 5,1 4, 3) Block
excision \L integration |, interchange
e
1 2‘6 (5‘3) [N 1\2.3.6
integration . excision |
—1>—2>i‘$g @ —'b—zb—jb‘iéﬂ @ transposition
integration ‘L integration ‘L
1,2, 3,4, 5 6, 1, 2,03 5, 6,
Many circular chromosomes can coexist A circular chromosome is immediately
in the intermediate genomes. reintegrated after its excision.

The DCJ distance is the same
for both the general and the restricted DCJ models



Restricted DCJ-indel (singular linear genomes)

. . . move deletions down
In any sorting sequence, it is always possible to

S: general DCJ-indel sorting

2ol 3,0 T, 6,5, v 4

J»i%i#i&iéih
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1234 O s
deletion
ENEXE R o v

A2y OB
reincorporation
4,2, 3,5 5,7,

reincorporation .

1,23, 4. 5 6.7,
] insertion

1, 2, %X Y, 3, 4 5 6 7
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1 inversion

move insertions up
L: “layered” DCJ-indel sorting

1,3 u 76,5 v 4

insertion

X Y, 3, U T, 6.5 v 4

\LF L D Ty
inversion

1,24 % Y, 3, u 7, 6 5 v 4

A2, X Y, 3,0 7,6

1,65, v 4,

excision .

A2 X Y3 4 (IG5 v T

excision

X Y, 3, 4, (1,5, v 1N\ (6)

reincorporation .

A2, X ¥, 3, 4 5. v U7, ()

reincorporation .

x_ Y 3 4

—
| deletion
2 x Y 3 4 5 6 7

S : general sequence of DCJ and indel operations sorting linear A into linear B

L:

“layered” sequence of insertions, DCJs and deletions sorting linear A into linear B

S ~ L:/@LDCJ@D

IS = IL]



Restricted DCJ-indel-distance (singular linear genomes)

L: “layered” DCJ-indel sorting

2 1,3 u 7 6 5 Vv 4
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“layered” sequence of insertions, DCJs and deletions sorting linear A into linear B

“layered” sequence of insertions, restricted DCJs and deletions sorting linear A into linear B

“layered” restricted DCJ-indel sorting
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The triangular inequality does not hold for the DCJ-indel distance

A=[12345]
Three singular genomes ¢ B=[13425]
C=[15]
The triangular inequality di,(AB) =3
die, (A B) < die, (A, C) +dpe, (B, C) - § diey (A, C) =1
dpes (B, C) =1

does not hold

1 2 1 2
A H554 B LA,
1
c — C 4
“Free lunch”:

while sorting A into C and then C into B,
a set of common genes of A and B
are deleted and then reinserted

It is possible to define a “corrected” DCJ-indel distance, for which the triangular inequality is fulfilled.

The first step towards this correction is determining the DCJ-indel diameter



The triangular inequality does not hold for the DCJ-indel distance

1.2 )
2 ]
A SR77 A 5508, MY
1.3 .24 A=[12345]
o= Three singular genomes { B=[13425] .
2 =[1 1 1
i) ¢i—a C=[15] Cc — c >
B HL4S
The triangular inequality db (A, B) =3 “Free lunch”:

while sorting A into C and then C into B,

dies (A, B) < di, (A, C) +dp, (B,C) | dpey(A,C) =1
a set of common genes of A and B

D —
does not hold des(B,C) =1 are deleted and then reinserted

It is possible to define a “corrected” DCJ-indel distance, for which the triangular inequality is fulfilled.

The first step towards this correction is determining the DCJ-indel diameter

OBS: In the comparison of two genomes, the DCJ-indel model prevents the “free lunch”:

common genes cannot be deleted or inserted



The diameter D}, of the DCJ-indel-distance

The diameter is the tightest known upper bound for a distance measure.

Denote by DI, (A, B) the DCJ-indel diameter of two singular genomes A and B:

DCJ

dne; (A B) < Dpg, (A B)

For determining the diameter D[}, (A, B), we
{ignore path recombinations and consider that the components of RG(A, B) are sorted independently

determine the maximum number of runs that each component of RG(A, B) could have

For a given component C in a relational graph, let a segment of C be

C itself (if C is a 0-cycle or a 0-path)
a minimal path flanked by two extremity-edges
a minimal path at the extremity of a path and connected to an extremity edge

J(C) : number of segments in component C

J(C) depends on [

{the type of C (path or cycle)

Ipr) =2 I(ps) =6

the number of extremity edges in C



Segments of a component in the relational graph

For a given component C in a relational graph, let a segment of C be

C itself (if C is a O-cycle or a 0-path)

a minimal path flanked by two extremity-edges

a minimal path at the extremity of a path and connected to an extremity edge

A O N

J(C) : number of segments in component C

J(C) depends on
{the type of C (path or cycle)

the number of extremity edges in C

Jp)=k—+1 k>0
in general Ie) =1
J(ek) =k ke {24,6,..}

Apr) =2 Aps) = 6

(A

J(c1a) =14




Segments of a component in the relational graph

J(C) : number of segments in component C

Amax(C) : max. number of runs that C can have

] Avax(C) : max. indel-potential that C can have

Apn) =2 2ps) = 6 M() =) and ha(€) = |35

: > 30 Ax(©)  Aax(©) does (€)
j - | 1

NO U A WN
~NO U A WN

SRR WWNN

- WNNREOO

)=k
in general Ie) =1
)=k



Each component can be sorted separately...

...with an internal gaining DCJ at each step:

Cycle: creates a new cycle at each step

AL - OO = - ﬁm L ydes

k- de (1-"‘"‘)

AB-path: creates a new cycle at each step

_\1\_ = 'L;—\‘,'_O = ... = ‘[+{]+_,_+ﬂ L—TL 2 dos
K- pab (o) —

AA-path: creates a new cycle at each step, eventually one step is a single cut (on B) that creates two AB-paths

E 2- opdles

BB-path: analogous to AA-path



Each component can be sorted separately

with an internal gaining DCJ at each step

peds

Cycle: creates a new cycle at each step

AN, 3 e
% = O*O = - BU"’ ] 2., oers
z
K-~ q!olt.- j(C’_) =K
AB-path: creates a new cycle at each step

_\1\ = 1":—\-1-@ = ... = -[ 4_ "’B St 2-yeles

K-pakb I(Pc) - ket 2
AA-path: creates a new cycle at each step, eventually one step is a single cut (on B) that creates two AB-paths
—L o r A Dt rectes
WV V0 s ) %
A .'- J R
VU, 0 Tl %0
K-pubh  J(P) - ke

BB-path: analogous to AA-path

.,Loq&) = [J(_C%/LJ



The diameter D™

DCJ

J(C) : number of segments in component C

:(C) AM/\X(C) )\I\L\X(C) dDCJ(C)

1 1 1 0

2 2 2 0

3 3 2 1

4 4 3 1

5 5 3 2

6 6 4 2

7 7 4 3
A0 2 [FeE] 294

if 3(C) is odd:

dpes(C) + Auax(C) = % + w =23(C)

ifJ(C) is even:

dpes(C) 4+ Auax(C) = 3(C2)72 + w = :(C)

of the DCJ-indel-distance

k(A) 1 # linear chromosomes in A

L S(A) :  # (circular) singletons in A
et
k(B) : # linear chromosomes in B

S(B) :  # (circular) singletons in B

The number of segments in RG(A, B) is
J(RG(A,B)) = 2n+ k(A) + S(A) + ~(B) + S(B)

DA B) = D> (does(€) + Muax(€))
CERG(AB)

= > 20
CeRG(A,B)
= 3(RG(A,B))

Divy (A, B) = 2n + k(A) + S(A) + k(B) + S(B)




Establishing the triangular inequality

Disjoint sets of genes Gy, U, Gc, G, B, Gac and Gy
for three genomes A, B and C A

For each pair of genomes, we define the corrected distance dki},;:

dkpe; (A, B) = die; (A, B) + k(|G| + |Gac| + 98] + 198c])

Ga Gp
1 I
@:gmc
deDDCJ(A’ (C) = dg)C.I(A' (C) + k(|gA| + |gA]B| + |gC| + ‘g]B(CD

dk{‘JDCJ(B’ (C) = dgjc,J(]Bv (C) + k(‘g]B| + |gA\.]B| + |g(C| + |gAC|) C

The triangular inequality must hold for dki,;:

dkpe, (A, B) < dkpe, (A, C) + dkpg, (B, C)

d%)CJ(A,B)Jrk(IGAI+|@Ac\+\9€l+l%cl) < diey (A C) + k(|9 + %8| + |9¢| + 1Gc))+
dbes (B, C) + k(IG4| + |Gas| + Ge| + 1G£])

dIDDc.I(AvB) < dIDDc.I(Ar (C) + k(|gA]B| + |gC|) + dIDDc.I(Br (C) + k(|gA]B| + |gC|)

diey (A, B) < di, (A, C) + diyey (B, C) + 2k(|Gas] + [Gcl)



Establishing the triangular inequality

dpes (A, B)

A

< d,(A,C) +d2,(B,C) + 2k(|Gas| + 1Gcl) A B
di2,(A,C) < di2,(A,B) + d2,(B, C) + 2k(|Gac| + |Gal) AZJ

die, (B, C) < di, (A, B) + diR, (A, C) + 2k(|Gec| + 194 l)

x(A) :  # chromosomes in A
k(A): # linear chromosomes in A
{dBLJ(A’ B) > dpe, (A, C) S(A) :  # (circular) singletons in A r(A) +S(A) < x(A)
Assume Let
d®, (A, B) > d, (B,C) x(B) :  # chromosomes in B and
Kk(B) :  # linear chromosomes in.B 5(B) + S(B) < x(B)
S(B) :  # (circular) singletons in B
We need to find a value k that-guarantees:
Ay (A, B) < dizy (A, C) £ dizy (B, C) & 2K(|Gas| + IGc]) Poc,(4.B) < x(A) + X(B) + 2K|Ghs|

In the worst case genome C is empty:
dpes (A, C) = x(A) and  dip, (B, C) = x(B)
DID

pes (A B) = 2|Gap| + x(A) + S(A) + x(B) + S(B)

21Ge] < 2k|Gye| =



Establishing the triangular inequality

dk{‘)DCJ(A’ IB) = dIr?c,J(Av B) + k(‘gA| + |gAC‘ + |g]B| + |g]BC|)

A
a Gre
dkpes (A, C) = di, (A, C) + k(|G| + 1Gas| + 1Gc| + |Grcl) A‘

dkpe, (B, C) = die, (B, C) + k(198 + [Gasl + |Gc| + 19ac])

The triangular inequality holds for the corrected distance dk

1D
DCJ

forany k >'1




Quiz 1
1 Which of the following statements about the DCJ-indel model are true?

><The triangular inequality holds for the DCJ-indel distance.

The triangular inequality does not hold for the DCJ-indel distance, but a simple correction
can be done.

><The DCJ-indel distance can be distinct from the restricted DCJ-indel distance.

2 The best known algorithm for the restricted DCJ-indel sorting runs in...

A O(n) time.

(nlog n) time.

C O(n?) time.



Capped relational graph

Capping is a procedure that circularizes all paths of a relational graph by adding caps (artificial genes):
» if the capping is optimal, the genomic distance is preserved

» from the capped relational diagram we can derive genomes composed only of circular chromosomes

A capping may require adjacencies between caps:
[o: represents an adjacency between caps in genome A

I'z: represents an adjacency between caps in genome B.



Capped relational graph of can

onical genomes

Optimally linking paths from RG(A, B) of canonical genomes A and B into cycles can be done as follows:

[id paths [ linking cycle | [ An [ Ac [ A(2AB) [ Ape |
1 AB (AB) 705 [ +1 05 0
2 AA + BB (AA, BB) +1 ] 41 0 0
3 AA (AATE) | U | 41| 41 0 0
4 BB BBr) | n| +1]+1 0 0

Closing an AA-path (over-represented in genome A and marked with a U) requires an adjacency .

Closing a BB-path (over-represented in genome B and marked with a N) requires an adjacency Iy.

Any capping producing linking cycles as indicated on the table above is optimal:

» The value Apc; = An— Ac — A(2AB) is the DCJ-effect produced by each type of linking cycle.

> All given linking cycles have Ape; =0, t

L {NAi number of linear chromosomes in A
et

kp: number of linear chromosomes in B

herefore they preserve the DCJ distance.

The difference between the number of AA- and of BB-
paths is equal to the difference between k, and kp.

An optimal capping that maximizes the number of linking cycles of type 2 minimizes the number of caps:

The number of caps to be added is exactly px = max{ra, KB} -
The number of adjacencies between caps is exactly ax =

HA-H]BL



Capped relational graph of canonical genomes - example

A=[21] [43] [5] (6) and B=[12] [34] [5] [6] ; pP.=4 and a. =1
ot oh gt 4h 3t 3h 5t 5h 6t gh
P,
dDCJ:n—|C‘_| ;Bl
=6—-0-—-1
=5
1h ot 3h 4t 4h 5t s5h 6t 6h
oh 1t 73 4t 4h 3t 3h 74 V5 5t 5h 76
dpes = n+ p« — |C|
=6+4-5
=5
1t 1h ot 73 3t 3h 4t 4h va 75 5t 5h 76 Y7 6t 6h 78

Any way of pairing the cap extremities 71,72, ..., ¥g is valid; possible derived circular genomes are:

Ao=(21W) (43X) (5Y) (6) (z) and Bo=(12W) (34X) (5Y) (62)
(W =1, W= yp, X = 3, X = yq, YN = 45, Y =6, 2" = 47, 2! = )
or
Ao=(21W43X57Y2z) (6) and Bo=(12W34X5Y62)
(W =3, W =72, X = 45, X = yg, YN = 47, Y = 6, 2" = 1, 2! = )



Capped relational graph

n = # common families px = max{

# linear chromosomes in A

# linear chromosomes in B

a _——»




Capped relational graph

p. = max {# linear chromosomes in A n=7 , p.=3
.« =

# linear chromosomes in B 6 cap vertices per genome

/0

< G > < aE——

n = # common families

add 2p. cap vertices to each genome if # linear chromosomes is different, connect

each cap is connected by an adjacency edge each pair of isolated caps with an adjacency edge

to the end of a path



Capped relational graph

{# linear chromosomes in A n=7 , p.=3
psx = max

n = # common families . . .
7 # linear chromosomes in B 6 cap vertices per genome

o (CGEEEN >

TSR <

< G > < aE——

add 2p. cap vertices to each genome if # linear chromosomes is different, connect

each cap is connected by an adjacency edge each pair of isolated caps with an adjacency edge

to the end of a path

link each cap from A to a cap from B: only cycles

DCJ-optimal capping

[ paths [linking cycle] An[A[C[[A(2[Pxs])[Boal]
AB (AB) [+05] +1 —05] [0
AA + BB (AABB) | +1| +1 o o

AA (AA L) +1| +1 0

BB (BB, Iy +1| +1 0




Capped relational graph of singular genomes - example

transforming 2 X AAgz + BBy + BBg

Deducting chain of path recombinations into 3 x AB. + ABp
ith hA), =-3
wit overa bey =
Abap + BBy ABe + ABga
2runs + 1run no run + 2 runs
A=2 + =1 A=0+ A=2
by
(Afe;=—1)
& e el o e«
9-o—F gaining L
DCJ
AB. + ABg
N norun + 3 runs
A=0 + =2
€1 €1

@ e

Abgp + BBp ABe + AByp (Ady,=—1)
2runs + 1run no run + 2 runs neutral _
A=2 4+ x=1 A=0+ A=2 DCJ
(A, =—1)

5 e, 5 e €1

| R O W

ey e e €6




DCJ-indel optimal capping

ABy, ABg ABag
Indel-enclosing paths:  AAx  AAg  AAxs =
BBy, BBg BBz =

ABga
AAga
BBga

Pa ~ Pasa ~ Pasasa
Pg ~ Ppag =~ Ppapas

Pas = Pasas =~ Pasasas

11 1R

Pga >~ Pgapa ™~ Peapana



DCJ-indel optimal capping

Pa ~ Pasa =~ Pasasa
Pg ~ Ppag =~ Ppasas
Pas >~ Pasas >~ Pasasas

ABy ABz ABas ABga
Indel-enclosing paths:  AAx  AAg  AAxs = AAga
BBy, BBg BBas = BBga

11 1R

Ppa >~ Pgapa ™~ Peasana

n=4 and px =2 paths: 2 x AA,g, BBA, BBg

DCJ-optimal capping: 2 cycles

(AAag, BBg) and (BB, AAss)

n+pe—[Cl+ D A
=442-2+4

B o @ -8




DCJ-indel optimal capping

Ps ~P ~ P
ABA ABB ABAB ABBA PA N PABA N PABA\BA
Indel-enclosing paths: AAy, AAgz  AAss = AAg, PB N PBAB N PBABAB
BBA BBB BBAB — BBBA AB — ABAB — ABABAB

Ppa >~ Pgapa ™~ Ppasana

11 1R

n=4 and px =2 paths: 2 x AA,g, BBA, BBg
A DCJ-optimal capping: 2 cycles
(AAag, BBg) and (BB, AAss)
n+pe—[Cl+ D A
=442-2+4
B o @ =8
A DCJ-indel optimal capping: one cycle

(AAss, BBg, AApy, BBy)

dgoe=n+p.—Ic|+ > A
=44+2-1+2
=7




Capped relational graph of singular genomes - revisiting example

AZ[3121] [32433 3] and BZ[bllbz 2] [3 b3 4] N p*=2 and ax =0
A al afpt ghpt qh 3h Components: 2 x AAz, BB4, BBg
*r—@
P
a =n—icl - 223 xe) -5
- —4-0-0+6-3
B bi bf1t 1hbl  bhot  of 3t 3hbi  bigt  gh —7
yaa) aftot oh1t qh2 ysay  aliat ghal oAbzt 3hm
e A A N NV Linking cycle: (AAys, BBg, AAgy, BB4)

di)DcJ =n+ p« —|C‘+Z)\(C)
=442-142
=7

. . SV AR N S
7bi  bf1t  1hby  bh2t  2hv2 33t 3hb) biat ghva

The four sources of a chain of deducting recombinations are optimally linked into a single cycle.



Capped relational graph of singular genomes
The sources of each chain of deducting recombinations must be properly linked together into a single cycle.

Unbalanced chains over-represented in genome A are marked with a U

BB: <I'p: a path BB, is preferred to close a U-unbalanced chain; if it does not exist, an adjacency I'p is used
Unbalanced chains over-represented in genome B are marked with a N

AA. <T,: a path AA. is preferred to close a N-unbalanced chain; if it does not exist, an adjacency Iy is used
a path AB4s can be represented by BAgy

In order to give the correct order of linking
a path ABg4 can be represented by BA 43

[ id | sources [ linking cycle [ T anJac[a@aB)[ax]ay, |

[P WM [AAas + BBas [(AAas, BBpa) [ [ F1[+1] 0] 2] —2]

Q WWMM |2 x Ahus + BBa + BBg | (Adus, BBs, AApga, BBa) +2|+1 0| —4| -3

Dey - MMWW | 2 X BBas + AA4 + AAg | (BBas, Abs, BBaa, AAx) 12|41 0| —4| -3
"'4"L T WZM | Abus + BBA + ABug (ABus, AAga, BB4) +15| 41 —05| —3| —2
opl-m& WM | 2 x AAas + BBA (AApa, BB, Adas, BB. <) ul 42| +1 0| —=3| —2
- WNM | AAp + BB + ABga (ABga, AAus, BB) +15 | 41 —05| =3| —2
-4 WWM | 2 x AAas + BBg (AAs, BBA, A s, BB, <) ul 42| +1 0| =3| =2
MNW | BBas + AAg + ABga (ABga, AA4, BBag) +1.5| +1 —05| -3 —2

MM |2 x BBas + Adg (BB, AA, BBag, AA, <T,) Nl +2|+1 0| —=3| -2

MZW | BBas + AAg + ABug (ABas, AAg, BBga) +1.5 | +1 —05| —3| -2

MMW | 2 X BBag + Adg (BBag, Ahg, BB, AA <T4) Nl 42| +1 0| —=3| —2




id [ sources [ linking cycle [ [ An[Ac[A@AB) [AX]AY ]
S ZIN | ABas + ABga (ABag, ABga) +1(+1 —1| =2 -1
WM | AA4 + BBg (AAg, BB4) +1| 41 0| —1| -1
WM | AAg + BBg (AAp, BBs) +1]+1 0| —1| -1
Dey - W | Ahys + BBy (AApa, BBa) 1] +1 0| 1| -1
ind e WM | AAs + BBg (AAus, BBg) 41|41 o] 1| -1
a'h;“g_ WZ | AAas + ABag (AAga, BB, <Tg, ABag) Ul 415]+1 —05| —2| -1
. WN | AAas + ABgra (AAap, BB, <Ts, ABga) U|+15] +1 —05| —2| -1
c"ﬂ""‘) W | AAas + AAas (AAaps, BB, <Tp, Abga, BB, <Tp) |U| +2]|+1 0| —2| -1
MW | BBag + AAg (AA4, BBag) +1(+1 0| —1 —1
MW | BBas + AAg (AAps, BBgrA) +1]+1 0| —1| -1
MZ | BBas + ABas (BBga, ABas, AA. <T4) N|{4+15]+1 —05| —2| -1
MN | BBas + ABia (BBas, ABga, AA. <T4) N[ 4+15]+1 —05| —2| -1
MM | BBas + BBas (BBas, AA, <T4, BBra, AA. <Ts) | N | +2| +1 0| —2| -1
M ZZl | 2 x ABas + AAp + BBy | (ABas, AAs, BApa, BBA) 42| +1 —1| —4| -2
NNWM | 2 X ABga + AAs + BBg | (ABga, AAy, BAags, BBg) +2] +1 —1| —4| -2
N zZuM | ABus + AAg + BBy (ABag, AAg, BBA) +15] +1 —05| —2| -1
ZZW | 2 X ABas + AAg (ABas, AA, BAga, BB, <Tg) Ul 42| +1 —1] =3] -1
ZZM | 2 x ABus + BB4 (BAga, BBa, ABas, AA, <T4) Nl +2]+1 —1| =3| -1
NWM | ABga + AAa + BBg (ABga, AAs, BBj) +1.5] +1 —05| —2| -1
NNW |2 X ABga + AAg (ABga, AAa, BAas, BB <) Ul +2|+1 —-1| =3| -1
NNM | 2 x ABga + BBj (BAas, BBjs, ABpa, AA. <T4) Nl +2]+1 —1| =3| -1
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Any capping producing linking cycles following a top-down screening of the table above is optimal:
> A)., = An— Ac — A(2AB) + A gives the DCJ-indel-effect produced by each type of linking cycle.

> All given linking cycles have A}, equivalent to the respective chain of deducting recombinations,
therefore they achieve the optimal DCJ-indel distance.

P1: After identifying chains of recombinations

[ [ remaining paths [ linking cycle [ [ An [ Ac [ A(2AB) [ AX[AY, ]
1 [AB. (AB.) +05| +1 —05 0 0
2 | AA. +BB. (AA.,BB.) +1|+1 0 0 0
3 | AA. (AA.,Tg) Ul +1|+1 0 0 0
4 | BB. (BB, l4) Nn| +1|+1 0 0 0

either there are no unbalanced chains

or there are only N-unbalanced chains (over-repr.in B)

P2: When an unbalanced chain is being linked

{

or there are only U-unbalanced chains (over-repr.in A)

if there is a remaining indel-free AA. /BB, (of the under-repr. genome), it is used to link the chain

otherwise there is no remaining AA, /BB, (of the under-repr. genome) and an adjacency s B links the chain

Any optimal capping that links all possible chains of deducting recombinations as described above and, for the

remaining paths, maximizes the number of linking cycles of type 2 minimizes the number of caps:

{

The number of caps to be added is exactly p» = max{ra, KB} .
The number of adjacencies between caps is exactly ax = |kp — Kp|.



Quiz 2

1 Which of the following statements about the capped relational graph are true?

@In an optimal capping, the distance computed based on the capped relational diagram
must be equivalent to the distance computed based on the original relational diagram.
Let RG(A,B) be a relational graph of canonical genomes.

An optimal capping of RG(A, B) that maximizes the number of cycles
linking a pair AA 4+ BB has a minimum number of caps (= max{ka, kg}).

><Let max{ka,, kB, } = max{Ka_, KB, }-
An optimal capping of the relational graph of singular genomes As and Bs requires more

caps than an optimal capping of the relational graph of canonical genomes A. and B..

@The indel-potential can be equivalently computed based on the number of runs or based
on the number of transitions.
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