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Biology reminder

AGCAGCAGCGGAGAGGGTT

» DNA is the instruction manual of the bacteria
» Typically 5Mb long
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Strains are important

Escherichia coli K12 Escherichia coli Sakai

.. .ACGCTGAGGCAGCATGTGCCA. .. .. .GCGCTGAGGCAGCATGTGCGA. ..

> “Knowledge gaps remain: strain diversity at a microscale and

betWeen SpecieS” R. Caldwell et al., doi.org/10.1016/j.mib.2022.102222, 2022
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TTCGGCGCTGAGGCAG
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CGGCGCTGAGGCAGCATTGCC

lassembly
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Introduction

Problem: differentiating strains

Healthy Pathogen

strain strain

sequencing

CGCTGAGGCAGCAGGTGCCAGGCT
TCGGC GGCAGCATEGCCAG ~ polymorphisms
TTCGGCGCTGAGGCAG ——
-
CGCTGAGGCAGC GCCA
et CAGCATTGCCAGGC

Sequencing errors - - CGGCGCTGAGGCAGCATTGCC /
are detected and lassembw

discarded as errors

corrected

T
TTEGECGCTGAGGCAGCATETGCCAGGCT
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Goal

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA
AACGGTGTCCCTATGGAGCG==TCGCGACCGTA
CGACCGTA

AACTGTGTCCCTATAGAGCGATACG
AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA
AACGGTGTCCCTATAGAGCGATTCGCGACCGTA
AACGGTGTCCCTATAGAGCGATTCGCGACCGTA
AACTGTGACCCTATAGAGCGATACGCGACCGTA
AACTGTGTCCCT-TAGAGCGATTCGCAAGCGTA
AACTGCGTCCCTATAGAGCGATACGCGACCGTA

Modelisation

ARCTGTGTCCCT-TAGAGCGATTCGCGAGCGTA
AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA
ARCTGTGTCCCT-TAGAGCGATTCGCAAGCGTA
|

AACGGTGTCCCTATGGAGCG--TCGCGACCGTA

Input: All reads and the draft
assembly
Output: Reads split into groups

Roland Faure, Rumen Andonov

v

AACGGTGTCCCTATAGAGCGATTCGCGACCGTA
AACGGTGTCCCTATAGAGCGATTCGCGACCGTA

AACTGCGTCCCTATAGAGCGATACGCGACCGTA
AACTGTGACCCTATAGAGCGATACGCGACCGTA
AACTGTGTCCCTATAGAGCGATACGCGACCGTA




Modelisation

Differentiating errors from signal

r1
r2
r3
r4
r5
ré6

AACAAGATAGACAAGATAGACACAGATTGGCGTTTAGGAACAGATGATAGATAGCA
AACAAGATAGACGAGATAGACACAGCTTGGCGTTTAGGAACAGATGATAGATAGCA
AACAAGATAGACAAGATAGACACAGCTTGGCGTTTAGTAACAGATGACAGATAGCA
AACAAGATCGACGAGATAGACACATCTITGGCGTTTAGGAACATTTGACAGATAGCA
AACAAGATCGACAAGATAGGCACATATTGGCGTTTAGGAACAGTTGATAGATAGCA
AACAAGATCGACGAGATAGACACATATTGGCGTTTAGGATCAGTTGACAGATAGCA
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Modelisation

Differentiating errors from signal

r1
r2
r3
r4
r5
ré6

AACAAGATAGACAAGATAGACACAGATTGGCGTTTAGGAACAGATGATAGATAGCA
AACAAGATAGACGAGATAGACACAGCTTGGCGTTTAGGAACAGATGATAGATAGCA
AACAAGATAGACAAGATAGACACARCTTGGCGTTTAGTAACAGATGACAGATAGCA
AACAAGA ACGAGATAGACAC TTGGCGTTTAGGAACA GACAGATAGCA
AACAAGA ACAAGATAGGCAC TTGGCGTTTAGGAACA GATAGATAGCA
AACAAGA ACGAGATAGACAC TTGGCGTTTAGGATCA GACAGATAGCA
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Modelisation

The model

pos1 pos2 pos 3 pos 4
" AACAAGATAGAQARGATAGACAC TGGCGTTTAGGAACAGAILGA
r2 AACAAGATAGAQGAGATAGACAC TGGCGTTTAGGAACAGAILGA
r3 AACAAGATAGACGARGATAGACAC TGGCGTTTAGTAACAGA[LG
r4 AACAAGATCGAQGAGATAGACAC TGGCGTTTAGGAACATT[G.
r5 AACAAGATCGAQARGATAGGCAC TGGCGTTTAGGAACAGT]
r6 AACAAGATCHEAJGAGATAGACAC TGGCGTTTAGGATCAGT[LG

Positions with high
diversity are selected

10/16| Tam K.M. Truong, Roland Faure, Rumen Andonov Haplotyping



Modelisation

The model

r2
r3

r5
ré

pos1 pos2 pos 3 pos 4
AACAAGATAGAQARGATAGACAC TGGCGTTTAGGAACAGAILGA
AACAAGATAGAQGAGATAGACAC TGGCGTTTAGGAACAGAILGA
AACAAGATAGAQARGATAGACAC TGGCGTTTAGTAACAGA[LG
AACAAGATCHGAJGAGATAGACAC TGGCGTTTAGGAACATT[G.
AACAAGATCGAJARGATAGGCAC TGGCGTTTAGGAACAGT]
AACAAGATCGAUGAGATAGACAC TGGCGTTTAGGATCAGT[LG

Positions with high
diversity are selected

123456

read1 1 11 1 10

readé6 0 00 1 0 1

read3 1 11 0 11

readd 0 00 0 0 1

read5 0 10 1 00

read2 1 01 0 10
(A)
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Modelisation

The model

r2
r3

r5
ré

pos1 pos2 pos 3 pos 4
AACAAGATAGAQARGATAGACAC TGGCGTTTAGGAACAGAILGA
AACAAGATAGAQGAGATAGACAC TGGCGTTTAGGAACAGAILGA
AACAAGATAGAQARGATAGACAC TGGCGTTTAGTAACAGA[LG
AACAAGATCHGAJGAGATAGACAC TGGCGTTTAGGAACATT[G.
AACAAGATCGAJARGATAGGCAC TGGCGTTTAGGAACAGT]
AACAAGATCGAUGAGATAGACAC TGGCGTTTAGGATCAGTIIG
Positions with high
diversity are selected
123456 135246
read11111103tbt read1 1 1 1 1 10
read6 0 00 1 0 1  EENSTTY read3 1 1 1 0 0 0 o Haplotype 2
read3 1 11 0 11 read2 1 1 1 1 01
readd 0 00 0 0 1 read6 [0 0 0|0 1 1
read5 0 10 1 0 0 read4 [0 0 0|1 0 O Haplotype 1
read2 1 01 0 10 read5 [0 0 0] 0 1 1
(A)
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Modelisation

From the matrix to the graph

123456
read1 1 11 1 10
readé6 0 00 1 0 1
read3 1 11 0 11
read4d 0 00 0 0 1
read5 0 10 1 0 O
read2 1 01 0 1 0

(A

position 4

position 5

Y44

“ position 6
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Modelisation

From the matrix to the graph

123456 135246
read1 1 11 1 10 Biggest submat read1 1 1 1 1 10
iggest submatrix
read6 0 00 1 0 1 of 0s is extracted read3 1 1 1 0 00
read3 1 11 0 11 _ read2 1 1 1 1 01
read4 0 00 0 0 1 read6 [0 0 0|0 1 1
read5 0 10 1 0O read4 [0 0 01 0 O
read2 1 01 0 1 0 read5 [0 0 0/ 0 1 1
(A

read-< position 1

Minimum cover read 6 >~ pesition-2

vertex problem 3 . positian3

position 4 read 4 - position4

S position 5 position 5

" position 6 “-_pesition6
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Modelisation

Formulation of the constraints

min Z deg(i)v;

ievuv

min > deg(i)v; 1-v;>c, VieUVjeV
icuuv . .
! 1—vl-2c;j,V16U,VJEV
vi+v; > 1, V(i,j)€E 1-vi—vi<cq, VieUVjeVv

DD —Aipe 230 Y A
icUjev icUjev
vi €{0,1},¢; € {0,1} Vie UU V

vi €{0,1}, VieUUV .

X

Weighted minimal vertex cover
problem
Weighted minimal vertex cover
problem, tolerating an e ratio of
1 in the submatrix of Os
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Modelisation

Formulation of the constraints

min Z deg(i)v;

ievuv
vitv; >1, V(i,j) €E
vi € {0,1}, VieUUV

Weighted minimal vertex cover
problem

» Run through Gurobi Solver

ST degli)y;
icuuv
1—v;>gqj, VieUVjev
1—v; > g, Vie U,VjeVv

1—vi—vj<gy, VieUVjeV

ex DDA = Y0 D A
icUjev icUjev
vi €{0,1},¢; € {0,1} Vie UU V

Weighted minimal vertex cover
problem, tolerating an e ratio of
1 in the submatrix of Os
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Result on a mix of 3 E. coli
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Result on a mix of 3 E. coli

13/16| Tam K.M. Truong, Roland Faure, Rumen Andonov Haplotyping



Result on a mix of 3 E. coli

» Succesfully separated two haplotypes from the reference

> Some false negative but no false positive
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Separating all the haplotypes

> lIteratively apply the method on remaining matrix
» The difficult part is knowing when to stop separating
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Conclusion

» This is the first formulation of the haplotyping problem as a
linear programming problem

> Not yet competitive with existing heuristics
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Results
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