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Solving the Haplotype Assembly Problem for Human Using the Improved
Branch and Bound Algorithm
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ABSTRACT

The identification of haplotypes, which encode SNPs in a single chromosome, makes it possible to perform haplotype-based association

tests with diseases. Minimum Error Correction model, one of models to computationally assemble a pair of haplotypes for a given

organism from Single Nucleotide Polymorphism fragments, has been known to be NP-hard even for gapless cases. In the previous work,

an improved branch and bound algorithm was suggested and showed that it is more efficient than naive branch and bound algorithm by

performing experiments for Apis mellifera (honeybee) data set. In this paper, to show the extensibility of the algorithm to other organisms

we apply the improved branch and bound algorithm to the human data set and confirm the efficiency of the algorithm.
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U212 Z: ImprovedBranchAndBound
A= mxn SNP W ™ M, = S
=2 A AEE (h, hy)

1 begin

2 // Phase 1: EQH|o)E 75

3 E' (o, ) — min(E(Car=0, ¢ =0),E(C1=0, c,i=1))

4 for /=m-2 down to m-S+1 do

5 | evaluate E*(ck, ...y Cn) and save it to the lookup table.
6 end for

/I Phase 2: el F719] #All 28
(P, bound) < LocalSearchForBound(M)
9 RecursiveB&B(M, S)

SN

10 // Phase 3: #3 p2XE A =3
11 (hy, h) < Assemble(P)
12 end

13 function RecursiveB&B(M, k)

14 begin

15 if k=m then

16 | 1< Eey om0

17 | r < Ec,cmsl)

18 | if I < rand 1< bound then (P, bound) < ((ci,**,cn1,0), )
19 | if I>rand r < bound then (P, bound) < ((c1,*"Cp1,1), )
20 else if S<k<m1 then

21 | if (e, Cer,0)tE (cet, ) < bound then RecursiveB&B(M, k+1)
22 | if E(cl,-~-,c;,_l,l)JrE*(cM,-~-,c,,,) < bound then RecursiveB&B(M, k+1)
23 else if £<S then

24 | if E(c1, ,c2,0) < bound then RecursiveB&B(M, k+1)

25 | if E(c1, ,cr2,1) < bound then RecursiveB&B(M, k+1)

26 end if

27 end

Fig. 2. Improved branch and bound algorithm

Fig. 29 7MA®E 27194 dagFdrle 3 S5 AHE
3to] 8F: RecursiveB&Bol A k7} 5 SHEU} AAY 2
Al 200 sEE g W E,e ) +
Eepy 15 Gagr oy, ) B ARSI k7F 7 SEUTE A2 7
(B 2)ell= Eloy, o onc,) S AHESITE o] 2A T8 5}t
o] A9 HLWAF(bound)Brl #He o vt A H O
HAls A&etm Haw d
SAFHER 20~25). k7F m3t & 5ol 15) F, vl
At gk 7he] SNP @S A9k 2E SNP diEe] hE
3ol AAE Afde AT 9He FERT GeF Gl
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Fig. 3. Run time histograms for Daly data set (a) Wang's branch and bound algorithm
(b) Improved branch and bound algorithm.
Table 1. The results of the number of successes for the human data set
ER =01 ER =02 ER =03
m(S) Wang's" Improved” Wang's Improved Wang's Improved
40(10) 84 (57%) 135 (92%) 6 (4%) 109 (74%) 0 (0%) 56 (38%)
50(10) 51 (35%) 127 (86%) 0 (0%) 107 (73%) 0 (0%) 45 (31%)
60(15) 19 (13%) 123 (84%) 0 (0%) 106 (72%) 0 (0%) 51 (35%)

1) Wang's branch and bound algorithm

2) Improved branch and bound algorithm

KIPS Tr. Software and Data Eng.
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Table 2. The results of the average running time for the human data set

ER =01 ER =02 ER =03
m(S) Wang's Improved Wang's Improved Wang's Improved
40(10) 2755 80.2 2604.1 80.4 N/A 585.1
50(10) 514.3 549 N/A 14.6 N/A 806.1
60(15) 1849.7 59.3 N/A 25.6 N/A 8134

Table 3. The results of the number of successes for the synthesized data set

ER =005 ER =01 ER =015 ER =02
o | mS) Wang's Improved Wang's Improved Wang's Improved Wang's Improved
z 30(10) 20(100%) 20(100%) 20(100%) 20(100%) 20(100%) 20(100%) 19(%5%) 20(100%)
= 40(10) 20(100%) 20(100%) 17(&%) 20(100%) 17(&%) 20(100%) 0(0%) 20(100%)
30(10) 19(%%) 20(100%) 3(15%) 20(100%) 3(15%) 20(100%) 0(0%) 20(100%)
ER =005 ER =01 ER =015 ER =02
% m(S) Wang's Improved Wang's Improved Wang's Improved Wang's Improved
<3030 20(100%) 20(100%) 20(100%) 20(100%) 20(100%) 20(100%) 19(%%) 20(100%)
1 40(10) 20(100%) 20(100%) 18(90%) 20(100%) 18(90%) 20(100%) 0(0%) 20(100%)
50(10) 19(9%5%) 20(100%) 8(40%) 19(%%) 8(40%) 19(%%) 0(0%) 18(900%)
Table 4. The results of the average running time for the synthesized data set
ER = 005 ER =01 ER =015 ER =02
% m(S) Wang's Improved Wang's Improved Wang's Improved Wang's Improved
‘o.[ 30(10) 03 0 705 0 71 0 134.063 056
= | 40(10) 116 0 211412 72 211.294 72 NA 2.3
50(10) 33 0 392.667 0 392.667 0.06 N/A A
ER =005 ER = 0.1 ER =015 ER =02
% m(S) Wang's Improved Wang's TImproved Wang's Tmproved Wang's Improved
‘of 30(10) 106 0 265 0 264 0.05 334634 1.3H
| 40(10) 483% 0 191778 005 191.94 0 NA AT
50(10) 107634 0.05 596.75 0053 596.625 0.053 NA 75

5000 %7k A3 100 7 o/de] ArEl7E 60 % olstell 1A 540 =68 & 4 gtk Table 2014 & Alg A7+ 3600
Ak olEjg AMAE FE|2E duEEs HEdor @ zo oial] HAzE e A Aol dig i A3
g9 A5 ALstie HHHAE Bt " B A7 M E Aoltt Table 2014 & £ gl%o] 4T3
A dugES dukHow A83 £ &S AJAbaET) Atel &9 Hit A8 A7+ 3600%00 wlsh @A Fkk

Table 1= Wang [10]°] A|AIS daz]Ey & =9 FAACRE £AEY SFEd e dugE] AsHI}
A ANE duFe] A vaEs 98 =T (8l AAEH £ 98 Adakstdom e dolg Ao dste A&
dlole] Mo ZFE AR At gk Az Ul A Axsant g4 dolg Al Aol 309 Ay AAAE 20
e 345 vug Aotk Table 19] #E2 &4& GR #(homologous rate= 70%)S AA st @A 74 me 30,
S 012 3AsL SH N m, 7 S, &7E& ER 59 40, 5002, #AE GRS 013 022, Q7% ERS 005
R ghs gl AdE 147 A AR A F 0.1, 0.15, 022 3o A3t} Table 37 4% F4H
AEst Zeet YEES dehdch olw AFs Al olE] Aol that AFAIZ U AF 359} AFe Aol o
3600% ool HASHE 22 AldlE @I} JjHd &7 3t Hyt AP HE vk Aol Al AzF FHAe] A
g dagFe] A LFEo] B2 Ag tFEe] Al 3 nkANA R AL 36002 AHEEATh AAY
A AHAHE 23 dEE & AUth AT AE w57 G7IME AR Ve B SHFES HAY oA ®BY
o] S Fgo] =X gthE AMLS fActeld M E duEs vlo} o] MY B84 dnFEL e 0 Fgo o)
o] AA &&olA & 7Fest AR el EAE AT 7t g 2 AIE el sjAsS 113 vk
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