









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Split alignment Martin C. Frith April 13, 2012



1



Introduction



This document is about aligning a query sequence to a genome, allowing different parts of the query to match different parts of the genome. Here are some possible applications: • Detecting genome rearrangements in cancer, by aligning DNA reads from cancer cells to a reference genome, and looking for reads that span rearrangement breakpoints. • Detecting novel transposon insertions, by looking for DNA reads that span insertion boundaries. • Detecting trans-splicing, by aligning RNA reads to a genome, and looking for reads whose alignment is split between disjoint genome locations. • Spliced alignment (alignment of cis-spliced RNA to DNA) is an important special case.
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Local versus semi-global alignment



Split alignment can be either local or semi-global. Semi-global means that all of the query must participate in the alignment. Local means that a contiguous segment of the query is aligned.
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Scoring scheme



I use the standard affine-gap scoring scheme, with one additional parameter: a negative “jump score” which is incurred when the alignment jumps from one part of the genome to another. For now, let us assume that the jump score is constant. Later, we will consider using different scores for different jumps. S(x, y): score for aligning genomic base x to query base y. a: gap existence score. b: gap extension score. (A gap of length k scores a + b × k.) d: jump score. Note that a, b, and d are negative. 1
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Probabilistic interpretation



Alignment scores are often interpreted as scaled log probabilities: score = t × ln(probability)



(1)



Here, t is an arbitrary scale factor. (If we multiply all the score parameters by a constant factor, it makes no difference to the alignment.) This may provide guidance for choosing the jump score. If the probability of a rearrangement breakpoint occurring immediately after any base is δ, the jump score is: d = t × ln(δ/(2g)) (2) Here, g is the genome size, and 1/(2g) is the probability of jumping to any one base on either strand.
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Minimum matches on each side of a jump



Typically, the match score S(x, x) for DNA is ≈ t×ln(4). A maximal-score local alignment can include a jump only if there are at least −d/S(x, x) ≈ log4 (2g/δ) matches on each side of the jump. So we cannot detect jumps that are too near the edge of the query. Table 1: Minimum matches on each side of a jump δ −2



10 10−3 10−6
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g



minimum matches 9



3 × 10 3 × 109 3 × 109



≈ 20 ≈ 21 ≈ 26



Exact algorithm



Here is an algorithm that guarantees to find a maximal-scoring split alignment. For simplicity, let us consider a genome with just one sequence and one strand. (The extension to multiple sequences and strands is straightforward.)



6.1



Definitions



G1 , . . . , Gm : genome sequence of length m. Q1 , . . . , Qn : query sequence of length n. i: ranges from 1 to m. j: ranges from 1 to n.
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6.2



Local alignment



Initialization W0,0 = 0



(3)



Wi,0 = 0



Yi,0 = −∞



Zi,0 = −∞



(4)



W0,j = 0



Y0,j = −∞



Z0,j = −∞



(5)



Recurrence Xi,j = max(Wi−1,j−1 , Wj−1 + d) + S(Gi , Qj )



(6)



Yi,j = max(Wi−1,j + a, Yi−1,j ) + b



(7)



Zi,j = max(Wi,j−1 + a, Zi,j−1 ) + b



(8)



Wi,j = max(Xi,j , Yi,j , Zi,j , 0)



(9)



Wj = max(Wi,j )



(10)



i



Termination Optimal alignment score = max(Wi,j ) i,j



(11)



This algorithm finds the maximum possible alignment score. In order to find an alignment that has this score, we can perform a traceback, similarly to standard alignment methods. This algorithm is similar to the classic Gotoh algorithm for affine-gap alignment. If we set d = −∞, it becomes identical to the Gotoh algorithm. The time complexity is O(mn), which is practical for small genomes and small query datasets, but not for large genomes and multi-gigabase query data.



6.3



Semi-global alignment



Initialization W0,0 = 0



(12)



Wi,0 = 0



Yi,0 = −∞



Zi,0 = −∞



(13)



W0,j = −∞



Y0,j = −∞



Z0,j = −∞



(14)



Recurrence Xi,j = max(Wi−1,j−1 , Wj−1 + d) + S(Gi , Qj )



(15)



Yi,j = max(Wi−1,j + a, Yi−1,j ) + b



(16)



Zi,j = max(Wi,j−1 + a, Zi,j−1 ) + b



(17)



Wi,j = max(Xi,j , Yi,j , Zi,j )



(18)



Wj = max(Wi,j )



(19)



i



Termination Optimal alignment score = max(Wi,n ) i



3



(20)
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Allowed positions for jumps



In the preceding algorithms, jumps cannot occur immediately before alignment gaps (insertions or deletions). They can only occur immediately before aligned bases. This restriction cannot prevent us from finding the optimal alignment score, because a jump followed by a gap has the same score as a gap followed by a jump. Moreover, optimal alignments never have jumps adjacent to deletions (in the query relative to the genome). This is because such a deletion could be absorbed into the jump, improving the alignment score.
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Fast heuristic algorithm



To cope with huge datasets, I propose a fast but inexact algorithm (for local split alignment). This has two steps: 1. Find local, non-split alignments between the query and the genome using a fast aligner such as LAST. Let us call these “initial alignments”. 2. Find a maximal-scoring split alignment using (parts of) the initial alignments. Step 2 is described here.



8.1



Definitions



m: the number of initial alignments. n: the length of the query sequence. Q1 , . . . , Qn : the query sequence. B Ii,j : 1 if initial alignment i begins at query base j, 0 otherwise. E Ii,j : 1 if initial alignment i ends at query base j, 0 otherwise.



I assume that the initial alignments never begin or end with gaps (insertions or deletions). For the next three definitions, conceptually convert the initial alignments to semi-global alignments, by regarding unaligned query bases as insertions. Ai,j : the alignment score for query base j in alignment i. If it is aligned to a genomic base x, the score is S(x, Qj ). If it is aligned to an initial gap, the score is a + b. If it is aligned to a non-initial gap, the score is b. Di,j : the deletion score between query bases j and j + 1 in alignment i. If there are no deleted bases then Di,j = 0. Otherwise, if there k deleted bases, Di,j = a + b × k. X Ii,j : 1 if query base j is aligned to a non-initial gap in alignment i, 0 otherwise.



Finally, we will use logs of the indicator variables: B B Ji,j = log Ii,j



E E Ji,j = log Ii,j
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(21)



8.2



Algorithm



Initialization Wi,0 = −∞



(22)



W0 = −∞



(23)



Recurrence B X Wi,j = max(Wi,j−1 + Di,j−1 , Ji,j , Wj−1 + d + a · Ii,j ) + Ai,j



Wj = max(Wi,j )



(24) (25)



i



Termination E Optimal alignment score = max(Wi,j + Ji,j ) i,j



(26)



This algorithm only considers split alignments that begin at the beginning of one of the initial alignments. This is because scores > −∞ can arise only B when Ji,j > −∞. Likewise, it only considers split alignments that end at the E end of one of the initial alignments (by using Ji,j ). The algorithm does not consider jumps adjacent to deletions (in the query relative to the genome). This restriction is harmless, because jumps adjacent to deletions have sub-optimal score. It does consider jumps adjacent to insertions. The time complexity is O(mn), which is no more than needed just to read the alignments.
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Variable jump scores



For spliced alignment, we would like to vary the jump score, to model intron length distributions and splice signals (such as GT-AG). Here is a modification of the heuristic algorithm to allow this. Unfortunately, the time complexity increases to O(m2 n). dk,i,j : the score for jumping from query base j in initial alignment k to query base j + 1 in initial alignment i. Initialization Wi,0 = −∞



(27)



W0 = −∞



(28)



Recurrence Mi,j = max(Wk,j−1 + dk,i,j−1 )



(29)



B X Wi,j = max(Wi,j−1 + Di,j−1 , Ji,j , Mi,j + a · Ii,j ) + Ai,j



(30)



k



5



Termination E Optimal alignment score = max(Wi,j + Ji,j ) i,j



(31)



This algorithm also does not consider jumps adjacent to deletions. Unfortunately, this restriction is no longer harmless. For example, an adjacent deletion may permit a jump to use a consensus splice signal. It might be possible to consider adjacent deletions within the calculation of dk,i,j .
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Alignment ambiguity



Often, one query will have several alternative alignments that are almost as good as the best alignment. In other words, the alignment is ambiguous. For many applications, however, we would like to find (parts of) alignments that are highly unambiguous. To do this, I use the probabilistic interpretation of alignment scores to assign a probability to each alignment. We can then calculate various marginal probabilities for parts of alignments. Alignment parts with high marginal probabilities (e.g. ≥ 0.999) can be regarded as highly unambiguous. I assume that each alignment’s probability is proportional to exp(s/t), where s is its score. The key step is to calculate the normalization factor z, the sum of exp(s/t) over all alignments. The following version of the heuristic algorithm calculates z. a0 = exp(a/t)



b0 = exp(b/t)



A0i,j = exp(Ai,j /t)



d0 = exp(d/t) 0 Di,j = exp(Di,j /t)



(32) (33)



Initialization 0 Wi,0 =0



W00



=0



(34) (35)



Recurrence   X 0 0 0 B 0 Wi,j = Wi,j−1 · Di,j−1 + Ii,j + Wj−1 · d0 · (a0 )Ii,j · A0i,j X 0 Wj0 = (Wi,j )



(36) (37)



i



Termination z=



X 0 E (Wi,j · Ii,j ) i,j



6



(38)
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Limitations



• The heuristic algorithms do not realign bases near jumps. For example, suppose the true alignment has a mismatch adjacent to a jump. The initial alignment will exclude the mismatch, because doing so improves the local alignment score. The final alignment will probably have a single-base insertion instead of the mismatch.
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