Improved linear alignments through selective re-alignment of diverse references
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Abstract Mapping quality is a good predictor of read accuracy Selective re-alignment is more accurate then a personalized reference
Alignment accuracy can be improved by using known genetic variants to remove undesirable align- For more than 95% high quality reads, a linear alignment yields a sensitivity of 99.9%. Using a first-pass major allele alignment and a second-pass alignment with two individuals, over
ment penalties. However, the choice of which variants to include substantially affects alignment /4% of the tested second-pass pairs exceeded the personalized linear reference.
accuracy [4]. Here we present a novel strategy, selective re-alignment, which uses a variant-free Lo — - —
major-allele linear reference to produce an unbiased core alignment and an ERG-based algorithm o ‘
for the gradual addition of variants. In addition, by “"committing” over 90% of reads aligned to a | 0.99654 - - —
variant-free linear reference, we are capable of testing a wide range of potential variant sets in a _0.8] ! ¢ 1
fraction of the standard alignment time and compute resources. By “merging” the combined align- N IS 0.99652 | ‘
ment across many possible variant sets, we are capable of exceeding the accuracy of a personalized g07) — all
reference on synthetic data. - 0.99650 1
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2504 samples from the Phase 3 1000 Genomes Project [ 1] were processed as follows: Chromosome 0.99646
- Variants present in > 20% of the dataset were compiled into a pairwise distance matrix 090644
- Haploid and diploid synthetic reads were constructed using Mason | 3] Selective re-alignment and merging
0.99642 1
- All gold standards were selected randomly from each of the five super-populations 1

- All results tested were compared against NA18278 (EUR) Read file EAS,EAS AFR,EAS EAS,SAS AMR,EAS EAS,EUR AFR,AMR AMRAMR AMR,SAS AMREUR EUREUR AFREUR EUR,S5ASpersonalized
Alignment Merge (96.1% of reads) . : : : .
A B Merging was performed by selecting the read alignment with better alignment score
Linear Linear
Reference True Alignment Position Reference . . . . . .
| Selective re-alignment is as efficient as a linear alignment
Normalized index size and run-times using the Bowtie? aligner for all references.
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orrect’ alignment if within a Low Quality Read : _ i
10 b.p. window o ow Liuality heads Reference | Major | Two-pass | Personal  Selective re-alignment
Candidate "Gold Indexsize| 1 2.12 1.14 3.25
C Standard” Variants :
Runtime 1 1.20 1.06 1.33
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‘ Multi-Alignments VEEEEAM | Output Alignment Selection of better 'gold standards" is ongoing
GCGCGC Correct’ alignment if within a 10
??gﬁfg b.p. window on either haplotype : o . § , , o
| A preliminary set of "gold standard” variant sets were selected by taking individuals from each of
the major annotated super-populations. We are exploring several alternative annotation-free ap-
proaches such as taking cluster centers generated by:
Alignment accuracy for read subsets Two-pass linear alignment outperforms both linear and major-allele - The Ward’s minimum variance criterion for hierarchical clustering
100 c2ds Withoutvariants _, ,  Reads with 1 variant _ ,,  Readswith 2 variants _, ,  Readswith 3 variants Both a major-allele reference and a second-pass alignment using a random individual’s variants in - The Uniform Manifold Approximation and Projection dimensional reduction
the reference are more accurate than a linear alignment.
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As more variants are included, references which diverge from the standard perform better. linear  major AFR EAS SAS AMR EUR personalized



