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mutations, and they lack genomic context. The results from a SNP chip are akin to being told the 

first letter that appears on each page of a book—the data points may reveal certain mistakes or 

patterns, but they do not give the whole story.  

Substantial portions of a genome can be sequenced by next generation sequencing (NGS) 

technologies to produce very large numbers of short sequence reads. Analyzing those reads is a 

substantial challenge. Existing methods typically involving mapping the reads to a reference 

genome or performing a de novo assembly. Due to the volume of data, alignments and 

assemblies are performed with heuristic algorithms that must take mathematical shortcuts to get 

the job done. However, those imperfections are tolerated since mathematically thorough 

algorithms are computationally prohibitive. Not only is mathematical precision sacrificed in 

analyzing NGS reads, current methods make limited use of available information. NGS reads are 

often mapped to a somewhat arbitrary reference and called as either matching that reference or 

not—wholly begging the question that the reference is a useful standard.  

 

Summary 

In one aspect, the present invention provides a system for determining a genomic 

sequence, the system comprising: a computer system comprising a processor coupled to a 

memory and operable to: receive identities of a plurality of single nucleotide polymorphisms 

(SNPs) at known locations on a genome of a subject; retrieve, from the memory, a genomic 

directed acyclic graph (DAG) that represents a complete genome and known variation in that 

genome, wherein the DAG further represents at least two alternative sequences per position at 

multiple positions, the DAG comprising a plurality of nodes and edges, the nodes representing 

nucleotide sequences and edges connecting pairs of the nodes; identify a plurality of candidate 

paths through the genomic DAG that include the plurality of SNPs by filtering paths through the 

DAG that are not congruent with the identities of the plurality of SNPs, wherein the filtering 

further comprises excluding nodes by determining which nodes in the DAG are traversed by the 

identities of the plurality of SNPs and using conditional information to deduce the relevance of 

other nodes given the traversed nodes, wherein the conditional information comprises the non-

compossibility of nodes in the genomic DAG; receive sequence reads from a sample from the 

subject; and map the sequence reads to the plurality of candidate paths, thereby identifying a 

sequence of at least a portion of the genome. 
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In another aspect, the present invention provides a method for determining a subject’s 

genetic information, the method comprising: obtaining information about the identities of a 

plurality of SNPs in the subject’s genome; identifying, within a genomic directed acyclic graph 

(DAG) that represents a complete genome and known variation in that genome, and further 

represents at least two alternative sequences per position at multiple positions, the DAG 

comprising a plurality of nodes and edges, the nodes representing genetic sequences and edges 

connecting pairs of the nodes, a plurality of candidate paths through the DAG that include the 

plurality of SNPs that are not congruent with the identities of the plurality of SNPs, wherein the 

plurality of candidate paths are identified by excluding nodes by determining which nodes in the 

DAG are traversed by the identities of the plurality of SNPs and using conditional information to 

deduce the relevance of other nodes given the traversed nodes, wherein the conditional 

information comprises the non-compossibility of nodes in the genomic DAG; obtaining a 

plurality of sequence reads from the subject’s genome; and mapping the plurality of sequence 

reads to the candidate paths. 

In yet another aspect, the present invention provides a method for determining a genomic 

sequence, the method comprising: receiving, at a computer system, identities of a plurality of 

single nucleotide polymorphisms (SNPs) at known locations on a genome of a subject; 

retrieving, from a memory in the computer system, a genomic directed acyclic graph (DAG) that 

represents a complete genome and known variation in that genome, wherein the DAG further 

represents at least two alternative sequences per position at multiple positions, the DAG 

comprising a plurality of node objects and edge objects, the node objects representing nucleotide 

sequences and edge objects connecting pairs of the node objects; identifying a plurality of 

candidate paths through the genomic DAG that include the plurality of SNPs by filtering paths 

through the DAG that are not congruent with the identities of the plurality of SNPs, wherein the 

filtering further comprises excluding nodes by determining which nodes in the DAG are 

traversed by the identities of the plurality of SNPs and using conditional information to deduce 

the relevance of other nodes given the traversed nodes, wherein the conditional information 

comprises the non-compossibility of nodes in the genomic DAG; receiving sequence reads from 

a sample from the subject; and mapping the sequence reads to the plurality of candidate paths, 

thereby determining a sequence of at least a portion of the genome. 



 

38 

 

 

 

 

What is claimed is: 

 

1. A system for determining a genomic sequence, the system comprising: 

 a computer system comprising a processor coupled to a memory and operable to:  

  receive identities of a plurality of single nucleotide polymorphisms (SNPs) at 

known locations on a genome of a subject;  

  retrieve, from the memory, a genomic directed acyclic graph (DAG) that 

represents a complete genome and known variation in that genome, wherein the DAG further 

represents at least two alternative sequences per position at multiple positions, the DAG 

comprising a plurality of nodes and edges, the nodes representing nucleotide sequences and 

edges connecting pairs of the nodes; 

identify a plurality of candidate paths through the genomic DAG that include the plurality 

of SNPs by filtering paths through the DAG that are not congruent with the identities of the 

plurality of SNPs, wherein the filtering further comprises excluding nodes by determining which 

nodes in the DAG are traversed by the identities of the plurality of SNPs and using conditional 

information to deduce the relevance of other nodes given the traversed nodes, wherein the 

conditional information comprises the non-compossibility of nodes in the genomic DAG; 

  receive sequence reads from a sample from the subject; and  

  map the sequence reads to the plurality of candidate paths, thereby identifying a 

sequence of at least a portion of the genome.  

 

2. The system of claim 1, wherein mapping the sequence reads comprises finding optimal 

alignments between each sequence read and each selected path.  

 

3. The system of claim 2, wherein finding an optimal alignment comprises finding a highest-

scoring trace through a multi-dimensional matrix.  

 

4. The system of claim 2, further operable to:  

 obtain probabilities for identities of additional SNPs based on the identities of the SNPs 



 

39 

 

 

 

at the known locations; and  

 use the obtained probabilities in finding the optimal alignments.  

 

5. The system of claim 4, wherein the probabilities are obtained from measures of linkage 

disequilibrium between ones of the additional SNPs and ones of the plurality of SNPs at the 

known locations.  

 

6. The system of claim 1, wherein the plurality of node and edge objects each store a list of 

pointers to locations in memory of adjacent ones of the node and edge objects, and wherein the 

system is operable to map the sequence reads by finding optimal alignments between the 

sequence reads and the selected paths.  

 

7. The system of claim 6, wherein finding an optimal alignment comprises finding a highest-

scoring trace through the DAG by: 

 calculating match scores between the reads and at least some of the node and edge 

objects in the DAG;  

 dereferencing at least some of the pointers to read predecessor objects in the DAG from 

their referenced locations in memory, wherein a path through predecessor objects with a 

maximal sum of match scores is the highest-scoring trace through the DAG.  

 

8. The system of claim 1, wherein the DAG represents at least one locus homologous across 

multiple genomes with a single object for each allele.  

 

9. The system of claim 1, wherein the DAG is annotated to list non-compossible node-pairs, and 

wherein the system is further operable to: 

 identify a node in the list of non-compossible node pairs from one of the plurality of 

SNPs; 

 identify a second node paired to the identified node in the list of non-compossible node 

pairs; and 

 exclude paths containing the second node when mapping the sequence reads.  
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10. A method for determining a subject’s genetic information, the method comprising:  

 obtaining information about the identities of a plurality of SNPs in the subject’s genome;  

 identifying, within a genomic directed acyclic graph (DAG) that represents a complete 

genome and known variation in that genome, and further represents at least two alternative 

sequences per position at multiple positions, the DAG comprising a plurality of nodes and edges, 

the nodes representing genetic sequences and edges connecting pairs of the nodes, a plurality of 

candidate paths through the DAG that include the plurality of SNPs that are not congruent with 

the identities of the plurality of SNPs, wherein the plurality of candidate paths are identified by 

excluding nodes by determining which nodes in the DAG are traversed by the identities of the 

plurality of SNPs and using conditional information to deduce the relevance of other nodes given 

the traversed nodes, wherein the conditional information comprises the non-compossibility of 

nodes in the genomic DAG;  

 obtaining a plurality of sequence reads from the subject’s genome; and 

 mapping the plurality of sequence reads to the candidate paths.  

 

11. The method of claim 10, wherein the DAG represents at least one locus homologous across 

multiple genomes with a single node for each allele.  

 

12. The method of claim 10, wherein filtering paths through the DAG that are not congruent with 

the identities of the plurality of SNPs comprises: 

 identifying a node in a list of non-compossible node pairs from one of the plurality of 

SNPs; 

 identifying a second node paired to the identified node in the list of non-compossible 

node pairs; and 

 excluding paths containing the second node from the mapping step.  

 

13. A method for determining a genomic sequence, the method comprising: 

 receiving, at a computer system, identities of a plurality of single nucleotide 

polymorphisms (SNPs) at known locations on a genome of a subject;  

 retrieving, from a memory in the computer system, a genomic directed acyclic graph 

(DAG) that represents a complete genome and known variation in that genome, wherein the 
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DAG further represents at least two alternative sequences per position at multiple positions, the 

DAG comprising a plurality of node objects and edge objects, the node objects representing 

nucleotide sequences and edge objects connecting pairs of the node objects; 

identifying a plurality of candidate paths through the genomic DAG that include the 

plurality of SNPs by filtering paths through the DAG that are not congruent with the identities of 

the plurality of SNPs, wherein the filtering further comprises excluding nodes by determining 

which nodes in the DAG are traversed by the identities of the plurality of SNPs and using 

conditional information to deduce the relevance of other nodes given the traversed nodes, 

wherein the conditional information comprises the non-compossibility of nodes in the genomic 

DAG;  

 receiving sequence reads from a sample from the subject; and  

 mapping the sequence reads to the plurality of candidate paths, thereby determining a 

sequence of at least a portion of the genome.  

 

14. The method of claim 13, wherein the plurality of node and edge objects each stores a list of 

objects that it is adjacent to.  

 

15. The method of claim 13, wherein each node and edge object stores a list of one or more 

adjacent objects, and wherein mapping the sequence reads comprises finding optimal alignments 

between the sequence reads and the candidate paths.  

 

16. The method of claim 15, wherein each list comprises pointers to locations in memory of the 

adjacent objects, and wherein finding an optimal alignment comprises finding a highest-scoring 

trace through a multi-dimensional matrix.  

 

17. The method of claim 16, wherein finding the highest-scoring trace comprises using the 

computer system to calculate match scores between the reads and at least some of the node and 

edge objects in the DAG, and looking backwards to predecessor objects in the DAG to identify a 

back-trace with an optimal score. 
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18. The method of claim 15, further comprising:  

 obtaining probabilities for identities of additional SNPs based on the identities of the 

plurality of SNPs at the known locations, wherein the probabilities are obtained from measures 

of linkage disequilibrium between ones of the additional SNPs and ones of the plurality of SNPs 

at the known locations; and  

 using the obtained probabilities in finding the optimal alignments.  

 

19. The method of claim 14, wherein at least one path through the DAG gives a substantially 

entire sequence of at least one human chromosome.  

 

 

20. The method of claim 13, further comprising assembling the mapped sequence reads.  

 

21. The method of claim 13, wherein the identities of the plurality of SNPs at the known 

locations are received as results from a microarray assay.  
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