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CLAIMS
What is claimed is:

1. A method for software-accelerated genomic data read mapping, the method
comprising:

obtaining, by one or more computers, a k-mer seed from a genomic data
read;

generating, by the one or more computers, a genomic signature based on the
obtained k-mer seed;

determining, by one or more computers, a reference sequence location that
match at least a portion of the k-mer seed using a hash data structure, wherein the
hash data structure comprises N data cells comprising a first portion storing a
predetermined genomic signature and a second portion storing a value that
corresponds to a first occurrence of a reference sequence location that match at
least a portion of the k-mer seed from which the predetermined genomic signature
was derived; and

selecting, by one or more computers, the determined reference sequence
location as an actual alignment for the obtained k-mer seed based on one or more

alignment scores.

2. The method of claim 1, wherein the predetermined genomic signature

occupies one byte of memory storage.

3. The method of any preceding claim, wherein the value occupies four bytes of

memory storage.

4, The method of any preceding claim, wherein the hash data structure is a

single array of N data cells.
5. The method of any one of the preceding claims, further comprising:

filtering, by one or more computers, the genomic data read based on a first
set of values corresponding to one or more k-mer seeds of the genomic data read.
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6. The method of claim 5, wherein the first set of values comprises a result of a
predetermined operation applied to the one or more k-mer seeds of the genomic
data read, and wherein the first set of values is used to obtain the k-mer seed from
the genomic data read.

7. The method of claim 6, wherein the predetermined operation comprises
generating a hash value based on the one or more k-mer seeds of the genomic data

read and a hash function.

8. The method of any one of the preceding claims, wherein determining the
reference sequence locations comprises:

computing, by one or more computers, a first position for the k-mer seed of
the genomic data read, wherein the first position corresponds to a location of the k-
mer seed within the genomic data read; and

computing, by one or more computers, a second position for the k-mer seed,
wherein the second position corresponds to a location of the k-mer seed within the
reference genomic data, and wherein the second position is computed based on the
hash data structure.

9. The method of any one of the preceding claims, further comprising:
sorting, by one or more computers, the one or more reference sequence

locations based on the hash data structure and the genomic data read.

10.  The method of any one of the preceding claims, further comprising:
generating, by one or more computers, the one or more alignment scores

based on sorting the one or more reference sequence locations.

11.  The method of any one of the preceding claims, wherein selecting at least one
of the determined reference sequence locations as the actual alignment for the
obtained k-mer seed comprises comparing the one or more alignment scores to a
threshold value.

12. The method of any one of the preceding claims, wherein the one or more
alignment scores comprises a numerical value representing a number of mismatches

48



WO 2022/060910 PCT/US2021/050557

between the obtained k-mer seed from the genomic data read and the reference

sequence location.

13.  The method of claim of any one of the preceding claims, wherein each
subsequent occurrences of a reference sequence location that matches at least a
portion of the k-mer seed from which the predetermined genomic signature was

derived after first occurrence is discarded.

14. A system for software-accelerated genomic data read mapping, the method
comprising:
one or more computers; and
one or more memory devices storing instructions that, when executed by the
one or more computers, cause the one or more computers to perform operations, the
operations comprising:
obtaining, by the one or more computers, a k-mer seed from a genomic
data read;
generating, by the one or more computers, a genomic signature based
on the obtained k-mer seed;
determining, by the one or more computers, a reference sequence
location that match at least a portion of the k-mer seed using a hash data
structure, wherein the hash data structure comprises N data cells comprising
a first portion storing a predetermined genomic signature and a second
portion storing a value that corresponds to a first occurrence of a reference
sequence location that match at least a portion of the k-mer seed from which
the predetermined genomic signature was derived; and
selecting, by the one or more computers, the determined reference
sequence location as an actual alignment for the obtained k-mer seed based

on one or more alignment scores.

15.  The system of claim 14, wherein the predetermined genomic signature

occupies one byte of memory storage.

16. The system of any one of the preceding claims 14 or 15, wherein the value

occupies four bytes of memory storage.
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17.  The system of any one of the preceding claims 14 to 16, wherein the hash

data structure is a single array of N data cells.

18.  The system of any one of the preceding claims 14 to 17, the operations
further comprising:

filtering, by the one or more computers, the genomic data read based on a
first set of values corresponding to one or more k-mer seeds of the genomic data

read.

19.  The system of claim 18, wherein the first set of values comprises a result of a
predetermined operation applied to the one or more k-mer seeds of the genomic
data read, and wherein the first set of values is used to obtain the k-mer seed from

the genomic data read.

20. The system of claim 19, wherein the predetermined operation comprises
generating a hash value based on the one or more k-mer seeds of the genomic data

read and a hash function.

21.  The system of any one of the preceding claims 14 to 20, wherein determining
the reference sequence locations comprises:

computing, by the one or more computers, a first position for the k-mer seed
of the genomic data read, wherein the first position corresponds to a location of the
k-mer seed within the genomic data read; and

computing, by the one or more computers, a second position for the k-mer
seed, wherein the second position corresponds to a location of the k-mer seed within
the reference genomic data, and wherein the second position is computed based on

the hash data structure.

22. The system of any one of the preceding claims 14 to 21, wherein the
operations further comprise:
sorting, by the one or more computers, the one or more reference sequence

locations based on the hash data structure and the genomic data read.
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23.  The system of any one of the preceding claims 14 to 22, the operations
further comprising:

generating, by one or more computers, the one or more alignment scores
based on sorting the one or more reference sequence locations.

24.  The system of any one of the preceding claims 14 to 23, wherein selecting at
least one of the determined reference sequence locations as the actual alignment for
the obtained k-mer seed comprises comparing the one or more alignment scores to
a threshold value.

25.  The system of any one of the preceding claims 14 to 24, wherein the one or
more alignment scores comprises a numerical value representing a number of
mismatches between the obtained k-mer seed from the genomic data read and the
reference sequence location.

26. The system of claim one of any of the preceding claims 14 to 25, wherein
each subsequent occurrences of a reference sequence location that matches at
least a portion of the k-mer seed from which the predetermined genomic signature
was derived after first occurrence is discarded.

27. A computer-readable medium storing instructions that, when executed by one
or computers, cause the one or more computers to perform operations for software-
accelerated genomic data read mapping, the operations comprising:

obtaining a k-mer seed from a genomic data read;

generating a genomic signature based on the obtained k-mer seed;

determining a reference sequence location that match at least a portion of the
k-mer seed using a hash data structure, wherein the hash data structure comprises
N data cells comprising a first portion storing a predetermined genomic signature
and a second portion storing a value that corresponds to a first occurrence of a
reference sequence location that match at least a portion of the k-mer seed from
which the predetermined genomic signature was derived; and

selecting the determined reference sequence location as an actual alignment

for the obtained k-mer seed based on one or more alignment scores.
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28. The computer-readable medium of claim 27, wherein the predetermined

genomic signature occupies one byte of memory storage.

29.  The computer-readable medium of any one of the preceding claims 27 or 28,
wherein the value occupies four bytes of memory storage.

30. The computer-readable medium of any one of the preceding claims 27 to 29,

wherein the hash data structure is a single array of N data cells.

31.  The computer-readable medium of any one of the preceding claims 27 to 30,
the operations further comprising:

filtering the genomic data read based on a first set of values corresponding to
one or more k-mer seeds of the genomic data read.

32. The computer-readable medium of claim 31, wherein the first set of values
comprises a result of a predetermined operation applied to the one or more k-mer
seeds of the genomic data read, and wherein the first set of values is used to obtain
the k-mer seed from the genomic data read.

33.  The computer-readable medium of any one of the preceding claims 27 to 32,
wherein determining the reference sequence locations comprises:

computing a first position for the k-mer seed of the genomic data read,
wherein the first position corresponds to a location of the k-mer seed within the
genomic data read; and

computing a second position for the k-mer seed, wherein the second position
corresponds to a location of the k-mer seed within the reference genomic data, and
wherein the second position is computed based on the hash data structure.

34. The computer-readable medium of any one of the preceding claims 27 to 33,
wherein the operations further comprise:

sorting the one or more reference sequence locations based on the hash data
structure and the genomic data read.
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35.  The computer-readable medium of any one of the preceding claims 27 to 34,
the operations further comprising:

generating the one or more alignment scores based on sorting the one or
more reference sequence locations.

36. The computer-readable medium of any one of the preceding claims 27 to 35,
wherein selecting at least one of the determined reference sequence locations as the
actual alignment for the obtained k-mer seed comprises comparing the one or more

alignment scores to a threshold value.

37.  The computer-readable medium of any one of the preceding claims 27 to 36,
wherein the one or more alignment scores comprises a numerical value representing
a number of mismatches between the obtained k-mer seed from the genomic data
read and the reference sequence location.

38. The computer-readable medium of claim of any one of the preceding claims
27 to 37, wherein each subsequent occurrences of a reference sequence location
that matches at least a portion of the k-mer seed from which the predetermined
genomic signature was derived after first occurrence is discarded.

39. A method for generating a hash table for software-accelerated genomic data
read mapping, the method comprising:

receiving, by one or more computers, genomic data, wherein the genomic
data is derived from parent genomic data;

generating, by the one or more computers, a first set of values based on the
genomic data;

generating, by one or more computers, a subset of the genomic data based
on the first set of values;

computing, by one or more computers, a signature for each k-mer of the
subset of the genomic data, wherein the signature is computed based on a first hash
function;

computing, by one or more computers, a first attribute for each k-mer of the
subset of the genomic data, wherein the first attribute comprises a position of a given
k-mer of the genomic data within a sequence of the genomic data;
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computing, by one or more computers, an index for each k-mer of the subset
of the genomic data, wherein the index is computed based on a second hash
function; and

storing, by one or more computers, the signature and the first attribute for
each k-mer of the subset of the genomic data within a hash data structure based on

the index for each k-mer of the subset of the genomic data.

40. The method of claim 39, wherein each k-mer of the subset of the genomic

data is a k-mer comprising k letters representing a string of one or more nucleotides.

41.  The method of any one of claims 39 or 40, wherein the first set of values
comprises a representation of a number of times that a given k-mer of the genomic
data occurs within the parent genomic data.

42.  The method of any one of the preceding claims 39 to 41, wherein the first set
of values comprises a representation of a hash value computed based on a

corresponding k-mer of the genomic data.

43.  The method of any one of the preceding claims 39 to 42, wherein a memory
allocation size used to store the signature for a given k-mer of the subset is smaller

than a memory allocation size used to store the given k-mer.

44,  The method of any one of the preceding claims 39 to 43, the method further
comprising:
sending, by the one or more computers, data corresponding to the hash data

structure as a data package to a first device.

45.  The method of claim 44, wherein the first device is a memory storage device.
46. The method of claim 44 or claim 45, wherein a second device reads the data
corresponding to the hash data structure from the first device, and wherein the

second device performs a series of operations to generate a second hash data

structure based on the data corresponding to the hash data structure.
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47. A system for generating a hash table for software-accelerated genomic data
read mapping, the system comprising:
one or more computers; and
one or more memories storing instructions that, when executed by the one or
more computers, cause the one or more computers to perform operations, the
operations comprising:
receiving, by the one or more computers, genomic data, wherein the
genomic data is derived from parent genomic data;
generating, by the one or more computers, a first set of values based
on the genomic data;
generating, by the one or more computers, a subset of the genomic
data based on the first set of values;
computing, by the one or more computers, a signature for each k-mer
of the subset of the genomic data, wherein the signature is computed based
on a first hash function;
computing, by the one or more computers, a first attribute for each k-
mer of the subset of the genomic data, wherein the first attribute comprises a
position of a given k-mer of the genomic data within a sequence of the
genomic data;
computing, by the one or more computers, an index for each k-mer of
the subset of the genomic data, wherein the index is computed based on a
second hash function; and
storing, by the one or more computers, the signature and the first
attribute for each k-mer of the subset of the genomic data within a hash data
structure based on the index for each k-mer of the subset of the genomic

data.

48. The system of claim 47, wherein each k-mer of the subset of the genomic

data is a k-mer comprising k letters representing a string of one or more nucleotides.
49.  The system of any one of the preceding claims 47 or 48, wherein the first set

of values comprises a representation of a number of times that a given k-mer of the

genomic data occurs within the parent genomic data.
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50. The system of any one of the preceding claims 47 to 49, wherein the first set
of values comprises a representation of a hash value computed based on a

corresponding k-mer of the genomic data.

51.  The system of any one of the preceding claims 47 to 50, wherein a memory
allocation size used to store the signature for a given k-mer of the subset is smaller

than a memory allocation size used to store the given k-mer.

52.  The system of any one of the preceding claims 47 to 51, wherein the
operations further comprise:
sending, by the one or more computers, data corresponding to the hash data

structure as a data package to a first device.

53.  The system of claim 52, wherein the first device is a memory storage device.

54.  The system of claim 52 or claim 53, wherein a second device reads the data
corresponding to the hash data structure from the first device, and wherein the
second device performs a series of operations to generate a second hash data
structure based on the data corresponding to the hash data structure.

55. A computer-readable medium storing instructions that, when executed by one
or more computers, cause the one or more computers to perform operations for
generating a hash table for software-accelerated genomic data read mapping, the
operations comprising:

receiving genomic data, wherein the genomic data is derived from parent
genomic data;

generating a first set of values based on the genomic data;

generating a subset of the genomic data based on the first set of values;

computing a signature for each k-mer of the subset of the genomic data,
wherein the signature is computed based on a first hash function;

computing a first attribute for each k-mer of the subset of the genomic data,
wherein the first attribute comprises a position of a given k-mer of the genomic data

within a sequence of the genomic data;

56



WO 2022/060910 PCT/US2021/050557

computing an index for each k-mer of the subset of the genomic data, wherein
the index is computed based on a second hash function; and

storing the signature and the first attribute for each k-mer of the subset of the
genomic data within a hash data structure based on the index for each k-mer of the
subset of the genomic data.

56. The computer-readable medium of claim 55, wherein each k-mer of the
subset of the genomic data is a k-mer comprising k letters representing a string of
one or more nucleotides.

57.  The computer-readable medium of claim 55 or claim 56, wherein the first set
of values comprises a representation of a number of times that a given k-mer of the

genomic data occurs within the parent genomic data.

58. The computer-readable medium of any one of the preceding claims 55 to 57,
wherein the first set of values comprises a representation of a hash value computed

based on a corresponding k-mer of the genomic data.

59.  The computer-readable medium of any one of the preceding claims 55 to 58,
wherein a memory allocation size used to store the signature for a given k-mer of the

subset is smaller than a memory allocation size used to store the given k-mer.

60. The computer-readable medium of any one of the preceding claims 55 to 59,
the operations further comprising:
sending data corresponding to the hash data structure as a data package to a

first device.

61. The computer-readable medium of claim 60, wherein the first device is a
memory storage device.

62. The computer-readable medium of claim 60 or claim 61, wherein a second
device reads the data corresponding to the hash data structure from the first device,
and wherein the second device performs a series of operations to generate a second
hash data structure based on the data corresponding to the hash data structure.
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