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START
Jj=

Initialize List of Candidate Solutions:

n
Lt

Calculate Probabilities
P(G;|R)m =10M

All positions
processed or
stopping
criteria met?

YES Update candidate variants

Prune the Tree: ( DONE )

Eliminate low probability candidates.
Update pruning sum:

i=i +]“F:muned = ‘Ppmned+ ZP(G;: I R)

meprunedset

3

Grow the Tree:
Combine surviving candidates with

candidates at the new positions(s)

G/"|R)m =10M ,,
J
i=i+]

FIG. 27
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P(G1IR) = 0.99892171 (phred 0.00)

P(G2IR) = 0.00103398 (phred 29.85)

P(G3IR) = 0.00003934 (phred 44.05)

P(G4IR) = 0.00000251 (phred 56.00)

P(GsIR) = 0.00000126 (phred 59.00)

P(GelR) = 0.00000116 (phred 59.35)

o ® OO OO OO OO

oo

O o O

a o ®

P(G7IR) = 0.00000004 (phred 73.55)

P(GslR) = 0.00000000 (phred 151.67)

P(GslR) = 0.00000000 (phred 225.85)

FIG. 28
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- | €& ¢C P(G1IR) = 0.99799456 (phred 0.01)
7 A e
[ cA  6c ]
G2 = P(GaIR) = 0.00101673 (phred 29.93
= loa e (G2IR) (P )
@= | CA CC P(G4IR) = 0.00097796 (phred 30.10)
s |ca cc |
g= | CC GC P(G4IR) = 0.00000913 (phred 50.39)
i |ea cc |
@@= | € CC P(GsIR) = 0.00000125 (phred 59.02)
i° | ca cc |
@= | & P(GeIR) = 0.00000015 (phred 68.29)
| cA ac |
Gz= | GA CC P(G7IR) = 0.00000007 (phred 71.45)
| ca cc |
G- | C CcC P(G4lR) = 0.00000007 (phred 71.45)
| cA er
Gz= | GA GC P(GsIR) = 0.00000006 (phred 72.06)
| oA ac |
g = | CC  CC P(G1lR) = 0.00000001 (phred 79.89)
| cc cA |
G- | 6C CC P(G1IR) = 0.00000000 (phred 88.51)
| ¢ cA |
G- [ 6 6| bR =000000000 (pired 8851
12 ¢ oo (GrIR) = 0. (phred 88.51)
Gz= [ CC  GC P(Gr2IR) = 0.00000000 (phred 89.10)
| cA cA
6= [ GA  GC P(GwIR) = 0.00000000 (phred 116.35)
| cc ac |
¢= | CA CC P(GIR) = 0.00000000 (phred 120.60)
| A GA |

(candidates 16-70 not shown)

F

G. 29
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G- | CCT GCA P(G1IR) = 0.99885810 (phred 0.00)
7 | cAT GcA |

= | CCT GCT P(G2IR) = 0.00111991 (phred 29.51)
2~ | CAT GCA |

= | CCT GCA P(G4IR) = 0.00000914 (phred 50.39)
>~ | cAT cca |

[ cAT  GCT ]

G = P(G4IR) = 0.00000462 (phred 53.36
= | car eea| TIOR b )

G- | CAT GCA P(GsIR) = 000000222 (phred 56.53)
% | cat cer

@=- | CAT GCT P{GsIR) = 000000222 (phred 56.53)
5= | cat cen |

= | CCA GCT P(G7IR) = 0.00000126 (phred 59.01)
77 | cAT ocT

G- | GCT GCA P(GsIR) = 0.00000126 {phred 59.01)
% | cat cca |

@@= | CCA GCT P(GaIR) = 0.00000126 (phred 59.01)
o= | caT aca

@ . | CCT CCA P(G1oIR) = 0.00000001 (phred 79.89)
o= | cAT cer |

g . | €T GCT P(G1IR) = 0.00000001 (phred 79.89)
= | CAT cCA |

G- | GCT GCA P(Gr2IR) = 0.00000000 (phred 88.52)
©= | cat ceT |

.- | GCT ocT P(GrIR) = 0.00000000 (phred 88.52)
wS | cAT  cea |

= | CAT CCT P(G1IR) = 0.00000000 (phred 91.82)
u” | cm aca |

= | CCT GCA P(G15IR) = 0.00000000 (phred 94.70)
5 | CAA GCA

{candidates 16-65 not shown)

FIG. 30
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Score = (TP —1* FP) /N yarians Over range +/- 0.0025
1 ]n 1 L

1 f""1

0.8 \

\
\

0
095 0955 096 0965 097 0975 098 0985 099 0995 1
similarity
100
80 A\ .

A AN/
o /

20 /
P

095 0955 096 0965 097 0975 098 0985 099 0995 1
similarity

FIG. 32
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Cloud
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AL

A 4

ON - SITE —

/ 100
Local Computing

Data Generation
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140
AN

Computing

/
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p——
L/
L/

Compressor

Local Storage

200
/.
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Optimally Efficient Architecture
for Genomics Analysis at Scale FAQ
in the Cloud FA§TQ
Sample — :
Queued Jobs paSTQ
2»{Prep) @ 1T ~) QLT ) @IT +) @7 - @IT Jeee@IT ) [ ]
X I N s— | nstance
Map / Align ] (& IT - FPGA El_l IT-FPGA |} eoo [0 [T -+ ~——:'
= S| Switchable
(Sort/Dedup) @I TT )  @ITT ] - [Block Storage
e c =
(T oy -y ) [f| o
= Switchable
e > |Block Storage
I | (B 1T - .-”-w ©: IT- FPGA oo oI - o @3
——————— ,
AMM & 1T -FPGA] T ] SEézfltr:‘;
CF VC, JmlT-] (OIT - QT =) oo 4L
gVCF
Optimally Efficient Architecture E A@I‘ Q
for Genomics Analysis at Scale
in the Cloud FASTQ > (x‘é@
Sample — : l :
Queued Jobs FASTQ
(Prep) 0 IT ) (000 IT -] 01T -] M lT =) (0T ~Joee @ IT ~H-
FASTQ —pot—

((Map / Align J (@ IT - FPGA Ef-a ): [T - FPGA | m oIt - = o
Sort/Dedu 0IT - - T - “ miT - = rpye

VC 1 T

It -

) 4 soee

FIG. 40B
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100\

Local Computing

110

AN

Data Generation

111
ya

1M11a

/ 111b}

Scheduler, Analytics, Compare,
Sensed Data

Graph, Releases, Other

Primary : . ; Converts Biclogical Information
Analysis { Sequencing | Signal PI'OCj??IﬁgC } To Raw Read Data
2 L BaseCaling  } FastQFile \
[ 111d
Mapping —— Hash Table Formation \
112a
113
S / 113a
Aligning Smith Waterman
114a
Secondary wm Sorting S 114b
Analysis ya Deduplication e
Related Function Recalibration 1144
a Local Realignment 14
—— Compression " ¢
115 / 115a
116
L [ HwM Vs

Variant Calling

Variant Call File

FIG. 41A
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100 \
Local Computing

1 121
\ Data Acquisition /

AP - | Artificial
p 3rd Party Analytics Intelligence

I /
121a

\ 4 50
10 \ 150 Cloud /

Data Generation

151
30/50
‘ / / 300
w Processing Remote Computing

Genome Pipeline

Quantitative/ 152
Qualitative /

Analysis

EPI Genome

Meta Genome

700

Joint Genotyping

GATK/ MuTect2

Other Pipeline

FIG. 41B
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100 \
Local Computing

/ 122
120 121 Sequencing Platform
\ / l 1 Ya 123a
Data Acquisition 3rd Party Analytics NIPT
: I 123b
N, N/P ICU s
Cloud I 123c
1 L3
\ Cancer /
, | 123d
120 ‘ LDT L/
| 123e
Ag Bio L/
I 123f
Other L/

~.
.
-
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~
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Computing
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Receive reads of genomic sequence
from environmental sample

:

Build two or more genomic reference

sequence to be detected in the sample

1010
L/

:

Build an index for each of the two or
more genomic reference seguence

1020
/

I

Compare the sample genomic
sequence reads with each of the two
or more indexes

1030
v

I

1040 ys 1050

Determine if the sample genomic
sequence reads map to each of the
two or more indexes

Optionally align the mapped reads with
—»{ the genomic reference sequence and
generate an alignment score

I

Determined the likelihood that an
organism having the reference
sequence is present in the sample

1060
/

:

Report list of species, strains, or
clades present in the sample

1070
/

FIG.
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