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Who are we? Q%%j PROMETHEUS

The Institute for Technological
Research - IPT has been
contributing actively for 124
years to science and technical
advances.

We provide technical solutions
for industry, governments, and
society, enabling themto “* . e
overcome the challenges of ‘. AL | -1 m : \H\\\ '. Si0

- il ==
our time.
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The Pantheon CODEC 0-5-0 PROMETHEUS

A versatile CODEC:

o Robust DNA data architecture
m  Binary data pre-processing
m  Multiple choices for mapping algorithms
m Multi-layer ECC strategy
o Supports SNIA's sectors (SO & S1)
o |ncludes NGS processing algorithms
= Compatible with multiple sequencing and
storage strategies

]
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separated in blocks
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Apollo and the Muses - Michel Dorigny, early 1640s
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Apollo oligonucleotide structure

'] Cytosine
uanine

ECC [] Adenine
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Start |Address ff01 100 Payload End
Primer/\ label / ~~~~~~
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Apollo metadata & Outer ECC
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Apollo metadata & Outer ECC
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Apollo primers architecture

End
Primer
Illéltlltll TR0 0RO A
ar r—‘__
Primeﬂ
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Universal prime pair
— X
Block specific prime pair

PROMETHEUS .
12| ©2023 SNIA. All Rights Reserved. 1 pt et LenOVO:S D @

CCCCCCCCCCCC



5 PROMETHELS
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Archive Metadata

Block (AMB)

Data Data
block 1 < > block 2
Data Data
block 3 block 4

(-) (...)
Data Data
block n-1 block n

/ Apollo DNA blocks arChltecture

Codec parameters.json
Directory tree.json

Files checksum.json

(-}
FlIE 1 (...) FlIE 12
File 16 File n File 15
File 3 File n-1
File 8 m File 8
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Apollo DNA blocks archlteoture

Archive Metadata
Block (AMB)

Data Data
block 1 < g block 2
Data Data
block 3 block 4
(-) (...)
Data Data
block n-1 block n

« System directory tree

* Files checksum

* Files coordenates within blocks

« CODEC parameters for blocks

* Primers data

« CODEC manual

» Other types of data to assist data
recover

TECNOLOGICAS



Apollo DNA blocks archlteoture

Archive Metadata

Block (AMB)

Data Data
block 1 < > block 2
Data Data
block 3 block 4

(-) (...)
Data Data
block n-1 block n

PROMETHEUS
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Apollo Integration with SNIA's specifications
for sectors SO & S1

4l S1 - CODEC parameters
Y °+ General CODEC & ECC

parameters
 AMB especific ECC &
CODEC parameters
 AMB files checksum

PROMETHEUS .
16| ©2023 SNIA. All Rights Reserved. 1pt et LenOVO:S D @

CCCCCCCCCCCC



- O
o Rl & R
-0 _0
OoO— 0O
-O_0O

fasta

In silico

simulation

Physical block
separation

Designed
Oligonucleotides
separated in blocks

17] ©2023 SNIA. All Rights Reserved.

Selective
molecular

access using
PCR

Logical block
separation

DNA

Sequencmg

I
)

l o~ EgE
\ k y fast Complete g,‘.
1asiq — sequence 92
. clustering and
P _) h?':::i-tf,illzzk consensus
_ o
1 : 1\
| 4 % 2
‘ | Demultiplexing read e
‘ ‘ ‘ & trimming classification ‘
_ - (
Yot
N A $ '
1
| | 1 fastq Residual
clustering and
> Single block consensus
I U U read file & -/
» E. Legend
Digital DNA Molecular In silico
sequences steps processing

Aa

A

£

T

V

4

fasta

oligonucleotide

Recovered

sequences

Decoding &
& Error
correction

D O
-0 0O
O—c—
_—0 0
O 0O
O _0

1Dt o LenOVOm:s D @

TECNOLOGICAS



18| ©2023 SNIA. All Rights Reserved.



PROMETHEUS
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Chlron Pre-processing NGS reads

Pre-processing steps:
* Merge read pair (paired-end strategy)
» Adapters/Primer trimming
» Demultiplexing coding blocks
* Reorient DNA sequences
» Discard low-quality reads

TECNOLOGICAS



Chlron Pre-processing NGS reads

'] Cytosine
Pre-processing steps: uanine
* Merge read pair (paired-end strategy) [3] Adenine
» Adapters/Primer trimming L& Thymine
» Demultiplexing coding blocks W{“
* Reorient DNA sequences

» Discard low-quality reads
Rt\rnAi ”l»P- 0 -

- MIBRII AN AAIRAMAITA N AR

TRRR RN RN RN nnpnnnnl III!I TRRRRnnnnnnnnnnpnnnnnni
-5

31N NI
R2
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Chiron: Pre-processing NGS reads U PROVETHELS

Pre-processing steps: IEIClth;:ilr?:
* Merge read pair (paired-end strategy) [3] Adenine
» Adapters/Primer trimming L& Thymine
» Demultiplexing coding blocks W
* Reorient DNA sequences
» Discard low-quality reads
R1

R2

A X
3" IlllllﬂllllllllllnllIIIIIIIII-5

PROMETHEUS
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Chlron Pre-processing NGS reads

Pre-processing steps:
* Merge read pair (paired-end strategy)
» Adapters/Primer trimming

* Reorient DNA sequences
 Discard low-quality reads —)

Block specific prime

pairs ="

—

Planned data Sequenced Sequenced & Demultiplexed
blocks DNA reads Into data blocks

PROMETHEUS .
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Hermes: address library

I'r] Cytosine
uanine
] Adeni
UL R LU LT TUEL HUT N Ry i
Address — DNf\.bIoclil
o || ” e
=y (ATCGOCATACTAC—V
et (MATCGOCATIICTAC—% C
ATA MOATOCTAC -V N—
ATC TAC—-X 2
ATAATAATCATGA XA Addresses
database
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parity check
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Screenshot of the first 35 DNA
sequences from a planned data
block in a multi-fasta format.
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Inner ECC

a G&A rich scheme.
Lenovo —SDGEG

Mapped data

Addr.

-°d PROMETHEUS

25| ©2023 SNIA. All Rights Reserved.

PESQUISAS

INSTITUTO DE
TECNOLOGICAS

1pt



Hermes: basic algorithm, part 1

III LN LR R RV LT Iﬂlllllll/\ / H e rm es I n ut \

DNA read

Demutiplexed FALSE TRU + v
block.fastq _ E

Length & parity check
Demplx. Addr. DB

block.fast
FALSi dg TRU - E_A_I__S_i ﬁ \_ 9 y
res I r
: i : ( Address table
check i check Addr.[Seq. pile] Status
FALSE o TRU v
Closest - Addr.IIED)gterror! # ‘ 3 Close
addres
k. s #
v o y # 2 Open
: 3 *_’ # Close
| Hephaestus MSA & Artemis’ ‘ 7
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PRUMETHEUS o conssensu box . |
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A Hermes: basic algorithm, part 2

[\MIIIHEHIIIIHHHHIEH/\

FALSE TRU AT AT
¢

E e.g. read pile
minimum coverage l for addr. #2
Multiple sequen@ Length Parity
alignment (MSA) 5'-(...) ATCLUCAT- ACTAC(. . .)-3" R ) &
5'-(...)ATC « CAT- AC-AC(...)-3'" R ) &
5'-(...)ATC- CA -ACTAC(...)-3' XK X
5'-(...)ACC CCATTACTAC(...)-3'" A
consensus 5'-(...)AAC  CAT- ACTAC(...)-3' XA ) 4
sequence
FALSE Length Parity
E 5'-(...)ATCCCCATTACTAC(. ..)-3' '
Length & parity check v v
v \ 7
€
Hephaestus Artemis’

PROMETHEUS -
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Thetis Receiving the Weapons of Achilles from Hephaestus
Anthony van Dyck, 1632
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& Hephaestus: pair-wise clustering and consensus

Demultiplexed

block.fastq C L i AL il
< UL fe g iy i
NI R UL TRy TAR P T D]
b UL TRy TAR P T D]

snmnmasnmmmnn  Cluster 1 B Demultiplexing
S amimamnn  SPS€dS Up clustering
"ty e ™\ |10 N IR
5" - ATCGGCAT- 3" Cluster 2 | g iimiiims a m § mutinmii
ATCG O e Consensus 1
1CGG (--:) C LD IR DL (O]
p. CGGC |0 R
- k=4 GGCA Cluster n i i/mmnmunmm mm g nni | Consensus 2
_ GCAT TR R = W I T ri i
}“ﬁ Shared K-mer strategy to g
quickly identify and align first

UM ETHEUS Qighly similar DNA sequences/ .
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¢ Hephaestus: pair-wise clustering and consensus
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| Hephaestus: basic clustering algorithm

similarity
threshold

box
OR
K-mer K-mer K-mer
S 4 processin ’ processin ‘ processin
= 9 ? 2 Similarity threshold
DemultiFIexed Pairwise Pairwise . Pairwise (OA))
block.fastq aliament aligment aligment
° ~ 1st>2nd > 3rd
Clusteri Cluster Discar
Clusterin ustering ustering
’15’( threshgm ’an threshold ’Brd threshold m
Consensu Consensu FAIL
T S T s ’ I PASS
- Final Chimeric
_ consensu dectection Artemis'
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Artemls the decodlng module

Artemis returning from the hunt - Colombel, 1697

-
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Artemis: decoding the archive metadata block

Artemis' box
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Artemis' box

AMB.fasta

g Handler
&
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Tellus Mater (Mother Gaia) panel,
Ara Pacis Augustae - Rome, ltaly
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Gaia: a sandbox module to support development

 \What Gaia does:

o Simulate different sequencing strategies
®  Single or Paired-ends
m | ibrary preparation
m  Coverage variation
m Sequencing platforms
o Simulate different synthesis strategies and biases
m Pandora's box of bias models

;:»., - ;
&
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Gaia: a sandbox module to support development

 \What Gaia does:

Medud® SlMmulate different sequencing strategies

m Single or Paired-ends

m Library preparation

m  Coverage variation

m Sequencing platforms

Simulate different synthesis strategies and biases
s Pandora's box of bias models
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pr—— W Seq uencing results
: 175 - 68.88 average coverage ~0.03% of
18.14 std missing oligos
150 -
<
| S
5 1237 Files were integrally
0 recovered using
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o
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O
C
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23 67,854 oligos
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Sequencing results

175 - 68.88 average coverage ~0.03% of
18.14 std missing oligos
150 -
<
8
5 1237 Files were integrally
0 recovered using
2 100 - Outer ECC
o
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O
C
S 50
5 - : 22 oligos were
67,854 oligos missing
(coverage = 0)
0 -
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Sequencing results

175 - 68.88 average coverage ~0.03% of
18.14 std missing oligos

150 -

125 -

Files were integrally
recovered using
Outer ECC

100 -

75 -

NGS Coverage (read pairs)

50 -

23 67,854 oligos

"The pit of
Tartarus for
DNA data
storage"

0 10000 20000 30000 40000 50000
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Sequencing results
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CODEC performance

\NW}: 00:01:30.730 AMB

: B :

Y o & E%4 fastq files with 9.3M reads in total E%

. 4 00:00:01.700 AMB E%A single CPU core was used E%

' | St E% AMB (Archive metadata block) E%
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CODEC performance ARMNESS. 555 @

S 00:15:42,000 DB
I\ VY25 00:00:58.350 DB (fast mode)*

*Increases the sequence loss

;
E% 4 fastq files with 9.3M reads in total
00:01:00.000 DB E%A single CPU core was used b
N 77 509:11:28.000DB* DB (Data Blocks) |
**no prior demultiplexing step %Elunununr_‘lnr_ﬂnr_ﬂ:ﬂ_ﬂm: ;.nununununumm@;mmunununununum-_lﬁ:']

PROMETHEUS

48] ©2023 SNIA. All Rights Reserved. I_Epha estus 1 pt s LenOVO > s D @

CCCCCCCCCCCC



ession.

w F
)

Please take a moment to rate thi

Your feedback 1s mportant to us.

PROMETHEUS

TECNOLOGICAS



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50

