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The one record that never changes

GCTAAAGACAATTACATAACATACACGATTACACGAAACTTGTTGGCCCAGTGTGAATCG
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age 0
TTTCCTCATGCAATTCAAAACCATGTCCGTAATGTAGGCGAAATAGTAAACCATTTTACG

s S S LSS SS SS IS SS

from you from partner

Your genome is the source code your body is built from

e 3 billion letters, one copy from each parent, in nearly every cell




Why sequence it at all?

PKU, metabolic disorder ¥ BRCA, breast cancer risk Every prescription
diet from birth screening from 25 30% fewer harmful side effects

GCTAAAGACAATTACATAACATACACGATTACACGAAACTTGTTGGCCCAGTGTGAATCG
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? Tested for your BRCA variant
screening from 25, thanks to your result

Editing DNA is just starting, but we've worked around it for decades

e Testonce in a lifetime, act before symptoms, early warning for family




You can only lose it once

23andMe, 2023
14,000 reused passwords exposed 6.9 million people

GCTAAAGACAATTACATAACATACACGATTACACGAAACTTGTTGGCCCAGTGTGAATCG
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age 0
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born after the leak, already exposed

Everything that makes it useful makes it dangerous

e Exposed for a lifetime, insurers want the same forecast, exposes whole family




To sequence or not to sequence?

Well... can you process it locally?




Why not just ask an LLM?

Reference data needed just to parse yours

GGGAGGTGGCTTCTCTATGGAGGATGGGTTGGAATAAGTCGCAAGCAAGAAGGGTGTGAGCAGACACACGGGAAGAAGCT
ATTGCAGTGCTCCAGTGAGAGGGGCTGCAGCAGGAACTGAGGCAGCAGTGGAGCTGGAGAGAAGTAATCCCTGTGGGACA

TGCTTEGAGATGGAGGCACAGGACCTGAGEGTGCATTGAGTETGEggat: TTCTTTTT
GACTTGGGCAACTGGGTGGATGGGACCTGAGGATGCATTGAGTGTGGggat TTCTTT
TTGACTTGGGAAACTGGGTGGATGGEACCTGAGGATGCATTGAGTGTGGggat TTCT

TTTTGACTTGGECAACTEGGTGGATGETGETTEGCTGGAGGTGAAGTACTCATEG6EGTEGCAGGAGTEAGAAGEAAATC
AAGAGCTCCTTTTTGCATGTGTTAGGTTTGAGATGCCCATCAGACATCCAGGTAGGTGCGCTGAGTCAGACTTGGATACG
TGCGTCCAGAATTTCAGGAAGAGCCAGACCAGGAGACTTCCACTTGGGAGTCATCAACCTATAGGTGGTATTTAAAGCCA!
GAGGATGAGGTCACTTAGGGATGETGTGTAGctagaagaaagaaatgggcCAAAGATGGGGCTCTAGGGCACTACACTGL
AACATTCGGAGGTCAAGCAGGGGAGAAGGGCAGCAAAGAGGTAGAGAAGATGCAGTCGGTTGAAGGGCATTCAGGAGAGA
GGAGGACCATGAAGCCCAGGGAGGGEGGCTTGCTCAACTGTAGGGAATGTGGAGGGATCTGGTCCGGTAAGAACAGAGAA
GTGACCACCATTGACTTTGGCCACATGGAGGTTACCAGCGCTCTTAACAAGCACAGGCTCAATGTGGGGCTGGGAGAGAA
ATCCAGTTAGAATAGGTTCAGGAAAGACTGTGAGGCAAGGACCAGAAATGATGgaatagaaaaatggaacagTAGCTGTA
AAGGAAGGTGGCATT, ttttttt taggagatatGAAAACGTGTATGTGATTCACTGGTGT
AGTAGAGGGACAGAGAAAGATTGCAGGTGCAGGAAAAAGTAAATTCAGCAGCAAAGACCTTGAGAAGGTAAGGTGTGTGT
GTCAGEGGTGGCTTTTGCCCTGCCCAGTGEAGEGGTGGTCTTTGCCTTGCACAGGTEGAGGGETGETCTTTECCTTGCAC
AGGTGETGGGGTGGTCTTTGCCTTGCACAGGTGGAGAGGCGGCCTTTGCCTTGGGGCAGGGACAGTTCAGCCATAGAAGT
GGGGGAAAGTGGGGAGTGTGGGTCCAGATGGAGGTGCCAGTGGTGEGAAGCCCTTGTTTTGCTGCTTTCATTTGCTTAGT
GAAGAATGAGACAGTTGCATGCCAAAAAGAGAGAAGGTGAAGGGAGGTGAGTCCTGGaat

agcAGATAGGCTGGGGGAGTGAGGATTGCTGCGATGTGTCTGATGCCTGTAGAGATGTGTGACCATAGAGGCTCAGTGAG
TCCCATCCTTGCTGTTGTGTGATCTTTCTCTTACCACTCTCAGGAGCTCGAGTGCGATTGGAGTAGAAGGTTGCCGGBAT

Reference genome - 3.34GB

NC_000006.12 Gnomon CDS 121317495 121317672 . - 1
ID=cds-XP_047274270.1;Parent=rna-XM_047418314.1;Dbxref=6enelD:221322,
GenBank:XP_047274270.1,HGNC:HGNC:21485,MIM: 615867 ; Name=XP_047274270.1; gbkey=CDS
gene=TBC1D32;product=protein broad-minded isoform X9;protein_id=XP_047274270.1
NC_000006.12 Gnomon CDS 121318779 121310847 B - 0
ID=cds-XP_047274270.1;Parent=rna-XM_847418314.1;Dbxref=6enelD: 221322
GenBank:XP_047274270.1,HGNC:HGNC:21485,MIM:615867; Name=XP_047274270.1; gbkey=CDS;
gene=TBC1D32;product=protein broad-minded isoform X9;protein_id=XP_047274270.1
NC_000006.12 Gnomon CDS 121307976 121308101 B - 0
ID=cds-XP_047274270.1;Parent=rna-XM_047418314.1;Dbxref=6GeneID:221322,
GenBank:XP_047274270.1,HGNC:HGNC:21485,MIM: 615867; Name=XP_047274270.1; gbkey=CDS;
gene=TBC1D32;product=protein broad-minded isoform X9;protein_id=XP_047274270.1
NC_000006.12 Gnomon CDS 121304755 121304833 . -0
ID=cds-XP_047274270.1;Parent=rna-XM_047418314.1;Dbxref=6enelD:221322,
GenBank:XP_047274270.1,HGNC:HGNC:21485,MIM: 615867; Name=XP_047274270.1; gbkey=CDS;
gene=TBC1D32;product=protein broad-minded isoform X9;protein_id=XP_047274270.1
NC_000006.12 Gnomon CDS 121304522 121304625 . - 2
ID=cds-XP_047274270.1;Parent=rna-XM_047418314.1;Dbxref=6enelD:221322,
GenBank:XP_047274270.1,HGNC:HGNC:21485,MIM: 615867; Name=XP_B47274270.1;gbkey=CDS;
gene=TBC1D32;product=protein broad-minded isoform X9;protein_id=XP_047274270.1
NC_000006.12 Gnomon CDS 121304365 121304426 B - 0

Gene annotations - 1.6GB

Your data in ambiguous “standards”

flo 102638119 . TAMA  TAMAA 119 PASS  INDEL;IDV=9;INF=0.409091;0P=22; )
VDB=0.197059; S6B=-0.670168;MQSB=0. 734889 ;MQ8F=0; ICB=1; HOB=0.5;AC=1; AN=2; DP4=8, 4,
6,4;MQ=44 GT:PL:DP:AD:6Q 0/1:152,0,182:22:12,10:127

10 102638120 . A . . PASS  END=102638178;MinDP=12 GT:DP  ©0/0:12
10 102638179 . TAAAA  TAAA  31.8542 PASS  INDEL;IDV=5;IMF=8.357143;
DP=14;VDB=0.120429 ; S6B=-0.598765; MQSB=0.. 612626 ; MQBF=0; ICB=1; HOB=0.5; AC=1; AN=2;
DP4=7,2,3,2;MQ=54 GT:PL:DP:AD:6Q ©/1:64,0,100:14:9,5:64

10 102638180 . A . 228 PASS  END=1082638181;MinDP=9;AN=2 GT:DP  8/8:9
10 102638182 AATATATAATATATTATATATAATATATTAT AATATATAATATATTAT 92 PASS

INDEL; IDV= .2;DP=15;VDB=0.262608; S6B=-0.511536; MQSB=0. 76338 MQOF=0;
ICB=1;H0B=6.5; 2;DP4=8,4,2,1;M0=55 6T:PL:DP:AD:6Q 0/1:126,0,255:15:12,
3:124

10 102638183 . A . 257 PASS  END=102638220;MinDP=9;AN=2 GT:DP  0/0:9
10 102638221 . 6 . . PASS  END=182638530;MinDP=16 GT:DP  ©/0:16

10 102638531 rsl11593861 A G 222 PASS  DP=32;VDB=0.0772975;S6B=-0
.690438; RPB=0.217575; MQB=1; MQSB=1; BQB=0. 972037 ; MQOF=0; ICB=1; HOB=0.5;AC=1; AN=2;
DP4=8,6,6,11;M0=60 GT:PL:DP:AD:6Q 0/1:255,0,240:31:14,17:127

10 102638532 . A . . PASS  END=182638824;MinDP=31 GT:DP  ©/8:31
10 102638825 rs3977756 6 A 166 PASS  DP=37;VDB=0.677053;S6B=-0.680642;
RPB=0.31171;MQB=1;MQSB=1;BQB=0.996487; MQOF=0; ICB=1;H0B=0.5; AC=1; AN=2; DP4=15,9,8,

\4;MQ=60  GT:PL:DP:AD:6Q 0/1:199,0,255:36:24,12:127 Yy,

Small variants - 1.45GB

(chr 22950447 MantaINS:1507:0:0:1:0:1 G GTGCAGTGGTGCA)
ATCACAGCTCACTGCAGCCTCGACCTCCAGAGTTCAAGCAATCCTCCCACCTCAGCCTCCC
CAGTAGCTGGGATTATAGGCACACACCACCAAACCTCTAATTTTTGTATTAGAGATGTATT
AGAGATGAGGGCTCACTCTACAGAAGATACAAAAGTTAGCCAGGTTTGGTGGTGTGTGACT
ATAATCCCAGCTACTGGGGAGGCTGAGGTGGGAGGATTGCTTGAACTCCGGAGGTCGAGGC
769 PASS END=22950447; SVTYPE=INS; SVLEN=256; CIGAR=1M2561 ; CT
P0S=0,7;HOMLEN=7 ; HOMSEQ=TGCAGTG GT:FT:GQ:PL:PR:SR 1/1:PASS:
57:822,60,0:0,6:0,16

chr1 22950447 MantaINS:1507:0:0:0:0:1 G GTGCAGTGGTGCA
ATCACAGCTCACTGCAGCCTCGACCTCCGGAGTTCAAGCAATCCTCCCACCTCAGCCTCCC
CAGTAGCTGGGATTATAGGCACACACCACCAAACCTCTAATTTTTGTATTAGAGATGTATT
AGAGATGAGGGCTCACTCTACAGAAGATACAAAAGTTAGCCAGGTTTGGTGGTGTGTGACT
ATAATCCCAGCTACTGGGGAGGCTGAGGTGGGAGGATTGCTTGAACTCCGGAGGTCGAGGC
853 PASS END=22950447; SVTYPE=INS; SVLEN=256; CIGAR=1M2561 ; CT
P0S=0,7;HOMLEN=7 ; HOMSEQ=TGCAGTG GT:FT:GQ:PL:PR:SR 1/1:PASS:
63:906,66,0:0,8:0,16

chri 23277285 MantaBND:1514:0:1:0:0:0:1 A A[chruUn_K
N707733v1_decoy:1[ 386 SampleFT SVTYPE=BND; MATEID=MantaBN
D:1514:0:1:0:0:0:0;BND_DEPTH=34;MATE_BND_DEPTH=20 GT:FT:GQ:
PL:PR:SR 0/1:MinGQ:3:436,2,0:4,23:0,0

\chr1 23495229 MantaINS:1494:0:0:0:0:0 A AGAGTAACAGGCT/

Structural variants - 2.89MB

NC_000001.11 216490399  rs1254721246 T ¢C RS=1254721246;
dbSNPBuildID=157; SSR=0; GENEINFO=L0C107985596:107985596;VC=SNV; INT;GNO;
FREQ=GnomAD_genomes:1,7.056e-06|dbGaP_PopFreq:1,0

NC_000001.11 216490401  rs2102827570 T 6 RS=2102827570;
dbSNPBuildID=157; SSR=0; GENEINFO=L0C107985596:107985596;VC=SNV; INT;GNO;
FREQ=6nomAD_genomes:1,7.038e-06

NC_060001.11 216490402  rs2048384890 A C RS=2040384890;
dbSNPBuildID=155; SSR=0; GENEINFO=L0C107985596:107985596; VC=SNV; INT;GNO;
FREQ=TOPMED:1,7.556e-06| dbGaP_PopFreq:1,0

NC_000001.11 216490404  rs988072233 A G RS=988072233;
dbSNPBuildID=151; SSR=0; GENEINFO=L0C107985596:107985596; VC=SNV; INT;GNO;
FREQ=1000Genomes_30X:0.9994,0.0006246|GnomAD_genomes :6.9998,0.0002037| TOPMED: 0
.9997,0.0003476|dbGaP_PopFreq:0.9997,0.0002529

NC_000001.11 216490406  rs1483853010 A C,G . RS=1483853010;
dbSNPBuildID=155; SSR=0; GENEINFO=L0C107985596:107985596;VC=SNV; INT;GNO;
FREQ=TOPMED:1,.,3.778e-06|dbGaP_PopFreq:1, .,0

NC_000001.11 216490414 rs1390552343 C AT. RS=1390552343;
dbSNPBuildID=151; SSR=0;GENEINFO=L0C107985596:107985596;VC=SNV; INT;GNO;
FREQ=GnomAD_genomes:1,.,7.12e-06| TOPMED:1, ., 3.778e-06|dbGaP_PopFreq:1,.,0

NC_000001.11 216490416  rs2040384939 G AT. RS=2040384939;
dbSNPBuildID=157; SSR=0; GENEINFO=L0C107985596:107985596; VC=SNV; INT;GNO;

Known variant database - 213.78GB

fchr20 28380001  CNVpytor_dup1991 N  <DUP> .  PASS
END=28423001; IMPRECISE; SVLEN=43000; SVTYPE=DUP ; pytorRD=2.5535
1;pytorP1=0.000273083;pytorP2=2.871e+09;pytorP3=0.00122882;py
torP4=2.871e+09; pytorQ0=0.958858 ; pytorPN=0;pytorDG=76500;pyto
rCL=rd_mean_shift GT:CN ./1:5

chr20 28499001 CNVpytor_del1992 N <DEL> . PASS
END=28505001; IMPRECISE; SVLEN=6000; SVTYPE=DEL ; pytorRD=0.066297
4;pytorP1=0.828544;pytorP2=0;pytorP3=0.00911536;pytorP4=0;pyt
orQ0=0.395349; pytorPN=0; pytorDG=0;pytorCL=rd_mean_shift GT:CN
1/1:0

chr20 28505001 CNVpytor_dup1993 N <DuP> . PASS
END=28570001; IMPRECISE; SVLEN=65000; SVTYPE=DUP ; pytorRD=4.3751
9;pytorP1=5.04707e-06;pytorP2=2.871e+09; pytorP3=4.96415e-06;p
ytorP4=2.871e+09;pytorQ0=0.471944;pytorPN=0; pytorDG=400;pytor
CL=rd_mean_shift GT:CN /1:9

chr20 28608001 CNVpytor_dup1994 N <DUP> . PASS
END=28646001; IMPRECISE; SVLEN=38000; SVTYPE=DUP ; pytorRD=2.4468
7;pytorP1=5.21735e-09; pytorP2=3.70921e-12; pytorP3=5.91538e-0
8;pytorP4=4.66325e-11;pytorQ0=0.127188;pytorPN=0; pytorDG=1034
00; pytorCL=rd_mean_shift GT:CN ./1:5

\chr20 28680001 CNVpytor_del1995 N  <DEL> . PASS J

Copy number variants - 238KB




LLMs are a last mile technology

“Let’s write a todo app” “Why does cilantro taste soapy?”

Libraries SDKs, plugins

]
Ul framework SwiftUl, Flutter !

TR EEE SRS EEEEEEEEEEEEEEEEEESs 1
System APIs Metal, Vulkan E !

Operating system i0OS, Android Data files 220 GB of text

Hardware CPU, GPU Sequencing Illumina, Nanopore

e Proprietary tools fill the gaps, 54 expert minutes to interpret each variant
e Open source tried, 28% of published tools gone, 86% never had outside help

e Each project reinvents the wheel, 5 engines for one rulebook, 6 for one gene



Filling the gaps: abstraction

“Why does cilantro taste soapy?”

P e N genome/positions/chr11/6868417/

1

' : reference C changes/
— i -‘, genotype C/A copies/
| !

B

Unified view raw data abstracted
Data files 220 GB of text =
Reference Small Structural Copy number
. . genome variants variants variants
Sequencing Illumina, Nanopore

e The LLM no longer improvises parsers, it just reads a position
e Built once and tested on real genomes, not rewritten by every project

e |n Ethereum terms, a node's JSON-RPC, making raw chain data consumable



Filling the gaps: indexing

“Why does cilantro taste soapy?”

T T T T TS m s s ememsm—-—-—-—- S genome/

1

' : rsids/rs72921001/genotype  C/A
"""""""""""""""" genes/0OR6A2/chromosome chr11

Indexed view data cross-referenced /]\
Unified view raw data abstracted
Data files 220 GB of text

Unified Known variant Gene

. . view database annotations
Sequencing Illumina, Nanopore

e The LLMs query by name, the index finds it in your genome
e Public databases stay local, so no lookup reveals your question

e |n Ethereum terms, Etherscan, turning raw logs into named events



Filling the gaps: composition

“Why does cilantro taste soapy?”

New app
App stacks logic composed py the LLM

Indexed view data cross-referenced {

Cilantro taste ]{ Bitter taste

Unified view raw data abstracted @) @) @) )
{ Eye color }{Smell genes}{ Ancestry }{Taste genes
Data files 220 GB of text @ () @ @
Indexed view
Sequencing lllumina, Nanopore

e The LLM writes just the last piece, onto proven pieces below
e Each app sandboxed, with no way to send your data anywhere

e |n Ethereum terms, smart contracts, composing like financial lego



Dark Bio, beyond genomics

Your agent [ “Does coffee ruin my sleep?”

App stacks logic composed
Dark Bio platform Indexed view data cross-referenced

Unified view raw data abstracted

Data files 220 GB of text
Data providers

Sequencing lllumina, Nanopore



To process or not to process?

Well... can you do it privately?




Use a “hardware wallet”, with a twist

| o Storage and compute for GBs of data
e Threat vector is mass compromise

&  Semi-remote may be desirable

e Encrypted TEE vs. tamper-proof chip
e Keys split between Ark and mobile

e Data access needs authorization

Ark Companion



DARK BIO - ARK HUB

G

js}
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Connect your Ark

Ark Hub opens once your Ark is connected.

Y Connect Ark v

B Linuxsetup @ Getan Ark

hub.dark.bio




Thank you

Read the whitepaper
Try  the ark emulator
Build an analysis app

Brief your own agent

E=%E  Péter Szilagyi
peter@dark.bio
[=] @peter_szilagyi

dark.bio/whitepaper
dark.bio/emulator
dark.bio/examples
dark.bio/llms.txt

Dark Bio
@dark_dot_bio
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