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DNA data storage

= Will contribute to resolve the data volume explosion crisis

= Parameters to take into account / challenges to address
® Scale of storage
* Information density
* DNA stability* / data retrieval

() Stability often overlooked
= DNA degradation mechanisms and factors

= DNAshell® / RNAshell® technology

= Evaluation of stability
* Accelerated aging (Arrhenius model)
* Real time aging @RT

*We'll talk about data encoded in DNA sequence, not in its structure



Main mechanisms of degradation
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Consequences

= The main and most deleterious event:
chain breakage

=" The relative importance of hydrolysis
and oxidation vary according to:

®* Water content

® Environment (contaminants, co-
extractants, ...)

Water is the enemy
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How hermetic is a container/sealing?

water uptake (mg)

Water uptake (mg) of 1g CaCl, ) crimped vials with
40- " previously dried stoppers
- — crimped vials = Counter intuitive results!
. " Inner RH will gradually
~e= O-ring tubes equilibrate with outer RH
207 .
" |[n a closed but non hermetic
system, water uptake has to
10 ClickFit tubes be taken into account during
5 EasyFit tubes stabl!lty testing (modeling can
be tricky)
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The Imagene technology

Imagene’s technology: completely remove water, oxygen and
ozone and maintain these conditions for efficient and long-term

»~ YAG Laser welding

storage. -
e »
Imagene stainless steel capsules: DNAshell® and RNAshell® (1,
E Cap
® Stainless steel shell Argon
pa

* Glass vial ’ Helium

® Stainless steel cap
DNA

The capsule is sealed by YAG laser welding allowing to maintain "

Glass vial

the desiccated sample under an inert atmosphere. e Saiies stel sl
' 2D Datamatrix code

A unique 2D barcodes is engraved on each capsule for full

——

traceability. 13¢g
Space 0.7 cm?3
Target markets: biobanking, molecular diagnostics, DNA data Useful volume 0.2-0.3 mL
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Monitoring chain breakage with pDNA

Only one chain break on one of its two strands is sufficient to relax a supercoiled plasmid. The supercoiled plasmid content
(SCC) is thus the fraction of intact DNA in the sample. The relaxation is a first order reaction (exponential).
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Monitoring chain breakage with gDNA
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Long term stability evaluation

= Accelerated aging
® Conduct degradation kinetics at several high temperatures T

® Measure the degradation rates k; (chain breaks/nt /s)
* Plot -log k; vs 1/T
=> Arrhenius equation
=> extrapolation of degradation rates @RT (or any temperature)

*Bonnet, J., et al., Nucleic acids research 2010 10.1093/nar/gkp1060

*Coudy, D., et al., Long term conservation of DNA at ambient temperature. Implications for DNA data
storage. PLoS One, 2021. 16(11)

* Fabre, A-L. et al., An efficient method for long-term room temperature storage of RNA. Eur J Hum Genet
2014 Mar;22(3):379-85

* Fabre, A-L. et al., High DNA stability in white blood cells and buffy coat lysates stored at ambient
temperature under anoxic and anhydrous atmosphere PLOSOne 2017 10.1371/journal.pone.0188547



Long term stability evaluation

= Real time evaluation of degradation rate at room temperature
* To verify the accelerated aging results
* To take potential unforeseen parameters into account

* Colotte et al. Biopreserv Biobank. 2011 10.1089/bi0.2010.0028
This work (unpublished)
* Fabre, A-L. et al., High DNA stability in white blood cells and buffy coat lysates stored at ambient
temperature under anoxic and anhydrous atmosphere PLOSOne 2017 10.1371/journal.pone.0188547 10



Material and methods

= Source biospecimens and extraction methods

Cell lines

Bacteria

Rat liver

Blood

Saliva

Plant

Biological
material

Organic
Salt precip
Silica
Organic
Salt precip
Silica
lon exchange

Organic
Salt precip

Organic
Salt precip
Organic
Salt precip

Organic
Silica

Phenol/Chlo
Trizol

Phenol/Chlo
Silica -
Trizol

Phenol/Chlo
Silica -
Trizol

Lysed WBC

Paxgene Lysed BC

Fixed cells
Cells on

paper

= Processing

Collection of the biospecimens
Purified NA: extraction + QC

NA in biospecimen: lysis for DNA in
blood cells / Cell fixation or deposition
on paper for RNA

Addition of stabilization proprietary
solutions

Aliquoting in the minicapsules
Desiccation

Encapsulation (laser sealing under
argon)
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Material and methods

= Accelerated aging — simulated 25-100 yrs: no degradation (not shown)

= Real-time long term storage

Capsules stored at room temperature without moisture and temperature
control (15°C-30°C / 50 % RH)

Control capsules stored at -20°C
Controls in solution stored at -20°C (DNA) or -80°C (RNA)

= Post-storage analysis

Opening of the minicapsules with a shellOpener

Rehydration

Extraction for biospecimen (salt precipitation for DNA / Trizol for RNA)
QC (not shown)

Electrophoresis agarose gels/ Bioanalyzer (RIN)

RT-gqPCR / RT-dPCR analysis (not shown)



Results



Purified DNA
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Plasmid DNA
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Accelerated vs real-time
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Purified RNA

bacteria
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DNA and RNA in biospecimen
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Conclusions

= DNAshell /RNAshell is the most advanced available technology
for DNA/RNA stabilization, with 15 years of recorded
performance

" To build confidence in DNA data storage, it is imperative to:

® Use validated methods (SNIA standard) & run all necessary
controls

* Use high-sensitive methods to demonstrate stability (easy to
hide poor performance)



Thank you |

Marthe COLOTTE, PhD
Imagene CTO
colotte@imagene.eu
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