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• History of Data storage
• Why DNA is a candidate medium?
• DNA storage capacity, handling and stability?

Introduction to Data storage:

• Synthetic DNA Data and gDNA Preparation 
• Xanthan Gum Framework-Encoded biomimetic Mineralization of 

Calcium Phosphate
• DNA encapsulation 

Methods:

• Characterizations by AFM, XRD, fluorescent microscopy and optical 
microscopy 

• DNA Damage Analysis

Results and discussions: 

• End-to-end programmable write-to-store-to-read cycle of data
Future Works:

Bennet et al. Nano Select, 2021;1–20
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Historical progress of storage mediums over time

Bennet et al. Nano Select, 2021;1–20
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Kohll et al. Chem. Commun., 2020, 56, 3613; 
Bennet et al. Nano Select, 2021;1–20
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Oxidative damage analysis

UV (1.95 J for 3 h) exposer 
Temp. (70 °C for 3 h) exposer

3

5

6

gDNA preparation 

Encapsulation + 
Adsorption/Desorption 
cycling (i.e., write/read)

Characterization (i.e., analyze 
matrix and DNA for errors)  

Accessibility Analysis (i.e., 
final retrieval of DNA from 
matrix to assess retention)

Encoding 
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gDNA extraction and purification:

Harvested 

gDNA was isolated 

Purified

Quantified 

50 kb

Synthetic DNA data:
Source file 

“Inspiration four”

Encoded Data using Python

TWIST Bioscience synthesized the Oligos 
Nucleotides (64 nt)

Human cells 

1 2
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3. DNA preservation
A) Encapsulate DNA in matrix

Xanthan Gum Framework-Encoded Mineralization of Calcium Phosphate

XG

Mineralization process

in HEPES 
bufferpH 7.4

Na2HPO4

CaCl2

1:1
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3. DNA preservation
B) Adsorption/desorption cycling (i.e., write/read) 

DNA

CaP/XG matrix
Encapsulated 

DNA 

CaP/XG matrix

Freeze dried Desorption 

Centrifuge 

Freeze dried 

DNA

Cycle 1

Desorption 

Centrifuge 

DNA

Cycle 2

DNA

Cycle 3

Adsorption  Adsorption  Adsorption  

Synthesized bone 
like matrix  



9 | ©2022 Flash Memory Summit. All Rights Reserved. 

A SNIA Technology Affiliate

4. Expose DNA in encapsulated matrix to 
environmental effects

Control (No DNA 
encapsulated matrix)

Synthesized DNA Data  
encapsulated matrix

gDNA encapsulated 
matrix

UV (1.95 J) exposed 
synthesized DNA data  
encapsulated matrix

Temp. (70 °C) exposed 
synthesized DNA data 
encapsulated matrix

UV exposed gDNA 
encapsulated matrix

Temp. exposed gDNA 
encapsulated matrix

UV exposed 
synthesized DNA Data 
encapsulated matrix

Temp. exposed 
synthesized DNA Data 
encapsulated matrix

Disintegrated Analysis 
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Emami et al. J Transl Med (2020) 18:361
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5. A) Characterization of synthetic DNA data encapsulation
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22.8848 ±5.961 nm

Average Rq Value:
13.7504 ±2.234 nm

3D Surface Mapping Line Profile  Surface RoughnessMagnified imageAFM Topography 
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5. B) Characterization of gDNA adsorption/desorption cycle

Before adsorption   1st adsorption (C1)  After adsorption  2nd adsorption (C2)  3rd adsorption (C3) Desorption    
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6. Accessibility 
A) Adsorption and Desorption efficiency 

Before adsorption   1st adsorption (C1)  After adsorption  2nd adsorption (C2)  3rd adsorption (C3) Desorption    
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6. Accessibility
B) Medium stability 

XRD patterns: crystallization of DNA in presence of 
CaP-XG
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6. Accessibility
C) DNA Fragmentation/denaturation
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6. Accessibility
D) Analysis of fragmentation/denaturation and oxidative damage
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Future Work

End-to-end programmable automated DNA storage device (write to store to read cycle of data)
Application to PMP    
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Summary

• Successfully encode data using Python

• Successfully extracted DNA from human cell line

• Successfully created preservation medium that has a high loading capacity, stable, and easy to handle

• Encapsulated the synthetic DNA Data and gDNA

• Successfully characterized the matrix 

• Conducted fragmentation analysis

• Conducted oxidative and temperature damage analysis
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Questions
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