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Abstract: The emerging field of DNA based data storage has attracted considerable interests for the enormous

potentials of DNA in high density and durability as a medium. Compare to traditional storage material such as
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magnetic, optical and electronic storage media, the use of DNA as storage media has been considered as a promising
novel solution to meet the global demand for storing the skyrocketing amount of data worldwide. In addition, DNA
storage adds an extra layer of protection for the stored information because the coding and decoding process of DNA
based data storage relies on the combined implementation of DNA synthesis and sequencing technologies, which are
not as commonly used as technologies in information communication area. Transcoding between binary digital data and
quaternary DNA molecules is the most important step in the whole process of DNA-based data storage. Several coding
methods have been developed using different programming languages in the past decades, however, it is difficult to
compare the overall performance of these methods due to different software architectures and varying parameters.
Thus, it brings challenges for researchers to further develop or for users to compare and choose the suitable methods as
needed. In this study, we introduce an integrated evaluation platform "Chamaeleo" to address the issues as stated above.
One of the key features of Chamaeleo is the integration of existing coding schemes and modulization of functions
including data handling, transcoding, index operating and error-correcting as a user-friendly design. The other key
feature is the function of evaluating a coding scheme in a qualitative and quantitative manner. A set of widely
recognized and accepted indexes are chosen to evaluate the compatibility with DNA writing and reading technologies,
the robustness regarding tolerance of introduced errors or data loss and the complexity of transcoding rules.
Considering the rapid advancement in this field, Chamaeleo is designed as an open-source style for researchers to
incorporate new coding schemes and evaluation indexes into the platform, thus encouraging the community to

contribute together in the shaping of future DNA based data storage.
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Fig. 1 Brief introduction of Chamaeleo

[(a) General procedure of DNA storage includes in-silico transcoding and experimental DNA synthesis and sequencing. Chamaeleo focuses on

in-silico transcoding part and connect the related technologies. (b) The evaluation system created by Chamaeleo quantitatively analyzes coding

schemes from multiple aspects. (c) Software architecture and relations between modules and classes. The source code is available at https://github.

com/ntpz870817/Chamaeleo, which can be also installed by the command of pip.exe,

" pip install chamaeleo " ]
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Fig. 2 Structure of output DNA sequences and their net information densities

[(a) Basic design of output DNA sequences with/without optional error-correction codes (Hamming code and RS code). (b) Distribution of net

information density using different coding schemes. The setting of parameters is identical to that of original report: For Goldman's coding scheme,

the Huffman tree used in the evaluation process is set as the same in Goldman, et al”’. For DNA Fountain scheme, the degree distribution tuning

parameter (J = 0.05 and c_dist = 0.1) and redundancy (7%) used in the evaluation process is set as the same in Erlich, et al'”. For Yin-Yang coding

scheme, rule No. 888 was used as reported in Ping, et al”]
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Fig. 3 Compatibility evaluation of coding schemes

[Distribution of GC content (a) and maximum homopolymer length (b) of DNA sequences from transcoding of 10 test-files by different coding

schemes. For Base coding in (b), the maximum homopolymer length is 42 and not shown in this panel for a clarity purpose]
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Fig. 4 Robustness evaluation of coding schemes

[Distribution of file retrieval rate under condition of (a) 1% random sequence loss and (b) 3% of nucleotide error (1% for insertion/deletion/

substitution, respectively). Figures on the right is the zoom in part for a closer view]
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Fig. 5 Visualization of different coding schemes using Graph-theory-based presentation

(f) Yin-Yang code (Rule 495)

[Red dot represents starting point or virtual starting point (for Goldman & Yin-Yang coding schemes). During each step of encoding, with known
previous base (node) and input bit value (arrow), the current base would be obtained from graph. During each step of decoding, with known previous

and current nodes (base), the bit value (arrow) would be obtained from graph]
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Tab. S1

Example commands to invoke transcoding process

# NS I AL

from Chamaeleo.methods.fixed import Church

from Chamaeleo.methods.ecc import ReedSolomon

from Chamaeleo.utils.pipelines import TranscodePipeline

# B8 Church #5771 (Church) , 3715% & S R H & (ERE)
coding_scheme = Church(need_logs=True)

# O 24 5559 . RS (error_correction) , I35 & S~ H & (R

error_correction = ReedSolomon (check_size=3, need_logs=True)

# 1 BRI 0 AN 2N B e B e R AT S5 i R, DR B0 S Ji s H A8 GERR ) o

pipeline = TranscodePipeline ( coding_scheme=coding_scheme, error_correction=error_correction, need_logs=True )

[2ee)

# BB FEAD 7 1] (direction) A [ B AFA (1) , T30 E B 1 SO G 644 input_path) M s.txt JDNA S 842 ( output_path) M tdna, BB R ALY

TR R SN A E S 120, BB S B 1 244 IR 5 1 (index) 4 True.

pipeline.transcode((lir(‘(‘ti()]]:"t_c", input_path="s.txt", output_path="t.dna", segment_length=120, index=True)

# 1% B )7 1] (direction) B M AR5 (s ) , 1% B DNA ST BE A% ( input_path) M t.dna T SO AR ( output_path) T tixt, BB ST TS Ty

HaHn2 5| (index) A True.

XH

pipeline.transcode (direction="t_s", input_path="t.dna", output_path="ttxt", index=True)

# H A PR REBR (5 B B 77 3K Cype ) TR 5 745 £ (string)

pipeline.output_records(1ype="string")

T ZRBIRE T —ANE Church Fe RS SVE I RS T A IO RS, JF i th RS B R 2
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Fig. S1 Sizes and byte-frequency distributions of 10 typical test files
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[The 4 lines in each distribution indicates 1% to 4% from bottom to top. The probabilities of occurrence of few specific bytes exceed 4%, which are

labeled with digits. The highest probability of occurrence is 42.67% ("00101110" in BMP file)]
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Fig. S2 Encoding and decoding speed of different transcoding algorithms
(Test environment: Windows 7 environment including an i7 CPU and 12 GB of RAM using Python 3.7.3 in the IDE PyCharm 2019.1)
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