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The Dream and
the Universe

Encoded DNA

Launch to
Space

Waiting for the
Package to be
shipped back to
Thailand

Researches and
Experiments



RSO < Time Machine







“<s" DNA Storage”



How to store data?












Two States Storage



QX2 K22 *x Q2K KD KD KD KD KRk KD KD kDK D k) KD

27 = 131072 States



90000000000000000
0900000000000 00000
0900000000000 00000
90000000000000000
0000000000 0000090
090000000000000000
0000000000 0000000
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‘Base Pair (bp)”



FIG. 1 Microvenus icon. CCCCCCAACGCGCGCEeT

5'-CTTAAAGGGGCCCCCCAACGCGCGCGCT-3!

3'-GAATTTCCCCGGGGGGTTGCGCGCGCGA-5
(COMPLEMENTARY STRAND)
Double-Stranded Microvenus DNA

Joe Davis’ "Microvenus”, the first demonstration of DNA Storage, Late 1980s



encoded GIF

Shipman, S., Nivala, J., MackKilis, J. et al. CRISPR-Cas encoding of a digital movie into the genomes of a
population of living bacteria. Nature 547, 345-349 (2017). https://doi.org/10.1038/nature23017



How to store data?



How to a song into DNA?
(~500 base pairs)



® 1stidea



Soundwave









The First Part of The Dream and The Universe

4 (bits per dot) * 400 (sample rate per second)
*13 (seconds) = 20800 bits



The First Part of The Dream and The Universe

4 (bits per dot) * 400 (sample rate per second)
*13 (seconds) = 20800 bits = (at least) 10400bp

cost = wif



® 2nd Idea



(Somehow) store a Musical Note




I )

[AIIAILG] - [T]IC][G] - [AILT]IC] - [GI[T](A] - [C][C]IC]

(one note at the time)









N Let's do it ¢



1. Song > Notes




1. Pitch (C3, D4#, F1)
2. Duration



1. C2 (Black Note) - [1[1[]
2.C2 +*8 > [11 + [1[1



2.C2 + *8 > [1[] + [1[]



*2 (H = Hold)

F2-H0-G2-F#2-H0-G2-C2-H1-G2-
D2-B2-G2-F#2-D2-E2-H0-G2-F#2-
HO-G2-C2-H1-G2-D2-B2-G2-F#2-D2

N\

*4 (H = Hold)



E2-HO-G2-F#2-HO0-G2-C2-H1-G2-D2-B2-G2-F#2-D2-E2-HO-G2-F#2-H0-G2-C2-H1-G2-D2-B2-
G2-F#2-D2-E2-HO-G2-F#2-HO-G2-C2-H1-G2-D2-B2-G2-F#2-D2-E2-HO-G2-F#2-HO-G2-C2-H1-

G2-D2-B2-G2-F#2-D2-S0-E3-D3-HO0-B2-HO-C3-HO-B2-HO-A2-H1-G2-G2-HO0-A2-HO-G2-F+#
G2-H2-S0-E3-D3-HO-B2-HO-C3-HO-B2-HO-A2-H1-G2-G2-HO-A2-HO-D3-H1-B2-H2-E3-E3-F#
H1-UO-D3-HO-B2-

1

-

L2_

L3_

-H1-UO-E3-E3-F#3-H1-U0-G3-HO-A3-H1-U0-S0-E3-D3-HO-B2-HO-C3-HO-B2-

HO-A2-H1-G2-G2-HO-A2-HO-G2-F#2-G2-H2-S0-E3-D3-HO0-B2-HO-C3-HO-B2-HO-A2-H1-G2-
G2-HO-A2-HO-G2-F#2-G2-H2-S0-E3-D3-HO0-B2-HO0-C3-HO-B2-HO-A2-H1-G2-G2-HO-A2-HO-
D3-H1-B2-H2-E3-E3-F#3-H1-U0-D3-HO-B2-H1-UO-E3-E3-F#3-H1-UO0-G3-HO-A3-H1-UO-S0-E3-
D3-HO-B2-HO-C3-HO-B2-HO-A2-H1-G2-G2-HO0-A2-HO-G2-HO-D3-HO-B2-H2-G2-HO-G2-HO-
D3-H2-U0-S0-UO-E3-F#3-HO-G3-HO-F#3-HO-E3-HO-D3-HO-E3-HO-D3-HO-A2-HO-G2-HO-D3-
H2-UO-B2-C3-D3-A2-H1-U0-B2-HO0-G2-H1-U0-D2-HO-D3-H2-UO-E3-F#3-HO-G3-HO-F#3-HO-
E3-HO-D3-HO-A3-HO-U0O-B3-A3-HO-G3-HO-G3-H1-S0-G3-HO-F#3-H1-UO-D3-H1-E3-H2-S1-E3-
E3-HO-F#3-HO-G3-H1-G3-HO-UO-F#3-H1-D3-H1-E3-H2-U0-S1-D3-HO-B2-H2-51-U0-G2-G2-
HO-A2-H1-G2-H2-S0-E3-D3-HO0-B2-HO-C3-HO0-B2-HO-A2-H1-G2-G2-HO-A2-HO-G2-F#2-HO-

G2-H2-S0-E3-D3-HO-B2-HO-C3-HO-B2-HO-A2-H1-G2-G2-HO-A2-HO-D3-H1-B2-H2-E3-E3-F#

L3_

H1-UO-D3-HO-B2-H1-UO-E3-E3-F#3-H1-U0-G3-HO-A3-H1-U0O-S0-E3-D3-HO-B2-HO-C3-HO-B2-

HO-A2-H1-G2-G2-HO0-A2-HO-G2-HO-D3-HO0-B2-H2-G2-HO-G2-HO-D3-H2-UO0-S0-UO-E3-F#

L3_

HO-G3-HO-F#3-HO-E3-HO-D3-HO-E3-HO-D3-HO-A2-HO-G2-HO-D3-H2-UO0-B2-C3-D3-A2-H1-
UO-B2-HO-G2-H1-UO0-D2-HO-D3-H2-UO-E3-F#3-HO0-G3-HO-F#3-HO-E3-HO-D3-HO-A3-HO-UO-
B3-A3-HO-G3-HO-G3-H1-S0-G3-HO-F#3-H1-UO-D3-H1-E3-H2-S1-E3-E3-HO-F#3-HO-G3-H1-
G3-HO-UO-F#3-H1-D3-H1-E3-H2-U0-5S1-D3-HO0-B2-H2-51-U0-D3-HO-D3-HO-D3-HO-E3-H2-UO




Let’s listen 9



2. Optimize Notes




Let’s listen (again) 9



there are repeat patterns!






A1-C2-D3-A1-C2-D3-A1-C2-D3



A1-C2-D3-A1-C2-D3-A1-C2-D3



A1-C2-D3-R-R-R



Greedy + Brute force







E2-HO-G2-F#2-HO0-G2-C2-H1-G2-D2-B2-G2-F#2-D2-E2-HO-G2-F#2-H0-G2-C2-H1-G2-D2-B2-
G2-F#2-D2-E2-HO-G2-F#2-HO-G2-C2-H1-G2-D2-B2-G2-F#2-D2-E2-HO-G2-F#2-HO-G2-C2-H1-

G2-D2-B2-G2-F#2-D2-S0-E3-D3-HO0-B2-HO-C3-HO-B2-HO-A2-H1-G2-G2-HO0-A2-HO-G2-F+#
G2-H2-S0-E3-D3-HO-B2-HO-C3-HO-B2-HO-A2-H1-G2-G2-HO-A2-HO-D3-H1-B2-H2-E3-E3-F#
H1-UO-D3-HO-B2-

1

-

L2_

L3_

-H1-UO-E3-E3-F#3-H1-U0-G3-HO-A3-H1-U0-S0-E3-D3-HO-B2-HO-C3-HO-B2-

HO-A2-H1-G2-G2-HO-A2-HO-G2-F#2-G2-H2-S0-E3-D3-HO0-B2-HO-C3-HO-B2-HO-A2-H1-G2-
G2-HO-A2-HO-G2-F#2-G2-H2-S0-E3-D3-HO0-B2-HO0-C3-HO-B2-HO-A2-H1-G2-G2-HO-A2-HO-
D3-H1-B2-H2-E3-E3-F#3-H1-U0-D3-HO-B2-H1-UO-E3-E3-F#3-H1-UO0-G3-HO-A3-H1-UO-S0-E3-
D3-HO-B2-HO-C3-HO-B2-HO-A2-H1-G2-G2-HO0-A2-HO-G2-HO-D3-HO-B2-H2-G2-HO-G2-HO-
D3-H2-U0-S0-UO-E3-F#3-HO-G3-HO-F#3-HO-E3-HO-D3-HO-E3-HO-D3-HO-A2-HO-G2-HO-D3-
H2-UO-B2-C3-D3-A2-H1-U0-B2-HO0-G2-H1-U0-D2-HO-D3-H2-UO-E3-F#3-HO-G3-HO-F#3-HO-
E3-HO-D3-HO-A3-HO-U0O-B3-A3-HO-G3-HO-G3-H1-S0-G3-HO-F#3-H1-UO-D3-H1-E3-H2-S1-E3-
E3-HO-F#3-HO-G3-H1-G3-HO-UO-F#3-H1-D3-H1-E3-H2-U0-S1-D3-HO-B2-H2-51-U0-G2-G2-
HO-A2-H1-G2-H2-S0-E3-D3-HO0-B2-HO-C3-HO0-B2-HO-A2-H1-G2-G2-HO-A2-HO-G2-F#2-HO-

G2-H2-S0-E3-D3-HO-B2-HO-C3-HO-B2-HO-A2-H1-G2-G2-HO-A2-HO-D3-H1-B2-H2-E3-E3-F#

L3_

H1-UO-D3-HO-B2-H1-UO-E3-E3-F#3-H1-U0-G3-HO-A3-H1-U0O-S0-E3-D3-HO-B2-HO-C3-HO-B2-

HO-A2-H1-G2-G2-HO0-A2-HO-G2-HO-D3-HO0-B2-H2-G2-HO-G2-HO-D3-H2-UO0-S0-UO-E3-F#

L3_

HO-G3-HO-F#3-HO-E3-HO-D3-HO-E3-HO-D3-HO-A2-HO-G2-HO-D3-H2-UO0-B2-C3-D3-A2-H1-
UO-B2-HO-G2-H1-UO0-D2-HO-D3-H2-UO-E3-F#3-HO0-G3-HO-F#3-HO-E3-HO-D3-HO-A3-HO-UO-
B3-A3-HO-G3-HO-G3-H1-S0-G3-HO-F#3-H1-UO-D3-H1-E3-H2-S1-E3-E3-HO-F#3-HO-G3-H1-
G3-HO-UO-F#3-H1-D3-H1-E3-H2-U0-5S1-D3-HO0-B2-H2-51-U0-D3-HO-D3-HO-D3-HO-E3-H2-UO




E3-E3-F#3-H1-UO-R/-HO0-G2-HO-D3-H2-UO-R6-HO-D3-HO-R5-UO-E3-F#3-HO-G3-
HO-F#3-HO-E3-R5-R4-G2-H2-R1-D3-H1-B2-H2-R7-D3-HO-B2-H1-UO-R7-G3-HO-A3-
H1-UO-R1-G2-R3-E2-HO-G2-F#2-HO-G2-C2-H1-G2-D2-B2-G2-F#2-D2-R2-S0-E3-D3-
HO-B2-HO-C3-HO-B2-HO-A2-H1-G2-G2-HO-A2-HO-R1-R3-R5-B2-H2-G2-R6-S0-R4-
E3-R5-A2-R6-B2-C3-D3-A2-H1-U0-B2-HO0-G2-H1-U0-D2-HO-D3-H2-R4-A3-HO-UO-
B3-A3-HO-G3-HO-G3-H1-S0-G3-HO-F#3-H1-UO-D3-H1-E3-H2-S1-E3-E3-HO-F#3-
HO-G3-H1-G3-HO-UO-F#3-H1-D3-H1-E3-H2-U0-51-D3-HO-B2-H2-51-U0-R0O-R2-R2-
R2-R2-R1-G2-F#2-R3-F#2-G2-H2-R1-G2-F#2-R0-G2-G2-HO-A2-H1-G2-H2-R1-G2-
F#2-HO-RO-D3-R5-D3-HO-E3-H2-UO



1. Song 2> Notes
2. Optimize Notes

3. Notes to Binary String




|2
e ~
™~ o
W= lNmMIT | X} 2|2 DOl wn
JlO|olololdi>|r-|d DNl
OlojQ|Qloj2in]w|O W w
- X I Xip=|O|X]|J -l —lu|
- = |012'/0 W J (Vi

.Wi

USASCIl code chart




12 Notes/Octave = 2bp (4*4 = 16)
Octaves - 1bp (4)




E3-E3-F#3-H1-UO-R/-HO0-G2-HO-D3-H2-UO-R6-HO-D3-HO-R5-UO-E3-F#3-HO-G3-
HO-F#3-HO-E3-R5-R4-G2-H2-R1-D3-H1-B2-H2-R7-D3-HO-B2-H1-UO-R7-G3-HO-A3-
H1-UO-R1-G2-R3-E2-HO-G2-F#2-HO-G2-C2-H1-G2-D2-B2-G2-F#2-D2-R2-S0-E3-D3-
HO-B2-HO-C3-HO-B2-HO-A2-H1-G2-G2-HO-A2-HO-R1-R3-R5-B2-H2-G2-R6-S0-R4-
E3-R5-A2-R6-B2-C3-D3-A2-H1-U0-B2-HO0-G2-H1-U0-D2-HO-D3-H2-R4-A3-HO-UO-
B3-A3-HO-G3-HO-G3-H1-S0-G3-HO-F#3-H1-UO-D3-H1-E3-H2-S1-E3-E3-HO-F#3-
HO-G3-H1-G3-HO-UO-F#3-H1-D3-H1-E3-H2-U0-51-D3-HO-B2-H2-51-U0-R0O-R2-R2-
R2-R2-R1-G2-F#2-R3-F#2-G2-H2-R1-G2-F#2-R0-G2-G2-HO-A2-H1-G2-H2-R1-G2-
F#2-HO-RO-D3-R5-D3-HO-E3-H2-UO



0100010710001011001110001110110111111110000011100110000001001110010110110111
11011000000100111000011110111011001000101100111000001110111000001100111000
0010001111101111100011100110010111001001001110001101100110010111111001001110
0001011001100011101101111110111011100001001011100011101101110010111001110110111
100101110001100011101101100001110011001011100101110001100011100001110001110
01100001001001100010111001100101110010111000110001100001110000010011111010
01001110000010001110010110110



1. Song 2> Notes
2. Optimize Notes
3. Notes to Binary String

4. Error Correction




Mutation






Error Correction Algorithm






Reed-Solomon Algorithm



000101

11010

5 GCATGG
5  GGAACT
5  TCCTCA
5" CGCGGe
5 TGTGAG
5  CCGACC
5 GTTTGA
5 CAGGGE
DNA library

©W W w0 e

-

3'

0 1 :"I‘gﬁ‘c’gdf 1 1|lo 1
; 0 1 e Go0e 0 1]jo 1
Fragment b't: 0 1 redundancy 1 1o 1
1 0 —> o o]l 0
0 1 1 0|j0O 1
1 0 0 0|1 0
Original data Outer code Original data
redundancy
v 5
E Index
Encode each
column of bits 0 1 0010 Addition of 0 1001 0 1
- 1 11000 1 110000
o ons UNA. - | 5 01110 TR o 011100
sequence regungancy
<«
-— 1 1|0 m 1 11|10 1
00=A 0o 1|0 0 1]|o 1
1 1|0 1 1 1||o 1
10=G 0 0|1 0 0 0|1 0
M"M=T 1 0)jO ] 1 0|]0 1
0 0|1 0 0 0|1 0
QOuter code Original data 3’ Outer code Original data
redundancy DNA e redundancy

Addition of
indices

Ixm

Nuss x m,

Index

3 Kxn
&
o
=)
B -
58 Original data
@
D
T
Q
o
| J
K

n

Fig. 2 | Reed-Solomon-based error-correcting coding scheme from file to DNA. a, The digital file is fragmented and appended with outer code
redundancy to enable correction of missing sequences. An index is then added to every sequence to later be able to sort the individual fragments back
into their original order. Subsequently, inner code redundancy is added to each sequence to enable error correction for erasures and substitutions
within a sequence. The bit fragment outlined in blue corresponds to its encoded form in the last step, highlighted in blue. In the last step, each
fragment of bits in the scheme is converted into a sequence of DNA, by mapping two bits to one nucleotide. b, Sequences of bits are aligned vertically
within the scheme. Parameters shown are used by the code and offer constraints to the code design problem. Constraints include sufficient length of
index and the criterion that K x m; = nuss X my, + | X m; to ensure that the inner and outer codes fit together. All parameters can be calculated using
the Excel sheet supplied in Supplementary Data 1. If the size of the data is larger than what can be fitted into one block, the encoder generates several
equal-sized blocks (Supplementary Data 1). k, length of outer code message (without outer code redundancy); K, length of inner code message
(without redundancy); /, length of index symbols; m;, number of bits per inner code symbol; m,, number of bits per outer code symbol; N, length of
inner code (including redundancy); n, length of outer code (with outer redundancy); nuss, number of symbols of outer code per segment.

Meiser, L.C., Antkowiak, P.L., Koch, J. et al. Reading and writing digital data in DNA. Nat Protoc 15, 86-101
(2020). https://doi.org/10.1038/s41596-019-0244-5
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2. Optimize Notes
3. Notes to Binary String
4. Error Correction

5. Randomization

S




MT1T11T1111 5 GGGGG



?: Let's XOR it with some other

binary string to lowering the
chance of this being happened







® PRNGS

Pseudorandom Number Generators



Computer = (input) = {
[*do something*/
return output

;



AL




PRNGS(seed) > *some (seem like) random data*



XORSHIFT



const xorshift = (number: number, [sl =1, s2 = 2]) => {
let state®: number = sl;
let statel: number = s2;
let randomString: string = '';
for (let 1 = 0; 1 < number; i1++) {
let sl: number = statel;
let sO: number = statel;
state® = s0;
sl "= sl << 23;
sl *= sl >> 17;

sl "= s0;
sl 7= s0 >> 20;
statel = sl;

let randomNumber: number = Math.round(
(state® + statel) / 4294967296,

)

randomString += randomNumber.toString();

}

return randomString;

}s



const xorshift = (number: number, [sl =1, s2 = 2]) => {
let state®: number = sl;

let statel: number = s2;

let randomString: string = '';

for (let 1 = 0; 1 < number; i1++) {
let sl: number = state0; —
let sO@: number = statel; seed S1’ S2
state® = s0;

sl *= sl << 23;
sl "= sl >> 17;

sl "= s0;
sl 7= s0 >> 20;
statel = sl;

let randomNumber: number = Math.round(

(state® + statel) / 4294967296,
);
randomString += randomNumber.toString();

}

return randomString;

}s






.
el

AU S
AT e g

/ a5 ..H.Wa 1
X I \ ...‘f;. 3




s1=9111934 (9 11 1934)
s2 = 20121996 (20 12 1996)




0-4294967296




random / 4294967296




if(random>0.5) return 1
return O




0100010710001011001110001110110111111110000011100110000001001110010110110111
11011000000100111000011110111011001000101100111000001110111000001100111000
0010001111101111100011100110010111001001001110001101100110010111111001001110
0001011001100011101101111110111011100001001011100011101101110010111001110110111
100101110001100011101101100001110011001011100101110001100011100001110001110
01100001001001100010111001100101110010111000110001100001110000010011111010
0100111000001000111001011011011111100001010110011010170010110000001101111111
11111111110170001101111101111000000000011111011110707000111110000111007000000
100010010100



0011110111010001110011110001101111110100111110101011100001111100100000001100
1000111100100101011101001001111007100011010011100011011000100011101011111001
00010011111100101010101001110110110110000001111100001000010000000110101101
0110111111010000001110700001001011100111010011100011101101001110111111100110
0000101111000010001110011000010001010000111011010111000110001001110010001
10011001101101101111000111010110101101101101010010111111011100110011110011001
11110101101000000100010001110000111011100001111000100111110700017000000110
01110110011101000011010100110000100100110011100101111000001100010101011101
00000111010011000000000010110000010001001001001110000111000010011010101
11001111111010100000101100011111110001011100001110110100111071000000111110111
1101010110111001001101000110010001700011001101010011100170000101001101010001
1011011101100010010101011111100000100011100011011111010011071000001101001011
0010100011100001101011001111010001101011110000011110010010710000101111001111
0101100111111110111001010017000110110101111111011001100010010111001111111101110
00010001011100100110010101011011101001000010101011110011111111000001011100
000110010101000101100101100000010001010000001010101010101111100011110000
011010011000001100000101100111111111100110700010101110111010101700101100000
0011011100100
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3. Notes to Binary String
4. Error Correction
5. Randomization

6. Binary String -

Nitrogenous Bases
(Finally)




GC Content



N— N
O
ISugar(
Thymine Adenine
H




101000011000100100101100



1010 0010 010010 01001011 00



lets define 10 as G!

10100010 010010 0100101100

& define 11 as C!






GGCGACGACGIC




header
(00) C
(01) A
(10) G
(1) T



what If a header mutate?
We're f**ked!






0011110111010001110011110001101111110100111110101011100001111100100000001100
1000111100100101011101001001111007100011010011100011011000100011101011111001
00010011111100101010101001110110110110000001111100001000010000000110101101
0110111111010000001110700001001011100111010011100011101101001110111111100110
0000101111000010001110011000010001010000111011010111000110001001110010001
10011001101101101111000111010110101101101101010010111111011100110011110011001
11110101101000000100010001110000111011100001111000100111110700017000000110
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AGGTGTATGAGGATCGGGTAGGCCCGCATGGACAAAGACAGGACTTTGTACTGCTATCCITG
ATCGATATGTTGGACACTGGCTTTTTAGCGTCGAAAGGCATAACAAAGTTCCGTGGCCAAT
GTAACTTGAGCCTGATGTCCTGTGGGAGAATTGCATATGAGAACACCATGTCCGCAGATAG
CTATCTCTCGTCGGATGTTCCGTCGTTACGGGTGAGAGGAGAGGCCGTAAACACAGCATGT
GAAGGATAGGCCACAATCTGTCTGTAAGTTAGAACTAGAGCTTGCAAGATTTTGTAATGTAG
AAAAACGAATATACTAGCATGAACTCCCGCTGGGTTAATTCAGGGCACGCATGTCCTGTAA
AGGCGGCCCGTGACTCCAGACACAGAGTTAGCTAACCTCCCAGTCGCGATACCCGGGAAT
ATGATCGGCCTCCAAGTACGACCAGCATCCGAGGTATCCGGAATGCTACCATTGCTGCCG
AGGGGTGACCTATCGTTGGGTCTCACTTGAGGGGTGAACACGCTAGACCCGTGTACATTTT
GCTGGGCAACGCAAGACCCACGACGAAACACCAATTTTTTTGGATGCAAGTAGAATCAAC
GAGGGGGAGTATTTGTGTTTACGAAATCGCTA






Final Product: 640 Base Pairs
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Source: github.com/spaceth/goldenrecord


http://gitHub.com/spaceth/goldenrecord

Thank you very much



