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Abstract

�is section contains illustrations of the di�erent constraints and the resulting mCGR rep-

resentations for homopolymers, motifs (Figure S1 and S2), GC content (Figure S3), as well

as for the Hamming distance (Figure S4). �e mCGR representations for the Hamming dis-

tance for single code words can be found in Figure S5. A comparison of DNA Fountain

and mCGR-lexicographic is provided in Figure S7 and Figure S8 Section S9 contains the

pseudocode of the algorithms.

1



S1 Motifs

Figure S1: Examples for the mCGR representation of code words concerning motifs and ho-

mopolymers based on equation (algorithms 1 and 2):

<��'= = 12
1 ⊗ <��'=−1 + <��'=−1 ⊗ 12

1

. �e code words ful�lling the constraints are

shown in black.
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S2 Amino Acids

Figure S2: Amino acid codons based on equation (algorithms 1 and 2):

<��'= = 12
1 ⊗ <��'=−1 + <��'=−1 ⊗ 12

1

. �e code words ful�lling the constraints are

shown in black.
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S3 GC Content

Figure S3: GC content for di�erent word lengths (n) and arrangement of edges based on equa-

tion: �= = 12
=−1 ⊗ �1 + �=−1 ⊗ 12

1

From top to bo�om = = 2, 4, 6, 8, 10. 50 % GC content is shown in black. Le�: edges arranged

� )
� � . Right: edges arranged

� �
� ) . Based on the generator matrix � = ) = 0 and � = � = 1.

For the �rst generator matrix algorithm 3 can be applied.
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S4 Hamming Distance

Figure S4: Hamming distance for di�erent word length (n) based on equation:

�= = 12
=−1 ⊗ �1 + �=−1 ⊗ 12

1

and the generator matrix

0 1 1 1

1 0 1 1

1 1 0 1

1 1 1 0

.
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S5 Hamming Distance for Single Sequences

Figure S5: Hamming distance for single sequences. �e matrix arrangement corresponds to

the mCGR arrangement based on equation:

� (B)= = 12
1 ⊗ � (B)=−1 + �1 ⊗ 12

=−1

.

6



S6 Comparison of DNA Code Word Algorithms

Table 1: Comparison of DNA code word algorithms

GC content Homopolymers Hamming Undesired motifs

Heuristic

Limbachiya et al. [1] Strongly, Variable >1 Variable -

Gaborit and King [2] Strongly, Variable - Variable -

Wang et al. [3] Weakly, Variable Variable Variable -

Chee and Ling [4] Strongly, Variable - Variable -

Deterministic

Song et al. [5] Weakly, Fixed >3 - -

Immink and Cai [6] Weakly, Fixed Variable - -

Wang et al. [7] Weakly, Fixed >3 - -

Dubé et al. [8] Weakly, Fixed >3 - -

Our mCGR approach Strongly and Weakly, Variable Variable Variable Yes
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S7 Benchmark

no motifs scenario 1 scenario 2
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Figure S6: Benchmark of mCGR-lexicographic and DNA Fountain[9] for di�erent �le sizes.

�e dots with error bars represent the measurements, while the lines show a linear regression,

except for the DNA Fountain decoding, in this case, the line represents a quadratic estimation.

For DNA Fountain, the original �le size and the encoded �le size are plo�ed as for proper

decoding more packages had to be generated.
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S8 Comparison mCGR-lexicographic
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Figure S7: Comparison of code rate for DNA Fountain and mCGR-lexicographic.
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Figure S8: Ratio of packages containing motifs in DNA Fountain, for two possible scenarios.
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S9 Algorithms

Algorithm 1 Tiling

1: function tiling(A,B)

2: res← dimension of B
3: for i=0; i < res; i + + do
4: for 9 = 0; 9 < A4B; 9 + + do
5: if B[i][j]! = 0 then
6: A[i][j ]← A[i][j ] + B[i][j]
7: A[i+res][j ]← A[i+res][j ] + B[i][j]
8: A[i][j+res]← A[i][j+res] + B[i][j]
9: A[i +res][j +res]← A[i +res][j +res] + B[i][j]

return A

Algorithm 2 Double sizing

1: function doubleSizing(A)

2: res← dimension of A
3: B← [res*2][res*2]
4: for i=0; i < res; i + + do
5: for 9 = 0; 9 < A4B; 9 + + do
6: if A[i][j]! = 0 then
7: B[i * 2][j * 2]← A[i][j]
8: B[i * 2 +1][j * 2]← A[i][j]
9: B[i * 2][j * 2 +1]← A[i][j]

10: B[i * 2 +1][j * 2 +1]← A[i][j]
return B

Algorithm 3 Calculate GC content

1: function calculateGCContent(length, proportion)

2: size← power(2,length-1)

3: content← [size]
4: for i=0; i < length; i + + do
5: switcher← 1
6: position← power(2,i)
7: for 9 = 0; 9 < B8I4; 9 + + do
8: if j?>B8C8>= == 0 then

2>=C4=C [ 9 ] = 2>=C4=C [ 9 ] + BF8C2ℎ4A
return content
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