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Abstract

This section contains illustrations of the different 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). The mCGR representations for the Hamming dis-
tance for single code words can be found in Figure A comparison of DNA Fountain

and mCGR-lexicographic is provided in Figure [S7] and Figure [S8] Section [S9| contains the
pseudocode of the algorithms.



S1 Motifs
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Figure S1: Examples for the mCGR representation of code words concerning motifs and ho-
mopolymers based on equation (algorithms|[1|and [2):
mCGR" = 12 @ mCGR"' + mCGR"™! ® 12". The code words fulfilling the constraints are
shown in black.




S2 Amino Acids

ATG (Met) TGG (Trp) TAT, TAC (Tyr) TTT, TTC (Phe)

TGT, TGC (Cys) AAT, AAC (Asn) GAT, GAC (Asp) CAA, CAG (Gln)

GAA, GAG (Glu) CAT, CAC (His) AAA, AAG (Lys) ATT, ATC, ATA (lle)

GGT, GGC, GGA, GGG(Gly) ACT ,ACC ,ACA, ACG (Thr)

CCT, CCC, CCA, CCG (Pro) CTT, CTC, CTA, CTG, TTA, TTG (Leu) TCT, TCC, TCA,TCG, AGT, AGC (Ser) CGT, CGC, CGA, CGG, AGA, AGG (Arg)

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

mCGR" = 12 ® mCGR"™ + mCGR"' ® 1?'. The code words fulfilling the constraints are
shown in black.



S3 GC Content
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Figure S3: GC content for different word lengths (n) and arrangement of edges based on equa-
tion: D" = 12" @ D'+ D" ' @ 1%

From top to bottom n = 2,4, 6, 8,10. 50 % GC content is shown in black. Left: edges arranged
A L. Right: edges arranged 2 $. Based on the generator matrix A=7 =0and C =G = 1.
For the first generator matrix algorithm can be applied.



S4 Hamming Distance
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Figure S4: Hamming distance for different word length (n) based on equation:

D" =12"® D'+ D" ' ® 1% and the generator matrix
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S$5 Hamming Distance for Single Sequences

Figure S5: Hamming distance for single sequences. The matrix arrangement corresponds to
the mCGR arrangement based on equation:
H(s)'=1" @ H(s)" ' +B' @ 12",



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. [T] 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




S7 Benchmark
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Figure S6: Benchmark of mCGR-lexicographic and DNA Fountain[9] for different file sizes.
The 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 file size and the encoded file size are plotted as for proper
decoding more packages had to be generated.



S8 Comparison mCGR-lexicographic

Code rate comparison
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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.



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 j=0;j <res;j++do

5: if B[i][j]' = 0 then

6: A[][j ] < A[i][j ]+ B[]

7 Ali+res][j ] <« Ali+res][j ]+ B[i][j]
8 Ali][j+res] « A[i][j+res] + B[i][j]
9

Ali +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 j=0;j <res;j++do
6 if A[i][j]' = 0 then

7 B[i * 2][j * 2] — A[i][j]

8 Bli "2 +1][j * 2] « A[][j]
9 B[i *2][j * 2 +1] « A[i][j]

0: 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 j =0;j < size;j++do
8 if jposition == 0 then
content|j]| = content|[j] + switcher
return content

10
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