Paper Title:
Are There Seven Symbols for the Nucleotide-Based
Genetic Code?

Authors:

Adam K16§

The Pontifical University of John Paul Il, Krakéw, Poland, ORCID: 0000-0001-6382-665X,
adam.klos@upjp2.edu.pl.

Przemystaw M. Pton

Jagiellonian University, Krakéw, Poland, ORCID: 0000-0002-0261-3439, Scopus ID: 6602754825,
przemyslaw.plonka@uj.edu.pl

Krzysztof Baczynski
Jagiellonian University, Krakow, Poland, ORCID: 0009-0005-9569-2496,
krzysztof.baczynski@gmail.com.

Corresponding author
Przemystaw Mieszko Ptonka,
przemyslaw.plonka@uj.edu.pl
+48 660 369 069

Supplementary Information



Figure S1. The Taxonomy of Organisms Used in the Study
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Table S1. Genome Assembly Used in the Study
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Organism Taxid
Aedes aegypti 7159
Arabidopsis thaliana 3702
Brachyspira alvinipulli ATCC

51933 1408430
Bombyx mori 7091
Bacillus subtilis 1423
Bos taurus 9913
Candidatus Aminicenantes 2052149
Clostridium botulinum 1491
Candidatus Bathyarchaeota 2026714

archaeon

Assembly
GCF_002204515.2_AaegL5.0_cds_from_genomic.fha.gz
GCF_000001735.4_TAIR10.1_cds_from_genomic.fna.gz

GCF_000518245.1_ASM51824v1_cds_from_genomic.fna.gz

GCF_014905235.1_Bmori_2016v1.0_cds_from_genomic.fna.gz
GCF_000385985.1_Bacillus_subtilis_PS216_cds_from_genomic.f
na.gz
GCF_002263795.1_ARS-UCD1.2_cds_from_genomic.fna.gz
GCA_011773565.1_ASM1177356v1_cds_from_genomic.fna.gz
GCF_017330945.1_ASM1733094v1_cds_from_genomic.fna.gz

GCA_014894645.1_ASM1489464v1_cds_from_genomic.frna.gz


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=1408430&lvl=3&lin=f&keep=1&srchmode=1&unlock
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=1408430&lvl=3&lin=f&keep=1&srchmode=1&unlock
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Plasmodium falciparum
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GCF_000002985.6_WBcel235_cds_from_genomic.fna.gz
GCA_013375455.1_ASM1337545v1_cds_from_genomic.fna.gz

GCF_000002595.1_v3.0_cds_from_genomic.fna.gz
GCF_012295265.1_UNSW_AlpineDingo_1.0_genomic.gff.gz

GCA_014729315.1_ASM1472931v1_cds_from_genomic.fna.gz
GCF_000337935.1_Cliv_1.0_cds_from_genomic.fna.gz
GCF_012184425.1_ASM1218442v1_cds_from_genomic.fna.gz
GCF_001701045.1_ASM170104v1_cds_from_genomic.fna.gz
GCA_002690445.1_ASM269044v1_cds_from_genomic.fna.gz

GCF_000004695.1_dicty_2.7_genomic.gff.gz
GCF_000001215.4_Release_6_plus_ISO1_MT_cds_from_genomi
cfna.gz
GCF_000355655.1_DendPond_male_1.0_cds_from_genomic.fna.
gz

GCF_000002035.6_GRCz11_cds_from_genomic.fna.gz
GCF_000008865.2_ASM886v2_cds_from_genomic.fna.gz

GCF_000010305.1_ASM1030v1_cds_from_genomic.fna.gz

GCF_008122165.1_Kamilah_GGO_v0_cds_from_genomic.fna.gz
GCF_000002435.2_UU_WB_2.1_cds_from_genomic.fna.gz
GCF_000341285.1_ASM34128v1_cds_from_genomic.fna.gz
GCF_000223905.1_ASM22390v1_cds_from_genomic.fna.gz
GCF_000001405.39_GRCh38.p13_cds_from_genomic.fna.gz
GCF_000025685.1_ASM2568v1_cds_from_genomic.fna.gz
GCA_001708105.1_ASM170810v1_genomic.gff.gz
GCF_000149685.1_ASM14968v1_cds_from_genomic.fna.gz
GCA_000986845.1_ASM98684v1_cds_from_genomic.fna.gz
GCF_001618865.1_ASM161886v1_cds_from_genomic.fna.gz
GCF_000142805.1_ASM14280v1_cds_from_genomic.fna.gz
GCA_017652345.1_ASM1765234v1_cds_from_genomic.fna.gz
GCF_000001635.27_GRCm39_cds_from_genomic.fna.gz
GCF_010706455.1_ASM1070645v1_cds_from_genomic.fna.gz
GCF_000337875.1_ASM33787v1_cds_from_genomic.fna.gz
GCF_000209225.1_ASM20922v1_genomic.gff.gz
GCF_002234675.1_ASM223467v1_cds_from_genomic.fna.gz
GCF_000002765.5_GCA_000002765_cds_from_genomic.fna.gz
GCF_000006295.1_JCVI_LOUSE_1.0_genomic.gff.gz
GCF_000006355.2_GCA_000006355.2_cds_from_genomic.fna.g

GCF 900890705.1 Pontiella_sulfatireligans_F21_T_draft_genom
e_cds_from_genomic.fna.gz
GCF_015227675.2_mRatBN7.2_cds_from_genomic.fna.gz
GCF_000146045.2_R64_cds_from_genomic.fna.gz
GCF_000006945.2_ASM694v2_cds_from_genomic.fna.gz
GCF_000003605.2_Skow_1.1_genomic.gff.gz
GCF_000182805.2_ASM18280v2_cds_from_genomic.fna.gz
GCF_003957565.2_bTaeGut1.4.pri_cds_from_genomic.fna.gz
GCA_019008485.1_ASM1900848v1_cds_from_genomic.fna.gz
GCF_901000725.2_fTakRub1.2_cds_from_genomic.fna.gz



https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=2719382&lvl=3&lin=f&keep=1&srchmode=1&unlock
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=2719382&lvl=3&lin=f&keep=1&srchmode=1&unlock
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https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=2606439&lvl=3&lin=f&keep=1&srchmode=1&unlock
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54 TT Tursiops truncatus 9739 GCF_011762595.1_mTurTru1.mat.Y_cds_from_genomic.fna.gz

55 TV Trichomonas vaginalis 5722 GCF_000002825.2_ASM282v1_cds_from_genomic.fna.gz

56 VP Vanderwaltozyma polyspora 36033 GCF 000150035.1 ASM15003v1_genomic.gff.gz

57 XT Xenopus tropicalis 8364 GCF_000004195.4_UCB_Xtro_10.0_cds_from_genomic.fha.gz

58 YL Yarrowia lipolytica 4952 GCF_000002525.2_ASM252v1_cds_from_genomic.fna.gz

59 7A Zonotrichia albicollis 44394 GCF_000385455.1_ZOhF)trIChla_a|bICO||IS-
1.0.1_cds_from_genomic.fna.gz

60 7M Zea mays 4577 GCF_902167145.1_Zm-B73-REFERENCE-NAM-

5.0_cds_from_genomic.fna.gz

Sequence data that support the findings of this study have been deposited in the The National
Center for Biotechnology Information - Genome assembly Database with the accession codes:
GCF_002204515.2, GCF_000001735.4, GCF_000518245.1, GCF_014905235.1, GCF_000385985.1,

GCF_002263795.1, GCA_011773565.1, GCF_017330945.1, GCA_014894645.1,
GCF_000002985.6, GCA_013375455.1, GCF_000002595.1, GCF_012295265.1,
GCA_014729315.1, GCF_000337935.1, GCF_012184425.1, GCF_001701045.1,

GCA_002690445.1, GCF_000004695.1, GCF_000001215.4, GCF_000355655.1, GCF_000002035.6,
GCF_000008865.2, GCF_000010305.1, GCF_008122165.1, GCF_000002435.2, GCF_000341285.1,

GCF_000223905.1, GCF_000001405.39, GCF_000025685.1, GCA_001708105.1,
GCF_000149685.1, GCA_000986845.1, GCF_001618865.1, GCF_000142805.1,
GCA_017652345.1, GCF_000001635.27, GCF_010706455.1, GCF_000337875.1,

GCF_000209225.1, GCF_002234675.1, GCF_000002765.5, GCF_000006295.1, GCF_000006355.2,
GCF_900890705.1, GCF_015227675.2, GCF_000146045.2, GCF_000006945.2, GCF_000003605.2,
GCF_000182805.2, GCF_003957565.2, GCA_019008485.1, GCF_901000725.2, GCF_011762595.1,
GCF_000002825.2, GCF_000150035.1, GCF_000004195.4, GCF_000002525.2, GCF_000385455.1,
GCF_902167145.1



Figure S2. Comparison of Different Text Lengths
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Table S2. Additional Information Regarding Genomic Texts That Met the KS
Statistic Criteria D<0.05

SOTCA SOTFAC SOTFA  SCTCA SCTFAC SNTCA SNTFA SNTFA

C N C C C N
count 19 60 60 60 60 4 58 33
mean 526 604,18 197,42 5,83 11,17 400 447,79 106,39
std 555 34534 209,26 1,95 7,29 0,00 346,79 89,67
_ min 3,00 22500 34,00 3,00 4,00 400 186,00 31,00
xmin- ey 400 386,00 7825 5,00 6,00 400 313,00 34,00
50% 400 51900 134,00 5,00 11,00 400 35300 85,00
75% 450 659,75 199,25 6,25 12,00 400 419,00 141,00
max 28,00 2191,00  1194,0 15,00 37,00 400 26490 412,00
count 19 60 60 60 60 4 58 33
mean 1,819 2,026 1,995 1,966 2,024 1,911 2,032 2,002
std 0,088 0020 0015 0,032 0019 0028 0020 0,009
min 1,663 1,961 1,940 1,894 1,986 1,384 1,950 1,980
alpha 1,768 2,015 1,988 1,954 2,011 1,893 2,030 1,998
50% 1,836 2,028 1,997 1,969 2,019 1,906 2,035 2,003
75% 1,870 2,037 2,006 1,978 2,037 1,924 2,040 2,007
max 1,994 2,077 2,021 2,044 2,068 1,948 2,096 2,022
count 19 60 60 60 60 4 58 33
mean 0,038 0013 0008 0,012 0,008 0,029 0,022 0,019
std 0,010 0,004 0,003 0,003 0,004 0,011 0,010 0,014
min 0,014 0008 0,003 0,005 0,001 0,014 0,009 0,003
b 25% 0,035 0,011 0006 0010 0004 0027 0014 0,007
50% 0,041 0012 0007 0,012 0,007 0,033 0,019 0,011
75% 0,045 0015 0010 0014 0,011 0,035 0,029 0,030
max 0,049 0026 0017 0018 0014 0,039 0,048 0,048

Parameters explanation:

D - a minimal distance between the empirical distribution function of the sample and the
cumulative distribution function of the power law distribution

xmax - the maximum value of the fitted distributions

alpha - the power law exponent or scaling parameter
xmin - The data value beyond which distributions should be fitted



Figure S3. Frequency-Rank Plots for All Studied Organisms

Non-Shuffled (S0)

Shuffled (SN)

Non-Shuffled (S0) Shuffled nd. (SN)

Shuffled ct. (SC)

frequency (F)

Frequency (F)

trequency (F]

trequency (F)

Nucleotide Analysis (AN), 4-letters alphabet

Triplet Tokenization (TT)

SOTTAN

ranga i1}

ranga i1

u|:Lsr.".~nq=jc;:.;:1;:i;c:nu::

$RGIREESgEETgIEgEANRIRAL

FIEEFIGEES

13zupEER

P e T P LT LA L L LT

RIERIR

pivgeruRRRer

yErEa

w 10

"

"

P

-

-

Loy e

i

-

A
oe ¥
o .
o
= =8 | e
ﬁ w
- "

Frame Tokenization (TF)

SOTFAN
1* 100 10* 10" 10

wange in

0t e w
range it}

w(J'JA:C), 7-letters Alphabet

Frame Tokenization (TF)

SNTFAC
w0 10¢ w 1w 1t
raeE i)

SR :
10 10 1w w' w

range (1)

1w w0t w! w? 1 10° w0t
range irh

ERERPEFTENTEFRGEQPGIEET

gjcgeonzyses

[TIE 2T

EFEETTELTITYY

a3

THIBERENENEAFIFER

EAIEFRERENERFIGLLC

SRGRGREPZEIGRsARNRLE

EEETTTLE T

IEIGFRARMSNTSGSGEEAggaFETIRARRE

EMAAGTIATRENNREAARIRIEPRACEOES

WEAEEI4ESANREABIT IR PPRATIERE

BERASTIITIENMRFARRIEERfRASEOSE

WEASSIIEMAURNRIRARIRARPAIATERS

NER SIS AR T IR RRR R PRASSEET

frequency (F) frequency (F]

Prequency (Fh

S.3. The analyses of the 3Mbp cds
fragments of all 60 genomes
examined in the paper (for the
complete list and labels
explanation, see S.1.). The upper
part of the figure shows the
analysis of texts written in 4-
nucleotides characters, whereas
the bottom part examines of the
same texts expressed in the 7-
symbols manner. The nucleotide
analysis contains the triplet and
the frame tokenization method,
while the contextual analysis
provides its own additional
method of tokenization. The
tokenization methods occupy the
columns, whereas rows separate
the non-randomized texts from

Contextual Tokenization (TC)

A —a

- —u

"

A

-

T

—a —

s =3

o 1 10 10t 10 -
range I = —s
—= e

-

e

0 100 1] 1 10t e
range ir] -

(TIVETET

REAIIIIITAEECHRIARAFEEFRATOEED



Table S3. Additional Information Regarding Random Texts That Met the KS
Statistic Criteria D<0.05
SCTCAC SCTFAC

count 60 60
mean 0,020 0,017
std 0,002 0,000
D min 0,016 0,016
25% 0,019 0,017
50% 0,020 0,017
75% 0,020 0,017
max 0,025 0,018
count 60 60
mean 1,96 2,07
std 0,01 0,00
alpha min 1,94 2,06
25% 1,95 2,06
50% 1,96 2,07
75% 1,96 2,07
max 1,97 2,07
count 60 60
mean 4 4
std 0 0
«min min 3 4
25% 4 4
50% 4 4
75% 4 4
max 5 4

Parameters explanation:.

D - a minimal distance between the empirical distribution function of the sample and the
cumulative distribution function of the power law distribution

xmax - the maximum value of the fitted distributions

alpha - the power law exponent or scaling parameter
xmin - The data value beyond which distributions should be fitted



