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Abstract

Introduction. In recent decades, knowledge about DNA has been increasingly used to solve biological problems
(calculations using DNA, long-term storage of information). Principally, we are talking about cases when it is
required to select artificial nucleotide sequences. Special programs are used to create them. However, existing
generators do not take into account the physicochemical properties of DNA and do not allow obtaining sequences
with a pronounced “non-biological” structure. In fact, they generate sequences by distributing nucleotides
randomly. The objective of this work is to create a generator of quasirandom sequences with a special nucleotide
structure. It should take into account some physicochemical features of nucleotide structures, and it will be
involved in storing non-biological information in DNA.

Materials and Methods. A new GATCGGenerator software for generating quasirandom sequences of nucleotides was
described. It was presented as SaaS (from “software as a service”), which provided its availability from various devices
and platforms. The program generated sequences of a certain structure taking into account the guanine-cytosine (GC)
composition and the content of dinucleotides. The performance of the new program algorithm was presented. The
requirements for the generated nucleotide sequences were set using a chat in Telegram, the interaction with the user was
clearly shown. The differences between the input parameters and the specific nucleotide structures obtained as a result
of the program were determined and generalized. Also, the time costs of generating sequences for different input data
were given in comparison. Short sequences differing in type, length, GC composition and dinucleotide content were
studied. The tabular form shows how the input and output parameters are correlated in this case.

Results. The developed software was compared to existing nucleotide sequence generators. It has been established that
the generated sequences differ in structure from the known DNA sequences of living organisms, which means that they
can be used as auxiliary or masking oligonucleotides suitable for molecular biological manipulations (e.g., amplification
reactions), as well as for storing non-biological information (images, texts, etc.) in DNA molecules. The proposed
solution makes it possible to form specific sequences from 20 to 5,000 nucleotides long with a given number of
dinucleotides and without homopolymer fragments. More stringent generation conditions remove known limitations and
provide the creation of quasirandom sequences of nucleotides according to specified input parameters. In addition to the
number and length of sequences, it is possible to determine the GC composition, the content of dinucleotides, and the
nature of the nucleic acid (DNA or RNA) in advance. Examples of short sequences differing in length, GC composition
and dinucleotide content are given. The obtained 30-nucleotide sequences were tested. The absence of 100 % homology
with known DNA sequences of living organisms was established. The maximum coincidence was observed for the
generated sequences with a length of 25 nucleotides (similarity of about 80 %). Thus, it has been proved that
GATCGGenerator can generate non-biological nucleotide sequences with high efficiency.
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Discussion and Conclusion. The new generator provides the creation of nucleotide sequences in silico with a given GC
composition. The solution makes it possible to exclude homopolymer fragments, which improves qualitatively the
physicochemical stability of sequences.
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GATCGGenerator: HOBbIIi reHepaTop AJs CO3JaAHUS KBA3UCIYYaHHBIX HYKJEOTHIHbIX
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AHHOTANUA
Beseoenue. B nocnennue pecstunerns 3Hanusg o JJTHK Bce mmpe mpuMeHsIOTCS T pelieHusl HeOMOJIOTHYECKIX 3a1a4

(Bbruncnenus ¢ nomoinsto JJHK, nonroBpemMennoe xpanenue nHpopmanuu). B nepByro odepenp peub UAET O Ciydasx,
KOrJa HeoOXOIMMO MOA00paTh HCKYCCTBEHHBIC HYKICOTH/IHBIE TIOCIE0BATEIBHOCTHU. [ UX CO3/JaHNS UCTIONB3YIOTCS
crienuaIbHbIe TporpaMMbl. OHAKO CYNIECTBYIOIINE T€HEPaTOphl HE YUUTHIBAIOT (prusnko-xumudeckue coiictea JJHK
U HE TI03BOJIIOT TOJIYyYaTh MOCIEI0BATEIbHOCTH C SBHO BBIPAXKEHHON «HEOHMOIOTHUECKO» CTPYKTYpol. PaKTHIECKH
OHM TEHEPHUPYIOT IOCIIEIOBATEIIEHOCTH, paclpenessis HYKICOTHAbl CIydalHbIM oOpas3oM. llenmpro naHHON paboTHI
SIBISIETCSI CO3/laHME TeHepaTopa KBa3HCIydalHBIX IOCIEO0BATENBHOCTEH C 0CO00H HYKICOTHIHOW CTpyKTypoi. OH
JIOJDKEH YYUTHIBATH HEKOTOpPbIE (PU3NKO-XMMHUYECKHE OCOOCHHOCTH HYKJICOTHIHBIX CTPYKTYp M OyAeT 3aaeHcTBOBaH
IpU XpaHeHuH HeOuosiornyeckoit nudopmanuu B JJHK.

Mamepuanvt u memoosvt. Omnmcano HoBoe mporpammHoe obecneuerne GATCGGenerator it TeHepaluu
KBa3HCITy4alHbIX MOCNIeNOBaTeIbHOCTE HykiIeoTunoB. OHO mpepocraBisercs kak SaaS (ot anri. Software as a
service — MpOrpaMMHOE OOECTeueHUe Kak ycliyra), 4To 00ecleYrBaeT ero JOCTYMHOCTh C Pa3HbIX YCTPOWCTB U
wiatgopm. IIporpaMMa reHepupyeT Mocie10BaTeIbHOCTH ONPEAEIEHHON CTPYKTYPhI C Y4ETOM I'yaHHWH-IIUTO3WHOBOTO
(GC) cocraBa u comepxaHus AMHYKJIeOoTHAOB. [IpencraBiiena paborta adropurMa HOBOW mporpammbl. TpeGoBaHUS K
CreHEpHPOBAaHHBIM HYKJICOTHHBIM I10CJIEI0BATEIBHOCTIM 3aJaHbl ¢ momomupio 4ata B «Temerpam» (Telegram),
HarJISIHO TIOKa3aHO B3aMMOJICHCTBIE ¢ moJib3oBaTeneM. OnpeneneHsl 1 0000IIeHb! pa3Inyys BXOJHBIX MapaMeTpoB H
MOJTy4aeMbIX B pe3yJbTaTe padoThl IIPOrpaMMbl KOHKPETHBIX HYKIICOTHIHBIX CTPYKTYP. Takxke B CONMOCTABICHUH JJaHbI
BpPEMEHHBIE 3aTpaThl TEHEPALWH IOCIEAOBATEIFHOCTEH IPH Pa3NWYHBIX BXOIHBIX ITaHHBIX. V3y4eHBI KOPOTKHE
MOCTIEIOBATENbHOCTH, paszinyaromuecs o Ty, JmHe, GC-cocTaBy M COAEPKAaHUIO AWHYKICOTHAOB. B Tabnmmarom
BHJI€ TOKA3aHO, KaK B 9TOM CIIy4ae COOTHOCSTCS BXOAHBIE U BBIXOJHBIE TAPaMETPBHIL.

Pezynvmamor uccnedoganus. Co3naHHOE IPOrpaMMHOE OOECIICUCHHE CPABHUIHN C CYHIECTBYIOIIUMH T€HEPATOpPaMHU
HYKJICOTHAHBIX IIOCJIEIOBATEIbHOCTEH. YCTAHOBIEHO, YTO TEHEPHpPYEMBIE IIOCICAOBATEIPHOCTH OTINYAIOTCSA II0
cTpyktype oT u3BecTHbIX JIHK-nocienoBarensHOCTEl )KUBBIX OPraHW3MOB, a 3HAYUT, MOTYT OBITH MCIOJIB30BAHBI B

Ka4€CTBE€ BCIIOMOTATCIIbHBIX WM MAaCKHPYIOHIUX OJUTIOHYKJICOTHUAOB, NMPUIOAHBIX JJIA MOJ'IGKyJ'IprHO'6I/IOHOFI/I‘IGCKI/IX
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MaHUMYJSIIUHA (HarpuMep — peakLuy aMIUTM(UKALIN), a TaKKe It XpaHeHus: B Monekynax JIHK HeOnonornyeckoit
nadopmannu  (M300paxkeHni, TeKCcTOB U T. 1.). [IpeanoxkeHHoe pelleHHE JaeT BO3MOXXHOCTH (DOPMUPOBATH
cnenuduveckue mocuenopareabHoCTH MHON 0T 20 mo 5 000 HyKIIEOTHIOB ¢ 3aJaHHBIM YHCIOM AWHYKICOTHIOB U
0€e3 rOMOIIONIMMEPHBIX Y9acTKOB. boiee jxecTkue ycrmoBus reHepaiy CHIMAOT N3BECTHBIE OTPAaHWYEHHS U TO3BOJISIOT
cO3/laBaTh KBa3MCIy4allHble TIIOCIEIOBATEIbHOCTH HYKJIEOTHIOB IO 3aJaHHBIM BXOJHBIM mapameTrpam. Kpome
KOJIMYECTBA W JUIMHBI MTOCIIEN0BAaTEIbHOCTEW MOXKHO 3apaHee onpenenuts GC-cocTas, comepxKaHue ANHYKICOTHIOB U
npupony HykienHoBoM kucnotel (JHK wmmm PHK). ITlpuBomstcs mnpuMepsl KOPOTKHX IIOCIECHOBATEIBHOCTEH,
pazmuuaromuxcs 1no gmuHe, GC-cocTaBy U COAEp)KaHHIO JOuUHYKIeoTuaoB. IlomyudenHsle 30-Hyki€OTUAHBIE
[IOCJIEI0BATEIBHOCTU IPOLUIN NTPOBEPKY. Y CTaHOBIEHO oTcyTcTBUE 100-mpouieHTHOI romosioruu ¢ uzBectbiMu JJHK-
MIOCJIEIOBATENILHOCTAMH JKMUBBIX OPraHM3MOB. MaKCHMaJbHOE COBIAJCHHE HAOIIONANOCh U CT€HEPHPOBAHHBIX
MOCIe0BaTeNbHOCTEH MHOW 25 HykimeotHaoB (cxomctBo okono 80 %). Takum o00pa3oM [OKa3aHO, 4YTO
GATCGGenerator MOXeT ¢ BBICOKOH 3((EeKTUBHOCTHIO T'e€HEPHUPOBATH HEOWOJNOTHYECKHE HYKICOTHIHBIE
MIOCJIEI0BATENLHOCTH.

Odcyacoenue u 3axntouenue. HoBblil reHepaTop MO3BOJIAET CO3/IaBaTh HYKJICOTHIHBIE TTOCIeq0BaTe bHOCTH in Silico ¢
3aganHbpIM GC-cocraBoM. Penienue naet BO3MOKHOCTh UCKIIIOUUTH FOMOIOJIMMEPHBIE (parMeHThl, YTO KaueCTBEHHO

yiaydmaeT (I)I/ISI/IKO'XI/IMI/I‘IGCKYIO CcTaOUIBLHOCTh HOCHGHOB&TGHBHOCTCﬁ.

Knrouesvte cnosa: GATCGGenerator, reHepaTop HYKICOTHIHBIX MOCIEIOBATEILHOCTEH, CHHTCTHYCCKHE
HYKJICMHOBBIE KHCJOTBI, CllydaiiHble MocjenoBaTenbHocTH, XpaHenue nanuHbix B JIHK, creranorpadms, NYRN-

OJIMTOHYKJICOTHIBI, BeIYHcIeHus ¢ momotnpto JTHK, kpuntorpadus, JHK-meTanku B ruaponorun

BJIaFOZIapHOCTI/I: ABTOPbI BBIPpAXKAIOT MPU3HATCIIBHOCTH PEICH3CHTAM 3a ICHHBLIC 3aME4aHusd, CII0COOCTBOBABILINE

YIYYLICHHUIO CTAaThH.
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Introduction. DNA is a unique biopolymer that provides storage, transmission and reproduction of genetic
information in living organisms. DNA molecules consist of four types of nucleotides containing nitrogenous
bases: adenine (A), guanine (G), cytosine (C), thymine (T). Their possible combinations provide nucleotide
sequences forming functional genetic elements. In molecular biology and genetics, the basic investigations are
carried out on nucleotide sequences of living organisms, but there is an increasing need to create artificial
sequences, especially, when solving non-biological tasks (e.g., DNA calculations [1, 2], storage in DNA [3],
cryptography [4], DNA tags in hydrology [5], etc.).

It is expected that by the end of 2040, the volume of information will reach several yottabytes (10%4), which requires
its structuring and storage. Both of these processes affect significantly the consumption of energy resources, as well as
the production of storage devices and peripheral devices (hard drives, solid-state drives). To store such an amount of
information, more than 10° kg of extra pure silicon is required [6], which may not be enough. The solution is seen in
using the principles of DNA to work with large-scale amounts of data.

Nucleotide sequences are easily digitized by assigning the corresponding binary codes to individual nucleotides
[7-11] or blocks of nucleotides [12-14]; therefore, text, graphic or multimedia files can be converted into nucleotide
sequences [15-18]. Artificial nucleotide sequences can be made manually or generated using special software (DNA
generators), depending on the tasks being solved. Some DNA generators were developed as independent applications,
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others — as part of software packages designed to solve general [19] »2 245 or specific tasks [20]. As a rule, DNA
generators are developed on the basis of combinatorial approaches and produce random sequences of a given length of
guanine-cytosine (GC) composition. However, such software solutions do not take into account the chemical properties
of nucleotides and do not provide obtaining sequences with a certain structure (e.g., without homopolymer sites or long
repeating motifs). Therefore, the sequences created by such generators cannot always be reproduced in the laboratory.
Moreover, such sequences may be identical to DNA fragments existing in nature, which introduces ambiguity when
trying to encode information of a non-biological nature.

The presented work is aimed at creating a generator of nucleotide sequences of a special structure that can be used
when encoding text, graphic and other information in DNA molecules.

Materials and Methods. The criteria that should be kept in mind when creating sequences were defined. The need
to vary the GC composition, set a certain number of dinucleotides, and exclude homopolymer sites in sequences was
taken into account.

A team of authors has developed the GATCGGenerator program in Python 3.6 (Anaconda distribution)®. To create a
bot” in Telegram, Numpy 1.19 [21] and the Python GATCGGenerator library were used. The solution was provided as
SaaS (from “software as a service”), which opened up the possibility of access from different devices and platforms.

Input parameters included the number of sequences, their length, GC composition, and dinucleotide content. The
generator excluded repeats with a length of two nucleotides more than four times. The result was presented as a CSV
file, which contained the following information: sequence, GC composition, and the number of all nucleotides.

Repeats and homopolymer fragments were stored as a separate list. First, a sequence of four elements was randomly
generated (random.choice(nuk), where nuc = '"ACGT"). Then the search for repetitions was performed. If there was at
least one item from the list, a new random generation was performed. Next, the GC and NN composition was
calculated. If the NN composition did not match the user-defined range, the paired nucleotide was replaced randomly
and the GC composition was recalculated. If the sequence matched the input parameters, it was written to a set of
sequences.

Below is the operation of the program algorithm.

Type, GCmin, GCmax — range of possible GC content, NNmin, NNmax — range of possible dinucleotide content
NN%, N — quantity, S — sequence, | — sequence length, count — total number of sequences
Pseudocode
Start
Input (Type, GC, NN, N)

Comprehension of a list of repeating motifs, homopolymer sites rep.list
Count=0
sequences = set()
IFi<N?
IF (rep.list(k) c S?)
Return to step 1.
ELSE
NN = len(DI_REGEX.findall(".join(S)))
NN_perc=(NN x2/1) x 100
IF NNmin <NN_perc < NNmax
GC = S.count('G") + S.count('C") /1 x100
IF GCmin < GC < GCmax
IF type == DNA
Step 2.
A_perc = S.count('A") /1 x 100

* Nucleotide Sequence Generator. nucleotide-generator.herokuapp.com. URL: https://nucleotide-generator.herokuapp.com/ (accessed: 01.12.2022).

2 DNA Sequence Tools: Random Sequence Generator. molbiotools.com. URL: http://www.molbiotools.com/randomsequencegenerator.html
(accessed: 01.12.2022).

3 Random DNA Sequence Generator. faculty.ucr.edu. URL: http://www.faculty.ucr.edu/~mmaduro/random.htm (accessed: 02.12.2022).

4 Random DNA Sequence GenScript. genscript.com. URL: https://www.genscript.com/sms2/random_dna.html (accessed: 04.12.2022).

® Random DNA Generator. Computer software. URL: http://54.235.254.95/cgi-bin/gd/gdRandDNA.cgi (accessed: 04.12.2022).

& Anaconda. Anaconda Inc. anaconda.com. URL: https://www.anaconda.com/ (accessed: 20.01.2023).

7 Python telegram bot. github.com. URL: https://github.com/python-telegram-bot/python-telegram-bot (accessed: 01.12.2022).
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G_perc = S.count('G") /1 x 100
C_perc = S.count('C") /1 x 100
T perc =S.count("T") /1% 100
U _perc = S.count('U") /1% 100
Count = count +1
sequences.add(S)
ELSE S = S.replace('T', 'U")
Step 2.)
ELSE
Return to step 1.
ELSE
Random replacement of the second repeated character,
GC = S.count('G") + S.count('C") /1 x100
Output Sequences: (S, GC%, NN%, A%, G%, C%, T/U%)
End

The requirements for the generated nucleotide sequences were set using Telegram chat. An example of user
interaction is shown in Figure 1.

GATCGGenerator

bot

What can this bot do?

Online generator of DNA/RNA sequences with specified GC and
dinucleotides content

August 26

/start 1606

Send a generator type {..;

299

DNA 1606 v
DNA generator was chosen. Starting the process ¢

Enter the number of sequences to generate: 4.5

50 1606 v

Enter the sequence length: 4.0¢

IOV

50 1606 v

Specify the GC content in %. Use the following format: <min>-
<max> 16:06

P

5060 15.06 &

Specify the dinucleotides content in %. Use the following format:
<min>-<max>. If dinucleotides are not mandatory send 0-0. .1

1920 1606 w7

Your job is queued. Please, wait for the result. .

I

Fig. 1. Example of a user chat in Telegram
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In the framework of the presented work, the functionality of random sequence generators and GATCGGenerator
were compared. The differences between the input parameters and the specific nucleotide structures obtained as a result
of the program were determined (Table 1).

Table 1
Comparison of GATCGGenerator functionality to other nucleotide sequence generators
DNA
. Sequence Random
GATCGGenerator Nucleotide Tools: DNA Random Random
Sequence DNA DNA
[20] s | Random Sequence 1 12
Generator 10 | Sequence Generator
Sequence Generator
Generator®
Maximum length
ximum feng 5,000 1,000,000 10,000 1,000
(nucleotides)
Number of sequences 100 1 L 11%;050; 100
Input GC composition .\ N - +(%)
(%) -
GC composition (%) number - number
Input NN interval
composition (%) -
No homopolymer N
sites
Sequence type DNA/RNA DNA DNA/R’.\IA/ DNA
Protein
Output of results .CSV file Text on the screen
(*) User enters AT composition

GATCGGenerator has a broader functionality, it allows the user to specify the number of dinucleotides, create
sequences without extended homopolymer sites and repeats that affect the success of the experiment. In existing
generators, it is only possible to vary the GC composition.

The program created by the authors of this research generates a given number of quasi-random sequences of
nucleotides that do not have homology with natural DNA, but are suitable for molecular biological manipulations.

Research Results. GATCGGenerator allows you to generate specific DNA or RNA sequences from 20 to 5,000
nucleotides long, containing a given number of dinucleotides and not containing homopolymer sites (no more than two
identical nucleotides located side by side). More stringent generation conditions can cause a long selection of
sequences. As an example, we give a small range of possible content of guanine and cytosine and dinucleotides (e.g.,
GC composition 45-50 % and NN composition 10-20 %). The operating period of the program for various input data is
shown in Table 2.

Table 2
Sequence generation time for different inputs
Data inputs .
Length | Number | GC.% | NN% | '
20 10 50-60 20-50 3.45
30 10 50-60 20-50 3.91
20 10 50-60 40-50 9.74
30 10 50-60 40-50 9.53
30 10 40-50 20-20 8.80
1,000 100 45-50 40-50 11.49
2,000 100 45-50 10-20 240.25
5,000 100 50-60 20-50 11.57
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GATCGGenerator, through more stringent sequence generation conditions, removes the limitations of known DNA
generators and creates quasi-random sequences of nucleotides depending on the indicated input parameters. You can
specify the required number of sequences, their length, GC composition and dinucleotide content, as well as the nature
of the nucleic acid (DNA or RNA). Specifically, sequences created by GATCGGenerator can be used in DNA
steganography, applied to protect and transmit information through hiding the message content in the nucleotide
sequence [3].

The proposed software solution (GATCGGenerator) provides obtaining a set of quasi-random sequences of nucleotides
depending on user-defined input parameters (type of nucleic acid, sequence length, GC and dinucleotide composition).
GATCGGenerator excludes the presence of any nucleotide repeats and homopolymer sites longer than three elements. The
generated sequences can be used as service or masking sequences (e.g., in DNA steganography) and are suitable for any non-
biological enzymatic manipulations. It is possible to generate numerous artificial nucleotide sequences and use them to create a
universal oligotheca suitable for multiple encoding of non-biological data and their long-term storage.

The data presented in Table 3 summarizes the results of the program. For a certain type of nucleic acid (in this case,
DNA), the following data is shown: the content of dinucleotides (NN %), the number of generated sequences, their
length (nucleotides — nt), and GC composition.

Table 3
Examples of short sequences differing in length, GC composition, and dinucleotide content (%)
Input parameters Output parameters
Tvoe | Number Length, | GC, | NN, Nucleotide sequence, 5>—3” |Length, | GC, | NN,
yp nto| % | % nto| % | %*

CTGG**TATATCGGAATCATATCGCGCAGTGT |30 46.7 |20.0
AATCAGCTAGTAGGACGCAGTAGTGAATCA |30 43.3 [20.0

5 4510_ GAATGTAGTCCTAGGCACATACTACGTAGC |30 46.7 |20.0
AGTTGCACTGAAGTCTATGATCTGGCATGC |30 46.7 |20.0

20 GACACACTACTATGGACGTGAGGCACTTAC |30 50.0 |20.0
TCAGCTCAGCGCCAATCGAGCTTATAGTGC |30 53.3 |20.0

51 GAGGCTATCGTCAAGCATAGACCGTGTGCT |30 53.3 |20.0

5 30 60 GACTCAGTAGCTGCTCCGGACATACAGCCT |30 56.7 |20.0

TCGCGCGTTAGACTTAGGTCTCATCGCAGC |30 56.7 |20.0
ACGCTCACAGGAGTTCGCATCGAACGATGC |30 56.7 |20.0
ACGACAGTGATATAGCACGACGTGCTCATA |30 46.7 |0.0
GACTACATCTGATAGTACACGTGCTGCACT (30 46.7 |0.0

DNA 5 4510_ 0 |TCTATCTCTGCTAGAGCGCTCGTCACTCTA |30 50.0 |0.0
TCTGATCTACTATAGCGATACGTGAGAGTG |30 43.3 |0.0
ACACATATATCGACGCACGCGTCGTAGTAC |30 50.0 |0.0
TGCATGACCATGCTTGCGGTAGACATTCA 50 520 120.0
GACGCGCGAATAGTAGGACGA
GCATACGAGTGGCATACATATTAGACTAT 50 420 1200
ACGGTAGTGCATATGGTGCAA

41— CTGAGACTCCTCTCTGTGGAGCTCCTAGTA
° 50 60 20 CCGTCACGCGTGCTCTGAAG 50 °8.0 200
CTGTGTGAACATACGATGCATTCTCATCTC 50 46.0 120.0
GGTATGGCTGAAGTGCACAT

GCGCTGACGTCATGGTTCATACCAATGTA
GCATGATGTGCGATAGGCACA

* NN shows the fraction (%) of the dinucleotides contained in the nucleotide sequence.

** Dinucleotides are highlighted in bold.

50 50.0 |20.0

The obtained 30-nucleotide sequences were tested using the Blast tool from NCBI. The absence of 100% homology
with known DNA sequences of living organisms was identified. The maximum coincidence was observed for the
generated sequences with a length of 25 nucleotides (similarity is about 80 %). This indicates the ability of the
GATCGGenerator to generate non-biological nucleotide sequences with high efficiency. It can be assumed that the
sequences generated in this way do not have an absolute coincidence with the nucleotide fragments of living organisms.
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In this case, special DNA-oligonucleotides of artificial origin containing informative and service parts can be used
as a convenient information carrier. Recently, the authors of this work have proposed the use of NYRN-
oligonucleotides [14] consisting of:

—internal part (YR)n encoding the encrypted information;

—service (auxiliary) parts S1 and S2 flanking sequence (YR)n (Fig. 2).

5 — (N)k— (YR)n— (N)m — 3°
service encoding  service
part S1 part part S2

Fig. 2. Structure of NYRN-oligonucleotides: N — degenerate nucleotides; Y — pyrimidines (C or T); R — purines (A or G);
k, n, m — indices corresponding to the length of the part

The length of the sites (n, k and m) may vary, but the structure of the service parts should provide the
successful course of amplification reactions (length more than 18 nt, 40-60 % GC composition, absence of
homopolymer sites and repeats). GATCGGenerator allows including NN dinucleotides containing identical paired
nucleotides (e.g., AA, GG, CC, TT or UU for RNA), which can increase the specificity of molecular hybridization
of nucleic acids.

Discussion and Conclusion. Thus, based on the results of the scientific investigation performed, a software
solution (GATCGGenerator) has been proposed, which, in comparison to traditional approaches, assumes more
stringent conditions for generating sequences. Due to this feature, the limitations of known DNA generators are
removed, and quasi-random sequences of nucleotides are formed depending on the specified input parameters. The
obtained 30-nucleotide sequences were studied. The test allowed us to establish the absence of 100 % homology
with known DNA sequences of living organisms. The generated sequences with a length of 25 nucleotides
coincided as much as possible (by about 80 %).

Note also that in order to hide information in NYRN-oligonucleotides, it is required to mix them with masking
DNA. Masking sequences should be similar to sequences of NYRN-oligonucleotides, so that when trying to read
hidden information, it would be impossible to recognize them without key sequences. The addressee should know
the key sequences — primers to the service sites of NYRN-oligonucleotides. The addressee can decipher the
transmitted message by isolating informative nucleotide sequences using a polymerase chain reaction followed by
sequencing. A set of NYRN- and masking oligonucleotides can be easily obtained using GATCGGenerator,
synthesized, and then stored as an oligotheca. To do this, it is enough to determine the optimal NYRN-
oligonucleotides with subsequent filling of the oligotheca. In the future, it is planned to conduct laboratory
experiments in order to test the proposed method of storing non-biological information and checking the viability
of oligotheca obtained using the generator.
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