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Abstract  
Currently, CRISPR/Cas technology is one of the most actively developing in molecular biology as an instrument for genomic DNA 
editing and controlling gene activity at various levels. For today this technology has a number of limitations that makes it difficult 
to use. One of the main limitation is the conditions under which the Cas type proteins or their analogues cut DNA: 1) the 
complementary between sequence of protospacer and guiding RNA; 2 )the special sequences flanking this protospacer on one or 
both ends. This special sequences usually unique for each enzyme and named PAM sites. However, if the ability to change guiding 
RNA leads to the emergence of an accurate genomic editing tool, the presence of an immutable PAM site significantly limits the 
areas of the genome in which editing can be performed. At the moment, more than 3.5 thousand of Cas proteins using different 
PAM sites have been identified in various bacteria with the help of bioinfomatic tools, but in practice less than ten PAM are used. 
To be able to use new proteins, it is necessary to obtain their characteristics. In particular the optimal physical and chemical 
conditions for enzyme, the structure of guiding RNA and PAM-sequence, characteristic for new protein. Currently, several 
programs have been created to determine PAM sequences for previously unexplored Cas protein analogues, but all of them prone 
to mistakes and require data confirmation from classical molecular biology. 
The purpose of this work was to create a new efficient algorithm and software for idetification of PAM sequences characteristic of 
any microorganism. To test the program, we used CRISPR bacterial cassettes, formed by Cas9 enzyme, as well as current homology 
search programs for the bacterial genomes. 
As a result of the study, a modular program was created that allows identifying the sequence of the PAM site based on the analysis 
of CRISPR cassettes with an efficiency not inferior to world analogues. 
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Introduction. 
 
 
The CRISPR-Cas bacteria “adaptive immunity” system (clustered regularly alternating short palindromic repeats 

and CRISPR-associated proteins) was discovered in 1987 [1]. However, the immune function of CRISPR systems 
was only established in 2005 [2-4].  The system is a prokaryotic analogue of the vertebrate immune system, allowing 
to protect single prokaryotic cells from destruction by phages. It is known that this system works in the cells of 90% 
of archaea and 50% of bacteria [5]. 

Crispr cassettes and Cas proteins are the main components of the CRISPR system [6]. Each functional cassette 
contains three types of elements: lead sequences, spacers, and repeats. Repeats within one cassette, as a rule, identical 
to each other in sequence and length, less often — may differ in one or two, often terminal, nucleotides. Spacers are 
unrelated, repetitive, short sequences located between repeats and originating from fragments of alien genetic elements 
that enter the prokaryotic cell and are called protospacers [7]. Длина спейсеров внутри кассеты приблизительно 
равна длине повторов. Набор спейсеров у штаммов одного и того же вида обычно очень разный [8]. 

When a virus penetrates a bacterium or archaea equipped with a CRISPR system, the adaptive functional module 
of the system is activated: specific Cas proteins cut protospacers from the foreign genome. Proteins select sites near a 
particular sequence of pam (protospacer adjacent motif) - only a few nucleotides that have been identified near one 
end of protospacers but are not the same for different CRISPR systems [9,10]. These same adaptive proteins then 
embed the fragment in the CRISPR cassette in the leader sequence. So a new spacer is formed, and along with it — 
and a new repeat. The whole process is called adaptation, or acquisition, and in fact it is — remembering the virus. 
Information about all of the memorable viruses receive when they tick all offspring cells. Thus, the mechanism of 
bacterial immunity is to form a database of viruses that the bacterium has previously encountered. If necessary, the 
system "gets" a fragment from the database and reads the RNA copy, which forms a ribonucleic complex, joining the 
Cas9 protein. In turn, the complex binds to the foreign target gene, which corresponds to the original fragment, and 
the Cas9 protein conducts cutting of the foreign DNA chain [11]. 

The big breakthrough in crispr biology came with the realization that Cas9 can be reprogrammed to cleave not only 
viral DNA but also other DNA sequences by altering the filament of the guide RNA associated with Cas9. The enzyme 
is able to remove any unwanted DNA fragment and leave in its place a specially created fragment [12]. Thus, the 
technology can be actively used in molecular biotechnology, but it has its limitations. The RAM motif is strictly 
specific to each protein. In places of combination of these nucleotides editing capabilities will be limited.  

The definition of frame motifs can expand the use of alternative Cas proteins, which will greatly increase the editing 
capabilities. 

Currently, a relatively new direction of research is widely known, which uses mathematical and algorithmic 
methods to solve molecular biological problems. This direction was called bioinformatics [13]. 

Genome research using bioinformatics programs opens a new path in the study of molecular and search for 
solutions to many medical problems.  

The aim of the study was to develop an application to determine the pam sequences of Cas effectors, to determine 
the General structure of the pam sequence search algorithm, to write software modules for the implementation of 
individual steps of the algorithm. 

Materials and methods. 
 
 The material was 17 genome sequences of bacteria of the genus Streptococcus from the international online library 

NCBI. Phage are searched through BLAST, in which the program, using the application programming interface, finds 
all bacteriophages and viruses containing a spacer. Using database queries, the program receives all the DNA of the 
necessary viruses found using BLAST [14]. Weblogo libraries that generate sequence logos were used to visualize 
the output. The full algorithm of the program is presented as a plan: 

1. A CRISPR cassette is fed to the program input. 
2. The program divides it into spacers and repeats. 
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3. Using BLAST, the program with usage the API finds all bacteriophages and viruses containing one of the 
spacers. 

4. Using queries to the NCBI databases, the program receives all the DNA of the required viruses found using 
BLAST. 

5. The program processes all DNA sequences and finds all parts which are next to protospacers that are 
complementary or equal to spacers 

6. The sections obtained in the previous paragraph are sorted and the probability of hitting all adjacent sequences 
adjacent to the spacer is calculated. 

7. A pattern is derived from these nucleotides and possible PAM sequences are determined. 
8. Align of output sequences 
9. Creating the logo of the PAM sequence 
10. Output logo as a result 

 

Flowchart 1. Detailed algorithm of program 
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Results. 
 
 In most cases, the program we developed reveals the correct PAM sequence, or close to it. 
In the process of processing the request, the program prepares a graphical representation of the logo of the 

WebLogo sequence, an example is shown in Table. 1. 

I) Genus:Streptococcus, Species: pyogenes 

№ Cassette/Result PAM № Cassette/Result PAM 

1 
A20 (NC_018936_1)

 

NGG 4 
GCF_001635975(NZ_CP013840_4)

 

NGG 

2 
GCF_000767505 (NZ_CP007240_1)

 

NGG 5 
M1 GAS (NC_002737_1)

 

NGG 

3 
GCF_001635975 (NZ_CP013840_2)

 

NGG 6 
NZ131 (NC_011375_1)

 

NGG 

II) Genus:Streptococcus, Species: mutans 

№ Cassette/Result PAM № Cassette/Result PAM 

 Author name / Procedia Computer Science 00 (2019) 000–000  5 

7 
UA159-FR GCF_000817065 
(NZ_CP007016_1)

 

NGG 8 
GS-5 (NC_018089_1)

 

NGG 

III) Genus:Streptococcus, Species: thermophilus 

№ Cassette/Result PAM № Cassette/Result PAM 

9 
LMD-9 (NC_008532_2)

 

NAAAAW 14 
GCF_000971665(NZ_CP013939_2)

 

NGGNG 

1
0 

LMD-9 (NC_008532_4) 
 
 

 

NGGNG 15 
ASCC 1275 GCF_000698885 
(NZ_CP013939_2)

 

NNAGAAW 

1
1 

GCF_001663795 (NZ_CP016026_2) 

 

NNAGAAW 16 
ASCC 1275 GCF_000698885 
(NZ_CP006819_5)

 

NNAGAAW 
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7 
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1
2 

GCF_001663795 (NZ_CP016026_8) 
 

 

NNAAAW 17  ASCC 1275 GCF_000698885 
(NZ_CP006819_7)

 

NGGNG 

1
3 

GCF_001514435 (NZ_CP013939_2)

 

NNAGAAW 
   

 
Table 1. Results of program testing 
 

Conclusion.   
 
The program allows you to automate the search, so it will be useful for biologists and geneticists without 

specialized training to work with databases. It is planned to improve the developed program in the following 
components of the work:  

Improving the performance when searching for sequences, by solving the problem of accelerated loading of large 
genomes from the site (at the moment, loading genomes is the largest part of the program execution time. 

The program will be modified to detect "sophisticated" cassettes of different organisms, as the first version of the 
program was initially tested on more unified cassettes Streptococcus pyogenes. In future versions of the program 
repeats in cassettes should be the same length, and differ by no more than 40%. It is worth paying attention to the fact 
that the results of our tests, even taking into account the error satisfy the literature data [15, 16].  
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