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A computer analysis of the inter-species conservation peculiarities of the AGT and AGTR1 gene

promoters in 8 primate species, as human (Homo sapiens), gorilla (Gorilla gorilla), chimpanzee (Pan

troglodytes), anubis baboon (Papio anubis), Tibetan macaque (Macaca thibetana), rhesus macaque

(Macaca mulatta), crab-eating Macaca fascicularis and common marmoset (Callithrix jacchus). It was

found that although some block rearrangements have occurred in the promoter regions both of AGT

and AGTR1 genes of these species during evolution, the promoter nucleotide sequences show very high

(85%) similarity. To evaluate a level of the inter-species conservation of some transcription factor

binding sites (TFBSs) in the AGT and AGTR1 promoters, a search for TFBS motifs available in

promoter all or most of these genes from these species was carried out. It was revealed that only a

single TFBS (p53 binding site) motif is available in the AGT promoter all of these species. However, in

the case of the AGTR1 gene promoter, it was found to be more conservative. Thus, the AGTR1 gene

promoter from each of the 8 species contains motifs of Sp1, Sp2, Sp3, EGR-1 and MAZ binding sites.

According to the results, it can be assumed that the regulatory mechanisms of the transcription of the

AGTR1 genes in the studied species, compared to the AGT gene, have been relatively less modified

during ten million years of evolution. In this work, we also explored a role of TFs/TFBSs in the

coordinated expression of the functionally related group of AH-related genes. For this purpose, we

carried out a comparison of the TFBS content of 12 AH-related genes. Only motifs of a few TFBSs

were found to be available in most of AH-genes, including Sp1 binding element.

Keywords: arterial hypertension, AGT gene, AGTR1 gene, promoter, transcription factors, promoter
analysis

INTRODUCTION

Arterial hypertension (AH) is one of the main causes of cardiovascular diseases. It has both

genetic and non-genetic causes (Kunutsor and Powles, 2010; Nguyen and Jaisser, 2012; Jordan,

Kurschat and Reuter, 2018). To date, more than 40 genes associated with AH have been identified

(Austin and Loyd, 2014; Garcia-Rivas et al, 2017; https://www.omim.org/entry/145500). Some of

these genes are listed in Table 1.

AGT (Caulfield et al., 1994; Lifton, 1996) and AGTR1 (Bonnardeaux et al., 1994) genes are

among the most studied genes known to be associated with AH.

The AGT gene encodes the angiotensinogen protein (485 amino acids), a precursor of the

angiotensin II protein which is the  substrate of the renin protein, First, the signal peptide, then after

the peptide bond between Leu and Val amino acids is cut by renin, angiotensin II is converted to the
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10-amino acid (aa) peptide hormone of angiotensin I (Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu) 

After that, the ACE enzyme converts that peptide into the (Asp-Arg-Val-Tyr-Ile-His-Pro-Phe) 

angiotensin II peptide The AGT gene is expressed mainly in the liver (hepatocytes) (Lifton, 1996; 

Ferreira and Raizada, 2008; Lu et al., 2016; Wu et al., 2018; Chappell, 2019). The AGT gene is 

located on the chromosome 1 (see: Table 1). Two partially different mRNAs are created as a result 

of the transcription initiation of the AGT gene from alternative transcription start sites (TSS #1 

[v1]: 230745583; TSS #2 [v2]: 230714122). But, the coding DNA sequence (CDS) for these 

mRNAs is the same (https://www.genecards.org/cgi-bin/carddisp.pl?gene=AGT&keywords=AGT; 

NC_000001.11). 

The AGTR1 gene encodes the angiotensin II protein type I receptor. It is located on the 

chromosome 3 (see: Table 1). Only one transcription start site (TSS: 148697903) is known for the 

AGTR1 gene, but an alternative splicing produces 7 different mRNAs, although all of these 

mRNAs encode the same CDS (https://www.genecards.org/cgi-bin/carddisp.pl?gene=AGTR1; 

NC_000003.12). 

 
 

Table 1.  

List of some hypertension-related genes of human 
 

Gene 

name 

Gene product Gene localization* References 

AGT 
 

Angiotensinogen/angioten
sin 

 

Chromosome 1,  
c(230702523..230745583)

** 

 

Caulfield et al., 1994; Lifton, 
1996; Lu et al., 2016; Wu et 

al., 2018 

AGTR1 
 

Angiotensin II protein 
type I receptor 

Chromosome 3,  
148697903..148743003 

Bonnardeaux et al., 1994 

ACE 

 

Angiotensin-converting 

enzyme 

Chromososme 17, 

63477061..63498380 

Puthucheary et al., 2011 

REN 
 

Renin 
(angiotensinogenase) 

Chromosome 1,  
 c(204154816..204166337) 

Miyazaki et al., 1984 

MTHFR 

 

Methylenetetrahydrofolate 

reductase  

Chromosome 1, 

c(11785730..11806103) 

Homberger et al., 2000 

ITGB3 
 

3 subunit of a receptor 

protein (integrin 
alphaIIb/beta3  

Chromosome 17, 
47253842..47312711 

Weiss et al., 2004 

CBS 

 

Cystathionine β-synthase 

  

Chromososme 21, 

c(43053190..43076861) 

Kraus et al., 1998 

FGB 
 

Fibrinogen beta chain 
  

Chromosome 4, 
154562980..154572763 

Fish, 2012 

F2 

 

Coagulation factor II 

(Prothrombin,) 

Chromososme 11, 

46719166..46739508 

Chinnaraj, Planer and Pozi, 

2018 

F5 Coagulation factor V Chromosome 1, 
c(169511954..169586630) 

Vossen et al., 2007 

F7 Coagulation factor VII Chromosome 13, 

113105773..113120681 

Vossen et al., 2007 

F13A1 Coagulation factor XIIIa |Chromosome 6, 
c(6144078..6320691) 

Achyuthan et al., 1996 

* https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_000001405.38/ (the human genome 

assembly, release GRCh38.p12); ** ’c’ means complement. 

 

The critical players in the control of transcription, the first crucial step in gene expression, are 

transcription factors (TFs) and their binding sites (TFBS) on DNA. TFBSs are mostly localized in 

https://www.genecards.org/cgi-bin/carddisp.pl?gene=AGT&keywords=AGT
https://www.genecards.org/cgi-bin/carddisp.pl?gene=AGTR1
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_000001405.38/
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proximal and distal promoter regions. The length of TFBSs varies mostly from 5 to 15 base pairs 

(bp) of length (Woychik and Hampsey, 2002; Butler et al., 2002; Smale and Kadonaga, 2003; Hahn, 

2004; Juven-Gershon, et al., 2008; Solovyev, Shahmuradov and Salamov, 2010; Schier and Taatjes, 

2020). TFBSs may act in a species- and/or tissue-specific manner. Moreover, an activity of   and 

TFBSs may be depend on intra- and inter-sell siginals, enviromantal conditions.   

Identification of functional TFBSs in the promoter region of that gene is extremely important 

for understanding the mechanisms of transcriptional regulation of the expression of any gene. 

Functional TFBSs can be revealed either (1) directly experimentally or (2) initially by in silico 

analysis and only then by experimental verification. The first way, which is the most accurate, 

requires more financial/human resources. Moreover, not all TFBS can be directly identified by 

experimental methods. Another way (in silico + experiment) is to first find statistically non-random 

motifs of known TFBSs in the promoter region of the studied gene, and then check whether those 

motifs are conserved at least in the same gene of other species of primates are 

evolutionarily/taxonomically close. Here, conservative TFBS-motives are expected to be functional. 

Primates fall into two distinct subcategories: (1) monkeys (New-World and Old-World), and 

(2) apes (great Apes as orangutans, gorillas, chimpanzees and humans, and lesser apes) (Doolittle et 

al., 1996; Chen and Li, 2001; Glazko and Nei, 2003; Rogers and Gibbs, 2014; Easteal and Herbert, 

1997). The gorilla (Gorilla gorilla) and chimpanzee (Pan troglodytes) are species of primate from 

the ape family. The anubis baboon (Papio anubis) is a species of primate in the family 

Cercopithecidae. The Tibetan macaque (Macaca thibetana) is a macaque native to eastern Tibet 

east to Guangdong and north to Shaanxi in China. The rhesus macaque (Macaca mulatta) is a 

species of macaque, one of the most famous species of the monkey family. The crab-eating Macaca 

fascicularis, as well as M.mulatta, the common marmoset (Callithrix jacchus) are non-human 

primates (Glazko and Nei, 2003; Rogers and Gibbs, 2014; Arnason, Gullberg and Janke, 1998).   

The times of divergence of the primate lineages are still controversial (Doolittle et al., 1996; 

Chen and Li, 2001; Glazko and Nei, 2003). For example, the estimate of the time of divergence 

between humans and chimpanzees varies from 3.6 MYA  (Easteal and Herbert, 1997) to 13 MYA 

(Arnason, Gullberg and Janke, 1998). Chimpanzees are the closest living relatives of humans. Later, 

it was suggested that the ancestors of today's humans and chimps went their separate ways about 4 

million to 6 million years ago, and the ancestors of gorillas diverged about 7 million to 9 million 

years ago. The divergence of human and rhesus macaque lineages is more confidently dated at 25–

28 million years ago (Rogers and Gibbs, 2014). The human–chimpanzee sequence divergence is 

estimated at 1.1–1.4%. The humans and gorillas share more than 96% of their genomes. The human 

and olive baboon share about 94% of their genomes (Batra et al., 2020). The human and 

M.fascicularis share more than 92% of their genomes (Ebeling et al., 2011). The majority of 

protein-coding genes have 1:1 homologue among humans, the great apes and Old-World monkeys 

sequenced to date, but gene content is not identical among species. The difference in single copy 

sequence between human and rhesus macaque is approximately 6.5% (Rogers and Gibbs, 2014).     

In this study, we performed  (1) the inter-species BLAST comparison of promoter sequences 

and (2) a search for inter-species conservative TFBS motifs in promoters of AGT and AGTR1 

genes in humans and seven other primates (monkeys and apes). Besides, we tried to identify intra-

species conservative TFBS motifs in the human 12 genes associated with AH, including AGT and 

AGTR1. Results of these studies are explained below. 

 

MATERIALS and METHODS 

The nucleotide sequences of [-1000+100] regions of AGT and AGTR1 genes of 8 primates 

were taken from the corresponding genome annotations. AGT gene: chimpanzee - NC_072398.1, 

Chr1:c(212839081..212850067);  gorilla - NC_073224.1, Chr1:229040553.. 229051589; rhesus 

macaque - NC_041754.1, Chr1:18283971..18296759; crab-eating macaque - NC_052255.1, 

Chr1:18191836..18253210; Tibetan macaque - NC_065578.1, Chr1: c(202197606..202209270); 

common marmoset - NC_071460.1, Chr19: 16115525..16130738; olive baboon - NC_044976.1, 

Chr1:c(200114352..200126770). AGTR1 gene: chimpanzee - NC_072401.1, Chr3:151805290.. 
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151850128; gorilla - NC_073227.1, Chr3:159715041..159759942; Rhesus macaque - 

NC_041755.1, Chr2:50825360..50870238; crab-eating macaque - NC_052256.1, 

Chr2:c(143213541..143258339); Tibetan macaque - NC_065579.1, Chr2:51188797..51233660; 

common marmoset - NC_071458.1, Chr17: c(29551838..29595986); olive baboon - NC_044977.1, 

Chr2:c(143193353..143238129). For the human AGT and AGTR1 genes see above. Hereinafter the 

+1 position corresponds to the annotated start of a gene.  

For the AGT gene, two different regions of [-1000+100] were taken according to the alternative 

gene start points (v1 and v2) mentioned above.  

Comparison of promoter and protein sequences were performed by the BLAST tool (Altschul 

et al., 1997). A search for statistically non-random motifs of known 652 TFBS from RegsiteDB 

(http://www.softberry.com/berry.phtml?topic=regsitelist) was performed by the Nsite tool 

(Shahmuradov and Solovyev, 2015). All bioinformatics analyzes were performed on the LINUX 

operating system. 

 

RESULTS and DISCUSSION 

Comparison of promoter regions of the AGT and AGTR1 genes from 8 primate species  

First, using the BLASTN program, the human AGT and AGTR1 genes nucleotide sequences of 

[-1000:+100] regions were pairwise compared with promoter sequences of corresponding genes of 

other 7 primate species. In addition, human AGT and AGTR1 protein sequences were compared 

with protein sequences of other species using BLASTP program. The results of this comparison are 

shown in Tables 2 and 3, Figures 1 and 2. 

 
 Table 2.  

Similarity regions between the promoter regions of some primate AGT genes1. 
 

Compared 

Species 

Protein  

Length, 

aa
1
 

Similarity Region Identities Similarity  

Level, % 

Gaps 

Hs vs Pt 485Pt Protein: 1-476Hs, 10-485 Pt 472 99 0 

                  Promoter: 2-1100 Hs, 1-1099 Pt   1088 99 0 

Hs vs Gg 485Gg Protein: 1-476Hs, 10-485 Gg 473 99 0 

                    Promoter: 10-1100Hs, 8-1098Gg 1076 99 0 

Hs vs Pa 490Pa Protein: 1-476 Hs, 15-490 Pa 440 92 0 

                   Promoter: 350-1100 Hs, 338-1094 Pa 707 93 14 

Hs vs Mf 490Mf Protein: 1-476 Hs, 15-490 Mf 439 92 0 

                   Promoter: 350-1100 Hs, 344-1100Mf 702 92 14 

Hs vs Mt 490Mt Protein: 1-476 Hs, 15-490 Mt 439 92 0 

                   Promoter: 350-1068 Hs, 374-1098 Mt 676 93 14 

Hs vs Mm 490Mm Protein: 1-476 Hs, 15-490 Mm 440 92 0 

                     Promoter: 350-623 Hs, 817-1100 Mm 261 92 10 

Hs vs Cj 491Cj Protein: 1-475 Hs, 15-490 Cj 413 87 1 

                   Promoter: 349-625 Hs, 821-1100 Cj 240 85 9 

   
     1Hereinafter: Hs – Homo sapiens, Gg – Gorilla gorilla, Pt – Pan troglodytes, Pa – Papio anubis,  

    Mf – Macaca fascicularis, Mt – Macaca thibetana, Mm – Macaca mulatta, Cj – Callithrix      

jacchus. 

  

This comparison shows that although some architectural changes (block rearrangements) have 

occurred in the promoter regions both of AGT and AGTR1 genes, the promoter nucleotide 

http://www.softberry.com/berry.phtml?topic=regsitelist
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sequences have very high (85%) similarity. Therefore, we can suggest that many TFBS seem to be 

conserved in promoters both of AGT and AGTR1 genes.  
 

 

 

 Table 3.  

Similarity regions between the promoter regions of some primate AGTR1 genes. 

 

Compared 

Species 

Protein  

Length, 

aa
1
 

Similarity Region Identities Similarity  

Level, % 

Gaps 

Hs vs Pt 376Pt Protein: 1-359Hs, 18-376 Pt 358 99 0 

                  Promoter: 1-1079 Hs, 19-1100 Pt   1072 99 3 

Hs vs Gg 359Gg Protein: 1-359Hs, 1-359 Gg 358 99 0 

                    Promoter: 1-981Hs, 119-1100Gg 968 98 3 

Hs vs Pa 359Pa Protein: 1-359 Hs, 1-359 Pa 354 99 0 

                   Promoter: 276-1100 Hs, 132-964 Pa 790 95 8 

Hs vs Mf 414Mf Protein: 1-359 Hs, 56-414 Mf 355 99 0 

                   Promoter: 52-350 Hs, 15-301Mf 

                 327-1098 Hs, 328-1100Mf 

276 

735 

92 

95 

12 

5 

Hs vs Mt 359Mt Protein: 1-359 Hs, 1-359 Mt 355 99 0 

                   Promoter: 158-1100 Hs, 1-968 Mt 905 93 27 

Hs vs Mm 414Mm Protein: 1-359 Hs, 56-414 Mm 355 99 0 

                     Promoter: 17-1088 Hs, 7-1100 Mm 1018 92 46 

Hs vs Cj 359Cj Protein: 1-359 Hs, 1-359 Cj 353 98 0 

                   Promoter: 53-325 Hs, 1-264 Cj 

                 311-953Hs, 457-1100Cj 

239 

598 

88 

92 

9 

17 

   

Search for the same TFBS motifs in promoter regions of the AGT and AGTR1 genes from 8 

primate species 

 

To evaluate the suggestion on the inter-species conservation some TFBSs in the AGT and 

AGTR1, we carried out a search for TFBS motifs available in promoter all or most of AGT and 

AGTR1 genes from these species.  

It turned out that only 1 TFBS (p53 binding site) motif is available in the AGT promoter all of 

these species. Besides, in 7 species (out of 8), the Sp1 binding site motif is also available (Table 4, 

Fig. 3). In terms of the presence of the same TFS, the promoter of the AGTR1 gene seems to be 

more conservative. Thus, the AGTR1 gene promoter from each of the 8 species contains motifs of 

Sp1, Sp2, Sp3, EGR-1 and MAZ binding sites. Moreover, in seven species the AGTR1 gene 

promoter contains motifs of H4TF1, NF-Y and GATA-1 transcription factors (Table 5, Fig. 4).     

According to the results, it can be assumed that the regulatory mechanisms of expression (at 

least, at the transcription level) of the AGTR1 genes in the studied species, compared to the AGT 

gene, have been relatively less modified during ten millions years of their evolution.  
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Figure 1. Comparison of promoter regions of some primate AGT genes. Here and in Fig.2, blocks of the 

sequence similarity between promoters are shown in the same color 

 

 
 

Figure 2. Comparison of promoter regions of some primate AGTR1 genes. 
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Table 3.  

Conserved TFBSs in AGT genes of 8 species* 

  Transcription Factors 

    

p
5
3
  

S
p
1
  

N
F

-k
ap

p
a 

B
 

C
O

U
P

-T
F

II
 

M
A

Z
 

F
o
x
 O

1
 

E
ts

-1
 

T
E

F
B

 

Y
Y

1
 

N
F

-Y
 

A
P

2
 

S
p

ec
ie

s 

Hs + +    + + + + + + 

Pt + +    + + + + + + 

Gg + + +   + + + + + + 

Mm + + + + +       

Mf +  + + +       

Mt + + + + +       

Cj + + + + +       

Pa + + + + +       

 

* The “+” sign indicates the presence of the corresponding TFBS motif in the AGT gene of the 

corresponding species. p53 is a transcription factor that suppresses tumor growth through regulation 

of dozens of target genes with diverse biological functions (Sullivan et al. (2018). NF-kappaB TFs 

are the vertebrate orthologs of the Dorsal transcription factor that was originally discovered to be 

responsible for dorsoventral polarity during the early stages of Drosophila sp. development. The 

NF-κB members are ubiquitously expressed, but their functionality might depend on specific 

cellular stimuli (Pires et al., 2018). Myc-associated zinc-finger protein (MAZ) is a transcription 

factor with dual roles in transcription initiation and termination (Maity et al., 2018).  YY1 is a 

transcription factor that can activate or repress transcription of various genes important in 

differentiation, development and disease (Stauffer et al., 2015). AP2: The general functions of the 

AP2 family TFs appear to be the cell-type-specific stimulation of proliferation and the suppression 

of terminal differentiation during embryonic development (Eckert et al., 2005). Sp1 is a TF of the 

Sp (Specificity protein) family. It is associated with GC-rich promoters and involved in basal 

promoter activity ( Lu et al., 2023). Nuclear transcription factor Y (NF-Y) is a TF in eukaryotes 

consisting of three different subunits, NF-YA, NF-YB and NF-YC, which are all necessary for 

formation of NF-Y complexes and binding to CCAAT boxes in promoters of its target genes (Ly, 

Yoshida and Yamaguchi, 2013). For other TFBSs see the RegsiteDB ( 

http://www.softberry.com/berry.phtml?topic=regsitelistphtml) 

 

 

 

 

http://www.softberry.com/berry.phtml?topic=regsitelistphtml
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Figure 3. Motifs of the same known TFBS in the promoter region of the AGT gene in all or most species 

analyzed.   

 

 
Table 4.  

Conserved TFBSs in AGTR1 genes of 8 species * 

  Transcription Factors 
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G
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S
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Hs + + + + + + + + + 

Pt + + + + + + + + + 

Gg + + + + + + +   + 

Mm + + + + + + + + + 

Mf + + + + + + + + + 

Mt + + + + + + + + + 

Cj + + + + + +    

Pa + + + + +  + + + 

    
* The “+” sign indicates the presence of the corresponding TFBS motif in the AGTR1 gene of the 

corresponding species. NF-kappaB TFs are the vertebrate orthologs of the Dorsal transcription 
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factor that was originally discovered to be responsible for dorsoventral polarity during the early 

stages of Drosophila sp. development. The NF-κB members are ubiquitously expressed, but their 

functionality might depend on specific cellular stimuli (Pires et al., 2018). The transcriptional 

factors of the Sp family of Sp/XKLF transcription factors (Sp1, Sp2, Sp3) are associated with GC-

rich promoters and involved in basal promoter activity. Sp2 and Sp3 are members of the Sp 

subfamily of Sp/XKLF transcription factors (Lu et al., 2023). Egr-1 is a mammalian transcription 

factor. It was originally discovered in mice. It is also named as Krox-24, TIS8, and ZENK (Wang et 

al., 2021). H4TF-1 and H4TF-2 TFs bind specifically to a human histone H4 promoter and activate 

it (Dailey, Roberts and Heintz, 1987). CRE (cyclic AMP-responsive element) is a binding site of the 

CREB nuclear transcription factor. CREB  regulates genes associated with the neuronal processes, 

including metabolism and survival and expression of different transcription factors and growth 

factors (Wang et al., 2018). For a description of other TFBSs see the RegsiteDB.   

 

 
 

 

 
 
Figure 4. Motifs of the same known TFBS in the promoter region of the AGTR1 gene in all or most species 
analyzed.   

 

Inter-species comparison the TFBS content of some genes associated with AH 

 

The development and homeostasis of organisms requires the coordinated expression of large 

sets of genes. One of ways to achieve this goal is positively or negatively coordinated transcription 

(simultaneously switch on or switch off) via the same TFs/TFBSs (Zinan, Keseroğlu and Özbudak, 

2022).    
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Figure 5. TFBS motifs conserved in genes associated with AH. 

 

 

Under this work, using the nsiteM program, we carried out a comparison of the TFBS content 

of 12 genes listed above (Table 1). Results of the comparative analysis are summarized in Fig. 5. 

Only a few TFBSs were found to be available in most of AH-genes, including Sp1 binding element.    

 

CONCLUSION 

During of ten million years of evolution, the promoter nucleotide sequences of the AGT and 

AGTR1 gene promoters in 8 primate species (human, gorilla, chimpanzee, Anubis baboon, Tibetan 

macaque, rhesus macaque, crab-eating Macaca fascicularis and common marmoset) show very 

high (85%) similarity. However, only a single TFBS (p53 binding site) motif found to be available 

in the AGT promoter all of these species. On other side, it was found that the AGTR1 gene 

promoter from each of the 8 species contains motifs of Sp1, Sp2, Sp3, EGR-1 and MAZ binding 

sites. So, it can be assumed that the regulatory mechanisms of the transcription of the AGTR1 genes 

in the studied species, compared to the AGT gene, have been relatively less modified during 

evolution.  
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İNSAN VƏ DİGƏR BƏZİ PRİMATLARDA AGT VƏ AGTR1 GENLƏRİNİN PROMOTOR 

NAHİYYƏLƏRİNİN NÖVLƏRARASI KONSERVATİVLİYİ 
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İnsan, qorilla (Gorilla gorilla), şimpanze (Pan troglodytes), anubis meymunu (Papio anubis), Tibet 

makak meymunu (Macaca thibetana), Rezus makak meymunu (Macaca mulatta), krab yeyən meymun 
(Macaca fascicularis) və adi marmot meymununun (Callithrix jacchus) AGT və AGTR1 genlərinin 

promototrlarının növlərarası konservativliyi xüsusiyyətlərinin kompütetr analizi aparılmışdır. Hər iki genin 

promotor rayonlarında blok şəklində müəyyən yenidənqurmalar baş versə də, bütövlükdə nukleotid 

ardıcıllığı səviyyəsində onlar arassında yüksək dərəcədə (85%) oxşarlıq saxlanmışdır. AGT və AGTR1 

genlərində TFBS-larının növlərarası konservativlik dərəcəsini qiymətləndirmək üçün həmin genlərin 
hamsının yaxud böyük hissəsinin promotorunda mövcud olan TFBS motivlərinin  axtarışı həyata 

keçirilmişdir. Aşkar olunmuşdur ki, yalnı p53 ilə birləşmə saytının motive 8 növün hər birinin AGT geninin 

promotor nahiyyəsində vardır. Digər tərəfdən, məlum olmuşdur ki, AGTR1 geni bu baxımdan daha 
konservativdir. Belə ki, Sp1, Sp2, Sp3, EGR-1 və MAZ transkripsiya faktorları ilə birləşmə saytlarının 

motivləri 8 növün hər birinin AGTR1 geninin promotorunda mövcuddur. Bu nəticələrə əsasən güman olunur 

ki, AGT geni ilə müqayisədə, AGTR1 geninin transkripsiyasının tənzimlənmə mexanizmləri on milyonlarla 

il sürən təkamülün gedişində nisbətən az dəyişikliyə məruz qalmışdır. Bu işdə həmçinin AH ilə əlaqəli 
genlərin funksional əlaqəli qrupunun razılaşdırılmış ekspressiyasındə ınəlaqələndirilmiş ifadəsində 

TF/TFBS-lərin rolu araşdırılmışdır. Bu məqsədlə AH ilə əlaqəli 12 genin TFBS tərkibinin  müqayisəli analizi 

həyata keçirilmişdir. AH genlərinin əksəriyyətində,Sp1 ilə  birləşmə saytı daxil olmaqla,yalnız bir neçə 
potensial TFBS-nin mövcudluğu aşkar edilmişdir. 
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Açar sözlər: arterial hipertenziya, AGT geni, AGTR1 geni, promotor, transkripsiya faktorları, promotor 

analizi. 
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Проведен компьютерный анализ особенностей межвидовой консервации промоторов генов AGT 
и AGTR1 у 8 видов приматов: человека (Homo sapiens), гориллы (Gorilla gorilla), шимпанзе (Pan 

troglodytes), павиана-анубиса (Papio anubis), тибетской макаки (Macaca thibetana), макака-резус 

(Macaca mulatta), макака-крабоед (Macaca fascicularis) и мармосета обыкновенная (Callithrix jacchus). 

Было обнаружено, что хотя в процессе эволюции в промоторных областях как генов AGT, так и 
AGTR1 этих видов произошли некоторые блоковые перестройки, нуклеотидные последовательности 

промоторов демонстрируют очень высокое (85%) сходство. Для оценки уровня межвидовой 

консервативности некоторых сайтов связывания транскрипционных факторов (ССТФ)в промоторах 
AGT и AGTR1 был проведен поиск мотивов ССТФ, имеющихся в промоторах всех или большинства 

этих генов этих видов. Было обнаружено, что в промоторе AGT всех этих видов имеется только один 

мотив ССТФ (сайт связывания p53). Однако в случае промотора гена AGTR1 он оказался более 

консервативным. Так, промотор гена AGTR1 каждого из 8 видов содержит мотивы ССТФ Sp1, Sp2, 
Sp3, EGR-1 и MAZ. По этим результатам можно предположить, что регуляторные механизмы 

транскрипции генов AGTR1 у изученных видов, по сравнению с геном AGT, за десять миллионов лет 

эволюции подверглись сравнительно меньшей модификации. В этой работе мы также исследовали 
роль ТФ/ССТФ в скоординированной экспрессии функционально родственной группы генов, 

связанных с АГ. С этой целью мы провели сравнение ССТФ-содержания 12 генов, связанных с АГ. 

Было обнаружено, что лишь несколько ССТФ-мотивы в большинстве AH-генов, включая сайт 
связывания Sp1. 

 

Ключевые слова:артериальная гипертензия, ген AGT, ген AGTR1, промотор, факторы 

транскрипции, промоторный анализ. 
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