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ABSTRACT: African swine fever (ASF) has devastating effects on pig populations and the farming  economy. 

Cytosine phospho Guanine islands (CGIs) are short, unmethylated CpG-rich sequences of many vertebrate genes. 

They could be linked to ASF disease resistance. Consequently, the objective of this paper was to characterize, predict 
and analyze Cytosine phospho Guanine islands (CpGIs) genes related to African Swine Fever (ASF) resistance in 

pigs. Eight genes related to African Swine Fever (ASF) resistance in pigs were analyzed for CGI presence, promoter 
sites, and phylogenetic relationships with other species. Eight genes involved in ASF disease resistance were selected 

and downloaded from online databases. Their promoters and CpG islands in their upstream regions were predicted 

and analyzed using bioinformatic tools. Their genetic distances and phylogenetic trees were also constructed. 
Bioinformatic tools revealed that the CGIs of these genes were well-conserved, with more exons correlating with a 

higher number of CGIs and promoters. Phylogenetic analysis showed that warthogs and camels were most closely 

related to pigs for most genes, except for RFXANK, where goats were the closest. The findings emphasize the role of 
CGIs in ASF resistance and their potential for epigenetic modifications, aiding in the selection of ASF-resistant pigs 

to improve production, health, and welfare. The presence of CGIs in these genes associated with resistance to ASF 

disease highlights the potential for epigenetic modifications to induce beneficial phenotypic changes. The knowledge 
of these genes are predisposed to such modifications is crucial for researchers, breeding companies, and commercial 

farmers aiming to select ASF-resistant animals for optimal pig production, health, and welfare. 
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African swine fever (ASF) is a highly contagious and 

deadly disease that rapidly kills domestic pigs. It was 

first identified in Kenya but has now spread globally, 

leading to significant economic losses (Montgomery, 

1921). The disease is caused by the African swine 

fever virus (ASFV), a large and complex double-

stranded DNA virus with a genome encoding 150-

167 open reading frames (Dixon et al., 2023). ASF 
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has been reported to have seven polymorphic events 

in the coding region of the RELA gene, which may 

play a role in enhancing pigs' tolerance to African 

swine fever virus (ASFV). It is also identified as a 

major challenge for pig farming in Sub all over the 

world (Bisimiwa et al., 2024). Animal genetics plays 

a vital role in livestock development, including the 

characterization, conservation, and genetic 

enhancement of animals across different scales (FAO, 

2024). CpG islands are short DNA sequences rich in 

guanine and cytosine (GC), typically remaining non-

methylated (McQueen et al., 1997; Deaton and Bird, 

2011; Baylin and Jones, 2011). The role of CpG 

islands (CGIs) highlights specific genes in livestock 

genetics, particularly their involvement in resistance 

to African Swine Fever (ASF) (Yang et al., 2021; 

Gujar et al., 2019). CGIs, short unmethylated DNA 

regions rich in guanine and cytosine, are crucial in 

regulating gene expression and are linked to many 

vertebrate genes (Angeloni and Bogdanovic, 2021),  

play a key role in gene silencing and are useful for 

gene prediction and annotation (Li and Zhang 2014),  

animal reproductive performance (Jhamart et al., 

2020; Usman et al., 2021; Wang et al., 2020; Gross 

et al., 2020), growth and development ((Horvath et 

al., 2018; Horvath et al., 2022; Johnson et al., 2019) 

and disease resistance (Zhang et al., 2021; de soutello 

et al., 2022). Centromeric and pericentromeric 

regions, along with repetitive elements, exhibit heavy 

methylation in mammals and plants. While genic 

regions also display significant methylation, 

promoter regions are mostly devoid of DNA 

methylation. DNA methylation levels varied across 

different tissues, with percentages ranging from 

approximately 50% to 54%. These variations suggest 

potential links to gene expression during tissue 

differentiation, growth, and development (Young et 

al., 2011). Yu et al. (2022) reported that very little is 

known about the characteristics and methylation 

status of CpG islands within the ASFV.  

 

Genetic analyses revealed polymorphisms in the 

RELA gene (Palgrave et al., 2011; Oluwole et al., 

2017) and variations in tyrosine kinase genes that 

contribute to ASF resilience in pigs (Enguita-Germán 

et al., 2011; Palkina et al., 2023). The AXL gene, a 

key receptor for ASFV entry, shows potential as a 

target for antiviral strategies (Chen et al., 2023). 

Phylogenetic studies further highlighted similarities 

between pigs and species like warthogs and camels in 

these resistance genes (Choudhary et al., 2022). The 

findings emphasize the potential of leveraging CGIs, 

DNA methylation, and specific gene markers to 

enhance ASF resistance through breeding programs. 

This approach could improve pig health, welfare, and 

productivity, mitigating the devastating impact of 

ASF on the global pig farming industry. The study 

focuses on eight ASF-related genes, including RELA, 

SLADMA, and tyrosine kinase genes like SRC, FYN, 

and AXL has not been done before. These genes play 

critical roles in immune response, viral replication, 

and disease resistance, making them valuable targets 

for genetic improvement. Hence, there is limited 

knowledge about the association between ASF-

resistance genes. their (CpGIs) and promoter sites, 

and their phylogenetic relationships with orthologous 

genes in livestock. Consequently, the objective of this 

paper is to characterize, predict and analyze Cytosine 

phospho Guanine islands (CpGIs) genes related to 

African Swine Fever (ASF) resistance in pigs 

 

MATERIALS AND METHODS 
Retrieval of nucleotide sequences and prediction of 

CPGI and promoter sites: The nucleotide and protein 

sequences of Pig special traits for disease resistance 

in ASF diseases were obtained from the databases 

NCBI and Ensembl. Furthermore, the 2000 bp 

upstream sequences of the eight ASF-resistance-

associated genes (SLADMA, SLADMB, RELA, Kit, 

ACOX3, RFXANK, RFXAP, and CIITA) were 

extracted and used as the promoter prediction.  

Table 1: The genomic structure of each gene 

Gene Accession 

Number 

NCBI 

Ensembl Exons Chromo-

some 

Number 

Protein 

SLADMA AB117619.1 ENSSSCG00000001470 5 7 290aa 
SLADMB DQ431246.1 ENSSSCG00000001469 6 7 296aa 

ACOX3 Gene XR_002346548.1 ENSSSCG00000008724 21 8 722aa 

RELA NM_001114281.1 ENSSSCG00000012981 10 2 499aa 
AXL receptorTyrosine 

kinase gene 

AB364504.1 ENSSSCG00000038806 21 6 887aa 

RFXANK NM_001243347.1 Ensembl:ENSSSCG00000036310 10 2 277aa 

RFXAP LUXQ01077536.1 ENSSSCG00040062983 4 11 233aa 

CIITA  ENSSSCG00000007901 22 3 1127aa 

 

Promoter sites were predicted using the online 

prediction software, Berkeley Drosophila Genome 

Project 

(http://www.fruitfly.org/seq_tools/promoter.html). 

CpGis analysis was performed on these eight genes 

and on the upstream 2000 bp sequences of the above 

http://www.ensembl.org/id/ENSSSCG00000036310
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genes. The online software database CpG island 

(DBCAT) was used to predict the CpG islands of the 

above genes from 

(http://www.http://dbcat.cgm.ntu.edu.tw/).  

 

This method predicts CpG islands by detecting the 

GC content (50 %) where any CpG island which has 

GC content less than 50% is filtered out, and the 

observation/expected value (observation-to-expected 

CpG dinucleotide ratio (0.60)) of a sequence window 

were determined.  

 

The default setting of the CpGi was used: sequence 

window length not less than 200 bases; GC content 

not less than 50% and observation/expected value not 

less than 60%. The user-friendly interface of each of  

the CpG islands to select parameters were followed. 

 

Multiple sequence alignment : The nucleotide, amino 

acid sequences (AAS) and structure of the eight genes 

were retrieved from the National Center for 

Biotechnology Information, United States of America 

(NCBI) database, 

(http://www.ncbi.nlm.nih.gov/protein/) and Ensembl 

geneome browser (www.ensembl.org/). Sequence 

alignment and comparison were done with Muscle 

using IUB substitution matrix, gap open penalty of 10 

and gap extension penalty of 0.2.  

 

The evolutionary divergence between the sequences 

of each gene was estimated by using the Poisson 

correction model (Zuckerkand et al., 1965). All 

positions containing gaps and missing data were 

eliminated. Evolutionary analyses were conducted by 

using MEGA6 (Kumar et al., 2016). The phylogenetic 

trees were drawn to scale, with branch lengths in the 

same units as those of the evolutionary distances used 

to infer the phylogenetic tree. The evolutionary 

history was inferred by using the Neighbour-Joining 

method based on the JTT matrix-based model (Jones 

et al., 1996).  

 

The tree with the highest log likelihood (-4968.9605) 

is shown. Initial tree(s) for the heuristic search were 

obtained automatically by applying Neighbor-Join 

and BioNJ algorithms to a matrix of pairwise 

distances estimated using a JTT model, and then 

selecting the topology with superior log likelihood 

value.  

 

The tree is drawn to scale, with branch lengths 

measured in the number of substitutions per site. All 

positions containing gaps and missing data were 

eliminated. Evolutionary analyses were conducted 

using MEGA7. 

Table 2A: The CPG Island locations and lengths within the eight 

genes sequences 

Gene CpG  

Islands 

counts 

Start End CpG 

Length 

(s) 

GC% 

SLADMA 5 2654 
3045 

3498 

4377 
4936 

2955 
3265 

4235 

4813 
5156 

302 
221 

738 

437 
221 

55 
51 

53 

62 
57 

SLADMB 5 2285 

9084 
12642 

16135 

21435 

2505 

9338 
12862 

16355 

21689 

221 

255 
221 

221 

255 

53 

59 
53 

53 

59 
ACOX3 

Gene 

27 199 

1793 

2726 
4866 

6893 

7278 
8932 

9789 

11467 
12341 

13979 
19056 

19628 

20292 
28269 

29395 

31190 
35350 

38149 

36481 
42550 

44944 

49331 
50000 

51759 

52184 
54754 

1267 

2159 

4650 
6252 

7174 

8754 
9685 

10602 

12239 
13889 

18834 
19444 

20000 

27810 
29299 

30823 

35216 
36361 

42462 

37973 
44744 

48614 

49661 
51007 

52370 

54666 
55163 

1069 

367 

1925 
1387 

282 

1477 
754 

814 

773 
1549 

4856 
389 

373 

7519 
1031 

1429 

4027 
1012 

4314 

1493 
2195 

3671 

331 
1008 

612 

2083 
410 

61 

59 

61 
56 

60 

63 
58 

53 

53 
65 

64 
52 

51 

64 
56 

61 

63 
62 

62 

61 
61 

64 

55 
68 

68 

59 
50 

RELA 9 79 

1466 
3295 

4840 

5732 
6803 

7526 

9105 
10465 

1343 

2143 
4301 

5503 

6433 
7092 

7937 

9325 
10727 

1265 

678 
1007 

664 

702 
290 

412 

221 
263 

69 

66 
60 

62 

58 
52 

57 

61 
56 

 

RESULTS AND DISCUSSION 
The genomic structure of each eight genes was 

presented in Table 1, where the numbers of exons, 

chromosome locations and amino acid numbers were 

presented. The predicted CpG islands in the eight 

genes and their numbers, location, length, and 

distribution characteristics were analyzed. The results 

showed that these analyzed genes for ASF resistance 

in pigs have CpG islands ranged from 5-30 with 

lengths ranged from 221 to 7519 (Table 2).  From 

these results, it was discovered that the genes with 

larger exons have the largest CGI.  

 

http://www.ncbi.nlm.nih.gov/protein/
http://www.ensembl.org/
http://www.ensembl.org/
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The genes ACOX3, AXL and CIIAT have the largest 

exons of 21-22 and CGI of 27-30 as shown in Tables 

2A and 2B. Li et al (2018) provides insights into how 

methylation affects exon usage during transcription, 

alternative splicing, and cancer development in 

human tissues. According to Dong et al. (2024), the 

host cell can initiate DNA methylation as a defense 

mechanism against viral infections, where upon 

recognizing a virus, the innate immune system 

activates signaling pathways that stimulate the 

production of interferons and other antiviral factors.  

 

Yu et al. (2024) reported that methylation may serve 

as a host defense, suggesting that drugs promoting 

viral DNA methylation could be a potential antiviral 

strategy for ASFV. The varying distribution of CpG 

islands of these genes may influence their methylation 

status, thereby affecting gene expression regulation 

and potentially leading to resistance to the ASF 

disease.  

 

According to Yu et al. (2024), methylation can either 

directly block transcription initiation factors from 

binding to promoters or recruit transcription inhibition 

complexes, which compete with transcription factors, 

resulting in gene silencing.  

 

Methylation may serve as a host defense mechanism, 

suggesting that drugs promoting host DNA 

methylation could be a potential treatment against 

ASF disease.  

 

The results from promoter activities after running the 

software, generated predicted results, with reliability 

increasing as the score rose. Scores ranging from 0.8 

to 1.0 indicated that the predictions were trustworthy, 

and the predicted promoter activity was credible. 

Additionally, the larger font in each predicted 

promoter sequence marked the transcription start site.  

 

The predicted CpG islands in the 2000 bp upstream 

gene sequence analyzed their number, location and 

length, can either directly block transcription 

initiation factors from binding to promoters or recruit 

transcription inhibition complexes, which compete 

with transcription factors, resulting in gene silencing 

as reported by Kitazawa et al. (2022).  LaMere et al. 

(2019) also reported that viral gene expression is 

believed to be partially regulated by DNA 

methylation, which contributes to transcriptional 

silencing and gene suppression through various 

mechanisms in host tissues, though the effects of viral 

infection on host genome methylation remain unclear. 

Genome-wide bisulfite sequencing can detect 

methylation in both host and viral CpG islands, as 

well as in non-CpG islands as reported by LaMere et 

al. (2019) and Gu et al. (2022), which provide 

insights into these changes.  

 
Table 3B: The CPG Island locations and lengths within the eight 

genes sequences 

Gene CpG  

Islands 

counts 

Start End CpG 

Length 

(s) 

GC% 

AXL 

receptor 
Tyrosine 

kinase  
gene 

27 

 
 

173 

1637 
2372 

3006 
3670 

6111 

10245 
11307 

12653 

13364 
13902 

16920 

18024 

18725 

20196 

20264 
21247 

22308 

22780 
23589 

24705 

27364 
28584 

29322 

29765 
30552 

30960 

 993 

2172 
2760 

3254 
4149 

6954 

10572 
11977 

12873 

13768 
14389 

17914 

18244 

18945 

20416 

20899 
21479 

22654 

23106 
23809 

25037 

28014 
28963 

29567 

30161 
30794 

31367 

821 

536 
389 

249 
480 

844 

328 
671 

221 

405 
488 

995 

221 

221 

221 

276 
233 

347 

327 
221 

333 

651 
380 

246 

397 
243 

408 

67 

66 
61 

56 
61 

67 

51 
51 

53 

62 
60 

58 

52 

51 

53 

59 
59 

61 

58 
62 

50 

58 
52 

53 

52 
55 

61 

RFXANK 3 154 
4196 

5202 

1164 
4882 

5443 

1011 
687 

242 

58 
63 

59 

RFXAP 1 203 1614 1412 64 

CIITA 30 905 

1559 

2589 

2939 

3285 
3952 

5614 

9793 
14862 

16648 

17329 
25318 

26546 

28110 
28608 

29974 

32049 
34697 

35094 

36801 
38473 

39124 

47540 

48081 

49378 

51238 
52817 

54340 

57707 

1144 

1779 

2823 

3168 

3638 
4484 

6281 

10099 
15202 

16868 

17805 
25858 

27176 

28330 
28973 

30202 

32269 
34917 

35314 

37381 
38909 

41007 

47760 

48301 

49614 

51753 
53037 

55307 

59166 

240 

221 

235 

230 

354 
533 

668 

307 
341 

221 

477 
541 

631 

221 
366 

229 

221 
221 

221 

581 
437 

1884 

221 

221 

237 

516 
221 

968 

1460 

60 

54 

56 

57 

57 
55 

56 

51 
53 

55 

54 
50 

60 

55 
53 

54 

53 
61 

61 

58 
53 

66 

54 

52 

63 

50 
61 

62 

56 
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The phylogenetic trees of the eight genes were shown 

in Figure 8.  

 
Fig. 1: Phylogenetic tree of DMA gene in pigs and other 

orthologous species making avian as an outgroup 
 

 
Fig. 2: Phylogenetic tree of DMB gene in pigs and other 

orthologous species making avian as an outgroup 

 
The pig, in all the genes, was observed to have low 

genetic distance, thereby closer to the warthog and the 

camel than other mammalian species (Table 3) with 

the exception of the RXANK gene, where it was 

much closer to the goat than any other species.  

 

This result corroborated with Premraj et al. (2015) 

and Chouldhary et al. (2022) where the dromedary 

camel leptin gene has high amino acid similarity 

percentage with domestic species such as pigs, sheep, 

cattle, etc.   

 

 
Fig. 3 Phylogenetic tree of AXL gene in pigs and other orthologous 

species making avian as an outgroup 

 

 
Fig. 4: Phylogenetic tree of ACOX3 gene in pigs and other 

orthologous species making avian as an outgroup 

 

 XP_019841756.1  DMA Bos indicus

 XP_027380969.1 DMA Bos indicus x Bos taurus

 NP_001012692.2  DMA Bos taurus

 XP_005891443.1  DMA Bos mutus

 XP_060259561.1 DMA Ovis aries

 XP_005696267.1 DMA Capra hircus

 NP_001004039.1 SLA-DMA Sus scrofa

 XP_047652716.1 DMA Phacochoerus africanus

 9. XP_006180609.1  DMA Camelus ferus

 XP_010947415.1  DMA Camelus bactrianus

 NP_006111.2  DMA Homo sapiens

 XP_014701841.2  DMA Equus asinus

 XP_005603851.1  DMA Equus caballus

 XP_008504875.1  DMA Equus przewalskii

 NP_001177361.1  DMA Oryctolagus cuniculus

 XP_035170319.1  DMA Oxyura jamaicensis Ruddy Duck

 XP_040398774.1 DMA Cygnus olor Mute Swan

 XP_019841768.1 DMBBos indicus

 XP_027380655.1 DMB Bos indicus x Bos taurus

 XP_060259560.1 DMB Ovis aries

 XP_005696266.1 DMB Capra hircus

 NP_001035571.1  DMB Bos taurus

 XP_014332367.1 DMB Bos mutus

 XP_010992883.1 DMB Camelus dromedarius

 XP_014411211.2 DMB Camelus ferus

 XP_010947416.1  DMB Camelus bactrianus

 NP_001107179.1 DMB Sus scrofa

 XP_047652256.1 DMB Phacochoerus africanus

 XP_014701844.2 DMB Equus asinus

 XP_005603849.1  DMB Equus caballus

 10. XP_008504873.1  DMB Equus przewalskii

 NP_002109.2 DMB Homo sapiens

 NP_001177362.1 DMB Oryctolagus cuniculus

 XP_035426304.1  DMB Cygnus atratus Black Swan

 XP_008535825.1  Equus przewalskii

 XP_014716498.1 AXL Equus asinus

 XP_005596313.1 AXLEquus caballus

 NP_068713.2 AXL Homo sapiens

 XP_008247929.2 AXL Oryctolagus cuniculus

 NP_001121930.1 AXL Sus scrofa

 XP_047650140.1 AXL Phacochoerus africanus

 XP_010945593.1 AXL Camelus bactrianus

 XP_010983535.1 AXL Camelus dromedarius

 XP_004015327.1 AXL Ovis aries

 XP_017917940.1 AXL Capra hircus

 XP_024834863.1 AXL Bos taurus

 XP_019833815.1 AXL Bos indicus

 NP_001096706.1 ACOX3 Bos taurus

 XP_019818813.1 ACOX3 Bos indicus

 XP_027827067.2 ACOX3 Ovis aries

 XP_017905283.1 ACOX3 Capra hircus

 XP_045376251.1 ACOX3 Camelus bactrianus

 XP_031294094.2 ACOX3 Camelus dromedarius

 XP_020956610.1ACOX3 Sus scrofa

 XP_047654262.1 ACOX3 Phacochoerus africanus

 XP_014710688.2 ACOX3 Equus asinus

 XP_023494201.1 ACOX3 Equus caballus

 XP_008531068.1 PREDICTED: ACOX3 Equus przewalskii

 NP_003492.2 ACOX3Homo sapiens

 XP_420814.5 ACOX3 Gallus gallus

 XP_010708796.1 ACOX3 Meleagris gallopavo Turkey
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Fig. 5: Phylogenetic tree of RELA gene in pigs and other 

orthologous species making avian as an outgroup 

 

 
Fig. 6:  Phylogenetic tree of RFXAP gene in pigs and other 

orthologous species making avian as an outgroup 

 

 
Fig 7: Phylogenetic tree of RFXANK gene in pigs and other 

orthologous species making avian as an outgroup 

 

 
Fig. 8: Phylogenetic tree of CIITA gene in pigs and other 

orthologous species making avian as an out group 

 

Table 4: Genetic distances between pig, warthog and camel 

Species DMA DMB ACOX3 RELA AXL RFXANK RFXAP CIITA 

Warthog  0.0029 0.032 0.034 0.005 0.004 0.164 0.010 0.021 

Carmel  0.165 0.198 0.245 0.030 0.0039 0.033 0.073 0.143 

Goat - - -  - 0.029   
Sheep      0.033   

 

 XP_019810403.1 RELA Bos indicus

 XP_027387002.1 RELA Bos indicus x Bos taurus

 NP_001073711.1 RELA Bos taurus

 XP_027815096.1 transcription factor p65 Ovis aries

 XP_017898873.1 RELA Capra hircus

 NP_001107753.1 RELA Sus scrofa

 XP_047631221.1 RELA Phacochoerus africanus

 XP_010955442.1 RELA Camelus bactrianus

 XP_064348202.1 RELA Camelus dromedarius

 XP_023510230.1 RELA Equus caballus

 XP_008508783.1 RELA Equus przewalskii

 XP_014700317.1 RELA Equus asinus

 XP_051683930.1 RELA Oryctolagus cuniculus

 NP_068810.3 RELA 1 Homo sapiens

 NP_001382967.1 RELA Gallus gallus

 XP_015329300.1 RFXAP Bos taurus

 XP_019826950.1 RFXAP Bos indicus

 XP_013823721.2 RFXAP Capra hircus

 XP_012040390.4 RFXAP Ovis aries

 XP_017205664.2 RFXAP Oryctolagus cuniculus

 XP_010949918.2 RFXAP Camelus bactrianus

 XP_010992208.2 RFXAP Camelus dromedarius

 NP_000529.1 RFXAP Homo sapiens

 XP_013835893.2 RFXAP Sus scrofa

 XP_047611766.1 RFXAP Phacochoerus africanus

 XP_014718181.2 RFXAP Equus asinus

 XP_008531156.1 RFXAP Equus przewalskii

 XP_004938803.2 RFXAP Gallus gallus

 XP_035180168.1 RFXAP Oxyura jamaicensis  Ruddy Duck

 XP_035398685.1 RFXAP Cygnus atratus Black Swan

 XP_040399469.1 RFXAP Cygnus olor Mute Swan

 XP_012033061.1 RFXANK  Ovis aries

 XP_005682148.1  RFXANK  Capra hircus

 XP_014415967.1  RFXANK  Camelus ferus

 XP_010970489.1  RFXANK  Camelus bactrianus

 XP_020935713.1  RFXANK  Sus scrofa

 NP_003712.1  RFXANK  Homo sapiens

 XP_014687715.1  RFXANK  Equus asinus

 XP_001503502.2 RFXANK Equus caballus

 XP_008537484.1  RFXANK  Equus przewalskii

 XP_047632410.1  RFXANK  Phacochoerus africanus

 XP_010804817.1  RFXANK  Bos taurus

 XP_019819343.1  RFXANK  Bos indicus

 XP_027404174.1  RFXANK Bos indicus x Bos taurus

 XP_051684071.1 RFXANK  Oryctolagus cuniculus

 XP_040509505.1  RFXANK  Gallus gallus

 XP_019843692.1 CIITA Bos indicus

 XP_027383135.1 CIITABos indicus x Bos taurus

 XP_010817557.1 CIITA Bos taurus

 XP_014959562.3 CIITA Ovis aries

 XP_017896446.1 CIITA Capra hircus

 XP_045376003.1 CIITA Camelus bactrianus

 XP_010978349.3 CIITA Camelus dromedarius

 XP_020941464.1 CIITA Sus scrofa

 XP_047636461.1 MHC CIITA Phacochoerus africanus

 XP_044602242.1 CIITA Equus asinus

 XP_014585603.2 CIITA Equus caballus

 XP_008505109.1 CIITA Equus przewalskii

 NP_000237.2 CIITA Homo sapiens

 XP_008255937.1 MHC class II transactivator isoform X1 Oryctolagus cuniculus

 XP_021267916.1 CIITA Numida meleagris TURKEY

 XP_004945373.2 CIITA Gallus gallus

 XP_010717721.1 CIITA Meleagris gallopavo
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The evolutionary histories for the eight genes were 

inferred using the Neighbor-Joining method (Saitou 

and Nei, 1987). The optimal tree with the sum of 

branch length for each gene = 0.33696723, 

DMA=1.66373794; DMB=1.89057029; 

AXL=0.33696723 RFXANK= 0.75844819; 

RFXAP=0.92069117, is shown. 

 

The percentage of replicate trees in which the 

associated taxa clustered together in the bootstrap test 

(500 replicates) are shown next to the branches 

(Felsenstein, 1985). The trees were drawn to scale, 

with branch lengths in the same units as those of the 

evolutionary distances used to infer the phylogenetic 

tree. The evolutionary distances were computed using 

the Poisson correction method (Zuckerkandl and 

Pauling, 1965) and were in the units of the number of 

amino acid substitutions per site.  All positions 

containing gaps and missing data were eliminated. 

Evolutionary analyses were conducted in MEGA6 

(Tamura et al., 2013). 

 

Conclusion: This study analyzed the promoter and 

CpG islands within the 2000 bp region upstream of 

eight genes associated with ASF resistance.  It can be 

concluded that at the promoter sites, there is an 

overlap with CpG islands, the methylation at these 

sites might have hindered transcription factors from 

binding to promoters, thereby inhibiting gene 

activation and restriction of viral protein synthesis. 

This may be associated with disease resistance, 

therefore genes can be used as biomarkers for the 

selection of ASF disease resistance in pigs.  

Phylogenetic tree of all the genes shows 

the evolutionary relationship between amino acid 

sequences of pig and other orthologous species, with 

the exception of the RFXNAK gene. 
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Abbreviations 

African swine fever virus: (ASF) 

African swine fever virus: (ASFV) 

Cytosine phospho Guanine islands: (CGIs) 

Swine leucocyte antigen DM alpha chain: (SLADMA) 

gene, 

Swine leucocyte antigen DM beta chain:  (SLADMB) 

gene,  

 v-rel avian reticuloendotheliosis viral oncogene 

homolog A: (RELA) gene, 

 AXL (Anexelekto): gene,  

Acyl-CoA oxidase 3 gene (ACOX3),  

Regulatory factor X associated ankyrin containing 

protein (RFXANK) gene, Regulatory factor X 

associated  protein (RFXAP) gene 

CIITA: (Class II, Major Histocompatibility Complex, 

Transactivator) gene 
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