
 ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ 

ʋʏʈɽɾɼɽʅʀɽ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

 ñʉɸʅʂʊ-ʇɽʊɽʈɹʋʈɻʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ 

ʋʅʀɺɽʈʉʀʊɽʊò 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

ɼʦʙʨʳʥʠʥ ʇʘʚʝʣ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

ʉɹʆʈʂɸ ʀ ɸʅʅʆʊɸʎʀʗ ɻɽʅʆʄɸ ɸʌʈʀʂɸʅʉʂʆɻʆ ɻɽʇɸʈɼɸ, 

ACINONYX  JUBATUS.  

 

1.5.7 ï ɻʝʥʝʪʠʢʘ 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

Doctor of Philosophy (PhD), Cornell University, USA 

ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʂʦʨʥʝʣʣʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʉʐɸ 

ʧʨʦʬʝʩʩʦʨ, 

ʉʪʠʚʝʥ ɼʞʝʡʤʩ ʆôɹʨʘʡʝʥ 

 

 

 

 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ï  2022



ʆɻʃɸɺʃɽʅʀɽ 

ɺɺɽɼɽʅʀɽ..............................................................................................................5 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.....................................................7 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʘʙʦʪʳ..................................................9 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ....................................................................................................10 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ...........................................10 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.................................................................11 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ......................................................................12 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ..............................................12 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ..........................................14 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ........................................................................................................15 

ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ.......................................................................16 

1.1. ʌʠʣʦʛʝʥʝʪʠʢʘ ʠ ʝʩʪʝʩʪʚʝʥʥʘʷ ʠʩʪʦʨʠʷ ʛʝʧʘʨʜʦʚ.........................................16 

1.2. ʉʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʠ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʘʬʨʠʢʘʥʩʢʠʭ ʛʝʧʘʨʜʦʚ ʚ 19-20 ʚʝʢʘʭ...................................................................18 

1.3. ʆʙʟʦʨ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʙʦʪʳ ʩ ʛʝʥʦʤʥʳʤʠ ʜʘʥʥʳʤʠ....................................20 

1.4. ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʨʘʙʦʪʳ ʩ ʛʝʥʦʤʥʳʤʠ ʜʘʥʥʳʤʠ............................................21 

1.4.1. ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʙʦʨʢʠ ʭʨʦʤʦʩʦʤʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʦʩʥʦʚʝ 

ʨʝʬʝʨʝʥʩʘ................................................................................................................21 

1.4.2. ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʠʩʢʘ ʧʦʚʪʦʨʦʚ.........................................................23 

1.4.3. ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʚ................................................................24 

1.4.4. ʄʝʪʦʜʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ.................................25 

ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ...............................................................27 

2.1. ʆʙʨʘʟʮʳ ʪʢʘʥʝʡ...............................................................................................27 

2.2. ɺʳʜʝʣʝʥʠʝ ɼʅʂ, ʩʦʟʜʘʥʠʝ ʙʠʙʣʠʦʪʝʢ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ...........................27 

2.3. ʉʧʠʩʦʢ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ...............................................28 

2.4. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʨʦʯʪʝʥʠʡ...........................................................................29 

2.4. ʇʦʠʩʢ ʠ ʘʥʥʦʪʘʮʠʷ SNV.................................................................................30 

2.5. ʉʧʦʩʦʙʳ ʦʮʝʥʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ............................................31 

2.6. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʛʝʥʦʤʥʳʝ ʜʘʥʥʳʝ...................................31 



 3 

2.7. De novo cʙʦʨʢʘ ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ............................................32 

2.8. ʉʙʦʨʢʘ ʥʘ ʦʩʥʦʚʝ ʨʝʬʝʨʝʥʩʘ..........................................................................33 

2.9. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʙʦʨʢʠ ʛʝʥʦʤʘ....................................................................35 

2.10. ʇʦʠʩʢ ʙʣʦʢʦʚ ʩʠʥʪʝʥʠʠ................................................................................36 

2.11. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʚʪʦʨʦʚ............................................................................36 

2.12. ɸʥʥʦʪʘʮʠʷ ʛʝʥʦʚ...........................................................................................37 

2.13. ʇʦʠʩʢ ʩʠʛʥʘʣʦʚ ʧʦʟʠʪʠʚʥʦʛʦ ʦʪʙʦʨʘ..........................................................38 

2.14. ɸʥʘʣʠʟ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ..............................................................................38 

2.15. ɸʥʘʣʠʟ ʛʝʥʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʤʥʦʞʝʥʠʝʤ.................................................39 

2.16. ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʛʝʥʦʚ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

 ʜʣʷ ʨʘʡʦʥʘ MHC...................................................................................................40 

2.17. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ................................................40 

ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ...........43 

3.1. ʆʮʝʥʢʘ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠ ʩʙʦʨʢʘ ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ, 

Acinonyx jubatus.....................................................................................................43 

3.1.1. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʜʣʷ ʨʝʬʝʨʝʥʩʘ 

ʦʙʨʘʟʮʘ ʠ ʰʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʦʙʝʡ...........................................................43 

3.1.2. De novo cʙʦʨʢʘ ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ.........................................45 

3.1.3. ʉʙʦʨʢʘ ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʥʘ ʦʩʥʦʚʝ ʨʝʬʝʨʝʥʩʘ ʜʦʤʘʰʥʝʡ 

ʢʦʰʢʠ......................................................................................................................47 

3.1.4. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʠ.............................................................49 

3.2. ɸʥʘʣʠʟ ʛʝʥʦʚ ʠ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʝ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ, Acinonyx 

jubatus.....................................................................................................................56 

3.2.1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʚʪʦʨʦʚ ʠ ʛʝʥʦʚ ʚ ʛʝʥʦʤʝ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ.......56 

3.2.2. ʇʦʠʩʢ ʩʠʛʥʘʣʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ..................................................58 

3.2.3. ɸʥʘʣʠʟ ʵʢʩʧʘʥʩʠʠ ʠ ʩʦʢʨʘʱʝʥʠʷ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ..................................60 

3.2.4. ɸʥʘʣʠʟ ʛʝʥʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʤʥʦʞʝʥʠʝʤ................................................63 

3.3. ʀʟʫʯʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʩʚʦʙʦʜʥʦʞʠʚʫʱʠʭ ʧʦʧʫʣʷʮʠʷʭ 

ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ, Acinonyx jubatus..............................................................71 

3.3.1. ʀʟʫʯʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ.....................................................71 



 4 

3.3.2. ʉʙʦʨʢʘ ʨʘʡʦʥʘ MHC ʧʨʠ ʧʦʤʦʱʠ ʨʝʬʝʨʝʥʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ...78 

3.4. ʀʟʫʯʝʥʠʝ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʠʩʪʦʨʠʠ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ...........................................................84 

ɿɸʂʃʖʏɽʅʀɽ.....................................................................................................90 

ɺʓɺʆɼʓ...............................................................................................................93 

ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ...............................................................................................95 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʆʁ ʃʀʊɽʈɸʊʋʈʓ..............................................96 

  



 5 

 

ɺɺɽɼɽʅʀɽ 

 

ʏʘʨʣʴʟ ɼʘʨʚʠʥ ʦʧʠʩʳʚʘʣ ʬʝʥʦʪʠʧʠʯʝʩʢʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʘʢ ʦʪʨʘʞʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʩʪʘʥʦʚʷʪʩʷ 

ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʜʣʷ ʚʩʝʡ ʧʦʧʫʣʷʮʠʠ. ɺ ʭʦʜʝ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʚʠʜʳ ʜʦʣʞʥʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʚʩʪʫʧʘʪʴ ʚ ʙʦʨʴʙʫ ʟʘ "ʚʳʞʠʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʛʦ", ʛʜʝ 

ʚʘʨʠʘʮʠʷ ʧʨʠʟʥʘʢʦʚ ʥʝʠʟʙʝʞʥʦ ʚʳʟʳʚʘʝʪ ʨʘʟʣʠʯʠʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʥʜʠʚʠʜʫʫʤʦʚ ʢ ʚʳʞʠʚʘʥʠʶ ʠ ʨʘʟʤʥʦʞʝʥʠʶ, ʚ ʯʝʤ ʠ ʚʳʨʘʞʘʝʪʩʷ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ. 

ɸʬʨʠʢʘʥʩʢʠʝ ʛʝʧʘʨʜʳ (Acinonyx jubatus) ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ 

ʦʙʠʪʘʪʝʣʷʤʠ ɸʬʨʠʢʠ ʢ ʶʛʫ ʦʪ ʉʘʭʘʨʳ ʠ ʖʛʦ-ɿʘʧʘʜʥʦʡ ɸʟʠʠ. ɼʘʥʥʳʡ ʚʠʜ 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʂʦʰʘʯʴʠʭ (Felidae), ʦʜʥʦʤʫ ʠʟ 16 ʩʝʤʝʡʩʪʚ, ʚʭʦʜʷʱʠʭ 

ʚ ʦʪʨʷʜ ʍʠʱʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Carnivora). ʇʦ ʜʘʥʥʳʤ IUCN Red List ʟʘ 

2021 ʛʦʜ, 39 ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ Felidae ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʫʛʨʦʟʦʡ 

ʚʳʤʠʨʘʥʠʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ (10 ï CR, 14 ï EN, 15 ï  VU). ʇʨʝʜʩʪʘʚʠʪʝʣʠ 

ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʘʭ, ʢʨʦʤʝ ɸʚʩʪʨʘʣʠʠ ʠ 

ɸʥʪʘʨʢʪʠʜʳ. 

ɻʝʧʘʨʜ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣ ʢʘʢ ʧʨʝʚʦʩʭʦʜʥʳʡ, ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʭʠʱʥʠʢ, 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʚʦʨʥʳʡ, ʯʪʦʙʳ ʧʨʝʩʣʝʜʦʚʘʪʴ ʜʦʙʳʯʫ ʠ ʠʟʙʝʛʘʪʴ ʢʦʥʢʫʨʝʥʮʠʠ ʩ 

ʜʨʫʛʠʤʠ ʭʠʱʥʠʢʘʤʠ. ʆʜʥʘʢʦ, ʩʝʛʦʜʥʷ ʦʥ ʚʩʝ ʝʱʝ ʙʦʨʝʪʩʷ ʟʘ ʚʳʞʠʚʘʥʠʝ ʚ 

ʩʚʦʝʡ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ. ʆʜʥʠʤ ʠʟ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʛʝʧʘʨʜʘ ʢ ʚʳʞʠʚʘʥʠʶ 

ʷʚʣʷʶʪʩʷ ʤʦʨʬʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʥʦʛʪʝʡ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʙʳʩʪʨʦʝ ʧʝʨʝʜʚʠʞʝʥʠʝ. ʂʦʛʪʠ ʛʝʧʘʨʜʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʛʪʝʡ 

ʦʩʪʘʣʴʥʳʭ ʢʦʰʝʢ, ʚʪʷʛʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢʘʢ ʜʣʷ 

ʦʭʦʪʳ, ʪʘʢ ʠ ʜʣʷ ʣʘʟʘʥʠʷ ʧʦ ʜʝʨʝʚʴʷʤ, ʯʪʦʙʳ ʧʦʡʤʘʪʴ ʜʦʙʳʯʫ ʠʣʠ ʠʟʙʝʞʘʪʴ 

ʥʘʧʘʜʝʥʠʷ. ʀʭ ʢʦʛʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʦʝ ʩʮʝʧʣʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ 

ʜʝʣʘʶʪ ʚʦʟʤʦʞʥʳʤ ʫʩʢʦʨʝʥʠʝ ʜʦ 100 ʢʠʣʦʤʝʪʨʦʚ ʚ ʯʘʩ ʟʘ ʪʨʠ ʩʝʢʫʥʜʳ [Wilson 

et al., 2013]. ʂʨʝʧʢʦʝ ʩʮʝʧʣʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʚʳʰʘʝʪ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʠ 
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ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʝʨʰʘʪʴ ʨʝʟʢʠʝ ʧʦʚʦʨʦʪʳ ʥʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʜʦʙʳʯʘ ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʩɹʷ ʦʪ 

ʧʨʝʩʣʝʜʦʚʘʥʠʷ. ʉʢʦʨʦʩʪʴ, ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʜʦʩʪʠʛʥʫʪʴ ʛʝʧʘʨʜ, ʧʦʨʘʟʠʪʝʣʴʥʘ ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤ ʜʣʷ ʣʦʚʣʠ ʜʦʙʳʯʠ, ʢʦʪʦʨʘʷ ʣʝʛʯʝ ʠ ʙʳʩʪʨʝʝ, ʯʝʤ ɸʬʨʠʢʘʥʩʢʠʝ 

ʙʫʡʚʦʣʳ (Cape buffalo), ʟʝʙʨʳ (Equus quagga) ʠ ʘʥʪʠʣʦʧʳ ʛʥʫ (Connochaetes 

taurinus). ʊʠʧʠʯʥʘʷ ʜʣʷ ʛʝʧʘʨʜʘ ʜʦʙʳʯʘ - ʛʘʟʝʣʠ (Eudorcas thomsonii)  ʠ 

ʥʝʙʦʣʴʰʠʝ ʘʥʪʠʣʦʧʳ (Raphicerus campestris, Cephalophus natalensis, Antidorcas 

marsupialis). ɼʘʥʥʳʡ ʥʘʚʳʢ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʩʠʣʴʥʳʭ ʭʠʱʥʠʢʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʣʴʚʳ (Panthera leo) ʠ ʧʷʪʥʠʩʪʳʝ ʛʠʝʥʳ (Crocuta crocuta). ɼʨʫʛʠʤʠ 

ʘʜʘʧʪʘʮʠʷʤʠ ʛʝʧʘʨʜʦʚ, ʧʦʷʚʠʚʰʠʤʠʩʷ ʚ ʭʦʜʝ ʩʦʪʝʥ ʪʳʩʷʯ ʣʝʪ ʵʚʦʣʶʮʠʠ, 

ʷʚʣʷʶʪʩʷ: ʥʝʙʦʣʴʰʠʝ ʟʫʙʳ, ʪʘʢ ʢʘʢ ʠʭ ʜʦʙʳʯʘ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʘʷ ʠ ʥʝʙʦʣʴʰʘʷ; 

ʫʚʝʣʠʯʝʥʥʳʝ ʧʦʣʦʩʪʠ ʥʦʩʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʜʳʭʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʚʦʟʜʫʭʘ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʛʦʥʠ; ʧʷʪʥʠʩʪʳʡ ʦʢʨʘʩ ʰʝʨʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʘʢ ʩʢʨʳʚʘʪʴʩʷ ʚʦ 

ʚʨʝʤʷ ʦʭʦʪʳ, ʪʘʢ ʠ ʫʢʣʦʥʷʪʴʩʷ ʦʪ ʭʠʱʥʠʢʦʚ; ʘ ʪʘʢʞʝ çʦʪʧʝʯʘʪʢʠ ʩʣʝʟè ʠʣʠ 

ʯʝʨʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ʥʘ ʤʦʨʜʝ, ʟʘʱʠʱʘʶʱʠʝ ʦʪ ʩʦʣʥʝʯʥʳʭ ʙʣʠʢʦʚ. 

ʇʦʤʠʤʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ, ʨʷʜ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʣʫʙʦʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʫʥʠʢʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ 

ʦʭʦʪʳ ʵʪʠʭ ʞʠʚʦʪʥʳʭ [Hudson et al., 2011; Goto et al., 2012; Hyatt et al., 2010]. 

ʂʘʞʜʳʡ ʨʘʟ ʧʨʦʮʝʩʩ ʦʭʦʪʳ ʦʢʘʟʳʚʘʝʪ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʛʝʧʘʨʜʘ, ʦʩʦʙʝʥʥʦ ʥʘ ʯʘʩʪʦʪʫ ʜʳʭʘʥʠʷ, ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʠ 

ʨʝʛʫʣʷʮʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʝʧʘʨʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʢʨʘʡʥʝʛʦ ʠʩʪʦʱʝʥʠʷ ʧʦʩʣʝ ʧʦʛʦʥʠ ʟʘ ʩʚʦʝʡ ʜʦʙʳʯʝʡ. ɺ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ 

ʢʦʥʢʫʨʝʥʪʳ ʛʝʧʘʨʜʦʚ, ʪʘʢʠʝ ʢʘʢ ʧʷʪʥʠʩʪʳʝ ʛʠʝʥʳ, ʘʬʨʠʢʘʥʩʢʠʝ ʣʴʚʳ ʠ 

ʛʠʝʥʦʚʠʜʥʳʝ ʩʦʙʘʢʠ (Lycaon pictus), ʠʩʧʦʣʴʟʫʶʪ ʪɻʫ ʦʩʦʙʝʥʥʦʩʪʴ ʛʝʧʘʨʜʘ ʢʘʢ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʙʨʘʪʴ ʫ ʥʝʛʦ ʜʦʙʳʯʫ [Scantlebury et al., 2014]. 

ʇʦʧʫʣʷʮʠʦʥʥʘʷ ʠʩʪʦʨʠʷ ʚʠʜʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʝʣʘʶʪ ʛʝʧʘʨʜʦʚ ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʥʳʤ ʦʙʲʝʢʪʦʤ 

ʠʟʫʯʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʛʝʥʦʤʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʜʘʧʪʘʮʠʡ, ʦʩʪʘʚʠʚʰʠʭ ʩʣʝʜ ʚ ʛʝʥʦʤʝ ʛʝʧʘʨʜʦʚ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ, ʪʘʢ ʢʘʢ ʢʘʩʘʝʪʩʷ ʚʦʧʨʦʩʦʚ ʵʚʦʣʶʮʠʠ ʛʝʥʦʤʘ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʩʥʦʚ 
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ʤʝʭʘʥʠʟʤʦʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʛʝʧʘʨʜʦʚ, ʜʘʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʚʝʨʰʝʥʥʦ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʙʠʦʣʦʛʠʶ ʵʪʦʛʦ ʠʥʪʝʨʝʩʥʦʛʦ ʚʠʜʘ. 

 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʙʦʣʴʰʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʧʦʧʫʣʷʮʠʠ ʠ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʥʝʡ ʩʢʨʝʱʠʚʘʥʠʡ ʩʨʝʜʠ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʦʩʦʙʝʡ 

(ʠʥʙʨʠʜʠʥʛ), ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʯʝʣʦʚʝʯʝʩʪʚʫ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʳʩʷʯʝʣʝʪʠʡ. ɺ 

ʥʘʯʘʣʝ XIX  ʚʝʢʘ ɼʘʨʚʠʥ ʦʧʠʩʘʣ ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ 

ʩʢʨʝʱʠʚʘʥʠʡ ʫ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ ʚ ʢʥʠʛʝ çʇʨʦʠʩʭʦʞʜʝʥʠʝ ʚʠʜʦʚè [Darwin, 

1859]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ/ʠʣʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʙʨʠʜʠʥʛʦʤ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʧʫʩʪʷ ʯʝʪʚʝʨʪʴ ʚʝʢʘ. ɿʘʪʝʤ, ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ, ʢʦʣʣʝʢʪʠʚ ʫʯʝʥʳʭ 

ʚʦ ʛʣʘʚʝ ʩ ʂʵʪʠ ʈʦʣʣʩ ʠʟʫʯʠʣ ʢʦʨʨʝʣʷʮʠʶ ʫʨʦʚʥʷ ʩʤʝʨʪʥʦʩʪʠ ʧʦʪʦʤʩʪʚʘ ʠ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʙʣʠʟʦʩʪʴ ʨʦʜʠʪʝʣʝʡ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʚ ʟʦʦʧʘʨʢʘʭ [Ralls 

et al., 1988; Ralls and Ballou, 1982]. ʆʥʠ ʥʝ ʪʦʣʴʢʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʩʤʝʨʪʥʦʩʪʠ ʧʦʪʦʤʩʪʚʘ ʦʪ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʧʘʨ ʙʳʣ ʚʳʰʝ, ʥʦ ʠ ʦʧʨʝʜʝʣʠʣʠ 

ʚʢʣʘʜ ʠʥʙʨʠʜʠʥʛʘ ʚ ʫʨʦʚʝʥʴ ʩʤʝʨʪʥʦʩʪʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʚ ʟʦʦʧʘʨʢʝ. ʂʘʢ 

ʚʳʷʩʥʠʣʦʩʴ, ʘʬʨʠʢʘʥʩʢʠʝ ʛʝʧʘʨʜʳ ʠʤʝʣʠ ʥʝ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʫʨʦʚʥʝʡ ʩʤʝʨʪʥʦʩʪʠ ʜʝʪʝʥʳʰʝʡ (30-40%), ʥʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʫʨʦʚʥʝʡ ʠʥʙʨʠʥʜʠʥʛʘ [OôBrien et al, 1983].  

ɻʝʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʧʘʨʜʦʚ, ʥʘʯʘʪʳʝ ʚ 80-ʝ ʛʦʜʳ XX ʚʝʢʘ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ 

ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʥʦ ʧʨʠʤʝʥʷʝʤʳʝ ʪʦʛʜʘ ʤʝʪʦʜʳ ʥʝ ʠʤʝʣʠ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʯʪʦʙʳ ʝʛʦ ʦʙʥʘʨʫʞʠʪʴ. ʉ ʪʝʭ ʧʦʨ, ʚ ʪʝʯʝʥʠʝ 30 ʣʝʪ, 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʘʨʢʝʨʦʚ, ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʜʠʚʰʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʟʘʷʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʛʝʧʘʨʜʳ ʠʤʝʶʪ ʥʠʟʢʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʘ ʧʦ ʤʥʦʛʠʤ ʣʦʢʫʩʘʤ ʥʝ 

ʠʤʝʶʪ ʝʛʦ ʚʦʚʩʝ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʨʢʝʨʳ ʠ ʤʝʪʦʜʳ ʚʢʣʶʯʘʣʠ: ʘʥʘʣʠʟ 

ʘʣʣʦʟʠʤʦʚ ʚ ʬʠʙʨʦʙʣʘʩʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ 

[OôBrien et al., 1983]; ʦʮʝʥʢʫ ʧʦʣʠʤʦʨʬʠʟʤʘ ʜʣʠʥ ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 
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(ʇɼʈʌ) ʚ ʣʦʢʫʩʘʭ MHC [Yuhki and OôBrien, 1990]; ʠʟʫʯʝʥʠʝ ʘʩʠʤʤʝʪʨʠʠ 

ʢʦʩʪʝʡ ʯʝʨʝʧʘ [Wayne et al., 1986], ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʛʝʥʦʚ MHC-I ʠ MHC-II  

[Castro-Prieto et al., 2011]; ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ [Freeman 

et al., 2001]; ʠʟʫʯʝʥʠʝ ʧʦʣʠʤʦʨʬʠʟʤʘ ʛʝʥʦʪʠʧʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ [Driscoll et al., 2002]. 

ʈʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʝʩʪʦʚ ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʘ 90-99% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʝʣʦʚʝʢʦʤ ʠʣʠ 

ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʚʷʟʘʥ ʩ ʪʨʘʥʩʧʣʘʥʪʘʮʠʝʡ ʢʦʞʠ ʤʝʞʜʫ ʥʝʨʦʜʩʪʚʝʥʥʳʤʠ 

ʦʩʦʙʷʤʠ. ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ ʚʣʠʷʥʠʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʫ ʛʝʧʘʨʜʦʚ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʥʝʙʦʣʴʰʠʝ ʢʫʩʦʯʢʠ ʪʨʘʥʩʧʣʘʥʪʠʨʫʝʤʦʡ ʢʦʞʠ ʥʝ ʙʳʣʠ ʦʪʪʦʨʛʥʫʪʳ 

ʨʝʮʠʧʠʝʥʪʘʤʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʘʣʣʝʣʠ ʛʝʥʦʚ ʠʤʤʫʥʥʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʳʣʠ ʥʘʩʪʦʣʴʢʦ ʠʜʝʥʪʠʯʥʳ ʫ ʥʝʨʦʜʩʪʚʝʥʥʳʭ ʦʩʦʙʝʡ, ʯʪʦ ʥʝ 

ʚʦʩʧʨʠʥʠʤʘʣʠʩʴ ʢʘʢ ʯʫʞʝʨʦʜʥʳʝ [OôBrien et al., 1985]. ʋ ʛʝʧʘʨʜʦʚ ʦʯʝʥʴ ʤʘʣʦ 

ʘʣʣʝʣʝʡ ʛʝʥʦʚ MHC-I ʠ MHC-II, ʯʪʦ ʥʝʪʠʧʠʯʥʦ ʜʣʷ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʛʝʧʘʨʜʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʤʝʨʪʥʦʩʪʠ ʩʨʝʜʠ ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʪʨʫʜʥʦʩʪʷʤʠ ʩ 

ʨʘʟʤʥʦʞʝʥʠʝʤ ʚ ʥʝʚʦʣʝ, ʩʝʨʴʝʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʩʧʝʨʤʘʪʦʟʦʠʜʦʚ ʠ ʧʦʚʳʰʝʥʥʦʡ ʫʷʟʚʠʤʦʩʪʴʶ ʢ ʚʩʧʳʰʢʘʤ ʠʥʬʝʢʮʠʦʥʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ [Heeney et al., 1990; Pearks Wilkerson et al., 2004]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʛʝʧʘʨʜʳ ʷʚʣʷʶʪʩʷ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʚʣʠʷʥʠʷ ʥʠʟʢʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʘ ʬʠʟʠʦʣʦʛʠʶ. ʇʦʪʝʨʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʫ 

ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʧʘʨʜʦʚ ʙʳʣʘ ʰʠʨʦʢʦ ʠʟʫʯʝʥʘ ʠ ʧʨʦʚʝʨʝʥʘ [May, 1995]. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʨʝʟʫʣʴʪʘʪʳ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʚʝʜʝʥʥʳʭ ʘʥʘʣʠʟʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʛʠʧʦʪʝʟʦʡ ʦ ʪʦʤ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʛʝʧʘʨʜʦʚ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʯʝʨʝʟ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʙʫʪʳʣʦʯʥʳʭ 

ʛʦʨʣʳʰʝʢ ʥʘʯʠʥʘʷ ʩ ʇʣʝʡʩʪʦʮʝʥʘ [Castro-Prieto et al, 2011; Caro and Laurenson, 

1994; OôBrien et al., 2005]. 
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ʀʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʠ ʛʝʧʘʨʜʘ ʠ ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʤʠʨʘʥʠʷ ʚʠʜʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʫʯʸʥʳʤʠ ʠ ʵʢʦʣʦʛʘʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʛʝʧʘʨʜʦʚ, 

ʥʘʨʫʰʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʩʧʝʨʤʘʪʦʟʦʠʜʦʚ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʠʭ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʣʝʪʘʣʴʥʳʤ ʚʠʨʫʩʥʳʤ ʠʥʬʝʢʮʠʷʤ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʫʥʠʢʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʥʠʟʢʦʛʦ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʝʪʦʜʘʤʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʧʦʣʥʦʛʦ ʛʝʥʦʤʘ. 

 

ʎʝʣɹ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʠʟʫʯʝʥʠʝ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʠ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʫʛʨʦʟʦʡ ʠʩʯʝʟʥʦʚʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʚʳʜʚʠʥʫʪʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1) ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʠ ʩʙʦʨʢʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʦʤʘ ʥʘ 

ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ;  

2) ʈʝʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʰʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʜʚʘ 

ʧʦʜʚʠʜʘ, ʠ ʢʘʨʪʠʨʦʚʘʥʠʝ ʨʠʜʦʚ ʥʘ ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ; 

3) ɸʥʥʦʪʘʮʠʷ ʛʝʥʦʚ, ʧʦʚʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʛʝʥʦʤʘ ʤʝʪʦʜʘʤʠ, 

ʙʘʟʠʨʫʶʱʠʤʠʩʷ ʥʘ ʧʦʠʩʢʝ ʛʦʤʦʣʦʛʦʚ, ʠ ʘʣʛʦʨʠʪʤʘʤʠ ʜʣʷ ab initio 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʦʚ; 

4) ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʛʝʥʦʤʝ 

ʛʝʧʘʨʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʛʝʥʦʤʥʦʛʦ ʘʥʘʣʠʟʘ; 

5) ʀʟʫʯʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʨʝʜʠ ʩʝʤʠ ʛʝʥʦʤʦʚ ʛʝʧʘʨʜʦʚ ʤʝʪʦʜʦʤ 

ʜʝʪʝʢʮʠʠ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʚʘʨʠʘʥʪʦʚ (SNV); 

6)  ʉʙʦʨʢʘ ʨʘʡʦʥʦʚ MHC ʛʝʧʘʨʜʘ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʛʦʤʦʣʦʛʠʯʥʳʤʠ ʨʘʡʦʥʘʤʠ 

ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʣʝʢʦʧʠʪʘʶʱʠʭ; 

7)  ɸʥʘʣʠʟ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʜʚʫʭ ʩʫʙʧʦʧʫʣʷʮʠʡ ʘʬʨʠʢʘʥʩʢʠʭ ʛʝʧʘʨʜʦʚ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʘʷ ʩʙʦʨʢʘ ʛʝʥʦʤʘ de 

novo ʠ ʧʦʜʨʦʙʥʘʷ ʘʥʥʦʪʘʮʠ ̫ʛʝʥʦʚ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʘʬʨʠʢʘʥʩʢʦʛʦ 

ʛʝʧʘʨʜʘ. ʉʦʙʨʘʥʥʳʡ ʛʝʥʦʤ ʛʝʧʘʨʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʚʳʡ ʧʫʙʣʠʯʥʦ 

ʜʦʩʪʫʧʥʳʡ ʛʝʥʦʤ ʚʠʜʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʣʠʥʠʠ Puma. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʙʦʨʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʦʤʘ, 

ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʪʦʯʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʛʝʥʦʤʝ 

ʛʝʧʘʨʜʘ ʙʳʣʠ ʦʧʠʩʘʥʳ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʘʜʘʧʪʘʮʠʠ ʢ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤʫ ʙʝʛʫ ʠ ʧʣʦʪʦʷʜʥʦʤʫ ʪʠʧʫ ʧʠʪʘʥʠʷ. ʅʘʤʠ ʥʝ ʪʦʣʴʢʦ ʙʳʣʘ 

ʪʦʯʥʦ ʦʧʠʩʘʥʘ ʧʦʪʝʨʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦ ʚʩʝʤʫ ʛʝʥʦʤʫ, ʥʦ ʠ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʮʝʧʦʯʢʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʧʨʠʚʝʜʰʠʭ ʘʬʨʠʢʘʥʩʢʦʛʦ 

ʛʝʧʘʨʜʘ ʢ ʥʳʥʝʰʥʝʤʫ ʩʦʩʪʦʷʥʠʶ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʘ ʧʦʩʚʷʱʝʥʘ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʭʨʘʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʠʜʦʚ ï ʧʦʥʠʤʘʥʠʶ ʵʬʬʝʢʪʦʚ ʩʥʠʞʝʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʘ ʛʝʥʦʤ ʠ ʬʝʥʦʪʠʧ ʫ ʠʩʯʝʟʘʶʱʠʭ ʚʠʜʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ï ʬʝʥʦʤʝʥʘ 

ʙʫʪʳʣʦʯʥʦʛʦ ʛʦʨʣʳʰʢʘ ʠ ʵʬʬʝʢʪʘ ʦʩʥʦʚʘʪʝʣʷ. 

ʅʘʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʡ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʘʥʥʦʪʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ 

ʘʥʘʣʠʟʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʫʚʝʣʠʯʠʚʘʶʱʠʝʩʷ ʦʙʲʝʤʳ ʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʙʣʝʤʳ ʧʨʠ ʨʘʙʦʪʝ ʩ ʪʘʢʠʤ 

ʪʠʧʦʤ ʜʘʥʥʳʭ ʥʘ ʥʝʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʚʩʝ ʝʱʝ ʦʩʪʘʶʪʩʷ. 

ɼʘʥʥʳʝ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠ ʧʝʨʚʠʯʥʦʡ ʩʙʦʨʢʠ ʛʝʥʦʤʘ 

ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʚ ʙʘʟʝ ʜʘʥʥʳʭ NCBI GenBank, ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ. ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʦʧʠʩʘʥʥʳʭ ʚʘʨʠʘʥʪʘʭ, ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʘʭ, ʛʝʥʘʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 
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ʚʘʨʠʘʥʪʘʭ ʜʦʩʪʫʧʥʘ ʚ ʛʝʥʦʤʥʦʤ ʙʨʘʫʟʝʨʝ GARFIELD 

(http://garfield.dobzhanskycenter.org/). 

ʆʧʠʩʘʥʳ ʚʨʝʜʥʳʝ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ AKAP4, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʧʘʨʜʦʚ. ʇʦʜʦʙʨʘʥʳ ʧʨʘʡʤʝʨʳ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʣʦʢʫʩʘ ʩ 

ʜʘʥʥʳʤʠ ʤʫʪʘʮʠʷʤʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʘʡʤʝʨʦʚ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʘ 

ʜʚʘʜʮʘʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʜʠʢʠʭ ʘʬʨʠʢʘʥʩʢʠʭ ʛʝʧʘʨʜʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʛʝʥʦʤʘ ʛʝʧʘʨʜʘ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʠʦʣʦʛʠʝʡ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʠʩʯʝʟʘʶʱʠʭ 

ʚʠʜʦʚ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʠ ʘʢʪʫʘʣʴʥʳʝ ʤʝʪʦʜʳ, ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʙʳʣʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʘ ʠʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʧʦʜ ʮʝʣʠ ʠ 

ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ.  

ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ð ʉʙʦʨʢʘ ʛʝʥʦʤʘ de novo ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʦʤʘ; 

ð ɺʳʨʘʚʥʠʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ ʠ ʙʝʣʢʦʚ; 

ð ʄʥʦʞʝʩʪʚʝʥʥʦʝ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ; 

ð ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʝʥʦʚ, ʧʦʚʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʛʝʥʦʤʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ 

ʘʥʘʣʠʟ ʩʝʤʝʡʩʪʚ ʛʝʥʦʚ ʠ ʧʨʠʟʥʘʢʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ; 

ð ʆʮʝʥʢʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʘ ʫʨʦʚʥʝ ʛʝʥʦʤʘ; 

ð ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʜʝʤʦʛʨʘʬʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʣʝʣʴ ʯʘʩʪʦʪʥʳʭ 

ʩʧʝʢʪʨʦʚ. 
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ʇʦʣʦʞʝʥʠʷ ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɻʝʥʦʤ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʦʪʣʠʯʘʝʪʩʷ ʢʨʘʡʥʝ ʥʠʟʢʠʤ ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʤʠ ʚʠʜʘʤʠ ʠ ʠʥʳʤʠ 

ʤʣʝʢʦʧʠʪʘʶʱʠʤʠ. 

2. ɻʝʥʦʤʥʳʡ ʨʘʡʦʥ MHC ʫ ʛʝʧʘʨʜʘ ʥʝ ʪʦʣʴʢʦ ʩʦʜʝʨʞʠʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʘʣʣʝʣʝʡ MHC ʢʣʘʩʩʦʚ I ʠ II , ʥʦ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʨʶ ʜʦ 4 ʛʝʥʦʚ MHC 

ʢʣʘʩʩʘ I, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʥʦʤʦʤ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ. 

3. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʯʝʨʝʟ ʜʚʘ ʙʫʪʳʣʦʯʥʳʭ 

ʛʦʨʣʳʰʢʘ. 

4. ʉʝʤʝʡʩʪʚʘ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʤʥʦʞʝʥʠʝʤ, ʫ ʘʬʨʠʢʘʥʩʢʠʭ ʛʝʧʘʨʜʦʚ 

ʘʢʢʫʤʫʣʠʨʫʶʪ ʠʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ, ʯʘʩʪʴ ʠʟ 

ʢʦʪʦʨʳʭ ʦʢʘʟʘʣʘʩʴ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʨʝʜʥʦʡ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʷʜ ʩʝʨʴʝʟʥʳʭ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ AKAP4 ʩʢʦʨʝʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʬʝʢʪʥʳʭ ʩʧʝʨʤʘʪʦʟʦʠʜʦʚ ʫ ʛʝʧʘʨʜʦʚ.  

5. ʇʨʠʟʥʘʢʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʠ ʘʤʧʣʠʬʠʢʘʮʠʠ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ ʧʦʢʘʟʘʣʠ 

ʢʨʘʡʥʝ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʘʜʘʧʪʘʮʠʶ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʫʶ ʩ ʙʳʩʪʨʳʤ ʙʝʛʦʤ ʠ 

ʬʠʟʠʯʝʩʢʦʡ ʚʳʥʦʩʣʠʚʦʩʪʴʶ ʛʝʧʘʨʜʘ. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʝʤʠ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ:  

1. Tamazian G.  Annotated features of domestic cat ï Felis catus genome / G. 

Tamazian, S. Simonov, P. Dobrynin et al. // GigaScience. ï 2014. ï T.3. ï ˉ.1. ï 

C.13. 

2. Dobrynin, P. Genomic legacy of the African cheetah, Acinonyx jubatus / P. 

Dobrynin, S. Liu, G. Tamazian et al. // Genome biology. ï 2015. ï T.16. - ˉ.1. ï 

C.277. 
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3. OôBrien, S.J. Response to Comment by Faurby, Werdelin and Svenning / S.J. 

OôBrien, K.P. Koepfli, E. Eizirik et al. // Genome biology. ï 2016. ï T.17. - ˉ.1. ï 

C.90. 

4. Tamazian G. Chromosomer: a reference-based genome arrangement tool for 

producing draft chromosome sequences // G. Tamazian, P. Dobrynin, K. 

Krasheninnikova et al. // GigaScience. ï 2016. ï T.5. - ˉ.1. ï C.38. 

5. Noskova E. GADMA: Genetic algorithm for inferring demographic history of 

multiple populations from allele frequency spectrum data / E. Noskova, V. 

Ulyantsev, K.P. Koepfli et al. // GigaScience. ï 2020. ï T.9. - ˉ.3. ï C.giaa005. 

6. Tamazian G. Draft de novo Genome Assembly of the Elusive Jaguarundi, Puma 

yagouaroundi / G. Tamazian, P. Dobrynin, A. Zhuk et al. // Journal of Heredity. ï 

2021. ï T.112. - ˉ.6. ï C.540-548. 

7. Fyodorova A. Genome-wide detection of positive selection in new African cheetah 

assembly / A. Fyodorova, A. Zhuk, P. Dobrynin // BMC Bioinformatics. ï 2021. ï 

T.22. - ˉ.S16. 

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: Society for Molecular Biology and Evolution meeting (ɸʚʩʪʨʠʷ, 

2015), Recent Advances in Conservation Genetics Course (ɺʝʥʛʨʠʷ, 2016) ʠ 

BiATA (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2021). 

ʆʙʩʫʞʜʝʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ   ʥʘ ʩʝʤʠʥʘʨʘʭ ʚ ʎʝʥʪʨʝ 

ʛʝʥʦʤʥʦʡ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʠʤ. ʌ.ɻ.ɼʦʙʨʞʘʥʩʢʦʛʦ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠ ʥʘʫʯʥʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʮʝʥʪʨʝ - ɻʝʥʦʤʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʀʊʄʆ. 

 

 

 

 

 

 

 

https://academic.oup.com/jhered/article-abstract/112/6/540/6305920
https://academic.oup.com/jhered/article-abstract/112/6/540/6305920
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺʳʙʦʨ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʠ ʠ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨ ʧʨʦʚʝʣ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ PhD, 

ʧʨʦʬʝʩʩʦʨʦʤ, ʉʪʠʚʝʥʦʤ ɼʞʝʡʤʩʦʤ ʆôɹʨʘʡʝʥʦʤ. ɸʚʪʦʨ ʨʘʙʦʪʳ ʠʟʫʯʠʣ 

ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʪʝʤʝ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʥʘʧʠʩʘʥʠʠ ʠ ʧʦʜʛʦʪʦʚʢʝ 

ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʷʤ, ʥʘʧʠʩʘʣ ʨʫʢʦʧʠʩʴ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ: ʩʙʦʨʢʘ ʛʝʥʦʤʘ ʠ ʝʛʦ ʬʨʘʛʤʝʥʪʦʚ, ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʦʠʩʢ ʛʝʥʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ, ʘʥʘʣʠʟ 

ʩʠʛʥʘʣʦʚ ʧʦʟʠʪʠʚʥʦʛʦ ʦʪʙʦʨʘ, ʘʥʘʣʠʟ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʚʳʧʦʣʥʝʥʳ 

ʘʚʪʦʨʦʤ ʣʠʯʥʦ. ʆʙʱʠʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʨʘʙʦʪʫ - ʙʦʣʝʝ 80%.  
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʕʪʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʥʝ ʙʳʣʘ ʙʳ ʚʦʟʤʦʞʥʘ ʙʝʟ ʧʦʜʜʝʨʞʢʠ ʠ 

ʥʝʦʮʝʥʠʤʦʡ ʧʦʤʦʱʠ ʤʥʦʛʠʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʭ ʷ ʭʦʯʫ ʠʩʢʨʝʥʥʝ ʧʦʙʣʘʛʦʜʘʨʠʪʴ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʷ ʛʣʫʙʦʢʦ ʧʨʠʟʥʘʪʝʣʝʥ ʤʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, 

ʜʦʢʪʦʨʫ ʉʪʠʚʝʥʫ ʆ'ɹʨʘʡʝʥʫ ʟʘ ʝʛʦ ʪʝʨʧʝʥʠʝ ʠ ʦʪʟʳʚʯʠʚʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʧʦʜʛʦʪʦʚʢʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʟʘ ʙʝʩʮʝʥʥʳʝ 

ʩʦʚʝʪʳ ʠ ʦʧʳʪ, ʢʦʪʦʨʳʤʠ ʦʥ ʚʩʝʛʜʘ ʦʭʦʪʥʦ ʜʝʣʠʣʩʷ. 

ʊʘʢʞʝ ʷ ʭʦʯʫ ʚʳʨʘʟʠʪʴ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜʦʢʪʦʨʫ ʂʣʘʫʩ-

ʇʠʪʝʨʫ ʂʦʧʬʣʠ, ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʠʟ ʉʤʠʪʩʦʥʦʚʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠ ʩʪʘʨʰʝʤʫ 

ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʅʆʎ ɻʝʥʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʀʊʄʆ, 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʙʳʣ ʦʩʚʦʝʥ ʠ ʧʨʦʚʝʜʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, 

ʟʘ ʝʛʦ ʪʝʨʧʝʥʠʝ, ʧʦʜʜʝʨʞʢʫ ʠ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ. 

ʆʛʨʦʤʥʦʝ ʩʧʘʩʠʙʦ ʐʠʧʠʥʛ ʃʠʫ ʠ ʝʛʦ ʢʦʤʘʥʜʝ ɻʝʥʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟ 

ʠʥʩʪʠʪʫʪʘ BGI (ʂʠʪʘʡ), ʙʣʘʛʦʜʘʨʷ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʧʝʨʚʠʯʥʘʷ ʩʙʦʨʢʘ ʠ ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʗ ʚʦʩʭʠʱʝʥ ʜʨʫʞʝʩʪʚʝʥʥʦʡ 

ʨʘʙʦʯʝʡ ʘʪʤʦʩʬʝʨʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀʥʩʪʠʪʫʪʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʤʥʝ 

ʚʳʧʦʣʥʠʪʴ ʦʛʨʦʤʥʫʶ ʯʘʩʪʴ ʨʘʙʦʪʳ ʚʦ ʚʨʝʤʷ ʤʦʝʛʦ ʚʠʟʠʪʘ.  

ʗ ʙʣʘʛʦʜʘʨʝʥ ʢʦʣʣʝʢʪʠʚʫ ʎʝʥʪʨʘ ʛʝʥʦʤʥʦʡ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʠʤ. 

ʌ.ɻ.ɼʦʙʨʞʘʥʩʢʦʛʦ (ʈʦʩʩʠʷ), ʌʦʥʜʫ ʩʦʭʨʘʥʝʥʠʷ ʛʝʧʘʨʜʦʚ (ʅʘʤʠʙʠʷ) ʠ 

ʢʦʣʣʝʢʪʠʚʫ ʅʆʎ ɻʝʥʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʀʊʄʆ. ʎʝʥʥʳʡ ʠ ʨʘʟʥʦʩʪʦʨʦʥʥʠʡ 

ʦʧʳʪ ʠ ʣʠʯʥʳʝ ʫʩʠʣʠʷ ʤʥʦʛʠʭ ʢʦʣʣʝʛ ʩʜʝʣʘʣʠ ʵʪʫ ʨʘʙʦʪʫ ʚʦʟʤʦʞʥʦʡ.  



 16 

ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1. ʌʠʣʦʛʝʥʝʪʠʢʘ ʠ ʝʩʪʝʩʪʚʝʥʥʘʷ ʠʩʪʦʨʠʷ ʛʝʧʘʨʜʦʚ 

 

ɺ 1777 ʛʝʧʘʨʜʘʤ ʧʨʠʩʚʘʠʚʘʶʪ ʠʤʷ ï Felis jubatus, ʧʦʟʞʝ ʚ 1828 ʛʦʜʫ ʠʭ 

ʧʝʨʝʤʝʱʘʶʪ ʚ ʦʪʜʝʣʴʥʳʡ ʨʦʜ Acinonyx, ʩʧʫʩʪʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʦ ʣʝʪ ʚ 1917 

ʛʦʜʫ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʛʝʧʘʨʜʦʚ ʚʳʜʝʣʷʶʪ ʚ ʦʪʜʝʣʴʥʦʝ 

ʧʦʜʩʝʤʝʡʩʪʚʦ ï Acinonychinae. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʩʠʩʪʝʤʘʪʠʢʘ ʛʝʧʘʨʜʦʚ ʙʳʣʘ ʩʥʦʚʘ 

ʧʝʨʝʩʤʦʪʨʝʥʘ ʠ ʠʭ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʚ ʧʦʜʩʝʤʝʡʩʪʚʦ ï Felinae. ʉʝʡʯʘʩ ʛʝʧʘʨʜ 

ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʩʚʦʝʛʦ ʨʦʜʘ Acinonyx, ʢʦʪʦʨʦʛʦ ʚʤʝʩʪʝ 

ʩ ʜʚʫʤʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʦʜʘ Puma (P. concolor ʠ P. yagouaroundi) ʚʳʜʝʣʷʶʪ 

ʚ ʦʪʜʝʣʴʥʫʶ ʣʠʥʠʶ ʇʫʤʳ (Puma lineage). ɺʨʝʤʷ ʨʘʟʜʝʣʝʥʠʷ ʛʝʧʘʨʜʦʚ, ʧʫʤ ʠ 

ʷʛʫʘʨʫʥʜʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʚʠʜʳ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 6,7 ʤʣʥ. ʣ. ʥ. 

ɺʦʟʨʘʩʪ ʩʘʤʳʭ ʩʪʘʨʳʭ ʦʢʘʤʝʥʝʣʦʩʪʝʡ ʛʝʧʘʨʜʘ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ 

ʚʦʩʪʦʯʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʭ ɸʬʨʠʢʠ, ʩʦʩʪʘʚʣʷʝʪ 3,5ï3 ʤʣʥ. ʣ. ʥ.; ʩʘʤʳʡ ʨʘʥʥʠʡ 

ʠʟʚʝʩʪʥʳʡ ʦʙʨʘʟʝʮ ʠʟ ʖʞʥʦʡ ɸʬʨʠʢʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʩʘʤʳʭ ʥʠʞʥʠʭ 

ʦʪʣʦʞʝʥʠʡ ʛʨʦʪʘ ɿʠʣʴʙʝʨʙʝʨʛ [Krausman et al., 2005]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʠ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴ ʵʪʠʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʧʨʝʜʢʦʚʘʷ ʬʦʨʤʘ ʛʝʧʘʨʜʘ ʙʳʣʘ ʢʨʫʧʥʝʝ ʠ ʤʝʥʝʝ ʘʜʘʧʪʠʨʦʚʘʥʘ ʢ ʙʝʛʫ 

[Valkenburgh et al., 2018]. ʀʩʢʦʧʘʝʤʳʝ ʦʩʪʘʥʢʠ ʠʟ ɽʚʨʦʧʳ ʦʛʨʘʥʠʯʝʥʳ 

ʥʝʩʢʦʣʴʢʠʤʠ ʦʙʨʘʟʮʘʤʠ ʩʨʝʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʠʟ ʍʫʥʜʩʭʘʡʤʘ (ɸʚʩʪʨʠʷ) ʠ 

ʧʝʩʢʦʚ ʄʦʩʙʘʭ (ɻʝʨʤʘʥʠʷ) [Hemmer et al., 2008]. ʀʟʚʝʩʪʥʳ ʢʦʰʢʠ, ʧʦʭʦʞʠʝ ʥʘ 

ʛʝʧʘʨʜʦʚ, ʦʙʠʪʘʚʰʠʝ 10.000 ʣʝʪ ʥʘʟʘʜ ʚ ʉʪʘʨʦʤ ʉʚʝʪʝ. ɻʠʛʘʥʪʩʢʠʡ ʛʝʧʘʨʜ (A. 

pardinensis), ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʢʨʫʧʥʳʡ ʠ ʚʝʨʦʷʪʥʦ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʛʝʧʘʨʜʦʤ, ʦʙʠʪʘʣ ʚ ɽʚʨʘʟʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʚʦʩʪʦʢʝ ʠ 

ʶʛʝ ɸʬʨʠʢʠ ʧʨʠʤʝʨʥʦ 3,8ï1,9 ʤʣʥ. ʣ. ʥ. [Cherin et al., 2014] ɺ ʩʨʝʜʥʝʤ 

ʧʣʝʡʩʪʦʮʝʥʝ ʤʝʥʝʝ ʢʨʫʧʥʳʡ ʛʝʧʘʨʜ, A. intermedius, ʦʙʠʪʘʣ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʦʪ 

ɽʚʨʦʧʳ ʜʦ ʂʠʪʘʷ [Krausman et al., 2005]. ʉʦʚʨʝʤʝʥʥʳʡ ʛʝʧʘʨʜ ʧʦʷʚʠʣʩʷ ʚ 

ɸʬʨʠʢʝ ʦʢʦʣʦ 1,9 ʤʣʥ ʣʝʪ ʥʘʟʘʜ; ʝʛʦ ʣʝʪʦʧʠʩʴ ʦʢʘʤʝʥʝʣʦʩʪʝʡ ʦʛʨʘʥʠʯʝʥʘ 

ɸʬʨʠʢʦʡ [Valkenburgh et al., 2018]. 
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ɺʳʤʝʨʰʠʝ ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʠʝ ʛʝʧʘʨʜʦʧʦʜʦʙʥʳʝ ʢʦʰʢʠ ʠʩʪʦʨʠʯʝʩʢʠ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠʩʴ ʢʘʢ Felis, Puma ʠʣʠ Acinonyx; ʜʚʘ ʪʘʢʠʭ ʚʠʜʘ, F. studeri ʠ 

F. trumani, ʩʯʠʪʘʣʠʩʴ ʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʢ ʧʫʤʝ, ʯʝʤ ʢ ʛʝʧʘʨʜʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ 

ʙʣʠʟʢʦʝ ʩʭʦʜʩʪʚʦ ʩ ʧʦʩʣʝʜʥʠʤ. ɼʵʥʠʝʣ ɸʜʘʤʩ ʧʨʝʜʣʦʞʠʣ Miracinonyx, ʢʘʢ 

ʥʦʚʳʡ ʧʦʜʨʦʜ Acinonyx, ʧʦʟʞʝ ʦʥ ʙʳʣ ʚʦʟʚʝʜʝʥ ʚ ʨʘʥʛ ʨʦʜʘ [Adams, 1979]. 

ɸʜʘʤʩ ʫʢʘʟʘʣ, ʯʪʦ ʛʝʧʘʨʜʦʧʦʜʦʙʥʳʝ ʢʦʰʢʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʠ ʉʪʘʨʦʛʦ 

ʉʚʝʪʘ ʤʦʛʣʠ ʠʤʝʪʴ ʦʙʱʝʛʦ ʧʨʝʜʢʘ, ʘ ʛʝʧʘʨʜ ʤʦʛ ʧʦʷʚʠʪʴʩʷ ʚ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʝ, ʘ ʥʝ ʚ ɽʚʨʘʟʠʠ. ʆʜʥʘʢʦ, ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝʪ ʦʜʥʦʟʥʘʯʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʩʪʦʚʝʨʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ Miracinonyx ʙʣʠʞʝ ʢ ʧʫʤʘʤ 

ʠʣʠ ʛʝʧʘʨʜʘʤ [ref]. ɺ ʧʫʙʣʠʢʘʮʠʠ [Dobrynin et al., 2015], ʣʝʞʘʝɦʡ ʚ ʦʩʥʦʚʝ 

ʪʝʢʫʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʳ ʩʢʣʦʥʷʝʤʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʛʝʧʘʨʜ ʧʦʷʚʠʣʩʷ ʚ 

ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ, ʥʦ ʵʪʦʪ ʩʮʝʥʘʨʠʡ ʥʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ, 

ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʦʧʠʩʘʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʜʘʥʥʳʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʝʧʘʨʜʳ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ɸʬʨʠʢʝ ʠ ʀʨʘʥʝ, ʤʳ 

ʩʯʠʪʘʝʤ, ʯʪʦ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ 

ʚʦʟʥʠʢʣʠ ʦʪ ʦʜʥʦʛʦ ʦʙʱʝʛʦ ʧʨʝʜʢʘ, ʢʦʪʦʨʳʡ ʞʠʣ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʠ ʚ ʄʠʦʮʝʥʝ [Johnson et al., 2006]. ʊʘʢʘʷ ʦʮʝʥʢʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʨʢʝʨʦʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʠ ʷʜʝʨʥʦʡ 

ɼʅʂ, ʠʩʢʦʧʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʩʚʝʜʝʥʠʡ ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʠʜʦʚ. 

ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʩʣʝʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʝʧʘʨʜʘ ʠ ʛʝʧʘʨʜʦʧʦʜʦʙʥʳʭ ʢʦʰʝʢ 

ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʝ, ɽʚʨʦʧʝ ʠ ɸʟʠʠ ʚʧʣʦʪʴ ʜʦ 

ʧʦʟʜʥʝʛʦ ʇʣʝʡʩʪʦʮʝʥʘ (10.000 ï 12.000 ʣʝʪ ʥʘʟʘʜ). ʕʪʦ ʚʨʝʤʷ ʧʨʠʤʝʨʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʠʦʜʫ ʚʳʤʠʨʘʥʠʷ ʤʝʛʘʬʘʫʥʳ, ʢʦʪʦʨʦʝ ʟʘʪʨʦʥʫʣʦ ʙʦʣʝʝ ʯʝʤ 

40 ʚʠʜʦʚ ʢʨʫʧʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʚʢʣʶʯʘʷ ʛʝʧʘʨʜʦ-ʧʦʜʦʙʥʳʭ ʢʦʰʝʢ 

(Miracinonyx) ʠ ʧʫʤ ʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ [Culver, 2000; Werdelin et al., 2010; 

Hewitt, 2000]. 

 

 

 

 



 18 

1.2. ʉʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʠ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʘʬʨʠʢʘʥʩʢʠʭ ʛʝʧʘʨʜʦʚ ʚ 19-20 ʚʝʢʘʭ 

 

ʀʩʪʦʨʠʷ ʪʝʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʠ ʛʝʧʘʨʜʦʚ ʥʘʩʯʠʪʳʚʘʝʪ 

ʦʢʦʣʦ 5 ʪʳʩʷʯ ʣʝʪ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʩʦʪʝʥ ʣʝʪ ʵʪʠʭ ʭʠʱʥʠʢʦʚ ʩʦʜʝʨʞʘʣʠ ʧʨʠ 

ʢʦʨʦʣʝʚʩʢʠʭ ʜʚʦʨʘʭ ʠ ʛʦʪʦʚʠʣʠ ʢ ʦʭʦʪʝ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʥʠʭ ʚʝʣʘʩʴ ʦʭʦʪʘ, 

ʢʦʪʦʨʘʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʩʝʛʦʜʥʷ [Marker et al., 2003]. C ʥʘʯʘʣʘ 20 ʚʝʢʘ ʘʨʝʘʣ 

ʦʙʠʪʘʥʠʷ ʛʝʧʘʨʜʦʚ ʩʪʨʝʤʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ. ʆʙʱʘʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʛʝʧʘʨʜʦʚ ʚ ʥʘʯʘʣʝ 20 ʚʝʢʘ ʚ ɸʬʨʠʢʝ ʠ ɸʟʠʠ ʜʦʩʪʠʛʘʣʘ 100.000 

ʦʩʦʙʝʡ, ʦʜʥʘʢʦ ʚ ʪʝʯʝʥʠʝ 100 ʣʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʫʤʝʥʴʰʠʣʘʩʴ ʧʦʯʪʠ ʥʘ 90%, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʩʝʣʝʥʠʝ ʟʝʤʣʠ ʫʜʚʦʠʣʘʩʴ ʚʩʝʛʦ ʟʘ ʯʝʪʚʝʨʪʴ ʚʝʢʘ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʯʠʩʣʝʥʥʦʩʪʴ ʛʝʧʘʨʜʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 9.000 ʜʦ 12.000 ʦʩʦʙʝʡ [Marker et al., 

2003; Marker, 2005; Durant, 2000; Durant et al., 2017]. ɻʝʧʘʨʜ ʟʘʥʝʩʝʥ ʚ 

ʧʨʠʣʦʞʝʥʠʝ I ʂʦʥʚʝʥʮʠʠ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʦʨʛʦʚʣʝ ʚʠʜʘʤʠ ʜʠʢʦʡ ʬʘʫʥʳ ʠ 

ʬʣʦʨʳ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʧʦʜ ʫʛʨʦʟʦʡ ʠʩʯʝʟʥʦʚʝʥʠʷ (ʉʀʊɽʉ) ʠ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʶʟʦʤ ʦʭʨʘʥʳ ʧʨʠʨʦʜʳ ʠ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ (ʄʉʆʇ) ʢʘʢ ʚʳʤʠʨʘʶʱʠʡ ʚʠʜ [Marker, 2005].  

ɻʝʧʘʨʜʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʚ ʜʠʢʦʡ ʧʨʠʨʦʜʝ 

[Durant et al., 2017]. ɼʚʘ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ ʦʪʚʝʪʩʪʚʝʥʥ rʟʘ ʪʦ, ʯʪʦ ʩʝʡʯʘʩ 

ʛʝʧʘʨʜʳ ʦʢʘʟʘʣʠʩʴ ʥʘ ʛʨʘʥʠ ʚʳʤʠʨʘʥʠʷ: 1) ʇʦʪʝʨʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʥʝʟʘʢʦʥʥʘʷ 

ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʪʦʨʛʦʚʣʷ ʠ ʢʦʥʬʣʠʢʪʳ ʩ ʚʣʘʜʝʣʴʮʘʤʠ ʩʢʦʪʘ 2) ʈʘʩʪʫʱʠʝ ʪʝʤʧʳ 

ʦʭʦʪʳ ʥʘ ʘʥʪʠʣʦʧ, ʛʘʟʝʣʝʡ ʠ ʠʤʧʘʣ ʧʨʠʚʦʜʷʪ ʢ ʩʦʢʨʘʱʝʥʠʷ ʢʦʨʤʦʚʦʡ ʙʘʟʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʘʬʨʠʢʘʥʩʢʠʝ ʛʝʧʘʨʜʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʙʣʝʤʦʡ 

- ʠʭ ʫʙʠʚʘʶʪ ʥʘʧʨʷʤʫʶ, ʘ ʟʘʪʝʤ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ ʩʘʚʘʥʥʳ ʫʙʠʚʘʶʪ ʠ ʠʭ ʜʦʙʳʯʫ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʭ ʧʦʚʝʜʝʥʠʝʤ ʠ 

ʬʠʟʠʦʣʦʛʠʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʛʝʧʘʨʜʦʚ ʦʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʩʦʢʨʘʱʝʥʠʶ 

ʯʠʩʣʝʥʥʦʩʪʠ. ʅʠʟʢʘʷ ʨʝʧʨʦʜʫʢʪʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʢ ʛʝʧʘʨʜʦʚ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʦʩʪ ʧʦʧʫʣʷʮʠʠ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʢʦʥʢʫʨʝʥʪʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩ 

ʜʨʫʛʠʤʠ ʭʠʱʥʠʢʘʤʠ [Laurenson, 1994; Caro et al., 1994]. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʨʝʟʢʦʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ 
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ʯʠʩʣʝʥʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʪʝʨʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʢʦʣʦ 15 

ʪ.ʣ.ʥ. ʅʝʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʛʝʪʝʨʦʟʠʛʦʪʥʳʭ ʘʣʣʝʣʝʡ ʤʦʞʝʪ ʪʘʢʞʝ ʚʣʠʷʪʴ ʥʘ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ. ʉʦʯʝʪʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʛʝʧʘʨʜʦʚ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʚʷʟʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʘʣʣʝʣʝʡ ʚ ʛʝʥʦʬʦʥʜʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʘʥʥʦʡ ʧʦʧʫʣʷʮʠʠ ʠʣʠ ʚʠʜʘ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʘʝʪ ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʥʢʫʨʝʥʮʠʷ 

ʟʘ ʧʠʱʝʚʳʝ ʨʝʩʫʨʩʳ ʪʘʢʞʝ ʠʤʝʝʪ ʩʝʨʴʸʟʥʦʝ ʚʣʠʷʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʛʝʧʘʨʜʳ ʦʙʨʘʟʫʶʪ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʧʦʧʫʣʷʮʠʠ ʠ ʚʳʥʫʞʜʝʥʳ ʚʩʪʫʧʘʪʴ ʚ 

ʢʦʥʢʫʨʝʥʪʥʫʶ ʙʦʨʴʙʫ ʩ ʜʨʫʛʠʤʠ ʧʣʦʪʦʷʜʥʳʤʠ ʞʠʚʦʪʥʳʤʠ ʟʘ ʧʠʱʝʚʳʝ 

ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʷʭ ɸʬʨʠʢʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʚʦ ʚʨʝʤʷ ʦʭʦʪʳ ʛʝʧʘʨʜʳ ʧʦʜʚʝʨʞʝʥʳ ʥʘʧʘʜʝʥʠʷʤ ʩʦ ʩʪʦʨʦʥʳ 

ʜʨʫʛʠʭ ʭʠʱʥʠʢʦʚ. ʆʱʫʪʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ ʛʝʧʘʨʜʦʚ ʦʢʘʟʳʚʘʶʪ 

ʣʴʚʳ ʠ ʛʠʝʥʳ, ʣʠʙʦ ʠʟ-ʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ, ʣʠʙʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʷʤʦʡ ʘʪʘʢʠ [Durant, 2000]. ʇʷʪʥʠʩʪʳʝ ʛʠʝʥʳ, ʣʴʚʳ ʠ ʣʝʦʧʘʨʜʳ ʩʦʚʝʨʰʘʶʪ 

ʥʘʧʘʜʝʥʠʷ ʥʘ ʛʝʧʘʨʜʦʚ, ʧʨʝʚʦʩʭʦʜʷ ʠʭ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʘ ʠʥʦʛʜʘ ʠ ʚ ʩʠʣʝ, ʫʙʠʚʘʷ 

ʤʦʣʦʜʳʭ ʦʩʦʙʝʡ ʠ ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ʝʱʝ ʦʜʥʦʛʦ ʢʦʥʢʫʨʝʥʪʘ ʟʘ ʧʠʱʝʚʳʝ 

ʨʝʩʫʨʩʳ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʘʤʳʤ ʩʠʣʴʥʳʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʝʧʘʨʜʦʚ, ʷʚʣʷʝʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʳʡ. ʃʶʜʠ ʚʳʪʝʩʥʷʶʪ ʛʝʧʘʨʜʦʚ 

ʠʟ ʠʭ ʤʝʩʪ ʦʙʠʪʘʥʠʷ, ʦʭʦʪʷʪʩʷ ʥʘ ʥʠʭ ʨʘʜʠ ʪʨʦʬʝʝʚ ʠ ʦʪʣʘʚʣʠʚʘʶʪ ʠʭ 

ʜʝʪʝʥʳʰʝʡ ʜʣʷ ʧʨʦʜʘʞʠ ʚ ʢʘʯʝʩʪʚʝ ʵʢʟʦʪʠʯʝʩʢʦʛʦ ʜʦʤʘʰʥʝʛʦ ʞʠʚʦʪʥʦʛʦ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ 20 ʚʝʢʘ ʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʠʟʢʦʛʦ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʧʦʧʫʣʷʮʠʷʭ ʛʝʧʘʨʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʫʛʨʦʟʦʡ 

ʠʩʯʝʟʥʦʚʝʥʠʷ, ʠʤʝʣʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ɻʝʧʘʨʜ ʩʪʘʣ ʩʠʤʚʦʣʦʤ ʨʘʙʦʪ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʭʨʘʥʝʥʠʷ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʨʘʩʰʠʨʝʥʠʶ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʛʝʥʝʪʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚʩʝʭ ʚʠʜʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʫʛʨʦʟʦʡ ʠʩʯʝʟʥʦʚʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʞʜʘʷ ʩʭʝʤʘ 

ʢʦʥʪʨʦʣʷ ʟʘ ʠʩʯʝʟʘʶʱʠʤ ʚʠʜʦʤ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 
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ʩʪʘʚʠʪ ʤʘʢʩʠʤʠʟʘʮʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʩʢʨʝʱʠʚʘʥʠʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. ʇʨʝʜʳʜʫʱʠʝ ʨʘʙʦʪʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʣʦʢʫʩʦʚ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʪʨʘʢʪʦʚʢʘ ʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʣʥʦʛʦ ʛʝʥʦʤʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʨʝʜʠ ʛʝʧʘʨʜʦʚ ʥʘ ʫʨʦʚʥʝ ʧʦʣʥʦʛʝʥʦʤʥʳʭ 

ʜʘʥʥʳʭ. 

 

1.3. ʆʙʟʦʨ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʙʦʪʳ ʩ ʛʝʥʦʤʥʳʤʠ ʜʘʥʥʳʤʠ 

 

ʇʦʷʚʣʝʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʣʦ ʙʝʟ ʙʦʣʴʰʠʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʨʘʩʰʠʬʨʦʚʘʪʴ ʠ ʩʦʙʨʘʪʴ ʛʝʥʦʤʳ 

ʥʝʤʦʜʝʣʴʥʳʭ ʚʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ 

ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʦʤʦʚ ʯʝʣʦʚʝʢʘ ʠ 

ʜʨʫʛʠʭ ʚʠʜʦʚ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʨʝʬʝʨʝʥʩʥʳʤ ʛʝʥʦʤʦʤ ʜʣʷ 

ʘʥʘʣʠʟʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ: ʚʳʷʚʣʝʥʠʷ ʤʫʪʘʮʠʡ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʘʨʠʘʮʠʡ ʚʥʫʪʨʠ ʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ. ʏʠʩʣʦ ʧʨʦʯʪʝʥʠʡ ʠ ʠʭ 

ʢʦʨʦʪʢʠʡ ʨʘʟʤʝʨ ʥʘʢʣʘʜʳʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʥʝʢʦʪʦʨʳʭ ʛʝʥʦʤʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʠʥʩʝʨʮʠʠ, 

ʜʝʣʝʮʠʠ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʧʦʠʩʢʘ ʦʜʠʥʦʯʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʚʘʨʠʘʥʪʦʚ (SNV) ʚ ʩʝʤʠ ʛʝʥʦʤʘʭ ʛʝʧʘʨʜʘ 

(ʦʜʥʘ ʨʝʬʝʨʝʥʩʥʘʷ ʩʙʦʨʢʘ ʠ ʰʝʩʪʴ ʧʦʚʪʦʨʥʦ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ). 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝʙʦʣʴʰʠʭ ʚʩʪʘʚʦʢ/ʜʝʣʝʮʠʡ ʠ ʥʝʙʦʣʴʰʠʭ ʧʝʨʝʩʪʨʦʝʢ ʚʳʭʦʜʠʪ 

ʟʘ ʨʘʤʢʠ ʥʘʰʝʡ ʨʘʙʦʪʳ ʜʣʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ. 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 30 ʣʝʪ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʥʠʟʢʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʛʝʧʘʨʜʘ, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʦʙʳʯʥʳʤ ʜʣʷ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ. ʊʘʢʞʝ ʠʭ ʥʠʟʢʦʝ 

ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʤʝʨʪʥʦʩʪʠ ʩʨʝʜʠ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʜʝʪʸʥʳʰʝʡ, ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʚ ʨʘʟʚʠʪʠʠ 

ʩʧʝʨʤʘʪʦʟʦʠʜʦʚ ʠ ʧʦʚʳʰʝʥʥʦʡ ʫʷʟʚʠʤʦʩʪʴʶ ʢ ʚʩʧʳʰʢʘʤ ʠʥʬʝʢʮʠʦʥʥʳʭ 
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ʟʘʙʦʣʝʚʘʥʠʡ [Wayne et al., 1986; OôBrien et al., 1985; Pearks Wilkerson et al., 

2004; OôBrien et al., 1983]. 

 

1.4. ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʨʘʙʦʪʳ ʩ ʛʝʥʦʤʥʳʤʠ ʜʘʥʥʳʤʠ 

1.4.1. ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʙʦʨʢʠ ʭʨʦʤʦʩʦʤʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʦʩʥʦʚʝ 

ʨʝʬʝʨʝʥʩʘ 
 

ʍʨʦʤʦʩʦʤʥʘʷ ʩʙʦʨʢʘ ʷʚʣʷʝʪʩʷ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦʡ 

ʩʪʘʜʠʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʦʛʦ ʛʝʥʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʛʦ 

ʦʨʛʘʥʠʟʤʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʨʦʪʢʠʭ ʧʨʦʯʪʝʥʠʡ ʠ ʠʤʝʶʱʠʭʩʷ ʘʣʛʦʨʠʪʤʦʚ 

ʩʙʦʨʢʠ ʛʝʥʦʤʘ de novo ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʶʪ ʜʣʠʥʥʳʝ ʩʢʘʬʬʦʣʜʳ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʢʘʬʬʦʣʜʘ ʭʨʦʤʦʩʦʤʥʦʛʦ ʫʨʦʚʥʷ ʥʝʦʙʭʦʜʠʤʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ ʢʘʨʪʳ ʠʣʠ 

ʢʘʨʪʳ ʩʮʝʧʣʝʥʠʷ [Lewin et al., 2009], ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʯʝʥʴ ʜʣʠʥʥʳʝ 

ʧʨʦʯʪʝʥʠʷ. ɼʣʷ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ ʙʳʣʠ ʩʜʝʣʘʥʳ 

ʥʝʩʢʦʣʴʢʦ ʩʙʦʨʦʢ ʛʝʥʦʤʘ de novo, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩ ʬʠʟʠʯʝʩʢʠʤʠ 

ʢʘʨʪʘʤʠ ʭʨʦʤʦʩʦʤ [Pontius et al., 2007; Mavrich et al., 2008; McPherson et al., 

2001]. ʅʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ çʨʝʬʝʨʝʥʩʥʳʭ ʛʝʥʦʤʦʚè 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ - ʩʙʦʨʢʠ 

ʩʢʘʬʬʦʣʜʦʚ ʭʨʦʤʦʩʦʤʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʦʩʥʦʚʝ ʨʝʬʝʨʝʥʩʘ ʛʝʥʦʤʦʚ ʜʨʫʛʠʭ ʚʠʜʦʚ. 

ʉʙʦʨʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʦʤʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʝʪ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʛʝʥʦʤʘʭ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʛʦʤʦʣʦʛʠʯʥʳʝ ʠʤʝʶʱʠʤʩʷ 

ʩʦʙʨʘʥʥʳʤ de novo ʬʨʘʛʤʝʥʪʘʤ. ɿʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʦʣʦʞʝʥʠʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʛʦʤʦʣʦʛʠʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʣʷ ʩʙʦʨʢʠ ʙʦʣʝʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʟʫʯʘʝʤʦʛʦ (ʮʝʣʝʚʦʛʦ) ʛʝʥʦʤʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʥʘʤʠ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʤʥʦʛʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʩʦʙʨʘʥʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʭʨʦʤʦʩʦʤ, ʜʘʞʝ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠʣʠ ʧʦʩʪʨʦʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʘʨʪʳ. ʂ ʪʘʢʠʤ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧ ʩʮʝʧʣʝʥʠʷ ʠ ʦʮʝʥʢʘ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ ʤʘʨʢʝʨʘʤʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʩʮʝʧʣʝʥʥʦʛʦ ʥʘʩʣʝʜʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠ ʩʠʥʪʝʥʠʠ. ʉʙʦʨʢʘ ʛʝʥʦʤʘ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʬʝʨʝʥʩʘ ʪʘʢʞʝ ʫʧʦʨʷʜʦʯʠʚʘʝʪ, ʦʨʠʝʥʪʠʨʫʝʪ ʠ ʩʚʷʟʳʚʘʝʪ 

ʤʥʦʛʠʝ ʢʦʥʪʠʛʠ ʠ/ʠʣʠ ʩʢʘʬʬʦʣʜʳ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ. ɼʣʷ ʤʥʦʛʠʭ ʧʨʦʝʢʪʦʚ ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʩʙʦʨʢʠ ʛʝʥʦʤʘ ʙʫʜʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʳʩʷʯ ʢʦʥʪʠʛʦʚ ʠ ʩʢʘʬʬʦʣʜʦʚ. ʊʘʢʘʷ ʩʠʣʴʥʦ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʘʷ ʩʙʦʨʢʘ ʛʝʥʦʤʘ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ [Murchison et al., 2012]. ʆʜʥʘʢʦ, ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ 

ʢʦʥʪʠʛʦʚ ʠ ʩʢʘʬʬʦʣʜʦʚ ʚ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʭʨʦʤʦʩʦʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʬʝʨʝʥʩʥʦʤ ʛʝʥʦʤʝ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʦʛʦ ʚʠʜʘ ʫʤʝʥʴʰʠʪ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʦʚ ʩ ʪʳʩʷʯ ʜʦ ʩʦʪʝʥ, ʠʣʠ ʜʘʞʝ ʜʝʩʷʪʢʦʚ, ʘ ʪʘʢʞʝ 

ʫʧʨʦʩʪʠʪ ʘʥʥʦʪʘʮʠʶ ʠ ʘʥʘʣʠʟ ʛʝʥʦʤʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʘʥʜʝʤʥʳʝ ʠ 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʧʦʚʪʦʨʳ, ʛʝʥʳ, ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʟʘʤʝʥʳ, CNV ʠ 

ʩʝʛʤʝʥʪʥʳʝ ʜʫʧʣʠʢʘʮʠʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ ʧʦʜʭʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʩʝʨʴʝʟʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʰʠʙʦʢ ʚ ʛʝʥʦʤʥʦʡ 

ʩʙʦʨʢʝ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʤʝʞʜʫ ʨʝʬʝʨʝʥʩʥʳʤ ʠ 

ʠʟʫʯʘʝʤʳʤ ʚʠʜʦʤ. ɼʘʞʝ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʝ ʚʠʜʳ ʤʦʛʫʪ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʦʪʣʠʯʘʪʴʩʷ ʦʨʛʘʥʠʟʘʮʠʝʡ ʭʨʦʤʦʩʦʤ ʦʪ ʠʟʫʯʘʝʤʦʛʦ ʛʝʥʦʤʘ. ʄʳ ʦʞʠʜʘʝʤ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʚʥʝʩʝʥʥʳʭ ʚ ʛʝʥʦʤʥʫʶ ʩʙʦʨʢʫ ʦʰʠʙʦʢ ʚ ʮʝʣʦʤ ʙʫʜʝʪ 

ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʩ ʵʚʦʣʶʮʠʦʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʮʝʣʝʚʳʤ ʠ ʨʝʬʝʨʝʥʩʥʳʤ 

ʛʝʥʦʤʘʤʠ [Luo et al., 2012]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʨʪʝʬʘʢʪʳ ʪʘʢʦʛʦ ʨʦʜʘ ʥʝʪʨʫʜʥʦ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʥʘʣʠʯʠʠ ʬʠʟʠʯʝʩʢʦʡ ʢʘʨʪʳ ʠʣʠ ʢʘʨʪʳ 

ʩʮʝʧʣʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʤʦʯʴ ʩ ʩʦʟʜʘʥʠʝʤ ʢʘʨʪ ʪʘʢʦʛʦ ʪʠʧʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ʦʧʪʠʯʝʩʢʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ (BioNano Genomics) [Li  et al., 2016], ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ 

ʩʮʝʧʣʝʥʥʳʭ ʨʠʜʦʚ (10X Genomics) [Coombe et al., 2016] ʠ Hi-C, ʤʝʪʦʜ 

ʬʠʢʩʘʮʠʠ ʢʦʥʬʦʨʤʘʮʠʠ ʭʨʦʤʦʩʦʤ (ʥʘʧʨʠʤʝʨ, Phase Genomics) [Korbel and 

Lee, 2013]. 
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1.4.2. ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʠʩʢʘ ʧʦʚʪʦʨʦʚ 
 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʨʝʬʝʨʝʥʩʥʦʡ ʩʙʦʨʢʠ ʜʣʷ ʛʝʧʘʨʜʘ 

ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʝʥʦʤʘ ʷʚʣʷʝʪʩʷ ʘʥʥʦʪʘʮʠʷ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʛʝʥʦʤ, ʚʢʣʶʯʘʷ: ʧʦʚʪʦʨʳ ɼʅʂ, 

ʢʦʜʠʨʫʶʱʠʝ ʙʝʣʢʠ ʛʝʥʳ, ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʤʦʙʠʣʴʥʳʝ 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʣʠʤʦʨʬʠʟʤʳ (SNV), ʠ ʚʘʨʠʘʮʠʠ 

ʯʠʩʣʘ ʢʦʧʠʡ ʛʝʥʦʚ (CNV). ʄʳ ʥʘʯʘʣʠ ʥʘʰ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʚʪʦʨʦʚ ɼʅʂ ʚ ʩʦʙʨʘʥʥʦʤ ʛʝʥʦʤʝ ʛʝʧʘʨʜʘ.  

ʊʝʨʤʠʥ çʧʦʚʪʦʨè ʚ ʙʠʦʠʥʬʦʨʤʘʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ: 1) ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ, ʪʘʢʞʝ 

ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʥʠʟʢʦʡ ʩʣʦʞʥʦʩʪʴʶ, ʛʜʝ ʤʥʦʛʦʢʨʘʪʥʘʷ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʦʜʥʦʛʦ ʠʣʠ ʪʳʩʷʯ ʥʫʢʣʝʦʪʠʜʦʚ ʧʦʚʪʦʨʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟ, ʠ 

ʧʦʚʪʦʨʝʥʠʷ ʧʨʠʤʳʢʘʶʪ ʜʨʫʛ ʢ ʜʨʫʛʫ (ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʩʘʪʝʣʣʠʪʳ, 

ʤʠʥʠʩʘʪʝʣʣʠʪʳ) [Benson, 1999; Parisi et al., 2003];  2) ʨʘʩʩʝʷʥʥʳʝ ʧʦʚʪʦʨʳ (TE), 

ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ çʧʨʳʛʘʶʱʠʝ ʛʝʥʳè ʠʣʠ ʪʨʘʥʩʧʦʟʦʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ, ʢʦʪʦʨʳʝ ʧʝʨʝʤʝʱʘʶʪʩʷ (ʠʣʠ ʧʨʳʛʘʶʪ) ʠʟ 

ʦʜʥʦʛʦ ʤʝʩʪʘ ʚ ʛʝʥʦʤʝ ʢ ʜʨʫʛʦʤʫ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʚʳʨʝʟʘʥʠʷ ʠ ʩʧʦʩʦʙʦʚ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ [Finnegan, 1992]. ʕʪʘ ʛʨʫʧʧʘ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʚʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʥʜʦʛʝʥʥʳʝ 

ʨʝʪʨʦʚʠʨʫʩʳ (ERV), ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʳ ʩ ʜʣʠʥʥʳʤ ʢʦʥʮʝʚʳʤ ʧʦʚʪʦʨʝʥʠʝʤ 

(LTR), ʜʣʠʥʥʳʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʷʜʝʨʥʳʝ ʵʣʝʤʝʥʪʳ (LINE) ʠ ʢʦʨʦʪʢʠʝ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʷʜʝʨʥʳʝ ʵʣʝʤʝʥʪʳ (SINE). [ʨʘʩʰʠʨʠʪʴ ʦʧʠʩʘʥʠʝ] 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʥʦʤʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʧʦʚʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʧʦʯʪʠ 50% ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʛʝʥʦʤʦʚ 

ʧʨʠʤʘʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʧʦʚʪʦʨʦʚ [Rogers and Gibbs, 2014], ʪʦʛʜʘ ʢʘʢ ʜʣʷ 

ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ ʠ ʜʦʤʘʰʥʝʡ ʩʦʙʘʢʠ ʩʦʜʝʨʞʘʥʠʝ ʧʦʚʪʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 39,5% 

ʠ 40% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [Tamazian et al., 2014; Cho et al., 2013]. ɺʝʨʦʷʪʥʦ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʚʪʦʨʦʚ, ʥʝʜʦʦʮʝʥʠʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʝ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʵʪʠ 

ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʪʦʣʴʢʦ ʩʦʙʨʘʥʥʳʝ ʩʢʘʬʬʦʣʜʳ ʠ ʢʦʥʪʠʛʠ ʜʣʷ ʘʥʘʣʠʟʘ, ʘ 
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ʯʘʱʝ ʚʩʝʛʦ ʠʤʝʥʥʦ ʩʣʦʞʥʳʝ ʧʦʚʪʦʨʳ ʠʣʠ ʙʦʛʘʪʳʝ ʧʦʚʪʦʨʘʤʠ ʦʙʣʘʩʪʠ ʛʝʥʦʤʘ 

(ʥʘʧʨʠʤʝʨ, ʧʨʠʮʝʥʪʨʦʤʝʨʥʳʝ ʠ ʧʨʠʪʝʣʦʤʝʨʥʳʝ) ʦʢʘʟʳʚʘʶʪʩʷ ʥʝ ʩʦʙʨʘʥʥʳʤʠ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠ 

ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʜʦʣʠ ʧʦʚʪʦʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʛʝʥʦʤʝ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ, ʯʪʦ ʛʨʘʥʠʮʳ ʧʦʚʪʦʨʦʚ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʳ, ʠʣʠ ʧʨʦʩʪʦ ʦʪʩʫʪʚʫʶʪ ʚ 

ʬʠʥʘʣʴʥʦʡ ʩʙʦʨʢʝ. ʏʘʱʝ ʚʩʝʛʦ ʧʦʚʪʦʨ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʚʠʜʝ 

ʬʨʘʛʤʝʥʪʦʚ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʚʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʟʘʤʘʩʢʠʨʦʚʘʥʳ ʜʦʣʞʥʳʤ 

ʦʙʨʘʟʦʤ, ʟʘʪʨʫʜʥʷʶʪ ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʛʝʥʦʤʘ, ʧʦʵʪʦʤʫ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʘʚʠʣʴʥʦ ʘʥʥʦʪʠʨʦʚʘʥʳ [Yandell and Ence, 2012]. 

 

1.4.3. ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʚ 

 

ʄʝʪʦʜʳ ab initio ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ɼʅʂ 

ʧʦʷʚʠʣʠʩʴ ʚ 1990-ʭ [Guigo et al., 1992] ʠ ʦʪʢʨʳʣʠ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʫʶ ʦʙʣʘʩʪʴ 

ʘʥʘʣʠʟʘ ʛʝʥʦʤʘ. ʀʥʩʪʨʫʤʝʥʪʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʘ ab initio ʥʘʟʳʚʘʶʪʩʷ ʪʘʢ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʩʪʦʨʦʥʥʠʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (CDS), ʪʘʢʠʭ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʤʈʅʂ ʠʣʠ ʙʝʣʢʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʟʦʥ-ʠʥʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʝʥʘ ʚ ʵʪʠʭ 

ʤʝʪʦʜʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ 

ʠʟʚʝʩʪʥʳʭ ʛʝʥʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʝʛʢʠʡ ʜʦʩʪʫʧ ʢ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʛʝʥʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʝ ʚʦ ʚʥʦʚʴ ʩʦʙʨʘʥʥʳʭ ʛʝʥʦʤʘʭ, ʵʪʠ 

ʠʥʩʪʨʫʤʝʥʪʳ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: 1) 

ʦʙʳʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ CDS ʥʘ ʛʝʥ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʧʨʝʜʩʢʘʟʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʧʣʘʡʩʠʥʛʘ; 2) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʠʟ ʥʝʪʨʘʥʩʣʠʨʫʝʤʳʭ ʦʙʣʘʩʪʝʡ (UTR) ʥʝ ʚʢʣʶʯʝʥʳ ʚ ʧʨʝʜʩʢʘʟʘʥʠʝ;  3) ʠ, ʩʘʤʦʝ 

ʛʣʘʚʥʦʝ, ʚʩʝ ʠʥʩʪʨʫʤʝʥʪʳ ab initio ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʢʘʯʝʩʪʚʫ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʛʝʥʦʚ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʠʜʦʚ ʠ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʘ, 

ʧʨʠʤʝʥʝʥʥʦʛʦ ʢ ʥʦʚʦʡ ʩʙʦʨʢʝ ʛʝʥʦʤʘ, ʥʫʞʥʦ ʙʫʜʝʪ ʦʙʫʯʠʪʴ ʧʨʦʛʨʘʤʤʫ, 
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ʠʩʧʦʣʴʟʫʷ ʥʘʙʦʨ ʛʝʥʦʚ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʩʦʙʨʘʥʥʦʛʦ ʛʝʥʦʤʘ. ʄʦʞʥʦ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʥʳ ʠʟ ʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ, ʥʦ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʤʝʥʝʝ ʪʦʯʥʳʤ 

ʧʨʝʜʩʢʘʟʘʥʠʷʤ, ʧʦʩʢʦʣʴʢʫ ʜʣʠʥʘ ʵʢʟʦʥʘ / ʠʥʪʨʦʥʘ, ʯʘʩʪʦʪʳ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʢʦʜʦʥʦʚ ʠ GC ʩʦʩʪʘʚ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʜʘʞʝ ʫ ʙʣʠʟʢʠʭ ʚʠʜʦʚ [Korf, 2004]. 

ɺʥʝʰʥʠʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʤʈʅʂ, EST ʠ ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʛʝʥʦʤʥʳʝ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʘ ʜʣʷ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ [Stanke et al., 2006]. 

ʂʘʯʝʩʪʚʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʜʚʫʭ 

ʬʘʢʪʦʨʦʚ: ʨʘʟʤʝʨʘ ʥʘʙʦʨʘ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʠ ʢʘʯʝʩʪʚʘ de novo ʩʙʦʨʢʠ 

ʛʝʥʦʤʘ. ʄʝʪʦʜʘʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʦʚ ʤʦʞʥʦ ʜʦʩʪʠʛʘʪʴ 100% ʪʦʯʥʦʩʪʠ ʜʘʞʝ 

ʚ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʛʝʥʦʤʘʭ [Guigo and Reese, 2005]. 

 

1.4.4. ʄʝʪʦʜʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ 

 

ʏʪʦʙʳ ʦʙʲʷʩʥʠʪʴ ʵʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʠʜʦʚ ʠ ʠʭ ʧʦʧʫʣʷʮʠʡ, 

ʦʯʝʥʴ ʚʘʞʥʦ ʟʥʘʪʴ, ʢʘʢʠʝ ʩʦʙʳʪʠʷ ʧʨʦʠʟʦʰʣʠ ʚ ʠʭ ʧʨʦʰʣʦʤ. ɻʝʥʝʪʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʩʦʙʳʪʠʡ, 

ʢʘʢ ʤʠʛʨʘʮʠʷ, ʜʠʚʝʨʛʝʥʮʠʷ ʧʦʧʫʣʷʮʠʡ ʠ ʠʟʤʝʥʝʥʠʷ (ʵʬʬʝʢʪʠʚʥʦʛʦ) ʨʘʟʤʝʨʘ 

ʧʦʧʫʣʷʮʠʠ ʚ ʪʝʯʝʥʠʝ ʪʳʩʷʯ ʠʣʠ ʤʠʣʣʠʦʥʦʚ ʣʝʪ. ʉʣʝʜʳ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʠ ʟʘʧʝʯʘʪʣʝʥʳ ʚ ʛʝʥʦʤʘʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʘʞʜʦʛʦ ʚʠʜʘ. ʉ ʨʦʩʪʦʤ 

ʪʝʭʥʦʣʦʛʠʡ NGS ʠ ʦʙʰʠʨʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʩʪʨʦʝʥʠʠ ʛʝʥʦʤʘ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʦʮʝʥʢʫ ʩʢʦʨʦʩʪʠ ʤʫʪʘʮʠʡ, ʠʟʤʝʥʝʥʠʡ ʚ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ, ʥʝ ʩʣʫʯʘʡʥʦʝ 

ʩʧʘʨʠʚʘʥʠʝ, ʤʠʛʨʘʮʠʶ ʠ ʦʪʙʦʨ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʠʪʴ ʜʝʤʦʛʨʘʬʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ: ʦʜʠʥ ʦʩʥʦʚʘʥ ʥʘ 

ʜʘʥʥʳʭ ʛʘʧʣʦʪʠʧʦʚ, ʜʨʫʛʦʡ ʦʩʥʦʚʘʥ ʥʘ ʩʧʝʢʪʨʘʭ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ (SFS). 

ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʧʦʜʭʦʜʦʚ ʠʟ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʙʳʣ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʪʘʪʴʝ Li ʠ Durbin [Li and Durbin, 2011]. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʧʦʧʘʨʥʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʤʘʨʢʦʚʩʢʦʡ ʢʦʘʣʝʩʮʝʥʪʥʦʡ ʤʦʜʝʣʠ (Pairwise Sequentially 

Markovian Coalescent) ʠʣʠ PSMC. ʄʝʪʦʜ PSMC ʠʥʪʝʨʧʦʣʠʨʫʝʪ 



 26 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ, ʠʩʧʦʣʴʟʫʷ ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʜʘʥʥʳʝ ʦʪ ʦʜʥʦʛʦ 

ʜʠʧʣʦʠʜʥʦʛʦ ʦʙʨʘʟʮʘ. ʕʪʦʪ ʤʝʪʦʜ ʩʧʦʩʦʙʝʥ ʫʯʠʪʳʚʘʪʴ ʧʨʦʧʫʩʢʠ ʚ ʜʘʥʥʳʭ, 

ʚʳʟʚʘʥʥʳʝ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʚʘʨʠʘʮʠʷʤʠ ʚ ʛʝʥʦʤʝ. PSMC ʧʨʠʤʝʥʷʝʪ ʩʢʨʳʪʫʶ ʤʘʨʢʦʚʩʢʫʶ ʤʦʜʝʣʴ (HMM), 

ʢʦʪʦʨʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʘʥʘʣʠʟʠʨʫʝʪ ʛʝʥʦʤ, ʦʮʝʥʠʚʘʷ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ 

ʨʘʥʥʝʛʦ ʦʙʱʝʛʦ ʧʨʝʜʢʘ (ʠʣʠ ʚʨʝʤʷ ʢʦʘʣʝʩʮʝʥʮʠʠ) ʤʝʞʜʫ ʜʚʫʤʷ ʛʘʧʣʦʪʠʧʘʤʠ, 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʜʠʧʣʦʠʜʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, PSMC 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʨʠʠ ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʨʘʟʤʝʨʘ ʧʦʧʫʣʷʮʠʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʨʘʟʮʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʧʫʣʷʮʠʠ ʠ 

ʚʠʜʘ, ʠʟ ʢʦʪʦʨʳʭ ʵʪʦʪ ʦʙʨʘʟʝʮ ʧʦʣʫʯʝʥ [Nadachowska-Brzyska et al., 2016]. 

ʉʧʝʢʪʨ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ (SFS) ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʦʣʝʟʥʳʤ ʩʧʦʩʦʙʦʤ 

ʦʙʦʙʱʝʥʠʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ. SFS ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʥʦʩʪʠ n, ʩʦʜʝʨʞʘʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʩʢʦʣʴʢʦ ʠʟ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʘʣʣʝʣʝʡ ʚ ʚʳʙʦʨʢʝ ʨʘʟʤʝʨʘ n ʥʘʡʜʝʥʳ ʫ 1/n, 2/n, (n-1)/n 

ʠʥʜʠʚʠʜʫʫʤʦʚ. ʄʥʦʛʠʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʨʠʢʠ ʚ ʧʦʧʫʣʷʮʠʦʥʥʦʡ 

ʛʝʥʝʪʠʢʝ, ʚʢʣʶʯʘʷ ʯʠʩʣʦ ʩʝʛʨʝʛʠʨʫʶʱʠʭ ʩʘʡʪʦʚ ʠ ʩʨʝʜʥʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʥʫʢʣʝʦʪʠʜʦʚ, ʩʘʤʠ ʷʚʣʷʶʪʩʷ ʦʙʦʙʱʝʥʠʝʤ SFS [Gattepaille et al., 2013]. 
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

 

2.1. ʆʙʨʘʟʮʳ ʪʢʘʥʝʡ 

 

ɼʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʢʨʦʚʠ ʩʝʤʠ ʥʝʨʦʜʩʪʚʝʥʥʳʭ 

ʦʩʦʙʝʡ ʘʬʨʠʢʘʥʩʢʠʭ ʛʝʧʘʨʜʦʚ. ʏʪʦʙʳ ʧʦʥʷʪʴ, ʥʘʩʢʦʣʴʢʦ ʩʭʦʞʠ ʤʝʞʜʫ ʩʦʙʦʡ 

ʛʝʥʦʪʠʧʳ ʛʝʧʘʨʜʦʚ, ʙʳʣʠ ʚʟʷʪʳ ʦʙʨʘʟʮʳ ʠʟ ʜʚʫʭ ʨʝʛʠʦʥʦʚ - ʅʘʤʠʙʠʠ (n = 4) ʠ 

ʊʘʥʟʘʥʠʠ (n = 3), ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʳʭ ʧʨʦʞʠʚʘʶʪ ʧʦʧʫʣʷʮʠʠ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʜʚʫʤ ʧʦʜʚʠʜʘʤ: Acinonyx jubatus jubatus ʠ A. j. raineyii, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣ. 1). 

 

 ʊʘʙʣʠʮʘ 1. ʉʧʠʩʦʢ ʦʙʨʘʟʮʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ. ʆʙʨʘʟʝʮ AJU981 ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʘ, ʦʩʪʘʣʴʥʳʝ ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ 

ʧʦʢʨʳʪʠʝʤ. 

ʂʦʜ ʦʙʨʘʟʮʘ ʄʝʩʪʦ ʩʙʦʨʘ ʉʫʙʧʦʧʫʣʷʮʠʷ ʇʦʣ 

AJU981 ʅʘʤʠʙʠʷ ʖʞʥʘʷ ʄ 

AJU884 ʅʘʤʠʙʠʷ ʖʞʥʘʷ ʄ 

AJU878 ʅʘʤʠʙʠʷ ʖʞʥʘʷ ɾ 

AJU955 ʅʘʤʠʙʠʷ ʖʞʥʘʷ ʄ 

AJU171 ʊʘʥʟʘʥʠʷ ɺʦʩʪʦʯʥʘʷ ʄ 

AJU172 ʊʘʥʟʘʥʠʷ ɺʦʩʪʦʯʥʘʷ ʄ 

AJU173 ʊʘʥʟʘʥʠʷ ɺʦʩʪʦʯʥʘʷ ɾ 

 

 

2.2. ɺʳʜʝʣʝʥʠʝ ɼʅʂ, ʩʦʟʜʘʥʠʝ ʙʠʙʣʠʦʪʝʢ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ 

 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʥʦʤʥʦʡ ɼʅʂ ʠʟ ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ 

ʛʝʧʘʨʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ 

ʘʮʝʪʘʪʦʤ ʥʘʪʨʠʷ. ʉʝʢʚʝʥʠʨʦʚʘʣʠ ʥʘ ʧʣʘʪʬʦʨʤʝ Illumina HiSeq2000, ʪʘʢ ʢʘʢ ʦʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʫʶ ʛʣʫʙʠʥʫ ʧʦʢʨʳʪʠʷ ʜʘʥʥʳʤʠ ʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ.  

ʀʩʧʦʣʴʟʫʷ ʚʳʜʝʣʝʥʥʫʶ ʛʝʥʦʤʥʫʶ ɼʅʂ Chewbaaca ʩʘʤʮʘ ʛʝʧʘʨʜʘ, 

ʧʨʦʞʠʚʘʶʱʝʛʦ ʚ ʅʘʤʠʙʠʠ, ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʢʘʢ ʦʙʳʯʥʘʷ (pair-end), ʪʘʢ 
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ʠ ʠʥʚʝʨʪʠʨʦʚʘʥʥʘʷ (mate-pair) ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ de novo ʩʙʦʨʢʠ ʛʝʥʦʤʘ ʚʠʜʘ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʦʢʨʳʪʠʷ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʦʙʳʯʥʳʭ 

ʙʠʙʣʠʦʪʝʢ ʩ ʜʣʠʥʦʡ ʚʩʪʘʚʢʠ 170 ʠ 500 ʧ.ʥ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʧʦʚʪʦʨʦʚ ʥʘ ʵʪʘʧʘʭ ʩʙʦʨʢʠ ʛʝʥʦʤʘ ʠ ʩʢʘʬʬʦʣʜʠʥʛʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʣʠ 5 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʩ ʜʣʠʥʦʡ ʚʩʪʘʚʢʠ ʦʪ 800 ʧ.ʥ. ʜʦ 20 ʪ.ʧ.ʥ (ʊʘʙʣ. 2).  

 

ʊʘʙʣʠʮʘ 2. ʊʠʧʳ ʙʠʙʣʠʦʪʝʢ, ʩʦʟʜʘʥʥʳʭ ʜʣʷ ʛʝʥʦʤʘ ʛʝʧʘʨʜʘ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʦʨʦʞʝʢ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʩʝʢʚʝʥʠʨʦʚʘʥʳ. PE ï ʧʘʨʥʦ-ʢʦʥʮʝʚʳʝ, MP ï ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʝ. 

ʊʠʧ ʙʠʙʣʠʦʪʝʢʠ ʈʘʟʤʝʨ ʚʩʪʘʚʢʠ 

(ʧ.ʥ.) 

ʂʦʣ-ʚʦ ʜʦʨʦʞʝʢ 

PE 170 7 

PE 500 3 

MP 800 4 

MP 2000 5 

MP 5000 7 

MP 10000 4 

MP 20000 3 
 

ɼʣʷ ʘʥʘʣʠʟʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʠʟʫʯʝʥʠʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʠ ʠ ʚʘʨʠʘʮʠʡ ʯʠʩʣʘ ʢʦʧʠʡ ʛʝʥʦʚ (CNV) ʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʟʷʣʠ ʰʝʩʪʴ 

ʦʙʨʘʟʮʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʜʚʘ ʧʦʜʚʠʜʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʥʦʤʦʚ ʩ ʥʠʟʢʠʤ 

ʫʨʦʚʥʝʤ ʧʦʢʨʳʪʠʷ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʩ 5-6-ʢʨʘʪʥʦʡ 

ʛʣʫʙʠʥʦʡ ʧʦʢʨʳʪʠʷ ʦʙʳʯʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʩ ʜʣʠʥʦʡ ʚʩʪʘʚʢʠ 500 ʧ.ʥ. 

2.3. ʉʧʠʩʦʢ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ 

ʜʘʥʥʳʭ GenBank ʠ RefSeq (NCBI) [Wheeler et al., 2007], Ensembl [Yates et al., 

2020], GeneCards [Safran et al., 2010], MalaCards [Rappaport et al., 2013], OMIM 

[Hamosh et al., 2005], KEGG [Kanehisa et al., 2007],  Repbase [Jurka et al., 2005], 

miRbase [Kozomara et al., 2019], Rfam [Griffiths-Jones et al., 2003] ʠ TreeFam 

[Schreiber et al., 2014].  

ʉʙʦʨʢʘ ʛʝʥʦʤʘ ï SOAPdeovo [Luo et al., 2012] ʠ Chromosomer [Tamazian 

et al., 2016].  
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ɺr ʨʘʚʥʠʚʘʥʠ̫ ʠ ʧʦʠʩʢ ʧʦ ʙʘʟʘʤ ʜʘʥʥʳʭ - BLAST+ [Camacho et al., 2009] 

ʠ Blat [Kent, 2002]. 

ʇʦʣʫʯʝʥʠʝ ʙʘʟʦʚʳʭ ʩʪʘʪʠʩʪʠʢ ʦ ʩʙʦʨʢʝ ʛʝʥʦʤʘ, ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ï Quast 

[Gurevich et al., 2013], CEGMA [Parra et al., 2007], BUSCO [Simão et al., 2015]. 

ɺʳʨʘʚʥʠʚʘʥʠʝ ʧʨʦʯʪʝʥʠʡ, ʧʦʠʩʢ SNV ʠ ʘʥʥʦʪʘʮʠʷ ʵʬʬʝʢʪʦʚ SNV - bwa 

[Misale, 2014], bowtie2 [Misale, 2014], samtools [Li  et al., 2009], SOAPsnp 

[Langmead et al., 2009], snpEff [Cingolani et al., 2012], PolyPhen2 [Adzhubei et 

al., 2013], ANGSD [Korneliussen et al., 2014], Beagle [Altmann et al., 2012]. 

ɸʥʘʣʠʟ ʢ-ʤʝʨʦʚ ʚ ʧʨʦʯʪʝʥʠʷʭ ï Jellyfish [Marcais et al., 2012] 

ʇʦʣʥʦʛʝʥʦʤʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʠ ʩʠʥʪʝʥʠʷ - LASTZ [Schwartz et al., 

2003], ProgressiveCactus [Armstrong et al., 2020], GRIMM [Tesler, 2002] 

ʇʦʠʩʢ ʠ ʘʥʥʦʪʘʮʠʷ ʛʝʥʦʚ ʠ ʧʦʚʪʦʨʦʚ - RepeatMasker [Chen, 2004], TRF 

[Benson, 1999], tRNAscan-SE [Lowe et al., 1997], Infernal [Nawrocki et al., 2009], 

InterProScan [Mitchell et al., 2015], Augustus [Stanke et al., 2006]. 

ʇʦʠʩʢ ʩʠʛʥʘʣʦʚ ʦʪʙʦʨʘ ʠ ʘʥʘʣʠʟ ʩʝʤʝʡʩʪʚ ʛʝʥʦʚ - PAML [Yang, 1997], , 

HMMER3 [Finn et al., 2011], Proteinortho [Lechner et al., 2011], Gblocks, 

ClustalW [Thompson et al., 2003], PRANK [Löytynoja, 2014] 

ʀʟʫʯʝʥʠʝ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ - PSMC [Li and Durbin, 2011], DaDi 

[McCoy et al., 2014] ʠ GADMA [Noskova et al., 2020] 

ʈʝʘʣʠʟʘʮʠʶ ʘʚʪʦʨʩʢʠʭ ʩʢʨʠʧʪʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʘʭ 

Python, Perl ʠ R.  

  

2.4. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʨʦʯʪʝʥʠʡ 

 

ʇʨʦʯʪʝʥʠʷ ʩʯʠʪʘʣʠʩʴ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʴ 

ʢʘʯʝʩʪʚʘ ʙʳʣ ʥʠʞʝ 30 ʧʦ ʰʢʘʣʝ Phred [Ewing and Green, 1998], ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʪʦʯʥʦʩʪʠ ʧʨʦʯʪʝʥʠʷ ʜʘʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʥʠʞʝ 99.9%. ʀʟʙʳʪʦʢ ʟʥʘʯʝʥʠʡ çNè 

(ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ) ʚ ʩʳʨʳʭ ʧʨʦʯʪʝʥʠʷʭ ʪʘʢʞʝ ʙʳʣ ʩʠʛʥʘʣʦʤ 

ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʇʨʦʯʪʝʥʠʷ ʧʦʜʚʝʨʛʘʣʠ ʧʨʦʮʝʜʫʨʝ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʙʩʪʚʝʥʥʳʭ ʩʢʨʠʧʪʦʚ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ Perl. ʄʳ ʫʜʘʣʠʣʠ ʚʩʝ ʧʦʣʥʳʝ ʠʣʠ 
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ʯʘʩʪʠʯʥʳʝ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʦʯʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʦʜʥʦʤʫ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠʝʚ: 1) ʩʦʜʝʨʞʘʥʠʝ ʥʝʧʨʦʯʠʪʘʥʥʳʭ ʙʫʢʚ 

(N) ʙʦʣʝʝ 10%; 2) ʙʦʣʝʝ 40% ʜʣʠʥʳ ʧʨʦʯʪʝʥʠʷ ʙʳʣʦ ʩ ʢʘʯʝʩʪʚʦʤ ʥʠʞʝ Q7; 3) 

ʧʨʦʯʪʝʥʠʷ ʧʝʨʝʢʨʳʚʘʣʠʩʴ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 ʧ.ʥ. ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʘʜʘʧʪʝʨʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʝʜʘʢʮʠʦʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʙʦʣʝʝ 2 ʧ.ʥ.; 4) 

ʧʘʨʥʳʝ ʧʨʦʯʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 ʧ.ʥ. ʤʝʞʜʫ ʜʚʫʤʷ 

ʢʦʥʮʘʤʠ;  5) ʜʫʙʣʠʨʦʚʘʥʥʳʝ ʧʨʦʯʪʝʥʠʷ. 

ʄʳ ʟʘʤʝʪʠʣʠ, ʯʪʦ ʦʙʘ ʭʚʦʩʪʘ ʧʨʦʯʪʝʥʠʷ ʩ ʦʙʱʝʡ ʜʣʠʥʦʡ 90 ʧ.ʥ. ʚʩʝʛʜʘ 

ʠʤʝʣʠ ʥʠʟʢʠʝ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʥʘ 3'-ʢʦʥʮʝ. ʇʦʵʪʦʤʫ ʤʳ ʫʜʘʣʷʣʠ 

ʤʘʢʩʠʤʫʤ 10 ʧ.ʥ. ʦʪ 5'-ʢʦʥʮʘ ʧʨʦʯʪʝʥʠʷ, ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʙʳʣ ʤʝʥʴʰʝ 

Q20. ɸʥʘʣʦʛʠʯʥʦ, ʤʳ ʦʪʨʝʟʘʣʠ ʤʘʢʩʠʤʫʤ 40 ʧ.ʥ. ʦʪ 3 'ʢʦʥʮʘ ʧʨʦʯʪʝʥʠʷ, ʝʩʣʠ 

ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʙʳʣ ʤʝʥʴʰʝ Q20. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʩʦʭʨʘʥʠʣʠ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʫʢʣʝʦʪʠʜʦʚ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʥʘ ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ. 

 

2.4. ʇʦʠʩʢ ʠ ʘʥʥʦʪʘʮʠʷ SNV 

 

ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ BWA [Misale, 2014] ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʧʨʦʯʪʝʥʠʡ ʩ ʛʝʥʦʤʦʤ ʩʦʙʨʘʥʥʦʛʦ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʧʘʨʜʘ. 

ɺʳʨʘʚʥʠʚʘʥʠʷ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʦʠʩʢʘ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʢʨʠʪʝʨʠʷʤʠ: 

1) ʙʳʣʠ ʫʜʘʣʝʥʳ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩ ʦʮʝʥʢʦʡ ʢʘʯʝʩʪʚʘ ʤʝʥʝʝ 20 (<MQ20); 2) ʙʳʣʠ 

ʫʜʘʣʝʥʳ ʥʝʫʥʠʢʘʣʴʥʳʝ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʣʶʙʳʝ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ 

ʢʘʨʪʠʨʫʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʤʝʩʪ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ; 3) 

ʜʫʙʣʠʨʦʚʘʥʥʳʝ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʧʨʦʯʪʝʥʠʷ, ʢʦʦʨʜʠʥʘʪʳ 

ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʬʝʨʝʥʩʘ ʩʦʚʧʘʜʘʶʪ, ʪʘʢʞʝ ʙʳʣʠ 

ʫʜʘʣʝʥʳ. 

ʇʦʠʩʢ SNV ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʩ ʥʠʟʢʠʤ ʧʦʢʨʳʪʠʝʤ (<10ʍ) 

ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ. ʇʦʜʭʦʜ, ʦʧʠʩʘʥʥʳʡ ʚ Nielson et al. [Nielson et al., 2012], ʷʚʣʷʝʪʩʷ 

ʥʘʜʝʞʥʳʤ ʠ ʚʳʩʦʢʦʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʧʦʠʩʢʘ SNV ʧʨʠ ʥʠʟʢʦʤ ʧʦʢʨʳʪʠʠ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ (SFS). ɼʣʷ ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ ʛʝʥʦʪʠʧʘ ʚ ʢʘʞʜʦʤ ʣʦʢʫʩʝ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʠʪʝʨʠʡ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ SOAPsnp ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʬʘʡʣʘ ʬʦʨʤʘʪ GLFv2 ʜʣʷ ʢʘʞʜʦʛʦ ʩʘʡʪʘ, ʘ ʟʘʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ANGSD [Korneliussen et al., 2014] ʠ Beagle [Altmann et al., 2012] 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʪʠʧʘ (SNV). 

ɺʩʝ SNV ʙʳʣʠ ʘʥʥʦʪʠʨʦʚʘʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ, ʠʩʧʦʣʴʟʫʷ snpEff 

[Cingolani et al., 2012] c ʙʘʟʦʡ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʠʟ 

ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʛʝʧʘʨʜʘ. 

 

2.5. ʉʧʦʩʦʙʳ ʦʮʝʥʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

 

ɼʣʷ ʚʩʝʩʪʦʨʦʥʥʝʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʝʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ: 1) ɺʩʪʨʝʯʘʝʤʦʩʪʴ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʥʘ ʚʩʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʛʝʥʦʤʘ 2) ʇʣʦʪʥʦʩʪʴ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʚ ʦʢʥʘʭ ʛʝʥʦʤʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʚ 50 ʪ.ʧ.ʥ. 3) 

ʂʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʪʠʚʥʳʭ ʧʦʟʠʮʠʡ ʚ ʢʦʜʠʨʫʶʱʠʭ ʦʙʣʘʩʪʷʭ 4) ʇʨʦʪʷʞʝʥʥʦʩʪʴ 

ʫʯʘʩʪʢʦʚ ʛʦʤʦʟʠʛʦʪʥʦʩʪʠ 5) ʂʦʣʠʯʝʩʪʚʦ ʜʦʩʪʦʚʝʨʥʳʭ ʛʝʪʝʨʦʟʠʛʦʪ ʥʘ ʛʝʥʦʤ 6) 

ɻʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

 

2.6. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʛʝʥʦʤʥʳʝ ʜʘʥʥʳʝ 

 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʤʳʤ ʨʝʩʫʨʩʦʤ ʙʳʣʘ ʩʙʦʨʢʘ ʠ 

ʘʥʥʦʪʘʮʠʷ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ [Tamazian et al., 2014], ʨʘʙʦʪʘ ʥʘʜ ʢʦʪʦʨʦʡ ʙʳʣʘ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʪʝʢʫʱʝʛʦ ʧʨʦʝʢʪʘ. 

ʉʙʦʨʢʘ ʛʝʥʦʤʘ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ (Fca-6.2) ʙʳʣʘ ʤʥʦʛʦʢʨʘʪʥʦ ʫʣʫʯʰʝʥʘ 

ʚ ʧʨʦʮʝʩʩʝ ʨʷʜʘ ʧʨʘʚʦʢ, ʪʘʢ ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʘʷ 

ʚʝʨʩʠʷ ʛʝʥʦʤʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʦʚ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʚʝʨʩʠʷ ʛʝʥʦʤʘ ʧʨʠʚʷʟʘʥʘ ʢ 

ʭʨʦʤʦʩʦʤʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʬʠʟʠʯʝʩʢʠʭ ʢʘʨʪ, ʢʘʨʪʳ 
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ʨʘʜʠʘʮʠʦʥʥʳʭ ʛʠʙʨʠʜʦʚ [Davis et al., 2009] ʠ ʢʘʨʪʳ ʩʮʝʧʣʝʥʠʷ ʢʦʨʦʪʢʠʭ 

ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ (STR) [Menotti-Raymond et al., 2009]. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʥʘ 

ʦʩʥʦʚʝ ʤʠʢʨʦʯʠʧʘ ʜʣʷ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʜʦʤʘʰʥʠʭ ʢʦʰʝʢ ʦʪ ʢʦʤʧʘʥʠʠ 

Illumina, ʩʦʜʝʨʞʘʱʝʛʦ ʦʢʦʣʦ 60 ʪʳʩʷʯ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ (SNP), ʙʳʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 1.943 ʥʦʚʳʭ ʫʯʘʩʪʢʘ ʩʮʝʧʣʝʥʠʷ [Pontius et al., 2007]. 

ʂʨʦʤʝ ʛʝʥʦʤʘ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ ʤʳ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ 

ʜʨʫʛʠʭ ʛʝʥʦʤʥʳʭ ʩʙʦʨʦʢ - ʏʝʣʦʚʝʢ (GRCh37), ʉʦʙʘʢʘ (CanFam3.1) ʠ ɸʤʫʨʩʢʠʡ 

ʪʠʛʨ (ATCQ01000000). 

ʄʳ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ: 

1) ɼʠʢʠʡ ʢʦʪ ï PRJNA253950 2) ɸʤʫʨʩʢʠʡ ʪʠʛʨ, ɹʝʥʛʘʣʴʩʢʠʡ ʪʠʛʨ, 

ɸʬʨʠʢʘʥʩʢʠʡ ʣʝʚ, ʉʥʝʞʥʳʡ ʣʝʦʧʘʨʜ - PRJNA182708 3) ɻʦʨʠʣʣʘ - 

PRJEB12821. 

ɼʘʥʥʳʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ ʘʟʠʘʪʩʢʦʛʦ ʣʴʚʘ, ʘ ʪʘʢ ʞʝ ʩʙʦʨʢʘ ʛʝʥʦʤʘ 

ʠ ʘʥʥʦʪʘʮʠʷ ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ  BGI ʠ ʜʦʩʪʫʧʥʳ ʧʦ ʟʘʧʨʦʩʫ. 

 

2.7. De novo cʙʦʨʢʘ ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ 

 

ɼʣʷ de novo ʩʙʦʨʢʠ ʛʝʥʦʤʘ ʛʝʧʘʨʜʘ ʠʟ ʢʦʨʦʪʢʠʭ ʨʠʜʦʚ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʩʙʦʨʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ SOAPdenovo [Luo et al., 2012], ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʛʨʘʬ ʜʝ ɹʨʶʡʥʘ. ɺʩʝ 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʧʨʦʯʪʝʥʠʷ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ k-ʤʝʨʦʚ. ʂ-ʤʝʨʳ ʜʣʠʥʦʡ 17 ʧ.ʥ. ʠ 

ʯʘʩʪʦʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʤʝʥʝʝ 4 ʨʘʟ ʩʯʠʪʘʣʠʩʴ ʦʰʠʙʦʯʥʳʤʠ. ʇʦʩʣʝ ʢʦʨʨʝʢʮʠʠ 

ʧʨʦʯʪʝʥʠʷ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʜʣʠʥʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ - 

ɼʅʂ-ʢʦʥʪʠʛʠ. ɿʘʪʝʤ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʧʷʪʠ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʭ 

ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʧʦʵʪʘʧʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠ ʦʙʲʝʜʠʥʝʥʠʷ ʢʦʥʪʠʛʦʚ ʚ 

ʩʢʘʬʬʦʣʜʳ. ʉʢʘʬʬʦʣʜʳ ʩʦʩʪʦʷʪ ʠʟ ʢʦʥʪʠʛʦʚ ʠ ʦʜʥʦʛʦ ʠʣʠ ʙʦʣʝʝ ʨʘʟʨʳʚʦʚ 

ʠʟʚʝʩʪʥʦʡ ʜʣʠʥʳ ʤʝʞʜʫ ʥʠʤʠ. ʄʳ ʫʙʨʘʣʠ ʯʘʩʪʴ ʨʘʟʨʳʚʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʘʟʨʝʰʝʥʠʷ ʪʘʥʜʝʤʥʳʭ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʧʦʚʪʦʨʦʚ ʟʘ ʩʯʝʪ ʠʥʬʦʨʤʘʮʠʠ ʠʟ 

ʙʠʙʣʠʦʪʝʢʠ ʧʘʨʥʦ-ʢʦʥʮʝʚʳʭ ʧʨʦʯʪʝʥʠʡ. ɼʘʣʝʝ ʤʳ ʢʘʨʪʠʨʦʚʘʣʠ ʧʨʦʯʪʝʥʠʷ, 

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA182708
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ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʩʙʦʨʢʠ ʛʝʥʦʤʘ, ʥʘ ʩʘʤ ʛʝʥʦʤ ʠ ʟʘʧʦʣʥʷʣʠ ʪʫ ʯʘʩʪʴ 

ʨʘʟʨʳʚʦʚ, ʜʣʷ ʢʦʪʦʨʦʡ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʨʘʟʨʝʰʝʥʠʷ ʧʦʚʪʦʨʦʚ. 

 

2.8. ʉʙʦʨʢʘ ʥʘ ʦʩʥʦʚʝ ʨʝʬʝʨʝʥʩʘ 

 

ʉʨʝʜʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Felidae ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʢʦʥʩʝʨʚʘʪʠʟʤʘ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʛʝʥʦʤʘ [Dobrynin et al., 2015, Cho et al., 2013, Hsu 

et al., 1963].ɼʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʩʢʘʬʬʦʣʜʦʚ ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʥʘ 

ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʘʨʥʦʛʦ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʜʚʫʭ ʚʠʜʦʚ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʚ ʧʨʦʛʨʘʤʤʝ BLAST+ [Camacho et al., 2009]. ɿʘʪʝʤ ʤʳ ʧʨʠʩʚʦʠʣʠ ʚʝʣʠʯʠʥʫ 

ʩʭʦʜʩʪʚʘ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʨʪʠʨʦʚʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɺʝʣʠʯʠʥʘ ʩʭʦʜʩʪʚʘ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʜʣʠʥʝ ʠ ʠʜʝʥʪʠʯʥʦʩʪʠ ʚʳʨʦʚʥʝʥʥʳʭ ʨʝʛʠʦʥʦʚ. ʇʦʩʣʝ ʵʪʘʧʘ 

ʦʮʝʥʠʚʘʥʠʷ ʧʦʣʦʞʝʥʠʝ ʢʘʞʜʦʛʦ ʩʢʘʬʬʦʣʜʘ ʥʘ ʭʨʦʤʦʩʦʤʘʭ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʘʧʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʈʠʩ. 1. ɺʦ-

ʧʝʨʚʳʭ, ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʢʘʞʜʳʡ ʩʢʘʬʬʦʣʜ ʤʦʞʝʪ ʠʤʝʪʴ ʫʥʠʢʘʣʴʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʩʧʝʮʠʬʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʥʘ ʨʝʬʝʨʝʥʩʥʦʤ ʛʝʥʦʤʝ ʜʦʤʘʰʥʝʡ 

ʢʦʰʢʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʣʫʯʰʠʤ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʠ ʚʪʦʨʳʤ ʧʦ 

ʩʪʝʧʝʥʠ ʩʭʦʜʩʪʚʘ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ [1.2]. ɺ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ 

ʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ ʩʢʘʬʬʦʣʜ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʧʦʟʠʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʛʦ 

ʚʳʨʘʚʥʠʚʘʥʠʶ ʩ ʥʘʠʙʦʣʴʰʝʡ ʦʮʝʥʢʦʡ. 
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˾͙ͫͯͤͦ͟ 1. ˿ ͻ͔ͣ͊ ͪ͊͋ͦͭ· ͎ͨͪͦͪ͊ͣͣ· Chromosomer ͍  ͨͪͦͼ͔͔ͫͫ ͙ͫ͋ͦͪ͟ ͎͔ͤͦͣ͊ ͤ͊ ͍͔ͦͫͤͦ ͔ͪͺ͔͔ͪͤͫ͊Φ  

˽ͪΎ͎ͣͦͯͦ͡Έ͙͙ͤ͟ ͫͦͦͭͤͦͫΎͭͫΎ ͫ ͨͪͦͼ͔͙͒ͯͪ͊ͣΣ ͦͭͦͪ͟·͔ ͙͔ͨͪͣͤΎΌͭͫΎ ͟ ͒͊ͤͤ·ͣΣ ͫͦͦͭͤͦͫΎ΅͙ͣͫΎ ͫ 

͔͎͙ͨ͊ͪ͊ͦͪ͊ͣͣ͊ͣ͡͡͡Φ 

ʉʢʘʬʬʦʣʜʳ, ʥʝ ʠʤʝʶʱʠʝ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʢʦʥʢʨʝʪʥʦʡ ʧʦʟʠʮʠʠ, ʙʳʣʠ 

ʠʩʢʣʶʯʝʥʳ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʟʠʮʠʦʥʥʦʡ ʢʘʨʪʳ 

ʤʳ ʨʘʩʧʦʣʦʞʠʣʠ ʢʘʞʜʳʡ ʩʢʘʬʬʦʣʜ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 2 (ɸ ï ɹ). ɺ ʩʣʫʯʘʝ 

ʥʘʣʦʞʝʥʠʷ ʩʢʘʬʬʦʣʜʦʚ ʤʳ ʜʦʙʘʚʣʷʣʠ ʧʨʦʧʫʩʢʠ ʤʝʞʜʫ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ 

ʩʢʘʬʬʦʣʜʘʤʠ ʈʠʩ. 2. (ɺ ï ɻ) 
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˾͙ͫͯͤͦ͟ 2Φ ˴͙͍͙͊ͪͭͪͦ͊ͤΎ ͺ͎͔ͪ͊ͣͤͭ͊ ͤ͊ ͍͔ͦͫͤͦ ͔͎ͦ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ ͙ ͔ͪ͊ͪ͘΄͔͙͔ͤ ͔͔ͨͪͪ͟·͙͚ͭ 

͔ͣ͗͒ͯ ͺ͎͔͙ͪ͊ͣͤͭ͊ͣ. ˤ·͍͙͍͙͔ͪ͊ͤ͊ͤΣ ͔ͦͭͦͪͦ͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͔͙ͨͦͦ͗ͤ͡ΎΣ 

͔ͦͭͣ;͔ͤͦ ͔ͭͣͤͦ-͔ͫͪ·ͣ ͼ͍͔ͭͦͣΦ ˿ͻ͔ͣ͊  s͙  x ͒ ͔͙͔ͣͦͤͫͭͪͪͯͭ ͫͯ͡;͙͊ ͨͪΎ͚ͣͦ ͙ ͚ͦ͋ͪ͊ͭͤͦ ͙͔ͦͪͤͭ͊ͼ͙͙ 

ͺ͎͔ͪ͊ͣͤͭ͊ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͻͪͦͣͦͫͦͣ·Φ Cͻ͔ͣ͊  ʕ͙ ˥, ͔ͫ ͙͡ ͍͒͊ ͺ͎͔ͪ͊ͣͤͭ͊ ͦ͋ͪ͊ͯ͘Όͭ ͔͔ͨͪͪ͟·͙͔ͭ ͤ͊ N 

ͨΦͤΦΣ ͭͦ ͅ ͎͔ͪ͊ͣͤͭ ͍͙͎͔ͫ͒͊ͭͫΎ ͤ͊ N+S ͨ ΦͤΦ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· ͔ͪ͊ͪ͘΄͙ͭΈ ͔͔ͨͪͪ͟·͙͔ͭΦ S ͦ ͙ͨͫ·͍͔͊ͭ ͔ͪ͊ͣͪ͘ 

ͨͪͦͨͯͫ͊͟Σ ͦͭͦͪ͟·͚ ͔͋ͯ͒ͭ ͍͔͒ͦ͋͊ͤ͡Σ Ήͭͦͭ ͔ͨ͊ͪ͊ͣͭͪ ͔͊͒͊ͭͫ͘Ύ ͙ͨͪ ͔͊ͨͯͫ͘͟ ͎ͨͪͦͪ͊ͣͣ·Φ 

 

2.9. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʙʦʨʢʠ ʛʝʥʦʤʘ 

 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʠ ʷʚʣʷʝʪʩʷ ʩʝʨʴʸʟʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʝr ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʛʝʥʦʤʥʳʭ ʩʙʦʨʦʢ ʤʝʞʜʫ ʩʦʙʦʡ, ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ N50 ʠ L50. ɺ ʧʦʣʫʯʝʥʥʦʤ 

ʥʘʙʦʨʝ ʢʦʥʪʠʛʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʜʣʠʥʳ, ʟʥʘʯʝʥʠʝ N50 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʜʣʠʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ 50% ʛʝʥʦʤʘ. 

ʇʦʢʘʟʘʪʝʣʴ L50 ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʢʦʥʪʠʛʦʚ, ʩʫʤʤʘ ʜʣʠʥʳ 

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ N50 [Gurevich et al., 2013]. ʆʜʥʘʢʦ ʟʥʘʯʝʥʠʷ N50 ʠ L50 ʠ 

ʨʘʟʤʝʨ ʩʦʙʨʘʥʥʦʛʦ ʛʝʥʦʤʘ ʥʝ ʚʩʝʛʜʘ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʢʘʯʝʩʪʚʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʙʨʘʥʥʳʭ ʛʝʥʦʚ ʠʣʠ ʦʰʠʙʦʯʥʳʭ 

ʩʢʘʬʬʦʣʜʦʚ. 
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ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʠ ʘʬʨʠʢʘʥʩʢʦʛʦ 

ʛʝʧʘʨʜʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʷʜ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʜʩʯʝʪʘ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

1. ʃʦʢʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʢʦʨʦʪʢʠʭ ʧʨʦʯʪʝʥʠʡ ʰʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʛʝʧʘʨʜʦʚ 

ʥʘ ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ ʛʝʧʘʨʜʘ.  

2. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʪʜʝʣʴʥʦʡ ʛʝʥʦʤʥʦʡ 

ʩʙʦʨʢʠ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʛʝʥʥʦʛʦ ʩʦʩʪʘʚʘ [Parra et al., 2007; Simão et al., 

2015]. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʪʦʢʦʣ CEGMA [Parra et al., 2007], ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʚʝʡʝʨ ʜʣʷ ʪʦʯʥʦʡ ʘʥʥʦʪʘʮʠʠ ʥʘʙʦʨʘ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʛʝʥʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʛʝʥʦʤʘʭ ʵʫʢʘʨʠʦʪ. 

 

2.10. ʇʦʠʩʢ ʙʣʦʢʦʚ ʩʠʥʪʝʥʠʠ 

 

ɼʣʷ ʧʦʠʩʢʘ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, ʚʦʟʥʠʢʰʠʭ ʤʝʞʜʫ ʛʝʧʘʨʜʦʤ ʠ 

ʜʦʤʘʰʥʝʡ ʢʦʰʢʦʡ, ʘʤʫʨʩʢʠʤ ʪʠʛʨʦʤ, ʘʬʨʠʢʘʥʩʢʠʤ ʣʴʚʦʤ ʠ ʩʦʙʘʢʦʡ, ʤʳ 

ʧʨʠʤʝʥʠʣʠ ʘʣʛʦʨʠʪʤ GRIMM [Tesler, 2002] ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʨʘʚʥʠʚʘʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʧʦʤʦʱʠ ProgressiveCactus [Armstrong et al., 2020]. ʊʘʢ ʢʘʢ 

ʪʦʣʴʢʦ ʛʝʥʦʤʳ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ ʠ ʩʦʙʘʢʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʜʦ ʫʨʦʚʥʷ ʭʨʦʤʦʩʦʤ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʠ ʦʩʪʘʚʰʠʭʩʷ ʚʠʜʘ ʙʳʣʠ ʩʦʙʨʘʥʳ ʪʦʣʴʢʦ ʜʦ ʫʨʦʚʥʷ 

ʩʢʘʬʬʦʣʜʦʚ, ʤʳ ʜʦʣʞʥʳ ʙʳʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʪʦʣʴʢʦ ʢʘʢ 

ʩʦʙʳʪʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʥʫʪʨʠ ʩʤʝʞʥʳʭ ʢʦʥʪʠʛʦʚ.   

 

2.11. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʚʪʦʨʦʚ 

 

ʂʦʤʙʠʥʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ RepeatMasker [Chen, 2004] ʠ 

ʙʠʙʣʠʦʪʝʢʠ Repbase Update [Bao et al., 2015] ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʚʩʝ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʧʦʚʪʦʨʳ, ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʭʠʱʥʠʢʦʚ ʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, 

ʚ ʩʙʦʨʢʝ ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ. ʄʳ ʠʟʫʯʠʣʠ ʧʦʚʪʦʨʳ ʚ ʩʣʝʜʫʶʱʠʭ 

ʛʝʥʦʤʘʭ: ʘʬʨʠʢʘʥʩʢʠʡ ʛʝʧʘʨʜ (Acynonyx jubatus), ʘʬʨʠʢʘʥʩʢʠʡ ʣʝʚ (Panthera 
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leo), ʘʤʫʨʩʢʠʡ ʪʠʛʨ (Panthera tigris), ʜʦʤʘʰʥʷʷ ʢʦʰʢʘ (Felis catus) ʠ ʜʦʤʘʰʥʷʷ 

ʩʦʙʘʢʘ (Canis lupus familiaris). 

 ɸʥʘʣʠʟ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʘʭ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ, ʛʝʧʘʨʜʘ, 

ʩʦʙʘʢʠ, ʣʴʚʘ ʠ ʪʠʛʨʘ ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ TRF [Benson, 

1999] ʠ ʥʘ ʘʣʛʦʨʠʪʤʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ TRF, ʢʦʪʦʨʳʡ ʙʳʣ 

ʦʧʫʙʣʠʢʦʚʘʥ ʥʘʤʠ ʨʘʥʝʝ [Tamazian et al., 2014]. 

ɺʩʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʪʘʥʜʝʤʥʳʝ ʧʦʚʪʦʨʳ ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ 

ʯʣʝʥʳ ʦʜʥʦʡ ʠʟ ʪʨʝʭ ʩʣʝʜʫʶʱʠʭ ʛʨʫʧʧ: 

1. ʄʠʢʨʦʩʘʪʝʣʣʠʪʳ ʩ ʜʣʠʥʦʡ ʤʦʥʦʤʝʨʘ ʤʝʥʝʝ 5 ʧ.ʥ., ʚʢʣʶʯʘʷ 

ʩʦʚʝʨʰʝʥʥʳʝ ʤʠʢʨʦʩʘʪʝʣʣʠʪʳ ʩ ʜʣʠʥʦʡ ʤʦʥʦʤʝʨʘ ʤʝʥʝʝ 5 ʧ.ʥ. 

2. ʉʣʦʞʥʳʝ ʪʘʥʜʝʤʥʳʝ ʧʦʚʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʣʠ ʢʨʫʧʥʳʝ 

ʪʘʥʜʝʤʥʳʝ ʧʦʚʪʦʨʳ ʠ ʩʘʪʝʣʣʠʪʥʫʶ ɼʅʂ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ GC% 

ʦʪ 20 ʜʦ 80, ʜʣʠʥʦʡ ʤʘʩʩʠʚʘ ʙʦʣʝʝ 100 ʧ.ʥ., ʚʘʨʠʘʮʠʷʤʠ ʯʠʩʣʘ ʢʦʧʠʡ 

ʚ ʜʣʠʥʫ ʙʦʣʝʝ 4 ʧ.ʥ., ʵʥʪʨʦʧʠʝʡ ʤʘʩʩʠʚʘ ʙʦʣʝʝ 1,76, ʜʣʠʥʦʡ ʤʦʥʦʤʝʨʘ 

ʙʦʣʝʝ 4 ʧ.ʥ. ʠ ʥʝʩʦʚʝʨʰʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʤʘʩʩʠʚʘ ʧʦʚʪʦʨʘ. 

3. ʄʘʢʨʦʩʘʪʝʣʣʠʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʙʦʣʴʰʠʤʠ, ʫʩʧʝʰʥʦ 

ʩʦʙʨʘʥʥʳʤʠ ʪʘʥʜʝʤʥʦ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʤʘʩʩʠʚʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʧʦʜʛʨʫʧʧʳ ʧʦ ʜʣʠʥʘʤ ʤʘʩʩʠʚʘ 1, 3 ʠ 10 ʪ.ʧ.ʥ. 

ʉʣʦʞʥʳʝ ʪʘʥʜʝʤʥʳʝ ʧʦʚʪʦʨʳ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʧʦ ʩʝʤʝʡʩʪʚʘʤ ʥʘ 

ʦʩʥʦʚʝ ʧʦʜʦʙʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʢʦʪʦʨʦʝ ʚʳʯʠʩʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

NCBI BLAST+ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ [Tamazian et al., 2014]. 

 

2.12. ɸʥʥʦʪʘʮʠʷ ʛʝʥʦʚ 

 

ɼʣʷ ʘʥʥʦʪʘʮʠʠ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ ʚ ʛʝʥʦʤʝ ʛʝʧʘʨʜʘ, ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʙʠʥʘʮʠʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʝʜʩʢʘʟʘʥʠʷ ab initio ʩ ʚʥʝʰʥʠʤʠ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʤʠ ʠʟ ʛʝʥʦʤʦʚ ʯʝʣʦʚʝʢʘ, ʜʦʤʘʰʥʝʡ ʩʦʙʘʢʠ ʠ ʢʦʰʢʠ, 

ʟʘʛʨʫʞʝʥʥʳʭ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ Ensembl (http://www.ensembl.org). 

ʇʦʪʝʥʮʠʘʣʴʥʳʝ miRNA ʛʝʥʳ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʧʨʦʪʠʚ miRBase 

(http://www.mirbase.org) ʜʣʷ ʫʜʘʣʝʥʠʷ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ɼʣʷ ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʚ ʥʝʢʦʜʠʨʫʶʱʠʭ ʈʅʂ-ʵʣʝʤʝʥʪʦʚ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ: 

tRNAscan-SE (ʚʝʨʩʠʷ 1.23) ʜʣʷ ʧʦʠʩʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʢʦʜʠʨʫʶʱʠʭ 

ʪʈʅʂ. ʨʈʅʂ ʧʦʟʚʦʥʦʯʥʳʭ ʠʟ ɽʚʨʦʧʝʡʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʨʠʙʦʩʦʤʥʦʡ ʈʅʂ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ DBM (Domain Binding 

Motif). Rfam (ʚʝʨʩʠʷ 9.1) ʚ ʩʦʯʝʪʘʥʠʠ ʩ Infernal ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʘʥʥʦʪʘʮʠʠ ʤʘʣʳʭ ʷʜʝʨʥʳʭ ʈʅʂ (snRNAs) ʠ ʤʠʢʨʦʈʅʂ (miRNAs). 

 

2.13. ʇʦʠʩʢ ʩʠʛʥʘʣʦʚ ʧʦʟʠʪʠʚʥʦʛʦ ʦʪʙʦʨʘ 

 

ʄʳ ʠʩʢʘʣʠ ʛʝʥʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ ʧʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʦʪʙʦʨʝ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ [Yang, 1997; Yang, 2007]. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ PAML ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ 

ʧʦʟʠʪʠʚʥʦʛʦ ʦʪʙʦʨʘ ʚʜʦʣʴ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʛʝʧʘʨʜʘ. ʄʳ ʩʨʘʚʥʠʚʘʣʠ 

ʤʦʜʝʣʴ A1, ʚ ʢʦʪʦʨʦʡ ʩʘʡʪʳ ʤʦʛʫʪ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʥʝʡʪʨʘʣʴʥʦ ʠ ʧʦʜ 

ʦʯʠʱʘʶʱʠʤ ʦʪʙʦʨʦʤ, ʩ ʤʦʜʝʣʴʶ A, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʘʡʪʘʤ ʪʘʢʞʝ ʙʳʪʴ ʧʦʜ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʪʙʦʨʦʤ. ʂʨʠʪʝʨʠʠ ʟʥʘʯʠʤʦʩʪʠ (p) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʢʠ ɢ2, ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʥʘ ʤʥʦʞʝʩʪʚʝʥʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʧʨʘʚʢʦʡ FDR. 

 

2.14. ɸʥʘʣʠʟ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ 

 

ɸʥʘʣʠʟ ʵʢʩʧʘʥʩʠʠ/ʩʦʢʨʘʱʝʥʠʷ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʛʝʥʳ 

ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʩʝʤʝʡʩʪʚʘ. ɼʣʷ ʨʷʜʘ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʛʝʥʦʤʦʚ 

ʩʝʤʝʡʩʪʚʘ ʛʝʥʦʚ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʧʫʙʣʠʯʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ 

TreeFam [Li  et al., 2006] ʠʣʠ Ensembl Compara [Cunningham et al., 2015]. ɼʣʷ de 

novo ʩʙʦʨʢʠ ʛʝʥʦʤʘ ʛʝʧʘʨʜʘ ʤʳ ʜʦʣʞʥʳ ʙʳʣʠ ʩʘʤʠ ʚʳʧʦʣʥʷʪʴ ʢʣʘʩʪʝʨʠʟʘʮʠʶ 

ʥʘʡʜʝʥʥʳʭ ʛʝʥʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʤʝʡʩʪʚ ʛʝʥʦʚ. ʆʙʘ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʫʶʪ ʪʦʣʴʢʦ ʧʦ 

ʦʜʥʦʤʫ, ʩʘʤʦʤʫ ʜʣʠʥʥʦʤʫ ʙʝʣʢʫ, ʠʟ ʢʘʞʜʦʛʦ ʠʟʚʝʩʪʥʦʛʦ ʛʝʥʘ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʠʩʢ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ ʚ ʧʫʙʣʠʯʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ. ɸ ʚʪʦʨʦʡ 

ʧʦʜʭʦʜ, ʚʦʟʥʠʢʰʠʡ ʧʦʟʞʝ, ʦʩʥʦʚʘʥ ʥʘ ʚʳʨʘʚʥʠʚʘʥʠʠ ʙʝʣʢʦʚ ʩ ʥʘʙʦʨʦʤ HMM 
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ʧʨʦʬʠʣʝʡ ʫʞʝ ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʢ 

ʢʘʢʦʤʫ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʝʤʝʡʩʪʚ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʢʦʥʢʨʝʪʥʳʡ ʛʝʥ. 

ɺʳʨʘʚʥʠʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʳ HMMER3 [Finn et al., 2011]. ʕʪʦʪ ʚʪʦʨʦʡ ʤʝʪʦʜ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ 

ʧʝʨʚʦʛʦ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʙʘʟʘʭ 

ʜʘʥʥʳʭ. 

 

2.15. ɸʥʘʣʠʟ ʛʝʥʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʤʥʦʞʝʥʠʝʤ 

 

ʏʪʦʙʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʝ ʛʝʥʳ ʚ ʛʝʥʦʤʝ ʛʝʧʘʨʜʘ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʘʟʤʥʦʞʝʥʠʠ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʩʝ ʯʝʣʦʚʝʯʝʩʢʠʝ ʛʝʥʳ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʪʝʨʤʠʥʫ ʛʝʥʥʦʡ ʦʥʪʦʣʦʛʠʠ GO: 0000003 (Reproduction) ʠʟ 

ʙʘʟʳ ʜʘʥʥʳʭ Ensembl Genes [Cunningham et al., 2015]. ʄʳ ʧʦʣʫʯʠʣʠ ʚ ʦʙʱʝʡ 

ʩʣʦʞʥʦʩʪʠ 1730 ʪʨʘʥʩʢʨʠʧʪʦʚ ʠʟ 964 ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ. ʕʪʦʪ ʥʘʙʦʨ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʠʩʢʘ ʦʜʥʦʢʦʧʠʡʥʳʭ ʦʨʪʦʣʦʛʠʯʥʳʭ ʛʝʥʦʚ ʫ ʛʝʧʘʨʜʘ, 

ʢʦʰʢʠ, ʪʠʛʨʘ, ʩʦʙʘʢʠ ʠ ʯʝʣʦʚʝʢʘ. ʏʪʦʙʳ ʚʳʷʚʠʪʴ ʦʨʪʦʣʦʛʠʯʥʳʝ ʛʨʫʧʧʳ ʛʝʥʦʚ, 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʝ Proteinortho [Lechner et 

al., 2011], ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʢʘʢ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʚʳʨʘʚʥʠʚʘʥʠʷ BLAST, ʪʘʢ ʠ ʥʘ 

ʘʥʘʣʠʟʝ ʩʠʥʪʝʥʥʳʭ ʙʣʦʢʦʚ. ʀʟ 1730 ʪʨʘʥʩʢʨʠʧʪʦʚ ʧʦʠʩʢ ʧʨʠʚʝʣ ʢ 656 

ʦʜʥʦʢʦʧʠʡʥʳʤ ʦʨʪʦʣʦʛʘʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʫ ʚʩʝʭ ʧʷʪʠ ʚʠʜʦʚ. 

ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ PAML, ʯʪʦʙʳ ʥʘʡʪʠ ʛʝʥʳ ʩ ʫʩʢʦʨʝʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ 

ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ (kA/kS) ʚ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʛʝʧʘʨʜʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʫ ʦʩʪʘʣʴʥʳʭ ʯʝʪʳʨʝʭ ʚʠʜʦʚ. ʋʩʢʦʨʝʥʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʫʤʝʨʝʥʥʦ ʚʨʝʜʥʳʭ ʠ ʚʨʝʜʥʳʭ ʤʫʪʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʬʠʟʠʦʣʦʛʠʶ ʫ ʛʝʧʘʨʜʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ 

ʥʝʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʩʚʦʙʦʜʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ PAML. ʄʦʜʝʣʴ ʜʦʧʫʩʢʘʝʪ ʨʘʟʣʠʯʥʫʶ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ 

ʟʘʤʝʥ ʜʣʷ ʢʘʞʜʦʡ ʚʝʪʚʠ ʜʝʨʝʚʘ. ɺʩʝ ʛʝʥʳ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʠʥ çʩʫʧʝʨʛʝʥè, 

ʘ kA/kS ʦʮʝʥʠʚʘʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ. 
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2.16. ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʛʝʥʦʚ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʣʷ ʨʘʡʦʥʘ 

MHC  

 

ʆʙʣʘʩʪʴ MHC ʪʘʢʞʝ ʫʥʠʢʘʣʴʥʘ ʧʦ ʩʦʩʪʘʚʫ ʛʝʥʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʢ ʦʜʠʥʦʯʥʳʭ, ʪʘʢ ʠ ʤʥʦʛʦʢʦʧʠʡʥʳʭ ʛʝʥʦʚ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʦʚ ʚʝʜʫʪ ʩʝʙʷ ʦʯʝʥʴ ʥʝʪʦʯʥʦ. ʇʨʝʞʜʝ 

ʯʝʤ ʘʥʥʦʪʠʨʦʚʘʪʴ ʛʝʥʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʦʙʣʘʩʪʠ MHC, ʩʥʘʯʘʣʘ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʘʩʢʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

RepeatMasker ʠ ʙʘʟʳ ʜʘʥʥʳʭ RepBase3.0 [Bao et al., 2015]. ʇʝʨʚʠʯʥʘʷ 

ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʚ ʚ ʦʙʣʘʩʪʠ MHC ʙʳʣʘ ʩʜʝʣʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ 

Augustus [Stanke et al., 2006], Blat [Kent, 2002], Blast [Camacho et al., 2009] ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʢʨʠʧʪʦʚ ʥʘ Python. ɼʣʷ ʧʦʠʩʢʘ ʛʦʤʦʣʦʛʠʯʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʩʶ ʙʘʟʫ ʜʘʥʥʳʭ RefSeq [Pruitt et al., 

2007]. ɻʝʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ MHC ʢʣʘʩʩʦʚ I ʠ II, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʨʷʣʠʩʴ 

ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʢʦʨʨʝʢʪʠʨʦʚʘʣʠʩʴ ʚʨʫʯʥʫʶ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʜʦʤʝʥʳ ʚ ʛʝʥʘʭ MHC ʢʣʘʩʩʦʚ I ʠ II ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ NCBI [Pruitt et al., 2007] ʠ CLUSTALW 

[Thompson et al., 2003]. 

ʇʨʦʯʪʝʥʠʷ ʦʪ ʦʙʨʘʟʮʦʚ ʩ ʥʠʟʢʠʤ ʧʦʢʨʳʪʠʝʤ ʙʳʣʠ ʢʘʨʪʠʨʦʚʘʥʳ ʥʘ ʦʙʘ 

ʚʘʨʠʘʥʪʘ ʩʙʦʨʢʠ, ʢʘʢ ʥʘ de novo ʩʙʦʨʢʫ ʜʦ ʫʨʦʚʥʷ ʩʢʘʬʬʦʣʜʦʚ, ʪʘʢ ʠ ʥʘ 

ʢʦʥʩʝʥʩʫʩ, ʧʦʣʫʯʝʥʥʳʡ ʧʫʪʝʤ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʨʦʯʪʝʥʠʡ ʥʘ ʨʝʬʝʨʝʥʩʥʫʶ 

ʩʙʦʨʢʫ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ (FCA - GCA_000181335.4) [Tamazian et al., 2014]. 

ʆʙʥʘʨʫʞʝʥʥʳʝ SNV ʬʠʣʴʪʨʦʚʘʣʠ ʧʦ ʛʣʫʙʠʥʝ ʧʦʢʨʳʪʠʷ (>= 2), ʢʘʯʝʩʪʚʫ (>= 

20) ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ. 

 

2.17. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ 

 

ʄʳ ʧʨʠʤʝʥʠʣʠ ʢʦʤʙʠʥʘʮʠ ʁ ʠʟ ʪʨʝʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ.  

ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ PSMC, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʠʩʪʦʨʠʶ ʠʟʤʝʥʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʛʝʥʦʤ ʛʝʧʘʨʜʘ ʩ ʚʳʩʦʢʠʤ 

ʧʦʢʨʳʪʠʝʤ (AJU 878, Chewbaaca). ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʳ BWA ʠ 
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samtools ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʠ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʢʦʨʦʪʢʠʭ ʧʨʦʯʪʝʥʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʧʦʢʦʣʝʥʠʷʤʠ ʨʘʚʥʳʡ ʪʨʝʤ ʛʦʜʘʤ, ʩʢʦʨʦʩʪʴ ʤʫʪʘʮʠʡ ʚ ʨʘʡʦʥʝ 0,3Ĭ10-8. ʆʮʝʥʢʘ 

ʩʢʦʨʦʩʪʠ ʤʫʪʘʮʠʡ ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʣʥʦʛʝʥʦʤʥʦʤ ʚʳʨʘʚʥʠʚʘʥʠʠ ʤʝʞʜʫ ʛʝʧʘʨʜʦʤ 

ʠ ʜʦʤʘʰʥʝʡ ʢʦʰʢʦʡ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʩ ʧʦʤʦʱʴʶ LASTZ [Schwartz et al., 

2003], ʟʘʪʝʤ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʜʚʫʤʷ ʚʠʜʘʤʠ ʫʩʨʝʜʥʷʣʠ ʥʘ ʚʨʝʤʷ ʩ 

ʤʦʤʝʥʪʘ ʠʭ ʜʠʚʝʨʛʝʥʮʠʠ (7 ʤʣʥ ʣʝʪ). 

ɼʚʘ ʤʝʪʦʜʘ DaDi ʠ GADMA ʨʘʙʦʪʘʶʪ ʩʦ ʩʧʝʢʪʨʘʤʠ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ. ɼʣʷ 

ʜʚʫʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ (ʅʘʤʠʙʠʷ ʠʣʠ 

ʖʞʥʘʷ ɸʬʨʠʢʘ ʠ ʊʘʥʟʘʥʠʷ ʠʣʠ ɺʦʩʪʦʯʥʘʷ ɸʬʨʠʢʘ) SFS ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʤʝʨʥʫʶ ʤʘʪʨʠʮʫ X, ʛʜʝ ʢʘʞʜʘʷ ʟʘʧʠʩʴ xij ʩʦʜʝʨʞʠʪ ʯʠʩʣʦ SNV ʩ 

ʥʘʙʣʶʜʘʝʤʳʤ ʯʠʩʣʦʤ ʘʣʣʝʣʝʡ i ʚ ʧʦʧʫʣʷʮʠʠ 1 (ʅʘʤʠʙʠʷ), ʠ j ʚ ʧʦʧʫʣʷʮʠʠ 2 

(ʊʘʥʟʘʥʠʷ). ɼʣʷ ʢʘʞʜʦʡ ʵʚʦʣʶʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʩ ʫʯʝʪʦʤ ʦʞʠʜʘʝʤʦʛʦ ʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʘʡʪ 

ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ (SFS). ʂʘʞʜʘʷ ʷʯʝʡʢʘ ʚ ʤʘʪʨʠʮʝ, ʦʞʠʜʘʝʤʦʡ SFS, ʦʪʨʘʞʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ SNV ʚ ʵʪʦʡ ʷʯʝʡʢʝ. ʄʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚʩʝ SNV 

ʥʝʡʪʨʘʣʴʥʳ, ʠ ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʤʦʞʥʘ ʩʚʦʙʦʜʥʘʷ ʨʝʢʦʤʙʠʥʘʮʠʷ. ʊʦʛʜʘ 

ʦʞʠʜʘʝʤʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ 

ʘʣʣʝʣʝʡ ʢʘʞʜʦʡ ʧʦʧʫʣʷʮʠʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʜʠʬʬʫʟʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʨʦʢʠ ʠ ʨʘʟʤʝʨ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʜʚʫʭ ʧʦʧʫʣʷʮʠʡ 

ʛʝʧʘʨʜʘ (ʚʦʩʪʦʯʥʦʡ ʠ ʶʞʥʦʡ), ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʩʪʨʫʤʝʥʪʳ GADMA ʠ DaDi 

[Noskova et al., 2020; McCoy et al., 2014]. ʀʪʘʢ, DaDi ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ SFS 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʮʝʥʘʨʠʷʤʠ. 

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʤʦʜʝʣʴʶ ʠ ʥʘʙʣʶʜʘʝʤʳʤʠ ʯʘʩʪʦʪʘʤʠ ʘʣʣʝʣʝʡ ʚ SFS. ʉʪʝʧʝʥʴ 

ʩʭʦʜʩʪʚʘ ʦʮʝʥʠʚʘʣʠ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʩʨʝʜʠ ʨʘʟʥʳʭ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ. 
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ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʘʷ ʠʟ ʤʦʜʝʣʝʡ ʙʳʣʘ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ ʢ 

ʥʘʙʣʶʜʘʝʤʦʡ SFS ʛʝʧʘʨʜʘ, ʤʳ ʪʝʩʪʠʨʦʚʘʣʠ ʤʦʜʝʣʠ ʚ ʧʷʪʠ ʨʘʟʥʳʭ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʷʭ, ʠʩʧʦʣʴʟʫʷ SFS ʜʚʫʭ ʧʦʧʫʣʷʮʠʡ ʛʝʧʘʨʜʘ, ʢʦʪʦʨʳʝ 

ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʜʢʦʚʳʭ ʘʣʣʝʣʷʭ. ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʨʝʤʷ ʠ 

ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʨʘʟʜʝʣʝʥʠʷ ʧʨʝʜʢʦʚʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘ 

ʩʫʙʧʦʧʫʣʷʮʠ ʠ ʵʬʬʝʢʪʦʤ ʙʫʪʳʣʦʯʥʦʛʦ ʛʦʨʣʳʰʢʘ, ʤʳ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʯʝʪʳʨʝ 

ʜʚʫʤʝʨʥʳʝ (2D) ʤʦʜʝʣʠ: 

1) ʇʨʝʜʢʦʚʘʷ ʧʦʧʫʣʷʮʠʷ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʝ ʩʫʙʧʦʧʫʣʷʮʠʠ, ʜʘʣʝʝ 

ʩʣʝʜʫʝʪ ʦʛʨʘʥʠʯʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʠʟ ʦʜʥʦʡ ʩʫʙʧʦʧʫʣʷʮʠʠ ʚ ʜʨʫʛʫʶ (ʤʦʜʝʣʴ 2D 

IM). 

2) ʇʨʝʜʢʦʚʘʷ ʧʦʧʫʣʷʮʠʷ ʩʥʘʯʘʣʘ ʧʝʨʝʞʠʚʘʝʪ ʵʬʬʝʢʪ ʙʫʪʳʣʦʯʥʦʛʦ 

ʛʦʨʣʳʰʢʘ, ʘ ʟʘʪʝʤ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʩʫʙʧʦʧʫʣʷʮʠʠ (ʤʦʜʝʣʴ 2D BIM). 

3) ʇʨʝʜʢʦʚʘʷ ʧʦʧʫʣʷʮʠʷ ʩʥʘʯʘʣʘ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʝ ʩʫʙʧʦʧʫʣʷʮʠʠ, 

ʜʘʣʝʝ ʩʣʝʜʫʝʪ ʵʬʬʝʢʪ ʙʫʪʳʣʦʯʥʦʛʦ ʛʦʨʣʳʰʢʘ, ʘ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʢʘʞʜʦʡ ʩʫʙʧʦʧʫʣʷʮʠʠ (ʤʦʜʝʣʴ 2D SBR). 

4) ʇʨʝʜʢʦʚʘʷ ʧʦʧʫʣʷʮʠʷ, ʥʘʯʠʥʘʷ ʩ ~ 100.000 ʣʝʪ ʜʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʜʚʝ 

ʩʫʙʧʦʧʫʣʷʮʠʠ ʨʘʩʪʝʪ ʚ ʨʘʟʤʝʨʝ, ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ ʵʬʬʝʢʪ 

ʙʫʪʳʣʦʯʥʦʛʦ ʛʦʨʣʳʰʢʘ, ʢʦʪʦʨʳʡ ʜʚʝ ʩʫʙʧʦʧʫʣʷʮʠʠ ʧʝʨʝʞʠʚʘʶʪ ʥʝʟʘʚʠʩʠʤʦ 

(ʤʦʜʝʣʴ 2D ISB).  
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

 

3.1. ʆʮʝʥʢʘ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠ ʩʙʦʨʢʘ ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ 

ʛʝʧʘʨʜʘ, Acinonyx jubatus 

 

3.1.1. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʜʣʷ 

ʨʝʬʝʨʝʥʩʘ ʦʙʨʘʟʮʘ ʠ ʰʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʦʙʝʡ. 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʧʦʢʨʳʪʠʷ ʛʝʥʦʤʘ ʢʘʞʜʘʷ ʙʠʙʣʠʦʪʝʢʘ ʙʳʣʘ 

ʩʝʢʚʝʥʠʨʦʚʘʥʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʜʦʨʦʞʢʘʭ (ʊʘʙʣ. 2), ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʙʦʣʝʝ 300 

ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʤʣʨʜ. ʧ.ʥ. (ʊʘʙʣ. 3) ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʜʦ ʢʘʢʦʡ-ʣʠʙʦ 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʘʥʘʣʠʟʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟ ʦʙʝ̡ʤʘ 

ʧʝʨʚʠʯʥʳʭ ʧʨʦʯʪʝʥʠʡ ʤʳ ʧʨʠʤʝʥʷʣʠ ʨʷʜ ʬʠʣʴʪʨʦʚ ʜʣʷ ʦʪʩʝʚʘ ʜʫʙʣʠʢʘʪʦʚ 

ʇʎʈ, ʭʠʤʝʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʧʨʦʯʪʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʦʰʠʙʦʢ. 

ʊʘʙʣʠʮʘ 3. ʇʨʦʯʪʝʥʠʷ ʛʝʥʦʤʘ ʛʝʧʘʨʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ de novo ʩʙʦʨʢʠ. ɻʣʫʙʠʥʘ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ï ʩʫʤʤʘʨʥʳʡ ʦʙʲʸʤ ʚʩʝʭ ʧʨʦʯʪʝʥʠʡ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʧʦʜʝʣʝʥʥʳʡ ʥʘ 

ʨʘʟʤʝʨ ʛʝʥʦʤʘ. 

˨͙ͤ͊͡ 

͍͍͙ͫͭ͊͟ 

όͨΦͤΦύ 

˨͙ͤ͊͡ 

ͨͪͦ;͔͙ͭͤΎ 

όͨΦͤΦύ 

˽͔͍͙ͪ;ͤ·͔ 

͒͊ͤͤ·͔ όͣͪ͒͡Φ 

ͨΦͤΦύ 

˨͊ͤͤ·͔ 

͍·͎ͫͦͦͦ͟ 

͊͟;͔͍ͫͭ͊ 

όͣͪ͒͡ ͨΦͤΦύ 

˥͙ͯ͋ͤ͊͡ 

͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟Ύ 

(×) 

170 100 102,20 67,97 28,56 

500 100 50,48 38,70 16,26 

800 100 38,49 26,40 11,09 

2000 49 33,89 18,53 7,79 

5000 49 45,71 10,44 4,39 

10000 49 27,27 6,51 2,73 

20000 49 24,26 9,76 4,10 

 

ɹʠʙʣʠʦʪʝʢʠ ʜʣʷ ʰʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ 

ʩʦʚʤʝʩʪʥʦ ʥʘ ʦʜʥʦʤ ʯʠʧʝ ʩʝʢʚʝʥʘʪʦʨʘ Illumina HiSeq2000, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 
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ʧʦʣʫʯʝʥʳ ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ ʠ 5-6-ʢʨʘʪʥʳʤ ʫʨʦʚʥʝʤ 

ʧʦʢʨʳʪʠʷ ʛʝʥʦʤʘ (ʊʘʙʣ. 4).  

 

ʊʘʙʣʠʮʘ 4. ʇʨʦʯʪʝʥʠʷ ʧʦʩʣʝ ʨʝʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʰʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

ʜʣʷ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɻʣʫʙʠʥʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ï ʩʫʤʤʘʨʥʳʡ ʦʙʲʸʤ ʚʩʝʭ ʧʨʦʯʪʝʥʠʡ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʧʦʜʝʣʝʥʥʳʡ ʥʘ ʨʘʟʤʝʨ ʛʝʥʦʤʘ. 

ʈʘʟʤʝʨ 

ʚʩʪʘʚʢ

ʠ (ʧ.ʥ.) 

ɼʣʠʥʘ 

ʧʨʦʯʪʝʥʠ

ʷ (ʧ.ʥ.) 

ʇʝʨʚʠʯʥʳ

ʝ ʜʘʥʥʳʝ 

(ʤʣʥ. ʧ.ʥ.) 

ɼʘʥʥʳʝ ʩ 

ʚʳʩʦʢʠʤ 

ʢʘʯʝʩʪʚʦ

ʤ (ʤʣʥ. 

ʧ.ʥ.) 

ɻʣʫʙʠʥʘ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠ

ʷ (×) 

ɼʦʣʷ 

ʚʳʨʦʚʥʝʥʥʳ

ʭ 

ʧʨʦʯʪʝʥʠʡ 

(%) 

500 100 13968,82 13060,75 5,49 97,76 

500 100 17787,33 16435,72 6,91 97,57 

500 100 19420,52 17799,68 7,48 97,57 

500 100 16654,33 15391,33 6,47 96,98 

500 100 15598,71 14520,59 6,10 97,32 

500 100 18892,26 17252,65 7,25 97,14 

 

ʊʦʯʥʦʩʪʴ ʨʘʩʰʠʬʨʦʚʢʠ ʢʦʨʦʪʢʠʭ ʧʨʦʯʪʝʥʠʡ ʫ Illumina ʩʯʠʪʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ 

ʫʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ ʤʝʪʦʜʦʤ ʉʵʥʛʝʨʘ. ʅʦ ʯʘʩʪʴ ʩʳʨʳʭ ʧʨʦʯʪʝʥʠʡ 

ʩʦʜʝʨʞʘʣʘ ʘʨʪʝʬʘʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʘʜʘʧʪʝʨʘʤʠ, ʠʣʠ ʠʤʝʣʘ 

ʥʠʟʢʠʝ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʯʪʝʥʠʡ. ɿʘʛʨʷʟʥʝʥʠʝ ʩʳʨʳʭ ʧʨʦʯʪʝʥʠʡ ʘʜʘʧʪʝʨʘʤʠ 

ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʧʨʦʙʣʝʤʦʡ ʠ ʩʫʱʝʩʪʚʫʝʪ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʯʪʠ ʚʦ ʚʩʝʭ 

ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ɿʘʛʨʷʟʥʝʥʠʝ ʜʘʥʥʳʭ ʘʜʘʧʪʝʨʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʜʛʦʪʦʚʢʠ ʙʠʙʣʠʦʪʝʢʠ, ʛʜʝ ʥʘ ʵʪʘʧʘʭ ʢʣʦʥʠʨʦʚʘʥʠʷ ʠ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʥʫʢʣʝʦʪʠʜʦʚ, ʪʘʢʠʝ ʢʘʢ ʘʜʘʧʪʝʨʳ ʠʣʠ ʣʠʥʢʝʨʳ. ʊʘʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, 

ʦʩʪʘʚʣʝʥʥʦʝ ʙʝʟ ʚʥʠʤʘʥʠʷ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʘʨʪʝʬʘʢʪʦʚ ʧʨʠ 

ʩʙʦʨʢʝ ʛʝʥʦʤʘ. ʃʫʯʰʠʤ ʩʧʦʩʦʙʦʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʘʢʦʛʦ ʨʦʜʘ ʟʘʛʨʷʟʥʝʥʠʡ 
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ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʯʪʝʥʠʡ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʜʘʧʪʝʨʦʚ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʦʙʨʝʟʢʘ ʠʣʠ ʫʜʘʣʝʥʠʝ ʚʩʝʭ 

ʩʦʚʧʘʚʰʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʋʯʠʪʳʚʘʷ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʜʘʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʤʳ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʦʙʨʝʟʘʣʠ ʩʳʨʳʝ ʧʨʦʯʪʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʯʠʩʪʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ.  

 

 

3.1.2. De novo cʙʦʨʢʘ ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ 

 

ɼʣʷ ʦʙʨʘʟʮʘ (Chewbacca) ʩ ʚʳʩʦʢʠʤ ʧʦʢʨʳʪʠʝʤ ʧʨʠ ʩʙʦʨʢʝ ʛʝʥʦʤʘ de 

novo ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʦʣʴʢʦ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʳʨʳʭ ʧʨʦʯʪʝʥʠʡ. 

ʇʦʩʢʦʣʴʢʫ ʥʘʰʝʡ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ 

ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʠ ʛʝʧʘʨʜʘ de novo, ʤʳ ʧʨʠʤʝʥʠʣʠ ʙʦʣʝʝ ʩʪʨʦʛʠʝ ʩʪʘʥʜʘʨʪʳ 

ʢʘʯʝʩʪʚʘ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʇʨʠʤʝʥʷʷ ʩʪʨʦʛʠʝ ʧʨʦʪʦʢʦʣʳ ʬʠʣʴʪʨʘʮʠʠ 

ʧʨʦʯʪʝʥʠʡ, ʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ ʚ 

ʥʘʰʝʡ ʩʙʦʨʢʝ ʠ ʦʙʝʩʧʝʯʠʣʠ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʥʪʠʛʦʚ ʠ 

ʩʢʘʬʬʦʣʜʦʚ. 

ʆʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʧʨʦʯʪʝʥʠʷ ʙʳʣʠ ʩʦʙʨʘʥʳ ʚ 97981 ʢʦʥʪʠʛʦʚ (N50 = 

28,2 ʪ.ʧ.ʥ.) ʠ 2332 ʩʢʘʬʬʦʣʜʘ (N50 = 3,1 ʤʣʥ. ʧ.ʥ.), ʧʨʠʯʝʤ ʜʣʠʥʘ ʩʘʤʦʛʦ 

ʧʨʦʪʷʞʝʥʥʦʛʦ ʩʦʙʨʘʥʥʦʛʦ ʩʢʘʬʬʦʣʜʘ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 13 ʤʣʥ.ʧ.ʥ. ʆʙʱʠʡ 

ʨʘʟʤʝʨ ʩʦʙʨʘʥʥʦʛʦ ʛʝʥʦʤʘ ʩʦʩʪʘʚʠʣ 2,376 ʤʣʨʜ.ʧ.ʥ. (ʊʘʙʣ. 5) ʩ ʤʝʥʝʝ ʯʝʤ 2% 

ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨ ʦʩʥʦʚʘʥʠʡ. ʉʨʝʜʥʝʝ ʧʦʢʨʳʪʠʝ ʛʝʥʦʤʘ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ 

ʢʘʨʪʠʨʦʚʘʥʥʳʤ ʧʨʦʯʪʝʥʠʷʤ, ʩʦʩʪʘʚʠʣʦ 73× (ʈʠʩ. 3) ʜʣʷ ʨʝʬʝʨʝʥʩʘ ʠ 5-6 ʜʣʷ 

ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (ʈʠʩ. 4). 
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ʈʠʩʫʥʦʢ 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʣʫʙʠʥʳ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚ ʛʝʥʦʤʝ ʛʝʧʘʨʜʘ. ʉʨʝʜʥʷʷ 

ʛʣʫʙʠʥʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 73×.  

 

 
˾͙ͫͯͤͦ͟ пΦ ˾͔͔͔͙͔͊ͫͨͪ͒ͤ͡ ͎͙ͯ͋ͤ͡· ͨͦͪ͟·͙ͭΎ ͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟Ύ ͒͡Ύ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ΄͔͙ͫͭ 

ͦ͋ͪ͊͘ͼ͍ͦΦ ˥ͪ͊ͺ͙͟ ͍ͦͫͤͦ͊ͤ ͤ͊ ͔ͪͯ͘͡Έͭ͊ͭ͊ͻ ͙͍͙͊ͪͭͪͦ͊ͤ͟Ύ ͙ͦͪͦͭ͟͟ͻ ͨͪͦ;͔͙͚ͭͤ ͤ͊ de novo ͫ ͦ͋ͪ͊ͤͤ·͔ 

ͫ͊͟ͺͺͦ͒͡· ͎͔ͤͦͣ͊ ͎͔ͨ͊ͪ͒͊Φ ˿͔ͪ͒ͤΎΎ ͎͙ͯ͋ͤ͊͡ ͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟Ύ ͒͡Ύ ͦ͋ͪ͊͘ͼ͍ͦ ͫ ͙͙ͤͣ͘͟ ͨͦͪ͟·͙͔ͭͣ 

͍ͫͦͫͭ͊͡Ύ͔ͭ р-6×. 
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ʊʘʙʣʠʮʘ 5. ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʦʙʨʘʥʥʦʤ ʛʝʥʦʤʝ. ʆʙʱʠʡ ʨʘʟʤʝʨ ʛʝʥʦʤʘ, ʠʩʭʦʜʷ ʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʙʦʨʢʠ, ʦʮʝʥʠʚʘʝʪʩʷ ʚ 2,38 ʤʣʨʜ ʧ.ʥ. 

 ʂʦʥʪʠʛʠ ʉʢʘʬʬʦʣʜʳ 

 ʈʘʟʤʝʨ 

(ʧ.ʥ.) 

ʂʦʣʠʯʝʩʪʚʦ ʈʘʟʤʝʨ 

(ʧ.ʥ.) 

ʂʦʣʠʯʝʩʪʚʦʚʦ 

N90 6675 87953 817533 784 

N80 11732 61999 1417882 568 

N70 16749 45401 1986090 427 

N60 22136 33294 2460097 320 

N50 28224 23952 3121442 233 

ʉʘʤʳʡ 

ʧʨʦʪʷʞʝʥʥʳʡ 

ʬʨʘʛʤʝʥʪ 

304265  13046067  

ʀʪʦʛʦʚʳʡ 

ʨʘʟʤʝʨ (ʧ.ʥ.) 

2333696654 2375786546 

 

ʂʘʨʪʠʨʦʚʘʥʠʝ ʧʨʦʯʪʝʥʠʡ ʥʘ ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ ʛʝʧʘʨʜʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʦʢʦʣʦ 97% ʚʩʝʭ ʧʨʦʯʪʝʥʠʡ ʠʤʝʣʠ ʫʥʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. ɿʥʘʯʠʪʝʣʴʥʘʷ 

ʧʨʦʧʦʨʮʠʷ ʦʜʥʦʟʥʘʯʥʦ ʢʘʨʪʠʨʦʚʘʥʥʳʭ ʧʨʦʯʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ 

ʧʨʠʟʥʘʢʦʤ ʭʦʨʦʰʝʡ ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʠ (ʊʘʙʣ. 4). 

 

3.1.3. ʉʙʦʨʢʘ ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʥʘ ʦʩʥʦʚʝ ʨʝʬʝʨʝʥʩʘ 

ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ 

ʋʯʠʪʳʚʘʷ ʦʯʝʥʴ ʢʦʥʩʝʨʚʘʪʠʚʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʛʝʥʦʤʘ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

Felidae [OôBrien and Johnson, 2005], ʤʳ ʨʝʰʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʥʦʤ ʜʦʤʘʰʥʝʡ 

ʢʦʰʢʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʘ ʜʣʷ ʩʙʦʨʢʠ ʭʨʦʤʦʩʦʤ ʛʝʧʘʨʜʘ. ʀʩʧʦʣʴʟʫʷ ʪʘʢʦʡ 

ʧʦʣʥʳʡ ʠ ʭʦʨʦʰʦ ʦʧʠʩʘʥʥʳʡ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʦʝʢʪʝ ʧʦ ʩʙʦʨʢʝ 

ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ, ʤʳ ʩʦʟʜʘʣʠ ʦʪʢʨʳʪʦʝ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ï Chromosomer [Tamazian et al., 2016]. ɼʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʩʦʟʜʘʝʪ ʧʝʨʚʠʯʥʫʶ ʩʙʦʨʢʫ ʩʢʘʬʬʦʣʜʦʚ ʭʨʦʤʦʩʦʤʥʦʛʦ ʫʨʦʚʥʷ ʥʘ 
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ʦʩʥʦʚʝ ʢʘʨʪʳ ʚʳʨʘʚʥʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʢʦʥʪʠʛʦʚ ʠʣʠ ʩʢʘʬʬʦʣʜʦʚ), ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʢʘʢ ʚ ʮʝʣʝʚʦʤ, ʪʘʢ ʠ ʚ ʨʝʬʝʨʝʥʩʥʦʤ ʛʝʥʦʤʝ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʷ 

ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʘʥʥʦʪʘʮʠʶ ʩʙʦʨʢʠ 

ʠʟʫʯʘʝʤʦʛʦ ʚʠʜʘ. 

ʇʨʠʤʝʥʷʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʬʝʨʝʥʩʥʦʛʦ 

ʛʝʥʦʤʘ, ʤʳ ʧʦʣʫʯʠʣʠ ʩʙʦʨʢʫ ʩʢʘʬʬʦʣʜʦʚ ʭʨʦʤʦʩʦʤʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ 

ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ (ʊʘʙʣ. 6). ʄʳ ʫʩʧʝʰʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʠ 

ʢʘʨʪʠʨʦʚʘʣʠ 1519  ʬʨʘʛʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 18 ʘʫʪʦʩʦʤ ʠ ʍ ʭʨʦʤʦʩʦʤʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʦʤʘ ʤʳ ʚʥʝʩʣʠ 

ʧʨʦʧʫʩʢʠ ʦʙʱʝʡ ʜʣʠʥʳ 139 ʤʣʥ. ʧ.ʥ. ʈʘʟʤʝʨ ʧʝʨʚʠʯʥʦʡ ʭʨʦʤʦʩʦʤʥʦʡ ʩʙʦʨʢʠ 

ʩʦʩʪʘʚʠʣ 2,48 ʤʣʨʜ. ʧ.ʥ. ʆʙʱʘʷ ʜʣʠʥʘ ʚʩʝʭ ʥʝʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʢʘʬʬʦʣʜʦʚ 

ʩʦʩʪʘʚʠʣʘ 34 ʤʣʥ. ʧ.ʥ., ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1,5% ʜʣʠʥʳ ʚʩʝʭ ʩʦʙʨʘʥʥʳʭ 

ʩʢʘʬʬʦʣʜʦʚ.  

 

ʊʘʙʣʠʮʘ 6. ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʩʦʙʨʘʥʥʳʤ ʩʢʘʬʬʦʣʜʘʤ ʭʨʦʤʦʩʦʤʥʦʛʦ ʫʨʦʚʥʷ ʘʬʨʠʢʘʥʩʢʦʛʦ 

ʛʝʧʘʨʜʘ. ʀʥʪʨʘʧʨʦʧʫʩʢʠ ï ʧʨʦʧʫʩʢʠ ʚ ʩʢʘʬʬʦʣʜʘʭ. ʀʥʪʝʨʧʨʦʧʫʩʢʠ ï ʧʨʦʧʫʩʢʠ, 

ʜʦʙʘʚʣʝʥʥʳʝ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʥʘʣʦʞʝʥʠʡ ʩʢʘʬʬʦʣʜʦʚ. 

ʅʘʟʚʘʥʠʝ 

ʭʨʦʤʦʩʦʤʳ 

ʀʥʪʨʘʧʨʦʧʫʩʢʠ 

(ʤʣʥ.ʧ.ʥ.) 

ʀʥʪʝʨʧʨʦʧʫʩʢʠ 

(ʤʣʥ.ʧ.ʥ.) 

ʂʦʣ-ʚʦ 

ʩʢʘʬʬʦʣʜʦʚ 

ʆʙʱʠʡ 

ʨʘʟʤʝʨ 

(ʤʣʥ.ʧ.ʥ.) 

A1 2,6 21,8 95 244,6 

A2 3,1 3,4 94 169,5 

A3 2,2 6,5 72 146,6 

B1 2,4 15,8 111 208,9 

B2 2,1 5,8 94 158,1 

B3 2.4 5,0 82 153,6 

B4 2.1 8,8 58 145,7 

C1 3.1 12,6 114 225,9 

C2 1.8 4,9 79 161,0 

D1 2.2 7,4 80 119,0 
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D2 1.2 4,6 42 90,7 

D3 1.4 3,5 68 98,2 

D4 1.8 4,1 61 98,5 

E1 1.7 8,0 65 64,1 

E2 1.5 7,0 60 65,9 

E3 1.3 3,9 21 43,6 

F1 1.5 2,9 44 72,4 

F2 1.2 2,3 46 84,1 

X 4.6 10,7 233 131,4 

ɺʩʝʛʦ: 40.3 138,9 1519 2,481 

ʆʙʱʠʡ ʨʘʟʤʝʨ ʙʝʟ ʠʥʪʝʨʧʨʦʧʫʩʢʦʚ: 2,342 

ʆʙʱʠʡ ʨʘʟʤʝʨ ʚʩʝʭ ʬʨʘʛʤʝʥʪʦʚ: 2,475 

ʆʙʱʠʡ ʨʘʟʤʝʨ ʬʨʘʛʤʝʥʪʦʚ, ʥʝ ʚʦʰʝʜʰʠʭ ʚ ʩʙʦʨʢʫ: 32,9 

 

ɻʝʥʦʤ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʚʳʡ ʨʝʬʝʨʝʥʩʥʳʡ 

ʛʝʥʦʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʠʟ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʧʫʤʳ, ʦʜʥʦʡ ʠʟ ʚʦʩʴʤʠ 

ʦʩʥʦʚʥʳʭ ʢʣʘʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʜʦʰʝʜʰʠʭ ʜʦ ʥʘʩ ʢʦʰʘʯʴʠʭ [Johnson et al., 

2006]. ʈʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ ʩʘʤʮʘ ʛʝʧʘʨʜʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʦʨʦʪʢʠʭ 

ʧʨʦʯʪʝʥʠʷʭ ʠʟ ʩʝʤʠ ʪʠʧʦʚ ʛʝʥʦʤʥʳʭ ʙʠʙʣʠʦʪʝʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ 73-ʢʨʘʪʥʦʝ ʧʦʢʨʳʪʠʝ ʛʝʥʦʤʘ (ʈʠʩ. 3).  

 

3.1.4. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʠ 

 ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʘʨʪʳ ʩʮʝʧʣʝʥʠʷ ʠʣʠ ʨʝʬʝʨʝʥʩʥʦʛʦ 

ʛʝʥʦʤʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʥʦʩʪʴ ʩʙʦʨʢʠ ʩʢʘʬʬʦʣʜʦʚ. ʅʦ ʥʘʤ 

ʚʘʞʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʘʢʪʠʯʝʩʢʫʶ ʜʦʣʶ ʛʝʥʦʤʘ, ʢʦʪʦʨʫʶ ʤʳ ʩʤʦʛʣʠ 

ʩʦʙʨʘʪʴ. ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʨʘʟʤʝʨʘ ʛʝʥʦʤʘ ʧʦ ʜʘʥʥʳʤ ʧʝʨʚʠʯʥʳʭ ʧʨʦʯʪʝʥʠʡ 

ʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 17-ʤʝʨʦʚ. ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʨʘʟʤʝʨ ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2,395 ʤʣʨʜ.ʧ.ʥ. (ʈʠʩ. 5), 
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ʯʪʦ ʙʣʠʟʢʦ ʢ ʨʘʟʤʝʨʘʤ ʛʝʥʦʤʦʚ ʨʘʥʝʝ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʩʝʤʝʡʩʪʚʘ ʢʦʰʘʯʴʠʭ ï ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ (2,641 ʤʣʨʜ.ʧ.ʥ.), ʘʤʫʨʩʢʦʛʦ ʪʠʛʨʘ 

(2,400 ʤʣʨʜ.ʧ.ʥ.) ʠ ʘʤʫʨʩʢʦʛʦ ʣʝʦʧʘʨʜʘ (2,450 ʤʣʨʜ.ʧ.ʥ.) [Pontius et al., 2007; 

Tamazian et al., 2014; Cho et al., 2013]. ʇʨʝʜʩʢʘʟʘʥʥʳʡ ʥʘʤʠ ʨʘʟʤʝʨ ʛʝʥʦʤʘ 

ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʬʘʢʪʠʯʝʩʢʠʡ ʛʝʥʦʤ, 

ʠʟ-ʟʘ ʦʰʠʙʦʢ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʙʦʣʝʝ 

ʨʝʜʢʠʝ k-ʤʝʨʳ. ʆʙʱʘʷ ʜʣʠʥʘ ʚʩʝʭ ʩʦʙʨʘʥʥʳʭ ʩʢʘʬʬʦʣʜʦʚ ʩʦʩʪʘʚʠʣʘ 2,375 

ʤʣʨʜ ʧ.ʥ., ʯʪʦ ʥʘ 20 ʤʣʥ. ʧ.ʥ. ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ, 

ʩʦʩʪʘʚʣʝʥʥʳʤ ʧʦ ʧʝʨʚʠʯʥʳʤ ʧʨʦʯʪʝʥʠʷʤ. ɼʘʥʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʟʚʘʥʦ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʧʝʨʝʦʮʝʥʢʠ ʨʘʟʤʝʨʘ ʧʨʝʜʩʢʘʟʘʥʥʦʛʦ ʛʝʥʦʤʘ, ʥʦ ʠ 

ʚʚʠʜʫ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʮʝʥʪʨʦʤʝʨʥʳʭ ʨʘʡʦʥʦʚ. ɺ 

ʩʚʷʟʠ ʩ ʨʘʟʤʝʨʦʤ ʠ ʩʣʦʞʥʦʩʪʴʶ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʯʪʠ ʥʝʚʦʟʤʦʞʥʳʤ ʩʦʙʨʘʪʴ ʧʝʨʠʮʝʥʪʨʦʤʝʨʥʳʝ ʨʘʡʦʥʳ ʛʝʥʦʤʘ, 

ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʦʨʦʪʢʠʭ ʧʨʦʯʪʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, 

Illumina [Illumina, 2014]. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʤʝʨ ʩʦʙʨʘʥʥʳʭ ʥʘʤʠ ʭʨʦʤʦʩʦʤ 

ʛʝʧʘʨʜʘ (ʊʘʙʣ. 6) ʦʢʘʟʘʣʩʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʙʳʣʦ ʧʨʝʜʩʢʘʟʘʥʦ, ʪʘʢ ʢʘʢ ʤʳ 

ʜʦʙʘʚʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʦʧʫʩʢʦʚ ʚ ʧʦʣʫʯʝʥʥʫʶ ʛʝʥʦʤʥʫʶ ʩʙʦʨʢʫ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʢʨʳʪʠʡ ʩʢʘʬʬʦʣʜʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʢʘʬʬʦʣʜʦʚ ʧʦʣʦʚʳʭ ʭʨʦʤʦʩʦʤ ʤʳ ʩʨʘʚʥʠʣʠ ʩʪʝʧʝʥʴ ʧʦʢʨʳʪʠʷ ʠ GC ʩʦʩʪʘʚ 

ʚʩʝʭ ʩʦʙʨʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʈʠʩ. 6).  ʅʘʤʠ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʜʥʦ ʩ 20-30-ʢʨʘʪʥʳʤ ʠ ʚʪʦʨʦʝ ʩ 40-60-ʢʨʘʪʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʩʦ 

ʩʥʠʞʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʦʢʨʳʪʠʷ ʚ ʨʝʛʠʦʥʘʭ ʩ ʚʳʩʦʢʠʤ GC ʩʦʩʪʘʚʦʤ. ʉʥʠʞʝʥʠʝ 

ʛʣʫʙʠʥʳ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚ GC ʥʘʩʳʱʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ 

ʧʨʦʙʣʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʢʦʤʧʘʥʠʠ Illumina. ʄʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ 20-30-ʢʨʘʪʥʦʡ ʛʣʫʙʠʥʦʡ ʦʭʚʘʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ X ʠ Y ʭʨʦʤʦʩʦʤʘʤ, ʥʝ ʩʯʠʪʘʷ ʧʩʝʚʜʦʘʫʪʦʩʦʤʥʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʚʪʦʨʦʚ ʠ ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ Y 

ʭʨʦʤʦʩʦʤʳ, ʤʳ ʥʝ ʩʤʦʛʣʠ ʩʦʙʨʘʪʴ ʝʸ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

Chromosomer.  ɼʣʷ ʧʦʠʩʢʘ ʩʢʘʬʬʦʣʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ 

Y ʭʨʦʤʦʩʦʤʦʡ ʛʝʧʘʨʜʘ, ʤʳ ʩʨʘʚʥʠʣʠ ʛʝʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ Y ʭʨʦʤʦʩʦʤʝ 
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ʯʝʣʦʚʝʢʘ, ʩ ʥʝʢʘʨʪʠʨʦʚʘʥʥʳʤʠ ʩʢʘʬʬʦʣʜʘʤʠ ʛʝʧʘʨʜʘ. ʀʟ 54 ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ 

ʙʝʣʢʦʚʳʝ ʧʨʦʜʫʢʪʳ ʛʝʥʦʚ Y ʭʨʦʤʦʩʦʤʳ ʯʝʣʦʚʝʢʘ ʙʳʣʘ ʧʨʝʜʩʢʘʟʘʥʘ 

ʣʦʢʘʣʠʟʘʮʠʷ 21 ʛʝʥʘ ʚ ʩʢʘʬʬʦʣʜʘʭ ʛʝʧʘʨʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʧʷʪʴ ʩʢʘʬʬʦʣʜʦʚ Y ʭʨʦʤʦʩʦʤʳ ʛʝʧʘʨʜʘ ʦʙʱʝʡ ʜʣʠʥʦʡ 1.5 ʤʣʥ. ʧ.ʥ. 

 

 

˾͙ͫͯͤͦ͟ 5. ˻ͼ͔ͤ͊͟ ͔ͪ͊ͣͪ͊͘ ͎͔ͤͦͣ͊ ͤ͊ ͍͔ͦͫͤͦ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ мт-͔͍ͣͪͦΦ ˽ͦ ͙ͦͫ · 

ͦͭ͊͒͟͡·͍͔͊ͭͫΎ ͎͙ͯ͋ͤ͊͡ ͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟ΎΣ ͊ ͨͦ ͙ͦͫ ¸ ς ͨͪͦͨͦͪͼ͙ΎΣ ͦͭͦͪ͊͟Ύ Ύ͍͡Ύ͔ͭͫΎ ͦͭͤͦ΄͔͙͔ͤͣ 

;͊ͫͭͦͭ· ͨͦͪ͟·͙ͭΎ ͎͒͊ͤͤͦͦ ͟-͔ͣͪ͊ ͟ ͦ͋΅͔͚ ;͔͊ͫͭͦͭ ͨͦͪ͟·͙ͭΎ ͍͔ͫͻ ͟-͔͍ͣͪͦΦ 
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˾͙ͫͯͤͦ͟ 6. GC ͍ͫͦͫͭ͊ ͙ ͎͙ͯ͋ͤ͊͡ ͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟ΎΦ ˻͍͔ͫͤͦͤͦ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ GC ͍ͫͦͫͭ͊͊ 

͔ͪ͊ͫͨͦͦ͗ͤͦ͡ ͍ ͙ͦ͋͊ͫͭ͡ ор҈Ϥпл҈ όͦ͋͊ͦ͟͡ ͍͔ͫͪͻͯύΦ ˸· ͔ͭ͊͗͟ ͔ͣͦ͗ͣ ͤ͊͋͡Ό͒͊ͭΈ ͔ͣͤΈ΄͔͔ 

͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ όͦ͋͊ͦ͟͡ ͙ͫͤͯ͘ύ ͍ ͍͙ͨͦͦͤͯ͡ ͨͦͪ͟·͙ͭΎ ͍͎ͦͫͤͦͤͦͦΣ ͔ͦͭͦͪͦ͟ ͍͔ͪͦΎͭͤͦ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ 

͍ͨͦͦ͡·͔ ͻͪͦͣͦͫͦͣ· όX and Y). 

 

ɹʦʣʝʝ 91% ʛʝʥʦʚ, ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʜʣʷ ʵʫʢʘʨʠʦʪ, ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ 

ʥʘʰʝʡ ʩʙʦʨʢʝ ʛʝʥʦʤʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʩʭʦʜʩʪʚʘ ʢʘʯʝʩʪʚʘ ʥʘʰʝʡ 

ʩʙʦʨʢʠ ʩ ʛʝʥʦʤʘʤʠ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʪʨʷʜʘ ʭʠʱʥʳʭ: ʩʦʙʘʢʠ - 93%, 

ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ - 95%, ʪʠʛʨʘ - 93%, ʣʴʚʘ - 89%, ʧʨʦʮʝʥʪ ʦʙʥʘʨʫʞʝʥʥʳʭ ʛʝʥʦʚ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʘʥʘʣʦʛʠʯʥʫʶ ʪʦʯʥʦʩʪʴ ʩʙʦʨʢʠ ʛʝʥʦʤʦʚ ʜʘʥʥʳʭ ʚʠʜʦʚ.  

 ʄʳ ʧʨʦʠʟʚʝʣʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʛʝʥʦʤʦʚ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ, ʜʦʤʘʰʥʝʡ 

ʢʦʰʢʠ, ʪʠʛʨʘ, ʣʴʚʘ ʠ ʜʦʤʘʰʥʝʡ ʩʦʙʘʢʠ ʜʣʷ ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʠ ʨʘʟʤʝʨʘ 

ʙʣʦʢʦʚ ʩʠʥʪʝʥʠʠ. ʄʳ ʦʞʠʜʘʣʠ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʤʝʨ ʙʣʦʢʦʚ ʩʠʥʪʝʥʠʠ 

ʙʫʜʝʪ ʙʦʣʴʰʝ ʤʝʞʜʫ ʙʣʠʟʢʠʤʠ ʚʠʜʘʤʠ, ʯʝʤ ʤʝʞʜʫ ʜʘʣʝʢʠʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ 

ʠʩʢʘʣʠ ʢʨʫʧʥʳʝ ʛʝʥʦʤʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʛʝʥʦʤʘʭ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ ʠ 

ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ, ʧʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʘʢʠʭ 

ʧʝʨʝʩʪʨʦʝʢ ʙʫʜʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʢʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʩʙʦʨʢʠ ʩʢʘʬʬʦʣʜʦʚ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʘʣʛʦʨʠʪʤ Progressive Cactus 
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[Paten et al., 2011] ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʪʦʯʥʳʝ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʛʝʥʦʤʥʳʝ 

ʚʳʨʘʚʥʠʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ. ʇʨʦʮʝʥʪ ʩʦʚʧʘʜʝʥʠʷ 

ʛʝʥʦʤʘ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʥʦʤʘʤʠ ʜʨʫʛʠʭ ʞʠʚʦʪʥʳʭ 

ʩʦʩʪʘʚʠʣ: 93.6 % ʜʣʷ ʪʠʛʨʘ (Panthera tigris), 91.6 % ʜʣʷ ʣʴʚʘ (Panthera lion), 

91.1 % ʜʣʷ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ (Felis catus) ʠ 74.1 % ʜʣʷ ʩʦʙʘʢʠ (Canis familiaris).  

ʂʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʥʘʠʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʙʳʣʘ ʥʘʡʜʝʥʘ ʤʝʞʜʫ ʥʘʠʙʦʣʝʝ 

ʦʪʜʘʣʝʥʥʳʤʠ ʚʠʜʘʤʠ (ʛʝʧʘʨʜʦʤ ʠ ʩʦʙʘʢʦʡ). ʇʨʦʮʝʥʪ ʩʦʚʧʘʜʝʥʠʷ ʦʪʨʘʞʘʝʪ 

ʜʦʣʶ ʛʝʥʦʤʘ ʛʝʧʘʨʜʘ ʢʦʪʦʨʘʷ ʚʦʰʣʘ ʚ ʩʠʥʪʝʥʥʳʝ ʙʣʦʢʠ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ. 

ɹʣʦʢʠ ʩʠʥʪʝʥʠʠ ʤʝʞʜʫ ʛʝʥʦʤʘʤʠ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ ʠ ʛʝʧʘʨʜʘ ʧʦʢʨʳʚʘʶʪ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʛʝʥʦʤʘ ʛʝʧʘʨʜʘ (98,6%), ʚʝʨʦʷʪʥʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʩʙʦʨʢʘ ʛʝʥʦʤʘ 

ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ ʛʦʨʘʟʜʦ ʧʦʣʥʝʝ, ʯʝʤ ʩʙʦʨʢʠ ʣʴʚʘ ʠ ʪʠʛʨʘ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʪʘʢʞʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤ ʵʚʦʣʶʮʠʦʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 

ʤʝʞʜʫ ʢʦʰʢʦʡ ʠ ʛʝʧʘʨʜʦʤ, ʢʦʪʦʨʦʝ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 6.7 ʤʣʥ ʣʝʪ [Johnson et al., 

2006]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʙʣʦʢʠ ʩʠʥʪʝʥʠʠ ʚ ʚʳʨʘʚʥʠʚʘʥʠʠ ʯʝʣʦʚʝʢʘ ʠ ʤʳʰʠ 

ʧʦʢʨʳʚʘʶʪ ʪʦʣʴʢʦ 82% ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʝʥʦʤʘ [Alkan et al., 2009], ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ ʨʘʩʭʦʞʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠ ʤʳʰʠ ʚ 96 ʤʣʥ. ʣʝʪ. 

ʄʳ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥ ʙʣʦʢʦʚ ʩʠʥʪʝʥʠʠ ʜʣʷ 

ʙʣʦʢʦʚ ʩ ʜʣʠʥʦʡ ʙʦʣʝʝ 10 ʪ. ʧ.ʥ. (ʈʠʩ. 7). ʇʠʢʠ ʥʘ ʛʨʘʬʠʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʢʦʣʠʯʝʩʪʚʫ ʙʣʦʢʦʚ ʩʠʥʪʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʳ. ɼʘʥʥʳʝ ʛʨʘʬʠʢʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʨʦʪʢʠʝ ʙʣʦʢʠ ʩʠʥʪʝʥʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʱʝ, ʯʝʤ ʜʣʠʥʥʳʝ. 

ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʛʝʥʦʤ ʣʴʚʘ ʥʘʠʙʦʣʝʝ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ, 

ʧʦʯʝʤʫ ʙʦʣʴʰʠʥʩʪʚʦ ʙʣʦʢʦʚ ʩʠʥʪʝʥʠʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʛʝʧʘʨʜʘ ʠ ʣʴʚʘ ʠʤʝʶʪ 

ʜʣʠʥʫ ʤʝʥʝʝ 1.5 ʤʣʥ ʧ.ʥ. ɻʨʘʬʠʢʠ ʜʣʷ ʢʦʰʢʠ ʠ ʩʦʙʘʢʠ ʩʭʦʞʠ, ʘ ʠʭ ʙʣʦʢʠ 

ʩʠʥʪʝʥʠʠ ʜʣʠʥʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʴʚʦʤ ʠ ʪʠʛʨʦʤ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ 

ʩʙʦʨʢʠ ʧʝʨʚʳʭ ʜʚʫʭ ʚʠʜʦʚ. ʊʘʢʞʝ ʤʳ ʥʘʰʣʠ ʜʝʩʷʪʴ ʢʨʫʧʥʳʭ ʛʝʥʦʤʥʳʭ 

ʧʝʨʝʩʪʨʦʝʢ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʛʝʥʦʤʦʚ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ ʠ ʛʝʧʘʨʜʘ (ʈʠʩ. 8), ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʜʝʶ ʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʛʝʥʦʤʘ ʢʦʰʘʯʴʠʭ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʳ ʫʚʝʨʝʥʳ ʚ ʚʳʩʦʢʦʤ 

ʢʘʯʝʩʪʚʝ de novo ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʠ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ. 
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˾͙ͫͯͤͦ͟ 7. ˾͔͔͔͙͔͊ͫͨͪ͒ͤ͡ ͙ͦ͟͡;͔͍ͫͭ͊ ͙͔ͫͤͭͤͤ·ͻ ͍͋ͦͦ͟͡ ͍ ͔͔͔ͤͨͪͪ͟·͍͊Ό΅͙ͻͫΎ ͦͤ͊͟ͻ ͫ 

͔ͪ͊ͣͪͦͣ͘ ͍ мл ͭ.ͨΦͤΦ ͍ ͎͔͔ͤͦͣ ͎͔ͨ͊ͪ͒͊Φ ˣ·͙͡ ͔ͪ͊ͫͫͣͦͭͪͤ· ͙͔ͫͤͭͤͤ·͔ ͙͋ͦ͟͡ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ;͔ͭ·͔ͪͻ 

͍͙͍͒ͦ ͻ͙΅͙͍ͤͦ͟Υ ͒ͦͣ͊΄͔͚ͤ ͦ͟΄͙͟Σ ͎͔ͨ͊ͪ͒͊Σ ͒ͦͣ͊΄͔͚ͤ ͙ͫͦ͋͊͟ ͙ ͡Έ͍͊Φ ˹͊ ͙ͦͫ X ͔ͦͭͦ͗ͤͦ͡ 

͙ͦ͟͡;͔͍ͫͭͦ ͦͦͤ͟ ͍ ͎͔͔ͤͦͣΣ ͔ͪ͊ͣͪ͘ ͦͭͦͪ͟·ͻ ͯ͊͊ͤ͘͟ ͤ͊ ͙ͦͫ Y. (s ύ ˢͺ͙͙͚ͪ͊ͤͫ͟͟ ͎͔ͨ͊ͪ͒ ς ͒ͦͣ͊΄ͤΎΎ 

ͦ͟΄͊͟ όύx ˢͺ͙͙͚ͪ͊ͤͫ͟͟ ͎͔ͨ͊ͪ͒ ς ͒ͦͣ͊΄ͤΎΎ ͫͦ͋͊͊͟ όύʕ ˢͺ͙͙͚ͪ͊ͤͫ͟͟ ͎͔ͨ͊ͪ͒ ς ͊ͺ͙͙͚ͪ͊ͤͫ͟͟ ͔͍͡ ό)˥ 

ˢͺ͙͙͚ͪ͊ͤͫ͟͟ ͎͔ͨ͊ͪ͒ ς ͊ ͙͚ͣͯͪͫ͟ ͙͎ͭͪΦ 
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˾͙ͫͯͤͦ͟ 8. ˨͔ͫΎͭΈ ͫ͊ͣ·ͻ ͪͯͨͤ͟·ͻ ͎͔ͤͦͣͤ·ͻ ͔͔͔ͨͪͫͭͪͦ͟ ͔ͣ͗͒ͯ ͒ͦͣ͊΄͔͚ͤ ͦ͟΄͚ͦ͟ ͙ 

͊ͺ͙͙ͪ͊ͤͫͣ͟͟ ͎͔ͨ͊ͪ͒ͦͣΦ ˽͔͔͚͙ͪͫͭͪͦ͟ ͨͦ͊͊ͤ͘͟· ͔ͣ͗͒ͯ ͻ͙ͪͦͣͦͫͦͣ͊ͣ ͒ͦͣ͊΄͔͚ͤ ͦ͟΄͙͟ ό;͔ͪͤ·͚ύ ͙ 

ͫ͊͟ͺͺ͙ͦ͒͊ͣ͡ ͊ͺ͙͎ͪ͊ͤͫͦͦ͟͟ ͎͔ͨ͊ͪ͒͊Φ ˨͊ͤͤ·͔ ͔͔͚͙ͨͪͫͭͪͦ͟ ͎ͣͦͯͭ ͋·ͭΈ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͦ΄͙͋ͦ͟ ͍ 

ͨͪͦͼ͔͔ͫͫ ͙ͫ͋ͦͪ͟ ͎͔ͤͦͣ͊ ͙ ͒ͦ͗ͤ͡· ͋·ͭΈ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͍͔͔ͨͪͦͪͤ· ͔͙ͣͭͦ͒͊ͣ ˽̇˾ ͙κ͙͙͡ FISH.  
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3.2. ɸʥʘʣʠʟ ʛʝʥʦʚ ʠ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʝ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ, 

Acinonyx jubatus 

 

3.2.1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʚʪʦʨʦʚ ʠ ʛʝʥʦʚ ʚ ʛʝʥʦʤʝ ʘʬʨʠʢʘʥʩʢʦʛʦ 

ʛʝʧʘʨʜʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʚʪʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RepeatMasker ʠ TRF 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣ. 7 ʠ 8 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ 7. ʉʦʜʝʨʞʘʥʠʝ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʘʭ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʷʪʠ ʭʠʱʥʠʢʦʚ. ɺʩʝ ʧʷʪʴ ʛʝʥʦʤʦʚ 

ʠʤʝʶʪ ʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʢʘʢ ʜʦʣʠ ʟʘʤʘʩʢʠʨʦʚʘʥʥʦʛʦ ʛʝʥʦʤʘ, ʪʘʢ ʠ ʜʦʣʠ ʦʪʜʝʣʴʥʳʭ ʩʝʤʝʡʩʪʚ 

ʧʦʚʪʦʨʦʚ. 

 ɻʝʧʘʨʜ ʃʝʚ ʂʦʰʢʘ ʊʠʛʨ ʉʦʙʘʢʘ 

ɼʦʣʷ ʧʦʚʪʦʨʦʚ 39,48% 38,94% 39,17% 39,15% 39,97% 

SINE 10,80% 10,82% 10,98% 10,84% 10,37% 

LINE 20,28% 19,85% 20,02% 19,95% 20,18% 

LTR ʪʨʘʥʩʧʦʟʦʥʳ 5,27% 5,19% 5,08% 5,23% 4,94% 

ɼʅʂ ʪʨʘʥʩʧʦʟʦʥʳ 2,94% 2,89% 2,82% 2,93% 2,79% 

ʅʝ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ  

0,05% 0,05% 0,05% 0,05% 0,05% 

ʨʈʅʂ 8,03% 8,1% 8,32% 8,09% 7,81% 

  

ʊʘʙʣʠʮʘ 8. ʂʦʣʠʯʝʩʪʚʦ ʣʦʢʫʩʦʚ ʩ ʪʘʥʜʝʤʥʳʤʠ ʧʦʚʪʦʨʘʤʠ (ʊʇ) ʚ ʛʝʥʦʤʘʭ ʧʷʪʠ ʭʠʱʥʠʢʦʚ. ɻʝʥʦʤʳ 

ʭʠʱʥʠʢʦʚ ʦʙʣʘʜʘʶʪ ʧʦʭʦʞʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʝʥʦʤʘ 

ʜʦʤʘʰʥʝʡ ʩʦʙʘʢʠ. 

 ɻʝʧʘʨʜ ʃʝʚ ʊʠʛʨ ʂʦʰʢʘ ʉʦʙʘʢʘ 

ɺʩʝ ʊʇ 851094 955312 891574 882953 1085732 

ʄʠʢʨʦʩʘʪʝʣʣʠʪʳ 329761 366015 339997 361992 309032 

ʉʦʚʝʨʰʝʥʥʳʝ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʳ 

132548 150769 135625 152612 135903 

ʉʣʦʞʥʳʝ ʊʇ 3457 3555 3270 4038 7492 

ɹʦʣʴʰʠʝ ʊʇ >1 ʪ.ʧ.ʥ. 1284 2113 1727 2077 4733 

ɹʦʣʴʰʠʝ ʊʇ >3 ʪ.ʧ.ʥ. 165 263 196 245 2931 

ɹʦʣʴʰʠʝ ʊʇ >10 

ʪ.ʧ.ʥ. 

11 8 6 7 715 
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ʉʣʦʞʥʳʝ ʪʘʥʜʝʤʥʳʝ ʧʦʚʪʦʨʳ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʧʦ ʩʝʤʝʡʩʪʚʘʤ 

ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ [Tamazian et al., 2014]. ʂʘʞʜʦʝ ʩʝʤʝʡʩʪʚʦ ʙʳʣʦ ʥʘʟʚʘʥʦ 

ʩʦʛʣʘʩʥʦ ʥʦʤʝʥʢʣʘʪʫʨʝ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʘʤʦʡ ʯʘʩʪʦʡ ʜʣʠʥʝ ʤʦʥʦʤʝʨʘ. 

ʉʝʤʝʡʩʪʚʦ Ajub483A ̫ ʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʭʦʜʥʳʤ ʩ ʧʦʚʪʦʨʦʤ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ 

(FA-SAT), ʠ ʦʥʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʝʨʠʮʝʥʪʨʦʤʝʨʥʳʭ ʠ 

ʧʨʠʪʝʣʦʤʝʨʥʳʭ ʦʙʣʘʩʪʷʭ. ʉʝʤʝʡʩʪʚʘ Ajub33A ʠ Ajub113A ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʝʨʠʮʝʥʪʨʦʤʝʨʥʳʭ ʦʙʣʘʩʪʷʭ. ʉʝʤʝʡʩʪʚʦ Ajub84A ʦʩʥʦʚʘʥʦ ʥʘ 

ʪʘʥʜʝʤʥʦ ʧʦʚʪʦʨʷʶʱʝʤʩʷ ʤʦʪʠʚʝ, ʛʦʤʦʣʦʛʠʯʥʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ 

ʮʠʥʢʦʚʦʛʦ ʧʘʣʴʮʘ (ʊʘʙʣ. 9). 

ɻʝʥʦʤ ʩʦʙʘʢʠ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʨʥʦ ʥʘ 20% ʙʦʣʴʰʝ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ 

ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʩʦʙʨʘʥʥʳʭ ʢʨʫʧʥʳʭ ʧʦʚʪʦʨʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʯʝʪʳʨʴʤʷ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʛʝʥʦʤʘʤʠ ʢʦʰʘʯʴʠʭ. 

 

ʊʘʙʣʠʮʘ 9. ʉʝʤʝʡʩʪʚʘ ʩʣʦʞʥʳʭ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ. ʆʩʥʦʚʥʳʝ ʩʝʤʝʡʩʪʚʘ ʩʣʦʞʥʳʭ ʪʘʥʜʝʤʥʳʭ 

ʧʦʚʪʦʨʦʚ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ ʛʝʥʦʤʝ ʘʬʨʠʢʘʥʩʢʦʛʦ ʛʝʧʘʨʜʘ. 

ʉʝʤʝʡʩʪʚʦ ʂʦʣ-ʚʦ 

ʤʘʩʩʠʚʦʚ ʚ 

ʛʝʥʦʤʝ 

ʈʘʟʤʝʨ 

ʤʦʥʦʤʝʨʘ 

GC% ʇʨʝʜʩʢʘʟʘʥʥʳʝ ʯʝʨʪʳ ʠ 

ʣʦʢʘʣʠʟʘʮʠʷ 

Ajub33A 177 33 ʧ.ʥ. 51% ʧʝʨʠʮʝʥʪʨʦʤʝʨʥʘʷ 

Ajub483A 65 483 ʧ.ʥ. 50,5% ʧʨʠʪʝʣʦʤʝʨʥʘʷ 

Ajub25A 50 25 ʧ.ʥ. 65% - 

Ajub113A 47 113 ʧ.ʥ. 39% ʧʝʨʠʮʝʥʪʨʦʤʝʨʥʘʷ 

Ajub84A 277 84 ʧ.ʥ. 40% ɼʦʤʝʥʳ ʪʠʧʘ ʮʠʥʢʦʚʳʭ 

ʧʘʣʴʮʝʚ 

 

 

ɺʩʝʛʦ ʚ ʛʝʥʦʤʝ ʛʝʧʘʨʜʘ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 20343 ʙʝʣʦʢ-

ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ ʠ 110431 ʛʝʥʦʚ ʥʝʢʦʜʠʨʫʶʱʠʭ ʈʅʂ-ʵʣʝʤʝʥʪʦʚ (ʊʘʙʣ. 10 ʠ 

11). 
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ʊʘʙʣʠʮʘ 10. ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʘʥʥʦʪʘʮʠʠ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ. ɺʩʝʛʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʙʦʣʝʝ 20.000 ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ. 

 ʂʦʣʠʯʝʩʪʚʦ ʈʘʟʤʝʨ (ʤʣʥ. ʧ.ʥ.) ɼʦʣʷ ʚ ʛʝʥʦʤʝ (%) 

ɻʝʥʳ 20343 601,20 25,30 

CDS 174408 29,00 1,22 

 

ʊʘʙʣʠʮʘ 11. ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʘʥʥʦʪʘʮʠʠ ʥʝʢʦʜʠʨʫʶʱʠʭ ʈʅʂ-ʵʣʝʤʝʥʪʦʚ. 

ʊʠʧ ʏʠʩʣʦ ʢʦʧʠʡ ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ 

(ʧ.ʥ.) 

ʉʫʤʤʘʨʥʳʡ 

ʨʘʟʤʝʨ (ʪ.ʧ.ʥ.) 

ɼʦʣʷ ʚ 

ʛʝʥʦʤʝ (%) 

miRNA 43878 102 4,46 0,19 

tRNA 62321 84 5,23 0,22 

rRNA 530 81 0,0043 0,000017 

snRNA 3702 134 0,042 0,00017 

 

 

3.2.2. ʇʦʠʩʢ ʩʠʛʥʘʣʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ 

 

ʆʧʨʝʜʝʣʝʥʥʳʝ ʛʝʥʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʤʝʪʘʙʦʣʠʟʤʦʤ, 

ʧʦʢʘʟʘʣʠ ʩʠʛʥʘʣʳ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʦʪʥʦʰʝʥʠʷ kA/kS ʠ ʷʚʣʷʶʪʩʷ 

ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʦʙʲʷʩʥʝʥʠʝ ʘʜʘʧʪʘʮʠʠ ʛʝʧʘʨʜʘ ʢ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤʫ 

ʧʨʝʩʣʝʜʦʚʘʥʠʶ. ʄʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ 947 ʛʝʥʦʚ ʩ ʩʠʛʥʘʣʘʤʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ (p <0,05 ʩ ʫʯʝʪʦʤ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ). 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʦʧʠʩʘʥʦ ʚ ʥʘʰʝʡ ʩʪʘʪʴʝ [Dobrynin et al., 2015]. 

ɸʥʘʣʠʟ ʦʙʦʛʘʱʝʥʠʷ ʩʧʝʮʠʬʠʯʥʳʤʠ GO (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨ ʙʳʣʦ 

10-3) ʤʝʪʢʘʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʠ 947 ʛʝʥʦʚ ʩ ʩʠʛʥʘʣʘʤʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʦʪʙʦʨʘ ʙʳʣʦ ʩʝʤʴ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʛʫʣʷʮʠʝʡ ʩʦʢʨʘʱʝʥʠʷ ʤʳʰʮ (ADORA1, 

RGS2, SCN5A, ADRA1B, CACNA1C, TAOK2 ʠ SCAI), ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʝʨʝʜʚʠʞʝʥʠʠ ʛʝʧʘʨʜʘ ʠ ʩʦʢʨʘʱʝʥʠʠ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ, ʜʚʘ 
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ʛʝʥʘ (TAOK2 ʠ ADORA1) ʩʚʷʟʘʥʳ ʩ ʘʢʪʠʚʥʦʩʪʴʶ MAPKK (Mitogen-activated 

protein kinase kinase), ʢʦʪʦʨʘʷ ʚʘʞʥʘ ʚ ʦʪʚʝʪʝ ʥʘ ʩʪʨʝʩʩʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʚʢʣʶʯʘʷ ʪʝʧʣʦʚʦʡ ʩʪʨʝʩʩ. 

ʄʳ ʠʩʢʘʣʠ ʩʣʝʜʳ ʥʝʜʘʚʥʝʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ ʧʦ ʚʩʝʤ ʛʝʥʘʤ 

ʛʝʧʘʨʜʘ, ʦʮʝʥʠʚʘʷ ʩʦʦʪʥʦʰʝʥʠʷ kA/kS ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʨʪʦʣʦʛʘʤʠ ʠʟ ʛʝʥʦʤʦʚ 

ʣɹ ʚʘ, ʪʠʛʨʘ, ʢʦʰʢʠ, ʯʝʣʦʚʝʢʘ ʠ ʤʳʰʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ PAML 

ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʧʦʟʠʪʠʚʥʦʛʦ ʦʪʙʦʨʘ ʚʜʦʣʴ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ 

ʣʠʥʠʠ ʛʝʧʘʨʜʘ ʠ ʦʙʥʘʨʫʞʠʣʠ 946 ʛʝʥʦʚ ʩʦ ʟʥʘʯʠʤʳʤʠ ʩʠʛʥʘʣʘʤʠ (p <0,05, 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʜʣʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ), ʜʝʩʷʪʴ ʠʟ ʢʦʪʦʨʳʭ 

ʧʦʢʘʟʘʣʠ ʦʙʦʛʘʱʝʥʠʝ ʚ ʢʦʥʢʨʝʪʥʳʭ GO-ʪʝʨʤʠʥʘʭ. ʇʷʪʴ ʛʝʥʦʚ ʩʦ ʩʣʝʜʘʤʠ 

ʦʪʙʦʨʘ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʨʝʛʫʣʷʮʠʝʡ ʩʦʢʨʘʱʝʥʠʷ ʩʝʨʜʝʯʥʦʡ ʠ 

ʧʦʧʝʨʝʯʥʦʧʦʣʦʩʘʪʦʡ ʤʫʩʢʫʣʘʪʫʨʳ (ADORA1, RGS2, SCN5A, ADRA1 ʠ 

CACNA1C); ʜʚʘ ʛʝʥʘ (TAOK2 ʠ ADORA1) ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʘʢʪʠʚʥʦʩʪʴʶ 

MAPPK, ʚʘʞʥʦʡ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʩʪʨʝʩʩʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʷ ʪʝʧʣʦʚʦʡ 

ʩʪʨʝʩʩ, ʠ ʯʝʪʳʨʝ ʛʝʥʘ (APOC3, DDIT4, SUFU ʠ PPARA) ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ 

ʥʝʛʘʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʝʡ ʢʘʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʉʢʨʠʥʠʥʛ ʚʘʨʠʘʮʠʡ ʯʠʩʣʘ 

ʢʦʧʠʡ ʛʝʥʦʚ (CNV) ʧʦʢʘʟʘʣ, ʯʪʦ 12,4 ʄɹ ʛʝʥʦʤʘ ʛʝʧʘʨʜʘ ʙʳʣʦ ʚʢʣʶʯʝʥʦ ʚ 

ʩʝʛʤʝʥʪʥʳʝ ʜʫʧʣʠʢʘʮʠʠ (SD) (ʦʙʱʠʝ ʩʨʝʜʠ ʩʝʤʠ ʛʝʧʘʨʜʦʚ), ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ 

ʛʝʥʥʳʝ ʨʝʛʠʦʥʳ ʠ ʦʪʜʝʣʴʥʳʝ ʛʝʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩʳ 

ʤʝʪʘʙʦʣʠʟʤʘ, ʧʠʱʝʚʘʨʝʥʠʷ ʠ ʚʦʩʧʨʠʷʪʠʷ. ɺʩʝ ʵʪʠ ʛʝʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ 

ʦʪʙʦʨʦʤ, ʚ ʨʘʩʰʠʨʝʥʥʳʭ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚʘʭ ʠʣʠ ʚ ʩʝʛʤʝʥʪʥʳʭ ʜʫʧʣʠʢʘʮʠʷʭ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʷʩʥʠʪʴ ʪʘʢʠʝ ʘʜʘʧʪʘʮʠʠ ʛʝʧʘʨʜʘ, ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʟʚʠʚʘʪʴ ʠ ʧʝʨʝʥʦʩʠʪʴ ʦʛʨʦʤʥʦʝ ʫʩʢʦʨʝʥʠʝ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʨʘʪʢʦʩʨʦʯʥʫʶ 

ʚʳʥʦʩʣʠʚʦʩʪʴ. 
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3.2.3. ɸʥʘʣʠʟ ʵʢʩʧʘʥʩʠʠ ʠ ʩʦʢʨʘʱʝʥʠʷ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ 

 

ʉʝʤʝʡʩʪʚʘ ʛʝʥʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʳ ʛʝʥʦʚ-ʧʘʨʘʣʦʛʦʚ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʦʯʝʥʴ ʩʭʦʞʠʝ ʬʫʥʢʮʠʠ. ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʵʢʩʧʘʥʩʠʠ ʠ ʩʦʢʨʘʱʝʥʠʷ 

ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ ʤʦʞʝʪ ʜʘʪʴ ʢʣʶʯ ʢ ʧʦʥʠʤʘʥʠʶ ʵʚʦʣʶʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡ, 

ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠ ʛʝʥʦʤʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʜʫʧʣʠʢʘʮʠʷ ʛʝʥʘ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ 

ʠʥʥʦʚʘʮʠʡ [Ohno, 1970; Hurles, 2004; Magadum et al., 2013], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʦʪʝʨʷ ʛʝʥʘ ʩʯʠʪʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʝʣʝʢʪʠʚʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʯʝʣʦʚʝʢʘ [Hahn et al., 2007]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʘʥʥʦʪʘʮʠʶ ʛʝʥʦʤʘ ʛʝʧʘʨʜʘ, ʤʳ 

ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʛʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʩʝʤʴ ʜʨʫʛʠʭ ʛʝʥʦʤʦʚ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʛʝʧʘʨʜ, ʪʠʛʨ, ʣʝʚ, ʢʦʰʢʘ, ʯʝʣʦʚʝʢ, ʩʦʙʘʢʘ, ʤʳʰʴ ʠ ʦʧʦʩʩʫʤ).  

ɻʝʥʦʤ ʛʝʧʘʨʜʘ ʩʦʜʝʨʞʠʪ 17863 ʩʝʤʝʡʩʪʚʘ ʦʨʪʦʣʦʛʠʯʥʳʭ ʛʝʥʦʚ. ʉʨʝʜʠ ʥʠʭ 

10983 ʩʝʤʝʡʩʪʚʘ ʦʨʪʦʣʦʛʠʯʥʳʭ ʛʝʥʦʚ ʠʤʝʣʠʩʴ ʫ ʚʩʝʭ ʚʦʩʴʤʠ ʛʝʥʦʤʦʚ ʠ 12114 

ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚʘ ʫ ʢʦʰʘʯʴʠʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 112 ʙʳʣʠ ʫʥʠʢʘʣʴʥʳʤʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʛʝʧʘʨʜʘ ʠ ʜʦʤʘʰʥʝʡ ʢʦʰʢʠ (ʈʠʩ. 9). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

1335 ʛʝʥʦʚ, ʫʥʠʢʘʣʴʥʳʭ ʜʣʷ ʛʝʥʦʤʘ ʛʝʧʘʨʜʘ; 812 ʠʟ ʥʠʭ ʩʦʜʝʨʞʘʣʠ 2293 

ʙʝʣʢʦʚʳʭ ʜʦʤʝʥʘ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ InterProScan [Mitchell et 

al., 2015]. ɻʝʥʦʤ ʛʝʧʘʨʜʘ ʠʤʝʝʪ 814 ʨʘʩʰʠʨʝʥʥʳʭ ʠ 2169 ʩʦʢʨʘʱʝʥʥʳʭ ʛʝʥʥʳʭ 

ʩʝʤʝʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʱʠʤ ʧʨʝʜʢʦʤ ʢʦʰʘʯʴʠʭ (ʈʠʩ. 10). 
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ʈʠʩʫʥʦʢ 9. ɸʥʘʣʠʟ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ ʦʨʪʦʣʦʛʠʯʥʳʭ ʛʝʥʦʚ. ʋʥʠʢʘʣʴʥʳʝ ʠ ʦʙʱʠʝ ʛʝʥʥʳʝ 

ʩʝʤʝʡʩʪʚʘ ʚ ʛʝʥʦʤʝ ʛʝʧʘʨʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʝʭ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʦʰʘʯʴʠʭ. 

 

ʈʠʩʫʥʦʢ 10.  ʕʢʩʧʘʥʩʠʷ ʠ ʩʦʢʨʘʱʝʥʠʝ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ ʚ ʛʝʥʦʤʝ ʛʝʧʘʨʜʘ. ʂʣʘʜʦʛʨʘʤʤʘ, 

ʦʪʨʘʞʘʶʱʘʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʠʟʫʯʘʝʤʳʤʠ ʚʠʜʘʤʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. 

ʅʘʥʝʩʝʥʥʳʝ ʥʘ ʥʝʝ ʮʠʬʨʳ, ʦʪʤʝʯʝʥʥʳʝ ʟʝʣʝʥʳʤ ʠ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, ʦʪʨʘʞʘʶʪ ʢʦʣʠʯʝʩʪʚʦ 

ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʵʢʩʧʘʥʩʠʠ ʠ ʩʦʢʨʘʱʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʘʩʰʠʨʝʥʥʳʝ ʛʝʥʥʳʝ ʩʝʤʝʡʩʪʚʘ ʚʢʣʶʯʘʣʠ ʤʥʦʞʝʩʪʚʦ GO-ʪʝʨʤʠʥʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʦʙʦʥʷʪʝʣʴʥʳʝ ʠ G-ʩʚʷʟʘʥʥʳʝ ʙʝʣʢʦʚʳʝ ʨʝʮʝʧʪʦʨʳ (ʪʘʢʞʝ 


