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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʦʩʪʫ ʩʣʫʯʘʝʚ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ 

ʥʦʟʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʚʥʦʚʴ ʚʦʟʚʨʘʱʘʶʱʠʭʩʷ ʟʘʙʦʣʝʚʘʥʠʡ. ʀʥʪʝʥʩʠʚʥʳʝ ʤʠʛʨʘʮʠ-

ʦʥʥʳʝ ʠ ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ ʥʘʩʝʣʝʥʠʷ ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠ-

ʥʦʡ ʧʝʨʤʘʥʝʥʪʥʦʡ ʫʛʨʦʟʳ ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ, 

ʯʪʦ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʯʨʝʟʚʳ-

ʯʘʡʥʳʤ ʵʧʠʜʝʤʠʯʝʩʢʠʤ ʩʠʪʫʘʮʠʷʤ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʜʦʣʞʥʳ ʣʝʞʘʪʴ ʩʦʚʨʝʤʝʥ-

ʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʧʦ ʢʦʥʪʨʦʣʶ ʥʘʜ ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʠ ʥʦʚʝʡʰʠʝ ʤʝʪʦʜʳ 

ʠʥʜʠʢʘʮʠʠ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ [ʆʥʠʱʝʥʢʦ ʠ ʜʨ., 2006; ʂʫʪʳʨʝʚ ʠ 

ʜʨ., 2006, 2022; ʑʫʢʦʚʩʢʘʷ ʠ ʜʨ., 2009, 2011; WHO guidelines for plague manage-

ment, 2021]. ɺ 2022 ʛʦʜʫ ɺʆɿ ʦʙʲʷʚʠʣʘ ʦ ʥʦʚʦʡ 10-ʣʝʪʥʝʡ ʩʪʨʘʪʝʛʠʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʛʝʥʦʤʥʦʛʦ ʥʘʜʟʦʨʘ ʟʘ ʧʘʪʦʛʝʥʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʧʘʥʜʝʤʠʯʝʩʢʠʤ ʠ ʵʧʠʜʝʤʠʯʝ-

ʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʛʝʥʦʤʦʚ ʚʦʟʙʫʜʠʪʝʣʝʡ 

ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʡ [Carter et al., 2022]. 

ʂ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʦʩʦʙʦ ʦʧʘʩ-

ʥʳʭ ʠʥʬʝʢʮʠʡ ʦʪʥʦʩʷʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʡ 

ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʧʝʭʠ ʚ ʛʝʥʦʤʥʦʤ, ʧʨʦʪʝʦʤʥʦʤ, ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʘʥʘ-

ʣʠʟʘʭ; ʧʦʚʳʰʝʥʠʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ; 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʧʦʜʛʦʪʦʚʢʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʘʜʨʦʚ ʚ ʦʙʣʘʩʪʷʭ ʜʠʘʛʥʦʩʪʠʢʠ, ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʦʩʦʙʦ ʦʧʘʩʥʳʭ 

ʠʥʬʝʢʮʠʡ [ʆʥʠʱʝʥʢʦ ʠ ʜʨ., 2009]. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʢ ʦʩʦʙʦ ʦʧʘʩʥʳʤ ʠʥʬʝʢʮʠʷʤ, ʦʙʣʘʜʘʶʱʠʤ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʟr-

ʚʘʪʴ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʩʬʝʨʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʥʝ ʪʝ-

ʨʷʶʱʠʤ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʦʪʥʦʩʠʪʩʷ ʯʫʤʘ, ʚʦʟʙʫʜʠʪʝʣʝʤ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʙʘʢʪʝʨʠʷ Yersinia pestis [ʆʥʠʱʝʥʢʦ ʠ ʜʨ., 2004; ʂʫʪʳʨʝʚ ʠ ʜʨ., 

2006, 2022]. ʏʫʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʥʫ  ʁʙʦʣʝʟʥ ɹʚ ʦʩʥʦʚʥʦʤ ʩ ʪʨʘʥʩʤʠʩ-

ʩʠʚʥʳʤ ʧʫʪʸʤ ʧʝʨʝʜʘʯʠ [Wren, 2003; Brubaker, 2004]. ɺʠʨʫʣʝʥʪʥʦʩʪʴ Y. pestis ï 



8 

 

ʧʦʣʠʜʝʪʝʨʤʠʥʘʥʪʥʳʡ ʧʨʠʟʥʘʢ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʦʤʧʣʝʢʩʦʤ ʬʘʢʪʦʨʦʚ ʧʘʪʦʛʝʥʥʦ-

ʩʪʠ, ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʪʁʩʷ ʛʝʥʘʤʠ ʭʨʦʤʦʩʦʤʥʦʡ ʠ ʧʣʘʟʤʠʜʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ [ʇʦʧʦʚ 

ʠ ʜʨ., 1980; ʇʨʦʮʝʥʢʦ ʠ ʜʨ., 1983; Kutyrev et al., 1992; Gao et al., 2020; Dewitte et 

al., 2020]. ɿʘ ʚʩʶ ʠʩʪʦʨʠʶ ʯʝʣʦʚʝʯʝʩʪʚʘ ʜʦʩʪʦʚʝʨʥʦ ʦʧʠʩʘʥʦ ʪʨʠ ʧʘʥʜʝʤʠʠ ʯʫʤʳ, 

ʫʥʸʩʰʠʝ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʞʠʟʥʝʡ. ʏʫʤʘ ʧʨʦʜʦʣʞʘʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʫʛʨʦʟʫ ʤʠʨʦ-

ʚʦʤʫ ʩʦʦʙʱʝʩʪʚʫ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʂʨʫʧʥʘʷ ʚʩʧʳʰʢʘ ʣʛyʦʯʥʦʡ ʯʫʤʳ ʙʳʣʘ ʚ 

2017 ʛ. ʥʘ ʄʘʜʘʛʘʩʢʘʨʝ, ʢʦʛʜʘ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 2417 ʙʦʣʴʥʳʭ ʩ 209 ʣʝʪʘʣʴ-

ʥʳʤʠ ʠʩʭʦʜʘʤʠ [URL: https://www.afro.who.int/health-topics/plague/plague-outbreak-

situation-reports]. ɺ 2021 ʛʦʜʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʝʤʦʢʨʘʪʠʯʝʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʂʦʥʛʦ 

(ɼʈʂ), ʈʝʩʧʫʙʣʠʢʠ ʄʘʜʘʛʘʩʢʘʨ, ʉʦʝʜʠʥʸʥʥʳʭ ʐʪʘʪʦʚ ɸʤʝʨʠʢʠ (ʉʐɸ), ʂʠʪʘʡ-

ʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ (ʂʅʈ) ʠ ʄʦʥʛʦʣʠʠ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 244 ʩʣʫʯʘʷ 

ʯʫʤr ʯʝʣʦʚʝʢʘ, ʠʟ ʥʠʭ 29 ʣʝʪʘʣʴʥʳʭ [ʇʦʧʦʚ ʠ ʜʨ., 2022]. ɺ 2022 ʛʦʜʫ ʚ ɼʈʂ ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 638 ʩʣʫʯʘʝʚ ʩ ʧʦʜʦʟʨʝʥʠʝʤ ʥʘ ʙʫʙʦʥʥʫʶ ʯʫʤʫ ʩ 14 ʩʤʝʨʪʝʣʴ-

ʥʳʤʠ ʠʩʭʦʜʘʤʠ [URL: https://acpcongo.com/index.php/2023/03/06/638-cas-de-peste-

repertories-en-2022-en-ituri/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 14.03.2023)]; ʚ ʉʐɸ ï 1 ʩʣʫʯʘʡ [URL: 

https://www.cdc.gov/mmwr/volumes/71/wr/mm7124a5.htm?s_cid= mm7124a5_w  (ʜʘ-

ʪʘ ʦʙʨʘʱʝʥʠʷ 7.09.2022)]; ʚ ʂʠʪʘʝ ï 3 ʩʣʫʯʘ ̫ʯʫʤʳ ʯʝʣʦʚʝʢʘ (ʜʚʘ ʣʝʪʘʣʴʥʳʭ) 

[URL: https://thebl.com/china/black-death-case-reported-in-chinas-inner-mongolia.html 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 7.09.2022)]; ʚ ʄʦʥʛʦʣʠʠ ï 1 ʩʣʫʯʘʡ ʯʫʤʳ ʯʝʣʦʚʝʢʘ [URL: 

https://m.nbd.com.cn/articles/2022-09-14/2464259.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

20.09.2022)]; ʚ ʈʝʩʧʫʙʣʠʢʝ ʄʘʜʘʛʘʩʢʘʨ ï 8 ʩʣʫʯʘʝʚ (5 ʣʝʪʘʣʴʥʳʭ) [URL: 

https://www.madagascar-tribune.com/5-deces-dus-a-la-peste-a-Ampanotokana-

Ambohidratrimo.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 30.12.2022)]. ɺ ʤʘʨʪʝ 2023 ʛʦʜʘ ʚ ʈʝʩʧʫʙʣʠ-

ʢʝ ʄʘʜʘʛʘʩʢʘʨ ʦʢʨʫʛʝ ɸʤʙʫʩʠʪʨʘ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 8 ʩʣʫʯʘʝʚ ʧʦʜʦʟʨʠʪʝʣʴ-

ʥʳʭ ʥʘ ʯʫʤʫ ʩʣʫʯʘʷ ʩ 2 ʣʝʪʘʣʴʥʳʤʠ ʠʩʭʦʜʘʤʠ [URL: 

https://lexpress.mg/23/03/2023/ambositra-un-troisieme-deces-qui-serait-du-a-la-peste-

signale/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 29.03.2023)], ʘ ʚ ɼʈʂ ʟʘ ʧʝʨʚʦʝ ʧʦʣʫʛʦʜʠʝ 2023 ʛ. ï 29 

ʩʣʫʯʘʝʚ ʩ 4 ʣʝʪʘʣʴʥʳʤʠ ʠʩʭʦʜʘʤʠ [URL: https://promedmail.org/promed-

posts/?kwby1=summary&search=plague&date1=&date2=&feed_id=1&submit=Search 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 16.06.2023)], ʘ ʚ ʄʦʥʛʦʣʠʠ ï 1 ʩʣʫʯʘʡ [URL: 

https://acpcongo.com/index.php/2023/03/06/638-cas-de-peste-repertories-en-2022-en-ituri/
https://acpcongo.com/index.php/2023/03/06/638-cas-de-peste-repertories-en-2022-en-ituri/
https://www.cdc.gov/mmwr/volumes/71/wr/mm7124a5.htm?s_cid=%20mm7124a5_w
https://thebl.com/china/black-death-case-reported-in-chinas-inner-mongolia.html
https://promedmail.org/promed-posts/?kwby1=summary&search=plague&date1=&date2=&feed_id=1&submit=Search
https://promedmail.org/promed-posts/?kwby1=summary&search=plague&date1=&date2=&feed_id=1&submit=Search
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https://m.akipress.com/news:717312]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʸʪʩʷ ʨʝʘʣʴʥʦʡ ʦʧʘʩʥʦ-

ʩʪʴʶ ʫʛʨʦʟʘ ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ ʚ ʙʠʦʪʝʨʨʦʨʠʟʤʝ 

[ɺʦʨʦʙʴʸʚ ʠ ʜʨ., 2002; Yang, 2017; Rotem et al., 2021]. 

ɺ ʨʷʜʝ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʩʪʦʷʥʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʵʧʠʟʦʦʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʙʦʣʝʚʘʥʠʶ ʯʫʤʦʡ. ʊʘʢ, ʚ 

ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʤ ʧʨʠʨʦʜʥʦʤ ʦʯʘʛʝ ʚ 2014ï2016 ʛʛ. ʧʨʦʠʟʦʰʣʦ ʪʨʠ ʩʣʫʯʘʷ ʟʘʨʘ-

ʞʝʥʠʷ ʯʫʤʦʡ ʯʝʣʦʚʝʢʘ. ʐʪʘʤʤʳ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʪ ʞʠʚʦʪʥʳʭ 

ʚ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ ʧʨʠʨʦʜʥʦʤ ʦʯʘʛʝ ʚ 2012ï2022 ʛʛ., ʚ ʊʫʚʠʥʩʢʦʤ 

ʛʦʨʥʦʤ ï ʚ 2012ï2016 ʠ 2018ï2022 ʛʛ., ʚ ʇʨʠʢʘʩʧʠʡʩʢʦʤ ʧʝʩʯʘʥʦʤ ï ʚ 2013ï2015 

ʛʛ., ʚ ɺʦʩʪʦʯʥʦ-ʂʘʚʢʘʟʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ ï ʚ 2010ï2013 ʛʛ., ʚ ʎʝʥʪʨʘʣʴʥʦ-

ʂʘʚʢʘʟʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ ï ʚ 2021 ʛ., ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʨʠʩʢʝ 

ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ [ʇʦʧʦʚ ʠ ʜʨ., 2020]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ ʮʠʨʢʫʣʠʨʫʶʪ ʰʪʘʤʤʳ 

ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʨʘʟʣʠʯʥʳʭ ʧʦʜʚʠʜʦʚ, ʙʠʦʚʘʨʦʚ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ 

[ʆʥʠʱʝʥʢʦ ʠ ʜʨ., 2004; ʇʦʧʦʚ ʠ ʜʨ., 2022; Anisimov et al., 2004; Cui et al., 2013; 

Kutyrev et al., 2018]. ʇʦʩʪʦʷʥʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʵʧʠʟʦʦʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʠ-

ʨʦʜʥʳʭ ʦʯʘʛʘʭ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʂʠʨʛʠʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ [ɽʨʫʙʘʝʚ ʠ ʜʨ., 

2022; ʄʝʢʘ-ʄʝʯʝʥʢʦ ʠ ʜʨ., 2022; ɹʝʨʜʠʝʚ ʠ ʜʨ., 2022]. ʊʝʩʥʳʝ ʩʦʮʠʦʢʫʣʴʪʫʨʥʳʝ ʠ 

ʪʦʨʛʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʥʘʤʠ ʉʅɻ, ʩʦ ʩʪʨʘʥʘʤʠ ʙʣʠʞʥʝʛʦ ʠ 

ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʩʦʟʜʘʶʪ ʦʧʘʩʥʦʩʪʴ ʟʘʥʦʩʦʚ ʰʪʘʤʤʦʚ Y. pestis ʥʘ ʪʝʨʨʠʪʦʨʠʶ 

ʈʦʩʩʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʨʦʜʥʳʝ ʦʯʘʛʠ ʩʦʯʝ-

ʪʘʥʥʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦʨʳʭ ʮʠʨʢʫʣʠʨʫʶʪ ʰʪʘʤʤʳ ʧʦʜʚʠʜʦʚ, ʦʙʜʘʜʘʶʱʠʭ ʨʘʟʥʦʡ 

ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʠ ʩʪʝʧʝʥʴʶ ʚʠʨʫʣʝʥʪʥʦʩʪʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʪʘʢʠʭ 

ʦʯʘʛʘʭ ʨʘʟʣʠʯʥʳʭ ʧʦʧʫʣʷʮʠʡ ʯʫʤʥʦʛʦ ʤʠʢʨʦʙʘ ʦʩʣʦʞʥʷʝʪ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʠ ʪʠ-

ʧʠʨʦʚʘʥʠʝ Y. pestis ʚ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʦʛʦ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʠʘʛʥʦʟ ʯʫʤʳ ʩʪʘʚʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʭʘʨʘʢ-

ʪʝʨʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʈʌ 

ʣʘʙʦʨʘʪʦʨʥʘ ̫ʜʠʘʛʥʦʩʪʠʢʘ ʯʫʤʳ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʤʝʪʦ-

ʜʦʚ: ʙʘʢʪʝʨʠʦʩʢʦʧʠʯʝʩʢʠʝ, ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ, ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʦʣʝʢʫʣʷʨ-
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ʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ [ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ çʃʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʦʧʘʩʥʳʭ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡè, 2013]. ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʠ ʦʙʲʝʢʪʠʚʥʦʩʪʴʶ ʧʦʣʫ-

ʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʪʠʚʦʵʧʠʜʝʤʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ. ʉʨʝʜʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ 

ʨʝʘʢʮʠʷ ʩ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʇʎʈ-ʈɺ). ɺ ʢʘʯʝʩʪʚʝ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʚ ʈʌ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʙʦʨʳ ʨʝʘʛʝʥʪʦʚ: çɻʝʥ Y. pestis ʠʥʜʠʢʘʮʠʷ-ʈɻʌè, 

çɻʝʥ Y. pestis ʠʜʝʥʪʠʬʠʢʘʮʠʷ-ʈɻʌè (ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ 

çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, ʉʘʨʘʪʦʚ) [ʂʫʢʣʝʚ, 2007], çʆʄ-ʉʢʨʠʥ-ʏʫʤʘ-ʈɺè 

(çʉʠʥʪʦʣè, ʄʦʩʢʚʘ)  ʠ çɸʤʧʣʠʉʝʥʩ Y. pestis-FLè (ʌɹʋʅ ʎʅʀʀ ʵʧʠʜʝʤʠʦʣʦʛʠʠ, 

ʄʦʩʢʚʘ). ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʦʤʧʣʝʢʪʳ ʧʨʘʡʤʝʨʦʚ ʠ 

ʟʦʥʜʦʚ ʜʣʷ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦʜʚʠʜʦʚ, ʙʠʦʚʘʨʦʚ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝ-

ʩʢʠʭ ʚʝʪʚʝʡ ʚʠʜʘ Y. pestis: ʦʩʥʦʚʥʦʡ ʧʦʜʚʠʜ, ʩʨʝʜʥʝʚʝʢʦʚʳʡ ʙʠʦʚʘʨ ʦʩʥʦʚʥʦʛʦ 

ʧʦʜʚʠʜʘ (ʝʛʦ ʚʝʪʚʠ 2.MED0ï2.MED3), ʚʦʩʪʦʯʥʳʡ ʙʠʦʚʘʨ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ, ʢʘʚ-

ʢʘʟʩʢʠʡ, ʫʣʝʛʝʡʩʢʠʡ ʧʦʜʚʠʜʳ, ʘʣʪʘʡʩʢʠʡ, ʛʠʩʩʘʨʩʢʠʡ ʠ microtus ʙʠʦʚʘʨʳ ʮʝʥ-

ʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ [ʆʜʠʥʦʢʦʚ ʠ ʜʨ., 2011, 2013; ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2017; 

ʅʦʩʦʚ ʠ ʜʨ., 2019; Motin et al., 2002]. ʆʜʥʘʢʦ ʥʝʨʝʰʸʥʥʳʤʠ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ Y. pestis, ʪʘʢʠʭ 

ʢʘʢ 0.ANT1, 0.ANT2, 0.ɸNT3, 0.ɸNT5 ʠ 3.ɸNT ʘʥʪʠʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ 

ʧʦʜʚʠʜʘ; 2.MED4 ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʙʠʦʚʘʨʘ; 1.ORI1, 1.ORI2, 1.ORI3 ʚʦʩʪʦʯʥʦʛʦ 

ʙʠʦʚʘʨʘ; 1.IN1, 1.IN2, 1.IN3 ʙʠʦʚʘʨʘ intermedium; ʘ ʢʨʦʤʝ ʪʦʛʦ ʘʥʛʦʣʴʩʢʦʛʦ (ʚʝʪʚʴ 

0.PE3) ʠ ʪʠʙʝʪʩʢʦʛʦ (ʚʝʪʚʴ 0.PE7) ʧʦʜʚʠʜʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʸʥ-

ʥʳʝ ʩʦʟʜʘʥʠʶ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʰʪʘʤʤʦʚ Y. pestis ʩʦʛʣʘʩʥʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʢʦʥʢʨʝʪʥʳʤ ʧʦʜʚʠʜʘʤ, ʙʠʦʚʘʨʘʤ 

ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ. ʉʦʟʜʘʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʚʳhʝʥʠʷ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʚʩʧʳʰʝʢ ʠ ʟʘʥʦʩʦʚ ʯʫʤʳ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʦʯʘʛʦʚʳʭ ʪʝʨʨʠ-
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ʪʦʨʠʡ, ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʰʪʘʤʤʦʚ, ʧʨʦʚʦʜʠʤʦʡ ʚ ʨʘʤʢʘʭ ʢʦʣ-

ʣʝʢʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʩʦʚʦʢʫʧʥʦ ʧʦʩʣʫʞʠʪ ʦʧʪʠʤʠʟʘʮʠʠ ʵʧʠʜʝʤʠʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʟʘ ʯʫʤʦʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʇʦʤʠʤʦ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʬʫʥ-

ʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. Y. pestis ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʙʳʩʪʨʦʡ ʵʚʦʣʶʮʠʠ ʦʜʥʦʡ 

ʠʟ ʚʝʪʚʝʡ ʚʦʟʙʫʜʠʪʝʣʷ ʧʩʝʚʜʦʪʫʙʝʨʢʫʣʸʟʘ ï Yersinia pseudotuberculosis, ʧʦʣʫʯʠʚ-

ʝhʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʚʩʝʤʫ ʤʠʨʫ [Perry, Fetherston, 1997; Achtman et al., 1999]. 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ ʢʘʢ ʧʦ ʠʟʫʯʝʥʠʶ ʦʙʱʝʛʦ ʬʠʣʦ-

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʰʪʘʤʤʦʚ ʯʫʤʥʦʛʦ ʤʠʢʨʦʙʘ [Anisimov et al., 2004; Li  

et al., 2009; Morelli et al., 2010; Cui et al., 2013; Kutyrev et al., 2018; Eaton et al., 2023 

A; Eroshenko et al., 2023], ʪʘʢ ʠ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʪʜʝʣʴʥʳʭ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʦʧʫʣʷʮʠʡ ʰʪʘʤʤʦʚ ʩ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ [ʇʣʘʪʦʥʦʚ ʠ ʜʨ., 2012, 2015; 

ʂʫʢʣʝʚʘ ʠ ʜʨ., 2015; ʅʦʩʦʚ ʠ ʜʨ., 2016; ʂʠʩʣʠʯʢʠʥʘ ʠ ʜʨ., 2017; ɽʨʦʰʝʥʢʦ ʠ ʜʨ., 

2018, 2019; ɹʘʣʳʢʦʚʘ ʠ ʜʨ., 2022; ʗʨʳʛʠʥʘ ʠ ʜʨ., 2022, 2023; Riehm et al., 2012, 

2015; Vogler et al., 2011, 2013, 2019; Ramasindrazana et al., 2022; Valtue¶a et al., 

2022; Esquivel Gomez et al., 2023]. ɹʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠ ï ʧʘʣʝʦʤʠʢʨʦʙʠʦʣʦʛʠʷ, ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʨʝʚʥʠʭ ʛʝʥʦʤʦʚ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ɽʚʨʘʟʠʠ [Bos et al., 2011, 2016; Rasmussen et al., 2015; Feldman 

et al., 2016 ɸ, ɹ; Valtue¶a et al., 2017; Keller et al., 2019; Spyrou et al., 2016, 2018, 

2019, 2022; Rascovan et al., 2019; Giffin  et al., 2020; Immel et al., 2021; Eaton et al., 

2023 ɹ]. 

ʆʜʥʘʢʦ, ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʝʢʦʪʦʨʳʭ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʫʧʧ Y. 

pestis ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ-

ʩʷ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ (ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʘʷ ʟʦʥʘ ʧʨʠʨʦʜʥʦʡ ʦʯʘʛʦʚʦʩʪʠ ʯʫʤʳ), 

ʢʘʚʢʘʟʩʢʠʡ (ʧʨʠʨʦʜʥʳʡ ʦʯʘʛʠ ʂʘʚʢʘʟʘ), ʫʣʝʛʝʡʩʢʠʡ (ʧʨʠʨʦʜʥʳʝ ʦʯʘʛʠ ʄʦʥʛʦʣʠʠ) 

ʧʦʜʚʠʜʳ Y. pestis ʠ ʧʦʧʫʣʷʮʠʷ ʰʪʘʤʤʦʚ ʠʟ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ɺʴʝʪʥʘʤ (ʉʈɺ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʰʪʘʤʤʦʚ 

ʨʘʥʦ ʜʠʚʝʨʛʠʨʦʚʘʚʰʠʭ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ Y. pestis ï ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ, 

ʢʘʚʢʘʟʩʢʦʛʦ, ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʫʪʝʡ ʬʦʨʤʠ-
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ʨʦʚʘʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʵʚʦʣʶʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ, ʘ ʧʦʠʩʢ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʠ-

ʯʠʥ ʠʭ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʳʷʩʥʝ-

ʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ Y. pestis. 

ʄʥʦʛʠʝ ʘʩʧʝʢʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʯʫʤʳ ʚʦ ʚʨʝʤʷ ʧʨʦʰʝʜʰʠʭ ʧʘʥʜʝʤʠʡ ʯʫʤʳ 

ʠ ʦʩʦʙʝʥʥʦ ʪʨʝʪʴʝʡ ʧʘʥʜʝʤʠʠ, ʚʳʟʚʘʥʥʦʡ ʰʪʘʤʤʘʤʠ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ, ʦʩʪʘʶʪ-

ʩʷ ʥʝ ʚʳʷʩʥʝʥʥʳʤʠ. ɺ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʣʥʦʛʝʥʦʤʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʪʨʝʪʝʡ ʧʘʥʜʝʤʠʠ ʯʫʤʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʉʈɺ, ʠ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʩʪʘʶʪʩʷ ʥʝʠʩʩʣʝʜʦ-

ʚʘʥʥʳʤʠ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʠʩʢ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ, ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʵʚʦʣʶʮʠ-

ʦʥʥʦ ʤʦʣʦʜʳʭ ʚʝʪʚʝʡ Y. pestis ï ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠ-

ʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʫʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʟʤʝ-

ʥʝʥʠʡ ʛʝʥʦʤʘ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʚ ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʥ-

ʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ Y. pestis, ʧʦʣʫʯʠʚʰʠʭ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʈʦʩʩʠʠ ʠ ʝʸ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫ-

ʜʘʨʩʪʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠ ̫ʰʪʘʤʤʦʚ Y. pestis ʚʦʩ-

ʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʠʟ ʉʈɺ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʱʠʤ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʦʙʦʟʥʘʯʝʥʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʧʨʦʚʝʩʪʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʨʘʟʨʘ-

ʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤ-

ʤʦʚ Yersinia pestis ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʚ ʦʯʘʛʘʭ ʯʫʤʳ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʇʨʦʚʝʩʪʠ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʚʢʘʟ-

ʩʢʦʛʦ, ʫʣʝʛʝʡʩʢʦʛʦ ʠ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʦʚ Y. pestis, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʚ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʘʭ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʦʜ-
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ʚʠʜʦʚʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ Y. pestis ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦʜʚʠʜʦʚ ʧʦ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʟʥʘ-

ʯʠʤʦʩʪʠ. 

2. ʆʙʦʩʥʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ 

ʯʫʤʳ ʦʩʥʦʚʥʦʛʦ ʠ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ (ʦʪʜʝʣʴʥʦ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴ-

ʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ) ʠ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ. 

3. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʰʪʘʤʤʦʚ Y. pestis ʚʦʩ-

ʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʠʟ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʯʫʤʳ ʉʈɺ. ʆʧʨʝʜʝʣʠʪʴ 

ʤʝʪʦʜʦʣʦʛʠʶ ʧʦʜʙʦʨʘ ʧʨʘʡʤʝʨʦʚ ʜʣʷ SNP-ʪʠʧʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʤʝʪʦʜʦʤ ʬʨʘʛ-

ʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʫʶ ʫʩʪʘʥʦʚʠʪʴ ʘʨʝʘʣʳ SNP-ʛʝʥʦʪʠʧʦʚ ʠ ʥʘ-

ʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ Y. pestis ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʚ ʉʈɺ ʚ ʧʝʨʠʦʜ ʪʨʝʪʴʝʡ 

ʧʘʥʜʝʤʠʠ ʯʫʤʳ. 

4. ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʠʥʜʠʢʘ-

ʮʠʠ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ 

ʯʫʤʳ ʠ ʤʝʪʦʜʦʣʦʛʠʶ ʚʳʙʦʨʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʘʪʦʛʝʥʘ. 

5. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʛʣʦʙʘʣʴʥʦʛʦ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ       

Y. pestis ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʙʱʠʪʴ ʠ ʧʨʝʜʣʦʞʠʪʴ ʢʦʤʧʣʝʢʩ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʇʎʈ ʩ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʦʩ-

ʥʦʚʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. 

6. ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʪʴ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʩʠʩʪʝʤʫ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʇʎʈ-

ʈɺ, ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʇʎʈ-ʈɺ ʠ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʤʢʘʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʦ-

ʚʦʜʠʤʦʛʦ ʚ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʘʭ ʯʫʤʳ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʛʣʦʙʘʣʴʥʦʤ ʛʝʥʝʪʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ Y. pestis ʩ 

ʫʯʸʪʦʤ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ ʠʟ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʈʌ ʠ ʝʸ ʩʦʧʨʝʜʝʣʴ-
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ʥʳʭ ʛʦʩʫʜʘʨʩʪʚ. ʆʧʨʝʜʝʣʝʥʘ ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ 

ʧʦʜʚʠʜʘ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ssp. central asiatica, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʰʪʘʤʤʳ ʯʝ-

ʪʳʨʸʭ ʙʠʦʚʘʨʦʚ: ʘʣʪʘʡʩʢʦʛʦ (0.PE4a), ʛʠʩʩʘʨʩʢʦʛʦ (0.PE4h), ʪʘʣʘʩʩʢʦʛʦ (0.PE4t) ʠ 

microtus (0.PE4m) ʠʟ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʡ ʟʦʥʳ ʧʨʠʨʦʜʥʦʡ ʦʯʘʛʦʚʦʩʪʠ ʯʫʤʳ ʚ 

ʈʦʩʩʠʠ, ʄʦʥʛʦʣʠʠ ʠ ʂʠʪʘʝ. ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ ʇʎʈ-ʈɺ. 

ɺʧʝʨʚʳʝ ʰʪʘʤʤ rʠʟ ʧʨʦʚʠʥʮʠʠ ʎʠʥʭʘʡ (ʂʠʪʘʡ) ʦʧʨʝʜʝʣʝʥʳ ʚ ʦʪʜʝʣʴʥʳʡ ʮʠʥʭʘʡ-

ʩʢʠʡ ʧʦʜʚʠʜ ssp. qinghaica ʠ ʥʦʚʫʶ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʫ  ʁʣʠʥʠʶ 0.PE10. ʅʘ ʦʩʥʦʚʝ 

ʵʪʦʛʦ ʧʨʦʚʝʜʝʥʦ ʫʪʦʯʥʝʥʠʝ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ Y. pestis, ʚ ʩʦʦʪʚʝʪʩʪ-

ʚʠʠ ʩ ʢʦʪʦʨʦʡ ʚʠʜ Y. pestis ʚʢʣʶʯʘʝʪ ʩʝʤʴ ʦʪʜʝʣʴʥʳʭ ʧʦʜʚʠʜʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ: ʦʩʥʦʚʥʦʡ, ʢʘʚʢʘʟʩʢʠʡ (0.PE2), ʘʥʛʦʣʴʩʢʠʡ (0.PE3), 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ (0.PE4), ʫʣʝʛʝʡʩʢʠʡ (0.PE5), ʪʠʙʝʪʩʢʠʡ (0.PE7) ʠ ʮʠʥʭʘʡ-

ʩʢʠʡ (0.PE10). ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʘ ʫʥʠʢʘʣʴʥʘʷ ʜʣʷ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪ-

ʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʫʪʘʮʠʷ ʚ ʛʝʥʝ ybtS, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʠʭ ʠʟʙʠʨʘʪʝʣʴ-

ʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʴ .ʁ 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʰʪʘʤʤʦʚ ʢʘʚ-

ʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʂʘʚʢʘʟʘ ʠ ɿʘʢʘʚʢʘʟʴʷ ʚ ʈʦʩʩʠʠ, ɸʟʝʨʙʘʡʜʞʘ-

ʥʝ, ɸʨʤʝʥʠʠ ʠ ɻʨʫʟʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʙʦʩʦʙʣʝʥʥʳʭ ʬʠʣʦʛʝ-

ʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ Y. pestis ssp. caucasica, ʩʦʦʪʥʦʩʷʱʠʭʩʷ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʰʪʘʤʤʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʩʪʨʘʥ. ʇʝʨʚʘʷ (I) ʠʟ 

ʥʠʭ ʦʙʨʘʟʦʚʘʥʘ ʰʪʘʤʤʘʤʠ ɺʦʩʪʦʯʥʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘ-

ʛʘ; ʚʪʦʨʘ ̫ (II ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʰʪʘʤʤʘʤʠ ʇʨʠʩʝʚʘʥʩʢʦʛʦ ʛʦʨʥʦʛʦ, ɿʘʥʛʝʟʫʨʦ-

ʂʘʨʘʙʘʭʩʢʦʛʦ ʛʦʨʥʦʛʦ ʠ ʇʨʠʘʨʘʢʩʠʥʩʢʦʛʦ ʥʠʟʢʦʛʦʨʥʦʛʦ ʦʯʘʛʦʚ; ʘ ʪʨʝʪʴ ̫ (III ) ï 

ʰʪʘʤʤʘʤʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʘʚʢʘʟʩʢʦʛʦ ʥʘʛʦʨʴʷ (ɻʶʤʨʠʡʩʢʠʡ ʠ ɼʞʘʚʘʭʝʪ-

ʩʢʦ-ɸʭʘʣʢʘʣʘʢʩʢʠʡ ʦʯʘʛʠ). ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʰʪʘʤʤʦʚ Y. pestis ʢ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ I, II  (ʦʪʜʝʣʴʥʦ IIa, IIb, IIc) ʠ III  ʢʘʚ-

ʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʆʙʥʘʨʫʞʝʥʳ ʩʧʝʮʠʬʠ-

ʯʝʩʢʠʝ ʤʫʪʘʮʠʠ ʚ ʛʝʥʘʭ astD, fyuA, hmsF, hmsT, yopH, yopT, yscG, yscU, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʟʘʤʝʥʘʤ ʢʦʜʠʨʫʝʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠ-

ʯʠʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ. 
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ʇʦʣʫʯʝʥʳ ʧʨʠʦʨʠʪʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʰʪʘʤʤʦʚ       

Y. pestis ssp. ulegeica ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʣʠʥʠʠ 0.PE5, ʦʙʨʘʟʦʚʘʥʥʦʡ ʠʟ ʜʚʫʭ ʚʝʪʚʝʡ 

ʵʚʦʣʶʮʠʠ: 0.PE5-1 ʠʟ ʶʞʥʳʭ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʄʦʥʛʦʣʠʠ ʠ 0.PE5-2 ï ʠʟ ʟʘ-

ʧʘʜʥʳʭ ʨʘʡʦʥʦʚ. ʅʘʡʜʝʥʘ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʟʘʤʝʥʘ ʝʜʠʥʠʯʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʚ ʛʝʥʝ 

ʬʘʢʪʦʨʘ ʧʘʪʦʛʝʥʥʦʩʪʠ yscQ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʝ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫ-

ʣʝʥʪʥʦʩʪʠ ʰʪʘʤʤʦʚ ʵʪʦʛʦ ʧʦʜʚʠʜʘ. ʉʦʟʜʘʥ ʩʧʦʩʦʙ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʢ ʦʪʜʝʣʴʥʳʤ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ (0.PE5/1, 

0.PE5/2-1, 0.PE5/2-2) ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘ-

ʥʠʷ.  

ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʥʘʜ-

ʣʝʞʥʦʩʪʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʢ ʦʪʜʝʣʴʥʳʤ ʧʦʜʚʝʪʚʷʤ ʠ ʢʣʘʩʪʝʨʘʤ ʘʣʪʘʡ-

ʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦ-

ʚʘʥʠʷ. 

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʸʥ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ Y. pestis (ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʘʷ ʣʠʥʠʷ 

1.ORI) ʠʟ ʦʯʘʛʦʚ ʯʫʤʳ ʉʈɺ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʚʝʪʚʠ 1.ORI2v, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʰʪʘʤʤʦʚ ʯʫʤʳ ʠʟ ɺʴʝʪʥʘʤʘ. ɼʚʘ ʰʪʘʤʤʘ ʩʦʩʪʘʚʠʣʠ ʦʪʜʝʣʴʥʫʶ ʚʝʪʚʴ 

1.ORI2vi ʩʦ ʰʪʘʤʤʦʤ ʠʟ ʀʥʜʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʚʝʪʚʠ 1.ORI2, ʘ ʦʜʠʥ ʰʪʘʤʤ ʥʘʭʦʜʠʣ-

ʩ ̫ʦʙʦʩʦʙʣʝʥʥʦ ʚ ʩʦʩʪʘʚʝ ʚʝʪʚʠ 1.ORI1. ɺʝʪʚʴ 1.ORI2v ʦʙʨʘʟʫʶʪ 10 ʧʦʜʚʝʪʚʝʡ 

(1.ORI2v1ï10), ʨʘʟʣʠʯʥʳʭ ʧʦ ʤʝʩʪʫ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʣʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʠʭ 

ʰʪʘʤʤʦʚ. ɺʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʘʷ ʪʝʦʨʠʷ ʮʠʨʢʫʣʷʮʠʠ ʰʪʘʤ-

ʤʦʚ Y. pestis ʨʘʟʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ ʚ ʉʈɺ ʠ ʧʨʦʚʝʜʝʥʦ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʪʝʨ-

ʨʠʪʦʨʠʠ ɺʴʝʪʥʘʤʘ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ SNP-ʛʝʥʦʪʠʧʦʚ. ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ 

ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ ʧʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʛʝʥʝ-

ʪʠʯʝʩʢʠʤ ʧʦʜʚʝʪʚʷʤ 1.ORI2v, 1.ORI2vi, 1.ORI2v1ï10, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʝʪʝʢʮʠʠ 

ʤʘʨʢʝʨʥʳʭ SNPs ʤʝʪʦʜʦʤ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʥʘʡʜʝʥʳ ɼʅʂ-ʤʠʰʝʥʠ ï ʝʜʠʥʠʯʥʳʝ 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʣʠʤʦʨʬʠʟʤʳ (SNPs), ʫʥʠʢʘʣʴʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝ-
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ʩʢʠʭ ʚʝʪʚʝʡ Y. pestis (ʘ ʠʤʝʥʥʦ: 0.ɸNT1, 0.ANʊ2, 0.ANT3, 0.ɸNT5, 3.ɸNT, 4.ANʊ 

ʘʥʪʠʯʥʦʛʦ ʙʠʦʚʘʨʘ; 2.MɽD0, 2.MɽD1, 2.MɽD2, 2.ʄɽD3, 2.ʄɽD4 ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ 

ʙʠʦʚʘʨʘ; 1.ORI1, 1.ʆRI2, 1.ʆRI3 ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ; 1.IN1, 1.IN2, 1.IN3 ʙʠʦʚʘʨʘ 

intermedium ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ; ʘʥʛʦʣʴʩʢʦʛʦ (0.PE3), ʪʠʙʝʪʩʢʦʛʦ (0.PE7) ʠ ʮʠʥ-

ʭʘʡʩʢʦʛʦ (0.PE10) ʧʦʜʚʠʜʦʚ), ʠ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʇʎʈ-

ʈɺ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʚʥʫʪʨʠʚʠʜʦʚʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʚʩʝʭ ʦʩʥʦʚʥʳʭ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʛʨʫʧʧ Y. pestis. ʇʨʠʦʨʠʪʝʪʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʚʳʜʘʯʝʡ ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ çʉʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʥʘʜ-

ʣʝʞʥʦʩʪʠ ʰʪʘʤʤʦʚ Yersinia pestis ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ ʘʣʣʝʣʴ-

ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʇʎʈ ʩ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠè ˉ RU 

2799415 C1. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ 18 ɼʅʂ-ʤʠʰʝʥʝʡ ʥʘ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 114 

ʰʪʘʤʤʦʚ Y. pestis, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ ʧʦʜʚʠʜʘʤ, ʙʠʦʚʘʨʘʤ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ 

ʚʝʪʚʷʤ ʚʧʝʨʚʳʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥ ʠ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʠʥʜʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʰʪʘʤʤʦʚ ʩʦʛʣʘʩʥʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʚʠʜʫ Y. pestis, ʦʪʜʝʣʴʥʳʤ ʧʦʜʚʠʜʘʤ, 

ʙʠʦʚʘʨʘʤ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʣʠʥʠʷʤ, ʘ ʢʨʦʤʝ ʪʦʛʦ ʧʦ ʥʘʣʠʯʠʶ ʦʩʥʦʚʥʳʭ ʛʝʥʦʚ 

ʧʘʪʦʛʝʥʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠ-

ʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʪyʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʨyʜʦʡ ʧʦʜʣʦʞʢʝ. ʈʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʪʚʨyʜʦʡ ʧʦʜʣʦʞʢʝ, ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ ʩʦʛʣʘʩʥʦ ʠʭ ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʠ ʢ ʚʠʜʫ Y. pestis, ʧʦʜʚʠʜʘʤ, ʙʠʦʚʘʨʘʤ ʠ ʦʪʜʝʣʴʥʳʤ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ 

ʣʠʥʠʷʤ, ʨʝʘʣʠʟʫʝʤʳʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʧʦ ʫʯʸʪʫ ʨʝʟʫʣʴʪʘʪʦʚ ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʤʠʢʨʦʯʠʧʝ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʯʫʤʥʦʛʦ ʤʠʢʨʦʙʘ (ʧʘʪʝʥʪ ˉ 2021612722 

RU). ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʜʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ ʚʦʟ-

ʙʫʜʠʪʝʣʷ ʯʫʤʳ ʩʦʛʣʘʩʥʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʚʠʜʫ Y. pestis, ʢ ʦʪʜʝʣʴʥʳʤ ʧʦʜʚʠ-

ʜʘʤ, ʙʠʦʚʘʨʘʤ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ ʠ ʧʦ ʥʘʣʠʯʠʶʫ ʥʠʭ ʛʝʥʦʚ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ ʤʝʪʦʜʦʤ ɼʅʂ-ʯʠʧʘ (ʧʘʪʝʥʪ RU 2734636 C1). 
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ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʡ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘ-

ʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ ʇʎʈ-ʈɺ, ɸʉ-ʇʎʈ-ʈɺ ʠ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠ-

ʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʜʣʷ ʧʨʦ-

ʚʝʜʝʥʠʷ ʙʳʩʪʨʦʛʦ ʠ ʥʘʜʸʞʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʦʩʥʦʚʘʥʘ ʪʝʤ, ʯʪʦ: 

ʇʨʦʚʝʜʝʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʝʪʩʷ ʩʝʤʴ ʧʦʜʚʠʜʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʚʦʝʡ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʟʥʘ-

ʯʠʤʦʩʪʠ: ʦʩʥʦʚʥʦʡ, ssp. pestis; ʘʥʛʦʣʴʩʢʠʡ, ssp. angolica; ʢʘʚʢʘʟʩʢʠʡ, ssp. 

caucasica; ʪʠʙʝʪʩʢʠʡ, ssp. tibetica; ʫʣʝʛʝʡʩʢʠʡ, ssp. ulegeica; ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ, 

ssp. central asiatica; ʮʠʥʭʘʡʩʢʠʡ, ssp. qinghaica. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦʣʥʦʛʝʥʦʤʥʦ-

ʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʨʝʚʥʠʭ ʧʦʜʚʠʜʦʚ Y. 

pestis ï ʢʘʚʢʘʟʩʢʦʛʦ, ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ, ʫʣʝʛʝʡʩʢʦʛʦ; ʚʳʷʚʣʝʥʳ ʦʪʣʠʯʠʷ ʚ ʛʝ-

ʥʘʭ ʬʘʢʪʦʨʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʥʘ-

ʧʨʘʚʣʝʥʠʡ ʵʚʦʣʶʮʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʩʥʦʚ ʦʪʣʠʯʠʡ ʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʚʳʩʦʢʦʚʠʨʫʣʝʥʪʥʳʤ ʦʩʥʦʚʥʳʤ ʧʦʜʚʠʜʦʤ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. ʉʬʦʨʤʫʣʠʨʦ-

ʚʘʥʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʰʪʘʤʤʳ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜ-

ʚʠʜʘ ʠʟ ʋʣʘʥʜʨʳʢʩʢʦʛʦ ʤʝʟʦʦʯʘʛʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʵʚʦʣʶʮʠʦʥʥʦ 

ʨʘʥʥʶʶ ʚʝʪʚʴ ʵʚʦʣʶʮʠʠ  Y. pestis ʵʪʦʛʦ ʙʠʦʚʘʨʘ. 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʰʪʘʤʤʦʚ ʮʝʥ-

ʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʠ ʥʘʡʜʝʥʳ ʤʫʪʘʮʠʠ ʚ ʨʷʜʝ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʘʢʪʦ-

ʨ  rʧʘʪʦʛʝʥʥʦʩʪʠ. ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʵʪʠ ʤʫʪʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʯʠʥʦʡ ʘʚʠʨʫʣʝʥʪʥʦʩʪʠ ʰʪʘʤʤʦʚ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʚʠ 0.PE4 ʜʣʷ ʯʝʣʦʚʝʢʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʠ ʵʚʦʣʶʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʚ 

ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʘʭ ʈʌ, ʩʪʨʘʥ ʙʣʠʞʥʝʛʦ ʠ ʩʪʨʘʥ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ; ʚʳʷʚʣʝʥʠʝ 

ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ Y. pestis ʦʩʥʦʚʥʦʛʦ ʠ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ; 

ʫʪʦʯʥʝʥʠʝ ʘʨʝʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʧʫʣʷʮʠʡ ʚʦʟʙʫʜʠʪʝʣʷ. 
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ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʈɺ, ʧʦʟʚʦ-

ʣʠʣ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʵʚʦʣʶʮʠʠ          

Y. pestis ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʚ ʧʝʨʠʦʜ ʪʨʝʪʴʝʡ ʧʘʥʜʝʤʠʠ ʯʫʤʳ. ʇʨʝʜʣʦʞʝʥʘ ʥʘʫʯ-

ʥʦ ʦʙʦʩʥʦʚʘʥʥʘʷ ʪʝʦʨʠʷ ʮʠʨʢʫʣʷʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʪʘʤʤʦʚ Y. pestis ʨʘʟʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʚ ʉʈɺ. ʈʘʟʨʘʙʦʪʘʥ 

ʢʦʤʧʣʝʢʩ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ ʧʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦ-

ʩʪʠ ʢ ʦʩʥʦʚʥʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ ʠ ʧʦʜʚʝʪʚʷʤ (1.ORI2v, 1.ORI2vi, 1.ORI2v1ï

10), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʝʪʝʢʮʠʠ ʤʘʨʢʝʨʥʳʭ SNPs ʤʝʪʦʜʦʤ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦ-

ʚʘʥʠʷ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʩʣʫʞʠʣ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʜʚʠʞʝʥʠʷ ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʟʘʥʦʩ ʯʫʤʳ ʚ ʉʈɺ ʧʨʦʠʩʭʦʜʠʣ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠ ʦʙʫʩʣʦʚʣʝʥ 

ʧʝʨʝʜʘʯʝʡ ʠʥʬʝʢʮʠʠ ʩʠʥʘʥʪʨʦʧʥʳʤʠ ʢʨʳʩʘʤʠ ʥʘ ʢʦʨʘʙʣʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

ʂʠʪʘʷ, ʘ ʪʘʢʞʝ ʩʫʭʦʧʫʪʥʳʤ ʧʫʪʸʤ ʩ ʪʝʨʨʠʪʦʨʠʠ ʙʣʠʟʣʝʞʘʱʝʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ 

ʯʫʤʳ ʚ ʧʨʦʚʠʥʮʠʠ ʖʥʴʥʘʥʴ. 

ʀʟʫʯʝʥʠʝ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʠʩʢ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ ʠʟʙʠʨʘ-

ʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʩʪʨʘʥ ʉʅɻ, ʨʘʩʰʠʨʠʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʛʝʥʦʤʦʚ ʜʨʝʚʥʠʭ ʧʦʜʚʠʜʦʚ ʯʫʤ.r ʇʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶ-

ʱʠʤ ʘʥʘʣʠʟʦʤ ʧʦʣʠʤʦʨʬʠʟʤʘ ʝʜʠʥʠʯʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ (SNPs) ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪ-

ʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ 

ʧʦʧʫʣʷʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʵʪʠʭ ʨʘʥʦ ʜʠʚʝʨʛʠʨʦʚʘʚh ʠʭ ʛʨʫʧʧ Y. pestis ʠ ʫʪʦʯʥʠʪʴ 

ʘʨʝʘʣʳ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʦʯʘʛʘʭ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ: 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʧʦʜʦʙʨʘʥʥʳʭ 

ʢʦʤʧʣʝʢʪʦʚ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʩʥʦʚʥʳʭ ʚʝʪʚʝʡ ʵʚʦʣʶʮʠʠ Y. pestis ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʇʎʈ-ʈɺ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʜʣ̫ ʧʨʦ-

ʚʝʜʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʯʫʤʳ, ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʪʜʝʣʴʥʳʤ ʬʠʣʦ-

ʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʠ ʠʭ ʚʠʨʫʣʝʥʪʥʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝ-

ʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʘʩ-

ʩʣʝʜʦʚʘʥʠʷ ʩʣʫʯʘʝʚ ʯʫʤʳ ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥ-
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ʛʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʝʸ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦ-

ʩʫʜʘʨʩʪʚ. 

ʈʷʜ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʦʩʥʦʚʥʦʛʦ ʠ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʜʝʣʴʥʦ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʨʝʛʠʩʪʨʘʮʠʠ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʦʡ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦ-

ʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ ʜʣʷ in vitro ʜʠʘʛʥʦʩʪʠʢʠ: 

- çʅʘʙʦʨ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ 

ʯʫʤʳ ʦʩʥʦʚʥʦʛʦ ʠ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ (ʦʪʜʝʣʴʥʦ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴ-

ʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ) ʤʝʪʦʜʦʤ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥ-

ʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ɻʝʥʇʝʩʪ-

ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌ)è ʜʣʷ ʜʝʪʝʢʮʠʠ ɼʅʂ ʰʪʘʤʤʦʚ Y. pestis ʚ ʧʨʦʙʘʭ ʙʠʦʣʦʛʠʯʝʩʢʦ-

ʛʦ, ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʧ-

ʨʝʜʝʣʝʥʠʝʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʩʥʦʚʥʦʤʫ ʠ ʥʝʦʩʥʦʚʥʳʤ ʧʦʜʚʠʜʘʤ ʠ ʩ ʦʪʜʝʣʴʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ 

ʇʎʈ-ʈɺ (ʈʝʛʠʩʪʨʘʮʠʦʥʥʦʝ ʫʜʦʩʪʦʚʝʨʝʥʠʝ ˉ ʈɿʅ 2018/7338 ʦʪ 19.09.2022) (ʇʨʠ-

ʣʦʞʝʥʠʝ ɹ). 

- çʅʘʙʦʨ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤ-

ʤʦʚ ʯʫʤʥʦʛʦ ʤʠʢʨʦʙʘ ʤʝʪʦʜʦʤ ʤʫʣʴʪʠʣʦʢʫʩʥʦʡ ʇʎʈ ʚ ʬʦʨʤʘʪʝ ʙʠʦʯʠʧʘ (ʇʝʩʪ-

ʄʃ ʇʎʈ-ʙʠʦʯʠʧ)è ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʜʝʪʝʢʮʠʠ ɼʅʂ Y. pestis ʚ ʧʨʦʙʘʭ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʫʣʴʪʫʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩ ʦʜʥʦʚʨʝ-

ʤʝʥʥrʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʩʥʦʚʥʦʤʫ ʠ ʥʝʦʩʥʦʚʥʳʤ ʧʦʜʚʠʜʘʤ, 

ʙʠʦʚʘʨʘʤ, ʘ ʢʨʦʤʝ ʪʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚʠʨʫʣʝʥʪʥʳʭ ʠʟʦʣʷʪʦʚ ʦʪ ʘʚʠʨʫʣʝʥʪʥʳʭ 

(ʈʝʛʠʩʪʨʘʮʠʦʥʥʦʝ ʫʜʦʩʪʦʚʝʨʝʥʠʝ ˉ ʈɿʅ 2021/15445 ʦʪ 02.09.2022) (ʇʨʠʣʦʞʝʥʠʝ 

ɽ). 

ɺ ʨʘʤʢʘʭ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʜʦʩʴʝ ʫʢʘʟʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ ʧʦʜʛʦʪʦʚ-

ʣʝʥʳ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ï ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʊʋ 21.20.23-054-01898109-

2017 ï ʜʣʷ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè, ʊʋ 21.20.23-056-01898109-2020 ï ʜʣʷ 

çʇʝʩʪ-ʄʃ ʇʎʈ-ʙʠʦʯʠʧè) ʠ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ. 
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ɺ NCBI GenBank ʥʘʤʠ ʙʳʣʠ ʜʝʧʦʥʠʨʦʚʘʥʳ ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 48 ʰʪʘʤʤʦʚ Y. pestis (ʇʨʠʣʦʞʝʥʠʝ ɸ).  

ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʙʦʪʝ ʌʂʋʅ 

ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, ʌʂʋɿ ʇʨʦ-

ʪʠʚʦʯʫʤʥʳʡ ʮʝʥʪʨ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, ʌʂʋɿ ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʅʀʇʏʀ ʈʦʩʧʦʪ-

ʨʝʙʥʘʜʟʦʨʘ, ʌʂʋɿ ʀʨʢʫʪʩʢʠʡ ʅʀʇʏʀ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʠ ʌʂʋɿ ɺʦʣʛʦʛʨʘʜʩʢʠʡ 

ʅʀʇʏʀ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, ʯʪʦ ʟʘʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʦ ʘʢʪʘʤʠ ʚʥʝʜʨʝʥʠʷ (ʇʨʠʣʦ-

ʞʝʥʠʷ ɺ, ɻ, ɼ, ɾ, ɿ). 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʯʪʝʥʠʠ ʣʝʢ-

ʮʠʡ ʥʘ ʢʫʨʩʘʭ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʧʦ ʧʨʦʛʨʘʤʤʝ çɹʘʢʪʝʨʠʦʣʦʛʠʷ. ʀʥʬʝʢʮʠʦʥʥʳʝ ʙʦ-

ʣʝʟʥʠ, ʪʨʝʙʫʶʱʠʝ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʘʥʠʪʘʨʥʦʡ ʦʭʨʘʥʝ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʠ ʢʫʨʩʘʭ çʇʎʈ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ ʠ 

ʠʥʜʠʢʘʮʠʠ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚè ʧʨʠ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤ-

ʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʫʯʨʝʞʜʝʥʠʷʤʠ, ʟʘʥʠʤʘʶʱʠʤʠʩʷ ʠʥʜʠʢʘʮʠʝʡ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʚʦʟʙʫʜʠʪʝʣʷ 

ʯʫʤʳ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦ-

ʪʝ, ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʙʠʦʭʠ-

ʤʠʯʝʩʢʠʭ, ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʝ-

ʪʦʜʦʚ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʥʦʛʦʦʙʨʘʟʠʝ ʰʪʘʤʤʦʚ Y. pestis ʩʦʩʪʦʠʪ ʠʟ ʩʝʤʠ ʧʦʜʚʠʜʦʚ ʩ ʨʘʟʣʠʯ-

ʥʦʡ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ: ʦʩʥʦʚʥʦʡ, ssp. pestis; ʪʠʙʝʪʩʢʠʡ, ssʨ. tibetica; 

ʢʘʚʢʘʟʩʢʠʡ, ssp. caucasica; ʘʥʛʦʣʴʩʢʠʡ, ssʨ. angʦlica; ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ, ssʨ. 

centrʘl asiʘtica; ʫʣʝʛʝʡʩʢʠʡ, ssp. ulegeica; ʮʠʥʭʘʡʩʢʠʡ, ssp. qinghaica. ʐʪʘʤʤʳ, 

ʚʳʜʝʣʝʥʥʳʝ ʚ ʧʨʦʚʠʥʮʠʠ ʎʠʥʭʘʡ, ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʤʫ ʧʦʜʚʠʜʫ 

ʠ ʦʙʨʘʟʫʶʪ ʦʪʜʝʣʴʥʳʡ ʧʦʜʚʠʜ ï ssp. qinghaica ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʫʶ ʚʝʪʚʴ 0.PE10. 



21 

 

ʂʘʚʢʘʟʩʢʠʡ ʧʦʜʚʠʜ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ (I, II, III), ʫʣʝʛʝʡʩʢʠʡ ʧʦʜʚʠʜ 

ʩʬʦʨʤʠʨʦʚʘʥ ʠʟ ʜʚʫʭ ʚʝʪʚʝʡ (0.PE5/2-1 ʠ 0.PE5/2-2). ɸ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ ʧʦʜ-

ʚʠʜ ʚʢʣʶʯʘʝʪ 4 ʙʠʦʚʘʨʘ: ʘʣʪʘʡʩʢʠʡ (0.ʈE4a), ʛʠʩʩʘʨʩʢʠʡ (0.ʈE4h), ʪʘʣʘʩʩʢʠʡ 

(0.ʈɽ4t) ʠ microtus (0.ʈɽ4m). ʅʘʡʜʝʥʳ ʤʫʪʘʮʠʠ ʚ ʛʝʥʘʭ, ʢʦʜʠʨʫʶʱʠʭ ʬʘʢʪʦʨʳ ʧʘ-

ʪʦʛʝʥʥʦʩʪʠ, ʫ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ (astD, fyuA, hmsF, hmsT, yopH, yopT, yscG ʠ 

yscU), ʫʣʝʛʝʡʩʢʦʛʦ (irp1 ʠ yscQ) ʠ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ (ybtS) ʧʦʜʚʠʜʦʚ Y. pestis. 

2. ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʰʪʘʤʤʦʚ Y. pestis ʦʩʥʦʚʥʦʛʦ ʠ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʠʬʬʝʨʝʥ-

ʮʠʘʮʠʝʡ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʠ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ 

ʧʨʦʚʝʜʝʥʠʷ in vitro ʜʠʘʛʥʦʩʪʠʢʠ ʤʝʪʦʜʦʤ ʇʎʈ (ʇʎʈ-ʪʝʩʪ ʩʠʩʪʝʤʘ çɻʝʥʇʝʩʪ-

ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè), ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʷʪʴ ʜʝʪʝʢʮʠʶ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ 

ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʦʩʥʦʚʥʦʛʦ ʠ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ, ʚʢʣʶʯʘʷ ʦʪʜʝʣʴʥʦ 

ʘʣʪʘʡʩʢʠʡ ʙʠʦʚʘʨ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ. ʇʎʈ-ʪʝʩʪ ʩʠʩʪʝʤʘ çɻʝʥʇʝʩʪ-

ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè ʦʙʣʘʜʘʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 1Ĭ10
3 

ʤ.ʢ./ʤʣ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ (99 %) ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (98,6 %). 

3. ʐʪʘʤʤʳ ʠʟ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʉʈɺ ʨʘʟʜʝʣʷʶʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʪʨʭy ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ Y. pestis, ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ 

ʮʠʨʢʫʣʷʮʠʝʡ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʚʝʪʚʠ 1.ORI2v. ʂʦʤʧʣʝʢʩ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʜʠʬʬʝʨʝʥ-

ʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʨʢʝʨʥʳʭ SNPs ʤʝʪʦʜʦʤ 

ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʜʣʷ ʉʈɺ ʛʝʥʝʪʠʯʝʩʢʠʤ ʧʦʜʚʝʪʚʷʤ 1.ORI2v, 1.ORI2vi ʠ 1.ORI2v1ς

10. ʆʧʨʝʜʝʣʝʥʳ ʠʩʪʦʨʠʯʝʩʢʠʝ ʘʨʝʘʣʳ SNP-ʛʝʥʦʪʠʧʦʚ ʠ ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʪʘʤʤʦʚ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʚ ʉʈɺ ʚ ʧʝʨʠʦʜ 

ʪʨʝʪʴʝʡ ʧʘʥʜʝʤʠʠ ʯʫʤʳ. 

4. ʈʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʩʧʦʩʦʙ ʠʥʜʠʢʘʮʠʠ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ ʩʦʛʣʘʩʥʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʚʠʜʫ Y. pestis, ʧʦʜʚʠʜʘʤ, 

ʙʠʦʚʘʨʘʤ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ, ʘ ʪʘʢʞʝ ʧʦ ʥʘʣʠʯʠʶ ʦʩʥʦʚʥʳʭ ʛʝʥʦʚ ʬʘʢʪʦ-

ʨʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 18 ɼʅʂ-ʤʠʰʝʥʝʡ, ʚʢʣʶʯʘʷ ʥʘʙʦʨ ʨʝʘʛʝʥʪʦʚ 

ʜʣʷ in vitro ʜʠʘʛʥʦʩʪʠʢʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤ-
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ʤʦʚ Y. pestis ʤʝʪʦʜʦʤ ʤʫʣʴʪʠʣʦʢʫʩʥʦʡ ʇʎʈ ʚ ʬʦʨʤʘʪʝ ʙʠʦʯʠʧ (çʇʝʩʪ-ʄʃ ʇʎʈ-

ʙʠʦʯʠʧè), ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 

1Ĭ10
3
 ʤ.ʢ./ʤʣ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 

99,0 %. 

5. ʅʘ ʦʩʥʦʚʝ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʚʥʫʪʨʠʚʠʜʦ-

ʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ Y. pestis 0.ɸNT3, 

0.ɸNT5, 3.ɸNʊ, 4.ɸNʊ, 2.MED0, 2.ʄɽD1, 2.ʄɽD2, 2.ʄɽD4, 1.IN1, 1.ʆRI1, 

1.ʆRI2, 1.ʆRI3 ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʇʎʈ-ʈɺ, ʢʦʪʦʨʳʡ 

ʚʤʝʩʪʝ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʪʝʩʪ-ʩʠʩʪʝʤʘʤʠ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè ʠ çʇʝʩʪ-

ʄʃ ʇʎʈ-ʙʠʦʯʠʧè ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʤʠʨʘ. 

6. ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘ ̫ʩʠʩʪʝʤʘ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ, ʦʩʥʦʚʘʥʥʘ ̫ʥʘ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʤʝʪʦʜʦʚ (ʇʎʈ-ʈɺ, ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʇʎʈ-ʈɺ ʠ ʩʠʩʪʝʤʝ ʤʫʣʴʪʠʧ-

ʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ 

ʧʦʜʣʦʞʢʝ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʧʦʜʚʠʜʦʚ ʠ ʙʠʦʚʘʨʦʚ Y. pestis ʩ 

ʨʘʟʥʦʡ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ: ʢʘʚʢʘʟʩʢʦʛʦ (0.ʈɽ2), ʫʣʝʛʝʡʩʢʦʛʦ (0.ʈɽ5) 

ʧʦʜʚʠʜʦʚ; ʘʣʪʘʡʩʢʦʛʦ (0.ʈɽ4a), ʛʠʩʩʘʨʩʢʦʛʦ (0.ʈɽ4h), ʪʘʣʘʩʩʢʦʛʦ (0.ʈɽ4t) ʠ 

microtus (0.ʈɽ4m) ʙʠʦʚʘʨʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ; ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʝʪʚʝʡ 1.ɸNT, 2.ɸNT, 0.ɸNT3, 0.ɸNT5, 3.ɸNT, 4.ɸNT ʘʥʪʠʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚ-

ʥʦʛʦ ʧʦʜʚʠʜʘ, 2.ʄɽD0, 2.ʄɽD1, 2.ʄɽD2, 2.ʄɽD4 ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚ-

ʥʦʛʦ ʧʦʜʚʠʜʘ, 1.ʆRI1, 1.ʆRI2, 1.ʆRI3 ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ, 

1.IN1 ʙʠʦʚʘʨʘ intermedium ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ ʥʘʜʸʞʥʦʛʦ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʧʨʠ-

ʨʦʜʥʳʭ ʦʯʘʛʘʭ ʯʫʤʳ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʧʦʣʫʯʝʥʠʠ ʠ ʘʥʘʣʠʟʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɸʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘ-

ʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʘʧʨʦʙʠʨʦʚʘʥʳ ʤʝʪʦʜʠ-

ʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʸʥʥʳʝ ʩʨʘʚʥʝʥʠʶ ʧʦʣʥʦʛʝ-
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ʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʰʪʘʤʤʦʚ Y. pestis ʨʘʟʣʠʯʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʝʪʚʝʡ ʜʣʷ ʧʦʠʩʢʘ ʤʘʨʢʝʨʥʳʭ ʤʠʰʝʥʝʡ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʚʥʫʪ-

ʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʩʦʛʣʘʩʥʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʪ-

ʜʝʣʴʥʳʤ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʇʎʈ-ʈɺ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤ 

ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ. ɸʚʪʦʨʦʤ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʨʘʡʤʝʨʳ ʠ ʟʦʥʜʳ 

ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʥʘʜʸʞʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʤʝʪʦʜʘ-

ʤʠ ʇʎʈ-ʈɺ (ʚʢʣʶʯʘʷ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʇʎʈ-ʈɺ), ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ 

ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʠ 

ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʣʠʯʥʦ 

ʧʨʦʚʝʨʝʥʳ ʘʚʪʦʨʦʤ ʥʘ ʦʙʰʠʨʥʦʡ ʚʳʙʦʨʢʝ ʧʨʠʨʦʜʥʳʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʰʪʘʤʤʦʚ Y. 

pestis ʠ ʛʝʪʝʨʦʣʦʛʠʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʭ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʜ.ʙ.ʥ., ʚʝʜʫʱʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ ʜʠʘʛʥʦʩʪʠ-

ʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩ-

ʧʦʪʨʝʙʥʘʜʟʦʨʘ ɼ.ɺ. ʋʪʢʠʥʳʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩ-

ʪʝʤʳ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ. ʉʦʚʤʝ-

ʩʪʥʦ ʩ ʢ.ʤ.ʥ., ʩʪʘʨʰʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʉʠʪʤʙʝʪʦʚʳʤ ɼ.ɸ. ʠ ʜ.ʙ.ʥ., ʚʝʜʫʱʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ɼ.ɺ. ʋʪʢʠʥʳʤ ʨʘʟʨʘʙʦʪʘʥʘ çʇʨʦʛʨʘʤʤʘ ʧʦ ʫʯʸʪʫ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʤʠʢʨʦʯʠʧʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʯʫʤʥʦʛʦ ʤʠʢʨʦʙʘè ˉ 2021612722 RU ʜʣʷ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ. 

ɺʤʝʩʪʝ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʥʦʤʥʦʛʦ ʠ ʧʨʦʪʝʦʤʥʦʛʦ ʘʥʘʣʠʟʘ  

(ʢ.ʭ.ʥ., ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʂʨʘʩʥʦʚ ʗ.ʄ.; ʢ.ʙ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜ-

ʥʠʢ ɸʣʴʭʦʚʘ ɾ.ɺ.; ʢ.ʭ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɻʫʩʝʚʘ ʅ.ʇ.; ʢ.ʤ.ʥ., ʩʪʘʨ-

ʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʇʦʣʫʥʠʥʘ ʊ.ɸ.; ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʂʦʪʦʚʘ 
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ʅ.ɺ.; ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʐʠʤʘʥʦʚʘ ɺ.ʕ.; ʢ.ʙ.ʥ., ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʐʘʨʘʧʦʚʘ ʅ.ɸ.; ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʅʘʨʳʰʢʠʥʘ ɽ.ɸ.; ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʉʦʩʝ-

ʜʦʚʘ ɽ.ɸ.; ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʂʘʪʳʰʝʚ ɸ.ɼ.; ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦ-

ʪʨʫʜʥʠʢ ʌʸʜʦʨʦʚ ɸ.ɺ.; ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʂʘʪʳʰʝʚ ʉ.ɼ.) ʙʳʣʦ ʚʳʧʦʣ-

ʥʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʦʚ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠ-

ʪʝʣʷ ʯʫʤʳ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʘʭ ʈʦʩʩʠʠ ʠ ʝʸ ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʪʨʘʥ. ɹʘ-

ʟʠʨʫʷʩʴ ʥʘ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ, ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʘʥʘʣʠʟ ʧʦʧʫʣʷʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ Y. pestis, h ʪʘʤ-

ʤʦʚ Y. pestis ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʠʟ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʉʈɺ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ 

(ʢ.ʙ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʂʫʢʣʝʚʘ ʃ.ʄ.; ʢ.ʙ.ʥ., ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɹʘ-

ʣʳʢʦʚʘ ɸ.ʅ.; ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʄʘʢʘʰʦʚʘ ʄ.ɸ.; ʣʘʙʦʨʘʥʪ ʂʫʣʝʰʦʚʘ 

ʊ.ɸ.) ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ (ʢ.ʙ.ʥ., ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʆʩʠʥʘ ʅ.ɸ.; ʢ.ʤ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʜʠ-

ʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʉʠʪʤʙʝʪʦʚ ɼ.ɸ.; ʜ.ʙ.ʥ., ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʣʘʙʦʨʘʪʦʨʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʋʪʢʠʥ ɼ.ɺ.) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʙʘʢʪʝʨʠʦ-

ʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʚʝʨʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʄʀ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ 

(ʢ.ʙ.ʥ., ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʆʛʣʦʜʠʥ ɽ.ɻ.; ʢ.ʙ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦ-

ʪʨʫʜʥʠʢ ʂʫʢʣʝʚʘ ʃ.ʄ.; ʢ.ʙ.ʥ., ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɹʘʣʳʢʦʚʘ ɸ.ʅ.; ʤʣʘʜʰʠʡ ʥʘʫʯ-

ʥʳʡ ʩʦʪʨʫʜʥʠʢ ʄʘʢʘʰʦʚʘ ʄ.ɸ.) ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʨʘʟʨʘ-

ʙʦʪʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʇʎʈ-ʈɺ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʥʫʪʨʠʚʠ-

ʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʪʜʝʣʝ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʌʂʋʅ 

ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʚ ʨʘʤʢʘʭ ʧʣʘ-

ʥʦʚʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʪʝʤ: ʅʀʈ çʄʝʭʘʥʠʟʤʳ ʧʝʨʩʠʩʪʝʥʮʠʠ ʚʦʟʙʫʜʠ-

ʪʝʣʷ ʯʫʤʳ ʚ ʧʦʯʚʝʥʥʳʭ ʙʠʦʮʝʥʦʟʘʭ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʯʫʤʳè 2016ï2018 ʛʛ. 

(ʰʠʬʨ ʪʝʤʳ 64-3-16, ˉ ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ ɸɸɸɸ-ɸ16-116112810059-7); ʅʀʈ 

çʇʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʨʝʬʝʨʝʥʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʰʪʘʤʤʦʚ ʠ 



25 

 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʠʟ 

ʦʯʘʛʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚè 2016ï2018 ʛʛ. (ʰʠʬʨ 

ʪʝʤʳ 65-3-16, ˉ ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ ɸɸɸɸ-ɸ16-116112810061-0); ʅʀʈ çɸʥʘʣʠʟ ʟʘ-

ʢʦʥʦʤʝʨʥʦʩʪʝʡ ʵʚʦʣʶʮʠʠ ʠ ʧʝʨʩʠʩʪʝʥʮʠʠ Yersinia pestis ʚ ʧʦʯʚʝʥʥʳʭ ʙʠʦʮʝʥʦʟʘʭ 

ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʠʧʠʨʦʚʘʥʠʷ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳè 2019ï2021 

ʛʛ. (ʰʠʬʨ ʪʝʤʳ 78-3-19, ˉ ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ 0120.0853926); ʅʀʈ çʉʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʝ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʟʘ ʯʫʤʦʡ ʠ ʜʨʫʛʠʤʠ ʦʧʘʩʥʳʤʠ ʠʥʬʝʢʮʠʦʥ-

ʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ɺʴʝʪʥʘʤè 2020ï

2022 ʛʛ. (ʰʠʬʨ ʪʝʤʳ 82-1-20, ˉ ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ ɸɸɸɸ-ɸ20-120012090034-4); 

ʅʀʈ çʉʪʨʫʢʪʫʨʘ ʠ ʵʧʠʜʝʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠʢʘʩʧʠʡʩʢʠʭ ʠ ʩʨʝʜʥʝʘʟʠʘʪʩʢʠʭ 

ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʯʫʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʈʝʩʧʫʙʣʠʢʝ 

ʂʘʟʘʭʩʪʘʥ, ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ, ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥ, ʈʝʩʧʫʙʣʠʢʝ ʋʟʙʝ-

ʢʠʩʪʘʥè 2020ï2022 ʛʛ. (ʰʠʬʨ ʪʝʤʳ 86-1-20, ˉ ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ ɸɸɸɸ-ɸ20-

120012090033-7); ʅʀʈ çʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʚʦʣʶʮʠʠ, 

ʮʠʨʢʫʣʷʮʠʠ ʠ ʧʝʨʩʠʩʪʝʥʮʠʠ Yersinia pestis ʚ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʘʭ ʯʫʤʳ ɺʦʩʪʦʯʥʦʡ 

ɽʚʨʦʧʳ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠè 2022ï2024 ʛʛ. (ʰʠʬʨ ʪʝʤʳ 98-3-22, ˉ ʛʦʩ. ʨʝʛʠʩʪ-

ʨʘʮʠʠ 0120.0853926). 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ɿʘʢʣʶʯʝʥʠʝ ʠ ʚʳʚʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦ-

ʪʦʨʳʭ ʧʦʜʢʨʝʧʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʲʸʤʦʤ ʚʳʧʦʣʥʝʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʦʚʪʦ-

ʨʷʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʟʘʢʦʥʘʤʠ ʬʠʟʠʢʠ, ʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥ rʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫ-

ʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: çʀʪʦʛʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠ-

ʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ (ʉʘʨʘʪʦʚ, 6ï8 ʤʘʷ 2018 ʛ.); XIV ʄʝʞʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʆʙʝʩʧʝʯʝʥʠʝ ʩʘʥʠʪʘʨʥʦ-

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʚ ʛʦʩʫʜʘʨʩʪʚʘʭ-ʫʯʘʩʪʥʠʢʘʭ ʉʅɻè, ʧʦʩʚʷʱʸʥ-
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ʥʘʷ 100-ʣʝʪʠʶ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪ-

ʨʝʙʥʘʜʟʦʨʘ (ʉʘʨʘʪʦʚ, 20ï21 ʥʦʷʙʨʷ 2018 ʛ.); X ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ 

çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʵʧʠʜʝʤʠʦʣʦʛʠʠ, ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠ ʛʠʛʠʝʥʳè (ʄʦʩʢʚʘ, 

24ï26 ʦʢʪʷʙʨʷ 2018 ʛ.); XI ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦ-

ʣʦʜʳʭ ʫʯʸʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, 2019 çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʵʧʠʜʝʤʠʦʣʦʛʠʠ, ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠ ʛʠʛʠʝʥʳè (ʋʬʘ, 2ï4 ʦʢʪʷʙʨʷ 2019 ʛ.); 23-ʷ ʤʝʞ-

ʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʟʦʦʥʦʟʥʳʭ ʠʥʬʝʢʮʠʡè 

(ʋʣʘʥ-ɹʘʪʦʨ, 29 ʤʘʷ 2019 ʛ.); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʄʦʣʝʢʫʣʷʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʙʠʦʙʝʟʦʧʘʩʥʦʩʪʴ ï 

2020è (ʄʦʩʢʚʘ, 19ï20 ʤʘʨʪʘ 2020 ʛ.); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝ-

ʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʕʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʡ ʥʘʜʟʦʨ ʟʘ ʘʢʪʫʘʣʴʥʳʤʠ 

ʠʥʬʝʢʮʠʷʤʠ: ʥʦʚʳʝ ʫʛʨʦʟʳ ʠ ʚʳʟʦʚʳè ʧʦʩʚʷʱʸʥʥʘʷ 100-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ 

ʘʢʘʜʝʤʠʢʘ ʀ.ʅ. ɹʣʦʭʠʥʦʡ (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 26ï27 ʘʧʨʝʣʷ 2021 ʛ.); ɺʩʝʨʦʩʩʠʡ-

ʩʢʠʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʢʦʥʛʨʝʩʩ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʄʦʣʝʢʫʣʷʨʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʙʠʦʙʝʟʦʧʘʩʥʦʩʪʴ ï 2022è (ʄʦʩʢʚʘ, 27ï28 ʘʧʨʝʣʷ 2022 ʛ.); ʄʝʞʜʫ-

ʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çYersinia 14è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 26ï28 ʩʝʥʪʷʙʨʷ 2022 ʛ.); IX 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ: ʚʠʨʫʩʦʣʦʛʦʚ, ʙʠʦʪʝʭʥʦʣʦʛʦʚ, 

ʙʠʦʬʠʟʠʢʦʚ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʠʦʣʦʛʦʚ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʦʚ çOpenBioè (ʂʦʣʴʮʦʚʦ, 

27ï29 ʩʝʥʪʷʙʨʷ 2022 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚʩʝʛʦ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 29 ʧʝʯʘʪʥʳʭ ʨʘ-

ʙʦʪ, ʠʟ ʥʠʭ 14 ς ʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʚ ʞʫʨʥʘʣʘʭ ʠʟ 

çʇʝʨʝʯʥʷ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ ʠ ʠʟʜʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩ-

ʢʘʥʠʝ ʫʯʸʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢè, 12 ʧʫʙʣʠʢʘʮʠʡ ʚ ʩʙʦʨʥʠʢʘʭ ʠ 

ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ, 3 ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ ʈʌ ˉ RU 2734636 C1, 

2021612722 RU, RU 2799415 C1. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʚʢʣʶʯʝʥʳ ʚ ʢʦʣʣʝʢʪʠʚ-

ʥʳʝ ʤʦʥʦʛʨʘʬʠʠ çɸʢʪʫʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʈʦʩʩʠʡʩʢʦ-

ɺʴʝʪʥʘʤʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʥʠʪʘʨʥʦ-

https://www.elibrary.ru/item.asp?id=41101933&selid=41399322
https://www.elibrary.ru/item.asp?id=41101933&selid=41399322
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ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ, 2019è, çʉʧʝʮʠʬʠʯʝʩʢʘʷ ʧʨʦʬʠʣʘʢʪʠʢʘ ʯʫʤʳ: 

ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ, 2021è, çɸʪʣʘʩ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʯʫʤʳ ʈʦʩʩʠʠ ʠ ʟʘʨʫ-

ʙʝʞʥʳʭ ʛʦʩʫʜʘʨʩʪʚ, 2022è. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 354 ʩʪʨʘʥʠʮʘʭ ʪʝʢʩʪʘ ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ: ʚʚʝʜʝʥʠʝ, ʛʣʘʚʘ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʩʝʤ ɹʛʣʘʚ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʦʜʥʘ ʛʣʘʚʘ, ʧʦʩʚʷʱʸʥʥʘʷ ʦʧʠʩʘʥʠ ʁʤʘʪʝʨʠʘʣʦʚ ʠ 

ʤʝʪʦʜʦʚ), ʟʘʢʣʶʯʝʥʠʝ ʠ ʚʳʚʦʜ,r ʘ ʪʘʢʞʝ ʚʦʩʝʤʴ ʧʨʠʣʦʞʝʥʠʡ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ 

ʨʘʙʦʪʘ ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 31 ʪʘʙʣʠʮʝʡ ʠ 45 ʨʠʩʫʥʢʘʤʠ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʫʢʘʟʘ-

ʪʝʣʴ ʥʘʩʯʠʪʳʚʘʝʪ 102 ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 536 ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʘ. 
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ɻʃɸɺɸ 1 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

ʏʫʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʙʦʣʝʟʥʝʡ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʘʣʢʠʚʘʣʦʩʴ ʯʝʣʦʚʝʯʝʩʪʚʦ ʟʘ ʩʚʦʶ ʠʩʪʦʨʠʶ. ʉʦʛʣʘʩʥʦ ʠʩʪʦʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʦʪ 

ʯʫʤʳ ʧʦʛʠʙʣʠ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ [Benedictow, 2004]. ʏʫʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʟʦʦʥʦʟʥʫʶ ʦʩʦʙʦ ʦʧʘʩʥʫʶ ʧʨʠʨʦʜʥʦ-ʦʯʘʛʦʚʫʶ ʙʘʢʪʝʨʠʘʣʴʥʫʶ ʙʦʣʝʟʥʴ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʪʨʘʥʩʤʠʩʩʠʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʝʜʘʯʠ [ʏʝʨʢʘʩʩʢʠʡ, 1994]. 

ʇʨʦʷʚʣʝʥʠʷʤʠ ʙʦʣʝʟʥʠ ʷʚʣʷʶʪʩʷ ʠʥʪʦʢʩʠʢʘʮʠʷ, ʣʠʭʦʨʘʜʢʘ, ʧʦʚʨʝʞʜʝʥʠʝ ʣʠʤʬʘ-

ʪʠʯʝʩʢʦʡ, ʣʸʛʦʯʥʦʡ ʠ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ, ʚʦʟʤʦʞʥʦ ʨʘʟʚʠʪʠʝ ʩʝʧ-

ʩʠʩʘ. ɺʩʝ ʩʣʫʯʘʠ ʣyʛʦʯʥʦʡ ʯʫʤʳ ʩʯʠʪʘʶʪʩʷ ɺʆɿ ʩʦʙʳʪʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ 

ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʩʬʝʨʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʠ ʦʙʣʘʜʘʶʪ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʟʥʘʯʝʥʠʝʤ. 

ʕʪʠʦʣʦʛʠʯʝʩʢʠʤ ʘʛʝʥʪʦʤ ʯʫʤʳ ʚʳʩʪʫʧʘʝʪ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʘʷ ʥʝʧʦʜʚʠʞʥʘʷ 

ʢʦʢʢʦʙʘʮʠʣʣʘ Y. pestis, ʦʪʢʨʳʪʘʷ ʚ 1894 ʛʦʜʫ ʥʝʟʘʚʠʩʠʤʦ ɸ. ʀʝʨʩʝʥʦʤ ʠ ʐ. ʂʠʪʘ-

ʟʘʪʦ ʚʦ ʚʨʝʤʷ ʵʧʠʜʝʤʠʠ ʚ ɻʦʥʢʦʥʛʝ. ɺʠʜ Y. pestis ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ 

Yersiniaceae ʚ ʧʦʨʷʜʢʝ Enterobacteriales [Adeolu et al., 2016]. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚ 

ʵʪʦʤ ʩʝʤʝʡʩʪʚʝ ʚʳʜʝʣʝʥʦ 9 ʨʦʜʦʚ, ʚʢʣʶʯʘʷ ʨʦʜ Yersinia, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ 26 ʚʠ-

ʜʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʪʨʠ ʧʘʪʦʛʝʥʥʳ ʜʣʷ ʯʝʣʦʚʝʢʘ ï Y. pestis, Y. pseudotuberculosis ʠ 

Y. enterocolitica; ʪʨʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʘʪʦʛʝʥʥʳ ʜʣʷ ʯʝʣʦʚʝʢʘ ï Y. canariae,               

Y. frederiksenii ʠ Y. rochesterensis; ʦʜʠʥ ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʘʨʘʟʝʥ ʜʣʷ ʤʳʰʝʡ               

Y. kristensenii; ʘ ʜʚʘ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʨʳʙ ʠ ʥʘʩʝʢʦʤʳʭ ï ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ Y. ruckeri ʠ Y. entomophaga [URL: https://lpsn.dsmz.de/genus/yersinia 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 06.11.2022)]. 

Y. pestis ï ʥʝʩʧʦʨʦʦʙʨʘʟʫʱʠʡ ʦʨʛʘʥʠʟʤ, ʥʦ ʬʦʨʤʠʨʫʶʱʠʡ ʢʘʧʩʫʣʫ ʧʨʠ ʥʘʭʦ-

ʞʜʝʥʠʠ ʚ ʤʘʢʨʦʦʨʛʘʥʠʟʤʝ ʛʦʤʦʡʦʪʝʨʤʥʳʭ ʞʠʚʦʪʥʳʭ ʠʣʠ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʥʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ Y. pestis ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʤʝʣʢʫʶ ʦʚʦʠʜʥʫʶ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʫʶ ʧʘʣʦʯʢʫ ʨʘʟʤʝʨʦʤ ʧʨʠʤʝʨʥʦ 

1,5 ʤʢʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫ ʩʁ ̫ ʤʝʪʘʭʨʦʤʘʟʠʝʡ. ʍʘʨʘʢʪʝʨʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʣʠ-

ʤʦʨʬʠʟʤ. ɺʦʟʙʫʜʠʪʝʣʴ ʯʫʤʳ Y. pestis ʧʘʪʦʛʝʥʝʥ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ: ʛʨʳʟʫ-

ʥʦʚ, ʟʘʡʮʝʦʙʨʘʟʥʳʭ, ʧʘʨʥʦʢʦʧʳʪʥʳʭ, ʚʝʨʙʣʶʜʦʚ, ʭʠʱʥʠʢʦʚ, ʧʪʠʮ ʠ ʧʨʠʤʘʪʦʚ 
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[ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ çʃʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ 

ʙʦʣʝʟʥʝʡè, 2013]. ʇʝʨʝʯʝʥʴ ʠʟʚʝʩʪʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʧʣʦʢʨʦʚʥʳʭ ʥʦʩʠʪʝ-

ʣʝʡ ʩʦʩʪʦʠʪ ʠʟ 363 ʚʠʜʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ 5 ʚʠʜʦʚ ʧʪʠʮ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʝʥʦʩʯʠʢʘ 

ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʚʳʩʪʫʧʘʶʪ ʢʨʦʚʦʩʦʩʫʱʠʝ ʯʣʝʥʠʩʪʦʥʦʛʠʝ (ʘʨʛʘʩʦʚʳʝ, ʛʘʤʘʟʦ-

ʚʳʝ, ʠʢʩʦʜʦʚʳʝ ʢʣʝʱʠ, ʙʣʦʭʠ, ʚʰʠ, ʧʦʩʪʝʣʴʥʳʝ ʢʣʦʧʳ ʠ ʜʨ.), ʦʩʥʦʚʥʳʤ ʧʝʨʝʥʦʩ-

ʯʠʢʦʤ ʷʚʣʷʶʪʩʷ ʙʣʦʭʠ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ ʚʳʜʝ-

ʣʷʶʪ 45 ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʯʫʤʳ, ʩʦʚʦʢʫʧʥʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʦʣʝʝ 2 ʤʣʥ ʢʤ
2
, ʠʟ 

ʢʦʪʦʨʳʭ 11 ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ [ʂʘʜʘʩʪʨ ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʠ ʵʧʠʟʦʦʪʠ-

ʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʯʫʤʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʩʪʨʘʥ ʙʣʠʞʥʝʛʦ 

ʟʘʨʫʙʝʞʴʷ (ʩ 1876 ʧʦ 2016 ʛʦʜ), 2016]. 

 

1.1 ɺʥʫʪʨʠʚʠʜʦʚʦʝ ʠ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʰʪʘʤʤʦʚ Yersinia pestis 

 

Y. pestis ʷʚʣʷʝʪʩʷ ʚʝʪʚʴʶ ʵʚʦʣʶʮʠʠ Yersinia pseudotuberculosis ï ʚʦʟʙʫʜʠʪʝʣʷ 

ʧʩʝʚʜʦʪʫʙʝʨʢʫʣʸʟʘ, ʚʳʟʳʚʘʶʱʝʛʦ ʛʘʩʪʨʦʵʥʪʝʨʠʪʳ ʩ ʬʝʢʘʣʴʥʦ-ʦʨʘʣʴʥʳʤ ʤʝʭʘʥʠʟ-

ʤʦʤ ʧʝʨʝʜʘʯʠ [ʂʫʢʣʝʚʘ ʠ ʜʨ., 2002; ʂʫʪʳʨʝʚ ʠ ʜʨ., 2009; Achtman et al., 1999; 

Parkhill et al., 2001; Wren, 2003; Brubaker, 2004, 2016; Achtman et al., 2004; Chain et 

al., 2004]. ʀʜʝʥʪʠʯʥʦʩʪʴ ʛʝʥʦʚ-ʛʦʤʦʣʦʛʦʚ Y. pestis ʠ Y. pseudotuberculosis ʩʦʩʪʘʚ-

ʣʷʝʪ 97ï99 %, 16S ʨʈʅʂ ï 100 %, 23S ʨʈʅʂ ï ʧʦʯʪʠ 100 % (ʣʠʰʴ ʦʜʠʥ SNP), 

[Trebesius et al., 1998; Chain et al., 2004; Garcia et al., 2007]. ʕʚʦʣʶʮʠʷ ʩʘʧʨʦʬʠʪʥʦ-

ʛʦ ʚʠʜʘ Y. pseudotuberculosis ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʠʜʘ Y. pestis, ʧʘʨʘʟʠʪʠʨʫʶʱʝʛʦ ʚ 

ʛʦʤʦʡʦʪʝʨʤʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʨʠʚʝʣʘ ʢ ʧʦʪʝʨʝ ʬʫʥʢʮʠʡ ʤʥʦʛʠʭ ʛʝʥʦʚ ʧʫʪʸʤ ʚʥʝ-

ʜʨʝʥʠʷ IS-ʵʣʝʤʝʥʪʦʚ (IS100, IS285, IS1661 ʠ IS1541, ʩʦʩʪʘʚʣʷʶʱʠʭ 3,7 % ʭʨʦʤʦ-

ʩʦʤʳ), indel-ʤʫʪʘʮʠʡ ʠ ʝʜʠʥʠʯʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʠʜ Y. pestis 

ʧʨʠʦʙʨʸʣ ʣʠʰʴ 32 ʛʝʥʘ ʠ ʧʦʪʝʨʷʣ ʬʫʥʢʮʠʠ ʙʦʣʝʝ ʯʝʤ 460 [Parkhill et al., 2001; 

Deng et al., 2002; Wren, 2003; Song et al., 2004; Wu et al., 2022]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʥʦ-

ʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʦʙʦʛʘʱʝʥʠʶ ʟʥʘʥʠʡ ʧʦ 

ʩʪʨʫʢʪʫʨʝ ʛʝʥʦʤʦʚ ʤʥʦʛʠʭ ʚʦʟʙʫʜʠʪʝʣʝʡ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, Y. 

pestis. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚ NCBI GenBank ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʧʦʩʣʝ-
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ʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʨʦʚʥʷ çcompleteè ʠ çchromosomeè 67 ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ, 

ʠ 974 ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʨʦʚʥʷ çcontigè ʠ çscaffoldè. ʀʭ ʯʠʩʣʦ 

ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʷ ʨʘʟʚʠʪʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʛʝʥʦ-

ʤʘ ʠ ʧʨʦʷʚʣʝʥʠʠ ʧʘʪʦʛʝʥʥʦʩʪʠ ʰʪʘʤʤʦʚ Y. pestis ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʠ ɻʚʦʣʶʮʠʠ ʵʪʦʛʦ ʧʘʪʦʛʝʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʳ ʧʦʣʥʦʛʝ-

ʥʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʪʘʤʤʦʚ ʘʥʪʠʯʥʳʭ ʠ ʩʨʝʜʥʝʚʝʢʦʚʳʭ ʟʘʭʦʨʦʥʝʥʠʡ, 

ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʜʘʪʠʨʫʶʱʠʭʩʷ ʙʨʦʥʟʦʚʳʤ ʚʝʢʦʤ ʠ ʥʝʦʣʠʪʦʤ [Harbeck 

et al., 2013; Wagner et al., 2014; Rassmussen et al., 2015; Bos et al., 2016; Spyrou et 

al., 2019, 2022; Susat et al., 2020, 2021; Immel et al., 2021; Valtue¶a et al., 2016, 2017, 

2022; Swali et al., 2023]. 

ɻʝʥʦʤ Y. pestis ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʣʴʮʝʚʦʡ ʭʨʦʤʦʩʦʤʦʡ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 4,65 

ʤ.ʧ.ʥ., ʢʦʜʠʨʫʶʱʝʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 4200 ʛʝʥʦʚ, ʠ ʪʨʸʭ ʧʣʘʟʤʠʜ: ʧʣʘʟʤʠʜʳ ʢʘʣɹ-

ʮʠʡʟʘʚʠʩʠʤʦʩʪʠ ï pCad (pCD1, pYV), ʧʣʘʟʤʠʜ r ʢʘʧʩʫʣʦʦʙʨʘʟʦʚʘʥʠʷ ï pFra 

(pMT1) ʠ ʧʣʘʟʤʠʜ rʧʝʩʪʠʮʠʥʦʛʝʥʥʦʩʪʠ ï pPst (pPCP1). ʇʣʘʟʤʠʜʳ Y. pestis ʥʝʩʫʪ ʚ 

ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʬʘʢʪʦʨ rʧʘʪʦʛʝʥʥʦʩʪʠ [ʇʦʧʦʚ ʠ ʜʨ., 1980; ʇʨʦ-

ʮʝʥʢʦ ʠ ʜʨ., 1983; ʂʫʪʳʨʝʚ ʠ ʜʨ., 1986; Hinnebusch et al., 2002; Perry, 2003; Gao et 

al., 2020]. ʇʣʘʟʤʠʜʳ pPst ʠ pFra ï ʚʠʜʦʩʧʝʮʠʬʠʯʥʳ ʜʣʷ Y. pestis. ʇʣʘʟʤʠʜʘ pFra 

(92,2 ʪ.ʧ.ʥ.) ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ ʩʠʥʪʝʟ ʢʘʧʩʫʣʴʥʦʛʦ ʙʝʣʢʘ ʬʨʘʢʮʠʠ F1 (ʬʘʢʪʦʨ ʧʘʪʦ-

ʛʝʥʥʦʩʪʠ ʠ ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʧʦʧʘʜʘʥʠʶ ʙʘʢʪʝʨʠʡ ʚ ʬʘʛʦʮʠʪʳ 

ʧʫʪʸʤ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʘʜʛʝʟʠʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʢʪʝʨʠʠ) ʠ ʙʝʣʢʘ Ymt (ʬʦʩʬʦʣʠ-

ʧʘʟʘ D, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʚ ʙʣʦʭʘʭ) [Dewitte et al., 2020]. ɺ ʥʫʢʜʝʦʪʠʜ-

ʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʣʘʟʤʠʜr  pPst (9,6 ʪ.ʧ.ʥ.) ʥʘʭʦʜʠʪʩʷ ʛʝʥ pla (ʧʨʦʪʝʘʟʘ, 

ʦʙʷʟʘʪʝʣʴʥʘʷ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʙʫʙʦʥʥʦʡ ʠ ʣʸʛʦʯʥʦʡ ʢʣʠʥʠʯʝʩʢʠʭ ʬʦʨʤ ʯʫʤʳ ʟʘ 

ʩʯʸʪ ʧʨʠʢʨʝʧʣʝʥʠʠ ʙʘʢʪʝʨʠʡ ʢ ʤʘʢʨʦʬʘʛʘʤ) [Sebbane et al., 2020] ʠ ʛʝʥ pst (ʧʝʩʪʠ-

ʮʠʥ) [ʇʦʜʣʘʜʯʠʢʦʚʘ, 2016; Rakin et al., 1999]. ʇʣʘʟʤʠʜʘ pCad (70,3 ʪ.ʧ.ʥ.) ʧʨʠʩʫʪ-

ʩʪʚʫʝʪ ʚ ʛʝʥʦʤʘʭ Y. pestis ʠ            Y. pseudotuberculosis ʠ ʢʦʜʠʨʫʝʪ ʛʝʥʳ ʩʠʩʪʝʤʳ 

ʩʝʢʨʝʮʠʠ ʪʨʝʪʴʝʛʦ ʪʠʧʘ (ʉʉ3ʊ), ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ ʫʙʠʚʘʶʪ ʢʣʝʪʢʠ ʤʘʢʨʦʦʨʛʘ-

ʥʠʟʤʘ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʠʤʤʫʥʥʦʤ ʦʪʚʝʪʝ. ʉʉ3ʊ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʷʟʘʪʝʣʴʥʳʡ 

ʬʘʢʪʦʨ ʧʘʪʦʛʝʥʥʦʩʪʠ ʯʫʤʥʦʛʦ ʤʠʢʨʦʙʘ [Skurnic, Wolf-Watz, 1989; Perry, 

Fetherston, 1997; Cornelis et al., 1998; Dale et al., 2002; Tiball et al., 2003; Wolf-Watz, 
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2010; Balderas et al., 2021; Mares et al., 2021] ʥʘʨʷʜʫ ʩ ʭʨʦʤʦʩʦʤʥʦʡ ʦʙʣʘʩʪʴʶ ʧʠʛ-

ʤʝʥʪʘʮʠʠ (pgm ʦʙʣʘʩʪʴ), ʩʦʜʝʨʞʘʱʝʡ hms-ʨʝʛʠʦʥ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʩʠʥʪʝʟʘ ʙʠʦ-

ʧʣʸʥʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝ çʯʫʤʥʦʛʦè ʙʣʦʢʘ ʚ ʧʨʝʜʞʝʣʫʜʢʝ ʙʣʦʭʠ, ʠ ʦʩʪʨʦʚ ʚʳʩʦʢʦʡ 

ʧʘʪʦʛʝʥʥʦʩʪʠ (HPI). ɺ ʩʪʨʫʢʪʫʨʝ ʦʩʪʨʦʚʘ ʚʳʩʦʢʦʡ ʧʘʪʦʛʝʥʥʦʩʪʠ ʠʤʝʝʪʩʷ ybt ʨʝʛʠ-

ʦʥ, ʥʝʩʫʱʠʡ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʛʝʥʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʩʠʜʝʨʦʬʦʨʟʘʚʠʩʠʤʫʶ ʩʠʩʪʝ-

ʤʫ ʫʪʠʣʠʟʘʮʠʠ ʞʝʣʝʟʘ, ʙʝʟ ʢʦʪʦʨʦʡ ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʚʠʪʠʝ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩ-

ʩʘ, ʘ ʪʘʢʞʝ ʟʘʱʠʱʘʶʱʠʝ ʙʘʢʪʝʨʠʶ ʦʪ ʨʝʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʠʩʣʦʨʦʜʘ [Jackson, 

Burrows, 1956; Surgalla, Beesley, 1969; Kutyrev et al., 1992; Pendrak, Perry, 1993; 

Lillard et al., 1997; Hare, McDonough, 1999; Perry, 2003; Jarett et al., 2004; 

Hinnebusch et al., 2005; Bobrov et al., 2008; Paauw et al., 2009; Perry, Fetherston, 

2011; Perry et al., 2015; Chaaban et al., 2023]. 

ʅʝʢʦʪʦʨʳʝ ʰʪʘʤʤʳ Y. pestis ʦʙʣʘʜʘʶʪ, ʧʦʤʠʤʦ ʪʨʸʭ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʣʘʟʤʠʜʘʤʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʯʘʩʪʠ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʂʠʪʘʷ, ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʢʨʠʧʪʠʯʝʩʢʦʡ ʧʣʘʟʤʠʜʳ pYC [Dong et al., 

2000]. ɺ ʩʪʨʫʢʪʫʨʝ ʛʝʥʦʤʘ ʰʪʘʤʤʘ Y. pestis 91001 ʙʠʦʚʘʨʘ microtus ʮʝʥʪʨʘʣʴʥʦʘ-

ʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʪʘʢʞʝ ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʂʠʪʘʝ, ʦʙʥʘʨʫʞʝʥʘ ʧʣʘʟʤʠʜʘ pCRY, ʥʝ-

ʩʫʱʘʷ ʛʝʥʳ ʢʣʘʩʪʝʨʘ vir ʩʠʩʪʝʤʳ ʩʝʢʨʝʮʠʠ ʯʝʪʚʸʨʪʦʛʦ ʪʠʧʘ [Song et al., 2004]. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʛʝʥʦʤʘʭ ʜʚʫʭ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʄʘʜʘʛʘʩʢʘʨʝ, ʙʳʣʠ ʥʘʡʜʝ-

ʥʳ ʧʣʘʟʤʠʜʳ pIP1202 ʠ pIP1203, ʦʙʣʘʜʘʶʱʠʝ ʛʝʥʘʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʤʥʦʞʝʩʪʚʫ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [Galimand et al., 1997; Guiyoule et 

al., 2001]. M. Eppinger ʩ ʩʦʘʚʪʦʨʘʤʠ ʦʙʥʘʨʫʞʠʣʠ ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʘ Y. pestis Java 

ʜʚʝ ʧʣʘʟʤʠʜʳ ï pJARS5 ʠ pJARS36, ʢʦʜʠʨʫʶʱʠʝ ʛʝʥʳ ʩʠʩʪʝʤʳ ʢʦʥʲʶʛʘʪʠʚʥʦʛʦ 

ʧʝʨʝʥʦʩʘ IV ʪʠʧʘ [Eppinger et al., 2012]. 

ʐʪʘʤʤʳ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ ʧʣʘʟʤʠʜʳ. ʊʘʢ, ʰʪʘʤʤ r Y. pestis, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʎʝʥʪʨʘʣʴʥʦ-

ʂʘʚʢʘʟʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ, ʦʙʣʘʜʘʶʪ ʧʣʘʟʤʠʜʦʡ pCKF, ʥʝʩʫ-

ʱʝʡ ʛʝʥʳ ʩʠʩʪʝʤʳ ʩʝʢʨʝʮʠʠ ʯʝʪʚʸʨʪʦʛʦ ʪʠʧʘ, ʘ ʫ ʰʪʘʤʤʦʚ Y. pestis ʊʫʚʠʥʩʢʦʛʦ 

ʛʦʨʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ ï ʧʣʘʟʤʠʜʘ pTP33, ʥʝʩʫʱʘʷ ʚ ʩʝʙʝ ʛʝʥʳ, ʧʨʦʜʫʢʪʳ ʢʦ-

ʪʦʨʳʭ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʘʧʧʘʨʘʪ ʨʝʧʣʠʢʘʮʠʠ ʧʨʦʢʘʨʠʦʪ [ɹʘʣʘʭʦʥʦʚ ʠ ʜʨ., 2013; 

ʆʛʣʦʜʠʥ ʠ ʜʨ., 2015; ɸʬʘʥʘʩʴʝʚ ʠ ʜʨ., 2016]. 
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ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʥʦʤʦʚ ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʢʣʠʤʘʪʦʛʝʦʛʨʘʬʠ-

ʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʢʣʘʜʳʚʘʶʱʠʤʠʩʷ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʧʨʠʨʦʜʥʦʤ ʦʯʘʛʝ ʯʫʤʳ. 

ʇʨʠʨʦʜʥʳʝ ʦʯʘʛʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʘʭ, ʢʨʦʤʝ ɸʚʩʪʨʘʣʠʠ ʠ ɸʥʪʘʨʢʪʠ-

ʜʳ, ʟʘʥʠʤʘʷ ʨʘʟʣʠʯʥʳʝ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʟʦʥʳ ï ʧʫʩʪʳʥʥʳʝ, ʧʦʣʫʧʫʩ-

ʪʳʥʥʳʝ, ʚʳʩʦʢʦʛʦʨʥʳʝ, ʩʪʝʧʥʳʝ, ʨʘʚʥʠʥʥʦ-ʧʨʝʜʛʦʨʥʳʝ (ʈʠʩʫʥʦʢ 1.1) [ʂʘʜʘʩʪʨ 

ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʠ ʵʧʠʟʦʦʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʯʫʤʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠ ʩʪʨʘʥ ʙʣʠʞʥʝʛʦ ʟʘʨʫʙʝʞʴʷ (ʩ 1876 ʧʦ 2016 ʛʦʜ), 2016]. ʕʥʟʦʦʪʠʯʥʘʷ 

ʧʦ ʯʫʤʝ ʪʝʨʨʠʪʦʨʠʷ ʜʦʩʪʠʛʘʝʪ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ 48ï49Á ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ, ʚ 

ʖʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ï 40Á ʶʞʥʦʡ ʰʠʨʦʪʳ ʚ ʖʞʥʦʡ ɸʤʝʨʠʢʝ ʠ 32Á ʶʞʥʦʡ ʰʠʨʦ-

ʪʳ ʚ ɸʬʨʠʢʝ. 

 

 
ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʪʝʨʨʠʪʦʨʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩʣʫʯʘʠ ʯʫʤʳ  

ʯʝʣʦʚʝʢʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ 

ʈʠʩʫʥʦʢ 1.1 ï ʇʨʠʨʦʜʥʳʝ ʦʯʘʛʠ ʯʫʤʳ ʤʠʨʘ  

[URL: https://www.who.int/images/default-source/health-topics/plague/plague-

map-2016.png?sfvrsn=68bcc3ee_4 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 22.05.2022)] 

 

ʄʥʦʞʝʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʙʠʦʮʝʥʦʟʦʚ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʚʥʫʪʨʠʚʠʜʦ-

ʚʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠ ʁʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤ,r ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʩʪʝʧʝʥʠ ʚʠʨʫ-

ʣʝʥʪʥʦʩʪʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʊʘʢ, ʪhʘʤʤʳ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʠ ʚʠʨʫʣʝʥʪʥʦʩʪʴʶ, ʘ ʰʪʘʤʤʳ 

ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ ï ʥʠʟʢʦʡ ɻʧʠʜʝʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠ-
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ʨʫʣʝʥʪʥʦʩʪʴʶ, ʷʚʣʷʷʩʴ ʚʳʩʦʢʦʚʠʨʫʣʝʥʪʥʳʤʠ ʜʣʷ ʤʳʰʝʚʠʜʥʳʭ ʛʨʳʟʫʥʦʚ ʠ ʟʘʡ-

ʮʝʦʙʨʘʟʥʳʭ ʠ ʩʧʦʩʦʙʥʳʤʠ ʚʳʟʳʚʘʪʴ ʪʦʣʴʢʦ ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʩʣʫʯʘʠ ʯʫʤʳ ʯʝʣʦʚʝʢʘ 

[ʆʚʘʩʘʧʷʥ, ʐʝʭʠʢʷʥ, 1989; ʇʦʧʦʚ ʠ ʜʨ., 2020; ʉʣʫʜʩʢʠʡ, ɼʝʚʜʘʨʠʘʥʠ, 2022]. ɻʝ-

ʥʝʪʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʨʘʟʣʠʯʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʰʪʘʤʤʦʚ Y. pestis ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝ ʚʳʷʩʥʝʥʳ. 

ɺ ʩʚʦʸ ʚʨʝʤʷ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʩʭʝʤ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʰʪʘʤʤʦʚ, ʦʩʥʦʚ-

ʥʳʭ ʥʦʩʠʪʝʣʷʭ ʠʣʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [ɹʝʟʩʦʥʦʚʘ, 1928; ʂʦʥʦʚʘʣʦʚʘ, 1930; 

ɹʝʨʣʠʥ, ɹʦʨʟʝʥʢʦʚ, 1938; ʊʫʤʘʥʩʢʠʡ, 1957; ʃʝʚʠ, 1962; ʄʘʨʪʠʥʝʚʩʢʠʡ, 1965; ʄʠ-

ʭʘʡʣʦʚʘ, 1968; ʊʠʤʦʬʝʝʚʘ, 1972; ʇʝʡʩʘʭʠʩ, 1975; Devignat, 1951]. ʅʘʠʙʦʣʝʝ ʦʙ̡-

ʝʢʪʠʚʥʳʤʠ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʰʪʘʤʤʦʚ ʯʫʤʳ (ʈʠʩʫʥʦʢ 1.2) [Morelli et al., 2010; Cui et al., 2013]. 

 

 
ʈʠʩʫʥʦʢ 1.2 ï ʉʪʨʫʢʪʫʨʘ ʚʠʜʘ Y. pestis ʠ ʥʦʤʝʥʢʣʘʪʫʨʘ ʦʩʥʦʚʥʳʭ  

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ (0ï4) [Cui et al., 2013] 
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ʈʷʜ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʢʣʘʩʩʠ-

ʬʠʢʘʮʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ ʦʩʥʦʚʥʦʡ ʧʦʜʚʠʜ ʩʦʩʪʦʠʪ ʠʟ 4 ʙʠʦʚʘʨʦʚ: anti-

qua, medievalis, intermedium ʠ orientalis, ʘ ʚʩʝ ʥʝʦʩʥʦʚʥʳʝ ʧʦʜʚʠʜʳ (caucasica, an-

gola, altaica, hissarica, qinghaiensis, xilingolensis, talassica ʠ ulegeica) ʦʙʲʝʜʠʥʝʥʳ 

ʚ ʙʠʦʚʘʨ microtus [ʇʣʘʪʦʥʦʚ, 2010; ʇʣʘʪʦʥʦʚ ʠ ʜʨ., 2013; ʂʠʩʣʠʯʢʠʥʘ ʠ ʜʨ., 2019; 

Zhou et al., 2004; Li  et al., 2008; Cui et al., 2008; Li  et al., 2009; Kiefer et al., 2012]. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʪʘʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʬʝʥʦʪʠʧʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʷʚʣʷʶʱʠʭʩʷ ʩʣʝʜʩʪʚʠʝʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦʣʥʦʩʪʴʶ ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦ-

ʙʝʥʥʦʩʪʷʭ ʰʪʘʤʤʦʚ, ʢʦʣʣʝʢʪʠʚʦʤ ʫʯʸʥʳʭ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥ-

ʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ 

ʚʥʫʪʨʠʚʠʜʦʚʘʷ ʩʪʨʫʢʪʫʨʘ Y. pestis, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝ-

ʢʚʝʥʠʨʦʚʘʥʠʷ [ɽʨʦʰʝʥʢʦ ʠ ʜʨ., 2015; Kutyrev et al., 2018], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʚʠʜ 

ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ ʧʦʜʚʠʜʦʚ: ʦʩʥʦʚʥʦʡ (ssp. pestis) ʠ ʧʷʪɹ ʥʝʦʩʥʦʚʥʳʭ: ʢʘʚʢʘʟʩʢʠʡ 

ssp. caucasica (0.PE2) ï ʰʪʘʤʤʳ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʳ ʪʦʣʴʢʦ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʦʯʘ-

ʛʦʚ ʂʘʚʢʘʟʘ ʠ ɿʘʢʘʚʢʘʟʴʷ ʈʦʩʩʠʠ, ɸʨʤʝʥʠʠ, ɸʟʝʨʙʘʡʜʞʘʥʘ ʠ ɻʨʫʟʠʠ ï ɺʦʩʪʦʯʥʦ-

ʂʘʚʢʘʟʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ, ʃʝʥʠʥʘʢʘʥʩʢʦʛʦ ʛʦʨʥʦʛʦ, ʇʨʠʩʝʚʘʥʩʢʦʛʦ ʛʦʨʥʦʛʦ, 

ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʦʛʦ ʛʦʨʥʦʛʦ, ʇʨʠʘʨʘʢʩʠʥʩʢʦʛʦ ʥʠʟʢʦʛʦʨʥʦʛʦ; ʮʝʥʪʨʘʣʴʥʦʘʟʠ-

ʘʪʩʢʠʡ ssp. central asiatica (0.PE4); ʘʥʛʦʣʴʩʢʠʡ ssp. angolica (0.PE3), ʦʙʨʘʟʦʚʘʥʥʦ-

ʛʦ ʫʥʠʢʘʣʴʥʳʤ ʰʪʘʤʤʦʤ, ʚʳʜʝʣʝʥʥʳʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʥʛʦʣ;r ʫʣʝʛʝʡʩʢʠʡ ssp. 

ulegeica (0.PE5), ʷʚʣʷʶʱʝʛʦʩʷ ʩʘʤʳʤ ʵʚʦʣʶʮʠʦʥʥʦ ʤʦʣʦʜʳʤ ʩʨʝʜʠ ʥʝʦʩʥʦʚʥʳʭ 

ʧʦʜʚʠʜʦʚ (ʦʪʜʝʣʠʣʩʷ ʦʪ ʦʙʱʝʛʦ ʩʪʚʦʣʘ ʵʚʦʣʶʮʠʠ ʦʢʦʣʦ 3500 ʣʝʪ ʥʘʟʘʜ [Valtue¶a et 

al., 2022]) ʠ ʫʥʠʢʘʣʴʥʳʤ ʜʣʷ ʄʦʥʛʦʣʠʠ [Riehm et al., 2012]; ʪʠʙʝʪʩʢʦʛʦ ssp. tibetica 

(0.PE7) ï ʯʴʠ ʰʪʘʤʤʳ ʮʠʨʢʫʣʠʨʫʶʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʠʙʝʪʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʨʘʡ-

ʦʥʘ ʠ ʧʨʦʚʠʥʮʠʠ ʎʠʥʭʘʡ. ʐʪʘʤʤʳ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʳ ʚ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʘʭ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʡ ʟʦʥʳ. ʕʪʦʪ ʧʦʜʚʠʜ ʦʙʲʝʜʠʥʷʝʪ 

ʰʪʘʤʤʳ, ʨʘʥʝʝ ʦʪʥʦʩʠʤʳʝ ʢ ʘʣʪʘʡʩʢʦʤʫ ʧʦʜʚʠʜʫ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ɻʦʨʥʦ-

ɸʣʪʘʡʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʦʯʘʛʘ ʈʦʩʩʠʠ ʠ ʉʘʡʣʶʛʝʤʩʢʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ 

ʄʦʥʛʦʣʠʠ, ʠ ʛʠʩʩʘʨʩʢʦʤʫ ʧʦʜʚʠʜʫ, ʫʥʠʢʘʣʴʥʦʤʫ ʜʣʷ ɻʠʩʩʘʨʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ 

ʦʯʘʛʘ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʛʨʫʧʧʝ ʰʪʘʤʤʦʚ microtus ʦʯʘʛʦʚ ʂʠʪʘʷ, ʘ ʪʘʢʞʝ ʢ ʛʨʫʧʧʝ 
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ʰʪʘʤʤʦʚ ʠʟ ʧʨʦʚʠʥʮʠʠ ʎʠʥʭʘʡ ʂʠʪʘʷ (Qinghai) (ʈʠʩʫʥʦʢ 1.3). ʇʦʧʫʣʷʮʠʦʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ, ʢʘʚʢʘʟʩʢʦʛʦ ʠ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʦʚ ʦʩʪʘʶʪʩʷ 

ʤʘʣʦʠʟʫʯʝʥʳ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʣʣʝʢʪʠʚʦʤ ʫʯʸʥʳʭ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦ-

ʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʚʥʫʪʨʠʚʠ-

ʜʦʚʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʠʜʘ Y. pestis ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʚ ʨʷʜʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ [Demeure et al., 2019; Pisarenko et al., 2021]. 

 

 
ʈʠʩʫʥʦʢ 1.3 ï ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʚʥʫʪʨʠʚʠʜʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚʠʜʘ Y. pestis 

[Kutyrev et al., 2018] 

 

ʐʪʘʤʤʳ Y. pestis ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʠʩʴ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʯʝʪʳʨʸʭ ʙʠʦʚʘʨʦʚ ï ʘʥʪʠʯʥʦʛʦ, ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ, ʚʦʩʪʦʯʥʦʛʦ ʠ intermedium. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʘʥʪʠʯʥʳʡ ʙʠʦʚʘʨ ʧʨʝʜʩʪʘʚʣʝʥ ʧʷʪʴʶ ʦʩʥʦʚʥʳʤʠ ʣʠʥʠʷʤʠ ʵʚʦʣʶʮʠʠ, ʩʦ-

ʛʣʘʩʥʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʦʙʦʟʥʘʯʝʥʥʳʤʠ 0.ɸNT, 1.ɸNT, 2.ɸNT, 3.ɸNT, 

4.ɸNT. ʃʠʥʠʶ ʵʚʦʣʶʮʠʠ 0.ANT ʬʦʨʤʠʨʫʶʪ ʚʝʪʚʠ 0.ANT1 ʠ 0.ANT2, ʧʦʣʫʯʠʚ-

ʰʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʂʠʪʘʝ, ʘ ʪʘʢʞʝ 0.ANT3, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʫʶ ʚ ʂʠʨʛʠʟʩʢʦʡ 
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ʈʝʩʧʫʙʣʠʢʝ ʠ ʂʠʪʘʝ, ʠ 0.ANT5, ʰʪʘʤʤʳ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥ rʜʣʷ ʂʠʨʛʠʟʩʢʦʡ ʈʝʩ-

ʧʫʙʣʠʢʠ. ʃʠʥʠʷ 1.ANT ʧʦʣʫʯʠʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʬʨʠʢʠ. ʐʪʘʤʤʳ ʣʠʥʠʠ 2.ANT ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʩʪʝʧʥʦʤ ʧʨʠ-

ʨʦʜʥʦʤ ʦʯʘʛʝ ʈʌ, ʥʝʩʢʦʣʴʢʠʭ ʦʯʘʛʘʭ ʄʦʥʛʦʣʠʠ ʠ ʂʠʪʘʷ. ʃʠʥʠʷ 3.ANT ʷʚʣʷʝʪʩʷ 

ʩʧʝʮʠʬʠʯʥʦʡ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʯʘʛʦʚ ʂʠʪʘʷ ʠ ʄʦʥʛʦʣʠʠ. ɸ ʣʠʥʠʷ 4.ANT ʫʥʠʢʘʣʴʥʘ 

ʜʣʷ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʛʦ ʠ ʊʫʚʠʥʩʢʦʛʦ ʛʦʨʥʳʭ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ ʠ ʉʘʡʣʶʛʝʤʩʢʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ ʄʦʥʛʦʣʠʠ [ʂʫʢʣʝʚʘ ʠ ʜʨ., 2015; ɽʨʦ-

ʰʝʥʢʦ ʠ ʜʨ., 2018; Achtman et al., 1999; Morelli et al., 2010; Bos et al., 2012; Cui et 

al., 2013; Wagner et al., 2014]. ʈʝʟʫʣʴʪʘʪʦʤ ʵʚʦʣʶʮʠʠ ʣʠʥʠʠ 1.ANT ʷʚʠʣʠʩʴ ʰʪʘʤ-

ʤʳ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ (1.ORI) ʠ ʙʠʦʚʘʨʘ intermedium (1.IN). 

ʐʪʘʤʤʳ 1.IN ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʠʪʘʷ ʠ, ʚʝʨʦʷʪʥʦ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ. ʉʨʝ-

ʜʠ ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ 1.IN ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʝʥʦ ʧʷʪʴ ʚʝʪʚʝʡ. ʐʪʘʤʤʳ 

ʚʝʪʚʠ 1.IN1 ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʦʚʠʥʮʠʠ ʎʠʥʭʘʡ ʘ ʪʘʢʞʝ ʉʠʥʴʮʟʷʥ-

ʋʡʛʫʨʩʢʦʤ ʘʚʪʦʥʦʤʥʦʤ ʨʘʡʦʥʝ; 1.IN2 ï ʚ ʧʨʦʚʠʥʮʠʷʭ ʎʠʥʭʘʡ ʠ ɻʘʥʴʩʫ, ʊʠʙʝʪ-

ʩʢʦʤ ʘʚʪʦʥʦʤʥʦʤ ʨʘʡʦʥʝ; ʰʪʘʤʤʳ ʚʝʪʚʠ 1.IN3 ʮʠʨʢʫʣʠʨʫʶʪ ʚ ʧʨʦʚʠʥʮʠʠ ʖʥʴ-

ʥʘʥʴ [Cui et al., 2013]; ʚʝʪʚʙ 1.IN4 ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʚ ɼʞʫʥʛʘʨʩʢʦʤ ʙʘʩʩʝʡʥʝ 

(ʦʩʘʜʦʯʥʳʡ ʙʘʩʩʝʡʥ ʉʠʥʴʮʟʷʥ-ʋʡʛʫʨʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʨʘʡʦʥʘ) [Zhang et al., 

2018]; ʘ hʪʘʤʤʳ ʥʝʜʘʚʥʦ ʚʳʜʝʣʝʥʥʦʡ ʚʝʪʚʠ 1.IN5 ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʨʦʚʠʥʮʠʠ ʖʥʴ-

ʥʘʥʴ [Shi et al., 2021]. 

ʐʪʘʤʤʳ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ (1.ORI) ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʠʪʘʷ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʵʚʦʣʶʮʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʣʠʥʠʠ 1.ANT, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʪʦʣʴʢʦ ʚ ɺʦʩʪʦʯʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʬʨʠʢʝ (ʋʛʘʥʜʘ, ɼʝʤʦʢʨʘʪʠ-

ʯʝʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ ʂʦʥʛʦ, ʂʝʥʠʷ) [Morelli et al., 2010; Respicio-Kingry et al., 2016]. 

ɺʦʟʤʦʞʥʦ, ʵʪʦʪ ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʦʪ ʣʠʥʠʠ 1.ANT ʜʦ 1.ORI ʰʸʣ ʯʝʨʝʟ ʧʨʦ-

ʤʝʞʫʪʦʯʥʫʶ ʛʨʫʧʧʫ ʰʪʘʤʤʦʚ 1.IN, ʰʪʘʤʤʳ ʢʦʪʦʨʦʡ ʮʠʨʢʫʣʠʨʫʶʪ ʥʘ ʶʛʝ ʠ ʚ 

ʮʝʥʪʨʝ ʂʠʪʘʷ. ɺ ʢʘʯʝʩʪʚʝ ʛʠʧʦʪʝʟʳ G. Morelli ʩ ʩʦʘʚʪʦʨʘʤʠ ʚʳʩʢʘʟʘʣʠ ʤʥʝʥʠʝ, ʯʪʦ 

ʰʪʘʤʤʳ ʣʠʥʠʠ 1.ANT ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʠʟ ʂʠʪʘʷ ʚ ɸʬʨʠʢʫ ʩ ʢʦʨʘʙʣʷʤʠ ʘʜʤʠʨʘʣʘ 

ʠʤʧʝʨʠʠ ʄʠʥ ʏʞʵʥ ʍ  ɻʚ 1409ï1433 ʛʛ. [Morelli et al., 2010]. ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʘʢ-

ʪʫʘʣʴʥʳʤ ʪʝʦʨʠʷʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʘʥʘʣʠʟʝ ʩʢʦʨʦʩʪʠ ʵʚʦʣʶʮʠʠ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 
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ʣʠʥʠʷ 1.ANT1 ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ 628ï6914 ʣʝʪ ʥʘʟʘʜ, ʪʦ ʝʩʪʴ ʨʘʥʝʝ, ʯʝʤ ʵʢʩʧʝ-

ʜʠʮʠʠ ʢʠʪʘʡʩʢʦʛʦ ʘʜʤʠʨʘʣʘ ʏʞʵʥ ʍ .ɻ M. Green ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʛʠʧʦʪʝʟʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʰʪʘʤʤʳ ʣʠʥʠʠ 1.ANT ʤʦʛʣʠ ʧʦʧʘʩʪʴ ʚ ɺʦʩʪʦʯʥʫʶ ʠ 

ʎʝʥʪʨʘʣʴʥʫʶ ɸʬʨʠʢʫ ʚʤʝʩʪʝ ʩ ʘʨʘʙʩʢʠʤʠ ʪʦʨʛʦʚʮʘʤʠ [Green, 2018]. ʊʘʢʞʝ ʚʳ-

ʩʢʘʟʘʥʘ ʪʝʦʨʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʰʪʘʤʤʳ Y. pestis ʚʪʦʨʦʡ ʧʘʥʜʝʤʠʠ ʙʳʣʠ ʧʨʠʚ-

ʥʝʩʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʂʠʪʘʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʩʣʫʞʠʣʠ ʥʘʯʘʣʦʤ ʙʠʦʚʘʨʘ 

intermedium, ʘ ʟʘʪʝʤ ʵʪʠ ʠʩʭʦʜʥʳʝ ʰʪʘʤʤʳ ʠʩʯʝʟʣʠ [Wagner et al., 2014; Spyrou et 

al., 2016]. 

ʐʪʘʤʤʳ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʥʘ ʚʩʝ ʢʦʥʪʠʥʝʥʪ rʟʘ ʚʨʝʤʷ 

ʪʨʝʪʴʝʡ ʧʘʥʜʝʤʠʠ ʯʫʤʳ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʬʦʨʤʠʨʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʚʝʪʚʝʡ ɻʚʦʣʶ-

ʮʠʠ: 1.ORI1, ʰʪʘʤʤʳ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥ rʜʣʷ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʉʐɸ; 1.ORI2, 

ʧʦʣʫʯʠʚʰʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ, ʖʛʦ-ɺʦʩʪʦʯʥʦʡ 

ɸʟʠʠ, ɸʬʨʠʢʠ ʠ ʨʘʥʝʝ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ; 1.ORI3, ʫʥʠʢʘʣʴʥʘʷ ʜʣʷ ʄʘʜʘʛʘʩʢʘʨʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [Morelli et al., 2010; Cui et al., 2013] (ʈʠʩʫʥʦʢ 1.4). 

 

 
ʈʠʩʫʥʦʢ 1.4 ï ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʪʘʤʤʦʚ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ  

Y. pestis [Morelli et al., 2010] 
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ʅʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝ-

ʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʧʦ ʪʝʨʨʠʪʦ-

ʨʠʠ ʉʈɺ. ʇʦʩʢʦʣʴʢʫ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʥʦʛʝ-

ʥʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʉʈɺ, ʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʶ ʫʢʘʟʘʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʯʫʤʘ ʙʳʣʘ ʟʘʥʝʩʝʥʘ ʠʟ ʂʠʪʘʷ ʤʦʨ-

ʩʢʠʤ ʧʫʪʸʤ ʚʤʝʩʪʝ ʩ ʩʠʥʘʥʪʨʦʧʥʳʤʠ ʢʨʳʩʘʤʠ, ʩʥʘʯʘʣʘ ʦʭʚʘʪʠʚ ʛ. ʅʷʯʘʥʛ ʚ 1898 

ʛ., ʘ ʧʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʠʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʛʣʫʙʴ ʩʪʨʘʥʳ [ʂʘʩʴʷʥ ʠ ʜʨ., 2003; 

ʉʣʫʜʩʢʠʡ ʠ ʜʨ., 2003; Marshall et al., 1967]. ɺ ʜʠʩʩʝʤʠʥʘʮʠʠ ʯʫʤʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʉʈɺ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʵʪʘʧʦʚ: ʧʝʨʚʳʡ ʵʪʘʧ (1894ï1922 ʛʛ.) ï ʧʝʨʚʳʝ ʩʣʫʯʘʠ 

ʯʫʤʳ ʠ ʝ yʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʠʤʦʨʩʢʠʭ ʨʝʛʠʦʥʘʭ; ʚʪʦʨʦʡ ʵʪʘʧ (1923ï1960 ʛʛ.) ï 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʛʣʫʙʴ ʩʪʨʘʥʳ; ʪʨʝʪʠʡ ʵʪʘʧ (1961ï1990 ʛʛ.) ï ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʨʦʩʪ ʦʙʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ; ʯʝʪʚʸʨʪʳʡ ʵʪʘʧ 

(1991ï2002 ʛʛ.) ï ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʚ ʉʈɺ [ʂʘʩʴʷʥ 

ʠ ʜʨ., 2003; ʉʫʥʮʦʚ ʠ ʜʨ., 2014]. 

ʐʪʘʤʤʳ ʯʫʤʳ ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʥʘ ʧʣʘʪʦ ʊʘʡ ʅʛʫʝʥ ʚ ʮʝʥʪʨʝ ʩʪʨʘʥʳ ʚ 1943 ʛ. 

[Pham et al., 2009], ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚʩʧʳʰʢʠ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ, ʪʘʢʠʭ 

ʢʘʢ ʍʦʰʠʤʠʥ, ɼʘʣʘʪ, ʂʘʤʨʘʥʴ ʠ ʌʘʥʪʭʴʝʪ. ʉʣʫʯʘʠ ʯʫʤʳ ʯʝʣʦʚʝʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʉʈɺ ʦʪʤʝʯʘʣʠʩʴ ʩ 1898 ʧʦ 2002 ʛʛ. ʩ ʧʝʨʝʨʳʚʘʤʠ [ʂʘʩʴʷʥ ʠ ʜʨ., 2003]. ʆʙʨʘʟʦʚʘʚ-

ʰʠʝʩʷ ʦʯʘʛʠ ʷʚʣʷʣʠʩʴ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʣʫʯʘʝʚ ʯʫʤʳ ʯʝʣʦʚʝʢʘ 

ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʉʈɺ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʥʳʭ ʧʨʦʚʠʥʮʠʡ ʉʈɺ ʟʘ-

ʙʦʣʝʚʘʝʤʦʩʪʴ ʯʫʤʦʡ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʪʦʣʴʢʦ ʚ ʧʝʨʠʦʜ 1908ï1922 ʛʛ., ʛʜʝ ʧʝʨʚʦ-

ʥʘʯʘʣʴʥʦ ʯʫʤʦʡ ʙʳʣ ʧʦʨʘʞʸʥ ʛʦʨʦʜ ʍʘʥʦʡ ʚ 1908 ʛ. [ɸʢʠʝʚ ʠ ʜʨ., 1983]. ʆʪʣʠʯʠ-

ʪʝʣʴʥʳʤʠ ʯʝʨʪʘʤʠ ʧʨʦʪʝʢʘʥʠʷ ʯʫʤʳ ʚ ʉʈɺ ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʝ ʙʦʣʝʟʥʠ ʚ ʚʠʜʝ 

ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʚʩʧʳʰʝʢ, ʘ ʪʘʢʞʝ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʧʦ-

ʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʣʫʯʘʝʚ ʷʚʣʷʣʦ ʩʦʙʦʡ ʙʫʙʦʥʥʫʶ ʬʦʨʤʫ ʯʫʤʳ. ʇʦʩʣʝ 

2003 ʛ. ʩʣʫʯʘʝʚ ʯʫʤ rʯʝʣʦʚʝʢʘ ʚʦ ɺʴʝʪʥʘʤʝ ʥʝ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ. 

ʆʜʥʘʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʜʠʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʠʥʮʠʡ ʃʘʡ-

ʪʷʫ, ʍʘʟʷʥʛ, ʂʘʦʙʘʥʛ ʠ ʃʘʥʰʦʥʛ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʘʥʪʠʪʝʣʘ ʢ ʢʘʧʩʫʣʴʥʦʤʫ ʘʥʪʠ-

ʛʝʥʫ ʚ ʢʨʦʚʠ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ [ɸʢʪʫʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 
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ʈʦʩʩʠʡʩʢʦ-ɺʴʝʪʥʘʤʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ ʩʘʥʠʪʘʨʥʦ-

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ, 2019]. ʕʪʠ ʧʨʦʚʠʥʮʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʨʷʜʦʤ ʩ 

ʶʞʥʦʡ ʯʘʩʪʴʶ ʖʥʴʥʘʥʴ-ɻʫʘʥʜʫʥ-ʌʫʮʟʷʥʴʩʢʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ ʯʫʤʳ ʂʠʪʘʷ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʧʠʟʦʦʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘ-

ʥʠʷ ʩʝʚʝʨʥʳʭ ʧʨʦʚʠʥʮʠʡ ʉʈɺ. 

ʃʠʥʠʷ 2.ANT ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʣʷ 

ʰʪʘʤʤʦʚ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʙʠʦʚʘʨʘ (2.MED), ʢʦʪʦʨʳʡ ʩʬʦʨʤʠʨʦʚʘʥ ʨʷʜʦʤ ʬʠʣʦʛʝ-

ʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʰʪʘʤʤʳ 

ʩʣʝʜʫʶʱʠʭ ʚʝʪʚʝʡ: 2.MED0 (ʫʥʠʢʘʣʴʥʳ ʜʣʷ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨ-

ʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ) ʠ 2.MED1 (ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʦʯʘ-

ʛʦʚ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ). ʐʪʘʤʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ 

2.ʄɽD2 ʠ 2.ʄɽD3, ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʜʣʷ ʨʷʜʘ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʂʠʪʘʷ. 

ɻ.ɸ. ɽʨʦʰʝʥʢʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ʚʳʜʝʣʝʥʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʘʷ ʚʝʪʚʴ 2.ʄɽD4 ʩʨʝʜʥʝʚʝ-

ʢʦʚʦʛʦ ʙʠʦʚʘʨʘ, ʢʦʪʦʨʘ ̫ʧʨʝʜʩʪʘʚʣʝʥʘ ʰʪʘʤʤʘʤʠ ʥʘʯʘʣʘ ʍʍ ʚʝʢʘ, ʚʳʜʝʣʝʥʥʳʤʠ ʩ 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʂʘʚʢʘʟʘ, ʇʦʚʦʣʞʴʷ ʠ ʇʨʠʢʘʩʧʠʷ [ɽʨʦʰʝʥʢʦ ʠ ʜʨ., 

2019]. 

 

1.2 ʀʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʯʫʤʳ ʚ ʤʠʨʝ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʨʝʚʥʝʡ ɼʅʂ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʰʪʘʤʤʳ Y. pestis ʚʳʟrʚʘʣʠ ʵʧʠ-

ʜʝʤʠʠ ʚ ɽʚʨʦʧʝ, ʥʘʯʠʥʘʷ ʩ ʧʦʟʜʥʝʛʦ ʥʝʦʣʠʪʘ ʧʦʯʪʠ 5000 ʣʝʪ ʥʘʟʘʜ ʠ ʜʦ 20 ʚʝʢʘ 

ʥʘʰʝʡ ʵʨʳ [Bos et al., 2011, 2016; Wagner et al., 2014; Rasmussen et al., 2015; Feld-

man et al., 2016; Valtue¶a et al., 2017; Namouchi et al., 2018; Spyrou et al., 2018, 

2022; Keller et al., 2019; Rascovan et al., 2019; Susat et al., 2021; Neumann et al., 

2022; Eaton et al., 2023 ɸ, ɹ]. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʙʳʣʦ 

ʨʘʩʩʯʠʪʘʥʦ ʧʨʠʤʝʨʥʦʝ ʚʨʝʤʷ ʦʪʭʦʞʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʚʝʪʚʝʡ ʵʚʦʣʶʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ 

ʯʫʤʳ ʦʪ ʦʙʱʝʛʦ ʩʪʚʦʣʘ ʵʚʦʣʶʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʚʦʟʨʘʩʪ 

(ʈʠʩʫʥʦʢ 1.5).  
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ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥ ʜʠʘʧʘʟʦʥ ʚʨʝʤʝʥʠ ʜʠʚʝʨʛʝʥʮʠʠ ʦʪ ʙʣʠʞʘʡʰʝʛʦ ʦʙʱʝʛʦ ʧʨʝʜʢʘ 

ʈʠʩʫʥʦʢ 1.5 ï ʍʨʦʥʦʣʦʛʠʷ ʜʠʚʝʨʛʝʥʮʠʠ ʦʩʥʦʚʥʳʭ ʚʝʪʚʝʡ ʵʚʦʣʶʮʠʠ Y. pestis 

[Valtue¶a et al., 2022] 

 

ʅʘʠʙʦʣʝʝ ʵʚʦʣʶʮʠʦʥʥʦ çʩʪʘʨʳʤʠè ʩʨʝʜʠ ʩʦʚʨʝʤʝʥʥʳʭ ʰʪʘʤʤʦʚ ʷʚʣʷʶʪʩʷ 

ʰʪʘʤʤʳ ʪʠʙʝʪʩʢʦʛʦ ʧʦʜʚʠʜʘ (0.PE7), ʧʦʷʚʠʚʰʠʝʩʷ ʦʢʦʣʦ 4500 ʣʝʪ ʥʘʟʘʜ; ʩʘʤʳʤʠ 

çʤʦʣʦʜʳʤʠè ʩʨʝʜʠ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ ï ʰʪʘʤʤʳ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ï ʦʢʦʣʦ 

3500 ʣʝʪ ʥʘʟʘʜ; ʘ ʩʘʤʳʤʠ ʤʦʣʦʜʳʤʠ ʩʨʝʜʠ ʚʩʝʛʦ ʚʠʜʘ Y. pestis ï ʰʪʘʤʤʳ ʬʠʣʦʛʝ-

ʥʝʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ç1ï4è (1.ANT, 2.ANT, 2.MED, 1.ORI, 3.ANT, 4.ANT) ï ʦʢʦʣʦ 

1000 ʣʝʪ ʥʘʟʘʜ [Valtue¶a et al., 2022]. 

ʏʝʣʦʚʝʯʝʩʪʚʦ ʚ ʩʚʦʝʡ ʠʩʪʦʨʠʠ ʧʝʨʝʥʝʩʣʦ ʪʨʠ ʧʘʥʜʝʤʠʠ ʯʫʤʳ: ʧʝʨʚʘʷ ʧʘʥʜʝ-

ʤʠʷ ʥʘʯʘʣʘʩʴ ʢʘʢ ʯʫʤʘ ʖʩʪʠʥʠʘʥʘ (541ï544 ʛʛ. ʜʦ ʥ.ʵ.) ʠ ʠʥʪʝʨʚʘʣʴʥʦ ʜʣʠʣʘʩʴ ʜʦ 

750 ʛ. ʥʘʰʝʡ ʵʨʳ [Perry et al., 1997; Sussman, 2011]; ʚʪʦʨʘʷ ʧʘʥʜʝʤʠʷ ʥʘʠʙʦʣʝʝ ʠʟ-

ʚʝʩʪʥʘ ʢʘʢ çʏʸʨʥʘʷ ʩʤʝʨʪʴè (1347ï1351 ʛʛ., ɽʚʨʦʧʘ) ʠ ʝʸ ʜʘʣʴʥʝʡʰʠʝ ʚʦʣʥʳ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ ɺʝʣʠʢʘʷ ʏʫʤʘ 1665ï1666 ʛʛ. [Biraben, 1976; Buntgen et al. 

2012]; ʪʨʝʪʴʷ ʧʘʥʜʝʤʠʷ ʥʘʯʘʣʘʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʠʪʘʷ ʚ 1850-ʭ ʛʦʜʘʭ ʠ ʦʭʚʘʪʠʣʘ 

ʚʝʩʴ ʤʠʨ ʢ ʩʝʨʝʜʠʥʝ 20-ʛʦ ʚʝʢʘ (ʈʠʩʫʥʦʢ 1.6) [Bos et al., 2011; Harbeck et al., 2013; 

Wagner et al., 2014].  
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ʈʘʟʥʦʮʚʝʪʥʳʤʠ ʪʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʰʪʘʤʤʳ ʨʘʟʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ. ʂʨʘʩʥʳʝ 

ʩʪʨʝʣʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʵʚʦʣʶʮʠʦʥʥʦʡ ʣʠʥʠʠ 1 ʚ ʤʠʨʝ 

ʈʠʩʫʥʦʢ 1.6 ï ɼʠʩʩʝʤʠʥʘʮʠʷ ʰʪʘʤʤʦʚ Y. pestis ʚʦ ʚʨʝʤʷ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ 

ʧʘʥʜʝʤʠʡ ʯʫʤʳ [Spyrou et al., 2016] 

 

ɹʦʣʝʝ ʜʨʝʚʥʠʝ ʵʧʠʜʝʤʠʠ, ʪʘʢʠʝ ʢʘʢ ʯʫʤʘ ʚ ʛʦʨʦʜʘʭ ɻʝʬ, ɸʩʢʘʣʦʥ, ɸʰʜʦʜ, 

ɺʝʬʩʘʤʠʩ (1200 ʛ. ʜʦ ʥ.ʵ.); çʯʫʤʘ ʌʫʢʠʜʘè ʚ ɸʬʠʥʘʭ (430ï425 ʜʦ ʥ.ʵ.); ɸʥʪʦʥʠʥʦ-

ʚʘ ʯʫʤʘ (165ï180 ʛʛ. ʥ.ʵ.); çʉʠʨʘʢʫʟʩʢʘʷ ʯʫʤʘè (125ï122 ʛʛ. ʜʦ ʥ.ʵ.) ʥʝ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦʡ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʙʘʟʦʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʠʭ ʵʪʠʦʣʦʛʠʯʝ-

ʩʢʠʤ ʘʛʝʥʪʦʤ ʙʳʣ ʚʠʜ Y. pestis [Drancourt et al., 2002]. 

ɺ 50ï100 ʛʛ. ʥ.ʵ. ʧʨʦʠʟʦʰʣʠ ʵʧʠʜʝʤʠʠ ʚ ʃʝʚʘʥʪʝ (ʩʦʚʨʝʤʝʥʥʳʝ ʉʠʨʠʷ, ʇʘʣʝ-

ʩʪʠʥʘ, ʀʟʨʘʠʣʴ ʠ ʃʠʚʘʥ), ɺʠʟʘʥʪʠʠ ʠ ɿʘʢʘʚʢʘʟʴʝ. ɺ 165 ʛ. ʠʤʝʣʘ ʤʝʩʪʦ çʯʫʤʘ ɻʘ-

ʣʝʥʘè ʚ ʉʠʨʠʠ, ʢʦʪʦʨʘʷ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʜʦ ʀʪʘʣʠʠ (166ï168 ʛʛ.). ɺ 501 ʛ. ʵʧʠ-

ʜʝʤʠʠ ʯʫʤʳ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚʦ ʌʨʘʥʮʠʠ, ʚ 517 ʛ. ï ʚ ʀʪʘʣʠʠ, ɺʠʟʘʥʪʠʠ ʠ ʄʝʩʦʧʦ-

ʪʘʤʠʠ (ʩʦʚʨʝʤʝʥʥʳʡ ʀʨʘʢ, ʀʨʘʥ, ʉʠʨʠʷ ʠ ʂʫʚʝʡʪ) [ʉʫʧʦʪʥʠʮʢʠʡ ʠ ʉʫʧʦʪʥʠʮʢʘʷ, 

2006]. 

ʈʘʥʝʝ ʙʳʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʪʨʠ ʧʘʥʜʝʤʠʠ ʙʳʣʠ ʚʳʟʚʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʰʪʘʤʤʘʤʠ ʪʨʸʭ ʙʠʦʚʘʨʦʚ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ï ʘʥʪʠʯʥʦʛʦ, ʩʨʝʜʥʝ-

ʚʝʢʦʚʦʛʦ ʠ ʚʦʩʪʦʯʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [Devignat, 1951; Haensch et al., 2010]. ʇʦʟʜ-
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ʥʝʝ M. Drancourt ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʠʣʠ ʪʝʦʨʠʶ, ʯʪʦ ʚʩʝ ʧʘʥʜʝʤʠʠ ʯʫʤʳ ʙʳʣʠ 

ʚʳʟʚʘʥʳ ʰʪʘʤʤʘʤʠ, ʵʚʦʣʶʮʠʦʥʥʦ ʙʣʠʟʢʠʤʠ ʢ ʚʦʩʪʦʯʥʦʤʫ ʙʠʦʚʘʨʫ [Drancourt et 

al., 2007]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʚʨʝʤʸʥ ʧʝʨʚʦʡ 

ʧʘʥʜʝʤʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʢ ʰʪʘʤʤʘʤ ʚʝʪʚʠ 

ʵʚʦʣʶʮʠʠ 0.ANT [Wagner et al., 2014; Keller et al., 2019; Demeure et al., 2019]. M.A. 

Spyrou ʩ ʩʦʘʚʪʦʨʘʤʠ ʠ Demeure ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʦʚʝʣʠ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦ-

ʚʘʥʠʝ ʰʪʘʤʤʦʚ ʯʫʤʳ ʠʟ ʩʢʝʣʝʪʠʨʦʚʘʥʥʳʭ ʦʩʪʘʥʢʦʚ ʞʝʨʪʚ ʚʨʝʤʸʥ ʚʪʦʨʦʡ ʧʘʥʜʝ-

ʤʠʠ ʠ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʣʠʥʠʠ ʵʚʦʣʶʮʠʠ 

1 Y. pestis, ʦʙʲʝʜʠʥʷʶʱʝʡ ʰʪʘʤʤʳ ʣʠʥʠʡ 1.ANT, 1.ORI, 1.IN [Spyrou et al., 2019; 

Demeure et al., 2019] (ʈʠʩʫʥʦʢ 1.7). 

 

 
ʐʪʘʤʤʳ ʪʨʸʭ ʧʘʥʜʝʤʠʡ ʯʫʤʳ ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ ʨʷʜʦʤ ʩʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤʠ       

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤʠ ʣʠʥʠʷʤʠ. ʆʪʦʙʨʘʞʝʥʳ ʩʦʙʳʪʠʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠ ʠʥʘʢʪʠʚʘʮʠʠ ʢʣʶʯʝʚʳʭ 

ʛʝʥʦʚ ʚ ʵʚʦʣʶʮʠʠ Y. pestis ʦʪ Y. pseudotuberculosis 

ʈʠʩʫʥʦʢ 1.7 ï ʐʪʘʤʤʳ ï ʵʪʠʦʣʦʛʠʯʝʩʢʠʝ ʘʛʝʥʪʳ ʪʨʸʭ ʧʘʥʜʝʤʠʡ ʯʫʤʳ ʚ ʦʙʱʝʡ  

ʛʝʥʝʘʣʦʛʠʠ Y. pestis [Demeure et al., 2019] 

 

ʏʫʤʘ ʖʩʪʠʥʠʘʥʘ ʩʯʠʪʘʝʪʩʷ ʧʝʨʚʦʡ ʢʨʫʧʥʦʡ ʵʧʠʜʝʤʠʝʡ ʙʫʙʦʥʥʦʡ ʯʫʤʳ ʠ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʘʜʝʥʠʶ ʈʠʤʩʢʦʡ ʠʤʧʝʨʠʠ ʠ ʧʨʠʚʝʣʘ ʢ ʩʤʝʨ-

ʪʠ ʦʪ ʪʨʝʪʠ ʜʦ ʧʦʣʦʚʠʥʳ ʥʘʩʝʣʝʥʠʷ ɺʦʩʪʦʯʥʦʡ ʈʠʤʩʢʦʡ ʀʤʧʝʨʠʠ [Russell, 1968; 

Duncan et al., 2005; Little, 2007]. ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʦʡ ʧʘʥʜʝʤʠʠ ʯʫʤʘ ʨʘʩʧʨʦʩʪʨʘʥʠ-

ʣʘʩʴ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ɸʟʠʠ ʠ ɸʬʨʠʢʠ, ʧʦʧʘʚ ʚ ʧʦʨʪʦʚʳʡ ʛʦʨʦʜ ʇʝʣʫʩʠʡ ʚ ɽʛʠʧʪʝ, 

ʟʘʪʝʤ ʙʳʣʘ ʟʘʥʝʩʝʥʘ ʚ ɸʣʝʢʩʘʥʜʨʠʶ ʠ ɽʚʨʦʧʫ. ʕʧʠʜʝʤʠʠ ʯʫʤʳ ʧʨʦʠʩʭʦʜʠʣʠ ʚ 
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ɽʚʨʘʟʠʠ ʠ ʉʝʚʝʨʥʦʡ ɸʬʨʠʢʝ ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʩʪʦʣʝʪʠʡ [Mordechai et al., 

2019]. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʪʦʨʦʡ ʧʘʥʜʝʤʠʠ ʯʫʤʳ, ʪʦ ʝʸ ʠʩʪʦʯʥʠʢ ʠ ʧʫʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʶʪʩʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠʤʠ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʥʝ 

ʭʚʘʪʘʝʪ ʜʘʥʥʳʭ ʦ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʰʪʘʤʤʦʚ ʩʦ ʚʩʧʳʰʝʢ ʚ 

ɿʘʧʘʜʥʦʡ ʈʦʩʩʠʠ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʵʪʠʦʣʦʛʠʯʝʩʢʠʤ ʘʛʝʥ-

ʪʦʤ ʚʪʦʨʦʡ ʧʘʥʜʝʤʠʠ ʷʚʣʷʣʠʩʴ ʠʤʝʥʥʦ ʰʪʘʤʤʳ Y. pestis [Haensch et al., 2010; Bos 

et al., 2011; Spyrou et al., 2016; Susat et al., 2020]. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʠ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʦ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʧʦ ʧʦʚʦʜʫ ʪʦʛʦ, ʟʘʥʦ-

ʩʠʣʠʩʴ ʣʠ ʰʪʘʤʤʳ Y. pestis ʚ ɽʚʨʦʧʫ ʦʜʥʦʢʨʘʪʥʦ [Spyrou et al., 2016, 2022; Seguin-

Orlando et al., 2021] ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʪʝʯʝʥʠʝ ʯʝʪrʨʸʭ ʩʪʦʣʝʪʠʡ [Schmid et al., 

2015; Namouchi et al., 2018; Guellil et al., 2020; Bramanti et al., 2021; Stenseth et al., 

2022]. 

ʇʝʨʚʳʝ ʠʩʪʦʨʠʯʝʩʢʠ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʝ ʵʧʠʜʝʤʠʠ ʚʪʦʨʦʡ ʧʘʥʜʝʤʠʠ ʦʪ-

ʤʝʯʝʥʳ ʚ 1346 ʛ. ʥʘ ʅʠʞʥʝʡ ɺʦʣʛʝ ʠ ʚ ʏʝʨʥʦʤʦʨʩʢʦʤ ʨʝʛʠʦʥʝ [Alexander, 1986; 

Benedictow, 2004]. ɺʧʦʩʣʝʜʩʪʚʠʠ ʰʪʘʤʤʳ ʯʫʤʳ ʙʳʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ ʦʩʪʘʣʴ-

ʥʳʤ ʩʪʨʘʥʘʤ ɽʚʨʦʧʳ. ɺ ʖʞʥʫʶ ɽʚʨʦʧʫ ʰʪʘʤʤʳ ʧʦʧʘʣʠ ʯʝʨʝʟ ʂʨʳʤʩʢʠʡ ʧʦʣʫ-

ʦʩʪʨʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʠʩʴ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ ʈʦʩʩʠʠ ʚ ʛʦʨʦʜʘ ʇʩʢʦʚ ʠ ʅʦʚʛʦʨʦʜ, 

ʚʝʨʦʷʪʥʦ, ʯʝʨʝʟ ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ʧʝʨʚʳʝ ʢʨʫʧ-

ʥʳʝ ʚʩʧʳʰʢʠ ʯʫʤʳ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘ ʠʤʝʣʠ ʤʝʩʪʦ ʚ ʦʩʥʦʚʥʦʤ 

ʚ ʧʝʨʠʦʜ ʧʦʩʣʝ ʏʸʨʥʦʡ ʩʤʝʨʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʈʠʛʝ ʚ 1601ï1603, 1621ï1623 ʠ 1657 

ʛʛ. ʠʣʠ ʵʧʠʜʝʤʠʷ ʚ ʄʦʩʢʚʝ ʚ 1770ï1772 ʛʛ. [Petersone-Gordina et al., 2018]. 

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʚʪʦʨʘʷ ʧʘʥʜʝʤʠʷ ʧʨʦʜʦʣʞʠʣʘʩʴ ʚ ʚʠʜʝ ʚʩʧʳʰʝʢ ʚ ɽʚʨʦʧʝ, ʥʘ 

ɹʣʠʞʥʝʤ ɺʦʩʪʦʢʝ ʠ ʉʝʚʝʨʥʦʡ ɸʬʨʠʢʝ ʜʦ ʥʘʯʘʣʘ 18 ʚʝʢʘ [Benedictow, 2004]. ʆʧʠ-

ʩʘʥʳ ʚʩʧʳʰʢʠ ʚ ɻʝʨʤʘʥʠʠ ï ʐʪʘʨʥʙʝʨʛʝ (1433ï1523 ʛʛ.) ʠ ʕʣʴʚʘʥʛʝʥʝ (1486ï1627 

ʛʛ.); ʚ ɸʥʛʣʠʠ ï ʂʝʤʙʨʠʜʞʝ (1433ï1523 ʛʛ.) ʠ ʃʦʥʜʦʥʝ (1560ï1635 ʛʛ.), ʚ ʪʦʤ ʯʠʩ-

ʣʝ ʚʝʣʠʢʘʷ ʯʫʤʘ ʚ ʃʦʥʜʦʥʝ ʚ 1665ï1666 ʛʛ.; ʚ ʐʚʝʮʠʠ (1485ï1635 ʛʛ.); ʚʦ ʌʨʘʥ-

ʮʠʠ ʚ ʄʘʨʩʝʣʝ (1720ï1722 ʛʛ.); ʚ ʀʪʘʣʠʠ (1629ï1633 ʛʛ.) [Byrne, 2012; Spyrou et 

al., 2019; Guellil et al., 2021; Signoli, 2022]. 
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ʅʘʠʙʦʣʴʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ʤʠʨʫ ʯʫʤʘ ʜʦʩʪʠʛʣʘ ʚʦ ʚʨʝʤʷ ʪʨʝʪʴʝʡ ʧʘʥ-

ʜʝʤʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʠʩʴ ʥʘ ʚʩʝ ʢʦʥʪʠʥʝʥʪʳ, ʢʨʦʤʝ ɸʥʪʘʨʢʪʠʜʳ. ʀʩʪʦʨʠʷ 

ʪʨʝʪʴʝʡ ʧʘʥʜʝʤʠʠ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʘ. ʆʥʘ ʙʝʨʝʪ ʩʚʦʸ ʥʘʯʘʣʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʠʪʘʡ-

ʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʖʥʴʥʘʥʴ ʚ 1855 ʛ., ʘ ʚ ʢʘʯʝʩʪʚʝ ʵʪʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʛʝʥʪʘ ʚʳʩʪʫ-

ʧʘʶʪ ʰʪʘʤʤʳ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ (1.ORI) Y. pestis. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʵʪʦʡ 

ʞʝ ʪʝʨʨʠʪʦʨʠʠ ʮʠʨʢʫʣʠʨʫʶʪ ʰʪʘʤʤʳ ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ 1.IN, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʠ 

ʚ̫ʣʷʶʪʩʷ ʧʨʝʜʢʦʚʦʡ ʬʦʨʤʦʡ ʜʣʷ ʰʪʘʤʤʦʚ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ 

ʯʫʤʳ. 

ʉʦʛʣʘʩʥʦ Wu Lien-teh, ʯʫʤʘ ʚʩʝʛʜʘ ʙʳʣʘ ʥʘ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʤ ʧʣʘʪʦ, ʢʦ-

ʪʦʨʦʝ ʦʥ ʧʨʝʜʧʦʣʘʛʘʣ ʚ ʢʘʯʝʩʪʚʝ ʤʝʩʪʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʘʪʦʛʝʥʘ. ɺ ʪʝʯʝʥʠʝ ʧʝʨ-

ʚʦʡ ʧʦʣʦʚʠʥʳ 19-ʛʦ ʚʝʢʘ ʩʣʫʯʘʠ ʯʫʤʳ ʯʝʣʦʚʝʢʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʢʨʘʡʥʝʤ ʟʘ-

ʧʘʜʝ ʧʨʦʚʠʥʮʠʠ ʖʥʴʥʘʥʴ. ɺʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʧʨʠ ʩʪʘʙʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʦʙ-

ʱʝʩʪʚʝ ʠʥʬʝʢʮʠʷ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʙʳ ʜʘʣʴʰʝ, ʥʦ ʇʘʥʪʘʡʩʢʦʝ ʚʦʩʩʪʘʥʠʝ ʚ 

1856ï1873 ʛʛ. ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʣʦ ʩʠʪʫʘʮʠʶ ʚ ʩʪʨʘʥʝ, ʠ ʜʣʷ ʝʛʦ ʧʦʜʘʚʣʝʥʠʷ ʙʳʣʠ 

ʦʪʧʨʘʚʣʝʥʳ ʚʦʡʩʢʘ. ʀʭ ʧʝʨʝʤʝʱʝʥʠʝ, ʘ ʪʘʢʞʝ ʤʠʛʨʘʮʠʷ ʙʝʞʝʥʮʝʚ ʧʨʝʜʦʩʪʘʚʠʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʯʫʤʳ, ʢʦʪʦʨʘʷ ʦʢʘʟʘʣʘ ʛʫʙʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪ-

ʚʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʂʠʪʘʡ, ʥʦ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʩʪʨʘʥʳ ʤʠʨʘ [Wu 

Lien-teh, 1936; Pollitzer, 1951]. 

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʧʘʥʜʝʤʠʷ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʩʬʦʨʤʠʨʦʚʘʚ 

ʪʨʠ ʛʣʘʚʥʳʝ ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ ʰʪʘʤʤʦʚ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ: 1.ORI1, 1.ORI2 ʠ 

1.ORI3. ɿʘ ʧʝʨʠʦʜ 1899ï1900 ʛʛ. ʩʫʜʦʭʦʜʩʪʚʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʰʪʘʤʤʦʚ Y. pestis ʥʘ ʪʝʨʨʠʪʦʨʠʶ ɸʬʨʠʢʠ, ɸʚʩʪʨʘʣʠʠ, ɽʚʨʦʧʳ, ɻʘʚʘʡʝʚ, ʀʥʜʠʠ, 

ʗʧʦʥʠʠ, ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ, ʌʠʣʠʧʧʠʥ, ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢ [Butler, 1983; 

Duplaix, 1988; Barnes, Quan, 1992; Poland et al., 1994]. ʐʪʘʤʤʳ ʯʫʤʳ ʚʦʩʪʦʯʥʦʛʦ 

ʙʠʦʚʘʨʘ ʚʦ ʚʨʝʤʷ ʪʨʝʪʴʝʡ ʧʘʥʜʝʤʠʠ ʥʝ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʧʨʠʨʦʜʥʳʭ 

ʙʠʦʮʝʥʦʟʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʚ ɸʚʩʪʨʘʣʠʠ. ʉʣʫʯʘʠ ʯʫʤʳ ʙʳʣʠ 

ʦʪʤʝʯʝʥʳ ʪʦʣʴʢʦ ʚ ʛʦʨʦʜʘʭ ʠ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʩʠʥʘʥʪʨʦʧʥʳʤʠ ʢʨʳʩʘʤʠ. ɺʝʨʦʷʪʥʦ, 

ʧʦʜʦʙʥʦʝ ʨʘʟʚʠʪʠʝ ʩʦʙʳʪʠʡ ʦʙʫʩʣʦʚʣʝʥʦ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʧʨʦʬʠʣʘʢʪʠʯʝ-

ʩʢʠʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʠ, ʚʦʟʤʦʞʥʦ, ʩ ʵʥʜʝʤʠʯʥʦʩʪʴʶ ʛʨʳʟʫʥʦʚ ɸʚʩʪʨʘʣʠʠ, ʢʦʪʦ-

ʨʳʝ ʥʝ ʩʤʦʛʣʠ ʩʪʘʪʴ ʧʨʠʨʦʜʥʳʤ ʨʝʟʝʨʚʫʘʨʦʤ ʯʫʤʳ [Perry, Fetherston, 1997]. ʅʘ 
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ʪʝʨʨʠʪʦʨʠʶ ɿʘʧʘʜʥʦʡ ɸʬʨʠʢʠ ʰʪʘʤʤʳ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ Y. pestis ʙʳʣʠ ʟʘʥʝʩʝ-

ʥʳ ʤʦʨʩʢʠʤ ʧʫʪʸʤ ʠʟ ʀʥʜʠʠ ʠ ʩʪʨʘʥ ɽʚʨʦʧʳ ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʫʪʷʤʠ. 

ɺ ʪʝʯʝʥʠʝ ʜʝʩʷʪʠʣʝʪʠʡ ʚ ɿʘʧʘʜʥʦʡ ɸʬʨʠʢʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚʩʧʳʰʢʠ ʯʫʤʳ ʯʝ-

ʣʦʚʝʢʘ, ʥʘʯʠʥʘʚʰʠʝʩʷ ʚ ʧʦʨʪʦʚʳʭ ʛʦʨʦʜʘʭ, ʘ ʟʘʪʝʤ ʨʘʩʧʨʦʩʪʨʘʥʷʚʰʠʝʩʷ ʧʦ ʩʝʣʴ-

ʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʂʠʪʘʷ ʙʝʨʫʪ ʩʚʦʸ ʥʘʯʘʣʦ ʛʝʥʝʪʠʯʝʩʢʠʝ ʚʝʪʚʠ 1.ORI1 ʠ 1.ORI2. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʝʪʚʴ 1.ORI1 ʙʳʣʘ ʟʘʥʝʩʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʀʥʜʠʠ (ʂʘʣʴʢʫʪʪʘ), ʧʦ-

ʩʣʝ ʯʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʀʥʜʠʠ, ʘ ʟʘʪʝʤ ʤʦʨʩʢʠʤ ʧʫʪʸʤ ʧʦ-

ʧʘʣʘ ʚ ʉʐɸ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ɻʘʚʘʡʠ [Pollitzer, 1951; Diamond, 1997; Yu, Christakos 

2006; Stenseth et al., 2008; Cui et al., 2013] (ʈʠʩʫʥʦʢ 1.4). ʇʝʨʚʳʝ ʩʣʫʯʘʠ ʯʫʤʳ ʙʳ-

ʣʠ ʦʪʤʝʯʝʥʳ ʚ ʢʦʥʮʝ 1890-ʭ ʛʦʜʦʚ ʚ ʧʦʨʪʦʚʳʭ ʛʦʨʦʜʘʭ ɻʘʣʚʝʩʪʦʥ, ʃʦʩ-ɸʥʜʞʝʣʝʩ, 

ʉʘʥ-ʌʨʘʥʮʠʩʢʦ ʠ ʉʠʵʪʣ [Link, 1955]. ʉʝʡʯʘʩ ʯʫʤʘ ʵʥʜʝʤʠʯʥʘ ʜʣʷ ʉʐɸ, ʠ ʝʸ ʧʨʠ-

ʨʦʜʥʳʝ ʦʯʘʛʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʰʪʘʪʘʭ ʂʘʣʠʬʦʨʥʠʷ, ɸʨʠʟʦʥʘ, ʂʦʣʦʨʘʜʦ, ʅʴʶ-

ʄʝʢʩʠʢʦ ʠ ʖʪʘ [Parmenter et al., 1999; Enscore et al., 2002]. ʊʘʢʞʝ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʝʩʪʴ ʩʚʝʜʝʥʠʷ, ʯʪʦ ʰʪʘʤʤʳ ʚʝʪʚʠ 1.ORI1 ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʠʟ ʂʠʪʘʷ (ɻʦʥʢʦʥʛ) ʚʦ 

ɺʴʝʪʥʘʤ [Pollitzer, 1951; Morelli et al., 2010]. ɺʝʪʚʴ 1.ORI2 ʙʳʣʘ ʟʘʥʝʩʝʥʘ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʶ ɿʘʧʘʜʥʦʡ ʯʘʩʪʠ ʀʥʜʠʠ (ʨʘʜʠʘʮʠʷ 1.ORI2ʘ), ʦʪʢʫʜʘ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʚ 

ɽʚʨʦʧʫ (ʨʘʜʠʘʮʠʷ 1.ORI2vi, 1.ORI2viii), ʖʞʥʫʶ ɸʤʝʨʠʢʫ (ʨʘʜʠʘʮʠʷ 1.ORI2v, 

1.ORI2viii) ʠ ʜʨʫʛʠʝ ʩʪʨʘʥʳ [Del Rio et al., 1904; Morelli et al., 2010]. ɼʣʷ ʪʝʨʨʠʪʦ-

ʨʠʠ ʀʥʜʠʠ ʭʘʨʘʢʪʝʨʥʘ ʮʠʨʢʫʣʷʮʠʷ ʰʪʘʤʤʦʚ ʚʩʝʭ ʪʨʸʭ ʵʚʦʣʶʮʠʦʥʥʳʭ ʚʝʪʚʝʡ ʚʦʩ-

ʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ: 1.ORI1 ï ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ; 1.ORI2 ï ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʩʪʨʘʥʳ; 1.ORI3 ï ʚ ʧʨʠʤʦʨʩʢʠʭ ʦʙʣʘʩʪʷʭ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʀʥʜʠʠ, ʚʝʨʦʷʪʥʦ, ʷʚ-

ʣʷʁʱʘʷʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʵʚʦʣʶʮʠʠ ʚʝʪʚʠ 1.ORI2ʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʰʪʘʤʤʳ ʚʝʪʚʠ 

1.ORI3 ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʄʘʜʘʛʘʩʢʘʨʘ ʠ ʊʫʨʮʠʠ [Morelli et al., 2010; 

Mahale et al., 2014] (ʈʠʩʫʥʦʢ 1.4). 

ɺr ʜʝʣʷʝʪʩʷ 9 ʚʦʣʥ ʨʘʜʠʘʮʠʠ ʚʝʪʚʠ 1.ORI2 (ʈʠʩʫʥʦʢ 1.4): 1.ORI2ʘ ï ʚʝʪʚʴ 

ʵʚʦʣʶʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ, ʙʝʨʫʱʘʷ ʥʘʯʘʣʦ ʚ ʂʠʪʘʝ, ʦʪʢʫʜʘ ʙʳʣʘ ʟʘʥʝʩʝʥʘ ʚ 

ɹʦʤʙʝʡ ʚ 1896 ʛʦʜʫ ʩ ʢʦʨʘʙʣʸʤ ʠʟ ɻʦʥʢʦʥʛʘ [Yu, Christakos, 2006; Morelli et al., 

2010]; 1.ORI2ii  ï ʰʪʘʤʤʳ ʵʪʦʡ ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʧʦʣʫʯʠʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ; 1.ORI2iii  ï ʝ yʰʪʘʤʤʳ ʮʠʨʢʫʣʠʨʫʶʪ ʥʘ 
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ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥ ʉʝʚʝʨʥʦʡ ɸʬʨʠʢʠ (ʄʘʨʦʢʢʦ, ʉʝʥʝʛʘʣ) [Pollitzer, 1951; Morelli et 

al., 2010]; 1.ORI2iv ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʖʞʥʦʡ ɸʬʨʠʢʠ; 

1.ORI2v ï ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʖʞʥʦʡ ɸʤʝʨʠʢʠ; 1.ORI2vi ï ʝ yʰʪʘʤʤʳ ʙʳʣʠ ʟʘʥʝʩʝʥʳ 

ʚ ɽʚʨʦʧʫ; 1.ORI2vii  ï ʚʪʦʨʘʷ ʚʝʪʚʴ ʵʚʦʣʶʮʠʠ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʩʪʨʘʥ ʎʝʥʪʨʘʣʴʥʦʡ 

ʠ ʖʞʥʦʡ ɸʬʨʠʢʠ; 1.ORI2viii  ï ʰʪʘʤʤʳ ʢʦʪʦʨʦʡ ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʠʟ ʀʥʜʠʠ ʚ ʩʪʨʘ-

ʥʳ ɽʚʨʦʧʳ, ʘ ʟʘʪʝʤ ʚ ʖʞʥʫʶ ɸʤʝʨʠʢʫ [Del Rio et al., 1904; Morelli et al., 2010]; 

1.ORI2ix ï ʧʦʷʚʠʣʘʩʴ ʚ ʂʠʪʘʝ, ʦʪʢʫʜʘ ʙʳʣʘ ʟʘʥʝʩʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ɺʴʝʪʥʘʤʘ ʠ 

ʄʴʷʥʤʳ [Pollitzer, 1951]. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʝʪʚʴ 1.ORI2 ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʩʦʧʨʷʞʝʥʦ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʤʦʨʝ-

ʭʦʜʩʪʚʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʪʨʘʥʘʤʠ (ʈʠʩʫʥʦʢ 1.4). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʟʘʥʦʩʦʚ ʧʨʠʨʦʜʥʳʝ ʦʯʘʛʠ ʯʫʤʳ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ 

ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ɸʬʨʠʢʝ, ʖʞʥʦʡ ɸʤʝʨʠʢʝ. ɺ ɽʚʨʦʧʝ ʩʣʫʯʘʠ ʯʫʤʳ ʯʝʣʦʚʝʢʘ 

ʥʝ ʦʪʤʝʯʘʣʠʩʴ ʩ 1950 ʛʦʜʘ ï ʚʝʨʦʷʪʥʦ, ʰʪʘʤʤʘʤ ʯʫʤʳ ʥʝ ʫʜʘʣʦʩʴ ʟʘʢʨʝʧʠʪʴʩʷ ʚ 

ʤʝʩʪʥʳʭ ʙʠʦʪʦʧʘʭ. 

ɺʝʪʚʴ 1.ORI3 ʠʟʥʘʯʘʣʴʥʦ ʚʦʟʥʠʢʣʘ ʚ ʀʥʜʠʠ, ʦʪʢʫʜʘ ʟʘʪʝʤ ʙʳʣʘ ʟʘʥʝʩʝʥʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʄʘʜʘʛʘʩʢʘʨʘ ʠ ʊʫʨʮʠʠ. ʅʘʠʙʦʣʴʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʝʪʚ ɹ1.ORI3 

ʜʦʩʪʠʛʣʘ ʥʘ ʄʘʜʘʛʘʩʢʘʨʝ, ʦʙʨʘʟʦʚʘʚ ʧʨʠʨʦʜʥʳʝ ʦʯʘʛʠ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʥʘʛʦʨʴʝ. 

K.N. Mahale ʩ ʩʦʘʚʪʦʨʘʤʠ ʦʩʫʱʝʩʪʚʠʣʠ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʰʪʘʤʤʦʚ 

ʯʫʤʳ, ʚʳʜʝʣʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ ʚ ʉʫʨʘʪʝ ʚ 1994 ʛʦʜʫ, ʠ ʫʩʪʘʥʦʚʠʣʠ ʠʭ ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʴ ʢ ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ 1.ORI3 ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʟʘʥʦʩʝ ʵʪʦʡ ʚʝʪʚʠ ʠʟ ʀʥʜʠʠ ʥʘ ʄʘʜʘʛʘʩʢʘʨ [Mahale et al., 2014]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʰʪʘʤʤʳ ʚʝʪ-

ʚʠ 1.ORI3, ʚʳʜʝʣʝʥʥʳʝ ʥʘ ʄʘʜʘʛʘʩʢʘʨʝ, ʜʝʣʷʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʢʣʘʩʪʝʨʦʚ ï 1.ORI3.k ʠ 1.ORI3.d. ʂʣʘʩʪʝʨ 1.ORI3.k ʦʙʨʘʟʦʚʘʥ ʰʪʘʤʤʘʤʠ, ʮʠʨʢʫ-

ʣʠʨʫʶʱʠʤʠ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʚʳʩʦʢʦʛʦʨʴʝ ʠ ʚ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʩ 1926 ʛ. ʧʦ ʥʘ-

ʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺʥʫʪʨʠ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ ʚʳʜʝʣʷʝʪʩʷ 7 ʧʦʜʢʣʘʩʪʝʨʦʚ (j, l, q, r, s, y, z). 

ʂʣʘʩʪʝʨ 1.ORI3.d ʧʨʝʜʩʪʘʚʣʝʥ ʰʪʘʤʤʘʤʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʩʦʢʦʛʦ-

ʨʴʷ ʨʷʜʦʤ ʩ ʌʠʘʥʘʨʘʥʮʫʘ, ʚʳʜʝʣʷʝʤʳʤʠ ʩ 1939 ʛ., ʠ ʚ ʥʝʤ ʦʧʠʩʘʥʳ ʝʱʸ 6 ʧʦʜʢʣʘ-

ʩʪʝʨʦʚ (h, t, u, v, w, x) [Morelli et al., 2010; Vogler et al., 2011, 2017; Riehm et al., 

2015; Ramasindrazana et al., 2022] (ʈʠʩʫʥʦʢ 1.8). 
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1.ORI3.k ʠ 1.ORI3.d ï 2 ʦʩʥʦʚʥʳʭ ʢʣʘʩʪʝʨʘ ʩ ʨʷʜʦʤ ʧʦʜʢʣʘʩʪʝʨʦʚ: j, l, q, r, s, y, z ʩʨʝʜʠ 

1.ORI3.k ʠ h, t, u, v, w, x ʩʨʝʜʠ 1.ORI3.d 

ʈʠʩʫʥʦʢ 1.8 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʥʦʛʦʦʙʨʘʟʠʷ ʰʪʘʤʤʦʚ Y. pestis  

ʄʘʜʘʛʘʩʢʘʨʘ [Vogler et al., 2017] 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʠʚʥʝʩʝʥʠʝ ʰʪʘʤʤʦʚ ʚʦʩʪʦʯʥʦʛʦ 

ʙʠʦʚʘʨʘ ʚʦ ʚʨʝʤʷ ʪʨʝʪʴʝʡ ʧʘʥʜʝʤʠʠ ʥʘ ʥʦʚʳʝ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʩʭʦʜʠʣʦ, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʩ ʫʯʘʩʪʠʝʤ ʦʜʥʦʛʦ ʰʪʘʤʤʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʣ ʢ ʨʘʟʚʠʪʠʶ ʵʧʠʟʦʦʪʠʠ ʩʨʝʜʠ 

ʩʠʥʘʥʪʨʦʧʥʳʭ ʛʨʳʟʫʥʦʚ [Vogler et al., 2013, 2019]. ʇʦʩʣʝ ʵʪʦʛʦ ʚʦʟʥʠʢʘʣʠ ʚʩʧʳʰ-

ʢʠ ʯʫʤʳ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʧʦʨʪʦʚʳʭ ʛʦʨʦʜʦʚ ʩ ʜʘʣʴʥʝʡʰʠʤ ʟʘʥʦʩʦʤ ʧʘʪʦʛʝʥʘ ʚ 

ʩʝʣʴʩʢʫʶ ʤʝʩʪʥʦʩʪʴ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʧʨʠ ʧʦʜʭʦʜʷʱʠʭ ʧʨʠ-

ʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʜʭʦʜʷʱʠʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚʦʟʙʫʜʠʪʝʣʶ 

ʯʫʤʳ ʥʝ ʫʜʘʚʘʣʦʩʴ ʩʦʭʨʘʥʠʪʴʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʙʠʦʪʦʧʘʭ, ʠ ʦʥ ʵʣʠʤʠʥʠʨʦʚʘʣʩʷ. 
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ʇʦʩʣʝʜʥʠʤʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʵʧʠʜʝʤʠʷʤʠ ʙʳʣʠ ʵʧʠʜʝʤʠʠ ʚ ʄʘʥʯɹʞʫ-

ʨʠʠ ʚ 1910ï1911 ʠ 1920ï1921 ʛʛ., ʢʦʛʜʘ ʧʦʛʠʙʣʦ ʙʦʣʝʝ 60 ʪʳʩʷʯ ʯʝʣʦʚʝʢ [ʉʫʧʦʪ-

ʥʠʮʢʠʡ ʠ ʉʫʧʦʪʥʠʮʢʘʷ, 2006; Chernin, 1989]. 

 

1.3 ɸʢʪʫʘʣʴʥʦʩʪʴ ʯʫʤʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

 

ɺ 2011ï2020 ʛʛ. ʩʣʫʯʘʠ ʯʫʤʳ ʯʝʣʦʚʝʢʘ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 11 ʛʦ-

ʩʫʜʘʨʩʪʚ (ʚʩʝʛʦ ʩʣʫʯʘʝʚ ï 6743, ʣʝʪʘʣʴʥʳʭ ï 906). ɺ ɸʬʨʠʢʝ ʩʣʫʯʘʠ ʯʫʤʳ ʦʪʤʝʯʝ-

ʥʳ ʚ ʈʝʩʧʫʙʣʠʢʝ ʄʘʜʘʛʘʩʢʘʨ (5451), ɼʈʂ (608), ʈʝʩʧʫʙʣʠʢʝ ʋʛʘʥʜʘ (74) ʠ ʆʙʝ̡-

ʜʠʥʸʥʥʦʡ ʈʝʩʧʫʙʣʠʢʝ ʊʘʥʟʘʥʠʷ (61) [ʇʦʧʦʚ ʠ ʜʨ., 2021]. ɺ ʖʞʥʦʡ ʠ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʝ ʟʘʨʘʞʝʥʠʷ ʯʝʣʦʚʝʢʦʤ ʯʫʤʦʡ ʙʳʣʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʇʝʨʫ (67), ʉʐɸ (51) ʠ 

ɹʦʣʠʚʠʠ (4) [URL: https://www.afro.who.int/health-topics/plague/plague-outbreak-

situation-reports (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.05.2021)]. ɺ ʩʪʨʘʥʘʭ ɸʟʠʠ ʩʧʦʨʘʜʠʯʝʩʢʘʷ ʟʘ-

ʙʦʣʝʚʘʝʤʦʩʪʴ ʯʫʤʦʡ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʚ ʂʠʨʛʠʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ (1), ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ (3), ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʝ (ʂʅʈ) (14) ʠ ʄʦʥʛʦʣʠʠ (16). ʉʘ-

ʤʘʷ ʥʘʧʨʷʞʸʥʥʘʷ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ 2011ï2020 ʛʛ. ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ʄʘʜʘʛʘʩʢʘʨ, ʛʜʝ ʚ 2017 ʛ. ʧʨʦʠʟʦʰʣʘ ʢʨʫʧʥʘʷ ʚʩʧʳʰʢʘ ʣʸʛʦʯʥʦʡ ʯʫʤʳ 

[URL: https://apps.who.int/iris/bitstream/handle/10665/325481/WER9425-en-

fr.pdf?ua=1 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 16.12.2020)]. ɺ 2020 ʛ. ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 535 ʩʣʫʯʘ-

ʝʚ ʯʫʤʳ ʯʝʣʦʚʝʢʘ (ʠʟ ʥʠʭ 37 ʩ ʣʝʪʘʣʴʥʳʤ ʠʩʭʦʜʦʤ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʯʝʪʳʨʸʭ ʩʪʨʘʥ: 

ʚ ɼʝʤʦʢʨʘʪʠʯʝʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʂʦʥʛʦ (520 ʩʣʫʯʘʝʚ; 31 ʣʝʪʘʣʴʥʳʡ), ʄʦʥʛʦʣʠʠ (6 

ʩʣʫʯʘʝʚ; 3 ʣʝʪʘʣʴʥʳʭ), ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ (4 ʩʣʫʯʘʷ; 2 ʣʝʪʘʣʴʥʳʭ) ʠ 

ʉʐɸ (5 ʩʣʫʯʘʝʚ; 1 ʣʝʪʘʣʴʥʳʡ) [URL: 

https://apps.who.int/iris/bitstream/handle/10665/325481/WER9425-en-fr.pdf?ua=1 (ʜʘ-

ʪʘ ʦʙʨʘʱʝʥʠʷ 18.12.2020)]. 

ɺ 2021 ʛʦʜʫ ʩʣʫʯʘʠ ʯʫʤʳ ʯʝʣʦʚʝʢʘ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɼʈʂ (121 ʩʣʫʯʘʡ, ʠʟ ʥʠʭ 13 ʣʝʪʘʣʴʥʳʭ), ʈʝʩʧʫʙʣʠʢʠ ʄʘʜʘʛʘʩʢʘʨ (118 ʩʣʫʯʘʝʚ, ʠʟ 

ʥʠʭ 15 ʣʝʪʘʣʴʥʳʭ), ʉʐɸ (3 ʩʣʫʯʘʷ, ʠʟ ʥʠʭ 1 ʣʝʪʘʣʴʥʳʡ), ʂʅʈ (1 ʩʣʫʯʘʡ) ʠ ʄʦʥ-

ʛʦʣʠʠ (1 ʩʣʫʯʘʡ). [URL: http://outbreaknewstoday.com/pneumonic-plague-in-
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madagascar-update-more-cases-confirmed-30299/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 5.12.2021); ʇʦʧʦʚ 

ʠ ʜʨ., 2022]. 

ɺ 2022 ʛʦʜʫ ʚ ɼʈʂ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 638 ʩʣʫʯʘʝʚ 

ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ ʥʘ ʙʫʙʦʥʥʫʶ ʯʫʤʫ ʩ 14 ʩʤʝʨʪʝʣʴʥʳʤʠ ʠʩʭʦʜʘʤʠ [URL: 

https://acpcongo.com/index.php/2023/03/06/638-cas-de-peste-repertories-en-2022-en-

ituri/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 14.03.2023)]. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʉʐɸ ʟʘ 2022 ʛ. ʙʳʣ ʦʪʤʝʯʝʥ 1 

ʩʤʝʨʪʝʣʴʥʳʡ ʩʣʫʯʘʡ [URL: 

https://www.cdc.gov/mmwr/volumes/71/wr/mm7124a5.htm?s_cid=mm7124a5_w (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 7.09.2022)]. ɺ ʂʠʪʘʝ ʚ 2022 ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 3 ʩʣʫʯʘ ̫ʯʫʤʳ ʯʝ-

ʣʦʚʝʢʘ, ʠʟ ʥʠʭ 2 ʣʝʪʘʣʴʥʳʭ [URL: https://thebl.com/china/black-death-case-reported-

in-chinas-inner-mongolia.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 7.09.2022); URL: 

https://weather.com/en-IN/india/health/news/2022-10-13-rodent-plague-in-tibet-china-

kills-two-enforces-lockdown (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 20.10.2022)]. ʊʘʢʞʝ ʙʳʣ ʧʦʜʪʚʝʨʞʜʸʥ 

1 ʩʣʫʯʘʡ ʯʫʤʳ ʯʝʣʦʚʝʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ [URL: 

https://m.nbd.com.cn/articles/2022-09-14/2464259.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

20.09.2022)]. ɺ ʈʝʩʧʫʙʣʠʢʝ ʄʘʜʘʛʘʩʢʘʨ ʚ 2022 ʛʦʜʫ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ï 8 

ʩʣʫʯʘʝʚ (5 ʣʝʪʘʣʴʥʳʭ) [URL: https://www.madagascar-tribune.com/5-deces-dus-a-la-

peste-a-Ampanotokana-Ambohidratrimo.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 30.12.2022)]. 

ɺ ʤʘʨʪʝ 2023 ʛʦʜʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ʄʘʜʘʛʘʩʢʘʨ ʦʢʨʫʛʝ ɸʤʙʫʩʠʪʨʘ ʙʳʣʦ ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʦ 8 ʩʣʫʯʘʝʚ ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ ʥʘ ʯʫʤʫ ʯʝʣʦʚʝʢʘ ʩ 2 ʣʝʪʘʣʴʥʳʤʠ ʠʩʭʦʜʘʤʠ 

[URL: https://lexpress.mg/23/03/2023/ambositra-un-troisieme-deces-qui-serait-du-a-la-

peste-signale/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 28.03.2023)]. ʂʨʦʤʝ ʪʦʛʦ ʚ ɼʈʂ ʟʘ ʧʝʨʚʦʝ ʧʦʣʫʛʦʜʠʝ 

2023 ʛ. ʙʳʣʦ ʦʪʤʝʯʝʥʦ 29 ʩʣʫʯʘʝʚ ʩ 4 ʣʝʪʘʣʴʥʳʤʠ ʠʩʭʦʜʘʤʠ [URL: 

https://promedmail.org/promed-posts/?kwby1=summary&search=plague&date1= 

&date2=&feed_id=1&submit=Search (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 16.06.2023)], ʘ ʚ ʄʦʥʛʦʣʠʠ ï 

1 ʩʣʫʯʘʡ [URL: https://m.akipress.com/news:717312]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʚ 2000ï2020 ʛʛ. ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʵʧʠʟʦʦʪʠʠ 

ʯʫʤʳ ʜʠʢʠʭ ʛʨʳʟʫʥʦʚ ʚ 5 ʠʟ 11 ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ï ʊʫʚʠʥʩʢʦʤ ʛʦʨʥʦʤ, ɻʦʨʥʦ-

ɸʣʪʘʡʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ, ʇʨʠʢʘʩʧʠʡʩʢʦʤ ʧʝʩʯʘʥʦʤ, ɺʦʩʪʦʯʥʦ-ʂʘʚʢʘʟʩʢʦʤ ʚʳʩʦ-

ʢʦʛʦʨʥʦʤ ʠ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʚʢʘʟʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ [ʇʦʧʦʚ ʠ ʜʨ., 2019]. 

https://acpcongo.com/index.php/2023/03/06/638-cas-de-peste-repertories-en-2022-en-ituri/
https://acpcongo.com/index.php/2023/03/06/638-cas-de-peste-repertories-en-2022-en-ituri/
https://www.cdc.gov/mmwr/volumes/71/wr/mm7124a5.htm?s_cid=mm7124a5_w
https://thebl.com/china/black-death-case-reported-in-chinas-inner-mongolia.html
https://thebl.com/china/black-death-case-reported-in-chinas-inner-mongolia.html
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ʈʷʜ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʯʫʤʳ ʈʌ ʠ ʙʣʠʟʣʝʞʘʱʠʭ ʩʪʨʘʥ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʦʯʘʛʠ ʩʦʯʝʪʘʥʥʦʛʦ ʪʠʧʘ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʮʠʨ-

ʢʫʣʷʮʠʷ ʰʪʘʤʤʦʚ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʠ 

ʪʠʧʠʨʦʚʘʥʠʝ Y. pestis ʚ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʦʛʦ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʊʘʢ, ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʯʘʛʘʭ ʂʘʚʢʘʟʘ ʮʠʨʢʫʣʠʨʫʶʪ ʰʪʘʤʤʳ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ 

(0.PE2) ʠ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ (ʚʝʪʚʠ 2.MED0 ʠ 2.MED1) 

[Kutyrev et al., 2018]; ʚ ʦʯʘʛʘʭ ʉʝʚʝʨʥʦʛʦ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʇʨʠʢʘʩʧʠʷ ï ʚʝʪʚʠ 

2.MED1 ʠ 2.MED4 [ɽʨʦʰʝʥʢʦ ʠ ʜʨ., 2019; Eroshenko et al., 2021]; ʚ ɻʦʨʥʦ-

ɸʣʪʘʡʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ ʦʯʘʛʝ ï ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜ-

ʚʠʜʘ (0.PE4ʘ) ʠ ʘʥʪʠʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ (ʚʝʪʚʴ 4.ANT) [ɹʘʣʘʭʦʥʦʚ ʠ 

ʜʨ., 2013; ʇʦʧʦʚ ʠ ʜʨ., 2020]; ʚ ʊʘʣʘʩʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ ʦʯʘʛʝ ʚʳʜʝʣʷʶʪʩʷ ʰʪʘʤ-

ʤʳ ʪʘʣʘʩʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ (0.PE4t) ʠ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ 

ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ (ʚʝʪʚʴ 2.MED1) [ʅʠʢʠʬʦʨʦʚ, 2016]; ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʄʦʥʛʦʣʠʠ ï ʰʪʘʤʤʳ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦ-

ʛʦ ʧʦʜʚʠʜʘ (0.PE4ʘ), ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ (0.PE5), ʘ ʪʘʢʞʝ ʰʪʘʤʤʳ ʬʠʣʦʛʝʥʝʪʠʯʝ-

ʩʢʠʭ ʚʝʪʚʝʡ 3.ɸNT ʠ 4.ɸNT ʘʥʪʠʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ (ʈʠʩʫʥʦʢ 1.9) 

[ʂʫʢʣʝʚʘ ʠ ʜʨ., 2015; Cui et al., 2013]. 

 

 
ʈʠʩʫʥʦʢ 1.9 ï ʂʘʨʪʘ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʯʫʤʳ ʩʪʨʘʥ ʉʅɻ ʩ ʫʢʘʟʘʥʠʝʤ  

ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ [Kutyrev et al., 2018] 
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ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʸʥʥʳʤ ʚʳʰʝ ʜʘʥʥʳʤ, ʚʦʟʙʫʜʠʪʝʣʴ ʯʫʤʳ ʦʩʪʘʸʪʩʷ ʦʜʥʠʤ ʠʟ 

ʘʢʪʫʘʣʴʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʧʘʪʦʛʝʥʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦ-

ʣʫʯʠʷ ʥʘʩʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʠʩʪʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠʥʬʝʢʮʠʦʥ-

ʥʳʭ ʙʦʣʝʟʥʝʡ ʚ ʨʘʤʢʘʭ ʦʨʛʘʥʠʟʘʮʠʡ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʢʘʟʘʤʠ ʈʦʩ-

ʧʦʪʨʝʙʥʘʜʟʦʨʘ ˉ 88 ʦʪ 17.03.2008 ʠ ˉ 1116 ʦʪ 01.12.2017 ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ʪʨʠ 

ʫʨʦʚʥʷ ï ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ (ʣʘʙʦʨʘʪʦʨʠʠ ʤʝʜʦʨʛʘʥʠʟʘʮʠʡ, ʮʝʥʪʨʳ ʛʠʛʠʝʥʳ ʠ ʵʧʠ-

ʜʝʤʠʦʣʦʛʠʠ ʚ ʩʫʙʲʝʢʪʘʭ ʬʝʜʝʨʘʮʠʠ), ʨʝʛʠʦʥʘʣʴʥʳʡ (ʨʝʛʠʦʥʘʣʴʥʳʝ ʮʝʥʪʨʳ ʧʦ ʤʦ-

ʥʠʪʦʨʠʥʛʫ ʟʘ ʚʦʟʙʫʜʠʪʝʣʷʤʠ IïII  ʠ IIïIV ʛʨʫʧʧ ʧʘʪʦʛʝʥʥʦʩʪʠ (ʧʨʦʪʠʚʦʯʫʤʥʳʝ ʦʪ-

ʨʷʜʳ, ʩʪʘʥʮʠʠ ʠ ʠʥʩʪʠʪʫʪʳ) ʠ ʮʝʥʪʨʳ ʠʥʜʠʢʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʚʦʟʙʫʜʠʪʝʣʝʡ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ) ʠ ʬʝʜʝʨʘʣʴʥʳʡ (ʨʝʬʝʨʝʥʩ-ʮʝʥʪʨʳ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʟʘ 

ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ, ʥʘʮʠʦʥʘʣʴʥʳʝ ʮʝʥʪʨʳ ʚʝʨʠʬʠʢʘʮʠʠ ʜʠ-

ʘʛʥʦʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʤʦʙʠʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʉʇʕɹ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ). 

ʃʘʙʦʨʘʪʦʨʠʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʨʦʚʦʜʷʪ ʠʥʜʠʢʘʮʠʶ ʚʦʟʙʫʜʠʪʝʣʷ (ʟʘ ʠʩ-

ʢʣʶʯʝʥʠʝʤ ʯʫʤʳ ʠ ʢʦʥʪʘʛʠʦʟʥʳʭ ʚʠʨʫʩʥʳʭ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʭ ʣʠʭʦʨʘʜʦʢ), ʠʩʧʦʣʴ-

ʟʫ ̫ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʝʜʠʮʠʥʩʢʠʝ ʠʟʜʝʣʠʷ ʜʣʷ in vitro ʜʠʘʛ-

ʥʦʩʪʠʢʠ; ʣʘʙʦʨʘʪʦʨʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚʳʧʦʣʥʷʶʪ ʜʝʪʝʢʮʠʶ ʠ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʁ ʚʦʟʙʫʜʠʪʝʣ ̫ʯʫʤʳ; ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʨʦʚʥ ̫ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʦ-

ʣʝʢʫʣʷʨʥʦʝ ʪʠʧʠʨʦʚʘʥʠʝ ʠ ʨʘʩʰʠʨʝʥʥʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʰʪʘʤʤʦʚ Y. pestis. ʉʨʝ-

ʜʠ ʩʠʩʪʝʤ rʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʷʝʪʩʷ ʧʨʦʪʠʚʦʯʫʤʥʘ ̫ʩʠʩʪʝʤʘ ʈʌ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

19 ʧʨʦʪʠʚʦʯʫʤʥʳʭ ʫʯʨʝʞʜʝʥʠʡ: 1 ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʮʝʥʪʨ, 5 ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʪʠʚʦʯʫʤʥʳʭ ʠʥʩʪʠʪʫʪʦʚ ʠ 13 ʧʨʦʪʠʚʦʯʫʤʥʳʭ ʩʪʘʥʮʠʡ. 

 

1.4 ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ 

 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʰʪʘʤʤʦʚ Y. pestis ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ 

ʵʪʘʧʦʚ: ʠʥʜʠʢʘʮʠʷ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʚʥʫʪʨʠʚʠʜʦʚʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ. ʇʨʠ ʧʦ-

ʩʪʫʧʣʝʥʠʠ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʧʦʜʦʟʨʠʪʝʣʴʥʦʛʦ ʥʘ ʥʘʣʠʯʠʝ ʚʦʟʙʫʜʠʪʝʣʷ 
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ʯʫʤʳ, ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʚʘʞʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʠʥʜʠʢʘʮʠʷ ʰʪʘʤʤʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ 

ʚʠʜʫ Y. pestis. ʉʝʡʯʘʩ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʵʧʠʜʝʤʠʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʦʪʨʷʜʘ, ʜʠʩʣʦʮʠʨʦʚʘʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʨʦʜʥʦʛʦ 

ʦʯʘʛʘ ʯʫʤʳ, ʣʠʙʦ ʥʘ ʫʨʦʚʥʝ ʧʨʦʪʠʚʦʯʫʤʥʦʡ ʩʪʘʥʮʠʠ. ɼʘʣʴʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪ-

ʩ ̫ʧʨʦʚʝʜʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʦʮʝʥʢʠ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʥʘʨʫʞʝʥ-

ʥʦʛʦ ʰʪʘʤʤʘ Y. pestis. ʕʪʦ ʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʥʘ ʫʨʦʚʥʝ ʧʨʦʪʠʚʦʯʫʤʥʦʡ ʩʪʘʥ-

ʮʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʪʠʚʦʯʫʤʥʳʭ ʠʥʩʪʠʪʫʪʘʭ 

ʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʝʥʠʝ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʩ ʚʳʩ̫-

ʥʝʥʠʝʤ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʢʦʥʢʨʝʪʥʦʡ ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʚʝʨʦ-

ʷʪʥʦʛʦ ʨʝʛʠʦʥʘ ʟʘʥʦʩʘ. 

ʇʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚ 

ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʳʭ ʨʘʙʦʪ ʩʠʩʪʝʤʳ ɻʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ ʟʘ ʯʫʤʦʡ, ʢʨʦʤʝ 

ʚʳʷʩʥʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʰʪʘʤʤʘ ʢ ʦʧʨʝʜʝʣʸʥʥʦʡ ʬʠʣʦʛʝʥʝʪʠʯʝ-

ʩʢʦʡ ʚʝʪʚʠ, ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʨʘʟʚʠʪʠʝʤ ɻʧʠʜʝʤʠʯʝʩʢʦ-

ʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʦʯʘʛʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʬʘʢʪʦʚ ʦ ʮʠʨʢʫʣʷʮʠʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʩʪʦʯ-

ʥʠʢʘ, ʧʫʪʠ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʟʘʨʘʞʝʥʠʷ, ʦʧʝʨʘʪʠʚʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʨʘʙʦʪ rʵʧʠʜʦʪʨʷʜʦʚ ʠ ʟʦʦʛʨʫʧʧ, ʠ ʢʨʦʤʝ ʪʦʛʦ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʬʠʣʘʢʪʠ-

ʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʝʡʰʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʠ ʦʙʲʝʢʪʠʚʥʦʩʪʴʶ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʙʫʜʝʪ ʚʥʦʩʠʪʴ ʩʚʦʡ ʚʢʣʘʜ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʠʤʝ-

ʥʷʝʤʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʩʝʩʪʦ-

ʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʥʠʤʘʥʠʷ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦ-

ʣʝʟʥʝʡ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥʦ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʦ ʠ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʨʘ-

ʙʘʪʳʚʘʪʴʩʷ ʤʥʦʞʝʩʪʚʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳ-

ʧʦʣʥʝʥʠʝ ʠʥʜʠʢʘʮʠʠ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤ-

ʤʦʚ Y. pestis. ʋʩʣʦʚʥʦ ʚʩʝ ʵʪʠ ʤʝʪʦʜʳ ʜʝʣʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: ʤʝʪʦʜʳ, ʦʩʥʦ-

ʚʘʥʥʳʝ ʥʘ  ʘʥʘʣʠʟʝ ʜʣʠʥ ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ; ʤʝʪʦʜʳ ʜʝʪʝʢʮʠʠ ʦʧʨʝʜʝ-

ʣʸʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ; ʩʝʢʚʝʥʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ; ʤʝʪʦʜʳ ʇʎʈ; ʤʝʪʦʜʳ ʠʟʦʪʝʨʤʠʯʝ-
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ʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ; ɼʅʂ-ʯʠʧʳ; ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʘʧʪʘʤʝʨʦʚ; 

ʙʠʦ- ʠ ʥʘʥʦʩʝʥʩʦʨ;r ɼʅʂ-ʦʨʠʛʘʤʠ ʠ ɼʅʂ-ʥʘʥʦʤʘʰʠʥʳ; ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʜʣʠʥ ʨʝʩʪʨʠʢʮʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (RFLP ï Restriction 

fragment length polymorphism) 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢ ʜʘʥʥʳʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʧʫʣʴʩ-ʛʝʣʴʵʣʝʢʪʨʦʬʦʨʝʟ, 

ʨʠʙʦ- ʠ IS (Insertion sequence)-ʪʠʧʠʨʦʚʘʥʠʝ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʠʙʦʪʠʧʠʨʦʚʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʛʝʥʦʤʥʳʭ ʣʦʢʫʩʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʨʈʅʂ. ʈʘʟʨʝ-

ʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʝʚʳʩʦʢʘ ʠ ʧʦʟʚʦʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ 

ʪʦʣʴʢʦ ʰʪʘʤʤʳ ʦʩʥʦʚʥʦʛʦ ʠ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʯʘʩʪʴ ʚʦʩʪʦʯʥʦʛʦ 

ʙʠʦʚʘʨʘ ʦʪ ʘʥʪʠʯʥʦʛʦ ʠ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʙʠʦʚʘʨʦʚ [ʇʘʚʣʦʚʘ, 2011]. ɺʠʜ Y. pestis 

ʦʙʣʘʜʘʝʪ ʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ ʨʠʙʦʪʠʧʦʚ, ʥʝ ʜʘʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʜʝʣʠʪʴ 

ʰʪʘʤʤʳ ʚʩʝʭ ʧʦʜʚʠʜʦʚ ʠ ʙʠʦʚʘʨʦʚ. IS-ʪʠʧʠʨʦʚʘʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʠʙʦʪʠʧʠʨʦ-

ʚʘʥʠʝʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʙʦʣʴʰʝʡ ʢʦʧʠʡʥʦʩʪʴʶ IS-ʵʣʝʤʝʥʪʦʚ ʚ ʛʝʥʦʤʝ Y. pestis. IS-ʪʠʧʠʨʦʚʘʥʠʝ 

ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʚʳʷʩʥʝʥʠʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʦʜʩʪʚʘ ʰʪʘʤʤʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʪʝʯʝʥʠʝ ʦʜʥʦʡ ʚʩʧʳʰʢʠ ʯʫʤʳ [ɹʦʙʨʦʚ, 1997]. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ IS-

ʪʠʧʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʩʪʴ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ IS-ʧʨʦʬʠʣʝʡ ʠ ʥʝʦʜʥʦʟʥʘʯ-

ʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʘʝʤrʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʄʝʪʦʜ ʧʫʣʴʩ-ʛʝʣʴʵʣʝʢʪʨʦʬʦʨʝʟʘ ʠʤʝʝʪ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʨʦʬʠʣʝʡ ɼʅʂ-ʬʨʘʛʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʧʫʣʴʩʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʫʣʴʩ-ʛʝʣʴʵʣʝʢʪʨʦʬʦʨʝʟʘ ʧʨʠ ʩʦʧʦʩ-

ʪʘʚʣʝʥʠʠ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʰʪʘʤʤʦʚ, ʦʜʥʘʢʦ, ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ ʰʪʘʤʤʦʚ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʵʬʬʝʢʪʠʚʝʥ [Barros et al., 2013]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ RFLP ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ, ʯʪʦ ʦʙʲʷʩʥʷ-

ʝʪʩʷ ʠʭ ʛʨʦʤʦʟʜʢʦʩʪʴʶ ʧʨʠ ʥʠʟʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʄʝʪʦʜʳ ʪʠʧʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 

ʂ ʵʪʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ DFR-, LCB-, REP PCR-, RAPD- ʠ VNTR-

ʪʠʧʠʨʦʚʘʥʠʝ. ʉʝʡʯʘʩ ʠʟ ʚʩʝʭ ʵʪʠʭ ʤʝʪʦʜʦʚ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ DFR- 

ʠ VNTR-ʪʠʧʠʨʦʚʘʥʠʝ. 
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ʄʝʪʦʜ DFR-ʪʠʧʠʨʦʚʘʥʠʷ (Different region analysis ï ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦ-

ʥʦʚ)  

ɺ ʛʝʥʦʤʝ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʥʘʭʦʜʷʪʩʷ 23 ʫʯʘʩʪʢʘ DFR, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘ-

ʣʠʯʠ ̫ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʶʪʩʷ ʰʪʘʤʤʳ Y. pestis. ɺ ʦʩʥʦʚʝ DFR-

ʪʠʧʠʨʦʚʘʥʠʷ ʣʝʞʠʪ ʘʥʘʣʠʟ ʥʘʣʠʯʠʷ/ʦʪʩʫʪʩʪʚʠʷ DFR ʫʯʘʩʪʢʦʚ, ʯʪʦ ʤʦʞʥʦ ʚʳʧʦʣ-

ʥʠʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʥʘ ɼʅʂ-ʯʠʧʘʭ ʠʣʠ ʚ ʇʎʈ [Dai et al., 2005]. ʉ ʧʦʤʦʱʴʶ DFR-

ʪʠʧʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʨʷʜʘ ʚʝʪʚʝʡ ʵʚʦʣʶʮʠʠ Y. 

pestis [ʇʣʘʪʦʥʦʚ ʠ ʜʨ., 2013]. ʇʨʠ ʵʪʦʤ DFR-ʪʠʧʠʨʦʚʘʥʠʝ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳ-

ʩʦʢʦʡ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [Li et al., 2008], ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʛʨʦ-

ʤʦʟʜʢʠʤ ʤʝʪʦʜʦʤ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʝʣʘʝʪ ʵʪʦʪ ʤʝʪʦʜ ʦʛʨʘʥʠʯʝʥʥʦ ʧʨʠʛʦʜʥʳʤ 

ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʬʠʣʦʛʝʦʛʨʘʬʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʧʠʜʝʤʠʦʣʦʛʠʠ. 

ɸʥʘʣʠʟ LCB (locally collinear blocks ï ʘʥʘʣʠʟ ʣʦʢʘʣʴʥʦ ʢʦʣʣʠʥʝʘʨʥʳʭ ʙʣʦʢʦʚ) 

Y. Liang ʩ ʩʦʘʚʪʦʨʘʤʠ [Liang et al., 2010] ʚʳʷʚʠʣʠ 61 ʩʝʛʤʝʥʪ ɼʅʂ ʚ ʛʝʥʦʤʝ Y. 

pestis. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʩʝʛʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʢʦʥʩʝʨʚʘ-

ʪʠʚʥʦʩʪʴʶ ʛʝʥʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ 

ʠʭ ʧʦʨʷʜʢʘ ʠ ʦʨʠʝʥʪʘʮʠʠ. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ Y. Liang ʩ ʩʦʘʚʪʦʨʘʤʠ ʦʙʦʟʥʘʯʠʣʠ ʵʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʠ ʧʦʜʚʠʞʥʳʝ ʩʝʛʤʝʥʪʳ ɼʅʂ ʢʘʢ ʣʦʢʘʣʴʥʦ ʢʦʣʣʠʥʝʘʨ-

ʥʳʝ ʙʣʦʢʠ (LCB) [Liang et al., 2014]. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ LCB ʣʝʞʠʪ ʚʳʷʩʥʝʥʠʝ ʚʟʘ-

ʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʪʠʭ ʣʦʢʘʣʴʥʦ ʢʦʣʣʠʥʝʘʨʥʳʭ ʙʣʦʢʦʚ ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʦʚ 

ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʘʥʘʣʠʟ LCB ʠʩʧʦʣʴʟʫʝʪ ʇʎʈ ʩ ʜʘʣʴʥʝʡʰʠʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʧʫʪʸʤ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. ʄʝʪʦʜ LCB ʥʝ 

ʦʙʣʘʜʘʝʪ ʩʪʝʧʝʥʴʶ ʜʠʩʢʨʠʤʠʥʘʮʠʠ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʥʫʪʨʠʚʠʜʦʚʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis. 

RAPD (Randomly amplified polymorphic DNA ï ʩʣʫʯʘʡʥʦ ʘʤʧʣʠʬʠʮʠʨʫʝʤʘʷ ʧʦ-

ʣʠʤʦʨʬʥʘʷ ɼʅʂ) 

ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʧʨʘʡ-

ʤʝʨʦʚ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʠʩʩʣʝʜʫʝʤʦʡ ɼʅʂ-ʤʘʪʨʠʮʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʤʧʣʠʢʦʥʳ ʧʦʜʚʝʨ-

ʛʘʶʪ ʵʣʝʢʪʨʦʬʦʨʝʟʫ ʠ ʟʘʪʝʤ ʩʨʘʚʥʠʚʘʶʪ ʰʘʙʣʦʥʳ RAPD [Power, 1996; Onuk et al., 

2011; Liu et al., 2021; Sompark et al., 2021]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʪʦʜ RAPD ʷʚʜʷʝʪʩʷ 
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ʵʬʬʝʢʪʠʚʥʳʤ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚʠʜʦʚ Y. pseudotuberculosis 

ʠ Y. pestis [ʇʘʚʣʦʚʘ, 2011]. 

REP PCR (Repetitive extragenic palindromic DNA ï ʧʦʚʪʦʨʷʶʱʘʷʩʷ ʵʢʩʪʨʘ-

ʛʝʥʥʘʷ ʧʘʣʠʥʜʨʦʤʥʘʷ ɼʅʂ) 

ʄʝʪʦʜ REP PCR ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʥʘʣʠʯʠʠ ʨʘʟʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʚʪʦ-

ʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʚ ʛʝʥʦʤʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʢʩʪʨʘʛʝʥʥʳʭ ʧʘʣʠʥ-

ʜʨʦʤʦʚ (REP) [Szczuka, Kaznowski, 2004; Hiett et al., 2006], ʵʥʪʝʨʦʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʤʝʞʛʝʥʥʳʭ ʢʦʥʩʝʥʩʫʩʦʚ (ERIC) [Shanmugapriya et al., 2014; 

Fraz«o, Falc«o, 2015; Saengsuwan et al., 2021; Lin et al., 2021] ʠ ʵʣʝʤʝʥʪʦʚ BOX. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʘʤʧʣʠʢʦʥʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʇʎʈ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʨʘʡʤʝʨʘʤʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʵʣʝʢʪʨʦʬʦʨʝʟ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʬʠʣʴ ʰʪʘʤʤʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʘʥʘʣʠʟʘ. ʇʨʦʬʠʣʠ ERIC-PCR ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʛʝʥʦʪʠʧʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ MLVA 7 [Kingston et al., 2009]. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ REP-PCR ʦʙʣʘʜʘʝʪ ʥʝʚʳʩʦ-

ʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ ʠ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʤʝʞʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ [Meacham et al., 2003]. 

ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʚʘʨʠʘʙʝʣʴʥʦʛʦ ʯʠʩʣʘ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ VNTR (Variable 

Number Tandem Repeats) 

ʄʝʪʦʜ VNTR ʠ ʝʛʦ ʤʫʣʴʪʠʣʦʢʫʩʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ MLVA  (Multiple loci VNTR 

analysis) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʯʫʤʳ [Keim et al., 2000]. VNTR ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʦʢʘ-

ʣʠʟʦʚʘʥʥʳʝ ʪʘʥʜʝʤʥʦ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʝ ʚ ʦʜʠʥʘʢʦʚʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʘ. VNTR-ʪʠʧʠʨʦʚʘʥʠʝ 

ʠʤʝʝʪ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʘʥʘʣʠʟ ʨʘʟʥʦʩʪʠ VNTR-ʣʦʢʫʩʦʚ ʧʦ ʠʭ ʜʣʠʥʝ ʠ ʢʦʧʠʡʥʦʩʪʠ. 

ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʥʘʧʨʷʤʫʶ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

VNTR, ʧʨʠʤʝʥʸʥʥʳʤ ʜʣʷ ʘʥʘʣʠʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ 

VNTR ʜʣʷ ʪʠʧʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ Y. pestis ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ MLVA 25 (25 VNTR-

ʣʦʢʫʩʦʚ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʧʠʣʣʷʨʥʦʛʦ ʠʣʠ ʛʝʣʴʵʣʝʢʪʨʦʬʦʨʝʟʘ 

[Pourcel et al., 2004; Zhang et al., 2018], MLVA 43 (43 VNTR-ʣʦʢʫʩʘ) ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ [Klevytska et al., 2001; Vogler et al., 2011, 2013]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʟʜʘʥ ʝʱʸ ʦʜʠʥ ʚʘʨʠʘʥʪ MLVA, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 
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14+12 VNTR, ʧʦ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʘʥʘʣʠʟʝ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠ-

ʪʝʣʷ ʯʫʤʳ ʧʦʢʘʟʳʚʘʶʱʘʷ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʘʤ SNPs-

ʘʥʘʣʠʟʘ [Li et al., 2013, Wang et al., 2018]. VNTR-ʪʠʧʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝ-

ʥʝʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʪʘʤʤʦʚ Y. pestis, ʚʳʞʝʜʝʥʥʳʭ ʟʘ ʚʨʝʤʷ ʦʜ-

ʥʦʡ ʚʩʧʳʰʢʠ ʯʫʤʳ, ʠ ʪʝʤ ʥʝ ʤʝʥʝʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦ-

ʩʪʴʶ ʠʟʤʝʥʝʥʠʡ VNTR-ʣʦʢʫʩʦʚ [Serdyuk et al., 2017; Shi et al., 2018 A; Xu et al., 

2021]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʪʠʧʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʬʨʘʛʤʝʥʪʦʚ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦʡ ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʝʡ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʝ-

ʩʫʨʩʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʠʭ ʚʳʧʦʣʥʝʥʠʷ. ʕʪʠ ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʜʠʢʘʮʠʠ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʰʪʘʤʤʦʚ ʯʫʤʳ ʚ ʨʘʤʢʘʭ ʪʨʸʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠʥ-

ʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ ʈʦʩʩʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʧʨʦʪʠʚʦʯʫʤʥʳʭ ʠʥʩʪʠʪʫʪʘʭ. 

ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ 16s ʈʅʂ 

ʕʪʦʪ ʤʝʪʦʜ ʥʝ ʧʨʠʛʦʜʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʠʥʜʠʢʘʮʠʠ ʠʣʠ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʠ ʰʪʘʤʤʦʚ ʯʫʤʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʚ 16s ʨʈʅʂ Y. 

pestis ʠ Y. pseudotuberculosis ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʠʜʝʥʪʠʯʥʳ [Ibrahim et al., 1993]. 

MLST-ʪʠʧʠʨʦʚʘʥʠʝ (Multilocus sequence typing ï ʊʠʧʠʨʦʚʘʥʠʝ ʤʫʣʴʪʠʣʦʢʫʩ-

ʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ) 

ɺ ʩʚʦʝʡ ʦʩʥʦʚʝ ʤʝʪʦʜ ʥʝʩʸʪ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʦʚ çʜʦ-

ʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘè, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ 

[Nour et al., 2021]. MLST-ʘʥʘʣʠʟ ʩ ʮʝʣʝʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʛʝʥʘ 16S ʨʈʅʂ ʠ ʛʝʥʘ-

ʤʠ glnA, gyrB, recA, Y-HSP60 ʙʳʣ ʧʨʠʤʝʥʸʥ ʜʣʷ ʪʠʧʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʚʩʝʭ ʦʧʠ-

ʩʘʥʥʳʭ ʚʠʜʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʦʜ Yersinia. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʦʩ-

ʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ Y. pestis ʠ Y. 

pseudotuberculosis, ʥʦ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘ-
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ʮʠʠ ʰʪʘʤʤʦʚ Y. pestis, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʯʝʥʴ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʠʤʦʨʬʥʳʭ 

ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʛʝʥʘʭ [Kotetishvili et al., 2005]. 

ɹʣʘʛʦʜʘʨʷ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʜʝʰʝʚʣʝʥʠʶ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝ-

ʥʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ MLST-ʘʥʘʣʠʟʘ ï ʧʦʣʥʦʛʝʥʦʤʥʳʡ MLST 

(wgMLST), ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʚ ʘʥʘʣʠʟʝ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʥʫʢʣʝʦ-

ʪʠʜʥʳʭ ʨʘʟʣʠʯʠʡ (INDEL, SNP ʠ VNTR), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʪʢʨʳʪʳʭ ʨʘʤʢʘʭ ʩʯʠ-

ʪʳʚʘʥʠʷ (ORF), ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʨʘʩʰʠʨʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʵʪʦʛʦ ʤʝʪʦʜʘ [Jolley, Maiden, 2014]. ɼʦʩʪʦʠʥʩʪʚʦʤ wgMLST ʷʚʣʷʝʪʩʷ ʜʦʩʪʘ-

ʪʦʯʥʦ ʥʠʟʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʪʨʝʙʫʝʤʘʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ. ʕʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠ ʧʦʠʩʢʝ ʦʪʣʠʯʠʡ ʚ ʛʝʥʦʤʘʭ ʠ 

ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʚʩʧʳʰʝʢ ʨʷʜʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʘʪʦʛʝʥʦʚ ï Campylobacter jejuni, 

Campylobacter coli, Neisseria meningitidis [Jolley et al., 2012; Jolley, Maiden, 2013; 

Cody et al., 2013]. ʉʣʘʙʦʡ ʩʪʦʨʦʥʦʡ ʤʝʪʦʜʘ wgMLST ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘ ̫ʪʦʯ-

ʥʦʩʪ ɹʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

CRISPR-ʘʥʘʣʠʟ (clustered regularly interspaced short palindromic repeats ï ʢʦ-

ʨʦʪʢʠʝ ʧʘʣʠʥʜʨʦʤʥʳʝ ʧʦʚʪʦʨʳ, ʨʝʛʫʣʷʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʛʨʫʧʧʘʤʠ) 

ɺ ʦʩʥʦʚʝ CRISPR-ʘʥʘʣʠʟʘ ʣʝʞʠʪ ʧʨʠʤʝʥʝʥʠʝ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ 

CRISPR (ɻ ʪʦ ʢʣʘʩʪʝʨʥʳʝ ʨʝʛʫʣʷʨʥʦ ʨʘʟʜʝʣʸʥʥʳʝ ʢʦʨʦʪʢʠʝ ʧʘʣʠʥʜʨʦʤʥʳʝ ʧʦʚʪʦʨ r

ʧʦ 21ï37 ʧ.ʥ., ʨʘʟʦʙʱʸʥʥʳʭ ʩʧʝʡʩʝʨʘʤʠ ʩʦʠʟʤʝʨʠʤʦʛʦ ʨʘʟʤʝʨʘ) [Jansen et al., 

2002; Pourcel et al., 2005; Cui et al., 2008; Grissa et al., 2009]. ɺ ʛʝʥʦʤʝ Y. pestis ʨʘʩ-

ʧʦʣʦʞʝʥʳ 3 CRISPR-ʦʙʣʘʩʪʠ: ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ YPa, YPb, ʠ YPc [Xu et al., 2017; Shi 

et al., 2018; Su et al., 2020]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ CRISPR-ʘʥʘʣʠʟ ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳ-

ʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ  ʚʥʫʪʨʠ-

ʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis [Barros et al., 2014], ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʦʪ-

ʣʠʯʘʝʪʩʷ ʜʦʨʦʛʦʚʠʟʥʦʡ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʥʳʤ ʨʝʩʫʨʩʦʤ, ʪʨʝʙʫʝʤʳʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʤʝʪʦʜʳ CRISPR-ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʝʪʝʢʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ [Schultzhaus et al., 2021; You et al., 

2021]. ʇʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ CRISPR-ʘʥʘʣʠʟʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʜʨʫʛʠʭ ʧʘʪʦ-

ʛʝʥʦʚ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ J. Chen ʩ ʩʦʘʚʪʦʨʘʤʠ, ʧʦʩʚʷʱʸʥʥʘʷ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʜʝ-

ʪʝʢʮʠʠ Mycoplasma hominis, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʨʝʢʦʤʙʠʥʘʟʥʦʡ ʧʦ-



58 

 

ʣʠʤʝʨʘʟʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ (RPA) ʠ CRISPR-Cas12a [Chen et al., 2022]. ɸ Z. Deng ʩ 

ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʠʣʠ ʦ ʩʦʟʜʘʥʠʠ ʤʝʪʦʜʘ ʦʙʥʘʨʫʞʝʥʠʷ M. pneumoniae, ʧʦʣʫʯʠʚ-

ʰʝʛʦ ʥʘʟʚʘʥʠʝ ERA/CRISPR-Cas12a, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʩʦʯʝʪʘʥʠʝ ʬʝʨʤʝʥ-

ʪʘʪʠʚʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ CRISPR-Cas12a [Deng et al., 2022]. 

ʈʘʙʦʪʘ Y. Sui ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʜʝʪʝʢʮʠʠ ʚʠʨʫʩʘ ʦʩʧʳ ʦʙʝʟʴʷʥ ʥʘ ʦʩ-

ʥʦʚʝ CRISPR-Cas12a [Sui et al., 2022]. X. Qiu ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʠʣʠ ʦ ʨʘʟʨʘʙʦʪʢʝ 

ʩʧʦʩʦʙʘ ʦʙʥʘʨʫʞʝʥʠʷ P. aeruginosa, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ CRISPR-Cas12b [Qiu et al., 

2023]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʩʦʦʙʱʝʥʠʝ Y. You ʩ ʩʦʘʚʪʦʨʘʤʠ ʦ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʜʝʪʝʢʮʠʠ ɼʅʂ Y. pestis, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 

Cas12a ʠ ʤʝʪʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʣʶʤʠʥʦʬʦʨʘ ʩ ʘʥʘʣʠʟʦʤ ʙʦʢʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʩ-

ʥʦʚʝ ʢʦʣʣʦʠʜʥʦʛʦ ʟʦʣʦʪʘ (UPT-LFA), ʧʦʣʫʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ Cas12a-UPTLFA [You 

et al., 2021]. ʈʘʙʦʪʘ ɸ. Padane ʧʦʩʚʷʱʝʥʘ ʜʝʪʝʢʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

Mycobacterium tuberculosis ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʎʈ-ʈɺ ʠ ʇʎʈ-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

CRISPR-csm4 [Padane et al., 2023]. N. Jia ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʠʣʠ ʦ ʨʘʟʨʘʙʦʪʢʝ 

ʧʣʘʪʬʦʨʤ rʥʘ ʦʩʥʦʚʝ CRISPR-Cas12a ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ Mycoplasma pneumoniae 

[Jia et al., 2023]. 

ʊʘʢʞʝ CRISPR-Cas9, -Cas12a ʠ -Cas13a ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʛʝ-

ʥʦʤʘ ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʪʘʢ ʢʘʢ ʠʤ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʠʚʥʝʩʝʥʠʝ ʛʝʥʘ, 

ʢʦʜʠʨʫʶʱʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ, ʚ ʭʨʦʤʦʩʦʤʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʩʝ-

ʣʝʢʮʠʠ ʨʝʢʦʤʙʠʥʘʥʪʦʚ, ʠ ʦʥʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠ̫ ʙʝʟʤʘʨʢʝʨʥʳʭ ʤʫʪʘʮʠʡ ʚ ʛʝʥʦʤʝ ʙʘʢʪʝʨʠʡ [Yan et al., 2017; Schultzhaus et al., 

2021]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ MLST- ʠ CRISPR-ʘʥʘʣʠʟʘ ʦʙʣʘʜʘʶʪ 

ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʠʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦ-

ʪʠʚʦʯʫʤʥʳʭ ʠʥʩʪʠʪʫʪʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ. 

ʇʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʠ SNP-ʘʥʘʣʠʟ (Single Nucleotide Polymorphism 

ï ʆʜʥʦʥʫʢʣʝʦʪʠʜʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ) 

ʉʝʡʯʘʩ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝ-

ʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʠʧʠʨʦʚʘʥʠʷ ʠ ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʫ-
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ʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʰʪʘʤʤʦʚ ʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʝʦʛʝʥʦʤʦʚ Y. pestis [Wagner 

et al., 2014; Rasmussen et al., 2015; Bos et al., 2016; Keller et al., 2019; Spyrou et al., 

2019]. ɸʥʘʣʠʟ ʧʦʣʠʤʦʨʬʠʟʤʘ ʝʜʠʥʠʯʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ (SNPs) ʥʘ ʥʘʩʪʦʷ-

ʱʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʠ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʳʡ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʠʧʠʨʦʚʘʥʠʷ. ɺ ʩʚʦʝʡ ʦʩʥʦʚʝ ʦʥ ʠʤʝʝʪ ʠʟʫʯʝʥʠʝ 

ʵʚʦʣʶʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʠʚʝʨʛʝʥʮʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʚ ʩʪʨʫʢʪʫʨʥʦʤ 

ʧʣʘʥʝ ʛʝʥʦʤʦʚ ʧʫʪʸʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʧʦ-

ʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʩʪʘʥʮʠʠ, ʚʳʨʘʞʘʝʤʦʡ ʚ ʬʦʨʤʘʪʝ ʬʠ-

ʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ [Morelli et al., 2010; Vogler et al., 2016]. 

ʏʨʝʟʚʳʯʘʡʥʦ ʘʢʪʠʚʥʦʝ ʠ ʤʘʩʰʪʘʙʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝ-

ʥʠʨʦʚʘʥʠʷ ʠ SNP-ʘʥʘʣʠʟʘ ʚ ʪʝʢʫʱʠʭ ʨʝʘʣʠʷʭ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʘʷ ʚʦʩʧʨʦʠʟʚʦ-

ʜʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ SNP-

ʘʥʘʣʠʟʘ ʜʣʷ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. ʆʜʥʘ-

ʢʦ, ʧʨʦʚʝʜʝʥʠʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʦʪʣʠʯʘʝʪʩʷ ʪʨʫʜʦʸʤʢʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʩʝʙʝʩʪʦʠʤʦ-

ʩʪʴʶ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʝʤ ʚ ʥʘʣʠʯʠʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʪʨʝʤʠ-

ʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʏʘʩʪʥʦʩʪʳʤ ʧʨʠ-

ʤʝʨʦʤ ʵʪʦʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʧʨʠʙʦʨʦʚ ʜʣʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʷ Oxford Nanopore Technologies ʨʘʟʨʘ-

ʙʦʪʘʣʘ ʧʨʠʙʦʨ MinION, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ çʧʦʣʝʚʳʭè ʫʩʣʦʚʠʷʭ ʠ ʜʘ-

ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʤʝʱʘʝʤ ʚʦ ʚʨʝʤʷ ʩʚʦʝʡ ʨʘʙʦʪʳ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʪʨʝʙʫʝʪʩʷ 

ʩʧʝʮʠʘʣʠʩʪ, ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʦʩʥʘʱʝʥʥʳʡ ʩʧʝʮʠʘʣʴʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ ʫ ʪʘʢʦʛʦ ʧʨʠʙʦʨʘ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠ ʙʦʣʝʝ ʜʦʨʦʛʠʤʠ ʘʥʘʣʦʛʘʤʠ. ɹʝʟ ʩʦʤʥʝʥʠʷ, ʵʪʠ ʥʝ-

ʜʦʩʪʘʪʢʠ ʚ ʙʫʜʫʱʝʤ ʙʫʜʫʪ ʫʩʪʨʘʥʝʥʳ, ʠ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʙʫʜʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʚʩʝʤʝʩʪʥʦ. 

ʄʝʪʦʜʳ ʇʎʈ 

ʅʘʠʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʳʝ, ʧʨʦʩʪʳʝ ʠ ʜʦʩʪʫʧʥʳʝ ʚ ʠʩʧʦʣʥʝʥʠʠ ʤʝʪʦʜ rʤʦʣʝʢʫ-

ʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠ ʧʨʠ ʵʪʦʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʝʙʝʩʪʦʠʤʦ-
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ʩʪʴʶ, ʧʨʝʜʩʴʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʦʜʳ ʇʎʈ-ʪʠʧʠʨʦʚʘʥʠʷ. ɺ ʩʚʦʝʡ ʦʩʥʦʚʝ ʦʥʠ ʠʤʝʶʪ 

ʤʥʦʛʦʢʨʘʪʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʣʦʢʫʩʦʚ ɼʅʂ in vitro ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʮʠʢʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʩɹʪ-

ʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʯʠʩʣʝ ʨʘʟʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʇʎʈ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪ-

ʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠʣʠ ʨʝʰʝʥʠʷ ʠʥʳʭ ʟʘʜʘʯ:  

¶ Touchdown ʇʎʈ (ʇʎʈ ʩ ʧʣʘʚʥʳʤ ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʧʨʘʡʤʝ-

ʨʦʚ) ï ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʧʨʘʡʤʝʨʦʚ ʥʘ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʧʨʦʜʫʢʪʘ [Chrysostomou et al., 2020];  

¶ Hot start PCR (ʇʎʈ ʩ çʛʦʨʷʯʠʤ ʩʪʘʨʪʦʤè) ς ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʷʚʣʝʥʠʷ 

ʧʦʣʠʤʝʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʝʘʛʝʥʪʦʚ [Paul et al., 2010];  

¶ Nested PCR ς ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʸʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ ʧʘʨ ʧʨʘʡʤʝʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʚʪʦʨʘʷ ʧʘʨʘ ʦʛʨʘʥʠʯʠʚʘʝʪ ʫʯʘʩʪʦʢ 

ʚʥʫʪʨʠ ʘʤʧʣʠʢʦʥʘ ʧʝʨʚʦʡ, ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ 

[Ganzinelli et al., 2022];  

¶ ɸʩʠʤʤʝʪʨʠʯʥʘʷ ʇʎʈ (Asymmetric PCR) ς ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥ-

ʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʦʜʥʦʡ ʠʟ ʮʝʧʝʡ ʤʘʪʨʠʯʥʦʡ ɼʅʂ;  

¶ ʄʝʪʦʜ ʨʘʟʚʝʪʚʣʸʥʥʦʡ ɼʅʂ (branch DNA) [ʂʫʣʠʯʝʥʢʦ ʠ ʜʨ., 1994; Fenollar, 

Raoult, 2004; Gabitzsch et al., 2008; Woubit et al., 2012];  

¶ ʇʎʈ ʚ ʛʝʣʝ (PCR Colony) ς ʢʦʤʧʦʥʝʥʪʳ ʇʎʈ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʢʨʠʣʘʤʠʜʥʦʛʦ ʛʝʣʷ;  

¶ RAPD-PCR (Randomly amplified polymorphic DNA ς ʩʣʫʯʘʡʥʦ ʘʤʧʣʠʬʠʮʠ-

ʨʫʝʤʘʷ ʧʦʣʠʤʦʨʬʥʘʷ ɼʅʂ) [Babu et al., 2014];  

¶ AP-PCR (Arbitrarly Primed PCR ς ʇʎʈ ʩʦ ʩʣʫʯʘʡʥʳʤ ʧʨʘʡʤʠʨʦʚʘʥʠʝʤ) 

[Keim et al., 1999];  

¶ ERIC PCR (Enterobacterial Repetitive Intergenic Consensus DNA ς ʵʥʪʝʨʦʙʘʢ-

ʪʝʨʠʘʣʴʥʘʷ ʧʦʚʪʦʨʷʶʱʘʷʩʷ ʤʝʞʛʝʥʥʘʷ ʢʦʥʩʝʥʩʫʩʥʘʷ ɼʅʂ) [Hulton et al., 1991];  

¶ REP-PCR (Repetitive extragenic palindromic DNA ï ʧʦʚʪʦʨʷʶʱʘʷʩʷ ʵʢʩʪʨʘ-

ʛʝʥʥʘʷ ʧʘʣʠʥʜʨʦʤʥʘʷ ɼʅʂ) [Meacham et al., 2003; Tacao et al., 2005];  
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¶ ʇʎʈ ʩ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʧʨʘʡʤʝʨʘʤʠ, ʠʣʠ ʧʨʦʣʦʥʛʘʮʠʝʡ ʧʝʨʝʢʨʳʚʘʥʠʷ 

(overlap extension PCR) ς ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʜʣʠʥʥʳʭ ʬʨʘʛʤʝʥ-

ʪʦʚ ɼʅʂ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʨʝʩʪʨʠʢ-

ʮʠʠ ʠ ʣʠʛʠʨʦʚʘʥʠʷ [Song et al., 2021; Rychli et al., 2021; Chen et al., 2021 A];  

¶ ʀʥʚʝʨʪʠʨʦʚʘʥʥʘʷ ʇʎʈ (inverse PCR) ς ʵʪʘ ʤʦʜʠʬʠʢʘʮʠʷ ʇʎʈ ʜʝʣʘʝʪ ʚʦʟ-

ʤʦʞʥʳʤ ʘʤʧʣʠʬʠʢʘʮʠʶ ʥʝʠʟʚʝʩʪʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠʟʚʝʩʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ɼʅʂ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʷʩʥʠʪʴ ʤʝʩʪʦ ʚʥʝʜʨʝʥʠʷ ʚʠʨʫʩʘ [Green et 

al., 2019];  

¶ ʄʝʪʠʣʩʧʝʮʠʬʠʯʥʘʷ ʇʎʈ (methylation-specific PCR) ς ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʩ-

ʪʘʥʦʚʣʝʥʠʷ ʤʝʪʠʣʠʨʦʚʘʥʥʦʩʪʠ ʧʦ ʮʠʪʦʟʠʥʫ ʬʨʘʛʤʝʥʪʘ ɼʅʂ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ɼʅʂ ʢ ʞʠʚʦʡ ʠʣʠ ʥʝʞʠʚʦʡ ʢʣʝʪʢʝ [Fraga, 

Esteller, 2002; Kristensen et al., 2008; Geeleher et al., 2013; Yang et al., 2021 ɸ];  

¶ çʍʦʣʦʜʥʘʷè ʇʎʈ (COLD-PCR ς CO-amplification at Lower Denaturation tem-

perature-PCR) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʘʨʫ-

ʞʠʪʴ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʫʶ ʤʫʪʘʮʠʶ ʚ ʛʝʥʝ ʚ ʦʙʨʘʟʮʝ, ʦʙʣʘʜʘʶʱʝʤ ʢʘʢ ʤʫʪʘʥʪʥʦʡ 

ɼʅʂ-ʤʘʪʨʠʮʝʡ, ʪʘʢ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʛʝʥʘ çʜʠʢʦʛʦ ʪʠʧʘè. çʍʦʣʦʜʥʘʷè ʇʎʈ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʟʘʤʝʥʘ ʜʘʞʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʚ ʮʝʧʠ ɼʅʂ ʧʨʠ-

ʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʧʦʜʙʦʨʝ ʢʨʠʪʠ-

ʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʥʘʪʫʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʤʦʡ ʇʎʈ ʨʝʟʢʦ ʩʥʠ-

ʞʘʝʪʩʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʘʣʳʤ ʯʠʩʣʦʤ ʜʝʥʘʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʨʠʮ [Milbury et al., 

2011; Mauger et al., 2017; Phung et al., 2020; Mortazavipour et al., 2020];  

¶ ʎʠʬʨʦʚʘʷ ʇʎʈ (digital PCR) ς ʚʳʩʦʢʦʪʦʯʥʳʡ ʠ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ 

ʤʝʪʦʜ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ɼʅʂ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʮʠʬʨʦʚʦʡ ʇʎʈ 

ʧʨʦʙʫ ʨʘʟʜʝʣʷʶʪ ʥʘ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʘʣʳʭ ʢʦʤʧʘʨʪʤʝʥʪʦʚ ʠ ʧʨʦʚʦʜʷʪ ʘʤʧʣʠʬʠʢʘ-

ʮʠʶ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʢʨʘʩʠʪʝʣʝʤ ʠʣʠ ʛʠʜʨʦʣʠʟʥʳʤʠ ʟʦʥʜʘʤʠ ʦʪʜʝʣʴʥʦ ʚ ʢʘʞ-

ʜʦʤ ʠʟ ʥʠʭ ʠ ʩʯʠʪʳʚʘʶʪ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ. ɼʦʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦ ʘʤ-

ʧʣʠʬʠʢʘʮʠʠ ʷʯʝʝʢ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʮʝʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [Sykes et al., 1992; Abasiyanik et al., 2021; Willemse, 

Kaushal, 2021; Lewin et al., 2020; Lin et al., 2022]. ʎʠʬʨʦʚʘʷ ʇʎʈ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

https://en.wikipedia.org/wiki/Digital_polymerase_chain_reaction
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ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʇʎʈ-ʈɺ, ʦʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʜʦʨʦʞʝ ʠ ʙʦʣʝʝ 

ʪʨʫʜʦʸʤʦʢ. ɺʧʨʦʯʝʤ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʝʪʦʜ ʦʙʨʝʪʸʪ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ 

ʫʩʣʦʚʠʠ ʫʜʝʰʝʚʣʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ [Hindson et al., 2011; Willemse et al., 2021]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʤ-

ʧʘʥʠʝʡ Bio-Rad ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ QX200, ʧʦʟʚʦʣʷʶʱʘ ̫ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʳʧʦʣʥʷʪʴ ʚʳʩʦʢʦʪʦʯʥʫʶ ʮʠʬʨʦʚʫʶ ʇʎʈ ʜʣʷ 96 ʦʙʨʘʟʮʦʚ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ ʇʎʈ-ʪʠʧʠʨʦʚʘʥʠʷ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʨʦʤʦʟʜʢʦʩʪʴʶ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʤʝʞʣʘʙʦʨʘ-

ʪʦʨʥʦʡ ʚʦʩʩʦʟʜʘʚʘʝʤʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʣʷ ʧʨʦʚʝʜʝʜʥʠʷ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. 

pestis. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʦʜʦʤ ʇʎʈ ʷʚʣʷʝʪʩʷ ʇʎʈ ʩ 

ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʇʎʈ-ʈɺ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦ-

ʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ, ʪʦʯʥʳʡ ʠ ʦʧʝʨʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʇʎʈ, ʦʙʣʘʜʘʶʱʠʡ ʚʦʟʤʦʞʥʦ-

ʩʪʴʶ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʝʪʝʢʮʠʠ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ɼʅʂ-ʣʦʢʫʩʦʚ [Higuchi et al., 

1993]. ɺʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʬʦʥʦʚʦʡ ʬʣʫʦ-

ʨʝʩʮʝʥʮʠʠ ʩʚʝʪʠʪʝʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ, ʠʩʧʦʣʴʟʫʶʱʘʷ TaqMan ʟʦʥ-

ʜ .r  TaqMan ʟʦʥʜʳ ï ʵʪʦ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʝ ʟʦʥʜʳ, ʥʘ 5'-ʢʦʥʮʝ ʢʦʪʦʨʳʭ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʩʚʷʟʘʥʥʳʝ ʢʦʚʘʣʝʥʪʥʦ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʢʨʘʩʠʪʝʣʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ 3'-

ʢʦʥʮʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʭʦʜʷʪʩʷ ʛʘʩʠʪʝʣʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ [Heid et al., 1996; 

Rahalison et al., 2000; Kane et al., 2019; Bai et al., 2020; Raktoe et al., 2020; Tosun et 

al., 2023; Shibanuma et al., 2023]. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʤʦʜʠʬʠʢʘʮʠʡ ʟʦʥʜʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʣʠʯʠʷ ʘʤʧʣʠʢʦʥʦʚ ʚ ʇʎʈ-ʈɺ. ʇʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʪʘʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʷʚʣʷʝʪʩʷ 

ʧʨʘʡʤʝʨ-ʟʦʥʜ çʉʢʦʨʧʠʦʥè, ʦʙʣʘʜʘʶʱʠʡ ʜʚʫʤʷ ʤʝʪʢʘʤʠ ʪʠʧʘ çʰʧʠʣʴʢʘ-ʧʝʪʣʷè, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 5'- ʠ 3'-ʢʦʥʮʦʚ. 

ʌʣʫʦʨʝʩʮʝʥʪʥʳʡ ʢʨʘʩʠʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʥʘ 5'-ʢʦʥʮʝ ʟʦʥʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʘʩʠʪʝʣʴ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 5'-ʢʦʥʮʝ ʧʨʘʡʤʝʨʘ, ʩʚʷʟʘʥʥʳʡ ʯʝʨʝʟ ʙʣʦʢʘʪʦʨ. 

ɺʦ ʚʨʝʤʷ ʬʘʟʳ ʵʣʦʥʛʘʮʠʠ ʧʦʣʠʤʝʨʘʟʘ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʤʝʥʪʘʨʥʫʶ ʮʝʧʴ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʨʘʩʢʨʳʪʠʶ ʰʧʠʣʴʢʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʦʥʜ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ɼʅʂ ʤʠʰʝ-

https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Rahalison+L&cauthor_id=10618097
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Kane+SR&cauthor_id=31095987
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Bai+Y&cauthor_id=32783386
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ʥʴʶ. ʌʣʫʦʨʝʩʮʝʥʪʥʳʡ ʢʨʘʩʠʪʝʣʴ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʠ ʠʩʧʫʩʢʘʝʪ ʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʩʚʝ-

ʯʝʥʠʝ, ʜʝʪʝʢʪʠʨʫʝʤʦʝ ʧʨʠʙʦʨʦʤ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʘʡʤʝʨ-ʟʦʥʜʦʚ ʪʠʧʘ çʉʢʦʨʧʠʦʥè 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʜʝʪʝʢʮʠʠ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ 

ʬʦʥʦʚʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʚʝʯʝʥʠʷ [Thelwell et al., 2000; Solinas et al., 2001; 

Carters et al., 2008; Siggillino et al., 2020; Yao et al., 2020]. 

ɼʨʫʛʘ ̫ʤʦʜʠʬʠʢʘʮʠ ̫ʜʝʪʝʢʮʠʠ ʘʤʧʣʠʢʦʥʦʚ ʚ ʇʎʈ-ʈɺ ï  FRET (Fluorescence 

resonance energy transfer ï ʈʝʟʦʥʘʥʩʥʘʷ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ), ʢʦʪʦʨʘʷ 

ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʜʚʫʭ ʟʦʥʜʦʚ, ʦʪʜʝʣʸʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 1-3 ʥʫʢʣʝʦʪʠʜʘ-

ʤʠ. ʅʘ 5'-ʢʦʥʮʝ ʦʜʥʦʛʦ ʟʦʥʜʘ ʥʘʭʦʜʠʪʩʷ ʜʦʥʦʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʘ ʥʘ 3'-ʢʦʥʮʝ ʜʨʫ-

ʛʦʛʦ ʨʘʧʦʣʦʞʝʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʢʮʝʧʪʦʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʠ ʫʩʣʦ-

ʚʠʠ ʙʣʠʟʢʦʛʦ ʚʟʘʠʤʥʦʛʦ ʥʘʭʦʞʜʝʥʠ ̫ʟʦʥʜʦʚ ʥʘ ɼʅʂ-ʤʘʪʨʠʮʝ, ʘʢʮʝʧʪʦʨ ʧʝʨʚʦʛʦ 

ʟʦʥʜʘ ʧʨʠʥʠʤʘʝʪ ʵʣʝʢʪʨʦʥʳ ʦʪ ʜʦʥʦʨʘ ʚʪʦʨʦʛʦ ʟʦʥʜʘ, ʠ ʚ ʠʪʦʛʝ ʧʦʨʦʞʜʘʝʪ ʠʟʣʫʯʝ-

ʥʠʝ ʩ ʟʘʜʘʥʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ [Provenzano, Mocellin, 2007; Kutyavin, 2010; 

Schneider et al., 2021; Alhadrami et al., 2021]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʟʜʘʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʇʎʈ-ʈɺ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʦʥʜʳ ʩ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʥʘ ʢʦʥʮʘʭ (molecular beacons). ʇʨʠʥ-

ʮʠʧ ʤʦʜʠʬʠʢʘʮʠʠ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʢʦʥʮʝʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʦʥʜʘ ʷʚʣʷ-

ʶʪʩʷ ʚʟʘʠʤʥʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʦʙʣʘʩʪʷʤʠ, ʠʟ-ʟʘ ʯʝʛʦ ʥʘ ʵʪʘʧʝ ʦʪʞʠʛʘ ʧʨʘʡʤʝ-

ʨʦʚ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʰʧʠʣʴʢʠ [Tyagi, Kramer, 1996]. ɺʥʫʪʨʝʥʥʷʷ ʦʙʣʘʩʪʴ ʟʦʥʜʦʚ 

ʤʝʞʜʫ ʚʟʘʠʤʥʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʦʙʣʘʜʘʝʪ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴʶ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʘʤʧʣʠʬʠʮʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ. ɺ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ 

ʧʨʘʡʤʝʨʦʚ ʟʦʥʜʳ, ʥʝ ʩʦʝʜʠʥʠʚʰʠʝʩʷ ʩ ɼʅʂ-ʤʘʪʨʠʮʝʡ, ʩʦʭʨʘʥʷʶʪ ʩʚʦʸ çʩʚʸʨʥʫ-

ʪʦʝè ʩʦʩʪʦʷʥʠʝ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʦʚʝʥʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝ ʧʦʚʳʰʘʝʪʩʷ. ɽʩʣʠ 

ʞʝ ʟʦʥʜʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʤʘʪʨʠʮʝʡ ɼʅʂ, ʪʦ ʦʥʠ ʨʘʩʧʨʷʤʣʷʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʜʘʣʝʥʠʶ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʝʪʢʠ ʠ ʝʸ ʛʘʩʠʪʝʣʷ, ʧʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪ-

ʩʷ ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ [Varma-Basil et al., 2004; Peng et al., 

2020; Sherrill-Mix et al., 2021; Marras et al., 2021]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʇʎʈ-ʈɺ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʣʘʙʦ-

ʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʙʦʣʝʟʥʝʡ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, ʤʦʥʠʪʦʨʠʥʛʘ ʘʢʪʫʘʣʴʥʦʡ 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ [Gabitzsch 
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et al., 2008; Woubit et al., 2012; Fyfe, Lavender, 2022; Boix-Palop et al., 2022; Millon 

et al., 2022]. 

ʇʎʈ-ʈɺ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʥʜʠʢʘʮʠʠ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʜʠʬʬʝ-

ʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʨʦʤʦ-

ʩʦʤʥʳʝ ʠ ʧʣʘʟʤʠʜʥʳʝ ʤʠʰʝʥʠ [Stewart et al., 2008; Riehm et al., 2011; Mºlsª et al., 

2015; Hennebique et al., 2020]. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʯʫʤʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʜʠʮʠʥʩʢʠʝ ʠʟʜʝʣʠʷ ʜʣʷ in vitro ʜʠʘʛ-

ʥʦʩʪʠʢʠ: çʅʘʙʦʨ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʫʩʢʦʨʝʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʤʝ-

ʪʦʜʦʤ ʤʫʣʴʪʠʣʦʢʫʩʥʦʡ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ɻʝʥ Y. pestis ʠʜʝʥʪʠʬʠʢʘʮʠʷ ï ʈɻʌ)è [ʂʫʢʣʝʚ, 

2007], çɻʝʥ Y. pestis ʠʥʜʠʢʘʮʠʷ ï ʈɻʌè ʧʨʦʠʟʚʦʜʩʪʚʘ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦ-

ʯʫʤʥrʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ; çʆʄ-ʉʢʨʠʥ-ʏʫʤʘ-ʈɺè (ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ɿɸʆ çʉʠʥʪʦʣè) ʠ çɸʤʧʣʠʉʝʥʩ Y. pestis ï FLè (ʧʨʦʠʟʚʦʜʩʪʚʘ ʎʅʀʀ ʵʧʠ-

ʜʝʤʠʦʣʦʛʠʠ). ʊʘʢʞʝ ʫʯʸʥʳʤʠ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ 

çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʩʦʟʜʘʥʳ ʢʦʤʧʣʝʢʪʳ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʜʣʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis, ʘ ʠʤʝʥʥʦ: çʉʧʦʩʦʙ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʙʠʦʚʘʨʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʠʬʬʝ-

ʨʝʥʮʠʘʮʠʝʡ ʧʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʤʝʪʦʜʦʤ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ 

ʨʝʘʢʮʠʠ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚè [ʅʦʩʦʚ ʠ ʜʨ., 

2017]; çʉʧʦʩʦʙ ʧʦʜʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʤʝʪʦ-

ʜʦʤ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠè [ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2019]. 

M.C. Thomas ʩ ʩʦʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʣʠ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʦʛʝʥʥʳʭ ʜʣʷ 

ʯʝʣʦʚʝʢʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʦʜʘ Yersiniae ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʩʦʯʝʪʘʥʠʠ ʤʫʣʴʪʠʧʣʝʢʩʥʦʡ ʇʎʈ-ʈɺ ʠ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʕʪʦʪ ʩʧʦʩʦʙ ʩ ʚʳʩʦ-

ʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʝʪʝʢʮʠʶ ʠ ʜʠʬʬʝʨʝʥʮʠʘ-

ʮʠʶ ʠʝʨʩʠʥʠʡ, ʧʘʪʦʛʝʥʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ [Thomas et al., 2017]. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʸʥʥʳʝ ʫʧʨʦʱʝʥʠʶ ʚʳʧʦʣʥʝʥʠʷ 

SNP-ʘʥʘʣʠʟʘ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʝʪʝʢʮʠʠ ʧʦ-

ʣʠʤʦʨʬʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ. ɸʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʇʎʈ (ɸʉ-ʇʎʈ) ʥʝʩʸʪ ʚ ʩʚʦʝʡ 
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ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʥʳʭ ʧʨʘʡʤʝʨʦʚ, 3'-ʢʦʥʮʝʚʦʡ ʥʫʢʣʝʦʪʠʜ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤ SNP ʚ ʜʚʫʭ ʝʛʦ ʚʘʨʠʘʥʪʘʭ, ʠ ʪʨʝʪʴʝʛʦ ʦʙʱʝʛʦ 

ʧʨʘʡʤʝʨʘ [Newton et al., 1989]. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʥʘʭʦʜʠʪʩʷ ʨʘʟʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʣʦʥʛʘʮʠʠ Taq-ʧʦʣʠʤʝʨʘʟʦʡ ʩʧʘʨʝʥʥʦʛʦ ʠ ʥʝʩʧʘʨʝʥʥʦʛʦ 3'-ʥʫʢʣʝʦʪʠʜʘ, ʯʪʦ ʚ 

ʠʜʝʘʣʝ ʚʝʜʸʪ ʢ ʧʦʣʥʦʤʫ ʦʪʩʫʪʩʪʚʠʶ ʩʠʥʪʝʟʘ ʘʤʧʣʠʢʦʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʢʦʤʧʣʝ-

ʤʝʥʪʘʨʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʘ ʥʘ 3'-ʢʦʥʮʝ ʧʨʘʡʤʝʨʘ ʠ SNP ɼʅʂ-ʤʘʪʨʠʮʳ. ʆʜʥʘʢʦ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʚ ʨʝʘʣʴʥʦʩʪʠ ʧʦʣʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʘʤʧʜʠʬʠʢʘʮʠʠ ʫʜʘʸʪʩʷ ʜʦ-

ʙʠʪʴʩʷ ʥʝ ʚʩʝʛʜʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʚʳʰʝʥʠʷ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ɸʉ-ʇʎʈ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʩ ʧʦ-

ʤʦʱʴʶ ʚʥʝʜʨʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʝʩʧʘʨʝʥʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ ʥʘ 3'-ʢʦʥʮʝ ʧʨʘʡ-

ʤʝʨʘ ʠʣʠ ʟʘʤʝʥʦʡ ʨʷʜʘ ʥʫʢʣʝʦʪʠʜʦʚ ʥʘ LNA-ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ (ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦ-

ʙʦʡ ʥʫʢʣʝʦʪʠʜʳ ʩ ʟʘʤʢʥʫʪʳʤ ʢʦʣʴʮʦʤ ʨʠʙʦʟʳ ʥʘ ʧʦʟʠʮʠʷʭ ʉ2 ʠ ʉ4 ʠ ʤʝʪʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ ʟʘ ʩʯʸʪ ʤʝʪʠʣʝʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʤʝʞʜʫ 2'-ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʠ 4'-ʘʪʦʤʦʤ 

ʫʛʣʝʨʦʜʘ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʮʝʧʝʡ ɼʅʂ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʥʫʢʣʝʦʪʠʜʘʤʠ). ɼʣʷ ɸʉ-ʇʎʈ 

ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʤʦʜʠʬʠʢʘʮʠʡ, ʧʦʚʳʰʘʶʱʠʭ ʝʸ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ: ʧʨʠʤʝʥʝʥʠʝ 

ʜʚʫʭ ʘʤʧʣʠʬʠʢʘʮʠʡ ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʙʥʘʨʫʞʝʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʧʠʣʣʷʨʥʦ-

ʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ [Asari et al., 2009], ʜʚʫʥʘʧʨʘʚʣʝʥʥʘʷ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʘʤ-

ʧʣʠʬʠʢʘʮʠʷ [Sasvari-Szekely et al., 2000], ʘʜʘʧʪʝʨ-ʣʠʛʠʨʦʚʘʥʠʝ (ALM-ASA), ʢʨʫ-

ʛʦʚʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ (RCA) [Cai et al., 2010; Li  et al., 2022; Xie et al., 2023], ʩʠʩʪʝ-

ʤʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ (MAPGE) ʥʘ ʤʠʢʨʦʧʣʘʥʰʝʪʘʭ [Wang et al., 

2010], ʬʦʩʬʦʨʦʪʠʦʘʪʥʘʷ ʢʦʨʨʝʢʪʠʨʫʶʱʘʷ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ 

(PP-ASA) [Hu et al., 2007], ʤʫʪʘʥʪʥʘʷ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʇʎʈ (MASA) [Sapio 

et al., 2006]. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʠʬʠʢʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʢʦʣʠʯʝʩʪ-

ʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ɼʅʂ-ʤʠʰʝʥʠ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʣʠʙʨʘ-

ʪʦʨʘ ʧʣʘʟʤʠʜʥʦʡ ʧʨʠʨʦʜʳ [Szankasi et al., 2013] ʠ ʮʠʬʨʦʚʦʡ ɸʉ-ʇʎʈ [Parkin, 

2019].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʪʝʢʮʠʷ ʤʘʨʢʝʨʥʳʭ SNPs ʚʦʟʤʦʞʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ɸʉ-ʇʎʈ ʩ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ɸʉ-ʇʎʈ-ʈɺ), ʢʦʪʦ-

ʨʳʡ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ, ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʝʥ ʠ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ 
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ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ [Wiseman et al., 2017; Lefever et al., 2019]. A.J. Vogler 

ʩ ʩʦʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʣʠ ɸʉ-ʇʎʈ, ʠʩʧʦʣʴʟʫʶʱʫʶ ʟʦʥʜ r TaqMan-MGB ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʝʢʮʠʠ SNPs, ʫʥʠʢʘʣʴʥʳʭ ʜʣʷ ʰʪʘʤʤʦʚ Y. pestis, ʚʳʜʝʣʝʥʥʳʭ ʚ ʉʝ-

ʚʝʨʥʦʡ ɸʤʝʨʠʢʝ [Vogler et al., 2008]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʩʦʦʙʱʝʥʠʷ ʦ 

ʨʘʟʨʘʙʦʪʢʝ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʇʎʈ-ʈɺ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʜʠʢʘʮʠʠ ʈʅʂ ʚʠʨʫ-

ʩʘ ʃɿʅ [Worwa et al., 2014], ʦʙʥʘʨʫʞʝʥʠʷ ʯʝʪʳʨʸʭ ʛʝʥʦʪʠʧʦʚ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ɽ 

(HEV) [Ishida et al., 2022] ʠ ʥʝʢʦʪʦʨʳʭ ʦʥʢʦʛʝʥʥʳʭ ʤʘʨʢʝʨʦʚ [Hsu et al., 2018; 

Szpechcinski et al., 2021; Yao et al., 2021]. 

ɺʳʧʦʣʥʝʥʠʝ ɸʉ-ʇʎʈ-ʈɺ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʳʤ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜ-

ʥʳʤ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʝʪʦʜʦʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ ʧʦ 

ʉʝʥʛʝʨʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʇʎʈ-ʈɺ ʠ ʝ yʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʯʥʳʡ, ʥʘʜʸʞʥʳʡ ʠ ʙʳʩʪʨʳʡ ʤʝʪʦʜ ʠʥʜʠʢʘʮʠʠ, ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʚ ʠʟʫʯʘʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʚ ʨʘʙʦʪʝ ʣʘʙʦʨʘʪʦʨʠʡ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʩʠʩʪʝʤʳ ʣʘʙʦʨʘ-

ʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ ʈʦʩʩʠʠ. 

ʀʤʤʫʥʦ-ʇʎʈ (ʠʇʎʈ, IPCR) 

ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʦʪʨʫʜʥʠʢʘʤʠ ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ 

1992 ʛʦʜʫ [Sano et al., 1992]. ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʝʥʘ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʙʳ, ʚ ʢʦʪʦʨʳʭ ʚʳ-

ʧʦʣʥʷʶʪ ʜʝʪʝʢʮʠʶ ʢʦʥʢʨʝʪʥʦʡ ʤʦʣʝʢʫʣʳ (ʪʦʢʩʠʥ, ʛʦʨʤʦʥ ʠʣʠ ʜʨʫʛʦʝ ʚʝʱʝʩʪʚʦ), 

ʧʦʤʝʱʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʙʠʨʢʠ, ʯʝʡ ʤʘʪʝʨʠʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʘʥʪʠ-

ʛʝʥʩʚʷʟʳʚʘʶʱʠʤ ʩʚʦʡʩʪʚʦʤ ʠ ʪʝʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʶʪ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʝ ʘʥʪʠʪʝʣʘ, ʥʝʩʫʱʠʝ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʬʨʘʛʤʝʥʪ rɼʅʂ ʜʣʠʥʦʡ 150ï300 ʧ.ʥ. 

ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʘʥʪʠʛʝʥ-ʘʥʪʠʪʝʣʦ ʩ ʘʥʪʠʛʝʥʘʤʠ, ʬʠʢʩʠʨʦʚʘʥʥʳ-

ʤʠ ʥʘ ʩʪʝʥʢʘʭ ʧʨʦʙʠʨʦʢ, ʚʳʧʦʣʥʷʶʪ ʧʨʦʤʳʚʢʫ ʠ ʧʨʦʚʦʜʷʪ ʇʎʈ-ʈɺ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʘʤʧʣʠʬʠʮʠʨʫʶʪʩʷ ɼʅʂ-ʬʨʘʛʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʥʪʠʪʝʣʘʤʠ ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʣʠʯʠʠ ʠʩʢʦʤʳʭ ʤʦʣʝʢʫʣ ʠ ʠʭ 

ʢʦʣʠʯʝʩʪʚʝ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʝ ʟʘ ʩʯʸʪ ʫʩʠʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ (ʈʠ-

ʩʫʥʦʢ 1.10) [Adler et al., 2003; Jayathilake, Nemoto, 2021; Kamra, Mehta, 2021]. 
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ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʀʤʤʫʥʦ-ʇʎʈ ʚʳʰʝ, ʯʝʤ ʫ ʤʝʪʦʜʘ ʀʌɸ ʥʘ 2ï5 

ʧʦʨʷʜʢʦʚ ʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʜʝʪʝʢʮʠʶ ʘʥʪʠʛʝʥʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʧʨʦʙʫ [Sun, Meckes, 2021]. ʂʨʦʤʝ ʪʦʛʦ, ʀʤʤʫʥʦ-

ʇʎʈ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʜʝʪʝʢʮʠʶ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʟʥʳʭ ʘʥ-

ʪʠʛʝʥʦʚ ʧʫʪʸʤ ʩʚʷʟʳʚʘʥʠʷ ʩ ʥʠʤʠ ʨʘʟʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ. 

 

 
ʈʠʩʫʥʦʢ 1.10 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʀʤʤʫʥʦ-ʇʎʈ [URL: 

https://assaysolution.com/ipcr-conversion-kit (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 16.11.2022)] 

 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʀʤʤʫʥʦ-ʇʎʈ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦ-

ʪʘ, ʘ ʪʘʢʞʝ ʤʘʛʥʠʪʥʳʭ ʰʘʨʠʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʪʠʪʝʣʘʤʠ [Dahiya et al., 2021]. N. 

Malou ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʀʤʤʫʥʦ-ʇʎʈ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʜʝʪʝʢʮʠʠ ʘʥʪʠʛʝʥʦʚ Y. pestis ʚ ʦʙʨʘʟʮʘʭ ʠʟ ʜʨʝʚʥʠʭ ʤʘʩʩʦʚʳʭ 

ʟʘʭʦʨʦʥʝʥʠʡ ʞʝʨʪʚ ʯʫʤʳ [Malou et al., 2021]. P. Zhang ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʘʝʪ ʦ 

ʨʘʟʨʘʙʦʪʢʝ ʤʘʛʥʠʪʦʬʣʶʠʜʥʦʡ ʀʤʤʫʥʦ-ʇʎʈ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʪʝʣ ʥʘ COVID-

19 [Zhang et al., 2022].  

ʀʤʤʫʥʦ-ʇʎʈ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʦʣʝʢʫʣʷʨ-

ʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʜʝ-

ʪʝʢʮʠʠ ʘʥʪʠʛʝʥʦʚ Y. pestis ʚ ʧʨʦʪʠʚʦʯʫʤʥʳʭ ʩʪʘʥʮʠʷʭ ʠ ʠʥʩʪʠʪʫʪʘʭ. 
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ʊʚʝʨʜʦʬʘʟʥʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ (SPA ï Solid phase amplification) 

ʊʚʝʨʜʦʬʘʟʥʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ ʷʚʣʷʝʪʩʷ ʝʱy ʦʜʥʠʤ ʚʘʨʠʘʥʪʦʤ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ɼʅʂ, ʧʨʝʜʣʦʞʝʥʥʳʤ C. Adessi [Adessi et al., 2000]. ʇʨʠʥʮʠʧ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʧʨʘʡʤʝʨʦʚ (ʯʝʨʝʟ ʠʭ 5ô-ʢʦʥʝʮ) ʥʘ ʪʚʸʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʥʘʧʨʠ-

ʤʝʨ, ʢʨʝʤʥʝʟʸʤʫ, ʛʨʘʥʫʣʘʤ ʧʦʣʠʩʪʠʨʦʣʘ). ʕʪʦ ʚʝʜʸʪ ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʥʘ ʜʚʫʤʝʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʣʸʛʢʦʩʪʴʶ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʘʤʧʣʠʬʠʢʘʮʠʶ ʤʥʦʛʠʭ ɼʅʂ-ʤʠʰʝʥʝʡ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʨʝʘʢʮʠʠ [Mercier et al., 

2003, 2005]. 

ʄʝʪʦʜʳ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʨʘʟʥʦʦʙʨʘʟʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʈʅʂ ʠʣʠ ɼʅʂ: ʩʠʩʪʝʤʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʪʨʘʥʩʢʨʠʧʮʠʠ (TAS) [Kwoh et al., 1989], ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʘʷʩʷ ʨʝʘʢʮʠʷ ʨʝʧʣʠ-

ʢʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (3SR) [Fahy et al., 1991], ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʢʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (NASBA) [Compton, 1991], ʘʤʧʣʠʬʠʢʘ-

ʮʠʷ ʩʦ ʩʤʝʱʝʥʠʝʤ ʮʝʧʠ (SDA) [Walker et al., 1992], ʨʝʧʣʠʢʘʮʠʷ ʧʦ ʚʨʘʱʘʶʱʝʤʫʩʷ 

ʢʨʫʛʫ (RCR) [Ban®r et al., 1998], ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ, ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ 

ʧʝʪʣʸʡ (LAMP) [Notomi et al., 2000], ʭʝʣʠʢʘʟʦʟʘʚʠʩʠʤʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ (HDA) 

[Vincent et al., 2004], ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ ʩ ʦʜʥʠʤ ʭʠʤʝʨʥʳʤ ʧʨʘʡʤʝ-

ʨʦʤ (SPIA) [Kurn et al., 2005], ʢʨʦʩʩ-ʧʨʘʡʤʠʥʛ-ʘʤʧʣʠʬʠʢʘʮʠʷ (CPA) [Fang et al., 

2008], ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʚʘʟʠʠ ʥʠʪʝʡ (SIBA) [Hoser et al., 2014], ʙʳʩʪʨʘʷ 

ʇʎʈ ʩ ʧʦʤʦʱʴʶ SSB-ʭʝʣʠʢʘʟʳ (SHARP) [Gavrilov et al., 2022] ʠ ʜʨʫʛʠʝ. ɼʣʷ ʫʩ-

ʧʝʰʥʦʡ ʨʘʙʦʪʳ 3SR, HAD, NASBA, TAS, SDA, SHARP ʠ SPIA ʪʨʝʙʫʝʪʩʷ ʥʝ-

ʩʢʦʣʴʢʦ ʬʝʨʤʝʥʪʦʚ (ʪʨʠ ʠʣʠ ʙʦʣʝʝ), ʘ ʪʘʢʞʝ ʪʱʘʪʝʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ. CPA, 

LAMP, RCR ʠ SIBA ʩʧʦʩʦʙʥ rʢ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʜʥʦʛʦ ʬʝʨʤʝʥʪʘ [ʏʝʤʠʩʦʚʘ ʠ ʜʨ., 2022]. 

LAMP (loop-mediated isothermal amplification) ï ʀʟʦʪʝʨʤʠʯʝʩʢʘʷ ʘʤʧʣʠʬʠʢʘ-

ʮʠʷ, ʦʧʦʩʨʝʜʦʚʘʥʥʘʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʪʝʣʴ 

ɺʧʝʨʚʳʝ ʤʝʪʦʜ LAMP ʙʳʣ ʦʧʠʩʘʥ ʚ 2000 ʛʦʜʫ [Notomi et al., 2000]. ɼʣʷ ʩʠʥ-

ʪʝʟʘ ʅʂ ʚ LAMP ʧʨʠʤʝʥʷʝʪʩʷ Bst-ʧʦʣʠʤʝʨʘʟʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʙʘʢʪʝʨʠʠ 

Geobacillus stearothermophilus, ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʠʤʝʨʘʟʥʦʡ 

https://en.wikipedia.org/wiki/Loop-mediated_isothermal_amplification
https://en.wikipedia.org/wiki/Loop-mediated_isothermal_amplification
https://biomolecula.ru/articles/metody-v-kartinkakh-polimeraznaia-tsepnaia-reaktsiia#source-39
https://en.wikipedia.org/wiki/Loop-mediated_isothermal_amplification
https://en.wikipedia.org/wiki/Geobacillus_stearothermophilus#Polymerase
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ʠ ʭʝʣʠʢʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʷʤʠ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʬʘʟʳ ʜʝʥʘʪʫʨʘ-

ʮʠʠ ʠ ʚʳʧʦʣʥʷʪʴ ʨʝʘʢʮʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60ï65 Áʉ. ʆʪʣʠʯʠʝ LAMP ʦʪ ʢʣʘʩʩʠ-

ʯʝʩʢʦʡ ʇʎʈ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʩʚʦʝʡ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʦʥʘ ʪʨʝʙʫʝʪ ʧʨʠ-

ʤʝʥʝʥʠʷ 2ï3 ʧʘʨ ʧʨʘʡʤʝʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʨʝʘʢʮʠʠ, 

ʦʜʥʘʢʦ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʨʪʝʬʘʢʪʦʚ (ʈʠʩʫʥʦʢ 1.11).  

 

 
ʈʠʩʫʥʦʢ 1.11 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʘ LAMP [Alhassan et al., 2015] 

 

ɸʤʧʣʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʤ LAMP ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʛʘʥʪʝʣʝʦʙʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʮʠʢʣʠʯʝʩʢʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ, ʵʣʦʥʛʘʮʠʷ ʠ ʧʦʚʪʦʨʝʥʠʝ 

ʮʠʢʣʦʚ. ʉʧʦʩʦʙʘʤʠ ʜʝʪʝʢʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ LAMP ʷʚʣʷʶʪʩʷ: ʜʝʪʝʢʮʠʷ ʚ ʘʛʘʨʦʟʥʦʤ 

ʛʝʣʝ; ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʨʢʘʣʠʨʫʶʱʠʭ ʢʨʘʩʠʪʝʣʝʡ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ (ʨʘʟʥʳʝ 

ʚʘʨʠʘʥʪʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ FIP ʠ BIP ʟʦʥʜʦʚ); ʜʝʪʝʢʮʠʷ ʧʦ ʧʦʤʫʪʥʝʥʠʶ ʨʘʩ-

ʪʚʦʨʘ (ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ LAMP ʧʠʨʦʬʦʩʬʘʪʘ ʩ 

ʠʦʥʘʤʠ ʤʘʛʥʠʷ); ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʝʪʝʢʮʠʠ [Becherer et al., 2020]. 

https://ru.wikipedia.org/wiki/%D0%A5%D0%B5%D0%BB%D0%B8%D0%BA%D0%B0%D0%B7%D1%8B
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʩʦʟʜʘʥʠʠ LAMP ʜʣʷ ʜʝʪʝʢʮʠʠ ɼʅʂ ʚʦʟʙʫ-

ʜʠʪʝʣʷ ʧʘʨʘʪʫʙʝʨʢʫʣʝʟʘ ʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʜʣʷ ʜʝʪʝʢʮʠʠ ɼʅʂ   

Y. pestis ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʯʝʣʦʚʝʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ ʥʘ ʛʝʥ 

caf1 (ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ, ʩʦʩʪʘʚʣʷʝʪ 45 ʤʠʥ) [Punati et 

al., 2019]. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ R. Singh ʩ ʩʦʘʚʪʦʨʘʤʠ ʛʦʚʦʨʠʪʩʷ ʦ ʨʘʟʨʘʙʦʪʢʝ ʧʘʨʳ 

LAMP ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʜʝʪʝʢʮʠʠ Y. pestis, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʘʡʤʝ-

ʨʦʚ ʥʘ ʛʝʥʳ caf1 ʠ 3a [Singh et al., 2020]. ɸ J. Jin ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʠʣʠ ʦ ʨʘʟʨʘ-

ʙʦʪʢʝ LAMP ʩ ʤʠʢʨʦʞʠʜʢʦʩʪʥʳʤ ʯʠʧʦʤ, ʜʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʜʥʦ-

ʚʨʝʤʝʥʥʫʶ ʜʝʪʝʢʮʠʶ 10 ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʦʜʥʳʤ ʧʫʪʸʤ ʧʝʨʝ-

ʜʘʯʠ: Campylobacter jejuni, Listeria monocytogenes, Staphylococcus aureus, Shigella 

flexneri, Salmonella enterica, Vibrio alginolyticus, Vibrio cholerae, Vibrio 

parahemolyticus, Vibrio vulnificus ʠ Yersinia enterocolitica [Jin et al., 2021]. ʈʘʙʦʪʘ 

K.H. Ooi ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʩʚʷʱʝʥʘ ʩʦʟʜʘʥʠʶ RT-LAMP ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ SARS-

CoV-2 ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ [Ooi et al., 2022], ʘ Y. Zhu ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʠʣʠ 

ʦ ʩʦʟʜʘʥʠʠ ʤʝʤʙʨʘʥʥʦʡ ʩʠʩʪʝʤʳ LAMP ʚ ʛʝʣʝ (mgLAMP), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʙʳʩʪʨʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ SARS-CoV-2 [Zhu et al., 2021A]. 

ʀ.ʖ. ʑʠʪ ʠ ʩʦʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʣʠ LAMP ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʠʢʨʦʙʘ B. anthracis [ʑʠʪ ʠ ʜʨ., 2017]. ʈʘʙʦʪʘ F. Wekesa ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʩʚʷʱʝʥʘ 

ʩʦʟʜʘʥʠʶ LAMP ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʠʨʫʩʘ ʣʠʭʦʨʘʜʢʠ ʈʠʬʪ-ɺʘʣʣʠ [Wekesa et al., 

2023]. E. Juscamayta-L·pez ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʠʣʠ ʦ ʩʦʟʜʘʥʠʠ LAMP ʜʣʷ ʜʝʪʝʢ-

ʮʠʠ Bordetella pertussis [Juscamayta-L·pez et al., 2023]. 

W. Liu ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʠʬʠʢʘʮʠʶ LAMP ï ʧʦʣʠʤʝʨʘʟʥʫʶ ʩʧʠ-

ʨʘʣʴʥʫʶ ʨʝʘʢʮʠʶ (PSR) [Liu et al., 2015], ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ 

ʦʜʥʦʡ ʧʘʨʳ ʧʨʘʡʤʝʨʦʚ ʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʬʝʨʤʝʥʪʘ. ʅʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ 5ô-ʢʦʥʮʘ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʘʡʤʝʨʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʘ 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ 3ô-ʢʦʥʮʦʚ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳ ʠʩʢʦʤʳʤ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ɼʅʂ-ʤʠʰʝʥʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ A. Milton ʠ ʩʦʘʚʪʦʨʦʚ ʛʦʚʦʨʠʪ-

ʩʷ ʦ ʩʦʟʜʘʥʠʠ PSR ʜʣʷ ʠʥʜʠʢʘʮʠʠ ɼʅʂ S. aureus [Milton et al., 2021]. S. Kumar ʩ 

ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʘʪʁ ʦ ʨʘʟʨʘʙʦʪʢʝ ʝʱ yʦʜʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ LAMP ï MM-LAMP 

ï ʤʝʪʦʜ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʤʫʣʴʪʠʧ-

https://en.wikipedia.org/wiki/Loop-mediated_isothermal_amplification
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ʣʝʢʩʥʦʡ ʧʝʪʣʸʡ (ʦʙʲʝʜʠʥʝʥʠʝ ʤʫʣʴʪʠʧʣʝʢʩʥʦʡ LAMP ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʥʝʚʦʦʨʫ-

ʞʸʥʥʳʤ ʛʣʘʟʦʤ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ) [Kumar et al., 2022]. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʘʚʪʦʨʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦʡ ʜʝʪʝʢʮʠʠ ʈʅʂ ʚʠʨʫʩʦʚ ʜʝʥʛʝ ʠ ʏʠʢʫʥʛʫʥʴʷ. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ P. Hardinge 

ʧʨʝʜʣʦʞʠʣ ʝʱʸ ʦʜʥʫ ʤʦʜʠʬʠʢʘʮʠʶ LAMP ʧʫʪʸʤ ʩʦʚʤʝʱʝʥʠʷ ʩ ʟʦʥʜʘʤʠ ʪʠʧʘ 

Molecular Beacons [Hardinge, 2023]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ LAMP ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʜʝʪʝʢ-

ʮʠʶ ɼʅʂ Y. pestis, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴʶ ʜʣʷ ʘʥʘʣʠʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʯʝʣʦʚʝʢʘ. ʄʝʪʦʜ LAMP ʦʙʣʘʜʘʝʪ 

ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʝʢ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʨʦʜ-

ʥʳʭ ʦʯʘʛʦʚ. 

ʍʝʣʠʢʘʟʦʟʘʚʠʩʠʤʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ ï HDA (helicase-dependent amplification) 

ʍʝʣʠʢʘʟʦʟʘʚʠʩʠʤʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ ʢʘʢ ʝʱy ʦʜʥʘ ʘʣʴʪʝʨʥʘʪʠʚʘ ʇʎʈ ʙʳʣʘ ʨʘʟ-

ʨʘʙʦʪʘʥʘ ʚ 2004 ʛʦʜʫ ʢʦʤʧʘʥʠʝʡ New England Biolabs (NEB). ɸʚʪʦʨʘʤʠ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʝʘʢʮʠʠ ʭʝʣʠʢʘʟʳ UvrD, ʧʦʣʫʯʝʥʥʦʡ ʦʪ Escherichia 

coli, ʘ ʪʘʢ ʞʝ ʬʨʘʛʤʝʥʪʘ ʂʣʸʥʦʚʘ exo- ʠ SSB-ʙʝʣʢʦʚ gp32 ʬʘʛʘ ʊ4. ʍʝʣʠʢʘʟʘ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʮʝʧʝʡ ɼʅʂ, SSB-ʙʝʣʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʥʠʤʠ ʠ ʪʝʤ ʩʘ-

ʤʳʤ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʠʭ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʬʨʘʛʤʝʥʪ ʂʣʸʥʦʚʘ ʩʠʥʪʝʟʠʨʫʝʪ ʥʦʚʫ  ʁ

ʮʝʧɹ ɼʅʂ (ʈʠʩʫʥʦʢ 1.12).  

ʈʝʘʢʮʠʷ ʭʝʣʠʢʘʟʦʟʘʚʠʩʠʤʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ      

37 Áʉ. ʅʘʣʠʯʠʝ ʵʪʘʧʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʜʝʥʘʪʫʨʘʮʠʠ ɼʅʂ-ʤʘʪʨʠʮʳ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 95 Áʉ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʚ 1,5ï2 ʨʘʟʘ [Vincent et al., 2004, Yan 

et al., 2014]. ʉʝʡʯʘʩ ʧʨʦʠʟʚʦʜʷʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʝ ʥʘʙʦʨʳ, ʛʜʝ ʚʤʝʩʪʦ ʬʨʘʛʤʝʥʪʘ 

ʂʣʸʥʦʚʘ ʧʨʠʤʝʥʷʝʪʩʷ Bst-ʧʦʣʠʤʝʨʘʟʘ, ʘ ʚʤʝʩʪʦ ʭʝʣʠʢʘʟʳ UvrD E. coli ï ʪʝʨʤʦʩʪʘ-

ʙʠʣʴʥʘʷ ʭʝʣʠʢʘʟʘ UvrD ʠʟ Thermoanaerobacter tengcongensis (ʩʦʢʨʘʱʸʥʥʦ Tte-

UvrD). ʕʪʦ ʩʦʚʦʢʫʧʥʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʩʠʥʪʝʟ ɼʅʂ ʧʨʠ 65 Áʉ [ʄʘ et al., 

2017]. 

 

https://en.wikipedia.org/wiki/Klenow_fragment#The_exo-_Klenow_fragment
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ʈʠʩʫʥʦʢ 1.12 ï ʆʙʱʠʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʭʝʣʠʢʘʟʦʟʘʚʠʩʠʤʦʡ  

ʘʤʧʣʠʬʠʢʘʮʠʠ (HDA) [URL: https://international.neb.com/applications/dna-

amplification-pcr-and-qpcr/isothermal-amplification/helicase-dependent-amplification 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 16.10.2022)] 

 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʭʝʣʠʢʘʟʦʟʘʚʠʩʠʤʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʜʝʥʘʪʫʨʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘ-

ʪʦʚ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʥʜʘʨʪʥʦʡ ʇʎʈ, ʘ ʪʘʢʞʝ ʪʦ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʘʤʧʣʠʢʦʥʦʚ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 120 ʧ.ʥ. ʉʦ-

ʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ C. Zahradnik ʩ ʩʦʘʚʪʦʨʘʤʠ, ʭʝʣʠʢʘʟʦʟʘʚʠʩʠʤʘʷ ʘʤ-

ʧʣʠʬʠʢʘʮʠʷ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʯʝʤ LAMP 

[Zahradnik et al., 2014]. ɹʣʘʛʦʜʘʨʷ ʤʦʜʠʬʠʢʘʮʠʠ HDA, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʘʥʠʝʡ 

BioHelix ʠ ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʭʝʣʠʤʝʨʘʟʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʦʩʦ-

ʙʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʥʳʝ Tte-UvrD ʠ Bst-ʧʦʣʠʤʝʨʘʟʫ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʫʚʝʣʠʯʠʪʴ 

ʜʣʠʥʫ ʘʤʧʣʠʬʠʮʠʨʫʝʤʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʦ 1500 ʧ.ʥ. [Motr® et al., 2008]. 
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ʉʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʪʝʩʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ HDA, ʜʣʷ ʜʝʪʝʢʮʠʠ ɺʀʏ, Clostridium 

difficile, Chlamydia trachomatis, Herpes simplex, Neisseria gonorrhea, S. aureus ʠ 

MRSA (ʤʝʪʠʮʠʣʣʠʥʨʝʟʠʩʪʝʥʪʥʳʭ ʰʪʘʤʤʦʚ S. aureus) [An et al., 2005; Chow et al., 

2008; Jeong et al., 2009]. 

RPA (Recombinase polymerase amplification) ï ʈʝʢʦʤʙʠʥʘʟʥʘʷ ʧʦʣʠʤʝʨʘʟʥʘʷ 

ʘʤʧʣʠʬʠʢʘʮʠʷ (ʈʇɸ) 

ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 2006 ʛʦʜʫ ʩʦʪʨʫʜʥʠʢʘʤʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʢʦʤʧʘʥʠʠ TwistDX LTD [Piepenburg et al., 2006]. ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʈʇɸ 

ʧʝʨʝʜ ʢʣʘʩʩʠʯʝʩʢʦʡ ʇʎʈ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (25 Áʉ), ʚʧʨʦʯʝʤ, ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʣʷ ʫʩʧʝʰ-

ʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 37ï40 Áʉ. ɺ ʢʘʯʝʩʪʚʝ 

ʬʝʨʤʝʥʪʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʩʠʥʪʝʟ ɼʅʂ, ʚ ʈʇɸ ʧʨʠʤʝʥʷʝʪʩʷ ʙʦʣʴʰʦʡ ʬʨʘʛʤʝʥʪ 

Bsu-ʧʦʣʠʤʝʨʘʟʳ, ʪʘʢʞʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠʩʧʦʣʴʟʫʶʪʩʷ SSB-ʙʝʣʢʠ gp32 ʠ ʨʝ-

ʢʦʤʙʠʥʘʟʘ uvsX ʬʘʛʘ ʊ4. ʆʜʥʫ ʯʘʩʪʴ ʤʦʣʝʢʫʣ ʨʝʢʦʤʙʠʥʘʟʳ ʦʙʲʝʜʠʥʷʶʪ ʩ ʧʨʷʤʳʤ 

ʧʨʘʡʤʝʨʦʤ, ʜʨʫʛʫʶ ï ʩ ʦʙʨʘʪʥʳʤ (ʈʠʩʫʥʦʢ 1.13).  

ʈʇɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ɸʊʌ-ʟʘʚʠʩʠʤʳʡ ʧʨʦʮʝʩʩ ï ʜʣʷ ʦʩʚʦʙʦʞʜʝʥʠʷ 3ῂ-

ʢʦʥʮʘ ʧʨʘʡʤʝʨʘ ʦʪ ʨʝʢʦʤʙʠʥʘʟʳ ʥʝʦʙʭʦʜʠʤʘ ʵʥʝʨʛʠʷ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʦʙ-

ʨʘʟʫʝʤʳʭ ʘʤʧʣʠʢʦʥʦʚ ʦʛʨʘʥʠʯʝʥ 1000 ʧ.ʥ., ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʧʨʘʡʤʝʨʦʚ ï 30 ʥʫʢʣʝʦʪʠʜʦʚ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʈʇɸ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʫ ʦʙʳʯʥʦʡ ʇʎʈ ʠ ʩʦʩʪʘʚʣʷʝʪ 15ï30 ʤʠʥ [Babu et al., 2017]. ʈʝʢʦʤʙʠ-

ʥʘʟʥʘʷ ʧʦʣʠʤʝʨʘʟʥʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʝ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ (ʦʩʥʦʚ-

ʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʱʘʪʝʣʴʥʦʛʦ ʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠ-

ʷʤ ʨʝʘʢʮʠʠ) ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʈʇɸ ʩ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʝʡ 

ʠʣʠ ʈʇɸ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

 

https://en.wikipedia.org/wiki/Recombinase
https://en.wikipedia.org/wiki/Recombinase
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ʈʠʩʫʥʦʢ 1.13 ï ʉʭʝʤʘ ʤʝʪʦʜʘ ʨʝʢʦʤʙʠʥʘʟʥʦʡ ʧʦʣʠʤʝʨʘʟʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ 

[URL: https://international.neb.com/applications/dna-amplification-pcr-and-

qpcr/isothermal-amplification/recombinase-polymerase-amplification-and-strand-

invasion-based-amplification (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 16.10.2022)] 

 

ɺ ʨʘʙʦʪʝ O. Mayboroda ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʘʝʪʩʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʚʝʨʜʦ-

ʬʘʟʥʦʡ ʨʝʢʦʤʙʠʥʘʟʥʦʡ ʧʦʣʠʤʝʨʘʟʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʢʘʢ ʩʧʦʩʦʙʘ ʦʧʪʠʯʝʩʢʦʡ ʜʝ-

ʪʝʢʮʠʠ Y. pestis [Mayboroda et al., 2016]. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ. X.J. Du ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʠʣʠ ʦ ʩʦʟʜʘʥʠʠ RPA ʜʣʷ ʠʥʜʠʢʘʮʠʠ  

L. monocytogenes ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ [Du et al., 2018]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʝʩʪʴ ʜʘʥʥʳʝ ʧʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʪʚʝʨʜʦʬʘʟʥʦʡ RPA ʜʣʷ ʜʝʪʝʢʮʠʠ ɼʅʂ ʚʠʨʫʩʘ 

ʛʝʧʘʪʠʪʘ ɺ [Ichzan et al., 2021] ʠ ʚʠʨʫʩʘ ʧʘʧʠʣʣʦʤʳ ʯʝʣʦʚʝʢʘ [Wongsamart et al., 

2023]. 
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SHARP (SSB-Helicase Assisted Rapid PCR) ï ɹʳʩʪʨʘʷ ʇʎʈ ʩ ʧʦʤʦʱʴʶ SSB-

ʭʝʣʠʢʘʟʳ 

ʄʝʪʦʜ ʨʘʟʨʘʙʦʪʘʥ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ɼʞʦʥʘ ʍʦʧʢʠʥʩʘ ʠ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʠʤʝʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʠʥʞʝʥʝʨʥʦʡ ʭʝʣʠʢʘʟʳ PcrA M6 ʠ ʙʝʣʢʘ SSB, ʩʚʷʟʳʚʘʶʱʝʛʦ ʦʜʥʦʮʝ-

ʧʦʯʝʯʥʫʶ ɼʅʂ [Gavrilov et al., 2022]. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 65 ÁC. 

ʍʝʣʠʢʘʟʘ ʨʘʩʧʣʝʪʘʝʪ ɼʅʂ, ʥʘ ʦʜʥʦʮʝʧʦʯʝʯʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩʘʜʠʪʩʷ ʙʝʣʦʢ SSB, ʧʦ-

ʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪʞʠʛ ʧʨʘʡʤʝʨʦʚ ʠ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʧʦʣʠʤʝʨʘʟʘ. ʈʝʘʢʮʠʷ 

ʠʜʸʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 65 ÁC. ʍʝʣʠʢʘʟʘ ʨʘʩʧʣʝʪʘʝʪ ʥʠʪʠ ɼʅʂ, ʟʘʪʝʤ ʩ ʥʠʤʠ ʩʚʷʟʳ-

ʚʘʝʪʩʷ ʙʝʣʦʢ SSB, ʘ ʧʦʩʣʝ ʵʪʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʞʠʛ ʧʨʘʡʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʘʟʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʠʥʪʝʟ ʮʝʧʝʡ ɼʅʂ. 

SEA (strand exchange amplification) ï ɸʤʧʣʠʬʠʢʘʮʠʷ ʩ ʦʙʤʝʥʦʤ ʮʝʧʝʡ 

SEA ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʘʢʮʠʶ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʘʥ-

ʥʫʶ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ çʧʫʟʳʨʴʢʦʚè ʜʝʥʘʪʫʨʘʮʠʠ (ʥʝʙʦʣʴʰʠʝ ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ 

ʨʘʟʜʝʣʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʮʝʧʝʡ ɼʅʂ), ʥʫʞʜʘʶʱʫʶʩʷ ʚ ʦʜʥʦʡ ʧʘʨʝ ʧʨʘʡʤʝʨʦʚ ʠ 

ʣʠʰʴ ʦʜʥʦʤ ʬʝʨʤʝʥʪʝ ʜʣʷ ʩʠʥʪʝʟʘ ɼʅʂ [Altan-Bonnet et al., 2003; Fei, Ha, 2013; 

Shi et al., 2016]. ʄʝʪʦʜ SEA ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʸʛʢʦʩʪʴʶ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ ʚʳʧʦʣ-

ʥʝʥʠʷ ʠ ʚʳʩʦʢʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʥʘ ʥʳʥʝʰʥʝʤ ʵʪʘʧʝ 

ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʜʣʷ ʜʝʪʝʢʮʠʠ ʢʦʨʦʪʢʠʭ ʬʨʘʛʤʝʥ-

ʪʦʚ ɼʅʂ. ɺ ʨʘʙʦʪʝ X. Wang ʩ ʩʦʘʚʪʦʨʘʤʠ ʛʦʚʦʨʠʪʩʷ ʦʙ ʫʩʧʝʰʥʦʤ ʦʧʳʪʝ ʧʨʠʤʝʥʝ-

ʥʠʷ SEA ʩʦʚʤʝʩʪʥʦ ʩ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ çʙʦʢʦʚʦʛʦ ʧʦʪʦʢʘè ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ 

ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (LFA ï lateral flow assay) [Wang et 

al., 2020 ɸ]. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʝʥʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʨʠʧ-ʙʠʦʩʝʥʩʦʨʘ ʩ ʩʫʭʠʤ 

ʨʝʘʛʝʥʪʦʤ, ʧʦ ʩʚʦʝʡ ʤʝʪʦʜʠʢʝ ʩʭʦʞʝʛʦ ʩ ʀʍɸ-ʪʝʩʪʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ LFA ʜʦʢʘʟʘʣ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʚ ʫʩʣʦʚʠʷʭ, ʪʨʝʙʫʶʱʠʭ ʦʢʘʟʘʥʠʷ ʩʢʦʨʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦ-

ʱʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʤʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʙʦ-

ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ, ʪʨʝʙʫʝʪ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʘʥʘʣʠʟʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʰʝʚʠʟʥʦʡ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʚr-

ʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʘʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ [Quesada-

Gonz§lez et al., 2015]. ʄʝʪʦʜ LFA ʦʢʘʟʘʣʩʷ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʜʝʪʝʢʮʠʠ ʙʝʣʢʦʚ [Za-
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mora-G§lvez et al., 2018], ʪʦʢʩʠʥʦʚ [Song et al., 2014], ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ [Fu et 

al., 2016; Du et al., 2017] ʠ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ ʛʝʥʦʤʥʦʡ ɼʅʂ [Hui et al., 

2016]. 

A.A. Zasada ʩ ʩʦʘʚʪʦʨʘʤʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʠʣʠ ʤʝʪʦʜ rHDA, LAMP ʠ RPA 

ʚʤʝʩʪʝ ʩ ʤʝʪʦʜʦʤ LFA ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʜʠʢʘʮʠʠ ɼʅʂ Bacillus anthracis, F. 

tularensis ʠ Y. pestis [Zasada et al., 2018], ʥʝʜʦʩʪʘʪʢʘʤʠ ʧʨʠʤʝʥʸʥʥʦʛʦ ʠʤʠ ʧʦʜʭʦʜʘ 

ʷʚʠʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʣʠ-

ʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʤʝʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʧʦʩʦʙʦʚ ʦʧʝʨʘʪʠʚʥʦ-

ʛʦ ʦʙʥʘʨʫʞʝʥʠʷ Y. pestis, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ LFA [Hsu et al., 2018; 

Kortli  et al., 2020]. 

PCA (Pulse-Controlled Amplification) ï ʀʤʧʫʣʴʩʥʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ 

PCA ï ʤʝʪʦʜ ʘʤʧʣʠʬʠʢʘʮʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʚ ʢʦʪʦʨʦʤ ʜʣʷ ʥʘʛʨʝʚʘ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʟʢʠʝ ʠʤʧʫʣʴʩʳ ʵʥʝʨʛʠʠ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘ-

ʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʤʝʱʸʥʥʳʭ ʥʘʧʨʷʤʫʶ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ. ʅʘʛʨʝʚ ʠ 

ʦʭʣʘʞʜʝʥʠʝ ʟʘʥʠʤʘʶʪ ʤʠʢʨʦʩʝʢʫʥʜʳ, ʯʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʩʚʝʨʭʙʳʩʪʨʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʤʧʣʠʬʠʢʘ-

ʮʠʠ ʚ 10 ʨʘʟ ʠ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ (ʈʠʩʫʥʦʢ 1.14). 

 

 
ʈʠʩʫʥʦʢ 1.14 ï ʉʭʝʤʘ ʤʝʪʦʜʘ ʠʤʧʫʣʴʩʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ  

[URL: https://www.gna-bio.com/technology (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 14.10.2022)] 
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʨʘʙʦʪʫ K. M¿ller ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦ ʩʦʟʜʘʥʠʶ PCA ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ɼʅʂ  

ʚʦʟʙʫʜʠʪʝʣʷ [M¿ller et al., 2021]. 

SHERLOCK (Specific high sensitivity enzymatic reporter unlocking) ï ʉʧʝʮʠʬʠ-

ʯʝʩʢʘʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʨʘʟʙʣʦʢʠʨʦʚʢʘ ʨʝʧʦʨʪʝʨʦʚ 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʦʚʤʝʱʝʥʠʠ ʧʨʝʘʤʧʣʠʬʠʢʘʮʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʪʝʭ-

ʥʦʣʦʛʠʝʡ CRISPR-Cas ʜʣʷ ʫʟʥʘʚʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʝʡ [Gootenberg et al., 2017; Kellner et al., 2019]. ʉʫʪʴ ʤʝʪʦʜʘ ʩʚʦʜʠʪʩʷ ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʨʝʘʢʮʠʡ. ʇʝʨʚʦʡ ʨʝʘʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʨʝʢʦʤʙʠʥʘʟʥʘʷ ʧʦ-

ʣʠʤʝʨʘʟʥʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ. ɿʘʪʝʤ ʧʨʦʚʦʜʷʪ ʪʨʘʥʩʢʨʠʧʮʠ ʁʩʤʝʩʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠ-

ʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ T7 ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ, ʯʝʡ ʧʨʦʤʦʪʦʨ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʘʡʤʝ-

ʨʘʭ, ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚ ʈʇɸ. ɺ ʠʪʦʛʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʤʝʩʴ ʠʟ 

ɼʅʂ ʩ ʤʦʣʝʢʫʣʘʤʠ ʈʅʂ ʜʝʪʝʢʪʠʨʫʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʢʣʝʦʪʠʜʦʚ. ɼʘʣʝʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ CRISPR-Cas [Cong et al., 2013]: ʚ ʨʦʣʠ ʟʦʥʜʘ ʧʨʠʤʝʥʷʝʪʩʷ 

crʈʅʂ, ʯʘʩʪʴ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʦʡ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ʥʫʢʣʝʦ-

ʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʰʝʥʠ. ɺʦʟʥʠʢʘʶʱʠʡ ʈʅʂ-ʜʫʧʣʝʢʩ ʘʢʪʠʚʠʟʠʨʫʝʪ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʫʶ ʥʫʢʣʝʘʟʫ Cas13a, ʢʦʪʦʨʘʷ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʵʪʠʤ ʜʫʧʣʝʢʩʦʤ ʥʝ-

ʩʧʝʮʠʬʠʯʥʦ ʬʝʨʤʝʥʪʠʨʫʝʪ ʥʝʩʚʷʟʘʥʥʳʝ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠ ʚ ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʤʦʤʝʥʪ ʜʦʭʦʜʠʪ ʜʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʳʭ ʈʅʂ-ʩʝʥʩʦʨʦʚ, ʠʟʙʳʪʦʯʥʦ ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʚ ʩʠʩʪʝʤʝ. ʈʘʩʧʘʜ ʵʪʠʭ ʈʅʂ-ʩʝʥʩʦʨʦʚ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʬʣʫʦ-

ʨʠʤʝʪʨʦʤ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩʧʝʰʥʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 1.15). 

ʄʝʪʦʜ SHERLOCK ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ, ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ ʚʦʟ-

ʤʦʞʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ ʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʪʨʝʙʫʝʪʩʷ ʘʤ-

ʧʣʠʬʠʢʘʪʦʨʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʦʦʙʱʘʝʪʩʷ ʦ ʨʘʟʨʘʙʦʪʢʝ SHERLOCK ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ Plasmodium, 

ʩʧʦʩʦʙʥʳʭ ʚʳʟʳʚʘʪʴ ʤʘʣʷʨʠʶ ʫ ʯʝʣʦʚʝʢʘ [Cunningham et al., 2021]; ʚʦʟʙʫʜʠʪʝʣʷ 

ʘʬʨʠʢʘʥʩʢʦʛʦ ʪʨʠʧʘʥʦʩʦʤʦʟʘ ʯʝʣʦʚʝʢʘ [Sima et al., 2022]; ʈʅʂ ʚʠʨʫʩʦʚ SARS-

CoV-2 [Patchsung et al., 2020; Schermer et al., 2020]; ʂʨʳʤʩʢʦʡ-ʂʦʥʛʦ ʛʝʤʦʨʨʘʛʠʯʝ-

ʩʢʦʡ ʣʠʭʦʨʘʜʢʠ [Li et al., 2022] ʠ ɼʅʂ Neisseria gonorrhoeae [Luo et al., 2021]. 
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ʈʠʩʫʥʦʢ 1.15 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʪʦʜʘ SHERLOCK  

[Kellner et al., 2019] 

 

ʉʧʦʩʦʙʘʤʠ, ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʧʦʭʦʞʠʤʠ ʥʘ SHERLOCK, ʷʚʣʷʶʪʩʷ: 

NASBACC (NASBA-CRISPR ï Nucleic Acid Sequence-based Amplification ï 

CRISPR-ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ï 

CRISPR) ï ʚ ʦʩʥʦʚʝ ʣʝʞʠʪ ʘʤʧʣʠʬʠʢʘʮʠʷ ʈʅʂ ʠ ʩʠʩʪʝʤʘ CRISPR [Pardee et al., 

2016], HOLMES (One-Hour Low-cost Multipurpose Highly Efficient System ï ʦʜʥʦ-

ʯʘʩʦʚʘʷ ʥʝʜʦʨʦʛʘʷ ʤʥʦʛʦʮʝʣʝʚʘʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ) ï ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ Cas12b ʠ LAMP [Li  et al., 2018], DETECTR (DNA endonuclease-

targeted CRISPR trans reporter ï ʪʨʘʥʩ-ʨʝʧʦʨʪʝʨ CRISPR, ʥʘʮʝʣʝʥʥʳʡ ʥʘ ɼʅʂ-

ʵʥʜʦʥʫʢʣʝʘʟʫ) [Chen et al., 2018], HUDSON (Heating un-extracted diagnostic samples 

to obliterate nucleases ï ʥʘʛʨʝʚʘʥʠʝ ʥʝʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʥʫʢʣʝʘʟ) [Myhrvold et al., 2018], CDETECTION (Cas12b-mediated 

DNA detection ï ʦʙʥʘʨʫʞʝʥʠʝ ɼʅʂ, ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ Cas12b) [Gootenberg et al., 

2018; Fapohunda et al., 2022], FELICX (flap endonuclease, Taq ligase and CRISPR-

Cas for diagnostics (X) ï ʣʦʩʢʫʪʥʘʷ ʵʥʜʦʥʫʢʣʝʘʟʘ, ʣʠʛʘʟʘ Taq ʠ CRISPR-Cas ʜʣʷ ʜʠ-

ʘʛʥʦʩʪʠʢʠ (X)) [Aggarwal et al., 2023], CASMART (CRISPR ASsociated Mutation 
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Allele Rapid Test ï ʢɻʩʧʨʝʩʩ-ʪʝʩʪ ʘʣʣʝʣʷ ʤʫʪʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ CRISPR AS) [Zhang 

et al., 2023]. 

ʄʝʪʦʜʳ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ï ʵʪʦ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʧʦʪʝʥ-

ʮʠʘʣʦʤ ʜʣʷ ʚʳʪʝʩʥʝʥʠʷ ʦʙʳʯʥʦʡ ʇʎʈ-ʈɺ ʚ ʙʫʜʫʱʝʤ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʨʦʩʪʦʪʘ ʧʨʠʤʝʥʝʥʠʷ, ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʚ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, 

ʪʘʢ ʢʘʢ ʨʝʘʢʮʠʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʦʜʥʦʤ ʟʥʘʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ.r ʄʝ-

ʪʦʜʳ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ 

ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʷʭ ʩʠʩʪʝʤʳ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟ-

ʥʝʡ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʧʨʦʜʠʤʳʭ ʠʥʜʠʢʘʮʠʠ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʡ. 

ɼʅʂ-ʯʠʧʳ 

ɹʠʦʯʠʧʳ ï ʵʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ, ʥʘʥʝʩʸʥʥʳʝ ʥʘ ʦʩʦʙʫʶ ʤʘʪʨʠ-

ʮʫ, ʠ ʦʙʣʘʜʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʚʝʱʝʩʪʚ, ʥʘʭʦ-

ʜʷʱʠʭʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ (ʈʠʩʫʥʦʢ 1.16). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʙʠʦʤʦʣʝʢʫʣ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʝʥʦʤʥʳʝ ʠʣʠ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʝ ɼʅʂ-ʯʠʧʳ, ʈʅʂ-ʯʠʧʳ, ʙʝʣʢʦʚʳʝ, ʫʛʣʝʚʦʜʥʳʝ ʠ ʢʣʝʪʦʯʥʳʝ 

ʙʠʦʯʠʧʳ [ʄʠʨʟʘʙʝʢʦʚ, 2003]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʥʦʩʠʪʝʣʷ ʙʠʦʯʠʧʳ ʜʝʣʷʪʩʷ 

ʥʘ ʤʘʪʨʠʯʥʳʝ, ʢʘʧʠʣʣʷʨʥʳʝ, ʪʨʸʭʤʝʨʥʳʝ ʠ ʙʠʦʯʠʧʳ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʬʝʨ 

[Kusnezow et al., 2003]. ʉʦʝʜʠʥʝʥʠʝ ʙʠʦʤʦʣʝʢʫʣ ʩ ʥʦʩʠʪʝʣʝʤ ʚʳʧʦʣʥʷʶʪ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʘʜʩʦʨʙʮʠʠ, ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʩʠʥʪʝʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ 

ʢʨʦʩʩʣʠʥʢʝʨʦʚ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ɼʅʂ-ʯʠʧʳ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʠʥʠʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

[Lysov et al., 1996]. ɺ ʧʦʩʣʝʜʩʪʚʠʝ ɼʅʂ-ʯʠʧʳ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʧʦʩ-

ʪʘʚʣʝʥʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʠʟʫʯʝʥʠʷ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʝʜʠʥʠʯʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʚʪʦʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ [Fotin et al., 1998; Hacia, 

1999; Mir , Southern, 1999; Lindroos et al., 2001; Lowell et al., 2015; Dupont et al., 

2023; Mao et al., 2023]. 
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ʈʠʩʫʥʦʢ 1.16 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʙʠʦʯʠʧʘ  

[URL: https://orbitbiotech.com (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 18.11.2022)] 

 

ʉʫʪʴ ʤʝʪʦʜʘ ɼʅʂ-ʯʠʧʦʚ ʟʘʢʣʶʯʝʥʘ ʚ ʛʠʙʨʠʜʠʟʘʮʠʠ ʘʤʧʣʠʢʦʥʦʚ, ʧʦʣʫʯʘʝʤʳʭ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʇʎʈ ʥʘ ʤʘʪʨʠʮʝ ɼʅʂ, ʠʤʝʶʱʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʢʨʘʩʠʪʝʣʴ, ʩ ʥʘʥʝ-

ʩʸʥʥʳʤʠ ʥʘ ʩʪʝʢʣʦ ʩʧʝʮʠʬʠʯʥʳʤʠ ɼʅʂ-ʟʦʥʜʘʤʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ 

ʩʦʟʜʘʥʠʠ ʙʠʦʯʠʧʦʚ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʚ ʠʥʩʪʠʪʫʪʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠʤ. ɺ.ɸ. ʕʥʛʝʣʴʛʘʨʜʪʘ ʈɸʅ (ʛ. ʄʦʩʢʚʘ) ʩʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥ ʙʠʦʯʠʧ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʵʪʠʦʣʦʛʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʛʨʠʧʧʘ ɸ, ʩʠʙʠʨ-

ʩʢʦʡ ʷʟʚʳ, ʥʘʪʫʨʘʣʴʥʦʡ ʦʩʧʳ, ɺʀʏ-1, ʛʝʧʘʪʠʪʦʚ ɺ ʠ ʉ [ʄʠʭʘʡʣʦʚʠʯ, 2009]. K. 

Tomioka ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʠʣʠ ɼʅʂ-ʯʠʧ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʝ-

ʪʝʢʮʠʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʩʠʙʠʨʩʢʦʡ ʷʟʚʳ, ʪʫʣʷʨʝʤʠʠ ʠ ʯʫʤʳ [Tomioka et al., 2005]. 

ʊʘʢʞʝ ʝʩʪʴ ʩʚʝʜʝʥʠʷ ʦʙ ʫʩʧʝʰʥʦʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ɼʅʂ-ʯʠʧʦʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʚʠʨʫʩʘ ʛʨʠʧʧʘ [Wang et al., 2006]; ʠʥʜʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ V. cholerae O139 ʠ 

ʵʥʪʝʨʦʛʝʤʦʨʨʘʛʠʯʝʩʢʦʡ E. coli O157:H7 [Jin et al., 2007]; ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʙʫʜʠ-
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ʪʝʣʝʡ ʥʝʢʦʪʦʨʳʭ ʥʝʦʥʘʪʘʣʴʥʳʭ ʙʦʣʝʟʥʝʡ [ʄʳʟʥʠʢʦʚʘ ʠ ʜʨ., 2009; Li et al., 2021 

ɸ]; ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʘʣʠʯʠʷ ʛʝʥʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʥʪʠʙʠʦʪʠʢʘʤ [Frye et al., 2010; 

Protonotariou et al., 2021; Gr¿nzweil et al., 2021]; ʜʝʪʝʢʮʠʠ ʢʘʥʮʝʨʦʛʝʥʦʚ [Furihata et 

al., 2023]; ʦʙʥʘʨʫʞʝʥʠʷ ɼʅʂ ʚʠʨʫʩʘ ʧʪʠʯʴʝʛʦ ʛʨʠʧʧʘ [Jiang et al., 2021]; ʜʝʪʝʢʮʠʠ 

ʚʦʟʙʫʜʠʪʝʣʷ ʪʫʙʝʨʢʫʣʸʟʘ [Gaballah et al., 2022]; ʣʠʭʦʨʘʜʢʠ ʂʫ [Schmoock et al., 

2014], ʣʝʛʠʦʥʝʣʣʸʟʘ [Cao et al., 2014], ʚʠʨʫʩʦʚ ʃʘʩʩʘ, ʄʘʯʫʧʦ, ʍʫʥʠʥ, ʕʙʦʣʘ, 

ʄʘʨʙʫʨʛ [ɾʠʨʥʦʚ ʠ ʜʨ., 2015]. V. Srinivasan ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʘʶʪ ʦ ʨʘʟʨʘʙʦʪʢʝ 

ɼʅʂ-ʯʠʧʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʠʥʜʠʢʘʮʠʷ 14 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʘʪʦʛʝʥʦʚ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʚ ʚʦʜʝ: 

Aeromonas hydrophila, C. jejuni, Clostridium perfringens, Cryptosporidium parvum, 

Helicobacter pylori, Legionella pneumophila, L. monocytogenes, Mycoplasma 

genetalium, Proteus mirabilis, S. aureus, Streptococcus agalactiae, V. cholerae, Vibrio 

parahaemolyticus ʠ Y. enterocolitica [Srinivasan et al., 2017]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʜʝʤʦʥ-

ʩʪʨʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɼʅʂ-ʯʠʧʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʩʧʦʩʦʙʘ ʜʣʷ ʩʮʝʧʣʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ɼʅʂ-ʣʦʢʫʩʦʚ ʜʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʝʢʚʝʥʠʨʦʚʘ-

ʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʘʣʝʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [Bos et al., 2015]. ɺ ʥʘʫʯ-

ʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʩʦʟʜʘʥʠʠ ɼʅʂ-ʯʠʧʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ SNP-

ʜʝʪʝʢʮʠʠ ʚ ʨʘʤʢʘʭ ʩʫʜʝʙʥʦ-ʤʝʜʠʮʠʥʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ [Urtiaga et al., 2022].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʜʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʙʫʜʠʪʝ-

ʣʝʡ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ɼʅʂ-ʯʠʧr ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʥʜʠ-

ʢʘʮʠʠ ʙʦʣʝʝ ʯʝʤ 70 ʚʠʜʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ IIIïIV ʛʨʫʧʧ ʧʘʪʦʛʝʥʥʦʩʪʠ ʠ 5 ʚʠʜʦʚ 

ʧʘʪʦʛʝʥʦʚ I-II  ʛʨʫʧʧ ʧʘʪʦʛʝʥʥʦʩʪʠ: B. melitensis, B. suis (NimbleGen Systems Inc., 

ʉʐɸ), E. coli O157 (Agilent Technologies, ʉʐɸ), V. cholerae (NimbleGen Systems 

Inc., ʉʐɸ), B. anthracis (Affymetrix, ʉʐɸ). 

ɺ ʈʦʩʩʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʝʜʠʮʠʥʩʢʠʭ ʠʟʜʝʣʠʡ ʜʣʷ in vitro ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʨʝʛʠʩʪ-

ʨʠʨʦʚʘʥʳ 9 ɼʅʂ-ʯʠʧʦʚ: ʜʣʷ ʜʝʪʝʢʮʠʠ ɼʅʂ ʚʦʟʙʫʜʠʪʝʣʷ ʪʫʙʝʨʢʫʣʸʟʘ; ʜʣʷ ʠʥʜʠʢʘ-

ʮʠʠ ʈʅʂ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ʉ; ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʅʂ ʚʦʟʙʫʜʠʪʝʣʝʡ ʛʝʧʘʪʠʪʦʚ ɺ, ʉ, 

ɺʀʏ; ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʈʅʂ ʚʠʨʫʩʦʚ ʛʨʠʧʧʦʚ ɸ ʠ ɺ; ʜʣʷ ʜʝʪʝʢʮʠʠ ʚʦʟʙʫʜʠʪʝʣʝʡ 

ʦʩʪʨʳʭ ʢʠʰʝʯʥʳʭ ʠʥʬʝʢʮʠʡ [ɻʨʘʥʦʚʩʢʠʡ ʠ ʜʨ., 2014; ɻʨʷʜʫʥʦʚ ʠ ʜʨ., 2015; ʂʨʠ-

ʚʝʥʯʫʢ ʠ ʜʨ., 2015; ʂʫʣʘʛʠʥʘ ʠ ʜʨ., 2015; Ryabinin et al., 2011]. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Schmoock%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ryabinin%20VA%5Bauth%5D
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ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ çʩʫʩʧʝʥʟʠʦʥʥʳʝè ʙʠʦʯʠʧʳ, ʦʩʥʦ-

ʚʘʥʥʳʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʭMAP (Multiple Analyte Profiling ï ʤʥʦʛʦʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ), ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [ʊʝʨʥʦʚʦʡ ʠ ʜʨ., 2015]. 

ʇʦʩʣʝʜʫʶʱʝʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ɼʅʂ-ʯʠʧʦʚ ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝ-

ʥʠʷ ʠʥʜʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʡ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʨʘʩʰʠʨʠʪ ʩʧʝʢʪʨ ʨʝʰʘʝʤʳʭ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʜʝʪʝʢʮʠʠ ʤʥʦʞʝʩʪʚʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʚ ʨʘʤʢʘʭ 

ʦʜʥʦʛʦ ʘʥʘʣʠʟʘ. ʊʘʢʞʝ ʙʠʦʯʠʧʳ ʦʙʣʘʜʘʶʪ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʨʝ-

ʰʝʥʠʠ ʚʦʧʨʦʩʦʚ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʪʠʧʠʨʦʚʘʥʠ ̫ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʝʡ ʦʧʘʩʥʳʭ 

ʠʥʬʝʢʮʠʡ ʠ ʧʦʥʠʤʘʥʠʷ ʠʭ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-

ʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʘʣʠʟʘ, ʧʨʦʚʦʜʠʤʦʛʦ ʚ ʨʘʤʢʘʭ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩ-

ʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʠʩʢʘ ʧʫʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʝʡ. 

ɸʧʪʘʤʝʨʳ 

ɸʧʪʘʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʦʮʝʧʦʯʝʯʥʳʝ ʤʦʣʝʢʫʣʳ ʅʂ, ʦʙʣʘʜʘʶʱʠʝ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʦʧʨʝʜʝʣʸʥʥʫʶ ʪʨʸʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʤ-

ʧʣʝʤʝʥʪʘʨʥʫʶ ʠʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʦʩʦʙʥʫʶ çʨʘʩʧʦʟʥʘʚʘʪʴè 

ʜʨʫʛʠʝ ʤʦʣʝʢʫʣʳ ʠʣʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ [Hesselberth et 

al., 2000; Famulok et al., 2005]. 

ʇʦʣʫʯʝʥʠʝ ʘʧʪʘʤʝʨʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʝʪʦʜʝ çSELEXè ï çSystematic Evolution 

of Ligands by Exponential Enrichmentè (ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʣʠʛʘʥʜʦʚ ʧʫʪʸʤ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ) [ʂʦʧʳʣʦʚ, ʉʧʠʨʠʜʦʥʦʚʘ, 2000; Ellington, Szostak, 

1990; Tuerk, Gold, 1990; Eaton, 1997; Kusser, 2000]. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʝʥʘ ʚ ʩʝ-

ʣʝʢʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʚʦʩʩʦʟʜʘʥʠʠ ʠʟ ʥʘʙʦʨʘ ʩʣʫʯʘʡʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʥʫʢʣʝʠʥʦ-

ʚʳʭ ʢʠʩʣʦʪ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

[Bock et al., 1992; Schneider et al., 1992]. ʆʪʙʦʨ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʩʪʘ-

ʜʠʠ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʫʯʘʡʥʦʡ ʙʠʙʣʠʦʪʝʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʙʦʣʴʰʦʡ ʯʠʩʣʦ ʢʦ-

ʨʦʪʢʠʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʪʨʸʭʤʝʨ-

ʥʳʝ ʩʪʨʫʢʪʫʨʳ; ʠʥʢʫʙʘʮʠ ʁʙʠʙʣʠʦʪʝʢʠ ʩ ʤʦʣʝʢʫʣʦʡ-ʤʠʰʝʥʴʶ; ʦʪʜʝʣʝʥʠʝ ʩʚʷ-

ʟʘʚʰʠʭʩʷ ʠ ʥʝʩʚʷʟʘʚʰʠʭʩʷ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ [Cerchia et al., 2005; Drabovich et al., 
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2005]; ʘʤʧʣʠʬʠʢʘʮʠʶ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ, ʩʚʷʟʘʚʰʠʭʩʷ ʩ ʤʠʰʝʥʴʶ. ɺ ʠʪʦʛʝ ʦʙʨʘ-

ʟʫʝʪʩʷ ʦʙʦʛʘʱʸʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ, ʢʦʪʦʨʫʶ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʝʧʣʠʮʠʨʫʶʪ ʠ ʦʧʨʝʜʝ-

ʣʷʶʪ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʧʪʘʤʝʨʦʚ, ʦʩʪʘʚʰʠʭʩʷ ʧʦʩʣʝ ʦʪʙʦʨʘ 

(ʈʠʩʫʥʦʢ 1.17). ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʜʙʦʨʦʚ ʘʧʪʘʤʝʨʦʚ 

ʧʨʠʤʝʥʷʶʪʩʷ ʙʠʙʣʠʦʪʝʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʜʣʠʥʦʡ ʦʪ 20 ʜʦ 60 ʧ.ʥ. 

[Conrad et al., 1996]. S. Guo ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʠʣʠ ʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ CIVT-

SELEX ʜʣʷ ʦʪʙʦʨʘ ʘʧʪʘʤʝʨʦʚ ɼʅʂ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʣʠʛʘʥ-

ʜʘʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʥʦ ʪʘʢʞʝ ʧʨʝʪʝʨʧʝʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟ-

ʤʝʥʝʥʠʷ, ʚʣʠʷʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʶ [Guo et al., 2023]. ʂʨʦʤʝ ʪʦʛʦ, R. 

Gowland ʠ D.M. Gowers ʩʦʦʙʱʠʣʠ ʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ Cell-SELEX ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʘʧʪʘʤʝʨʦʚ ʢ ʤʠʰʝʥʷʤ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ [Gowland, Gowers, 

2023].  

 

 
ʈʠʩʫʥʦʢ 1.17 ï ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʠʥʮʠʧʘ ʤʝʪʦʜʘ çSELEXè  

[Kruspe et al., 2017] 

 

ʇʨʠʤʝʥʝʥʠʝ ʘʧʪʘʤʝʨʦʚ ʚʦʟʤʦʞʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʙʝʣʢʘʤʠ; ʧʦʜʙʦʨ ʩʧʝʮʠ-

ʬʠʯʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʙʝʣʢʦʚ [Thompson et al., 2002; Davidson, 

Ellington, 2005; Shum et al., 2011; Schlesinger et al., 2011; Guo et al., 2021; Schmitz et 

al., 2021], ʚ ʪʦʤ ʯʠʩʣʝ ʧʫʪʸʤ ʫʧʨʦʱʝʥʠʷ ʫʟʥʘʚʘʥʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʛʝʥʪʘ ʠʤ-
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ʤʫʥʥʦʡ ʩʠʩʪʝʤʦʡ ʤʘʢʨʦʦʨʛʘʥʠʟʤʘ [Pan et al., 2005; Chen et al., 2007; Bruno et al., 

2008; Ohuchi, 2012; Kristian et al., 2015]; ʘʜʨʝʩʥʘʷ ʜʦʩʪʘʚʢʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘ-

ʨʘʪʦʚ [Farokhzad et al., 2004, 2006]; ʧʦʚʳʰʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʀʌɸ, ʠʤʤʫʥʦ-

ʇʎʈ, ʙʠʦʩʝʥʩʦʨʘʭ [Zhou et al., 2014; Jeddi, Saiz, 2021; Qiao et al., 2021], ɼʅʂ-

ʯʠʧʘʭ [Duanghathaipornsuk et al., 2021] ʠʣʠ ʠʥʳʭ ʤʝʪʦʜʘʭ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ [Zamay et al., 2016; Mahmoudpour et al., 2021]. ʉʦʦʙʱʘ-

ʝʪʩʷ ʦ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʘʧ-

ʪʘʤʝʨʦʚ, ʜʣʷ ʜʝʪʝʢʮʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚʦʟʙʫʜʠʪʝʣʷ ʂʂɻʃ [Jalali et al., 2021], 

Cronobacter sakazakii [Kim et al., 2021], Shigella flexneri [Lavu et al., 2021], L. 

monocytogenes [Zhu et al., 2021 ɹ], L. pneumophila [Xiong et al., 2022], ʘʥʪʠʛʝʥʦʚ 

SARS-CoV-2 [Svobodova et al., 2022], Clostridium perfringens [Wang et al., 2022 ɸ], 

Pseudomonas aeruginosa [Schmitz et al., 2023], ʧʠʱʝʚʳʭ ʘʣʣʝʨʛʝʥʦʚ [Stidham et al., 

2022]. 

ɸʧʪʘʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʢʚʠʚʘʣʝʥʪʳ ʤʦʥʦʢʣʦʥʘʣʴ-

ʥʳʭ ʘʥʪʠʪʝʣ, ʦʙʣʘʜʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʧʦʩʣʝʜʥʠʤʠ: ʧʨʦ-

ʮʝʜʫʨʘ ʧʦʣʫʯʝʥʠʷ ʘʧʪʘʤʝʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʧʨʦʱʝ ʠ ʵʢʦʥʦʤʠʯʥʝʝ, ʦʥʠ 

ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʠ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʥʘʤʥʦʛʦ ʧʨʦʱʝ ʧʨʦʥʠʢʘʶʪ ʚ 

ʢʣʝʪʢʠ ʠ ʪʢʘʥʠ [Nimjee et al., 2005; Sun, Zu, 2015], ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʧʝ-

ʮʠʬʠʯʥʦʩʪʴʶ ʠ ʘʬʬʠʥʥʦʩʪʴʶ [Gold et al., 1995]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʤʝʪʦʜʠʢ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʝ-

ʣʝʢʮʠʠ ʘʧʪʘʤʝʨʦʚ [Saito et al., 2021] ʠ ʧʦ ʩʦʟʜʘʥʠʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ ʦʪ-

ʙʦʨʫ ʘʧʪʘʤʝʨʦʚ [Pei et al., 2021]. 

ʊʝʭʥʦʣʦʛʠʷ ʘʧʪʘʤʝʨʦʚ, ʥʝʩʦʤʥʝʥʥʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʦʙʝʱʘʶʱʠʡ 

ʤʝʪʦʜ ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʩʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʧʨʦʪʠʚʦʯʫʤʥʳʭ ʠʥʩʪʠʪʫʪʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ɹʠʦʩʝʥʩʦʨʳ 

ɹʠʦʩʝʥʩʦʨʳ ï ʵʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʧʝʨʝʜʘʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʣʠʯʠʠ ʠ ʢʦ-

ʣʠʯʝʩʪʚʝ ʵʪʠʭ ʚʝʱʝʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʊʝʭʥʦʣʦʛʠʷ 

ʙʠʦʩʝʥʩʦʨʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ L. Qlark ʚ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʸʥʥʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 
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ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʤ ʢʠʩʣʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘʟʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦ-

ʜʦʤ ʂʣʘʨʢʘ [Qlark, 1956]. ɸ ʩʘʤ ʪʝʨʤʠʥ ʙʠʦʩʝʥʩʦʨ ʙʳʣ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ K. 

Cammann ʚ 1977 ʛʦʜʫ [Cammann, 1977]. 

ʅʘʥʦʩʝʥʩʦʨʳ ï ʵʪʦ ʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʣʠ ʩʝʥʩʦʨʥʳʝ ʪʦʯʢʠ ʩ ʜʨʫ-

ʛʠʤ ʤʝʭʘʥʠʟʤʦʤ, ʜʘʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʣʠʯʠʠ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝ-

ʩʢʠʡ ʫʨʦʚʝʥʴ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʘʥʦʩʝʥʩʦʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʚʘʥʪʦ-

ʚʳʭ ʪʦʯʝʢ, ʷʚʣʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʚʦʜʥʠʢʘ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʛʜʝ ʥʦʩʠ-

ʪʝʣʠ ʟʘʨʷʜʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʨʸʭ ʠʟʤʝʨʝʥʠʷʭ [Hong et al., 2021]. 

ʆʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʯʘʩʪʷʤʠ ʙʠʦʩʝʥʩʦʨʦʚ ʷʚʣʷʶʪʩʷ: ʨʝʮʝʧʪʦʨ, 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʠʛʥʘʣʘ (ʪʨʘʥʩʜʴʶʩʝʨ), ʘ ʪʘʢʞʝ ʨʘʙʦʯʘʷ ʩʨʝʜʘ. ʆʙʱʠʡ ʧʨʠʥʮʠʧ 

ʨʘʙʦʪʳ ʙʠʦʩʝʥʩʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʮʝʧʪʦʨʘ ʩ ʠʟʫʯʘʝʤʳʤ ʦʙʨʘʟʮʦʤ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʯʸʪʦʤ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʘʥʩʜʴʶʩʝʨʦʤ ʠ ʚʳʚʝʜʝʥʠʝʤ ʨʝ-

ʟʫʣʴʪʘʪʘ ʚ ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʈʝʮʝʧʪʦʨʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʦʩʝʥʩʦʨʦʚ 

ʚʳʩʪʫʧʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʦʣʠʤʝʨʳ ï ʚʝʱʝʩʪʚʘ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʝ ʦʙʨʘʪʠ-

ʤʳʝ/ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ/ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢ-

ʪʫʨr ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʈʠʩʫʥʦʢ 1.18) [Doussineau et 

al., 2010]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤ ʪʨʘʥʩʜʴʶʩʝʨʦʤ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ 

ʙʠʦʩʝʥʩʦʨʦʚ:  

- ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʨʝ-

ʮʝʧʪʦʨʘ; 

- ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ï ʦʩʥʦʚʘʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʛʝʥʝ-

ʨʠʨʫʝʤʦʛʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʣʠ ʦʢʠʩʣʝʥʠʠ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝ-

ʱʝʩʪʚ. ʕʪʠ ʙʠʦʩʝʥʩʦʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ 

ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ ʪʦʢʘ; ʢʫʣʦʥʦʤʝʪʨʠʯʝʩʢʠʝ, ʠʟʤʝʨʷʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, 

ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʩʝʥʩʦʨ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ; ʠʤʧʝʜʘʥʩʦ-

ʤʝʪʨʠʯʝʩʢʠʝ, ʜʝʪʝʢʪʠʨʫʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʸʤʢʦʩʪʠ ʵʣʝʤʝʥʪʘ ʠ ʵʣʝʢ-

ʪʨʦʧʨʦʚʦʜʥʦʩʪʠ; ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʝ, ʜʝʪʝʢʪʠʨʫʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦ-
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ʚʦʜʥʦʩʪʠ; ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ; 

- ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ï ʨʝʛʠʩʪʨʠʨʫʶʪ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʠʣʠ ʧʣʦʪʥʦʩʪʠ; 

- ʦʧʪʠʯʝʩʢʠʝ ï ʫʯʠʪʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʷ ʠʣʠ ʧʦʛʣʦ-

ʱʝʥʠʷ ʩʚʝʪʘ, ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʧʨʦʯʝʝ [ɽʛʦʨʦʚ, 2009]; 

- ʙʠʦʩʝʥʩʦʨʳ, ʥʝʩʫʱʠʝ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʵʬʬʝʢʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ (ʨʝʟʦʥʘʥʩʥʳʝ ʢʦʣʝʙʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʙʫʞʜʝʥʠ ̫ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʢʚʘʟʠʯʘʩʪʠʮʫ, ʦʪʚʝʪʩʪʚʝʥʥʫʶ ʟʘ 

ʢʚʘʥʪʦʚʘʥʠʝ ʧʣʘʟʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʚʥʝʰʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʦʡ ʧʨʠ ʝʛʦ 

ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ), ʩʫʪʴ ʢʦʪʦʨʳʭ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ. 

- ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʪʝʭʥʦʣʦʛʠʷ ʞʠʜʢʠʭ ʢʨʠ-

ʩʪʘʣʣʦʚ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦʪ ʤʝʪʦʜ ʥʘʭʦʜʠʪʩʷ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ) [Pani et al., 

2023]. 

- ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʙʠʦʩʝʥʩʦʨ r[Kirichenko et al., 2023]. 

 

 
ʈʠʩʫʥʦʢ 1.18 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʙʠʦʩʝʥʩʦʨʘ  

 [Gergeroglu et al., 2020] 
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʪʝʢʪʠʨʫʝʤʳʭ ʤʦʣʝʢʫʣ ʙʠʦʩʝʥʩʦʨʳ ʫʩʣʦʚʥʦ ʜʝʣʷʪʩʷ ʥʘ 

ʙʝʣʢʦʚʳʝ ʩʝʥʩʦʨʳ, ʛʝʥʦʩʝʥʩʦʨʳ, ʠʤʤʫʥʦʩʝʥʩʦʨʳ ʠ ʙʠʦʩʝʥʩʦʨʳ ʜʣʷ ʜʝʪʝʢʮʠʠ 

ʠʥʳʭ ʚʝʱʝʩʪʚ [Liu et al., 2020, 2022; Sun, 2022]. ʇʦ ʤʝʭʘʥʠʟʤʫ ʫʟʥʘʚʘʥʠʷ ʠʩʢʦʤʦ-

ʛʦ ʚʝʱʝʩʪʚʘ ʛʝʥʦʩʝʥʩʦʨʳ ʜʝʣʷʪʩʷ ʥʘ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʝ, ʦʩʥʦʚʘʥʥrʝ ʥʘ ʩʧʦʩʦʙʥʦ-

ʩʪʠ ʦʜʥʦʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʥʫʢʣʝʦʪʠʜʦʚ; ʠʥʪʝʨʢʘʣʷʮʠʦʥʥʳʝ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ 

ʚʥʝʜʨʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ɼʅʂ; ʘʧʪʘʤʝʨʥʳʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʭ ɼʅʂ-ʦʚʭr ʘʧʪʘʤʝʨʦʚ [Ning et al., 2020; Downs et al., 2021; Zhu et al., 2022]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʚʤʝʩʪʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʠʦ-

ʩʝʥʩʦʨʦʚ ʩ ʤʝʪʦʜʘʤʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ [Safavieh et al., 2012; Shi et 

al., 2014; Del R²o et al., 2016; Lau et al., 2017; Barreda-Garc²a et al., 2017; Kampeera 

et al., 2019; Leonardo et al., 2021; Li  et al., 2022 ɹ], CRISPR/Cas ʩʠʩʪʝʤʳ [Niu et al., 

2021; Li  et al., 2021 ɹ] ʠ ʘʧʪʘʤʝʨʦʚ [Ma et al., 2022 ɹ; Wei et al., 2022], CRISPR/Cas 

[Li  et al., 2023] ʠ ʜʝʥʜʨʠʤʝʨʦʚ [Fu et al., 2023]. 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʨʘʟʨʘʙʦʪʢʝ ʙʠʦʩʝʥʩʦʨʦʚ ʜʣʷ ʜʝʪʝʢʮʠʠ 

ʘʥʪʠʛʝʥʦʚ Y. pestis [Meyer et al., 2007; Born et al., 2020; Chen et al., 2023], ʧʨʦʢʘʨʠ-

ʦʪ ʨʦʜʘ Yersinia [Liu et al., 2019], ʚʠʜʘ Y. pseudotuberculosis [Yang et al., 2021 ɹ], 

ʦʙʥʘʨʫʞʝʥʠʷ ʭʦʣʝʨʥʦʛʦ ʪʦʢʩʠʥʘ [Kim et al., 2023], ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʥʦʨʦʚʠʨʫʩʦʚ 

[Dong et al., 2019], ʚʠʨʫʩʘ ʏʠʢʫʥʛʫʥʴʷ [Singhal et al., 2018], ʛʝʨʧʝʩʚʠʨʫʩʦʚ [Toldr¨ 

et al., 2020], ʠʨʠʜʦʚʠʨʫʩʦʚ [Liu et al., 2021 ɺ], ʚʠʨʫʩʘ ʛʨʠʧʧʘ [Li et al., 2012], ʚʠʨʫ-

ʩʘ ɿʠʢʘ [Takemura et al., 2019], ʚʠʨʫʩʘ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ ʠ ʢʦʠʥʬʝʢʮʠʠ 

ʛʝʧʘʪʠʪʘ ʉ [Srisomwat et al., 2022], SARS-CoV-2 [Gao et al., 2022], ʨʷʜʘ ʦʥʢʦʛʝʥʦʚ 

[Chen et al., 2021 ɹ], ʤʘʨʢʝʨʦʚ ʣʝʡʢʝʤʠʠ [Li et al., 2022 ɹ], ʥʝʢʦʪʦʨʳʭ ʧʨʦʩʪʝʡʰʠʭ 

[Escosura-Mu¶iz et al., 2016], ʛʨʠʙʦʚ [Xie et al., 2018; Rana et al., 2023], ʙʘʢʪʝʨʠʡ 

ʨʦʜʘ Salmonella [Barreda-Garc²a et al., 2017], E. coli [Safavieh et al., 2012; Pandit et 

al., 2022], V. cholerae [Liew et al., 2015], V. parahaemolyticus [Kampeera et al., 2019], 

Clostridium tetani [Liu et al., 2016], M. tuberculosis [Ng et al., 2015; Ma et al., 2022 

A], L. monocytogenes [Li  et al., 2021 ɹ]. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʙʠʦʩʝʥʩʦʨʦʚ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴ, ʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʤʦʙʠʣʴʥʦʩʪʴ ʠ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ, 
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ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʥʜʠʢʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦ-

ʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʘʭ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʬʝʜepʘʣʴʥʦʤ ʫʨʦʚʥʝ ʩʠʩʪeʤʳ ʣʘʙʦʨʘʪopʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʠʥʬʝʢʮʠoʥʥʳʭ ʙʦʣʝʟʥʝʡ ʈʦʩʩʠʠ. 

ɼʅʂ-ʦʨʠʛʘʤʠ (DNA-Origami) ʠ ɼʅʂ-ʥʘʥʦʤʘʰʠʥʳ 

ʊʝʭʥʦʣʦʛʠʷ ɼʅʂ-ʦʨʠʛʘʤʠ ʦʩʥʦʚʘʥʘ ʥʘ ʩʠʥʪʝʟʝ ʤʦʣʝʢʫʣ ɼʅʂ, ʢʦʪʦʨʳʝ ʩʧʦ-

ʩʦʙʥʳ ʢ ʧʦʩʣʝʜʫʶʱʝʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʟʘʨʘʥʝʝ ʩʤʦʜʝʣʠʨʦʚʘʥ-

ʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʝʨʚʦʝ ʩʦʦʙʱʝʥʠʝ ʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ 3D-ʩʪʨʫʢʪʫʨ 

ʠʟ ʤʦʣʝʢʫʣ ɼʅʂ ʜʘʪʠʨʫʝʪʩʷ 1982 ʛ. [Seeman, 1982]. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʨʘʙʦʪʳ P.W. Rothemund [Rothemund, 2006], ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳ-

ʚʘʝʪʩʷ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠʟ ɼʅʂ ʩ ʟʘʨʘʥʝʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢ-

ʪʫʨʦʡ ʠ ʬʦʨʤʦʡ (ʈʠʩʫʥʦʢ 1.19). 

 

 
ʈʠʩʫʥʦʢ 1.19 ï ʇʨʠʤʝʨʳ ʩʦʟʜʘʥʥʳʭ ɼʅʂ-ʦʨʠʛʘʤʠ  

[URL: https://www.jhunewsletter.com/article/2020/02/dialogues-in-research-dna-

origami-and-labyrinths (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 25.09.2022)] 

 

ʉʦʟʜʘʚʘʝʤʳʝ ɼʅʂ-ʦʨʠʛʘʤʠ ʤʦʛʫʪ ʥʝʩʪʠ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʛʨʫʧʧ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʤʦʣʝʢʫʣ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʦʜʥʦ-

ʛʦ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠ ̫ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʘʧ-
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ʪʘʤʝʨʦʚ ʠʣʠ ʜʨʫʛʠʭ ʣʠʛʘʥʜʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʤʝʪʦʜʦʤ ɼʅʂ-ʦʨʠʛʘʤʠ [Leitner et 

al., 2011] ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʝʥʩʦʨʥʳʭ ʙʠʦʯʠʧʦʚ ʠ ʙʠʦʩʝʥ-

ʩʦʨʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʝʪʝʢʮʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ [Ke et al., 2008; Zhang et al., 

2010] ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʤʫʪʘʮʠʡ [Zhang et al., 2017], ʙʝʣʢʦʚ ʠ 

ʠʥʳʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʥʘʥʦʨʘʟʤʝʨʥʳʝ [Arroyo et al., 2020; Wang et al., 2020 ɹ; 

Taghdisi et al., 2020]. ʇʦʚʳʰʝʥʠʷ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʜʝʪʝʢʮʠʠ ʤʦʞʥʦ ʜʦ-

ʙʠʪʴʩʷ, ʩʚʷʟʳʚʘʷ ɼʅʂ-ʦʨʠʛʘʤʠ ʩ ʤʘʪʨʠʮʝʡ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ɼʅʂ-ʩʪʨʫʢʪʫʨʳ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʧʦʨʷʜʢʝ ʠ ʩ ʪʨʝʙʫʝʤʦʡ ʦʨʠʝʥʪʘʮʠ-

ʝʡ [Kershner et al., 2009; Cervantes et al., 2020]. ɺ ʨʘʙʦʪʝ M. Raveendran ʩ ʩʦʘʚʪʦ-

ʨʘʤʠ ʛʦʚʦʨʠʪʩʷ ʦ ʩʦʟʜʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʩʝʥʩʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʅʂ-

ʦʨʠʛʘʤʠ ʠ ʩʧʝʮʠʬʠʯʥʳʤ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʰʝʥʠ ɼʅʂ-ʘʧʪʘʤʝʨʘ. ʇʨʝʜ-

ʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʨʦʚʝ-

ʜʝʥʠʠ ʜʝʪʝʢʮʠʠ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʤʘʨʢʝʨʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʢʣʠʥʠ-

ʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ [Raveendran et al., 2020]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ɼʅʂ-ʦʨʠʛʘʤʠ, ʜʣʷ ʧʨʦʚʝʜʝ-

ʥʠʷ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʚʠʨʫʩʘ ʛʝʧʘʪʠʪʘ ɺ [Liu et al., 2018] ʠ ʜʝʪʝʢʮʠʠ ʈʅʂ ʚʠʨʫʩʘ 

ɿʠʢʘ [Ochmann et al., 2017], ʜʝʪʝʢʮʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ [Domljanovic et al., 

2022]. ʊʝʭʥʦʣʦʛʠʷ ɼʅʂ-ʦʨʠʛʘʤʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʣʠʪʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʤʘʩʦʢ, ʚ ʧʝʨʩʧʝʢʪʠʚʝ ï ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ 

ʦʩʥʦʚʝ ʤʦʣʝʢʫʣ ɼʅʂ [Fan et al., 2020]. V. Glembockyte ʠ M. Pfeiffer ʩ ʩʦʘʚʪʦʨʘʤʠ 

ʩʦʦʙʱʠʣʠ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʘʥʪʝʥʥ ɼʅʂ-ʦʨʠʛʘʤʠ ʜʣʷ ʫʩʠ-

ʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʯʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʝʜʠʥʠʯʥʳʭ 

ʤʦʣʝʢʫʣ ʠʩʢʦʤʦʛʦ ʚʝʱʝʩʪʚʘ (ɼʅʂ, ɸʊ) [Glembockyte et al., 2021; Pfeiffer et al., 

2021]. ʏʘʩʪʥʳʤ ʧʨʠʤʝʨʦʤ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʤ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʨʘʙʦʪ, 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ V. Kaur ʩ ʩʦʘʚʪʦʨʘʤʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʟʚʝʟʜʥʳʭ ɼʅʂ-

ʦʨʠʛʘʤʠ ʜʣʷ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʜʝʪʝʢʮʠʠ ʜʦʬʘʤʠʥʘ [Kaur et al., 2021]. ɽʱ yʦʜ-

ʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ɼʅʂ-ʦʨʠʛʘʤʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʨʘʙʦʪʘ M. Shahhosseini ʩ ʩʦʘʚʪʦʨʘʤʠ, ʧʦʩʚʷʱʸʥʥʘʷ ʜʝʪʝʢʮʠʠ ʙʠʦʤʦʣʝʢʫʣ ʚ ʨʝʞʠ-
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ʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʥʩʦʨʥʦʡ ʧʣʘʪʬʦʨʤʳ ɼʅʂ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʜʝʥʜʨʠʪʥʳʭ ʢʣʝʪʦʢ ʚ ʪʨʸʭʤʝʨʥʦʡ ʤʠʢʨʦʞʠʜʢʦʩʪʥʦʡ ʤʦʜʝʣʠ ʪʢʘʥʠ 

[Shahhosseini et al., 2022]. ʊʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ɼʅʂ-

ʦʨʠʛʘʤʠ ʷʚʣʷʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʥʘʥʦʤʘʪʝʨʠʘʣʳ, ʧʦʚʪʦʨʷʶʱʠʝ ʩʚʦʡʩʪʚʘ ʙʠʦʤʘʪʝʨʠʘʣʦʚ) 

[Yan et al., 2023]. 

ʈʘʟʚʠʪʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʩʦʟʜʘʥʠʶ ʚʩʝ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠ ʩʣʦʞʥʳʭ 

ʬʦʨʤ ɼʅʂ-ʦʨʠʛʘʤʠ ʧʨʠʚʝʣʦ ʢ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʠ ɼʅʂ-ʥʘʥʦʤʘʰʠʥ (ʈʠʩʫʥʦʢ 

1.20). 

ɼʅʂ-ʥʘʥʦʤʘʰʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ɼʅʂ, ʦʙʣʘʜʘʶʱʠʝ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ: ʜʝʪʝʢʮʠʷ ʤʘʨʢʝʨʥʳʭ ʥʫʢʣʝʦʪʠʜ-

ʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʜʦʩʪʘʚʢʘ ʣʝʢʘʨʩʪʚ, ʘʢʪʠʚʘʮʠʷ ʨʘʩʱʝʧʣʝʥʠʷ ʈʅʂ-

ʤʠʰʝʥʝʡ ʩ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʮʝʣʴʶ [Bath, Turberfield, 2007; Cox et al., 2016]. 

 

 
ʈʠʩʫʥʦʢ 1.20 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ɼʅʂ-ʥʘʥʦʤʘʰʠʥ  

[URL: https://biomolecula.ru/articles/molekuliarnye-mashiny-ot-sozdaniia-

iskusstvennoi-modeli-k-terapii-raka (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.01.2023)] 

 

ɺ ʯʘʩʪʥʦʩʪʠ, ʛʨʫʧʧʦʡ ʢʠʪʘʡʩʢʠʭ ʫʯʸʥʳʭ ʨʘʟʨʘʙʦʪʘʥ ɼʅʂ-ʥʘʥʦʨʦʙʦʪ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʘʭ ɼʅʂ-ʦʨʠʛʘʤʠ ʠ ʘʧʪʘʤʝʨʦʚ [Li  et al., 2018]. ʕʪʦʪ ɼʅʂ-

ʥʘʥʦʨʦʙʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʦʩʪʘʚʢʫ ʪʨʦʤʙʠʥʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʪʨʫʙʯʘʪʦʡ ʢʦʥʩʪʨʫʢ-

https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BD%D0%BE%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB


91 

 

ʮʠʠ ɼʅʂ-ʦʨʠʛʘʤʠ, ʧʨʷʤʦ ʚ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ ʩ ʧʦʤʦʱʴʶ ʘʧʪʘʤʝʨʦʚ, ʨʘʟʙʠʨʘʶʱʠʭ 

ɼʅʂ-ʦʨʠʛʘʤʠ ʣʠʰʴ ʧʨʠ ʥʘʣʠʯʠʠ ʙʝʣʢʦʚ, ʤʘʨʢʝʨʥʳʭ ʜʣʷ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʩʪʠʤʫʣʷʮʠʷ ʩʚʸʨʪʳʚʘʥʠ ̫ʢʨʦʚʠ ʚ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʘʭ ʩ ʧʦ-

ʩʣʝʜʫʶʱʝʡ ʙʣʦʢʠʨʦʚʢʦʡ ʢʨʦʚʦʪʦʢʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʥʝʢʨʦʟ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. 

ɽʱy ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɼʅʂ-ʥʘʥʦʤʘʰʠʥ ʢʘʢ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʬʠʯʥʳʭ ʤʦʣʝʢʫʣ ɼʅʂ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ ʨʘʩʱʝʧʣʷʪʴ ʮʝʣʝʚʳʝ ʈʅʂ-ʤʠʰʝʥʠ ï ʜʝʟʦʢʩʠʨʠʙʦʟʠʤʳ. ɼʝʟʦʢʩʠʨʠʙʦ-

ʟʠʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʣʝʢʫʣ rɼʅʂ, ʦʙʣʘʜʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʩʱʝʧ-

ʣʷʪʴ, ʬʦʩʬʦʨʠʣʠʨʦʚʘʪʴ ʠ ʣʠʛʠʨʦʚʘʪʴ ʮʝʧʠ ɼʅʂ, ʤʝʪʠʣʠʨʦʚʘʪʴ ʧʦʨʬʠʨʠʥʳ ʠ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴ ʛʠʜʨʦʣʠʟ ʈʅʂ ʧʫʪʸʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ [Silverman, 

2009; Woolcock, 2016; Khachigian, 2019]. ɺʧʝʨʚʳʝ ʦ ʜʝʟʦʢʩʠʨʠʙʦʟʠʤʘʭ ʩʦʦʙʱʠʣʠ 

ʚ 1994 ʛʦʜʫ R.R. Breaker ʠ G.F. Joyce [Breaker, Joyce, 1994] ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ, ʧʦʩʚʷ-

ʱʸʥʥʦʡ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʘ SELEX ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ, 

ʢʘʪʘʣʠʟʠʨʫʶʱʠʭ ʨʘʟʨʫʰʝʥʠʝ ʬʦʩʬʦʜʠʵʬʠʨʥʦʡ ʩʚʷʟʠ ʚ ʩʪʨʫʢʪʫʨʝ ʈʅʂ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʩʦʦʙʱʝʥʠʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɼʅʂ-ʥʘʥʦʤʘʰʠʥ ʜʣʷ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʚʠʨʫʩʘ ʧʘʧʠʣʣʦʤʳ ʯʝʣʦʚʝʢʘ [Lyalina et al., 2018], S. aureus [Cai et al., 

2021], ʚʠʨʫʩʘ ɺʀʏ [Zheng et al., 2018], S. enteritidis [Zhang et al., 2020]; ʦ ʨʘʟʨʘʙʦʪ-

ʢʝ ʪʨʸʭʤʝʨʥʦʛʦ ɼʅʂ-ʥʘʥʦʤʘʰʠʥʥʦʛʦ ʙʠʦʩʝʥʩʦʨʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʛʝʥʘ, ʩʚʷʟʘʥ-

ʥʦʛʦ ʩ ʨʘʢʦʤ [Wu et al., 2020]; ʥʘʧʨʘʚʣʝʥʥʦʡ 3D-ʥʘʥʦʤʘʰʠʥʳ ʥʘ ʦʩʥʦʚʝ ɼʅʂ-

ʜʝʥʜʨʠʤʝʨʘ ʜʣʷ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʈʅʂ-21 ʚ ʨʘʢʦʚʳʭ ʢʣʝʪʢʘʭ [Wang et al., 2022 ɹ] ʠ 

ʵʣʝʢʪʨʦʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʙʠʦʩʝʥʩʦʨʝ ʜʣʷ ʜʝʪʝʢʮʠʠ ʤʠʢʨʦʈʅʂ-21 ʥʘ ʦʩʥʦʚʝ 

ɼʅʂ-ʥʘʥʦʤʘʰʠʥʳ ʠ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʜʫʧʣʝʢʩ-ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʥʫʢʣʝʘʟʦʡ (DSN) [Wang et al., 2023]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ɼʅʂ-ʦʨʠʛʘʤʠ ʠ ɼʅʂ-

ʥʘʥʦʤʘʰʠʥ ʜʦʚʦʣʴʥʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦ-

ʩʪʠ ʠʭ ʚʥʝʜʨʝʥʠʷ ʚ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʘʛ-

ʥʦʩʪʠʢʠ, ʧʨʦʚʦʜʠʤʦʡ ʚ ʨʝʬʝʨʝʥʩ-ʮʝʥʪʨʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʄʝʪʦʜʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʷʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫ  ʁʤʦʜʝʣʴ, ʘ ʪʘʢʞʝ ʝʸ ʧʨʦʛʨʘʤʤ-

ʥʫ  ʁʠ ʘʧʧʘʨʘʪʥʫ  ʁʨʝʘʣʠʟʘʮʠʶ, ʩʦʟʜʘʥʥʫ  ʁʧʦ ʦʙʨʘʟʫ ʠ ʧʦʜʦʙʠʶ ʩʝʪʠ ʥʝʨʚʥʳʭ 
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ʢʣʝʪʦʢ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ (ʈʠʩʫʥʦʢ 1.21). ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ï ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʦʙʫʯʝʥʠʝʤ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʰʝʥʠʡ ʤʥʦʞʝʩʪʚʘ ʧʦʭʦʞʠʭ ʟʘʜʘʯ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʡʨʦʩʝʪʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʠ ʩ ʢʘʞʜʳʤ 

ʛʦʜʦʤ ʚʥʝʜʨʷʶʪʩʷ ʚ ʥʦʚʳʝ ʩʬʝʨ rʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʬʠʥʘʥʩʦʚʦʡ ʜʠʥʘʤʠʢʠ, ʧʩʠʭʦʜʠʘʛʥʦʩʪʠʢʘ, ʭʝʤʦʠʥʬʦʨʤʘʪʠʢʘ, ʥʝʡʨʦʫʧʨʘʚʣʝʥʠʝ, 

ʵʢʦʥʦʤʠʢʘ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ.  

 

 
ʈʠʩʫʥʦʢ 1.21 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ  

[URL: https://zvukobook.ru (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 20.11.2022)] 

 

ɺ ʨʘʙʦʪʝ Q. Yang ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʘʝʪʩʷ ʦʙ ʦʧʳʪʝ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʨʪʦʯʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (MMNet), ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʘʥʘʣʠʟʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʨʘʟʥʳʭ ʚʠʜʦʚ ʥʘʩʝʢʦʤʳʭ ʠ 

ʨʳʙ [Yang et al., 2021 ɹ]. ʀʩʩʣʝʜʦʚʘʥʠʝ E. Irmak ʧʦʩʚʷʱʝʥʦ ʩʦʟʜʘʥʠʶ ʤʦʜʝʣʠ 

ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ COVID-19 [Irmak et al., 2022]. ʊʘʢʞʝ 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʩʦʦʙʱʝʥʠʷ ʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦ-

ʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʤ ʧʨʝʧʘʨʘʪʘʤ 

[M§jek et al., 2021], ʜʣʷ ʜʝʪʝʢʮʠʠ ʦʥʢʦʤʘʨʢʝʨʦʚ [Iwano et al., 2021; Alshammari et 
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al., 2021; Zhou et al., 2022; Tsang et al., 2022], ʥʝʢʦʪʦʨʳʭ ʧʘʪʦʛʝʥʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

M. Zare ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʠʣʠ ʦ ʩʦʟʜʘʥʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟ-

ʙʫʜʠʪʝʣʷ ʣʝʡʰʤʘʥʠʦʟʘ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ [Zare et al., 2022], K. 

PreiÇinger ï ʦ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʘ ʘʚʪʦʥʦʤʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʥ-

ʬʠʮʠʨʦʚʘʥʥʳʭ ʤʘʣʷʨʠʝʡ ʵʨʠʪʨʦʮʠʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

[PreiÇinger et al., 2022], ʘ H. Mayrose ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʠʣʠ ʦ ʩʦʟʜʘʥʠʠ ʩʧʦʩʦʙʘ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʙʫʜʠʪʝʣʷ ʣʠʭʦʨʘʜʢʠ ʜʝʥʛʝ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʤʘʟʢʦʚ ʢʨʦʚʠ ʥʘ ʦʩ-

ʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ [Mayrose et al., 2023]. ʈʘʙʦʪʘ S.I. Hossain ʩ ʩʦʘʚʪʦʨʘʤʠ 

ʘʥʘʣʦʛʠʯʥʦ ʧʦʩʚʷʱʝʥʘ ʜʠʘʛʥʦʩʪʠʢʝ ʙʦʣʝʟʥʠ ʃʘʡʤʘ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʧʦʨʘʞʝʥʠʡ 

ʢʦʞʠ [Hossain et al., 2022]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʜʘʥʥʳʝ ʦ ʨʘʟʨʘʙʦʪʢʝ 

ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʛʨʠʙʢʦʚʳʭ ʧʘʪʦʛʝʥʦʚ [Bartoszewicz et al., 

2022]. ʊʘʢʞʝ ʦʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ H. Ding ʠ J. Luo, ʧʦʩʚʷ-

ʱʸʥʥʳʝ ʨʘʟʨʘʙʦʪʢʝ ʙʳʩʪʨʦʛʦ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʤʝʪʦʜʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʪʠʧʠʨʦ-

ʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʚʘʨʠʘʮʠʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʝʥʦʤʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʢʦʤʙʠʥʘʮʠʠ 

ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʜʣʠʥʥʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʩʝʪʠ [Ding, Luo, 2002]. ʄ. 

Altun ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʠʣʠ ʦ ʨʘʟʨʘʙʦʪʢʝ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʩʧʳ 

ʦʙʝʟʴʷʥ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʨʘʞʝʥʠʡ ʢʦʞʠ [Altun et al., 2023]. 

ʀʥʪʝʨʝʩʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝ-

ʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠʤʝ-

ʨʘʤʠ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ: ʨʘʙʦʪʘ H. Son ʩ ʩʦʘʚʪʦʨʘʤʠ, ʧʦʩʚʷʱʸʥʥʘʷ 

ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʚʫʭʨʝʟʦʥʘʥʩʥʦʛʦ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʙʠʦʩʝʥ-

ʩʦʨʘ, ʛʜʝ ʩ ʧʦʤʦʱʴʶ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʦʣʫʯʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ [Son et al., 2022]; ʨʘʙʦʪʘ G. Sukhorukov ʩ ʩʦʘʚʪʦʨʘʤʠ, ʚ ʢʦʪʦʨʦʡ ʩʦ-

ʦʙʱʘʝʪʩʷ ʦ ʨʘʟʨʘʙʦʪʢʝ ʩʚʝʨʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʛʣʫʙʦʢʠʤ ʦʙʫʯʝʥʠʝʤ ʜʣʷ ʦʙ-

ʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʠ ʠʟʚʝʩʪʥʳʭ ʚʠʨʫʩʦʚ ʨʘʩʪʝʥʠʡ ʚ ʩʙʦʨʢʘʭ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘ-

ʥʠʷ çVirHunterè [Sukhorukov et al., 2022]; ʨʘʙʦʪʘ H. Yang ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦ ʢʦʥʩʪ-

ʨʫʠʨʦʚʘʥʠʶ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʮʠʬʨʦʚʦʡ ʇʎʈ [Yang et al., 

2022]; ʨʘʙʦʪʘ R. Gao ʩ ʩʦʘʚʪʦʨʘʤʠ, ʧʦʩʚʷʱʸʥʥʘʷ ʨʘʟʨʘʙʦʪʢʝ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʧʦʠʩʢʘ 

ʚʩʪʘʚʦʢ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʛʝʥʦʤʝ ʯʝʣʦʚʝʢʘ [Gao et al., 2023]; 

ʨʘʙʦʪʘ N. Mohammad ʧʦ ʩʦʟʜʘʥʠʶ ʩʧʦʩʦʙʘ ʦʙʥʘʨʫʞʝʥʠʷ ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʢʣʦʥʦʚ 
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Candida parapsilosis ʧʫʪʤy ʩʦʯʝʪʘʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ MALDI-TOF ʠ ʧʦʜʭʦ-

ʜʦʚ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ [Mohammad et al., 2023]. 

ʊʘʢʞʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʜʘʥʥʳʝ ʦ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʘ ʥʝʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʧʠʟʦʦʪʠʡ Y. pestis ʩʨʝʜʠ ʜʠʢʠʭ 

ʞʠʚʦʪʥʳʭ [Barrile et al., 2023]. 

ʇʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʙʝʟʫʩʣʦʚʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʢʦʣʦʩʩʘʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʚʩʝʭ ʩʬʝʨ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʜ-

ʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʢʘʩʘʶʱʠʭʩʷ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʥʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ: 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʯʫʤʘ ʧʨʦʜʦʣʞʘʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʨʦʙʣʝʤʫ ʜʣʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʯʪʦ ʜʠʢʪʫʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʨʦʜʥʳʭ 

ʦʯʘʛʦʚ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝ-

ʤʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʩʦʛʣʘʩʥʦ ʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʦʜʚʠʜʘʤ, ʙʠʦʚʘʨʘʤ ʠ ʚʝʪʚʷʤ ʵʚʦʣʶʮʠʠ. ʋʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʠʟ ʚʩʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʠʩʪʝʤ-

ʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʇʎʈ-ʈɺ, ɸʉ-ʇʎʈ-ʈɺ ʠ ʩʠʩʪʝʤʳ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ 

ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ.  

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚ ʦʪʥʦ-

ʰʝʥʠʠ ʠʟʫʯʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ Y. pestis, ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʮʝʥʪʨʘʣʴ-

ʥʦʘʟʠʘʪʩʢʠʡ, ʢʘʚʢʘʟʩʢʠʡ, ʫʣʝʛʝʡʩʢʠʡ ʧʦʜʚʠʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʯʫʤʳ ʟʘ ʚʨʝʤʷ ʪʨʝʪʴʝʡ ʧʘʥʜʝʤʠʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩʦ ʰʪʘʤʤʘʤʠ 

ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʜʝʣʝʥʥʳʤʠ ʠʟ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ɺʴʝʪʥʘʤʘ, 

ʦʩʪʘʶʪʩʷ ʥʝʠʟʫʯʝʥʥʳʤʠ ʠ ʥʝʦʩʚʝʱʸʥʥʳʤʠ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʇʨʦʚʝʜʸʥʥʳʡ 

ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʚʠʜʘ Y. pestis. 
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ʉʆɹʉʊɺɽʅʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

ɻʃɸɺɸ 2 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

 

2.1 ʄʘʪʝʨʠʘʣʳ 

 

2.1.1 ʐʪʘʤʤʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʫʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ɺʩʝ ʰʪʘʤʤʳ Y. pestis ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʠʟ ɻʦʩʫʜapʩʪʚʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ 

ʧʘʪʦʛeʥʥʳʭ ʙʘʢʪepʠʡ ʌʂʋʅ ʈoccʠʡcʢʠʡ ʧʨʦʪʠʚoʯʫʤʥrʡ ʠʥcʪʠʪʫʪ çʄʠʢpoʙè 

ʈʦʩʧʦʪpeʙʥʘʜʟʦʨʘ. ɺʳʨʘʱʠʚʘʥʠʝ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʪʝ-

ʯʝʥʠʝ 24ï48 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪypʝ 28 Áʉ ʠʣʠ 37 Áʉ ʥa ʘʛʘʨʝ ʠʣʠ ʚ ʙʫʣʴoʥe LB pH 7,2, 

ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ɻʠʩʩʘ. ɺʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʯʠʩʪʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

(IïIV ʛʨʫʧʧ ʧʘʪʦʛʝʥʥʦʩʪʠ) ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʙʦʢʩʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ II ɺ 

ʢʣʘʩʩʘ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ ʩʨʝʜʩʪʚ, ʚ ʧʦʣʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪpeʙʦʚʘʥʠʷʤʠ ʉaʥʇʠʅ 3.3686-21 çʉʘʥʠʪapʥʦ-ʵʧʠʜeʤʠʦʣʦʛʠʯʝʩʢʠʝ 

ʪpeʙʦʚʘʥʠʷ ʧʦ ʧpoʬʠʣʘʢʪʠʢʝ ʠʥʬeʢʮʠʦʥʥʳʭ ʙʦʣeʟʥʝʡè. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦ-

ʪʝ ʠʩʧʦʣʴʟʦʚʘʥʦ 246 ʰʪʘʤʤʦʚ Yersinia pestis, 3 ʰʪʘʤʤʘ Yersinia pseudotuberculosis, 

1 ʰʪʘʤʤ Yersinia enterocolitica, 1 ʰʪʘʤʤ Yersinia intermedia, 1 ʰʪʘʤʤ Yersinia 

frederiksenii, 1 ʰʪʘʤʤ Yersinia kristensenii, 1 ʰʪʘʤʤ Yersinia nurmii, 1 ʰʪʘʤʤ Yer-

sinia mollaretii, 2 ʰʪʘʤʤʘ Yersinia bercovieri, 1 ʰʪʘʤʤ Yersinia aleksiciae, 1 ʰʪʘʤʤ 

Enterobacter kobei, 1 ʰʪʘʤʤ Enterococcus faecalis, 1 ʰʪʘʤʤ Legionella pneumophila, 

4 ʰʪʘʤʤʘ Escherichia coli, 1 ʰʪʘʤʤ Staphylococcus epidermidis, 2 ʰʪʘʤʤʘ Listeria 

monocytogenes, 1 ʰʪʘʤʤ Enterobacter aerogenes, 1 ʰʪʘʤʤ Enterobacter cloacae, 1 

ʰʪʘʤʤ Francisella tularensis, 1 ʰʪʘʤʤ Staphylococcus aureus, 1 ʰʪʘʤʤ Citrobacter 

yange, 1 ʰʪʘʤʤ Salmonella enteritidis, 1 ʰʪʘʤʤ Staphylococcus saprophiticus, 1 

ʰʪʘʤʤ Pseudomonas aeruginosa, 1 ʰʪʘʤʤ Shigella flexneri, 1 ʰʪʘʤʤ Salmonella 

gallinarum, 1 ʰʪʘʤʤ Proteus mirabilis, 1 ʰʪʘʤʤ Klebsiella pneumoniae, 1 ʰʪʘʤʤ 

Proteus vulgaris, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. 
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ʊʘʙʣʠʮʘ 2.1 ï ʐʪʘʤʤʳ Y. pestis ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʙʘʢʪʝʨʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ       

ʨʘʙʦʪʝ 
 ̄ ʐʪʘʤʤ ʆʯʘʛ/ʤʝʩʪʦ  

ʚʳʜʝʣʝʥʠʷ 

ɻʦʜ ʀʩʪʦʯʥʠʢ  

ʚʳʜʝʣʝʥʠʷ 

ʐʪʘʤʤʳ Y. pestis ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ (0.PE2) 

1 1393ɻ 
3
 ʊʝʨʩʢʦ-ʉʫʥʞʝʥʩʢʠʡ 

ʥʠʟʢʦʛʦʨʥʳʡ (02) 

1979 ʦʪ ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʸʚʢʠ  

Microtus arvalis 

2 835 ɺ.ʈ.ʉ. 
3,4,6

 ʃʝʥʠʥʘʢʘʥʩʢʠʡ  

ʛʦʨʥʳʡ (04) 

1959 ʦʪ ʙʦʣʴʥʦʛʦ 

3 3544 ɸʨʤ 
3,6

 ï//ï 1968 ʦʪ ʪʨʫʧʘ ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʸʚʢʠ  

M. arvalis 

4 7896 [7896] 
3,7

 ï//ï 1958 ʦʪ ʦʙʱʝʩʪʚʝʥʥʦʡ ʧʦʣʸʚʢʠ  

Microtus socialis 

5 471  

çʆʚʩʝʧʪʠʢʘè
 7
 

ï//ï 1958 ʦʪ ʙʣʦʭ Ctenophthalmus teres ʠʟ ʛʥʸʟʜ 

ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʸʚʢʠ (M. arvalis)  

6 3551 ɸʨʤ 
3,6

 ʇʨʠʩʝʚʘʥʩʢʠʡ  

ʛʦʨʥʳʡ (05) 

1979 ʦʪ ʝʚʨʦʧʝʡʩʢʦʡ ʩʥʝʞʥʦʡ ʧʦʣʸʚʢʠ 

Microtus nivalis 

7 3344 ɸʨʤ 
3,4,6

 ï//ï 1979 ʦʪ ʝʚʨʦʧʝʡʩʢʦʡ ʩʥʝʞʥʦʡ ʧʦʣʸʚʢʠ  

M. nivalis 

8 ʄ-986  

[81ɸʨʤ.] 
4,6

 

ɿʘʥʛʝʟʫʨʦ-

ʂʘʨʘʙʘʭʩʢʠʡ ʛʦʨʥʳʡ 

(06) 

1975 ʦʪ ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʸʚʢʠ M. arvalis 

9 ʂʄ874 
3,6

 ï//ï 1984 ʦʪ ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʸʚʢʠ M. arvalis 

10 1146  

[1146(409)] 
3,7

 

ï//ï 1962 ʦʪ ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʸʚʢʠ M. arvalis 

11 376 [7897 

ñHʰʘʥò] 
3
 

ï//ï 1959 
ʦʪ ʦʙʱʝʩʪʚʝʥʥʦʡ ʧʦʣʸʚʢʠ M. socialis  

12 400 (290) 

[290(1499)] 
3,6

 

ï//ï 1962 ʦʪ ʙʣʦʭʠ Ctenophthalmus wladimiri ʠʟ 

ʥʦʨʳ ʧʦʣʸʚʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ M. arvalis 

13 818 [818] 
6
 ʇʨʠʘʨʘʢʩʠʥʩʢʠʡ  

ʥʠʟʢʦʛʦʨʥʳʡ (07) 

1968 ʦʪ ʙʣʦʭ Ceratophyllus caspius ʦʙʳʢʥʦ-

ʚʝʥʥʦʡ ʧʦʣʸʚʢʠ M. arvalis  

14 805 [805]
 6,7

 ï//ï 1968 ʦʪ ʧʝʩʯʘʥʢʠ ɺʠʥʦʛʨʘʜʦʚʘ  

Meriones vinogradovi 

15 808 [808] 
3
 ï//ï 1968 ʦʪ ʧʝʩʯʘʥʢʠ ɺʠʥʦʛʨʘʜʦʚʘ  

M. vinogradovi 

16 6499 ɸʨʤ.
 7
 ï//ï 1982 ʦʪ ʙʣʦʭ ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʸʚʢʠ  

M. arvalis 

17 ʉ-741 
3,4,6

 ɺʦʩʪʦʯʥʦ-

ʂʘʚʢʘʟʩʢʠʡ ʚʳʩʦʢʦ-

ʛʦʨʥʳʡ (39) 

1998 ʦʪ ʙʣʦʭ Amphalius schelkovnikovi ʠʟ 

ʛʥʝʟʜa ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʸʚʢʠ M. arvalis 

18 ʉ-740 [494]
 7
 ï//ï 1998 ʦʪ ʙʣʦʭ A. schelkovnikovi ʠʟ ʛʥʝʟʜa 

ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʸʚʢʠ M. Arvalis 

19 ʂʄ797 (ʉ-526)  

[1103-ɼ] 
7
 

ï//ï 1984 ʩʝʣʝʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʠʩʭʦʜʥʦʛʦ 

ʰʪʘʤʤʘ 1103ɼ, ʚʳʜʝʣʝʥʥʦʛʦ ʦʪ ʙʣʦʭ 

Ctenophylls intermedius c ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʧʦʣʸʚʢʠ M. arvalis 

20 1075ɼ 
3,7

 ï//ï 1977 ʦʪ ʦʙʳʢʥʦʚʝʥʥʳʭ ʧʦʣʸʚʦʢ M. arvalis 

21 ʉ-370 
7
 ï//ï 1978 ʦʪ ʙʣʦʭ C. intermedius ʠʟ ʛʥʝʟʜʘ ʦʙʳʢʥʦ-

ʚʝʥʥʦʡ ʧʦʣʸʚʢʠ M. arvalis  
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 2.1 

ʐʪʘʤʤʳ Y. pestis ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ (0.PE4ʘ) 

22 912-914 
3
 ɻʦʨʥʦ-ɸʣʪʘʡʩʢʠʡ  

ʚʳʩʦʢʦʛʦʨʥʳʡ (36) 

2018 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ  

Ochotona pallasi pallasi 

23 ʀ-3531 
6
 ï//ï 2009 ʦʪ ʙʣʦʭ Amphalius runatus 

24 ʀ-3705 
6,7

 ï//ï 2019 ʦʪ ʙʣʦʭʠ Ctenophyllus hirticrus 

25 ʀ-3704 
6
 ï//ï 2019 ʦʪ ʙʣʦʭʠ Paramonopsyllus scalonae 

26 1313 
3,4,6

 ï//ï 2014 ʦʪ ʙʣʦʭʠ Paradoxopsyllus scorodumovi 

27 1139 
3,6

 ï//ï 2018 ʦʪ ʙʣʦʭʠ P. scorodumovi 

28 ʄ-1948  

(2751-55) 
3,4,6

 

ï//ï 2012 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

pallasi 

29 2183  

(ʀ-1023) 
3,6

 

ï//ï 1965 ʦʪ ʩʝʨʦʛʦ ʩʫʨʢʘ Marmota baibacina 

30 ʀ-1031 
6,7

 ï//ï 1965 ʦʪ ʜʣʠʥʥʦʭʚʦʩʪʦʛʦ ʩʫʩʣʠʢʘ  

Spermophilus undulatus 

31 ʀ-2998 
3,4,6

 ï//ï 1982 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

pallasi 

32 M-1912 
7
 ï//ï 2010 ʦʪ ʙʣʦʭʠ C. hirticrus 

33 ʀ-3727 
3,6

 ï//ï 2020 ʦʪ ʙʣʦʭʠ P. scalonae 

34 ʀ-3724 
6
 ï//ï 2020 ʦʪ ʙʣʦʭʠ C. hirticrus 

35 6209 [6209] 
3
 ï//ï 1971 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ Ochotona pallasi 

pricei 

36 ʀ-3000 [1150]
 6
 ï//ï 1982 ʦʪ ʙʣʦʭ Amphalius primais ʩ ʤʦʥʛʦʣʴʩʢʦʡ 

ʧʠʱʫʭʠ O. pallasi pricei 

37 ʂʄ1203  

(ʀ-3321) 
3,6

 

ï//ï 1991 ʦʪ ʙʣʦʭ A. runatus  

38 ʂʄ1204  

(ʀ-3322)
 7
 

ï//ï 1991 ʦʪ ʙʣʦʭ Wagnerina longicaudata ʠʟ ʚʭʦʜʘ 

ʥʦʨ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

39 ʂʄ1205  

(ʀ-3365)
 3,7

 

ï//ï 1993 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi pricei 

40 ʂʄ675  

(ʀ-2377)
 7
 

ï//ï 1973 ʦʪ ʙʣʦʭ ʩ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ  

O. pallasi pricei 

41 2817 [2817]
 3
 ï//ï 1965 ʦʪ ʜʣʠʥʥʦʭʚʦʩʪʦʛʦ ʩʫʩʣʠʢʘ  

Citellus dauricus  

42 2183 [2183]
 3,6

 ï//ï 1965 ʦʪ ʩʫʨʢʘ Marmota caudate 

43 2397 
6
 ï//ï 2014 ʦʪ ʪʨʫʧʘ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

44 2416 
7
 ï//ï 2014 ʦʪ ʙʣʦʭ Rhadinopsylla dahurica  

45 2513-15 
3
 ï//ï 2014 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

46 2633 
3,7

 ï//ï 2014 ʦʪ ʙʣʦʭʠ A. primaries  

47 2639 
3
 ï//ï 2014 ʦʪ ʙʣʦʭ P. scalonae 

48 4857 
3
 ï//ï 1965 ʦʪ ʪʨʫʧʘ ʜʘʫʨʩʢʦʡ ʧʠʱʫʭʠ  

Ochotona daurica 

49 ʀ-971 
3
 ʄʅʈ, ɿʘʚʭʘʥ ʘʡʤʘʢ 1964 ʦʪ ʧʦʣʸʚʢʠ ɹʨʘʥʜʪʘ Lasiopodomys 

brandti 

50 ʀ-2795 
7
 ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡ  

ɸʡʤʘʢ 

1978 ʦʪ ʜʣʠʥʥʦʭʚʦʩʪʦʛʦ ʩʫʩʣʠʢʘ S. undulates  

51 ʀ-2637 
3
 ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡ  

ɸʡʤʘʢ 

1977 ʦʪ ʩʝʨʦʛʦ ʩʫʨʢʘ M. Baibacina 

52 ʀ-3281 
3
 ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡ  

ɸʡʤʘʢ 

1990 ʦʪ ʙʣʦʭʠ P. scorodumovi 
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53 ʀ-3280 
3
 ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡ  

ɸʡʤʘʢ 

1990 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

pallasi 

ʐʪʘʤʤʳ Y. pestis ʛʠʩʩʘʨʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ (0.PE4h) 

54 ɸ-1627 [150]
 3,6,7

 ɻʠʩʩʘʨʩʢʠʡ  

ʚʳʩʦʢʦʛʦʨʥʳʡ (34) 

1971 ʦʪ ʘʨʯʝʚʦʡ ʧʦʣʸʚʢʠ Microtus carruthersi 

 

55 ɸ-1633 

[152(360ʠʩʭ.)]
 3,6

 

ï//ï 1971 ʦʪ ʙʣʦʭ ʘʨʯʝʚʳʭ ʧʦʣʸʚʦʢ M. carruthersi  

56 ɸ-1249  

[ɹ.ʧ. 112]
 3,4,6,7

 

ï//ï 1970 ʦʪ ʘʨʯʝʚʳʭ ʧʦʣʸʚʦʢ M. carrusthersi  

57 ɸ-1730 [2020]
 3,6

 ï//ï 1970 ʦʪ ʘʨʯʝʚʦʡ ʧʦʣʸʚʢʠ M. carruthersi 

58 ɸ-1731 [2782]
 3,6

 ï//ï 1970 ʦʪ ʘʨʯʝʚʦʡ ʧʦʣʸʚʢʠ M. carruthersi 

59 ɸ-1729 [2019]
 3,6

 ï//ï 1972 ʦʪ ʙʣʦʭ ʠʟ ʛʥʝʟʜʘ aʨʯʝʚʳʭ ʧʦʣʸʚʦʢ  

M. carruthersi 

60 ɸ-1728 [940]
 3,7

 ï//ï 1972 ʦʪ ʘʨʯʝʚʦʡ ʧʦʣʸʚʢʠ M. carruthersi 

61 ɸ-1726 [195]
 3
 ï//ï 1972 ʦʪ ʘʨʯʝʚʦʡ ʧʦʣʸʚʢʠ M. carruthersi 

62 ɸ-1723 [706] 
6,7

 ï//ï 1970 ʦʪ ʘʨʯʝʚʳʭ ʧʦʣʸʚʦʢ M. carruthersi 

63 ɸ-1724 [1129] 
7
 ï//ï 1970 ʦʪ ʘʨʯʝʚʦʡ ʧʦʣʸʚʢʠ M. carruthersi 

64 ɸ-1725 [190] 
6
 ï//ï 1972 ʦʪ ʢʨʘʩʥʳʭ ʩʫʨʢʦʚ M. caudate 

ʐʪʘʤʤʳ Y. pestis ʙʠʦʚʘʨʘ microtus ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ (0.PE4m) 

65 ʂʄ1189  

[ʀ 3085]
 3,6,7

 

ʄʅʈ, ʋʚʝʨʭʘʥʛʘʡ  

ɸʡʤʘʢ 

1982 ʦʪ ʧʦʣʸʚʢʠ ɹʨʘʥʜʪʘ L. brandti 

66 ʀ-3086  

[879]
 3,4,6,7

 

ʄʅʈ, ɹʘʷʥʭʦʥʛʦʨ  

ɸʡʤʘʢ 

1983 ʦʪ ʧʦʣʸʚʢʠ ɹʨʘʥʜʪʘ L. brandti 

ʐʪʘʤʤʳ Y. pestis ʪʘʣʘʩʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ (0.PE4t) 

67 ʂʄ940  

(ɸ-1817)
 3,7

 

ʊʘʣʘʩʩʢʠʡ  

ʚʳʩʦʢʦʛʦʨʥʳʡ (40) 

1980 ʦʪ ʙʣʦʭ C. ʩaspius c ʩʝʨʝʙʨʠʩʪʦʡ ʧʦʣʸʚʢʠ 

Alticola argenatus 

68 ɸ-1805  

[269/19]
 3,6,7

 

ï//ï 1980 ʦʪ ʙʣʦʭ Neopsylla terature 

69 ɸ-1806 [23/2]
 3,6

 ï//ï 1980 ʦʪ ʙʣʦʭ Amphipsylla primaries 

70 ɸ-1807  

[40/3] 
3,6,7

 

ï//ï 1980 ʦʪ ʙʣʦʭ Ceratophyllus caspius 

71 ɸ-1813  

[51/15]
 3,6

 

ï//ï 1980 ʦʪ ʛʦʨʥʦʡ ʣʝʩʥʦʡ ʤʳʰʠ Pectinoctenus 

nemorosus 

72 ɸ-1814 (53/8)
 3,6

 ï//ï 1980 ʦʪ ʙʣʦʭ A. primaries 

73 ɸ-1815  

(257/17)
 3,4,6,7

 

ï//ï 1980 ʦʪ ʙʣʦʭʠ C. caspius 

74 ɸ-1816  

[265/22]
 3
  

ï//ï 1980 ʦʪ ʙʣʦʭ A. primaries 

75 ɸ-1818  

[918/1] 
3,7

 

ï//ï 1980 ʦʪ ʩʝʨʝʙʨʠʩʪʦʡ ʧʦʣʸʚʢʠ A. argenatus 

76 ɸ-1820  

[263/18]
 3
 

ï//ï 1980 ʦʪ ʙʣʦʭ N. terature 

ʐʪʘʤʤʳ Y. pestis ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ (0.PE5) 

77 ʀ-2422  

(ʂʄ684 [263])
 

3,4,6
 

ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡ  

ɸʡʤʘʢ 

1974 ʦʪ ʙʣʦʭ A. runatus ʩ ʤʦʥʛʦʣʴʩʢʦʡ  

ʧʠʱʫʭʠ O. pallasi pallasi 

78 ʀ-3068 [779]
 6,7

 ʄʅʈ, ʋʚʝʨʭʘʥʛʘʡ  

ɸʡʤʘʢ 

1988 ʦʪ ʧʦʣʸʚʢʠ 

79 ʀ-3193 
7
 ʄʅʈ, ʍʦʚʜ ʘʡʤʘʢ 1986 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

pallasi 
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80 ʀ-3196 
3
 ʄʅʈ, ɻʦʚʴ-ɸʣʪʘʡ  

ɸʡʤʘʢ 

1986 ʦʪ ʪʨʫʧʘ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ  

O. pallasi pallasi 

 

81 ʀ-3269 
7
 ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡ  

ɸʡʤʘʢ 

1990 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

pallasi 

82 ʀ-3069 [780]
 6
 ʄʅʈ, ʋʚʝʨʭʘʥʛʘʡ  

ɸʡʤʘʢ 

1982 ʦʪ ʧʦʣʸʚʢʠ 

83 ʀ-3071 

(164 ʄʦʥ.)
 3,6

 

ʄʅʈ, ʋʤʥʝʛʦʚʴ  

ʘʡʤʘʢ 

1982 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

pallasi 

84 ʀ-3130  

[1025]
 3,6

 

ʄʅʈ, ʋʤʥʝʛʦʚʴ  

ʘʡʤʘʢ  

1984 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ  

O. pallasi pallasi 

85 ʀ-3131 [1053]
 6
 ʄʅʈ, ʋʤʥʝʛʦʚʴ  

ʘʡʤʘʢ 

1984 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

pallasi 

86 ʀ-2972 
7
 ʄʅʈ, ʋʤʥʝʛʦʚʴ  

ʘʡʤʘʢ 

1981 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

pallasi 

87 ʀ-2962 
3,7

 ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡ  

ɸʡʤʘʢ 

1977 ʦʪ ʜʣʠʥʥʦʭʚʦʩʪʦʛʦ ʩʫʩʣʠʢʘ S. undulatus 

88 ʀ-3215 
3
 ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡ  

ɸʡʤʘʢ 

1987 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

pallasi 

89 ʂʄ1190  

(ʀ-3244)
 6
 

ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡ  

ɸʡʤʘʢ 

1988 ʦʪ ʧʠʱʫʭʠ ʜʘʫʨʩʢʦʡ O. dauurica 

90 ʀ-3102 
3,6

 ʄʅʈ, ʍʵʥʪʠʡ ʘʡʤʘʢ 

 

1988 ʠʟ ʩʦʜʝʨʞʠʤʦʛʦ ʛʥʝʟʜʘ ʜʣʠʥʥʦʭʚʦʩʪʦʛʦ 

ʩʫʩʣʠʢʘ S. undulatus 

ʐʪʘʤʤʳ Y. pestis ʘʥʪʠʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ 

91 ɸ-1836  

[3/98]
 6,7

 

ʉʘʨʳʜʞʘʟʩʢʠʡ  

ʚʳʩʦʢʦʛʦʨʥʳʡ (31) 

1983 ʦʪ ʩʝʨʦʛʦ ʩʫʨʢʘ M. baibacina  

92 915 [915(100)]
 6
 ï//ï 1948 ʦʪ ʙʣʦʭ Oropsylla silantievi 

93 ɸ-100 
3, 6,7

 ï//ï 1948 ʦʪ ʙʣʦʭ O. silantievi 

94 ɸ-1691  

[1/115]
 6,7

 

ɺʝʨʭʥʝʥʘʨʳʥʩʢʠʡ  

ʚʳʩʦʢʦʛʦʨʥʳʡ (32)  

1971 ʦʪ ʙʣʦʭ ʠʟ ʛʥʝʟʜʘ ʩʝʨʦʛʦ ʩʫʨʢʘ  

M. baibacina 

95 120  

[120(186)]
 6,7

 

ï//ï 1928 ʦʪ ʙʦʣʴʥʦʛʦ 

96 ɸ-1694  

[2/338]
 3
 

ï//ï 1971 ʦʪ ʙʣʦʭ ʩʝʨʦʛʦ ʩʫʨʢʘ M. baibacina 

97 1203  

[1203(1313)] 
6,7

 

ɸʢʩʘʡʩʢʠʡ  

ʚʳʩʦʢʦʛʦʨʥʳʡ (33)  

1959 ʦʪ ʙʣʦʭʠ Rhadinopsylla ventricosa  

98 231(708)  

[231-708(3)]
 4,6

 

ï//ï 1947 ʦʪ ʪʨʫʧʘ ʩʝʨʦʛʦ ʩʫʨʢʘ M. baibacina  

99 1/156 [1/156]
 6,7

 ï//ï 1959 ʦʪ ʩʝʨʦʛʦ ʩʫʨʢʘ M. baibacina 

100 353(935) 

[953(1307)]
 7
 

ï//ï 1955 ʦʪ ʩʝʨʦʛʦ ʩʫʨʢʘ M. baibacina 

101 14/1646  

[14/1646] 
7
 

ï//ï 1959 ʦʪ ʩʝʨʦʛʦ ʩʫʨʢʘ M. baibacina 

102 ɸ-1785  

[7/04]
 6,7

 

ï//ï 1974 ʦʪ ʢʦʩʪʥʳʭ ʦʩʪʘʥʢʦʚ ʩʝʨʦʛʦ ʩʫʨʢʘ  

M. baibacina 

103 1/1-53 [1/1-53]
 6
 ï//ï 1953 ʦʪ ʪʨʫʧʘ ʩʝʨʦʛʦ ʩʫʨʢʘ M. baibacina 

104 262  

[262(1/133)]
 6
 

ï//ï 1967 ʦʪ ʩʝʨʦʛʦ ʩʫʨʢʘ M. baibacina 
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105 680 

[680(3/505)]
 6 

 

ï//ï 1968 ʦʪ ʩʝʨʦʛʦ ʩʫʨʢʘ M. Baibacina 

 

106 ɸ-1486  

[1/220]
 3,4,6

 

ɸʣʘʡʩʢʠʡ  

ʚʳʩʦʢʦʛʦʨʥʳʡ (35) 

1966 ʦʪ ʢʨʘʩʥʦʛʦ ʩʫʨʢʘ M. Caudate 

 

 

107 1454 
7
 ɻʦʨʥʦ-ɸʣʪʘʡʩʢʠʡ  

ʚʳʩʦʢʦʛʦʨʥʳʡ (36) 

2012 ʦʪ ʪʨʫʧʘ ʜʣʠʥʥʦʭʚʦʩʪʦʛʦ ʩʫʩʣʠʢʘ  

C. undulatus 

108 517 
7
 ï//ï 2014 ʦʪ ʙʦʣʴʥʦʛʦ 

109 1530 
3,7

 ï//ï 2014 ʦʪ ʩʫʨʢʘ M. baibacina 

110 157 
7
 ï//ï 2016 ʦʪ ʙʦʣʴʥʦʛʦ 

111 257 
7
 ï//ï 2017 ʦʪ ʩʪʝʧʥʦʛʦ ʭʦʨʷ Mustela eversmanni 

112 ʂʄ932  

(ʀ-3223)
 3,7

 

ʊʫʚʠʥʩʢʠʡ  

ʛʦʨʥʳʡ (37) 

1987 ʦʪ ʙʣʦʭ Ceratophyllus tesquorum ʩ ʜʣʠʥ-

ʥʦʭʚʦʩʪʦʛʦ ʩʫʩʣʠʢʘ C. undulates  

113 ʀ-3205 [1146]
 7
 ï//ï 1986 ʦʪ ʙʣʦʭ Rhadinopsylla transbajcalica 

114 ʀ-3358 [166]
 7
 ï//ï 1992 ʦʪ ʪʨʫʧʘ ʜʣʠʥʥʦʭʚʦʩʪʦʛʦ ʩʫʩʣʠʢʘ  

C. undulatus 

115 1636 
3
 ï//ï 2015 ʦʪ ʙʣʦʭʠ C. tesquorum 

116 209 
7
 ï//ï 2015 ʦʪ ʩʫʩʣʠʢʘ ʜʣʠʥʥʦʭʚʦʩʪʦʛʦ S. undulatus 

117 ʀ-1270 
3,6,7

 ɿʘʙʘʡʢʘʣʴʩʢʠʡ  

ʩʪʝʧʥʦʡ (38) 

1966 ʦʪ ʜʘʫʨʩʢʦʛʦ ʩʫʩʣʠʢʘ C. dauricus  

118 ʂʄ682  

(ʀ-1996)  

[29 ʏʠʤ.] 
6
 

ï//ï 1970 ʦʪ ʜʘʫʨʩʢʦʛʦ ʩʫʩʣʠʢʘ C. dauricus 

119 17/18 (140ʣʟ) 

[18(140)]
 6
 

ï//ï 1923 ʦʪ ʙʦʣʴʥʦʛʦ 

120 16 [16(137)]
 6,7

 ï//ï 1923 ʦʪ ʪʘʨʙʘʛʘʥʘ Marmota sibirica 

121 17 [17(139)]
 6
 ï//ï 1923 ʦʪ ʪʘʨʙʘʛʘʥʘ M. sibirica 

122 95 [95(141)]
 6
 ï//ï 1927 ʦʪ ʙʦʣʴʥʦʛʦ 

123 ʀ-84  

[141 ʏʠʪ.]
 6,7

 

ï//ï 1946 ʦʪ ʪʘʨʙʘʛʘʥʘ M. sibirica 

124 ʀ-1251 [5]
 6
 ï//ï 1966 ʦʪ ʪʨʫʧʘ ʜʘʫʨʩʢʦʛʦ ʩʫʩʣʠʢʘ C. dauricus 

125 ʀ-1252 [928]
 6
 ï//ï 1966 ʦʪ ʜʘʫʨʩʢʦʛʦ ʩʫʩʣʠʢʘ C. dauricus 

126 24 [24]
 6
 ï//ï 1970 ʦʪ ʜʘʫʨʩʢʦʛʦ ʩʫʩʣʠʢʘ C. dauricus 

127 1843 [1843]
 6,7

 ï//ï 1970 ʦʪ ʙʣʦʭʠ C. tesquorum ʩ ʜʘʫʨʩʢʦʛʦ  

ʩʫʩʣʠʢʘ C. dauricus 

128 2026  

[2026ʟʘʙ.]
 6
 

ï//ï 1970 ʦʪ ʙʣʦʭʠ Neopsylla abagut ʩ ʜʘʫʨʩʢʦʛʦ 

ʩʫʩʣʠʢʘ C. dauricus 

129 ʀ-2004  

[1086 ʏʠʪ.]
 6
 

ï//ï 1970 ʦʪ ʙʣʦʭ C. tesquorum ʩ ʜʘʫʨʩʢʠʭ ʧʠʱʫʭ 

O. dauricʘ 

130 ʀ-839 
3,7

 ʄʅʈ, ʋʚʩ ʘʡʤʘʢ 1960 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

pallasi 

131 ʀ-840 
7
 ï//ï 1960 ʦʪ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ O. pallasi 

pallasi 

132 ʀ-3101[37]
 7
 ʄʅʈ, ʍʵʥʪʠʡ ʘʡʤʘʢ 1987 ʦʪ ʚʰʝʡ ʰʝʨʩʪʠ ʪʘʨʙʘʛʘʥʘ M. sibirica 

133 ʀ-3102 [86]
 7
 ï//ï 1984 ʦʪ ʩʦʜʝʨʞʠʤʦʛʦ ʛʥʝʟʜʘ ʩʫʩʣʠʢʘ  

ʜʣʠʥʥʦʭʚʦʩʪʦʛʦ S. undulatus 

134 ʀ-3033 [99]
 7
 ï//ï 1983 ʦʪ ʪʘʨʙʘʛʘʥʘ M. Sibirica 
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135 ʀ-3030  

(164 ʄʦʥ.)
 7
 

ï//ï 1983 ʦʪ ʩʤʳʚʘ ʩ ʪʨʫʧʦʝʜʘ 

136 ʀ-3036 [205]
 7
 ï//ï 1983 ʦʪ ʙʣʦʭ O. silantievi 

137 ʀ-3197
7
 ï//ï 1986 ʦʪ ʙʣʦʭ O. silantievi 

 

 

138 231(14) ʄʦʥ-

ʛʦʣʠʷ  

[231(14)]
 7
 

ï//ï 1931 ʦʪ ʙʦʣʴʥʦʛʦ 

 

 

139 235(21)  

ʄʦʥʛʦʣʠʷ 

[235(21)]
 3
 

ʄʅʈ, ɿʘʚʭʘʥ ʘʡʤʘʢ 1936 ʦʪ ʙʦʣʴʥʦʛʦ 

140 236(22) ʄʦʥ-

ʛʦʣʠʷ  

[236(22)]
 7
 

ï//ï 1936 ʦʪ ʪʘʨʙʘʛʘʥʘ M. sibirica 

141 1562 ʄʦʥʛʦʣʠʷ 

[1562]
 7
 

ʄʅʈ, ɹʘʷʥʭʦʥʛʦʨ  

ʘʡʤʘʢ 

1956 ʦʪ ʪʘʨʙʘʛʘʥʘ M. sibirica 

142 1864 ʄʦʥʛʦʣʠʷ 

[1864]
 7
 

ï//ï 1956 ʦʪ ʩʫʩʣʠʢʘ ʜʣʠʥʥʦʭʚʦʩʪʦʛʦ S. undulatus 

143 Congo Logo 

[Congo belge 

Logo] 
3,6

 

ʂʦʥʛʦ 1968 ʧʦʣʫʯʝʥ ʦʪ H. Mollaret 

144 Kenya Osala
 6,7

 ʂʝʥʠʷ 1968 ʧʦʣʫʯʝʥ ʦʪ H. Mollaret 

145 Kenya ʠ  

To-To
 6,7

 

ï//ï 1968 ʧʦʣʫʯʝʥ ʦʪ H. Mollaret 

146 Kenya  

Ackliora
 6
 

ï//ï 1968 ʧʦʣʫʯʝʥ ʦʪ H. Mollaret 

ʐʪʘʤʤʳ Y. pestis ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ 

147 ʂʄ918 (ʉ-624) 

[137ʂɹ]
 3,6,7

 

ʎʝʥʪʨʘʣʴʥʦ-

ʂʘʚʢʘʟʩʢʠʡ  

ʚʳʩʦʢʦʛʦʨʥʳʡ (01) 

1986 ʦʪ ʙʣʦʭ Ctenophthalmus orientalis 

148 ʂʄ919 (ʉ-627) 

[176ʂɹ]
 4,6,7

 

ï//ï 1989 ʦʪ ʙʣʦʭ Citellophilus tesquorum ʩ ʛʦʨʥʦʛʦ 

ʩʫʩʣʠʢʘ Citellus musticus  

149 ʉ-762  

[613 ʂ-ɹ]
 3,6,7

 

ï//ï 1998 ʦʪ ʙʣʦʭ C. tesquorum 

150 ʂʄ920 (ʉ-630) 

[443ʅʦʚ.]
 6
 

ï//ï 1986 ʦʪ ʛʦʨʥʦʛʦ ʩʫʩʣʠʢʘ C. musticus 

151 ʂʄ921 (ʉ-631) 

[443ʅʦʚ.]
 6
 

ï//ï 1986 ʦʪ ʙʣʦʭ Ctenophthalmus golovi 

152 ʉ-760 [34 ʂ-ɹ]
6
 ï//ï 1998 ʦʪ ʙʣʦʭ Frontopsylla semura 

153 1116-ɼ 
3,6,7

 ʊʝʨʩʢʦ-ʉʫʥʞʝʥʩʢʠʡ 

ʥʠʟʢʦʛʦʨʥʳʡ (02) 

1970 ʦʪ ʤʘʣʳʭ ʩʫʩʣʠʢʦʚ  

Spermophilus pygmaeus 

154 ʉ-791  

[249ɼʘʛ.]
 3,4,6

 

ɼʘʛʝʩʪʘʥʩʢʠʡ  

ʨʘʚʥʠʥʥʦ-

ʧʨʝʜʛʦʨʥʳʡ (03) 

2003 ʦʪ ʪʨʫʧʘ ʤʘʣʦʛʦ ʩʫʩʣʠʢʘ S. pygmaeus 

155 ʉ-749 [46-ɼʘʛ]
 6
 ï//ï 1999 ʦʪ ʙʣʦʭ Neopsylla setosa ʠʟ ʥʦʨ ʤʘʣʦʛʦ 

ʩʫʩʣʠʢʘ S. pygmaeus 

156 146 [146(220)]
 3,7

 ɿʘʥʛʝʟʫʨʦ-

ʂʘʨʘʙʘʭʩʢʠʡ ʛʦʨʥʳʡ 

(06) 

1931 ʦʪ ʙʦʣʴʥʦʛʦ 
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157 ʄ-978  

[1109ɸʩʪʨ.]
 6,7

 

ʇʨʠʢʘʩʧʠʡʩʢʠʡ  

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ 

ʩʪʝʧʥʦʡ (14) 

1990 ʦʪ ʤʘʣʦʛʦ ʩʫʩʣʠʢʘ S. pygmaeus 

158 ʂʄ567 [249-

ʕʣʠʩʪ. ʇʏʉ]
 6
 

ï//ï 1972 ʦʪ ʤʘʣʦʛʦ ʩʫʩʣʠʢʘ S. pygmaeus 

159 27(33)
 7
 ï//ï 1924 ʦʪ ʤʘʣʦʛʦ ʩʫʩʣʠʢʘ S. pygmaeus 

160 ɸ-1792 [227]
 3,6

 ɺʦʣʛʦ-ʋʨʘʣʴʩʢʠʡ  

ʩʪʝʧʥʦʡ (15) 

1978 ʦʪ ʙʣʦʭ ʩ ʤʘʣʦʛʦ ʩʫʩʣʠʢʘ S. pygmaeus 

161 ʄ-953  

[2830ʋʨ.]
 6
  

ï//ï 1990 ʦʪ ʤʘʣʦʛʦ ʩʫʩʣʠʢʘ S. pygmaeus  

162 ʄ-1484  

[543 ʋʨ.]
 7
 

ï//ï 1992 ʦʪ ʤʘʣʳʭ ʩʫʩʣʠʢʦʚ S. pygmaeus 

163 ʄ-956  

[101ʋʨ.]
 3,6,7

 

ɺʦʣʛʦ-ʋʨʘʣʴʩʢʠʡ  

ʧʝʩʯʘʥʳʡ (16) 

1989 ʦʪ ʛʨʝʙʝʥʱʠʢʦʚʦʡ ʧʝʩʯʘʥʢʠ  

Meriones tamariscinus 

164 ʄ-1773 

[1047ɸʩʪʨʘʭ.]
 6
 

ï//ï 2002 ʦʪ ʧʦʣʫʜʝʥʥʦʡ ʧʝʩʯʘʥʢʠ  

Meriones meridianus 

165 4 [4(4)] 
7
 ï//ï 1917 ʦʪ ʚʝʨʙʣʶʜʘ Camelus bactrianus 

166 31(38)
 7
 ï//ï 1924 ʦʪ ʧʝʩʯʘʥʦʛʦ ʩʫʩʣʠʢʘ  

Spermophilus fulvus 

167 ʄ-1448  

[3612 ʋʨ.]
 3,6

 

ɿʘʫʨʘʣʴʩʢʠʡ  

ʩʪʝʧʥʦʡ (17) 

1990 ʦʪ ʤʘʣʦʛʦ ʩʫʩʣʠʢʘ S. pygmaeus  

168 ɸ-1793 [5935]
 6
 ï//ï 1978 ʦʪ ʤʘʣʦʛʦ ʩʫʩʣʠʢʘ S. pigmaeus 

169 ʄ-1467  

[6848 ɻʫʨ.] 
6,7

 

ʇʨʝʜʫʩʪʶʨʪʩʢʠʡ  

ʧʫʩʪʳʥʥʳʡ (19) 

1990 ʦʪ ʙʦʣʴʰʦʡ ʧʝʩʯʘʥʢʠ Rhombomis opimus  

170 ɸ-1825  

[ʕʤ-142] 
6,7

 

ï//ï 1983 ʦʪ ʙʦʣʴʰʦʡ ʧʝʩʯʘʥʢʠ R. opimus  

171 ɸ-161 [2478]
 6,7

 ʋʩʪʶʨʪʩʢʠʡ  

ʧʫʩʪʳʥʥʳʡ (20) 

1962 ʦʪ ʙʣʦʭ Ceratophyllus laeviceps ʩ  

ʙʦʣʴʰʦʡ ʧʝʩʯʘʥʢʠ R. opimus  

172 173 [173-

ʄʘʥʛʳʰʣʘʢ.]
 6,7

 

ʄʘʥʛʳʰʣʘʢʩʢʠʡ  

ʧʫʩʪʳʥʥʳʡ (23) 

1978 ʦʪ ʙʦʣʴʰʠʭ ʧʝʩʯʘʥʦʢ R. opimus 

173 20 [20(19)]
 7
 ʂʘʨʘʢʫʤʩʢʠʡ  

ʧʫʩʪʳʥʥʳʡ (25) 

1926 ʦʪ ʙʦʣʴʥʦʛʦ 

174 ʄ-519 [414-

ʊʫʨʢʤʝʥ.] 
4,6,7

 

ʂʦʧʝʪʜʘʛʩʢʠʡ  

ʧʫʩʪʳʥʥʳʡ (26) 

1967 ʦʪ ʙʦʣʴʰʦʡ ʧʝʩʯʘʥʢʠ R. opimus 

175 ʂʄ803  

(ɸ-1822 Psb-) 
6
 

ʂʳʟʳʣʢʫʤʩʢʠʡ  

ʧʫʩʪʳʥʥʳʡ (27) 

1982 ʦʪ ʙʣʦʭ Ceratophyllus tarsus ʠʟ ʥʦʨ 

ʙʦʣʴʰʦʡ ʧʝʩʯʘʥʢʠ R. opimus 

176 ʂʄ638 

[90ɸʩʪʨʘʭ. 

ʇʏʉ]
 6,7

 

ʇʨʠʢʘʩʧʠʡʩʢʠʡ  

ʧʝʩʯʘʥʳʡ (43) 

1980 ʦʪ ʙʣʦʭ C. laeviceps c ʧʦʣʫʜʝʥʥʦʡ  

ʧʝʩʯʘʥʢʠ M. meridianus 

177 ʂʄ1864  

(883-ɸʩʪ)
 6,7

 

ï//ï 2009 ʦʪ ʙʦʣʴʰʦʡ ʧʝʩʯʘʥʢʠ R. opimus 

178 922(ʈ-133)  

ʂʠʪʘʡ [922 

(ʈ-133)]
 7
 

ʂʅʈ, ʧʨʦʚʠʥʮʠʷ  

ʍʵʡʣʫʥʮʟʷʥ 

1954 ʦʪ ʙʣʦʭ ʩʫʩʣʠʢʦʚ Spermophilus sp. 

179 923(ʈ-134)  

ʂʠʪʘʡ [923 

(ʈ-134)]
 7
 

ï//ï 1954 ʦʪ ʜʘʫʨʩʢʦʛʦ ʭʦʤʷʯʢʘ  

Cricetulus barabensis 

180 924(ʈ-141)  

ʂʠʪʘʡ [924 

(ʈ-141)]
 7
 

ʂʅʈ, ʧʨʦʚʠʥʮʠʷ  

ʎʠʥʭʘʡ 

1954 ʦʪ ʛʠʤʘʣʘʡʩʢʦʛʦ ʩʫʨʢʘ  

Marmota himalayana 
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181 206(297) 
7
 ʖɸʈ 1920 ʧʦʣʫʯʝʥ ʦʪ H. Pirie 

182 208(299)
 7
 ɸʬʨʠʢʘ 1934 ʧʦʣʫʯʝʥ ʦʪ H. Pirie, ʚʳʜʝʣʝʥ ʦʪ ʛʨʳʟʫʥʘ  

183 209(300) 
7
 ɸʬʨʠʢʘ 1935 ʧʦʣʫʯʝʥ ʦʪ H. Pirie, ʚʳʜʝʣʝʥ ʦʪ ʙʦʣʴʥʦ-

ʛʦ 

ʐʪʘʤʤʳ Y. pestis ʙʠʦʚʘʨʘ intermedium ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ 

184 134[134(206)]
 7
 ʇʨʠʙʘʣʭʘʰʩʢʠʡ  

ʧʫʩʪʳʥʥʳʡ (30) 

1930 ʦʪ ʙʦʣʴʥʦʛʦ 

 

ʐʪʘʤʤʳ Y. pestis ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ 

185 ʈ-14720  

[ʈ-27]
 3,5,7

 

ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1989 ʦʪ ʙʦʣʴʥʦʛʦ 

 

 

186 Saigon  

64-1198 
5,7

 

ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1964 ʧʦʣʫʯʝʥ ʦʪ H. Mollaret  

(ʛ. ʇʘʨʠʞ, ʌʨʘʥʮʠʷ) 

187 78046 
5,7

 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʃʘʤ ɼʦʥʛ 

1977 ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʥʝ ʠʟʚʝʩʪʝʥ 

188 ʂʄ751  

(79005)
 5
 

ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʃʦʥʛ ɸʥʴ 

1978 ʦʪ ʙʦʣʴʥʦʛʦ 

189 78054 
5,7

 ʉʈɺ 1978 ʦʪ ʙʦʣʴʥʦʛʦ 

190 79052 
5,7

 ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1979 ʦʪ ʙʦʣʴʥʦʛʦ 

191 ʂʄ761  

(76RR)
 5
 

ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ɼʦʥʛʥʘʡ 

1981 ʦʪ ʯʸʨʥʦʡ ʢʨʳʩʳ Rattus rattus 

192 164ɸ 
5
 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ɼʦʥʛʥʘʡ 

1981 ʦʪ ʙʦʣʴʥʦʛʦ 

193 ʂʄ715  

(Rex. 490)
 5
 

ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ɼʦʥʛʥʘʡ 

1981 ʦʪ ʤʘʣʦʡ ʢʨʳʩʳ Rattus exulans 

194 371 
5
 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ɼʦʥʛʥʘʡ 

1981 ʦʪ ʙʦʣʴʥʦʛʦ 

195 XC 84 
5
 ʉʈɺ 1981 ʦʪ ʙʣʦʭʠ Xenopsylla cheopis 

196 129 (745)
 5,7

 ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1981 ʦʪ ʙʦʣʴʥʦʛʦ 

197 203 (706)
 5,7

 ʉʈɺ 1981 ʦʪ ʙʦʣʴʥʦʛʦ 

198 ʉ. 453 
5
 ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1981 ʦʪ ʤʘʣʦʡ ʢʨʳʩʳ R. exulans 

199 RN 69 
5,7

 ʉʈɺ 1981 ʦʪ cʝʨʦʡ ʢʨʳʩʳ Rattus norvegicus 

200 ʈ-13229 
5
 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1985 ʦʪ ʤʘʣʦʡ ʢʨʳʩʳ R. exulans 

201 ʈ-13226 
5
 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1985 ʦʪ ʙʦʣʴʥʦʛʦ 

202 ʈ-13273 

[Tn770]
 5
 

ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ɼʘʢʣʘʢ 

1986 ʦʪ ʙʦʣʴʥʦʛʦ 

203 140 Dalat 
5,6

 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʃʘʤʜʦʥʛ 

1967 ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʥʝ ʠʟʚʝʩʪʝʥ 

204 ʈ-14713  

[ʉ-778]
 5
 

ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʳʫʣʦʥʛ 

1988 ʦʪ cʝʨʦʡ ʢʨʳʩʳ R. norvegicus 

205 190 
5
 ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1981 ʦʪ ʯʸʨʥʦʡ ʢʨʳʩʳ R. rattus 

206 ʂʄ753 
5,7

 ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1979 ʦʪ ʙʦʣʴʥʦʛʦ 

207 ʉ.373 
5
 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ɼʦʥʛʥʘʡ 

1982 ʦʪ ʛʠʛʘʥʪʩʢʦʡ ʙʝʣʦʟʫʙʢʠ Suncus murinus 

208 190ɺ 
5
 ʉʈɺ 1982 ʦʪ ʙʦʣʴʥʦʛʦ 

 

209 215 
5
 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ɼʦʥʛʥʘʡ 

1981 ʦʪ ʙʦʣʴʥʦʛʦ 
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210 ʈ-13227 
5,7

 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1985 ʦʪ ʙʦʣʴʥʦʛʦ 

211 ʈ-13228 
5,7

 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1987 ʦʪ ʤʘʣʦʡ ʢʨʳʩʳ R. exulans 

212 ʈ-13234 
3,5

 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1986 ʦʪ ʙʦʣʴʥʦʛʦ 

213 296ɽ 
5,7

 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ɼʦʥʛʥʘʡ 

1981 ʦʪ ʙʦʣʴʥʦʛʦ 

214 ʈ-14719 
5,7

 ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1988 ʦʪ ʙʦʣʴʥʦʛʦ 

215 ʈ-13223 
5
 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1985 ʦʪ ʤʘʣʦʡ ʢʨʳʩʳ R. exulans 

216 ʈ-13270 
5
 ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1987 ʦʪ ʙʣʦʭʠ 

217 ʈ-13250 
5
 ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1987 ʦʪ ʙʦʣʴʥʦʛʦ 

218 1328 Saigon 
5
 ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1968 ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʥʝ ʠʟʚʝʩʪʝʥ 

219 ʉ.562 
5
 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ɼʦʥʛʥʘʡ 

1981 ʦʪ ʛʠʛʘʥʪʩʢʦʡ ʙʝʣʦʟʫʙʢʠ Suncus murinus 

220 124 Dalat 
3,5,7

 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʃʘʤʜʦʥʛ 

1967 ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʥʝ ʠʟʚʝʩʪʝʥ 

221 Nhatraung  

64/307 
5,7

 

ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1964 ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʥʝ ʠʟʚʝʩʪʝʥ 

222 Nhatraung  

64/300 
5
 

ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1964 ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʥʝ ʠʟʚʝʩʪʝʥ 

223 65/2  

Nhatraung 
5,7

 

ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1965 ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʥʝ ʠʟʚʝʩʪʝʥ 

224 Nhatraung  

65/63 
5,7

 

ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1965 ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʥʝ ʠʟʚʝʩʪʝʥ 

225 ʂʄ762 
5,7

 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ɼʦʥʛʥʘʡ 

1981 ʦʪ ʛʠʛʘʥʪʩʢʦʡ ʙʝʣʦʟʫʙʢʠ Suncus murinus 

226 Saigon  

Nhatraung  

62/3 
5
 

ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1962 ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʥʝ ʠʟʚʝʩʪʝʥ 

227 Saigon  

64-1122 
5
 

ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1964 ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʥʝ ʠʟʚʝʩʪʝʥ 

228 ʈ-14709 
3,5,6

 ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1988 ʦʪ ʤʘʣʦʡ ʢʨʳʩʳ R. exulans 

229 ʈ-13272 
5
 ʉʈɺ, ʧʣʘʪʦ ʊʘʡ ʅʛʫ-

ʝʥ 

1986 ʦʪ ʜʦʤʦʚʦʡ ʤʳʰʠ Mus musculus 

230 ʈ-13242 
5,7

 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1987 ʦʪ ʙʦʣʴʥʦʛʦ 

231 154 
5,7

 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ɼʦʥʛʥʘʡ 

1981 ʦʪ ʙʦʣʴʥʦʛʦ 

232 ʈ-14714 
5,7

 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ  

ʂʭʘʥʴʭʦʘ 

1988 ʦʪ ʯʸʨʥʦʡ ʢʨʳʩʳ R. rattus 

233 ʈ-14716 
5,7

 ʉʈɺ, ʧʨʦʚʠʥʮʠʷ 

ʅʛʝʘʥ 

1988 ʦʪ ʙʦʣʴʥʦʛʦ 

234 55-801 Saigon 
5
 ʉʈɺ, ʛ. ʍʦʰʠʤʠʥ 1955 ʠʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʥʝ ʠʟʚʝʩʪʝʥ 

235 Sonche  

[Sonche] 
6,7

 

ɹʨʘʟʠʣʠʷ 1967 ʧʦʣʫʯʝʥ ʦʪ H. Mollaret  

(ʛ. ʇʘʨʠʞ, ʌʨʘʥʮʠʷ) 

 

236 Hamburg 15 
6,7

 ɻʝʨʤʘʥʠʷ 1968 ʧʦʣʫʯʝʥ ʦʪ H. Mollaret 

(ʛ. ʇʘʨʠʞ, ʌʨʘʥʮʠʷ) 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 2.1 

237 Shasta 
3,7

 ʉʐɸ 1968 ʧʦʣʫʯʝʥ ʦʪ H. Mollaret 

(ʛ. ʇʘʨʠʞ, ʌʨʘʥʮʠʷ) 

238 23 Kenya  

[Kenya 23] 
6,7

 

ʂʝʥʠʷ 1968 ʧʦʣʫʯʝʥ ʦʪ H. Mollaret 

(ʛ. ʇʘʨʠʞ, ʌʨʘʥʮʠʷ) 

239 Exu 21  

[P. Exu 21]
 6,7

 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ  

ɹʨʘʟʠʣʠʷ 

1967 ʦʪ ʢʨʳʩʳ, ʧʦʣʫʯʝʥ ʦʪ ʜʦʢʪʦʨʘ  

Y. Karimi (ʛ. ʊʝʛʝʨʘʥ, ʀʨʘʥ) 

240 Exu 33  

[P. Exu 33] 
7
 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʘʷ  

ɹʨʘʟʠʣʠʷ 

1967 ʦʪ ʢʘʤʳʰʦʚʦʛʦ ʭʦʤʷʯʢʘ Zygodontomys 

brevicauda, ʧʦʣʫʯʝʥ ʦʪ ʜʦʢʪʦʨʘ Y. Karimi 

(ʛ. ʊʝʛʝʨʘʥ, ʀʨʘʥ)  

241 Marselt Frid [124 

Marselt Frid] 
7
 

ʌʨʘʥʮʠʷ 1967 ʦʪ ʙʦʣʴʥʦʛʦ, ʧʦʣʫʯʝʥ ʠʟ ʌʨʘʥʮʠʠ  

(ʛ. ʇʘʨʠʞ) 

242 Israel  

[126 Israil]
 6,7

 

ʀʟʨʘʠʣʴ 1967 ʠʟ ʌʨʘʥʮʠʠ (ʛ. ʇʘʨʠʞ) 

243 Madagascar  

119 
3,6,7

 

ʄʘʜʘʛʘʩʢʘʨ 1968 ʧʦʣʫʯʝʥ ʦʪ H. Mollaret 

(ʛ. ʇʘʨʠʞ, ʌʨʘʥʮʠʷ) 

244 Madagascar  

1/64 
6,7

 

ï//ï 1968 ʧʦʣʫʯʝʥ ʦʪ H. Mollaret 

(ʛ. ʇʘʨʠʞ, ʌʨʘʥʮʠʷ) 

245 EV 
3,4,6,7

 ï//ï 1926 ʦʪ ʙʦʣʴʥʦʛʦ  

246 Madagascar 
7
 ï//ï 1968 ʧʦʣʫʯʝʥ ʦʪ H. Mollaret  

(ʛ. ʇʘʨʠʞ, ʌʨʘʥʮʠʷ) 

ʐʪʘʤʤʳ ʜʨʫʛʠʭ ʚʠʜʦʚ ʙʘʢʪʝʨʠʡ 

Yersinia pseudotuberculosis 

247 IV  
4,6

 ʂʦʣʣʝʢʮʠʷ ʄʦʣʷʨʝ - - 

248 312 
4,6

 ʈʌ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ - - 

249 ʀ-226 
4,6

 ʇʨʠʤʦʨʩʢʠʡ ʢʨʘʡ 1969 - 

Yersinia enterocolitica 

250 134 
4,6

 ʈʝʩʧʫʙʣʠʢʘ ʊʳʚʘ 1989 - 

Yersinia intermedia 

251 ʀ-155 
4,6

 ʈʝʩʧʫʙʣʠʢʘ ʊʳʚʘ 1989 - 

Yersinia frederiksenii 

252 ʀ-144 
4,6

 ʈʝʩʧʫʙʣʠʢʘ ʊʳʚʘ 1989 - 

Yersinia kristensenii 

253 ʀ-153 
4,6

 ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 1991 - 

Yersinia nurmii 

254 1047 
4,6

 ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 2012 - 

Yersinia mollaretii 

255 704 
4,6

 ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ 2010 - 

Yersinia bercovieri 

256 1509 
4,6

 ʛ. ʍʘʙʘʨʦʚʩʢ 2009 - 

257 1639 
4,6

 ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 2012 - 

Yersinia aleksiciae 

258 841 
4,6

 ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 2012 - 

Francisella tularensis spp. holarctica 

259 15 ʅʀʀʕɻ 
4,6

 - - - 

Enterococcus faecalis 

260 ATCC 29212 
4,6

 - - - 

 

Enterobacter aerogenes 

261 ATCC 13048 
4,6

 - - - 

https://ru.wikipedia.org/w/index.php?title=Zygodontomys_brevicauda&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=Zygodontomys_brevicauda&action=edit&redlink=1
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 2.1 

Enterobacter cloacae spp. cloacae 

262 ATCC 13047 
4
 -  - 

Escherichia coli 

263 ATCC 25922 
4,6

 ɸʚʩʪʨʘʣʠʷ, ʛ. ʉʠʵʪʣ - - 

264 ATCC 51658 
4,6

 - - - 

265 ATCC 10798 
4,6

 - - - 

266 50 
4,6

 ʐʚʝʮʠʷ 1991 - 

Salmonella enteritidis 

267 357 
4,6

 - - - 

Klebsiella pneumoniae spp. pneumoniae 

268 ATCC 35657 
4
 - - - 

Listeria monocytogenes 

269 56 
4,6

 - - - 

270 ATCC BAA-

751 
4
 

- - - 

Proteus mirabilis 

271 ATCC 35659 
4,6

 - - - 

Proteus vulgaris 

272 261 
4
 - - - 

Pseudomonas aeruginosa 

273 ATCC 27853 
4
 - - - 

Salmonella gallinarum 

274 408 
4
 - - - 

Shigella flexneri 

275 8516 
4,6

 - - - 

Staphylococcus saprophiticus 

276 ATCC 6538 
4
 - - - 

Staphylococcus epidermidis 

277 ATCC 14990 
4
 - - - 

Legionella pneumophila 

278 26 
4
 - - - 

Staphylococcus aureus 

279 19615 
4,6

 - - - 

Citrobacter yange 

280 145 
4
 - - - 

Enterobacter kobei 

281 154 
4
 - - - 

ʇʨʠʤʝʯʘʥʠʝ: 
3
 ï ʰʪʘʤʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɼʅʂ ʤʠʰʝʥʠ     

CA(-509) ʚ ʛʣʘʚʝ 3; 
4
 ï ʰʪʘʤʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʄʀ çɻʝʥʇʝʩʪ-

ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè ʚ ʛʣʘʚʝ 4; 
5
 ï ʰʪʘʤʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝ-

ʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ ʚ ʛʣʘʚʝ 5; 
6
 ï ʰʪʘʤʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʚ ʛʣʘʚʝ 6; 
7
 ï ʰʪʘʤʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʘ ɸʉ-ʇʎʈ-ʈɺ ʚ ʛʣʘʚʝ 7 
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2.1.2 ʈʝʘʢʪʠʚʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʥʘʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥ  rʦʪʝʯʝ-

ʩʪʚʝʥʥʳʝ ʠ ʠʤʧʦʨʪʥʳʝ ʨʝʘʢʪʠʚʳ ʩ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʯʠʩʪʦʪʳ çʦʩʯè, çʯʜʘè, çʭʯè, 

çMolecular Biology Gradeè. ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʘʢ-

ʪʠʚʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʪʜʝʣʴʥʳʭ ʧʦʜʛʣʘʚʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʪʦʚ ʇʎʈ, ʇʎʈ-ʈɺ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ: ʙʦʢʩ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ II ʢʣʘʩʩʘ, ʪʠʧʘ ɸ2 (ɹʄɹ-II -çʃʘʤʠʥʘʨ-

ʉè-1,2 NEOTERIC) (ʃʘʤʠʥʘʨʥʳʝ ʩʠʩʪʝʤʳ, ʈʦʩʩʠʷ), ʘʤʧʣʠʬʠʢʘʪʦʨʳ ɹʀʉ (ɹʀʉ-ʅ, 

ʈʦʩʩʠʷ), Rotor-Gene Q (ʉorbett Research, ɸʚʩʪʨʘʣʠʷ). 

ɼʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥ :r 

ʙʦʢʩ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʣʘʩʩʘ IIɸ (ʃʘʤʠʥʘʨʥʳʝ ʩʠʩʪʝʤʳ, ʈʦʩ-

ʩʠʷ), ʜʝʨʞʘʪʝʣʴ ʩʪʸʢʦʣ çFAST Frame Slade Holderè (Whatman, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), 

ʠʥʢʫʙʘʮʠʦʥʥʘʷ 16-ʣʫʥʦʯʥʘʷ ʢʘʤʝʨʘ ç16 Well Array Incubation Chamberè 

(Whatman, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʧʝʨʩʦʥʘʣʴʥʳʡ ʤʠʥʠʧʣʦʪʪʝʨ (LabNEXT, ʉʐɸ), ʤʝ-

ʜʠʮʠʥʩʢʠʡ ʦʪʩʘʩʳʚʘʪʝʣʴ ʆʄ-1 (ʋʪʸʩ ʄʝʜʪʝʭʥʠʢʘ, ʈʦʩʩʠʷ), ʪʝʨʤʦʰʝʡʢʝʨ ʜʣʷ 

ʧʣʘʥʰʝʪʦʚ PST-60HL (BioSan, ʃʘʪʚʠʷ), ʮʝʥʪʨʠʬʫʛʘ ʣʘʙʦʨʘʪʦʨʥʘ ̫ LMC-3000 

(BioSan, ʃʘʪʚʠʷ), ʩʢʘʥʝʨ ʙʠʦʯʠʧʦʚ GenePix 4100A Personal (Molecular Devices, 

ʉʐɸ). 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʬʨʘʛʤʝʥʪʥʦʛʦ ʠ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ: ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ABI PRISM 3500XL (Applied Biosystems, 

ʉʐɸ), ʩʠʩʪʝʤʘ Ion PGM system (Thermo Fisher Scientific, ʉʐɸ). 

 

2.2 ʄʝʪʦʜʳ 

 

2.2.1 ʆʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʳ ʦʙʝʟʟʘʨʘʞʠʚʘʣʠ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʉaʥʇʠʅ 3.3686-21 çʉʘʥʠʪapʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯecʢʠʝ ʪpeʙʦʚʘʥʠʷ ʧʦ 

ʧpoʬʠʣʘʢʪʠʢʝ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣeʟʥʝʡè ʠ ʄʋ 1.3.2569-09 çOpʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ 

ʣʘʙʦʨʘʪʦʨʠʡ, ʠʩʧʦʣʴʟyʶʱʠʭ ʤʝʪʦʜʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʥʫʢʣeʠʥʦʚʳʭ ʢʠʩʣʦʪ ʧʨʠ ʨʘ-
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ʙʦʪʝ ʩ ʤʘʪepʠʘʣʦʤ, ʩʦʜepʞʘʱʠʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ IïIV ʛʨʫʧʧ ʧʘʪʦʛeʥʥʦʩʪʠè. ɺ 

ʧʨʦʙ rʜʦʙʘʚʣʷʣʠ ʤʝʨʪʠʦʣʷʪ ʥʘʪʨʠʷ ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,01 %, ʟʘʪʝʤ ʧʨʦ-

ʛʨʝʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 56 Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ 100 ʤʢʣ ʧʨʦʙ, ʦʙʨʘ-

ʙʦʪʘʥʥʳʭ ʤʝʨʪʠʦʣʷʪʦʤ ʥʘʪʨʠʷ, ʚʥʦʩʠʣʠ ʚ ʧʨʦʙʠʨʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʣʠʟʠʨʫʶʱʠʡ 

ʙʫʬʝʨ ʥʘ ʦʩʥʦʚʝ ʥʘ 6 ʤʦʣʴ ʛʫʘʥʠʜʠʥʠʟʦʪʠʦʮʠʘʥʘʪʘ, ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 

ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 65 Áʉ. 

 

2.2.2 ʀʟʫʯʝʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʰʪʘʤʤʦʚ Y. pestis 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʫʣʴʪʫʨʘʣʴʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʰʪʘʤʤʦʚ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ [ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ çʃʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʦʧʘʩ-

ʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡè, 2013]. 

ʌʝʨʤʝʥʪʘʮʠʷ ʨʘʤʥʦʟʳ, ʤʝʣʠʙʠʦʟʳ, ʘʨʘʙʠʥʦʟʳ 

ʉʧʦʩʦʙʥʦʩʪʴ ʰʪʘʤʤʦʚ ʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʩʘʭʘʨʘ ʚʳʷʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʞʠʜʢʦʡ ʩʨʝʜ rɻʠʩʩʘ, ʩʦʜʝʨʞʘʱʝʡ 1 % ʧʝʧʪʦʥʥʫʶ ʚʦʜʫ (pH 7,2), 1 % ʨʘʤʥʦʟʫ (ʤʝ-

ʣʠʙʠʦʟʫ ʠʣʠ ʘʨʘʙʠʥʦʟʫ) ʠ 1 % ʠʥʜʠʢʘʪʦʨ ɸʥʜʨʝʜʝ [ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ 

çʃʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡè, 2013]. ʐʪʘʤʤʳ 

ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʚʥʦʩʠʣʠ ʚ ʩʨʝʜʫ ɻʠʩʩʘ ʩ ʨʘʤʥʦʟʦʡ (ʤʝʣʠʙʠʦʟʦʡ ʠʣʠ ʘʨʘʙʠʥʦ-

ʟʦʡ) ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ 24ï48 ʯ ʧʨʠ 28 Áʉ. ʀʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʩʨʝʜʳ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʫʯʘʝʤʦʛʦ ʰʪʘʤʤʘ ʢ ʬʝʨʤʝʥʪʘ-

ʮʠʠ ʨʘʤʥʦʟʳ (ʤʝʣʠʙʠʦʟʳ ʠʣʠ ʘʨʘʙʠʥʦʟʳ). 

ʌʝʨʤʝʥʪʘʮʠʷ ʛʣʠʮʝʨʠʥʘ 

ʀʟʫʯʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʬʝʨʤʝʥʪʘʮʠʠ ʛʣʠʮʝʨʠʥʘ ʚʳʧʦʣʥʷʣʦʩʴ ʘʥʘʣʦʛʠʯʥʦ 

ʤʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʬʝʨʤʝʥʪʘʮʠʠ ʨʘʤʥʦʟʳ, ʤʝʣʠʙʠʦʟʳ, ʘʨʘʙʠ-

ʥʦʟʳ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʥʦ ʚʤʝʩʪʦ ʵʪʠʭ ʩʘʭʘʨʦʚ ʚ ʩʨʝʜʫ ɻʠʩʩʘ 

ʙʳʣ ʜʦʙʘʚʣʝʥ 1 % ʛʣʠʮʝʨʠʥ [ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ çʃʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦ-

ʩʪʠʢʘ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡè, 2013]. 

ɼʝʥʠʪʨʠʬʠʮʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʥʠʪʨʠʬʠʮʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 1 ʤʣ ʙʫʣʴʦʥʘ LB (pH 

7,2) ʩ 0,1 % KNO3 ʚʥʦʩʠʣʠ 1 ʧʝʪʣʶ 24ï48-ʯʘʩʦʚʦʡ ʘʛʘʨʦʚʦʡ ʢʫʣʴʪʫʨʳ ʠʟʫʯʘʝʤʦʛʦ 
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ʰʪʘʤʤʘ Y. pestis. ʀʥʢʫʙʘʮʠʶ ʧʦʩʝʚʦʚ ʚʳʧʦʣʥʷʣʠ ʚ ʪʝʯʝʥʠʝ 72 ʯ ʧʨʠ 28 Áʉ, ʧʦʩʣʝ 

ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ 0,5 ʤʣ ʨʝʘʢʪʠʚʘ ɻʨʠʩʩʘ [ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ çʃʘʙʦʨʘʪʦʨʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡè, 2013]. ɽʩʣʠ ʠʩʩʣʝʜʫʝʤʳʡ ʰʪʘʤʤ 

ʦʙʣʘʜʘʣ ʜʝʥʠʪʨʠʬʠʮʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴ  ʁ(ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʦʙʨʘʟʦʚʳʚʘʣ ʥʠʪ-

ʨʠʪr), ʪʦ ʩʨʝʜʘ ʧʨʠʦʙʨʝʪʘʣʘ ʤʘʣʠʥʦʚʳʡ ʮʚʝʪ. 

 

2.2.3 ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʘ ʧʠʛʤʝʥʪʘʮʠʠ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʦʩʪʘ ʦʪ ʠʦʥʦʚ 

ʢʘʣʴʮʠʷ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʘ ʧʠʛʤʝʥʪʘʮʠʠ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʘ ʧʠʛʤʝʥʪʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʳ LB ʧʫ-

ʪʸʤ ʜʦʙʘʚʣʝʥʠ ̫ʂʦʥʛʦ ʢʨʘʩʥʦʛʦ (pH 7,2) [ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ çʃʘʙʦʨʘʪʦʨ-

ʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡè, 2013]. ʀʟ 24-ʯʘʩʦʚʦʡ ʘʛʘʨʦ-

ʚʦʡ ʢʫʣʴʪʫʨʳ ʰʪʘʤʤʘ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ, ʚʳʨʘʱʝʥʥʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 28 Áʉ, ʜʝ-

ʣʘʣʠ ʚʟʚʝʩʴ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 5³10
3
 ʤ.ʢ./ʤʣ, ʧʦʩʣʝ ʯʝʛʦ 0,1 ʤʣ ʧʦʣʫʯʝʥʥʦʡ ʚʟʚʝʩʠ 

ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʘʛʘʨʘ, ʘ ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ 24 ʯ ʧʨʠ 28 Áʉ ʩ ʧʦʩʣʝ-

ʜʫʶʱʠʤ ʭʨʘʥʝʥʠʝʤ 2ï3 ʩʫʪʦʢ ʧʨʠ 4 Áʉ. ɹʘʢʪʝʨʠʠ, ʦʙʣʘʜʘʶʱʠʝ ʧʨʠʟʥʘʢʦʤ ʧʠʛ-

ʤʝʥʪʘʮʠʠ, ʬʦʨʤʠʨʦʚʘʣʠ ʢʨʘʩʥʳʝ ʠʣʠ ʨʦʟʦʚʳʝ ʢʦʣʦʥʠʠ, ʘ ʥʝ ʦʙʣʘʜʘʶʱʠʝ ï ʙʝʩ-

ʮʚʝʪʥʳʝ ʢʦʣʦʥʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʦʩʪʘ ʦʪ ʠʦʥʦʚ ʢʘʣʴʮʠʷ 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʦʩʪʘ ʰʪʘʤʤʦʚ Y. pestis ʦʪ ʥʘʣʠʯʠʷ ʚ ʩʨʝʜʝ ʠʦʥʦʚ 

ʢʘʣʴʮʠʷ ʚʳʧʦʣʥʷʣʠ, ʠʩʧʦʣʴʟʫʷ ʩʨʝʜʫ ʍʠʛʫʯʠ-ʉʤʠʪʘ (ʤʘʛʥʠʝʚʦ-ʦʢʩʘʣʘʪʥʳʡ ʘʛʘʨ). 

ʀʥʢʫʙʘʮʠʶ ʚʳʧʦʣʥʷʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 28 Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ɿʘʪʝʤ ʛʦʪʦʚʠʣʠ 

ʙʘʢʪʝʨʠʘʣʴʥʫʶ ʚʟʚʝʩʴ ʚ 0,9 % ʨʘʩʪʚʦʨʝ ʥʘʪʨʠʷ ʭʣʦʨʠʜʘ ʚ ʪʨʸʭ ʨʘʟʚʝʜʝʥʠʷʭ: 1³10
3
, 

1³10
4
 ʠ 5³10

5
 ʤ.ʢ./ʤʣ. ʀʟ ʵʪʠʭ ʨʘʟʚʝʜʝʥʠʡ ʜʝʣʘʣʠ ʚʳʩʝʚʳ 0,1 ʤʣ ʚʟʚʝʩʠ ʥʘ ʧʣʦʪ-

ʥʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ. ʉʧʫʩʪʷ 48 ʯ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ 

ʧʨʦʚʦʜʠʣʠ ʫʯʸʪ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ, ʥʝʟʘʚʠʩʠʤʳʭ ʥʘʣʠʯʠʷ ʦʪ ʠʦʥʦʚ ʢʘʣʴʮʠʷ. ʇʦ-

ʩʣʝ ʵʪʦʛʦ ʰʪʘʤʤʳ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 28 Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʩ ʜʘʣʴ-

ʥʝʡʰʠʤ ʫʯʸʪʦʤ ʚʳʨʦʩʰʠʭ ʢʦʣʦʥʠʡ, ʟʘʚʠʩʠʤʳʭ ʦʪ ʠʦʥʦʚ ʢʘʣʴʮʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥ-

ʪʨʦʣʴʥʦʛʦ ʰʪʘʤʤʘ ʧʨʠʤʝʥʷʣʠ ʰʪʘʤʤ Y. pestis ɽV ʅʀʀʕɻ [ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦ-

ʜʩʪʚʦ çʃʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡè, 2013]. 
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2.2.4 ɺʳʜʝʣʝʥʠʝ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ  

ʕʢʩʪʨʘʢʮʠʶ ɼʅʂ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʄY 1.3.2569-09 çOpʛʘʥʠʟʘʮʠʷ paʙʦʪʳ ʣʘʙopaʪʦʨʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʤʝʪʦʜʳ ʘʤʧʣʠʬʠʢaʮʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠcʣʦʪ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʘʪepʠʘʣʦʤ, 

ʩʦʜepʞʘʱʠʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ IïIV ʛʨʫʧʧ ʧʘʪoʛʝʥʥʦʩʪʠè [ʄʋ 1.3.2569-09]. ʕʢʩ-

ʪʨʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʨʝʘʛʝʥʪʦʚ çPureLink Genomic DNA Mini 

Kitè (Invitrogen, ʉʐɸ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʨʝʧʘʨʘʪʳ 

ɼʅʂ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʪʨʘʢʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʇʎʈ, ʇʎʈ-ʈɺ, ɸʉ-

ʇʎʈ-ʈɺ ʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

 

2.2.5 ʇʨʦʚʝʜʝʥʠʝ ʇʎʈ ʠ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ     

ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʘʩʯʸʪ ʧʨʘʡʤʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Vector NTI 11.2 

(URL: http://www.thermofisher.com). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʇʎʈ-ʈɺ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʟʦʥʜʳ ʩ ʬʣʫʦʨʦʬʦʨʘʤʠ FAM/Green (ʬʠʣʴʪʨ ʜʝʪʝʢʮʠʠ 460Ñ20 ʥʤ), JOE/Yellow 

(ʬʠʣʴʪʨ ʜʝʪʝʢʮʠʠ 557Ñ5 ʥʤ) ʠ ʛʘʩʠʪʝʣʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ RTQ1. ɼʣʷ ʜʠʟʘʡʥʘ ʘʣ-

ʣʝʣʴ-ʩʧʝʮʠʬʠʯʥʳʭ ʧʨʘʡʤʝʨʦʚ ʥʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʧʦʜʭʦʜ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ B. Li c 

ʩʦʘʚʪʦʨʘʤʠ ʚ 2004 ʛ. [Li et al., 2004]. ʉ ʮʝʣʴʶ ʫʩʠʣʝʥʠʷ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʤʫʪʘʥʪʥʦ-

ʛʦ ʘʣʣʝʣʷ, ʙʳʣ ʚʚʝʜʸʥ ʚʪʦʨʦʡ ʥʝʩʧʘʨʝʥʥʳʡ ʥʫʢʣʝʦʪʠʜ ʚ ʧʦʟʠʮʠʠ -2 ʦʪ 3ô-ʢʦʥʮʘ 

ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʥʦʛʦ ʧʨʘʡʤʝʨʘ. ʊʘʢʞʝ ʚ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʥʳʭ ʧʨʘʡʤʝʨʘʭ ʥʫʢʣʝʦ-

ʪʠʜʳ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʝ ʤʘʨʢʝʨʥʳʤ SNPs, ʙʳʣʠ ʟʘʤʝʱʝʥʳ LNA-

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘʤʠ ʩ ʟʘʤʢʥʫʪʳʤ ʨʠʙʦʟʥrʤ ʢʦʣʴʮʦʤ ʚ ʧʦʟʠʮʠʷʭ ʉ2 ʠ ʉ4 ʠ ʤʝʪʠʣʴ-

ʥʦʡ ʛʨʫʧʧʦʡ, ʧʦʚʳʰʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʮʝʧʝʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʳʯʥʳ-

ʤʠ ʥʫʢʣʝʦʪʠʜʘʤʠ [Mouritzen et al., 2003; Latorra et al., 2003]. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʤ-

ʧʣʝʢʪʳ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʤʦʥʦʧʣʝʢʩʥʦʡ ɸʉ-

ʇʎʈ-ʈɺ. ɺʩʝ ʟʦʥʜʳ ʦʙʣʘʜʘʣʠ ʬʣʫʦʨʦʬʦʨʦʤ FAM (ʬʠʣʴʪʨ ʜʝʪʝʢʮʠʠ 460Ñ20 ʥʤ) ʠ 

ʛʘʩʠʪʝʣʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ RTQ1. 

ʇʎʈ ʠ ʇʎʈ-ʈɺ ʧʨʦʚʦʜʠʣʠ ʚ ʠʪʦʛʦʚʦʤ ʦʙʲʸʤʝ 25 ʤʢʣ, ʧʨʠʤʝʥʷʷ ʩʣʝʜʫʶʱʫʶ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ: 2,5 ʤʢʣ ʨʘʩʪʚʦʨʘ ʧʦ 2 ʤʄ ʢʘʞʜʦʛʦ ʜʅʊʌ, 2,5 ʤʢʣ 10Ĭ ʙʫʬʝʨʘ 

ʜʣʷ ʇʎʈ, 2 ʤʢʣ 25 ʤʄ MgCl2, ʧʦ 0,08ï0,1ʤʢʣ (8ï10 ʧʄ) ʢʘʞʜʦʛʦ ʧʨʘʡʤʝʨʘ, 0,04 
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ʤʢʣ (2,5 ʧʄ) ʟʦʥʜʘ (ʚ ʇʎʈ-ʈɺ), 0,2 ʤʢʣ (5 ʝʜ.) Hot Start Taq ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ 

(ʉʠʙʵʥʟʠʤ, ʈʦʩʩʠʷ). ɼʝʠʦʥʠʟʦʚʘʥʥʫʶ ʚʦʜʫ ʜʦʙʘʚʣʷʣʠ ʚ ʦʙʲʸʤʝ, ʪʨʝʙʫʝʤʦʤ ʜʣʷ 

ʠʪʦʛʦʚʦʛʦ ʦʙʲʸʤʘ ʩʤʝʩʠ 15 ʤʢʣ, ʧʦʩʣʝ ʯʝʛʦ ʚʥʦʩʠʣʠ 10 ʤʢʣ (10 ʥʛ) ɼʅʂ ʰʪʘʤʤʘ. 

ɸʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʇʎʈ-ʈɺ ʧʨʦʚʦʜʠʣʠ ʪʘʢʞʝ ʚ ʦʙʲʸʤʝ 25 ʤʢʣ: 1,5 ʤʢʣ ʨʘʩ-

ʪʚʦʨʘ ʧʦ 2 ʤʄ ʢʘʞʜʦʛʦ ʜʅʊʌ, 2,5 ʤʢʣ 10Ĭ ʙʫʬʝʨʘ ʜʣʷ ʇʎʈ, 4 ʤʢʣ 25 ʤʄ MgCl2, 

ʧʦ 0,05 ʤʢʣ (5 ʧʄ) ʢʘʞʜʦʛʦ ʧʨʘʡʤʝʨʘ, ʧʦ 0,025 ʤʢʣ (2,5 ʧʄ) ʟʦʥʜʘ, 0,2 ʤʢʣ (5 ʝʜ.) 

ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ HotStarTaq Plus (Qiagen, ɻʝʨʤʘʥʠʷ). ɼʝʠʦʥʠʟʦʚʘʥʥʫʶ ʚʦʜʫ ʜʦ-

ʙʘʚʣʷʣʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʠʪʦʛʦʚʦʛʦ ʦʙʲʸʤʘ ʩʤʝʩʠ 15 ʤʢʣ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʣʠ 10 

ʤʢʣ (10 ʥʛ) ɼʅʂ ʰʪʘʤʤʘ. 

ʇʨʦʚʝʜʝʥʠʝ ʇʎʈ-ʈɺ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʧʣʠʬʠʢʘʪʦʨʘ Rotor-

Gene Q (ʉorbett Research, ɸʚʩʪʨʘʣʠʷ). ʋʯʸʪ ʫʨʦʚʥʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʵʪʘʧʝ ʦʪʞʠʛʘ ʧʨʘʡʤʝʨʦʚ, ʫʨʦʚʝʥɹ ʧʦʨʦʛʘ ʙʳʣ ʚʳʙʨʘʥ ï 0,05.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʇʎʈ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʘʤ-

ʧʣʠʢʦʥʦʚ ʠʣʠ ʧʨʦʚʝʜʝʥʠʷ ʛʠʙʨʠʜʠʟʘʮʠʠ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʤ-

ʧʣʠʬʠʢʘʪʦʨ ɹʀʉ (ɹʀʉ-ʅ, ʈʦʩʩʠʷ). ʅʘʨʘʙʦʪʢʫ ʘʤʧʣʠʢʦʥʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʠʙʨʠ-

ʜʠʟʘʮʠʠ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʧʨʦʚʦʜʠʣʠ ʚ ʰʝʩʪʠ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʨʝʘʢʮʠʷʭ. 

 

2.2.6 ʌʨʘʛʤʝʥʪʥʦʝ ʠ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ 

ʌʨʘʛʤʝʥʪʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʠ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʥʦʤʥʦʛʦ ʠ 

ʧʨʦʪʝʦʤʥʦʛʦ ʘʥʘʣʠʟʘ ʌʂʋʅ ʈʦccʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥcʪʠʪʫʪ çʄʠʢʨʦʙè 

ʈocʧʦʪʨʝʙʥʘʜʟʦʨʘ ʚ ʩʦʦʪʚeʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʯecʢʠʤʠ ʨʝʢʦʤeʥʜʘʮʠʷʤʠ çʇʦʜʛʦʪoʚʢʘ 

ɼʅʂ-ʬʨʘʛʤeʥʪʘ ʜʣʷ ʘʥaʣʠʟʘ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪeʣʴʥʦʩʪʠ ʩ ʧʦʤoʱʴʶ ʘʚʪʦʤʘʪʠʯecʢʦʛʦ 

ceʢʚʝʥʠʨʦʚʘʥʠʷè (ʫʪʚepʞʜʝʥʳ ʜʠpeʢʪʦʨʦʤ ʦʪ 23.12.2010 ʛ.), ʠʩʧʦʣʴʟʫʷ ʛʝʥʝʪʠʯʝ-

ʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ABI PRISM 3500XL (Applied Biosystems, ʉʐɸ) ʜʣʷ ʘʥʘʣʠʟʘ ʥʫʢ-

ʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʤʧʣʠʢʦʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʇʎʈ ʥʘ 

ʤʘʪʨʠʮʝ ɼʅʂ ʰʪʘʤʤʦʚ Y. pestis. 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʰʪʘʤʤʦʚ ʚʳʧʦʣʥʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ Ion GeneStudio S5 System (Thermo Fischer Scientific, ʉʐɸ). 

ʇʝʨʚʠʯʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʙʠʙʣʠʦʪʝʢʠ ʬʨʘʛʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʦʚ 

Ion XpressÊ Plus Fragment Library Kit  ʠ Ion XpressÊ Barcode Adapter 1-96 Kit  
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(Thermo Fischer Scientific, ʉʐɸ). ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʤʘʪʨʠʮʳ ʧʨʠʤʝʥʷʣʠʩʴ ʩʠʩʪʝʤʘ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ Ion Chef System ʠ ʥʘʙʦʨʳ ʯʠʧʦʚ 

Ion 510 Ê & 520 Ê & Ion 530 Ê Chip Kit (Thermo Fischer Scientific, ʉʐɸ). ʂʦʥ-

ʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʯʪʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ FastQC v0.11.9 

(Babraham Bioinformatics, ɸʥʛʣʠʷ). ʆʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʩʙʦʨʢʫ ʢʦʨʦʪʢʠʭ ʧʨʦʯʪʝ-

ʥʠʡ ʛʝʥʦʤʘ de novo ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤ Ion Torrent Suite soft-

ware package 5.12 (Thermo Fischer Scientific, ʉʐɸ), Newbler gsAssembler 2.6 (454 

Life Sciences, ʉʐɸ), Unicycler v0.4.9 (URL: 

https://github.com/rrwick/Unicycler/releases) [Wick et al., 2017]. ɺʳʨʘʚʥʠʚʘʥʠʝ ʧʨʦ-

ʯʪʝʥʠʡ ʧʦ ʛʝʥʦʤʫ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ Y. pestis ʉʆ92 ( ̄ ʜʦʩʪʫʧʘ ʚ NCBI 

GenBank NC_003143.1) ʚʳʧʦʣʥʷʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

DNASTAR Lasergene 15.3 (DNASTAR Inc., ʉʐɸ). ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʣʫʯʝʥʥʳʭ 

ʛʝʥʦʤʦʚ ʩʦʩʪʘʚʠʣ 4,5 ʤ.ʧ.ʥ., ʘ ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʧʦʢʨʳʪʠʷ ï 48Ĭ. 

 

2.2.7 ɻʠʙʨʠʜʠʟʘʮʠʷ ʚ ʩʠʩʪʝʤʝ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ 

ʉʠʩʪʝʤʘ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʝʢʣʦ (ʩʣʘʡʜ) ʨʘʟʤʝʨʦʤ 

25Ĭ75 ʤʤ, ʪʦʣʱʠʥʦʡ 1 ʤʤ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ɔ-

ʘʤʠʥʦʧʨʦʧʠʣʩʠʣʘʥʘʤʠ, ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʥʝʡ ʦʜʥʦʮʝʧʦʯʥʳʤʠ ʦʣʠʛʦʥʫʢ-

ʣʝʦʪʠʜʥʳʤʠ ʟʦʥʜʘʤʠ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʬʨʘʛʤʝʥʪʘʤ ɼʅʂ     

Y. pestis, ʜʠʩʢʨʝʪʥʦ ʥʘʥʝʩʸʥʥʳʤʠ ʚ ʚʠʜʝ ʧʷʪʝʥ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ (ʩʧʦʪʦʚ) ʠ ʩʛʨʫʧ-

ʧʠʨʦʚʘʥʥʳʤʠ ʚ ʦʪʜʝʣʴʥʳʝ ʟʦʥʳ (ʵʨʨʝʠ). ʂʘʞʜʳʡ ʵʨʨʝʡ ʠʤʝʝʪ ʠʜʝʥʪʠʯʥʳʡ ʥʘʙʦʨ 

ʠ ʨʘʟʤʝʱʝʥʠʝ ʟʦʥʜʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʘʥʘʣʠʟʘ ʦʜʥʦʡ ʧʨʦʙʳ. 

ʆʙʦʛʘʱʝʥʠʝ ʥʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʞʠʜʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʨʝʘʛʝʥʪʦʚ çʇʝʩʪ-ʄʃ ʇʎʈ-

ʙʠʦʯʠʧè ʚ ʩʪʝʢʣʷʥʥʳʝ ʧʨʦʙʠʨʢʠ ʚʥʦʩʠʣʠ ʩʪʝʨʠʣʴʥʳʡ ʙʫʣʴʦʥ LB ʦʙʲʸʤʦʤ 5,0 ʤʣ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʜʦʟʨʠʪʝʣʴʥʳʡ ʥʘ ʥʘʣʠʯʠʝ Y. pestis, ʚ ʦʙʲʸʤʝ 0,1ï0,2 ʤʣ 

ʜʦʙʘʚʣʷʣʠ ʚ ʧʨʦʙʠʨʢʠ ʩ ʙʫʣʴʦʥʦʤ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧepʘʪʫʨʝ 28 Áʉ ʚ 

ʪeʯʝʥʠʝ 18ï24 ʯ. 
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ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʨʘʡʤʝʨʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʇʎʈ 

ʈʘʩʯʸʪ ʧʨʘʡʤʝʨʦʚ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Vector NTI 11.2 

(URL: http://www.thermofisher.com). ɿʦʥʜʳ ʦʙʣʘʜʘʣʠ ʘʤʠʥʦʛʨʫʧʧʦʡ ʥʘ ʩʚʦʸʤ 5ô-

ʢʦʥʮʝ ʜʣʷ ʠʭ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʘ (ʩʣʘʡʜʝ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙ-

ʨʘʪʥʳʡ ʧʨʘʡʤʝʨ ʠʤʝʣ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʬʣʫʦʨʦʬʦʨ ï Cy5 (ʬʠʣʴʪʨ ʜʝʪʝʢʮʠʠ 

655Ñ20 ʥʤ). ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʚ ʘʤʧʣʠʬʠʢʘʪʦʨʝ ɹʀʉ ʧʨʠ ʩʣeʜʫʶʱʠʭ ʫcʣʦʚʠʷʭ 

ʨeʘʢʮʠʠ: 1 ʮʠʢʣ 95 Áʉ ï 10 ʤʠʥ; 40 ʮʠʢʣʦʚ    95 Áʉ ï 25 ʩ, 59 Áʉ ï 35 ʩ, 72 Áʉ ï 30 

ʩ; 72 Áʉ ï 3 ʤʠʥ.  

ʅʘʥʝʩʝʥʠʝ ʟʦʥʜʦʚ ʥʘ ʧʦʜʣʦʞʢʫ  

ʆʩʥʦʚʥʳʝ ʤʘʥʠʧʫʣʷʮʠʠ ʘʥʘʣʠʟʘ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʚ ʩʠʩʪʝʤʝ 

ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ 

ʨʘʥʝʝ [Tomioka et al., 2005; Jin et al., 2007; Marcy et al., 2008]. ʅʘʥʝʩʝʥʠʝ ʟʦʥʜʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʣʘʡʜʘ ʦʩʫʱʝʩʪʚʣʷʣʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʬʝʨʘ ʜʣʷ ʧʝʯʘʪʠ, ʩʦʜʝʨ-

ʞʘʝɦʛʦ ʚ 100 ʤʢʣ 25 ʤʢʣ PBS ʙʫʬʝʨʘ, 75 ʤʢʣ 5ʄ ʨʘʩʪʚʦʨʘ ʙʝʪʘʠʥʘ, 0,2 ʤʢʣ 10 % 

ʨʘʩʪʚʦʨʘ ʪʚʠʥʘ-20. ʆʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʝ ʟʦʥʜʳ ʨʘʟʙʘʚʣʷʣʠ ʙʫʬʝʨʦʤ ʜʣʷ ʧʝʯʘʪʠ ʜʦ 

ʠʪʦʛʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʧʢʤʦʣʴ/ʤʢʣ, ʟʘʪʝʤ ʩ  ʧʦʤʦʱʴʶ ʤʠʥʠʧʣʦʪʪʝʨʘ çXact 

Microarrayerè (LabNEXT, ʉʐɸ) ʥʘʥʦʩʠʣʠ ʥʘ ʘʤʠʥʦʩʣʘʡʜ rGAPS II  Coated Slides 

(Corning, ʉʐɸ) ʤʝʪʦʜʦʤ ʢʦʥʪʘʢʪʥʦʡ ʧʝʯʘʪʠ ʚ ʬʦʨʤʝ ʦʪʜʝʣʴʥʳʭ ʩʧʦʪʦʚ ʚʝʨʪʠ-

ʢʘʣɹʥʦ ʚ ʜʚʫʭ ʧʦʚʪʦʨʘʭ. ɺ ʠʪʦʛʝ ʛʨʫʧʧʘ ʩʧʦʪʦʚ ʦʙʨʘʟʦʚʳʚʘʣʘ ʵʨʨʝʡ ʜʣʷ ʘʥʘʣʠʟʘ 

ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ɼʅʂ. ʀʤʤʦʙʠʣʠʟʘʮʠʶ ʟʦʥʜʦʚ, ʥʘʥʝʩʸʥʥʳʭ ʥʘ ʩʣʘʡʜʳ, ʧʨʦ-

ʚʦʜʠʣʠ, ʠʥʢʫʙʠʨʫʷ 20 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 Áʉ, ʘ ʟʘʪʝʤ 18 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠʝ ʛʠʙʨʠʜʠʟʘʮʠʠ  

ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʚʟʚʝʩʠ ʠʟʫʯʘʝʤʳʭ 

ʰʪʘʤʤʦʚ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10
9 
ʤ.ʢ./ʤʣ, ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.6 

ʜʘʥʥʦʡ ʛʣʘʚʳ. ʅʘ ʤʘʪʨʠʮʝ ʚʳʜʝʣʝʥʥʦʡ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʇʎʈ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʧʨʘʡʤʝʨʘʤʠ ʥʘ ʚʳʙʨʘʥʥʳʝ ɼʅʂ-ʤʠʰʝʥʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʜʝʣʦʤ 2.7.  

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʛʠʙʨʠʜʠʟʘ-

ʮʠʠ ʧʨʦʚʦʜʠʣʠ ʙʣʦʢʠʨʦʚʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʘʡʜʘ ï ʧʨʝʛʠʙʨʠʜʠʟʘʮʠ.ʁ ɼʣʷ ʵʪʦʛʦ 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Tomioka%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16237218
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ʥʘʥʦʩʠʣʠ ʧʦ 100 ʤʢʣ ʙʣʦʢʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ (1Ĭ ʨʘʩʪʚʦʨ ɼʝʥʭʘʨʜʪʘ, 20Ĭ SSPE-

ʙʫʬʝʨ, ɼʅʂ ʩʧʝʨʤʳ ʣʦʩʦʩʷ ʩ ʠʪʦʛʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,2 ʤʛ/ʤʣ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʣʘʡʜʘ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʥʝʤ ʟʦʥʜʘʤʠ. ʇʨʝʛʠʙʨʠʜʠʟʘʮʠʶ ʚʳʧʦʣʥʷʣʠ ʥʘ 

ʪepʤʦʰʝʡʢʝʨʝ ʧʨʠ 42 Áʉ ʚ ʪʝʯeʥʠʝ 30 ʤʠʥ ʠ ʩʢopoʩʪʠ ʚʨʘʱʝʥʠʷ ʧʣʘʪʬʦʨʤʳ 250 

ʦʙ/ʤʠʥ. ɿʘʪʝʤ ʩʣʘʡʜʳ ʦʪʤʳʚʘʣʠ 0,1Ĭ ʨʘʩʪʚopoʤ SSPE-ʙʫʬʝʨʘ ʩ ʜʦʙaʚʣʝʥʠʝʤ 0,2 

% SDS ʧpʠ 42 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʣʘʪʬʦʨʤʳ 250 ʦʙ/ʤʠʥ. 

ɺʦ ʚʨʝʤʷ ʛʠʙʨʠʜʠʟʘʮʠʠ ʚ ʷʯʝʡʢʠ ʚʥʦʩʠʣʠ ʧʦ 80 ʤʢʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝ-

ʪʦʡ ʧʨʠ 95 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʣʘ ʠʟ 70 

ʤʢʣ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦʛʦ ʙʫʬʝʨʘ ʠ 10 ʤʢʣ ʇʎʈ-ʧʨʦʜʫʢʪʘ. ʉʦʩʪʘʚ ʛʠʙʨʠʜʠʟʘʮʠʦʥ-

ʥʦʛʦ ʙʫʬʝʨʘ ʙʳʣ ʩʣʝʜʫʶʱʠʤ: 20Ĭ SSPE-ʙʫʬʝʨ, ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʡ ʢʦʢʪʝʡʣʴ ʬʦʨ-

ʤʘʤʠʜʦʤ ʚ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 15 %, 1Ĭ ʨʘʩʪʚʦʨ ɼʝʥʭʘʨʜʪʘ, ɼʅʂ ʩʧepʤʳ ʣʦ-

ʩʦʩʷ ʚ ʠʪʦʛʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,2 ʤʛ/ʤʣ. ɺ ʷʯʝʡʢʫ ʦʜʥʦʤʦʤʝʥʪʥʦ ʚʥʦʩʠʣʠ ʇʎʈ-

ʧpoʜʫʢʪʳ ʰecʪʠ ʤyʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ-ʩʤʝʩʝʡ. ɺ ʢʘʯecʪʚʝ ʪʨʘʬʘʨʝʪʦʚ ʙʳʣʠ 

ʠʩʧoʣʴʟʦʚʘʥʳ 16-ʣʫʥoʯʥʳʝ ʢʘʤepr  ç16-well incubation chamberè (Whatman, ɻʝʨ-

ʤʘʥʠʷ). ʉʣʘʡʜʳ ʚʤʝʩʪʝ ʩ ʥʘʥʝʩʸʥʥʳʤʠ ʥʘ ʥʠʭ ʪʨʘʬʘʨʝʪʘʤʠ ʨʘʩʧʦʣʘʛʘʣʠ ʚ ʨʘʤʢʘʭ-

ʜʝʨʞʘʪʝʣʷʭ çFAST-Frameè (Whatman, ɻʝʨʤʘʥʠʷ). ɻʠʙʨʠʜʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ 

ʪʝʨʤʦʰʝʡʢʝʨʝ ʧʨʠ 42 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯ ʠ ʩʢopoʩʪʠ ʚʨʘ eɦʥʠʷ ʧʣʘʪʬopʤʳ 250 

ʦʙ/ʤʠʥ. ɼʘʣʝʝ ʩʦʜʝʨʞʠʤʦʝ ʷʯeeʢ ʦʪʙʠʨʘʣʠ ʩ ʧʦʤoʱʴʶ ʚʘʢyyʤʥʦʛʦ ʤʝʜʠʮʠʥcʢʦʛʦ 

ʘʩʧʠpaʪʦʨʘ ʠ ʟʘʪʝʤ ʦʪʤʳʚʘʣʠ ʩʣʘʡʜʳ 2Ĭ ʨʘʩʪʚopoʤ SSPE-ʙʫʬʝʨʘ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥ 

ʧʨʠ 42 Áʉ ʠ ʩʢopoʩʪʠ ʚʨʘʱʝʥʠʷ ʧʣʘʪʬopʤʳ 250 ʦʙ/ʤʠʥ, ʧʦʩʣʝ ʵʪʦʛʦ ï 0,1Ĭ 

ʨʘʩʪʚopoʤ SSPE-ʙʫʬʝʨʘ ʩ ʜʦʙʘʚʣeʥʠʝʤ 0,2 % SDS. ɿaʪʝʤ ʢʘʤʝʨʳ ʩʥʠʤʘʣʠ, ʩʣʘʡʜʳ 

ʠʟʚʣʝʢʘʣʠ ʠʟ ʨʘʤʦʢ, ʧʨʦʤʳʚʘʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʩʫʰʠʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦ-

ʚʘʥʠʝʤ ʧʨʠ 1000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ ʠ ʭʨʘʥʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4 Áʉ ʜʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ. 

ʋʯʸʪ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʋʯʸʪ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʷʣʠ, ʠʩʧʦʣʴʟʫʷ ʩʢʘʥʝʨ ʤʠʢʨʦʩʣʘʡʜʦʚ 

GenePix 4100A (Molecular Devices, ʉʐɸ) ʠ ʧʨʦʛʨʘʤʤʳ GenePix Pro 7.3 (Molecular 

Devices, ʉʐɸ). 

ʇʦʨʦʛʦʚʳʡ ʫpoʚʝʥʴ ʩʠʛʥʘʣʘ ʬʣʫopecʮʝʥʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬopʤʫʣʝ: 

ʉʢʨ=2,2Ĭʂ
- 
, ʛʜe ʂ

-
 ï ʟʥʘʯeʥʠʝ ʫʨʦʚʥʷ ʬʣʫopecʮʝʥʮʠʠ ʦʪpʠʮʘʪeʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 
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ʧpʠ 635 ʥʤ. 

Peʟʫʣʴʪʘʪ ʩʯʠʪʘʣʩ ̫ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʝʩʣʠ cpeʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ 

ʬʣʫopecʮʝʥʮʠʠ ʧʨʠ ʜʣʠʥʝ ʚoʣʥʳ 635 ʥʤ ʜʣʷ ʚʩʝʭ ʩʧʦʪʦʚ ʦʜʥʦʛʦ ʟʦʥʜʘ ʩʦʩʪʘʚʣʷʣʦ 

ʤʝʥʴʰʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʢpʠʪʠʯʝʩʢʦʛʦ ʫpoʚʥʷ ʬʣʫopecʮʝʥʮʠʠ ʉʢʨ. ʈʝʟʫʣʴʪʘʪ ʩʯʠ-

ʪʘʣʩ ̫ʧʦʣoʞʠʪʝʣʴʥʳʤ, ʝʩʣʠ cpeʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʬʣʫopecʮʝʥʮʠʠ ʧʨʠ ʜʣʠʥe 

ʚʦʣʥʳ 635 ʥʤ ʜʣʷ ʚʩʝʭ cʧʦʪʦʚ oʜʥʦʛʦ ʟoʥʜʘ ʙʳʣo ʙoʣʴʰʝ ʠʣʠ paʚʥʦ ʢʨʠʪʠʯecʢʦʤʫ 

ʫpoʚʥʶ ʬʣʫopecʮʝʥʮʠʠ ʉʢʨ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʫʯʠʪʳʚʘʣʠ ʪʦʣʴʢʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʦʪpʠʮʘʪʝʣʴʥʦʛʦ peʟʫʣʴʪʘʪʘ ʚ ʣʫʥʢʝ ʦʪpʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪpoʣ,̫ ʢʫʜʘ ʚʥʦʩʠʣʩʷ ʛʠʙ-

ʨʠʜʠʟʘʮʠʦʥʥʳʡ ʙʫʬʝʨ ʙʝʟ ʇʎʈ-ʩʤʝʩʝʡ. 

 

2.2.8 ɹʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʄʘʨʢʝʨʥʳʝ indel-ʤʫʪʘʮʠʡ ʥʘʭʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ Mauve 2.4.0 

(the Darling lab, ɸʚʩʪʨʘʣʠʷ) ʠ Mega 11 (URL: http://www.megasoftware.net/) 

[Tamura et al., 2021]. ʇʦʠʩʢ ʤʘʨʢepʥʳʭ SNPs ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧpoʛʨʘʤʤʳ 

Wombac 2.0 (Victorian Bioinformatics Consortium, ɸʚʩʪʨʘʣʠʷ) ʥʘ ʙʘʟʝ 

ʦʧepaʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ BioLinux 8.0 (Victorian Bioinformatics consortium, ɸʚʩʪʨʘ-

ʣʠʷ) ʩ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʚʝʨʢʦʡ ʚ ʧʨʦʛʨʘʤʤʝ Mega 11 (URL: 

http://www.megasoftware.net/). Oʮʝʥʢʘ ʩʧeʮʠʬʠʯʥocʪʠ ʥʘʡʜeʥʥʳʭ ʤʠʰeʥʝʡ ʧʨʦʚʦ-

ʜʠʣʘʩʴ ʩ ʠcʧʦʣʴʟoʚʘʥʠʝʤ ʘʣʛopʠʪʤʘ BLAST ʧʦ ʤʝʞʜʫʥʘpoʜʥʦʡ ʙʘʟʝ ʜaʥʥʳʭ NCBI 

GenBank (URL: https://blast.ncbi.nlm.nih.gov/Blast.cgi). ʈʘʩʯʸʪ ʧʨʘʡʤʝʨʦʚ ʦʩʫʱʝʩʪ-

ʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Vector NTI 11.2 (URL: 

http://www.thermofisher.com). ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʝʡ ʰʪʘʤʤʦʚ Y. pestis ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Ion PGM system 

(Thermo Fischer Scientific, ʉʐɸ). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦ-

ʤʦʱʴʶ ʧʨʦʛʨʘʤʤ Newbler gsAssembler 2.6 (454 Life Sciences, ʉʐɸ) ʠ IonTorrent 

Suite software package 5.12 (Thermo Fischer Scientific, ʉʐɸ). ɼʣʷ ʧʦʠʩʢʘ SNPs ʙr -

ʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ Wombac 2.0 (Victorian Bioinformatics Consortium, ɸʚ-

ʩʪʨʘʣʠʷ), ʧʦʩʣʝ ʠʭ ʥʘʭʦʞʜʝʥʠʷ ʫʜʘʣʷʣʠ SNPs, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʙʣʘʩʪʷʭ ʛʦʤʦ-

ʧʣʘʟʠʠ ʛʝʥʦʤʘ Y. pestis, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ Y. Cui ʩ ʩʦʘʚʪʦʨʘʤʠ [Cui et al., 2013]. 

ʇʦʩʪʨʦʝʥʠʝ ʜʝʥʜʨʦʛʨʘʤʤʳ Maximum Likelihood ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤ-
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ʤʳ PhyML 3.1 (URL: http://www.atgc-montpellier.fr/phyml) [Guindon et al., 2010] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ HKY85 [Hasegawa et al., 1985] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 500 ʙʫʪ-

ʩʪʨʝʧ-ʨʝʧʣʠʢ. ɺʠʟʫʘʣʠʟʘʮʠʶ ʜʝʥʜʨʦʛʨʘʤʤʳ ʚʳʧʦʣʥʷʣʠ ʚ ʧʨʦʛʨʘʤʤʝ FigTree 1.4.4 

(Institute of Evolutionary Biology, University of Edinburgh, ʐʦʪʣʘʥʜʠʷ). ʇʦʩʪʨʦʝʥʠʝ 

ʜʝʥʜʨʦʛʨʘʤʤʳ Maximum Parsimony ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

Bionumerics 7.6.3 (Applied Maths NV, ɹʝʣʴʛʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 500 ʙʫʪʩʪʨʝʧ-

ʨʝʧʣʠʢ. ʀʪʦʛʦʤ ʧʨʠʤʝʥʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʦʛʨʘʤʤ ʙʳʣʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ 

ʜʝʥʜʨʦʛʨʘʤʤ ʚ ʚʠʜʝ ʫʢʦʨʝʥʸʥʥʦʛʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ. 

 

2.2.9 ʄʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʢʫʣʴʪypaʣʴʥʦ-ʤopʬʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʙʠoʭʠʤʠʯʝʩʢʠʭ ʩʚoʡʩʪʚ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʶ ʫ ʥʠʭ 

ʬʘʢʪʦʨʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ ʚʳʧʦʣʥʷʣʠ ʥʝ ʤʝʥee ʪʨʸʭ pʘʟ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʷʚʣʝʥʠ ʁʩʧʝʮʠʬʠʯʝʩʢʠʭ ɼʅʂ-ʤʘʨʢʝʨʦʚ ʤʝ-

ʪʦʜʦʤ ʇʎʈ-ʈɺ, ɸʉ-ʇʎʈ-ʈɺ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʤʫʣʴʪʠʧ-

ʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ 

ʧʦʜʣʦʞʢʝ ʧʦʜʚʝʨʛʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ [ɸʰʤʘʨʠʥ, ɺʦʨʦʙʴʸʚ, 1962; ʇʣʦ-

ʭʠʥʩʢʠʡ, 1970; ʃʘʢʠʥ, 1990]. ɼʣʷ ʇʎʈ-ʈɺ ʠ ʘʣʣʝʣʴ-ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʇʎʈ-ʈɺ 

ʨʘccʯʠʪʳʚaʣʠ cpeʜʥʝʘʨʠʬʤʝʪʠʯecʢʠʝ ʚeʣʠʯʠʥʳ ʫpoʚʥʷ ʬʣʫʦopecʮʝʥʮʠʠ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʧʦʣyʯʝʥʳ ʚ ʪpʸʭ ʧʦʚʪʦpaʭ; ʘ ʜʣʷ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ 

ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ï ʩʨʝʜʥʝapeʬʤʝʪʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ 

ypoʚʥʷ ʬʣʫopecʮʝʥʮʠʠ cʧʦʪʦʚ ʢaʞʜʦʡ ʤʠʰeʥʠ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʨʦʚʥʝʤ ʬʣʫʦʨʝʩ-

ʮʝʥʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʂʘʞʜʦʝ ʠʟʤʝʨʝʥʠʝ ʚʳʧʦʣʥʷʣʠ ʪʨʦʝʢʨʘʪʥʦ ʚ 

ʪʨʸʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʆʮʝʥʢʫ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʣʫʯʘʣʠ, ʠʩʧʦʣʴʟʫʷ ʫʨʦʚʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ p < 0,001. 

ʈʘʩʯʸʪ ʩʪʘʥʜʘʨʪʥʦʡ ʦʰʠʙʢʠ ʩʨʝʜʥʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

ά
Ѝ
ȟ                

ʛʜʝ m ï ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ; 

ů ï ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚʳʙʦʨʢʠ; 
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n ï ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ. 

ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪʳ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʧʨʠʟʥʘʢʘ ʩ 95 % ʚʝʨʦʷʪʥʦ-

ʩʪʴʶ ʚʳʯʠʩʣʷʣʠ ʤʝʪʦʜʦʤ ʋʠʣʩʦʥʘ [ɻʨʞʠʙʦʚʩʢʠʡ, 2008] ʩ ʢʦʨʨʝʢʮʠʝʡ, ʜʣʷ ʯʝʛʦ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʦʥʣʘʡʥ-ʢʘʣʴʢʫʣʷʪʦʨ Vassar Stats: Web Site for Statistical Computa-

tion [URL: http://vassarstats.net/prop1.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 23.02.2022 ʛ.)].  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚepʥʦʩʪʠ ʥʘʙʣʶʜaʚʰʠʭʩʷ paʟʣʠʯʠʡ ʚ ʫʨʦʚʥʷʭ ʬʣʫopecʮʝʥʮʠʠ 

ʤʝʞʜʫ ʧoʟʠʪʠʚʥʳʤʠ ʠ ʥeʛʘʪʠʚʥʳʤʠ ʨʝʟyʣʴʪʘʪʘʤʠ ʇʎʈ-ʈɺ, ɸʉ-ʇʎʈ-ʈɺ ʠ 

cʠcʪʝʤʳ ʤyʣʴʪʠʧʣeʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙpʠʜʠʟʘʮʠoʥʥʦ-ʬʣʫopecʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸpʜʦʡ ʧʦʜʣʦʞʢʝ ʧʨʝʚʳʰʘʣʘ p < 0,001 (ʚʝʨʦʷʪʥʦʩʪʴ 95 %). 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥ  r

ʰʪʘʤʤʳ Y. pestis, ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʳʭ 

ʧpeʜʩʪʘʚʣʝʥʳ ʚ NCBI GenBank (ʊʘʙʣʠʮʘ 2.2). 

 

ʊʘʙʣʠʮʘ 2.2 ï ʐʪʘʤʤʳ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ NCBI, ʧʦʣʥʦʛʝʥʦʤʥʳʝ               

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʦʡ ʨʘʙʦʪʳ 
ʐʪʘʤʤ Y. pestis ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʘʷ ʚʝʪʚʴ ʅʦʤʝʨ ʜʦʩʪʫʧʘ 

Pestoides F 0.PE2 GCA_000016445.1 

Pestoides G 0.PE2 GCA_000834985.1 

SCPM-O-B-6536 0.PE2 GCA_001294915.1 

SCPM-O-B-7761 0.PE2 GCA_001294815.1 

SCPM-O-B-6990 0.PE2 GCA_001295045.1 

SCPM-O-B-7832 0.PE2 GCA_001294985.1 

SCPM-O-B-6540 0.PE2 GCA_001295055.1 

SCPM-O-B-6984 0.PE2 GCA_001295065.1 

SCPM-O-B-6974 0.PE2 GCA_001295185.1 

SCPM-O-B-6757 0.PE2 GCA_001394145.1 

SCPM-O-B-6300 0.PE2 GCA_001294905.1 

SCPM-O-B-6904 0.PE2 GCA_001294825.1 

14735 0.PE2 GCA_001188325.1 

1522 0.PE2 GCA_001188715.1 

3067 0.PE2 GCA_001188795.1 

1670 0.PE2 GCA_001188335.1 

8787 0.PE2 GCA_001188755.1 

3770 0.PE2 GCA_001188775.1 

G8786 0.PE2 GCA_000324925.1 

1412 0.PE2 GCA_001188695.1 

1413 0.PE2 GCA_001188935.1 

Angola 0.PE3 GCA_000018805.1 

Pestoides A 0.PE4a GCA_000182545.1 

Pestoides B 0.PE4a GCA_000834925.1 

SCPM-O-B-7812 0.PE4a GCA_001294965.1 

https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=248386
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=248386
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=248386
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=248386
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=248386
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=248386
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=248386
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=248386
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=248386
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=248386
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=248390
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 2.2 

SCPM-O-B-7075 0.PE4a GCA_001295115.1 

SCPM-O-B-6304 0.PE4h GCA_001294885.1 

91001 0.PE4m GCA_000007885.1 

SCPM-O-B-6216 0.PE4m GCA_001294805.1 

M0000002 0.PE4m GCA_000325185.1 

CMCC18019 0.PE4m GCA_000324045.1 

CMCC91090 0.PE4m GCA_000324465.1 

CMCC93014 0.PE4m GCA_000324525.1 

CMCCN010025 0.PE4m GCA_000324665.1 

ɸ-1815 0.PE4t GCA_001601735.1 

SCPM-O-B-7019 0.PE4t GCA_001294975.1 

SCPM-O-B-7074 0.PE4t GCA_001295145.1 

SCPM-O-B-6212 0.PE5 GCA_002981955.1 

SCPM-O-B-6213 0.PE5 GCA_001295025.1 

SCPM-O-B-6218 0.PE5 GCA_002981915.1 

SCPM-O-B-6301 0.PE5 GCA_002981895.1 

SCPM-O-B-6706 0.PE5 GCA_001294835.1 

SCPM-O-DNA-15 0.PE5 GCA_002981925.1 

SCPM-O-DNA-17 0.PE5 GCA_002981995.1 

620024 0.PE7 GCA_000323485.1 

9 0.PE10 GCA_000323625.1 

12 0.PE10 GCA_000320425.1 

164 0.ANT1 GCA_000323185.1 

42013 0.ANT1 GCA_000323365.1 

B42003004 0.ANT2 GCA_000169675.1 

Antiqua 1.ANT GCA_000013825.1 

UG05-0454 1.ANT GCA_000169615.1 

Nepal516 2.ANT GCA_000013805.1 

CMCC64001 2.ANT GCA_000324265.1 

Harbin35 2.ANT GCA_000834275.1 

71021 3.ANT GCA_000323525.1 

MGJZ3 3.ANT GCA_000325245.1 

MGJZ6 3.ANT GCA_000325265.1 

MGJZ7 3.ANT GCA_000325285.1 

MGJZ11 3.ANT GCA_000325205.1 

MGJZ12 4.ANT GCA_000325225.1 

2501 2.MED1 GCA_000275685.1 

2504 2.MED1 GCA_000323205.1 

2654 2.MED1 GCA_000323245.1 

KIM10 2.MED1 GCA_000006645.1 

A1973001 2.MED2 GCA_000323725.1 

SHAN12 2.MED3 GCA_000325345.1 

I1969003 2.MED3 GCA_000325005.1 

I2001001 2.MED3 GCA_000325085.1 

K21985002 1.IN1 GCA_000325165.1 

780441 1.IN1 GCA_000323605.1 

CMCC11001 1.IN1 GCA_000323965.1 

30017 1.IN2 GCA_000323285.1 

710317 1.IN2 GCA_000323545.1 

https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=219431
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 2.2 

CMCC10012 1.IN2 GCA_000323885.1 

CMCC05013 1.IN2 GCA_000323865.1 

CMCC02041 1.IN2 GCA_000323805.1 

D1964002 1.IN2 GCA_000324705.1 

CMCC03001 1.IN2 GCA_000323825.1 

D1964001 1.IN2 GCA_000324685.1 

D1982001 1.IN2 GCA_000324725.1 

D1991004 1.IN2 GCA_000324745.1 

970754 1.IN2 GCA_000323685.1 

CMCC27002 1.IN2 GCA_000324085.1 

C1975003 1.IN2 GCA_000323745.1 

CMCC640047 1.IN2 GCA_000324285.1 

C1989001 1.IN2 GCA_000323785.1 

CMCC31004 1.IN2 GCA_000324105.1 

Z176003 1.IN2 GCA_000022845.1 

F1954001 1.IN3 GCA_000324845.1 

YN1683 1.IN3 GCA_000325385.1 

CMCC84033 1.IN3 GCA_000324365.1 

D182038 1.IN3 GCA_000022825.1 

E1979001 1.IN3 GCA_000169695.1 

E1977001 1.IN3 GCA_000324765.1 

CMCC84038 1.IN3 GCA_000324385.1 

YN1065 1.IN3 GCA_000325365.1 

CMCC84046 1.IN3 GCA_000324405.1 

YN472 1.IN3 GCA_000325465.1 

HQ161 1.IN5 GCA_018704375.1 

LJ935 1.IN5 GCA_018704685.1 

D106004 1.IN5 GCA_000022805.1 

CO92 1.ORI1 GCA_000009065.1 

ʭʨʦʤʦʩʦʤʘ ï NC_003143.1 

ʧʣʘʟʤʠʜʘ pCad ï NC_003131.1 

ʧʣʘʟʤʠʜʘ pFra ï NC_003134.1 

ʧʣʘʟʤʠʜʘ pPst ï NC_003132.1 

A-1122 1.ORI1 GCA_000222975.1 

PY-01 1.ORI1 GCA_000268545.1 

Algeria3 1.ORI1 GCA_900095105.1 

Java9 1.ORI1 GCA_000834905.1 

India 195 1.ORI1 GCA_000182505.1 

24H 1.ORI1 GCA_000475155.2 

CA88-4125 1.ORI1 GCA_000181455.2 

El Dorado 1.ORI1 GCA_000834495.1 

Shasta 1.ORI1 GCA_000834335.1  

Dodson 1.ORI1 GCA_000834775.1 

YN2179 1.ORI2 GCA_000325405.1 

YN2588 1.ORI2 GCA_000325445.1 

YN2551 1.ORI2 GCA_000325425.1 

CMCCK110001 1.ORI2 GCA_000324645.1 

F1991016 1.ORI2 GCA_000170275.1 

https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=155193
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=155192
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=155191
https://www.ncbi.nlm.nih.gov/nuccore/NC_003131.1
https://www.ncbi.nlm.nih.gov/nuccore/NC_003134.1
https://www.ncbi.nlm.nih.gov/nuccore/NC_003132.1
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=219434
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=219433
https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=219436
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 2.2 

CMCCK100001 1.ORI2 GCA_000324625.1 

YN663 1.ORI2 GCA_000325485.1 

F1984001 1.ORI2 GCA_000324865.1 

PBM19 1.ORI2 GCA_000834235.1 

IP275 1.ORI3 GCA_000168235.2 

MG05-1020 1.ORI3 GCA_000169635.1 

113 1.ORI3 GCA_000475115.2 

9 1.ORI3 GCA_000475095.2 

EV76-CN 1.ORI3 GCA_000324805.2 

https://www.ncbi.nlm.nih.gov/genome/153?genome_assembly_id=219430


122 

 

ɻʃɸɺɸ 3 ʀɿʋʏɽʅʀɽ ʇʆʇʋʃʗʎʀʆʅʅʆʁ ʉʊʈʋʂʊʋʈʓ ʐʊɸʄʄʆɺ 

ʂɸɺʂɸɿʉʂʆɻʆ, ʋʃɽɻɽʁʉʂʆɻʆ, ʎɽʅʊʈɸʃʔʅʆɸɿʀɸʊʉʂʆɻʆ        

ʇʆɼɺʀɼʆɺ YERSINIA PESTIS, ʈɸʉʇʈʆʉʊʈɸʅɽʅʅʓʍ ɺ ʇʈʀʈʆɼʅʓʍ 

ʆʏɸɻɸʍ ʈʆʉʉʀʀ ʀ ʉʆʇʈɽɼɽʃʔʅʓʍ ʉʊʈɸʅ 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ ʧʦʧʫʣʷʮʠʦʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʢʘʚʢʘʟʩʢʦʛʦ, ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʠ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʦʚ. ʅʝʩʦ-

ʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʤʠʢʨʦʙʠʦʣʦʛʦʚ, ʠʟʫʯʘʶʱʠʭ ʩʚʷʟʴ ʛʝʥʦʪʠʧʘ ʠ ʬʝʥʦʪʠʧʘ ʚʦʟʙʫ-

ʜʠʪʝʣʷ ʯʫʤʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʠʩʢ ʧʨʠʯʠʥ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʧʨʝʠʤʫ-

ʱʝʩʪʚʝʥʥʦ ʜʣʷ ʤʝʣʢʠʭ ʛʨʳʟʫʥʦʚ ʠ ʟʘʡʮʝʦʙʨʘʟʥʳʭ ʰʪʘʤʤʦʚ ʵʪʠʭ ʬʠʣʦʛʝʥʝʪʠʯʝ-

ʩʢʠʭ ʚʝʪʚʝʡ. ʀʟʫʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʰʪʘʤʤʦʚ ʫʢʘ-

ʟʘʥʥʳʭ ʧʦʜʚʠʜʦʚ Y. pestis ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ 

ʚɻʦʣʶʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʠʩʢ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ ʠʟʙʠʨʘ-

ʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʢʘʚʢʘʟʩʢʦʛʦ, ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʠ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠ-

ʜʦʚ ʯʫʤʳ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʦʩʥʦʚ ʚʳʩʦʢʦʡ ʚʠʨʫʣʝʥʪʥʦ-

ʩʪʠ Y. pestis ʚ ʮʝʣʦʤ. 

ɺ ʩʚʷʟʠ ʩ ʧʨʠʚʝʜʸʥʥʳʤʠ ʚʳʰʝ ʘʨʛʫʤʝʥʪʘʤʠ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ, ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʢʘʚʢʘʟʩʢʦʛʦ, ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʠ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʦʚ Y. pestis ʠ ʩʨʘʚ-

ʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʧʘʪʦʛʝʥʥʦʩʪʴʶ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. 

 

3.1 ʌʠʣʦʛʝʦʛʨʘʬʠʷ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ Y. pestis 

 

ʐʪʘʤʤʳ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʦʪʥʦʩʷʪʩʷ ʢ ʜʨʝʚʥʝʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʣʠʥʠʠ 

0.PE2 ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʘʭ ʯʫʤʳ ʂʘʚʢʘʟʘ ʠ ɿʘʢʘʚʢʘʟʴʷ (ɺʦʩʪʦʯ-

ʥʦ-ʂʘʚʢʘʟʩʢʠʡ ʚʳʩʦʢʦʛʦʨʥʳʡ; ɿʘʢʘʚʢʘʟʩʢʠʡ ʚʳʩʦʢʦʛʦʨʥʳʡ ʩ ʪʨʝʤʷ ʚʭʦʜʷʱʠʤʠ ʚ 

ʥʝʛʦ ʘʚʪʦʥʦʤʥʳʤʠ ʦʯʘʛʘʤʠ ï ɻʶʤʨʠʡʩʢʠʡ (ʙʳʚʰʠʡ ʃʝʥʠʥʘʢʘʥʩʢʠʡ) ʛʦʨʥʳʡ, 

ʇʨʠʩʝʚʘʥʩʢʠʡ ʛʦʨʥʳʡ, ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʠʡ ʛʦʨʥʳʡ; ʇʨʠʘʨʘʢʩʠʥʩʢʠʡ ʥʠʟʢʦ-

ʛʦʨʥʳʡ), ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ɸʨʤʝʥʠʠ, ɸʟʝʨʙʘʡʜʞʘʥʘ ʠ 
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ɻʨʫʟʠʠ (ʈʠʩʫʥʦʢ 3.1). ʐʪʘʤʤʳ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʩʧʦʨʘʜʠ-

ʯʝʩʢʠʝ ʩʣʫʯʘʠ ʯʫʤʳ ʯʝʣʦʚʝʢʘ. 

 

 
ʇʨʠʨʦʜʥʳʝ ʦʯʘʛʠ: ɻʶʤʨʠʡʩʢʠʡ ʛʦʨʥʳʡ (04), ʇʨʠʩʝʚʘʥʩʢʠʡ ʛʦʨʥʳʡ (05), ɿʘʥʛʝʟʫʨʦ-

ʂʘʨʘʙʘʭʩʢʠʡ ʛʦʨʥʳʡ (06), ʇʨʠʘʨʘʢʩʠʥʩʢʠʡ ʥʠʟʢʦʛʦʨʥʳʡ (07), ɺʦʩʪʦʯʥʦ-ʂʘʚʢʘʟʩʢʠʡ  

ʚʳʩʦʢʦʛʦʨʥʳʡ (39). ʈʠʤʩʢʠʤʠ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʰʪʘʤʤʦʚ ʢ ʨʘʟʥʳʤ ʬʠʣʦ-

ʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ 

ʈʠʩʫʥʦʢ 3.1 ï ʈʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʰʪʘʤʤʦʚ Y. pestis ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚ  

ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʘʭ ʯʫʤʳ ʂʘʚʢʘʟʘ ʠ ɿʘʢʘʚʢʘʟʴʷ 

 

ɺ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʦʣʥʦʛʝʥʦʤʥʳʝ 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʦʜʥʘʢʦ, ʠʥ-

ʬʦʨʤʘʮʠʠ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʧʦʵʪʦʤʫ ʘʢʪʫ-

ʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʪʘʸʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʬʠʣʦʛʝʦʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʰʪʘʤʤʦʚ Y. pestis ɻ ʪʦʛʦ ʧʦʜʚʠʜʘ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʫʶ ʚʝʨʠʬʠʢʘʮʠʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪhʘʤʤʦʚ Y. pestis ʢ ʢʘʚʢʘʟ-

ʩʢʦʤʫ ʧʦʜʚʠʜʫ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʙʠʦʭʠʤʠ-

ʯʝʩʢʠʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɺʩʝ ʰʪʘʤʤʳ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʚʟʷʪʳʝ ʚ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ, ʦʙʣʘʜʘʣʠ ʪʠʧʠʯʥʳʤʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʥʠ ʬʝʨ-

ʤʝʥʪʠʨʦʚʘʣʠ ʨʘʤʥʦʟʫ, ʤʝʣʠʙʠʦʟʫ, ʘʨʘʙʠʥʦʟʫ, ʛʣʠʮʝʨʠʥ, ʨʝʜʫʮʠʨʦʚʘʣʠ ʥʠʪʨʘʪʳ, ʠ 
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ʥʝ ʩʦʜʝʨʞʘʣʠ ʧʣʘʟʤʠʜʫ pPst, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʵʪʦʛʦ ʧʦʜʚʠʜʘ. ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʵʪʠʭ ʰʪʘʤʤʦʚ ʢ ʢʘʚʢʘʟʩʢʦʤʫ ʧʦʜʚʠʜʫ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʇʎʈ-ʈɺ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʘ ʥʘ ɼʅʂ-ʤʠʰʝʥʴ Caucasic(-91), ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʥʘʤʠ ʨʘʥʝʝ [ʅʠʢʠʬʦʨʦʚ, 2016]. ʈʝʘʢʮʠʶ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʘʤʧʣʠʬʠʢʘʪʦʨʝ Rotor-

Gene Q. ʇʨʦʛʨʘʤʤʘ ʘʤʧʣʠʬʠʢʘʮʠʠ ʙʳʣʘ: 1 ʮʠʢʣ: 95 Áʉ ï 10 ʤʠʥ; 40 ʮʠʢʣʦʚ: 95 Áʉ 

ï 15 ʩ, 57 Áʉ ï 40 ʩ, 72 Áʉ ï 15 ʩ. ɼʝʪʝʢʮʠʷ ʫʨʦʚʥʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ 

ʵʪʘʧʝ ʦʪʞʠʛʘ ʧʨʘʡʤʝʨʦʚ, ʫʨʦʚʝʥʴ ʧʦʨʦʛʘ ʨʘʚʥʷʣʩʷ 0,05, ʟʥʘʯʝʥʠʝ Ct ï ʤʝʥʝʝ 30. 

ʇʦʩʣʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 7 ʰʪʘʤʤʦʚ ʢ ʢʘʚʢʘʟʩʢʦʤʫ ʧʦʜʚʠʜʫ 

(835 ɺ.ʈ.ʉ., 3544 ɸʨʤ, 3551 ɸʨʤ, ʄ-986, ʂʄ874, ʉ-741, 1393ɻ ï ʠʥʬʦʨʤʘʮʠʷ ʧʦ 

ʰʪʘʤʤʘʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʘʭ 2.1 ʠ 3.1) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʠʭ ʧʦʣʥʦʛʝʥʦʤʥʦʝ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʙʳʣʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʠ 21 ʰʪʘʤʤʘ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ NCBI GenBank 

[Kislichkina et al., 2015; Zhgenti et al., 2015]. ʂʨʦʤʝ ʪʦʛʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʝʥʜʨʦ-

ʛʨʘʤʤʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʝʥʦʤʳ 9 ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʜʨʫʛʠʭ ʬʠʣʦʛʝʥʝʪʠ-

ʯʝʩʢʠʭ ʚʝʪʚʝʡ (ʊʘʙʣʠʮʳ 2.2, 3.1). 

 

ʊʘʙʣʠʮʘ 3.1 ï ʇʦʣʥʦʛʝʥʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʪʘʤʤʦʚ Y. pestis ʠʟ NCBI 

GenBank, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʘʚʢʘʟʩʢʦʛʦ     ʧʦʜʚʠʜʘ 
ʐʪʘʤʤ Y. pestis ʇʨʠʨʦʜʥʳʡ ʦʯʘʛ/ʄʝʩʪʦ ʚʳʜʝʣʝʥʠʷ. ɻʦʜ.  

ˉ ʜʦʩʪʫʧʘ ʚ NCBI GenBank  

ʇʦʜʚʠʜ, ʬʠʣʦʛʝʥʝʪʠ-

ʯʝʩʢʘʷ ʚʝʪʚʴ  

835 ɺ.ʈ.ʉ.* ɻʶʤʨʠʡʩʢʠʡ. 1958 ʛ. GCA_003085935.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

3544 ɸʨʤ* ɻʶʤʨʠʡʩʢʠʡ. 1968 ʛ. GCA_003074395.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

3551 ɸʨʤ* ʇʨʠʩʝʚʘʥʩʢʠʡ. 1979 ʛ. GCA_003074415.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

ʄ-986* ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʠʡ. 1973 ʛ. 

GCA_003085875.1 

ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

ʂʄ874* ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʠʡ. 1984 ʛ. 

GCA_003074435.1 

ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

ʉ-741* ɺʦʩʪʦʯʥʦ-ʂʘʚʢʘʟʩʢʠʡ. 1998 ʛ. GCA_001601675.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

1393ɻ * 1979 ʛ. GCA_002993145.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

ʐʪʘʤʤʳ ʠʟ NCBI GenBank  

SCPM-O-B-6536 ɻʶʤʨʠʡʩʢʠʡ. GCA_001294915.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

SCPM-O-B-7761 ɻʶʤʨʠʡʩʢʠʡ. GCA_001294815.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

SCPM-O-B-6990 ɻʶʤʨʠʡʩʢʠʡ. GCA_001295045.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

SCPM-O-B-7832 ʇʨʠʩʝʚʘʥʩʢʠʡ. GCA_001294985.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

SCPM-O-B-6540 ʇʨʠʩʝʚʘʥʩʢʠʡ. GCA_001295055.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

SCPM-O-B-6984 ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʠʡ. GCA_001295065.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

SCPM-O-B-6974 ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʠʡ. GCA_001295185.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 3.1 

SCPM-O-B-6757 ʇʨʠʘʨʘʢʩʠʥʩʢʠʡ. GCA_001394145.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

SCPM-O-B-6300 ʇʨʠʘʨʘʢʩʠʥʩʢʠʡ. GCA_001294905.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

SCPM-O-B-6904 ɺʦʩʪʦʯʥʦ-ʂʘʚʢʘʟʩʢʠʡ. GCA_001294825.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

14735 ɸʨʤʝʥʠʷ. GCA_001188325.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

1522 ɸʨʤʝʥʠʷ, ʐʠʨʘʢʩʢʘʷ ʦʙʣʘʩʪʴ. GCA_001188715.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

3067 ɻʨʫʟʠʷ, ʅʠʥʦʮʤʠʥʜʘ. GCA_001188795.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

1670 ɻʨʫʟʠʷ, ʅʠʥʦʮʤʠʥʜʘ. GCA_001188335.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

8787 ɻʨʫʟʠʷ, ʅʠʥʦʮʤʠʥʜʘ. GCA_001188755.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

3770 ɻʨʫʟʠʷ, ʅʠʥʦʮʤʠʥʜʘ. GCA_001188775.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2,  

G8786 ɻʨʫʟʠʷ. GCA_000324925.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

1412 ɻʨʫʟʠʷ, ʅʠʥʦʮʤʠʥʜʘ. GCA_001188695.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

1413 ɻʨʫʟʠʷ, ʅʠʥʦʮʤʠʥʜʘ. GCA_001188935.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

Pestoides G GCA_000834985.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

Pestoides F GCA_000016445.1 ʂʘʚʢʘʟʩʢʠʡ, 0.PE2 

Pestoides A GCA_000182545.1 ɸʣʪʘʡʩʢʠʡ ʙʠʦʚʘʨ  

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ 

ʧʦʜʚʠʜʘ, 0.PE4a 

SCPM-O-B-6304 ɻʠʩʩʘʨʩʢʠʡ. GCA_001294885.1 ɻʠʩʩʘʨʩʢʠʡ ʙʠʦʚʘʨ  

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ 

ʧʦʜʚʠʜʘ, 0.PE4h 

CO92 ʉʐɸ. GCA_000009065.1 ʆʩʥʦʚʥʦʡ, 1.ORI 

KIM10 ʀʨʘʥ/ʂʫʨʜʠʩʪʘʥ. 1968 ʛ. GCA_000006645.1 ʆʩʥʦʚʥʦʡ, 2.MED 

MGJZ12 ʄʦʥʛʦʣʠʷ, GCA_000325225.1 ʆʩʥʦʚʥʦʡ, 4.ANT 

MGJZ6 ʄʦʥʛʦʣʠʷ, GCA_000325265.1 ʆʩʥʦʚʥʦʡ, 3.ANT 

91001 ʂʠʪʘʡ, ɺʥʫʪʨʝʥʥʷʷ ʄʦʥʛʦʣʠʷ. GCA_000007885.1 ɹʠʦʚʘʨ microtus  

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ 

ʧʦʜʚʠʜʘ, 0.PE4m 

ɸ-1815 ʊʘʣʘʩʩʢʠʡ ʚʳʩʦʢʦʛʦʨʥʳʡ. GCA_001601735.1 ʊʘʣʘʩʩʢʠʡ ʙʠʦʚʘʨ  

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ 

ʧʦʜʚʠʜʘ, 0.PE4t 

620024 ʂʠʪʘʡ, ʎʠʥʭʘʡ. GCA_000323485.1 ʊʠʙʝʪʩʢʠʡ, 0.PE7 

* ʐʪʘʤʤʳ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʚ ʌʂʋʅ ʈoccʠʡʩʢʠʡ ʧpoʪʠʚʦʯʫʤʥʳʡ ʠʥcʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪ-

ʨʝʙʥʘʜʟʦʨʘ. 

 

ʀʟʫʯʝʥʠʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ 

ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ SNP-ʘʥʘʣʠʟʘ ʧʫʪʸʤ ʚʳʷʚʣʝʥʠʷ ʢʦʨʦʚʳʭ 

SNPs ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʰʪʘʤʤʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ (ʤʝʪʦʜʦ-

ʣʦʛʠʷ ʦʧʠʩʘʥʘ ʚ ʛʣʘʚʝ 2, ʧʫʥʢʪ 2.10). ɺʩʝʛʦ ʙʳʣʦ ʥʘʡʜʝʥʦ 1625 ʢʦʨʦʚʳʭ SNPs, ʩ 

ʫʯʸʪʦʤ ʢʦʪʦʨʳʭ, ʧʦʩʪʨʦʝʥʘ ʜʝʥʜʨʦʛʨʘʤʤʘ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ Maximum 

Likelihood (ʈʠʩʫʥʦʢ 3.2). 
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ɸ. 

 
ɹ. 

ɸ. ɼʝʥʜʨʦʛʨʘʤʤʘ Maximum Likelihood, ʧʨʦʛʨʘʤʤʘ PhyML 3.1, ʤʦʜʝʣʴ HKY85;  

ɹ. ɺʝʪʚʠ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ (0.ʈɽ2) 

 ʈʠʩʫʥʦʢ 3.2 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʥʘ ʦʩʥʦʚʝ 

ʚʳʷʚʣʝʥʥʳʭ 1625 ʢʦʨʦʚʳʭ SNPs ʚ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ 37 ʰʪʘʤ-

ʤʦʚ ʨʘʟʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ 
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ʀʟ ʘʥʘʣʠʟʘ ʜʝʥʜʨʦʛʨʘʤʤʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʰʪʘʤʤʳ Y. pestis ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ 

ʬʦʨʤʠʨʫʶʪ ʪʨʠ ʦʪʜʝʣʴʥʳʭ ʚʝʪʚʠ. ʇʝʨʚʘ ̫ʚʝʪʚʴ (I) ʦʙʨʘʟʦʚʘʥʘ ʰʪʘʤʤʘʤʠ, ʚʳʜʝ-

ʣʝʥʥʳʤʠ ʚ ɺʦʩʪʦʯʥʦ-ʂʘʚʢʘʟʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ ʦʯʘʛʝ. ʆʯʘʛ ʨʘʩʧʦʣʦʞʝʥ ʚ ʈʌ, 

ʠʟʦʣʠʨʦʚʘʥʥʦ ʦʪ ʦʯʘʛʦʚ ɿʘʢʘʚʢʘʟʴʷ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʢʘʚʢʘʟʩʢʠʡ 

ʧʦʜʚʠʜ. ɺʝʪʚʴ I ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʦʪʜʝʣʠʣʘʩɹ ʦʪ ʦʙʱʝʛʦ ʩʪʚʦʣʘ ʵʚʦʣʶʮʠʠ ʢʘʚʢʘʟ-

ʩʢʦʛʦ ʧʦʜʚʠʜʘ. ʕʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʣʠʯʠʷ ʫ ʰʪʘʤʤʦʚ ʵʪʦʡ 

ʚʝʪʚʠ 80 ʫʥʠʢʘʣʴʥʳʭ SNPs. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʩʝ-

ʢʚʝʥʠʨʦʚʘʥ ʦʜʠʥ ʠʟ ʰʪʘʤʤʦʚ ʚʝʪʚʠ I, ʚʳʜʝʣʝʥʥʳʡ ʚ 1998 ʛ. ʠʟ ʙʣʦʭ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʧʦʣʸʚʢʠ. ɼʘʥʥʳʝ ʦ ʚʨʝʤʝʥʠ ʚʳʜʝʣʝʥʠʷ ʚʪʦʨʦʛʦ ʰʪʘʤʤʘ SCPM-O-B-6904 ʚ NCBI 

GenBank ʥʝ ʫʢʘʟʘʥ.r ʆʜʥʘʢʦ, ʰʪʘʤʤʳ ʚʝʪʚʠ I ʨʘʟʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʙʣʘ-

ʜʘʶʪ 8 ʠ 1 ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ SNPs, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʝʪʝʨʦʛʝʥ-

ʥʦʩʪ ɹ ʧʦʧʫʣʷʮʠʠ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦ-

ʂʘʚʢʘʟʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʦʯʘʛʘ, ʦ ʯʝʤ ʨʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ ʥʘʰʠʭ ʢʦʣ-

ʣʝʛ [ʂʠʩʣʠʯʢʠʥʘ ʠ ʜʨ., 2017]. 

ɺʝʪʚʠ II  ʠ III  ʦʙʣʘʜʘʶʪ 74 ʦʙʱʠʤʠ SNPs, ʥʦ ʥʝʩʫʪ ʚ ʩʚʦʸʤ ʛʝʥʦʤʝ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ SNPs. ʐʪʘʤʤʳ ʚʝʪʚʠ II  ʦʙʣʘʜʘʶʪ 32 ʦʙʱʠʤʠ SNPs, 

ʧʦʩʣʝ ʯʝʛʦ ʜʝʣʷʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʨʸʭ ʧʦʜʚʝʪʚʝʡ, ʚ ʢʦʪʦʨʳʭ ʰʪʘʤʤʳ ʢʣʘʩʪʝ-

ʨʠʟʫʶʪʩʷ ʩʦʛʣʘʩʥʦ ʠʭ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. 

ʇʦʜʚʝʪʚʴ IIa ʦʙʨʘʟʦʚʘʥʘ ʰʪʘʤʤʘʤʠ ʂʄ874 ʠʟ ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʦʛʦ ʛʦʨʥʦ-

ʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ, 3544 ɸʨʤ ʠʟ ɻʶʤʨʠʡʩʢʦʛʦ ʛʦʨʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ, 3551 

ɸʨʤ ʠʟ ʇʨʠʩʝʚʘʥʩʢʦʛʦ ʛʦʨʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ, ʘ ʪʘʢʞʝ ʜʚʫʤʷ ʰʪʘʤʤʘʤʠ 

(SCPM-0-B-6540 ʠ SCPM-0-B-7832) ʠʟ NCBI GenBank, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʪʝʨʨʠʪʦ-

ʨʠʠ ʇʨʠʩʝʚʘʥʩʢʦʛʦ ʛʦʨʥʦʛʦ ʦʯʘʛʘ (ʈʠʩʫʥʦʢ 3.2). ʊʦʪ ʬʘʢʪ, ʯʪʦ ʰʪʘʤʤʳ, ʬʦʨʤʠ-

ʨʫʶʱʠʝ ʧʦʜʚʝʪʚʴ IIa, ʚʳʜʝʣʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʥʳʭ ʦʯʘʛʦʚ, ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ 

ʵʪʠ ʪʨʠ ʦʯʘʛʘ ʷʚʣʷʶʪʩʷ ʤʝʟʦʦʯʘʛʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ɿʘʢʘʚʢʘʟʩʢʠʡ ʚʳʩʦʢʦʛʦʨʥʳʡ 

ʧʨʠʨʦʜʥʳʡ ʦʯʘʛ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʛʦʨʘʭ ʄʘʣʦʛʦ ʂʘʚʢʘʟʘ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ, ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ɿʘʢʘʚʢʘʟʩʢʦʛʦ ʥʘʛʦʨʴʷ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʧʦ-

ʣʘʛʘʷʩʴ ʚ ɸʨʤʝʥʠʠ [ʇʨʠʨʦʜʥʳʝ ʦʯʘʛʠ ʯʫʤʳ ʂʘʚʢʘʟʘ, ʇʨʠʢʘʩʧʠʷ, ʉʨʝʜʥʝʡ ɸʟʠʠ ʠ 

ʉʠʙʠʨʠ, 2004]. ʌʘʢʪ ʧʨʝʦʙʣʘʜʘʥʠʷ ʚ ʧʦʜʚʝʪʚʠ IIa ʰʪʘʤʤʦʚ ʠʟ ʇʨʠʩʝʚʘʥʩʢʦʛʦ ʦʯʘ-

ʛʘ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʩʝʚʘʥʩʢʠʭ ʰʪʘʤʤʦʚ ʚ ʠʥʳʭ ʢʣʘʩʪʝʨʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 
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ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʰʪʘʤʤʦʚ ʵʪʦʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʚʠ ʢʘʚʢʘʟ-

ʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚ ʇʨʠʩʝʚʘʥʩʢʦʤ ʛʦʨʥʦʤ ʦʯʘʛʝ ʠ ʚ ʧʨʠʛʨʘʥʠʯʥʳʭ ʩ ʥʠʤ ʨʘʡʦʥʘʭ 

ɻʶʤʨʠʡʩʢʦʛʦ ʠ ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʦʛʦ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ. 

ʂ ʧʦʜʚʝʪʚʠ IIb ʦʪʥʦʩʠʪʩʷ ʰʪʘʤʤ ʄ-986 ʠʟ ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʦʛʦ ʛʦʨʥʦʛʦ 

ʦʯʘʛʘ, ʘ ʪʘʢʞʝ ʜʚʘ ʰʪʘʤʤʘ ʠʟ NCBI GenBank 14735 ʠ 1522, ʚʳʜʝʣʝʥʥʳʝ ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ɸʨʤʝʥʠʠ, ʚʝʨʦʷʪʥʦ, ʠʟ ʵʪʦʛʦ ʞʝ ʦʯʘʛʘ. ʇʦʜʚʝʪʚʴ IIb ʦʙʣʘʜʘʝʪ ʜʚʫʤʷ ʫʥʠ-

ʢʘʣʴʥʳʤʠ SNPs. 

ʇʦʜʚʝʪʚʴ IIc ʦʙʨʘʟʦʚʘʥʘ ʰʪʘʤʤʘʤʠ ʠʟ ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʦʛʦ ʦʯʘʛʘ ɸʨʤʝ-

ʥʠʠ (SCPM-0-B-6984, SCPM-0-B-6974) ʠ ʇʨʠʘʨʘʢʩʠʥʩʢʦʛʦ ʦʯʘʛʘ (SCPM-0-B-6300, 

0SCPM-0-B-6757), ʨʘʩʧʦʣʘʛʘʶʱʝʛʦʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʟʝʨʙʘʡʜʞʘʥʘ ʠ ʧʦʛʨʘʥʠʯ-

ʥʳʭ ʨʘʡʦʥʘʭ ɸʨʤʝʥʠʠ. ʐʪʘʤʤʳ ʧʦʜʚʝʪʚʠ IIc ʦʙʣʘʜʘʶʪ 6 ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ SNPs. 

ʎʠʨʢʫʣʷʮʠʷ ʰʪʘʤʤʦʚ ʦʜʥʦʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʚʠ ʯʫʤʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʵʪʠʭ 

ʜʚʫʭ ʦʯʘʛʦʚ ʪʘʢʞʝ ʠʤʝʝʪ ʣʦʛʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʦʯʘʛʠ ʨʘʩʧʦʣʦʞʝ-

ʥʳ ʨʷʜʦʤ ʠ ʦʙʣʘʜʘʶʪ ʧʨʦʪʷʞʸʥʥʦʡ ʛʨʘʥʠʮʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʰʪʘʤʤ Pestoides F ʠʟ 

NCBI GenBank ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʜʚʝʪʚʠ IIc, ʯʪʦ ʜʘʸʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʩ ʵʪʦʡ ʞʝ ʪʝʨʨʠʪʦʨʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ɿʘʢʘʚʢʘʟʩʢʦʤ ʚʳʩʦʢʦ-

ʛʦʨʥʦʤ ʠ ʇʨʠʘʨʘʢʩʠʥʩʢʦʤ ʥʠʟʢʦʛʦʨʥʦʤ ʦʯʘʛʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʰʪʘʤʤʳ ʪʨʸʭ ʬʠ-

ʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ, ʢʣʘʩʪʝʨʠʟʫʶʱʠʭʩʷ ʧʦ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʠʥʮʠʧʫ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ ʧʨʠʩʝʚʘʥʩʢʘʷ (IIa), ʟʘʥʛʝʟʫʨʦ-ʢʘʨʘʙʘʭʩʢʘʷ (IIb) ʠ 

ʟʘʥʛʝʟʫʨʦ-ʢʘʨʘʙʘʭʩʢʦ-ʧʨʠʘʨʘʢʩʠʥʩʢʘʷ (IIc). 

ʅʘ ʜʝʥʜʨʦʛʨʘʤʤʝ (ʈʠʩʫʥʦʢ 3.2) ʚʠʜʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ 

ʚʳʜʝʣʷʝʪʩʷ ʪʨʝʪʴ ̫ʚʝʪʚʴ ʰʪʘʤʤʦʚ (III ), ʥʝʩʫʱʠʭ ʚ ʛʝʥʦʤʘʭ 36 ʫʥʠʢʘʣʴʥʳʭ SNPs. ɺ 

ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʚʝʪʚʠ ʥʘʭʦʜʷʪʩʷ ʰʪʘʤʤʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ɻʶʤʨʠʡʩʢʦʛʦ ʛʦʨʥʦʛʦ 

ʦʯʘʛʘ ʯʫʤʳ: ʢʣʠʥʠʯʝʩʢʠʡ ʰʪʘʤʤ 835 çɺ.ʈ.ʉ.è ʠ ʰʪʘʤʤʳ SCPM-0-B-6990, SCPM-

0-B-6536. ɼʝʥʜʨʦʛʨʘʤʤʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫ  ʁʩʤʝʥʫ ʛʝʥʦʪʠʧʦʚ ʰʪʘʤ-

ʤʦʚ ɻʶʤʨʠʡʩʢʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʨʫʟʠʥʩʢʦʡ 

ʚʝʪʚʠ ʢʘʚʢʘʟʩʢʠʭ ʰʪʘʤʤʦʚ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʰʪʘʤʤʘʤʠ 3067, 1670, 8787, 3770, 

1393G, G8786, 1412, 1413. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʥʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʥʦʤʝʥʢʣʘ-

ʪʫʨʳ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʯʫʤʳ, ʃʝʥʠʥʘʢʘʥʩʢʠʡ ʦʯʘʛ ʩʪʘʣ ʥʘʟʳʚʘʪʴʩʷ ɻʶʤʨʠʡʩʢʠʤ, 
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ʦʙʨʘʟʫʶʱʠʤ ʝʜʠʥʦʝ ʮʝʣʦʝ ʩ ɼʞʘʚʘʭʝʪʩʢʦ-ɸʭʘʣʢʘʣʘʢʩʢʠʤ ʦʯʘʛʦʤ ʚ ɻʨʫʟʠʠ [ʂʘ-

ʜʘʩʪʨ ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʠ ʵʧʠʟʦʦʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʯʫʤʳ, 2016]. ɺ ʠʪʦʛʝ ʚʝʪʚʴ III  

ʦʙʨʘʟʦʚʘʥʘ ʰʪʘʤʤʘʤʠ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʚʳʜʝʣʝʣʥʥʳʤʠ ʠʟ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ɿʘʢʘʚʢʘʟʩʢʦʛʦ ʥʘʛʦʨʴʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʢʘʚʢʘʟʩʢʠʡ ʧʦʜʚʠʜ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ. 

ʆʪʜʝʣʴʥʫʶ ʚʝʪʚʴ ʵʚʦʣʶʮʠʠ (I)  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʰʪʘʤʤʳ ʩ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩ-

ʪʦʯʥʦ-ʂaʚʢʘʟʩʢʦʛʦ ʚʳcoʢʦʛʦʨʥʦʛʦ ʦʯʘʛʘ. ɺʪʦʨʘ ̫ʚʝʪʚʴ ʢʘʚʢʘʟʩʢʠʭ ʰʪʘʤʤʦʚ (II) 

ʦʙʨʘʟʦʚʘʥʘ ʪʨʝʤʷ ʧʦʜʚʝʪʚʷʤʠ. ʇʦʜʚʝʪʚʴ IIa ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʰʪʘʤʤʘʤʠ 

ʠʟ ʇʨʠʩʝʚʘʥʩʢʦʛʦ ʛʦʨʥʦʛʦ ʦʯʘʛʘ, ʧʦʜʚʝʪʚʴ IIb ï ʠʟ ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʦʛʦ ʦʯʘʛʘ, 

ʘ ʧʦʜʚʝʪʚʴ IIc ʩʬʦʨʤʠʨʦʚʘʥʘ ʰʪʘʤʤʘʤʠ ʠʟ ʜʚʫʭ ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ʦʯʘʛʦʚ ï ɿʘʥʛʝʟʫ-

ʨʦ-ʂʘʨʘʙʘʭʩʢʦʛʦ ʛʦʨʥʦʛʦ ʠ ʇʨʠʘʨʘʢʩʠʥʩʢʦʛʦ ʥʠʟʢʦʛʦʨʥʦʛʦ. ʆʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʵʚʦʣʶʮʠʠ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʯʫʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʝʪʚʴ III, ʰʪʘʤʤʳ ʢʦʪʦʨʦʡ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʘʚʢʘʟʩʢʦʛʦ ʥʘʛʦʨʴʷ (ʩʦʚʨʝʤʝʥʥʳʝ ɻ ʤʁ-

ʨʠʡʩʢʠʡ ʠ ɼʞʘʚʘʭʝʪʩʢʦ-ɸʭʘʣʢʘʣʘʢʩʢʠʡ ʦʯʘʛʠ). 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʧʦʩʦʙʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʚʝʪʚʝʡ ʠ ʧʦʜʚʝʪʚʝʡ ʢʘʚ-

ʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ SNPs (ʊʘʙʣʠʮʘ 3.2). 

 

ʊʘʙʣʠʮʘ 3.2 ï ʉʧʠʩʦʢ SNPs, ʚʳʙʨʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʥʳʭ ʜʣʷ ʦʪʜʝʣʴʥʳʭ  

ʚʝʪʚʝʡ ʠ ʧʦʜʚʝʪʚʝʡ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ Y. pestis 
ʇʦʟʠʮʠʷ 

ʦʪ  

ʥʘʯʘʣʘ 

ʛʝʥʦʤʘ* 

ʄʫʪʘʮʠʷ ɻʝʥ ʂʦʜʠʨʫʝʤʳʡ ʧʨʦʜʫʢʪ 

 

ɺʝʪʚʠ ʠ ʧʦʜʚʝʪʚʠ 

ʢʘʚʢʘʟʩʢʦʛʦ  

ʧʦʜʚʠʜʘ Y. pestis, 

ʥʝʩʫʱʠʝ ʤʫʪʘʮʠ ʁ 

156202 ʊŸA YPO_RS01725 ʙʝʣʦʢ ʩʝʤʝʡʩʪʚʘ ʘʪʪʝʥʶʘʪʦʨʦʚ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ 

I 

227422 ʊŸA rplX 50S ʨʠʙʦʩʦʤʘʣʴʥʳʡ ʙʝʣʦʢ L24 I 

1565124 GŸA ansBï

YPO_RS07925 

ʤʝʞʛʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ IIa 

1795558 GŸA YPO_RS08850ï

YPO_RS08855 

ʤʝʞʛʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ IIa 

741878 CŸ ʊ YPO_RS04365 ʨʝʛʫʣʷʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʝ-

ʤʝʡʩʪʚʘ AraC 

IIb 

3848199 CŸ G YPO_RS18180 ʩʫʙʲʝʜʠʥʠʮʘ ɼʅʂ-

ʧʦʣʠʤʝʨʘʟʳ III chi 

IIb 

1859698 CŸ ʊ phoQ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʩʪʝʤʥʳʡ 

ʩʝʥʩʦʨ ʛʠʩʪʠʜʠʥʢʠʥʘʟʳ PhoQ 

IIc 

2080132 CŸ A YPO_RS10165 ʙʝʣʦʢ ʭʝʤʦʪʘʢʩʠʩʘ IIc 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 3.2 

6103 CŸ ʊ Kup ʪʨʘʥʩʧʦʨʪʝʨ ʢʘʣʠʷ ʩ ʥʠʟʢʠʤ 

ʩʨʦʜʩʪʚʦʤ Kup 

II  

90183 AŸ G YPO_RS01435 ʩʫʣʴʬʘʪ-ʪʨʘʥʩʧʦʨʪʝʨ ABC-

ʩʫʙʩʪʨʘʪ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ 

II  

37356 GŸA yihX ʛʣʶʢʦʟʦ-1-ʬʦʩʬʘʪʘʟʘ III  

433408 CŸ ʊ lsrK ʘʫʪʦʠʥʜʫʢʪʦʨ-2 ʢʠʥʘʟʘ III  

* ʉʦʛʣʘʩʥʦ ʛʝʥʦʤʫ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ Y. pestis ʉO92 (̄  NCBI GenBank NC_003143.1). 

 

ʅʘ ʥʘʡʜʝʥʥʳʝ ʩʧʝʮʠʬʠʯʥʳʝ SNPs ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʨʘʡʤʝʨʳ ʜʣʷ ʧʨʦʚʝʜʝ-

ʥʠʷ ʇʎʈ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʘʤʧʣʠʢʦʥʦʚ 

(ʊʘʙʣʠʮʘ 3.3). 

 

ʊʘʙʣʠʮʘ 3.3 ï ʅʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ, ʜʣʷ                     

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʚʝʪʚʝʡ ʠ ʧʦʜʚʝʪʚʝʡ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ 
ʅʘʟʚʘʥʠʝ  

ʤʠʰʝʥʠ  

(ʤʘʨʢʝʨʥʳʡ 

SNP) 

ɺʝʪʚʠ ʠ ʧʦʜʚʝʪʚʠ  

Y. pestis ʢʘʚʢʘʟʩʢʦʛʦ  

ʧʦʜʚʠʜʘ, ʩʦʜʝʨʞʘʱʠʝ 

ʵʪʦʪ SNP 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʘʡʤʝʨʦʚ,  

ʬʣʘʥʢʠʨʫʶʱʠʭ SNP 

I-1 I I-1-S ï CCCCCAGCGCTGTAACGGGA 

I-1-AS ï ATCCGGCGCATTGGGGACCT 

I-2 I I-2-S ï TCTGAACCAACCAGGTGGCATTGT 

I-2-AS ï CGCGTTGAACAGCGCAAGGT 

IIa-1 IIa IIa-1-S ï TGGACGCCCCATTGAGTCGG 

IIa-1-AS ï TGCCGTGATGATAACAACCGAT 

IIa-2 IIa IIa-2-S ï AGTGGGTGATACAACCCGCTAGT 

IIa-2-AS ï GAGTGGCAACTCATTGGCCT 

IIb-1 IIb IIb-1-S ï TCGGGCGCGCATGATGATGTT 

IIb-1-AS ï GATCGCCGCAGTGCTGGCTT 

IIb-2 IIb IIb-2-S ï CAGTTGGCGCGCGACCGATA 

IIb-2-AS ï TTAGTTGGCGGCGTTGCCGT 

IIc-1 IIc IIc-1-S ï AGGGACATGACGCTGACGCC 

IIc-1-AS ï CGTCCCCAGCCTGGTCCTGA 

IIc-2 IIc IIc-2-S ï TGGCCGCCAGCAATAACGGG 

IIc-2-AS ï TCTGTATTCGACGCGGTACGCT 

II-1 II  II -1-S ï ATGCGGGCTGATAACGCGGG 

II-1-AS ï AGCTGCCACCAATTAGCCCAAGG 

II-2 II  II -2-S ï ACGAAGCGCTGTTGGCTGTGA 

II-2-AS ï AGCATCGGCAACGTCACGGG 

III -1 III  III -1-S ï AGCAGTGTTCCGTTGGCTACA 

III -1-AS ï TGGTGGGCAAAATCCTCGTCGC 

III -2 III  III -2-S ï GCGAAGGCCGCGCAAGAATG 

III -2-AS ï CGTGCACCACTCCCAACCCC 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʪ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤʤʦʚ Y. pestis ʢ ʦʪʜʝʣʴʥʳʤ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ I, II  

(ʦʪʜʝʣʴʥʦ IIa, IIb, IIc) ʠ III  ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ ʬʨʘʛʤʝʥʪʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʙʳʣʦ ʚʟʷʪʦ ʜʚʘ 

ʢʣʠʥʠʯʝʩʢʠʭ ʰʪʘʤʤʘ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʙʦʣʴʥʳʭ ʙʫʙʦʥʥʦʡ ʬʦʨʤʦʡ ʯʫʤʳ: Y. pestis 

835 çɺ.ʈ.ʉ.è ʦʪ ʙʦʣʴʥʦʛʦ ʚ ʃʝʥʠʥʘʢʘʥʩʢʦʤ ʛʦʨʥʦʤ ʦʯʘʛʝ ʚ 1958 ʛ. ʠ ʄ-986 ʦʪ 

ʙʦʣʴʥʦʛʦ ʯʝʣʦʚʝʢʘ ʚ ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʦʤ ʛʦʨʥʦʤ ʦʯʘʛʝ ʚ 1973 ʛ. 

ɹʳʣ ʧʨʦʚʝʜʸʥ ʧʦʠʩʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ SNPs, ʢʦʪʦʨʳʝ ʧʦʤʦʛʣʠ ʙʳ ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʠʯʠʥʫ ʩʧʦʩʦʙʥʦʩʪʠ ʜʚʫʭ ʵʪʠʭ ʰʪʘʤʤʦʚ ʚʳʟʳʚʘʪʴ ʯʫʤʫ ʯʝʣʦʚʝʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʦʛʦ ʧʦʪʩʢʘ ʫ ʰʪʘʤʤʘ 835 çɺ.ʈ.ʉ.è ʙʳʣʠ ʦʙʥʘʨʫʞʝʥ r3 ʭʘʨʘʢʪʝʨʥʳʝ SNPs ʩ ʢʦ-

ʦʨʜʠʥʘʪʘʤʠ (ʩʦʛʣʘʩʥʦ ʛʝʥʦʤʫ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ ʉʆ92 NC_003143.1): 4228757 

(ʤʝʞʛʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ pepQïfadB), 4309418 (ʛʝʥ YPO3840), 4523124 (ʛʝʥ 

uhpA). ɸ ʫ ʰʪʘʤʤʘ ʄ-986 ʥʘʡʜʝʥʳ 4 ʫʥʠʢʘʣʴʥʳʝ SNPs ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ: 211007 

(ʛʝʥ slyD), 288471 (ʛʝʥ YPO0287), 445958 (ʛʝʥ hmsT), 3739402 (ʛʝʥ ydjJ). ɸʥʘʣʠʟ 

ʦʙʥʘʨʫʞʝʥʥʳʭ SNPs ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʦʥʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʛʝʥʘʭ ʞʠʟʥʝ-

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʚ ʤʝʞʛʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʠ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʥʝ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʷ ʥʘ ʩʪʝʧʝʥʴ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʵʪʠʭ ʢʣʠʥʠʯecʢʠʭ ʰʪʘʤʤʦʚ ʢʘʚʢaʟʩʢʦʛʦ 

ʧoʜʚʠʜʘ Y. pestis. ɺʝʨʦʷʪʥʦ, ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʳʟʚʘʥʥʦʝ ʵʪʠʤʠ 

ʰʪʘʤʤʘʤʠ, ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʥʳʤ ʠʤʤʫʥʠʪʝʪʦʤ ʫ ʟʘʙʦʣʝʚʰʠʭ ʣʶʜʝʡ. ʊʝʤ ʥʝ ʤʝ-

ʥʝʝ, ʜʘʥʥʳʝ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʵʪʠ ʢʣʠʥʠʯʝʩʢʠʝ 

ʰʪʘʤʤʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʚʢʘʟʩʢʦʤʫ ʧʦʜʚʠʜʫ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʦʛʦ 

ʧʦʜʚʠʜʘ ʚʳʟʳʚʘʪʴ ʩʣʫʯʘʠ ʯʫʤʳ ʫ ʣʶʜʝʡ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ 

[ʆʚʘʩʘʧʷʥ, ʐʝʭʠʢʷʥ, 1989]. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ ʬʘʢʪʦʨʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ ʫ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜ-

ʚʠʜʘ ʠ ʰʪʘʤʤʦʚ ʜʨʫʛʠʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. ɺ ʘʥʘʣʠʟ 

ʙʳʣʦ ʚʟʷʪʦ 79 ʛʝʥʦʚ ʭʨʦʤʦʩʦʤʥʦʡ ʠ ʧʣʘʟʤʠʜʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ï ʦʙʣʘʩʪʴ ʧʠʛʤʝʥ-

ʪʘʮʠʠ, ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʢʘʧʩʫʣʴʥʳʡ ʘʥʪʠʛʝʥ ʠ ʤʳʰʠʥʳʡ ʪʦʢʩʠʥ, ʩʠʩʪʝʤʫ ʩʝʢ-

ʨʝʮʠʠ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʧʣʘʟʤʠʥʦʛʝʥ ʠ ʧʝʩʪʠʮʠʥ [Rasmussen et al., 2015]. ɹʦʣʴʰʠʥʩʪ-
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ʚʦ ʠʟʫʯʝʥʥʳʭ ʛʝʥʦʚ ʥʝ ʥʝʩʣʦ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʤʫʪʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ 

ʧʨʠʯʠʥʘʤʠ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ. ʀʩʢʣʶ-

ʯʝʥʠʝʤ ʩʪʘʣʠ ʛʝʥʳ astD, fyuA, hmsF, hmsT, yopH, yopT, yscG, yscU. 

ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ astD, fyuA, hmsF, hmsT ʚ̫-

ʣʷʶʠɦʭʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʩʪʨʦʚʘ ʚʳʩʦʢʦʡ ʧʘʪʦʛʝʥʥʦʩʪʠ (HPI) ʭʨʦʤʦ-

ʩʦʤʥʦʡ ʦʙʣʘʩʪʠ ʧʠʛʤʝʥʪʘʮʠʠ, ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟ-

ʩʢʦʛʦ ʧʦʜʚʠʜʘ ʝʩʪʴ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʝ ʤʫʪʘʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʚ ʟʘʤʝʥʝ ʘʤʠʥʦʢʠʩ-

ʣʦʪ ʚ ʢʦʜʠʨʫʝʤʳʭ ʠʤʠ ʙʝʣʢʘʭ (ʊʘʙʣʠʮʘ 3.4). ʊʘʢ, ʚ ʛʝʥʝ astD ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʟʘʤʝʥʘ ʥʫʢʣʝʦʪʠʜʘ GŸC ʚ ʧʦʟʠʮʠʠ 847 ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʟʘʤʝʥʝ ʘʣʘ-

ʥʠʥʘ ʥʘ ʧʨʦʣʠʥ. ɺ ʛʝʥʝ fyuA ʥʘʡʜʝʥʘ ʟʘʤʝʥʘ AŸG ʚ ʧʦʟʠʮʠʠ 1540 ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ, 

ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʥʝ ʘʨʛʠʥʠʥʘ ʥʘ ʛʣʠʮʠʥ. ʄʫʪʘʮʠʷ ʚ ʛʝʥʝ hmsF (ʟʘʤʝʥʘ 

ʊŸɸ ʚ 779 ʧ.ʥ. ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ) ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʨʘʥʝʝ [ɹʫʣʛʘʢʦʚʘ ʠ ʜʨ., 2011, 

ʇʣʘʪʦʥʦʚ ʠ ʜʨ., 2012]. ʀʟʤʝʥʝʥʠʝ ʥʫʢʣʝʦʪʠʜʘ ʚ ʛʝʥʝ hmsT ʊŸC ʚ ʧʦʟʠʮʠʠ 43 ʦʪ 

ʥʘʯʘʣʘ ʛʝʥʘ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʢʦʜʠʨʫʝʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ ï ʬʝʥʠʣʘʣʘʥʠ-

ʥʘ ʥʘ ʮʠʩʪʝʠʥ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ 

ʩʠʩʪʝʤʳ ʩʝʢʨʝʮʠʠ ʪʨʝʪʴʝʛʦ ʪʠʧʘ (ʉʉ3ʊ), ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʦʙʷʟʘʪʝʣʴʥʳʡ 

ʬʘʢʪʦʨ ʧʘʪʦʛʝʥʥʦʩʪʠ Y. pestis [Fields et al., 1994; Jackson, Plano, 2000], ʦʙʥʘʨʫʞʠʣ 

ʥʘʣʠʯʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʣʷ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ yopH, 

yopT, yscG, yscU (ʊʘʙʣʠʮʘ 3.4). ɺ ʛʝʥʝ yopH ʥʘʡʜʝʥʳ ʟʘʤʝʥʳ: GŸʊ ʚ ʧʦʟʠʮʠʠ 199 

ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʥʝ ʚʘʣʠʥʘ ʥʘ ʬʝʥʠʣʘʣʘʥʠʥ; ɸɸʉŸGTT ʚ 

ʧʦʟʠʮʠʠ 429 ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ, ʷʚʣʷʶʱʘʷʩʷ ʧʨʠʯʠʥʦʡ ʟʘʤʝʥʳ ʪʨʝʦʥʠʥʘ ʥʘ ʬʝʥʠʣʘ-

ʣʘʥʠʥ. ɺ ʛʝʥʝ yopT ʫ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʙʳʣʘ ʥʘʡʜʝʥʘ ʟʘʤʝʥʘ GŸɸ ʚ 

ʧʦʟʠʮʠʠ 446 ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ, ʢʦʪʦʨʘʷ ʚʣʝʯʸʪ ʟʘʤʝʥʫ ʩʝʨʠʥʘ ʥʘ ʘʩʧʘʨʘʛʠʥ. ʊʘʢʞʝ 

ʙʳʣʘ ʥʘʡʜʝʥʘ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʘʷ ʤʫʪʘʮʠʷ ɸŸG ʚ ʛʝʥʝ yscG ʚ ʧʦʟʠʮʠʠ 49 ʦʪ ʥʘʯʘ-

ʣʘ ʛʝʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʘ ï 

ʪʨʝʦʥʠʥ ʥʘ ʘʣʘʥʠʥ. ʇʦʩʣʝʜʥʝʡ ʥʘʡʜʝʥʥʦʡ ʤʫʪʘʮʠʝʡ ʩʪʘʣʘ ʟʘʤʝʥʘ GŸʊ ʚ ʛʝʥʝ 

yscU ʚ ʧʦʟʠʮʠʠ 81 ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ, ʯʪʦ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʢʦʜʠʨʫʝʤʦʡ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʩ ʣʠʟʠʥʘ ʥʘ ʘʩʧʘʨʘʛʠʥ.  ɺʦʟʤʦʞʥʦ, ʥʘʡʜʝʥʥʳʝ ʤʫʪʘʮʠʠ ʩʣʫʞʘʪ 

ʧʨʠʯʠʥʘʤʠ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ. ʆʜʥʘʢʦ 
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ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʣʠ ʦʧʨʦʚʝʨʞʝʥʠʷ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʪʨʝʙʫʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 3.4 ï ʄʫʪʘʮʠʠ ʚ ʛʝʥʘʭ ʧʘʪʦʛʝʥʥʦʩʪʠ ʠ ʠʥʳʭ ʫʯʘʩʪʢʘʭ ʛʝʥʦʤʘ ʫ ʰʪʘʤʤʦʚ 

Y. pestis ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ (0.PE2)  
ɻʝʥ*

 
ʂʦʜʠʨʫʝʤʳʡ ʧʨʦʜʫʢʪ ʄʫʪʘʮʠʷ ʇʦʟʠʮʠʷ 

ʚ ʛʝʥʝ 

ʈʝʟʫʣʴʪʘʪ ʤʫʪʘʮʠʠ 

astD  ʩʫʢʮʠʥʠʣʛʣʫʪʘʤʠʥʦʚʘʷ ʧʦʣʫ-

ʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʘ 

GŸC 847 ʟʘʤʝʥʘ ʘʣʘʥʠʥʘ ʥʘ ʧʨʦʣʠʥ 

fyuA ʙʝʣʦʢ ʨʝʮʝʧʪʦʨʘ  

ʧʝʩʪʠʮʠʥʘ/ʡʝʨʩʠʥʠʘʙʘʢʪʠʥʘ 

AŸG 1540 ʟʘʤʝʥʘ ʘʨʛʠʥʠʥʘ ʥʘ ʛʣʠʮʠʥ 

hmsF ʩʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ ʛʝʤʠʥʘ, 

ʙʝʣʦʢ HmsF 

TŸA 779 ʟʘʤʝʥʘ ʣʝʡʮʠʥʘ ʥʘ ʛʣʫʪʘ-

ʤʠʥ 

hmsT ʙʝʣʦʢ ʜʦʤʝʥʘ  

ʜʠʛʫʘʥʠʣʘʪʮʠʢʣʘʟʳ 

TŸC 43 ʟʘʤʝʥʘ ʬʝʥʠʣʘʣʘʥʠʥʘ ʥʘ 

ʮʠʩʪʝʠʥ 

yopH ʪʠʨʦʟʠʥ-ʧʨʦʪʝʠʥʬʦʩʬʘʪʘʟʘ 

yopH 

GŸT ʠ 

ɸɸʉŸGTT 

199 ʠ 

429 

ʟʘʤʝʥʘ ʚʘʣʠʥʘ ʥʘ ʬʝʥʠʣʘ-

ʣʘʥʠʥ ʠ ʪʨʝʦʥʠʥʘ ʥʘ ʬʝʥʠ-

ʣʘʣʘʥʠʥ 

yopT ʵʬʬʝʢʪʦʨʥʘʷ ʮʠʩʪʝʠʥʦʚʘʷ 

ʧʨʦʪʝʘʟʘ YopT ʉʉ3ʊ 

GŸA 446 ʟʘʤʝʥʘ ʩʝʨʠʥʘ ʥʘ ʘʩʧʘʨʘʛʠʥ 

yscG ʙʝʣʦʢ YscG ʉʉ3ʊ AŸG 49 ʟʘʤʝʥʘ ʪʨʝʦʥʠʥʘ ʥʘ ʘʣʘʥʠʥ 

yscU ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʡ ʙʝʣʦʢ 

YscU 

GŸT 81 ʟʘʤʝʥʘ ʣʠʟʠʥʘ ʥʘ ʘʩʧʘʨʘʛʠʥ 

irp2 ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʙʝʣʦʢ 

ʠʝʨʩʠʥʠʘʙʘʢʪʠʥ 

GŸA 3252 ʩʠʥʦʥʠʤʠʯʥʘʷ ʤʫʪʘʮʠʷ 

psaA ʬʠʤʙʨʠʘʣʴʥʳʡ ʙʝʣʦʢ CŸT 294 ʩʠʥʦʥʠʤʠʯʥʘʷ ʤʫʪʘʮʠʷ 

yscQ ʙʝʣʦʢ YscQ CC3ʊ, ʩʝʤʝʡʩʪʚʦ 

YscQ/HrcQ 

GŸA 711 ʩʠʥʦʥʠʤʠʯʥʘʷ ʤʫʪʘʮʠʷ 

* ʅʘʟʚʘʥʠʷ ʛʝʥʦʚ ʫʢʘʟʘʥʳ ʩʦʛʣʘʩʥʦ ʛʝʥʦʤʫ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ Y. pestis ʉO92 (̄  NCBI 

GenBank NC_003143.1) 

 

ʈʝʟʶʤʠʨʫ ̫ʚʳʰʝʦʧʠʩʘʥʥʦʝ, ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘʤʠ ʫʪʦʯʥʝʥʦ ʧʦʧʫʣʷʮʠ-

ʦʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʧʨʠʨʦʜʥʳʭ 

ʦʯʘʛʦʚ ʯʫʤʳ ʂʘʚʢʘʟʘ ʠ ɿʘʢʘʚʢʘʟʴʷ. ʋʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʬʠʣʦʛʝʥʝʪʠ-

ʯʝʩʢʠʭ ʚʝʪʚʝʡ, ʢʦʨʨʝʣʠʨʫʶʱʠʭ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʰʪʘʤʤʦʚ 

ʵʪʦʛʦ ʧʦʜʚʠʜʘ: ʧʝʨʚʘʷ ʦʙʨʘʟʦʚʘʥʘ ʰʪʘʤʤʘʤʠ ɺocʪʦʯʥʦ-ʂʘʚʢʘʟcʢʦʛʦ 

ʚʳʩʦʢʦʛopʥʦʛʦ ʦʯʘʛʘ, ʚʪʦʨʘ ̫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʰʪʘʤʤʘʤʠ ʇʨʠʩʝʚʘʥʩʢʦʛʦ ʛʦʨʥʦʛʦ, 

ɿʘʥʛʝʟʫʨʦ-ʂʘʨʘʙʘʭʩʢʦʛʦ ʛʦʨʥʦʛʦ ʠ ʇʨʠʘʨʘʢʩʠʥʩʢʦʛʦ ʥʠʟʢʦʛʦʨʥʦʛʦ ʦʯʘʛʦʚ, ʘ ʪʨʝ-

ʪɹ  ̫ ï ʰʪʘʤʤʘʤʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʘʚʢʘʟʩʢʦʛʦ ʥʘʛʦʨʴʷ, (ɻʶʤʨʠʡʩʢʠʡ ʠ 

ɼʞʘʚʘʭʝʪʩʢʦ-ɸʭʘʣʢʘʣʘʢʩʢʠʡ ʦʯʘʛʠ). ʆʙʥʘʨʫʞʝʥʥʦʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʛʝʥʝʪʠʯʝʩʢʦʝ 
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ʨʘʟʥʦʦʙʨʘʟʠʝ ʰʪʘʤʤʦʚ Y. pestis ssp. caucasica ʩʚʷʟʘʥʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʨʝʚʥʦ-

ʩʪʴʶ ʵʪʦʛʦ ʧʦʜʚʠʜʘ (ʩʦʛʣʘʩʥʦ M.A. Spyrou, ʚʝʪʚʴ ʵʚʦʣʶʮʠʠ 0.PE2 ʚʦʟʥʠʢʣʘ ʚ 

ʙʨʦʥʟʦʚʦʤ ʚʝʢʝ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 4474ï5237 ʣʝʪ ʥʘʟʘʜ [Spyrou et al., 2018]) ʠ ʨʘʟ-

ʨʦʟʥʝʥʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʡ, ʛʜʝ ʰʣʘ ʵʚʦʣʶʮʠʷ ʵʪʠʭ ʰʪʘʤʤʦʚ. ɹr ʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤ-

ʧʣʝʢʪ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤʤʦʚ Y. pestis ʢ ʬʠʣʦʛʝ-

ʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ I, II  (ʦʪʜʝʣʴʥʦ IIa, IIb, IIc) ʠ III  ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ 

ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 79 ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʘʢʪʦʨʳ 

ʧʘʪʦʛʝʥʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʫʩʪʘʥʦʚʠʣʦ ʥʘʣʠʯʠʝ ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠ-

ʜʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ astD, fyuA, hmsF, hmsT, yopH, yopT, yscG, yscU, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʟʘʤʝʥʘʤ ʢʦʜʠʨʫʝʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʸʥʥʳʝ 

ʠʟʫʯʝʥʠʶ ʚʣʠʥ̫ʠʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʛʝʥʦʚ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʜʠʨʫʝʤʳʭ ʠʤʠ ʙʝʣʢʦʚ, ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪ ʧʦ ʧʦʠʩʢʫ ʧʨʠʯʠʥ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ 

ʰʪʘʤʤʦʚ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ Y. pestis ʠ ʠʟʫʯʝʥʠʶ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʘʪʦʛʝʥ-

ʥʦʩʪʠ Y. pestis. 

 

3.2 ɸʥʘʣʠʟ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ 

Y. pestis 

 

ʐʪʘʤʤʳ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʵʥʜʝʤʠʯʥʳ ʜʣʷ ʄʦʥʛʦʣʠʠ. ɼʦ ʩʠʭ ʧʦʨ ʥʝ ʠʟ-

ʚʝʩʪʥʳ ʩʣʫʯʘʠ ʯʫʤʳ ʯʝʣʦʚʝʢʘ, ʚʳʟʚʘʥʥʳʝ ʰʪʘʤʤʘʤʠ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ. ʆʥʠ 

ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪ ɹʵʧʠʟʦʦʪʠʠ ʩʨʝʜʠ ʤʳʰʝʚʠʜʥʳʭ ʛʨʳʟʫʥʦʚ ʠ ʤʝʣʢʠʭ ʟʘʡʮʝʦʙ-

ʨʘʟʥʳʭ. ʉʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ ʣʠʪʝʨʘʪʫʨʥrʤ ʜʘʥʥʳʤ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʠ ʤʦʣʝ-

ʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ Y. pestis ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʨʘʥʝʝ ʥʝ 

ʧʨʦʚʦʜʠʣʩʷ. ʊʘʢʞʝ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʦʪʩʫʪʩʪʚʠʷ ʩʣʫʯʘʝʚ ʯʫʤʳ ʫ ʣʶʜʝʡ, ʩʚ̫-

ʟʘʥʥʳʭ ʩʦ ʰʪʘʤʤʘʤʠ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʵʪʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʛʝʥʪʘ, ʦʩ-

ʪʘʶʪʩʷ ʥʝʚʳʷʩʥʝʥʥʳʤʠ. 
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ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʙʠʦʭʠʤʠ-

ʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʰʪʘʤʤʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʫʣʝʛʝʡʩʢʦʤʫ 

ʧʦʜʚʠʜʫ. ɺʩʝ ʰʪʘʤʤʳ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʣʠʩʴ ʪʠʧʠʯʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʬʝʨʤʝʥ-

ʪʠʨʦʚʘʣʠ ʨʘʤʥʦʟʫ, ʘʨʘʙʠʥʦʟʫ, ʛʣʠʮʝʨʠʥ, ʥʝ ʨʝʜʫʮʠʨʦʚʘʣʠ ʥʠʪʨʘʪʳ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʣʠʪʝʨʘʪʫʨʥrʤ ʜʘʥʥʳʤ [ʊʠʤʦʬʝʝʚʘ, 1972]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝ-

ʥʠʷ ʇʎʈ-ʈɺ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʘ ʥʘ ɼʅʂ-ʤʠʰʝʥʴ Uleg(-88) ʪʘʢ-

ʞʝ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʰʪʘʤʤʦʚ ʢ ʫʣʝʛʝʡʩʢʦʤʫ ʧʦʜʚʠʜʫ ʧʦ ʥʘ-

ʣʠʯʠʶ ʜʝʣʝʮʠʠ 88 ʧ.ʥ. ʫʥʠʢʘʣʴʥʦʡ ʜʣʷ ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚ ʤʝʞʛʝʥ-

ʥʦʡ ʦʙʣʘʩʪʠ YPO1452ïYPO1453 [ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2017]. 

ɺ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ 

ʚʳʧʦʣʥʝʥʦ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʷʪʠ ʰʪʘʤʤʦʚ Y. pestis ʫʣʝʛʝʡʩʢʦʛʦ 

ʧʦʜʚʠʜʘ: ʀ-2422, ʀ-3068, ʀ-3193, ʀ-3196, ʀ-3269 (ʊʘʙʣʠʮʘ 2.1). ʇʦʣʥʦʛʝʥʦʤʥʳʝ 

ʥʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʰʪʘʤʤʦʚ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ NCBI GenBank. 

ɸʥʘʣʠʟ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʵʪʠʭ ʧʷʪʠ ʠ ʜʨʫʛʠʭ ʩʝʤʠ 

ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʠʟ NCBI GenBank [Kislichkina et al., 2018] ʠ ʜʝʚʷʪʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʜʨʫʛʠʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪ-

ʚʝʡ (ʊʘʙʣʠʮʘ 2.2). ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 21 ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʰʪʘʤʤʘ ʦʩʫʝɦ-

ʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʥʘʨʫʞʝʥʥʳʭ 1581 ʢʦʨʦʚʳʭ SNPs ʚ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʠʩʩʣʝʜʫʝʤʳʭ ʰʪʘʤʤʦʚ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʛʣʘʚʝ 2, 

ʧʫʥʢʪ 2.10. 

ʇʦʩʣʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʝʥʜʨʦʛʨʘʤʤʳ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦ-

ʛʦ ʜʝʨʝʚʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʬʦʨʤʠʨʫʶʪ ʜʚʝ 

ʚʝʪʚʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʥʘʤʠ ʢʘʢ 0.PE5/1 ʠ 0.PE5/2. ɺʝʪʚʴ 0.PE5/1 ʦʙʨʘ-

ʟʦʚʘʥʘ  ʰʪʘʤʤʘʤʠ, ʚʳʜʝʣʝʥʥʳʤʠ ʚ ʘʡʤʘʢʘʭ ʋʤʥʝʛʦʚʴ, ʋʚʝʨʭʘʥʛʘʡ ʠ ɻʦʚʴ-ɸʣʪʘʡ 

ʥʘ ʶʛʝ ʄʦʥʛʦʣʠʠ ʚ 1973-1986 ʛʛ. ɺʝʪʚʴ 0.PE5/2 ʨʘʟʜʝʣ̫ʝʪʩʷ ʥʘ ʜʚʝ ʧʦʜʚʝʪʚʠ 

0.PE5/2-1 ʠ 0.PE5/2-2 (ʈʠʩʫʥʦʢ 3.3). ʇʦʜʚʝʪʚʴ 0.PE5/2-1 ʬʦʨʤʠʨʫʶʪ ʰʪʘʤʤʳ, ʚʳ-

ʜʝʣʝʥʥʳʝ ʩ ʪʝʨʨʠʪʦʨʠʠ ʘʡʤʘʢʦʚ ɹʘʷʥ-ʋʣʛʠʡ ʠ ʍʦʚʜ ʚ 1974ï1986 ʛʛ.; ʧʦʜʚʝʪʚʴ 

0.PE5/2-2 ʦʙʨʘʟʦʚʘʥʘ ʰʪʘʤʤʘʤʠ ʠʟ ʘʡʤʘʢʘ ɹʘʷʥ-ʋʣʛʠʡ ʚ ʧʝʨʠʦʜ 1972ï1990 ʛʛ. ɺ 
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ʨʝʟʫʣʴʪʘʪʝ, ʚʝʪʚʴ 0.PE5/2 ʦʙʲʝʜʠʥʷʝʪ ʰʪʘʤʤʳ, ʚʳʜʝʣʝʥʥʳʝ ʩ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʘʜ-

ʥʳʭ ʘʡʤʘʢʦʚ ʄʦʥʛʦʣʠʠ, ʘ ʜʣʷ ʘʡʤʘʢʘ ɹʘʷʥ-ʋʣʛʠʡ ʭʘʨʘʢʪʝʨʥʳ ʰʪʘʤʤʳ ʜʚʫʭ ʧʦʜ-

ʚʝʪʚʝʡ 0.PE5/2-1 ʠ 0.PE5/2-2. ɺʩʝ ʰʪʘʤʤʳ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʦʙʣʘʜʘʣʠ 116 

SNPs, ʰʪʘʤʤʳ ʚʝʪʚʠ 0.PE5/1 ʦʙʣʘʜʘʣʠ 18 SNPs, ʰʪʘʤʤʳ ʚʝʪʚʠ 0.PE5/2 ï 7 SNPs, 

ʰʪʘʤʤʳ ʚʝʪʚʠ 0.PE5/2-1 ï 6 SNPs, ʰʪʘʤʤʳ ʚʝʪʚʠ 0.PE5/2-2 ï 5 SNPs. 

 

 
ɸʣʛʦʨʠʪʤ Maximum Likelihood, ʧʨʦʛʨʘʤʤʘ PhyML 3.1, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ HKY85 

ʈʠʩʫʥʦʢ 3.3 ï ɸʥʘʣʠʟ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʰʪʘʤʤʦʚ Y. pestis ʫʣʝʛʝʡʩʢʦʛʦ 

ʧʦʜʚʠʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1581 ʢʦʨʦʚʦʛʦ SNPs ʚ ʧʦʣʥʦʛʝʥʦʤʥʳʭ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ 21 ʰʪʘʤʤʘ ʨʘʟʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʧʦʠʩʢʘ SNPs, ʭʘʨʘʢʪʝʨ-

ʥʳʭ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʚʝʪʚʝʡ ʠ ʧʦʜʚʝʪʚʝʡ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ. ʇʦʠʩʢ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʭ SNPs ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʪʘʤʤʦʚ ʧʫʪʸʤ ʜʝʪʝʢʮʠʠ ʵʪʠʭ ʤʘʨʢʝʨʥʳʭ SNPs ʚ ʛʝʥʦʤʝ ʰʪʘʤ-

ʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʠʟ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ 

ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʧʦʠʩʢʘ SNPs, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʚʝʪʚʝʡ 

ʠ ʧʦʜʚʝʪʚʝʡ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʙʳʣʦ ʚʳʙʨʘʥʦ ʪʨʠ ʤʘʨʢʝʨʥʳʭ SNPs ʜʣʷ ʰʪʘʤ-

ʤʦʚ ʚʝʪʚʠ 0.PE5/1. ʇʝʨʚʳʡ SNP ï 0.PE5/11 (ʟʘʤʝʥʘ ʊŸA) ʨʘʩʧʦʣʦʞʝʥ ʚ ʛʝʥʝ ligB ʚ 
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ʧʦʟʠʮʠʠ 54674 ʩʦʛʣʘʩʥʦ ʛʝʥʦʤʫ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ ʉʆ92 (ˉ NCBI GenBank 

NC_003143.1). ɺʪʦʨʘʷ ʩʧʝʮʠʬʠʯʥʘʷ ʟʘʤʝʥʘ ʥʫʢʣʝʦʪʠʜʘ (ʊŸG) 0.PE5/12 ʣʦʢʘʣʠʟʦ-

ʚʘʥʘ ʚ ʛʝʥʝ cysG ʚ ʧʦʟʠʮʠʠ 172494. ʊʨʝʪʴʷ ʤʘʨʢʝʨʥʘʷ ʤʫʪʘʮʠʷ 0.PE5/13 (AŸC) 

ʦʙʥʘʨʫʞʝʥʘ ʚ ʛʝʥʝ glgA ʚ ʧʦʟʠʮʠʠ 4425839 (ʊʘʙʣʠʮʘ 3.5). 

 

ʊʘʙʣʠʮʘ 3.5 ï ʉʧʠʩʦʢ SNPs, ʚʳʙʨʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʥʳʭ ʜʣʷ ʦʪʜʝʣʴʥʳʭ  

ʚʝʪʚʝʡ ʠ ʧʦʜʚʝʪʚʝʡ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ Y. pestis 
ʇʦʟʠʮʠʷ 

ʦʪ ʥʘʯʘʣʘ 

ʛʝʥʦʤʘ* 

ʄʫʪʘʮʠʷ ʂʦʜʠʨʫʝʤʳʡ ʧʨʦʜʫʢʪ 

 

ɻʝʥ ɺʝʪʚʠ ʠ ʧʦʜʚʝʪʚʠ  

Y. pestis, ʥʝʩʫʱʠʝ  

ʤʫʪʘʮʠ ʁ 

54674 ʊŸA ʅɸɼ-ʟʘʚʠʩʠʤʘʷ ɼʅʂ-ʣʠʛʘʟʘ LigB ligB 0.PE5/1 

172494 ʊŸG ʩʠʨʦʛʝʤʩʠʥʪʘʟʘ cysG 0.PE5/1 

4425839 AŸC ʛʣʠʢʦʛʝʥʩʠʥʪʘʟʘ glgA 0.PE5/1 

3081204 CŸA ʬʦʩʬʦʛʠʩʪʠʜʠʥʬʦʩʬʘʪʘʟʘ sixA 0.PE5/2-1 

4413306 GŸA ʘʮʝʪʠʣʦʨʥʠʪʠʥʜʝʘʮʝʪʠʣʘʟʘ argE 0.PE5/2-1 

353703 ʊŸG ʬʦʨʤʘʪʜʝʛʠʜʨʦʛʝʥʝʘʟʘ H YPO0344 0.PE5/2-2 

2580558 CŸA ʥʫʢʣʝʦʪʠʜʘʟʘ YPO2295 0.PE5/2-2 

* ʉʦʛʣʘʩʥʦ ʛʝʥʦʤʫ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ Y. pestis ʉO92 (̄  NCBI GenBank NC_003143.1). 

 

ʋ ʰʪʘʤʤʦʚ ʧʦʜʚʝʪʚʠ 0.PE5/2-1 ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʝ ʤʘʨʢʝʨʥʳʝ ʥʫʢʣʝʦʪʠʜ-

ʥʳʝ ʟʘʤʝʥʳ: ʧʝʨʚʘʷ (CŸA) ï 0.PE5/2-11 ʥʘʭʦʜʠʪʩʷ ʚ ʛʝʥʝ sixA (ʧʦʟʠʮʠʷ 3081204), 

ʚʪʦʨʘʷ (GŸA) 0.PE5/2-12 ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʛʝʥʝ argE (ʧʦʟʠʮʠʷ 4413306). ɼʠʬʬʝ-

ʨʝʥʮʠʘʮʠ ʁ ʰʪʘʤʤʦʚ ʧʦʜʚʝʪʚʠ 0.PE5/2-2 ʧʨʦʚʦʜʠʣʠ, ʠʩʧʦʣʴʟʫ ̫ 2 ʫʥʠʢʘʣʴʥʳʭ 

SNPs: 0.PE5/2-21 (ʊŸG) ʚ ʛʝʥʝ YPO0344 (353703 ʧ.ʥ.), 0.PE5/2-22 (CŸA) ʚ ʛʝʥʝ 

YPO2295 (2580558 ʧ.ʥ.). 

ʅʘ ʥʘʡʜʝʥʥʳʝ ʩʧʝʮʠʬʠʯʥʳʝ SNPs ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʨʘʡʤʝʨʳ (ʊʘʙʣʠʮʘ 3.6), 

ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʢʦʥʢʨʝʪʥʳʤ ʬʠʣʦʛʝʥʝʪʠ-

ʯʝʩʢʠʤ ʚʝʪʚʷʤ ʠ ʧʦʜʚʝʪʚʷʤ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʝʱ yʩʝʤʠ ʰʪʘʤʤʦʚ ɻʦʩʫʜʘʨʩʪ-

ʚʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥ-

ʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ ʩ ʵʪʠʤʠ ʧʨʘʡ-

ʤʝʨʘʤʠ ʥʘ ʤʘʪʨʠʮʝ ɼʅʂ hʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʤ-

ʧʣʠʢʦʥʳ, ʧʦʜʚʝʨʛʥʫʪʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʬʨʘʛʤʝʥʪʥʦʤʫ ʩʝʢʚʝʥʠʨʦʚʘʥʠ.ʁ 
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ʊʘʙʣʠʮʘ 3.6 ï ʅʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ 

ʘʥʘʣʠʟʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ 
ʅʘʟʚʘʥʠʝ  

ʤʠʰʝʥʠ  

(ʤʘʨʢʝʨʥʳʡ 

SNP) 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʘʡʤʝʨʦʚ,  

ʬʣʘʥʢʠʨʫʶʱʠʭ SNP 

ɺʝʪʚʠ/ʧʦʜʚʝʪʚʠ Y. pestis 

ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʵʪʦʪ SNP 

0.PE5/11  0.PE5/11-S ï AAATACAGCGAGCCCGTC  

0.PE5/11-AS ï CCGTTCGTCCAAGGGTAAA  

0.PE5/1  

0.PE5/12  0.PE5/12-S ï TGAGTGGTCGCTGGCATA  

0.PE5/12-AS ï TTGCTCGGCTTACAGTGGT  

0.PE5/1  

0.PE5/13  0.PE5/13-S ï CCACAGGGTTCAAAGCGGCT  

0.PE5/13-AS ï AGTTGGTCGTCTTGGGGAGC  

0.PE5/1  

0.PE5/2-11  0.PE5/2-11-S ï AGCAGTCAGTGGATATCG  

0.PE5/2-11-AS ï TCTTCTTTCGCCAACGCT  

0.PE5/2-1  

0.PE5/2-12  0.PE5/2-12-S ï AGCTACGCCCTGATTTCG  

0.PE5/2-12-AS ï CGCTGGATTGTGATAACGCT  

0.PE5/2-1  

0.PE5/2-21  0.PE5/2-21-S ï GAAAAAGTGACCGACAGTGAGG  

0.PE5/2-21-AS ï TGGCTCGGTCTGGATTGGA  

0.PE5/2-2  

0.PE5/2-22  0.PE5/2-22-S ï ATAACGCCTGCAATTCGG  

0.PE5/2-22-AS ï GGGTGTCGCTAAGCCTGAT  

0.PE5/2-2  

 

ʌʨʘʛʤʝʥʪʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʘʤʧʣʠʢʦʥʦʚ ʫʩʪʘʥʦʚʠʣʦ ʥʘʣʠʯʠʝ 

ʪʨʸʭ ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʚʝʪʚʠ 0.PE5/1 SNPs ʫ ʩʣʝʜʫʶʱʠʭ ʰʪʘʤʤʦʚ: ʀ-2972 (ʋʤʥʝ-

ʛʦʚʴ, 1981 ʛ), ʀ-3069 (ʋʚʝʨʭʘʥʛʘʡ, 1982 ʛ), ʀ-3071 (ʋʤʥʝʛʦʚʴ, 1982 ʛ), ʀ-3130 

(ʋʤʥʝʛʦʚʴ, 1984 ʛ) ʠ ʀ-3131 (ʋʤʥʝʛʦʚʴ, 1984 ʛ). ʈʝʟʫʣʴʪʘʪʳ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʠ ʰʪʘʤʤ r ʦʪʥʦʩʷʪʩʷ ʢ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʚʠ 

0.PE5/1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʠ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠ-

ʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʪʚ ɹ 0.PE5/1 ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʰʪʘʤʤʘʤʠ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʘʡʤʘʢʦʚ ʋʤʥʝʛʦʚʴ, ʋʚʝʨʭʘʥʛʘʡ ʠ 

ɻʦʚʴ-ɸʣʪʘʡ ʚ 1973ï1986 ʛʛ. 

ʆʙʘ SNPs, ʫʥʠʢʘʣʴʥʳʝ ʜʣʷ ʧʦʜʚʝʪʚʠ 0.PE5/2-1, ʦʙʥʘʨʫʞʝʥʳ ʫ ʰʪʘʤʤʘ Y. 

pestis ʀ-2962, ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʘʡʤʘʢʝ ɹʘʷʥ-ʋʣʛʠʡ ʚ 1977 ʛʦʜʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜ-

ʚʝʪʚʴ 0.PE5/2-1 ʦʙʲʝʜʠʥʷʝʪ ʰʪʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʘʡʤʘʢʦʚ ɹʘʷʥ-

ʋʣʛʠʡ ʠ ʍʦʚʜ ʚ 1974ï1986 ʛʛ. 

ʍʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʜʚʝʪʚʠ 0.PE5/2-2 ʜʚʘ SNPs (0.PE5/2-21 ʠ 0.PE5/2-22) ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʫ ʰʪʘʤʤʘ ʀ-3215, ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʘʡʤʘʢʝ ɹʘʷʥ-ʋʣʛʠʡ ʚ 1987 ʛ. ʕʪʦ ʧʦ-
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ʟʚʦʣʷʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʦʜʚʝʪʚʴ 0.PE5/2-2 ʩʬʦʨʤʠʨʦʚʘʥʘ ʰʪʘʤʤʘʤʠ, ʮʠʨʢʫʣʠʨʦʚʘʚ-

ʰʠʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʘʡʤʘʢʘ ɹʘʷʥ-ʋʣʛʠʡ ʚ ʧʝʨʠʦʜ 1972ï1987 ʛʛ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʡ ʜʝʥʜʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʣʝʛʝʡ-

ʩʢʠʡ ʧʦʜʚʠʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ çʧʦʟʜʥʝʡè ʚʝʪʚʴʶ ʵʚʦʣʶʮʠʠ ʩʨʝʜʠ ʚʩʝʭ ʥʝʦʩʥʦʚ-

ʥʳʭ ʧʦʜʚʠʜʦʚ, ʢʦʪʦʨʘ ̫ʧʦʟʞʝ ʜʨʫʛʠʭ ʦʪʜʝʣʠʣʘʩʴ ʦʪ ʦʙʱʝʛʦ ʩʪʚʦʣʘ ʵʚʦʣʶʮʠʠ çʣʠ-

ʥʠʠ 0è Y. pestis (ʦʢʦʣʦ 3500 ʣʝʪ ʥʘʟʘʜ [Valtue¶a et al., 2022]) (ʥʝʩʸʪ ʚ ʩʚʦʸʤ ʛʝʥʦʤʝ 

116 SNPs). ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʰʪʘʤʤʳ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚʭʦʜʷʪ ʚ ʩʦ-

ʩʪʘʚ ʵʚʦʣʶʮʠʦʥʥʦ ʜʨʝʚʥʝʡ ʣʠʥʠʠ ç0è ʚʠʜʘ Y. pestis, ʦʥʠ ʚʳʜʝʣʷʣʠʩʴ ʢʨʘʡʥʝ ʦʛʨʘ-

ʥʠʯʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ï ʦʢʦʣʦ 10 ʣʝʪ ʩ 1972 ʧʦ 1990 ʛʛ. ʇʨʠʯʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ 

ʰʪʘʤʤʳ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʥʝ ʚʳʜʝʣʷʣʠʩʴ ʨʘʥʝʝ ʠ ʥʝ ʚʳʜʝʣʷʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʦʩʪʘʸʪʩʷ ʥʝʷʩʥʦʡ ʠ ʧʦ ʩʝʡ ʜʝʥʴ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʚ ʬʘʢʪʦʨʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ ʫ ʰʪʘʤʤʦʚ ʫʣʝ-

ʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʩʦ ʰʪʘʤʤʘʤʠ ʠʥʭr ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ Y. pestis. ɹʳʣʘ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚʳʙʦʨʢʘ ʠʟ 79 ʛʝʥʦʚ [Rasmussen et al., 2015], ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʭʨʦʤʦʩʦʤʥʦʡ ʦʙʣʘʩʪʠ ʧʠʛʤʝʥʪʘʮʠʠ (ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪʩʷ hms ʨʝʛʠʦʥ, ʘ ʪʘʢʞʝ ʦʩʪ-

ʨʦʚ ʚʳʩʦʢʦʡ ʧʘʪʦʛʝʥʥʦʩʪʠ (HPI), ʦʙʨʘʟʦʚʘʥʥʳʡ ʛʝʥʘʤʠ irp 1ï irp 9, ybtA, ybtS, psn, 

ʢʦʜʠʨʫʶʱʠʤʠ ʙʝʣʢʠ ʩʠʜʝʨʦʬʦʨʟʘʚʠʩʠʤʦʡ ʩʠʩʪʝʤ rʧʦʪʨʝʙʣʝʥʠʷ ʞʝʣʝʟʘ); ʧʣʘʟʤʠ-

ʜʝ pFra, ʢʦʜʠʨʫʶʱʝʡ ʛʝʥʳ ʢʘʧʩʫʣʴʥʦʛʦ ʘʥʪʠʛʝʥʘ ʠ ʤʳʰʠʥʦʛʦ ʪʦʢʩʠʥʘ; ʧʣʘʟʤʠʜʝ 

pCad, ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʫ ʩʝʢʨʝʮʠʠ ʪʨʝʪʴʝʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʧʣʘʟʤʠʜʝ pPst, ʜʝʪʝʨʤʠ-

ʥʠʨʫʶʱʝʡ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʘʪʦʨʘ ʧʣʘʟʤʠʥʦʛʝʥʘ ʠ ʧʝʩʪʠʮʠʥʘ. ʇʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʥʦʚ ʥʝ ʩʦʜʝʨʞʘʣʦ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ ʬʘʢʪʦʨʦʚ ʧʘʪʦ-

ʛʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʧʦʩʣʫʞʠʪʴ ʧʨʠʯʠʥʘʤʠ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ 

ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʠʜʠʩʴ ʜʚʘ ʛʝʥʘ ï irp1 ʠ yscQ. 

ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ irp1, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʯʘʩʪʴ ʦʩʪʨʦʚʘ ʚʳʩʦʢʦʡ ʧʘʪʦʛʝʥʥʦʩʪʠ (HPI) ʭʨʦʤʦʩʦʤʥʦʡ ʦʙʣʘʩʪʠ ʧʠʛʤʝʥʪʘʮʠʠ, 

ʫʩʪʘʥʦʚʠʣ ʥʘʣʠʯʠʝ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʥʫʢʣʝʦʪʠʜʥʦʡ ʟʘʤʝʥʳ 

CŸA ʚ ʧʦʟʠʮʠʠ 7869 ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʝʥʦʤʦʤ ʰʪʘʤʤʘ ʉʆ92). 

ʆʜʥʘʢʦ ʤʫʪʘʮʠʷ ʚ ʵʪʦʤ ʛʝʥʝ ʩʠʥʦʥʠʤʠʯʥʘ ʠ ʥʝ ʚʝʜʸʪ ʢ ʟʘʤʝʥʝ ʢʦʜʠʨʫʝʤʦʡ 
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ʘʤʠʥʦʢʠʩʣʦʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʪʘ ʤʫʪʘʮʠʷ ʥʝ ʩʣʫʞʠʪ ʧʨʠʯʠʥʦʡ 

ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʛʝʥʦʚ ʉʉ3ʊ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʫʥʠʢʘʣʴʥʦʡ ʜʣʷ 

ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ yscQ, ʢʦʜʠʨʫʶʱʝʤ ʙʝʣʦʢ YscQ 

(ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ Q ʙʝʣʦʢ-ʧʝʨʝʥʦʩʯʠʢ ʙʝʣʢʦʚ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ) ï ʟʘʤʝʥʳ 

ʊŸA ʚ ʧʦʟʠʮʠʠ 296 ʦʪ ʥʘʯʘʣʘ ʛʝʥʘ, ʢʦʪʦʨʘʷ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʟʘʤʝʥʫ ʣʝʡʮʠʥʘ ʥʘ 

ʛʣʫʪʘʤʠʥ. ɹʝʣʦʢ YscQ ʧpʠʥʠʤʘʝʪ ʫʯacʪʠʝ ʚ ʢʦʥʪʨʦʣʝ ʩʠʥʪʝʟʘ ʙeʣʢʘ LcrV ʠ ʙeʣʢʦʚ 

ʚʥeh ʥʝʡ ʤʝʤʙpaʥʳ (Yops) ʉʉ3ʊ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʦʙʷʟʘʪʝʣʴʥʳʝ ʬʘʢʪʦʨ r

ʧʘʪʦʛʝʥʥʦʩʪʠ Y. pestis [Fields et al., 1994; Jackson, Plano, 2000]. ɺʝʨʦʷʪʥʦ, ʯʪʦ ʵʪʘ 

ʟʘʤʝʥʘ ʘʤʠʥʦʢʠʩʣʦʪʳ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ ʠʟʙʠʨʘʪʝʣʴʥʦʡ 

ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ. ʆʜʥʘʢʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʣʠ 

ʦʧʨʦʚʝʨʞʝʥʠʷ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʪʨʝʙʫʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʠ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ Y. pestis, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʝʪʚʝʡ ʵʚʦʣʶʮʠʠ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ. 

ɺʝʪʚʴ 0.PE5/1 ʦʙʨʘʟʦʚʘʥʘ ʰʪʘʤʤʘʤʠ, ʚʳʜʝʣʝʥʥʳʤʠ ʚ ʶʞʥʳʭ ʘʡʤʘʢʘʭ ʄʦʥʛʦʣʠʠ ï 

ʋʤʥʝʛʦʚʴ, ʋʚʝʨʭʘʥʛʘʡ ʠ ɻʦʚʴ-ɸʣʪʘʡ ʚ 1973ï1986 ʛʛ. ɺʝʪʚʴ 0.PE5/2 ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʜʚʫʤʷ ʧʦʜʚʝʪʚʷʤʠ: 0.PE5/2-1 ʦʙʲʝʜʠʥʷʝʪ ʰʪʘʤʤʳ 1977ï1990 ʛʛ. ʠʟ ʟʘʧʘʜʥʳʭ 

ʘʡʤʘʢʦʚ: ʍʦʚʜ ʠ ɹʘʷʥ-ʋʣʛʠʡ (ʝʛʦ ʶʛʦ-ʚʦʩʪʦʯʥʳʝ ʩʦʤʦʥʳ); 0.PE5/2-2 ʦʙʨʘʟʦʚʘʥʘ 

ʪʦʣʴʢʦ ʰʪʘʤʤʘʤʠ ʩ ʪʝʨʨʠʪʦʨʠʠ ʘʡʤʘʢʘ ɹʘʷʥ-ʋʣʛʠʡ (ʩʝʚʝʨʥʳʝ ʠ ʟʘʧʘʜʥʳʝ 

ʩʦʤʦʥʳ), ʚʳʜʝʣʝʥʥʳʤʠ ʚ 1972ï1987 ʛʛ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʫʣʝʛʝʡʩʢʠʡ 

ʧʦʜʚʠʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ ʩʬʦʨʤʠʨʦʚʘʥ ʠʟ ʰʪʘʤʤʦʚ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʝʪʚʝʡ 

ʵʚʦʣʶʮʠʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʟʥʳʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʨʝʛʠʦʥʘʤʠ (ʈʠʩʫʥʦʢ 

3.4). ʐʪʘʤʤʳ ʚʝʪʚʠ 0.PE5/1 ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʮʝʥʪʨʝ ʠ ʥʘ ʶʛʝ ʩʪʨʘʥʳ ʚ ʘʡʤʘʢʘʭ, 

ʟʘʥʠʤʘʶʱʠʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩ ʂʠʪʘʝʤ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʫʧʫʩʪʳʥʴ, ʶʞʥʝʝ 

ʧʝʨʝʭʦʜʷʱʠʭ ʚ ʧʫʩʪʳʥʶ ɻʦʙʠ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʝ ʦʪʨʦʛʠ ʍʘʥʛʘʡʩʢʠʭ ʛʦʨ, 

ʷʚʣʷʶʱʠʭʩʷ ʚʳʩʦʢʦʛʦʨʥʦʡ ʩʪʝʧʴ.ʁ ɺ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʥʘ ʟʘʧʘʜʝ ʩʪʨʘʥʳ, ʛʜʝ 

ʥʘʭʦʜʷʪʩʷ ʛʦʨʥʳʝ ʮʝʧʠ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘ,̫ ʮʠʨʢʫʣʠʨʫʶʪ ʰʪʘʤʤ r ʚʝʪʚʠ 

0.PE5/2, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʧʦʜʚʝʪʚʠ: 0.PE5/2-1 (ʚ ʁʞʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʷʭ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ) ʠ 0.PE5/2-2 (ʚ ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ 
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ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ). ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʪ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤʤʦʚ Y. pestis ʢ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ (0.PE5/1, 0.PE5/2-

1, 0.PE5/2-2) ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

 

 
ʀʩʧʦʣʴʟʦʚʘʥʘ ʢʘʨʪʘ ʩ ʩʘʡʪʘ OpenStreetMap [URL: http://www.openstreetmap.org/copyright] 
ʈʠʩʫʥʦʢ 3.4 ï ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ Y. pestis  

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ (1972ï1990 ʛʛ. ʚʳʜʝʣʝʥʠʷ) 

 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦ-

ʩʪʠ ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦ-

ʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 79 ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʘʢʪʦʨ rʧʘʪʦʛʝʥʥʦʩʪʠ ʭʨʦ-

ʤʦʩʦʤʥʦʡ ʠ ʧʣʘʟʤʠʜʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʠʣ ʥʘʣʠʯʠʝ ʚ ʛʝʥʦʤʝ 

ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʫʥʠʢʘʣʴʥʳʭ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ irp1 ʠ yscQ. ʇʨʠ ʵʪʦʤ 

ʤʫʪʘʮʠʷ ʚ ʛʝʥʝ yscQ ʩʣʫʞʠʪ ʧʨʠʯʠʥʦʡ ʟʘʤʝʥʳ ʢʦʜʠʨʫʝʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ. ʋʩʪʘ-

ʥʦʚʣʝʥʠʝ ʟʥʘʯʝʥʠ ̫ʵʪʦʡ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʟʘʤʝʥʳ ʜʣʷ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦ-

ʩʪʠ ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘ-

ʙʦʪ. 
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3.3 ʌʠʣʦʛʝʥʠʷ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ Y. pestis 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʚʠʜʘ Y. pestis ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ 

ʧʦʜʚʠʜ (ʚʝʪʚʴ 0.PE4) ʩʬʦʨʤʠʨʦʚʘʥ ʰʪʘʤʤʘʤʠ, ʨʘʥʝʝ ʦʪʥʦʩʠʤʳʤʠ ʢ ʘʣʪʘʡʩʢʦʤʫ ʠ 

ʛʠʩʩʘʨʩʢʦʤʫ ʧʦʜʚʠʜʘʤ, ʰʪʘʤʤʘʤʠ ʩ ʪʝʨʨʠʪʦʨʠʠ ʊʘʣʘʩʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʦʯʘʛʘ 

ʂʠʨʛʠʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʰʪʘʤʤʘʤʠ microtus ʠ ʰʪʘʤʤʘʤʠ ʠʟ ʧʨʦʚʠʥʮʠʠ ʎʠʥʭʘʡ 

(Qinghai) ʚ ʂʠʪʘʝ [Cui et al., 2013]. ʆʜʥʘʢʦ, ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʮʝʥʪʨʘʣʴ-

ʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʠ 

ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʦʪʥʦʩʠʤʳʭ ʢ ʥʝʤʫ ʰʪʘʤʤʦʚ ʠʟ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠ-

ʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʙʦʪʳ, ʙʳʣʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʦ 85 ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʨʘʟʣʠʯʥʳʭ ʧʦʜʚʠʜʦʚ ʠʟ ʦʯʘʛʦʚ ʩʪʨʘʥ 

ʉʅɻ, ʠʟ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ 

ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ (ʊʘʙʣʠʮʘ 2.1). 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ 

ʧʦʜʚʠʜʘ Y. pestis ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 33 ʰʪʘʤʤʦʚ 

ʠʟ NCBI GenBank, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ ʚʝʪʚʷʤ ʵʚʦʣʶʮʠʠ Y. pestis (ʊʘʙʣʠʮʘ 2.2). 

ʐʪʘʤʤ Y. pestis ɸ-1815, ʚʳʜʝʣʝʥʥʳʡ ʚ ʊʘʣʘʩʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ ʧʨʠʨʦʜʥʦʤ ʦʯʘʛʝ 

ʯʫʤʳ ʚ ʂʠʨʛʠʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ, ʙʳʣ ʩʝʢʚʝʥʠʨʦʚʘʥ ʚ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦ-

ʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦ-

ʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʥʘʭʦʞʜʝʥʠʷ ʢʦʨʦʚʳʭ SNPs ʚ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʷʭ ʵʪʠʭ ʰʪʘʤʤʦʚ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʛʣʘʚʝ 2, ʧʫʥʢʪ 2.10. ɺʩʝʛʦ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ 2221 SNPs, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ, ʧʦʩʪʨʦʝʥ r ʜʝʥʜʨʦʛʨʘʤʤ r

Maximum Likelihood ʠ Maximum Parsimony (ʈʠʩʫʥʦʢ 3.5 A, ɹ). ʉʦʛʣʘʩʥʦ ʜʝʥʜʨʦ-

ʛʨʘʤʤʝ Maximum Likelihood (ʈʠʩʫʥʦʢ 3.5 A), ʰʪʘʤʤʳ ʚʝʪʚʠ 0.PE4 ʦʙʨʘʟʦʚʘʣʠ 

ʦʙʱʠʡ ʢʣʘʩʪʝʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʦʪʜʝʣʴʥʦ ʦʪ ʰʪʘʤʤʦʚ ʜʨʫʛʠʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪ-

ʚʝʡ. ɺ ʢʣʘʩʪʝʨʝ 0.PE4 ʰʪʘʤʤʳ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʜʚʘ ʧʦʜʢʣʘʩʪʝʨʘ, ʠʟ ʢʦʪʦʨʳʭ ʧʝʨ-

ʚʳʡ ʩʬʦʨʤʠʨʦʚʘʥ ʰʪʘʤʤʘʤʠ Y. pestis 9 ʠ 12, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʙʦʣʴʥʳʭ ʠʟ ʧʨʦʚʠʥ-

ʮʠʠ ʎʠʥʭʘʡ (Qinghai) ʚ ʂʠʪʘʝ ʚ 2004 ʛ. ʐʪʘʤʤʳ ʵʪʦʛʦ ʧʦʜʢʣʘʩʪʝʨʘ ʧʦʣʫʯʠʣʠ ʦʙʦ-

ʟʥʘʯʝʥʠʝ 0.PE4q. ɺʪʦʨʦʡ ʧʦʜʢʣʘʩʪʝʨ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ʚʝʪʚʝʡ ʵʚʦʣʶʮʠʠ: ʘʣʪʘʡ-
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ʩʢʠʝ ʰʪʘʤʤʳ (0.ʈɽ4ʘ), ʛʠʩʩʘʨʩʢʠʝ ʰʪʘʤʤʳ (0.ʈɽ4h), ʰʪʘʤʤʳ ʠʟ ʊʘʣʘʩʩʢʦʛʦ ʚʳ-

ʩʦʢʦʛʦʨʥʦʛʦ ʦʯʘʛʘ ʂʠʨʛʠʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ï 0.ʈɽ4t; ʠ ʢʠʪʘʡʩʢʠʝ ʰʪʘʤʤʳ microtus 

ï 0.ʈɽ4m. 

 

 
ɸ. 

 
ɹ. 

ɸ. ɼʝʥʜʨʦʛʨʘʤʤʘ Maximum Likelihood, PhyML 3.1, ʤʦʜʝʣʴ HKY85 

ɹ. ɼʝʥʜʨʦʛʨʘʤʤʘ Maximum Parsimony, BioNumerics 7.6 

ʈʠʩʫʥʦʢ 3.5 ï ʇʦʧʫʣʷʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʰʪʘʤʤʦʚ Y. pestis subspecies 

central asiatica (0.PE4) ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2221 ʢʦʨʦʚʦʛʦ SNPs ʚ  

ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ 33 ʰʪʘʤʤʦʚ ʨʘʟʣʠʯʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ  

ʚʝʪʚʝʡ 
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ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʬʘʢʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʢʣʘʩʪʝʨʝ 0.PE4 

ʰʪʘʤʤʦʚ 0.PE4q. ʕʪʠ ʰʪʘʤʤʳ ʦʙʣʘʜʘʶʪ ʪʦʣʴʢʦ 2 SNPs, ʦʙʱʠʤʠ ʩ ʜpyʛʠʤʠ ʰʪʘʤ-

ʤʘʤʠ ʣʠʥʠʠ 0.PE4, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʩʫʪ ʚ ʩʚʦʸʤ ʛʝʥʦʤʝ 87 ʫʥʠʢʘʣʴʥʳʭ SNPs. ʇʨʠ 

ʵʪʦʤ ʰʪʘʤʤʳ 0.PE4a, 0.PE4h, 0.PE4t, 0.PE4m ʦʙʣʘʜʘʶʪ 63 ʦʜʠʥʘʢʦʚʳʤʠ SNPs, ʢʦ-

ʪʦʨʳʭ ʥʝʪ ʚ ʛʝʥʦʤʝ ʰʪʘʤʤʦʚ 0.PE4q (ʊʘʙʣʠʮʘ 3.7). 

 

ʊʘʙʣʠʮʘ 3.7 ï ʉʧʠʩʦʢ SNPs, ʫʥʠʢʘʣʴʥʳʭ ʜʣʷ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ  

ʧʦʜʚʠʜʘ 
ʇʦʟʠʮʠʷ 

ʦʪ ʥʘʯʘʣʘ 

ʛʝʥʦʤʘ* 

ɿʘʤʝʥʘ ɻʝʥ ʠʣʠ ʤʝʞʛʝʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ* 

ʇʦʟʠʮʠʷ 

ʦʪ ʥʘʯʘʣʘ 

ʛʝʥʦʤʘ* 

ɿʘʤʝʥʘ ɻʝʥ ʠʣʠ ʤʝʞʛʝʥʥʦʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ* 

47957 GŸT recG 65361 ʉŸɸ kdtA 

189944 ʉŸʊ pabAïy1093**  290202 ɸŸʉ YPO0288ïYPO0289**  

303243 GŸT YPO0302 356311 GŸT dipZ 

358397 ʉŸʊ dcuA 358876 ɸŸʉ aspA 

411833 ʉŸʊ YPO0394a 414001 ɸŸʉ YPO0397 

416872 ʉŸɸ YPO0399 438201 GŸT YPO0420 

592815 GŸɸ ftsI 625777 GŸT uxaB 

734885 TŸG sufI 935530 ɸŸʊ lamBïYPO0850a**  

955020 ɸŸʊ YPO0867ïYPO0869**  955231 GŸɸ YPO0869 

1163097 ʉŸʊ argAïYPO1023**  1196632 ʉŸʊ lpxD 

1231910 ʊŸʉ YPO1083ïYPO1084**  1256749 GŸʊ sdhBïsucA**  

1329820 ʉŸʊ YPO1180 1417737 ʉŸʊ YPO1260 

1453663 TŸɸ YPO1294 1779306 ʉŸɸ YPO1562 

1791460 TŸʉ argGïyeeO**  2032695 ʉŸʊ yebYïYPO1788**  

2087652 ʉŸʊ fliC 2278777 GŸɸ YPO2005ïYPO2006**  

2436238 ʉŸʊ topB 2445134 GŸʊ YPO2173 

2525024 GŸʊ YPO2249 2638806 ʉŸʊ tyrR 

2685390 GŸʊ cfa 2729332 ʉŸʊ pheT 

2735206 ɸŸG thrSïYPO2434**  2794939 ɸŸʉ YPO2490 

2905062 ʉŸʊ YPO2583 2934653 GŸʊ gltL 

2947398 ʉŸɸ asnB 2958797 GŸɸ ybfM 

2961993 ʉŸɸ chb 3248391 ɸŸʉ ail 

3253111 GŸɸ YPO2909 3297934 GŸʊ YPO2951 

3327848 ʉŸʊ YPO2980 3330166 ɸŸG mntH 

3360868 GŸɸ YPO3007ïYPO3008**  3458902 ɸŸʉ fcL 

3502610 GŸɸ glnK 3602127 GŸɸ nqrE 

3635663 GŸʊ YPO3263 3717777 GŸɸ YPO3332 

3783583 ɸŸG hemL 3784767 ʉŸɸ fhuB 

3898451 GŸɸ nlpIïpnp**  4271356 ɸŸʊ livG 

4306829 GŸɸ YPO3838 4434297 GŸɸ YPO3943 

4458125 GŸɸ YPO3960ïYPO3961**  4465056 ʉŸʊ YPO3965 

4631877 ʉŸʊ YPO4110ïYPO4111**     

* ʇʦʟʠʮʠʷ ʦʙʦʟʥʘʯʝʥʘ ʧʦ ʛʝʥʦʤʫ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ Y. pestis ʉO92 (̄  NCBI GenBank 

NC_003143.1) 

** ʋʢʘʟʘʥʦ ʤʝʞʛʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 
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ʂʨʦʤʝ ʪʦʛʦ ʰʪʘʤʤʳ 0.PE4a, 0.PE4h, 0.PE4t, 0.PE4m ʠ 0.PE4q ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ 

ʨʘʟʣʠʯʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʴ  ʁʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢ ʰʪʘʤʤʳ 0.PE4a, 

0.PE4h, 0.PE4t ʠ 0.PE4m ʥʝ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪ ɹʯʫʤʫ ʫ ʯʝʣʦʚʝʢʘ, ʘ ʢʨʦʤʝ ʪʦʛʦ ʥʝ 

ʨʝʜʫʮʠʨʫʶʪ ʥʠʪʨʘʪ rʠ ʥʝ ʬʝʨʤʝʥʪʠʨʫʶʪ ʘʨʘʙʠʥʦʟʫ, ʯʪʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ 0.PE4q. 

ʇʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʬʘʢʪʳ ʚʳʟʳʚʘʶʪ ʩʦʤʥʝʥʠʝ ʚ ʧʨʘʚʦʤʦʯʥʦʩʪʠ ʦʪʥʝʩʝʥʠʷ 

ʰʪʘʤʤʦʚ 0.PE4q ʢ 0.PE4 [Cui et al., 2013]. ʆʙʦʩʦʙʣʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʪʠʭ 

ʰʪʘʤʤʦʚ ʥʘ ʜʝʥʜʨʦʛʨʘʤʤʝ, ʨʘʟʣʠʯʠʷ ʚ ʩʪʝʧʝʥʠ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʥʠʝ ʣʠʰʴ 2 SNPs, ʦʙʱʠʤʠ ʩ ʦʩʪʘʣʴʥʳʤʠ ʰʪʘʤ-

ʤʘʤʠ ʚʝʪʚʠ 0.PE4 (ʚ ʧʦʟʠʮʠʷʭ 374263 (ʟʘʤʝʥʘ GŸʊ) ʠ 425215 (ʟʘʤʝʥʘ ʉŸɸ)), 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʙʣʠʟʢʦʛʦ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʦʜʩʪʚʘ ʰʪʘʤʤʦʚ 0.PE4q ʩʦ 

ʰʪʘʤʤʘʤʠ ʵʪʦʡ ʚʝʪʚʠ. ʕʪʦ ʜʘʸʪ ʥʘʤ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʚʳʥʝʩʝʥʠʷ ʰʪʘʤʤʦʚ 0.PE4q ʚ 

ʦʪʜʝʣʴʥʳʡ ʧʦʜʚʠʜ ï ssp. qinghaica, ʮʠʥʭʘʡʩʢʠʡ ʧʦʜʚʠʜ ʠʣʠ 0.PE10. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʰʪʘʤʤʦʚ 0.PE4q ʚ ʦʪʜʝʣʴʥʳʡ ʧʦʜʚʠʜ 0.PE10 

ʧʦʣʫʯʠʣʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ Maximum Parsimony (ʈʠʩʫʥʦʢ 3.5 ɹ), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʵʪʠ 

ʰʪʘʤʤʳ ʩʬʦʨʤʠʨʦʚʘʣʠ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʪʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʫʜʘʣʸʥʥʦ ʦʪ ʜʨʫʛʠʭ 

ʧʦʜʚʠʜʦʚ. 

ɸʥʘʣʠʟ ʜʝʥʜʨʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ Maximum 

Likelihood ʠ Maximum Parsimony, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʰʪʘʤʤʳ 0.PE4a, 

0.PE4h, 0.PE4t ʠ 0.PE4m ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʦʜʥʦʡ ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ ʯʫʤʥʦʛʦ ʤʠʢʨʦʙʘ ï 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʤʫ ʧʦʜʚʠʜʫ ssp. central asiatica, ʧʦʩʢʦʣʴʢʫ ʥʝʩʫʪ ʚ ʩʚʦʸʤ ʛʝ-

ʥʦʤʝ 63 ʦʙʱʠʭ SNPs ʠ ʦʙʣʘʜʘʶʪ ʩʭʦʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʥʝ ʚʳʟʳʚʘʶʪ ʯʫʤʫ ʯʝʣʦ-

ʚʝʢʘ, ʘ ʢʨʦʤʝ ʪʦʛʦ ʦʙʣʘʜʘʶʪ ʦʙʱʠʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ï ʦʪʩʫʪʩʪʚʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʜʫʮʠʨʦʚʘʪʴ ʥʠʪʨʘʪʳ ʠ ʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʘʨʘʙʠ-

ʥʦʟʫ. ɺ ʩʦʩʪʘʚʝ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʰʪʘʤʤʳ ʛʨʫʧʧʳ 0.PE4a (ʦʯʘʛʠ 

ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʈʌ ʠ ʧʨʠʛʨʘʥʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʄʦʥʛʦʣʠʠ) ʦʙʣʘʜʘʶʪ 27 ʫʥʠʢʘʣʴʥʳ-

ʤʠ SNPs, ʷʚʣʷʷ ʩʦʙʦʡ ʜʦʚʦʣʴʥʦ ʦʜʥʦʨʦʜʥʫʶ ʛʨʫʧʧʫ ʰʪʘʤʤʦʚ, ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳ-

ʤʠ ʨʘʟʣʠʯʠʷʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ï 2ï 10 SNPs. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʣʠʟʢʦʤ ʨʦʜʩʪʚʝ 

ʘʣʪʘʡʩʢʠʭ ʰʪʘʤʤʦʚ, ʢʦʪʦʨʳʝ ʩʦʛʣʘʩʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

[ɽʨʦʰʝʥʢʦ ʠ ʜʨ., 2015; Kutyrev et al., 2018] ʧʦʣʫʯʠʣʠ ʦʙʦʟʥʘʯʝʥʠʝ ï ʘʣʪʘʡʩʢʠʡ 
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ʙʠʦʚʘʨ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ. ʐʪʘʤʤʳ ʚʪʦʨʦʛʦ ʢʣʘʩʪʝʨʘ ʚ ʩʚʦʸʤ ʛʝʥʦʤʝ 

ʥʝʩʫʪ 12 ʦʙʱʠʭ SNPs, ʧʨʠ ʵʪʦʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʛʠʩʩʘʨʩʢʠʝ ʰʪʘʤʤʳ (ʠʟ ɻʠʩʩʘʨʩʢʦ-

ʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ ʊʘʜʞʠʢʠʩʪʘʥʘ) ʠ ʪʘʣʘʩʩʢʠʝ ʰʪʘʤʤʳ (ʠʟ ʊʘ-

ʣʘʩʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ ʂʠʨʛʠʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ) ʜʠʚʝʨʛʠʨʫʶʪ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɻʝʥʦʤʳ ʛʠʩʩʘʨʩʢʠʭ ʰʪʘʤʤʦʚ ʥʝʩʫʪ 78 ʩʧʝʮʠʬʠʯʝʩʢʠʭ SNPs, ʘ ʛʝ-

ʥʦʤʳ ʪʘʣʘʩʩʢʠʭ ʰʪʘʤʤʦʚ ʩʦʜʝʨʞʘʪ 45 ʫʥʠʢʘʣʴʥʳʭ SNPs. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʣʠ-

ʪʝʣʴʥʫ  ʁʥʝʟʘʚʠʩʠʤʫʶ ʵʚʦʣʶʮʠʶ ʵʪʠʭ ʰʪʘʤʤʦʚ ʠ ʧʨʘʚʦʤʦʯʥʦʩʪʴ ʠʭ ʦʪʥʝʩʝʥʠʷ ʢ 

ʨʘʟʥʳʤ ʙʠʦʚʘʨʘʤ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ï ʛʠʩʩʘʨʩʢʦʤʫ (0.PE4h) ʠ ʪʘʣʘʩ-

ʩʢʦʤʫ (0.PE4t). ʐʪʘʤʤʳ microtus 0.PE4m ʦʙʨʘʟʫʶʪ ʝʱʸ ʦʜʠʥ ʢʣʘʩʪʝʨ, ʦʪʣʠʯʥʳʡ 

ʦʪ ʜʨʫʛʠʭ ʢʣʘʩʪʝʨʦʚ 0.PE4 32 ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ SNPs, ʩ ʨʘʟʣʠʯʠʷʤʠ ʤʝʞʜʫ ʦʪʜʝʣʴ-

ʥʳʤʠ ʰʪʘʤʤʘʤʠ ʚʥʫʪʨʠ ʧʦʜʢʣʘʩʪʝʨʘ ʚ 1ï18 SNPs. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʰʪʘʤʤʦʚ Y. pestis  ʚʝʪʚʠ 0.PE4 ʦʧ-

ʨʝʜʝʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ, ʩ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʠʥʮʠʠ ʎʠʥʭʘʡ ʂʠʪʘʷ 0.PE4q, ʥʝ ʦʪʥʦ-

ʩʪ̫ʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʫ. ʆʥʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʘʤʠ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴ-

ʥʳʡ ʮʠʥʭʘʡʩʢʠʡ ʧʦʜʚʠʜ ï ssp. qinghaica (0.PE10). ɹʦʣʝʝ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢ-

ʪʫʨʳ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʜʘʣ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʚʳʜeʣeʥʠʷ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ 

ʯʝʪʳʨʸʭ ʦʪʜʝʣʴʥʳʭ ʙʠʦʚʘʨʦʚ ï ʘʣʪʘʡʩʢʦʛʦ, ʛʠʩʩʘʨʩʢʦʛʦ, ʪʘʣʘʩʩʢʦʛʦ ʠ microtus, ʢʦ-

ʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ rʥʘ ʪʝʨʨʠʪʦʨʠʠ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʡ ʟʦʥ rʧʨʠʨʦʜʥʦʡ ʦʯʘ-

ʛʦʚʦʩʪʠ ʯʫʤʳ (ʈʠʩʫʥʦʢ 3.6). ɿʥʘʥʠʝ ʨʘʡʦʥʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪ-

ʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚʘʞʥʦ ʜʣʷ ʦʮʝʥʢʠ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʦʯʘʛʦʚʳʭ ʧʦ ʯʫʤʝ 

ʪʝʨʨʠʪʦʨʠʡ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ. 

ʈʷʜʦʤ ʘʚʪʦʨʦʚ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʣʦʞʝʥʠʝ ʧʦ ʦʙʲʝʜʠʥʝʥʠʶ ʰʪʘʤʤʦʚ ʚʩʝʭ 

ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ ʚ ʦʜʠʥ ʦʙʱʠʡ ʙʠʦʚʘʨ microtus, ʠ ʚʳʜʝʣʝʥʠʶ ʜʚʫʭ ʧʦʜʚʠʜʦʚ 

xilingolensis ʠ qinghaiensis ʚ ʦʯʘʛʘʭ ʂʠʪʘʷ [Zhou et al., 2004; Li  et al., 2009]. ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʘʥʘʣʠʟ ʜʝʥʜʨʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ Maximum 

Likelihood ʠ Maximum Parsimony, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʨʘʚʦʤʦʯʥʦʩʪʠ ʵʪʠʭ ʧʨʝʜ-

ʣʦʞʝʥʠʡ. ɸ ʠʤʝʥʥʦ, ʰʪʘʤʤʳ xilingolensis (SCPM-O-B-6216, CMCC91090, 91001, 

CMCC93014) ʠ qinghaiensis (CMCC18019, M0000002, CMCCN010025) ʬʦʨʤʠʨʫʶʪ 

ʜʚʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʚʝʪʚʠ ʚʥʫʪʨʠ ʙʠʦʚʘʨʘ microtus ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜ-

ʚʠʜʘ. 
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ɼʣʷ ʨʠʩʫʥʢʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʨʪʘ ʩ ʩʘʡʪʘ OpenStreetMap  

[URL: http://www.openstreetmap.org/copyright] 

ʈʠʩʫʥʦʢ 3.6 ï ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ  

ʧʦʜʚʠʜʘ 

 

ʇʦʠʩʢ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʰʪʘʤʤʦʚ Y. pestis 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ 

ʅʝʠʟʚʝʩʪʥʳ ʩʣʫʯʘʠ ʯʫʤʳ ʯʝʣʦʚʝʢʘ, ʚʳʟʚʘʥʥʳʝ ʪhʘʤʤʘʤʠ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪ-

ʩʢʦʛʦ ʧʦʜʚʠʜʘ Y. pestis, ʚ ʦʪʣʠʯʠʝ ʦʪ ʰʪʘʤʤʦʚ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʝʪʚʝʡ. ʇʨʠʯʠʥʳ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʦʩʪʘʶʪʩʷ ʥʝʚʳʷʩʥʝʥʥʳʤʠ. ɼʣʷ ʧʦʠʩʢʘ ʚʦʟʤʦʞʥʳʭ 

ʧʨʠʯʠʥ ʘʚʠʨʫʣʝʥʪʥʦʩʪʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ 

ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 79 

ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʧʘʪʦʛʝʥʥʦʩʪʴʶ Y. pestis [Rasmussen et al., 2015], ʯʘʩʪʴ 

ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 3.8. 
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ʊʘʙʣʠʮʘ 3.8 ï ʄʫʪʘʮʠʠ ʚ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʛʝʥʦʚ ʬʘʢʪʦʨʦʚ    

ʧʘʪʦʛʝʥʥʦʩʪʠ ʠ ʠʥʳʭ ʫʯʘʩʪʢʘʭ ʛʝʥʦʤʘ ʫ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʮʝʥʪʨʘʣʴʥʦʘ-

ʟʠʘʪʩʢʦʛʦ (0.PE4) ʠ ʮʠʥʭʘʡʩʢʦʛʦ (0.PE10) ʧʦʜʚʠʜʦʚ 
ɻʝʥ*

 
ʄʫʪʘʮʠʷ ʇʦʟʠʮʠʷ 

ʚ ʛʝʥʝ 

ʈʝʟʫʣʴʪʘʪ ʤʫʪʘʮʠʠ ʐʪʘʤʤʳ Y. pestis, ʫ ʢʦ-

ʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʫ-

ʪʘʮʠʷ 

ybtS**  ʉŸʊ 661 ʇʨʦʣʠʥŸʩʝʨʠʥ ʚ YbtS  

(ʩʘʣʠʮʠʣʘʪ ʩʠʥʪʘʟʘ) 

ɺʩʝ ʰʪʘʤʤʳ ʮʝʥʪʨʘʣʴ-

ʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ  

hutC ʠʥʩʝʨʮʠʷ 

IS100 

421 ʅʘʨʫʰʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ, ʢʦʜʠʨʫʶʱʝʡ ʙʝʣʦʢ-

ʨʝʛʫʣʷʪʦʨ ʩʝʤʝʡʩʪʚʘ GntR  

ɺʩʝ ʰʪʘʤʤʳ ʮʝʥʪʨʘʣʴ-

ʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ 

YPO2486 ʄʥʦʞʝʩʪ-

ʚʝʥʥʳʝ 

ʟʘʤʝʥʳ 

ʥʫʢʣʝʦ-

ʪʠʜʦʚ 

 ɿʘʤʝʥʳ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʢʦʜʠ-

ʨʫʝʤʦʤ ʙʝʣʢʝ 

ɺʩʝ ʰʪʘʤʤʳ ʮʝʥʪʨʘʣʴ-

ʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ 

YPO2490 ʜʝʣʝʮʠʷ 

610 ʧ.ʥ. 

1ï610 ʅʘʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʛʝʥʘ, 

ʢʦʜʠʨʫʶʱʝʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʛʝʤʦʣʠʟʠʥ 

ɺʩʝ ʰʪʘʤʤʳ ʮʝʥʪʨʘʣʴ-

ʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ 

lcrE**  ʉŸʊ 196 ʃʝʡʮʠʥŸʬʝʥʠʣʘʣʘʥʠʥ ʚ ʙʝʣʢʝ 

LcrE ʉʉ3ʊ 

ʐʪʘʤʤʳ ʙʠʦʚʘʨʘ 

microtus (0.ʈɽ4m) 

yopE**  GŸɸ 185 ɸʨʛʠʥʠʥŸʣʠʟʠʥ ʚ ʙʝʣʢʝ YopE 

ʉʉ3ʊ 

ʐʪʘʤʤʳ ʛʠʩʩʘʨʩʢʦʛʦ ʠ 

ʪʘʣʘʩʩʢʦʛʦ ʙʠʦʚʘʨʦʚ 

(0.ʈɽ4h, 0.ʈɽ4t) 

yopH**  GŸA 1180 ɸʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦ-

ʪʘŸʘʩʧʘʨʘʛʠʥ ʚ ʙʝʣʢʝ YopH 

ʉʉ3ʊ 

ʐʪʘʤʤʳ ʛʠʩʩʘʨʩʢʦʛʦ 

ʙʠʦʚʘʨʘ (0.PE4h) 

psaC**  ɸŸʊ 575 ɻʣʫʪʘʤʠʥŸʣʝʡʮʠʥ ʚ ʙʝʣʢʝ 

PsaC 

ʐʪʘʤʤʳ ʪʘʣʘʩʩʢʦʛʦ 

ʙʠʦʚʘʨʘ (0.PE4t) 

yopJ**  ɼʝʣʝʮʠʷ 

ʥʫʢʣʝʦ-

ʪʠʜʘ G 

820 ʉʜʚʠʛ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ, ʧʦ-

ʪʝʨʷ ʬʫʥʢʮʠʠ ʵʬʬʝʢʪʦʨʥʦʛʦ 

ʙʝʣʢʘ YopJ 

ʐʪʘʤʤʳ ʘʣʪʘʡʩʢʦʛʦ 

ʙʠʦʚʘʨʘ (0.ʈɽ4ʘ) 

yopM**  ɼʝʣʝʮʠʷ 

126 ʧ.ʥ. 

595ï720 ʅʘʨʫʰʝʥʠʝ ʛʝʥʘ ʵʬʬʝʢʪʦʨʥʦʛʦ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʙʝʣʢʘ YopM 

ʉʉ3ʊ 

ɺʩʝ ʰʪʘʤʤʳ ʮʝʥʪʨʘʣʴ-

ʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʠ 

ʰʪʘʤʤʳ ʮʠʥʭʘʡʩʢʦʛʦ 

ʧʦʜʚʠʜʘ (0.ʈɽ4 ʠ 0.ʈɽ10) 

pst**  GŸA 536 ɻʣʠʮʠʥŸʛʣʫʪʘʤʠʥʦʚʘʷ  

ʢʠʩʣʦʪʘ ʚ ʙʝʣʢʝ ʧʝʩʪʠʮʠʥʘ Pst  

ʐʪʘʤʤʳ ʮʠʥʭʘʡʩʢʦʛʦ 

ʧʦʜʚʠʜʘ (0.ʈɽ10) 

yopE**  ɸŸʊ 590 ɸʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦ-

ʪʘŸʚʘʣʠʥ ʚ ʙʝʣʢʝ YopE ʉʉ3ʊ 

ʐʪʘʤʤʳ ʮʠʥʭʘʡʩʢʦʛʦ 

ʧʦʜʚʠʜʘ (0.ʈɽ10) 

* ʅʘʟʚʘʥʠʷ ʛʝʥʦʚ ʧʨʠʚʝʜʝʥʳ ʩʦʛʣʘʩʥʦ ʛʝʥʦʤʫ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ Y. pestis ʉO92 (̄  NCBI 

GenBank NC_003143.1) 

** ɻʝʥʳ ʬʘʢʪʦʨʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ 

 

 

ɼʣʷ ʧʨʦʷʚʣʝʥʠʷ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʫ ʰʪʘʤʤʘ ʚʦʟʙʫʜʠʪʝʣ ̫ʯʫʤʳ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʩʪʨʦʚʘ ʚʳʩʦʢʦʡ ʧʘʪʦʛʝʥʥʦʩʪʠ (HPI), ʷʚʣʷʶʱʝʛʦʩʷ ʯʘʩʪʴʶ ʭʨʦ-

ʤʦʩʦʤʥʦʡ ʦʙʣʘʩʪʠ ʧʠʛʤʝʥʪʘʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. ʂ ɻʪʦʤʫ ʦʩʪʨʦʚʫ ʦʪʥʦʩʠʪʩʷ 
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ʦʧʝʨʦʥ ybt, ʢʦʜʠʨʫʶʱʠʡ ʩʠʜʝʨʦʬʦʨʟʘʚʠʩʠʤʫʶ ʩʠʩʪʝʤʫ ʧʦʪʨʝʙʣʝʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ 

ʧʨʠ ʠʭ ʜʝʬʠʮʠʪʝ ʚ ʪʢʘʥʷʭ ʤʘʢʨʦʦʨʛʘʥʠʟʤʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ybt ʛʝʥʦʚ ʫʩʪʘ-

ʥʦʚʠʣ ʥʘʣʠʯʠʝ ʫ ʚʩʝʭ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚ ʛʝʥʝ ybtS (ʢʦʜʠ-

ʨʫʁʱʠʡ ʩʘʣʠʮʠʣʘʪ ʩʠʥʪʘʟʫ) ʟʘʤʝʥʫ ʝʜʠʥʠʯʥʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʉŸʊ ʚ ʧʦʟʠʮʠʠ 661, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ (ʧʨʦʣʠʥ ʥʘ ʩʝʨʠʥ) ʚ ʙʝʣʢʝ 

YbtS. ʅʝ ʜʦ ʢʦʥʮʘ ʧʦʥʷʪʥʦ, ʢʘʢ ʚʣʠʷʝʪ ʵʪʘ ʟʘʤʝʥʘ ʘʤʠʥʦʢʠʩʣʦʪʳ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʩʪʴ ʚ ʙʝʣʢʝ YbtS, ʦʜʥʘʢʦ, M.C. Miller  ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʘʣʠ, ʯʪʦ ʤʫʪʘʥʪʳ ʧʦ 

ʛʝʥʫ ybtS ʥʝ ʩʠʥʪʝʟʠʨʫʶʪ ʤʦʣʝʢʫʣʫ ʠʝʨʩʠʥʠʘʙʘʢʪʠʥʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʫʪʠʣʠʟʘʮʠʠ 

ʞʝʣʝʟʘ [Miller  et al., 2010]. ʕʪʦ ʜʘʸʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʛʦ, 

ʯʪʦ ʥʘʡʜʝʥʥʘʷ ʤʫʪʘʮʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʘʚʠʨʫʣʝʥʪʥʦʩʪʠ ʜʣʷ ʯʝ-

ʣʦʚʝʢʘ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʦʚ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ 

ʧʦʜʚʠʜʘ ʩ ʛʝʥʦʤʘʤʠ ʰʪʘʤʤʦʚ ʜʨʫʛʠʭ ʚʝʪʚʝʡ ʵʚʦʣʶʮʠʠ Y. pestis ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʝʨʚʳʝ ʥʝ ʦʙʣʘʜʘʶʪ ʫʯʘʩʪʢʦʤ ʛʝʥʦʤʘ, ʯʘʩʪʴ ʛʝʥʦʚ ʢʦʪʦʨʦʛʦ ʦʙʣʘʜʘʝʪ ʬʘʛʦʚʳʤ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ. Y. Song ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʦʦʙʱʘʣʠ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʫ ʰʪʘʤʤʘ Y. 

pestis 91001 (ʙʠʦʚʘʨ microtus) ʯʘʩʪʠ ʛʝʥʦʚ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʧʨʦʬʘʛʘ [Song et al., 2004]. ʌʨʘʛʤʝʥʪʳ ʬʘʛʘ ʥʘʭʦʜʷʪʩʷ ʚ ʜʚʫʭ ʫʯʘʩʪʢʘʭ ʛʝʥʦʤʘ ʨʝ-

ʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ ʉʆ92 ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 2370351ï2403216 ʠ 2789116ï2790115 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʥʠ ʠʤʝʶʪʩʷ ʫ ʚʩʝʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ Y. pestis, ʚʢʣʶʯʘʷ 

ʮʠʥʭʘʡʩʢʠʝ ʰʪʘʤʤʳ 0.PE10, ʦʜʥʘʢʦ ʥʝ ʦʙʥʘʨʫʞʝʥʳ ʫ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪ-

ʩʢʦʛʦ ʧʦʜʚʠʜʘ. ɺ ʧʨʦʬʘʛʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʪʦʤ ʯʠʩʣʝ ʛʝʥʳ YPO2486 ʠ YPO2490 (ʧʦ 

ʛʝʥʦʤʫ ʰʪʘʤʤʘ ʉʆ92), ʯʴʠ ʧʨʦʜʫʢʪʳ ʫʯʘʩʪʚʫʶʪ ʚ ʘʜʛʝʟʠʠ ʠ ʚ ʫʪʠʣʠʟʘʮʠʠ ʛʝʤʠʥʘ. 

ɺ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ YPO2490 ʫ hʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ 

ʠʤʝʝʪʩʷ ʜʝʣʝʮʠ ̫ʧʝʨʚʳʭ 610 ʧ.ʥ., ʧʨʠʚʦʜʷʱʘ ̫ʢ ʥʘʨʫʰʝʥʠʶ ʬʫʥʢʮʠʠ ʛʝʥʘ, ʢʦʜʠ-

ʨʫʶʱʝʛʦ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʛʝʤʦʣʠʟʠʥ; ʧʨʠ ʵʪʦʤ ʚ ʛʝʥʝ YPO2486 ʥʘʡʜʝʥʳ ʤʥʦʞʝʩʪ-

ʚʝʥʥʳʝ ʟʘʤʝʥʳ ʥʫʢʣʝʦʪʠʜʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʜʠ-

ʨʫʝʤʦʛʦ ʙʝʣʢʘ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʤʫʪʘʮʠʠ ʚ ʵʪʠʭ ʛʝʥʘʭ ʚʥʦʩʷʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʚʢʣʘʜ ʚ 

ʷʚʣʝʥʠʝ ʘʚʠʨʫʣʝʥʪʥʦʩʪʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ 

ʜʣʷ ʯʝʣʦʚʝʢʘ. 
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ʊʘʢʞʝ ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʘ ʤʫʪʘʮʠʷ, ʫʥʠʢʘʣʴʥʘʷ ʜʣʷ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪ-

ʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʚ ʛʝʥʝ hutʉ ï ʨʝʛʫʣʷʪʦʨʝ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʢʦʪʦʨʳʡ ʬʣʘʥʢʠʨʫʝʪ ʭʨʦ-

ʤʦʩʦʤʥʫʶ ʦʙʣʘʩʪʴ ʧʠʛʤʝʥʪʘʮʠʠ. ɺ 421 ʧʦʟʠʮʠʠ ʵʪʦʛʦ ʛʝʥʘ ʦʙʥʘʨʫʞʝʥʘ ʚʩʪʘʚʢʘ 

IS100, ʯʪʦ ʚʝʜʸʪ ʟʘ ʩʦʙʦʡ ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ ʙʝʣʢʘ Hutʉ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʠʟ 

ʩʝʙʷ ʙʝʣʦʢ-ʨʝʛʫʣʷʪʦʨ ʩʝʤʝʡʩʪʚʘ GntR. 

ɼʣʷ ʯʘʩʪʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʬʘʢʪʦʨ rʧʘʪʦʛʝʥʥʦʩʪʠ, ʥʘʤʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʟʘʤʝʥʳ ʥʫʢʣʝʦʪʠʜʦʚ, ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʙʠʦʚʘʨʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ 

Y. pestis. ɺ ʦʩʥʦʚʥʦʤ, ʵʪʠ ʟʘʤʝʥʳ ʥʫʢʣʝʦʪʠʜʦʚ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʛʝʥʦʚ ʉʉ3ʊ ʠ psa ʦʧʝʨʦʥʝ, ʢʦʜʠʨʫʶʱʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʙʝʣʢʘ Psa (ʠʣʠ pH6 ʘʥʪʠʛʝʥ), ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ ʘʜʛʝʟʠʠ ʢ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʤ ʢʣʝʪʢʘʤ 

ʤʘʢʨʦʦʨʛʘʥʠʟʤʘ. ɺ ʛʝʥʝ lcrE, ʢʦʜʠʨʫʶʱʝʤ ʩʝʥʩʦʨʥʳʡ ʢʦʥʪʨʦʣʠʨʫʶʱʠʡ ʙʝʣʦʢ 

LcrE (ʠʣʠ YopN) ʉʉ3ʊ ʫ ʰʪʘʤʤʦʚ ʙʠʦʚʘʨʘ microtus ʦʪʤʝʯʝʥʘ ʤʫʪʘʮʠʷ (196, 

ʉŸʊ), ʧʨʠʚʦʜʷʱʘʷ ʢ ʘʤʠʥʦʢʠʩʣʦʪʥʦʡ ʟʘʤʝʥʝ ʣʝʡʮʠʥʘ ʥʘ ʬʝʥʠʣʘʣʘʥʠʥ ʙʝʣʢʘ 

LcrE. ʋ ʛʠʩʩʘʨʩʢʠʭ ʠ ʪʘʣʘʩʩʢʠʭ ʰʪʘʤʤʦʚ ʠʤʝʝʪʩʷ ʦʙʱʘʷ ʟʘʤʝʥʘ ʥʫʢʣʝʦʪʠʜʘ ʚ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ yopE (185, GŸA, ʘʨʛʠʥʠʥŸʣʠʟʠʥ) ʵʬʬʝʢʪʦʨʥʦʛʦ ʙʝʣʢʘ 

YopE. ʇʨʠ ʵʪʦʤ, ʦʙʥʘʨʫʞʝʥ ʫʥʠʢʘʣʴʥʳʡ ʜʣʷ ʛʠʩʩʘʨʩʢʠʭ ʰʪʘʤʤʦʚ SNP ʚ ʛʝʥʝ 

yopH (1180, GŸA, ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘŸʘʩʧʘʨʘʛʠʥ) ʵʬʬʝʢʪʦʨʥʦʛʦ ʙʝʣʢʘ 

YopH. ʋ ʪʘʣʘʩʩʢʠʭ ʰʪʘʤʤʦʚ ʤʫʪʘʮʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʛʝʥʝ psaC (575, ɸŸʊ, ʛʣʫʪʘ-

ʤʠʥŸʣʝʡʮʠʥ), ʢʦʜʠʨʫʶʱʝʤ ʙʝʣʦʢ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ Psaʉ. ʐʪʘʤʤ rʘʣʪʘʡʩʢʦʛʦ 

ʙʠʦʚʘʨʘ ʚ ʛʝʥʝ yopJ ʦʙʣʘʜʘʶʪ ʜʝʣʝʮʠʝʡ ʥʫʢʣʝʦʪʠʜʘ ʚ ʧʦʟʠʮʠʠ 820, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʜʚʠʛʫ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ ʠ ʥʘʨʫʰʝʥʠ ʁʬʫʥʢʮʠʠ ʙʝʣʢʘ YopJ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʛʝʥʦʤʦʚ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʫʩʪʘ-

ʥʦʚʠʣ ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʡ ʚ ʛʝʥʘʭ, ʢʦʜʠʨʫʶʱʠʭ ʬʘʢʪʦʨ rʧʘʪʦʛʝʥʥʦʩʪʠ, ʠ ʚ ʜʨʫʛʠʭ 

ʫʯʘʩʪʢʘʭ ʛʝʥʦʤʘ, ʢʦʪʦʨʳʝ ʚʝʨʦʷʪʥʦ ʘʩʦʮʠʠʨʦʚʘʥʳ ʩ ʚʠʨʫʣʝʥʪʥʦʩʪʴ.ʁ ʆʙʨʘʱʘʝʪ 

ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʰʪʘʤʤʳ ʮʠʥʭʘʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʟʘʤʝʥʘʤʠ 

ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʛʝʥʘʭ ʧʘʪʦʛʝʥʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʛʝʥʝ pst, ʢʦʜʠʨʫʶʱʝʤ ʧʝʩʪʠ-

ʮʠʥ, ʚ 536 ʧʦʟʠʮʠʠ ʦʥʠ ʠʤʝʶʪ ʟʘʤʝʥʫ GŸA, ʢʦʪʦʨʘʷ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʟʘʤʝʥʫ ʛʣʠ-

ʮʠʥʘ ʥʘ ʛʣʫʪʘʤʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʝ Pst, ʘ ʪʘʢʞʝ ʚ ʛʝʥʝ yopE ʚ 590 

ʧʦʟʠʮʠʠ ʦʙʣʘʜʘʶʪ ʟʘʤʝʥʦʡ ʥʫʢʣʝʦʪʠʜʘ ɸŸʊ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʡ ʩʤʝʥʫ ʘʩʧʘʨʘʛʠ-

ʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʚʘʣʠʥ ʚ ʵʬʬʝʢʪʦʨʥʦʤ ʙʝʣʢʝ YopE. ʆʜʥʘʢʦ ʪʘʢ ʢʘʢ ʰʪʘʤʤʳ 



151 

 

ʮʠʥʭʘʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚʳʟʳʚʘʣʠ ʯʫʤʫ ʫ ʣʶʜʝʡ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʳʝ ʤʫ-

ʪʘʮʠʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʠʨʫʣʝʥʪʥʦʩʪʴ ʮʠʥʭʘʡʩʢʠʭ ʰʪʘʤʤʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪ-

ʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ ʇʎʈ-ʈɺ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʧʦʩʦʙʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜ-

ʚʠʜʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʦʠʩʢ ʫʥʠʢʘʣʴʥʳʭ indel-ʤʫʪʘʮʠʡ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʘʢ ʛʝʥʝʪʠ-

ʯʝʩʢʠʝ ʤʘʨʢʝʨʳ ʵʪʠʭ ʰʪʘʤʤʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʛʝʥʝ YPO2071 (2350433ï2352337 

ʧ.ʥ. ʛʝʥʦʤʘ ʰʪʘʤʤʘ ʉʆ92), ʢʦʜʠʨʫʶʱʝʤ ʙʝʣʦʢ DEAD-ʙʦʢʩ-ʭʝʣʠʢʘʟʫ, ʫ ʰʪʘʤʤʦʚ 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʜʝʣʝʮʠʷ 509 ʧ.ʥ. 

ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 2351984ï2351475. ʅʘ ʵʪʦʪ ʫʯʘʩʪʦʢ ʛʝʥʦʤʘ ʥʘʤʠ ʙʳʣ ʨʘʩʩʯʠʪʘʥ 

ʢʦʤʧʣʝʢʪ ʧʨʘʡʤʝʨʦʚ ʠ TaqMan ʟʦʥʜʘ, ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʥʫʢʣʝʦʪʠʜʥʳʤʠ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʷʤʠ: CA(-509)-S ï CGGACTGGGTAATAACAAG, CA(-509)-As ï 

CCCGTTGTCTGTTTCTGA, CA(-509)-Zond ï FAM-

TAGCCCTAAGCGCAACGTGAA-RTQ1. ʅʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʘ ʨʘʩʩʯʠʪʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙ  rʦʥʠ ʙʳʣʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳ 

ʜʝʣʝʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʰʪʘʤʤʳ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʧʨʠ ʧʨʦʚʝʜʝ-

ʥʠʠ ʇʎʈ-ʈɺ ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʦʪ-

ʣʠʯʠʝ ʦʪ ʰʪʘʤʤʦʚ Y. pestis ʚʩʝʭ ʜʨʫʛʠʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ. ʇʨʦʛʨʘʤʤʘ ʘʤ-

ʧʣʠʬʠʢʘʮʠʠ ʜʣʷ ʵʪʠʭ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʘ ʙʳʣʘ: 1 ʮʠʢʣ 95 Áʉ ï 10 ʤʠʥ; 35 ʮʠʢʣʦʚ: 

95 Áʉ ï 15 ʩ, 60 Áʉ ï 30 ʩ, 72 Áʉ ï 15 ʩ. ɼʣʷ ʠʟʙʝʞʘʥʠʷ ʣʦʞʥʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʚ ʇʎʈ-ʈɺ ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʪʘʤʤʳ Y. pestis ʨʘʟʣʠʯʥʳʭ ʧʦʜʚʠʜʦʚ ʚ ʢʘʯʝ-

ʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʦʥʪʨʦʣʝʡ ʨʝʘʢʮʠʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʘ, ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʥʘ ɼʅʂ-ʤʠʰʝʥʴ CA(-509), ʚʝʨʠʬʠʮʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 85 ʰʪʘʤʤʦʚ Y. 

pestis ʨʘʟʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ: 25 ʰʪʘʤʤʦʚ ʦʩʥʦʚʥʦʛʦ ʧʦʜ-

ʚʠʜʘ, 13 ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ, 7 ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ, 40 

ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 20 ʰʪʘʤʤʦʚ ʘʣʪʘʡʩʢʦʛʦ 

ʙʠʦʚʘʨʘ, 8 ʰʪʘʤʤʦʚ ʛʠʩʩʘʨʩʢʦʛʦ ʙʠʦʚʘʨʘ, 10 ʰʪʘʤʤʦʚ ʪʘʣʘʩʩʢʦʛʦ ʙʠʦʚʘʨʘ ʠ 2 

ʰʪʘʤʤʘ ʙʠʦʚʘʨʘ microtus (ʊʘʙʣʠʮʳ 2.1, 3.9). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʨʢʠ ʙʠʦʭʠʤʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʰʪʘʤʤʦʚ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʚʩʝ ʰʪʘʤʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʮʝʥ-
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ʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʤʫ ʧʦʜʚʠʜʫ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʝʜʠʥʦʦʙʨʘʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

ʬʝʨʤʝʥʪʠʨʦʚʘʣʠ ʨʘʤʥʦʟʫ, ʥʝ ʬʝʨʤʝʥʪʠʨʦʚʘʣʠ ʘʨʘʙʠʥʦʟʫ ʠ ʥʝ ʨʝʜʫʮʠʨʦʚʘʣʠ ʥʠʪ-

ʨʘʪʳ. 

 

ʊʘʙʣʠʮʘ 3.9 ï ʐʪʘʤʤʳ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ     ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʪʘ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʘ ʥʘ ɼʅʂ-ʤʠʰʝʥʴ CA(-509) 
ʇʦʜʚʠʜ, ʰʪʘʤʤʳ ʅʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥ-

ʮʠʠ ʚ ʇʎʈ-ʈɺ ʩ ʧʨʘʡʤʝʨʘʤʠ ʠ ʟʦʥʜʦʤ ʥʘ 

ɼʅʂ ʤʠʰʝʥʴ CA(-509) 

ʂʘʚʢʘʟʩʢʠʡ ʧʦʜʚʠʜ: 

3544 ɸʨʤ, 7896, 3551 ɸʨʤ, 3344 ɸʨʤ, ʄ-986, 

ʂʄ874, 1146, 400, 818, 6499 ɸʨʤ, 805, 808, 376  

+ 

ɸʣʪʘʡʩʢʠʡ ʙʠʦʚʘʨ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ  

ʧʦʜʚʠʜʘ: 

ʀ-3531, ʀ-3705, ʀ-3704, 1313, 1139,ʄ-1948, 

2183, ʀ-1031, ʀ-2998, ʀ-3727, ʀ-3724, ʀ-3000, 

ʂʄ1203, 2183, 2397, 2416, 2633, ʀ-971, ʀ-2637, 

ʀ-3280 

- 

ɻʠʩʩʘʨʩʢʠʡ ʙʠʦʚʘʨ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ  

ʧʦʜʚʠʜʘ: 

ɸ-1627, ɸ-1633, ɸ-1249, ɸ-1730, ɸ-1731,  

ɸ-1729, ɸ-1723, ɸ-1725 

- 

ɹʠʦʚʘʨ microtus ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ  

ʧʦʜʚʠʜʘ: 

ʂʄ1189, ʀ-3086  

- 

ʊʘʣʘʩʩʢʠʡ ʙʠʦʚʘʨ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ  

ʧʦʜʚʠʜʘ: 

ʂʄ940, ɸ-1805, ɸ-1813, ɸ-1806, ɸ-1814,  

ɸ-1807, ɸ-1815, ɸ-1816, ɸ-1818, ɸ-1820 

- 

ʋʣʝʛʝʡʩʢʠʡ ʧʦʜʚʠʜ: 

ʀ-2422, ʀ-3068, ʀ-3193, ʀ-3069, ʀ-3130,  

ʀ-3102, ʀ-2962 

+ 

ʆʩʥʦʚʥʦʡ ʧʦʜʚʠʜ (ʝʛʦ ʘʥʪʠʯʥʳʡ,  

ʩʨʝʜʥʝʚʝʢʦʚʳʡ, ʚʦʩʪʦʯʥʳʡ ʙʠʦʚʘʨʳ): 

ɸ-1836, 915, ɸ-1691, 231(708), 262, 517, ʂʄ932, 

ʀ-3358, ʀ-1270, ʀ-3205, ʀ-840, ʀ-3197, 1864 

ʄʦʥʛʦʣʠʷ, Congo Logo, ʂʄ 918, ʂʄ 919,  

1116-ɼ, ʉ-791, 27(33), 923(ʈ-134), Exu 21, 

Sonche, ʈ-14709, 124 Dalat 

+ 

 

ɼʣʷ ʚʩʝʭ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚ ʇʎʈ-ʈɺ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʘ ʥʘ ʤʠʰʝʥʴ CA(-509) ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ 

ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʫ ʰʪʘʤʤʦʚ ʜʨʫʛʠʭ ʣʠʥʠʡ ʵʚʦʣʶʮʠʠ 

ʦʪʤʝʯʘʣʩʷ ʨʦʩʪ ʫʨʦʚʥʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʈʠʩʫʥʦʢ 3.7). 
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ʐʪʘʤʤʳ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ (ˉ ʰʪʘʤʤʦʚ 23ï36) ï ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩ ʧʨʘʡʤʝʨʘʤʠ ʠ ʟʦʥʜʦʤ ʥʘ ʤʠʰʝʥʴ CA(-509) ʠ ʥʘʣʠʯʠʝ ʩʠʛʥʘʣʘ ʫ ʜʨʫʛʠʭ 

ʰʪʘʤʤʦʚ (ˉ ʰʪʘʤʤʦʚ 1-22) 

ʈʠʩʫʥʦʢ 3.7 ï ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʚ ʇʎʈ-ʈɺ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʨʢʝʨʥʦʡ ʜʝʣʝʮʠʠ ʚ 509 ʧ.ʥ. 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʥʦʡ ɼʅʂ-ʤʠʰʝʥʠ CA(-509) ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ 

ʢʦʤʧʣʝʢʪ ʧʨʘʡʤʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠ ̫ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʧʠʜʝʤʠʯʝʩʢʠ ʤʘʣʦʟʥʘʯʠʤʳʭ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ 

ʧʦʜʚʠʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʫʪʦʯʥʝʥʘ 

ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʰʪʘʤʤʦʚ 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʚʝʪʚʝʡ 0PE4a, 0.PE4h, 0.PE4t, 0.PE4m ʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʤʠ ʙʠʦʚʘʨʘʤʠ 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ. ʇʦʢʘʟʘʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʰʪʘʤʤʦʚ ʵʪʦʛʦ 

ʧʦʜʚʠʜʘ ʚ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʘʭ ʯʫʤʳ ʈʌ, ʩʪʨʘʥ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʂʠʪʘ ̫ ʚ 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʡ ʟʦʥʝ ʧʨʠʨʦʜʥʦʡ ʦʯʘʛʦʚʦʩʪʠ ʯʫʤʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʦʛʦ, ʯʪʦ ʰʪʘʤʤʳ ʩ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʠʥʮʠʠ 

ʎʠʥʭʘʡ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʤʫ ʧʦʜʚʠʜʫ ʩʦʛʣʘʩʥʦ ʢʦʤʧʣʝʢʩʫ ʠʭ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʠ ʬʦʨʤʠʨʫʶʪ ʦʪʜʝʣʴʥʳʡ ʧʦʜʚʠʜ ï 

ssp. qinghaica ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʫʶ ʚʝʪʚʴ 0.PE10. ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʩʣʫʞʠʣʠ ʦʙʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ 

ʨʘʥʝʝ ʫʯʸʥʳʤʠ ʠʥʩʪʠʪʫʪʘ çʄʠʢʨʦʙè ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ. ʉʦʛʣʘʩʥʦ 

ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʚʠʜ Y. pestis ʩʬʦʨʤʠʨʦʚʘʥ ʠʟ ʩʝʤʠ ʧʦʜʚʠʜʦʚ: oʩʥoʚʥʦʡ, ssp. 

pestis; ʪʠʙeʪʩʢʠʡ, ssp. tibetica (ʊʠʙʝʪ ʠ ʎʠʥʭʘʡ, ʂʠʪʘʡ); ʢaʚʢʘʟʩʢʠʡ, ssp. caucasica 
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(ʂʘʚʢʘʟ); aʥʛʦʣʴʩʢʠʡ, ssp. angolica (ɸʬʨʠʢʘ); ʮʠʥʭaʡʩʢʠʡ, ssp. qinghaica (ʂʠʪʘʡ); 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ, ssp. central asiatica (ʈʦʩʩʠʷ, ʎʝʥʪʨʘʣʴʥʘʷ ɸʟʠʷ, ʂʠʪʘʡ); 

ʫʣʝʛʝʡʩʢʠʡ, ssp. ulegeica (ʄʦʥʛʦʣʠʷ). ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ ʧʦʜʚʠʜ ʦʙʲʝʜʠʥʷʝʪ 

ʯʝʪʳʨʝ ʙʠʦʚʘʨʘ ï ʘʣʪʘʡʩʢʠʡ, ʛʠʩʩʘʨʩʢʠʡ, ʪʘʣʘʩʩʢʠʡ ʠ microtus. ɼʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ɼʅʂ-ʤʠʰʝʥʴ CA(-509), ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʠʤʝʝʪʩʷ ʜʝʣʝʮʠʷ 509 ʧ.ʥ., 

ʫʥʠʢʘʣʴʥʘʷ ʜʣʷ ʰʪʘʤʤʦʚ ʵʪʦʛʦ ʧʦʜʚʠʜʘ. ʅʘ ʵʪʫ ɼʅʂ-ʤʠʰʝʥʴ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʧʨʘʡʤʝʨʳ ʠ ʟʦʥʜ ʜʣʷ ʇʎʈ-ʈɺ ʠ ʧʦʜʦʙʨʘʥʘ ʦʧʪʠʤʘʣʴʥʘ ̫ ʧʨʦʛʨʘʤʤʘ 

ʘʤʧʣʠʬʠʢʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʙʫʜʝʪ ʧʦʣʝʟʝʥ ʜʣʷ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʦʯʘʛʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʵʢʩʧʝʨʪʠʟʳ ʩʣʫʯʘʝʚ ʯʫʤʳ ʚ ʦʯʘʛʘʭ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ 

ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʘʭ. 

 

3.4 ɸʥʘʣʠʟ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ Y. pestis 

 

ʐʪʘʤʤʳ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚʦʟʙʫʜʠʪʝʣʷ 

ʯʫʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ ʧʨʠʨʦʜʥʦʤ ʦʯʘʛʝ ʈʌ 

(ʷʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ ʉʘʡʣʶʛʝʤʩʢʦʛʦ ʦʯʘʛʘ) ʠ ʉʘʡʣʶʛʝʤʩʢʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ ʄʦʥʛʦʣʠʠ [ʂʘʜʘʩʪʨ ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʠ ʵʧʠʟʦʦʪʠʯʝʩʢʠʭ 

ʧʨʦʷʚʣʝʥʠʡ ʯʫʤʳ, 2016] ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʄʦʥʛʦʣʠʠ [ʇʣʘʪʦʥʦʚ ʠ 

ʜʨ., 2015; Riehm et al., 2012; Cui et al., 2013]. 

ʉʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʝ ʧʦʧʫʣʷʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʧʨʦʚʦʜʠʣʠ ʚ ʦʩʥʦʚʥʦʤ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ MLVA 25 

[ɻʦʨʥʦ-ɸʣʪʘʡʩʢʠʡ ʧʨʠʨʦʜʥʳʡ ʦʯʘʛ ʯʫʤʳ, 2014; ʂʦʨʟʫʥ ʠ ʜʨ., 2017; ʗʨʳʛʠʥʘ
 
ʠ ʜʨ., 

2019, 2021, 2023]. ʕʪʦʪ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦ-

ʩʪʴʶ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣ-

ʛʦʚʨʝʤʝʥʥʦʡ ʵʚʦʣʶʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʦʜʩʪʚʘ ʰʪʘʤʤʦʚ. ɸʥʘ-

ʣʠʟ ʧʦʣʠʤʦʨʬʠʟʤʘ ʝʜʠʥʠʯʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ (SNP) ʚ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘ-



155 

 

ʪʝʣʴʥʦʩʪʷʭ ʰʪʘʤʤʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʠʭ ʟʘ-

ʜʘʯ. 

ʐʪʘʤʤʳ Y. pestis, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ 

ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ (ʊʘʙʣʠʮʘ 2.1). 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʘʣʪʘʡʩʢʦʤʫ ʙʠʦʚʘʨʫ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ 

ʧʦʜʚʠʜʘ ʚʳʧʦʣʥʷʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʛʣʘʩʥʦ 

ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʘʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʯʫʤʳ [ʇʨʘʢʪʠʯʝʩʢʦʝ 

ʨʫʢʦʚʦʜʩʪʚʦ çʃʘʙʦʨʘʪʦʨʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦʣʝʟʥʝʡè, 

2013]. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤʤʦʚ ʢ ʘʣʪʘʡʩʢʦʤʫ ʙʠʦʚʘʨʫ 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ 

18 ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʩ 1964 ʧʦ 2020 ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʄʦʥʛʦʣʠʠ 

(ʊʘʙʣʠʮʘ 3.10). ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʙʳʣ ʧʦʠʩʢ ʢʦʨʦʚʳʭ SNPs ʠ ʧʦʩʪʨʦʝʥʠʝ 

ʜʝʥʜʨʦʛʨʘʤʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 34 ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʨʘʟʣʠʯʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ (ʊʘʙʣʠʮʘ 2.2) ʧʦ 

ʤʝʪʦʜʦʣʦʛʠʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʛʣʘʚʝ 2, ʧʫʥʢʪ 2.10. 

 

ʊʘʙʣʠʮʘ 3.10 ï ʐʪʘʤʤʳ Y. pestis ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ        

ʧʦʜʚʠʜʘ, ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʵʪʦʤ 

ʨʘʟʜʝʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʐʪʘʤʤ ʄʝʩʪʦ ʚʳʜʝʣʝʥʠʷ ɻʦʜ, ʦʙʲʝʢʪ ʚʳʜʝʣʝʥʠʷ 

912-914 ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʫʯʘʩʪʦʢ ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʂʫʨʘʡʩʢʦʛʦ 

ʭʨʝʙʪʘ 

2018 ʛ., ʤʦʥʛʦʣʴʩʢʘʷ ʧʠʱʫʭʘ 

Ochotona pallasi 

ʀ-3531 ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʫʯʘʩʪʦʢ ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʂʫʨʘʡʩʢʦʛʦ ʭʨʝʙʪʘ 

2009 ʛ., ʙʣʦʭʠ 

Amphalius runatus 

ʀ-3705 ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʫʯʘʩʪʦʢ ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʂʫʨʘʡʩʢʦʛʦ ʭʨʝʙʪʘ 

2019 ʛ., ʙʣʦʭʠ Ctenophyllus  

hirticrus 

ʀ-3704  ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʫʯʘʩʪʦʢ ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʂʫʨʘʡʩʢʦʛʦ ʭʨʝʙʪʘ 

2019 ʛ., ʙʣʦʭʠ Paramonopsyllus 

scalonae 

1313 ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʫʯʘʩʪʦʢ ʉʝʨʙʠʩʪʫ 

2014 ʛ., ʙʣʦʭʠ Paradoxopsyllus 

scorodumovi 

1139 ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʫʯʘʩʪʦʢ ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʂʫʨʘʡʩʢʦʛʦ ʭʨʝʙʪʘ 

 

2018 ʛ., ʙʣʦʭʠ P. scorodumovi 

ʄ-1948  

(2751-55) 

ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʫʯʘʩʪʦʢ ʂʦʢ-ʆʟʸʢ 

2012 ʛ., ʤʦʥʛʦʣʴʩʢʘʷ ʧʠʱʫʭʘ 

O. pallasi 
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2183  

(ʀ-1023) 

ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʫʯʘʩʪʦʢ ʉʪʘʮʠʦʥʘʨ 

1965 ʛ., ʩʝʨʳʡ ʩʫʨʦʢ Marmota 

baibacina 

ʀ-1031  ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʫʯʘʩʪʦʢ ʉʪʘʮʠʦʥʘʨ 

1965 ʛ., ʜʣʠʥʥʦʭʚʦʩʪʳʡ ʩʫʩʣʠʢ 

Spermophilus undulatus 

ʀ-2998 ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʫʯʘʩʪʦʢ ʉʪʘʮʠʦʥʘʨ, ʣʦʛ ʂʳʟʳʣ-ʊʘʩ 

1982 ʛ., ʤʦʥʛʦʣʴʩʢʘʷ ʧʠʱʫʭʘ 

O. pallasi 

M-1912 ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʋʣʘʥʜʨʳʢʩʢʠʡ ʤʝʟʦʦʯʘʛ 

2010 ʛ., ʙʣʦʭʠ C. hirticrus 

ʀ-971 ʄʅʈ, ɿʘʚʭʘʥʩʢʠʡ ʘʡʤʘʢ, ʐʠʣʫʫʩʪʵʡ ʩʦʤʦʥ, 

ʤʝʩʪʥʦʩʪʴ ɼʫʫʪʳʥ ʦʨ ʍʦʥʭʦʨ 

1964 ʛ., ʧʦʣʸʚʢʘ ɹʨʘʥʜʪʘ 

Lasiopodomys brandti 

ʀ-2795 ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡʩʢʠʡ ʘʡʤʘʢ, ʅʦʛʦʦʥ ʥʫʫʨ 

ʩʦʤʦʥ, ʫʯʘʩʪʦʢ ɼʫʨʙʝʪ-ɼʘʙʘ 

1978 ʛ., ʜʣʠʥʥʦʭʚʦʩʪʳʡ ʩʫʩʣʠʢ 

S. undulatus 

ʀ-2637 ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡʩʢʠʡ ʘʡʤʘʢ, ʅʦʛʦʦʥ ʥʫʫʨ 

ʩʦʤʦʥ, ʫʯʘʩʪʦʢ ʆʨʪʝʥ-ɹʫʣʘʛ 

1977 ʛ., ʩʝʨʳʡ ʩʫʨʦʢ  

M. baibacina 

ʀ-3281 ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡʩʢʠʡ ʘʡʤʘʢ, ʋʣʘʘʥʭʫʩ  

ʩʦʤʦʥ, ʫʯʘʩʪʦʢ ʍʫʜʘʛ 

1990 ʛ., ʙʣʦʭʠ P. scorodumovi 

ʀ-3280 ʄʅʈ, ɹʘʷʥ-ʋʣʛʠʡ ʘʡʤʘʢ, ʋʣʘʘʥʭʫʩ ʩʦʤʦʥ, 

ʫʯʘʩʪʦʢ ʍʫʜʘʛ 

1990 ʛ., ʤʦʥʛʦʣʴʩʢʘʷ ʧʠʱʫʭʘ 

O. pallasi 

ʀ-3727  ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʫʯʘʩʪʦʢ ʉʝʨʝʜʠʥʘ ʨ. ʏʘʛʘʥ-ʋʟʫʥ 

2020 ʛ., ʙʣʦʭʠ P. scalonae 

ʀ-3724  ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʂʦʰ-ɸʛʘʯʩʢʠʡ ʨʘʡʦʥ, 

ʫʯʘʩʪʦʢ ʉʝʨʝʜʠʥʘ ʨ. ʏʘʛʘʥ-ʋʟʫʥ 

2020 ʛ. ʙʣʦʭʠ C. hirticrus 

Pestoides A*
 
ʉʉʉʈ ʅʝ ʠʟʚʝʩʪʥʦ 

Pestoides B*
 
ʉʉʉʈ ʅʝ ʠʟʚʝʩʪʥʦ 

*ɻʝʥʦʤʳ ʵʪʠʭ ʰʪʘʤʤʦʚ ʧʦʣʫʯʝʥʳ ʠʟ NCBI GenBank. 

 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʩʦʟʜʘʥʠʝ ʜʝʥʜʨʦʛʨʘʤʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣ-

ʛʦʨʠʪʤʘ Maximum Likelihood ʚʳʧʦʣʥʷʣʠ, ʠʩʧʦʣʴʟʫʷ ʥʘʡʜʝʥʥʳʡ 1871 ʢʦʨʦʚʳʡ 

SNPs. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʜʝʥʜʨʦʛʨʘʤʤʳ, ʰʪʘʤʤʳ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ 

ʧʦʜʚʠʜʘ ʩʬʦʨʤʠʨʦʚʘʣʠ ʦʪʜʝʣʴʥʫʶ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʫʶ ʚʝʪʚʴ 0.PE4, ʢʦʪʦʨʘʷ ʜʠʚʝʨ-

ʛʠʨʫʝʪ ʥʘ 4 ʧʦʜʚʝʪʚʠ: 0.PE4a (ʘʣʪʘʡʩʢʠʡ ʙʠʦʚʘʨ), 0.PE4h (ʛʠʩʩʘʨʩʢʠʡ ʙʠʦʚʘʨ), 

0.PE4m (ʙʠʦʚʘʨ microtus) ʠ 0.PE4t (ʪʘʣʘʩʩʢʠʡ ʙʠʦʚʘʨ) (ʈʠʩʫʥʦʢ 3.8). 
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ɸ. ɼʝʥʜʨʦʛʨʘʤʤʘ Maximum Likelihood, PhyML 3.1, ʤʦʜʝʣʴ HKY85 

ʈʠʩʫʥʦʢ 3.8 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴ-

ʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1871 ʢʦʨʦʚʦʛʦ SNPs ʚ  

ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ 34 ʰʪʘʤʤʦʚ ʨʘʟʥʳʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ  

ʚʝʪʚʝʡ 

 

ɺ ʛʝʥʦʤʘʭ ʰʪʘʤʤʦʚ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʦʙ-

ʨʘʟʫʶʱʠʭ ʧʦʜʚʝʪʚ ɹ0.PE4a, ʦʙʥʘʨʫʞʝʥʦ 23 ʦʙʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ SNPs, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʚ ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ (ʊʘʙʣʠʮʘ 3.11). 
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ʊʘʙʣʠʮʘ 3.11 ï ʉʧʝʮʠʬʠʯʝʩʢʠʝ SNPs ʫ ʰʪʘʤʤʦʚ Y. pestis ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ     

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ 
ʇʦʟʠʮʠʷ 
SNP ʦʪ 
ʥʘʯʘʣʘ 
ʛʝʥʦʤʘ* 

ʄʫʪʘʮʠʷ 
ʥʫʢʣʝʦʪʠʜʘ 

ɿʘʤʝʥʘ ʘʤʠʥʦʢʠʩʣʦʪʳ 
 

ɻʝʥ, ʣʦʢʫʩ, ʤʝʞʛʝʥʥʦʝ 
ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʌʠʣʦʛʝʥʝʪʠ-
ʯʝʩʢʘʷ ʚʝʪʚʴ, 
ʧʦʜʚʝʪʚʴ 

96740 GŸA - triA 

0.PE4a 

101221 GŸA - glpK 
469276 AŸG - ettA 
794121 AŸC ɺʘʣʠʥŸɻʣʠʮʠʥ YPO0763 
1224618 GŸT - YPO1076ïYPO1077 
1280052 TŸC ʊʨʠʧʪʦʬʘʥŸɸʨʛʠʥʠʥ aroG 
1715235 GŸA - mglCïsanA 
1763809 GŸA ʇʨʦʣʠʥŸʉʝʨʠʥ hisD 
1798946 GŸT - YPO1576ïYPO1577 
2162210 AŸT - irp2ïybtA 
2184227 CŸT ɻʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

Ÿɻʣʠʮʠʥ 
YPO1926 

2095334 GŸA ɸʣʘʥʠʥŸɺʘʣʠʥ poaA 
2276678 CŸT - YPO2774ïYPO2475 
2349205 CŸT ʃʝʡʮʠʥŸʌʝʥʠʣʘʣʘʥʠʥ YPO2068 
3106018 TŸG ɺʘʣʠʥŸɻʣʠʮʠʥ cvpA 
3219815 AŸT - Ndk 
3355215 CŸA ɻʣʠʮʠʥŸʎʠʩʪʝʠʥ YPO3002 
4064027 AŸC ʃʝʡʮʠʥŸɸʨʛʠʥʠʥ YPO3641 
4308402 GŸT - YPO3839 
4412614 GŸA - argCïargE 
4431907 GŸT ʇʨʦʣʠʥŸɻʣʫʪʘʤʠʥ glgB 
4464500 GŸT ɸʩʧʘʨʘʛʠʥʦʚʘʷ  

ʢʠʩʣʦʪʘŸʊʠʨʦʟʠʥ 
YPO3965 

4638911 AŸT -  pstSïglmS 
330713 GŸA -  tyrBïYPO0323 

0.PE4a-1 
1393685 TŸC - YPO1223ïYPO1234 
1784361 CŸT ʃʝʡʮʠʥŸʇʨʦʣʠʥ YPO1563 
3771762 GŸT ɻʣʠʮʠʥŸɺʘʣʠʥ barA 
959824 CŸA ɸʨʛʠʥʠʥŸʃʝʡʮʠʥ YPO0873 0.PE4a-1-1 
493535 AŸG ɸʩʧʘʨʘʛʠʥŸʉʝʨʠʥ YPO0465 0.PE4a-1-2 
41536 CŸT ɻʠʩʪʠʜʠʥŸʊʠʨʦʟʠʥ fabY 

0.PE4a-2 

721592 GŸC ʊʨʝʦʥʠʥŸɸʨʛʠʥʠʥ YPO_RS04280 
774000 GŸT - glbD 
1864073 AŸC - asuE 
1966375 GŸA ɻʣʫʪʘʤʠʥŸʅʦʥʩʝʥʩ-

ʤʫʪʘʮʠʷ 
YPO1712 

2246161 GŸA - YPO1976ïYPO1977 
2306367 CŸT ɸʨʛʠʥʠʥŸʎʠʩʪʝʠʥ YPO3799 
2666347 CŸT -  YPO_RS12855 
3761271 GŸA ʉʝʨʠʥŸʃʝʡʮʠʥ cysG 
3810544 CŸT - Sped 
4052890 AŸG - YPO3632ïYPO3633 
3178225 GŸT ɸʨʛʠʥʠʥŸʃʝʡʮʠʥ YPO2846 0.PE4a-2-2 

* ʋʢʘʟʘʥʘ ʧʦʟʠʮʠʷ ʧʦ ʛʝʥʦʤʫ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ Y. pestis ʉO92 (̄  NCBI GenBank 

NC_003143.1) 
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ʐʪʘʤʤʳ ʧʦʜʚʝʪʚʠ 0.PE4a ʦʪʣʠʯʘʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 1ï11 SNPs. ʉʦʛʣʘʩʥʦ 

ʜʝʥʜʨʦʛʨʘʤʤʝ ʧʦʜʚʝʪʚʴ 0.PE4a ʜʝʣʠʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʚʫʭ ʢʣʘʩʪʝʨʦʚ. ʇʝʨ-

ʚʳʡ, ʧʦʣʫʯʠʚʰʠʡ ʦʙʦʟʥʘʯʝʥʠʝ 0.PE4a-1, ʩʦʩʪʦʠʪ ʠʟ 9 ʰʪʘʤʤʦʚ, ʥʝʩʫʱʠʭ ʚ ʩʚʦʠʭ 

ʛʝʥʦʤʘʭ 4 ʫʥʠʢʘʣʴʥʳʭ SNPs. ʐʪʘʤʤ rʚʪʦʨʦʛʦ ʢʣʘʩʪʝʨʘ 0.PE4a-2 (11 ʰʪʘʤʤʦʚ) 

ʥʝʩʫʪ ʚ ʩʚʦʠʭ ʛʝʥʦʤʘʭ 11 ʩʧʝʮʠʬʠʯʝʩʢʠʭ SNPs (ʊʘʙʣʠʮʘ 3.11). ʂʣʘʩʪʝʨ 0.PE4a-1 

ʦʙʨʘʟʦʚʘʥ ʰʪʘʤʤʘʤʠ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʫʨʘʡʩʢʦʛʦ ʠ ʊʘʨʭʘʪʠʥ-

ʩʢʦʛʦ ʤʝʟʦʦʯʘʛʦʚ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ. ʐʪʘʤʤʳ ʩ 

ʪʝʨʨʠʪʦʨʠʠ ʋʣʘʥʜʨʳʢʩʢʦʛʦ ʤʝʟʦʦʯʘʛʘ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʦʯʘʛʘ 

ʯʫʤʳ ʠ ʤʦʥʛʦʣʴʩʢʦʡ ʯʘʩʪʠ ʉʘʡʣʶʛʝʤʩʢʦʛʦ ʦʯʘʛʘ ʠ ʦʜʠʥ ʰʪʘʤʤ ʠʟ ʘʡʤʘʢʘ ɿʘʚʭʘʥ 

ʄʦʥʛʦʣʠʠ ʩʬʦʨʤʠʨʦʚʘʣʠ ʢʣʘʩʪʝʨ 0.PE4a-2 (ʈʠʩʫʥʦʢ 3.9). 

 

 
ɼʣʷ ʨʠʩʫʥʢʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʨʪʘ ʩ ʩʘʡʪʘ OpenStreetMap  

[URL: http://www.openstreetmap.org/copyright] 

ʈʠʩʫʥʦʢ 3.9 ï ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʧʫʣʷʮʠʡ Y. pestis           

ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ  

 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʣʘʩʪʝʨ 0.PE4a-1 ʜʝʣʠʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʩʫʙʢʣʘʩʪʝʨʦʚ. 

ʉʫʙʢʣʘʩʪʝʨ 0.PE4a-1-1, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ 4 ʰʪʘʤʤʘʤʠ 912-914, ʀ-3531, ʀ-3705 ʠ 

ʀ-3704, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 1 ʫʥʠʢʘʣʴʥʳʤ SNP. ʐʪʘʤʤʳ ʵʪʦʛʦ ʩʫʙʢʣʘʩʪʝʨʘ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʚ 2009ï2019 ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʫʨʘʡʩʢʦʛʦ ʤʝʟʦʦʯʘʛʘ ʚ ɺʦʩʪʦʯʥʦʡ ʠ 
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ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ ʂʫʨʘʡʩʢʦʛʦ ʭʨʝʙʪʘ. ɺʪʦʨʦʡ ʩʫʙʢʣʘʩʪʝʨ 0.PE4a-1-2 ʦʙʨʘʟʦʚʘʣʠ 

5 ʰʪʘʤʤʦʚ ï ʄ-1948 (2751-55), 1139, 1313, ʀ-3724 ʠ ʀ-3727, ʠ ʦʥ ʦʙʣʘʜʘʝʪ 1 ʫʥʠ-

ʢʘʣɹʥʳʤ SNP. ʐʪʘʤʤʳ, ʚʦʰʝʜʰʠʝ ʚ ʵʪʦʪ ʩʫʙʢʣʘʩʪʝʨ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ 2012ï

2020 ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʨʭʘʪʠʥʩʢʦʛʦ ʤʝʟʦʦʯʘʛʘ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʠʣʩʷ ʰʪʘʤʤ 

1139, ʚʳʜʝʣʝʥʥʳʡ ʚ ʂʫʨʘʡʩʢʦʤ ʤʝʟʦʦʯʘʛʝ, ʚʝʨʦʷʪʥʦ, ʟʘʥʝʩʸʥʥʳʡ ʪʫʜʘ ʩ ʪʝʨʨʠʪʦ-

ʨʠʠ ʊʘʨʭʘʪʠʥʩʢʦʛʦ ʤʝʟʦʦʯʘʛʘ. 

ʂʣʘʩʪʝʨ 0.PE4a-2 ʦʙʲʝʜʠʥʠʣ ʰʪʘʤʤʳ, ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 11 SNPs. ɺ ʢʣʘʩʪʝʨʝ 0.PE4a-2 ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʫʙʢʣʘ-

ʩʪʝʨ 0.PE4a-2-1, ʢʦʪʦʨʳʡ ʩʬʦʨʤʠʨʦʚʘʣʠ ʰʪʘʤʤʳ ʀ-971, ʀ-2637, ʀ-2795, ʀ-3280 ʠ 

ʀ-3281. ʕʪʠ ʰʪʘʤʤʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʠʠ ʚ ʘʡʤʘʢʘʭ ɹʘʷʥ-

ʋʣʛʠʡ ʠ ɿʘʚʭʘʥ ʚ 1964ï1990 ʛʛ. ʐʪʘʤʤʳ 2183 (ʀ-1023), ʀ-1031, ʀ-2998 ʠ M-1912, 

ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʣʘʥʜʨʳʢʩʢʦʛʦ ʤʝʟʦʦʯʘʛʘ ʚ 1965ï2010 ʛʛ., ʚʤʝ-

ʩʪʝ ʩʦ ʰʪʘʤʤʘʤʠ Pestoides A ʠ Pestoides B ʠʟ NCBI GenBank (ʚʝʨʦʷʪʥʦ, ʚʳʜʝʣʝʥʳ 

ʚ ɻʪʦʤ ʞʝ ʤʝʟʦʦʯʘʛʝ) ʦʙʨʘʟʦʚʘʣʠ ʩʫʙʢʣʘʩʪʝʨ 0.PE4a-2-2 (1 SNP) ʚ ʢʣʘʩʪʝʨʝ 0.PE4a-

2 (ʈʠʩʫʥʦʢ 3.8). 

ʐʪʘʤʤʳ ʠʟ ʋʣʘʥʜʨʳʢʩʢʦʛʦ ʤʝʟʦʦʯʘʛʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʯʠʩʣʦʤ 

SNPs ʩʨʝʜʠ ʚʩʝʭ ʰʪʘʤʤʦʚ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ, ʯʪʦ ʜʘʸʪ ʦʩʥʦʚʘʥʠʝ ʚʳʜʚʠʥʫʪʴ ʛʠ-

ʧʦʪʝʟʫ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʢ ʧʨʝʜʢʦʚʳʤ ʰʪʘʤʤʘʤ 

ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ. ʕʪʘ ʛʠʧʦʪʝʟʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʚʳʜʚʠʥʫʪʦʤ ʠʩ-

ʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʧʦʧʫʣʷʮʠʦʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʰʪʘʤʤʦʚ Y. pestis ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ɸʣʪʘ,̫ ʠ ʦ ʚʝʨʦʷʪʥʦʤ ʟʘʥʦʩʝ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʠʟ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ʄʦʥʛʦʣʠʠ ʚ ʋʣʘʥʜʨʳʢʩʢʫʶ ʧʦʧʫʣʷʮʠʶ ʤʦʥʛʦʣʴʩʢʦʡ ʧʠʱʫʭʠ, ʘ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ï ʚ ʊʘʨʭʘʪʠʥʩʢʫʶ ʠ ʂʫʨʘʡʩʢʫʶ ʧʦʧʫʣʷʮʠʠ [ʂʦʨʟʫʥ ʠ ʜʨ., 2014]. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʫʪʸʤ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠ-

ʨʦʚʘʥʠʷ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʰʪʘʤʤʦʚ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘ-

ʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʝʪʚʝʡ ʵʚʦʣʶʮʠʠ ï ʂʫ-

ʨʘʡʩʢʦ-ʊʘʨʭʘʪʠʥʩʢʦʡ (ʢʣʘʩʪʝʨ 0.PE4a-1) ʠ ʋʣʘʥʜʨʳʢʩʢʦ-ʤʦʥʛʦʣʴʩʢʦʡ (0.PE4a-2), 

ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʝʦʛʨʘʬʠʝʡ ʤʝʩʪ ʚʳʜʝʣʝʥʠʷ ʵʪʠʭ ʰʪʘʤʤʦʚ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ɻʦʨʥʦʛʦ ɸʣʪʘ.̫ ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʂʫʨʘʡʩʢʦ-ʊʘʨʭʘʪʠʥʩʢʘʷ ʚʝʪʚʴ ʜʠʚʝʨʛʠ-
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ʨʫʝʪ c ʦʙʨʘʟʦʚʘʥʠʝʤ ʂʫʨʘʡʩʢʦʡ (ʩʫʙʢʣʘʩʪʝʨ 0.PE4a-1-1, ʰʪʘʤʤʳ 2009ï2018 ʛʛ.) ʠ 

ʊʘʨʭʘʪʠʥʩʢʦʡ (ʩʫʙʢʣʘʩʪʝʨ 0.PE4a-1-2, ʰʪʘʤʤʳ 2012ï2020 ʛʛ.) ʧʦʜʚʝʪʚʝʡ, ʘ ʋʣʘʥ-

ʜʨʳʢʩʢʦ-ʤʦʥʛʦʣʴʩʢʘʷ ʚʝʪʚʴ ʬʦʨʤʠʨʫʝʪ ʧʦʜʚʝʪʚʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʰʪʘʤʤʦʚ ʩ ʪʝʨʨʠ-

ʪʦʨʠʡ ʋʣʘʥʜʨʳʢʩʢʦʛʦ ʤʝʟʦʦʯʘʛʘ (ʩʫʙʢʣʘʩʪʝʨ 0.PE4a-2-2, ʰʪʘʤʤʳ 1965ï2010 ʛʛ.) ʠ 

ʉʘʡʣʶʛʝʤʩʢʦʛʦ ʦʯʘʛʘ ʄʦʥʛʦʣʠʠ (ʩʫʙʢʣʘʩʪʝʨ 0.PE4a-2-1, ʰʪʘʤʤʳ, 1964ï1990 ʛʛ.). 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʦ ʪʦʤ, ʯʪʦ 

ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʟʦʦʯʘʛʘ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ 

(ʋʣʘʥʜʨʳʢʩʢʦʛʦ, ʊʘʨʭʘʪʠʥʩʢʦʛʦ ʠ ʂʫʨʘʡʩʢʦʛʦ) ʭʘʨʘʢʪʝʨʥʘ ʩʚʦʷ ʚʝʪʚʴ ʵʚʦʣʶʮʠʠ 

ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ, ʦʙʣʘʜʘʶʱʘʷ ʛʝʥʝʪʠʯʝʩʢʠʤ ʩʚʦʝʦʙʨʘʟʠʝʤ [ɻʦʨʥʦ-ɸʣʪʘʡʩʢʠʡ 

ʧʨʠʨʦʜʥʳʡ ʦʯʘʛ ʯʫʤʳ, 2014; ɹʘʣʘʭʦʥʦʚ ʠ ʜʨ., 2009; ʗʨʳʛʠʥʘ 
ʠ ʜʨ., 2019, 2021]. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʧʦʩʦʙʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʧʦʜʚʝʪʚʝʡ ʠ ʢʣʘʩʪʝʨʦʚ ʘʣ-

ʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʧʝ-

ʮʠʬʠʯʝʩʢʠʝ SNPs: ʜʣʷ ʧʦʜʚʝʪʚʠ 0.PE4a-1 ï 0.PE4a-11 ʚ ʧʦʟʠʮʠʠ 330713 ʠ 0.PE4a-

12 ʚ ʧʦʟʠʮʠʠ 1393685; ʜʣʷ ʢʣʘʩʪʝʨʘ 0.PE4a-1-1 ï 0.PE4a-1-1 ʚ ʧʦʟʠʮʠʠ 959824; ʜʣʷ 

ʢʣʘʩʪʝʨʘ 0.PE4a-1-2 ï 0.PE4a-1-2 ʚ ʧʦʟʠʮʠʠ 493535; ʜʣʷ ʧʦʜʚʝʪʚʠ 0.PE4a-2 ï 

0.PE4a-21 ʚ ʧʦʟʠʮʠʠ 41536 ʠ 0.PE4a-22 ʚ ʧʦʟʠʮʠʠ 721592; ʜʣʷ ʢʣʘʩʪʝʨʘ 0.PE4a-2-2 

ï 0.PE4a-2-2 ʚ ʧʦʟʠʮʠʠ 3178225. ʅʘ ʥʘʡʜʝʥʥʳʝ ʩʧʝʮʠʬʠʯʥʳʝ SNPs ʙʳʣʠ ʨʘʩʩʯʠ-

ʪʘʥʳ ʧʨʘʡʤʝʨʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘ-

ʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʘʤʧʣʠʢʦʥʦʚ (ʊʘʙʣʠʮʘ 3.12). 

 

ʊʘʙʣʠʮʘ 3.12 ï ʅʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ, ʜʣʷ                   

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʧʦʜʚʝʪʚʝʡ ʠ ʢʣʘʩʪʝʨʦʚ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ              

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ 
ʅʘʟʚʘʥʠʝ  

ʤʠʰʝʥʠ  

(ʤʘʨʢʝʨ-

ʥʳʡ SNP) 

ʇʦʜʚʝʪʚʠ ʠ  

ʢʣʘʩʪʝʨʳ Y. pestis 

ʘʣʪʘʡʩʢʦʛʦ  

ʙʠʦʚʘʨʘ, ʩʦʜʝʨ-

ʞʘʱʠʝ ʵʪʦʪ SNP 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʘʡʤʝʨʦʚ, ʬʣʘʥʢʠʨʫʶʱʠʭ SNP 

0.PE4a-11 0.PE4a-1 0.PE4a-11-S ï TGGCCCCCAGTTGATGGCTG 

0.PE4a-11-AS ï TGGCCGCCTTCCTGAAACTCG 

0.PE4a-12 0.PE4a-1 0.PE4a-12-S ï AGCCGCTTAGCGTCATCTAACTGT 

0.PE4a-12-AS ï AGTCAACACCGCAAGTGATTGGAT 

 

0.PE4a-1-1 0.PE4a-1-1 0.PE4a-1-1-S ï CGCGGAAATCCTTCTCCTCTGGC 

0.PE4a-1-1-AS ï CGACGGGCCGATCATTCGCA 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 3.12 

0.PE4a-1-2 0.PE4a-1-2 0.PE4a-1-2-S ï TGCCTAAAAGGGTGATGAACGGAGT 

0.PE4a-1-2-AS ï AGGTATAGAGAAAAAGATAAAAGCCCA  

0.PE4a-21 0.PE4a-2 0.PE4a-21-S ï TGCCTATGATGCAATGGCCC 

0.PE4a-21-AS ï AGCCACCGCCAAGAAACGGA 

0.PE4a-22 0.PE4a-2 0.PE4a-22-S ï CCGGGCGTTCGCTAATCGCTA 

0.PE4a-22-AS ï GGCTTTGGTGAGTCCGTGGCA 

0.PE4a-2-2 0.PE4a-2-2 0.PE4a-2-2-S ï GCCTTTCCACTCACGATCCGCC 

0.PE4a-2-2-AS ï TCTGCGCGGGATAGCGGTCA 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʪ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤʤʦʚ Y. pestis ʢ ʦʪʜʝʣʴʥʳʤ ʧʦʜʚʝʪʚʷʤ ʠ ʢʣʘʩʪʝʨʘʤ 

ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ ʬʨʘʛʤʝʥʪʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʚʳʜʝʣʝʥʥʳʭ 

ʩ 1965 ʛ. ʧʦ 2020 ʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʄʦʥʛʦʣʠʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ SNP-ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʝʪʚʝʡ ʵʚʦ-

ʣʶʮʠʠ (ʂʫʨʘʡʩʢʘʷ, ʊʘʨʭʘʪʠʥʩʢʘʷ, ʋʣʘʥʜʨʳʢʩʢʘʷ ʠ ʄʦʥʛʦʣʴʩʢʘʷ), ʢʦʨʨʝʣʠʨʫʶ-

ʱʠʭ ʩ ʪʝʨʨʠʪʦʨʠʷʤʠ ʠʭ ʮʠʨʢʫʣʷʮʠʠ ʚ ʤʝʟʦʦʯʘʛʘʭ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨ-

ʥʦʛʦ ʦʯʘʛʘ ʯʫʤʳ, ʚ ʉʘʡʣʶʛʝʤʩʢʦʤ ʧʨʠʨʦʜʥʦʤ ʦʯʘʛʝ ʠ ʚ ɿʘʚʭʘʥʩʢʦʤ ʘʡʤʘʢʝ ʄʦʥ-

ʛʦʣʠʠ. ɺʳʷʩʥʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʛʝʥʝʪʠʯʝʩʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʰʪʘʤʤʦʚ ʘʣʪʘʡʩʢʦʛʦ 

ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ Y. pestis, ʯʪʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʮʠʨʢʫʣʷʮʠʠ ʰʪʘʤʤʦʚ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʤʠ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʈʘʟʨʘʙʦʪʘʥ ʢʦʤ-

ʧʣʝʢʪ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʢ 

ʦʪʜʝʣʴʥʳʤ ʧʦʜʚʝʪʚʷʤ ʠ ʢʣʘʩʪʝʨʘʤ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜ-

ʚʠʜʘ ʤʝʪʦʜʦʤ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ ʧʦ ɻʣʘʚʝ 3: 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʬʠʣʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʰʪʘʤʤʦʚ ʨʷʜʘ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ  ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʝʸ ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʪʨʘʥ: ʢʘʚʢʘʟʩʢʦʛʦ, ʫʣʝ-
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ʛʝʡʩʢʦʛʦ ʠ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʩ ʦʪʜʝʣʴʥʳʤ ʠʟʫʯʝʥʠʝʤ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠ-

ʨʠʪʴ ʩʧʝʢʪʨ ʩʚʝʜʝʥʠʡ ʦ ʛʝʥʝʪʠʯʝʩʢʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʠ ʵʚʦʣʶʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫ-

ʤʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠ-

ʜʦʚ ʨʘʟʨʘʙʦʪʘʥ rʢʦʤʧʣʝʢʪ rʧʨʘʡʤʝʨʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤ-

ʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʢ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ (0.PE5/1, 0.PE5/2-1, 0.PE5/2-2) 

ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ; ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ I, II  (ʦʪʜʝʣʴʥʦ IIa, IIb, IIc), III  

ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ; ʧʦʜʚʝʪʚʷʤ 0.PE4a-1 (ʦʪʜʝʣʴʥʦ ʢ ʢʣʘʩʪʝʨʘʤ 0.PE4a-1-1 ʠ 

0.PE4a-1-2), 0.PE4a-2 (ʦʪʜʝʣʴʥʦ ʢʣʘʩʪʝʨʫ 0.PE4a-2-2) ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥ-

ʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʩ ʧʦʤʦ-

ʱʴʶ ʤʝʪʦʜʘ ʇʎʈ-ʈɺ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʧʦʩʦʙʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʚʳʧʦʣʥʝ-

ʥʠʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʯʘʛʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʩʣʫʯʘʝʚ ʯʫʤʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʯʘʛʦʚ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʪʨʘʥʘʭ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ 

ʧʦʜʚʠʜʦʚ Y. pestis ʩ ʨʘʟʥʦʡ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ. 

ʋʪʦʯʥʝʥʘ ʠ ʨʘʩʰʠʨʝʥʘ ʚʥʫʪʨʠʚʠʜʦʚʘ ̫ʢʣʘʩʩʠʬʠʢʘʮʠ ̫ʚʠʜʘ Y. pestis, ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʝʪʩʷ ʩʝʤʴ ʦʪʜʝʣʴʥʳʭ ʧʦʜʚʠʜʦʚ: ʦʩʥʦʚʥʦʡ, ʢʘʚʢʘʟʩʢʠʡ 

(0.PE2), ʘʥʛʦʣʴʩʢʠʡ (0.PE3), ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ (0.PE4), ʫʣʝʛʝʡʩʢʠʡ (0.PE5), ʪʠ-

ʙʝʪʩʢʠʡ (0.PE7) ʠ ʮʠʥʭʘʡʩʢʠʡ (0.PE10) (ʈʠʩʫʥʦʢ 3.10). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʮʝʥʪʨʘʣʴ-

ʥʦʘʟʠʘʪʩʢʠʡ ʧʦʜʚʠʜ ʜʝʣʠʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʝʪʳʨʸʭ ʙʠʦʚʘʨʦʚ ï ʘʣʪʘʡʩʢʦʛʦ 

(0.PE4a), ʛʠʩʩʘʨʩʢʦʛʦ (0.PE4h), ʪʘʣʘʩʩʢʦʛʦ (0.PE4t) ʠ microtus (0.PE4m). ɺʧʝʨʚʳʝ ʚ 

ʦʪʜʝʣʴʥʳʡ ʮʠʥʭʘʡʩʢʠʡ ʧʦʜʚʠʜ Y. pestis ssp. qinghaica ʚʳʜʝʣʝʥʘ ʧʦʧʫʣʷʮʠʷ 0.PE10, 

ʨʘʥʝʝ ʥʝʦʧʨʘʚʜʘʥʥʦ ʦʪʥʦʩʠʤʘʷ ʢ ʚʝʪʚʠ 0.PE4. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʝ-

ʣʠʪ ʧʦʜʚʠʜʳ ʧʦ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ 

ʧʨʘʢʪʠʢʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʯʘʛʦʚ ʯʫʤʳ. 

ʐʪʘʤʤʳ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ Y. pestis ʚʳʩʦʢʦʚʠʨʫʣʝʥʪʥʳ ʠ ʵʧʠʜʝʤʠʯʝʩʢʠ ʟʥʘʯʠ-

ʤʳ. ʐʪʘʤʤʳ ʢʘʚʢʘʟʩʢʦʛʦ ï ssp. caucasica, ʪʠʙʝʪʩʢʦʛʦ ï ssp. tibetica, ʮʠʥʭʘʡʩʢʦʛʦ ï 

ssp. qinghaica ʠ ʘʥʛʦʣʴʩʢʦʛʦ ï ssp. angolica ʧʦʜʚʠʜʦʚ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʵʧʠʜʝʤʠʯʝ-

ʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴ.ʁ ʆʥʠ ʩʧʦʩʦʙʥʳ ʚʳʟʚʘʪʴ ʝʜʠʥʠʯʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʯʫʤʦʡ ʫ ʣʁ-
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ʜʝʡ, ʥʦ ʥʝ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʚʩʧʳʰʢʠ ʠ ʵʧʠʜʝʤʠʠ ʯʫʤʳ. ʇʨʠ ʵʪʦʤ ʪhʘʤʤʳ ʚʩʝʭ 

ʯʝʪʳʨʸʭ ʙʠʦʚʘʨʦʚ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ï ssp. central asiatica: ʘʣʪʘʡʩʢʠʡ, 

ʛʠʩʩʘʨʩʢʠʡ, ʪʘʣʘʩʩʢʠʡ ʠ microtus ʥʝ ʠʤʝʶʪ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ʉʚʦʡʩʪʚʘ ʠ 

ʚʠʨʫʣʝʥʪʥʦʩʪʴ ʰʪʘʤʤʦʚ  Y. pestis ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʠʧʠʟʘ-

ʮʠʠ ʦʯʘʛʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʦ ʠʭ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. 

 

 
ɼʝʥʜʨʦʛʨʘʤʤʘ Maximum Parsimony, ʧʨʦʛʨʘʤʤʘ BioNumerics 7.6 

ʈʠʩʫʥʦʢ 3.10 ï ʉʦʚʨʝʤʝʥʥʘʷ ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʦʜʚʠʜʦʚʘʷ        

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʠʜʘ Y. pestis 

 

ʄʫʪʘʮʠʠ ʚ ʛʝʥʘʭ, ʢʦʜʠʨʫʶʱʠʭ ʬʘʢʪʦʨʳ ʧʘʪʦʛʝʥʥʦʩʪʠ, ʫ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦ-

ʛʦ (astD, fyuA, hmsF, hmsT, yopH, yopT, yscG ʠ yscU), ʫʣʝʛʝʡʩʢʦʛʦ (yscQ) ʠ ʮʝʥ-

ʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ (ybtS) ʧʦʜʚʠʜʦʚ Y. pestis ʩʦʟʜʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ 

ʥʠʟʢʦʛʦ ʵʧʠʜʝʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʫ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ, ʫʣʝʛʝʡʩʢʦʛʦ ʠ ʮʝʥ-

ʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʦʚ Y. pestis.  
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ɻʃɸɺɸ 4 ʈɸɿʈɸɹʆʊʂɸ ʉʇʆʉʆɹɸ ɼɽʊɽʂʎʀʀ ʀ                            

ɼʀʌʌɽʈɽʅʎʀɸʎʀʀ ʐʊɸʄʄʆɺ ɺʆɿɹʋɼʀʊɽʃʗ ʏʋʄʓ ʆʉʅʆɺʅʆɻʆ 

ʀ ʅɽʆʉʅʆɺʅʓʍ ʇʆɼɺʀɼʆɺ (ʆʊɼɽʃʔʅʆ ɸʃʊɸʁʉʂʆɻʆ ɹʀʆɺɸʈɸ 

ʎɽʅʊʈɸʃʔʅʆɸɿʀɸʊʉʂʆɻʆ ʇʆɼɺʀɼɸ) ʄɽʊʆɼʆʄ ʇʎʈ-ʈɺ 

 

ɺ 2013ï2016 ʛʛ. ʚ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ ʧʨʠʨʦʜʥʦʤ ʦʯʘʛʝ ʚ ʈʝʩ-

ʧʫʙʣʠʢʝ ɸʣʪʘʡ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʩʣʫʯʘʠ ʯʫʤʳ ʯʝʣʦʚʝʢʘ [ɹʘʣʘʭʦʥʦʚ ʠ ʜʨ., 

2013, 2016]. ɼʦ ʵʪʦʛʦ ʚ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʤ ʧʨʠʨʦʜʥʦʤ ʦʯʘʛʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʮʠʨ-

ʢʫʣʷʮʠʷ ʣʠʰʴ ʰʪʘʤʤʦʚ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ (ʧʨʝ-

ʞʜʝ ʩʯʠʪʘʚʰʠʤʩʷ ʘʣʪʘʡʩʢʠʤ ʧʦʜʚʠʜʦʤ), ʢʦʪʦʨʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝ-

ʨʘʪʫʨ rʥʠʢʦʛʜʘ ʥʝ ʚʳʩʪʫʧʘʣ ʵʪʠʦʣʦʛʠʯʝʩʢʠʤ ʘʛʝʥʪʦʚ ʩʣʫʯʘʝʚ ʯʫʤr ʯʝʣʦʚʝʢʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ ʧʨʠʨʦʜʥʦʤ ʦʯʘʛʝ ʨʝʛʠʩʪʨʠʨʫ-

ʝʪʩʷ ʮʠʨʢʫʣʷʮʠʷ ʰʪʘʤʤʦʚ ʢʘʢ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ, 

ʪʘʢ ʠ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ, ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʪʝʧʝʥʠ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʠ ʩʚʦʝʡ ʵʧʠʜʝʤʠ-

ʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. ʇʦʵʪʦʤʫ ʩʪʘʣʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʧʦ ʩʦʟʜʘʥʠʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʦʩʥʦʚʥʦʛʦ ʠ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜ-

ʚʠʜʦʚ ʩ ʦʪʜʝʣʴʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʘʣʪʘʡʩʢʦʤʫ ʙʠʦʚʘʨʫ ʮʝʥ-

ʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʩʣʫʞʠʪ ʇʎʈ-ʈɺ 

[Rahalison et al., 2000; Kane et al., 2019]. ʇʎʈ-ʈɺ ʧʨʠʦʙʨʝʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʢʘʢ ʤʝʪʦʜ ʧʦ ʚʳʷʚʣʝʥʠʶ ʠ ʫʩʢʦʨʝʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ 

[Bai et al., 2020]. ʉʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʪʝʩʪ-ʩʠʩʪʝʤʳ ʜʣʷ ʦʩʫʱʝ-

ʩʪʚʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ Y. pestis: çɻʝʥ Yersinia pestis ʠʥʜʠʢʘʮʠʷ-

ʈɻʌè (ʨʝʛ. ʫʜ. ʌʉʈ 2011/12106), çɻʝʥ Yersinia pestis ʠʥʜʠʢʘʮʠʷ-ʈɻʌè (ʨʝʛ. ʫʜ. 

ʌʉʈ 2011/12105)è, çɸʤʧʣʠʉʝʥʩ Yersinia pestis-FLè (ʨʝʛ. ʫʜ. ʌʉʈ 2012/13303), 

çʆʄ-ʉʢʨʠʥ-ʏʫʤʘ-ʈɺè (ʨʝʛ. ʫʜ. ʈɿʅ 2015/2993). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʠ ʤʝʜʠʮʠʥʩʢʠʝ 

ʠʟʜʝʣʠʷ ʜʣʷ in vitro ʜʠʘʛʥʦʩʪʠʢʠ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʦʚʦʜʠʪʴ ʠʥʜʠʢʘʮʠʶ ʧʘʪʦʛʝʥʘ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦ-

ʩʪʠ ʢ ʦʩʥʦʚʥʦʤʫ ʧʦʜʚʠʜʫ ʠ ʥʝʦʩʥʦʚʥʳʤ ʧʦʜʚʠʜʘʤ ʩ ʦʪʜʝʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ 

ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞ-

https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Rahalison+L&cauthor_id=10618097
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Kane+SR&cauthor_id=31095987
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Bai+Y&cauthor_id=32783386
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ʥʫ  ʁʟʘʜʘʯʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʰʪʘʤʤʦʚ Y. pestis 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʚʳʷʚʣʝʥʠʷ ɼʅʂ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʧʨʝʜʝ-

ʣʝʥʠʝʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʩʥʦʚʥʦʤʫ ʠ ʥʝʦʩʥʦʚʥʳʤ ʧʦʜʚʠʜʘʤ, ʦʪʜʝʣʴʥʦʡ ʜʠʬʬʝ-

ʨʝʥʮʠʘʮʠʝʡ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ ʇʎʈ-ʈɺ 

(çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè). 

 

4.1 ʇʦʜʙʦʨ ɼʅʂ-ʤʠʰʝʥʝʡ, ʧʨʘʡʤʝʨʦʚ, ʟʦʥʜʦʚ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʇʎʈ-ʈɺ 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʩʨʘʚʥʠ-

ʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʰʪʘʤʤʦʚ 

ʯʫʤʥʦʛʦ ʤʠʢʨʦʙʘ ʨʘʟʣʠʯʥʳʭ ʚʝʪʚʝʡ ʵʚʦʣʶʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ NCBI GenBank ʩ 

ʮʝʣʴʶ ʥʘʭʦʞʜʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ɼʅʂ-ʤʠʰʝʥʝʡ ʩ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʚʥʫʪʨʠʚʠ-

ʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʜʠʢʘʮʠʠ ɼʅʂ Y. 

pestis ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʙʳʣʦ ʧʨʠʤʝʥʝʥʠʝ ʭʨʦʤʦ-

ʩʦʤʥʦʛʦ ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʛʦ ʛʝʥʘ yihN [ʂʫʢʣʝʚ, 2007]. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʠʬʬʝʨʝʥ-

ʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ Y. pestis ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʧʝʮʠʬʠʯʥʘ ̫ʜʝʣʝʮʠ ̫

89 ʧ.ʥ. ʚ ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ ilvN, ʘ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʘʣ-

ʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ï ʭʘʨʘʢʪʝʨʥʘʷ 

ʜʝʣʝʮʠʷ 90 ʧ.ʥ., ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʣʦʢʫʩʝ AK38_1327 [ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2017]. ɹʳʣʠ 

ʧʦʜʦʙʨʘʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʘʡʤʝʨʳ ʠ ʟʦʥʜʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʬʨʘʛʤʝʥʪʦʚ ʦʙʦʟʥʘʯʝʥʥʳʭ ʚʳʰʝ ʛʝʥʦʚ ʚ ʇʎʈ-ʈɺ (ʜʣʷ ʤʠʰʝʥʝʡ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ 

ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʠ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ï ʥʫʢʣʝʦʪʠʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʦʥ-

ʜʘ ʙʳʣʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ʦʙʣʘʩʪʠ ʜʝʣʝʮʠʠ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʝ ʨʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ: 

çʈʉ (ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ)-ʚʠʜè ï ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ yihN ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʪʝʢʮʠʝʡ ʫʨʦʚʥʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦ ʢʘʥʘʣʫ FAM; 
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çʈʉ-ʧʦʜʚʠʜè ï ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʫʯʘʩʪʢʦʚ ʛʝʥʦʚ ilvN ʠ AK38_1327 ʩ ʧʦʩʣʝ-

ʜʫʶʱʝʡ ʜʝʪʝʢʮʠʝʡ ʫʨʦʚʥʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦ ʢʘʥʘʣʘʤ FAM ʠ JOE ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʪʘʙʣʠʮʘ 4.1). 

 

ʊʘʙʣʠʮʘ 4.1 ï ʉʭʝʤʘ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʇʎʈ-ʈɺ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʘʢʮʠʦʥʥʳʭ 

ʩʤʝʩʝʡ çʈʉ-ʚʠʜè ʠ çʈʉ-ʧʦʜʚʠʜè ʚ ʧʨʠʙʦʨʘʭ ʪʠʧʘ RotorGene 

 

ɿʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʮʠʢʣʘ (Ct)  

ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ 

FAM/ 

Green 

FAM/ 

Green 

JOE/ 

Yellow 

yihN ilvN AK38_1327 

ʈʉ-ʚʠʜ ʈʉ-ʧʦʜʚʠʜ 

ʀ
ʩ
ʩ
ʣ
ʝ
ʜ
ʫ
ʝ
ʤ
ʳ
ʝ
 
ʧ
ʨ
ʦ
ʙ
ʳ

 

< 26 ½ < 25 
ɺ ʧʨʦʙʝ ʦʙʥʘʨʫʞʝʥʘ ɼʅʂ ʰʪʘʤʤʘ Y. pestis  

ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ 

< 26 < 28 ½ 

ɺ ʧʨʦʙʝ ʦʙʥʘʨʫʞʝʥʘ ɼʅʂ ʰʪʘʤʤʘ Y. pestis  

ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ  

ʧʦʜʚʠʜʘ 

< 26 < 28 < 25 

ɺ ʧʨʦʙʝ ʦʙʥʘʨʫʞʝʥʘ ɼʅʂ ʰʪʘʤʤʘ Y. pestis  

ʥʝʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ (ʥʝ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ) 

½ 

< 28 

ʠʣʠ  

½ 

< 25 

ʠʣʠ  

½ 

ɺ ʧʨʦʙʝ ɼʅʂ ʯʫʤʥʦʛʦ ʤʠʢʨʦʙʘ ʥʝ ʦʙʥʘʨʫʞʝʥʘ 

ʇʨʠ ʟʥʘʯʝʥʠʠ Ct ʧʦ ʦʜʥʦʤʫ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʤ ʢʘʥʘʣʘʤ 

ʈʝʟʫʣʴʪʘʪ ʥʝ ʧʦʜʣʝʞʠʪ ʫʯʸʪʫ. 

ʅʝʜʦʩʪʘʪʦʯʥʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʠ. ʅʝʦʙʭʦʜʠʤ ʧʦʚʪʦʨ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʙ ʧʦʩʣʝ ʦʙʦʛʘʱʝʥʠʷ > 26 ï 

< 28 

> 28 ï 

< 31 
> 25 ï < 27 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʸʤ ʧʦʜʦʙʨʘʥʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʘʤ-

ʧʣʠʬʠʢʘʮʠʠ ʚ ʇʎʈ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʨʘʡʤʝʨʘʤʠ ʠ ʟʦʥʜʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʠʙʦʨʦʚ ʪʠʧʘ RotorGene: ʜʝʥʘʪʫʨʘʮʠʷ ï 95 Áʉ ï 5 ʤʠʥ; ʮʠʢʣʠʨʦʚʘʥʠʝ (10 ʮʠʢʣʦʚ) 

ï 95 Áʉ ï 30 ʩ, 60 Áʉ ï 30 ʩ, 72 Áʉ ï 30 ʩ; ʮʠʢʣʠʨʦʚʘʥʠʝ 2 (35 ʮʠʢʣʦʚ) ï 95 Áʉ ï 15 

ʩ, 56 Áʉ ï 30 ʩ, 72 Áʉ ï 15 ʩ. ɼʝʪʝʢʮʠʶ ʫʨʦʚʥʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚʳʧʦʣʥʷʣʠ ʧʨʠ 56 

Áʉ (ʚʦ ʚʨʝʤʷ ʮʠʢʣʠʨʦʚʘʥʠʷ 2) ʧʦ ʢʘʥʘʣʘʤ FAM/Green (ʬʠʣʴʪʨ ʜʝʪʝʢʮʠʠ 460Ñ20 

ʥʤ), JOE/Yellow (ʬʠʣʴʪʨ ʜʝʪʝʢʮʠʠ 557Ñ5 ʥʤ). ʋʨʦʚʝʥʴ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʩʠʛʥʘʣʦʚ ʙʳʣ ʚʳʙʨʘʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʜʣʷ ʢʘʥʘʣʘ FAM/Green ï 10ï20 Fl, 

ʜʣʷ JOE/Yellow ï 5ï10 Fl. ɿʥʘʯʝʥʠʝ Threshold (ʧʦʨʦʛʦʚʦʡ ʣʠʥʠʠ) ʜʣʷ ʦʙʦʠʭ ʢʘʥʘ-

ʣʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʫʨʦʚʝʥʴ 0,05. ʆʧʮʠʷ ʫʩʪʨʘʥʝʥʠʝ ʚʳʙʨʦʩʦʚ ʩʦʩʪʘʚʠʣʘ ï 
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ʜʣʷ FAM/Green ï 5 %, ʜʣʷ JOE/Yellow ï 10 %. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ Ct (ʧʦʨʦʛʦʚʦʛʦ ʮʠʢʣʘ), ʧʨʠ ʢʦʪʦʨʦʡ 

ʨʝʟʫʣʴʪʘʪ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ: ʜʣʷ çʈʉ-ʚʠʜè ʧʦ ʢʘʥʘʣʫ FAM 

(Green) ʦʥʘ ʩʦʩʪʘʚʠʣʘ ʥʝ ʙʦʣʝʝ 26; ʚ çʈʉ-ʧʦʜʚʠʜè ʧʦ ʢʘʥʘʣʫ FAM (Green) ï ʥʝ ʙʦ-

ʣʝʝ 28, ʧʦ ʢʘʥʘʣʫ JOE(Yellow) ï ʥʝ ʙʦʣʝʝ 25 (ʊʘʙʣʠʮʘ 4.1, ʈʠʩʫʥʦʢ 4.1). 

 

 
ʈʠʩʫʥʦʢ 4.1 ï ɻʨʘʬʠʢʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘʙʦʨʘ ʨʝʘʛʝʥʪʦʚ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè ʥʘ ʧʨʠʙʦʨʝ ʪʠʧʘ RotorGene 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ʘʤʧʣʠ-

ʬʠʢʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʣʦʢʫʩʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʦʙʨʘʥ-

ʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩʦʩʪʘʚʠʣʘ ʥʝ ʤʝʥʝʝ 1³10
3 
ʤ.ʢ./ʤʣ, ʘ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ 100 % (ʊʘʙʣʠʮʳ 4.2, 4.3).  

 

4.2 ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʠ ʥʘ-

ʙʦʨʘ ʨʝʘʛʝʥʪʦʚ çɻʝʥʇʝʩʪ-ʠʥʜʠʢʘʮʠʷ-ʈɻʌè 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʤʝʜʠʮʠʥʩʢʦʝ ʠʟʜʝʣʠʝ 

(ʄʀ) çʅʘʙʦʨ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ɼʅʂ Yersinia pestis ʤʝʪʦʜʦʤ ʧʦʣʠʤʝʨʘʟʥʦʡ 

ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠ-

ʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʛʝʥ Yersinia pestis ʠʥʜʠʢʘʮʠʷ-ʈɻʌ)è (ʈʝʛ. ʫʜ. ˉ ʌʉʈ 
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2011/12106 ï 14.10.11). ʂʨʦʤʝ ʪʦʛʦ, ʰʪʘʤʤʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣʠ ʧʦ ʠʭ ʙʠʦʭʠʤʠ-

ʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʩ ʫʯʸʪʦʤ ʤʝʩʪʘ ʚʳʜʝʣʝʥʠʷ ʰʪʘʤʤʘ. 

 

ʊʘʙʣʠʮʘ 4.2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʄʀ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-

ʈɻʌè ʠ çɻʝʥʇʝʩʪ-ʠʥʜʠʢʘʮʠʷ-ʈɻʌè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʦʚ Y. pestis 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʨʦʙ 
ʏʠʩ-
ʣʦ 
ʧʨʦʙ 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʚ 
ʇʎʈ 

ʇʦʣʦʞʠ-
ʪʝʣʴʥʳʡ ʦʪ-
ʚʝʪ  

ʧʨʠ ʠʟʫʯʝ-
ʥʠʠ ʙʠʦʭʠ-
ʤʠʯʝʩʢʠʭ  
ʩʚʦʡʩʪʚ 
ʰʪʘʤʤʦʚ  
ʩ ʫʯʸʪʦʤ 
ʤʝʩʪʘ ʚʳʜʝ-
ʣʝʥʠʷ  

ɻʝʥʇʝʩʪ-
ʧʦʜʚʠʜ/ʘʣʪʘʡ-

ʈɻʌ 
çɻʝʥʇʝʩʪ-
ʠʥʜʠʢʘʮʠʷ-
ʈɻʌè ʉʝʨʠʷ 

06 
ʉʝʨʠʷ 

07 

ʇʨʦʙʳ ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ ʤʠʢʨʦʦʨʛʘʥʠʟ-
ʤʦʚ, ʩʦʜʝʨʞʘʱʠʝ Y. pestis ʚ ʢʦʥʮʝʥʪʨʘ-
ʮʠʠ 1Ĭ10

3
 ʤ.ʢ./ʤʣ, ʚ ʪʦʤ ʯʠʩʣʝ: 

16 16 16 16 - 

Y. pestis ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ 6 6 6 6 6 
Y. pestis ʘʣʪʘʡʩʢʦʛʦ ʧʦʜʚʠʜʘ 3 3 3 3 3 
Y. pestis ʜʨʫʛʠʭ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ 7 7 7 7 7 
ʇʨʦʙʳ ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʢʨʦʚʴ, 
ʤʦʢʨʦʪʘ, ʤʘʟʦʢ ʠʟ ʟʝʚʘ, ʤʦʯʘ, ʧʫʥʢʪʘʪʳ 
ʙʫʙʦʥʘ, ʦʪʜʝʣʷʝʤʦʝ ʷʟʚ, ʬʝʢʘʣʠʠ, ʣʠʢ-
ʚʦʨ), ʩʦʜʝʨʞʘʱʠʝ Y. pestis ʚ ʢʦʥʮʝʥʪʨʘ-
ʮʠʠ 1Ĭ10

3 
ʤ.ʢ./ʤʣ, ʚ ʪʦʤ ʯʠʩʣʝ: 

56 56 56 56 - 

Y. pestis ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ 8 8 8 8 8 
Y. pestis ʘʣʪʘʡʩʢʦʛʦ ʧʦʜʚʠʜʘ 8 8 8 8 8 
Y. pestis ʜʨʫʛʠʭ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ 40 40 40 40 40 
ʇʨʦʙʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʵʢʩ-
ʢʨʝʤʝʥʪʳ ʞʠʚʦʪʥʳʭ, ʩʫʩʧʝʥʟʠʠ ʦʨʛʘʥʦʚ 
ʞʠʚʦʪʥʳʭ, ʵʢʪʦʧʘʨʘʟʠʪʳ (ʢʣʝʱʠ, ʙʣʦ-
ʭʠ), ʦʩʪʘʪʢʠ ʧʠʱʠ ʠʟ ʛʥʸʟʜ ʭʠʱʥʳʭ 
ʧʪʠʮ, ʠʭ ʧʦʛʘʜʢʠ), ʩʦʜʝʨʞʘʱʠʝ Y. pestis 
ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ĭ10

3 
ʤ.ʢ./ʤʣ, ʚ ʪʦʤ 

ʯʠʩʣʝ: 

42 42 42 42 - 

Y. pestis ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ 6 6 6 6 6 
Y. pestis ʘʣʪʘʡʩʢʦʛʦ ʧʦʜʚʠʜʘ 6 6 6 6 6 
Y. pestis ʜʨʫʛʠʭ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ 30 30 30 30 30 
ʇʨʦʙʳ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
(ʧʦʯʚʘ), ʩʦʜʝʨʞʘʱʠʝ Y. pestis ʚ ʢʦʥʮʝʥ-
ʪʨʘʮʠʠ 1Ĭ10

3
 ʤ.ʢ./ʤʣ, ʚ ʪʦʤ ʯʠʩʣʝ: 

7 7 7 7 7 

Y. pestis ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ 1 1 1 1 1 
Y. pestis ʘʣʪʘʡʩʢʦʛʦ ʧʦʜʚʠʜʘ 1 1 1 1 1 
Y. pestis ʜʨʫʛʠʭ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ 5 5 5 5 5 
ʀʪʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʦʙ, ʩʦʜʝʨʞʘ-
ʱʠʭ Y. pestis ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ĭ10

3
 

ʤ.ʢ./ʤʣ 
121 121 121 121 121 
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ʊʘʙʣʠʮʘ 4.3 ï ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʄʀ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-

ʈɻʌè ʠ çɻʝʥʇʝʩʪ-ʠʥʜʠʢʘʮʠʷ-ʈɻʌè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʪʘʤʤʦʚ ʛʝʪʝʨʦʣʦʛʠʯʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʨʦʙ 

ʏʠʩ-

ʣʦ 

ʧʨʦʙ 

ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʦʪʚʝʪ ʚ 

ʇʎʈ 

ɻʝʥʇʝʩʪ-

ʧʦʜʚʠʜ/ʘʣʪʘʡ-

ʈɻʌ 
çɻʝʥʇʝʩʪ-

ʠʥʜʠʢʘ-

ʮʠʷ-ʈɻʌè ʉʝʨʠʷ 

06 

ʉʝʨʠʷ 

07 

ʇʨʦʙʳ ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ ʛʝʪʝʨʦʣʦʛʠʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟ-

ʤʦʚ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ĭ10
4
 ʤ.ʢ./ʤʣ 

24 24 24 24 

ʇʨʦʙʳ ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʢʨʦʚʴ, ʤʦʢʨʦʪʘ, ʤʘʟʦʢ 

ʠʟ ʟʝʚʘ, ʤʦʯʘ, ʧʫʥʢʪʘʪʳ ʙʫʙʦʥʘ, ʦʪʜʝʣʷʝʤʦʝ ʷʟʚ, ʬʝʢʘ-

ʣʠʠ, ʣʠʢʚʦʨ), ʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʣʦʛʠʯʥʳʝ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ĭ10
4
 ʤ.ʢ./ʤʣ 

5 5 5 5 

ʇʨʦʙʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʵʢʩʢʨʝʤʝʥʪʳ ʞʠ-

ʚʦʪʥʳʭ, ʩʫʩʧʝʥʟʠʠ ʦʨʛʘʥʦʚ ʞʠʚʦʪʥʳʭ, ʵʢʪʦʧʘʨʘʟʠʪʳ 

(ʢʣʝʱʠ, ʙʣʦʭʠ), ʦʩʪʘʪʢʠ ʧʠʱʠ ʠʟ ʛʥʸʟʜ ʭʠʱʥʳʭ ʧʪʠʮ, 

ʠʭ ʧʦʛʘʜʢʠ), ʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʣʦʛʠʯʥʳʝ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ĭ10
4
 ʤ.ʢ./ʤʣ 

5 5 5 5 

ʇʨʦʙʳ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʧʦʯʚʘ), ʩʦʜʝʨʞʘ-

ʱʠʝ ʛʝʪʝʨʦʣʦʛʠʯʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 

1Ĭ10
4
 ʤ.ʢ./ʤʣ 

1 1 1 1 

ʀʪʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʨʦʙ, ʩʦʜʝʨʞʘʱʠʭ  

ʛʝʪʝʨʦʣʦʛʠʯʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ  

1Ĭ10
4
 ʤ.ʢ./ʤʣ 

35 35 35 35 

 

ɺʦ ʚʩʝʭ ʧʨʦʙʘʭ ʜʣʷ ʰʪʘʤʤʦʚ ʚʩʝʭ ʧʦʜʚʠʜʦʚ ʠ ʙʠʦʚʘʨʦʚ Y. pestis ʙʳʣʘ ʦʪʤʝ-

ʯʝʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ ʪʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʇʎʈ-ʈɺ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʅʂ ʰʪʘʤʤʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʨʫʛʠʭ ʚʠʜʦʚ ʥʝ ʨʝʛʠʩʪʨʠʨʦ-

ʚʘʣʠʩʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʕʪʠ ʬʘʢʪʳ ʛʦʚʦʨʠʣʠ ʦ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʧʦʜʭʦʜʘ ʛʝʥʦʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʧʨʝʧʘʨʘʪʘ. ɹʘʟʠʨʫʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʊʋ 21.20.23-054-

01898109-2017 ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʠʟʛʦʪʦʚ-

ʣʝʥʳ 2 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʝʨʠʠ ʥʘʙʦʨʘ ʨʝʘʛʝʥʪʦʚ, ʥʘʟʚʘʥʥʦʛʦ çɻʝʥʇʝʩʪ-

ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè, ʠ ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʝʤʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙ-

ʣʠʮʝ 4.4. 
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ʊʘʙʣʠʮʘ 4.4 ï ʂʦʤʧʣʝʢʪʘʮʠʷ ʥʘʙʦʨʘ ʨʝʘʛʝʥʪʦʚ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè 
ʈʝʘʢʪʠʚ ʆʧʠʩʘʥʠʝ ʆʙʲʝʤ 

(ʤʣ) 

ʂʦʣʠʯʝʩʪʚʦ  

ʇʎʈ-ʩʤʝʩʴ-ʚʠʜ ʉʤʝʩʴ ʧʨʘʡʤʝʨʦʚ, ʟʦʥʜʘ, ʜʅʊʌ ʠ ʥʘʪʨʠʷ ʘʟʠʜʘ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯʥʫʶ ʨʦʟʦʚʘʪʫʶ ʞʠʜ-

ʢʦʩʪʴ 

0,25 1 ʧʨʦʙʠʨʢʘ 

ʇʎʈ-ʩʤʝʩʴ-

ʧʦʜʚʠʜ 

ʉʤʝʩʴ ʧʨʘʡʤʝʨʦʚ, ʟʦʥʜʦʚ, ʜʅʊʌ ʠ ʥʘʪʨʠʷ ʘʟʠʜʘ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯʥʫʶ ʨʦʟʦʚʘʪʫʶ ʞʠʜ-

ʢʦʩʪʴ 

0,25 1 ʧʨʦʙʠʨʢʘ 

ʇʎʈ-ʩʤʝʩʴ-ʈɻʌ ʇʨʦʟʨʘʯʥʘʷ ʙʝʩʮʚʝʪʥʘʷ ʞʠʜʢʦʩʪʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʊʨʠʩ-HCl; ʢʘʣʠʷ ʭʣʦʨʠʜʘ; ʤʘʛʥʠʷ ʭʣʦʨʠʜʘ; ʊween-

20, ʛʣʠʮʝʨʠʥʘ, ʘʟʠʜʘ ʥʘʪʨʠʷ 

0,5 2 ʧʨʦʙʠʨʢʠ 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʇʨʦʟʨʘʯʥʘʷ ʙʝʩʮʚʝʪʥʘʷ ʞʠʜʢʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʩʦʙʦʡ ʚʦʜʫ, ʩʚʦʙʦʜʥʫʶ ʦʪ ʥʫʢʣʝʘʟ 

1,0 1 ʧʨʦʙʠʨʢʘ 

Taq ɼʅʂ-

ʧʦʣʠʤʝʨʘʟʘ 

ʇʨʦʟʨʘʯʥʘʷ ʙʝʩʮʚʝʪʥʘʷ ʞʠʜʢʦʩʪʴ, ʷʚʣʷʶʱʘʷʩʷ 

ʬʝʨʤʝʥʪʦʤ ʩ ʘʢʪʠʚʥʦʩʪʴʶ 5 ʝʜ./ʤʢʣ 

0,04 1 ʧʨʦʙʠʨʢʘ 

ʊɽ-ʙʫʬʝʨ ʇʨʦʟʨʘʯʥʘʷ ʙʝʩʮʚʝʪʥʘʷ ʞʠʜʢʦʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ 

ʊʨʠʩ-HCl; Na2-ʕɼʊɸ 

1,0 2 ʧʨʦʙʠʨʢʠ 

ʇʂʆ ɼʅʂ 

Y. pestis 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʫʰʝʥʥʫʶ ɼʅʂ Y. pestis, ʚ 

ʚʠʜʝ ʩʣʝʜʘ ʦʪ ʚʳʩʫʰʝʥʥʦʡ ʢʘʧʣʠ ʥʘ ʜʥʝ ʧʨʦʙʠʨʢʠ; 

ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯʥʫ  ʁ

ʙʝʩʮʚʝʪʥʫ  ʁʞʠʜʢʦʩʪʴ 

0,1 3 ʧʨʦʙʠʨʢʠ 

 

ʇʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʘʙʦʨʘ ʨʝʘʛʝʥʪʦʚ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè ʚ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ. ʊʘʢ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʙʦʨʘ ʨʝʘʛʝʥ-

ʪʦʚ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʜʣʷ ʇʎʈ-ʩʤʝʩʴ-ʈɻʌ, ʇʎʈ-

ʩʤʝʩʴ-ʚʠʜ, ʇʎʈ-ʩʤʝʩʴ-ʧʦʜʚʠʜ, ʨʘʩʪʚʦʨʠʪʝʣʴ, ʇʂʆ ɼʅʂ Y. pestis ʠ ʊɽ-ʙʫʬʝʨ ï ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 2 ʜʦ 8 Áʉ; ʜʣʷ Taq ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ ʤʠʥʫʩ 

24 ʜʦ ʤʠʥʫʩ 16 Áʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʥʘʙʦʨ ʨʝʘʛʝʥʪʦʚ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè ʩʦʭʨʘ-

ʥʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚ. ɺ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ʦʪ 2 ʜʦ 8 Áʉ ï ʥʝ ʙʦʣʝʝ 2 ʩʫʪʦʢ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ ʤʠʥʫʩ 24 ʜʦ ʤʠʥʫʩ 16 

Áʉ ï ʥʝʦʛʨʘʥʠʯʝʥʥʦ. 
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4.3 ʇʨʦʚʝʜʝʥʠʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè ʩ  

ʦʧʨʝʜʝʣʝʥʠʝʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʠ 

 

ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʝʨʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝ-

ʜʠʮʠʥʩʢʦʛʦ ʠʟʜʝʣʠ ̫ʜʣʷ in vitro ʜʠʘʛʥʦʩʪʠʢʠ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 242 ʧʨʦʙ, ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʣʝʪʦʢ Y. pestis 

1³10
3
ʤ.ʢ./ʤʣ: 32 ʧʨʦʙʳ ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ, 112 ʧʨʦʙ ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 84 

ʧʨʦʙ rʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 14 ʧʨʦʙ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɹʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ 16 ʰʪʘʤʤʦʚ ʯʫʤʥʦʛʦ ʤʠʢʨʦʙʘ: 6 ï ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ, 3 ï ʘʣʪʘʡʩʢʦ-

ʛʦ ʙʠʦʚʘʨʘ, 1 ï ʛʠʩʩʘʨʩʢʦʛʦ ʙʠʦʚʘʨʘ, 1 ï ʰʪʘʤʤ ʙʠʦʚʘʨʘ microtus, 1 ï ʰʪʘʤʤ ʪʘ-

ʣʘʩʩʢʦʛʦ ʙʠʦʚʘʨʘ, 1 ï ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ, 3 ï ʢʘʚʢʘʟʩʢʦʛʦ ʧʦʜʚʠʜʘ. ʇʦʩʣʝ ʧʨʦ-

ʚʝʜʝʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʘʤʧʣʠʬʠʢʘʪʦʨʦʚ ʪʠʧʘ RotorGene ʚ 99,3 % ʩʣʫʯʘʝʚ. ʊʘʢʞʝ ʚ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʷʭ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ 70 ʧʨʦʙ ʩ ʛʝʪʝʨʦʣʦʛʠʯʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1³10
4 
ʤ.ʢ./ʤʣ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ 48 ʧʨʦʙ ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ, 10 ʧʨʦʙ ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 10 ï 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 2 ï ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʵʪʠʭ ʧʨʦʙʘʭ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʰʪʘʤʤʳ C. braakii, C. youngae, E. aerogenes, E. cloacae, E. coli, E. 

faecal, E. kobei, K. pneumoniae, L. monocytogenes, L. pneumophila, P. aeruginosa, P. 

mirabilis, P. vulgaris, S. aenteritidis, S. aureus, S. epidermidis, S. flexneri, S. 

gallinarum, S. saprophyticus, Y. enterocolitica, Y. pseudotuberculosis. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʵʪʠʭ ʧʨʦʙ ʙʳʣ ʧʦʣʫʯʝʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ 100 % ʧʨʦʙ. ʇʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʘʙʩʦʣʶʪʥʘʷ ʚʥʫʪʨʠ-, 

ʤʝʞʧʦʩʪʘʥʦʚʦʯʥʘʷ ʠ ʤʝʞʩʝʨʠʡʥʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʋʨʦʚʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʟʣʠʯʠʡ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ ʩʠʛʥʘʣʘʭ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʝ-

ʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʇʎʈ-ʈɺ, ʙʳʣ ʚʳʰʝ p < 

0,001 (ʚʝʨʦʷʪʥʦʩʪʴ 95 %). 

ɺ ʢʘʯʝʩʪʚʝ ʄʀ ʩʨʘʚʥʝʥʠʷ ʚ ʧʨʦʚʝʜʸʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʙʳʣ 

ʧʨʠʤʝʥʸʥ çʅʘʙʦʨ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ɼʅʂ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʤʝʪʦʜʦʤ ʧʦ-

ʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʩ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 
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(ɻʝʥʇʝʩʪ-ʠʥʜʠʢʘʮʠʷ-ʈɻʌ)è ʧʦ ʊʋ 9398-050-01898109-2014 ʧʨʦʠʟʚʦʜʩʪʚʘ ʌʂʋʅ 

ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ (ˉ ʈɿʅ 

2015/3011). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʄʀ çɻʝʥʇʝʩʪ-ʠʥʜʠʢʘʮʠʷ-

ʈɻʌè ʥʘ 121 ʧʨʦʙʘʭ, ʩʦʜʝʨʞʘʱʠʭ Y. pestis ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1³10
3
 ʤ.ʢ./ʤʣ (16 ʧʨʦʙ 

ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ, 56 ʧʨʦʙ ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 42 ï ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠ 7 ï ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ), ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ 100 

% ʩʣʫʯʘʝʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʀ ʩʨʘʚʥʝʥʠʷ çɻʝʥʇʝʩʪ-ʠʥʜʠʢʘʮʠʷ-ʈɻʌè ʥʘ 35 

ʧʨʦʙʘʭ (24 ʧʨʦʙʳ ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ, 5 ʧʨʦʙ ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 5 ï ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 1 ï ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ), ʩ ʛʝʪʝʨʦʣʦʛʠʯʥʳʤʠ ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʘʤʠ (C. braakii, C. youngae, E. aerogenes,      E. cloacae, E. coli, E. faecal, 

E. kobei, K. pneumoniae, L. monocytogenes, L. pneumophila, P. aeruginosa, P. mirabi-

lis, P. vulgaris, S. aenteritidis, S. aureus, S. epidermidis, S. flexneri, S. gallinarum, S. 

saprophyticus, Y. enterocolitica, Y. pseudotuberculosis) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1³10
4
 

ʤ.ʢ./ʤʣ, ʙʳʣ ʦʪʤʝʯʝʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ 100 % ʩʣʫʯʘʝʚ. ʇʦʜʪʚʝʨʞʜʝ-

ʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʢ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʧʦʜʚʠʜʫ ʠʣʠ 

ʙʠʦʚʘʨʫ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʩʨʘʚʥʝʥʠʷ ʚʳʧʦʣʥʷʣʠ, ʦʧʨʝʜʝʣʷ ̫ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʬʝʨʤʝʥʪʘʮʠʠ ʨʘʤʥʦʟʳ, ʘʨʘʙʠʥʦʟʳ, ʨʝʜʫʢʮʠʠ ʥʠʪʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘ ̫ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʝ ʰʪʘʤʤʘ (ʊʘʙʣʠʮʘ 4.5). ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʦʙ, ʩʦʜʝʨʞʘ-

ʱʠʭ Y. pestis ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 1Ĭ10
3 
ʤ.ʢ./ʤʣ, ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʚʝʨʥʦ ʧʦʜʚʠʜ ʠ ʙʠʦʚʘʨ 

ʚ 100,0 % ʩʣʫʯʘʝʚ. 

 

ʊʘʙʣʠʮʘ 4.5 ï ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤʤʦʚ Y. pestis ʢ ʦʧʨʝʜʝʣʸʥʥʦʤʫ 

ʧʦʜʚʠʜʫ ʠʣʠ ʙʠʦʚʘʨʫ ʧʦ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʤʝʩʪʫ ʚʳʜʝʣʝʥʠʷ 

ʇʦʜʚʠʜ/ʙʠʦʚʘʨ 
ʌʝʨʤʝʥʪʘʮʠʷ 
ʨʘʤʥʦʟʳ 

ʌʝʨʤʝʥʪʘʮʠʷ 
ʘʨʘʙʠʥʦʟʳ 

ʈʝʜʫʢʮʠʷ 
ʥʠʪʨʘʪʦʚ 

ʄʝʩʪʦ ʚʳʜʝʣʝʥʠʷ (ʦʯʘʛ) 

ʆʩʥʦʚʥʦʡ ʧʦʜʚʠʜ - + +/- ʅʝ ʫʯʠʪʳʚʘʶʪ 
ɸʣʪʘʡʩʢʠʡ  
ʙʠʦʚʘʨ 

+ - - 
ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ 

ɻʠʩʩʘʨʩʢʠʡ  
ʙʠʦʚʘʨ 

+ - - 
ʊʘʜʞʠʢʠʩʪʘʥ 

ʊʘʣʘʩʩʢʠʡ ʙʠʦʚʘʨ + - - ʂʠʨʛʠʟʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ  
ɹʠʦʚʘʨ microtus + - - ʂʠʪʘʡ, ʄʦʥʛʦʣʠʷ 
ʋʣʝʛʝʡʩʢʠʡ  
ʧʦʜʚʠʜ 

+ + - 
ʄʦʥʛʦʣʠʷ 

ʂʘʚʢʘʟʩʢʠʡ  
ʧʦʜʚʠʜ 

+ + + 
ʂʘʚʢʘʟ 
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ɺ ʠʪʦʛʝ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʛʦ ʄʀ ʜʣʷ in vitro ʜʠʘʛʥʦʩʪʠʢʠ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè ʩʦʛʣʘʩʥʦ ʊʋ 

21.20.23-054-01898109-2017 ʥʘ ʧʨʠʙʦʨʘʭ ʪʠʧʘ RotorGene. ɼʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʯʫʚʩʪ-

ʚʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ʥʝ ʤʝʥʝʝ 98,5 % ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴ  ʁ90 %, ʘ ʜʠ-

ʘʛʥʦʩʪʠʯʝʩʢʘʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ï ʥʝ ʤʝʥʝʝ 99 % ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴ  ʁ   

90 %. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʙʦʨ ʨʝʘʛʝʥʪʦʚ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʫʩʧʝʰʥʦ ʧʨʦʰʸʣ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʦʡ ʧʦ 

ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʚʳʜʘʥʦ ʨʝʛʠʩʪʨʘʮʠʦʥʥʦʝ ʫʜʦʩʪʦʚʝʨʝʥʠʝ ˉ ʈɿʅ 

2018/7338 ʦʪ 19.09.2022 (ʇʨʠʣʦʞʝʥʠʝ ɹ). ʅʘʙʦʨ ʨʝʘʛʝʥʪʦʚ çɻʝʥʇʝʩʪ-

ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè ʧʨʦʰʸʣ ʘʧʨʦʙʘʮʠʶ ʠ ʧʦʣʫʯʠʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʌʂʋɿ ʀʨʢʫʪʩʢʠʡ ʅʀʇʏʀ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʠ ʌʂʋɿ ʇʨʦʪʠʚʦʯʫʤ-

ʥʳʡ ʮʝʥʪʨ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʢʪʘʤʠ ʚʥʝ-

ʜʨʝʥʠʷ (ʇʨʠʣʦʞʝʥʠʷ ɺ, ɻ). 

 

ɿʘʢʣʶʯʝʥʠʝ ʧʦ ɻʣʘʚʝ 4: 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ 

ɼʅʂ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʩ-

ʥʦʚʥʦʤʫ ʠ ʥʝʦʩʥʦʚʥʳʤ ʧʦʜʚʠʜʘʤ, ʠ ʦʪʜʝʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦ-

ʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝʪʦʜʦʤ ʇʎʈ-ʈɺ, ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʨʦʚʝʜʝ-

ʥʠʷ in vitro ʜʠʘʛʥʦʩʪʠʢʠ ʤʝʪʦʜʦʤ ʇʎʈ (ʇʎʈ-ʪʝʩʪ ʩʠʩʪʝʤʘ çɻʝʥʇʝʩʪ-

ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè) ʜʣʷ ʚʳʷʚʣʝʥʠʷ ɼʅʂ ʰʪʘʤʤʦʚ Y. pestis ʚ ʧʨʦʙʘʭ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʙʲʝʢʪʦʚ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʦʜʥʦʚʨʝʤʝʥ-

ʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʩʥʦʚʥʦʤʫ ʠ ʥʝʦʩʥʦʚʥʳʤ ʧʦʜʚʠʜʘʤ ʩ ʦʪ-

ʜʝʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʝ-

ʪʦʜʦʤ ʇʎʈ-ʈɺ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʇʎʈ ʪʝʩʪ-ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʤʠ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦ-

ʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʙʦʨ ʨʝʘʛʝʥʪʦʚ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 

ʫʯʨʝʞʜʝʥʠʷʭ, ʦʙʣʘʜʘʶʱʠʭ ʣʠʮʝʥʟʠʝʡ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʦʙ-
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ʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʙʫʜʠʪʝʣʝʡ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪ-

ʥʳʭ IïII  ʛʨʫʧʧ ʧʘʪʦʛʝʥʥʦʩʪʠ, ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. 

ʄʀ ʜʣʷ in vitro ʜʠʘʛʥʦʩʪʠʢʠ çɻʝʥʇʝʩʪ-ʧʦʜʚʠʜ/ʘʣʪʘʡ-ʈɻʌè ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʦ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʪʝʨʠʘ-

ʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ ʣʠʮ ʣʶʙʦʛʦ ʧʦʣʘ ʠ ʚʦʟʨʘʩʪʘ ʩ ʧʦʜʦʟʨʝʥʠʝʤ ʥʘ ʯʫʤʫ ʥʝʟʘʚʠʩʠ-

ʤʦ ʦʪ ʬʦʨʤʳ ʠ ʥʘʣʠʯʠʷ ʤʘʥʠʬʝʩʪʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʭʦʜʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʯʫʤʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʙʠʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʞʠʚʦʪʥʳʭ-ʥʦʩʠʪʝʣʝʡ ʠ ʧʝʨʝʥʦʩʯʠʢʦʚ ʯʫʤʳ, ʦʙʲʝʢʪʦʚ ʦʢ-

ʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʙʦʨʘ 

ʨʝʘʛʝʥʪʦʚ ʚ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʤ ʚʳʩʦʢʦʛʦʨʥʦʤ ʧʨʠʨʦʜʥʦʤ ʦʯʘʛʝ ʠ ʩʦʧʨʝʜʝʣʴʥʦʛʦ 

ʉʘʡʣʶʛʝʤʩʢʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ ʄʦʥʛʦʣʠʠ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʘ 

ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʢʘʢ ʰʪʘʤʤʦʚ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ, ʪʘʢ ʠ ʘʣʪʘʡʩʢʦʛʦ 

ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ Y. pestis. 
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ɻʃɸɺɸ 5 ʀɿʋʏɽʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆ-ɺʈɽʄɽʅʅʓʍ 

ɿɸʂʆʅʆʄɽʈʅʆʉʊɽʁ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ʀ ɻɽʅɽʊʀʏɽʉʂʀʍ  

ʆʉʆɹɽʅʅʆʉʊɽʁ ʐʊɸʄʄʆɺ YERSINIA PESTIS ʃʀʅʀʀ  

ʕɺʆʃʖʎʀʀ 1.ORI  

 

ʉʚʝʜʝʥʠʷ ʦ ʰʪʘʤʤʘʭ Y. pestis, ʚʳʜʝʣʝʥʥʳʭ ʚ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ 

ɺʴʝʪʥʘʤ (ʉʈɺ), ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʳʤʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʠ 

ʰʪʘʤʤʳ ʦʪʥʦʩʷʪʩʷ ʢ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʚʠ 1.ORI ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦ-

ʛʦ ʧʦʜʚʠʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʪʠʧʠʯʥʳʤ ʥʘʙʦʨʦʤ ʧʣʘʟʤʠʜ, ʧʨʠ ʵʪʦʤ ʫ 

ʥʝʢʦʪʦʨʳʭ ʰʪʘʤʤʦʚ ʥʘʡʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʣʘʟʤʠʜʳ [ʌʠʣʠʧʧʦʚ ʠ ʜʨ., 1992]. 

A. Guiyole ʩ ʩʦʘʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʠʣʠ ʥʘʣʠʯʠʝ ʜʚʫʭ ʨʠʙʦʪʠʧʦʚ ʩʨʝʜʠ ʰʪʘʤʤʦʚ ʠʟ 

ɺʴʝʪʥʘʤʘ [Guiyoule et al., 1994]. ɸ ʀ.ʖ. ʉʫʯʢʦʚ ʩ ʩʦʘʚʪʦʨʘʤʠ ʤʝʪʦʜʦʤ MLVA  ʫʩ-

ʪʘʥʦʚʠʣʠ ʥʘʣʠʯʠʝ 16 MLVA -ʛʝʥʦʪʠʧʦʚ ʩʨʝʜʠ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ [ʉʫʯʢʦʚ ʠ ʜʨ., 

2003]. ʇʨʠ ʵʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ ʠ ʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʪʜʝʣʴʥʳʤ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳ-

ʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʯʫʤʳ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʉʈɺ ʚʦ ʚʨʝʤʷ ʪʨʝʪʴʝʡ ʧʘʥ-

ʜʝʤʠʠ, ʚʳʟʚʘʥʥʦʡ ʰʪʘʤʤʘʤʠ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ, ʠ ʠʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦ-

ʦʙʨʘʟʠʷ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʥʘʧʨʘʚ-

ʣʝʥʠʡ ʵʚʦʣʶʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʦʩʦʙʘ 

ʪʠʧʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ ʧʦ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʠʥʮʠʧʫ. 

ʀʟʫʯʝʥʠʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʰʪʘʤʤʦʚ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ 

ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʚʝʪʚʠ 1.ORI2 ʠʟ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ɺʴʝʪʥʘʤ 

ʐʪʘʤʤʳ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʷʚʠʣʠʩʴ ʵʪʠʦʣʦʛʠʯʝʩʢʠʤ 

ʘʛʝʥʪʦʤ ʪʨʝʪʴʝʡ ʧʘʥʜʝʤʠʠ ʯʫʤʳ ʠ ʙʳʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʤʦʨʩʢʠʤ ʧʫʪʸʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʩʥʳʤʠ ʪʦʨʛʦʚʳʤʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ 

ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʘʤʠ. ʇʨʠʚʥʝʩʝʥʠʝ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʥʘ ʥʦʚʳʝ ʪʝʨʨʠʪʦʨʠʠ ʩʦ-

ʧʨʦʚʦʞʜʘʣʦʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʥʦʩʦʤ ʦʜʥʦʛʦ ʰʪʘʤʤʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʣ ʢ ʵʧʠʟʦ-

ʦʪʠʠ ʩʠʥʘʥʪʨʦʧʥʳʭ ʢʨʳʩ, ʧʦʩʣʝ ʯʝʛʦ ʚʦʟʥʠʢʘʣʘ ʵʧʠʜʝʤʠʷ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʧʦʨʪʦ-



177 

 

ʚʳʭ ʛʦʨʦʜʦʚ ʩ ʜʘʣʴʥʝʡʰʝʡ ʜʠʩʩʝʤʠʥʘʮʠʝʡ ʚ ʩʝʣʴʩʢʫʶ ʤʝʩʪʥʦʩʪʴ ʠ ʩʪʘʥʦʚʣʝʥʠʝʤ 

ʦʯʘʛʦʚ ʩ ʜʠʢʠʤʠ ʛʨʳʟʫʥʘʤʠ ʚ ʚʠʜʝ ʨʝʟʝʨʚʫʘʨʘ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʙʣʘʛʦʧʨʠʷʪ-

ʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ [Vogler et al., 2008, 2011, 2019]. ʇʨʠ ʵʪʦʤ ʜʦ ʩʠʭ ʧʦʨ 

ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʵʢʩʧʘʥʩʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʚ ʪʝʯʝʥʠʝ ʪʨʝʪʴʝʡ ʧʘʥʜʝʤʠʠ ʦʩʪʘʶʪ-

ʩʷ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʥʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʧʦʣʥʦʛʝʥʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʪʘʤʤʦʚ Y. pestis, ʚʳʜʝʣʝʥʥʳʭ ʚ ʉʈɺ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʇʨʦʚʝʜʝʥʠʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʘʤʦʡ ʵʚʦʣʶʮʠʦʥʥʦ ʤʦʣʦ-

ʜʦʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʚʠ Y. pestis ï ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ 

ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʚʦ ʚʨʝʤʷ ʪʨʝʪʴʝʡ ʧʘʥʜʝʤʠʠ. 

ɺ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ 

ʙr ʣʦ ʠʟʫʯʝʥʦ 50 ʰʪʘʤʤʦʚ Y. pestis, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʭ ʚ ʉʈɺ ʩ 1962 ʧʦ 1989 ʛʛ. 

(ʊʘʙʣʠʮʳ 2.1, 5.1).  

 

ʊʘʙʣʠʮʘ 5.1 ς ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʰʪʘʤʤʳ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ, ʚʳʜʝʣʝʥʥʳʝ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʈɺ 
ʐʪʘʤʤ ɻʦʜ  

ʚʳʜʝʣʝʥʠʷ 

ʀʩʪʦʯʥʠʢ ʚʳʜʝʣʝʥʠʷ ʄʝʩʪʦ ʚʳʜʝʣʝʥʠʷ 

ʈ-14713 1988 ʥʝ ʠʟʚʝʩʪʝʥ ʛ. ʅʷʯʘʥʛ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

190 1981 ʦʪ R. rattus 10 ʨ-ʥ ʛ. ʍʦʰʠʤʠʥ 

ʂʄ753 1979 ʦʪ ʯʝʣʦʚʝʢʘ 5 ʨ-ʥ ʛ. ʍʦʰʠʤʠʥ 

79052 1979 ʦʪ ʯʝʣʦʚʝʢʘ 11 ʨ-ʥ ʛ. ʍʦʰʠʤʠʥ 

ʉ.373 1982 ʦʪ S. murinus ʢʦʣʭʦʟ ʂʘʤ ɼʫʦʥʛ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

190ɺ 1982 ʦʪ ʯʝʣʦʚʝʢʘ ʢʦʣʭʦʟ ʂʘʤ ɼʫʦʥʛ II 

215 1981 ʦʪ ʯʝʣʦʚʝʢʘ ʂʫʙʠ II, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

ʈ-13227 1985 ʦʪ ʯʝʣʦʚʝʢʘ ʛ. ʂʘʤʨʘʥʴ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

ʈ-13228 1987 ʦʪ R. exulans ʛ. ʂʘʤʨʘʥʴ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

ʈ-13234 1986 ʦʪ ʯʝʣʦʚʝʢʘ ʛ. ʂʘʤʨʘʥʴ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

296ɽ 1981 ʦʪ ʯʝʣʦʚʝʢʘ ʜʝʨʝʚʥʷ ʆʥʛ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

RN-69 1981 ʦʪ R. norvegicus ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

ʈ-14719 1988 ʦʪ ʯʝʣʦʚʝʢʘ 5 ʨ-ʥ ʛ. ʍʦʰʠʤʠʥ 

Saigon 64-1198 1964 ʥʝ ʠʟʚʝʩʪʝʥ ʛ. ʍʦʰʠʤʠʥ 

ʈ-13223 1985 ʦʪ R. exulans ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

ʈ-13270 1987 ʦʪ ʙʣʦʭʠ ʛ. ʍʦʰʠʤʠʥ 

ʈ-14720 1989 ʦʪ ʯʝʣʦʚʝʢʘ ʛ. ʍʦʰʠʤʠʥ 

ʈ-13250 1987 ʦʪ ʯʝʣʦʚʝʢʘ ʛ. ʍʦʰʠʤʠʥ 

129 1981 ʦʪ ʯʝʣʦʚʝʢʘ 6 ʨ-ʥ ʛ. ʍʦʰʠʤʠʥ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 5.1 

1328 Saigon  1968 ʥʝ ʠʟʚʝʩʪʝʥ ʛ. ʍʦʰʠʤʠʥ 

XC 84 1981 ʦʪ ʙʣʦʭʠ X. cheopis ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

ʉ.562 1981 ʦʪ S. murinus ʂʫʙʠ II, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

124 Dalat  1967 ʥʝ ʠʟʚʝʩʪʝʥ ʛ. ɼʘʣʘʪ, ʧʨʦʚʠʥʮʠʷ ʃʘʤʜʦʥʛ 

Nhatraung 4/307 1964 ʥʝ ʠʟʚʝʩʪʝʥ ʛ. ʅʷʯʘʥʛ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

Nhatraung 

64/300 

1964 ʥʝ ʠʟʚʝʩʪʝʥ ʛ. ʅʷʯʘʥʛ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

65/2 Nhatraung  1965 ʥʝ ʠʟʚʝʩʪʝʥ ʛ. ʅʷʯʘʥʛ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

Nhatraung 65/63  1965 ʥʝ ʠʟʚʝʩʪʝʥ ʛ. ʅʷʯʘʥʛ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

ʂʄ 762 1981 ʦʪ S. murinus ʜʝʨʝʚʥʷ ʆʥʛ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

ʂʄ 715 1981 ʦʪ R. exulans ʂʫʙʠ II, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

164ɸ 1981 ʦʪ ʯʝʣʦʚʝʢʘ ʜʝʨʝʚʥʷ ʆʥʛ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

203 1981 ʦʪ ʯʝʣʦʚʝʢʘ ʨ-ʥ ʊʘʥ ɹʠʥʴ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

371 1981 ʦʪ ʯʝʣʦʚʝʢʘ ʜʝʨʝʚʥʷ ʆʥʛ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

140 Dalat  1967 ʥʝ ʠʟʚʝʩʪʝʥ ʛ. ɼʘʣʘʪ, ʧʨʦʚʠʥʮʠʷ ʃʘʤʜʦʥʛ 

78046 1977 ʦʪ ʯʝʣʦʚʝʢʘ ʛ. ɼʘʣʘʪ, ʧʨʦʚʠʥʮʠʷ ʃʘʤʜʦʥʛ 

Saigon 

Nhatraung 62/3 

1962 ʥʝ ʠʟʚʝʩʪʝʥ ʛ. ʅʷʯʘʥʛ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

Saigon 64-1122 1964 ʥʝ ʠʟʚʝʩʪʝʥ ʛ. ʍʦʰʠʤʠʥ 

ʈ-14709 1988 ʦʪ R. exulans ʛ. ʍʦʰʠʤʠʥ 

ʈ-13272 1986 ʦʪ M. musculus ʧʣʘʪʦ ʊʘʡ ʅʛʫʝʥ 

ʈ-13226 1985 ʦʪ ʯʝʣʦʚʝʢʘ ʛ. ʂʘʤʨʘʥʴ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

ʈ-13242 1987 ʦʪ ʯʝʣʦʚʝʢʘ ʛ. ʅʷʯʘʥʛ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

ʉ.453 1981 ʦʪ R. exulans 6 ʨ-ʥ ʛ. ʍʦʰʠʤʠʥ 

154 1981 ʦʪ ʯʝʣʦʚʝʢʘ ʜʝʨʝʚʥʷ ʆʥʛ, ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

ʂʄ751 1978 ʦʪ ʯʝʣʦʚʝʢʘ ʧʨʦʚʠʥʮʠʷ ʃʦʥʛʘʥ 

78054 1978 ʦʪ ʯʝʣʦʚʝʢʘ ʧʨʦʚʠʥʮʠʷ ɹʠʥʴʪʭʫʘʥ 

ʈ-13229 1985 ʦʪ R. exulans ʛ. ʅʷʯʘʥʛ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

ʈ-14714 1988 ʦʪ R. rattus ʛ. ʅʷʯʘʥʛ, ʧʨʦʚʠʥʮʠʷ ʂʭʘʥʴʭʦʘ 

ʈ-13273 1986 ʦʪ ʯʝʣʦʚʝʢʘ ʧʣʘʪʦ ʊʘʡ ʅʛʫʝʥ 

ʈ-14716 1988 ʦʪ ʯʝʣʦʚʝʢʘ ʛ. ɺʠʥʴ, ʧʨʦʚʠʥʮʠʷ ʅʛʝʘʥ 

55-801 Saigon  1955 ʥʝ ʠʟʚʝʩʪʝʥ ʛ. ʍʦʰʠʤʠʥ 

ʂʄ761 1981 ʦʪ R. rattus ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ 

 

5.1 ʀʟʫʯʝʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʣʘʟʤʠʜʥʦʛʦ ʧʨʦʬʠʣʷ ʰʪʘʤʤʦʚ 

ʠʟ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ɺʴʝʪʥʘʤʘ 

 

ʀʟʫʯʝʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ ʧʦʢʘʟʘ-

ʣʦ, ʯʪʦ ʦʥʠ ʥʝ ʩʧʦʩʦʙʥ rʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʨʘʤʥʦʟʫ ʠ ʛʣʠʮʝʨʠʥ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʧʦ-

ʩʦʙʥʳ ʨʝʜʫʮʠʨʦʚʘʪʴ ʥʠʪʨʘʪʳ ʠ ʬʝʨʤʝʥʪʠʨʦʚʘʪʴ ʘʨʘʙʠʥʦʟʫ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʚʦʩʪʦʯʥʦʤʫ ʙʠʦʚʘʨʫ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ Y. pestis. ɺʩʝ ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʳʝ ʰʪʘʤʤʳ, ʚʳʜʝʣʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʈɺ, ʦʙʣʘʜʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴʶ ʨʦʩʪʘ 

ʦʪ ʥʘʣʠʯʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʧʨʠ 37 Áʉ (ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʣʠ ʰʪʘʤʤʳ Y. pestis ʈ-
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13229 ʠ 78054) ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʧʝʩʪʠʮʠʥ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʰʪʘʤ-

ʤʘ 78054). ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʰʪʘʤʤʳ ʬʦʨʤʠʨʦʚʘʣʠ ʧʠʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʢʦʣʦʥʠʠ 

ʧʨʠ ʧʦʩʝʚʘʭ ʥʘ ʪʚʸʨʜʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʩ ʛʝʤʠʥʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʬʘʢʪʳ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʦ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʠ-

ʣʠʩʴ ʰʪʘʤʤʳ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ 78054 ʠ ʈ-13229, ʢʦʪʦʨʳʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʣʠʰʠ-

ʣʠʩʴ ʧʨʠʟʥʘʢʦʚ ʢʘʣʴʮʠʡʟʘʚʠʩʠʤʦʩʪʠ ʠ ʧʝʩʪʠʮʠʥʦʛʝʥʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʨʘʥʝʥʠʷ. 

ʋ ʚʩʝʭ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ, ʚʟʷʪʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ ʇʎʈ-ʈɺ ʥʘʡʜʝʥʘ ʩʧʝʮʠ-

ʬʠʯʥʘʷ ʜʣʷ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʜʝʣʝʮʠʷ 93 ʧ.ʥ. ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ glpD 

ʛʣʠʮʝʨʦʣ-3-ʬʦʩʬʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʰʪʘʤʤʦʚ ʦʙʣʘʜʘʣʠ ʪʠʧʠʯʥʳʤ 

ʥʘʙʦʨʦʤ ʧʣʘʟʤʠʜ, ʥʝʩʷ ʚ ʩʚʦʸʤ ʛʝʥʦʤʝ ʪʨʠ ʨʝʟʠʜʝʥʪʥʳʝ ʧʣʘʟʤʠʜʳ ï pPst, pCad ʠ 

pFra, ʢʨʦʤʝ ʰʪʘʤʤʘ Y. pestis ʂʄ761, ʫ ʢʦʪʦʨʦʛʦ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʣʘʟʤʠʜ r

pFra, ʠ ʰʪʘʤʤʦʚ ʈ-13229 ʠ 78054, ʢʦʪʦʨʳʝ ʥʝ ʦʙʣʘʜʘʣʠ ʧʣʘʟʤʠʜʦʡ pCad. ʂʨʦʤʝ 

ʪʦʛʦ, ʫ ʰʪʘʤʤʘ 78054 ʥʝ ʙʳʣʘ ʥʘʡʜʝʥʘ ʧʣʘʟʤʠʜʘ pPst. ʆʪʩʫʪʩʪʚʠʝ ʧʣʘʟʤʠʜ ʥʘʭʦ-

ʜʠʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʫ ʵʪʠʭ ʰʪʘʤʤʦʚ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ, ʢʦʜʠʨʫʝʤʳʭ ʛʝʥʘʤʠ ʵʪʠʭ ʧʣʘʟʤʠʜ. 

 

5.2 ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ Y. pestis, ʚʳʜʝʣʝʥʥʳʭ ʚ  

ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ɺʴʝʪʥʘʤ 

 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʉʈɺ, 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 18 ʰʪʘʤʤʦʚ, 

ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʚ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩ-

ʧʦʪʨʝʙʥʘʜʟʦʨʘ, ʠ 22 ʛʝʥʦʤʦʚ ʰʪʘʤʤʦʚ ʨʘʟʣʠʯʥʳʭ ʚʝʪʚʝʡ ʵʚʦʣʶʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ 

ʯʫʤʳ ʠʟ NCBI GenBank (ʊʘʙʣʠʮʘ 2.2). ɺ NCBI GenBank ʥʘʤʠ ʜʝʧʦʥʠʨʦʚʘʥʳ ʧʦʣ-

ʥʦʛʝʥʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʣʝʜʫʶʱʠʭ ʰʪʘʤʤʦʚ Y. pestis: Saigon 64-1122, ʈ-

13242, 140 Dalat, ʈ-14709, P-13272, P-13273, Saigon Nhatraung 62/3. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙr ʣ ʦʙʥʘʨʫʞʝʥ 

1391 ʢʦʨʦʚʳʡ SNPs, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʜʝʥʜʨʦʛʨʘʤʤʘ 

Maximum Likelihood (ʈʠʩʫʥʦʢ 5.1). 
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ɸ.  

ɹ.  

ɸ. ɼʝʥʜʨʦʛʨʘʤʤʘ ʩ ʘʣʛʦʨʠʪʤʦʤ Maximum Likelihood, ʧʨʦʛʨʘʤʤʘ PhyML 3.1, ʤʦʜʝʣʴ HKY85;  

ɹ. ʂʣʘʩʪʝʨ 1.ORI2v 
ʈʠʩʫʥʦʢ 5.1 ï ʇʦʧʫʣʷʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʰʪʘʤʤʦʚ Y. pestis, ʚʳʜʝʣʝʥʥʳʭ ʚ ʉʈɺ ʚ 

1955ï1989 ʛʛ., ʧʦʣʫʯʝʥʥʘʷ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1391 ʢʦʨʦʚʦʛʦ SNPs ʚ  

ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ 40 ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʨʘʟʣʠʯʥʳʭ  

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ 
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ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʦʡ ʜʝʥʜʨʦʛʨʘʤʤʝ, ʰʪʘʤʤʳ, ʚʳʜʝʣʝʥʥʳʝ ʚ ʉʈɺ ʚ ʨʘʟʥʳʝ 

ʛʦʜʳ, ʦʪʥʦʩʠʣʠʩʴ ʢ ʨʘʟʥʳʤ ʚʝʪʚʷʤ ʵʚʦʣʶʮʠʠ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜ-

ʚʠʜʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ ʦʪʥʦʩʠʣʦʩʴ ʢ ʚʝʪʚʠ 1.ORI2v, ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʰʪʘʤʤʘʤʠ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʤʠ ʚ ʨʘʟʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ʉʈɺ. ʐʪʘʤʤʳ, ʩʬʦʨʤʠʨʦ-

ʚʘʚʰʠʝ ʵʪʦʪ ʢʣʘʩʪʝʨ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʷʭ ʉʈɺ: ʥʘ ʚʦʩʪʦʯʥʦʤ ʧʦ-

ʙʝʨʝʞʴʝ (ʛʦʨʦʜʘ ʂʘʤʨʘʥʴ ʠ ʅʷʯʘʥʛ), ʚ ʥʘʭʦʜʷʱʝʡʩʷ ʨʷʜʦʤ ʧʨʦʚʠʥʮʠʠ ɼʦʥʛ ʅʘʡ, ʚ 

ʛʦʨʦʜʝ ʍʦʰʠʤʠʥ ʠ ʧʨʦʚʠʥʮʠʠ ʃʦʥʛʘʥ, ʠ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʧʣʘʪʦ ʊʘʡ ʅʛʫʝʥ. ɹʳʣʦ 

ʚʳʷʩʥʝʥʦ, ʯʪʦ ʵʪʠ ʰʪʘʤʤʳ ʵʚʦʣʶʮʠʦʥʥʦ ʙʣʠʟʢʠ ʰʪʘʤʤʘʤ 1.ORI2, ʚʳʜʝʣʝʥʥʳʤ ʚ 

ʢʠʪʘʡʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʖʥʴʥʘʥʴ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ ʦ ʧʨʠʚʥʝʩʝʥʠʠ ʯʫʤʳ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʉʈɺ ʠʟ ʵʪʦʡ ʧʨʦʚʠʥʮʠʠ ʂʠʪʘʷ 

[Morelli et al., 2010]. 

ɼʚʘ ʰʪʘʤʤʘ ʥʘ ʜʝʥʜʨʦʛʨʘʤʤʝ ʥʘʭʦʜʠʣʠʩʴ ʚʥʝ ʚʝʪʚʠ 1.ORI2v. ʇʝʨʚʳʡ ʠʟ ʥʠʭ 

ï Y. pestis ʂʄ761 (ʧʨʦʚʠʥʮʠʷ ɼʦʥʛʥʘʡ, 1971 ʛ.) ʦʙʨʘʟʦʚʘʣ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʢʣʘ-

ʩʪʝʨ 1.ORI2vi ʚʤʝʩʪʝ ʩʦ ʰʪʘʤʤʦʤ India 195 (ʚʳʜʝʣʝʥ ʚ ʀʥʜʠʠ ʚ 1898 ʛ.), ʯʪʦ ʜʘʸʪ 

ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ ʟʘʥʦʩ ʤʦʨʩʢʠʤ ʧʫʪʸʤ ʠʟ ʀʥʜʠʠ. ɺʪʦʨʦʡ ʰʪʘʤʤ ï 55-801 

Saigon, ʚʳʜʝʣʝʥʥʳʡ ʚ ʛ. ʍʦʰʠʤʠʥ ʚ 1955 ʛ., ʦʙʨʘʟʦʚʘʣ ʥʘ ʜʝʥʜʨʦʛʨʘʤʤʝ ʦʪʜʝʣʴ-

ʥʫʶ ʚʝʪʚʴ 1.ORI1, ʦʙʦʟʥʘʯʝʥʥʫʶ ʥʘʤʠ ʢʘʢ 1.ORI1vi. ɼʣʷ ʢʣʘʩʪʝʨʦʚ 1.ORI2v ʠ 

1.ORI2vi ʥʘʤʠ ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ SNPs (ʊʘʙʣʠʮʘ 5.2) (ʚ ʧʦʟʠʮʠʷʭ 

260529 ʠ 1192040 ï ʜʣʷ 1.ORI2vi, ʠ ʚ ʧʦʟʠʮʠʠ 2133712 ï ʜʣʷ 1.ORI2v) ʠ ʨʘʩʩʯʠʪʘ-

ʥʳ ʧʨʘʡʤʝʨʳ ʜʣʷ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ ʤʝʪʦʜʦʤ ʇʎʈ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝ-

ʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʘʤʧʣʠʢʦʥʦʚ (ʊʘʙʣʠʮʘ 5.3). 

 

ʊʘʙʣʠʮʘ 5.2 ï SNPs, ʤʘʨʢʝʨʥʳʝ ʜʣʷ ʚʝʪʚʝʡ ʰʪʘʤʤʦʚ Y. pestis ʠʟ ʉʈɺ 
ʇʦʟʠʮʠʷ ʦʪ 

ʥʘʯʘʣʘ  

ʛʝʥʦʤʘ* 

ʄʫʪʘʮʠʷ ɺʝʪʚʠ, ʥʝʩʫʱʠʝ 

ʤʫʪʘʮʠʶ 

ʂʦʜʠʨʫʝʤʳʡ ʧʨʦʜʫʢʪ ɻʝʥ 

2133712 GŸA 1.ORI2v ʧʩʝʚʜʦʛʝʥ YPO1896 

260529 GŸA 1.ORI2vi ʙʝʣʦʢ ʩʝʢʨʝʮʠʠ ʪʠʧʘ III YPO0258 

1192040 GŸA 1.ORI2vi ʤʝʪʘʣʣʦʧʝʧʪʠʜʘʟʘ ʮʠʥʢʘ RseP YPO1051 

2896910 GŸA 1.ORI2v1 ʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʘ YPO2577 

1723761 CŸT 1.ORI2v2 ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʙʝʣʦʢ YPO1516 

3296601 TŸG 1.ORI2v2 ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʙʝʣʦʢ YPO2949 

1707224 GŸA 1.ORI2v3 - YPO1503ï

YPO1504** 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 5.2 

3974099 CŸT 1.ORI2v4 - YPO3559ï

sspB** 

3087850 CŸT 1.ORI2v5 5-ʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣ-2-

ʪʠʫʨʠʜʠʥʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ 

mnmC 

3875199 GŸA 1.ORI2v5 ABC ʪʨʘʥʩʧʦʨʪʝʨ ɸʊʌ-

ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ 

YPO3469 

1865245 TŸG 1.ORI2v6 ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʙʝʣʦʢ YPO1639 

2839029 CŸT 1.ORI2v6 ʤʝʥʘʭʠʥʦʥ-ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʠʟʦʭʦʨʠʟ-

ʤʘʪʩʠʥʪʘʟʘ 

menF 

2128697 GŸT 1.ORI2v3 ʠ 

1.ORI2v4 

ʨʝʛʫʣʷʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩʝʤʝʡʩʪʚʘ 

GntR 

YPO1890 

3409393 CŸA 1.ORI2v3 ʠ 

1.ORI2v4 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʙʝʣʦʢ YPO3050 

2592628 GŸA 1.ORI2v2, 

1.ORI2v3 ʠ 

1.ORI2v4 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʙʝʣʦʢ YPO2305 

623437 TŸC 1.ORI2v7 ʛʣʶʢʫʨʦʥʘʪʠʟʦʤʝʨʘʟʘ uxaC 

2956447 CŸT 1.ORI2v7 ʛʣʫʪʘʤʠʥʠʣ-ʪʈʅʂ-ʩʠʥʪʝʪʘʟʘ glnS 

3968300 CŸT 1.ORI2v7 ʩʫʙʲʝʜʠʥʠʮʘ ʘʣʴʬʘ ʛʣʫʪʘʤʘʪʩʠʥʪʘʟʳ gltB 

2418621 CŸT 1.ORI2v8 ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʙʝʣʦʢ YPO2149 

3074669 CŸT 1.ORI2v8 ʧʝʨʝʥʦʩʯʠʢ ʥʘʨʫʞʥʦʡ ʤʝʤʙʨʘʥʳ 

ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

fadL 

129253 GŸC 1.ORI2v9 ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʡ ʨʝʧʨʝʩʩʦʨ ʪʨʘʥʩ-

ʢʨʠʧʮʠʠ GlpR 

glpR 

441176 AŸG 1.ORI2v9 ʤʫʣʴʪʠʣʝʢʘʨʩʪʚʝʥʥʳʡ ʵʬʬʣʶʢʩʥʳʡ 

ʙʝʣʦʢ 

YPO0421 

83657 AŸG 1.ORI2v10 ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʡ ʨʝʛʫʣʷʪʦʨ ʪʨʘʥʩ-

ʢʨʠʧʮʠʠ CpxR 

cpxR 

883030 CŸT 1.ORI2v10 ʤʝʪʠʣ-ʘʢʮʝʧʪʦʨʥʳʡ ʙʝʣʦʢ ʭʝʤʦʪʘʢ-

ʩʠʩʘ 

cheD 

4189423 AŸG 1.ORI2v10 ʅɸɼʅ-ʧʠʨʦʬʦʩʬʘʪʘʟʘ nudC 

* ʋʢʘʟʘʥʘ ʧʦʟʠʮʠʷ ʧʦ ʛʝʥʦʤʫ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ Y. pestis ʉO92 (̄  NCBI GenBank 

NC_003143.1) 

** ʄʝʞʛʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

 

ʊʘʙʣʠʮʘ 5.3 ï ʅʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ 

ʜʝʪʝʢʮʠʠ ʚʝʪʚʝʡ 1.ORI2v ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ Y. pestis 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʘʡʤʝʨʦʚ ʅʘʟʚʘʥʠʝ  

ʤʠʰʝʥʠ 

ɺʝʪʚʠ, ʦʙʣʘʜʘʶʱʠʝ 

ʤʘʨʢʝʨʥʳʤ SNP 

1.ORI2v-S ï CCATCGGGTTGTGGCAAA  

1.ORI2v-As ï AACACCATCGCCACACCA  

1.ORI2v 1.ORI2v 

1.ORI2vi/1-S ï GGATTAATGGTGCACAGC  

1.ORI2vi/1-As ï GCCATACCAATAAAGGGA  

1.ORI2vi/1    1.ORI2vi 

1.ORI2vi/2-S ï TACTCTGGAGCCTGGCTGCGTT   

1.ORI2vi/2-As ï ACACGGACACCACAGCGC    

1.ORI2vi/2    1.ORI2vi 

1.ORI2v1-S ï GTTGCGGCAACAGTGTCA    

1.ORI2v1-As ï TTGTTGTGCCGCCGTGAT    

1.ORI2v1    1.ORI2v1 

1.ORI2v2/1-S ï TCTCTTCGGCAAAACGGG     

1.ORI2v2/1-As ï ATATGCGGCTGATTGGTCAC   

1.ORI2v2/1   1.ORI2v2 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 5.3 

1.ORI2v2/2-S ï CCAACAGCGTCAAGCGGT    

1.ORI2v2/2-As ï TCTCGCACCTCTATAAGCCG    

1.ORI2v2/2   1.ORI2v2 

1.ORI2v3-S ï TTTGAAGGAACGCGGTGC     

1.ORI2v3-As ï TGCCTGCCTATCTGTTACGG    

1.ORI2v3   1.ORI2v3 

1.ORI2v4-S ï CCGCCCTGAAGAGATAGAGC     

1.ORI2v4-As ï GCGTTGAGCAGGATGATGACA    

1.ORI2v4   1.ORI2v4 

1.ORI2v5/1-S ï CAGAATCTCGGCCACCAAT     

1.ORI2v5/1-As ï CTGCAACACTGGCTCAATATCA   

1.ORI2v5/1   1.ORI2v5 

1.ORI2v5/2-S ï CGCCCTCTTGTACCACCG     

1.ORI2v5/2-As ï ATCGTGGTCCTGCGTGAAG    

1.ORI2v5/2    1.ORI2v5 

1.ORI2v6/1-S ï TGTGTTGGCAGTTGGGCG    

1.ORI2v6/1-As ï TCAGGCAGCAGAACGCGAGT   

1.ORI2v6/1   1.ORI2v6 

1.ORI2v6/2-S ï TCTGTTAGTTGCCCGAATACCA    

1.ORI2v6/2-As ï GCTCAGACTCACTTTCCTCAAT   

1.ORI2v6/2   1.ORI2v6 

1.ORI2v34/1-S ï AGTCGCGATCACAGCCAA    

1.ORI2v34/1-As ï CAGCATCAGTAAGACGGGTTCA  

1.ORI2v3,4/1   1.ORI2v3 ʠ 

1.ORI2v4 

1.ORI2v34/2-S ï CAGGAAGAGTGGTTAATGCCG    

1.ORI2v34/2-As ï CGAGCGACATCACAAAATAGGA 

1.ORI2v3,4/2    1.ORI2v3 ʠ 

1.ORI2v4 

1.ORI2v2,3,4-S ï GGTTTCTTCCGTAGCCAA    

1.ORI2v2,3,4-As ï TCCGGGCTTTGTACGAGA     

1.ORI2v2,3,4    1.ORI2v2, 1.ORI2v3 

ʠ 1.ORI2v4 

1.ORI2v7/1-S ï TCTGCGCCACCACAAAGC    

1.ORI2v7/1-As ï ACTTTACAACCGTGGGCG    

1.ORI2v7/1    1.ORI2v7 

1.ORI2v7/2-S ï TATGCGGTTATGTTTGTTGCG   

1.ORI2v7/2-As ï AGATTTTGCATGGCCGAT 

1.ORI2v7/2     1.ORI2v7 

1.ORI2v7/3-S ï CAAACTGATTACCTGTGCCTCG    

1.ORI2v7/3-As ï ATACGGGTGGCGGCTTTT    

1.ORI2v7/3     1.ORI2v7 

1.ORI2v8/1-S ï TGGAATAGCCTCACGACG    

1.ORI2v8/1-As ï CGGGTGATGTGCAATGGA 

1.ORI2v8/1    1.ORI2v8 

1.ORI2v8/2-S ï AGCAATACCGACATCAACAGAG   

1.ORI2v8/2-As ï GTATTGCGTTAGGGACCACC    

1.ORI2v8/2    1.ORI2v8 

1.ORI2v9/1-S ï CGCCTTTTCTTCCGACCA    

1.ORI2v9/1-As ï GCAAACCATTCGGCGTGA    

1.ORI2v9/1   1.ORI2v9 

1.ORI2v9/2-S ï TGCGCAGGTGATGGTCCG   

1.ORI2v9/2-As ï ATAATCGCCTGTTCCGCCTGGG   

1.ORI2v9/2    1.ORI2v9 

1.ORI2v10/1-S ï GCACCATCAGCACTAGCA    

1.ORI2v10/1-As ï TCTGGGGAAACGATTGACC    

1.ORI2v10/1     1.ORI2v10 

1.ORI2v10/2-S ï CGCAATCATCCAACGGGT    

1.ORI2v10/2-As ï TCTTTGACGTGCCTATCCAG   

1.ORI2v10/2     1.ORI2v10 

1.ORI2v10/3-S ï ATTCCGTCCGGCTGGCAT    

1.ORI2v10/3-As ï TGGTGAATGGCAAGGGCA    

1.ORI2v10/3    1.ORI2v10 

 

C ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʧʨʘʡʤʝʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʇʎʈ-

ʘʤʧʣʠʢʦʥʳ ʠ ʧʨʦʚʝʜʝʥʘ ʤʦʣʝʢʫʣʷʨʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠ ̫32 ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ. ʉ ʠʭ 

ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʉʈɺ ʚ 1964ï

1988 ʛʛ., ʦʪʥʦʩʠʣʠʩʴ ʢ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʤʫ ʢʣʘʩʪʝʨʫ 1.ORI2v. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘ-

ʚʠʣ ʰʪʘʤʤ ʂʄ762, ʚʳʜʝʣʝʥʥʳʡ ʚ 1981 ʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʠʥʮʠʠ ɼʦʥʛʥʘʡ, ʪʘʢ 
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ʢʘʢ ʦʥ ʥʝʩʸʪ ʚ ʩʚʦʸʤ ʛʝʥʦʤʝ ʦʙʘ ʤʘʨʢʝʨʥʳʭ ʜʣʷ ʚʝʪʚʠ 1.ORI2vi SNPs ï 1.ORI2vi/1 

ʠ 1.ORI2vi/2 (GŸA ʚ 260529 ʧʦʟʠʮʠʠ ʛʝʥʘ YPO0258 ʠ GŸA ʚ 1192040 ʧʦʟʠʮʠʠ 

ʛʝʥʘ YPO1051 ʧʦ ʛʝʥʦʤʫ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ ʉʆ92) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʥʦʩʠʪ-

ʩ ̫ʢ ʚʝʪʚʠ 1.ORI2vi. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʦʡ ʜʝʥʜʨʦʛʨʘʤʤʝ, ʚʴʝʪʥʘʤʩʢʠʝ ʰʪʘʤʤʳ ʚʝʪʚʠ 1.ORI2v 

ʬʦʨʤʠʨʫʶʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʚʝʪʚʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʜʚʝ (1.ORI2v1, 1.ORI2v2,3,4) ʦʙʨʘ-

ʟʦʚʘʥʳ ʛʨʫʧʧʘʤʠ ʰʪʘʤʤʦʚ, ʘ ʰʝʩʪʴ (1.ORI2v5ï10) ʦʙʨʘʟʦʚʘʥʳ ʝʜʠʥʠʯʥʳʤʠ 

ʰʪʘʤʤʘʤʠ. ɹʳʣ ʧʨʦʚʝʜʸʥ ʧʦʠʩʢ SNPs, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʧʦʜʚʝʪʚʝʡ 

ʚʝʪʚʠ 1.ORI2v, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʜʠʩʩʝʤʠʥʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʉʈɺ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʚʝʪʚʴ 

1.ORI2v1, ʦʙʨʘʟʦʚʘʥʥʘʷ ʰʪʘʤʤʘʤʠ ʈ-13226, ʈ-13272 ʠ ʈ-13242, ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ-

ʥʡr SNP GŸɸ ʚ ʧʦʟʠʮʠʠ 2896910 ʚ ʛʝʥʝ YPO2577 (ʊʘʙʣʠʮʘ 5.2). ʅʘ ʵʪʦʪ SNP ʥʘ-

ʤʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʨʘʡʤʝʨʳ (ʊʘʙʣʠʮʘ 5.3) ʠ ʧʦʣʫʯʝʥʳ ʘʤʧʣʠʢʦʥʳ ʥʘ ɼʅʂ-

ʤʘʪʨʠʮʝ 31 ʰʪʘʤʤʘ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʚʝʨʛʥʫʪʳʝ ʬʨʘʛʤʝʥʪʥʦʤʫ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʘ ʥʫʢʣʝʦʪʠʜʥʘʷ ʟʘʤʝʥʘ ʙʳʣʘ ʥʘʡʜʝʥʘ ʫ ʪʨʸʭ ʰʪʘʤʤʦʚ: ʈ-13227, ʈ-

13228, ʈ-13234, ʚʳʜʝʣʝʥʥrʭ ʚ ʛʦʨʦʜʝ ʂʘʤʨʘʥʴ ʚ 1985ï1986 ʛʛ. ɹʘʟʠʨʫʷʩʴ ʥʘ ʧʦʣʫ-

ʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʫʤʦʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ, ʚʝʪʚʴ 1.ORI2v1 ʩʬʦʨʤʠʨʦʚʘ-

ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʰʪʘʤʤʘʤʠ, ʮʠʨʢʫʣʠʨʦʚʘʚʰʠʤʠ ʚ 1985ï1987 ʛʛ. ʚ ʧʦʨʪʦʚʳʭ 

ʛʦʨʦʜʘʭ ʂʘʤʨʘʥʴ ʠ ʅʷʯʘʥʛ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʚʦʩʪʦʯʥʦʤ ʧʦʙʝʨʝʞʴʝ ʉʈɺ ʨʘʟʜʝʣʸʥ-

ʥʳʝ 45 ʢʤ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʠʣʩʷ ʰʪʘʤʤ ʈ-13272, ʚʳʜʝʣʝʥʥʳʡ ʚ 1986 ʛʦʜʫ ʥʘ ʧʣʘ-

ʪʦ ʊʘʡ ʅʛʫʝʥ, ʯʪʦ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʟʘʥʦʩʦʤ ʥʘ ʵʪʫ ʪʝʨʨʠʪʦʨʠʶ. 

ɼʨʫʛʘʷ ʧʦʜʚʝʪʚʴ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʛʨʫʧʧʦʡ ʠʟ ʩʝʤʠ ʰʪʘʤʤʦʚ ï 1.ORI2v2,3,4, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʢʣʘʩʪʝʨʘ. ɺ ʛʝʥʦʤʘʭ ʰʪʘʤʤʦʚ ʵʪʦʡ ʧʦʜʚʝʪʚʠ 

ʥʘʡʜʝʥʘ ʤʘʨʢʝʨʥʘʷ ʤʫʪʘʮʠʷ ï ʟʘʤʝʥʘ GŸA ʚ 2592628 ʧʦʟʠʮʠʠ ʚ ʛʝʥʝ YPO2305. 

ʌʨʘʛʤʝʥʪʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʫʩʪʘʥʦʚʠʣʦ ʥʘʣʠʯʠʝ ʵʪʦʡ ʤʫʪʘʮʠʠ ʚ ʛʝʥʦʤʘʭ 9 

ʰʪʘʤʤʦʚ Y. pestis ï 190, 190ɺ, 215, 79052, ʉ.562, ʉ.373, ʂʄ715, ʂʄ753 ʠ ʈ-14713 

(ʊʘʙʣʠʮʘ 5.1), ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ 1981ï1982 ʛʛ. ʚ ʛʦʨʦʜʝ ʍʦʰʠʤʠʥ ʠ ʧʨʦ-

ʚʠʥʮʠʠ ɼʦʥʛʥʘʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ 1981ï1982 ʛʛ. ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦ-

ʨʠʠ ʙʳʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥ rʰʪʘʤʤʳ ʚʝʪʚʠ 1.ORI2v2,3,4. ʉʦ ʚʨʝʤʝʥʝʤ ʧʦʧʫʣʷʮʠʷ 

1.ORI2v2,3,4 ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʥʘ ʛʦʨʦʜ ʅʷʯʘʥʛ ʠ ʧʣʘʪʦ ʊʘʡ ʅʛʫʝʥ, ʩʬʦʨʤʠʨʦʚʘʚ 
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ʪʨʠ ʢʣʘʩʪʝʨʘ 1.ORI2v2, 1.ORI2v3 ʠ 1.ORI2v4. ʊʘʢʞʝ ʢ ʧʦʜʚʝʪʚʠ 1.ORI2v2,3,4 ʦʪ-

ʥʦʩʠʪʩʷ ʰʪʘʤʤ 78054, ʚʳʜʝʣʝʥʥʳʡ ʚ ʛʦʨʦʜʝ ʌʘʥʪʭʴʝʪ ʚ 1978 ʛ. ɻʦʨʦʜ ʌʘʥʪʭʴʝʪ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʨʨʘʜʠʘʮʠʠ ʰʪʘʤʤʦʚ ʧʦʜʚʝʪʚʠ 

1.ORI2v2,3,4 ʩ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʠʥʮʠʠ ʃʦʥʛʘʥ ʯʝʨʝʟ ʛʦʨʦʜ ʍʦʰʠʤʠʥ ʚ ʅʷʯʘʥʛ 

(ʈʠʩʫʥʦʢ 5.2). 

 

 
ɼʣʷ ʨʠʩʫʥʢʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʨʪʘ ʩ ʩʘʡʪʘ OpenStreetMap  

[URL: http://www.openstreetmap.org/copyright] 
ʈʠʩʫʥʦʢ 5.2 ï ʂʘʨʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʰʪʘʤʤʦʚ Y. pestis ʨʘʟʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ  

ʧʦʜʚʝʪʚʝʡ ʚ ʉʈɺ. ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʠʩʩʝʤʠʥʘʮʠʠ 

ʰʪʘʤʤʦʚ ʧʦʜʚʝʪʚʠ 1.ORI2v2,3,4  

 

ʇʝʨʚʳʡ ʢʣʘʩʪʝʨ ʧʦʜʚʝʪʚʠ 1.ORI2v2,3,4 1.ORI2v2 ʦʙʨʘʟʦʚʘʥ ʰʪʘʤʤʘʤʠ 154 ʠ 

ʂʄ751, ʚʳʜʝʣʝʥʥʳʤʠ ʚ ʧʨʦʚʠʥʮʠʷʭ ʃʦʥʛʘʥ ʠ ɼʦʥʛʥʘʡ ʚ 1978 ʛ. ʠ 1981 ʛ. ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʐʪʘʤʤʳ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ ʦʪʣʠʯʘʶʪʩʷ 6 ʤʘʨʢʝʨʥʳʤʠ SNPs, ʠʟ ʢʦʪʦʨʳʭ ʜʚʘ 

(CŸT ʚ 1723761 ʧʦʟʠʮʠʠ ʚ ʛʝʥʝ YPO1516 ʠ TŸG ʚ 3296601 ʧʦʟʠʮʠʠ ʚ ʛʝʥʝ 

YPO2949) ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʤʠ ʜʣʷ ʨʘʩʯʸʪʘ ʧʨʘʡʤʝʨʦʚ (ʊʘʙʣʠʮʳ 5.2, 5.3). ɺ ʇʎʈ ʩ 

ʵʪʠʤʠ ʧʨʘʡʤʝʨʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʤʧʣʠʢʦʥʳ ʥʘ ɼʅʂ-ʤʘʪʨʠʮʝ 31 ʰʪʘʤʤʘ ʩ 
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ʪʝʨʨʠʪʦʨʠʠ ʉʈɺ. ʉ ʧʦʤʦʱʴʶ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʘʤʧʣʠʢʦʥʦʚ ʙʳ-

ʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ 31 ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʰʪʘʤʤʘ ʥʝ ʦʙʣʘʜʘʣ ʵʪʠʤʠ ʛʝʥʝʪʠ-

ʯʝʩʢʠʤʠ ʤʘʨʢʝʨʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʪʝʨ 1.ORI2v2 ʩʬʦʨʤʠʨʦʚʘʥ ʜʚʫʤʷ ʰʪʘʤ-

ʤʘʤʠ 154 ʠ ʂʄ751, ʚʳʜʝʣʝʥʥʳʤʠ ʚ ʧʨʦʚʠʥʮʠʷʭ, ʛʨʘʥʠʯʘʱʠʭ ʩ ʛʦʨʦʜʦʤ ʍʦʰʠʤʠʥ 

(ʃʦʥʛʘʥ ʩ ʶʛʦ-ʟʘʧʘʜʘ, ɼʦʥʛʥʘʡ ʩ ʚʦʩʪʦʢʘ). ɺʝʨʦʷʪʥʦ, ʰʪʘʤʤʳ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ ʙʳʣʠ 

ʟʘʥʝʩʝʥʳ ʠʟ ʧʨʦʚʠʥʮʠʠ ʃʦʥʛʘʥ ʚ ʧʨʦʚʠʥʮʠ ʁɼʦʥʛʥʘʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤʤʦʚ ʢ ʧʦʜʚʝʪʚʠ 1.ORI2v3,4 ʙʳʣʠ ʚr -

ʙʨʘʥʳ ʜʚʝ ʩʧʝʮʠʬʠʯʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ ʟʘʤʝʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʦʟʠʮʠʷʭ 2128697 

(ʛʝʥ YPO1890) ʠ 3409393 (ʛʝʥ YPO3050). ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʧʝʨʚʦʡ ʟʘʤʝʥʳ ʚ ʛʝʥʦʤʘʭ ʰʪʘʤʤʦʚ ʈ-14713 (ʅʷʯʘʥʛ, 1988 ʛ.) ʠ 

ʂʄ753 (ʍʦʰʠʤʠʥ, 1979 ʛ.), ʘ ʚʪʦʨʘ ̫ʟʘʤʝʥʘ ʙʳʣʘ ʥʘʡʜʝʥʘ ʚ ʛʝʥʦʤʘʭ ʰʪʘʤʤʦʚ 

79052 (ʍʦʰʠʤʠʥ, 1979 ʛ.), ʂʄ753 ʠ ʈ-14713. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʪʘʤʤʳ ʧʦʜʚʝʪʚʠ 

1.ORI2v3,4 ʙʳʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʍʦʰʠʤʠʥʝ, ʦʪʢʫʜʘ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ ʚ ʅ̫-

ʯʘʥʛ (ʈʠʩʫʥʦʢ 5.2). 

ʂʣʘʩʪʝʨ 1.ORI2v3 ʧʨʝʜʩʪʘʚʣʝʥ ʰʪʘʤʤʘʤʠ ʈ-13229 ʠ ʈ-14714, ʚʳʜʝʣʝʥʥʳʤʠ ʚ 

ʛʦʨʦʜʝ ʅʷʯʘʥʛ ʚ 1985ï1989 ʛʛ. ʐʪʘʤʤʳ ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ ʠʤʝʶʪ ʚ ʩʚʦʠʭ ʛʝʥʦʤʘʭ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ SNP GŸA ʚ 1707224 ʧʦʟʠʮʠʠ (ʤʝʞʛʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

YPO1503ïYPO1504). ʅʦ ʩʨʝʜʠ 31 ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʰʪʘʤʤʘ ʥʠ ʦʜʠʥ ʥʝ ʠʤʝʣ SNP, 

ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ. ɺ ʠʪʦʛʝ ʢʣʘʩʪʝʨ 1.ORI2v3 ʦʙʨʘʟʦʚʘʥ ʜʚʫʤʷ ʰʪʘʤʤʘʤʠ, ʚʳʜʝ-

ʣʝʥʥʳʤʠ ʩ ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʚʠʥʮʠʡ ʩ ʧʦʨʪʦʚʳʤʠ ʛʦʨʦʜʘʤʠ. 

ʐʪʘʤʤʳ ʈ-13273, ʈ-14716, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ 1986ï1988 ʛʛ. ʦʪ ʙʦʣɹ-

ʥʳʭ ʣʶʜʝʡ ʥʘ ʧʣʘʪʦ ʊʘʡ ʅʛʫʝʥ ʠ ʚ ʛʦʨʦʜʝ ɺʠʥʴ, ʩʬʦʨʤʠʨʦʚʘʣʠ ʢʣʘʩʪʝʨ 1.ORI2v4, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣ ʥʘʡʜʝʥ ʤʘʨʢʝʨʥʳʡ SNP, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʟʘʤʝʥʫ CŸT ʚ ʧʦʟʠ-

ʮʠʠ 3974099 ʚ ʤʝʞʛʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ YPO3559-sspB. ʉʨʝʜʠ 31 ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ 

ʰʪʘʤʤʘ, ʥʠ ʦʜʠʥ ʥʝ ʥʸʩ ʚ ʩʚʦʸʤ ʛʝʥʦʤʝ ʵʪʦʛʦ ʩʧʝʮʠʬʠʯʥʦʛʦ SNP. ʄʳ ʧʦʣʘʛʘʝʤ, 

ʯʪʦ, ʵʪʘ ʚʝʪʚʴ ʵʚʦʣʶʮʠʠ ʙʳʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʧʣʘʪʦ ʊʘʡ ʅʛʫʝʥ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʙʳʣʘ ʟʘʥʝʩʝʥʘ ʚ ʧʨʦʚʠʥʮʠ ʁʅʛʝʘʥ. 

ɼʨʫʛʠʝ ʧʦʜʚʝʪʚʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʚʝʪʚʠ 1.ORI2v, ʦʙʨʘʟʦʚʘʥʳ ʝʜʠʥʠʯʥʳʤʠ 

ʰʪʘʤʤʘʤʠ. ʇʦʜʚʝʪʚʴ 1.ORI2v5 ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʰʪʘʤʤʦʤ ʉ.453, ʚʳʜʝʣʝʥʥʳʤ 

ʚ ʍʦʰʠʤʠʥʝ ʚ 1981 ʛ. ɼʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʵʪʦʡ ʧʦʜʚʝʪʚʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ 
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ʩʧʝʮʠʬʠʯʝʩʢʠʭ SNPs: ʟʘʤʝʥʘ CŸT ʚ ʧʦʟʠʮʠʠ 3087850 ʚ ʛʝʥʝ mnmC ʠ ʟʘʤʝʥʘ 

GŸA ʚ ʧʦʟʠʮʠʠ 3875199 ʚ ʛʝʥʝ YPO3469. ʕʪʠ SNPs ʙr ʣʠ ʥʘʡʜʝʥʳ ʫ ʰʪʘʤʤʘ       

Y. pestis 129 (ʍʦʰʠʤʠʥ, 1981 ʛ.), ʘ ʪʘʢʞʝ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʧʨʦʚʠʥʮʠʠ 

ɼʦʥʛʥʘʡ ï 164ɸ (ʚʳʜʝʣʝʥ ʚ 1981 ʛ.), 203 (ʚʳʜʝʣʝʥ ʚ 1981 ʛ.), 296ɽ (ʚʳʜʝʣʝʥ ʚ 1981 

ʛ.), 371 (ʚʳʜʝʣʝʥ ʚ 1981 ʛ.). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʢʣʘʩʪʝʨ 1.ORI2v5 ʦʙʨʘʟʦʚʘʥ ʧʷʪʴʶ 

ʰʪʘʤʤʘʤʠ, ʚʳʜʝʣʝʥʥʳʤʠ ʚ ʛʦʨʦʜʝ ʍʦʰʠʤʠʥ ʠ ʚ ʧʨʦʚʠʥʮʠʠ ɼʦʥʛʥʘʡ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʦʡ ʚʦʩʪʦʯʥʝʝ ʥʝʛʦ (ʈʠʩʫʥʦʢ 5.2). 

ʐʪʘʤʤ 78046, ʚʳʜʝʣʝʥʥʳʡ ʚ 1977 ʛ. ʚ ʛʦʨʦʜʝ ɼʘʣʘʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʬʦʨ-

ʤʠʨʦʚʘʣ ʧʦʜʚʝʪʚʴ 1.ORI2v6. ɼʣʷ ʵʪʦʡ ʧʦʜʚʝʪʚʠ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʩʧʝʮʠ-

ʬʠʯʝʩʢʠʭ ʟʘʤʝʥ ʥʫʢʣʝʦʪʠʜʦʚ: ʟʘʤʝʥʘ TŸG ʚ ʧʦʟʠʮʠʠ 1865245 ʚ ʛʝʥʝ YPO1639 ʠ 

ʟʘʤʝʥʘ CŸT ʚ ʧʦʟʠʮʠʠ 2839029 ʚ ʛʝʥʝ menF. ʕʪʠ ʤʘʨʢʝʨʥʳʝ SNP ʥʝ ʙʳʣʠ ʥʘʡʜʝ-

ʥ  rʥʠ ʫ ʦʜʥʦʛʦ ʠʟ ʰʪʘʤʤʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ɺʝʨʦʷʪʥʝʝ ʚʩʝ-

ʛʦ, ʧʦʜʚʝʪʚʴ 1.ORI2v6 ʧʦʣʫʯʠʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʠʥʮʠʠ ʃʘʤ-

ʜʦʥʛ ʜʦ 1981 ʛʦʜʘ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʘ ʩʤʝʥʝʥʘ ʧʦʜʚʝʪʚʴ  ʁ 1.ORI2v2,3,4 ʠ 

1.ORI2v9. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʰʪʘʤʤ ʈ-14709, ʚʳʜʝʣʝʥʥʳʡ ʦʪ ʯʝʣʦʚʝʢʘ ʚ 1988 ʛʦʜʫ ʚ ʍʦ-

ʰʠʤʠʥʝ, ʩʬʦʨʤʠʨʦʚʘʣ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʪʝʨ 1.ORI2v7, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʪʨʝʤʷ 

ʤʘʨʢʝʨʥʳʤʠ SNPs ʚ 623437, 2956447 ʠ 3968300 ʧʦʟʠʮʠʷʭ (ʚ ʛʝʥʘʭ uxaC, glnS ʠ 

gltB ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ̫ʚʣʷʶʱʠʤʠʩʷ ʟʘʤʝʥʘʤʠ ʥʫʢʣʝʦʪʠʜʦʚ ʊŸʉ, ʉŸʊ ʠ ʉŸʊ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʘʣʠʯʠʝ ʵʪʠʭ SNPs ʚ ʛʝʥʦʤʘʭ ʰʪʘʤʤʦʚ ʈ-13270, ʈ-13250, ʈ-14719 ʠ ʈ-14720, ʧʦ-

ʣʫʯʝʥʥʳʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʚʘʨʪʘʣʦʚ ʍʦʰʠʤʠʥʘ ʚ 1987ï1989 ʛʛ. ɺ ʠʪʦʛʝ, ʢʣʘʩʪʝʨ 

1.ORI2v7 ʦʙʲʝʜʠʥʷʝʪ ʙʦʣʝʝ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠ ʤʦʣʦʜʳʝ ʰʪʘʤʤ,r ʯʝʤ ʰʪʘʤʤʳ ʢʣʘ-

ʩʪʝʨʦʚ 1.ORI2v6 ʠ 1.ORI2v2,3,4, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚ ʍʦʰʠʤʠʥʝ ʚ 1977 ʛ. ʠ 1985ï

1887 ʛʛ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʣʘʩʪʝʨ 1.ORI2v8 ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʠʤ ʪhʘʤʤʦʤ Saigon 64-1122, ʧʦʣʫʯʝʥʥʳʤ 

ʚ ʛ. ʍʦʰʠʤʠʥ ʚ 1964 ʛ. ɼʣʷ ɻʪʦʛʦ ʢʣʘʩʪʝʨʘ ʪʘʢʞʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʤʘʨʢʝʨʥʳʝ ʤʫʪʘ-

ʮʠʠ: ʟʘʤʝʥʳ ʉŸʊ ʚ ʧʦʟʠʮʠʷʭ 2418621 ʠ 3074669 (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʝʥʳ YPO2149, 

fadL). ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʥʝ ʚʳʷʚʠʣ ʚ ʛʝʥʦʤʝ ʥʠ ʫ ʦʜʥʦʛʦ ʰʪʘʤʤʘ ʵʪʠʭ ʤʘʨʢʝʨ-
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ʥʳʭ ʟʘʤʝʥ ʥʫʢʣʝʦʪʠʜʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʰʪʘʤʤʳ ʵʪʦʡ ʚʝʪʚʠ ʵʚʦʣʶ-

ʮʠʠ ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʉʈɺ. 

ʂʣʘʩʪʝʨ 1.ORI2v9 ʩʬʦʨʤʠʨʦʚʘʥ ʪhʘʤʤʦʤ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ 140 Dalat, ʚʳʜʝ-

ʣʝʥʥʳʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʠʥʮʠʠ ʃʘʤʜʦʥʛ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʵʪʦʛʦ ʢʣʘʩʪʝʨʘ ʥʘʤʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 2 ʤʘʨʢʝʨʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʥʫʢʣʝʦʪʠʜʘ ʚ 

129253 ʠ 441176 ʧʦʟʠʮʠʷʭ (ʛʝʥʳ glpR, YPO0421), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʟʘʤʝʥʳ 

GŸC ʠ AŸG ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʵʪʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ 

ʝʱy ʫ ʜʚʫʭ ʰʪʘʤʤʦʚ ï RN-69 ʠ 124 Dalat, ʚʳʜʝʣʝʥʥʳʭ ʚ 1981ï1982 ʛʛ. ʚ ʧʨʦʚʠʥ-

ʮʠʠ ʃʘʤʜʦʥʛ. ɺ ʠʪʦʛʝ ʢʣʘʩʪʝʨ 1.ORI2v9 ʦʙʨʘʟʦʚʘʥ 3 ʰʪʘʤʤʘʤʠ ʠʟ ʧʨʦʚʠʥʮʠʠ 

ʃʘʤʜʦʥʛ. 

ʂʨʦʤʝ ʪʦʛʦ ʰʪʘʤʤ Saigon Nhatraung 62/3, ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʜʝʣʝʥ ʚ 1962 ʛ. ʚ 

ʛʦʨʦʜʝ ʅʷʯʘʥʛ, ʥʘ ʜʝʥʜʨʦʛʨʘʤʤʝ ʩʬʦʨʤʠʨʦʚʘʣ ʢʣʘʩʪʝʨ 1.ORI2v10, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʭʘʨʘʢʪʝʨʥʳ 3 ʤʘʨʢʝʨʥʳʭ SNPs ï ʟʘʤʝʥʳ AŸG, ʉŸʊ ʠ CŸG ʚ 83657, 883030 ʠ 

4189423 ʧʦʟʠʮʠʷʭ (ʛʝʥ  rcpxR, cheD, nudC) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʟ ʵʪʠʭ 

ʤʘʨʢʝʨʥʳʭ SNPs ʥʠ ʦʜʠʥ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʫ ʠʟʫʯʝʥʥʳʭ ʰʪʘʤʤʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʦʛʦ ʘʥʘʣʠʟʘ 50 ʰʪʘʤʤʦʚ ʚʦʟʙʫʜʠʪʝʣʷ 

ʯʫʤʳ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʉʈɺ ʚ 1955ï1989 ʛ., ʠʟ ʢʦʪʦʨʳʭ ʜʣʷ 18 ʧʨʦʚʝʜʝʥʦ ʧʦʣʥʦʛʝ-

ʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ, ʘ 32 ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝ-

ʥʠʨʦʚʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʘ ʠʭ ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ ʠʟ 

ʉʈɺ ʜʝʣʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ: ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʰʪʘʤʤʦʚ 

ʬʦʨʤʠʨʫʝʪ ʚʝʪʚʴ 1.ORI2v, ʜʚʘ ʰʪʘʤʤʘ ʬʦʨʤʠʨʫʶʪ ʦʪʜʝʣʴʥʫʶ ʚʝʪʚʴ (1.ORI2vi) ʩʦ 

ʰʪʘʤʤʦʤ ʠʟ ʀʥʜʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʚʝʪʚʠ 1.ORI2, ʘ hʪʘʤʤ 55-801 Saigon ʨʘʩʧʦʣʦʞʝʥ 

ʦʪʜʝʣʴʥʦ ʚ ʩʦʩʪʘʚʝ 1.ORI1. 

ɺʝʪʚʴ 1.ORI2v ʨʘʟʜʝʣʷʝʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʝʩʷʪʠ ʧʦʜʚʝʪʚʝʡ 1.ORI2v1ï10, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʤʝʩʪʫ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʣʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʠʭ ʰʪʘʤʤʦʚ (ʈʠ-

ʩʫʥʢʠ 5.1, 5.2). ʈʷʜ ʚʝʪʚʝʡ ʥʝ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʙʳʣ ʭʘʨʘʢʪʝ-

ʨʝʥ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ ʉʈɺ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʠʥʮʠʠ ʃʘʤʜʦʥʛ ʩʦ ʩʪʦʣʠʮʝʡ ɼʘʣʘʪ ʫʩʪʘʥʦʚʣʝʥʘ ʮʠʨʢʫʣʷ-

ʮʠʷ ʜʚʫʭ ʧʦʜʚʝʪʚʝʡ 1.ORI2v6 (1977 ʛ.) ʠ 1.ORI2v9 (1981ï1982 ʛʛ.), ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʜʥʠʤ ʠ ʧʷʪʴʶ ʰʪʘʤʤʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʡʜʝʥʘ ʧʦʜʚʝʪʚʴ ʠʟ 
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ʰʝʩʪʠ ʰʪʘʤʤʦʚ 1.ORI2v1, ʰʪʘʤʤʳ ʢʦʪʦʨʦʡ ʮʠʨʢʫʣʠʨʦʚʘʣʠ ʚ ʛʦʨʦʜʝ ʂʘʤʨʘʥʴ ʚ 

1985ï1987 ʛʛ. ɺ ʥʘʩʝʣʸʥʥʦʤ ʧʫʥʢʪʝ ʅʷʯʘʥʛ ʦʙʥʘʨʫʞʝʥʘ ʮʠʨʢʫʣʷʮʠʷ ʜʚʫʭ ʧʦʜʚʝʪ-

ʚʝʡ: 1.ORI2v10 (ʩʬʦʨʤʠʨʦʚʘʥʘ ʦʜʥʠʤ ʰʪʘʤʤʦʤ, ʚʳʜʝʣʝʥʥʳʤ ʚ 1962 ʛ.) ʠ 

1.ORI2v3 (ʧʨʝʜʩʪʘʚʣʝʥʘ 2 ʰʪʘʤʤʘʤʠ 1985ï1989 ʛʛ.). ɼʣʷ ʛʦʨʦʜʘ ʍʦʰʠʤʠʥ ʙʳʣʠ 

ʭʘʨʘʢʪʝʨʥʳ ʯʝʪʳʨʝ ʧʦʜʚʝʪʚʠ ʚ ʨʘʟʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ: 1.ORI2v5 (1981 ʛ.) ï 

ʰʝʩʪʴ ʰʪʘʤʤʦʚ, 1.ORI2v7 (1988 ʛ.) ï ʧʷʪʴ ʰʪʘʤʤʦʚ, 1.ORI2v8 (1964 ʛ.) ï ʦʜʠʥ 

ʰʪʘʤʤ, 1.ORI2v2,3,4 (1981ï1982 ʛʛ.) ï ʰʝʩʪʥʘʜʮʘʪʴ ʰʪʘʤʤʦʚ. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʨʦʜʩʪʚʦ ʧʦʜʚʝʪʚʝʡ ʚʝʪʚʠ 

1.ORI2v2,3,4 (1.ORI2v2, 1.ORI2v3 ʠ 1.ORI2v4). ʕʪʘ ʚʝʪʚʴ ʙʝʨʝʪ ʩʚʦʸ ʥʘʯʘʣʦ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ  ʧʨʦʚʠʥʮʠʠ ʃʦʥʛʘʥ (1978ï1981 ʛʛ.) ʠ ʚ ʛʦʨʦʜʝ ʌʘʥʪʭʴʝʪ ʩʪʦʣʠʮʝ ʧʨʦ-

ʚʠʥʮʠʠ ɹʠʥʴʪʭʫʘʥ (1978 ʛ.), ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʛʦʨʦʜ ʍʦʰʠʤʠʥ 

(1981ï1982 ʛʛ.), ʟʘʪʝʤ ï ʚ ʩʪʦʣʠʮʫ ʧʨʦʚʠʥʮʠʠ ʂʭʘʥʴʭʦʘ ʛʦʨʦʜ ʅʷʯʘʥʛ (1985ï1989 

ʛʛ.), ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ï ʥʘ ʧʣʘʪʦ ʊʘʡ ʅʛʫʝʥ (1986ï1988 ʛʛ.) ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʧʨʦ-

ʚʠʥʮʠʠ ʅʛʝʘʥ (1988 ʛ.). 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʫʞʠʪ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʟʘ-

ʥʦʩ ʯʫʤʳ ʚ ʉʈɺ ʧʨʦʠʩʭʦʜʠʣ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠ ʦʙʫʩʣʦʚʣʝʥ ʧʝʨʝʜʘʯʝʡ ʠʥʬʝʢʮʠʠ ʩʠ-

ʥʘʥʪʨʦʧʥʳʤʠ ʢʨʳʩʘʤʠ ʥʘ ʢʦʨʘʙʣʷʭ ʠʟ ʂʠʪʘʷ ʠ ʩʫʭʦʧʫʪʥʳʤ ʧʫʪʸʤ ʩ ʪʝʨʨʠʪʦʨʠʠ 

ʙʣʠʟʣʝʞʘʱʝʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ ʯʫʤʳ ʚ ʧʨʦʚʠʥʮʠʠ ʖʥʴʥʘʥʴ. ʊʘʢʞʝ, ʜʚʘ ʚʴʝʪ-

ʥʘʤʩʢʠʭ ʰʪʘʤʤʘ ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʥʘ ʜʝʥʜʨʦʛʨʘʤʤʝ ʚ ʦʜʥʦʤ ʢʣʘʩʪʝʨʝ ʩ ʠʥʜʠʡʩʢʠʤ 

ʰʪʘʤʤʦʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʤ ʟʘʥʦʩʝ ʯʫʤʳ ʚ ʉʈɺ ʚ 1981 ʛʦʜʫ ʠʟ 

ʀʥʜʠʠ. 

ʀʟʥʘʯʘʣʴʥʦ ʰʪʘʤʤʳ Y. pestis ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʠʟ ɻʦʥʢʦʥʛʘ ʚ ʧʨʠʙʨʝʞʥʳʡ ʛʦ-

ʨʦʜ ʅʷʯʘʥʛ ʚ 1898 ʛ., ʘ ʧʦʪʦʤ ʙʳʣʠ ʨʘʟʥʝʩʝʥʳ ʧʦ ʧʨʠʙʨʝʞʥʳʤ ʪʝʨʨʠʪʦʨʠʷʤ 

ʚʧʣʦʪʴ ʜʦ ʶʞʥʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ. ʅʘ ʪʝʨʨʠʪʦʨʠʶ ʩʝʚʝʨʥʳʭ ʧʨʦʚʠʥʮʠʡ ʯʫʤʘ ʧʨʦ-

ʥʠʢʣʘ ʚ 1908 ʛʦʜʫ, ʧʦʨʘʟʠʚ ʍʘʥʦʡ. ɿʘʪʝʤ ʯʫʤʘ ʜʦʩʪʠʛʣʘ ʛʨʘʥʠʮʳ ʩ ʂʘʤʙʦʜʞʝʡ ʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʉʈɺ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʚ 1943 ʛʦʜʫ ʯʫʤʘ ʙʳʣʘ ʟʘʥʝʩʝʥʘ ʥʘ ʧʣʘʪʦ 

ʊʘʡ ʅʛʫʝʥ, ʘ ʧʦʪʦʤ ʚ ʢʨʫʧʥʳʝ ʛʦʨʦʜʘ ɼʘʣʘʪ, ʂʘʤʨʘʥʴ, ʍʦʰʠʤʠʥ ʠ ʌʘʥʪʭʴʝʪ. ʉʣʝ-

ʜʫʶʱʘʷ ʚʦʣʥʘ ʠʨʨʘʜʠʘʮʠʠ ʰʪʘʤʤʦʚ ʥʘʯʘʣʘʩʴ ʚ 60-ʭ ʛʦʜʘʭ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫ʧʦ 

ʪʝʨʨʠʪʦʨʠʠ ʉʈɺ ʰʪʘʤʤʦʚ ʠʟ ʦʯʘʛʘ ʯʫʤʳ ʚ ʢʠʪʘʡʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʖʥʴʥʘʥʴ. 

ʐʪʘʤʤʳ ʵʪʦʡ ʚʦʣʥʳ ʘʥʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʢʣʘʩʪʝʨʝ ʩʦ ʰʪʘʤʤʘʤʠ ʠʟ ʧʨʦʚʠʥʮʠʠ 
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ʖʥʴʥʘʥʴ ʚ ʂʠʪʘʝ ʚ ʩʦʩʪʘʚʝ ʚʝʪʚʠ 1.ORI2, ʦʙʨʘʟʫʷ ʦʙʦʩʦʙʣʝʥʥʫʶ ʦʪ ʢʠʪʘʡʩʢʠʭ 

ʰʪʘʤʤʦʚ ʚʝʪʚʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʚʝʪʚʝʡ. 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʚ 

ʩʪʨʫʢʪʫʨʝ ʚʝʪʚʠ 1.ORI2v ʧʦ ʧʦʜʚʝʪʚʷʤ 1.ORI2v1,2,3,4, ʦʙʫʩʣʦʚʣʝʥʘ ʘʜʘʧʪʘʮʠʝʡ ʢ 

ʫʩʣʦʚʠʷʤ ʚ ʁʞʥʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʩʧʳʰʢʠ ʚ ʥʘʯʘʣʝ 20-ʛʦ ʚʝʢʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʉʈɺ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪ ɹʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʘʜʘʧʪʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʚ ʜʨʫʛʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʸʥʥʳʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ, ʚʳʜʝʣʝʥ-

ʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʈɺ, ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʜʠʩʩʝʤʠʥʘʮʠʠ ʠ ʥʘ-

ʧʨʘʚʣʝʥʠʠ ʵʚʦʣʶʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʚ ʪʝʯʝʥʠʝ ʪʨʝʪʴʝʡ 

ʧʘʥʜʝʤʠʠ ʯʫʤʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ ʪʝʦ-

ʨʠʷ ʮʠʨʢʫʣʷʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʨʘʟʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ ʚ ʉʈɺ. ʉʢʦʥʩʪʨʫʠ-

ʨʦʚʘʥ ʢʦʤʧʣʝʢʩ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ ʧʦ ʠʭ ʧʨʠʥʘʜ-

ʣʝʞʥʦʩʪʠ ʢ ʥʘʡʜʝʥʥʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʧʦʜʚʝʪʚʷʤ (1.ORI2v, 1.ORI2vi, 1.ORI2v1ï

10), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʝʪʝʢʮʠʠ ʤʘʨʢʝʨʥʳʭ SNPs ʤʝʪʦʜʦʤ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦ-

ʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦ-

ʥʠʪʦʨʠʥʛʘ ʪʝʨʨʠʪʦʨʠʠ ʉʈɺ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʪʨʘʥ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ. 

 

5.3 ʆʧʨʝʜʝʣʝʥʠʝ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤʤʘ Y. pestis ʠʟ 

ʀʣʠʡʩʢʦʛʦ ʤʝʞʛʦʨʥʦʛʦ ʦʯʘʛʘ 

 

ʂʨʦʤʝ ʰʪʘʤʤʦʚ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ 1.ORI ʚ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʫʶ ʣʠʥʠʶ ç1è 

ʚʭʦʜʷʪ ʚʝʪʚʠ 1.IN (1.INT1ï1.INT5), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʵʚʦʣʶʮʠʦʥʥʳʤʠ ʧʨʝʜʰʝʩʪ-

ʚʝʥʥʠʢʘʤʠ ʚʝʪʚʠ 1.ORI. ɼʦ ʩʠʭ ʧʦʨ ʰʪʘʤʤʳ 1.IN ʚʳʜʝʣʷʣʠʩʴ ʪʦʣʴʢʦ ʚ ʂʠʪʘʝ. 

ʅʘʤʠ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʚʥʫʪʨʠʚʠʜʦʚʦʤʫ ʪʠʧʠʨʦʚʘʥʠ ʁʰʪʘʤʤʦʚ 

Y. pestis ʠʟ ɻʂʇɹ ʌʂʋʅ ʈʦʩʩʠʡʩʢʠʡ ʧʨʦʪʠʚʦʯʫʤʥʳʡ ʠʥʩʪʠʪʫʪ çʄʠʢʨʦʙè ʈʦʩʧʦʪ-

ʨʝʙʥʘʜʟʦʨʘ ʧʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʩʥʦʚʥʳʤ ʚʝʪʚʷʤ ʵʚʦʣʶʮʠʠ, ʙʳʣʦ ʦʙʥʘʨʫʞʝ-

ʥʦ, ʯʪʦ ʰʪʘʤʤ 134(206), ʧʦʣʫʯʝʥʥʳʡ ʦʪ ʯʝʣʦʚʝʢʘ ʚ 1930 ʛʦʜʫ ʚ ʘʫʣʝ ʥʘ ʨʝʢʝ ʀʣʠ 

ʇʘʥʬʠʣʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʝ ʦʪʥʦʩʠʣʩʷ ʢ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

ʀʣʠʡʩʢʦʛʦ ʤʝʞʛʦʨʥʦʛʦ ʦʯʘʛʘ ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ 2.MED1, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʠʩʢʣʶ-
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ʯʝʥʠʝ ʩʨʝʜʠ ʜʨʫʛʠʭ ʰʪʘʤʤʦʚ ʠʟ ʵʪʦʛʦ ʦʯʘʛʘ, ʠ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ 

ʚʥʫʪʨʠʚʠʜʦʚʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʥʝ ʫʜʘʣʦʩʴ. ʀʣʠʡʩʢʠʡ ʤʝʞʛʦʨʥʳʡ ʦʯʘʛ ʨʘʩʧʦʣʦ-

ʞʝʥ ʚ ʀʣʠʡʩʢʦʡ ʢʦʪʣʦʚʠʥʝ ʦʪ ʂʘʧʰʘʛʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ ʟʘʧʘʜʝ ʜʦ ʛʨʘʥʠ-

ʮʳ ʩ ʂʅʈ ʥʘ ʚʦʩʪʦʢʝ ʠ ʦʪ ʥʠʟʢʦʛʦʨʠʡ ʶʞʥʦʛʦ ʤʘʢʨʦʩʢʣʦʥʘ ɼʞʫʥʛʘʨʩʢʦʛʦ ʭʨʝʙʪʘ 

ʥʘ ʩʝʚʝʨʝ ʜʦ ʧʨʝʜʛʦʨʠʡ ʭʨʝʙʪʦʚ ʂʝʪʤʝʥʴ, ʊʫʨʘʡʛʳʨ ʠ ɿʘʠʣʠʡʩʢʠʡ ɸʣʘʪʘʫ ʥʘ ʶʛʝ 

[ʂʘʜʘʩʪʨ ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʠ ʵʧʠʟʦʦʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʯʫʤʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʩʪʨʘʥ ʙʣʠʞʥʝʛʦ ʟʘʨʫʙʝʞʴʷ (ʩ 1876 ʧʦ 2016 ʛʦʜ), 2016]. ɸʜ-

ʤʠʥʠʩʪʨʘʪʠʚʥʦ ʦʯʘʛ ʥʘʭʦʜʠʪʩʷ ʚ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʥʘ 

ʛʨʘʥʠʮʝ ʂʘʟʘʭʩʪʘʥʘ ʠ ʂʠʪʘʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʥʦʩʘ ʚ ʵʪʦʪ ʦʯʘʛ ʰʪʘʤ-

ʤʦʚ ʯʫʤʥʦʛʦ ʤʠʢʨʦʙʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʙʣʠʟʣʝʞʘʱʠʭ 

ʨʝʛʠʦʥʦʚ ʂʠʪʘʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʩʥʝʥʠʝ ʬʠʣʦ-

ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤʤʘ 134(206) ʠ ʚʦʟʤʦʞʥʦʛʦ ʧʫʪʠ ʝʛʦ ʟʘʥʦʩʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʂʘʟʘʭʩʪʘʥʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʰʪʘʤʤʘ 134(206) ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 58 ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʰʪʘʤʤʦʚ Y. pestis. 

ʆ ʤʥʦʛʦʦʙʨʘʟʠʠ ʰʪʘʤʤʦʚ ʙʠʦʚʘʨʘ intermedium (1.IN) ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ 

ʥʘʣʠʯʠʶ ʧʷʪʠ ʚʝʪʚʝʡ ï 1.IN1ï1.IN5. ʐʪʘʤʤʳ ʚʝʪʚʠ 1.IN1 ʮʠʨʢʫʣʠʨʫʶʪ ʚ 

ʉʠʥʴʮʟʷʥ -ʋʡʛʫʨʩʢʦʤ ʘʚʪʦʥʦʤʥʦʤ ʨʘʡʦʥʝ ʠ ʧʨʦʚʠʥʮʠʠ ʎʠʥʭʘʡ ʠ; ʰʪʘʤʤʳ 1.IN2 

ï ʚ ʧʨʦʚʠʥʮʠʷʭ ʎʠʥʭʘʡ ʠ ɻʘʥʴʩʫ ʠ ʊʠʙʝʪʩʢʦʤ ʘʚʪʦʥʦʤʥʦʤ ʨʘʡʦʥʝ; ʪʦʛʜʘ ʢʘʢ 

ʰʪʘʤʤʳ 1.IN3 ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ ʚ ʧʨʦʚʠʥʮʠʠ ʖʥʥʘʥʴ [Cui et al., 2013]; ʰʪʘʤʤʳ 

1.IN4 ï ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ɼʞʫʥʛʘʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʉʠʥʴʮʟʷʥ-ʋʡʛʫʨʩʢʦʛʦ 

ʘʚʪʦʥʦʤʥʦʛʦ ʨʘʡʦʥʘ [Zhang et al., 2018]; ʘ ʰʪʘʤʤʳ ʧʦʩʣʝʜʥʝʡ ʦʧʠʩʘʥʥʦʡ ʚʝʪʚʠ 

1.IN5 ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʦʚʠʥʮʠʠ ʖʥʥʘʥʴ [Shi et al., 2021]. 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʧʦʩʪʨʦʝʥʠʝ ʜʝʥʜʨʦʛʨʘʤʤʳ ʧʦ ʘʣʛʦʨʠʪʤʫ 

Maximum Likelihood ʚʳʧʦʣʥʷʣʠ ʥʘ ʦʩʥʦʚʝ ʥʘʡʜʝʥʥʳʭ 1730 ʢʦʨʦʚʳʭ SNPs ʚ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ 58 ʰʪʘʤʤʦʚ Y. pestis (ʤʝʪʦʜʦʣʦʛʠʷ ʦʧʠʩʘʥʘ ʚ 

ʛʣʘʚʝ 2, ʧʫʥʢʪ 2.10) (ʊʘʙʣʠʮʘ 2.2). 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʜʝʥʜʨʦʛʨʘʤʤʳ, ʰʪʘʤʤ 134(206) ʚʦʰʸʣ ʚ ʛʨʫʧʧʫ 

ʰʪʘʤʤʦʚ 1.IN1, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʫʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʥʴʮʟʷʥ-ʋʡʛʫʨʩʢʦʛʦ ʘʚʪʦʥʦʤ-

ʥʦʛʦ ʨʘʡʦʥʘ ʠ ʧʨʦʚʠʥʮʠʠ ʎʠʥʭʘʡ ʂʠʪʘʷ (ʈʠʩʫʥʦʢ 5.3). ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘ-

ʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʰʪʘʤʤ 134(206) ʦʙʨʘʟʦʚʘʣ ʢʣʘʩʪʝʨ ʩʦ ʰʪʘʤʤʦʤ ʉʄʉʉ11001, 

ʚʳʜʝʣʝʥʥʳʤ ʚ 1954 ʛ. ʚ ʧʨʦʚʠʥʮʠʠ ʎʠʥʭʘʡ, ʠ ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʧʦʜʚʝʪʚʠ 1.IN1ʘ [Cui 

et al., 2013]. ɼʣʷ ʰʪʘʤʤʦʚ ʵʪʦʡ ʧʦʜʚʝʪʚʠ ʭʘʨʘʢʪʝʨʥʳ 4 ʫʥʠʢʘʣʴʥʳʭ SNPs: ʚ ʧʦʟʠ-

ʮʠʠ 471427 (ʛʝʥ YPO_RS03235) ï ʟʘʤʝʥʘ ʉ ʥʘ ʊ; ʚ ʧʦʟʠʮʠʠ 665815 (ʛʝʥ 

YPO_RS04030) ï ʟʘʤʝʥʘ ʉ ʥʘ ʊ; ʚ ʧʦʟʠʮʠʠ 1696439 (ʛʝʥ moeA) ï ʟʘʤʝʥʘ ʉ ʥʘ ʊ; ʚ 

ʧʦʟʠʮʠʠ 1813529 (ʛʝʥ rne) ï ʟʘʤʝʥʘ ɸ ʥʘ ʉ. 

 

 
ɸʣʛʦʨʠʪʤ Maximum Likelihood, ʧʨʦʛʨʘʤʤʘ PhyML 3.1, ʤʦʜʝʣʴ HKY85 

ʈʠʩʫʥʦʢ 5.3 ï ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʰʪʘʤʤʦʚ Y. pestis ʚʝʪʚʠ 1.IN ʥʘ 

ʦʩʥʦʚʝ ʥʘʡʜʝʥʥʳʭ 1730 ʢʦʨʦʚʳʭ SNPs 58 ʰʪʘʤʤʦʚ ʠʟ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʤʠʨʘ  
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ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʰʪʘʤʤʘ 134(206) ʠʟ ʀʣʠʡʩʢʦʛʦ ʤʝʞʛʦʨʥʦʛʦ ʦʯʘʛʘ ʂʘʟʘʭʩʪʘ-

ʥʘ ʢ ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ 1.IN1ʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʝʛʦ ʟʘʥʦʩʦʤ ʣʠʙʦ ʯʝʨʝʟ ʚʦʩʪʦʯʥʫʶ 

ʯʘʩʪʴ ʂʫʣʴʜʞʠʥʩʢʦʡ ʨʘʚʥʠʥʳ, ʣʠʙʦ ʯʝʨʝʟ ɼʞʫʥʛʘʨʩʢʠʝ ʚʦʨʦʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʛʦʨʥʳʡ ʧʨʦʭʦʜ ʤʝʞʜʫ ɼʞʫʥʛʘʨʩʢʠʤ ɸʣʘʪʘʫ ʥʘ ʟʘʧʘʜʝ ʠ ʭʨʝʙʪʦʤ ɹʘʨʣʳʢ ʥʘ 

ʚʦʩʪʦʢʝ, ʩʦʝʜʠʥʷʶʱʠʡ ɹʘʣʭʘʰ-ɸʣʘʢʦʣʴʩʢʫʶ ʢʦʪʣʦʚʠʥʫ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʩ 

ɼʞʫʥʛʘʨʩʢʦʡ ʨʘʚʥʠʥʦʡ ʂʠʪʘ ̫(ʈʠʩʫʥʦʢ 5.4). ʕʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʟʘʥʦʩʦʤ 

ʧʦ ʪʦʨʛʦʚʳʤ ʧʫʪʷʤ. ɼʞʫʥʛʘʨʩʢʠʝ ʚʦʨʦʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʦʩʢʠʡ ʠ ʰʠʨʦʢʠʡ 

(ʙʦʣʝʝ 10 ʢʤ) ʢʦʨʠʜʦʨ ʜʣʠʥʦʡ ʦʢʦʣʦ 50 ʢʤ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʭʦʜʠʪ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʘʷ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʂʘʟʘʭʩʪʘʥʦʤ ʠ ʂʠʪʘʝʤ. ɼʞʫʥʛʘʨʩʢʠʝ ʚʦʨʦʪʘ ʩ ʜʘʚʥʠʭ ʧʦʨ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʫʪʠ ʢʦʯʝʚʳʤʠ ʥʘʨʦʜʘʤʠ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʟʠʠ ʠ ʂʘʟʘʭʩʪʘʥʘ. ʏʝʨʝʟ ʥʠʭ ʧʨʦʭʦʜʠʣ ɺʝʣʠʢʠʡ ʰʸʣʢʦʚʳʡ ʧʫʪʴ, ʘ ʚ ʥʘʯʘʣʝ XIII 

ʚʝʢʘ ʏʠʥʛʠʩʭʘʥ ʠʩʧʦʣʴʟʦʚʘʣ ʝʛʦ ʜʣʷ ʟʘʚʦʝʚʘʥʠʷ ʉʨʝʜʥʝʡ ɸʟʠʠ. 

 

  
ɼʣʷ ʨʠʩʫʥʢʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʨʪʘ ʩ ʩʘʡʪʘ OpenStreetMap  

[URL: http://www.openstreetmap.org/copyright] 
ʈʠʩʫʥʦʢ 5.4 ï ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʀʣʠʡʩʢʦʛʦ ʤʝʞʛʦʨʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʦʯʘʛʘ ʯʫʤʳ ʠ ɼʞʫʥʛʘʨʩʢʠʭ ʚʦʨʦʪ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʰʪʘʤʤʘ 134(206) ʠʟ ʀʣʠʡʩʢʦʛʦ ʤʝʞʛʦʨʥʦʛʦ ʦʯʘʛʘ ʢ 

ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ 1.IN1. ʐʪʘʤʤʳ ʵʪʦʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʚʠ ʮʠʨʢʫʣʠʨʫʶʪ ʥʘ 

https://ru.wikipedia.org/wiki/%D0%94%D0%B6%D1%83%D0%BD%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B8%D0%B9_%D0%90%D0%BB%D0%B0%D1%82%D0%B0%D1%83
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D1%80%D0%BB%D0%B8%D0%BA%D1%82%D0%B0%D1%83
https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BB%D1%85%D0%B0%D1%88-%D0%90%D0%BB%D0%B0%D0%BA%D0%BE%D0%BB%D1%8C%D1%81%D0%BA%D0%B0%D1%8F_%D0%BA%D0%BE%D1%82%D0%BB%D0%BE%D0%B2%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B6%D1%83%D0%BD%D0%B3%D0%B0%D1%80%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B0%D0%B2%D0%BD%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%B7%D0%B0%D1%85%D1%81%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%82%D0%B0%D0%B9
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ʪʝʨʨʠʪʦʨʠʠ ʂʠʪʘʷ ʚ ʧʨʦʚʠʥʮʠʠ ʎʠʥʭʘʡ ʠ ʚ ʉʠʥʴʮʟʷʥ-ʋʡʛʫʨʩʢʦʤ ʘʚʪʦʥʦʤʥʦʤ 

ʨʘʡʦʥʝ ʠ ʨʘʥʝʝ ʥʠʢʦʛʜʘ ʥʝ ʚʳʜʝʣʷʣʠʩʴ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

 

ɿʘʢʣʶʯʝʥʠʝ ʧʦ ɻʣʘʚʝ 5: 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʰʪʘʤʤʦʚ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʠʟ ʉʈɺ ʩ ʦʧʠʩʘʥʠʝʤ ʦʩʥʦʚʥʳʭ 

ʚʝʪʚʝʡ ʵʚʦʣʶʮʠʠ, ʧʦʟʚʦʣʠʚʰʠʡ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʜʪʚʝʨ-

ʜʠʪʴ, ʯʪʦ ʟʘʥʦʩ ʯʫʤʳ ʚ ʉʈɺ ʧʨʦʠʩʭʦʜʠʣ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠ ʦʙʫʩʣʦʚʣʝʥ ʧʝʨʝʜʘʯʝʡ 

ʠʥʬʝʢʮʠʠ ʩʠʥʘʥʪʨʦʧʥʳʤʠ ʢʨʳʩʘʤʠ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʢʦʨʘʙʣʷʭ ʠʟ ʂʠʪʘʷ, ʘ ʪʘʢʞʝ ʩʫ-

ʭʦʧʫʪʥʳʤ ʧʫʪʸʤ ʩ ʪʝʨʨʠʪʦʨʠʠ ʙʣʠʟʣʝʞʘʱʝʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʯʘʛʘ ʯʫʤʳ ʚ ʧʨʦʚʠʥʮʠʠ 

ʖʥʴʥʘʥʴ. ʉʦʟʜʘʥ ʢʦʤʧʣʝʢʩ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʠʟ ʉʈɺ ʧʦ 

ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʛʝʥʝʪʠʯʝʩʢʠʤ ʧʦʜʚʝʪʚʷʤ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʦʙʥʘʨʫʞʝʥʠʠ 

ʤʘʨʢʝʨʥʳʭ SNPs ʤʝʪʦʜʦʤ ʬʨʘʛʤʝʥʪʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥ 

ʰʪʘʤʤ Y. pestis ʙʠʦʚʘʨʘ intermedium ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠ-

ʢʠ ʂʘʟʘʭʩʪʘʥ. ʕʪʦʪ ʰʪʘʤʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʚ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʚʠ 1.IN1 ʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʥʘʰʠʭ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʭ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥ-

ʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis. 
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ɻʃɸɺɸ 6 ʉʆɿɼɸʅʀɽ ʉʇʆʉʆɹɸ ʀʅɼʀʂɸʎʀʀ ʀ ʀɼɽʅʊʀʌʀʂɸʎʀʀ 

ʐʊɸʄʄʆɺ ʇʆ ʀʍ ʇʈʀʅɸɼʃɽɾʅʆʉʊʀ ʂ ɺʀɼʋ YERSINIA PESTIS,               

ʇʆɼɺʀɼɸʄ, ɹʀʆɺɸʈɸʄ, ʌʀʃʆɻɽʅɽʊʀʏɽʉʂʀʄ ɺɽʊɺʗʄ, ɸ ʊɸʂɾɽ 

ʇʆ ʅɸʃʀʏʀʖ ʆʉʅʆɺʅʓʍ ɻɽʅʆɺ ʇɸʊʆɻɽʅʅʆʉʊʀ ʉ ʇʆʄʆʑʔʖ 

ʉʀʉʊɽʄʓ ʄʋʃʔʊʀʇʃɽʂʉʅʓʍ ʇʎʈ ʉ ɻʀɹʈʀɼʀɿɸʎʀʆʅʅʆ-

ʌʃʋʆʈɽʉʎɽʅʊʅʓʄ ʋʏɽʊʆʄ ʈɽɿʋʃʔʊɸʊʆɺ ʅɸ ʊɺɽʈɼʆʁ           

ʇʆɼʃʆɾʂɽ  

 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʦʩʦʙʦ ʦʧʘʩʥʳʤʠ ʠʥʬʝʢʮʠʷʤʠ ʠ ʦʩʫʝɦ-

ʩʪʚʣʝʥʠʷ ʩʚʦʝʚʨʝʤʝʥʥʳʭ ʧʨʦʪʠʚʦʵʧʠʜʝʤʠʯʝʩʢʠʭ ʤʝʨ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʠʥʬʝʢʮʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ. 

ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʷʚʣʷʶʪʩʷ ʙʳʩʪʨʳʤ, ɻʬʬʝʢʪʠʚʥʳʤ ʠ 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʤ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʜʘʶʱʠʤ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʝʪʝʢʮʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʨʢʝʨʦʚ, ʯʪʦ ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʧʫʪʸʤ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʩʧʝʮʠʬʠʯʥʳʭ ɼʅʂ-ʟʦʥʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʸʨʜʦʡ 

ʧʦʜʣʦʞʢʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʘʨʢʝʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ɿʘʜʘʯʝʡ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʠʥʜʠ-

ʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ ʩʦʛʣʘʩʥʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʚʠʜʫ Y. pestis, 

ʧʦʜʚʠʜʘʤ, ʙʠʦʚʘʨʘʤ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ, ʘ ʢʨʦʤʝ ʪʦʛʦ ʧʦ ʥʘʣʠʯʠʶ ʦʩʥʦʚ-

ʥʳʭ ʛʝʥʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʫʩʪʘ-

ʥʘʚʣʠʚʘʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʰʪʘʤʤʦʚ ʢ ʧʦʜʚʠʜʘʤ ʠ ʙʠʦʚʘʨʘʤ: ʦʩʥʦʚʥʦʤʫ, ʢʘʚʢʘʟ-

ʩʢʦʤʫ (0.PE2), ʫʣʝʛʝʡʩʢʦʤʫ (0.PE5), ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʤʫ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʠ-

ʥʘʜʣʝʞʥʦʩʪʠ ʢ ʘʣʪʘʡʩʢʦʤʫ (0.PE4a), ʛʠʩʩʘʨʩʢʦʤʫ (0.PE4h), ʪʘʣʘʩʩʢʦʤʫ (0.PE4t) ʠ 

microtus (0.PE4m) ʙʠʦʚʘʨʘʤ, ʘ ʪʘʢʞʝ ʢ ʘʥʪʠʯʥʦʤʫ ʩ ʦʪʜʝʣʴʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʚʝʪʚʝʡ 

1.ANT (ʚʤʝʩʪʝ ʩ 1.IN), 2.ANT, ʩʨʝʜʥʝʚʝʢʦʚʦʤʫ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʢ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʚʠ 2.MED0 ʠ ʚʦʩʪʦʯʥʦʤʫ ʙʠʦʚʘʨʘʤ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ. 
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6.1 ʇʦʜʙʦʨ ɼʅʂ-ʤʠʰʝʥʝʡ, ʨʘʩʯʸʪ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ ʜʣʷ ʠʥʜʠʢʘʮʠʠ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ ʧʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʚʠʜʫ Y. pestis, ʧʦʜʚʠʜʘʤ, 

ʙʠʦʚʘʨʘʤ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ, ʘ ʪʘʢʞʝ ʧʦ ʥʘʣʠʯʠʶ ʦʩʥʦʚʥʳʭ ʛʝʥʦʚ 

ʬʘʢʪʦʨʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ 

 

ɺ ʥʘʯʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ɼʅʂ-ʤʠʰʝʥʠ (ʊʘʙʣʠʮʘ 6.1), ʦʙʥʘʨʫ-

ʞʝʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ [ʂʫʢʣʝʚ, 2007; ʆʜʠʥʦ-

ʢʦʚ ʠ ʜʨ., 2010; ʂʫʢʣʝʚ ʠ ʜʨ., 2013; ʆʜʠʥʦʢʦʚ ʠ ʜʨ., 2013; ʆʛʣʦʜʠʥ ʠ ʜʨ., 2015; 

ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 2017; Radnedge et al., 2001; Motin et al., 2002]. 

 

ʊʘʙʣʠʮʘ 6.1 ï ɼʅʂ-ʤʠʰʝʥʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ             

ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis 
ɼʅʂ-ʤʠʰʝʥʴ ɻʝʥ*  ʂʦʦʨʜʠʥʘʪ*r 

çplaè pla ʧʣʘʟʤʠʜʳ pPst 6764ï6890 

ç3aè YPO2087 2366690ï2366836 

çcafè caf1 ʧʣʘʟʤʠʜʳ pFra 85967ï86104 

çyihNè yihN 1899566ï1899683 

çirp2è irp2 2157779ï2157885 

çlcrVè lcrV ʧʣʘʟʤʠʜʳ pCad 21992ï22105 

çglpDè glpD 4421264ï4421352,  

çProè AIS36186.1 ʧʣʘʟʤʠʜʳ pCKF (KM112087.1) 3205ï3332 

çMed24è ʤʝʞʛʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ gcvTïvisC 996453ï996622 

ç45è ʤʝʞʛʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ilvNïilvB 2579997ï2580134 

çMed70è YPO2493 2801519ï2801743 

çPhageè YPO2273 2555484ï2555568 

çAltè YPO1226 1386400ï1386623 

çHisè YPO2267 2549643ï2549773 

çUlegè djlA 528626ï528795 

çCaucasicè YPO0445 467244ï467428 

çTalè YPO2412 2714350ï2714515 

çMicrè araC 2537778ï2537897 

*ʂʦʦʨʜʠʥʘʪʳ ʫʢʘʟʘʥʳ ʩʦʛʣʘʩʥʦ ʛʝʥʦʤʫ ʨʝʬʝʨʝʥʪʥʦʛʦ ʰʪʘʤʤʘ Y. pestis CO92 (ʥʦʤʝʨ ʚ NCBI 

GenBank NC_003143.1) 

 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʟʫʯʘʝʤʳʭ ʰʪʘʤʤʦʚ ʢ ʚʠʜʫ Y. pestis ʤʳ ʧʨʦ-

ʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʅʂ-ʤʠʰʝʥʝʡ ç3ʘè ʠ çyihNè. ʄʠʰʝʥʴ ç3ʘè ʨʘʩʧʦʣʦʞʝ-

ʥʘ ʚ ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʥʦʤ ʜʣʷ ʚʦʟʙʫʜʠʪʝʣʷ ʯʫʤʳ ʫʯʘʩʪʢʝ ʭʨʦʤʦʩʦʤʳ [Radnedge et 

al., 2001]. ɺʪʦʨʦʡ ʤʠʰʝʥʴʶ ʙʳʣʘ çyihNè, ʢʦʪʦʨʘʷ ʨʘʥʝʝ ʚʤʝʩʪʝ ʩ ç3ʘè ʙʳʣʘ ʧʨʠ-
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ʤʝʥʝʥʘ ʚ ʪʝʩʪ-ʩʠʩʪʝʤʝ ʜʣʷ ʜʝʪʝʢʮʠʠ ɼʅʂ ʚʦʟʙʫʜʠʪʝʣʝʡ ʯʫʤʳ, ʪʫʣʷʨʝʤʠʠ ʠ ʩʠʙʠʨ-

ʩʢʦʡ ʷʟʚʳ ʤʝʪʦʜʦʤ ʤʫʣʴʪʠʣʦʢʫʩʥʦʡ ʇʎʈ [ʂʫʢʣʝʚ, 2007]. 

ɿʘʜʘʯʘ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ Y. pestis ʦʩʥʦʚʥʦʛʦ ʠ ʥʝʦʩʥʦʚʥʳʭ 

ʧʦʜʚʠʜʦʚ ʙʳʣʘ ʨʝʰʝʥʘ ʥʘʤʠ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʤʠʰʝʥʠ ç45è, ʥʘʭʦʜʷʱʝʡʩʷ ʚ 

ʭʨʦʤʦʩʦʤʝ ʚ ʤʝʞʛʝʥʥʦʡ ʦʙʣʘʩʪʠ ilvNïilvB [ʆʜʠʥʦʢʦʚ ʠ ʜʨ., 2010], ʛʜʝ ʫ ʰʪʘʤʤʦʚ 

ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʥʘʭʦʜʠʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʜʝʣʝʮʠʷ 45 ʧ.ʥ. 

ɼʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʝʦʩʥʦʚʥʳʭ ʧʦʜʚʠʜʦʚ ʥʘʤʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʫʥʠʢʘʣʴʥʳʝ ʜʝʣʝʮʠʠ ʭʨʦʤʦʩʦʤʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ. ʊʘʢ ʜʣʷ ʰʪʘʤʤʦʚ ʢʘʚʢʘʟʩʢʦʛʦ 

ʧʦʜʚʠʜʘ ʩʧʝʮʠʬʠʯʥʘ ʜʝʣʝʮʠʷ 91 ʧ.ʥ. (ʤʠʰʝʥʴ çCaucasicè) ʚ ʛʝʥʝ YPO0445. ʋ 

ʰʪʘʤʤʦʚ ʫʣʝʛʝʡʩʢʦʛʦ ʧʦʜʚʠʜʘ ʤʘʨʢʝʨʥʦʡ ʷʚʣʷʝʪʩʷ ʜʝʣʝʮʠʷ 64 ʧ.ʥ. ʚ ʛʝʥʝ djlA 

(ʤʠʰʝʥʴ çUlegè). ʐʪʘʤʤʳ ʘʣʪʘʡʩʢʦʛʦ ʙʠʦʚʘʨʘ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʜʘ 

ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʜʝʣʝʮʠʝʡ 90 ʧ.ʥ. ʚ ʛʝʥʝ YPO1226 (ɼʅʂ-ʤʠʰʝʥʴ çAltè); 

ʰʪʘʤʤʳ ʛʠʩʩʘʨʩʢʦʛʦ ʙʠʦʚʘʨʘ, ʦʪʣʠʯʘʶʪʩʷ ʥʘʣʠʯʠʝʤ ʜʝʣʝʮʠʠ 205 ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ 

ʚ ʛʝʥʝ YPO2267 (ʤʠʰʝʥʴ çHisè); ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʰʪʘʤʤʦʚ ʪʘʣʘʩʩʢʦʛʦ 

ʙʠʦʚʘʨʘ ʩʣʫʞʠʪ ʜʝʣʝʮʠʷ 72 ʧ.ʥ. ʚ ʛʝʥʝ YPO2412 (ɼʅʂ-ʤʠʰʝʥʴ çTalè); ʘ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʰʪʘʤʤʦʚ ʙʠʦʚʘʨʘ microtus ʷʚʣʷʝʪʩʷ ʜʝʣʝʮʠʷ 112 ʧ.ʥ. ʚ 

ʥʫʢʣʝʦʪʠʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ araC (ʤʠʰʝʥʴ çMicrè) [ʅʠʢʠʬʦʨʦʚ ʠ ʜʨ., 

2017]. 

ɼʠʬʬʝʨʝʥʮʠʘʮʠʶ ʰʪʘʤʤʦʚ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ Y. pestis ʩʦʛʣʘʩʥʦ ʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʧʨʝʜʝʣʸʥʥʳʤ ʙʠʦʚʘʨʘʤ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʨʢʝʨʥʳʭ ʜʣʷ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʠ ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʦʚ ʜʝʣʝʮʠʡ. ʊʘʢ, ʰʪʘʤʤʳ 

ʚʦʩʪʦʯʥʦʛʦ ʙʠʦʚʘʨʘ (1.ORI) ʠʤʝʶʪ ʚ ʩʚʦʠʭ ʛʝʥʦʤʘʭ ʩʧʝʮʠʬʠʯʥʫʶ ʜʝʣʝʮʠʶ 93 ʧ.ʥ. 

ʚ ʛʝʥʝ glpD [Motin et al., 2002], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʠʧʠʯʥʳʝ ʰʪʘʤʤʳ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ 

ʙʠʦʚʘʨʘ ʥʝʩʫʪ ʜʝʣʝʮʠ ʁ 24 ʧ.ʥ. ʚ ʤʝʞʛʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ gcvTïvisC (ɼʅʂ-

ʤʠʰʝʥʴ çMed24è) [ʆʜʠʥʦʢʦʚ ʠ ʜʨ., 2013]. ɼʣʷ ʚʩʝʭ ʚʳʰʝ ʧʨʠʚʝʜʸʥʥʳʭ 

ʤʘʨʢʝʨʥʳʭ ɼʅʂ-ʤʠʰʝʥʝʡ ʟʦʥʜʳ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʙʳʣʠ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳ ʥʫʢʣʝʦʪʠʜʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ɼʅʂ ʚ ʫʯʘʩʪʢʘʭ ʜʝʣʝʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʪʘʤʤʳ, ʦʙʣʘʜʘʶʱʠʝ ʵʪʠʤʠ ʜʝʣʝʮʠʷʤʠ, ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʝʥʥʦʩʪʴʶ çʘʪʠʧʠʯʥʳʭè 

ʰʪʘʤʤʦʚ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʚʠ 2.MED0 ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʙʠʦʚʘʨʘ ʠʟ 
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ʎʝʥʪʨʘʣʴʥʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʚʳʩʦʢʦʛʦʨʥʦʛʦ ʦʯʘʛʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʬʠʯʥʦʡ 

ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʰʪʘʤʤʦʚ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʙʠʦʚʘʨʘ ʜʝʣʝʮʠʠ 24 ʧ.ʥ. ʚ ʤʠʰʝʥʠ 

çMed24è. ʇʨʠ ʵʪʦʤ ʰʪʘʤʤʳ ʚʝʪʚʠ 2.MED0 ʠʤʝʶʪ ʚ ʩʚʦʸʤ ʛʝʥʦʤʝ ʫʥʠʢʘʣʴʥʫʶ 

ʧʣʘʟʤʠʜʫ pCKF. ʂʘʢ ɼʅʂ-ʤʠʰʝʥʴ (ʤʠʰʝʥʴ çpCKFè), ʩʧʝʮʠʬʠʯʥʫʶ ʜʣʷ ʵʪʦʡ 

ʚʝʪʚʠ ʵʚʦʣʶʮʠʠ Y. pestis, ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥ AIS36186.1, ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʵʪʦʡ 

ʧʣʘʟʤʠʜʝ [ʆʛʣʦʜʠʥ ʠ ʜʨ., 2015]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʡ ɼʅʂ-

ʤʠʰʝʥʠ ʫ ʰʪʘʤʤʦʚ 2.MED0 ʙʫʜʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʦʪʩʫʪʩʪʚʫʶʱʠʡ ʫ ʜʨʫʛʠʭ ʰʪʘʤʤʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʰʪʘʤʤʳ 

ʘʥʪʠʯʥʦʛʦ ʙʠʦʚʘʨʘ ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ ʥʝ ʠʤʝʶʪ ʜʝʣʝʮʠʡ ʚ ɼʅʂ-ʤʠʰʝʥʷʭ çglpDè 

ʠ çMed24è. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʜʣʷ ʥʠʭ ʙʫʜʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ 

ʩʠʛʥʘʣ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦ ʵʪʠʤ ɼʅʂ-ʤʠʰʝʥʷʤ ʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʧʦ ɼʅʂ-ʤʠʰʝʥʠ 

çpCKFè. 

ʊʘʢʞʝ, ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʝ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-

ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʝ 

ɼʅʂ-ʤʠʰʝʥʠ, ʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʰʪʘʤʤʦʚ ʩʦʛʣʘʩʥʦ ʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ 1 ʠ 2 ʦʩʥʦʚʥʦʛʦ ʧʦʜʚʠʜʘ. ʐʪʘʤʤʳ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʚʝʪʚʠ 1 (1.ANT, 1.IN ʠ 1.ORI) ʥʝʩʫʪ ʚ ʩʚʦʸʤ ʛʝʥʦʤʝ ʬʘʛ cusű, 

ʷʚʣʷʶʱʠʡʩʷ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʤʘʨʢʝʨʦʤ. ʂʘʢ ɼʅʂ-ʤʠʰʝʥ ɹçPhageè ʚ ʨʘʤʢʘʭ 

ʩʠʩʪʝʤʳ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʛʝʥ YPO2273 ʬʘʛʘ cusű. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʰʪʘʤʤʳ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʝʪʚʝʡ 1.ANT, 1.IN ʠ 1.ORI ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɼʅʂ-ʤʠʰʝʥʠ çPhageè ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʥʘʣʠʯʠʝʤ ʩʠʛʥʘʣʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʐʪʘʤʤʳ ʚʝʪʚʠ 2 (2.ANT ʠ 2.MED) ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʜʝʣʝʮʠʝʡ 70 ʧ.ʥ. ʚ ʛʝʥʝ YPO2493 (ɼʅʂ-ʤʠʰʝʥʴ çMed70è), ʪʦ ʝʩʪʴ ʰʪʘʤʤʳ ʚʝʪʚʝʡ 

2.ANT ʠ 2.MED (ʚʢʣʶʯʘʷ 2.MED0) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʙʫʜʫʪ ʚʳʜʝʣʷʪʴʩʷ ʦʪ 

ʜʨʫʛʠʭ ʰʪʘʤʤʦʚ Y. pestis ʦʪʩʫʪʩʪʚʠʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦ ʤʠʰʝʥʠ çMed70è 

[ʅʠʢʠʬʦʨʦʚ, 2016]. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʛʝʥʦʤʝ ʠʟʫʯʘʝʤʳʭ ʰʪʘʤʤʦʚ Y. pestis ʛʝʥʦʚ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʘʡʤʝʨʳ ʠ ʟʦʥʜʳ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʛʝʥr: caf1 (ɼʅʂ-ʤʠʰʝʥʴ çcafè), ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʧʣʘʟʤʠʜʝ pFra; 
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irp2 (ɼʅʂ-ʤʠʰʝʥʴ çirp2è) ʦʩʪʨʦʚʘ ʚʳʩʦʢʦʡ ʧʘʪʦʛʝʥʥʦʩʪʠ HPI; lcrV (ɼʅʂ-ʤʠʰʝʥʴ 

çlcrVè) ʧʣʘʟʤʠʜʳ pCad; pla (ɼʅʂ-ʤʠʰʝʥʴ çplaè), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʧʣʘʟʤʠʜʝ 

pPst; [ʂʫʢʣʝʚ ʠ ʜʨ., 2013]. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʛʝʥʦʤʘʭ ʠʟʫʯʘʝʤʳʭ ʰʪʘʤʤʦʚ ʵʪʠʭ ʛʝʥʦʚ 

ʦʥʠ ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʥʘʣʠʯʠʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʦʥʜʘʤʠ. ʅʘ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʤʠʰʝʥʠ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʧʨʘʡʤʝʨʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʨʘʪʥʳʡ ʧʨʘʡʤʝʨ ʠʤʝʣ ʚ ʩʚʦʸʤ 

ʩʦʩʪʘʚʝ ʬʣʫʦʨʦʬʦʨ Cy5 (ʬʠʣʴʪʨ ʜʝʪʝʢʮʠʠ 655 Ñ20 ʥʤ), ʘ ʟʦʥʜ ï ʘʤʠʥʦʛʨʫʧʧʫ ʥʘ 

5ô-ʢʦʥʮʝ (ʊʘʙʣʠʮʘ 6.2). 

 

ʊʘʙʣʠʮʘ 6.2 ï ʅʫʢʣʝʦʪʠʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ ʠ ʟʦʥʜʦʚ,               

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ                        

ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ 
ʅʘʟʚʘʥʠʝ ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

Chip-pla-S TTTACAGTTGCAGCCTCCAC 

Chip-pla-As (Cy5)-CACCTTTCAGGATAGCGACA 

Chip-pla-Zond (NH2)-TGAGACTTTCCACTCAGCATCCCG 

Chip-3a-S TGTCTTTACTGCGGAGTTCG 

Chip-3a-As (Cy5)-TCTTGACTGGATCCTGCTTG 

Chip-3a-Zond (NH2)-ATACAGCCACCAGTGCGCCG 

Chip-caf1-S CGTTATCGCCATTGCATTAT 

Chip-caf1-As (Cy5)-ATTGTAATTGGAGCGCCTTC 

Chip-caf1-Zond (NH2)-CAAGCACCACTGCAACGGCA 

Chip-yihN-S CCAATATCGTGGCTATCGTG 

Chip-yihN-As (Cy5)-CGCGGTGTGATTGATGTACT 

Chip-yihN-Zond (NH2)-ATTAGCCCGGCCTGCATCCC 

Chip-irp2-S CGCTTAATTGCGCTTCATAA 

Chip-irp2-As (Cy5)-CAATGTCACCAGAGAAACCG 

Chip-irp2-Zond (NH2)-AGGCTATCGCCGCCTTGCTG 

Chip-lcrV-S GAAACGGTTCAGTGCTTCAA 

Chip-lcrV-As (Cy5)-ACCACCTGCTCGGATAAGTC    

Chip-lcrV-Zond (NH2)-CCAAGTCGTTGAGCGGCCTG    

Chip-glpD(-93)-S     CAAGGCTTCACTTACCAAG     

Chip-glpD(-93)-As      (Cy5)-CAGAGGAAGGTAACATGGA     

Chip-glpD(-93)-Zond      (NH2)-TACCGACAGGCCACGCCCAG    

Chip-Med(-24)-S      GCCAGTGTGTGTCTAAAG     

Chip-Med(-24)-As     (Cy5)-CGCAACATTCGTCGCAAA     

Chip-Med(-24)-Zond     (NH2)-ACATTGTGCTGGACTCACAGCCCC     

Chip-Pro-S     AACCGCCTAAGCACTTTAT     

Chip-Pro-As     (Cy5)-CGTCAGGAACTCAACGAA    

Chip-Pro-Zond      (NH2)-ATCAGAGAGCATTTGAGCGGTTG    

Chip-45-S     GTGGATGAGAAAGTTTACCC      

Chip-45-As (Cy5)-ATCACACCTGGATGGTTAC    

Chip-45-Zond (NH2)-ACTCAGCAAGCATCTGCTCAACATG    
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ 6.2 

Chip-Med(70)-S AGCGTCGTTTCTGCATCG 

Chip-Med(70)-As (Cy5)-CGCCGATTCAGTGCAGAT 

Chip-Med(70)-Zond (NH2)-CTGAGGGTTTCGCATAGCC 

Chip-Phage-S AGCGTACTCACGCTAATG 

Chip-Phage-As (Cy5)-TATGGCGGACAAACAGAG 

Chip-Phage-Zond (NH2)-GGCCAGTTCTTCATAAGTCGAGTG 

Chip-Alt( -90)-S AATGCCAGTGAGATAACCC 

Chip-Alt( -90)-As (Cy5)-ACCTTCCTGGCCGATGTA 

Chip-Alt( -90)-Zond (NH2)-GCCAGAAATTGCTGTGCAAGCCATC 

Chip-His(-205)-S CTGACGATCGGTTTCACTTC 

Chip-His(-205)-As (Cy5)-GCTTCAATTTGCTGTTTGGT 

Chip-His(-205)-Zond (NH2)-CGACATTGATCAATGGTGCCGA 

Chip-Uleg(-64)-S AGTGATTGCCGTGTCTGTTG 

Chip-Uleg(-64)-As (Cy5)-GCTGACGGCATGGTGAAT 

Chip-Uleg(-64)-Zond (NH2)-TCCAACAACGCCAGGAGCATACAT 

Chip-Caucasic(-91)-S CAAAGGGGTGCAAAGTGAC 

Chip-Caucasic(-91)-As (Cy5)-GCAAGTTGTTTCAGGCCG 

Chip-Caucasic(-91)-Zond (NH2)-CGCAGCGATAGCTTTCTTGACCCGC 

Chip-Tal(72)-S CGCAAGAGTTAGGGCTGGA 

Chip-Tal(72)-As (Cy5)-CCTAACAAGATCCCACGGC 

Chip-Tal(72)-Zond (NH2)-GGTGTATAGCGGCCATCAATTTGGC 

Chip-Micr-S ATGAAACCGAGGAGCCAA 

Chip-Micr-As (Cy5)-TCAGCCAGAATCGGGGTT 

Chip-Micr-Zond (NH2)-GAACCGCAACCCAATCCTTTGCTG 

 

6.2 ʉʪʨʫʢʪʫʨʘ ʠ ʩʭʝʤʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ     

ʩʧʦʩʦʙʘ ʠʥʜʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʪʘʤʤʦʚ ʧʦ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʚʠʜʫ 

Y. pestis, ʧʦʜʚʠʜʘʤ, ʙʠʦʚʘʨʘʤ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ, ʘ ʪʘʢʞʝ ʧʦ ʥʘʣʠʯʠʶ 

ʦʩʥʦʚʥʳʭ ʛʝʥʦʚ ʬʘʢʪʦʨʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ 

 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʟʦʥʜʳ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʘʤʠʥʦʩʣʘʡʜʦʚ GAPS II 

Coated Slides, ʠʩʧʦʣʴʟʫʷ ʤʠʥʠʧʣʦʪʪʝʨ çXact Microarrayerè, ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʩʧʦʪʳ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʛʨʫʧʧʘ ʪʘʢʠʭ ʩʧʦʪʦʚ ʦʙʨʘʟʦʚʳʚʘ-

ʣʘ ʵʨʨʝʠ, ʩʣʫʞʘʱʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (ʰʪʘʤʤʦʚ      Y. 

pestis) ʠ ʬʦʨʤʠʨʫʶʱʠʝ ʩʣʘʡʜ (ʈʠʩʫʥʦʢ 6.1 ɸ, ɹ). ʀʤʤʦʙʠʣʠʟʘʮʠʶ ʟʦʥʜʦʚ ʥʘ 

ʩʣʘʡʜʘʭ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʸʤ ʠʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 Áʉ 

ʠ 18 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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ɸ. ʈʘʩʧʦʣʦʞʝʥʠʝ ɼʅʂ-ʤʠʰʝʥʝʡ ʥʘ ʵʨʨʝʷʭ: 1 ï çMicrè, 2 ï çTalè, 3 ï çCaucasicè, 4 ï çAltè,  

5 ï çUlegè, 6 ï çHisè, 7 ï ç45è, 8 ï çMed24è, 9 ï çMed70è, 10 ï çglpDè, 11 ï çProè,  

12 ï çPhageè, 13 ï ç3aè, 14 ï çyihNè, 15 ï çirp2è, 16 ï çplaè, 17 ï çlcrVè, 18 ï çcaf1è 

ɹ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʵʨʨʝʝʚ ʥʘ ʩʣʘʡʜʝ: aïl ï ʦʪʜʝʣʴʥʳʝ ʵʨʨʝʠ ʥʘ ʩʣʘʡʜʝ 

ʈʠʩʫʥʦʢ 6.1 ï ʆʨʛʘʥʠʟʘʮʠʷ ʩʣʘʡʜʘ ʩʠʩʪʝʤʳ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʇʎʈ ʩ  

ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʫʯʸʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ 

 

ɸʤʧʣʠʢʦʥʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʧʦʣʫʯʘʣʠ ʚ ʇʎʈ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʰʝʩʪʠ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ ʩʤʝʩʝʡ ʚ ʨʘʟʥʳʭ ʧʨʦʙʠʨʢʘʭ (ʚ ʧʝʨʚʦʡ ʩʤʝʩʠ-

ʧʨʘʡʤʝʨʳ ʥʘ ʤʠʰʝʥʠ ç3aè, çcaf1è, çplaè, çyihNè; ʚʦ ʚʪʦʨʦʡ ʩʤʝʩʠ ï ʧʨʘʡʤʝʨʳ ʥʘ 

ʤʠʰʝʥʠ çirp2è, çlcrVè; ʚ ʪʨʝʪʴʝʡ ʩʤʝʩʠ ï ʧʨʘʡʤʝʨʳ ʥʘ ʤʠʰʝʥʠ ç45è, çglpDè, 

çMed24è, çProè; ʚ ʯʝʪʚʝʨʪʦʡ ʩʤʝʩʠ ï ʧʨʘʡʤʝʨʳ ʥʘ ʤʠʰʝʥʠ çMed70è, çPhageè; ʚ 

ʧʷʪʦʡ ʩʤʝʩʠ ï ʧʨʘʡʤʝʨʳ ʥʘ ʤʠʰʝʥʠ çAltè, çHisè, çUlegè; ʚ hʝʩʪʦʡ ʩʤʝʩʠ ï ʧʨʘʡ-

ʤʝʨʳ ʥʘ ʤʠʰʝʥʠ çCaucasicè, çTalè, çMicrè) (ʊʘʙʣʠʮʘ 6.3). ɼʣʷ ʚʩʝʭ ʩʤʝʩʝʡ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʝʜʠʥʘʷ ʧʨʦʛʨʘʤʤʘ ʘʤʧʣʠʬʠʢʘʮʠʠ: 1 ʮʠʢʣ ï 95 Áʉ ï 10 ʤʠʥ; 40 ʮʠʢ-

ʣʦʚ: 95 Áʉ ï 25 ʩ, 59 Áʉ ï 35 ʩ, 72 Áʉ ï 30 ʩ; 1 ʮʠʢʣ 72 Áʉ ï 3 ʤʠʥ. 
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ʊʘʙʣʠʮʘ 6.3 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʤʤʦʚ ʢ ʚʠʜʫ Y. pestis, 

ʧʦʜʚʠʜʘʤ, ʙʠʦʚʘʨʘʤ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʚʝʪʚʷʤ ʠ ʥʘʣʠʯʠʷ ʛʝʥʦʚ ʬʘʢʪʦʨʦʚ 

ʧʘʪʦʛʝʥʥʦʩʪʠ 
ɺʠʜ, ʧʦʜʚʠʜ, ʙʠʦʚʘʨ, ʚʝʪʚʴ ʅʘʣʠʯʠʝ/ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦ 

ɼʅʂ-ʤʠʰʝʥʠ 

ʧʝʨʚʘʷ ʇʎʈ-ʩʤʝʩʴ 

ç3ʘè    çcaf1è    çplaè    çyihNè   

Y. pestis    +    +    +/ï    +   

ʆʩʥʦʚʥʦʡ ʧʦʜʚʠʜ    +    +    +   +   

ʂʘʚʢʘʟʩʢʠʡ ʧʦʜʚʠʜ (0.PE2)    +    +    ï + 

ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ ʧʦʜʚʠʜ,   

ʘʣʪʘʡʩʢʠʡ ʙʠʦʚʘʨ (0.PE4a) 

+ + + + 

ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ ʧʦʜʚʠʜ,   

ʛʠʩʩʘʨʩʢʠʡ ʙʠʦʚʘʨ (0.PE4h) 

+ + + + 

ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ ʧʦʜʚʠʜ,   

ʪʘʣʘʩʩʢʠʡ ʙʠʦʚʘʨ (0.PE4t) 

+ + + + 

ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ ʧʦʜʚʠʜ,   

ʙʠʦʚʘʨ microtus (0.PE4m) 

+ + + + 

ʋʣʝʛʝʡʩʢʠʡ ʧʦʜʚʠʜ (0.PE5)    + + + + 

 ʚʪʦʨʘʷ ʇʎʈ-ʩʤʝʩʴ 

 çirp2è    çlcrVè    

ʆʩʥʦʚʥʦʡ ʧʦʜʚʠʜ    +    +    

ʂʘʚʢʘʟʩʢʠʡ ʧʦʜʚʠʜ (0.PE2)    +    +    

ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ ʧʦʜʚʠʜ, 

ʘʣʪʘʡʩʢʠʡ ʙʠʦʚʘʨ (0.PE4a) 

+ + 

ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ ʧʦʜʚʠʜ, 

ʛʠʩʩʘʨʩʢʠʡ ʙʠʦʚʘʨ (0.PE4h) 

+ + 

ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ ʧʦʜʚʠʜ, 

ʪʘʣʘʩʩʢʠʡ ʙʠʦʚʘʨ (0.PE4t) 

+ + 

ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ ʧʦʜʚʠʜ, 

ʙʠʦʚʘʨ microtus (0.PE4m) 

+ + 

ʋʣʝʛʝʡʩʢʠʡ ʧʦʜʚʠʜ (0.PE5) + + 

 ʪʨʝʪʴʷ ʇʎʈ-ʩʤʝʩʴ 

 ç45è çglpDè çMed24è çProè 

ʆʩʥʦʚʥʦʡ ʧʦʜʚʠʜ, ʘʥʪʠʯʥʳʡ    

ʙʠʦʚʘʨ (ANT)    

- + + ï 

ʆʩʥʦʚʥʦʡ ʧʦʜʚʠʜ, ʚʦʩʪʦʯʥʳʡ    

ʙʠʦʚʘʨ (1.ORI)    

ï ï + ï 

ʆʩʥʦʚʥʦʡ ʧʦʜʚʠʜ, ʩʨʝʜʥʝʚʝʢʦ-

ʚʳʡ ʙʠʦʚʘʨ, ʚʝʪʚʴ 2.MED1    

-    +    ï    ï   

ʆʩʥʦʚʥʦʡ ʧʦʜʚʠʜ, ʩʨʝʜʥʝʚʝʢʦ-

ʚʳʡ ʙʠʦʚʘʨ, ʚʝʪʚʴ 2.MED0    

-    +    +      +   

ʅʝʦʩʥʦʚʥʳʝ ʧʦʜʚʠʜʳ (0.PE)    +    +    +    ï   

 ʯʝʪʚʝʨʪʘʷ ʇʎʈ-ʩʤʝʩʴ 

 çMed70è    çPhageè    

ʆʩʥʦʚʥʦʡ ʧʦʜʚʠʜ, ʘʥʪʠʯʥʳʡ    

ʙʠʦʚʘʨ, ʚʝʪʚʴ 0.ANT    

+    -    

ʆʩʥʦʚʥʦʡ ʧʦʜʚʠʜ, ʘʥʪʠʯʥʳʡ   

ʙʠʦʚʘʨ, ʚʝʪʚʴ 1.ANT ʠ ʙʠʦʚʘʨ    

1.IN    

+    +   




