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ɇŬɢŮɑŬ ŬɜɑɢɜŮɡůɖ ɓɘɞɚɞɔɘəɩɜ ŭŮɘəŰɩɜ ůŮ  ŭŮɑɔɛŬŰŬ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ɛɏůɤ ɞɚɞəɚɖɟɤɛɏɜɞɡ 

ůɡůŰɐɛŬŰɞɠ ɓɘɞŬɘůɗɖŰɐɟŬ 355 

ȼ ŮˊɑŭɟŬůɖ Űɖɠ ŮˊɘɔŮɜŮŰɘəɐɠ əŬŰɎůŰŬůɖɠ Ůɜɧɠ ɔɞɜɘŭɑɞɡ ůŰɖ ůɡɢɜɧŰɖŰŬ ɛŮŰŬɚɚɎɝŮɤɜ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ CRISPR/Cas9 358 

V.WORKSHOP 361 

WORKSHOP-1 : ȾŬɘɜɞŰɧɛŮɠ ɀŮɗɞŭɞɚɞɔɑŮɠ Next Generation Sequencing ï ȺűŬɟɛɞɔɏɠ ůŰɖɜ 

ȰɟŮɡɜŬ əŬɘ Űɖ ȹɘɎɔɜɤůɖ 362 

WORKSHOP 2 : ȸŬůɘəɎ ɓɐɛŬŰŬ ŭɘŮɟŮɨɜɖůɖɠ ɛɘŬɠ ŰɟɞűɘɛɞɔŮɜɞɨɠ ŮˊɘŭɖɛɑŬɠ ï Ƀ ɟɧɚɞɠ Űɖɠ 

ŮɟɔŬůŰɖɟɘŬəɐɠ ŮˊɘŰɐɟɖůɖɠ 363 

ȸɅȷȸȺȽɃ çūɋɇȼɆ ȾȷūȷɇɃɆè 364 
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ɉŬɘɟŮŰɘůɛɧɠ ɄɟɧŮŭɟɤɜ ɃɟɔŬɜɤŰɘəɐɠ & ȺˊɘůŰɖɛɞɜɘəɐɠ Ⱥ́ ɘŰɟɞˊɐɠ 
 

ȷɔŬˊɖŰɏɠ əŬɘ ŬɔŬˊɖŰɞɑ ůɡɜɎŭŮɚűɞɘ, 

ȷɔŬˊɖŰɏɠ əŬɘ ŬɔŬˊɖŰɞɑ ɆɨɜŮŭɟɞɘ, 
 

ɇɞ 13ɞ ɄŬɜŮɚɚɐɜɘɞ Ɇɡɜɏŭɟɘɞ Űɖɠ ɄŬɜŮɚɚɐɜɘŬɠ Ȱɜɤůɖɠ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ (Ʉ.Ⱥ.ȸ.) ɝŮəɘɜɎ Űɘɠ ŮɟɔŬůɑŮɠ 

Űɞɡ ůŰɞɡɠ űɘɚɧɝŮɜɞɡɠ ɢɩɟɞɡɠ Űɞɡ ȾɏɜŰɟɞɡ ȹɘɎŭɞůɖɠ ȺɟŮɡɜɖŰɘəɩɜ ȷˊɞŰŮɚŮůɛɎŰɤɜ (ȾȺȹȺȷ) Űɞɡ 

ȷɟɘůŰɞŰɏɚŮɘɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪŮůůŬɚɞɜɑəɖɠ əŬɘ ɗŬ ŭɘŬɟəɏůŮɘ Ŭˊɧ Űɘɠ 9 ɏɤɠ Űɘɠ 11 ȹŮəŮɛɓɟɑɞɡ 2022.  

ɇɞ 13ɞ Ɇɡɜɏŭɟɘɞ, ɛŮ əŮɜŰɟɘəɧ ɗɏɛŬ: çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ 

ɛŮŰɎ COVID Ůˊɞɢɐè, ŭɘɞɟɔŬɜɩɜŮŰŬɘ Ŭˊɧ Űɖɜ Ʉ.Ⱥ.ȸ. ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ: 

¶ Űɞ ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ Űɞɡ ȷɟɘůŰɞŰɏɚŮɘɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪŮůůŬɚɞɜɑəɖɠ, 

¶ Űɞ ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ Űɞɡ Ⱥɗɜɘəɞɨ ȾŬˊɞŭɘůŰɟɘŬəɞɨ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȷɗɖɜɩɜ, 

¶ Űɞ ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȾɟɐŰɖɠ, 

¶ Űɞ ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ɄŬŰɟɩɜ, 

¶ Űɞ ɇɛɐɛŬ ȸɘɞɚɞɔɘəɩɜ ȺűŬɟɛɞɔɩɜ & ɇŮɢɜɞɚɞɔɘɩɜ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȽɤŬɜɜɑɜɤɜ, 

¶ Űɞ ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ & ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪŮůůŬɚɑŬɠ əŬɘ 

¶ Űɞ ɇɛɐɛŬ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ Űɞɡ ȹɖɛɞəɟɑŰŮɘɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪɟɎəɖɠ. 
 

ɇɞ Ɇɡɜɏŭɟɘɧ ɛŬɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ɛɘŬ ˊŮɟɑɞŭɞ əŬŰɎ Űɖɜ ɞˊɞɑŬ ŬɟɢɑɕɞɡɛŮ ɜŬ ŬɜŰɘɚŬɛɓŬɜɧɛŬůŰŮ 

Űɧůɞ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ˊŬɜŭɖɛɑŬɠ covid-19 ůŮ ɧɚɞɡɠ Űɞɡɠ ŰɞɛŮɑɠ Űɖɠ ɕɤɐɠ ɛŬɠ ɧůɞ əŬɘ Űɖ ůɖɛŬůɑŬ Űɤɜ 

ȸɘɞŮˊɘůŰɖɛɩɜ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɤɜ űŬɘɜɞɛɏɜɤɜ Űɖɠ ɕɤɐɠ, ɛŮ Űɖ ȸɘɞɚɞɔɑŬ ɜŬ ɓɟɑůəŮŰŬɘ ůŰɞ ŮˊɑəŮɜŰɟɞ 

Űɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɧɚɖɠ Űɖɠ ŬɜɗɟɤˊɧŰɖŰŬɠ. ȼ ˊŬɜŭɖɛɑŬ ɛŬɠ ɏŭŮɘɝŮ ˊɞɚɚɎ əŬɘ əɡɟɑɤɠ Űɞ ɏɚɚŮɘɛɛŬ ůŰɖɜ 

əŬŰŬɜɧɖůɖ Űɞɡ ɏɛɓɘɞɡ əɧůɛɞɡ əŬɘ Űɖ ůɢɏůɖ ɛŬɠ ɛŮ Űɖ ȸɘɞɚɞɔɑŬ, Űɖɜ ŮˊɘůŰɐɛɖ ˊɞɡ ɏɢŮɘ ŮˊɘűɞɟŰɘůɗŮɑ 

ɛŮ ŰŬ űŬɘɜɧɛŮɜŬ Űɖɠ ɕɤɐɠ, Űɘɠ ŭɘŬɟəŮɑɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɞɡ ɔŮɜɞŰɨˊɞɡ, Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ Űɞɡ 

űŬɘɜɞŰɨˊɞɡ. 
 

ɆŰɞ Ɇɡɜɏŭɟɘɧ ɛŬɠ ɗŬ ůɡɛɛŮŰɎůɢɞɡɜ ɛŮ əɨɟɘŮɠ ɞɛɘɚɑŮɠ ŭɘŬəŮəɟɘɛɏɜɞɘ ŮˊɘůŰɐɛɞɜŮɠ Űɖɠ ȺɚɚɎŭŬɠ əŬɘ Űɞɡ 

ŮɝɤŰŮɟɘəɞɨ, Ůɜɩ ůɖɛŬɜŰɘəɧ ɓɎɟɞɠ ɗŬ ŭɞɗŮɑ ůŮ ůɡɜŮŭɟɑŮɠ ůŰɟɞɔɔɡɚɩɜ ŰɟŬˊŮɕɩɜ, ˊɟɞűɞɟɘəɩɜ əŬɘ 

ŬɜŬɟŰɖɛɏɜɤɜ ŬɜŬəɞɘɜɩůŮɤɜ.  
 

ɆŬɠ əŬɚɤůɞɟɑɕɞɡɛŮ ůŰɘɠ ŮɟɔŬůɑŮɠ Űɞɡ ɆɡɜŮŭɟɑɞɡ ɛŬɠ ɛŮ Űɖɜ ŮɚˊɑŭŬ ɧŰɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ŰŬ 

ŭɘŭɎɔɛŬŰŬ Űɞɡ ɆɡɜŮŭɟɑɞɡ ɛŬɠ ɗŬ űŬɜɞɨɜ ɢɟɐůɘɛŬ ůŰɖɜ ɏɟŮɡɜŬ, Űɖɜ ŮˊɘůŰɐɛɖ, Űɖɜ ˊŬɘŭŮɑŬ, Űɞɜ 

ɓɘɞɚɞɔɘəɧ ŮɔɔɟŬɛɛŬŰɘůɛɧ, Űɖɜ əɞɘɜɤɜɑŬ Űɤɜ ˊɞɚɘŰɩɜ, ůŮ əɎɗŮ Ɏɜɗɟɤˊɞ ɔɘŬ ɛɘŬ ˊŬɔəɧůɛɘŬ ɡɔŮɑŬ əŬɘ 

ŮɡɖɛŮɟɑŬ, ɛɏůŬ ůŮ ɏɜŬɜ ɡɔɘɐ ˊɚŬɜɐŰɖ.  
 

ũɘŬ Űɖɜ ɃɟɔŬɜɤŰɘəɐ ȺˊɘŰɟɞˊɐ ũɘŬ Űɖɜ ȺˊɘůŰɖɛɞɜɘəɐ ȺˊɘŰɟɞˊɐ ũɘŬ Űɞ ȹ.Ɇ Űɖɠ Ʉ.Ⱥ.ȸ. 

   
ȻŬɢŬɟɑŬɠ ɆəɞɨɟŬɠ ɇŬɓŮɟɜŬɟɎəɖɠ ɁŮəŰɎɟɘɞɠ ȷˊɧůŰɞɚɞɠ ȸŬɜŰŬɟɎəɖɠ 

 

  



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

9 

ɃɟɔŬɜɤŰɘəɐ ȺˊɘŰɟɞˊɐ 
 

ɄɟɧŮŭɟɞɠ  

ɆəɞɨɟŬɠ ȻŬɢŬɟɑŬɠ, ɃɛɧŰɘɛɞɠ ȾŬɗɖɔɖŰɐɠ ũŮɜŮŰɘəɐɠ, ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ ȷɟɘůŰɞŰɏɚŮɘɞ 

ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

ɀɏɚɖ 

ȯɜɗɖɠ ȿŮɤɜɑŭŬɠ, ȺəˊŬɘŭŮɡŰɘəɧɠ ȹ.Ⱥ., ɛɏɚɞɠ ȹ.Ɇ. Ʉ.Ⱥ.ȸ. 

ȸŬɜŰŬɟɎəɖɠ ȷˊɧůŰɞɚɞɠ, ȾŬɗɖɔɖŰɐɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ, ɄɟɧŮŭɟɞɠ ȹ.Ɇ. Ʉ.Ⱥ.ȸ. 

ũŬɚɎɜɖɠ ȷɚɏɝɖɠ, ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ, ȹɖɛɞəɟɑŰŮɘɞ 

ɄŬɜŮˊɘůŰɐɛɘɞ ŪɟɎəɖɠ 

ȾŬɕɎɜɖɠ ȼɚɑŬɠ, Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ 

ȾŬŰɤˊɧŭɖɠ ũŮɩɟɔɘɞɠ, ȺəˊŬɘŭŮɡŰɘəɧɠ ȹ.Ⱥ., ȷɜŰɘˊɟɧŮŭɟɞɠ ȹ.Ɇ. Ʉ.Ⱥ.ȸ. 

ȿŬŭɞɡəɎəɖɠ ȺɛɛŬɜɞɡɐɚ, ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȾɟɐŰɖɠ 

ɀŬɡɟŬɔɎɜɖ ɀŬɟɑŬ, ȺəˊŬɘŭŮɡŰɘəɧɠ ȹ.Ⱥ., ɛɏɚɞɠ ȹ.Ɇ. Ʉ.Ⱥ.ȸ. 

ɄŬˊŬŭɞˊɞɨɚɞɡ ȾŬɚɚɘɧˊɖ, ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ & ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪŮůůŬɚɑŬɠ 

ɄŬűɑɚɖɠ ɄŬɜŬɔɘɩŰɖɠ, ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ 

ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 

Ʉɞɚɨɕɞɠ ȷɗŬɜɎůɘɞɠ, ȺəˊŬɘŭŮɡŰɘəɧɠ ȹ.Ⱥ., ɇŬɛɑŬɠ ȹ.Ɇ. Ʉ.Ⱥ.ȸ. 

ɆŰɎɘəɞɡ ȷɚŮɝɎɜŭɟŬ, ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪŮůůŬɚɞɜɑəɖɠ 

ɇůɘŬűɞɨɚɖ ɀŬɟɑŬ, ȺɟɔŬůŰɖɟɘŬəɧ ȹɘŭŬəŰɘəɧ Ʉɟɞůɤˊɘəɧ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ 

ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

ūɑɚɘɞɡ ɀɘɢŬɏɚŬ, Ⱥˊɑəɞɡɟɖ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɚɞɔɘəɩɜ ȺűŬɟɛɞɔɩɜ & ɇŮɢɜɞɚɞɔɘɩɜ, 

ɄŬɜŮˊɘůŰɐɛɘɞ ȽɤŬɜɜɑɜɤɜ 

ɉŬŰɕɖŭɖɛɖŰɟɑɞɡ ȷɜŬůŰŬůɑŬ, ȹɘŮɡɗɨɜŰɟɘŬ ȺɟŮɡɜɩɜ, ȽɜůŰɘŰɞɨŰɞ ȺűŬɟɛɞůɛɏɜɤɜ ȸɘɞŮˊɘůŰɖɛɩɜ, 

Ⱥɗɜɘəɧ ȾɏɜŰɟɞ ȰɟŮɡɜŬɠ əŬɘ ɇŮɢɜɞɚɞɔɘəɐɠ ȷɜɎˊŰɡɝɖɠ (ȽɁȺȸ, ȺȾȺɇȷ) 

 

ũɅȷɀɀȷɇȺȽȷ ɆɈɁȺȹɅȽɃɈ  

ɀˊɞɔŭɎɜɞɡ ɀŬɟɑɜŬ, ũɟŬɛɛŬŰɏŬɠ Ʉ.Ⱥ.ȸ. 

ȽɆɇɃɆȺȿȽȹȷ ɆɈɁȺȹɅȽɃɈ : https://13pev.pev.gr/ 

ȾŬɟŰůɘɩŰɖɠ ŪŮɧŭɤɟɞɠ, ȺəˊŬɘŭŮɡŰɘəɧɠ ȹŮɡŰŮɟɞɓɎɗɛɘŬɠ ȺəˊŬɑŭŮɡůɖɠ 

ũɅȷūȽȾȷ ɆɈɁȺȹɅȽɃɈ  

ȷɘɛŮɚɑŭɖɠ ȽɤɎɜɜɖɠ, ɔɟŬűɑůŰŬɠ  

https://13pev.pev.gr/
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ȺˊɘůŰɖɛɞɜɘəɐ ȺˊɘŰɟɞˊɐ 

 

ɄɟɧŮŭɟɞɠ 

ɇŬɓŮɟɜŬɟɎəɖɠ ɁŮəŰɎɟɘɞɠ, ȸɘɞɚɧɔɞɠ, ȾŬɗɖɔɖŰɐɠ Űɖɠ ȽŬŰɟɘəɐɠ Ɇɢɞɚɐɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ 

ȾɟɐŰɖɠ əŬɘ ɄɟɧŮŭɟɞɠ Űɞɡ ȹ.Ɇ. Űɞɡ ȽɇȺ, ɀɏɚɞɠ Űɖɠ ȷəŬŭɖɛɑŬɠ ȷɗɖɜɩɜ 

ɀɏɚɖ 

ȷŭŬɛɎəɖɠ ũɘɎɜɜɖɠ, Ⱥˊɑəɞɡɟɞɠ əŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ 

ȷɗɖɜɩɜ 

ȷɚŮɝɧˊɞɡɚɞɠ ɉɎɟɖɠ, Ⱥˊɑəɞɡɟɞɠ əŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ 

ȷɗɖɜɩɜ 

ȸŬůɘɚŮɘɎŭɖɠ ɆɤŰɐɟɖɠ, Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪŮůůŬɚɑŬɠ 

ȸɞɡɚŰůɘɎŭɞɡ Ⱥɚɏɜɖ, ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

ũɘɎɔəɞɡ ɀɖɜɎɠ, ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪŮůůŬɚɞɜɑəɖɠ 

ũɘŬəɞɡɜŰɐɠ AɜŰɩɜɖɠ, Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪŮůůŬɚɑŬɠ 

ȻɎɢɞɠ ũŮɩɟɔɘɞɠ, ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȾɟɐŰɖɠ 

Ȼɞɨɟɞɠ ȺɚŮɡɗɏɟɘɞɠ, ɃɛɧŰɘɛɞɠ ȾŬɗɖɔɖŰɐɠ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȾɟɐŰɖɠ, ȷɜŰŮˊɘůŰɏɚɚɞɜ ɀɏɚɞɠ Űɖɠ 

ȷəŬŭɖɛɑŬɠ ȷɗɖɜɩɜ 

ȾŬɕɎɜɖɠ ȼɚɑŬɠ, Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ 

ȾŬɚŬɜŰɑŭɖɠ ȾɟɑŰɤɜ, ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȾɟɐŰɖɠ 

ȾŬɟŬəɎůɖɠ ȽɤɎɜɜɖɠ, ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȾɟɐŰɖɠ 

ȾŬɟˊɞɨɕŬɠ ȹɖɛɐŰɟɘɞɠ , ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ Űɞɡ ɇɛɐɛŬŰɞɠ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ 

ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ 

ȾɧɚɚɘŬ ɄŬɜŬɔɞɨɚŬ, ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 

Ⱦɞɚɞɓɧɠ ɄɏŰɟɞɠ, Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ əŬɘ ũŮɜŮŰɘəɐɠ, ȹɖɛɞəɟɑŰŮɘɞ 

ɄŬɜŮˊɘůŰɐɛɘɞ ŪɟɎəɖɠ 

ȾɞɜŰɞɔɘɎɜɜɖɠ ȹɖɛɐŰɟɘɞɠ, ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

ȿŮɞɜɎɟŭɞɠ ũɘɎɜɜɖɠ,  ȾŬɗɖɔɖŰɐɠ,  ɇɛɐɛŬ ȸɘɞɚɞɔɘəɩɜ ȺűŬɟɛɞɔɩɜ əŬɘ ɇŮɢɜɞɚɞɔɘɩɜ, ɄŬɜŮˊɘůŰɐɛɘɞ 

ȽɤŬɜɜɑɜɤɜ 

ɀŬɟŬɔəɧɠ ɄɏŰɟɞɠ, ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɘəɩɜ ȺűŬɟɛɞɔɩɜ əŬɘ 

ɇŮɢɜɞɚɞɔɘɩɜ, ɄŬɜŮˊɘůŰɐɛɘɞ ȽɤŬɜɜɑɜɤɜ 

ɀŬɡɟɘəɎəɖ ȺɡŬɔɔŮɚɑŬ, ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ, ɄŬɘŭŬɔɤɔɘəɧ ɇɛɐɛŬ ȹɖɛɞŰɘəɐɠ ȺəˊŬɑŭŮɡůɖɠ, 

Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 

ɁŰŬɥɚɘɎɜɖɠ ɆŰɏűŬɜɞɠ, ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ 

ɄŬŰɟɩɜ 

ɄŬɜɑŰůŬ ɀŬɟɑŬ, ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ, ɛɏɚɞɠ Űɖɠ ȺˊɘůŰɖɛɞɜɘəɐɠ əŬɘ ȹɘŬɢŮɘɟɘůŰɘəɐɠ ŮˊɘŰɟɞˊɐɠ 

Űɞɡ ȸɞŰŬɜɘəɞɨ ɀɞɡůŮɑɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ɄŬŰɟɩɜ 

ɄŬɜŰŮɟɐɠ ȺɛɛŬɜɞɡɐɚ, ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ 
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ŪŮůůŬɚɞɜɑəɖɠ 

ɄŬˊɞɡŰůɞˊɞɨɚɞɡ ɆŰŬɛŬŰɑŬ, Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ 

ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ 

ɄŬɟɛŬəɏɚɖɠ ȷɟɘůŰŮɑŭɖɠ, ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ, Ⱥɗɜɘəɧ 

ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 

ɅŬȶŰůɞɠ ȹɘɞɜɨůɖɠ, Ⱥˊɑəɞɡɟɞɠ əŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ 

ȷɗɖɜɩɜ 

ɆŬɜŭŬɚŰɕɧˊɞɡɚɞɠ ɅŬűŬɐɚ, ȾŬɗɖɔɖŰɐɠ ɇɛɐɛŬ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ, ȹɖɛɞəɟɑŰŮɘɞ 

ɄŬɜŮˊɘůŰɐɛɘɞ ŪɟɎəɖɠ 

ɆŬɟŬűɑŭɞɡ ŪŮɞɚɞɔɑŬ, Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪŮůůŬɚɑŬɠ 

ɆɔŬɟŭɏɚɖɠ ɆŰɏűŬɜɞɠ, ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

Ɇɘŭɖɟɞˊɞɨɚɞɡ ȾɡɟɘŬəɐ, ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȾɟɐŰɖɠ 

ɇɞəŬŰɚɑŭɖɠ ũɘɎɜɜɖɠ, ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ, 

ȹɖɛɞəɟɑŰŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪɟɎəɖɠ 

ɇůɑəɞɡ ȹŬɜɘɏɚŬ, Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪŮůůŬɚɑŬɠ 

ɉŬŰɕɖŭɖɛɖŰɟɑɞɡ ȷɜŬůŰŬůɑŬ, ȹɘŮɡɗɨɜŰɟɘŬ ȺɟŮɡɜɩɜ, ȽɜůŰɘŰɞɨŰɞ ȺűŬɟɛɞůɛɏɜɤɜ ȸɘɞŮˊɘůŰɖɛɩɜ, 

Ⱥɗɜɘəɧ ȾɏɜŰɟɞ ȰɟŮɡɜŬɠ əŬɘ ɇŮɢɜɞɚɞɔɘəɐɠ ȷɜɎˊŰɡɝɖɠ (ȽɁȺȸ, ȺȾȺɇȷ) 

ɉɚɑɢɚɘŬ ȷɘəŬŰŮɟɑɜɖ, ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ, ȹɖɛɞəɟɑŰŮɘɞ 

ɄŬɜŮˊɘůŰɐɛɘɞ ŪɟɎəɖɠ 

ɊŬɗɎ ɁɘəɞɚɏŰŰŬ, Ⱥˊɑəɞɡɟɖ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪŮůůŬɚɞɜɑəɖɠ 

Halley John, ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɘəɩɜ ȺűŬɟɛɞɔɩɜ əŬɘ ɇŮɢɜɞɚɞɔɘɩɜ, ɄŬɜŮˊɘůŰɐɛɘɞ ȽɤŬɜɜɑɜɤɜ 
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ɉɞɟɖɔɞɑ ɆɡɜŮŭɟɑɞɡ 
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ȾȺɁɇɅȽȾȼ ɃɀȽȿȽȷ-2 : ȷɜŰŬɔɤɜɘůɛɧɠ əŬɘ ůɡɜŮɟɔŬůɑŬ Ŭˊɧ Űɖɜ ŮɛűɎɜɘůɖ Űɖɠ ɕɤɐɠ 

ɛɏɢɟɘ Űɘɠ ŬɜɗɟɩˊɘɜŮɠ əɞɘɜɤɜɑŮɠ 

ȺɚŮɡɗɏɟɘɞɠ Ȼɞɨɟɞɠ 
ɃɛɧŰɘɛɞɠ ȾŬɗɖɔɖŰɐɠ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȾɟɐŰɖɠ, ȷɜŰŮˊɘůŰɏɚɚɞɜ ɀɏɚɞɠ Űɖɠ ȷəŬŭɖɛɑŬɠ ȷɗɖɜɩɜ 

 

 

ɉɖɛɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ɛŮ Űɖɜ ɘŭɘɧŰɖŰŬ Űɖɠ ŬɜŬˊŬɟŬɔɤɔɐɠ ŮɛűŬɜɑůŰɖəŬɜ ůŰɞɜ ˊɚŬɜɐŰɖ ɛŬɠ ˊŮɟɑˊɞɡ ˊɟɘɜ 

4 ŭɘůŮəŬŰɞɛɛɨɟɘŬ ɢɟɧɜɘŬ. ȷˊɧ ŬɡŰɞɨɠ ˊɟɞɏəɡɣŬɜ ɧɚŮɠ ɞɘ ɛɞɟűɏɠ Űɖɠ ɕɤɐɠ.  ȼ Ůɝɏɚɘɝɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ 

Űɖɠ ɕɤɐɠ ůɖɛŬŭŮɨŰɖəŮ Ŭˊɧ ůŰŬɗɛɞɨɠ, ɧˊɤɠ ɖ ŮɛűɎɜɘůɖ Űɤɜ əɡŰŰɎɟɤɜ (ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗɞɨɜ ɤɠ 

çəɞɘɜɤɜɑŮɠè ɔɞɜɘŭɑɤɜ), Űɤɜ ůɨɜɗŮŰɤɜ ˊɞɚɡəɨŰŰŬɟɤɜ ɞɟɔŬɜɘůɛɩɜ (ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗɞɨɜ ɤɠ 

çəɞɘɜɤɜɑŮɠè əɡŰŰɎɟɤɜ) əŬɘ Űɤɜ ŬəɧɛŬ ˊɘɞ ůɨɜɗŮŰɤɜ ůɡɜɧɚɤɜ ŬŰɧɛɤɜ ɛŮ əɞɘɜɤɜɘəɐ ɞɟɔɎɜɤůɖ. ɇɘ 

Ůɑŭɞɡɠ ɛɖɢŬɜɘůɛɞɑ ŮɡɗɨɜɞɜŰŬɘ ɔɘŬ ŬɡŰɐɜ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ, ůŰɖɜ əɞɟɡűɐ Űɖɠ ɞˊɞɑŬɠ 

ɓɟɑůəɞɜŰŬɘ ɞ Ŭɜɗɟɩˊɘɜɞɠ ŮɔəɏűŬɚɞɠ əŬɘ ɞɘ ŬɜɗɟɩˊɘɜŮɠ əɞɘɜɤɜɑŮɠ; ɈˊɐɟɝŬɜ ɞ ŬɜŰŬɔɤɜɘůɛɧɠ əŬɘ ɖ 

ůɡɜŮɟɔŬůɑŬ ŬɜŰɑˊŬɚŮɠ ɐ ůɡɜŮɟɔŬŰɘəɏɠ ŭɡɜɎɛŮɘɠ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɞɡ ɏɛɓɘɞɡ əɧůɛɞɡ 

əŬɘ, ɔŮɜɘəɧŰŮɟŬ, ůŰɖɜ ˊɞɟŮɑŬ Űɖɠ ɕɤɐɠ; ɈˊɎɟɢŮɘ ɏɜŬ ɧɟɘɞ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ əŬɘ ˊɞɘɧ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ; ȺɑɜŬɘ ŭɡɜŬŰɧɜ ɏɜŬ ˊɟɞɥɧɜ ŬɡŰɐɠ Űɖɠ ˊɞɟŮɑŬɠ, ɞ Ɏɜɗɟɤˊɞɠ, ɜŬ 

Űɖɜ ŮɚɏɔɝŮɘ əŬɘ ɜŬ Űɖɜ əŬŰŮɡɗɨɜŮɘ; ɄɞɘŮɠ ŮɑɜŬɘ ɞɘ ˊɟɞɦˊɞɗɏůŮɘɠ ɔɘŬ ɏɜŬ ŰɏŰɞɘɞ ŮɜŭŮɢɧɛŮɜɞ ;  
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ɇŬɓŮɟɜŬɟɎəɖɠ ɁŮəŰɎɟɘɞɠ 
ȾŬɗɖɔɖŰɐɠ Űɖɠ ȽŬŰɟɘəɐɠ Ɇɢɞɚɐɠ Űɞɡ ɄŬɜŮˊɘůŰɐɛɘɞɡ ȾɟɐŰɖɠ, ɄɟɧŮŭɟɞɠ Űɞɡ ȽŭɟɨɛŬŰɞɠ ɇŮɢɜɞɚɞɔɑŬɠ 

əŬɘ ȰɟŮɡɜŬɠ, 

ȷɜŰɘˊɟɧŮŭɟɞɠ Űɞɡ ȹɘɞɘəɖŰɘəɞɨ Ɇɡɛɓɞɨɚɘɞɡ Űɞɡ ȺɡɟɤˊŬɥəɞɨ ȽɜůŰɘŰɞɨŰɞɡ ȾŬɘɜɞŰɞɛɑŬɠ əŬɘ 

ɇŮɢɜɞɚɞɔɑŬɠ 

 

 

ȼ ɔɐɟŬɜůɖ əŬɘ ɞɘ ůɡɜɞŭɏɠ Űɖɠ ˊŬɗɞɚɞɔɘəɏɠ əŬŰŬůŰɎůŮɘɠ ɧˊɤɠ ɞɘ ɜŮɡɟɞŮəűɡɚɘůŰɘəɏɠ ŬůɗɏɜŮɘŮɠ, 

ŬˊɞŰŮɚɞɨɜ ɏɜŬ Ŭˊɧ Űɞɡɠ ŭɘŬɟəɩɠ ŬɡɝŬɜɧɛŮɜɞɡɠ ˊŬɟɎɔɞɜŰŮɠ Ŭɜɗɟɩˊɘɜɖɠ ŬɜŬˊɖɟɑŬɠ ůŰɘɠ ůɨɔɢɟɞɜŮɠ 

əɞɘɜɤɜɑŮɠ. Ƀɘ ŮəűɡɚɘůŰɘəɏɠ ŬůɗɏɜŮɘŮɠ Űɞɡ ɜŮɡɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɧˊɤɠ ɞɘ ŬůɗɏɜŮɘŮɠ Alzheimerôs, Batten, 

Huntingtonôs, Parkinsonôs əŬɘ ˊɞɚɚɏɠ ɎɚɚŮɠ, ŮɑɜŬɘ Ŭˊɧ Űɘɠ ˊɘɞ ŭɟŬɛŬŰɘəɏɠ ˊŬɗɞɚɞɔɘəɏɠ əŬŰŬůŰɎůŮɘɠ 

ůŰɞɜ Ɏɜɗɟɤˊɞ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ůɡɢɜɎ ɛɞɘɟŬɑŬ əŬŰɎɚɖɝɖ. Ⱦɞɘɜɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɧɚɤɜ Űɤɜ 

ɜŮɡɟɞŮəűɡɚɘůŰɘəɩɜ ŬůɗŮɜŮɘɩɜ ŮɑɜŬɘ ɖ ˊɟɞɞŭŮɡŰɘəɐ ŬɚɚɎ əŬɘ ɖ ɛŬɕɘəɐ ŬˊɩɚŮɘŬ əɡŰŰɎɟɤɜ Űɞɡ ɜŮɡɟɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ ŰŬ ɞˊɞɑŬ ɧˊɤɠ ŮɑɜŬɘ ɔɜɤůŰɧ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ɎɚɚŬ Ůɑŭɖ əɡŰŰɎɟɤɜ, ŮɑɜŬɘ ŭɨůəɞɚɞ ɤɠ 

ŬŭɨɜŬŰɞ ɜŬ ŬɜŬˊɚɖɟɤɗɞɨɜ. ȼ ŮəŰŮŰŬɛɏɜɖ ŬɡŰɐ ŬˊɩɚŮɘŬ ɞŭɖɔŮɑ ůŮ ɗŮŬɛŬŰɘəɐ ɛŮɑɤůɖ Űɤɜ ůɤɛŬŰɘəɩɜ 

əŬɘ ɜɞɖŰɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ Űɞɡ ŬŰɧɛɞɡ əŬɘ ŰŮɚɘəɎ ůŰɞ ɗɎɜŬŰɞ. ɄŬɟɧɛɞɘŬ űŬɘɜɧɛŮɜŬ əŬŰŬůŰɟɞűɐɠ Űɤɜ 

ɜŮɡɟɘəɩɜ əɡŰŰɎɟɤɜ ɛŮ ŬɜɎɚɞɔŮɠ ɞŭɡɜɖɟɏɠ ůɡɜɏˊŮɘŮɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ Ůˊɑůɖɠ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ɘůɢŬɘɛɘəɩɜ 

ŮɔəŮűŬɚɘəɩɜ ŮˊŮɘůɞŭɑɤɜ, ŮˊɘɚɖɣɑŬɠ əŬɗɩɠ əŬɘ əŬŰɎɢɟɖůɖɠ Űɞɝɘəɩɜ ɖ ɜŬɟəɤŰɘəɩɜ ɞɡůɘɩɜ. ɄŬɟɧɚɞ 

ˊɞɡ ɖ ɔɐɟŬɜůɖ ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ ɗŮɛŮɚɘɩŭɖ ɓɘɞɚɞɔɘəɎ űŬɘɜɧɛŮɜŬ, Űɞ ɧˊɞɘɞ ɓɘɩɜɞɡɜ ɧɚɞɘ 

ŬɜŮɝŬɘɟɏŰɤɠ ɞɘ ɏɛɓɘɞɘ ɞɟɔŬɜɘůɛɞɑ, ŮɑɜŬɘ ŰŬɡŰɧɢɟɞɜŬ əŬɘ ɏɜŬ Ŭˊɧ ŰŬ ɚɘɔɧŰŮɟɞ əŬŰŬɜɞɖŰɎ. Ʉɞɘɞɘ 

ɓɘɞɚɞɔɘəɞɑ ɛɖɢŬɜɘůɛɞɑ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɘ ɔɘŬ Űɖ ɔɐɟŬɜůɖ Űɤɜ əɡŰŰɎɟɤɜ əŬɘ əŬŰô ŮˊɏəŰŬůɖ ɞɚɧəɚɖɟɞɡ 

Űɞɡ ɞɟɔŬɜɘůɛɞɨ; Ʉɤɠ ŮɚɏɔɢɞɜŰŬɘ; ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ɞɛɘɚɑŬɠ ɗŬ ŬɜŬɚɡɗɞɨɜ ŰŬ ŮɡɟɐɛŬŰŬ ɛŮɚŮŰɩɜ ˊɞɡ 

ůŰɞɢŮɨɞɡɜ ůŰɖɜ ŬˊɞəɎɚɡɣɖ Űɤɜ ɛɖɢŬɜɘůɛɩɜ ŬɡŰɩɜ, əɎŰɘ ˊɞɡ ŬɜŬɛɏɜŮŰŬɘ ɧŰɘ ɗŬ ŭɘŮɡəɞɚɨɜŮɘ ůɖɛŬɜŰɘəɎ 

Űɖɜ ŬɜɎˊŰɡɝɖ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ˊŬɟŮɛɓɎůŮɤɜ ɛŮ ůŰɧɢɞ Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ ɕɤɐɠ ůŰɘɠ ɛŮɔɎɚŮɠ 

ɖɚɘəɑŮɠ. 
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ɃɀȽȿȽȷī1 : ȸɘɞɚɞɔɘəɐ Ⱥɝɏɚɘɝɖ əŬɘ ɀɞɟɘŬəɐ ȺˊɘŭɖɛɘɞɚɞɔɑŬ Űɞɡ Sars-CoV-2 ůŰɖɜ 

ȺɚɚɎŭŬ 

ȹɖɛɐŰɟɖɠ ŪɎɜɞɠ 
ȷəŬŭɖɛŬɥəɧɠ, ɄɟɧŮŭɟɞɠ Űɞɡ ȺˊɘůŰɖɛɞɜɘəɞɨ Ɇɡɛɓɞɡɚɑɞɡ əŬɘ ȹɘŮɡɗɡɜŰɐɠ Űɞɡ ȾɏɜŰɟɞɡ ȸŬůɘəɐɠ 

ȰɟŮɡɜŬɠ Űɞɡ ȽŭɟɨɛŬŰɞɠ ȽŬŰɟɞɓɘɞɚɞɔɘəɩɜ ȺɟŮɡɜɩɜ Űɖɠ ȷəŬŭɖɛɑŬɠ ȷɗɖɜɩɜ 
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ɃɀȽȿȽȷī2 : ɀɞɟɘŬəɏɠ əŬɘ ɛŮŰŬɓɞɚɘəɏɠ ŬˊɞəɟɑůŮɘɠ ɗŬɚɎůůɘɤɜ ɞɟɔŬɜɘůɛɩɜ ůŰɖɜ 

Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɚɧɔɤ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ 

ȸŬůɑɚŮɘɞɠ ɀɘɢŬɖɚɑŭɖɠ 
ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

 

 

Ƀɘ ŬɜɗɟɩˊɘɜŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ŮˊɖɟŮɎɕɞɡɜ ɎɛŮůŬ ɐ ɏɛɛŮůŬ Űɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ 

ŬɜŬˊŰɨůůɞɜŰŬɠ ůŰɟŮůůɞɔɧɜŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ. Ƀɘ ůɡɜɗɐəŮɠ ŬɡŰɏɠ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ 

ůŰɟŮůůɞɔɧɜɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɟɞəŬɚɞɨɜ Űɖɜ Ŭɟɢɘəɐ Ŭˊɧəɟɘůɖ Űɤɜ ɗŬɚɎůůɘɤɜ ɞɟɔŬɜɘůɛɩɜ ůŮ ɛɞɟɘŬəɧ, 

ɓɘɞɢɖɛɘəɧ əŬɘ űɡůɘɞɚɞɔɘəɧ ŮˊɑˊŮŭɞ ŮɜŰɧɠ ɚɑɔɤɜ ɤɟɩɜ ɐ ɛŮɟɩɜ, ŮˊɖɟŮɎɕɞɜŰŬɠ ɎɛŮůŬ Űɘɠ əɡŰŰŬɟɘəɏɠ 

ɚŮɘŰɞɡɟɔɑŮɠ əŬɘ ŰŮɚɘəɎ Űɖɜ űɡůɘɞɚɞɔɘəɐ Ŭˊɧŭɞůɖ Űɤɜ ŬŰɧɛɤɜ, Ůɜɩ ůŮ ɓɎɗɞɠ ɢɟɧɜɞɡ, ŮˊɖɟŮɎɕɞɡɜ Űɖɜ 

ɞɘəɞɚɞɔɑŬ Űɤɜ ˊɚɖɗɡůɛɩɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ ˊɟɞůŬɟɛɞɔɐɠ əŬɘ ŮˊɘŰɡɢɑŬɠ Ůˊɘɓɑɤůɖɠ Űɞɡɠ. Ƀɘ 

űɡůɘɞɚɞɔɘəɏɠ ŬˊɞəɟɑůŮɘɠ ŮɑɜŬɘ ɎɛŮůŬ ɡˊŮɨɗɡɜŮɠ ɔɘŬ Űɖɜ ɘəŬɜɧŰɖŰŬ Ůɜɧɠ ɞɟɔŬɜɘůɛɞɨ ɜŬ ŬɜŰɘɛŮŰɤˊɑůŮɘ 

Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ əŬŰŬˊɧɜɖůɖɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ Űɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ŬɜɎˊŰɡɝɖɠ əŬɘ Űɖɠ ŬɜŬˊŬɟŬɔɤɔɐɠ 

Űɞɡ. ɆŮ ɛɘŬ Ůˊɞɢɐ ɧˊɞɡ ɞɘ ɡŭŬŰɞəŬɚɚɘɏɟɔŮɘŮɠ ŰŮɑɜɞɡɜ ɜŬ ŬɜŰɘəŬŰŬůŰɐůɞɡɜ Űɖɜ ŬɚɘŮɑŬ Űɤɜ ɣŬɟɘɩɜ, ɖ 

əŬŰŬɜɧɖůɖ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ŬɚɚŬɔɩɜ ɚɧɔɤ Űɤɜ Ŭɜɗɟɩˊɘɜɤɜ ŮˊɘŭɟɎůŮɤɜ əŬɘ Űɖɠ əɚɘɛŬŰɘəɐɠ 

ŬɚɚŬɔɐɠ əŬɘ ŬɜŰɘůŰɞɑɢɤɠ Űɤɜ ŬˊɞəɟɑůŮɤɜ Űɤɜ ŮəŰɟŮűɧɛŮɜɤɜ ɗŬɚɎůůɘɤɜ Ůɘŭɩɜ ůŮ ŭɘɎűɞɟŬ ŮˊɑˊŮŭŬ 

ɓɘɞɚɞɔɘəɐɠ ɞɟɔɎɜɤůɖɠ ŮɑɜŬɘ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ əɘɜŭɨɜɤɜ əŬɘ 

Űɖɜ ɚɐɣɖ ɛɏŰɟɤɜ ŭɘŬɢŮɑɟɘůɖɠ Űɤɜ űɡůɘəɩɜ ˊɧɟɤɜ. Ⱥˊɑůɖɠ ɞɘ ŮəŰɘɛɐůŮɘɠ Űɖɠ űɡůɘɞɚɞɔɘəɐɠ Ŭˊɧŭɞůɖɠ 

Űɤɜ ɗŬɚɎůůɘɤɜ ɞɟɔŬɜɘůɛɩɜ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŮˊɘˊŰɩůŮɤɜ Űɖɠ 

əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ əŬɘ ŬˊɞŰŮɚŮɑ ɛɘŬ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖ ŭɘŬŰɐɟɖůɖ Űɤɜ űɡůɘəɩɜ ˊɧɟɤɜ 

əŬɘ Űɖɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ. ɋɠ Ůə ŰɞɨŰɞɡ, ɖ ŭɘŬɢŮɑɟɘůɖ əŬɘ ŭɘŬŰɐɟɖůɖ Űɤɜ ˊɚɖɗɡůɛɩɜ əŬɘ Űɖɠ 

ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ ɞűŮɑɚɞɡɜ ɜŬ ŮůŰɘɎɕɞɡɜ ˊɟɤŰɑůŰɤɠ ůŰɘɠ ɛŮŰŬɓɞɚɏɠ ŮɜŰɧɠ Űɞɡ əɡŰŰɎɟɞɡ, Ŭűɞɨ 

ŬˊɞŰŮɚɞɨɜ Űɞ Ŭɟɢɘəɧ ůŰɎŭɘɞ ůŮ ɏɜŬ əŬŰŬɟɟɎəŰɖ ŬɜŰɘŭɟɎůŮɤɜ ˊɞɡ ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ ɞŭɖɔɐůɞɡɜ ůŰɖɜ 

əŬŰɎɟɟŮɡůɖ Űɤɜ ˊɚɖɗɡůɛɩɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ɞɛɘɚɑŬ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɖɜ Ŭˊɧəɟɘůɖ Űɤɜ ɗŬɚɎůůɘɤɜ 

ɞɟɔŬɜɘůɛɩɜ əŬɘ əɡɟɑɤɠ Űɞɡ ŮəŰɟŮűɧɛŮɜɞɡ Ůɑŭɞɡɠ ɣŬɟɘɞɨ Sparus auarata (ŰůɘˊɞɨɟŬ) əŬɘ Űɞɡ 

ɛŮůɞɔŮɘŬəɞɨ ɛɡŭɘɞɨ Mytilus galloprovincialis. ȷɜŬűɏɟɞɜŰŬɘ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŰŮɚŮɡŰŬɑɤɜ ŭŮəŬˊɏɜŰŮ 

ŮŰɩɜ Ŭˊɧ ɏɟŮɡɜŬ ˊɞɡ ɏɢŮɘ ŭɘŮɝŬɢɗŮɑ ůŰɞ ȺɟɔŬůŰɐɟɘɞ ūɡůɘɞɚɞɔɑŬɠ Ȼɩɤɜ Űɞɡ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ Űɞɡ 

ȷ.Ʉ.Ū. əŬɘ ˊɤɠ ŬɡŰɎ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɤɜ ɞɟɑɤɜ ɗŮɟɛɘəɐɠ ŬɜŰɞɢɐɠ Űɞɡɠ ůŮ ůɡɜɗɐəŮɠ 

ɗŮɟɛɘəɞɨ ůŰɟŮɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ ɛɞɟɘŬəɏɠ, ɛŮŰŬɓɞɚɘəɏɠ əŬɘ űɡůɘɞɚɞɔɘəɏɠ ŬˊɞəɟɑůŮɘɠ ŭŮɑɢɜɞɡɜ 

ɧŰɘ Űɧůɞ ŰŬ ɣɎɟɘŬ ɧůɞ əŬɘ ŰŬ ɛɨŭɘŬ Ŭɟɢɑɕɞɡɜ əŬɘ əŬŰŬˊɞɜɞɨɜŰŬɘ ɗŮɟɛɘəɎ ˊɎɜɤ Ŭˊɧ Űɞɡɠ 26-27ɞC. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɎ ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɘ Ŭˊɧ ˊɟɧůűŬŰŮɠ ɛŬɕɘəɏɠ ɗɜɖůɘɛɧŰɖŰŮɠ Űɤɜ ɛɡŭɘɩɜ ɚɧɔɤ Űɖɠ 

ˊŬɟŬŰŮŰŬɛɏɜɖɠ Ŭɨɝɖůɖɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ˊɎɜɤ Ŭˊɧ Űɞɡɠ 28ɞC ůŰɘɠ Ůɚɚɖɜɘəɏɠ ɗɎɚŬůůŮɠ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ůɡɛɓɎɚɚɞɡɜ ɘŭɘŬɑŰŮɟŬ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ ˊɟɞɔɟŬɛɛɎŰɤɜ ɏɔəŬɘɟɖɠ ˊɟɞŮɘŭɞˊɞɑɖůɖɠ ɔɘŬ Űɖɜ 

ɚɐɣɖ ɛɏŰɟɤɜ ˊɟɞůŰŬůɑŬɠ Űɤɜ ˊɚɖɗɡůɛɩɜ Űɤɜ ŮəŰɟŮűɧɛŮɜɤɜ Ůɘŭɩɜ ůŮ ůɡɜɗɐəŮɠ ɗŮɟɛɘəɐɠ 

əŬŰŬˊɧɜɖůɖɠ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ əɚɘɛŬŰɘəɐɠ. Ⱥˊɑůɖɠ ɓɎůŮɘ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ɏɟŮɡɜŬɠ ŬɜŬűɏɟɞɜŰŬɘ 
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ɛɏɗɞŭɞɘ ɓŮɚŰɑɤůɖɠ Űɖɠ ɗŮɟɛɘəɐɠ ŬɜŰɞɢɐɠ Űɤɜ ɛɡŭɘɩɜ, ɏŰůɘ ɩůŰŮ ɜŬ ɛŮŰɟɘɎɕɞɜŰŬɘ ɞɘ ŮˊɘˊŰɩůŮɘɠ Űɖɠ 

Ŭɨɝɖůɖɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ ůŰɖɜ ɗɜɖůɘɛɧŰɖŰŬ Űɤɜ ŬŰɧɛɤɜ Űɤɜ ɛɡŭɘɩɜ. 

ɆɡɔəŮəɟɘɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ "hardening" ŭŮɑɢɜɞɡɜ ɏɜŰɞɜɖ ɔɞɜɘŭɘŬəɐ 

ɏəűɟŬůɖ ˊɞɡ ůɡɛɓɎɚɚŮɘ ůŰɖɜ ɛŮɑɤůɖ Űɖɠ ɗɜɖůɘɛɧŰɖŰŬɠ Űɤɜ ɛɡŭɘɩɜ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ.  
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ɃɀȽȿȽȷī3 : ɇɞ ůɖɛŮɑɞ Ůɚɏɔɢɞɡ Űɖɠ Ŭˊɞəɞˊɐɠ ůŰɖɜ əɡŰŰŬɟɞəɑɜɖůɖ: ɏɜŬɠ ɜɏɞɠ 

ˊɟɞůŰɎŰɖɠ Űɖɠ ůŰŬɗŮɟɧŰɖŰŬɠ Űɤɜ ɢɟɤɛɞůɤɛɎŰɤɜ 

ũŮɩɟɔɘɞɠ ȻɎɢɞɠ 
ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȾɟɐŰɖɠ 

 

 

ɆŰŬ ŮɡəŬɟɡɤŰɘəɎ əɨŰŰŬɟŬ, Űɞ ůɖɛŮɑɞ Ůɚɏɔɢɞɡ Űɖɠ Ŭˊɞəɞˊɐɠ ůɡɜŮɘůűɏɟŮɘ ůŰɞɜ Ŭəɟɘɓɐ ŭɘŬɢɤɟɘůɛɧ Űɤɜ 

ɢɟɤɛɞůɤɛɎŰɤɜ əŬŰɎ Űɖɜ əɡŰŰŬɟɘəɐ ŭɘŬɑɟŮůɖ əŬɗɡůŰŮɟɩɜŰŬɠ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ əɡŰŰŬɟɞəɑɜɖůɖɠ 

(Ŭˊɞəɞˊɐ) ɧŰŬɜ ɡˊɎɟɢŮɘ ɢɟɤɛŬŰɑɜɖ ˊɞɡ əŬɗɡůŰŮɟŮɑ ɛɏůŬ ůŰɞ ŭɘŬəɡŰŰŬɟɘəɧ əŬɜɎɚɘ ŬɜɎɛŮůŬ ůŰŬ 

ɗɡɔŬŰɟɘəɎ əɨŰŰŬɟŬ. ɆŰŬ əɨŰŰŬɟŬ Ŭɜɗɟɩˊɞɡ, Űɞ ůɖɛŮɑɞ Ůɚɏɔɢɞɡ Űɖɠ Ŭˊɞəɞˊɐɠ ŬˊŬɘŰŮɑ Űɞ ůɤůŰɧ 

ŮɜŰɞˊɘůɛɧ əŬɘ Űɖ ɓɏɚŰɘůŰɖ əŬŰŬɚɡŰɘəɐ ŮɜŮɟɔɧŰɖŰŬ Űɖɠ əɘɜɎůɖɠ Aurora B Űɞɡ ˊɟɤŰŮɥɜɘəɞɨ Ɇɡɛˊɚɧəɞɡ 

ɉɟɤɛɞůɤɛɘəɩɜ ȺˊɘɓŬŰɩɜ (CPC) ůŰɞ ŮɜŭɘɎɛŮůɞ ůɩɛŬ, əŬɘ əɞɟɡűɩɜŮŰŬɘ ɛŮ Űɖɜ ŬɜŬůŰɞɚɐ ˊɟɤŰŮɥɜɩɜ 

Űɞɡ ůɡɛˊɚɧəɞɡ ESCRT-III  ɔɘŬ ɜŬ əŬɗɡůŰŮɟɐůŮɘ Űɞ ŰŮɚɘəɧ əɧɣɘɛɞ. ȷɜŮˊɘŰɡɢɐɠ Ůˊɑɚɡůɖ ɔŮűɡɟɩɜ 

ɢɟɤɛŬŰɑɜɖɠ (ɘɜɩɜ ŮůűŬɚɛɏɜŬ ŭɘŬɢɤɟɘůɛɏɜɞɡ DNA ɞɘ ɞˊɞɑŮɠ Ůɜɩɜɞɡɜ Űɞɡɠ ɗɡɔŬŰɟɘəɞɨɠ ˊɡɟɐɜŮɠ) ůŮ 

əɨŰŰŬɟŬ ɢɤɟɑɠ ɚŮɘŰɞɡɟɔɘəɧ ůɖɛŮɑɞ Ůɚɏɔɢɞɡ Űɖɠ Ŭˊɞəɞˊɐɠ, ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɗɟŬɨůɖ Űɤɜ ɔŮűɡɟɩɜ 

ɢɟɤɛŬŰɑɜɖɠ ɐ ůŮ ŭɖɛɘɞɡɟɔɑŬ ŰŮŰɟŬˊɚɞŮɘŭɩɜ əɡŰŰɎɟɤɜ ɚɧɔɤ ɞˊɘůɗɞɢɩɟɖůɖɠ Űɖɠ əɡŰŰŬɟɞˊɚŬůɛŬŰɘəɐɠ 

ŬɨɚŬəŬɠ. ɀŮ Űɖ ůŮɘɟɎ Űɞɡɠ, ŰŬ ˊŬɟŬˊɎɜɤ ŮɜŭŮɢɧɛŮɜŬ ɛˊɞɟɞɨɜ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ůɡůůɩɟŮɡůɖ ɓɚŬɓɩɜ 

ůŰɞ DNA əŬɘ ɢɟɤɛɞůɤɛɘəɐ ŬůŰɎɗŮɘŬ, ŰŬ ɞˊɞɑŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ ŭɖɛɘɞɡɟɔɑŬ əŬɟəɑɜɞɡ. ŪŬ 

ˊŬɟɞɡůɘɎůɞɡɛŮ ˊɟɧůűŬŰɖ ˊɟɧɞŭɞ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɤɜ ɛɖɢŬɜɘůɛɩɜ Űɞɡ ůɖɛŮɑɞɡ Ůɚɏɔɢɞɡ Űɖɠ 

Ŭˊɞəɞˊɐɠ əŬɘ ɗŬ ůɡɕɖŰɐůɞɡɛŮ Űɞ ɟɧɚɞ ŬɡŰɞɨ ůŰɖ ŭɘŬůűɎɚɘůɖ Űɖɠ ŬəŮɟŬɘɧŰɖŰŬɠ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ ůŮ 

ŮˊɑˊŮŭɞ ɢɟɤɛɞůɤɛɎŰɤɜ. 
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ɃɀȽȿȽȷī4 : ɆɡɜɗŮŰɘəɐ ȸɘɞɚɞɔɑŬ əŬɘ ȸɘɞ-ɢɡŰɐɟɘŬ: ȷˊɧ Űɞ ɔɞɜɧŰɡˊɞ ůŰɞɜ űŬɘɜɧŰɡˊɞ 

The Edinburgh Genome Foundry: a robotic setup for high-throughput 

bioengineering, from genotype to phenotype 

Ʌɏɜɜɞɠ ūɟŬɔəɞɨŭɖɠ 
ɈˊŮɨɗɡɜɞɠ Űɞɡ Ⱥdinburgh Genome Foundry 

 

Biofoundries encourage the use of cutting-edge computational tools and automated workflows that are 

key to accelerating the engineering of biological systems. The Edinburgh Genome Foundry (EGF) at the 

University of Edinburgh is a core research facility that provides academic and industrial customers 

access to state-of-the-art equipment and automation infrastructure. We specialise in the miniaturised 

assembly of DNA constructs for fundamental and biotechnology-related research using a fully 

automated workflow on our highly integrated robotics platform. A custom suite of computational tools 

is utilised to automate the design of DNA sequences and facilitates interactions between the robotic 

platform, databases, and user interfaces in processes from project onboarding to quality control 

procedures. In addition to DNA assembly, the platform and integrated liquid handling systems are used 

for high-throughput automation of common molecular biology protocols, micro-organism 

transformation, and the development of bespoke assays. These workflows are complemented either by 

in-house instrumentation or through collaborations with internal research facilities for additional 

phenotypic screening such as next-generation sequencing, proteomics, and metabolomics. 

 

Our recently acquired Beacon Optofluidics system from Berkeley Lights is an outstanding addition to 

our existing infrastructure and automation capabilities. The Beacon System allows the simultaneous 

analysis of thousands of cells in isolated chambers and enables users to implement workflows used for 

antibody discovery and cell line development. As the first of its kind in a European academic facility, 

EGFôs investment in the Beacon system has provided our customers with unparalleled access to state-

of-the-art technology to perform high-throughput single-cell screening experiments. 

 

Our advanced computational tools and automation technologies have been crucial in research projects 

such as gene therapy, vaccine development, and metabolic engineering. Expanding our toolkit to include 

the Beacon system is key to facilitating the development of previously unfeasible projects in both 

academia and industry.      
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ɃɀȽȿȽȷī5 : Ƀ ɟɧɚɞɠ Űɖɠ ɔŮɜŮŰɘəɐɠ ůŰɖɜ ŬɘŰɘɞɚɞɔɑŬ Űɤɜ ɜŮɡɟɞŬɜŬˊŰɡɝɘŬəɩɜ 

ůɡɜŭɟɧɛɤɜ - ɇɞ ˊŬɟɎŭŮɘɔɛŬ Űɞɡ Ɇɡɜŭɟɧɛɞɡ Gilles de la Tourette 

ɀŬɟɘɎɜɗɖ ũŮɤɟɔɑŰůɖ 
Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ, ȹɖɛɞəɟɑŰŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪɟɎəɖɠ 

 

Ƀɘ ɜŮɡɟɞŬɜŬˊŰɡɝɘŬəɏɠ ŭɘŬŰŬɟŬɢɏɠ (Ɂȷȹ) ŬˊɞŰŮɚɞɨɜ ɞɛɎŭŬ ŭɘŬŰŬɟŬɢɩɜ Űɖɠ ŬɜɎˊŰɡɝɖɠ ɛŮ 

ɜŮɡɟɞɓɘɞɚɞɔɘəɐ ɓɎůɖ. ȷɜ əŬɘ ɖ ŮɛűɎɜɘůɖ ůɡɛˊŰɤɛɎŰɤɜ ŭɘŬˊɘůŰɩɜŮŰŬɘ əŬŰɎ Űɖɜ ˊɟɩɘɛɖ ˊŬɘŭɘəɐ ɖɚɘəɑŬ 

(ŰɡˊɘəɎ 1-6 ŮŰɩɜ), ɞɟɘůɛɏɜŬ ůɡɛˊŰɩɛŬŰŬ Ɂȷȹ ůɡɜŮɢɑɕɞɜŰŬɘ əŬɘ əŬŰɎ Űɖɜ Ůɜɐɚɘəɖ ɕɤɐ. Ƀɘ Ɂȷȹ 

ŮˊɖɟŮɎɕɞɡɜ ŭɘɎűɞɟɞɡɠ ŰɞɛŮɑɠ Űɖɠ ɔɜɤůŰɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ŮɡűɡɑŬɠ, Űɖɠ ɔɚɤůůɘəɐɠ əŬɘ ɛɖ ɔɚɤůůɘəɐɠ 

ŮˊɘəɞɘɜɤɜɑŬɠ, Űɖɠ əɞɘɜɤɜɘəɞ-ůɡɜŬɘůɗɖɛŬŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ɐ/əŬɘ Űɤɜ əɘɜɖŰɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ. 

ɄŮɟɘɚŬɛɓɎɜŮɘ ɔŮɜɘəŮɡɛɏɜŮɠ ŭɘŬŰŬɟŬɢɏɠ əŬŰɎ Űɘɠ ɞˊɞɑŮɠ ˊɚɐŰŰŮŰŬɘ ůɢŮŭɧɜ Űɞ ůɨɜɞɚɞ Űɤɜ Űɞɛɏɤɜ Űɖɠ 

ŬɜɎˊŰɡɝɖɠ, ɧˊɤɠ ɖ ɜɞɖŰɘəɐ ɡůŰɏɟɖůɖ, ɐ ɚɘɔɧŰŮɟɞ ɔŮɜɘəŮɡɛɏɜŮɠ, ɧˊɤɠ ɞɘ ŭɘŬŰŬɟŬɢɏɠ ŬɡŰɘůŰɘəɞɨ 

űɎůɛŬŰɞɠ (ȹȷū), ɐ ˊɘɞ ŮůŰɘŬůɛɏɜŮɠ ɧˊɤɠ ɖ ŭɘŬŰŬɟŬɢɐ ŮɚɚŮɘɛɛŬŰɘəɐɠ ˊɟɞůɞɢɐɠ ɛŮ/ɢɤɟɑɠ 

ɡˊŮɟəɘɜɖŰɘəɧŰɖŰŬ [ȹȺɄ(Ɉ)], ɞɘ ŭɘŬŰŬɟŬɢɏɠ ŮˊɘəɞɘɜɤɜɑŬɠ (ɚɧɔɞɡ əŬɘ ɞɛɘɚɑŬɠ), ɞɘ ɛŬɗɖůɘŬəɏɠ ŭɡůəɞɚɑŮɠ, 

ɧˊɤɠ ɖ Ⱥɘŭɘəɐ ɀŬɗɖůɘŬəɐ ȹɘŬŰŬɟŬɢɐ (Ⱥɀȹ), əŬɘ ɞɘ əɘɜɖŰɘəɏɠ ŭɘŬŰŬɟŬɢɏɠ, ɧˊɤɠ ɖ ȹɘŬŰŬɟŬɢɐ 

ɆɡɜŰɞɜɘůɛɞɨ Űɤɜ ȾɘɜɐůŮɤɜ, ŰŬ ɢɟɧɜɘŬ Űɘə (ɛɡɞůˊɎůɛŬŰŬ) əŬɘ Űɞ Ɇɨɜŭɟɞɛɞ Gilles de la Tourette (GTS). 

Ƀ ŮˊɘˊɞɚŬůɛɧɠ Űɤɜ Ɂȷȹ ůɡɜɞɚɘəɎ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ ˊŮɟɑˊɞɡ 15% ˊŬɘŭɘɩɜ əŬɘ Ůűɐɓɤɜ ɖɚɘəɑŬɠ 3-

17 ŮŰɩɜ, Ůɜɩ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɞɠ ɔŮɤɔɟŬűɘəɐɠ ˊɟɞɏɚŮɡůɖɠ əŬɘ ŮɗɜɘəɧŰɖŰŬɠ, ˊɞɚɘŰɘůɛɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ, əɞɘɜɤɜɘəɞ-ɞɘəɞɜɞɛɘəɐɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ, ɗɟɖůəŮɨɛŬŰɞɠ ɐ Űɧˊɞɡ ŭɘŬɛɞɜɐɠ (ŬůŰɘəɧɠ ɐ 

ŬɔɟɞŰɘəɧɠ).  

ɆŰɞ ˊŮŭɑɞ ɛŮɚɏŰɖɠ Űɤɜ ˊɞɚɡˊŬɟŬɔɞɜŰɘəɩɜ ɜɞůɖɛɎŰɤɜ, ɞɘ Ɂȷȹ ŬˊɞŰŮɚɞɨɜ ɛɑŬ Ŭˊɧ Űɘɠ ˊɘɞ ůɨɜɗŮŰŮɠ 

ɞɛɎŭŮɠ űŬɘɜɞŰɨˊɤɜ Űɤɜ ɞˊɞɑɤɜ ɞɘ ŬɘŰɘɞɚɞɔɘəɏɠ ůɡɜɘůŰɩůŮɠ (ɔŮɜŮŰɘəɐ əŬɘ ˊŮɟɘɓɎɚɚɞɜ) ŬˊɞŰŮɚɞɨɜ 

ŬɜŰɘəŮɑɛŮɜɞ ɏɜŰɞɜɖɠ ŮɟŮɡɜɖŰɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ. ȼ əɚɖɟɞɜɞɛɖůɘɛɧŰɖŰŬ Űɤɜ Ɂȷȹ, ɧˊɤɠ ɏɢŮɘ 

ɡˊɞɚɞɔɘůɗŮɑ Ŭˊɧ ɛŮɚɏŰŮɠ ŭɘŭɨɛɤɜ əŬɘ ɛŮɚɏŰŮɠ ůɡůɢɏŰɘůɖɠ ůŮ əɚɑɛŬəŬ ɞɚɘəɞɨ ɔɞɜɘŭɘɩɛŬŰɞɠ, 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɡɣɖɚɐ, Ůɜɩ ŮɜŭɘŬűɏɟɞɜ ˊɟɞəŬɚŮɑ ɖ ɛŮɟɞɚɖɣɑŬ űɨɚɞɡ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ ŬɟəŮŰɏɠ 

Ɂȷȹ ɛŮ Űɞɡɠ ɎɟɟŮɜŮɠ ɜŬ ŭɘŬɔɘɔɜɩůəɞɜŰŬɘ ůɡɢɜɧŰŮɟŬ Ŭˊɧ ŰŬ ɗɐɚŮŬ ɎŰɞɛŬ ůŰɞɜ ɑŭɘɞ ˊɚɖɗɡůɛɧ.  

ɄŬɟɎ Űɖ ůɖɛŬɜŰɘəɐ Ůɝɏɚɘɝɖ ˊɞɡ ɏɢŮɘ ůɖɛŮɘɤɗŮɑ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ůŰɘɠ ŭɘŬɔɜɤůŰɘəɏɠ ɛŮɗɧŭɞɡɠ, 

ŬɜŰɘɛŮŰɤˊɑɕɞɡɛŮ Ŭəɧɛɖ ŮɛˊɧŭɘŬ ůŰɞ ɜŬ əŬŰŬɜɞɐůɞɡɛŮ ˊɩɠ ɖ ŭɘŬŰŬɟŬɢɐ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ 

ůɡɔəŮəɟɘɛɏɜɤɜ ɜŮɡɟɤɜɘəɩɜ ŭɘəŰɨɤɜ ŮˊɖɟŮɎɕŮɘ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ŮˊɘəɞɘɜɤɜɑŬ, Űɘɠ əɞɘɜɤɜɘəɏɠ ŭŮɝɘɧŰɖŰŮɠ, 

Űɖɜ ŮɡűɡɑŬ, əŬɘ Űɖ ɔɚɤůůɘəɐ ŮˊɘəɞɘɜɤɜɑŬ, ŮɑŰŮ ɛŮɛɞɜɤɛɏɜŬ ůŮ ɛɑŬ Ɂȷȹ ŮɑŰŮ ɧŰŬɜ ůɡɜɡˊɎɟɢɞɡɜ 

ˊŮɟɘůůɧŰŮɟŮɠ Űɖɠ ɛɑŬɠ Ɂȷȹ (ůɡɜɜɞůɖɟɧŰɖŰŬ). ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɛɑŬ ȹȷū ɛˊɞɟŮɑ ɜŬ ůɡɜɡˊɎɟɢŮɘ ɛŮ 

ɜɞɖŰɘəɐ ɡůŰɏɟɖůɖ, Ůɜɩ ɖ ȹȺɄ(Ɉ) ŭɘŬɔɘɔɜɩůəŮŰŬɘ ůɡɢɜɎ ɤɠ ůɡɜɜɞůɖɟɧŰɖŰŬ ůŮ ɎŰɞɛŬ ɛŮ ȹȷū, GTS ɐ 

ɛŮ Ⱥɀȹ, ɡˊɞůŰɖɟɑɕɞɜŰŬɠ Űɖɜ ŰɟɏɢɞɡůŬ ŮˊɘůŰɖɛɞɜɘəɐ ˊŮˊɞɑɗɖůɖ ɧŰɘ ɏɜŬ əɞɘɜɧ ŬɘŰɘɞˊŬɗɞɚɞɔɘəɧ, 

ˊɘɗŬɜɩɠ əŬɘ ɔŮɜŮŰɘəɧ, ɡˊɧɓŬɗɟɞ ɢŬɟŬəŰɖɟɑɕŮɘ ŬɡŰɏɠ Űɘɠ ŭɘŬŰŬɟŬɢɏɠ. ũɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɓŮɚŰɘɤɛɏɜɤɜ 

ŮɟɔŬɚŮɑɤɜ ŭɘŬɢŮɑɟɘůɖɠ ɐ əŬɘ ɗŮɟŬˊŮɑŬɠ ï ɛŮɚɚɞɜŰɘəɎ ï Űɤɜ Ɂȷȹ, ŮɑɜŬɘ əŬɗɞɟɘůŰɘəɐɠ ůɖɛŬůɑŬɠ ɜŬ 
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ŬɜŬəŬɚɨɣɞɡɛŮ ɜɏɞɡɠ ï əŬɘ űɡůɘəɎ ɜŬ əŬŰŬɜɞɐůɞɡɛŮ əŬɚɨŰŮɟŬ Űɞɡɠ ɐŭɖ ɔɜɤůŰɞɨɠ ɐ ɨˊɞˊŰɞɡɠ ï 

ˊŬɟɎɔɞɜŰŮɠ əɘɜŭɨɜɞɡ. ȳˊɤɠ əŬɘ ůŰŬ ɣɡɢɘŬŰɟɘəɎ ɜɞůɐɛŬŰŬ, ŰŬ əɟɘŰɐɟɘŬ ŭɘɎɔɜɤůɖɠ Űɤɜ Ɂȷȹ ŮɑɜŬɘ 

ˊɟɤŰɑůŰɤɠ ůɡɛˊŮɟɘűɞɟɘəɎ əŬɘ ŭŮ ɓŬůɑɕɞɜŰŬɘ ůŮ ůŰŬɗɛɘůɛɏɜɞɡɠ ɓɘɞɚɞɔɘəɞɨɠ ŭŮɑəŰŮɠ, Ůɜɩ ɔɘŬ ŰŬ 

ˊŮɟɘůůɧŰŮɟŬ ɜŮɡɟɞŬɜŬˊŰɡɝɘŬəɎ ɜɞůɐɛŬŰŬ ŭŮɜ ɡˊɎɟɢŮɘ űŬɟɛŬəŮɡŰɘəɐ ɗŮɟŬˊŮɑŬ.  

ȼ Ůɝɏɚɘɝɖ Űɤɜ ɛŮɗɧŭɤɜ ŬɜɎɚɡůɖɠ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ ɛŮ ŬɜŮˊŬɜɎɚɖˊŰɖ ɚŮˊŰɞɛɏɟŮɘŬ əŬɘ 

ŰŬɢɨŰɖŰŬ, əɡɟɑɤɠ ɢɎɟɖ ůŰɖɜ Ŭɚɚɖɚɞɨɢɖůɖ ɜɏŬɠ ɔŮɜɘɎɠ, ɏɢŮɘ ŭɖɛɘɞɡɟɔɐůŮɘ ŰŮɟɎůŰɘɞ ɧɔəɞ ɔŮɜŮŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ůɡɛɓɎɚɚɞɡɜ ůŰɖ ŭɘŬɚŮɨəŬɜůɖ Űɖɠ ɔŮɜŮŰɘəɐɠ ůɡɜɘůŰɩůŬɠ Űɤɜ Ɂȷȹ. 

Ⱦɞɘɜɏɠ əŬɘ ůˊɎɜɘŮɠ ůɖɛŮɘŬəɏɠ ˊŬɟŬɚɚŬɔɏɠ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ, ɧˊɤɠ ŰŬ SNVs, əɚɖɟɞɜɞɛɞɨɛŮɜŮɠ ɐ de 

novo ŭɞɛɘəɏɠ ˊŬɟŬɚɚŬɔɏɠ, ɧˊɤɠ ŰŬ CNVs, ŬɚɚɎ əŬɘ ůˊɎɜɘŮɠ ůɤɛŬŰɘəɏɠ ɛŮŰŬɚɚɎɝŮɘɠ Űɤɜ ɜŮɡɟɘəɩɜ 

əɡŰŰɎɟɤɜ, əŬɗɩɠ əŬɘ ɛŮŰŬɓɞɚɏɠ ůŰɞ ɛŮŰŬɔɟŬűɤɛɘəɧ ˊɟɞűɑɚ Űɤɜ əɡŰŰɎɟɤɜ ŬůɗŮɜɩɜ ɛŮ Ɂȷȹ, 

ɓɟɑůəɞɜŰŬɘ ɧɚŬ ɡˊɧ ŮɜŭŮɚŮɢɐ ɛŮɚɏŰɖ. ɄɟɞůűɎŰɤɠ, ŭŮ, ɖ ɏɟŮɡɜŬ ɏɢŮɘ ŮůŰɘŬůŰŮɑ əŬɘ ůŰɖ ŭɘŬůŰŬɡɟɞɨɛŮɜɖ 

ŬɜɎɚɡůɖ Űɖɠ ɔŮɜŮŰɘəɐɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ ŭɘŬűɞɟŮŰɘəɩɜ Ɂȷȹ, ŬɚɚɎ əŬɘ ůŰɞ ɛŮŰŬɑɢɛɘɞ ŭɘŬűɞɟŮŰɘəɩɜ 

ŮɟŮɡɜɖŰɘəɩɜ ˊŮŭɑɤɜ, ɧˊɤɠ ɖ ɜŮɡɟɞŬˊŮɘəɞɜɘůŰɘəɐ ɔŮɜŮŰɘəɐ əŬɘ ɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ ȾɁɆ-ɛɘəɟɞɓɘɩɛŬŰɞɠ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮɔɎɚɤɜ, ŭɘŮɗɜɩɜ, əŬɘ ŭɘŮˊɘůŰɖɛɞɜɘəɩɜ əɞɘɜɞˊɟŬɝɘɩɜ, əŬɗɩɠ əŬɘ ɛŮŰŬ- əŬɘ ɛɏɔŬ-

ŬɜŬɚɨůŮɘɠ, ɓɚɏˊɞɡɜ ůɡɜŮɢɩɠ Űɞ űɤɠ Űɖɠ ŭɖɛɞůɘɧŰɖŰŬɠ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ ɛŮɔɎɚŮɠ ˊɟɞůŭɞəɑŮɠ Űɧůɞ ɔɘŬ 

Űɖɜ ŬɜŬəɎɚɡɣɖ ɔŮɜŮŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ˊɟɞŭɘɎɗŮůɖɠ ɔɘŬ Űɘɠ Ɂȷȹ ɧůɞ əŬɘ ɔɘŬ Űɖ ŭɘŬɚŮɨəŬɜůɖ Űɖɠ 

ůɨɜɗŮŰɖɠ ˊŬɗɞűɡůɘɞɚɞɔɑŬɠ ŬɡŰɩɜ. 

ɆŰɖɜ ˊŬɟɞɡůɑŬůɖ ɗŬ ɔɑɜŮɘ ůɡɜɞˊŰɘəɐ ŬɜŬűɞɟɎ Űɤɜ ůɖɛŮɑɤɜ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ,  ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞ 

GTS ɤɠ ˊɟɧŰɡˊɞ ˊŬɟɎŭŮɘɔɛŬ Ɂȷȹ, ɢɎɟɖ ůŰɖ ɔɜɩůɖ ˊɞɡ ɏɢŮɘ ůɡůůɤɟŮɡɗŮɑ ŰŬ ŰŮɚŮɡŰŬɑŬ ɏŰɖ. ɇɞ GTS, 

Ŭɜ əŬɘ ɚɘɔɧŰŮɟɞ ůɡɢɜɧ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŮɠ Ɂȷȹ, ˊŬɟɞɡůɘɎɕŮɘ ɡɣɖɚɐ əɚɖɟɞɜɞɛɖůɘɛɧŰɖŰŬ, ůɖɛŬɜŰɘəɐ 

ɛŮɟɞɚɖɣɑŬ űɨɚɞɡ, ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ůɖɛŬɜŰɘəɎ ˊɞůɞůŰɎ ůɡɜɜɞůɖɟɧŰɖŰŬɠ ɛŮ ɎɚɚŮɠ 

ɜŮɡɟɞŬɜŬˊŰɡɝɘŬəɏɠ ɐ/əŬɘ ɣɡɢɘŬŰɟɘəɏɠ ŭɘŬŰŬɟŬɢɏɠ, ɤůŰɧůɞ ɖ ɔŮɜŮŰɘəɐ Űɞɡ ɓɎůɖ Ŭəɧɛɖ ŭɘŮɟŮɡɜɎŰŬɘ. 

ɆɖɛŬɜŰɘəɧ ɛɏɟɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɗŬ ˊŬɟɞɡůɘŬůɗɞɨɜ ɔɘŬ Űɖ ɔŮɜŮŰɘəɐ ɓɎůɖ Űɞɡ GTS ŮɑɜŬɘ 

ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŮɟŮɡɜɖŰɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ˊɞɡ ŭɘŮɝɎɔŮŰŬɘ əŬŰɎ ŰŬ ŰŮɚŮɡŰŬɑŬ 15 ɏŰɖ Ŭˊɧ ɛɏɚɖ ȹȺɄ 

əŬɘ ŮˊɘůŰɖɛɞɜɘəɞɨɠ ůɡɜŮɟɔɎŰŮɠ Űɞɡ ɇɛɐɛŬŰɞɠ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ əŬɘ ũŮɜŮŰɘəɐɠ Űɞɡ ȹɄŪ. 
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ɃɀȽȿȽȷī6 : ɆŰɞɢŮɡɛɏɜɖ Ŭɚɚɖɚɞɨɢɖůɖ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ůŮ ɛɘəɟɞɓɘŬəɏɠ 

əɞɘɜɧŰɖŰŮɠ: ȾɞɘɜɧŰɡˊŮɠ ŬˊŬɜŰɐůŮɘɠ ůŮ ŰŬɝɘɜɞɛɘəɎ ŮɟɤŰɐɛŬŰŬ ɐ ŬˊŬɟŬɑŰɖŰɞ 

ɞɘəɞɚɞɔɘəɧ ŮɟɔŬɚŮɑɞ; 

ɆɎɓɓŬɠ ũŮɜɑŰůŬɟɖɠ 
Ⱥˊɘəɞɡɟɞɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 

 

 

ȼ Ŭɚɚɖɚɞɨɢɖůɖ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ɛŮ ůŰɧɢŮɡůɖ ůŮ ɔŮɜŮŰɘəɞɨɠ ŭŮɑəŰŮɠ (metabarcoding), ɧˊɤɠ ɞɘ Ůɡɟɏɤɠ 

ŭɘŬŭŮŭɞɛɏɜɞɘ ŭŮɑəŰŮɠ Űɖɠ ɛɘəɟɐɠ ɡˊɞɞɛɎŭŬɠ Űɞɡ rRNA (SSU rRNA) Űɧůɞ ɔɘŬ Űɞɡɠ ˊɟɞəŬɟɡɩŰŮɠ (16S 

rRNA ɔɞɜɑŭɘɞ) ɧůɞ əŬɘ Űɞɡɠ ɛɘəɟɞŮɡəŬɟɡɩŰŮɠ (18S rRNA ɔɞɜɑŭɘɞ), ˊɟɞəɎɚŮůŮ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ 

ŭŮəŬŮŰɑŬ ɛɘŬ ŮəɟɖəŰɘəɐ Ŭɨɝɖůɖ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ŮɟɔŬůɘɩɜ ˊɞɡ ŭɘŮɟŮɡɜɞɨůŬɜ Űɖɜ ˊɞɘəɘɚɧŰɖŰŬ 

ɛɘəɟɞɓɘŬəɩɜ əɞɘɜɞŰɐŰɤɜ ůŮ ŭɘɎűɞɟŬ ŮɜŭɘŬɘŰɐɛŬŰŬ, əŬɘ ɏɗŮŰŬɜ ɞɘəɞɚɞɔɘəɎ ŮɟɤŰɐɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɞ 

çˊɞɘɞɠ, ˊɞɨ, ˊɧŰŮ, ɔɘŬŰɑ əŬɘ ˊɩɠè Űɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ. ɋůŰɧůɞ, ŬɡŰɐ ɖ ŮˊŬɜɎůŰŬůɖ ɞŭɐɔɖůŮ ůŮ ɏɜŬ 

ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɞ ɛɞŰɑɓɞ ŮɟɔŬůɘɩɜ, ůŰɘɠ ɞˊɞɑŮɠ ŬɜŬɚɨɞɜŰŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ŭŮɑɔɛŬŰŬ ɛŮ Űɖ ɢɟɐůɖ 

ɛŮɗɧŭɤɜ ůŰɞɢŮɡɛɏɜɖɠ Ŭɚɚɖɚɞɨɢɖůɖɠ əŬɘ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ əŬɘ ůɨɜɗŮůɖɠ 

Űɤɜ ɛɘəɟɞɓɘŬəɩɜ əɞɘɜɞŰɐŰɤɜ ɢɤɟɑɠ ɞɡůɘŬůŰɘəɧ ɞɘəɞɚɞɔɘəɧ ůŰɧɢɞ. ȰŰůɘ, ˊŬɟɧɚɞ ˊɞɡ ɖ ˊɟɞůɏɔɔɘůɖ 

ŬɡŰɐ ˊɟɞůűɏɟŮɘ ŰŮɟɎůŰɘŮɠ ŭɡɜŬŰɧŰɖŰŮɠ, ɏɢŮɘ əŬŰɖɔɞɟɖɗŮɑ ɔɘŬ ɛŬɕɘəɐ ˊŬɟŬɔɤɔɐ əɞɘɜɧŰɡˊɤɜ 

ŰŬɝɘɜɞɛɘəɩɜ ˊŮɟɘɔɟŬűɩɜ, əŬɘ ŬɟɢɑɕŮɘ ɜŬ ŬɜŰɘəŬɗɑůŰŬŰŬɘ Ŭˊɧ ɛŮŰŬɔɞɜɘŭɘɤɛŬŰɘəɏɠ ŬɜŬɚɨůŮɘɠ, ɞɘ ɞˊɞɑŮɠ 

ŭɘŬɗɏŰɞɡɜ ŬɟŮŰɏɠ ŬɚɚɎ əŬɘ ŬɡŰɏɠ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ˊɟɞəɚɐůŮɘɠ. ɇɑɗŮŰŬɘ, Ůˊɞɛɏɜɤɠ, Űɞ ŮɟɩŰɖɛŬ: ȰɢɞɡɛŮ 

ŮɝŬɜŰɚɐůŮɘ ɐŭɖ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɖɠ ůŰɞɢŮɡɛɏɜɖɠ Ŭɚɚɖɚɞɨɢɖůɖɠ, ɐ ŰŮɚɘəɎ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ 

ŮɟɔŬɚŮɑɞ ˊɟɞɠ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ůɨɔɢɟɞɜɤɜ ɞɘəɞɚɞɔɘəɩɜ ŮɟɤŰɖɛɎŰɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ ɛɘəɟɞɓɘŬəɩɜ əɞɘɜɞŰɐŰɤɜ əŬɘ Űɘɠ ŬˊɞəɟɑůŮɘɠ Űɞɡɠ ůŰɘɠ ŬɡɝŬɜɧɛŮɜŮɠ ŮɝɤɔŮɜŮɑɠ ˊɘɏůŮɘɠ 

ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ ŰŬ ɞɘəɞůɡůŰɐɛŬŰŬ ůŮ ˊŬɔəɧůɛɘŮɠ əɚɑɛŬəŮɠ; 
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ŬɚɚŬɔɐɠ 

ȽɤɎɜɜɖɠ ȾŬɟŬəɎůɖɠ 
ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȾɟɐŰɖɠ 
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ɆɇɅɃũũɈȿȼ ɇɅȷɄȺȻȷī1: ũŮɜɞɛɘəɐ əŬɘ ɞɘ ŮűŬɟɛɞɔɏɠ Űɖɠ 

ȺˊɘŰɟɞˊɐ ɈɔŮɑŬɠ Ʉ.Ⱥ.ȸ. 
 

ɆɡɜŰɞɜɑůŰɟɘŬ 

Ⱥɚɏɜɖ Ʌɑɕɞɡ 

ȺɟɔŬůŰɖɟɘŬəɐ ũŮɜŮŰɑůŰɟɘŬ, ɇɛɐɛŬ ũŮɜŮŰɘəɐɠ ũɃɁȾ O ȯɔɘɞɠ ɆɎɓɓŬɠ, ɛɏɚɞɠ ȹ.Ɇ. Ʉ.Ⱥ.ȸ. 
 

 

Ƀɘ ȺűŬɟɛɞɔɏɠ Űɤɜ ɇŮɢɜɞɚɞɔɘɩɜ ȷɜɎɚɡůɖɠ Űɞɡ ũŮɜŮŰɘəɞɨ Ɉɚɘəɞɨ ůŰɖɜ ɃɔəɞɚɞɔɑŬ 
Ⱥɡɗɨɛɘɞɠ ȹɖɛɖŰɟɘɎŭɖɠ  

ȺɟɔŬůŰɖɟɘŬəɧɠ ũŮɜŮŰɘůŰɐɠ/ɀɞɟɘŬəɧɠ ȸɘɞɚɧɔɞɠ, ȹɘŮɡɗɡɜŰɐɠ ɇɛɐɛŬŰɞɠ ũŮɜŮŰɘəɐɠ, ũɃɁȾ Ƀ ȯɔɘɞɠ 

ɆɎɓɓŬɠ 
 

Ƀɘ ŰŮɢɜɞɚɞɔɑŮɠ ŬɜɎɚɡůɖɠ Űɞɡ ɔŮɜŮŰɘəɞɨ ɡɚɘəɞɨ ɏɢɞɡɜ ɔɑɜŮɘ ůɐɛŮɟŬ ŬɜŬɔəŬɑɞ ŮɟɔŬɚŮɑɞ ůŰɖɜ əŬɗɖɛŮɟɘɜɐ 

əɚɘɜɘəɐ ˊɟɎɝɖ ůŰɞ ɢɩɟɞ Űɖɠ ɞɔəɞɚɞɔɑŬɠ . 

ȷɡŰɧ ŬˊɞŰɡˊɩɜŮŰŮ əŬɘ ɛɏůŬ Ŭˊɧ Űɖɜ ŭɘŬűŬɘɜɧɛŮɜɖ əɡɟɘŬɟɢɑŬ ůŰɖɜ əɚɘɜɘəɐ ˊɟɎɝɖ Űɤɜ ɚŮɔɧɛŮɜɤɜ 

ŰŮɢɜɞɚɞɔɘɩɜ Ŭɚɚɖɚɞɨɢɘůɖɠ ŮˊɧɛŮɜɖɠ ɔŮɜɘɎɠ (Next Generetion Sequencing). ũɘŬŰɑ  ɧɛɤɠ ɞɘ ɛɏɗɞŭɞɘ əŬɘ 

ŰŮɢɜɞɚɞɔɑŮɠ ŬɜɎɚɡůɖɠ Űɞɡ əŬɟəɘɜɘəɞɨ ɔɞɜɘŭɘɩɛŬŰɞɠ ɏɢɞɡɜ ŮɜůɤɛŬŰɤɗŮɑ əŬɘ ɗŬ ůɡɜŮɢɑůɞɡɜ ɜŬ 

ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ůŰɖɜ əɚɘɜɘəɐ ˊɟɎɝɖ ůŮ ɧɚŬ Űɖɠ ŰŬ ůŰɎŭɘŬ? ȷɡŰɧ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŬˊɞŭɞɗŮɑ ůŮ ŭɨɞ 

əɡɟɑɤɠ ɚɧɔɞɡɠ. Ƀ ɏɜŬɠ ŬűɞɟɎ ůŰɞ ɔŮɜɘəɧ ɗŮɤɟɖŰɘəɧ ˊɚŬɑůɘɞ ŮɜŰɧɠ Űɞɡ ɞˊɞɑɞɡ ŭɘŮɝɎɔŮŰŬɘ ɖ ɏɟŮɡɜŬ əŬɘ 

ɖ əɚɘɜɘəɐ ˊɟŬəŰɘəɐ ůŰɖɜ ɞɔəɞɚɞɔɑŬ əŬɘ ɞ ŭŮɨŰŮɟɞɠ ŬűɞɟɎ ůŰŬ ˊɟŬəŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ 

ŮűŬɟɛɞɔɐ ŬɡŰɩɜ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ. ɇɞ ɔŮɜɘəɧ ɗŮɤɟɖŰɘəɧ ˊɚŬɑůɘɞ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ ɛŮŰŬɝɨ Űɤɜ Ɏɚɚɤɜ 

Űɖɜ Ŭˊɞŭɞɢɐ əŬɘ ŮűŬɟɛɞɔɐ Űɞɡ ŬɜŬɔɤɔɘůɛɞɨ ɤɠ ŭɘŬŭɘəŬůɑŬɠ ŬˊɧəŰɖůɖɠ ɜɏŬɠ ɔɜɩůɖɠ , Űɖɜ Ŭˊɞŭɞɢɐ Űɖɠ 

əɡŰŰŬɟɘəɐɠ ɗŮɤɟɑŬɠ , Űɖɜ Ŭˊɞŭɞɢɐ Űɖɠ ɗɏůɖɠ ɧŰɘ Űɞ DNA ŮɑɜŬɘ Űɞ ɛɧɟɘɞ ˊɞɡ ŮɚɏɔɢŮɘ Űɖɜ ůɡɔəɟɧŰɖůɖ 

əŬɘ ŬɜŬˊŬɟŬɔɤɔɐ əɡŰŰɎɟɤɜ əŬɘ ɞɟɔŬɜɘůɛɩɜ əŬɘ əɡɟɑɤɠ Űɖɜ Ŭˊɞŭɞɢɐ Űɖɠ ɗŮɤɟɑŬɠ ɧŰɘ ɞ əŬɟəɑɜɞɠ ŮɑɜŬɘ 

ɔŮɜŮŰɘəɐ ɜɧůɞɠ. ȼ ɚŮɔɧɛŮɜɖ ɗŮɤɟɑŬ Űɤɜ ůɤɛŬŰɘəɩɜ ɛŮŰŬɚɚɎɝŮɤɜ (somatic mutation theory) 

ɡˊɞůŰɖɟɑɕŮɘ ɧŰɘ ɞɘ ɓɚɎɓŮɠ ůŰɞ ɔŮɜŮŰɘəɧ ɡɚɘəɧ Űɤɜ əɡŰŰɎɟɤɜ ( ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ ŰŬ ŬɑŰɘŬ ˊɞɡ Űɘɠ 

ˊɟɞəŬɚɞɨɜ ) ŮɑɜŬɘ ŬɡŰɏɠ ˊɞɡ ŮɡɗɨɜɞɜŰŬɘ ɔɘŬ Űɖɜ ŮˊŬɔɤɔɐ əŬɘ Ůɝɏɚɘɝɖ Űɖɠ əŬɟəɘɜɞɔɏɜŮůɖɠ.  

ɇɞ ɗŮɤɟɖŰɘəɧ ˊɚŬɑůɘɞ ˊɞɡ ŭɘŬɛɞɟűɩɜɞɡɜ ŬɡŰɏɠ ɞɘ ˊŬɟŬŭɞɢɏɠ ŮɑɢŮ əŬɘ ɏɢŮɘ ɤɠ ůɡɜɏˊŮɘŬ ɛŮŰŬɝɨ Űɤɜ 

Ɏɚɚɤɜ əŬɘ Űɖɜ ŮůŰɑŬůɖ Űɞɡ əɨɟɘɞɡ ɛɏɟɞɡɠ Űɖɠ ɏɟŮɡɜŬɠ ɔɘŬ Űɞɜ əŬɟəɑɜɞ ůŰɖɜ ɛŮɚɏŰɖ əŬɘ əŬŰŬɔɟŬűɐ Űɤɜ 

ɛŮŰŬɓɞɚɩɜ Űɞɡ əŬɟəɘɜɘəɞɨ ɔɞɜɘŭɘɩɛŬŰɞɠ. ɆŮ ŬɡŰɐ Űɖɜ əŬŰŮɨɗɡɜůɖ ɖ ɏɟŮɡɜŬ ůŰɞ ɢɩɟɞ Űɖɠ ɓɘɞɚɞɔɑŬɠ 

əŬɘ Űɖɠ ɘŬŰɟɘəɐɠ ůɡɜŬɜŰɘɏŰŬɘ əŬɘ ŭɘŬɛɞɟűɩɜŮŰŬɘ əŬɘ Ŭˊɧ Űɘɠ ŮɝŮɚɑɝŮɘɠ əŬɘ Űɘɠ əŬɘɜɞŰɞɛɑŮɠ ˊɞɡ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ɚŮɔɧɛŮɜɤɜ ɗŮŰɘəɩɜ ŮˊɘůŰɖɛɩɜ (ɢɖɛŮɑŬ, űɡůɘəɐ , ɛŬɗɖɛŬŰɘəɎ, 

ˊɚɖɟɞűɞɟɘəɐ). 

Ƀɘ ŮűŬɟɛɞɔɏɠ  ůŰɖɜ əɚɘɜɘəɐ ˊɟɎɝɖ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ŬɜɎɚɡůɖɠ Űɞɡ əŬɟəɘɜɘəɞɨ ɔɞɜɘŭɘɩɛŬŰɞɠ Ŭűɞɟɞɨɜ 

Űɖɜ ɢɟɐůɖ Űɤɜ ɔŮɜŮŰɘəɩɜ ŮɡɟɖɛɎŰɤɜ ůŰɖɜ ˊɟɧɚɖɣɖ, ŭɘɎɔɜɤůɖ , ˊɟɧɔɜɤůɖ ḯ ŬɟŬəɞɚɞɨɗɖůɖ əŬɘ Űɖɜ 

ˊɟɧɓɚŮɣɖ Űɖɠ ŬɜŰŬˊɧəɟɘůɖɠ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɗŮɟŬˊŮɑŮɠ. ȼ ŮɘůŬɔɤɔɐ ůŰɖ əɚɘɜɘəɐ ˊɟɎɝɖ Űɤɜ 

ɚŮɔɧɛŮɜɤɜ ůŰɞɢŮɡɧɛŮɜɤɜ ɗŮɟŬˊŮɘɩɜ ŮɑɜŬɘ ɑůɤɠ ɖ ŮűŬɟɛɞɔɐ ˊɞɡ əŬɗɘɏɟɤůŮ Űɖɜ ɢɟɐůɖ Űɤɜ ɛŮɗɧŭɤɜ 

ŬɜɎɚɡůɖɠ Űɞɡ ɔŮɜŮŰɘəɞɨ ɡɚɘəɞɨ ɤɠ ŬˊŬɟŬɑŰɖŰɞɡ ůŰɞɘɢŮɑɞɡ ůŰɖɜ əɚɘɜɘəɐ ˊɟɎɝɖ. ȼ ŰɎůɖ ˊɞɡ əɡɟɘŬɟɢŮɑ 
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ůɐɛŮɟŬ ŮɑɜŬɘ ɖ ˊŬɜɞɟŬɛɘəɞɨ Űɨˊɞɡ ŬɜɎɚɡůɖ Űɞɡ ɔŮɜŮŰɘəɞɨ ɡɚɘəɞɨ əɡɟɑɤɠ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ 

ŰŮɢɜɞɚɞɔɑŬɠ  Ŭɚɚɖɚɞɨɢɘůɖɠ ŮˊɧɛŮɜɖɠ ɔŮɜɘɎɠ ( Next Generation Sequencing). ȼ ŰŮɢɜɞɚɞɔɑŬ ŬɡŰɐ ɏɢŮɘ 

Űɖɜ  ŭɡɜŬŰɧŰɖŰŬ ŬɜɎɚɡůɖɠ ŬɚɚŬɔɩɜ ůŰɞ ŮˊɑˊŮŭɞ ɞɚɧəɚɖɟɞɡ Űɞɡ  ɔɞɜɘŭɘɩɛŬŰɞɠ (ɛŮŰŬɚɚɎɝŮɘɠ, ɏəűɟŬůɖ, 

ŮˊɘɔŮɜŮŰɘəɏɠ ɛŮŰŬɓɞɚɏɠ) , ŬɜɎɚɡůɖɠ ˊɞɚɚŬˊɚɩɜ ůŰɧɢɤɜ, ŬɡŰɞɛŬŰɘůɛɞɨ əŬɘ ŮɜůɤɛɎŰɤůɖɠ ůŮ ɛɘŬ 

ˊɚŬŰűɧɟɛŬ ˊɞɚɚŬˊɚɩɜ ŰŮůŰ , ŭɡɜŬŰɧŰɖŰŬ ůɡɜŮɢɞɨɠ Ůɝɏɚɘɝɖɠ ɐ əŬɘ ŬɜɎɚɡůɖɠ əŬɘ Ɏɚɚɤɜ ɓɘɞɛɞɟɑɤɜ əŬɘ 

ˊɟɞɞˊŰɘəɏɠ ůɡɜŮɢɞɨɠ ɛŮɑɤůɖɠ Űɞɡ əɧůŰɞɡɠ Űɤɜ ŬɜŬɚɨůŮɤɜ. 

ɀŮɟɘəɏɠ Ŭˊɧ Űɘɠ ˊɟɞəɚɐůŮɘɠ ˊɞɡ əŬɚɞɨɜŰŬɘ ɜŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɜ ɧɚŮɠ ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ ŬɜɎɚɡůɖɠ Űɞɡ 

ɔŮɜŮŰɘəɞɨ ɡɚɘəɞɨ ůŰɖɜ ɞɔəɞɚɞɔɑŬ ŮɑɜŬɘ ɖ  ŮŰŮɟɞɔɏɜŮɘŬ Űɤɜ ɧɔəɤɜ (ůŰɞɜ ɢɩɟɞ əŬɘ ůŰɞɜ ɢɟɧɜɞ) əŬɘ 

Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŮɡɟɖɛɎŰɤɜ (driver/passenger-actionable/non- actionable). Ƀ əŬɟəɑɜɞɠ ŮɑɜŬɘ ɛɘŬ 

ŮɝŬɘɟŮŰɘəɎ ůɨɜɗŮŰɖ ɜɧůɞɠ əŬɘ ɖ ŬɜŬɕɐŰɖůɖ əŬɘ ɡɘɞɗɏŰɖůɖ ɛɘŬɠ ŮɜɘŬɑŬɠ ɐ ɛɞɜɞůɐɛŬɜŰŬ 

ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖɠ ŮɟŮɡɜɖŰɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ ɔɘŬ ɧɚŮɠ Űɘɠ ɜŮɞˊɚŬůɑŮɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ŬˊŬɜŰɐůŮɘɠ 

Ŭəɧɛɖ əŬɘ ůŮ ɛŮɟɘəɎ Ŭˊɧ ŰŬ ˊɚɏɞɜ ɓŬůɘəɎ ŮɟɤŰɐɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Ůɝɏɚɘɝɖ Űɤɜ 

ɜŮɞˊɚŬůɘɩɜ (ˊɢ ɛŮŰɎůŰŬůɖ). ȾŬŰɎ ůɡɜɏˊŮɘŬ ɖ ŬɜŬɕɐŰɖůɖ  əŬɘ ŮűŬɟɛɞɔɐ ɛɘŬɠ ŮɜɘŬɑŬɠ əɚɘɜɘəɐɠ 

ˊɟɞůɏɔɔɘůɖɠ ɏɢŮɘ Ůə Űɤɜ ˊɟŬɔɛɎŰɤɜ ɧɟɘŬ əŬɘ ˊŮɟɘɞɟɘůɛɞɨɠ. ȼ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ɜŮɞˊɚŬůɘɩɜ ŬˊŬɘŰŮɑ 

ˊɞɚɚŬˊɚɧŰɖŰŬ  ˊɟɞůŮɔɔɑůŮɤɜ  ˊɞɡ ůɖɛŬɑɜŮɘ əŬɘ ˊɞɚɚŬˊɚɧŰɖŰŬ Ůˊɘˊɏŭɤɜ ŬɜɎɚɡůɖɠ ɛŮɗɧŭɤɜ əŬɘ 

ůŰɧɢɤɜ. ȱŭɖ ɞɘ ŬɜŬɚɨůŮɘɠ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɞɡ ɔŮɜŮŰɘəɞɨ ɡɚɘəɞɨ Ŭɟɢɑɕɞɡɜ ɜŬ ůɡɜŭɡɎɕɞɜŰŬɘ əŬɘ ɛŮ Űɘɠ 

ŬɜŬɚɨůŮɘɠ Űɤɜ ɛŮŰŬɓɞɚɩɜ ůŰɞ ŮˊɑˊŮŭɞ Űɤɜ ˊɟɤŰŮɥɜɩɜ. 

 

 

 

ȼ ɔŮɜŮŰɘəɐ ůŰɖ ŭɘɎɔɜɤůɖ Űɤɜ əɚɖɟɞɜɞɛɞɨɛŮɜɤɜ əŬɟŭɘŬɔɔŮɘŬəɩɜ ɜɞůɖɛɎŰɤɜ 
ɂɏɜɘŬ ũɞɡɟɕɐ  

ȺɟɔŬůŰɖɟɘŬəɐ ũŮɜŮŰɑůŰɟɘŬ, ɀɞɜɎŭŬ Ⱦɚɖɟɞɜɞɛɘəɩɜ ȾŬɟŭɘŬɔɔŮɘŬəɩɜ ɄŬɗɐůŮɤɜ, ɋɜɎůŮɘɞ 

ɁɞůɞəɞɛŮɑɞ 
 

Ƀɘ əɚɖɟɞɜɞɛɞɨɛŮɜŮɠ əŬɟŭɘŬɔɔŮɘŬəɏɠ ˊŬɗɐůŮɘɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ˊŬɗɐůŮɘɠ Űɞɡ ůŬɟəɞɛŮɟɘŭɑɞɡ, ˊŬɗɐůŮɘɠ 

Űɞɡ ɖɚŮəŰɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɖɠ əŬɟŭɘɎɠ əŬɗɩɠ əŬɘ ˊŬɗɐůŮɘɠ Űɖɠ ŬɞɟŰɐɠ. ɇŬ ůɡɛˊŰɩɛŬŰŬ Űɤɜ ɜɧůɤɜ 

ŬɡŰɩɜ ɛˊɞɟŮɑ ɜŬ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ ˊɞɚɨ ŮɚŬűɟɘɎ ɏɤɠ ˊɞɚɨ ůɞɓŬɟɎ, ɧˊɤɠ ɖ ŬɜɎˊŰɡɝɖ əŬɟŭɘŬəɐɠ 

ŬɜŮˊɎɟəŮɘŬɠ ɐ ɞ Ŭɘűɜɑŭɘɞɠ ɗɎɜŬŰɞɠ. ȼ ŬɚɛŬŰɩŭɖɠ ŬɜɎˊŰɡɝɖ Űɖɠ ɛɞɟɘŬəɐɠ ɔŮɜŮŰɘəɐɠ Űɖɜ ŰŮɚŮɡŰŬɑŬ 

ŭŮəŬŮŰɑŬ ɏɢŮɘ ˊŬɑɝŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ Űɧůɞ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ˊŬɗɞɔɏɜŮůɖɠ Űɤɜ ɜɞůɖɛɎŰɤɜ ŬɡŰɩɜ 

ɧůɞ əŬɘ ůŰɖɜ ŭɘɎɔɜɤůɖ ŬɡŰɩɜ ɛŮ Űɖ ɔŮɜŮŰɘəɐ ŮɝɏŰŬůɖ. ȼ ɔɜɩůɖ Űɞɡ ɔɞɜɘŭɑɞɡ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɖɠ 

ɛŮŰɎɚɚŬɝɖɠ ůŰɖɜ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ ɖ ɜɧůɞɠ ɓɞɖɗɎ Űɞɜ əɚɘɜɘəɧ ɔɘŬŰɟɧ ɜŬ ɞŭɖɔɖɗŮɑ ůŮ ˊɟɞůŬɟɛɞůɛɏɜɖ 

ɔɘŬ əɎɗŮ ŬůɗŮɜɐ ɗŮɟŬˊŮɡŰɘəɐ ůŰɟŬŰɖɔɘəɐ, əɎŰɘ ˊɞɡ ůɐɛŮɟŬ ɞɜɞɛɎɕɞɡɛŮ ɘŬŰɟɘəɐ Űɖɠ ŬəɟɑɓŮɘŬɠ. 

Ⱥˊɘˊɚɏɞɜ, ŭɑɜŮɘ ůŰɞɜ əɚɘɜɘəɧ ɔɘŬŰɟɧ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬɜŬɔɜɤɟɑůŮɘ ɏɔəŬɘɟŬ Űɞɡɠ ŬůɡɛˊŰɤɛŬŰɘəɞɨɠ 

ůɡɔɔŮɜŮɑɠ Űɞɡ ŬůɗŮɜɞɨɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ əɑɜŭɡɜɞ ɜŬ ŬɜŬˊŰɨɝɞɡɜ Űɖ ɜɧůɞ.  

Ƀ ɔɞɜɘŭɘŬəɧɠ ɏɚŮɔɢɞɠ ŬˊŬɘŰŮɑ Űɖɜ ůɡɜŮɢɐ ůɡɜŮɟɔŬůɑŬ ŭɘŬűɞɟŮŰɘəɩɜ ŮɘŭɘəɞŰɐŰɤɜ, əŬɟŭɘɞɚɧɔɤɜ, 

ɔŮɜŮŰɘůŰɩɜ, ɔŮɜŮŰɘəɩɜ ůɡɛɓɞɨɚɤɜ əŬɘ ɛɞɟɘŬəɩɜ ɓɘɞɚɧɔɤɜ ɛŮ ůŰɧɢɞ Űɖɜ əŬɚɨŰŮɟɖ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ 

ŬůɗŮɜɩɜ ɛŮ əŬɟŭɘŬɔɔŮɘŬəɏɠ ˊŬɗɐůŮɘɠ əŬɘ Űɤɜ ɞɘəɞɔŮɜŮɘɩɜ Űɞɡɠ, əŬɗɩɠ əŬɘ Űɖɜ ˊɟɞŬɔɤɔɐ Űɖɠ ɏɟŮɡɜŬɠ 
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ůŰɖɜ ɔŮɜŮŰɘəɐ ɓɎůɖ Űɤɜ əŬɟŭɘŬəɩɜ ˊŬɗɐůŮɤɜ. 

 

 

 

ɄɟɞŮɛűɡŰŮɡŰɘəɐ ũŮɜŮŰɘəɐ ȹɘɎɔɜɤůɖ: Űɞ ɢɟɤɛɞůɤɛɘəɧ ˊɟɞűɑɚ Űɞɡ Ůɛɓɟɨɞɡ 
ɀɎɟŬ Ɇɘɛɞˊɞɨɚɞɡ 

Senior Ⱦɚɘɜɘəɧɠ Ⱥɛɓɟɡɞɚɧɔɞɠ-ũŮɜŮŰɘůŰɐɠ, ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ, ȽŬŰɟɘəɐ Ɇɢɞɚɐ, 

Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 
 

Ƀɘ ŮɝŮɚɑɝŮɘɠ ůŰɖ ɀɞɟɘŬəɐ ȸɘɞɚɞɔɑŬ əŬɘ Űɖ ũŮɜŮŰɘəɐ, əŬɗɩɠ əŬɘ ɖ ˊɚɖɟɏůŰŮɟɖ əŬŰŬɜɧɖůɖ Űɖɠ 

ūɡůɘɞɚɞɔɑŬɠ Űɖɠ ŬɟɢɧɛŮɜɖɠ ɕɤɐɠ ůŰɞ ˊɟɞŮɛűɡŰŮɡŰɘəɧ ůŰɎŭɘɞ ŬɜɎˊŰɡɝɖɠ, ɞŭɐɔɖůŬɜ ůŰɖɜ ŬɜɎˊŰɡɝɖ əŬɘ 

Űɖɜ Ůɝɏɚɘɝɖ Ůɜɧɠ ůɖɛŬɜŰɘəɞɨ ɇɞɛɏŬ Űɖɠ ȽŬŰɟɘəɐɠ ũŮɜŮŰɘəɐɠ əŬɘ Űɖɠ ȽŬŰɟɘəɩɠ ɈˊɞɓɞɖɗɞɨɛŮɜɖɠ 

ȷɜŬˊŬɟŬɔɤɔɐɠ, ŬɡŰɧɜ Űɞɡ ɄɟɞŮɛűɡŰŮɡŰɘəɞɨ ũŮɜŮŰɘəɞɨ Ⱥɚɏɔɢɞɡ (Preimplantation Genetic Testing, 

PGT). Ƀ Ůɜ ɚɧɔɤ ɏɚŮɔɢɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɎɜŰŬ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ŮɝɤůɤɛŬŰɘəɐɠ ɔɞɜɘɛɞˊɞɑɖůɖɠ əŬɘ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ɓɘɞɣɑŬ əɡŰŰɎɟɤɜ Űɞɡ ˊɟɞŮɛűɡŰŮɡŰɘəɞɨ Ůɛɓɟɨɞɡ əŬɘ Űɖ ŭɘŮɜɏɟɔŮɘŬ ɔŮɜŮŰɘəɐɠ 

ŬɜɎɚɡůɖɠ ɛŮ ůəɞˊɧ Űɖɜ Ůˊɘɚɞɔɐ ŬɡŰɞɨ ˊɞɡ űɏɟŮɘ űɡůɘɞɚɞɔɘəɧ ɔŮɜŮŰɘəɧ ɡɚɘəɧ ˊɟɞɠ ŮɛɓɟɡɞɛŮŰŬűɞɟɎ. 

ɆɐɛŮɟŬ ɖ ɔŮɜŮŰɘəɐ ŬɜɎɚɡůɖ ˊɟŬɔɛŬŰɞˊɞŮɑŰŬɘ ŮűŬɟɛɧɕɞɜŰŬɠ ŰŮɢɜɘəɏɠ array CGH əŬɘ Ŭɚɚɖɚɧɡɢɘůɖɠ 

ɜɏŬɠ ɔŮɜɘɎɠ (NGS), Ůɜɩ ɖ ɓɘɞɣɑŬ Űɤɜ Ůɛɓɟɡɥəɩɜ əɡŰŰɎɟɤɜ ˊɟŬɔɛŬŰɞˊɞŮɑŰŬɘ əɡɟɑɤɠ ůŰɞ ůŰɎŭɘɞ Űɖɠ 

ɓɚŬůŰɞəɨůŰɖɠ, Űɖɜ 5ɖ ɛŮ 6ɖ ɖɛɏɟŬ Űɖɠ ŬɜɎˊŰɡɝɖɠ ɛŮŰɎ Űɖ ɔɞɜɘɛɞˊɞɑɖůɖ. ȷɜɎɚɞɔŬ ɛŮ Űɞ ŬɑŰɘɞ 

ˊŬɟŬˊɞɛˊɐɠ əŬɘ ɛŮ Űɞɜ Ůɘŭɘəɧ ůŰɧɢɞ Űɖɠ ŬɜɎɚɡůɖɠ, ɞ ɏɚŮɔɢɞɠ PGT ŭɘŬəɟɑɜŮŰŬɘ ůŮ ŰɟŮɑɠ əŬŰɖɔɞɟɑŮɠ: Űɞɜ 

ɏɚŮɔɢɞ PGT ɔɘŬ ɛɞɜɞɔɞɜɘŭɘŬəɎ ɜɞůɐɛŬŰŬ (PGT-M), Űɞɜ ɏɚŮɔɢɞ PGT ɔɘŬ ɢɟɤɛɞůɤɛɘəɏɠ ŭɞɛɘəɏɠ 

ŬɜŬŭɘŬŰɎɝŮɘɠ əŬɘ Űɞɜ ɏɚŮɔɢɞ PGT ɔɘŬ ŬɜŮɡˊɚɞŮɘŭɑŮɠ (PGT-SR). ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ PGT-M əŬɘ PGT-SR 

ɡˊɎɟɢŮɘ ɏɜŬ ůŬűɏɠ ɞɘəɞɔŮɜŮɘŬəɧ ɔŮɜŮŰɘəɧ ɘůŰɞɟɘəɧ, ɧˊɞɡ ɏɜŬɠ ɞɘ əŬɘ ɞɘ ŭɨɞ Ůə Űɤɜ ɡˊɞɣɐűɘɤɜ ɔɞɜɏɤɜ 

ŮɑɜŬɘ űɞɟŮɑɠ ŮɑŰŮ ɔɞɜɘŭɘŬəɩɜ ɛŮŰŬɚɚɎɝŮɤɜ, ŮɑŰŮ ɘůɞɕɡɔɘůɛɏɜɤɜ ɢɟɤɛůɞůɤɛɘəɩɜ ŬɜŬŭɘŬŰɎɝŮɤɜ. ɆŰɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɏɠ ɞ ɏɚŮɔɢɞɠ PGT ɛˊɞɟŮɑ ɜŬ ˊɟɞŰŬɗŮɑ ɛŮ ůəɞˊɧ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ 

ɔɏɜɜɖůɖɠ ɜŮɞɔɜɞɨ ˊɞɡ ɜŬ ˊɎůɢŮɘ Ŭˊɧ əɎˊɞɘɞ ɜɧůɖɛŬ ɛŮ ɔŮɜŮŰɘəɐ ɓɎůɖ ɐ Ŭˊɧ ɛɖ ɘůɞɕɡɔɘůɛɏɜŮɠ 

ɢɟɤɛɞůɤɛɘəɏɠ ŬɜŬŭɘŬŰɎɝŮɘɠ ˊɞɡ ɞŭɖɔɞɨɜ ůŮ ŬˊɩɚŮɘŬ ɐ ˊɚŮɞɜɎůɛŬ ɔŮɜŮŰɘəɞɨ ɡɚɘəɞɨ. ȷɜ əŬɘ ůŮ 

ŬɟəŮŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŰŬ ɕŮɡɔɎɟɘŬ ŬɡŰɎ ˊŬɟɞɡůɘɎɕɞɡɜ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ Ŭˊɞɓɞɚɏɠ əŬɘ 

ɡˊɞɔɞɜɘɛɧŰɖŰŬ, ŬɡŰɧ ŭŮɜ ŬˊɞŰŮɚŮɑ ŬɜŬɔəŬɑŬ ůɡɜɗɐəɖ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ɞ ɏɚŮɔɢɞɠ PGT əŬɘ ɖ 

ŮɝɤůɤɛŬŰɘəɐ ɔɞɜɘɛɞˊɞɑɖůɖ, ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ɞˊɞɑŬɠ ŬɡŰɧɠ ŭɘŮɜŮɟɔŮɑŰŬɘ, ɛˊɞɟŮɑ ɜŬ ˊɟɞŰŬɗɞɨɜ ɤɠ 

ŮɜŬɚɚŬəŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŮɟɘɞɟɘůŰŮɑ ɖ ˊɘɗŬɜɧŰɖŰŬ ŬˊɧəŰɖůɖɠ ˊŬůɢɧɜŰɤɜ Űɏəɜɤɜ 

Ŭˊɧ ɔɞɜŮɑɠ-űɞɟŮɑɠ ɔɞɜɘŭɘŬəɩɜ ɜɞůɖɛɎŰɤɜ ɐ ɘůɞɕɡɔɘůɛɏɜɤɜ ɢɟɤɛɞůɤɛɘəɩɜ ŬɜŬŭɘŬŰɎɝŮɤɜ, ɢɤɟɑɠ əŬŰɎ 

ŬɜɎɔəɖ ŬɡŰɞɑ ɜŬ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ɡˊɞɔɞɜɘɛɧŰɖŰŬ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ˊŬɟŬˊɎɜɤ əŬŰɖɔɞɟɑŮɠ, ɞ ɏɚŮɔɢɞɠ 

PGT-ȷ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ŮɝɤůɤɛŬŰɘəɐɠ ɔɞɜɘɛɞˊɞɑɖůɖɠ ɛŮ ůəɞˊɧ Űɖɜ Ůˊɘɚɞɔɐ Ůɛɓɟɨɤɜ ˊɞɡ 

űɏɟɞɡɜ ɡɣɖɚɧ ŭɡɜŬɛɘəɧ ŬɜɎˊŰɡɝɖɠ əŬɘ ŮɛűɨŰŮɡůɖɠ əŬɘ űɡůɘɞɚɞɔɘəɐ ɢɟɤɛɞůɤɛɘəɐ ůɨůŰŬůɖ, ɢɤɟɑɠ ɜŬ 

ɡˊɎɟɢŮɘ ɡˊɧɓŬɗɟɞ ɛŮŰɎŭɞůɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɔɞɜɘŭɘŬəɐɠ ɐ ɢɟɤɛɞůɤɛɘəɐɠ ˊɎɗɖůɖɠ ůŰɞɡɠ Ŭˊɞɔɧɜɞɡɠ. 

ȼ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ Ůɚɏɔɢɞɡ PGT-A əŬɘ Űɞ ŮɎɜ əŬɘ ůŮ ˊɞɘɞɡɠ ˊɟɏˊŮɘ ɜŬ ŮűŬɟɛɧɕŮŰŬɘ ŬˊɞŰŮɚŮɑ 

ůɖɛŮɑɞ ŬɜŰɘˊŬɟɎɗŮůɖɠ ɔɘŬ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ. ɇŬ ˊɚɏɞɜ ˊɟɧůűŬŰŬ ɓɘɓɚɘɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ 
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ůɡɜɖɔɞɟɞɨɜ ůŰɞ ɧŰɘ ɞ ɏɚŮɔɢɞɠ PGT-A ˊŬɟɞɡůɘɎɕŮɘ ɞűɏɚɖ ɧŰŬɜ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ɔɡɜŬɑəŮɠ ɖɚɘəɑŬɠ 

ɛŮɔŬɚɨŰŮɟɖɠ Űɤɜ 35 ŮŰɩɜ, ɛŮ ɓɘɞɣɑŬ ůŰɞ ůŰɎŭɘɞ Űɖɠ ɓɚŬůŰɞəɨůŰɖɠ əŬɘ ŮűŬɟɛɞɔɐ ŰŮɢɜɘəɩɜ array CGH 

ɐ NGS ɔɘŬ Űɖ ŭɘŮɜɏɟɔŮɘŬ Űɖɠ ɔŮɜŮŰɘəɐɠ ŬɜɎɚɡůɖɠ. ɇŬ ɞűɏɚɖ ŬɡŰɎ Ŭűɞɟɞɨɜ ůŰɖ ɛŮɑɤůɖ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ 

ŬˊɩɚŮɘŬɠ əɨɖůɖɠ əŬɘ ůŮ ůɢŮŰɘəɐ Ŭɨɝɖůɖ Űɞɡ ˊɞůɞůŰɞɨ ɔɏɜɜɖůɖɠ ɕɩɜŰɤɜ ɜŮɞɔɜɩɜ, ɢɤɟɑɠ ɤůŰɧůɞ Űɞ 

ŭŮɨŰŮɟɞ ɜŬ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ Ŭˊɧ ɧɚŮɠ Űɘɠ ɛŮɚɏŰŮɠ. ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ŮɟɛɖɜŮɑŬɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ 

Ůɚɏɔɢɞɡ PGT-A ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ əŬŰŬɚɚɖɚɧŰŮɟɞɡ Ůɛɓɟɨɞɡ ɔɘŬ ŮɛɓɟɡɞɛŮŰŬűɞɟɎ, ɘŭɘŬɑŰŮɟŬ 

ˊŮɟɑˊɚɞəɖ əŬɗɑůŰŬŰŬɘ ɖ ŮɟɛɖɜŮɑŬ Űɞɡ ɛɤůŬɥəɘůɛɞɨ, űŬɘɜɧɛŮɜɞ ůŰɞ ɞˊɞɑɞ ˊŬɟŬŰɖɟŮɑŰŬɘ ŭɘŬűɞɟŮŰɘəɐ 

ɢɟɤɛɞůɤɛɘəɐ ůɨůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ əɡŰŰɎɟɤɜ ůŰŬ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɢɟɤɛɞůɤɛɘəɐ ŬɜɎɚɡůɖ. ɇɞ 

űŬɘɜɧɛŮɜɞ Űɞɡ ɛɤůŬɥəɘůɛɞɨ ŮɑɜŬɘ ɏɜŰɞɜɞ ůŰɞ ˊɟɞŮɛűɡŰŮɡŰɘəɧ ůŰɎŭɘɞ Űɖɠ Ůɛɓɟɡɥəɐɠ ŬɜɎˊŰɡɝɖɠ əŬɘ 

ɗŮɤɟŮɑŰŬɘ ůŮ ɏɜŬ ɓŬɗɛɧ űɡůɘɞɚɞɔɘəɧ. ȼ ŬˊɧűŬůɖ ůɢŮŰɘəɎ ɛŮ Űɞ ˊɞɘɞ ŮɑɜŬɘ Űɞ çŬˊɞŭŮəŰɧè ˊɞůɞůŰɞɨ 

ɛɤůŬɥəɘůɛɞɨ ůɨɛűɤɜŬ ɛŮ Űɞ ɞˊɞɑɞ ɏɜŬ ɏɛɓɟɡɞ ɗŬ ŬɝɘɞɚɞɔŮɑŰŬɘ ɤɠ ŬɜŮɡˊɚɞŮɘŭɏɠ ɐ ŮɡˊɚɞŮɘŭɏɠ, ɛŮ 

ɡɣɖɚɐ ŮɡŬɘůɗɖůɑŬ əŬɘ ŮɘŭɘəɧŰɖŰŬ, ŬˊɞŰŮɚŮɑ ɛɑŬ Ŭˊɧ Űɘɠ ˊɘɞ ůɖɛŬɜŰɘəɏɠ ˊɟɞəɚɐůŮɘɠ Űɖɠ ůɨɔɢɟɞɜɖɠ 

ȷɜŬˊŬɟŬɔɤɔɘəɐɠ ȽŬŰɟɘəɐɠ əŬɘ Űɖɠ ũŮɜŮŰɘəɐɠ Űɞɡ ȷɜɗɟɩˊɞɡ əŬɘ ˊŮŭɑɞ ůɨɔɢɟɞɜɖɠ ɏɟŮɡɜŬɠ. Ƀ ɚɧɔɞɠ 

ŮɑɜŬɘ ˊɤɠ ɖ ɢɟɤɛɞůɤɛɘəɐ ůɨůŰŬůɖ Űɤɜ əɡŰŰɎɟɤɜ Űɞɡ ŰɟɞűɞŮɝɤŭɏɟɛŬŰɞɠ, əɨŰŰŬɟŬ Űɞɡ ɞˊɞɑɞɡ 

ŬˊɞɛɞɜɩɜɞɜŰŬɘ əŬŰɎ Űɖ ɓɘɞɣɑŬ, ŭŮɜ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖ ɢɟɤɛɞůɤɛɘəɐ ůɨůŰŬůɖ Űɤɜ əɡŰŰɎɟɤɜ Űɖɠ ɏůɤ 

əɡŰŰŬɟɘəɐɠ ɛɎɕŬɠ, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ Űɖ əŬŰŬɓɞɚɐ Űɞɡ Ůɛɓɟɨɞɡ. ɄɟɧůɗŮŰŮɠ ŰɡɢŬɘɞˊɞɘɖɛɏɜŮɠ əɚɘɜɘəɏɠ 

ŭɞəɘɛɏɠ ɛŮ ɛŮɔɎɚɞ ˊɚɖɗɡůɛɧ əŬɘ ɛŬəɟɞɢɟɧɜɘŬ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ Ŭˊɞɔɧɜɤɜ ŬˊŬɘŰɞɨɜŰŬɘ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝɎɔɞɡɛŮ ŮɛˊŮɟɘůŰŬŰɤɛɏɜŬ ŭŮŭɞɛɏɜŬ ŬɜŬűɞɟɘəɎ ɛŮ Űɖɜ ŬůűɎɚŮɘŬ əŬɘ Űɖɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ Ůɚɏɔɢɞɡ PGT. 

 

 

Ɂɧůɞɠ COVID-19 əŬɘ anti-SARS-CoV-2 mRNA ŮɛɓɧɚɘŬ 
ȽɤɎɜɜɖɠ ɇɟɞɡɔəɎəɞɠ 

ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ ȺȾɄȷ 
 

Ƀ ɘɧɠ SARS-CoV-2 ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɡɣɖɚɐ ɛŮŰŬŭɞŰɘəɧŰɖŰŬ ɚɧɔɤ Űɖɠ ŮɡɟŮɑŬɠ ɏəűɟŬůɖɠ ůŰɞ 

ŬɜŬˊɜŮɡůŰɘəɧ ůɨůŰɖɛŬ Űɧůɞ Űɞɡ ɡˊɞŭɞɢɏŬ ACE2 (ɗɏůɖ ŭɏůɛŮɡůɖɠ Űɖɠ ɘɘəɐɠ ˊɟɤŰŮȶɜɖɠ ŬəɑŭŬɠ/Spike 

protein) ɧůɞ əŬɘ Űɤɜ ˊɟɤŰŮŬůɩɜ (ˊ.ɢ. TMPRSS2 əŬɘ CTSB/L) ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖ ŭɘŬŭɘəŬůɑŬ 

əɡŰŰŬɟɘəɐɠ Ůˊɘɛɧɚɡɜůɖɠ. ɆŮ ɖɚɘəɘɤɛɏɜŬ ɎŰɞɛŬ ɐ ůŮ ɎŰɞɛŬ ɛŮ ɡˊɞəŮɑɛŮɜŬ ɜɞůɐɛŬŰŬ ɖ ɚɞɑɛɤɝɖ ɛˊɞɟŮɑ 

ɜŬ ɞŭɖɔɐůŮɘ ůŮ ůɞɓŬɟɐ ɜɧůɞ COVID-19 ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ŬɜŮɝɏɚŮɔəŰŮɠ űɚŮɔɛɞɜɩŭŮɘɠ 

Ŭɜɞůɞɚɞɔɘəɏɠ ŬˊɞəɟɑůŮɘɠ, ɘůŰɘəɏɠ ɓɚɎɓŮɠ əŬɘ ŰŮɚɘəɎ ůɡůŰɖɛɘəɐ ˊɞɚɡɞɟɔŬɜɘəɐ əŬŰɎɟɟŮɡůɖ. Ƀ 

ŮɛɓɞɚɘŬůɛɧɠ Űɞɡ ˊɚɖɗɡůɛɞɨ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ŬɜŬəɞˊɐ Űɖɠ ˊŬɜŭɖɛɑŬɠ COVID-

19 əŬɘ ůŰŬ ˊɚŬɑůɘŬ ŬɡŰɎ ŰŬ ŮɛɓɧɚɘŬ mRNA, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖ ůɡɜŮɢɘɕɧɛŮɜɖ 

ŮəůŰɟŬŰŮɑŬ ŮɛɓɞɚɘŬůɛɞɨ, ɏɢɞɡɜ ŬɜŬɛűɑɓɞɚŬ ůɩůŮɘ ɢɘɚɘɎŭŮɠ ɕɤɏɠ. Ƀɘ ŬɜŮˊɘɗɨɛɖŰŮɠ ŮɜɏɟɔŮɘŮɠ (ȷȺ) ˊɞɡ 

ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ɛŮŰɎ Űɞɜ ŮɛɓɞɚɘŬůɛɧ, ɛˊɞɟŮɑ ɜŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ɛɘŬ ˊɟɞűɚŮɔɛɞɜɩŭɖ ŭɟɎůɖ Űɤɜ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ɚɘˊɘŭɘəɩɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ɐ Űɞɡ ɢɞɟɖɔɞɨɛŮɜɞɡ mRNA əŬɘ/ɐ Űɖ ŭɟŬůɐ Űɞɡ 

ɢɞɟɖɔɞɨɛŮɜɞɡ ŬɜŰɘɔɧɜɞɡ ŭɖɚŬŭɐ Űɖɠ ́ ɟɤŰŮɥɜɖɠ ŬəɑŭŬɠ Űɞɡ ɘɞɨ. ȼ ůɡɜŮɢɘɕɧɛŮɜɖ ŭɘŮˊɘůŰɖɛɞɜɘəɐ ɏɟŮɡɜŬ 
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ůŰŬ ˊŮŭɑŬ ŬɡŰɎ ɗŬ ůɡɜŮɘůűɏɟŮɘ ůɖɛŬɜŰɘəɎ Űɧůɞ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ˊŬɗɞűɡůɘɞɚɞɔɑŬɠ Űɖɠ ɜɧůɞɡ 

COVID-19, ɧůɞ əŬɘ Űɤɜ ŬɜɞůɞŬˊɞəɟɑůŮɤɜ ŬɚɚɎ əŬɘ Űɤɜ ȷȺ ˊɞɡ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ɔɘŬ ŰŬ mRNA 

ŮɛɓɧɚɘŬ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖ ɢɎɟŬɝɖ ůɡɔəŮəɟɘɛɏɜɤɜ ˊɞɚɘŰɘəɩɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŮəůŰɟŬŰŮɑŬ ŮɛɓɞɚɘŬůɛɞɨ 

əŬŰɎ Űɖɠ COVID-19. 

 

ȺɡɢŬɟɘůŰɑŮɠ: ɄɟɧɔɟŬɛɛŬ ȺȾɄȷ/ȺȿȾȺ "ɀŮɚɏŰɖ ũɐɟŬŰɞɠ əŬɘ ɁɞůɖɛɎŰɤɜ Űɞɡ ũɐɟŬŰɞɠò (K.E. 19067) 
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ɆɇɅɃũũɈȿȼ ɇɅȷɄȺȻȷī2 : ȺɜɤůɘŬəɏɠ ˊɞɚɘŰɘəɏɠ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ 

ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ 

ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 
 

ɆɡɜŰɞɜɘůŰɐɠ 

ȷɟɘůŰŮɑŭɖɠ ɄŬɟɛŬəɏɚɖɠ 
 

 

ȸɘɞˊɞɘəɘɚɧŰɖŰŬ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ɕɖɛɘɎ 
ȷɟɘůŰŮɑŭɖɠ ɄŬɟɛŬəɏɚɖɠ 

ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ, Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ 

ȷɗɖɜɩɜ 

 

 

ɇɞ LIFEPROFILE əŬɘ ɖ ŮűŬɟɛɞɔɐ Űɖɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ Ůɡɗɨɜɖɠ  
ɆŰŬɡɟɞɨɚŬ Ʉɞɡɚɐ 

ɄɟɞɥůŰŬɛɏɜɖ ɆɈũȷɄȺȻ/ɈɄȺɁ 

 

 

ȼ ůɖɛŬůɑŬ Űɖɠ ɢɟɐůɖɠ ɛŮɗɧŭɤɜ ŬɜɎɚɡůɖɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ɤɠ ŮɟɔŬɚŮɑɤɜ ɔɘŬ Űɖɜ 

ˊɟɧɚɖɣɖ əŬɘ Űɖɜ  Ŭ́ ɞəŬŰɎůŰŬůɖ Űɖɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ɕɖɛɑŬɠ 
ȹɟ. ɄŬɜŬɔɘɩŰɖɠ ɁŰɕŮɟŮɛɏɠ 

ȺɀɄ 

 

ȾŬɗɩɠ ɞɘ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ŬˊŮɘɚɞɨɜ Űɖ ɓɘɞˊɞɘəɘɚɧŰɖŰŬ ɛŮ ɞɚɞɏɜŬ əŬɘ ˊŮɟɘůůɧŰŮɟŬ Ůɑŭɖ 

ɜŬ ŬˊŮɘɚɞɨɜŰŬɘ ɛŮ ŮɝŬűɎɜɘůɖ, əŬŰŬɓɎɚɚŮŰŬɘ ůɖɛŬɜŰɘəɐ ˊɟɞůˊɎɗŮɘŬ Ŭˊɧ əɟɎŰɖ əŬɘ ɞɟɔŬɜɘůɛɞɨɠ ɔɘŬ 

ŮűŬɟɛɞɔɐ ˊɞɚɘŰɘəɩɜ ŬɜɎůɢŮůɖɠ ŬɡŰɐɠ Űɖɠ ˊɞɟŮɑŬɠ. Ƀɟɧůɖɛɞ ɔɘŬ Űɞɜ ŮɡɟɤˊŬɥəɧ ɢɩɟɞ ŬˊɞŰŮɚŮɑ ɖ 

əŬɗɘɏɟɤůɖ Űɖɠ Ůɡɗɨɜɖɠ ŬɡŰɞɨ ˊɞɡ ɟɡˊŬɑɜŮɘ ɜŬ ŬɜŬɚŬɛɓɎɜŮɘ ŰŬ ŬˊŬɟŬɑŰɖŰŬ ɛɏŰɟŬ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ 

Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ Űɖɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ ŮɘŭɘəɧŰŮɟŬ. ɋůŰɧůɞ, ˊŬɟɎɚɚɖɚŬ ɛŮ Űɞɡɠ əŬɜɞɜɘůɛɞɨɠ, 

ůɖɛŬɜŰɘəɧ ɕɐŰɖɛŬ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ˊɘɗŬɜɩɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ɕɖɛɘɩɜ ŬˊɞŰŮɚŮɑ ɞ ůɢŮŭɘŬůɛɧɠ 

ůŰɟŬŰɖɔɘəɩɜ ˊɞɡ ɗŬ Ůɛˊɞŭɑůɞɡɜ/ɛŮŰɟɘɎůɞɡɜ ŰɏŰɞɘŮɠ ɕɖɛɑŮɠ, ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ 

ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ. ɀŮ Űɖɜ ˊŬɟɞɨůŬ ˊŬɟɞɡůɑŬůɖ ŮˊɘŭɘɩəŮŰŬɘ ɜŬ ŬɜŬŭŮɘɢɗŮɑ ɞ ɟɧɚɞɠ Űɖɠ ŬɜɎɚɡůɖɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ɤɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ ŮűŬɟɛɞůɛɏɜɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ ɔɜɩůɖɠ ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ˊŮɟɘɔɟŬűɐ, ɖ Ŭɝɘɞɚɧɔɖůɖ əŬɘ ɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ əɘɜŭɨɜɤɜ, ɛɏůŬ 

ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ŰɟɏɢɞɡůŬɠ ůŰɎɗɛɖɠ Űɖɠ ɔɜɩůɖɠ ŬɚɚɎ əŬɘ Űɤɜ ŬɓŮɓŬɘɞŰɐŰɤɜ. ɇɞ ůɖɛŮɑɞ ˊɞɡ ŰɞɜɑɕŮŰŬɘ 

ŮɑɜŬɘ ˊɤɠ ɖ ɢɟɐůɖ ŰɏŰɞɘɤɜ ɛŮɗɧŭɤɜ ŮɜɘůɢɨŮɘ ŭɟŬůŰɘəɎ Űɖ ŭɘŬŭɘəŬůɑŬ ɚɐɣɖɠ ŬˊɞűɎůŮɤɜ Ŭˊɧ Űɞɡɠ 

ŮɜŭɘŬűŮɟɧɛŮɜɞɡɠ ɔɘŬ Űɞɡɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ əɘɜŭɨɜɞɡɠ űɞɟŮɑɠ 
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LIFEPROFILE  : ȺɟɔŬɚŮɑɞ ŬˊɞŰɑɛɖůɖɠ əɧůŰɞɡɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ɕɖɛɘɎɠ 
ȹɟ. ŪŮɧŭɤɟɞɠ ɉŬŰɕɖɓŬůɘɚŮɘɎŭɖɠ 

ɄɎɜŰŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ-ȽȷɄȷȹ 

 

ȸɎůɖ Űɖɠ Ŭɟɢɐɠ çɞ ɟɡˊŬɑɜɤɜ ˊɚɖɟɩɜŮɘè əŬŰŬůəŮɡɎɕɞɡɛŮ ɏɜŬ ŮɟɔŬɚŮɑɞ ɞɘəɞɜɞɛɘəɐɠ ŬˊɞŰɑɛɖůɖɠ (ex-

post & ex-ante) Ůɜɧɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ŬŰɡɢɐɛŬŰɞɠ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. ɇɞ əɧůŰɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ 

ɓɎůɖ Űɤɜ ŬɜŬɔəɩɜ Űɞɡ ɡˊɞɡɟɔŮɑɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ (ɆɈũȷɄȺȻ) ůŮ əŬŰŬůŰɟɞűɏɠ Űɞɡ ŮŭɎűɞɡɠ, Űɞɡ 

ɜŮɟɞɨ əŬɘ Űɖɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ. 

ȷɜŬɕɖŰɩɜŰŬɠ Űɖɜ ŬɝɑŬ Űɖɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ ˊɞɡ ŮˊɖɟŮɎůŰɖəŮ ɐ əŬŰŬůŰɟɎűɖəŮ, ˊɟɞɓŬɑɜɞɡɛŮ ůŮ ɛɑŬ 

ŮəŰɑɛɖůɖ Űɞɡ əɧůŰɞɡɠ Űɖɠ çŬˊɩɚŮɘŬɠè ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ Ŭˊɧ ˊɘɗŬɜɧ ˊŮɟɘɓŬɚɚɞɜŰɘəɧ ŬŰɨɢɖɛŬ ɓɎůɖ Űɤɜ 

ˊɟɞŰɘɛɐůŮɤɜ Űɖɠ əɞɘɜɤɜɑŬɠ WTP. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŬɝɑŬɠ, ɗɏŰɞɡɛŮ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɞɡ əɧůŰɞɡɠ 

ůɨɛűɤɜŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɧůɞ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 

Ůɘŭɩɜ ɧůɞ əŬɘ Űɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ. ũɘŬ Űɖɜ ŬɜɎɚɡůɖ əɎɜɞɡɛŮ ɢɟɐůɖ attributes ˊɞɡ: (Ŭ) ɗŬ 

əŬŰɖɔɞɟɘɞˊɞɘɞɨɜ Űɘɠ ˊŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ ůɨɛűɤɜŬ ɛŮ ŰŬ ɔŮɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ, (ɓ) ɗŬ ŬˊɞŰŮɚɞɨɜ 

ŭŮɑəŰŮɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ ˊɞɡ ɗŬ ˊŮɟɘɔɟɎűɞɡɜ ŰŬ ŮɘŭɘəɧŰŮɟŬ (ɞɘəɞɚɞɔɘəɎ) ɢŬɟŬəŰɖɟɘůŰɘəɎ əɎɗŮ 

ˊŮɟɘɞɢɐɠ. ȳɚŬ ŰŬ attributes ɗŬ ůɡůɢŮŰɘůŰɞɨɜ əŬɘ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɗŬ ůɡɚɚɏɝɞɡɛŮ Ŭˊɧ Űɖ ůŰɟɞɔɔɡɚɐ 

ŰɟɎˊŮɕŬ Űɤɜ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ. 

 

 

ȻɖɛɑŬ ůŰɖ ɓɘɞˊɞɘəɘɚɧŰɖŰŬ & ɢɟɖɛŬŰɞɞɘəɞɜɞɛɘəɏɠ ŮɔɔɡɐůŮɘɠ ɛŮ Űɖɜ ɞˊŰɘəɐ Űɞɡ Ʉȹ 

148 ɔɘŬ Űɖɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ Ůɡɗɨɜɖ: ɓɐɛŬŰŬ ˊɟɞɧŭɞɡ, ŰɟɏɢɞɡůŮɠ ˊɟɞəɚɐůŮɘɠ 
ȾɤɜůŰŬɜŰɑɜɞɠ ɇůɞɚŬəɑŭɖɠ 

ũɟɨűɤɜ ɄŮɟɘɓŬɚɚɞɜŰɘəɐ ɆɡɛɓɞɡɚŮɡŰɘəɐ 
 

ȼ ɞɡůɘŬůŰɘəɐ ŮűŬɟɛɞɔɐ Űɖɠ ˊŬɜŮɡɟɤˊŬɥəɐɠ Ŭɟɢɐɠ çɞ ɟɡˊŬɑɜɤɜ ˊɚɖɟɩɜŮɘè ɧˊɤɠ ůŰɖɜ ɢɩɟŬ ɛŬɠ 

əŬɜɞɜɑɕŮŰŬɘ ɛɏůɤ Űɞɡ Ʉ.ȹ. 148/2009, ɡˊŬɔɞɟŮɨŮɘ Űɖɜ ˊŮɟŬɘŰɏɟɤ ŮɜŮɟɔɞˊɞɑɖůɖ ɧɚɤɜ Űɤɜ 

ŮɛˊɚŮəɞɛɏɜɤɜ ɛŮɟɩɜ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɛɏůɤɜ əŬɘ ŮɟɔŬɚŮɑɤɜ, Űɧůɞ ŮəŰɑɛɖůɖɠ, ɧůɞ əŬɘ ɞɘəɞɜɞɛɘəɐɠ 

ŬˊɞŰɑɛɖůɖɠ ɕɖɛɘɩɜ ůŰŬ ˊɟɞůŰŬŰŮɡɧɛŮɜŬ Ůɑŭɖ əŬɘ ůŰɞɡɠ űɡůɘəɞɨɠ ɞɘəɞŰɧˊɞɡɠ. ɇɞ ˊɞɚɨˊɚɞəɞ ŬɡŰɧ 

ɕɐŰɖɛŬ ˊɞɡ ůɡɜŮɢɑɕŮɘ ɜŬ ŬˊɞŰŮɚŮɑ əŬɑɟɘɞ ůŰɞɘɢŮɑɞ ŬŭɡɜŬɛɑŬɠ ŮűŬɟɛɞɔɐɠ ɞɚɞəɚɖɟɤɛɏɜɤɜ ˊɞɚɘŰɘəɩɜ 

ˊɟɧɚɖɣɖɠ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɢɩɟŮɠ Űɖɠ Ⱥɡɟɩˊɖɠ ŬˊɞŰŮɚŮɑ Ůˊɑůɖɠ ˊɟɧůəɞɛɛŬ ůŰɞ ɕɖŰɞɨɛŮɜɞ Űɖɠ 

Ŭɨɝɖůɖɠ Űɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɤɜ űɞɟɏɤɜ ŮəɛŮŰɎɚɚŮɡůɖɠ ŬɚɚɎ əŬɘ ůŰɖɜ ŮɡɟɨŰŮɟɖ ˊŬɟɞɢɐ ɛɏůɤɜ 

ɢɟɖɛŬŰɞɞɘəɞɜɞɛɘəɐɠ ŬůűɎɚŮɘŬɠ 
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ɆɇɅɃũũɈȿȼ ɇɅȷɄȺȻȷī3 : ɇɞ ˊŬɟɧɜ əŬɘ Űɞ ɛɏɚɚɞɜ Űɖɠ əɡŰŰŬɟɘəɐɠ əŬɘ 

ɔɞɜɘŭɘŬəɐɠ ɗŮɟŬˊŮɑŬɠ ůŰɖɜ ȺɚɚɎŭŬ. Ƀ ɟɧɚɞɠ Űɤɜ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ. 

ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 
 

ɆɡɜŰɞɜɑůŰɟɘŬ 

ɁɘəɞɚɏŰŰŬ ɊŬɗɎ 

Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

 

ɁɘəɧɚŬɞɠ ȷɜɎɔɜɞɡ 

ɃɛɧŰɘɛɞɠ ȾŬɗɖɔɖŰɐɠ ȸɘɞɚɞɔɑŬɠ, ȽŬŰɟɘəɐ Ɇɢɞɚɐ ȺȾɄȷ, ȲŭɟɡɛŬ ȽŬŰɟɞɓɘɞɚɞɔɘəɩɜ ȺɟŮɡɜɩɜ 

ȷəŬŭɖɛɑŬɠ ȷɗɖɜɩɜ 

 

ɀŬɟɑŬ ɅɞɡɛˊŮɚɎəɖ 

ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ, ȽŬŰɟɘəɐ Ɇɢɞɚɐ, Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 

 

ȷɜŬůŰŬůɑŬ ɄŬˊŬŭɞˊɞɨɚɞɡ 

ȸɘɞɢɖɛɘəɧɠ, PhD, ũ.Ɂ.Ū. "ũŮɩɟɔɘɞɠ ɄŬˊŬɜɘəɞɚɎɞɡ" 
 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ůŰɟɞɔɔɡɚɐ ŰɟɎˊŮɕŬ ŬűɞɟɎ ůŰɖɜ Ůɜɖɛɏɟɤůɖ Űɞɡ əɞɘɜɞɨ əŬɘ ɘŭɘŬɘŰɏɟɤɠ Űɤɜ 

ɓɘɞŮˊɘůŰɖɛɧɜɤɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊŬɟɞɨůŬ əŬŰɎůŰŬůɖ Űɖɠ ɔɞɜɘŭɘŬəɐɠ əŬɘ Űɖɠ əɡŰŰŬɟɘəɐɠ ɗŮɟŬˊŮɑŬɠ ůŰɖɜ 

ȺɚɚɎŭŬ ůŮ ŮɟŮɡɜɖŰɘəɧ ŮˊɑˊŮŭɞ. Ƀɘ ŰɟŮɘɠ ˊɟɞůəŮəɚɖɛɏɜɞɘ ɞɛɘɚɖŰɏɠ ɏɢɞɡɜ ŭɘŬəɟɘɗŮɑ ůŰɞɡɠ ˊŬɟŬˊɎɜɤ 

ŰɞɛŮɑɠ əŬɘ ɏɢɞɡɜ ŬůɢɞɚɖɗŮɑ ɛŮ Űɞ ˊŮŭɑɞ ɔɘŬ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ɛɑŬ ŭŮəŬŮŰɑŬ. Ƀ ə.ȷɜɎɔɜɞɡ ŬˊɞŰŮɚŮɑ ɏɜŬɜ 

Ŭˊɧ Űɞɡɠ ˊɟɤŰɞˊɧɟɞɡɠ Űɖɠ ɔɞɜɘŭɘŬəɐɠ ɗŮɟŬˊŮɑŬɠ ůŮ ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ, əŬɗɩɠ ɏɢŮɘ ŮɟɔŬůŰŮɑ ůŰɞ ɢɩɟɞ 

Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Űɖɠ ŬɜɎˊŰɡɝɐɠ Űɞɡ ůŮ ȺɚɚɎŭŬ əŬɘ ȷɛŮɟɘəɐ. ɇɞ ŮɟŮɡɜɖŰɘəɧ Űɞɡ ŮɜŭɘŬűɏɟɞɜ ɛŮŰŬɝɨ Ɏɚɚɤɜ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ɗŮɟŬˊŮɘɩɜ ɛɏůɤ ɔɞɜɘŭɘŬəɐɠ ˊɟɞůɗɐəɖɠ ɔɘŬ Űɘɠ ɓ-

ŬɘɛɞůűŬɘɟɘɜɞˊɎɗŮɘŮɠ, ɔŮɜŮŰɘəɏɠ ŬůɗɏɜŮɘŮɠ ɛŮ əɡɟɑŬɟɢɞ ɢŬɟŬəŰɐɟŬ ůŰɖ ɢɩɟŬ ɛŬɠ əŬɘ ůŰɖɜ ŮɡɟɨŰŮɟɖ 

ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɞɔŮɑɞɡ. ȼ ɏɟŮɡɜɎ Űɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŬˊɎɜŰɖůɖ Űɤɜ ůɨɔɢɟɞɜɤɜ ˊɟɞɓɚɖɛɎŰɤɜ əŬɘ 

ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ˊŮɟɘɞɟɘůɛɩɜ Űɤɜ ɘɘəɩɜ űɞɟɏɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɘɠ ˊŬɟŬˊɎɜɤ ŬůɗɏɜŮɘŮɠ. 

ɄɟɧůűŬŰŬ ŭɖɛɞůɘŮɡɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ ŮɟŮɡɜɖŰɘəɐ Űɞɡ ɞɛɎŭŬ ůŰɞ ȲŭɟɡɛŬ ȽŬŰɟɞɓɘɞɚɞɔɘəɩɜ 

ȺɟŮɡɜɩɜ Űɖɠ ȷəŬŭɖɛɑŬɠ ȷɗɖɜɩɜ, ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ ɜɏŬ ɔŮɜɘɎ ɘɘəɩɜ űɞɟɏɤɜ Űɧůɞ ůŮ ŮˊɑˊŮŭɞ űŬəɏɚɞɡ 

ɧůɞ əŬɘ ůŮ ŮˊɑˊŮŭɞ ɟɡɗɛɘůŰɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɖɠ ŭɘŬɔɞɜɘŭɘŬəɐɠ əŬůɏŰŬɠ ɛŮ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ 

əɨŰŰŬɟŬ ŬůɗŮɜɩɜ. ȼ ə.ɅɞɡɛˊŮɚɎəɖ ɏɢŮɘ ŬűɘŮɟɩůŮɘ ɏɜŬ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɖɠ ˊɞɟŮɑŬɠ Űɖɠ ůŰɖ ɛŮɚɏŰɖ Űɤɜ 

ɀŮůŮɔɢɡɛŬŰɘəɩɜ ɆŰŮɚŮɢɘŬɑɤɜ ȾɡŰŰɎɟɤɜ əŬɘ Űɞɡ ˊɘɗŬɜɞɨ ɟɧɚɞɡ əŬɘ ɢɟɖůɘɛɧŰɖŰɎɠ Űɞɡɠ ůŰɖɜ əɡŰŰŬɟɘəɐ 

ɗŮɟŬˊŮɑŬ. ɇŮɚŮɡŰŬɑŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ ŮɟŮɡɜɖŰɘəɐ Űɖɠ ɞɛɎŭŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɜ ˊɚɐɟɖ 

ɢŬɟŬəŰɖɟɘůɛɧ Űɞɡ ŮəəɟɘŰɩɛŬŰɞɠ əŬɘ ˊɟɤŰŮɞɛɘəɞɨ əŬɘ ɛɞɟɘŬəɞɨ ˊɟɞŰɨˊɞɡ Ůɛɓɟɡɘəɩɜ ɀɆȾ. Ƀɘ ɛŮɚɏŰŮɠ 

ŬɡŰɏɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɖɜ ȽŬŰɟɘəɐ Ɇɢɞɚɐ Űɞɡ ȺȾɄȷ ɡˊɞŭŮɘəɜɨɞɡɜ ˊɤɠ ŮɑɜŬɘ 

ŮűɘəŰɐ ɖ Ŭˊɞɛɧɜɤůɖ ŮəəɟɘɜɧɛŮɜɤɜ ŮɝɤəɡŰŰɎɟɘɤɜ əɡůŰɘŭɑɤɜ ɛŮ ɗŮɟŬˊŮɡŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ, 

ŬɜŬˊŰɨůůɞɜŰŬɠ ɏŰůɘ ɛɑŬ ɜɏŬ ɛɏɗɞŭɞ ɏɛɛŮůɖɠ əɡŰŰŬɟɘəɐɠ ɐ ŬəɡŰŰŬɟɘəɐɠ ɗŮɟŬˊŮɑŬɠ. ɀŮ ŰŬ ɀɆȾ əŬɘ Űɞ 

ɟɧɚɞ Űɞɡɠ ůŰɖɜ ŬɡŰɞŬɜɞůɑŬ ɏɢŮɘ ŬůɢɞɚɖɗŮɑ əŬɘ ɖ ə.ɄŬˊŬŭɞˊɞɨɚɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ 

Űɖɠ ŭɘŬŰɟɘɓɐɠ ůŰɞ ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ ɡˊɧ Űɖɜ ŮˊɑɓɚŮɣɖ Űɞɡ ȾŬɗɖɔɖŰɐ 

ə.ũɘɎɔəɞɡ ɀɖɜɎ. ȼ ɛŮŰŬŭɘŭŬəŰɞɟɘəɐ Űɖɠ ŮɟŮɡɜɖŰɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ˊŬɟŬɛɏɜŮɘ ůŰɞ ɢɩɟɞ Űɖɠ 
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ŬɜɞůɞɗŮɟŬˊŮɑŬɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ɤůŰɧůɞ ˊɚɏɞɜ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŬɜŰɘ-ɘɘəɩɜ əŬɘ ŬɜŰɘ-ɚŮɡɢŬɘɛɘəɩɜ ɇ-

əɡŰŰɎɟɤɜ Ŭˊɧ ɡɔɘŮɑɠ ŭɧŰŮɠ əŬɘ Ŭˊɧ ɞɛűɎɚɘɞ ˊŮɟɘűŮɟɘəɧ ŬɑɛŬ. ȼ ɏɟŮɡɜŬ ŬɡŰɐ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

ŬɜɎˊŰɡɝɖ Ůɜɧɠ əŬɘɜɞŰɧɛɞɡ əɚɘɜɘəɞɨ ˊɟɤŰɞəɧɚɚɞɡ ɛŮ ŮűŬɟɛɞɔɐ ůŰɞɜ SARS-Cov2 ɛŮ ˊɟɤŰɞˊɞɟɘŬəɎ 

ˊŬɔəɞůɛɑɤɠ ŬˊɞŰŮɚɏůɛŬŰŬ. ɇɞ ˊɟɤŰɧəɞɚɚɞ ŬɡŰɧ ŮűŬɟɛɧůŰɖəŮ ůŮ ŮˊɑˊŮŭɞ əɚɘɜɘəɐɠ ŭɞəɘɛɐɠ ůŰɖɜ 

ȷɘɛŬŰɞɚɞɔɘəɐ Ⱦɚɘɜɘəɐ Űɞɡ ɁɞůɞəɞɛŮɑɞɡ ũ.ɄŬˊŬɜɘəɞɚɎɞɡ ɡˊɧ Űɖɜ ŮˊɑɓɚŮɣɖ Űɖɠ ə.ɄŬˊŬŭɞˊɞɨɚɞɡ əŬɘ 

Űɖɠ ŬɘɛŬŰɞɚɧɔɞɡ Ⱥ.ũɘŬɜɜɎəɖ. Ƀɘ ˊŬɟŬˊɎɜɤ ɞɛɘɚɑŮɠ ɡˊɞŭɖɚɩɜɞɡɜ ˊɤɠ ɞ ŮɡɟɨŰŮɟɞɠ ŰɞɛɏŬɠ Űɖɠ 

ɔɞɜɘŭɘŬəɐɠ əŬɘ əɡŰŰŬɟɘəɐɠ ɗŮɟŬˊŮɑŬɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬɜŮˊŰɡɔɛɏɜɞɠ ůŰɖ ɢɩɟŬ ɛŬɠ ɛŮ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŮűɎɛɘɚɚɖɠ ŬɝɑŬɠ əŬɘ ŮűŬɟɛɞůɘɛɧŰɖŰŬɠ ɛŮ ŬɜŰɑůŰɞɘɢŬ əɏɜŰɟŬ Űɞɡ ŮɝɤŰŮɟɘəɞɨ.  
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ɆɇɅɃũũɈȿȼ ɇɅȷɄȺȻȷī4 : ɇŬ ůɢɞɚŮɑŬ ˊɎɜŮ ɛɞɡůŮɑɞ. ɇŬ ɛɞɡůŮɑŬ Űɤɜ ŰɛɖɛɎŰɤɜ 

ȸɘɞɚɞɔɑŬɠ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖɜ Űɞˊɘəɐ əɞɘɜɤɜɑŬ 

ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ 
 

ɆɡɜŰɞɜɘůŰɐɠ 

ȼɚɑŬɠ ȾŬɕɎɜɖɠ 

Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ 

 

ɀŬɟɑŬ ɄŬɜɑŰůŬ 

ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ, ɛɏɚɞɠ ȺˊɘůŰɖɛɞɜɘəɐɠ & ȹɘŬɢŮɘɟɘůŰɘəɐɠ ȺˊɘŰɟɞˊɐɠ ȸɞŰŬɜɘəɞɨ ɀɞɡůŮɑɞɡ 

ɄŬɜŮˊɘůŰɖɛɑɞɡ ɄŬŰɟɩɜ 

 

ũɘɩɟɔɞɠ ɀɐŰůŬɘɜŬɠ 

ȿɏəŰɞɟŬɠ, ɛɏɚɞɠ Űɖɠ ȺˊɘůŰɖɛɞɜɘəɐɠ əŬɘ ȹɘŬɢŮɘɟɘůŰɘəɐɠ ȺˊɘŰɟɞˊɐɠ Űɞɡ Ȼɤɞɚɞɔɘəɞɨ ɀɞɡůŮɑɞɡ 

ɄŬɜŮˊɘůŰɖɛɑɞɡ ɄŬŰɟɩɜ 

 

 

ȸɞŰŬɜɘəɧ ɀɞɡůŮɑɞ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȷɗɖɜɩɜ: 25 ɢɟɧɜɘŬ ˊɟɞůɏɔɔɘůɖɠ Űɖɠ ɛŬɗɖŰɘəɐɠ 

əɞɘɜɧŰɖŰŬɠ 
ȹɖɛɐŰɟɖɠ ȾŬɕɎɜɖɠ 

ɀɏɚɞɠ Ⱥ.ȹȽ.Ʉ. ɇɞɛɏŬ ɃɘəɞɚɞɔɑŬɠ-ɇŬɝɘɜɞɛɘəɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ˊɟɩɖɜ ȺˊɘɛŮɚɖŰɐɠ ȸɞŰŬɜɘəɞɨ 

ɀɞɡůŮɑɞɡ, 

Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 

 

ɇŬ ɄŬɜŮˊɘůŰɖɛɘŬəɎ ɀɞɡůŮɑŬ, ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɢɩɟɞɡɠ ŮˊŬűɐɠ Űɤɜ ˊŬɘŭɘɩɜ Űɤɜ ɛŮɔɎɚɤɜ ŬůŰɘəɩɜ 

əɏɜŰɟɤɜ ɛŮ Űɖ ɓɘɞˊɞɘəɘɚɧŰɖŰŬ, ˊŬɑɕɞɡɜ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɟɧɚɞ, ůɡɛɓɎɚɚɞɜŰŬɠ ŬűŮɜɧɠ ůŰɖɜ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ŮəˊŬɑŭŮɡůɖ əŬɘ ŬűŮŰɏɟɞɡ əŬŰŮɡɗɨɜɞɜŰŬɠ ůŮ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ɧˊɤɠ ɖ ŮˊɘůŰɐɛɖ Űɤɜ 

ˊɞɚɘŰɩɜ.  

ɆŰɞ ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ Űɞɡ Ⱥɗɜɘəɞɨ əŬɘ ȾŬˊɞŭɘůŰɟɘŬəɞɨ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȷɗɖɜɩɜ (ȺȾɄȷ) ɏɢɞɡɜ 

ŮɜŰŬɢɗŮɑ ŭɨɞ ɛɞɡůŮɑŬ, Űɞ Ȼɤɞɚɞɔɘəɧ əŬɘ Űɞ ȸɞŰŬɜɘəɧ ɀɞɡůŮɑɞ, ŰŬ ɞˊɞɑŬ ŬɡŰɞɜɞɛɐɗɖəŬɜ Űɞ ɏŰɞɠ 1868 

Ŭˊɧ Űɞ ˊŬɚŬɘɧ ūɡůɘɞɔɟŬűɘəɧ ɀɞɡůŮɑɞ, ˊɞɡ űɘɚɞɝŮɜɞɨůŮ ɓɞŰŬɜɘəɏɠ, ɕɤɞɚɞɔɘəɏɠ əŬɘ ɞɟɡəŰɞɚɞɔɘəɏɠ 

ůɡɚɚɞɔɏɠ, ɛŮ ɏŰɞɠ ɑŭɟɡůɖɠ Űɞ 1850. Ƀɘ ůɡɚɚɞɔɏɠ Űɞɡ ȸɞŰŬɜɘəɞɨ ɀɞɡůŮɑɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ 

ŬˊɞɝɖɟŬɛɏɜŬ ŭŮɑɔɛŬŰŬ Ůɘŭɩɜ ɆˊŮɟɛŬŰɞűɨŰɤɜ. ȷˊɧ Űɘɠ ůɡɚɚɞɔɏɠ ŬɡŰɏɠ ɤɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ 

ŬɝɘɞɚɞɔɞɨɜŰŬɘ ɞɘ ůɡɚɚɞɔɏɠ Űɤɜ ŪŮɧŭɤɟɞɡ ɃɟűŬɜɑŭɖ əŬɘ Theodor von Heldreich, ɞɘ ɞˊɞɑɞɘ ůŰŬ ɛɏůŬ 

Űɞɡ 19ɞɡ ŬɘɩɜŬ ɗŮɛŮɚɑɤůŬɜ Űɖ ɢɚɤɟɘŭɘəɐ ɏɟŮɡɜŬ ůŰɖɜ ȺɚɚɎŭŬ əŬɘ ˊɟɞɢɩɟɖůŬɜ ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ 

ˊɞɚɚɩɜ ɜɏɤɜ ɔɘŬ Űɖɜ ŮˊɘůŰɐɛɖ Ůɘŭɩɜ. ȺəŰɧɠ Ŭˊɧ Űɘɠ ůɡɚɚɞɔɏɠ ɆˊŮɟɛŬŰɞűɨŰɤɜ, ůŰɞ ȸɞŰŬɜɘəɧ ɀɞɡůŮɑɞ 

ůŰŮɔɎɕɞɜŰŬɘ ŭŮɑɔɛŬŰŬ ɜɏɤɜ ɔɘŬ Űɖɜ ŮˊɘůŰɐɛɖ Ůɘŭɩɜ űɡəɩɜ əŬɘ ɛɡəɐŰɤɜ. 

ũɘŬ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Ŭˊɧ Űɖɜ ɑŭɟɡůɐ Űɞɡ ɛɏɢɟɘ əŬɘ ůɐɛŮɟŬ, Űɞ ȸɞŰŬɜɘəɧ ɀɞɡůŮɑɞ Űɞɡ 

ȺȾɄȷ ˊŬɟɏɛŮɜŮ ɎɔɜɤůŰɞ ɔɘŬ Űɞ ŮɡɟɨŰŮɟɞ əɞɘɜɧ, Ŭűɞɨ ˊɟɧůɓŬůɖ ůŰɘɠ ůɡɚɚɞɔɏɠ Űɞɡ ŮˊɘŰɟɏˊŮŰŬɘ ɛɧɜɞ 

ůŮ ŮɝŮɘŭɘəŮɡɛɏɜɞɡɠ  ŮˊɘůŰɐɛɞɜŮɠ əŬɘ ŮɟŮɡɜɖŰɏɠ. ɇɞɜ Ɂɞɏɛɓɟɘɞ Űɞɡ 1997, ůŰɞɡɠ ɢɩɟɞɡɠ Űɞɡ ȸɞŰŬɜɘəɞɨ 

ɀɞɡůŮɑɞɡ ŮɔəŬɘɜɘɎůɗɖəŮ ɛɘŬ ɛɧɜɘɛɖ ɏəɗŮůɖ ɛŮ ɗɏɛŬ óȷŰŰɘəɧ ɇɞˊɑɞ əŬɘ ɄŮɟɘɓɎɚɚɞɜô. ȼ ȰəɗŮůɖ 

ŮůŰɘɎɕŮɘ ůŮ ɛɑŬ ˊɞɘəɘɚɑŬ ˊŰɡɢɩɜ Űɞɡ űɡůɘəɞɨ əŬɘ Űɞɡ ŬɜɗɟɤˊɞɔŮɜɞɨɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɖɠ  ȷŰŰɘəɐɠ. ȼ 
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ɏəɗŮůɖ ŬɡŰɐ ŬˊɞŰɏɚŮůŮ Űɞ ɏɜŬɡůɛŬ ˊɟɞůɏɔɔɘůɖɠ Űɞɡ ȸɞŰŬɜɘəɞɨ ɀɞɡůŮɑɞ ɛŮ Űɖɜ Ůɝɤ-ŬəŬŭɖɛŬɥəɖ 

əɞɘɜɧŰɖŰŬ əŬɘ ŮɘŭɘəɧŰŮɟŬ ɛŮ Űɖ ůɢɞɚɘəɐ əɞɘɜɧŰɖŰŬ. Ƀ ɢɩɟɞɠ Űɖɠ ɏəɗŮůɖɠ ŬˊɞŰŮɚŮɑ ɘŭŬɜɘəɧ ɢɩɟɞ 

Ůɜɖɛɏɟɤůɖɠ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ŮɡŬɘůɗɖŰɞˊɞɑɖůɖɠ Űɤɜ ɛŬɗɖŰɩɜ, ŬɚɚɎ əŬɘ Űɤɜ ŭŬůəɎɚɤɜ/əŬɗɖɔɖŰɩɜ 

Űɞɡɠ. ȳŰŬɜ ɕɖŰɖɗŮɑ Ŭˊɧ Űɞ ˊɟɞůɤˊɘəɧ Űɞɡ ɀɞɡůŮɑɞɡ, ˊŬɟɏɢŮŰŬɘ ɖ  ŭɡɜŬŰɧŰɖŰŬ ůŮ ɞɚɘɔɞɛŮɚŮɑɠ ɞɛɎŭŮɠ 

ɛŬɗɖŰɩɜ (ˊ.ɢ. ɞɛɎŭŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ) ɜŬ ˊŬɟŬəɞɚɞɡɗɐůɞɡɜ ůŮɛɘɜɎɟɘŬ ůŮ ɗɏɛŬŰŬ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ŮɟɔŬůɑŮɠ Űɞɡɠ ɐ Űɖɜ əŬɗɖɛŮɟɘɜɧŰɖŰɎ Űɞɡɠ (ˊ.ɢ. ŭɎůɖ əŬɘ ŭŬůɘəɏɠ ŮəŰɎůŮɘɠ, ŭŬůɘəɏɠ 

ˊɡɟəŬɔɘɏɠ, Ůɗɜɘəɞɑ ŭɟɡɛɞɑ, ə.Ŭ.). ɄɟɧůűŬŰŬ, ɝŮəɑɜɖůŬɜ əŬɘ ŮəˊŬɘŭŮɡŰɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ˊɞɡ ŮɘůɎɔɞɡɜ 

Űɞɡɠ ɛŬɗɖŰɏɠ ůŰɘɠ Ŭɟɢɏɠ ŭɖɛɘɞɡɟɔɑŬɠ əŬɘ ŭɘŬŰɐɟɖůɖɠ ɛɘŬɠ ɓɞŰŬɜɘəɐɠ ůɡɚɚɞɔɐɠ, Ŭˊɧ Űɞ ˊŮŭɑɞ əŬɘ Űɖ 

ůɡɚɚɞɔɐ Űɤɜ űɡŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ ɛɏɢɟɘ Űɖɜ ŬˊɞɝɐɟŬɜůɐ Űɞɡɠ əŬɘ Űɖ ůɡɜŰɐɟɖůɐ Űɞɡɠ ůŰŬ herbaria. 

 

ȹɘɞɜɨůɘɞɠ ũɘɞɡɚɎŰɞɠ, 

ȾŬɗɖɔɖŰɐɠ, Ȼɤɞɚɞɔɘəɐ Ɇɡɚɚɞɔɐ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

 

ɅŮɔɔɑɜŬ ȾŬɟɞɨůɞɡ, 

Ⱥˊɑəɞɡɟɖ əŬɗɖɔɐŰɟɘŬ, ȸɞŰŬɜɘəɐ Ɇɡɚɚɞɔɐ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪŮůůŬɚɞɜɑəɖɠ 

 

ȼ ŮˊŬűɐ Űɤɜ ɛŬɗɖŰɩɜ ȿɡəŮɑɞɡ ɛŮ ŰŬ ɀɞɡůŮɑŬ ūɡůɘəɩɜ ȺˊɘůŰɖɛɩɜ 
ȷɗɖɜɎ Ⱦɞɡɚɞˊɞɨɚɞɡ, 

ȺəˊŬɘŭŮɡŰɘəɧɠ ȹŮɡŰŮɟɞɓɎɗɛɘŬɠ ȺəˊŬɑŭŮɡůɖɠ, ȸɘɞɚɧɔɞɠ, MSc, 32ɞ ũȺȿ ŪŮůůŬɚɞɜɑəɖɠ 

 

ɆŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ɞɛɘɚɑŬɠ ŮɑɜŬɘ ɜŬ ˊŬɟɞɡůɘɎůŮɘ Űɖɜ ŮɛˊŮɘɟɑŬ ɛŬɠ Ŭˊɧ Űɖɜ ŮˊŬűɐ Űɤɜ ɛŬɗɖŰɩɜ 

ɚɡəŮɑɞɡ ɛŮ ŰŬ ɀɞɡůŮɑŬ ūɡůɘəɩɜ ȺˊɘůŰɖɛɩɜ. ȼ ŮɛˊŮɘɟɑŬ ŬɡŰɐ ɏɢŮɘ ŬˊɞəŰɖɗŮɑ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

ŮˊɘůəɏɣŮɤɜ ɛŮ ɞɟɘůɛɏɜŮɠ ŰɎɝŮɘɠ əŬɘ Ŭɟɘɗɛɧ ɛŬɗɖŰɩɜ, ůŮ ůɡɔəŮəɟɘɛɏɜŬ ɛɞɡůŮɑŬ Űɖɠ ȺɚɚɎŭŬɠ əŬɘ Űɞɡ 

ŮɝɤŰŮɟɘəɞɨ. 

ȹɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ŰŬ ɀɞɡůŮɑŬ ūɡůɘəɩɜ ȺˊɘůŰɖɛɩɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ ůɖɛŬɜŰɘəɧ 

ˊŬɟɎɔɞɜŰŬ ɞɚɞəɚɐɟɤůɖɠ Űɖɠ ŮəˊŬɘŭŮɡŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ, ˊŬɟɏɢɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ ˊɞɘɞŰɘəɐ ɣɡɢŬɔɤɔɑŬ 

əŬɘ ŮɜŮɟɔɧ ɛɎɗɖůɖ. Ƀɘ ŮˊɘůəɏɣŮɘɠ ůŮ ŬɡŰɎ ůɡɛɓɎɚɚɞɡɜ ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɖɠ ůɡɜŬɘůɗɖɛŬŰɘəɐɠ, ŬɚɚɎ 

əŬɘ Űɖɠ əɞɘɜɤɜɘəɐɠ ůŰɎůɖɠ ɕɤɐɠ Űɤɜ ɛŬɗɖŰɩɜ. Ⱥɡɜɞɞɨɜ Űɖɜ ŬɜɎˊŰɡɝɖ ŬɚɚɖɚŮˊɘŭɟŬůŰɘəɩɜ əŬɘ 

ůɡɜŮɟɔŬŰɘəɩɜ ůŰɎůŮɤɜ ůŰɞɡɠ ɛŬɗɖŰɏɠ, əŬɘ Űɞɡɠ Ůɛˊɜɏɞɡɜ Űɞɜ ůŮɓŬůɛɧ ůŰɞ űɡůɘəɧ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ŰŬ 

ɏɛɓɘŬ ɧɜŰŬ.  

ɆɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ, əɟɑɜŮŰŬɘ ɛŮɔɎɚɖɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ ɖ ůɡɜŮɟɔŬůɑŬ ɛɞɡůŮɑɤɜ əŬɘ ůɢɞɚŮɑɞɡ ɔɘŬ 

əŬɚɨŰŮɟŬ ɛŬɗɖůɘŬəɎ ŬˊɞŰŮɚɏůɛŬŰŬ, əŬɗɩɠ əŬɘ ɖ ɢɟɖůɘɛɧŰɖŰŬ ɏɜŰŬɝɖɠ ŰɏŰɞɘɤɜ ŮˊɘůəɏɣŮɤɜ ůŰɞ 

ŬɜŬɚɡŰɘəɧ ˊɟɧɔɟŬɛɛŬ Űɤɜ ůɢɞɚŮɑɤɜ. 
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ɆɇɅɃũũɈȿȼ ɇɅȷɄȺȻȷī5 : ɆɡɜɗŮŰɘəɐ ȸɘɞɚɞɔɑŬ: əŬɘɜɞŰɧɛŮɠ ɚɨůŮɘɠ ůŮ ůɨɔɢɟɞɜŮɠ 

ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɡɔŮɑŬ əŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ 

ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ & ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ 
 

ɆɡɜŰɞɜɑůŰɟɘŬ 

ȾŬɚɚɘɧˊɖ ɄŬˊŬŭɞˊɞɨɚɞɡ 
 

 

ɆɡɜɗŮŰɘəɐ ȸɘɞɚɞɔɑŬ əŬɘ ɛɘəɟɞɞɟɔŬɜɘůɛɞɑ ůŰɖɜ ɡˊɖɟŮůɑŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 
ȹɖɛɐŰɟɘɞɠ ȾŬɟˊɞɨɕŬɠ 

ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ Űɞɡ ɇɛɐɛŬŰɞɠ ȸɘɞɢɖɛŮɑŬɠ & ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ 
 

 

ȸɘɩůɘɛɖ ũŮɤɟɔɑŬ ɓɎůŮɘ ůɢŮŭɘŬůɛɞɨ 
ȾŬɚɚɘɧˊɖ ɄŬˊŬŭɞˊɞɨɚɞɡ 

ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ & ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ 
 

 

Ƀ ɟɧɚɞɠ Űɖɠ Ɇȸ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɓɘɞ-ɞɘəɞɜɞɛɑŬɠ ůŰɖɜ ȺɚɚɎŭŬ 
ȾɤɜůŰŬɜŰɑɜɞɠ ɀŬŰɗɘɧˊɞɡɚɞɠ 

ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ & ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ 

 

ȼ ɏɜɜɞɘŬ Űɖɠ ɓɘɞɞɘəɞɜɞɛɑŬɠ ŬɜŬˊŰɨɢɗɖəŮ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ əŬɘ ŮɑɜŬɘ ŬˊɧɟɟɞɘŬ Űɟɘɩɜ ɓŬůɘəɩɜ 

ˊŬɟŬɔɧɜŰɤɜ: (Ŭ) Űɖɠ ůɡɜŮɘŭɖŰɞˊɞɑɖůɖɠ Űɖɠ ŬůɨɛɛŮŰɟɖɠ əŬŰŬůŰɟɞűɐɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Ŭˊɧ Űɖɜ 

ŰɟɏɢɞɡůŬ ɞɘəɞɜɞɛɘəɐ ɛŮɔɏɗɡɜůɖ Űɤɜ ɢɤɟɩɜ, ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ əɡɟɑɤɠ ůŰɖ ɢɟɐůɖ ɟɡˊɞɔɧɜɤɜ ɞɟɡəŰɩɜ 

əŬɡůɑɛɤɜĀ (ɓ) Űɖɠ ɔŮɜɘəɧŰŮɟɖ ŰɎůɖɠ ɔɘŬ ɓɘɩůɘɛŮɠ ůŰɟŬŰɖɔɘəɏɠ ŬɜɎˊŰɡɝɖɠ ˊɞɡ ɗŬ ɓŬůɑɕŮŰŬɘ ůŮ 

űɘɚɘəɧŰŮɟŮɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠĀ (ɔ) Űɖɠ ŬɜŬɔɜɩɟɘůɖɠ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ Űɤɜ 

ɓɘɞŮˊɘůŰɖɛɩɜ, əŬɘ ɘŭɘŬɑŰŮɟŬ Űɖɠ ɓɘɞŰŮɢɜɞɚɞɔɑŬɠ, ůŰɖ ɓɘɩůɘɛɖ ŬɜɎˊŰɡɝɖ. Ɉˊɧ ŮɡɟŮɑŬ ɏɜɜɞɘŬ, ɖ 

ɓɘɞɞɘəɞɜɞɛɑŬ ɞɟɑɕŮŰŬɘ ɤɠ ɖ ˊŬɟŬɔɤɔɐ əŬɘ ɢɟɐůɖ ŬɜŬɜŮɩůɘɛɤɜ ɓɘɞɚɞɔɘəɩɜ ˊɧɟɤɜ Ŭˊɧ ŰŬ ɢŮɟůŬɑŬ əŬɘ 

ɡŭɎŰɘɜŬ ɞɘəɞůɡůŰɐɛŬŰŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ əŬɘ ˊŬɟɞɢɐ ˊɟɞɥɧɜŰɤɜ, ŭɘŬŭɘəŬůɘɩɜ əŬɘ ɡˊɖɟŮůɘɩɜ ůŮ ɧɚɞɡɠ 

Űɞɡɠ ŰɞɛŮɑɠ Űɞɡ Ůɛˊɞɟɑɞɡ əŬɘ Űɖɠ ɓɘɞɛɖɢŬɜɑŬɠ ůŰɞ ˊɚŬɑůɘɞ Ůɜɧɠ ɓɘɩůɘɛɞɡ, əɡəɚɘəɞɨ ɞɘəɞɜɞɛɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɞɘ ˊɞɚɘŰɘəɏɠ ɓɘɞɞɘəɞɜɞɛɑŬɠ ŮɑɜŬɘ ůɡɜɡűŬůɛɏɜŮɠ ɛŮ Űɖɜ əŬɘɜɞŰɞɛɑŬ əŬɘ Űɖ 

ɓɘɤůɘɛɧŰɖŰŬ, əŬɗɩɠ əŬɘ Űɖɜ ɞɘəɞɜɞɛɘəɐ ŬɜɎˊŰɡɝɖ əŬɘ Űɖɜ ŬˊŬůɢɧɚɖůɖ.  

ȼ ůɡɜɗŮŰɘəɐ ɓɘɞɚɞɔɑŬ, Ŭˊɧ Űɖɜ Ɏɚɚɖ, ŬˊɞŰŮɚŮɑ Űɖɜ ŰŮɚŮɡŰŬɑŬ Ůɝɏɚɘɝɖ Űɖɠ ɓɘɞŰŮɢɜɞɚɞɔɑŬɠ əŬɘ ŬűɞɟɎ Űɞɜ 

ŮˊŬɜŬˊɟɞɔɟŬɛɛŬŰɘůɛɧ əŬɘ Űɖ ůɨɜɗŮůɖ ɓɘɞɚɞɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ŭŮɜ ɡűɑůŰŬɜŰŬɘ ůŰɖ űɨůɖ, ɛŮ 

ůŰɧɢɞ Űɖɜ ˊŬɟŬɔɤɔɐ ɜɏɤɜ ˊɟɞɥɧɜŰɤɜ ɐ ŭɘŮɟɔŬůɘɩɜ ŮˊɤűŮɚɩɜ ɔɘŬ Űɞɜ Ɏɜɗɟɤˊɞ. Ƀɘ ŮűŬɟɛɞɔɏɠ Űɖɠ 

Ŭɔɔɑɕɞɡɜ ɏɜŬ ŮɡɟɨŰŬŰɞ űɎůɛŬ əŬɗɖɛŮɟɘɜɩɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ əŬɘ ŬɜŬɔəɩɜ, Ŭˊɧ Űɖɜ ŬˊɞɟɟɨˊŬɜůɖ Űɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɛɏɢɟɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɜɏŬɠ ɔŮɜɘɎɠ Ůɛɓɞɚɑɤɜ, ɧˊɤɠ ŰŬ mRNA ŮɛɓɧɚɘŬ ɔɘŬ Űɖɜ COVID-19. 

Ɉˊɧ ŬɡŰɐ Űɖɜ ɏɜɜɞɘŬ, ɚɞɘˊɧɜ, ɖ Ɇȸ ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ ɛɞɢɚɧ ŬɜɎˊŰɡɝɖɠ Űɖɠ ɓɘɞɞɘəɞɜɞɛɑŬɠ. ȰŰůɘ, ɧɚŬ ŰŬ 

ˊɟɞɖɔɛɏɜŬ əɟɎŰɖ ɏɢɞɡɜ ɐŭɖ ŮˊŮɝŮɟɔŬůŰŮɑ ɐ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ɞŭɘəɞɨɠ ɢɎɟŰŮɠ ɧˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ 

ŭɘŮɝɞŭɘəɎ ɞɘ ŮɡəŬɘɟɑŮɠ ˊɞɡ ˊɟɞůűɏɟŮɘ ɖ Ɇȸ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɓɘɞɞɘəɞɜɞɛɑŬɠ əŬɘ ŰŬ ɛɏŰɟŬ ˊɞɡ 
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ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɞɡ ŭɡɜŬɛɘəɞɨ Űɤɜ ɓɘɞŮˊɘůŰɖɛɧɜɤɜ ˊɟɞɠ Űɖɜ əŬŰŮɨɗɡɜůɖ ŬɡŰɐ.   

 

 

EɛɓɧɚɘŬ əŬɘ ɆɡɜɗŮŰɘəɐ ȸɘɞɚɞɔɑŬ 
ɆŰŬɛŬŰɑŬ ɄŬˊɞɡŰůɞˊɞɨɚɞɡ 

Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ & ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ 
 

ȼ ˊɟɧůűŬŰɖ ˊŬɜŭɖɛɑŬ Ŭ́ ɏŭŮɘɝŮ ɧŰɘ Űɞ ɘ́ɞ ŬůűŬɚɏɠ ɛɏŰɟɞ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩ́ɘůɖ Űɖɠ ɜɧůɞɡ, 

ɓɟŬɢɡ́ɟɧɗŮůɛŬ ɧůɞ əŬɘ ɛŬəɟɞ́ ɟɧɗŮůɛŬ ŮɑɜŬɘ ɖ ŮɜŮɟɔɖŰɘəɐ Ŭɜɞůɞˊɞɑɖůɖ Űɞɡ ɚ́ɖɗɡůɛɞɨ, ŭɖɚŬŭɐ ɞ 

ŮɛɓɞɚɘŬůɛɧɠ. ȼ ˊɟɞůɎ́ɗŮɘŬ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ ůɡɜŮɢɑɕŮŰŬɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɘ́ɞ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ 

Ůɛɓɞɚɑɤɜ. ɆŮ ŬɡŰɐɜ Űɖɜ ́ ɟɞůɎ́ɗŮɘŬ ɖ Ů́ɘůŰɐɛɖ Űɖɠ ɆɡɜɗŮŰɘəɐɠ ȸɘɞɚɞɔɑŬɠ ŮɑɢŮ əŬɘ ɏɢŮɘ ůɖɛŬɜŰɘəɧŰŬŰɖ 

ůɡɛɓɞɚɐ ůɡɜŮɘůűɏɟɞɜŰŬɠ ůŰɞ   ůɢŮŭɘŬůɛɧ Űɤɜ əŬŰɎɚɚɖɚɤɜ ŬɜŰɘɔɧɜɤɜ, ůŰɖɜ Ů́ɘŰɎɢɡɜůɖ Űɖɠ 

ůɨɜɗŮůɖɠ ɜɏɤɜ, əŬɗɩɠ əŬɘ ůŰɖ ɓŮɚŰɘůŰɞ́ ɞɑɖůɖ Űɖɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ ɡŬ́ɟɢɧɜŰɤɜ Ůɛɓɞɚɑɤɜ əŬɘ Űɤɜ 

ůɡɜɗɖəɩɜ ŬˊɞɗɐəŮɡůɖɠ əŬɘ ɛŮŰŬűɞɟɎɠ Űɞɡɠ ůŮ ɢɩɟŮɠ ŬˊɞɛŬəɟɡůɛɏɜŮɠ Ŭˊɧ Űɞɜ Űɧ́ ɞ ˊŬɟŬůəŮɡɐɠ. 

ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɤůŰɧůɞ ɜŬ ɔɜɤɟɑɕɞɡɛŮ ɧŰɘ ɖ ɆɡɜɗŮŰɘəɐ ȸɘɞɚɞɔɑŬ ɏɢŮɘ ŮɡɟɨŰŬŰɞ űɎůɛŬ ŮűŬɟɛɞɔɩɜ, 

ůɡɛɓɎɚɚɞɜŰŬɠ ɧɢɘ ɛɧɜɞ ůŰɖɜ ŬɜŰɘɛŮŰɩ́ɘůɖ ɘɘəɩɜ ɚɞɘɛɩɝŮɤɜ, ŬɚɚɎ əŬɘ ůŰɖɜ ŬɜŰɘɛŮŰɩ́ɘůɖ Űɞɡ 

əŬɟəɑɜɞɡ, əŬɗɩɠ əŬɘ ůŰɖɜ  ɡɔɘɐ ɔɐɟŬɜůɖ. 
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ɆɇɅɃũũɈȿȼ ɇɅȷɄȺȻȷī6 : Ƀ ɘɧɠ SARS-CoV-2 ɤɠ ɕɤɞɜɧůɞɠ: ɖ űɡůɘəɐ ˊɟɞɏɚŮɡůɐ 

Űɞɡ əŬɘ ɖ ŭɡɜŬɛɘəɐ Űɖɠ ŭŮɡŰŮɟɞɔŮɜɞɨɠ ɛŮŰɎŭɞůɐɠ Űɞɡ ůŮ ɕɩŬ 

ɇɛɐɛŬ ȸɘɞɚɞɔɘəɩɜ ȺűŬɟɛɞɔɩɜ əŬɘ ɇŮɢɜɞɚɞɔɘɩɜ, ɄŬɜŮˊɘůŰɐɛɘɞ ȽɤŬɜɜɑɜɤɜ 
 

ɆɡɜŰɞɜɘůŰɐɠ 

John Halley  

ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɘəɩɜ ȺűŬɟɛɞɔɩɜ əŬɘ ɇŮɢɜɞɚɞɔɘɩɜ, ɄŬɜŮˊɘůŰɐɛɘɞ ȽɤŬɜɜɑɜɤɜ 
 

 

ȼ ˊŬɜŭɖɛɑŬ ɛɏůŬ Ŭˊɧ Űɞ ˊɟɑůɛŬ Űɖɠ ŮɝŮɚɘəŰɘəɐɠ ɞɘəɞɚɞɔɑŬɠ 
John Halley 

ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɘəɩɜ ȺűŬɟɛɞɔɩɜ əŬɘ ɇŮɢɜɞɚɞɔɘɩɜ, ɄŬɜŮˊɘůŰɐɛɘɞ ȽɤŬɜɜɑɜɤɜ 
 

Ƀɘ ɛɘəɟɞɞɟɔŬɜɘůɛɞɑ ˊɞɡ ˊɟɞəŬɚɞɨɜ ŬůɗɏɜŮɘŮɠ əŬɘ ŬɜŬűɏɟɞɜŰŬɘ ɤɠ çˊŬɗɞɔɧɜŬè ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɧ 

ůŰɞɘɢŮɑɞ Űɖɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ əŬɘ ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ, ɧɢɘ ɛɧɜɞ ůŮ ůɢɏůɖ ɛŮ Űɖ ŭɘəɐ Űɞɡɠ 

ˊɞɘəɘɚɞɛɞɟűɑŬ ŬɚɚɎ əŬɘ ůŰɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ŭɘŬɛɞɟűɩɜɞɡɜ Űɖɜ ŭɞɛɐ Űɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ. ɇɞ 

əɡɟɑŬɟɢɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ çˊŬɗɞɔɧɜɤɜè ŮɑɜŬɘ ɖ ŰŬɢɨŰɖŰŬ Űɖɠ Ůɝɏɚɘɝɐɠ Űɞɡɠ: ȷɡŰɐ ɖ ŭɘŬűɞɟɎ ůŰɖɜ 

ŰŬɢɨŰɖŰŬ (ˊŮɟɑˊɞɡ 100.000) ŮɡɜɞŮɑ ŰŬ ɛɘəɟɞˊŬɟɎůɘŰŬ. ũɘŬ ŬɡŰɧ ˊɘůŰŮɨɞɡɛŮ ˊɤɠ ɖ çŬɜŰɘˊŬɟɎɗŮůɖè 

ɛɘəɟɞˊŬɟŬůɑŰɤɜ-ŬɜɩŰŮɟɤɜ ɞɟɔŬɜɘůɛɩɜ  ɞŭɐɔɖůŮ ůŰɖɜ çŮűŮɨɟŮůɖè Űɖɠ ůŮɝɞɡŬɚɘəɐɠ ŬɜŬˊŬɟŬɔɤɔɐɠ 

(ˊɞɡ ůɖɛŬɑɜŮɘ Ŭɨɝɖůɖ Űɖɠ ˊɞɘəɘɚɞɛɞɟűɑŬɠ Űɤɜ ɔŮɜɞŰɨˊɤɜ ŮɜŰɧɠ Űɞɡ Ůɑŭɞɡɠ, əŬɗɘůŰɩɜŰŬɠ ɏŰůɘ 

ŭɡůəɞɚɧŰŮɟɞ Űɞ ɏɟɔɞ Űɤɜ ˊŬɟŬůɑŰɤɜ ůŰɖɜ ˊɟɞůˊɎɗŮɘɎ Űɞɡɠ  ɜŬ əɡɟɘŬɟɢɐůɞɡɜ ˊɎɜɤ ůŰɞɡɠ ɝŮɜɘůŰɏɠ 

Űɞɡɠ), ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ (ˊɞɡ ɗɏŰŮɘ ɏɜŬ Ůˊɘˊɚɏɞɜ ˊɟɧɓɚɖɛŬ ůŰŬ ˊŬɗɞɔɧɜŬ, ŭɖɚŬŭɐ Űɖɜ 

ŬɜɎɔəɖ ɜŬ ɛŮŰŬˊɖŭɞɨɜ Ŭˊɧ Ůɑŭɞɠ ůŮ Ůɑŭɞɠ) əŬɘ ůŰɖɜ Ŭɜɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ Űɤɜ ˊɚɖɗɡůɛɩɜ ůŰɞ ɢɩɟɞ 

(ŬɜŬɔəɎɕɞɜŰŬɠ ɏŰůɘ ŰŬ ɛɘəɟɧɓɘŬ ɜŬ ɡˊŮɟɓɞɨɜ əŬɘ ɔŮɤɔɟŬűɘəɎ ŮɛˊɧŭɘŬ).  ȰŰůɘ, ɖ ŮɛűɎɜɘůɖ ɧůɞ əŬɘ ɖ 

Ůɝɏɚɘɝɖ ˊɞɚɚɩɜ ŬůɗŮɜŮɘɩɜ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ   ŭɘŬɢɤɟɘůŰɞɨɜ Ŭˊɧ Űɞɜ ɞɘəɞɚɞɔɘəɧ Űɞɡɠ ɟɧɚɞ əŬɘ Űɖɜ 

ɞɘəɞɚɞɔɘəɐ Űɞɡɠ ˊɟɞɏɚŮɡůɖ. ɆŮ ŬɡŰɧ Űɞ ůŰɟɞɔɔɡɚɧ ŰɟŬˊɏɕɘ, əɞɘŰɎɕɞɡɛŮ ˊɤɠ ɞɘ ɞɘəɞɚɞɔɘəɞɑ ɟɧɚɞɘ ɏɢɞɡɜ 

ˊŬɑɝŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ˊɟɞɏɚŮɡůɖ əŬɘ ŮɝɎˊɚɤůɖ Űɞɡ SARS-CoV-2.   
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Ƀɘ əɞɟɞɜɞɥɞɑ ŮɑɜŬɘ ɞɘəɞɔɏɜŮɘŬ ɘɩɜ RNA, ˊɞɡ ˊɟɞəŬɚɞɨɜ ɚɞɘɛɩɝŮɘɠ ůŮ ɗɖɚŬůŰɘəɎ əŬɘ ˊŰɖɜɎ. ȼ ŬɜɎŭɡůɖ 

Űɞɡ SARS-CoV-1 Űɞ 2003 ŬˊɞŰɏɚŮůŮ ůɞɓŬɟɐ ˊɟɞŮɘŭɞˊɞɑɖůɖ ˊɤɠ əɞɟɞɜɞɥɞɑ ˊɟɞŮɟɢɧɛŮɜɞɘ Ŭˊɧ ɕɩŬ ɗŬ 

ɛˊɞɟɞɨůŬɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ˊŬɜŭɖɛɑŬ ůŰɞɜ Ɏɜɗɟɤˊɞ. ȷɡŰɧ Űɞ ůŮɜɎɟɘɞ ŮˊɘɓŮɓŬɘɩɗɖəŮ ɛŮ Űɖɜ ŬɜɎŭɡůɖ 

Űɞɡ SARS-CoV-2 əŬɘ Űɖɠ ˊŬɜŭɖɛɑŬɠ COVID-19. ȷɜ əŬɘ ɛɏɢɟɘ ůɐɛŮɟŬ ŭŮɜ ɏɢŮɘ ŬˊɞůŬűɖɜɘůŰŮɑ ɖ 

ˊɟɞɏɚŮɡůɖ Űɞɡ SARS-CoV-2, ɘɞɑ ɛŮ ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɐ ɔŮɜŮŰɘəɐ ůɡɔɔɏɜŮɘŬ ɛŮ Űɞɜ ɜɏɞ əɞɟɞɜɞɥɧ 

ůɡɜŬɜŰɩɜŰŬɘ ůŮ ŭɘɎűɞɟŬ ɐŭɖ ɜɡɢŰŮɟɑŭɤɜ, ˊɞɡ űŬɑɜŮŰŬɘ ˊɤɠ ŬˊɞŰɏɚŮůŬɜ Űɖ ŭŮɝŬɛŮɜɐ Űɞɡ ɘɞɨ, ˊɟɘɜ 

ŬɡŰɧɠ ˊŮɟɎůŮɘ ůŰɞɜ Ɏɜɗɟɤˊɞ. ȱŭɖ əŬŰɎ Űɞɡɠ ˊɟɩŰɞɡɠ ɛɐɜŮɠ Űɖɠ ˊŬɜŭɖɛɑŬɠ, ɖ əɞɘɜɐ ɔɜɩɛɖ Űɞɡ 
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ˊɚŬɜɐŰɖ ŬɜɖůɡɢɞɨůŮ ɔɘŬ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɛŮŰɎŭɞůɖɠ Űɞɡ SARS-CoV-2 ůŮ ɕɩŬ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ Ŭˊɧ ŰŬ 

ɕɩŬ ůŰɞɜ Ɏɜɗɟɤˊɞ. ɀɏɢɟɘ ůɐɛŮɟŬ ɏɢɞɡɜ əŬŰŬɔɟŬűŮɑ ůˊɞɟŬŭɘəɎ ˊŮɟɘůŰŬŰɘəɎ ɛŮŰɎŭɞůɖɠ Űɞɡ ɘɞɨ Ŭˊɧ 

Űɞɜ Ɏɜɗɟɤˊɞ ůŮ əŬŰɞɘəɑŭɘŬ ɕɩŬ, ŬɚɚɎ ˊɞŰɏ ɛŬɕɘəɐ ɛŮŰɎŭɞůɖ Ŭˊɧ əŬŰɞɘəɑŭɘŬ ůŰɞɜ Ɏɜɗɟɤˊɞ. ȷɜŰɑɗŮŰŬ, 

ůŰɖɜ ɃɚɚŬɜŭɑŬ, Űɖ ȹŬɜɑŬ əŬɘ Ŭɚɚɞɨ, ŮɑɢŬɛŮ ɛŮŰɎŭɞůɖ Űɞɡ SARS-CoV-2 Ŭˊɧ Űɞɜ Ɏɜɗɟɤˊɞ ůŮ 

ŮəŰɟŮűɧɛŮɜŬ ɛɘɜə, ˊɞɡ ůŰɖ ůɡɜɏɢŮɘŬ ɛŮŰŬɚɚɎɢɗɖəŮ əŬɘ ɛŮŰŬŭɧɗɖəŮ ˊɑůɤ ůŰɞɜ Ɏɜɗɟɤˊɞ. ɇɏɚɞɠ, 

űŬɑɜŮŰŬɘ ˊɤɠ Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Űɞɡ 2021 ɏɢɞɡɛŮ Űɖ ɛŮŰɎŭɞůɖ əŬɘ əɡəɚɞűɞɟɑŬ Űɖɠ ˊŬɟŬɚɚŬɔɐɠ ȹɏɚŰŬ ůŮ 

ŮɚɎűɘŬ ɛŮ ɚŮɡəɐ ɞɡɟɎ ůŰɖ ȸ. ȷɛŮɟɘəɐ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ ŭŮɝŬɛŮɜɐ Űɞɡ ɘɞɨ əŬɘ ŮɜŭŮɢɞɛɏɜɤɠ 

ˊɖɔɐ ɚɞɘɛɩɝŮɤɜ ɔɘŬ Űɞɜ Ɏɜɗɟɤˊɞ.  

 

 

ȼ ˊɟɞɏɚŮɡůɖ Űɞɡ SARS-CoV-2- Űɘ ɔɜɤɟɑɕɞɡɛŮ ˊɚɏɞɜ, Űɘ ˊɟɏˊŮɘ Ŭəɧɛɖ ɜŬ ɛɎɗɞɡɛŮ 
ũɘɩɟɔɞɠ ɄŬˊˊɎɠ 

ȽɜůŰɘŰɞɨŰɞ ȹɘŬɟəɞɨɠ ȽŬŰɟɘəɐɠ ȺəˊŬɑŭŮɡůɖɠ ȽɤŬɜɜɑɜɤɜ 
 

ȼ ůɡɜŮɢɘɕɧɛŮɜɖ ůɡɕɐŰɖůɖ ɔɘŬ Űɖɜ ˊɟɞɏɚŮɡůɖ Űɞɡ SARS-CoV-2 ɞűŮɑɚŮŰŬɘ Ůɜ ɛɏɟŮɘ ůŰɖɜ ŬˊɞɡůɑŬ 

ŬɜŮɨɟŮůɖɠ Ůɜɧɠ ŮɜŭɘɎɛŮůɞɡ ɝŮɜɘůŰɐ ɛŮŰŬɝɨ Űɤɜ ɜɡɢŰŮɟɑŭɤɜ əŬɘ Űɞɡ Ŭɜɗɟɩˊɞɡ, ɐ Ůɜɧɠ ŰŮəɛɖɟɘɤɛɏɜɞɡ 

ŮˊŮɘůɞŭɑɞɡ ɎɛŮůɖɠ ɛŮŰɎŭɞůɖɠ Ŭˊɧ ɜɡɢŰŮɟɑŭŬ ůŮ Ɏɜɗɟɤˊɞ.  

Ɉˊɏɟ Űɖɠ űɡůɘəɐɠ ˊɟɞɏɚŮɡůɖɠ Űɞɡ ɘɞɨ ůɡɜɖɔɞɟŮɑ Űɞ ɔŮɔɞɜɧɠ ˊɤɠ ɖ ˊŬɜŭɖɛɑŬ ŬˊɞŰŮɚŮɑ ɛɑŬ Ŭˊɧ Űɘɠ 

ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ spillover ɕɤɞɜɧůɞɡ, ˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ Űɤɜ, ůɡɔɔŮɜɩɜ, əɞɟɤɜɞɥɩɜ SARS əŬɘ 

MERS. ȷɜŰɑůŰɞɘɢŬ spillover ůŰɞɜ Ɏɜɗɟɤˊɞ ɛŮ Ɏɚɚɞɡɠ əɞɟɤɜɞɥɞɨɠ Ŭˊɧ ɜɡɢŰŮɟɑŭŮɠ ŰŮəɛɖɟɘɩɜɞɜŰŬɘ 

ɓɎůŮɘ ŬɜŰɘůɤɛɎŰɤɜ əŬɘ ˊɟɘɜ Űɖɜ ˊŬɜŭɖɛɑŬ. ȼ ŭɘŬəɑɜɖůɖ əŬɘ ɞɘ Ŭɔɞɟɏɠ Ɏɔɟɘɤɜ ɕɩɤɜ, ɘŭɘŬɑŰŮɟŬ 

ŬɜŮˊŰɡɔɛɏɜŮɠ ůŰɖɜ ȾɑɜŬ, ŬˊɞŰŮɚɞɨɜ ɔɜɤůŰɧ ˊɟɞŭɘŬɗŮůɘəɧ ˊŬɟɎɔɞɜŰŬ ůŮ ŬɜɎŭɡůɖ ɕɤɞɜɧůɤɜ, ɜɏɤɜ əŬɘ 

ɛɖ. ɀɘŬ ŰɏŰɞɘŬ ŬɔɞɟɎ űŬɑɜŮŰŬɘ ɜŬ ŬˊɞŰɏɚŮůŮ Űɖɜ ˊɖɔɐ, ɐ ŰɞɡɚɎɢɘůŰɞɜ Űɞɜ Ŭɟɢɘəɧ ˊɞɚɚŬˊɚŬůɘŬůŰɐ, Űɖɠ 

əɡəɚɞűɞɟɑŬɠ Űɞɡ ɘɞɨ.  

ɇɞ ɛɧɜɞ ŮˊɘɢŮɑɟɖɛŬ ɡˊɏɟ Űɖɠ ɛɖ-űɡůɘəɐɠ ˊɟɞɏɚŮɡůɖɠ Űɞɡ ɘɞɨ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ɓɎůɖ ŮɑɜŬɘ ɖ 

ɔŮɤɔɟŬűɘəɐ ůɨɛˊŰɤůɖ ɛŮ Űɖɜ ŮɛűɎɜɘůɖ ůŰɖɜ ˊɧɚɖ ɧˊɞɡ ŮŭɟŮɨŮɘ ɘɞɚɞɔɘəɧ ŮɟɔŬůŰɐɟɘɞ ɛŮ ɛŬəɟɎ ˊɞɟŮɑŬ 

ůŰɖɜ ɏɟŮɡɜŬ əɞɟɤɜɞɥɩɜ, ŬɚɚɎ əŬɘ ɛŮ ɘůŰɞɟɘəɧ ŭɖɛɘɞɡɟɔɑŬɠ ɢɘɛŬɘɟɘəɩɜ ɘɩɜ. ɇŬ ɡˊɧɚɞɘˊŬ ŮˊɘɢŮɘɟɐɛŬŰŬ 

Űɤɜ ɡˊŮɟŬůˊɘůŰɩɜ Űɖɠ ɛɖ-űɡůɘəɐɠ ˊɟɞɏɚŮɡůɖɠ ŭŮɜ ŮɡůŰŬɗɞɨɜ: ɞ ɘɧɠ ŭŮɜ ɐŰŬɜ "ˊɟɞůŬɟɛɞůɛɏɜɞɠ" ůŰɞɜ 

Ɏɜɗɟɤˊɞ, ɎɚɚɤůŰŮ ŮɝŮɚɑɢɗɖəŮ ůŰɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ˊŬɜŭɖɛɑŬɠ, ɔɘɜɧɛŮɜɞɠ ˊɞɚɨ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɞɠ. 

ɃɨŰŮ ɡˊɐɟɝŮ ɛɡůŰɘəɧŰɖŰŬ ůɢŮŰɘəɎ ɛŮ əɎˊɞɘŬ əɟɞɨůɛŬŰŬ ɎɔɜɤůŰɞɡ ˊŬɗɞɔɧɜɞɡ Űɞ 2012 ůŮ ɞɟɡɢŮɑɞ- 

ɡˊɐɟɝŬɜ ůɢŮŰɘəɏɠ ŭɖɛɞůɘŮɨůŮɘɠ.  

ɇɞ ɛŮɑɕɞɜ ˊɟɧɓɚɖɛŬ ˊŬɟɏɛŮɘɜŮ ɖ əɟɡˊŰɘəɧŰɖŰŬ ůŰɖɜ ˊɚɖɟɞűɧɟɖůɖ Ŭˊɧ Űɞ əɘɜŮɕɘəɧ əɟɎŰɞɠ, ɛŮ 

əŬɗɡůŰɏɟɖůɖ ůŰɖɜ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ ŮˊɘŰɐɟɖůɖ Ŭɜɗɟɩˊɤɜ (Ůɝ ɞɡ əŬɘ ɏɜŬ ɛŮɔɎɚɞ əŮɜɧ ůŰŬ ŬɜŬűŮɟɧɛŮɜŬ 

əɟɞɨůɛŬŰŬ Űɘɠ Ŭɟɢɏɠ Űɞɡ 2020), ŬɚɚɎ əŬɘ ɕɩɤɜ ˊɞɡ ˊɤɚɞɨɜŰŬɜ ůŰɖɜ ŬɔɞɟɎ- Ŭɟɢɘəɧ ŮˊɑəŮɜŰɟɞ. 

ȾŬɗɡůŰɏɟɖůɖ ɡˊɐɟɝŮ əŬɘ ůŰɖɜ ŭɖɛɧůɘŬ ŬɜŬəɞɑɜɤůɖ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ ŬɚɚɎ əŬɘ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

ɛŮŰɎŭɞůɖɠ Űɞɡ ɘɞɨ, ůɨɛűɤɜŬ ɛŮ ɛŬɟŰɡɟɑŮɠ ůɡɜŮɟɔŬɕɧɛŮɜɤɜ ŮˊɘůŰɖɛɧɜɤɜ Űɞɡ ŮɝɤŰŮɟɘəɞɨ. 

ȾɟɡˊŰɘəɧŰɖŰŬ ɡˊɐɟɝŮ əŬɘ ůɢŮŰɘəɎ ɛŮ Űɖɜ ůɨɔəɟɞɡůɖ ůɡɛűŮɟɧɜŰɤɜ ɞɟɘůɛɏɜɤɜ ɛŮɚɩɜ ŮˊɘŰɟɞˊɩɜ ˊɞɡ 
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ŭɘŮɟŮɨɜɖůŬɜ Űɖɜ ˊɟɞɏɚŮɡůɖ Űɞɡ ɘɞɨ. 

 

 

ȼ ŮɝŮɚɘəŰɘəɐ ɔɞɜɘŭɘɤɛŬŰɘəɐ Űɞɡ SARS-CoV-2 əŬɘ Űɤɜ ůɡɔɔŮɜɘəɩɜ Űɞɡ ɘɩɜ 
Ɇˊɨɟɞɠ ȿɨŰɟŬɠ 

Ɉˊɞɣɐűɘɞɠ ŭɘŭɎəŰɞɟŬɠ, MRC-University of Glasgow Centre for Virus Research, ũɚŬůəɩɓɖ 
 

ȼ ˊŬɜŭɖɛɑŬ Űɖɠ ɜɧůɞɡ COVID-19 ůɡɜɏˊŮůŮ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ˊŮŭɑɞɡ Űɖɠ ɛɞɟɘŬəɐɠ ŮˊɘŭɖɛɘɞɚɞɔɑŬɠ 

əŬɘ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ˊɞɚɚɩɜ ɘɩɜ ɕɩɤɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɡˊɎɟɢɞɡɜ ˊɘŬ ˊŮɟɑˊɞɡ 15 ŮəŬŰɞɛɛɨɟɘŬ 

ɔɞɜɘŭɘɩɛŬŰŬ Űɞɡ ɘɞɨ SARS-CoV-2, əŬɗɩɠ əŬɘ ˊɎɜɤ Ŭˊɧ 150 ɔɞɜɘŭɘɩɛŬŰŬ ůɡɔɔŮɜɘəɩɜ əɞɟɤɜɞɥɩɜ ˊɞɡ 

ɏɢɞɡɜ ůɡɚɚŮɢɗŮɑ ůŮ ɜɡɢŰŮɟɑŭŮɠ əŬɘ ɎɚɚŬ ɕɩŬ. ũɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ˊɟɞɏɚŮɡůɖɠ ŬɡŰɞɨ Űɞɡ ɜɏɞɡ 

əɞɟɤɜɞɥɞɨ ůŰɞɡɠ Ŭɜɗɟɩˊɞɡɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɛŮɚŮŰɐůɞɡɛŮ Űɖ űɡɚɞɔŮɜŮŰɘəɐ Űɞɡ ůɢɏůɖ ɛŮ Űɞɡɠ 

ɔɜɤůŰɞɨɠ ɘɞɨɠ ɕɩɤɜ. ȰɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ əɞɟɤɜɞɥɩɜ ŮɑɜŬɘ ɞ ůɡɜŮɢɐɠ ŬɜŬůɡɜŭɡŬůɛɧɠ ɛŮŰŬɝɨ Űɤɜ 

ɔɞɜŭɘɤɛɎŰɤɜ Űɞɡɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ əɎɗŮ əɞɛɛɎŰɘ Űɤɜ ɔɞɜɘŭɘɤɛɎŰɤɜ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ 

ŮɝŮɚɘəŰɘəɐ ɘůŰɞɟɑŬ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɞ űŬɘɜɧɛŮɜɞ Űɞɡ ŬɜŬůɡɜŭɡŬůɛɞɨ, ɡˊɞɚɞɔɑɕɞɡɛŮ ˊɤɠ ɞ 

ɎɛŮůɞɠ əɞɘɜɧɠ ˊɟɧɔɞɜɞɠ Űɞɡ SARS-CoV-2 əŬɘ Űɤɜ əɞɜŰɘɜɧŰŮɟɤɜ ůɡɔɔŮɜɘəɩɜ ɘɩɜ ɔɘŬ əɎˊɞɘŬ əɞɛɛɎŰɘŬ 

Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ ɛŮŰŬŭɘŭɧŰŬɜ ůŮ ŬůɘŬŰɘəɏɠ ɜɡɢŰŮɟɑŭŮɠ ˊɟɘɜ Ŭˊɧ ɛɞɜɎɢŬ 5 ɢɟɧɜɘŬ. ȼ ɑŭɘŬ ŬɜɎɚɡůɖ 

ŬˊɞŭŮɘəɜɨŮɘ ˊɤɠ ɏɢɞɡɛŮ ůɢŮŭɧɜ Űɖɜ ɑŭɘŬ ɢɟɞɜɘəɐ əŬɘ ɔŮɞɔɟŬűɘəɐ ŮɘəɧɜŬ ɔɘŬ Űɖɜ ˊɟɞɏɚŮɡůɖ Űɞɡ ˊɟɩŰɞɡ 

ɘɞɨ SARS (SARS-CoV). ɆŰɞɢŮɡɛɏɜɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɜɡɢŰŮɟɑŭɤɜ ůŰɖ ɜɧŰɘŬ ȾɑɜŬ əŬɘ Űɘɠ ɢɩɟŮɠ Űɖɠ 

Ƚɜŭɞůɘɜɘəɐɠ ɢŮɟůɞɜɐůɞɡ ɛˊɞɟŮɑ ɜŬ ɛŬɠ űɏɟŮɘ ŬəɧɛŬ ˊɘɞ əɞɜŰɎ ůŰɖɜ ˊɟɞɏɚŮɡůɖ ŬɡŰɩɜ Űɤɜ əɞɟɤɜɞɥɩɜ, 

əŬɗɩɠ əŬɘ ɜŬ ɓɞɖɗɐůŮɘ ůŰɖɜ ŬˊɞŰɟɞˊɐ ŬɜŰɑůŰɞɘɢɤɜ ɛŮɚɚɞɜŰɘəɩɜ ˊŬɜŭɖɛɘɩɜ. 
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ɆɇɅɃũũɈȿȼ ɇɅȷɄȺȻȷī7 : ɈˊŮɨɗɡɜɖ ȰɟŮɡɜŬ əŬɘ ȾŬɘɜɞŰɞɛɑŬ ůŰɘɠ ȸɘɞŮˊɘůŰɐɛŮɠ 

ɇɛɐɛŬ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ ȹɖɛɞəɟɑŰŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪɟɎəɖɠ 
 

ɆɡɜŰɞɜɘůŰɐɠ 

ȷɚɏɝɖɠ ũŬɚɎɜɖɠ 
 

 

ɆɡɜŮɟɔŬůɑŬ Űɞɡ ɇɛɐɛŬŰɞɠ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ Űɞɡ ȹɄŪ ɛŮ Űɖ ȸô 

ȺəˊŬɑŭŮɡůɖ əŬɘ ŰŬ ůɢɞɚŮɑŬ (ɔɡɛɜɎůɘŬ əŬɘ ɚɨəŮɘŬ) Űɞɡ ɜ. Ȱɓɟɞɡ 
ȷɚɏɝɖɠ ũŬɚɎɜɖɠ 

ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ, ȹɖɛɞəɟɑŰŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪɟɎəɖɠ 
 

ȸŬůɘəɏɠ Ŭɟɢɏɠ ɈˊŮɨɗɡɜɖɠ ȰɟŮɡɜŬ əŬɘ ȾŬɘɜɞŰɞɛɑŬɠ ůŰɘɠ ȸɘɞŮˊɘůŰɐɛŮɠ 
ȷɔɚŬȶŬ ɄŬˊˊɎ 

ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ, ȹɖɛɞəɟɑŰŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ 

ŪɟɎəɖɠ 
 

ȼ ůɡɛɓɞɚɐ Űɖɠ əɞɘɜɤɜɑŬɠ Űɤɜ ˊɞɚɘŰɩɜ ůŰɖ ɓɘɞɚɞɔɘəɐ ɏɟŮɡɜŬ ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ 

Űɖ ɓɘɞˊɞɘəɘɚɧŰɖŰŬ 
ȷɟɘůŰɞŰɏɚɖɠ ɄŬˊŬɔŮɤɟɔɑɞɡ 

ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ, ȹɖɛɞəɟɑŰŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪɟɎəɖɠ 
 

 

ȼ ɈˊŮɨɗɡɜɖ ȰɟŮɡɜŬ əŬɘ ȾŬɘɜɞŰɞɛɑŬ (Responsible Research and Innovation - RRI) ŮɑɜŬɘ ɛɘŬ ˊɟɞůɏɔɔɘůɖ 

ˊɞɡ ˊɟɞɓɚɏˊŮɘ əŬɘ ŬɝɘɞɚɞɔŮɑ Űɘɠ ˊɘɗŬɜɏɠ ŮˊɘˊŰɩůŮɘɠ əŬɘ Űɘɠ əɞɘɜɤɜɘəɏɠ ˊɟɞůŭɞəɑŮɠ  ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ȰɟŮɡɜŬ & ȾŬɘɜɞŰɞɛɑŬ, ɛŮ ůŰɧɢɞ Űɖɜ ˊɟɞɩɗɖůɖ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɖɠ ɤɠ ɓɘɩůɘɛɖ əŬɘ ɢɤɟɑɠ 

ŬˊɞəɚŮɘůɛɞɨɠ. ȼ ɈˊŮɨɗɡɜɖ ȰɟŮɡɜŬ əŬɘ ȾŬɘɜɞŰɞɛɑŬ ˊɟɞɦˊɞɗɏŰŮɘ ɧŰɘ əɞɘɜɤɜɘəɞɑ űɞɟŮɑɠ ůɡɜŮɟɔɎɕɞɜŰŬɘ 

ɛŬɕɑ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɏɟŮɡɜŬɠ əŬɘ əŬɘɜɞŰɞɛɑŬɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɡɗɡɔɟŬɛɛɘůŰɞɨɜ əŬɚɨŰŮɟŬ, Űɧůɞ 

ɞɘ ŭɘŬŭɘəŬůɑŮɠ, ɧůɞ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ɛŮ Űɘɠ Ŭɟɢɏɠ, Űɘɠ ŬɜɎɔəŮɠ əŬɘ Űɘɠ ˊɟɞůŭɞəɑŮɠ Űɖɠ əɞɘɜɤɜɑŬɠ. ȼ 

RRI ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ Űɐɟɖůɖ ɡɣɖɚɩɜ ŭŮɞɜŰɞɚɞɔɘəɩɜ ˊɟɞŰɨˊɤɜ ɔɘŬ Űɖɜ ɏɟŮɡɜŬ, Űɖ ŭɘŬůűɎɚɘůɖ Űɖɠ 

ɘůɧŰɖŰŬɠ Űɤɜ űɨɚɤɜ ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ, Űɖɜ Ůˊɏɜŭɡůɖ Űɤɜ ɡˊŮɡɗɨɜɤɜ ɢɎɟŬɝɖɠ ˊɞɚɘŰɘəɐɠ ɛŮ 

Űɖɜ Ůɡɗɨɜɖ Ŭˊɞűɡɔɐɠ Űɤɜ ɓɚŬɓŮɟɩɜ ŮˊɘˊŰɩůŮɤɜ Űɖɠ əŬɘɜɞŰɞɛɑŬɠ, Űɖ ůɡɛɛŮŰɞɢɐ Űɤɜ əɞɘɜɞŰɐŰɤɜ ˊɞɡ 

ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɖɜ əŬɘɜɞŰɞɛɑŬ əŬɘ Űɖ ŭɘŬůűɎɚɘůɖ ɧŰɘ ŭɘŬɗɏŰɞɡɜ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ɔɜɩůŮɘɠ ɔɘŬ ɜŬ 

əŬŰŬɜɞɐůɞɡɜ Űɘɠ ŮˊɘˊŰɩůŮɘɠ Űɖɠ, ɛɏůɤ Űɖɠ ˊɟɞɩɗɖůɖɠ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ əŬɘ Űɖɠ ŬɜɞɘəŰɐɠ 

ˊɟɧůɓŬůɖɠ. ɆŰɖ ůŰɟɞɔɔɡɚɐ ŰɟɎˊŮɕŬ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ɞɘ ɓŬůɘəɏɠ Ŭɟɢɏɠ ɈˊŮɨɗɡɜɖɠ ȰɟŮɡɜŬ əŬɘ 

ȾŬɘɜɞŰɞɛɑŬɠ ɛŮ ɏɛűŬůɖ ůŰɘɠ ȸɘɞŮˊɘůŰɐɛŮɠ (ŮəˊŬɑŭŮɡůɖ, ŬɜɞɘəŰɐ ˊɟɧůɓŬůɖ, ɖɗɘəɐ əŬɘ ŬəŮɟŬɘɧŰɖŰŬ, 

ɘůɧŰɖŰŬ Űɤɜ űɨɚɤɜ, ůɡɛɛŮŰɞɢɐ Űɤɜ ˊɞɚɘŰɩɜ) əŬɘ ˊŬɟŬŭŮɑɔɛŬŰŬ ɧˊɤɠ ɖ ůɡɜŮɟɔŬůɑŬ Űɞɡ ɇɛɐɛŬŰɞɠ 

ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ əŬɘ ũŮɜŮŰɘəɐɠ Űɞɡ ȹɄŪ ɛŮ Űɖ ȹŮɡŰŮɟɞɓɎɗɛɘŬ ȺəˊŬɑŭŮɡůɖ əŬɘ ŰŬ ůɢɞɚŮɑŬ 

(ɔɡɛɜɎůɘŬ əŬɘ ɚɨəŮɘŬ) Űɞɡ ɜ. Ȱɓɟɞɡ, əŬɘ ɖ ůɡɛɓɞɚɐ Űɖɠ əɞɘɜɤɜɑŬɠ Űɤɜ ˊɞɚɘŰɩɜ ůŰɖ ɓɘɞɚɞɔɘəɐ ɏɟŮɡɜŬ 

ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ Űɖ ɓɘɞˊɞɘəɘɚɧŰɖŰŬ. 

  



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

54 

ɆɇɅɃũũɈȿȼ ɇɅȷɄȺȻȷī8 : ȼ ȰɟŮɡɜŬ ůŰɖɜ Ůˊɞɢɐ Űɖɠ ũɞɜɘŭɘɤɛŬŰɘəɐɠ 

ȺˊɘŰɟɞˊɐ ɇɟɘŰɞɓɎɗɛɘŬɠ ȺəˊŬɑŭŮɡůɖɠ əŬɘ ȰɟŮɡɜŬɠ Ʉ.Ⱥ.ȸ. 
 

ɆɡɜŰɞɜɑůŰɟɘŬ 

ȷɜŬůŰŬůɑŬ ɉŬŰɕɖŭɖɛɖŰɟɑɞɡ  
ȹɘŮɡɗɨɜŰɟɘŬ ȺɟŮɡɜɩɜ, ȽɜůŰɘŰɞɨŰɞ ȺűŬɟɛɞůɛɏɜɤɜ ȸɘɞŮˊɘůŰɖɛɩɜ, Ⱥɗɜɘəɧ ȾɏɜŰɟɞ ȰɟŮɡɜŬɠ əŬɘ ɇŮɢɜɞɚɞɔɘəɐɠ 

ȷɜɎˊŰɡɝɖɠ 

 

 

 

ȼ Ŭɚɚɖɚɞɨɢɖůɖ ɜɏŬɠ ɔŮɜɘɎɠ ůŰɖɜ ŬɜŬəɎɚɡɣɖ ɜɏɤɜ ɓɘɞŭŮɘəŰɩɜ ůŮ əŬəɞɐɗŮɘŮɠ 
Ūɞŭɤɟɐɠ ȿɞɨˊɖɠ 

ȺˊɘůŰɖɛɞɜɘəɧɠ ɆɡɜŮɟɔɎŰɖɠ ȽȽȸȺȷȷ 

 

ȼ Ŭɚɚɖɚɞɨɢɘůɖ ɜɏŬɠ ɔŮɜɘɎɠ (Next Generation Sequencing, NGS) Ŭɞ́ŰŮɚŮɑ ɏɜŬ Ŭ́ɧ ŰŬ ɛŮɔŬɚɨŰŮɟŬ 

ɎɚɛŬŰŬ Űɖɠ ɛɞɟɘŬəɐɠ ɓɘɞɚɞɔɑŬɠ Űɤɜ ŰŮɚŮɡŰŬɑɤɜ ŮŰɩɜ. ɀŮɑɤůŮ ŭɟŬɛŬŰɘəɎ Űɞ əɧůŰɞɠ əŬɘ Űɞɜ ɢɟɧɜɞ ́ ɞɡ 

ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ Ŭɚɚɖɚɞɨɢɘůɖ DNA əŬɘ RNA ɛɞɟɑɤɜ, ŮˊɘŰɟɏ́ɞɜŰŬɠ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ ŬɜɎɚɡůɖ 

ɢɘɚɘɎŭɤɜ ɏɤɠ əŬɘ ŮəŬŰɞɛɛɡɟɑɤɜ Ŭɚɚɖɚɞɡɢɘɩɜ, ɔɘŬ ɏɜŬɜ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ŭŮɘɔɛɎŰɤɜ ůŮ ŭɘɎůŰɖɛŬ 

ŮɚɎɢɘůŰɤɜ ɖɛŮɟɩɜ. ȼ ŰŮɢɜɞɚɞɔɑŬ NGS, ŮɝɡˊɖɟŮŰŮɑ ɏɜŬ Ůɡɟɨ űɎůɛŬ ŬɜŬɚɨůŮɤɜ, Ŭ́ɧ Űɖɜ ŬɜɑɢɜŮɡůɖ 

ɔŮɜŮŰɘəɩɜ ˊŬɟŬɚɚŬɔɩɜ ɛɘəɟɐɠ ɐ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ əŬɘ Űɖɜ ɏəűɟŬůɖ ɔɞɜɘŭɑɤɜ, ɛɏɢɟɘ Űɖɜ ɛŮɚɏŰɖ ɛɖ-

əɤŭɘəɩɜ ɛɞɟɑɤɜ RNA, ŮɜŬɚɚŬəŰɘəɩɜ ɛŮŰŬɔɟɎűɤɜ ɔɞɜɘŭɑɤɜ, ŮˊɘɔŮɜŮŰɘəɩɜ Űɟɞ́ɞ́ɞɘɐůŮɤɜ Űɖɠ 

ɢɟɤɛŬŰɑɜɖɠ ɐ ŬəɧɛŬ əŬɘ Űɖɠ ŰɟɘŰɞŰŬɔɞɨɠ Űɖɠ ŭɞɛɐɠ. 

ȼ ŮűŬɟɛɞɔɐ Űɞɡ NGS ůŰɖɜ ɓŬůɘəɐ əŬɘ ɛŮŰŬűɟŬůŰɘəɐ ɏɟŮɡɜŬ Űɞɡ əŬɟəɑɜɞɡ ɏɢŮɘ ůɡɛɓɎɚɚŮɘ 

ɞɡůɘŬůŰɘəɎ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɞɡ ɛɞɟɘŬəɞɨ Űɞ́ɑɞɡ Űɤɜ əŬəɞɖɗŮɘɩɜ əŬɘ Űɤɜ ɡ́ɞəŮɑɛŮɜɤɜ 

Ŭ́ɗɞɔŮɜŮŰɘəɩɜ ɛɖɢŬɜɘůɛɩɜ ˊɞɡ Űɘɠ ɢŬɟŬəŰɖɟɑɕɞɡɜ. ɄŬɟɎɚɚɖɚŬ, ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŰɖɜ ŬɜŬəɎɚɡɣɖ Ůɜɧɠ 

ůɖɛŬɜŰɘəɞɨ Ŭɟɘɗɛɞɨ ɜɏɤɜ ɛɞɟɘŬəɩɜ ɓɘɞŭŮɘəŰɩɜ, ɖ ŮűŬɟɛɞɔɐ Űɤɜ ɞ́ɞɑɤɜ ůŰɖɜ əɚɘɜɘəɐ ˊɟɎɝɖ ɓɞɖɗɎ 

ůɖɛŬɜŰɘəɎ ůŰɖɜ ŭɘɎɔɜɤůɖ əŬəɞɖɗŮɘɩɜ, Űɖɜ ɟ́ɧɔɜɤůɖ Űɖɠ ɜɧůɞɡ, Űɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖ əɘɜŭɨɜɞɡ, Űɖɜ 

ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ŬůɗŮɜɩɜ ŬɚɚɎ əŬɘ Űɖɜ Ůɘ́ɚɞɔɐ ůŰɞɢŮɡɛɏɜɤɜ űŬɟɛŬəŮɡŰɘəɩɜ Ŭɔɤɔɩɜ, 

ɞŭɖɔɩɜŰŬɠ ůŰɖɜ Ŭɞ́ŰŮɚŮůɛŬŰɘəɧŰŮɟɖ ɗŮɟŬˊŮɡŰɘəɐ Űɞɡɠ ɟ́ɞů́ɏɚŬůɖ. 

ɋůŰɧůɞ, ɞɘ ɛŮɗɞŭɞɚɞɔɑŮɠ NGS ŮɔŮɑɟɞɡɜ ɕɖŰɐɛŬŰŬ ɞ́ɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ɞ́ɚɡɚ́ɞəɧŰɖŰŬ əŬɘ Űɞɜ 

ɧɔəɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ́ɞɡ ́ ŬɟɎɔɞɜŰŬɘ, Ůɜɩ ˊŬɟɎ Űɞɜ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ŮˊɘůŰɖɛɞɜɘəɩɜ ŭɖɛɞůɘŮɨůŮɤɜ ́ ɞɡ 

ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɜɏɞɡɠ ɓɘɞŭŮɑəŰŮɠ, ŮɚɎɢɘůŰɞɘ ŮɑɜŬɘ ŬɡŰɞɑ ˊɞɡ ŰŮɚɘəɎ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɖɜ əɚɘɜɘəɐ ˊɟɎɝɖ. 

To ɔŮɔɞɜɧɠ ŬɡŰɧ ŬɜŬŭŮɘəɜɨŮɘ Űɖɜ ŬɜɎɔəɖ ɔɘŬ Űɖɜ ŬɜŬɕɐŰɖůɖ əŬɘ ŬɜɎŰ́ɡɝɖ əŬŰɎɚɚɖɚɤɜ ŬɜŬɚɡŰɘəɩɜ 

ŮɟɔŬɚŮɑɤɜ əŬɘ ŭɘŬŭɘəŬůɘɩɜ, əŬɗɩɠ əŬɘ Űɖɜ ŭɘŮɜɏɟɔŮɘŬ ŮəŰŮŰŬɛɏɜɤɜ əɚɘɜɘəɩɜ ɛŮɚŮŰɩɜ, ɘəŬɜɩɜ ɜŬ 

ɡˊɞůŰɖɟɑɝɞɡɜ Űɖɜ ŮɝŬɔɤɔɐ ɘůɢɡɟɩɜ ůɡɛ́ŮɟŬůɛɎŰɤɜ, ɜŬ ˊɟɞɤɗɐůɞɡɜ Űɖ ɓɘɞɥŬŰɟɘəɐ ɔɜɩůɖ əŬɘ ɜŬ 

ɛŬɠ űɏɟɞɡɜ ɏɜŬ ɓɐɛŬ ˊɘɞ əɞɜŰɎ ůŰɖɜ ȽŬŰɟɘəɐ ȷəɟɘɓŮɑŬɠ. 
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ȹɡɜŬɛɘəɐ Űɞɡ ůɡɜŭɡŬůŰɘəɞɨ ɛŮŰŬɔɟŬűɘəɞɨ ɟɡɗɛɘůŰɘəɞɨ ŭɘəŰɨɞɡ əŬɘ ŮɜŮɟɔɞˊɞɑɖůɖ 

Űɖɠ Ŭɘɛɞˊɞɑɖůɖɠ 
ɄɏŰɟɞɠ Ⱦɞɚɞɓɧɠ 

Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ əŬɘ ũŮɜŮŰɘəɐɠ, ȹɖɛɞəɟɑŰŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪɟɎəɖɠ 

 

Transcription factors are important to control developmental processes. Here we focus on the role of 

LDB1, TAL1 and GATA2/1 in early hematopoietic development. These transcription factors form the 

LDB1 complex which is present throughout life and during the entire process of hematopoietic 

development and differentiation. We performed functional studies at distinct stages of mouse 

hematopoiesis. We integrated multi-omic data to understand the regulatory roles of these transcription 

factors in developmental hematopoiesis. Our study provides new insights into how combinatorial 

actions and levels of transcription factors control a complex cell-developmental process, and we 

present a model that incorporates the transcription factors which drive the developmental lineage 

choice. 

 

 

ȼ ˊɟɧəɚɖůɖ Űɖɠ ŭɘŬɢŮɑɟɘůɖɠ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ Ůˊɞɢɐ Űɖɠ ɔɞɜɘŭɘɤɛŬŰɘəɐɠ 
ūɩŰɖɠ Ɋɤɛɧˊɞɡɚɞɠ 

Ⱦɨɟɘɞɠ ȺɟŮɡɜɖŰɐɠ, ȽɜůŰɘŰɞɨŰɞ ȺűŬɟɛɞůɛɏɜɤɜ ȸɘɞŮˊɘůŰɖɛɩɜ, Ⱥɗɜɘəɧ ȾɏɜŰɟɞ ȰɟŮɡɜŬɠ əŬɘ ɇŮɢɜɞɚɞɔɘəɐɠ 

ȷɜɎˊŰɡɝɖɠ 
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ɆɇɅɃũũɈȿȼ ɇɅȷɄȺȻȷī9 : Ƀ ɟɧɚɞɠ, ɞɘ ŭɡɜŬŰɧŰɖŰŮɠ əŬɘ ɞɘ ˊɟɞɞˊŰɘəɏɠ Űɤɜ 

ɓɘɞɚɧɔɤɜ ůŰɖɜ ŭɘŬŰɐɟɖůɖ əŬɘ ˊɟɞůŰŬůɑŬ Űɖɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ əŬɘ Űɤɜ 

ɞɘəɞůɡůŰɖɛɎŰɤɜ. 

ȺˊɘŰɟɞˊɐ ɄŮɟɘɓɎɚɚɞɜŰɞɠ Ʉ.Ⱥ.ȸ. 
 

ɆɡɜŰɞɜɑůŰɟɘŬ 

ɀŬɟɑŬ ɇůɘŬűɞɨɚɖ 

ȺȹȽɄ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

 

 

ŪŬɚɎůůɘŬ ɞɘəɞəŮɜŰɟɘəɐ ŭɘŬɢŮɑɟɘůɖ 
ȷɗŬɜɎůɘɞɠ ɇůɑəɚɖɟŬɠ 

KŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

 

ȼ ŬɚɘŮɡŰɘəɐ ŮəɛŮŰɎɚɚŮɡůɖ ɗŮɤɟŮɑŰŬɘ ɘůŰɞɟɘəɎ ɤɠ ɖ ɡɣɖɚɧŰŮɟɖ ˊɑŮůɖ ˊɞɡ ŬůəŮɑŰŬɘ ůŰɞɡɠ ɗŬɚɎůůɘɞɡɠ 

ˊɚɖɗɡůɛɞɨɠ ɣŬɟɘɩɜ əŬɘ Ŭůˊɧɜŭɡɚɤɜ ŬɚɚɎ əŬɘ ůŰŬ ŮɜŭɘŬɘŰɐɛŬŰɎ Űɞɡɠ ŮˊɖɟŮɎɕɞɜŰŬɠ ůɡɜɞɚɘəɎ Űɖ ŭɞɛɐ 

əŬɘ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɗŬɚɎůůɘɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ, Ůɜɩ ɖ ɡˊŮɟŬɚɑŮɡůɖ ŮɑɜŬɘ, ůŮ ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ, ɞ 

əɨɟɘɞɠ ɚɧɔɞɠ ɛŮɑɤůɖɠ Űɤɜ ŬˊɞɗŮɛɎŰɤɜ. Ƀɘ ˊŬɟŬŭɞůɘŬəɏɠ ˊɟŬəŰɘəɏɠ ŭɘŬɢŮɑɟɘůɖɠ Űɖɠ ŬɚɘŮɑŬɠ əŬɘ Űɤɜ 

ɗŬɚŬůůɩɜ ɐŰŬɜ (əŬɘ ˊŬɟŬɛɏɜɞɡɜ ůŮ ˊɞɚɚɏɠ ˊŮɟɘɞɢɏɠ Űɞɡ əɧůɛɞɡ) ŬɜɗɟɤˊɞəŮɜŰɟɘəɏɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ɏɢɞɡɜ ŬˊɞŰɨɢŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɜŬ ŭɘŬŰɖɟɐůɞɡɜ ɡɔɘɐ ŬˊɞɗɏɛŬŰŬ əŬɘ ɞɘəɞůɡůŰɐɛŬŰŬ. ȼ ŮˊŬɔɔŮɚɛŬŰɘəɐ 

əŬɘ ŮɟŬůɘŰŮɢɜɘəɐ ŬɚɘŮɑŬ ŮˊɖɟŮɎɕɞɡɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɧɚŬ ŰŬ ŮˊɑˊŮŭŬ ɓɘɞɚɞɔɘəɐɠ ɞɟɔɎɜɤůɖɠ ůŰɖ 

ɗɎɚŬůůŬ Ůɜɩ ɞɘ ɡˊɧɚɞɘˊŮɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ŭɟɎůŮɘɠ (Űɞɡɟɘůɛɧɠ, ɜŬɡŰɘɚɑŬ, ɞɘəɘůŰɘəɐ ŬɜɎˊŰɡɝɖ, ŮɝɞɟɨɝŮɘɠ, 

ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ) ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ ˊɘɏɕɞɡɜ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ ŰŬ 

ɗŬɚɎůůɘŬ ɞɘəɞůɡůŰɐɛŬŰŬ. ɆɡɜŮˊɩɠ, ɢɟŮɘɎɕŮŰŬɘ ɛɘŬ ůŰɟɞűɐ Ŭˊɧ Űɖɜ ŬɜɗɟɤˊɞəŮɜŰɟɘəɐ ɗŮɩɟɖůɖ Űɤɜ 

ɗŬɚɎůůɘɤɜ ˊɚɖɗɡůɛɩɜ əŬɘ ɞɘəɞůɡůŰɖɛɎŰɤɜ ůŮ ɛɘŬ ɞɘəɞəŮɜŰɟɘəɐ ŭɘŬɢŮɑɟɘůɖ Űɧůɞ Űɖɠ ŬɚɘŮɑŬɠ ɧůɞ əŬɘ 

Űɤɜ ɗŬɚɎůůɘɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ ɔŮɜɘəɧŰŮɟŬ. ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɡŰɧ Űɞ űɘɚɧŭɞɝɞ ůɢɏŭɘɞ Űɖɠ 

ŬˊɞəŬŰɎůŰŬůɖɠ Űɖɠ ŭɞɛɐɠ əŬɘ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɗŬɚɎůůɘɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ, Űɤɜ ɓɘɩůɘɛɤɜ ŬɚɘŮɡŰɘəɩɜ 

ˊɟŬəŰɘəɩɜ əŬɘ Űɖɠ ɘůɞɟɟɞˊɑŬɠ ɛŮŰŬɝɨ ŭɘŬŰɟɞűɘəɐɠ ŬůűɎɚŮɘŬɠ əŬɘ ɡɔŮɑŬɠ Űɤɜ ɗŬɚŬůůɩɜ ŬˊŬɘŰŮɑŰŬɘ ɛɘŬ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ, ŭɘŮˊɘůŰɖɛɞɜɘəɐ, ɞɘəɞůɡůŰɖɛɘəɐ ˊɟɞůɏɔɔɘůɖ ůŰɖ ŭɘŬɢŮɑɟɘůɖ. ȼ ɞɘəɞůɡůŰɖɛɘəɐ 

ˊɟɞůɏɔɔɘůɖ ůŰɖ ŭɘŬɢŮɑɟɘůɖ ŮɑɜŬɘ Ůɝ ɞɟɘůɛɞɨ ŭɘŮˊɘůŰɖɛɞɜɘəɐ əŬɗɩɠ ɓŬůɑɕŮŰŬɘ ůŮ ŮˊɘůŰɖɛɞɜɘəɎ ŭŮŭɞɛɏɜŬ 

ˊɞɡ ŮɛˊŮɟɘɏɢɞɡɜ ˊɞɚɚɎ ˊŮŭɑŬ Űɤɜ ɗŬɚŬůůɑɤɜ ɓɘɞ-ŮˊɘůŰɖɛɩɜ (ɓɘɞɚɞɔɑŬ, ɤəŮŬɜɞɔɟŬűɑŬ, ɓɘɞůŰŬŰɘůŰɘəɐ, 

ŬɚɘŮɑŬ), Ɏɚɚɤɜ űɡůɘəɩɜ ŮˊɘůŰɖɛɩɜ (űɡůɘəɐ, ɢɖɛŮɑŬ, ɞɘəɞɚɞɔɑŬ) ŬɚɚɎ əŬɘ ɞɘəɞɜɞɛɘəɩɜ əŬɘ əɞɘɜɤɜɘəɩɜ 

ŮˊɘůŰɖɛɩɜ. ɀɘŬ Ŭˊɧ Űɘɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ˊɟɞəɚɐůŮɘɠ Űɖɠ ɞɘəɞəŮɜŰɟɘəɐɠ ŭɘŬɢŮɑɟɘůɖɠ ŮɑɜŬɘ ɞ ůɡɜŭɡŬůɛɧɠ 

ŮŰŮɟɧəɚɘŰɤɜ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ əɞɘɜɐ ɛɞɟűɐ ˊɞɡ ɗŬ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Ŭˊɧ 

ɞɘəɞůɡůŰɖɛɘəɎ ɛɞɜŰɏɚŬ ɔɘŬ Űɖɜ ŮɝɏŰŬůɖ ůŮɜŬɟɑɤɜ ŭɘŬɢŮɑɟɘůɖɠ ɡˊɧ Űɞ ˊɟɑůɛŬ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ 

əŬɘ ŬɓŮɓŬɘɧŰɖŰŬɠ. 
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ȼ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɄɟɞůŰŬŰŮɡɧɛŮɜɤɜ ɄŮɟɘɞɢɩɜ ɛɏůŬ Ŭˊɧ ŰŬ ɛɎŰɘŬ ɛɘŬɠ ɓɘɞɚɧɔɞɡ 
ȿɡŭɑŬ ȷɚɓŬɜɞɨ 

ȸɘɞɚɧɔɞɠ MSc, PhD Ⱥɗɜɘəɧ ɄɎɟəɞ ȹɏɚŰŬ ȷɝɘɞɨ-ȿɞɡŭɑŬ-ȷɚɘɎəɛɞɜŬ ɀȹɄɄ ȾŮɜŰɟɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

 

Ƀɘ ɄɟɞůŰŬŰŮɡɧɛŮɜŮɠ ɄŮɟɘɞɢɏɠ (ɄɄ), ɖ ɟŬɢɞəɞəŬɚɘɎ Űɖɠ ŭɘŬŰɐɟɖůɖɠ Űɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ əŬɘ Űɖɠ 

ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ, əŬɚɨˊŰɞɡɜ Űɞ 24% Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ˊɚŬɜɐŰɖ əŬɘ ŮˊɘɓɎɚɚŮŰŬɘ ɜŬ Űɘɠ ŭɘŬɢŮɘɟɘɕɧɛŬůŰŮ 

ŬˊɞŰŮɚŮůɛŬŰɘəɎ, ɔɘŬŰɑ ɏŰůɘ ɛɧɜɞ ŭɘŬůűŬɚɑɕŮŰŬɘ ɞ űɡůɘəɧɠ ˊɚɞɨŰɞɠ əŬɘ ɖ ŮɡɖɛŮɟɑŬ Űɤɜ Űɞˊɘəɩɜ 

əɞɘɜɤɜɘɩɜ. ɋůŰɧůɞ, ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ Űɞɡɠ ŭɘŬɢŮɑɟɘůɖɠ ˊɟɞəɨˊŰɞɡɜ əŬɗɖɛŮɟɘɜɎ ˊɘɏůŮɘɠ 

ɐ ŭɡɜɎɛŮɘ ŬˊŮɘɚɏɠ ɔɘŬ Űɞɡɠ ɞɘəɞŰɧˊɞɡɠ əŬɘ ŰŬ Ůɑŭɖ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ˊɞɘəɑɚɤɜ ŬɜɗɟɤˊɞɔŮɜɩɜ 

ŭɟŬůŰɖɟɘɞŰɐŰɤɜ. Ʉɩɠ ɞɘ ŬˊŮɘɚɏɠ ŬɡŰɏɠ ɗŬ ɛŮŰŬŰɟŬˊɞɨɜ ůŮ ŮɡəŬɘɟɑŮɠ; Ʉɩɠ ɗŬ ˊŮɘůŰŮɑ ɖ Űɞˊɘəɐ əɞɘɜɤɜɑŬ 

əŬɘ ɞɘ ɢɟɐůŰŮɠ ɧŰɘ ɖ ˊŮɟɘűɟɞɨɟɖůɖ Űɞɡ űɡůɘəɞɨ əŮűŬɚŬɑɞɡ ŭŮɜ ɞŭɖɔŮɑ ůŮ ɞɘəɞɜɞɛɘəɐ ŬˊɩɚŮɘŬ ŬɚɚɎ, 

ŬɜŰɘɗɏŰɤɠ, ˊɟɞůŭɑŭŮɘ ˊɟɞůŰɘɗɏɛŮɜɖ ŬɝɑŬ ůŮ ˊɟɞɥɧɜŰŬ əŬɘ ɡˊɖɟŮůɑŮɠ; Ƀɘ ŭɘŬɢŮɘɟɘůŰɏɠ Űɤɜ ɄɄ (site 

managers) ɛŮ ŮɟɔŬɚŮɑŬ Űɘɠ ŭɘŮɗɜŮɑɠ ůɡɛɓɎůŮɘɠ, Űɖɜ ŮɜɤůɘŬəɐ əŬɘ Ůɗɜɘəɐ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ɜɞɛɞɗŮůɑŬ əŬɘ 

ˊɞɚɘŰɘəɐ, ŮűŬɟɛɧɕɞɡɜ ŭɟɎůŮɘɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ,  ˊɟɞůŰŬůɑŬɠ-ŬˊɞəŬŰɎůŰŬůɖɠ, Ůɜɖɛɏɟɤůɖɠ-

ŮɡŬɘůɗɖŰɞˊɞɑɖůɖɠ əŬɘ ɔɜɤɛɞŭɞŰɞɨɜ ɔɘŬ ůɢŮŭɘŬɕɧɛŮɜŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ɐ ˊɟɞŰŮɘɜɧɛŮɜŬ ɏɟɔŬ 

ůɡɜŮəŰɘɛɩɜŰŬɠ Űɘɠ ˊɘɗŬɜɏɠ ŮˊɘˊŰɩůŮɘɠ Űɞɡɠ ůŰŬ ˊɟɞůŰŬŰŮɡŰɏŬ ŬɜŰɘəŮɑɛŮɜŬ ŮɘůɖɔɞɨɛŮɜɞɘ ɟɡɗɛɑůŮɘɠ, 

ˊŮɟɘɞɟɘůɛɞɨɠ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ ɧɟɞɡɠ. ɄɞɘŮɠ ŮɑɜŬɘ ɎɟŬɔŮ ɞɘ ɔɜɩůŮɘɠ əŬɘ ŭŮɝɘɧŰɖŰŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ 

ŬɜŬɕɖŰɎɛŮ ůŮ ɏɜŬɜ ɘəŬɜɧ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧ site manager; 

 

 

ȷˊɧ Űɖ ŭɘŬŰɐɟɖůɖ ůŰɖɜ ŬŮɘűɞɟɘəɐ Ŭɝɘɞˊɞɑɖůɖ ŬɡŰɧɢɗɞɜɤɜ űɡŰɩɜ Űɖɠ ȺɚɚɎŭŬɠ: 

ȺɛˊŮɘɟɑŮɠ, ˊɟɞəɚɐůŮɘɠ əŬɘ ŮɡəŬɘɟɑŮɠ 
ɁɘəɧɚŬɞɠ ȾɟɑɔəŬɠ 

ȹɟ. ȸɘɞɚɞɔɑŬɠ, ȺɜŰŮŰŬɚɛɏɜɞɠ ȺɟŮɡɜɖŰɐɠ, ȽɜůŰɘŰɞɨŰɞ ũŮɜŮŰɘəɐɠ ȸŮɚŰɑɤůɖɠ əŬɘ ūɡŰɞɔŮɜŮŰɘəɩɜ Ʉɧɟɤɜ, 

Ⱥɚɚɖɜɘəɧɠ ũŮɤɟɔɘəɧɠ ɃɟɔŬɜɘůɛɧɠ ȹɐɛɖŰɟŬ 

 

ȺˊɘůəɞˊŮɑŰŬɘ Űɞ ˊŬɔəɧůɛɘɞ ŮɜŭɘŬűɏɟɞɜ (ŮˊɘůŰɖɛɞɜɘəɧ, ŰɞɡɟɘůŰɘəɧ, Ůɛˊɞɟɘəɧ) ɔɘŬ ŰŬ ŬɡŰɧɢɗɞɜŬ əŬɘ ŰŬ 

ŮɜŭɖɛɘəɎ űɡŰɎ Űɖɠ ȺɚɚɎŭŬɠ əŬɘ ůɡɜɞɣɑɕŮŰŬɘ ɖ ŭɘŬůˊɞɟɎ Űɤɜ Ůɚɚɖɜɘəɩɜ Ůɜŭɖɛɘəɩɜ űɡŰɩɜ ůŮ ŰɟɎˊŮɕŮɠ 

ɔŮɜŮŰɘəɞɨ ɡɚɘəɞɨ əŬɘ ɓɞŰŬɜɘəɞɨɠ əɐˊɞɡɠ ŬɜɎ Űɖɜ ɡűɐɚɘɞ, ŬɚɚɎ əŬɘ ŮɝŬɘŰɑŬɠ Űɖɠ ŬɜŮɝɏɚŮɔəŰɖɠ 

ŭɘŬŭɘəŰɡŬəɐɠ ˊɩɚɖůɐɠ Űɞɡɠ Ŭˊɧ ŮɝŮɘŭɘəŮɡɛɏɜŬ ŮɛˊɞɟɘəɎ űɡŰɩɟɘŬ Űɞɡ ŮɝɤŰŮɟɘəɞɨ. ȹɘŮɡəɟɘɜɑɕɞɜŰŬɠ Űɞ 

Űɞˊɑɞ ůɢŮŰɘəɎ ɛŮ Űɞɡɠ ɜɧɛɘɛɞɡɠ ˊɎɟɞɢɞɡɠ Ⱥɚɚɖɜɘəɩɜ ūɡŰɞɔŮɜŮŰɘəɩɜ Ʉɧɟɤɜ (ȺūɄ) ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ɃŭɖɔɑŬ 511/2014 (Ⱦɨɟɤůɖ ɄɟɤŰɞəɧɚɚɞɡ ɁŬɔəɧɔɘŬ), ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ŰŬ ɡˊɎɟɢɞɜŰŬ əŮɜɎ ŬɚɚɎ əŬɘ 

ŮɜŬˊɞɛɏɜɞɡůŮɠ ŮɡəŬɘɟɑŮɠ ŬˊɞəɚŮɘůŰɘəɐɠ ŭɡɜŬŰɧŰɖŰŬɠ Ŭɝɘɞˊɞɑɖůɖɠ Űɤɜ ȺūɄ. ɆŰɖ ůɨɔɢɟɞɜɖ Ůˊɞɢɐ, ɞɘ 

ȺūɄ ůɡɢɜɎ ɔɑɜɞɜŰŬɘ ŬɜŰɘəŮɑɛŮɜɞ ɚɖůŰɟɘəɐɠ ŮəɛŮŰɎɚɚŮɡůɖɠ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ŮˊɘɓɎɚɚŮŰŬɘ ɖ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮˊɘŰɧˊɘŬ ŭɘŬŰɐɟɖůɐ Űɞɡɠ, ŮɘŭɘəɎ ɧůɤɜ ŬˊŮɘɚɞɨɜŰŬɘ ɛŮ ŮɝŬűɎɜɘůɖ ɐ/əŬɘ Ůɜŭɖɛɞɨɜ 

ŬˊɞəɚŮɘůŰɘəɎ ůŰɖɜ ȺɚɚɎŭŬ. ȼ ŮəŰɧɠ Űɧˊɞɡ ŭɘŬŰɐɟɖůɖ ɛŮ ɘŮɟɎɟɢɖůɖ ˊɟɞŰŮɟŬɘɞŰɐŰɤɜ əŬɘ ŰŬɡŰɧɢɟɞɜɖ 

ŬˊɧəŰɖůɖ ɔɜɩůŮɤɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬɜŬˊŬɟŬɔɤɔɐ, ŮɔəɚɘɛŬŰɘůɛɧ əŬɘ əŬɚɚɘɏɟɔŮɘŬ Űɤɜ ȺūɄ ɛˊɞɟŮɑ ɜŬ 

ůɡɛɓɎɚɚŮɘ Űɧůɞ ůŰɖɜ ŮˊŬɜŬűɞɟɎ ŮˊɘɚŮɔɛɏɜɞɡ ɡɚɘəɞɨ ůŰɞ űɡůɘəɧ ˊŮɟɘɓɎɚɚɞɜ (Ůűɧůɞɜ ɢɟŮɘŬůŰŮɑ) ɧůɞ 
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əŬɘ ɜŬ ŮˊɘŰɟɏɣŮɘ Űɖɜ ŬŮɘűɞɟɘəɐ Ŭɝɘɞˊɞɑɖůɐ Űɞɡɠ. 

 

 

Ƀ ɟɧɚɞɠ Űɤɜ ɛŮɔɎɚɤɜ ɗɖɚŬůŰɘəɩɜ ůŰɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ ï ɖ 

ˊŮɟɑˊŰɤůɖ Űɖɠ əŬűɏ ŬɟəɞɨŭŬɠ 
ũɘɩɟɔɞɠ ɀŮɟŰɕɎɜɖɠ 

ȹɟ. ȸɘɞɚɞɔɑŬɠ - ȻɤɞɚɞɔɑŬɠ / ȺˊɘůŰɖɛɞɜɘəɧɠ ɈˊŮɨɗɡɜɞɠ ȾŬɚɚɘůŰɩ 
 

ȼ əŬűɏ ŬɟəɞɨŭŬ (Ursus arctos) ɤɠ ɛŮɔɎɚɞ ɗɖɚŬůŰɘəɧ ɗŮɤɟŮɑŰŬɘ Ůŭɩ əŬɘ (4) ŭŮəŬŮŰɑŮɠ Ŭˊɧ Űɖɜ ŭɘŮɗɜɐ 

ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ ɤɠ Ůɑŭɞɠ çɞɛˊɟɏɚŬè (umbrella species). ɇŬ Ůɑŭɖ ŬɡŰɎ ŮˊɘɚɏɔɞɜŰŬɘ ɤɠ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ Ůɜɧɠ ɞɘəɞůɡůŰɐɛŬŰɞɠ əɡɟɑɤɠ ɧŰŬɜ ŮəˊɞɜɞɨɜŰŬɘ ůɢɏŭɘŬ ŭɘŬŰɐɟɖůɖɠ. 

ɄɟɞůŰŬŰŮɨɞɜŰŬɠ ŬɡŰɞɨɠ Űɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ, ɎɚɚŬ Ůɑŭɖ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɛɏɟɞɠ Űɖɠ ɑŭɘŬɠ ɓɘɞəɞɘɜɧŰɖŰŬɠ ɗŬ 

ŮˊɤűŮɚɖɗɞɨɜ Ůˊɑůɖɠ əɎŰɤ Ŭˊɧ Űɖɜ ɑŭɘŬ çɞɛˊɟɏɚŬè ŭɘŬŰɐɟɖůɖɠ. ȰɜŬ Ůɑŭɞɠ çɞɛˊɟɏɚŬè ŮˊɘɚɏɔŮŰŬɘ 

ůɡɜɐɗɤɠ ɔɘŬ ɜŬ ŭɘŮɡəɞɚɨɜŮɘ Űɘɠ ůŰɟŬŰɖɔɘəɏɠ ŭɘŬŰɐɟɖůɖɠ Űɞɡ ɞɘəɞůɡůŰɐɛŬŰɞɠ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɡˊɎɟɢŮɘ 

ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ Ůɘŭɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ɞɟɘŬəɐ ɗɏůɖ Ŭˊɧ Ɏˊɞɣɖ ŭɘŬŰɐɟɖůɖɠ ɐ ɧˊɞɡ ɖ ˊɟŬɔɛŬŰɘəɐ 

ɓɘɞˊɞɘəɘɚɧŰɖŰŬ Ůɜɧɠ ɞɘəɞůɡůŰɐɛŬŰɞɠ ŭŮɜ ŮɑɜŬɘ ˊɚɐɟɤɠ ɔɜɤůŰɐ. Ƀɘ ɓɘɞɚɞɔɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ əŬɘ ɞɘ 

ɞɘəɞɚɞɔɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɖɜ əŬűɏ ŬɟəɞɨŭŬ (Ursus arctos) ůŮ ɧŰɘ ŬűɞɟɎ Űɞɜ ŮŰɐůɘɞ 

əɨəɚɞ Űɞɡ Ůɑŭɞɡɠ ɧˊɤɠ: ˊɞɘəɘɚɞɛɞɟűɑŬ ɢɤɟɞəɟɎŰŮɘŬɠ, ŰɟɞűɞɚɖɣɑŬ/ɕɤɞɢɤɟɑŬ, ɢɟɐůɖ ŬŭɘŬŰɎɟŬəŰɤɜ 

əŬŰŬŰɛɖɛɎŰɤɜ Űɞɡ ŭŬůɘəɞɨ ŮɜŭɘŬɘŰɐɛŬŰɞɠ ůɡɜŭɏɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ɛŮ ɏɜŬ Ůɡɟɨ űɎůɛŬ ɞɟɔŬɜɘůɛɩɜ əŬɘ 

ɚŮɘŰɞɡɟɔɘɩɜ Űɖɠ ɓɘɞəɞɘɜɧŰɖŰŬɠ əŬɘ Űɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ ůŰŬ ɞˊɞɑŬ ŭɘŬɓɘŮɑ ɖ əŬűɏ ŬɟəɞɨŭŬ ůŰɖɜ 

ȺɚɚɎŭŬ.  

 

  



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

59 

ɆɇɅɃũũɈȿȼ ɇɅȷɄȺȻȷī10 : ȺˊŬɔɔŮɚɛŬŰɘəɎ ȹɘəŬɘɩɛŬŰŬ ȸɘɞɚɧɔɤɜ 

Ʉ.Ⱥ.ȸ. & ɄŬɜŮˊɘůŰɖɛɘŬəɎ ɇɛɐɛŬŰŬ 
 

ɆɡɜŰɞɜɘůŰɐɠ 

ȻŬɢŬɟɑŬɠ ɆəɞɨɟŬɠ  
ɃɛɧŰɘɛɞɠ ȾŬɗɖɔɖŰɐɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, ɄɟɧŮŭɟɞɠ ɃȺ 

 

 

ȷˊɧůŰɞɚɞɠ ȸŬɜŰŬɟɎəɖɠ 
ȾŬɗɖɔɖŰɐɠ, ȽŬŰɟɘəɐ Ɇɢɞɚɐ, ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ, ɄɟɧŮŭɟɞɠ ɄŬɜŮɚɚɐɜɘŬɠ Ȱɜɤůɖɠ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ 

 

ɀɖɜɎɠ ũɘɎɔəɞɡ 
ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

 

ȷɟɘůŰŮɑŭɖɠ ɄŬɟɛŬəɏɚɖɠ 
ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ, Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 

 

ɄɏŰɟɞɠ ɀŬɟŬɔəɧɠ 
ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɘəɩɜ ȺűŬɟɛɞɔɩɜ əŬɘ ɇŮɢɜɞɚɞɔɘɩɜ, ɄŬɜŮˊɘůŰɐɛɘɞ 

ȽɤŬɜɜɑɜɤɜ 

 

ȹɖɛɐŰɟɘɞɠ ȾŬɟˊɞɨɕŬɠ 
ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ 

 

ɆŰɏűŬɜɞɠ ɁŰŬɥɚɘɎɜɖɠ 
ȷɜŬˊɚɖɟɤŰɐɠ ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ 

 

ȾɟɑŰɤɜ ȾŬɚŬɜŰɑŭɖɠ 
ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȾɟɐŰɖɠ 

 

ũɘɎɜɜɖɠ ɇɞəŬŰɚɑŭɖɠ 
ȾŬɗɖɔɖŰɐɠ, ɄɟɧŮŭɟɞɠ ɇɛɐɛŬŰɞɠ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ əŬɘ ũŮɜŮŰɘəɐɠ, ȹɖɛɞəɟɑŰŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪɟɎəɖɠ 

 

 

ɆɡɕɖŰɐɗɖəŬɜ ɗɏɛŬŰŬ ˊɞɡ ŬűɞɟɞɨůŬɜ Űɞ ɛɏɚɚɞɜ Űɤɜ ȸɘɞɚɞɔɘəɩɜ ɇɛɖɛɎŰɤɜ, Űɞ ɛɏɚɚɞɜ Űɤɜ ŬˊɞűɞɑŰɤɜ 

Űɞɡɠ, ŰŬ ŮˊŬɔɔŮɚɛŬŰɘəɎ ŭɘəŬɘɩɛŬŰŬ Űɤɜ ȸɘɞɚɧɔɤɜ əŬɘ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ əŬɗɩɠ əŬɘ ŭɘŬůɨɜŭŮůɖ Űɤɜ 

ȸɘɞɚɞɔɘəɩɜ ɇɛɖɛɎŰɤɜ ɛŮ Űɖɜ ɄŬɜŮɚɚɐɜɘŬ Ⱥɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ 
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ȷɁɃȽɉɇȼ ɆɈȻȼɇȼɆȼ : ȸɘɞɖɗɘəɐ əŬɘ ȸɘɞɚɞɔɑŬ 
 

ɆɡɜŰɞɜɘůŰɐɠ 

ȾɩůŰŬɠ ɀˊɚɘɎŰəŬɠ  
ȹɖɛɞůɘɞɔɟɎűɞɠ, ɆɡɔɔɟŬűɏŬɠ, ȸɘɞɚɧɔɞɠ 

 

ɉɟɨůŬ ȷɟɎˊɞɔɚɞɡ 
ȹɖɛɞůɘɞɔɟɎűɞɠ, ȸɘɞɚɧɔɞɠ 

 

ȺɚɘůɎɓŮŰ ɆɡɛŮɤɜɑŭɞɡ-ȾŬůŰŬɜɑŭɞɡ 
ȾŬɗɖɔɐŰɟɘŬ Ɂɞɛɘəɐɠ Ɇɢɞɚɐɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖ 

 

ȷˊɧůŰɞɚɞɠ ȸŬɜŰŬɟɎəɖɠ 
ȾŬɗɖɔɖŰɐɠ, ȽŬŰɟɘəɐ Ɇɢɞɚɐ, ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ, ɄɟɧŮŭɟɞɠ ɄŬɜŮɚɚɐɜɘŬɠ Ȱɜɤůɖɠ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ 

 

ȻŬɢŬɟɑŬɠ ɆəɞɨɟŬɠ 
ɃɛɧŰɘɛɞɠ ȾŬɗɖɔɖŰɐɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, ɄɟɧŮŭɟɞɠ ɃȺ 

 

 

ɆŰɖɜ ŬɜɞɘɢŰɐ ůɡɕɐŰɖůɖ ŬɜŬɚɨɗɖəŬɜ ŰŬ ˊŬɟŬəɎŰɤ ŰɟɑŬ ɗɏɛŬŰŬ: 

 

1. ȷɜŰɘɛŮŰɩˊɘůɖ ŬɡɝŬɜɧɛŮɜɤɜ ɖɗɘəɩɜ, ɜɞɛɘəɩɜ əŬɘ əɞɘɜɤɜɘəɩɜ ˊɟɞəɚɐůŮɤɜ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 

Ŭˊɧ ŰŬ ɛŮɔɎɚŬ ŭŮŭɞɛɏɜŬ ůŰɖɜ ȺɝŬŰɞɛɘəŮɡɛɏɜɖ ȽŬŰɟɘəɐ. 

ȷɜŬɛűɑɓɞɚŬ ɞɘ ɓɎůŮɘɠ ɛŮɔɎɚɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɈɔŮɑŬɠ ɛˊɞɟɞɨɜ ɜŬ ůɡɜŰŮɚɏůɞɡɜ 

əŬɗɞɟɘůŰɘəɎ Űɧůɞ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ űŬɟɛɎəɤɜ əŬɘ ɘŬŰɟɞŰŮɢɜɞɚɞɔɘəɩɜ ˊɟɞɥɧɜŰɤɜ ɐ ɛŮɗɧŭɤɜ ˊɟɞɠ 

ɧűŮɚɞɠ Űɖɠ ɗŮɟŬˊŮɑŬɠ əŬɘ Űɖɠ ˊɟɧɚɖɣɖɠ, ɧůɞ əŬɘ ůŰɞɜ Ůɝɞɟɗɞɚɞɔɘůɛɧ Űɤɜ ɞɘəɞɜɞɛɘəɩɜ əŬɘ ŮɡɟɨŰŮɟŬ 

Űɖɠ ŭɖɛɧůɘŬɠ ˊɞɚɘŰɘəɐɠ ɔɘŬ Űɖɜ ɈɔŮɑŬ. ȼ ɤűɏɚŮɘŬ ŬɡŰɐ, ɤůŰɧůɞ, űŬɑɜŮŰŬɘ ɜŬ ɛŮŰɟɘɎɕŮŰŬɘ Ŭˊɧ əɘɜŭɨɜɞɡɠ 

ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ŬɡŰɞɜɞɛɑŬɠ əŬɘ Űɤɜ ŮɔɔɡɐůŮɤɜ Űɖɠ ɘŭɘɤŰɘəɧŰɖŰŬɠ Űɤɜ ɡˊɞəŮɘɛɏɜɤɜ 

ŬɡŰɩɜ Űɤɜ ŮɡŬɑůɗɖŰɤɜ ˊɚɖɟɞűɞɟɘɩɜ. Ʉɟɞɠ Űɖɜ əŬŰŮɨɗɡɜůɖ ŬɡŰɐ, ɖ ȺˊɘŰɟɞˊɐ ŭɘŬɛɧɟűɤůŮ 

ůɡɔəŮəɟɘɛɏɜŮɠ ˊɟɞŰɎůŮɘɠ ɔɘŬ Űɖ ɢɟɐůɖ Űɤɜ ɛŮɔɎɚɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ ɡɔŮɑŬ. ȼ ŬɜɎˊŰɡɝɖ ŮűŬɟɛɞɔɩɜ 

ɘŬŰɟɘəɐɠ ŬəɟɘɓŮɑŬɠ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ŬɜŬɛűɘůɓɐŰɖŰŬ ůŰɖɜ ŮɝɡˊɖɟɏŰɖůɖ Űɧůɞ Űɞɡ əɞɘɜɤɜɘəɞɨ ɧůɞ əŬɘ 

Űɞɡ ŬŰɞɛɘəɞɨ ŭɘəŬɘɩɛŬŰɞɠ ůŰɖɜ ɈɔŮɑŬ. ɋůŰɧůɞ, ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɜŬ ˊɟɞůŮɢɗɞɨɜ ɕɖŰɐɛŬŰŬ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɘŬŰɟɘəɐɠ ŬəɟɘɓŮɑŬɠ ɤɠ ˊɟɞɠ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ɛŮɔɎɚɞɡ ɧɔəɞɡ 

ŮɡŬɑůɗɖŰɤɜ ŭŮŭɞɛɏɜɤɜ (ɔŮɜŮŰɘəɩɜ, ɘŬŰɟɘəɩɜ, Űɟɧˊɞɡ ɕɤɐɠ) əŬɘ Űɖ ůɡɚɚɞɔɐ ɓɘɞɚɞɔɘəɩɜ ŭŮɘɔɛɎŰɤɜ. ɋɠ 

ˊɟɞɠ Űɞ ŭŮɨŰŮɟɞ, ɖ ȺˊɘŰɟɞˊɐ əɟɑɜŮɘ ɧŰɘ ŮɑɜŬɘ ɞɟɗɧŰŮɟɖ ɖ ɗɏůˊɘůɖ Ůɘŭɘəɐɠ ůɢŮŰɘəɐɠ ɜɞɛɞɗŮůɑŬɠ. ɇɏɚɞɠ, 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞ əɧůŰɞɠ ˊɞɡ ůɡɜŮˊɎɔŮŰŬɘ ɖ ŬɜɎˊŰɡɝɖ Űɞɡ ŮɔɢŮɘɟɐɛŬŰɞɠ Űɖɠ ɘŬŰɟɘəɐɠ ŬəɟɘɓŮɑŬɠ, 

ɖ ȺˊɘŰɟɞˊɐ ŮˊɘůɖɛŬɑɜŮɘ ɧŰɘ ɖ Ůˊɏɜŭɡůɖ ˊɧɟɤɜ Ŭˊɧ Űɞɜ ŰɞɛɏŬ Űɖɠ ɈɔŮɑŬɠ, ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ 

ŮˊɘɚŮəŰɘəɎ. ɄɟɏˊŮɘ ɜŬ ŰŮəɛɖɟɘɩɜŮŰŬɘ ɛŮ ɓɎůɖ ŬɜŰɘəŮɘɛŮɜɘəɎ əɟɘŰɐɟɘŬ, ˊ.ɢ. Ůˊɏɜŭɡůɖ əŬŰɎ 

ˊɟɞŰŮɟŬɘɧŰɖŰŬ ɔɘŬ ŬůɗɏɜŮɘŮɠ ˊɞɡ Ŭűɞɟɞɨɜ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ˊɟɞůɩˊɤɜ ůŰɞɜ ɔŮɜɘəɧ ˊɚɖɗɡůɛɧ ï

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ůˊɎɜɘɤɜ ˊŬɗɐůŮɤɜ- ɛŮ Űɖɜ ˊɟɞɞˊŰɘəɐ ɓɏɓŬɘŬ Űɖɠ ůŰŬŭɘŬəɐɠ əɎɚɡɣɖɠ ɧɚɤɜ 

Űɤɜ ŬůɗŮɜŮɘɩɜ. 



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

61 

 

2. ȷɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ɖɗɘəɩɜ, ɜɞɛɘəɩɜ əŬɘ əɞɘɜɤɜɘəɩɜ ɕɖŰɖɛɎŰɤɜ ˊɞɡ ŰɑɗŮɜŰŬɘ Ŭˊɧ Űɘɠ ɜɏŮɠ 

ŰŮɢɜɞɚɞɔɑŮɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɔɞɜɘŭɑɤɜ. 

ɀɑŬ Ŭˊɧ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ ɔŮɜŮŰɘəɏɠ ŰŮɢɜɞɚɞɔɑŮɠ ˊɞɡ ŬɜŬəŬɚɨűɗɖəŬɜ ŮɑɜŬɘ Űɞ CRISPR-Cas 9, 

ɏɜŬ ŮɟɔŬɚŮɑɞ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɚɚɎɝŮɘ Űɞ DNA ůŰŬ əɨŰŰŬɟɎ ɛŬɠ. ȼ ŭɘŬŭɘəŬůɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ Ŭˊɞəɞˊɐ 

əŬəɩɜ ɔɞɜɘŭɑɤɜ ůŰŬ əɨŰŰŬɟŬ ɐ Űɖɜ ŮɘůŬɔɤɔɐ əŬɚɨŰŮɟɤɜ. ɈˊɎɟɢɞɡɜ ɧɛɤɠ əɑɜŭɡɜɞɘ. ɆɡɔəŮəɟɘɛɏɜŬ 

ɔɞɜɑŭɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ Ŭɡɝɐůɞɡɜ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɛɘŬɠ ŬůɗɏɜŮɘŬɠ ɛˊɞɟɞɨɜ ɜŬ ůŬɠ ˊɟɞůŰŬŰŮɨůɞɡɜ Ŭˊɧ 

ɎɚɚŮɠ ŬůɗɏɜŮɘŮɠ, ˊɟɎɔɛŬ ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ŬűŬɑɟŮůɖ ŰɏŰɞɘɤɜ ɔɞɜɘŭɑɤɜ ŭŮɜ ŮɝŬɚŮɑűŮɘ ɧɚŮɠ Űɘɠ ŬɚɚŬɔɏɠ 

Űɖɠ ŮɛűɎɜɘůɖɠ ɛɘŬɠ ŬůɗɏɜŮɘŬɠ. Ⱥˊɘˊɚɏɞɜ, ɖ ŮˊŮɝŮɟɔŬůɑŬ ɔɞɜɘŭɑɤɜ ɗŬ ɛˊɞɟɞɨůŮ Ůˊɑůɖɠ ɜŬ ɞŭɖɔɐůŮɘ ůŮ 

ɚɎɗɖ, ɧˊɤɠ ɖ ŬˊɧůˊŬůɖ ŰɛɖɛɎŰɤɜ Űɞɡ ɚɎɗɞɠ ɔɞɜɘŭɑɞɡ əŬɘ ɞ əɑɜŭɡɜɞɠ ˊŮɟŬɘŰɏɟɤ ɓɚŬɓɩɜ ůŰɖɜ ɡɔŮɑŬ. 

 

3. ɄŬɟɞɢɐ ŮɚɎɢɘůŰɞɡ Ůˊɘˊɏŭɞɡ ɡɔŮɘɞɜɞɛɘəɐɠ ˊŮɟɑɗŬɚɣɖɠ əŬɘ ɛŮɑɤůɖ Űɤɜ ŬɜɘůɞŰɐŰɤɜ ůŰɞɜ ŰɞɛɏŬ 

Űɖɠ ɡɔŮɑŬɠ ˊŬɔəɞůɛɑɤɠ. 

ɇɞ ɛɏůɞ ˊɟɞůŭɧəɘɛɞ ɕɤɐɠ ˊŬɔəɞůɛɑɤɠ ɏɢŮɘ ŬɡɝɖɗŮɑ əŬŰɎ 20 ɢɟɧɜɘŬ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ˊɏɜŰŮ 

ŭŮəŬŮŰɑŮɠ, ŬɚɚɎ ɞɘ ɡˊŬɜɎˊŰɡəŰŮɠ ɢɩɟŮɠ ɏɢɞɡɜ ɛŮɑɜŮɘ ˊɑůɤ əŬɘ ɡˊɎɟɢŮɘ ɏɚɚŮɘɣɖ ɖɗɘəɞɨ ˊɚŬɘůɑɞɡ ɔɘŬ Űɖɜ 

ŬɜŰɘɛŮŰɩˊɘůɖ ŬɡŰɞɨ Űɞɡ ɕɖŰɐɛŬŰɞɠ. Ƀɘ ˊŬɔəɧůɛɘɞɘ əŬɘ ɞɘ Ůɗɜɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ŮɑɜŬɘ ɖɗɘəɎ ɡˊŮɨɗɡɜɞɘ ɔɘŬ 

Űɖɜ ŮˊɑŰŮɡɝɖ əɞɘɜɩɜ ůŰɧɢɤɜ ˊɞɡ ɗŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɜ ŬɡŰɐɜ Űɖɜ ˊŬɔəɧůɛɘŬ ŬɜɘůɧŰɖŰŬ ůŰɖɜ ɡɔŮɑŬ. 

ȺəŰŮɑɜŮŰŬɘ ˊɏɟŬ Ŭˊɧ ɏɜŬ ɗɏɛŬ ɡɔŮɑŬɠ. ȺɑɜŬɘ Ůˊɑůɖɠ ɏɜŬ ˊŬɔəɧůɛɘɞ ɕɐŰɖɛŬ Ůɘɟɐɜɖɠ, ɏɜŬ ˊŬɔəɧůɛɘɞ 

ɕɐŰɖɛŬ ŬůűɎɚŮɘŬɠ əŬɘ ɏɜŬ ɞɘəɞɜɞɛɘəɧ ɕɐŰɖɛŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŮɎɜ ɞɘ ŮˊɘŭɖɛɑŮɠ ɛŬɑɜŮŰŬɘ ŮəŰɧɠ Ůɚɏɔɢɞɡ 

ůŮ ɛɏɟɖ Űɖɠ ȷűɟɘəɐɠ, ŬɡŰɧ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŭɘŮɗɜɐ ˊɞɚɘŰɘəɐ ŬůŰɎɗŮɘŬ, ɞɘəɞɜɞɛɘəɐ 

ŬůŰɎɗŮɘŬ ə.ɚˊ. 
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ɆɈɁȺȹɅȽȷ 1 
 

ɆɈɁɇɃɁȽɆɇȺɆ 

 
ȹɟɞůɞˊɞɨɚɞɡ Ⱥɚɏɜɖ, 

ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 
 

ȷɜŰɤɜɞˊɞɨɚɞɡ ȺɡɗɡɛɑŬ, 

ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 
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ȹɖɛɘɞɡɟɔɑŬ ůŰŮɚŮɢɩɜ ɔŮɜŮŰɘəɞɨ ŭɘŬɢɤɟɘůɛɞɨ űɨɚɞɡ ůŮ ɏɜŰɞɛŬ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ 

Tephritidae 
 

ɆɄȷɁɃɀȼɇɅɃɈ ȷɜŰɤɜɑŬ1, ɄȷɄȷȹɃɄɃɈȿɃɆ ũŮɩɟɔɘɞɠ1, ɀȷɇŪȽɃɄɃɈȿɃɆ ȾɤɜůŰŬɜŰɑɜɞɠ1 

1ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ, ȿɎɟɘůŬ, 41500, ȺɚɚɎŭŬ 

anspana@gmail.com, geopap@uth.gr, kmathiop@bio.uth.gr 

 

 

ɄŮɟɑɚɖɣɖ 
ɇŬ Tephritidae ŮɑɜŬɘ ɏɜŰɞɛŬ ɛŮɔɎɚɖɠ ɞɘəɞɜɞɛɘəɐɠ ůɖɛŬůɑŬɠ ɚɧɔɤ Űɤɜ ŮɡɟɨŰŬŰɤɜ əŬŰŬůŰɟɞűɩɜ ˊɞɡ ˊɟɞəŬɚɞɨɜ 

ůŮ ˊɚɐɗɞɠ űɟɞɨŰɤɜ əŬɘ ɚŬɢŬɜɘəɩɜ. ūɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɛɏɗɞŭɞɠ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ Űɞɡ ůŰŮɑɟɞɡ 

ŮɜŰɧɛɞɡ (SIT), ɧˊɞɡ ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ ŬɟůŮɜɘəɩɜ ŮɜŰɧɛɤɜ ůŰŮɘɟɩɜɞɜŰŬɘ, ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɘ ůŰɞɜ Ŭɔɟɧ əŬɘ 

ɕŮɡɔŬɟɩɜɞɡɜ ɛŮ ɎɔɟɘŬ ɗɖɚɡəɎ. ȰŰůɘ, ɖ ɤɞŬˊɧɗŮůɖ ůŰŮɑɟɤɜ Ŭɡɔɩɜ ɞŭɖɔŮɑ ůŰɖ ɛŮɑɤůɖ Űɞɡ űɡůɘəɞɨ ˊɚɖɗɡůɛɞɨ. 

ȼ ŮɝŬˊɧɚɡůɖ ɛɧɜɞ ŬɟůŮɜɘəɩɜ ɓŮɚŰɘɩɜŮɘ ŮɝŬɘɟŮŰɘəɎ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɖɠ SIT əŬɗɧŰɘ ŰŬ ɗɖɚɡəɎ, Ŭɜ əŬɘ 

ůŰŮɑɟŬ, ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ ŬɜŰŬɔɤɜɑɕɞɜŰŬɘ ɔɘŬ ɕŮɡɔɎɟɤɛŬ əŬɘ ɜŬ ˊɟɞəŬɚɞɨɜ ɓɚɎɓɖ ůŰɞɜ əŬɟˊɧ ɛŮ Űɖɜ 

ɤɞŬˊɧɗŮůɖ.  ȼ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ůŰɞɢŮɨŮɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ůŰŮɚɏɢɞɡɠ ɔŮɜŮŰɘəɞɨ ŭɘŬɢɤɟɘůɛɞɨ űɨɚɞɡ ůŰɖ 
ɀŮůɞɔŮɘŬəɐ ɛɨɔŬ ɛɏůɤ Űɖɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ, ůɢŮŭɘŬůɛɞɨ əŬɘ ŭɖɛɘɞɡɟɔɑŬɠ ɗŮɟɛɞŮɡŬɑůɗɖŰɤɜ ɛŮŰŬɚɚɎɝŮɤɜ ůŰɞ 

ŬɡŰɞůɤɛɘəɧ ɔɞɜɑŭɘɞ shibire əŬɘ ɛŮŰŬűɞɟɎɠ Űɞɡ Ŭɔɟɑɞɡ Űɨˊɞɡ Űɞɡ ɔɞɜɘŭɑɞɡ ůŰɞ Ɉ ɢɟɤɛɧůɤɛŬ Űɤɜ ŬɟůŮɜɘəɩɜ. 

ɇɞ ŬˊɞŰɏɚŮůɛŬ ɗŬ ŮɑɜŬɘ ɖ ɗŬɜɎŰɤůɖ Űɤɜ ɗɖɚɡəɩɜ ŬŰɧɛɤɜ ůŮ ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ, Ůɜɩ ŰŬ ŬɟůŮɜɘəɎ ˊɞɡ ɗŬ 

űɏɟɞɡɜ Űɞ Ŭɔɟɑɞɡ Űɨˊɞɡ ɔɞɜɑŭɘɞ ɗŬ Ůˊɘɓɘɩɜɞɡɜ. 

  

ȿɏɝŮɘɠ əɚŮɘŭɘɎ: SIT, ɀŮůɞɔŮɘŬəɐ ɛɨɔŬ, ɗŮɟɛɞŮɡŬɑůɗɖŰŮɠ ɛŮŰŬɚɚɎɝŮɘɠ, ɞɟɗɞɚɞɔɘəɧɠ ůɢŮŭɘŬůɛɧɠ, 

CRISPR. 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ŭɘŬˊɑůŰɤůɖ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɖɠ SIT ɛŮ Űɖɜ ŮɝŬˊɧɚɡůɖ ɛɧɜɞ ŬɟůŮɜɘəɩɜ 

ŬŰɧɛɤɜ, ɞŭɐɔɖůŮ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ůŰŮɚŮɢɩɜ ɔŮɜŮŰɘəɞɨ ŭɘŬɢɤɟɘůɛɞɨ űɨɚɞɡ ɐŭɖ Ŭˊɧ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 

1970 (Knipling 1955). ɇŬ ˊɚɏɞɜ ŮˊɘŰɡɢɖɛɏɜŬ SIT ůŰŮɚɏɢɖ ŭɘŬɢɤɟɘůɛɞɨ űɨɚɞɡ ůŰɖ ɛɨɔŬ Űɖɠ ɀŮůɞɔŮɑɞɡ 

ůŰɖɟɑɕɞɜŰŬɘ ůŰɞɡɠ ɔŮɜŮŰɘəɞɨɠ ŭŮɑəŰŮɠ white pupae (wp) əŬɘ temperature-sensitive lethal (tsl) (Fisher & 

Caceres 2000; Franz 2005). ɇŬ ůŰŮɚɏɢɖ ŬɡŰɎ ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŬɟůŮɜɘəɎ ɎŰɞɛŬ Ŭɔɟɑɞɡ űŬɘɜɞŰɨˊɞɡ 

əŬɘ ɗɖɚɡəɎ ɎŰɞɛŬ ɚŮɡəɞɨ ɢɟɩɛŬŰɞɠ ˊɟɞɜɡɛűɩɜ əŬɘ ůɡɔɢɟɧɜɤɠ ŮɡŬɑůɗɖŰɤɜ (ŭɖɚŬŭɐ ɗŬɜŬŰɩɜɞɜŰŬɘ) 

ůŮ ɚɑɔɞ ɣɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ ŮəŰɟɞűɐɠ (29C̄ ŬɜŰɑ 25C̄). ɇŬ ůŰŮɚɏɢɖ ŬɡŰɎ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛŮ 

ɢɖɛɘəɐ ɛŮŰŬɚɚŬɝɘɔɏɜŮůɖ əŬɘ ɛŮŰɏˊŮɘŰŬ ɛŮŰŬŰɧˊɘůɖ Űɤɜ Ɏɔɟɘɤɜ Ŭɚɚɖɚɞɛɧɟűɤɜ ůŰɞ Y ɢɟɤɛɧůɤɛŬ. 

ɀɧɚɘɠ ˊɟɧůűŬŰŬ, ɏˊŮɘŰŬ Ŭˊɧ ŮəŰŮŰŬɛɏɜŮɠ əɡŰŰŬɟɞɔŮɜŮŰɘəɏɠ, ɔɞɜɘŭɘɤɛŬŰɘəɏɠ əŬɘ ɛɞɟɘŬəɏɠ 

ˊɟɞůŮɔɔɑůŮɘɠ, əŬŰɏůŰɖ ŭɡɜŬŰɧɠ ɞ ŮɜŰɞˊɘůɛɧɠ Űɞɡ ɔɞɜɘŭɑɞɡ wp əŬɘ ɖ ɡˊŮɨɗɡɜɖ ɛŮŰɎɚɚŬɝɖ Űɞɡ 

űŬɘɜɞŰɨˊɞɡ Űɖɠ Ɏůˊɟɖɠ ˊɟɞɜɨɛűɖɠ (Ward et al., 2021). ȷɜŰɑɗŮŰŬ, ˊɟɞůˊɎɗŮɘŮɠ ˊɞɡ ɏɢɞɡɜ ɔɑɜŮɘ ɔɘŬ Űɖɜ 

ŮɨɟŮůɖ Űɞɡ ɔɞɜɘŭɑɞɡ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɞɜ tsl űŬɘɜɧŰɡˊɞ ɏɢɞɡɜ ŬˊɞŰɨɢŮɘ.  

 

ɆŰɖ D. melanogaster ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ ɔɞɜɑŭɘɞ shibire ůɡɢɜɎ ɞŭɖɔɞɨɜ ůŮ ɗŮɟɛɞŮɡŬɑůɗɖŰɞɡɠ 

űŬɘɜɧŰɡˊɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ɛŮ ŬɡŰɧɜ Űɞɡ tsl (van der Bliek et al., 1991). ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŬɟŬəŬɛűɗŮɑ 

ɖ ɢɟɞɜɞɓɧɟŬ əŬɘ Ŭɛűɘɓɧɚɞɡ əŬŰɎɚɖɝɖɠ ŰŬɡŰɞˊɞɑɖůɖ Űɞɡ tsl ɔɞɜɘŭɑɞɡ, ůŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ 

ŮˊɘɢŮɘɟɞɨɛŮ Űɖɜ ŬɜŬŭɖɛɘɞɡɟɔɑŬ ɗŮɟɛɞŮɡŬɑůɗɖŰɤɜ ɛŮŰŬɚɚɎɝŮɤɜ Űɞɡ shibire ůŰɖ ɛɨɔŬ Űɖɠ ɀŮůɞɔŮɑɞɡ, 

əŬŰô ŬɜŰɘůŰɞɘɢɑŬ ɛŮ ŮəŮɑɜŮɠ Űɖɠ D. melanogaster. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ, ɖ ŰŬɡŰɞˊɞɑɖůɖ Ůɜɧɠ ŭŮɨŰŮɟɞɡ 

ɔŮɜŮŰɘəɞɨ ŭŮɑəŰɖ əŬɘ ɞ ůɡɜŭɡŬůɛɧɠ Űɞɡ ɛŮ Űɞɜ ŭŮɑəŰɖ Űɞɡ wp ɗŬ ɞŭɖɔɐůŮɘ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ ůŰŬɗŮɟɩɜ 

ůŰŮɚŮɢɩɜ ŭɘŬɢɤɟɘůɛɞɨ űɨɚɞɡ, ɧɛɞɘɤɜ ɛŮ ŰŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ.  

 

ɃɟɘůɛɏɜŮɠ ɛŮŰŬɚɚɎɝŮɘɠ Űɞɡ ɔɞɜɘŭɑɞɡ shibire ůŰɖ D. melanogaster ˊɟɞəŬɚɞɨɜ ɗŬɜɎŰɤůɖ Űɤɜ 

ˊɟɞɜɡɛűɩɜ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ ɚɑɔɞ ɡɣɖɚɧŰŮɟŮɠ (29C̄) Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ ŮəŰɟɞűɐɠ Űɖɠ (25C̄). Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ɖ ɛŮŰɎɚɚŬɝɖ shits1 ŮɑɜŬɘ ɛɑŬ ůɖɛŮɘŬəɐ ɛŮŰɎɚɚŬɝɖ ˊɞɡ ɞŭɖɔŮɑ ůŰɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ 

ɜɞɡəɚŮɞŰɘŭɑɞɡ G15895417 ůŮ A ˊɞɡ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɚɚŬɔɐ Űɞɡ Ŭɛɘɜɞɝɏɞɠ Gly268 ůŮ Asp 

(Grigliatti et al., 1973) ɇɞ ŬɜŰɑůŰɞɘɢɞ ɞɟɗɧɚɞɔɞ ɔɞɜɑŭɘɞ ɡˊɎɟɢŮɘ ůŰɖ ɀŮůɞɔŮɘŬəɐ ɛɨɔŬ əŬɘ ɛɎɚɘůŰŬ ɛŮ 

ˊɞɚɨ ɡɣɖɚɐ ɞɛɞɘɧŰɖŰŬ (92%). ŪŮɤɟɖŰɘəɎ, ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰŬɚɚɎɝŮɘɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɏɢɞɡɜ Űɞɜ ɑŭɘɞ 
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űŬɘɜɧŰɡˊɞ əŬɘ ůŰɖ ɀŮůɞɔŮɘŬəɐ ɛɨɔŬ əŬɘ ŬɡŰɧɠ ɐŰŬɜ ɞ Ŭɟɢɘəɧɠ ɛŬɠ ůŰɧɢɞɠ. ȳɛɤɠ, ɖ ŬɜŬŭɖɛɘɞɡɟɔɑŬ Űɖɠ 

ŬɜŰɑůŰɞɘɢɖɠ ɛŮŰɎɚɚŬɝɖɠ shits1 ůŰɖɜ ȷɡůŰɟŬɚɘŬɜɐ ɛɨɔŬ Bactrocera tryoni ŭŮɜ ŮɑɢŮ Űɞɜ ŮˊɘɗɡɛɖŰɧ 

űŬɘɜɧŰɡˊɞ. ȷɜŰɘɗɏŰɤɠ, ɖ ɛŮŰɎɚɚŬɝɖ ŬɡŰɐ ŬˊɞŭŮɑɢŰɖəŮ ɗŬɜŬŰɞɔɧɜɞɠ, Ŭəɧɛɖ əŬɘ ůŮ ɢŬɛɖɚɧŰŮɟŮɠ 

ɗŮɟɛɞəɟŬůɑŮɠ (21 ̄C) əŬɘ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ ŮəŰɟɞűɐɠ (25 ̄C) Űɞɡ ŮɜŰɧɛɞɡ (Choo A et al., 2020), 

ɔŮɔɞɜɧɠ ˊɞɡ Űɖɜ əŬɗɘůŰɎ ɎɢɟɖůŰɖ ůŮ ůɡɜɗɐəŮɠ ɛŬɕɘəɐɠ ŮəŰɟɞűɐɠ əŬɘ ŮəɛŮŰɎɚɚŮɡůɖɠ ůŰɖɜ SIT. 

 

ɀŮɗɞŭɞɚɞɔɑŬ 

1. ũɘŬ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɏɜŬ ŬɜŰɑůŰɞɘɢɞ ŬˊɞŰɏɚŮůɛŬ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɛɨɔŬɠ Űɖɠ ɀŮůɞɔŮɑɞɡ, 
ˊɟɞɖɔɐɗɖəŮ ɛɘŬ ˊɟɞəŬŰŬɟəŰɘəɐ ůɨɔəɟɘůɖ Űɖɠ GTP ŮˊɘəɟɎŰŮɘŬɠ (ɧˊɞɡ ɓɟɑůəŮŰŬɘ ɖ shits1 

ɛŮŰɎɚɚŬɝɖ) ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊɞɚɞɔɘůŰɘəɩɜ ɛɞɜŰɏɚɤɜ Űɤɜ ˊɟɤŰŮɥɜɩɜ D. melanogaster əŬɘ B. tryoni, 

ɏŰůɘ ɩůŰŮ ɜŬ ŮɜŰɞˊɑůɞɡɛŮ Űɘɠ ŭɞɛɘəɏɠ ŭɘŬűɞɟɏɠ ˊɞɡ ɞŭɖɔɞɨɜ ůŰɞɜ ŭɘŬűɞɟŮŰɘəɧ űŬɘɜɧŰɡˊɞ. ɆŰɖ 

ůɡɜɏɢŮɘŬ, ɏɔɘɜŮ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ Shibire ˊɟɤŰŮȶɜɖɠ əŬɘ ůŰɖ C. capitata, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ˊɟɞɓɚŮűɗŮɑ ɞ űŬɘɜɧŰɡˊɞɠ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ Ccshits1, ɓɎůŮɘ Űɤɜ ŭɞɛɘəɩɜ ɞɛɞɘɞŰɐŰɤɜ ɛŮ Űɘɠ ŭɞɛɘəɏɠ 

ŬɚɚŬɔɏɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ Űɖɠ Shibire D. melanogaster ɐ Űɖɠ B. tryoni. 

2. ɀŮ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ˊŬɟŬˊɎɜɤ ŬɜŬɚɨůŮɤɜ ůɢŮŭɘɎɕɞɜŰŬɘ  ɜɏŮɠ ɛŮŰŬɚɚɎɝŮɘɠ ůŰɞ 
ɔɞɜɘŭɑɤɛŬ Űɖɠ C. capitata. Ƀɘ ŬɜŰɑůŰɞɘɢŮɠ ˊɟɤŰŮȶɜŮɠ Űɖɠ C. capitata ɛŮ Űɘɠ ɛŮŰŬɚɚɎɝŮɘɠ ŬɡŰɏɠ ɗŬ 

ŬɜŬɚɡɗɞɨɜ ɛŮɛɞɜɤɛɏɜŬ, əŬɘ ɗŬ ůɡɔəɟɘɗɞɨɜ ŭɞɛɘəɎ ɛɞɜŰɏɚŬ Űɤɜ Shibire əŬɘ Űɤɜ B. tryoni Shibire. 

3. ȰˊŮɘŰŬ, ɗŬ ɔɑɜŮɘ ŮɘůŬɔɤɔɐ Űɤɜ ɛŮŰŬɚɚɎɝŮɤɜ ˊɞɡ ˊɟɞɓɚɏˊɞɡɜ Űɞɜ ŮˊɘɗɡɛɖŰɧ űŬɘɜɧŰɡˊɞ ɓɎůŮɘ Űɤɜ 
ɡˊɞɚɞɔɘůŰɘəɩɜ ɛɞɜŰɏɚɤɜ ůŰɞ ɔɞɜɘŭɑɤɛŬ Űɖɠ Ceratitis capitata ɛɏůɤ CRISPR/Cas9 Homology 

Directed Repair. 

4. ɇɏɚɞɠ, ˊɟɞɓɚɏˊŮŰŬɘ ɛŮŰŬűɞɟɎ Űɞɡ Ŭɔɟɑɞɡ Ŭɚɚɖɚɞɛɧɟűɞɡ shibire ůŰɞ Y ɢɟɤɛɧůɤɛŬ ɩůŰŮ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗŮɑ ɚŮɘŰɞɡɟɔɘəɧ əŬɘ ŮɨɢɟɖůŰɞ ůŰɏɚŮɢɞɠ ɔŮɜŮŰɘəɞɨ ŭɘŬɢɤɟɘůɛɞɨ űɨɚɞɡ (GSS, Genetic 

Sexing Strain). 

 

ɄɟɞəŬŰŬɟəŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɀɏɢɟɘ ůŰɘɔɛɐɠ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ: 

1. ȷɜɎɚɡůɖ Űɖɠ GTP ŮˊɘəɟɎŰŮɘŬɠ Űɖɠ D. melanogaster Ŭɔɟɑɞɡ Űɨˊɞɡ (ɢɤɟɑɠ Űɖɜ ɛŮŰɎɚɚŬɝɖ) Űɖɠ GTP 

ŮˊɘəɟɎŰŮɘŬɠ Űɖɠ D. melanogaster ɛŮ Űɖɜ ɛŮŰɎɚɚŬɝɖ shits1 ůŰɘɠ ɗŮɟɛɞəɟŬůɑŮɠ 25C̄ əŬɘ 29C̄ (4 

ɛɞɜŰɏɚŬ).  

2. ȷɜɎɚɡůɖ Űɖɠ GTP ŮˊɘəɟɎŰŮɘŬɠ Űɖɠ B. tryoni Ŭɔɟɑɞɡ Űɨˊɞɡ (ɢɤɟɑɠ Űɖɜ ɛŮŰɎɚɚŬɝɖ) Űɖɠ GTP 

ŮˊɘəɟɎŰŮɘŬɠ Űɖɠ B. tryoni ɛŮ Űɖɜ ɛŮŰɎɚɚŬɝɖ shits1 ůŰɘɠ ɗŮɟɛɞəɟŬůɑŮɠ 25C̄ əŬɘ 21C̄ (4 ɛɞɜŰɏɚŬ).  

3. ȷɜɎɚɡůɖ Űɖɠ GTP ŮˊɘəɟɎŰŮɘŬɠ Űɖɠ C.capitata Ŭɔɟɑɞɡ Űɨˊɞɡ (ɢɤɟɑɠ Űɖɜ ɛŮŰɎɚɚŬɝɖ) Űɖɠ GTP 

ŮˊɘəɟɎŰŮɘŬɠ Űɖɠ C.capitata ɛŮ Űɖɜ ɛŮŰɎɚɚŬɝɖ shits1 ůŰɘɠ ɗŮɟɛɞəɟŬůɑŮɠ 25C̄ əŬɘ 21C̄ (4 ɛɞɜŰɏɚŬ).  

ȼ ɛŮɚɏŰɖ ŬɡŰɐ ŬɜɏŭŮɘɝŮ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ɡŭɟɞɔɞɜɘəɞɨ ŭŮůɛɞɨ ůŮ ɧɚŬ ŰŬ ɏɜŰɞɛŬ ˊɞɡ 

ŮɛűŬɜɑɕɞɡɜ ɗŬɜŬŰɞɔɧɜɞ űŬɘɜɧŰɡˊɞ (D. melanogaster shits1 29̄ C, B. tryoni shits1 25̄ C əŬɘ 21C̄). Ƀ 

ŭŮůɛɧɠ ŬɡŰɧɠ ɡˊɎɟɢŮɘ əŬɘ ůŰŬ ɛɞɜŰɏɚŬ Űɖɠ C. capitata GTP ŮˊɘəɟɎŰŮɘŬɠ Űɖɠ ɛŮ Űɖɜ ɛŮŰɎɚɚŬɝɖ shits1 

ůŰɘɠ ɗŮɟɛɞəɟŬůɑŮɠ 21C̄ əŬɘ 25. C̄. ȷɡŰɧ ɑůɤɠ ŭŮɑɢɜŮɘ ɧŰɘ ɖ shits1 ŭŮɜ ɗŬ ŮɑɜŬɘ ɛɘŬ ŮˊɘŰɡɢɖɛɏɜɖ 

ɛŮŰɎɚɚŬɝɖ, əŬɗɩɠ ŮɛűŬɜɑɕŮɘ ŭɞɛɘəɏɠ ɞɛɞɘɧŰɖŰŮɠ ɛŮ ŰŬ ɛɞɜŰɏɚŬ Űɖɠ B. tryoni əŬɘ ɧɢɘ ɛŮ ŬɡŰɎ Űɖɠ D. 

melanogaster ůŰɘɠ ɗŮɟɛɞəɟŬůɑŮɠ 25C̄ əŬɘ 29C̄. ȷɡŰɧ ɛɏɜŮɘ ɜŬ ŮˊɘɓŮɓŬɘɤɗŮɑ əŬɘ ŮɟɔŬůŰɖɟɘŬəɎ.  

 

ɆɡɛˊɏɟŬůɛŬ 

ȷˊɧ Űɘɠ ŭɞɛɘəɏɠ ŬɚɚŬɔɏɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ əŬɘ Ŭˊɧ ŰŬ ˊɟɞəŬŰŬɟŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɏɔɘɜŮ ɛɑŬ Ŭɟɢɘəɐ 

ˊɟɧɓɚŮɣɖ ɔɘŬ Űɞɜ űŬɘɜɧŰɡˊɞ ůŰɖɜ C. capitata ˊɞɡ ɛɏɜŮɘ ɜŬ ŬˊɞŭŮɘɢŰŮɑ əŬɘ ŮɟɔŬůŰɖɟɘŬəɎ. ȰŰůɘ, ɗŬ 

ŭɘŬˊɘůŰɤɗŮɑ Ŭɜ ɛɏůɤ Űɖɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ əŬɘ Űɞɡ ɞɟɗɞɚɞɔɘəɞɨ ůɢŮŭɘŬůɛɞɨ ɛŮŰŬɚɚɎɝŮɤɜ ŮɑɜŬɘ ŮűɘəŰɧ 

ɜŬ ˊɟɞɓɚɏˊɞɡɛŮ Űɞɜ űŬɘɜɧŰɡˊɞ ɛɘŬɠ ɛŮŰɎɚɚŬɝɖɠ əŬɘ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɛŮ ŮəŮɑɜɖ ˊɞɡ ɗŬ ɛŬɠ ŭɩůŮɘ Űɞɜ 

ŮˊɘɗɡɛɖŰɧ űŬɘɜɧŰɡˊɞ ɗŮɟɛɞŮɡŬɘůɗɖůɑŬɠ. MŬəɟɞˊɟɧɗŮůɛŬ, ɖ ŮɨɟŮůɖ ŰɏŰɞɘɤɜ ɛŮŰŬɚɚɎɝŮɤɜ əŬɘ ɖ 

ɛŮŰŬűɞɟɎ Űɞɡɠ ůŰɞ Y ɢɟɤɛɧůɤɛŬ ɗŬ ɞŭɖɔɐůŮɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ůŰŮɚŮɢɩɜ ɔŮɜŮŰɘəɞɨ 

ŭɘŬɢɤɟɘůɛɞɨ űɨɚɞɡ ůŮ ŭɘɎűɞɟŬ ɏɜŰɞɛŬ ɔɘŬ Űɖɜ ɛɏɗɞŭɞ SIT. 
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ɉŬɟŬəŰɖɟɘůɛɧɠ Űɖɠ ɔŮɜŮŰɘəɐɠ ŭɞɛɐɠ əŬɘ əŬŰŬɔɤɔɐɠ Űɤɜ Ůɚɚɖɜɘəɩɜ űɡɚɩɜ 

ˊɟɞɓɎŰɤɜ ɛŮ ɢɟɐůɖ Űɖɠ ɛɘəɟɞůɡůŰɞɘɢɑŬɠ OvineSNP50 GenotypingBeadChip 

 
ɇɆȷɅɇɆȽȷɁȽȹɃɈ ȸŬɚŮɜŰɑɜŬ1,2, ũȾȷũȾȷȸɃɈȻȼɆ ȾɤɜůŰŬɜŰɑɜɞɠ1,2, ɇɆȷȿȾȽɇȻȽȹɃɈ ɀŬɟɑŬ1, 

ɀɃɈȿȽɆɇȷɁɃɆ ȷɟɘůŰɞŰɏɚɖɠ1,2, ȾȷɅȷɌɆȾɃɈ ɁɘəɞɚɏŰŬ1,2, ȸɃɈɅȷȾȼ ɆɤŰɖɟɑŬ1, ȷɅũɈɅȽȷȹɃɈ 
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ɄŮɟɑɚɖɣɖ 

ȼ ŮəŰɟɞűɐ Űɤɜ ɛɘəɟɩɜ ɛɖɟɡəŬůŰɘəɩɜ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɐ ɞɘəɞɜɞɛɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɖɠ Ůɚɚɖɜɘəɐɠ 

əŰɖɜɞŰɟɞűɑŬɠ ŭɘŬɗɏŰɞɜŰŬɠ ɛɑŬ Ŭˊɧ Űɘɠ ˊɚɞɡůɘɧŰŮɟŮɠ ɔŮɜŮŰɘəɏɠ ŭŮɝŬɛŮɜɏɠ Ŭˊɧ ˊɞɚɡɎɟɘɗɛŮɠ ŮɔɢɩɟɘŮɠ űɡɚɏɠ 

ˊɟɞɓɎŰɤɜ. ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮůŰɘɎɕŮɘ ůŰɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ Ůɚɚɖɜɘəɩɜ űɡɚɩɜ ˊɟɞɓɎŰɞɡ. ȰɜŬ 

ůɨɜɞɚɞ 1.008 ˊɟɞɓɎŰɤɜ Ŭˊɧ 5 ŮɔɢɩɟɘŮɠ űɡɚɏɠ (ɉɑɞɡ, ūɟɘɕɎɟŰŬ, ɀˊɞɨŰůəɞ, ɀɡŰɘɚɐɜɖɠ, ɄŮɚŬɔɞɜɑŬɠ) 

ɔɞɜɞŰɨˊɖɗɖəŮ ɛŮ Űɖɜ DNA ɛɘəɟɞůɡůŰɞɘɢɑŬ OvineSNP50 Genotyping Bead Chip v2 əŬɘ ŬɜŬɚɨɗɖəŮ ɛŬɕɑ ɛŮ 

ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ 38 űɡɚɏɠ ˊɟɞɓɎŰɞɡ Ŭˊɧ ɧɚɞ Űɞɜ əɧůɛɞ (Sheep HapMap Project). ɇɞ ɔŮɜŮŰɘəɧ ˊɟɞűɑɚ 

Űɤɜ Ůɚɚɖɜɘəɩɜ űɡɚɩɜ ˊɟɞɓɎŰɤɜ űŬɑɜŮŰŬɘ ˊɤɠ ɏɢŮɘ ŭɘŬɛɞɟűɤɗŮɑ Ŭˊɧ ˊɞɘəɑɚŮɠ ŭɘŮɟɔŬůɑŮɠ, ɧˊɤɠ ɖ ɔɞɜɘŭɘŬəɐ ɟɞɐ 

ɛŮŰŬɝɨ ŬůɘŬŰɘəɩɜ əŬɘ ŮɡɟɤˊŬɥəɩɜ űɡɚɩɜ, ɖ ŮɜŰŬŰɘəɞˊɞɑɖůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŮəŰɟɞűɐɠ əŬɘ ɖ ˊɟɞůŬɟɛɞɔɐ ůŰɘɠ 

Űɞˊɘəɏɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ. ȺˊɘˊɟɧůɗŮŰŬ, ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ ŬŰɧɛɤɜ ůŮ ŮˊɑˊŮŭɞ űɡɚɐɠ ɐŰŬɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɐ, ɡˊɞŭŮɘəɜɨɞɜŰŬɠ Űɖɜ ůɖɛŬůɑŬ Űɖɠ ɔŮɤɔɟŬűɘəɐɠ əŬŰŬɔɤɔɐɠ Űɖɠ űɡɚɐɠ əŬɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ɘɢɜɖɚŬůɘɛɧŰɖŰŬɠ Űɖɠ ˊɟɞɏɚŮɡůɖɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɛɓɎɚɚɞɡɜ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ɔŮɜŮŰɘəɐɠ ŰŬɡŰɧŰɖŰŬɠ. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ 

ūɡɚɏɠ, ˊɟɧɓŬŰɞ, DNA ɛɘəɟɞůɡůŰɞɘɢɑŮɠ, ɔŮɜŮŰɘəɧ ˊɟɞűɑɚ, əŬŰŬɔɤɔɐ 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ űɡɚɩɜ ůŰŬ ˊŬɟŬɔɤɔɘəɎ ɕɩŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ɛɖ ŰɡɢŬɑɤɜ ŭɘŬůŰŬɡɟɩůŮɤɜ ˊɞɡ 

ůɡɛɓŬɑɜɞɡɜ Ůŭɩ əŬɘ ŮəŬŰɞɜŰɎŭŮɠ ɢɟɧɜɘŬ ŮɝŬůűŬɚɑɕɞɜŰŬɠ Űɖɜ ɓŮɚŰɑɤůɖ Űɤɜ ˊŬɟŬɔɤɔɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ˊɟɞůŬɟɛɞɔɐ ůŰɘɠ ŮəɎůŰɞŰŮ Űɞˊɘəɏɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ 

(Kijas et al. 2012). ȼ ȺɚɚɎŭŬ ŭɘŬɗɏŰŮɘ ɛɑŬ Ŭˊɧ Űɘɠ ˊɚɞɡůɘɧŰŮɟŮɠ ŭŮɝŬɛŮɜɏɠ ɕɤɘəɩɜ ɔŮɜŮŰɘəɩɜ ˊɧɟɤɜ 

ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɀŮůɞɔŮɑɞɡ, ɚɧɔɤ Űɖɠ ɘŭɘŬɑŰŮɟɖɠ ɔŮɤɛɞɟűɞɚɞɔɑŬɠ, Űɖɠ ɔŮɤɔɟŬűɘəɐɠ ɗɏůɖɠ əŬɘ Űɤɜ 

ŭɘŬŭɞɢɘəɩɜ əɡɛɎŰɤɜ ŭɘŬůˊɞɟɎɠ Űɤɜ ŮɝɖɛŮɟɤɛɏɜɤɜ ɛɘəɟɩɜ ɛɖɟɡəŬůŰɘəɩɜ ɛŮ əŬŰŮɨɗɡɜůɖ əɡɟɑɤɠ Ŭˊɧ 

Űɖɜ ȷůɑŬ ˊɟɞɠ Űɖɜ Ⱥɡɟɩˊɖ (Mason 1967, Vigne 2011). Ƀɘ ˊŬɔəɧůɛɘŮɠ űɡɚɏɠ ˊɟɞɓɎŰɤɜ ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ 

ůŰɞ ˊŬɟŮɚɗɧɜ ɛŮ ůəɞˊɧ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ɔŮɜŮŰɘəɐɠ ɘůŰɞɟɑŬɠ əŬɘ Űɖɠ Ůɝɏɚɘɝɖɠ Űɞɡ Ůɑŭɞɡɠ (Cianni et 

al. 2020, Kijas et al. 2012). ɄɟɧůűŬŰŬ, ɛɑŬ Ůɘŭɞ-Ůɘŭɘəɐ DNA ɛɘəɟɞůɡůŰɞɘɢɑŬ ŬɜŬˊŰɨɢɗɖəŮ ɔɘŬ ŰŬ 

ˊɟɧɓŬŰŬ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ 52.152 Ŭˊɚɩɜ ɜɞɡəɚŮɞŰɘŭɘəɩɜ ˊɞɚɡɛɞɟűɘůɛɩɜ (Single Nucleotide 

Polymorphisms, SNPs) ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 75 ŭɘŬűɞɟŮŰɘəɏɠ űɡɚɏɠ (Kijas et al. 2009). 

ɄŬɟɧɚɞ ˊɞɡ ɖ ɔŮɜŮŰɘəɐ ŭɞɛɐ əŬɘ ɖ ˊɞɘəɘɚɧŰɖŰŬ Űɤɜ Ůɚɚɖɜɘəɩɜ űɡɚɩɜ ˊɟɞɓɎŰɤɜ ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ɛŮ 

ɢɟɐůɖ ɛɘəɟɞŭɞɟɡűɞɟɘəɩɜ (Ligda et al. 2009, Loukovitis et al. 2016) əŬɘ SNP ŭŮɘəŰɩɜ (Michailidou et 

al. 2018), ɖ ɔŮɜŮŰɘəɐ Űɞɡɠ ůɡɔɔɏɜŮɘŬ ɛŮ Űɘɠ ˊŬɔəɧůɛɘŮɠ űɡɚɏɠ əŬɗɩɠ əŬɘ ɞ ŮəŰŮɜɐɠ ɢŬɟŬəŰɖɟɘůɛɧɠ Űɤɜ 

űɡɚɩɜ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ ŭŮɜ ɏɢŮɘ ŭɘŮɟŮɡɜɖɗŮɑ. Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ ɐŰŬɜ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ 

ɔŮɜŮŰɘəɐɠ ŭɞɛɐɠ, Űɖɠ əŬŰŬɔɤɔɐɠ əŬɘ Űɖɠ ŭɘŬɗɏůɘɛɖɠ ˊɞɘəɘɚɧŰɖŰŬɠ ˊɏɜŰŮ Ůɚɚɖɜɘəɩɜ űɡɚɩɜ ˊɟɞɓɎŰɤɜ. 
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ɀɏɗɞŭɞɘ 

ȷˊɞɛɧɜɤůɖ DNA əŬɘ ɔɞɜɞŰɨˊɖůɖ 

ɇɞ ɞɚɘəɧ ɔŮɜɤɛɘəɧ ɡɚɘəɧ ŬˊɞɛɞɜɩɗɖəŮ Ŭˊɧ ŭŮɑɔɛŬŰŬ ŬɑɛŬŰɞɠ ɛŮ Űɞ ˊɟɤŰɧəɞɚɚɞ Űɖɠ QIAamp DNA 

Mini  and Blood Mini  kit (QIAGEN, USA). ȼ ˊɞɘɧŰɖŰŬ əŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ DNA ŭŮɘɔɛɎŰɤɜ 

ŮəŰɘɛɐɗɖəŮ ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ űŬůɛŬŰɞűɤŰɧɛŮŰɟɞɡ Nanodrop əŬɘ ɞ əŬŰɎɚɚɖɚɞɠ ɧɔəɞɠ ɛŮŰŬűɏɟɗɖəŮ ůŮ 

ˊɚɎəŮɠ Űɤɜ 96 ɞˊɩɜ. ȼ ɔɞɜɞŰɨˊɖůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɖɜ ůɡůŰɞɘɢɑŬ OvineSNP50 Genotyping 

BeadChip v2 (Illumina, Inc., U.S.) Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ Neogen (UK).  

 

ȹɖɛɘɞɡɟɔɑŬ ɔŮɜŮŰɘəɐɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ əŬɘ ˊɞɘɞŰɘəɧɠ ɏɚŮɔɢɞɠ 

ɇɞ ůɨɜɞɚɞ Űɤɜ 1.008 ˊɟɞɓɎŰɤɜ ˊɞɡ ɔɞɜɞŰɡˊɐɗɖəŬɜ (ɉɑɞɡ=173, ūɟɘɕɎɟŰŬ=367, ɀˊɞɨŰůəɞ=300, 

ɀɡŰɘɚɐɜɖɠ=108, ɄŮɚŬɔɞɜɑŬɠ=60) ŮɜůɤɛŬŰɩɗɖəŮ ůŮ əɞɘɜɐ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ɛŮ 2.036 ŭɖɛɞůɘŮɡɛɏɜɞɡɠ 

ɔɞɜɞŰɨˊɞɡɠ Ŭˊɧ 38 űɡɚɏɠ ˊɟɞɓɎŰɞɡ (Kijas et al. 2012, Tsartsianidou et al. 2021). ɆŰɞɜ ˊɞɘɞŰɘəɧ ɏɚŮɔɢɞ 

ŬűŬɘɟɏɗɖəŬɜ ɞɘ űɡɚŮŰɘəɞɑ, ɛɘŰɞɢɞɜŭɟɘŬəɞɑ əŬɘ ɛɖ ɢŬɟŰɞɔɟŬűɖɛɏɜɞɘ ŭŮɑəŰŮɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ 

ɚɞɔɘůɛɘəɧ PLINK v1.9 (Chang et al. 2015). ɆŰɖ ůɡɜɏɢŮɘŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬűŬɑɟŮůɖ Űɤɜ ŭŮɘəŰɩɜ 

ˊɞɡ ŭŮɜ ɏɢɞɡɜ ɔɞɜɞŰɡˊɖɗŮɑ ůŮ ɑůɞ ɐ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɞɡ 2% Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮɘɔɛɎŰɤɜ əŬɘ ɞɘ 

ŭŮɑəŰŮɠ ɛŮ ŬɚɚɖɚɧɛɞɟűŬ ůɡɢɜɧŰɖŰŬɠ ɛɘəɟɧŰŮɟɖɠ Űɞɡ 2% (MAF) ůŰɞ ůɨɜɞɚɞ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ. 

Ⱥˊɘˊɚɏɞɜ ŬűŬɘɟɏɗɖəŬɜ ŰŬ ɎŰɞɛŬ ɛŮ ɔɞɜɞŰɡˊɖɛɏɜɞɡɠ ŭŮɑəŰŮɠ əɎŰɤ Űɞɡ 95%. ȷəɞɚɞɨɗɤɠ, ɏɜŬ ůɨɜɞɚɞ 

46.275 ŭŮɘəŰɩɜ ˊŬɟɏɛŮɘɜŬɜ ŭɘŬɗɏůɘɛɞɘ ˊɟɞɠ ŬɜɎɚɡůɖ ɔɘŬ əɎɗŮ ɎŰɞɛɞ.  

 

ȷɜɎɚɡůɖ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ əŬɘ ˊɟɞůɛɑɝŮɤɜ  

ȼ ˊɚɖɗɡůɛɘŬəɐ ŭɞɛɐ ɛŮɚŮŰɐɗɖəŮ ɛŮ ŬɜɎɚɡůɖ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ ɧˊɞɡ ɏɜŬɠ ˊɑɜŬəŬɠ ɔɞɜɘŭɘɤɛŬŰɘəɐɠ 

ůɡɔɔɏɜŮɘŬɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ, ŬɜŬɚɨɗɖəŮ ɛŮ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ GEMMA (Zhou et al. 2012) əŬɘ 

ŬˊŮɘəɞɜɑůŰɖəŬɜ ɞɘ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ.  ȺˊɘˊɟɧůɗŮŰŬ, ɛɑŬ ŬɜɎɚɡůɖ ˊɟɞůɛɑɝŮɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ 

Űɖ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ ADMIXTURE v1.3.0 (Alexander, Novembre & Lange 2009) ɛŮ ůəɞˊɧ Űɖɜ 

ŮɨɟŮůɖ Űɖɠ əŬŰŬɔɤɔɐɠ Űɤɜ Ůɚɚɖɜɘəɩɜ űɡɚɩɜ. 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȷɜɎɚɡůɖ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ 

ȼ ɔŮɜŮŰɘəɐ ŭɞɛɐ Űɞɡ ˊŬɔəɧůɛɘɞɡ ŭŮɑɔɛŬŰɞɠ ˊɟɞɓɎŰɤɜ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1, űŬɜŮɟɩɜɞɜŰŬɠ ɛɑŬ 

ɞɛŬŭɞˊɞɑɖůɖ Űɤɜ űɡɚɩɜ ɛŮ ɓɎůɖ Űɖɜ ɔŮɤɔɟŬűɘəɐ ˊɟɞɏɚŮɡůɖ əɎɗŮ űɡɚɐɠ ɧˊɤɠ ɏɢŮɘ ŭɘŬˊɘůŰɤɗŮɑ əŬɘ 

ůŰɞ ˊŬɟŮɚɗɧɜ (Kijas et al. 2012, Naval-Sanchez et al. 2018). Ƀɘ Ůɚɚɖɜɘəɏɠ űɡɚɏɠ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ 

ŮˊŬɟəɩɠ əŬɘ əŬŰɏɢɞɡɜ ɛɑŬ əŮɜŰɟɘəɐ, ŭɘŬəɟɘŰɐ ɗɏůɖ ŬɜɎɛŮůŬ ůŰɘɠ ȷůɘŬŰɘəɏɠ, ȺɡɟɤˊŬɥəɏɠ əŬɘ 

ȷűɟɘəŬɜɘəɏɠ űɡɚɏɠ. 

 

ȷɜɎɚɡůɖ ˊɟɞůɛɑɝŮɤɜ 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ ˊɟɞůɛɑɝŮɤɜ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2. ȼ ȷůɘŬŰɘəɐ əŬɘ 

ȺɡɟɤˊŬɥəɐ ɔŮɜŮŰɘəɐ əŬŰŬɔɤɔɐ ŮɑɜŬɘ ŮɡŭɘɎəɟɘŰɖ ɔɘŬ ɏɜŬ ɡˊɞɗŮŰɘəɧ Ŭɟɘɗɛɧ ˊɟɞɔɞɜɘəɩɜ ˊɚɖɗɡůɛɩɜ 

Ⱦ=2 ɛŮ ŭɘŬűɞɟɞˊɞɑɖůɖ ŮɜŰɧɠ ɖˊŮɑɟɞɡ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ 

űɡɚɩɜ Űɖɠ ɀŮůɞɔŮɑɞɡ ɔɘŬ Ⱦ=12. Ƀ ɓɏɚŰɘůŰɞɠ Ŭɟɘɗɛɧɠ ˊɟɞɔɞɜɘəɩɜ ˊɚɖɗɡůɛɩɜ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ 

Ŭɟɘɗɛɧ 35, ɧˊɞɡ ɞɘ űɡɚɏɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɞɜŬŭɘəɐ ɔŮɜŮŰɘəɐ ŭɞɛɐ ɛŮ ŮɝŬɑɟŮůɖ ŭɨɞ ɘůˊŬɜɘəɏɠ 

űɡɚɏɠ (OJA, RAA). ȺˊɘˊɟɧůɗŮŰŬ, ɖ űɡɚɐ ɉɑɞɡ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŰɏůůŮɟɘɠ Ůɚɚɖɜɘəɏɠ 

űɡɚɏɠ.  

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ɇɞ ɔŮɜŮŰɘəɧ ˊɟɞűɑɚ Űɤɜ Ůɚɚɖɜɘəɩɜ űɡɚɩɜ ˊɟɞɓɎŰɤɜ űŬɑɜŮŰŬɘ ˊɤɠ ɏɢŮɘ ˊɟɞəɨɣŮɘ Ŭˊɧ ˊɟɞɔɞɜɘəɞɨɠ 

ˊɚɖɗɡůɛɞɨɠ ȷůɘŬŰɘəɐɠ əŬɘ ȺɡɟɤˊŬɥəɐɠ ˊɟɞɏɚŮɡůɖɠ ůɨɛűɤɜŬ ɛŮ Űɘɠ ŬɜŬɚɨůŮɘɠ ˊɚɖɗɡůɛɘŬəɐɠ ŭɞɛɐɠ. 

ȼ ɔŮɜŮŰɘəɐ ŭɞɛɐ Űɖɠ Ůɚɚɖɜɘəɐɠ űɡɚɐɠ ɉɑɞɡ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŰɏůůŮɟɘɠ Ůɚɚɖɜɘəɏɠ 

űɡɚɏɠ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ɚɧɔɤ əŬŰŬɔɤɔɐɠ Ŭˊɧ ŬůɘŬŰɘəɏɠ ˊɚŬŰɨɞɡɟŮɠ űɡɚɏɠ əŬɘ ɛŮŰɏˊŮɘŰŬ ɔŮɜŮŰɘəɐɠ 

ˊŬɟɏəəɚɘůɖɠ əŬɘ Ůˊɘɚɞɔɐɠ. Ƀ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ Ůɚɚɖɜɘəɩɜ űɡɚɩɜ ŮˊɘŰŮɨɢɗɖəŮ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ Ůɘŭɞ-

Ůɘŭɘəɐɠ DNA ɛɘəɟɞůɡůŰɞɘɢɑŬɠ, ˊŬɟɏɢɞɜŰŬɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ ŰŬɡŰɞˊɞɑɖůɖ əŬɘ ŮˊŬəɧɚɞɡɗɖ 

ŭɘŬɢŮɑɟɘůɖ əŬɘ ŭɘŬŰɐɟɖůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ɔŮɜŮŰɘəɩɜ ˊɧɟɤɜ. 
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ȺɘəɧɜŬ 1. ȷɜɎɚɡůɖ əɨɟɘɤɜ ůɡɜɘůŰɤůɩɜ ɔɘŬ Űɘɠ ˊŬɔəɧůɛɘŮɠ űɡɚɏɠ ˊɟɞɓɎŰɤɜ. ȷˊŮɘəɞɜɑɕɞɜŰŬɘ ɖ ˊɟɩŰɖ 

(ɎɝɞɜŬɠ ɢ) əŬɘ ɖ ŰɟɑŰɖ əɨɟɘŬ ůɡɜɘůŰɩůŬ (ɎɝɞɜŬɠ ɣ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 2. ȷɜɎɚɡůɖ ˊɟɞůɛɑɝŮɤɜ Űɤɜ ˊŬɔəɧůɛɘɤɜ űɡɚɩɜ ˊɟɞɓɎŰɤɜ ɔɘŬ 2, 3, 4, 6, 12, 15, 20 əŬɘ 35 

(ɢŬɛɖɚɧŰŮɟɖ Űɘɛɐ ůűɎɚɛŬŰɞɠ) ˊɟɞɔɞɜɘəɞɨɠ ˊɚɖɗɡůɛɞɨɠ. 
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ɄŮɟɑɚɖɣɖ 
ɇɞ ɞůűɟɖŰɘəɧ ůɨůŰɖɛŬ ŭɘŬŭɟŬɛŬŰɑɕŮɘ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰŬ ɏɜŰɞɛŬ,  əŬɗɩɠ ŬɜŬɔɜɤɟɑɕŮɘ əŬɘ ŭɘŬəɟɑɜŮɘ ɞůɛɏɠ, 

ɞŭɖɔɩɜŰŬɠ  ůŮ ɛɘŬ ůŮɘɟɎ ůɡɛˊŮɟɘűɞɟɩɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ Űɧůɞ ɛŮ Űɖ ůɨɕŮɡɝɖ ɧůɞ əŬɘ ɛŮ Űɖɜ ŮɝŮɨɟŮůɖ əŬɘ 

Ŭˊɞŭɞɢɐ Űɤɜ ɗɏůŮɤɜ ɤɞŰɞəɑŬɠ. ȼ ɤɞŬˊɧɗŮůɖ, ɧɛɤɠ, ŬˊɞŰŮɚŮɑ əŬɘ ŰŮɟɎůŰɘŬ ˊɖɔɐ əŬŰŬůŰɟɞűɩɜ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

űɟɞɨŰɤɜ əŬɘ ɚŬɢŬɜɘəɩɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ůŰɞɢŮɨɞɡɛŮ ůŰɞɜ ɢŬɟŬəŰɖɟɘůɛɧ (deorphanization) ŭɘŬűɧɟɤɜ 

ɞůűɟɖŰɘəɩɜ ɡˊɞŭɞɢɏɤɜ Űɖɠ ɛɨɔŬɠ Űɖɠ ɀŮůɞɔŮɑɞɡ (Ceratitis capitata), Ůɜɧɠ ˊɞɚɨ əŬŰŬůŰɟɞűɘəɞɨ ŮɜŰɧɛɞɡ, 

ɛŮɔɎɚɖɠ ɞɘəɞɜɞɛɘəɐɠ ůɖɛŬůɑŬɠ. Ƀ ɢŬɟŬəŰɖɟɘůɛɧɠ Űɤɜ ɡˊɞŭɞɢɏɤɜ Űɞɡ ɗŬ ɛŬɠ ˊɟɞůűɏɟŮɘ ɛɞɜŬŭɘəɎ ŮɟɔŬɚŮɑŬ ɔɘŬ 

ɛɘŬ ŮɜŰŮɚɩɠ ŭɘŬűɞɟŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ ɚɞɔɘəɞɨ ůɢŮŭɘŬůɛɞɨ (rational design) ɜɏŬɠ ɔŮɜɘɎɠ ˊɟɞůŮɚəɡůŰɘəɩɜ, ŰŬ 

ɞˊɞɑŬ ɗŬ ŮɑɜŬɘ ŮɝŮɘŭɘəŮɡɛɏɜŬ ɜŬ ˊɟɞůŭɏɜɞɜŰŬɘ ŮˊɘɚŮəŰɘəɎ ůŰɞɡɠ ɞůűɟɖŰɘəɞɨɠ ɡˊɞŭɞɢŮɑɠ, ɞŭɖɔɩɜŰŬɠ ŰŬ ɏɜŰɞɛŬ 

ůŰɖɜ ˊɖɔɐ Űɞɡ ɞůɛɖɟɞɨ ŮɟŮɗɑůɛŬŰɞɠ ůŰɞ ŮůɤŰŮɟɘəɧ ɛɘŬɠ ˊŬɔɑŭŬɠ, ɧˊɞɡ ůŰɖ ůɡɜɏɢŮɘŬ ɗŬ ɗŬɜŬŰɩɜɞɜŰŬɘ. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ: ŭɎəɞɠ, ɛɨɔŬ Űɖɠ ɀŮůɞɔŮɑɞɡ, ɞůűɟɖŰɘəɧ ůɨůŰɖɛŬ, ˊŬɔɑŭŮɠ, ɚɞɔɘəɧɠ ůɢŮŭɘŬůɛɧɠ.  

 

 

ȺɘůŬɔɤɔɐ 

ɇŬ Tephritidae ŬˊɞŰŮɚɞɨɜ ɛɘŬ ɛŮɔɎɚɖ ɞɘəɞɔɏɜŮɘŬ ŮɜŰɧɛɤɜ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ ŰɎɝɖ Diptera əŬɘ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ 4000 Ůɑŭɖ (Liquido et al.,1991). ɇŬ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ŬɡŰɎ, ŬˊɞŰŮɚɞɨɜ 

ɏɜŰɞɛŬ ɛŮɔɎɚɖɠ ɞɘəɞɜɞɛɘəɐɠ ůɖɛŬůɑŬɠ, Ŭűɞɨ ˊɟɞəŬɚɞɨɜ ůɖɛŬɜŰɘəɏɠ ˊɞɘɞŰɘəɏɠ əŬɘ ˊɞůɞŰɘəɏɠ 

əŬŰŬůŰɟɞűɏɠ ůŰɖɜ ˊŬɟŬɔɤɔɐ űɟɞɨŰɤɜ. ɆŰɖɜ ɞɘəɞɔɏɜŮɘŬ ŬɡŰɐ ŬɜɐəŮɘ əŬɘ ɖ ɛɨɔŬ Űɖɠ ɀŮůɞɔŮɑɞɡ 

Ceratitis capitata (Wiedemann) ˊɞɡ ŬˊɞŰŮɚŮɑ ɏɜŬ ŮɝŬɘɟŮŰɘəɎ ˊɞɚɡűɎɔɞ ɏɜŰɞɛɞ əŬɘ ˊɟɞůɓɎɚɚŮɘ ˊɞɚɚɎ 

ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ɝŮɜɘůŰɩɜ (Liquido et al.,1991). ɇŬ ŮɜɐɚɘəŬ ɗɖɚɡəɎ ŬˊɞɗɏŰɞɡɜ ŰŬ ŬɡɔɎ Űɞɡɠ ůŰɞ 

ŮůɤŰŮɟɘəɧ Űɤɜ əŬɟˊɩɜ-ɝŮɜɘůŰɩɜ əŬɘ ɞɘ ˊɟɞɜɨɛűŮɠ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŮ ɓɎɟɞɠ Űɖɠ ůɎɟəŬɠ 

əŬŰŬůŰɟɏűɞɜŰɎɠ Űɖɜ. Ƀ ɏɚŮɔɢɧɠ Űɞɡɠ ɔɑɜŮŰŬɘ əɡɟɑɤɠ ɛŮ ɢɖɛɘəɎ ŮɜŰɞɛɞəŰɧɜŬ, ɛŮ ŮˊɘˊŰɩůŮɘɠ Űɧůɞ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ ɧůɞ əŬɘ ůŰɖ ŭɖɛɧůɘŬ ɡɔŮɑŬ. 

 

ȰɜŬ ůɖɛŬɜŰɘəɧ əɞɛɛɎŰɘ Űɖɠ ɏɟŮɡɜŬɠ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ŮɜŰɧɛɤɜ ŬɡŰɩɜ ŬˊɞŰŮɚŮɑ ɖ Ŭɝɘɞˊɞɑɖůɖ 

Űɤɜ ɞůɛɩɜ Űɤɜ ɝŮɜɘůŰɩɜ Űɞɡɠ. ȼ ˊɟɞůŮɚəɡůŰɘəɐ ŭɟɎůɖ Űɤɜ ɞůɛɩɜ Űɤɜ ɝŮɜɘůŰɩɜ ůɡɜŭɏŮŰŬɘ Űɧůɞ ɛŮ 

ŰɟɞűɘəɎ ŮɟŮɗɑůɛŬŰŬ ɧůɞ əŬɘ ɛŮ ŮɟŮɗɑůɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ɜŬ əɎɜɞɡɜ ɛŮ Űɖɜ ŮɝŮɨɟŮůɖ ɗɏůŮɤɜ ɤɞŰɞəɑŬɠ 

(əŬɟˊɞɑ) Ŭˊɧ ŰŬ ɗɖɚɡəɎ (Katsoyannos et al., 1997). 

 

ɆɡɜŮˊɩɠ, ŮɚəɡůŰɘəɎ ˊɞɡ ɗŬ ɓŬůɑɕɞɜŰŬɘ ůŮ űɡůɘɞɚɞɔɘəɏɠ ŬˊɞəɟɑůŮɘɠ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ  ɞɡůɑŮɠ ɗŬ 

ɞŭɖɔɐůɞɡɜ ůŰɖɜ ŬɜɎˊŰɡɝɖ ŮɝŮɘŭɘəŮɡɛɏɜɤɜ ůɡůŰɖɛɎŰɤɜ ˊɟɞůɏɚəɡůɖɠ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ 

ŮɜŰɧɛɤɜ. ɇɏŰɞɘɞɡ Ůɑŭɞɡɠ ˊɟɞůŮɔɔɑůŮɘɠ ɗŬ ŮɚŬɢɘůŰɞˊɞɘɐůɞɡɜ Űɖ ɢɟɐůɖ ŮɜŰɞɛɞəŰɧɜɤɜ, əŬɗɘůŰɩɜŰŬɠ ŰŮɠ 

űɘɚɘəɏɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ŬůűŬɚŮɑɠ ɔɘŬ Űɖ ŭɖɛɧůɘŬ ɡɔŮɑŬ. ȼ ŬɜŬəɎɚɡɣɖ əŬɘ ŭɖɛɘɞɡɟɔɑŬ 

ŮɝŮɘŭɘəŮɡɛɏɜɤɜ ůɡůŰɖɛɎŰɤɜ ˊɟɞůɏɚəɡůɖɠ əŬɘ ˊŬɔɑŭŮɡůɖɠ/ɗŬɜɎŰɤůɖɠ ɏɢŮɘ ŰŮɟɎůŰɘŬ ůɖɛŬůɑŬ Űɧůɞ ɔɘŬ 

Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ˊɚɖɗɡůɛɩɜ ɧůɞ əŬɘ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ Ůɢɗɟɩɜ ɔŮɤɟɔɘəɐɠ ůɖɛŬůɑŬɠ.  

 

ɃůűɟɖŰɘəɧ ůɨůŰɖɛŬ 

ɇŬ ɏɜŰɞɛŬ ŬɜŰɘɚŬɛɓɎɜɞɜŰŬɘ Űɘɠ ɞůɛɏɠ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɞůűɟɖŰɘəɩɜ ɞɟɔɎɜɤɜ, ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɖɜ 

əŮűŬɚɐ Űɞɡɠ (Mayo et al., 1987; Sollai et., 2010). ɇŬ ɧɟɔŬɜŬ ŬɡŰɎ ŮɑɜŬɘ ɞɘ əŮɟŬɑŮɠ (antennae) əŬɘ ɞɘ 
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ɔɜŬɗɘəɏɠ ˊɟɞůŬɟəŰɑŭŮɠ (maxillary palps), ŰŬ ɞˊɞɑŬ əŬɚɨˊŰɞɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡɠ Ŭˊɧ ɞůűɟɖŰɘəɎ 

ŰɟɘɢɑŭɘŬ (sensilla). ɇŬ sensilla ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡɠ ˊŮɟɘɏɢɞɡɜ Ŭˊɧ ɏɜŬɜ ɛɏɢɟɘ ŰɏůůŮɟɘɠ ɞůűɟɖŰɘəɞɨɠ 

ɜŮɡɟɩɜŮɠ (OSNs ï Olfactory Sensory Neurons). ȾɎɗŮ ɞůűɟɖŰɘəɧɠ ɜŮɡɟɩɜŬɠ ŮəűɟɎɕŮɘ əŬɘ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɞůűɟɖŰɘəɞɨɠ ɡˊɞŭɞɢŮɑɠ OR. ȼ ŬɚɚɖɚŮˊɑŭɟŬůɖ Ůɜɧɠ ɞůɛɞɔɧɜɞɡ ɛɞɟɑɞɡ ɛŮ Űɞɡɠ 

ɞůűɟɖŰɘəɞɨɠ ɡˊɞŭɞɢŮɑɠ ˊɟɞəŬɚŮɑ Űɖɜ ˊŬɟŬɔɤɔɐ ŭɡɜŬɛɘəɩɜ ŮɜɏɟɔŮɘŬɠ ůŰɞɡɠ ɞůűɟɖŰɘəɞɨɠ ɜŮɡɟɩɜŮɠ 

(Drimyli  et al., 2016). Ƀɘ ɜŮɡɟɘəɏɠ ŬˊɞɚɐɝŮɘɠ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ɞůűɟɖŰɘəɩɜ ɜŮɡɟɩɜɤɜ əŬŰŬɚɐɔɞɡɜ ůŰɞɜ 

ŮɔəɏűŬɚɞ ɞ ɞˊɞɑɞɠ ŮˊŮɝŮɟɔɎɕŮŰŬɘ Űɞ ɞůűɟɖŰɘəɧ ůɐɛŬ. Ⱥˊɞɛɏɜɤɠ, Űɞ ɞůűɟɖŰɘəɧ ůɨůŰɖɛŬ ŬˊɞŰŮɚŮɑ ɏɜŬ 

ɡˊŮɟŮɡŬɑůɗɖŰɞ ůɨůŰɖɛŬ ŭɘɎəɟɘůɖɠ ɞůɛɩɜ, ˊɞɡ əŬŰŬɚɐɔŮɘ ŰŮɚɘəɎ ůŰɖɜ Ůəŭɐɚɤůɖ ɛɘŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ 

ůɡɛˊŮɟɘűɞɟɎɠ. ɄŬɟɧɚɞ ˊɞɡ ɛɏɢɟɘ ůɐɛŮɟŬ ɡˊɎɟɢɞɡɜ ˊɞɚɚɎ ŮɡɟɐɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ɛɞɟűɞɚɞɔɑŬ əŬɘ 

Űɖɜ əŬŰŬɜɞɛɐ Űɤɜ ɞůűɟɖŰɘəɩɜ Űɟɘɢɩɜ ůŰɖ ɛɨɔŬ Űɖɠ ɀŮůɞɔŮɑɞɡ, ŭŮɜ ɡˊɎɟɢŮɘ əŬɛɑŬ ˊɚɖɟɞűɞɟɑŬ ɔɘŬ Űɞ 

Ůɑŭɞɠ Űɤɜ ɞůűɟɖŰɘəɩɜ ɜŮɡɟɩɜɤɜ ůŮ ŬɡŰɏɠ, ɛŮ ůɡɜɏˊŮɘŬ ɜŬ ɛɖɜ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɚŮɘŰɞɡɟɔɘəɏɠ 

ɛŮɚɏŰŮɠ Űɤɜ ɞůűɟɖŰɘəɩɜ ɡˊɞŭɞɢɏɤɜ.  

 

ɆŰɖ ŭɟɞůɧűɘɚŬ (Drosophila melanogaster), ŬɜŰɘɗɏŰɤɠ, ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰŮɑ əŬɘ ŰŬ 60 ɔɞɜɑŭɘŬ 

ɞůűɟɖŰɘəɩɜ ɡˊɞŭɞɢɏɤɜ Űɖɠ (Song et al., 2008). ȼ ŭɘŬɗŮůɘɛɧŰɖŰŬ ˊɚɖɗɩɟŬɠ ˊɚɖɟɞűɞɟɘɩɜ ɔɘŬ Űɖɜ 

ɞɟɔɎɜɤůɖ əŬɘ Űɞɜ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ɧůűɟɖůɖɠ ůŰɖ Drosophila əŬɗɘůŰɎ ŮɡəɞɚɧŰŮɟɖ Űɖ ɛŮɚɏŰɖ 

ůŰɞɘɢŮɑɤɜ Űɞɡ ɞůűɟɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ Ůɜɧɠ ˊŬɟɧɛɞɘɞɡ ɞɟɔŬɜɘůɛɞɨ, ɧˊɤɠ ɖ ɛɨɔŬ Űɖɠ ɀŮůɞɔŮɑɞɡ. Ƀ 

ɢŬɟŬəŰɖɟɘůɛɧɠ Űɤɜ ɞůűɟɖŰɘəɩɜ ɡˊɞŭɞɢɏɤɜ əŬɘ ɖ ůɡůɢɏŰɘůɐ Űɞɡɠ ɛŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɞůɛɏɠ ɗŬ ŮˊɘŰɟɏɣŮɘ 

Űɞ ůɢŮŭɘŬůɛɧ ůɡɜɗŮŰɘəɩɜ ŬɔɤɜɘůŰɩɜ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɡˊɞŭɞɢɏɤɜ, ŮˊɎɔɞɜŰŬɠ ɛɘŬ ŭɡɜɖŰɘəɐ ŬɜŰŬˊɧəɟɘůɖ, 

ɞŭɖɔɩɜŰŬɠ ŰŮɚɘəɎ ŰŬ ɏɜŰɞɛŬ ůŰɖɜ ˊɖɔɐ Űɞɡ ɞůɛɖɟɞɨ ŮɟŮɗɑůɛŬŰɞɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Űɞ ŮůɤŰŮɟɘəɧ 

ɛɘŬɠ ˊŬɔɑŭŬɠ (Malnic 2007).  

 

ɀɏɗɞŭɞɘ-ȷˊɞŰŮɚɏůɛŬŰŬ 

ȼ Ůˊɘɚɞɔɐ Űɤɜ ɡˊɞŭɞɢɏɤɜ Űɖɠ ɛŮůɞɔŮɘŬəɐɠ ɛɨɔŬɠ ɔɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɞɡɠ ɓŬůɑůŰɖəŮ ůŮ ŬɜŬɕɐŰɖůɖ 

ɞɛɞɚɞɔɘɩɜ ɛŮ ɔɞɜɑŭɘŬ ɡˊɞŭɞɢɏɤɜ ˊɞɡ ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰŮɑ ůŰɞ ůɡɔɔŮɜɘəɧ Ůɑŭɞɠ D. melanogaster, ɓɎůŮɘ 

Űɞɡ ˊɟɞůŭɏŰɖ ˊɞɡ Űɞɡɠ ŮɜŮɟɔɞˊɞɘŮɑ. Ƀɘ ɞůɛɏɠ ˊɞɡ ˊɟɞŰɘɛɐɗɖəŬɜ ɐŰŬɜ ŮɑŰŮ űŮɟɞɛɞɜɩɜ ŮɑŰŮ ɞůɛɏɠ Ŭɜɗɩɜ 

ɐ Űɟɞűɐɠ. ȰŰůɘ, ɛɏɢɟɘ ůŰɘɔɛɐɠ, ŮˊɘɚɏɢɗɖəŬɜ əŬɘ ŮɜɘůɢɨɗɖəŬɜ ŰɏůůŮɟɘɠ ɞůűɟɖŰɘəɞɑ ɡˊɞŭɞɢŮɑɠ, ɞɛɧɚɞɔɞɘ 

Űɖɠ Drosophila melanogaster, Űɞɜ Orco (Odorant receptor coreceptor), ɃR88a (Ŭˊɧəɟɘůɖ ůŮ űŮɟɞɛɧɜŮɠ 

Ligands: methyl laurate (ML), methyl myristate, and methyl palmitate), OR19a (Ŭˊɧəɟɘůɖ ůŮ 

űɟɞɡŰɩŭŮɘɠ ɞůɛɏɠ, Ligand:valencene) əŬɘ OR7a (Ŭˊɧəɟɘůɖ ůŮ űɟɞɡŰɩŭŮɘɠ ɞůɛɏɠ, Ligand: E2-hexenal). 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɢŬɟŬəŰɖɟɘůŰɞɨɜ ɚŮɘŰɞɡɟɔɘəɎ ɞɘ ˊŬɟŬˊɎɜɤ ɡˊɞŭɞɢŮɑɠ əɚɤɜɞˊɞɘɐɗɖəŬɜ ůŰɞɜ űɞɟɏŬ 

ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ PUAST (P-element vector) əŬɘ ŮɘůɐɢɗɖůŬɜ ɛŮ ɛɘəɟɞɏɜŮůɖ ůŮ ɏɛɓɟɡŬ ŭɟɞůɧűɘɚŬɠ.  

 

ɆŰŬ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜŬ ůŰŮɚɏɢɖ D. melanogaster ɗŬ Ŭəɞɚɞɡɗɐůɞɡɜ ˊŮɘɟɎɛŬŰŬ ˊɟɞůɏɚəɡůɖɠ 

(ŬɜŰŬˊɧəɟɘůɖɠ) ůŮ ɞůɛɏɠ ɛɏůɤ ɖɚŮəŰɟɞŬɜŰŮɜɞɔɟŬɛɛɎŰɤɜ (EAGs), ɛŮŰɟɩɜŰŬɠ Űɞ ɖɚŮəŰɟɘəɧ ŭɡɜŬɛɘəɧ 

ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ Ŭˊɧəɟɘůɖ ůŰɘɠ ɞůɛɏɠ, ɩůŰŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɎɛŮůŬ Ŭɜ ɡˊɎɟɢŮɘ ŬɚɚɖɚŮˊɑŭɟŬůɖ 

Űɤɜ ɞůɛɩɜ ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ɡˊɞŭɞɢŮɑɠ. ȼ ŰŮɢɜɘəɐ ŬɡŰɐ əŬŰŬɔɟɎűŮɘ Űɖ ůɡɜɞɚɘəɐ Ŭˊɧəɟɘůɖ Űɤɜ 

ɞůűɟɖŰɘəɩɜ ɜŮɡɟɩɜɤɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖɜ əŮɟŬɑŬ. ȷɨɝɖůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɖɠ Ŭˊɧəɟɘůɖɠ ůŮ ůɨɔəɟɘůɖ 

ɛŮ ŰŬ űɡůɘɞɚɞɔɘəɎ ɎŰɞɛŬ ůŮ əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ɞůɛɏɠ ŬɡŰɏɠ ɗŬ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ŬɜŰɑɚɖɣɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ 

ɞůɛɐɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞɡɠ ɞůűɟɖŰɘəɞɨɠ ɡˊɞŭɞɢŮɑɠ.  

 

ɇɏɚɞɠ, Ŭűɞɨ ɗŬ ɏɢɞɡɛŮ ŮɜŰɞˊɑůŮɘ Űɞɡɠ ɡˊɞŭɞɢŮɑɠ OR ˊɞɡ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŮ ɛɑŬ ůɖɛŬɜŰɘəɐ ɞůɛɐ əŬɘ 

ˊɞɡ ɘŭŬɜɘəɎ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɛɧɜɞ ɛɧɟɘɞ, ɗŬ ůɢŮŭɘɎůɞɡɛŮ ˊɘɞ ɘůɢɡɟɎ əŬɘ ůŰŬɗŮɟɎ ˊŬɟɎɔɤɔŬ ˊɞɡ 

ɗŬ ŭɘŬŰɖɟɞɨɜ Űɞɜ ɢŬɟŬəŰɐɟŬ Űɖɠ ɞůɛɐɠ əŬɘ ɗŬ ŬˊŮɡɗɨɜɞɜŰŬɘ ůŰɞɜ ɑŭɘɞ ɡˊɞŭɞɢɏŬ. Ƀɘ ɛɞɜŰŮɚɞˊɞɘɖɛɏɜŮɠ 

ŬɡŰɏɠ ŮɜɩůŮɘɠ ˊɞɡ ɗŬ ɏɢɞɡɜ ŰŬ ŮˊɘɗɡɛɖŰɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɗŬ ˊŬɟŬůəŮɡŬůɗɞɨɜ ůɡɜɗŮŰɘəɎ ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ əŬɘ ɗŬ ŭɞəɘɛŬůŰɞɨɜ ɔɘŬ Űɖɜ ŮɚəɡůŰɘəɧŰɖŰɎ Űɞɡɠ ůŰŬ ˊŬɟŬˊɎɜɤ ůŰŮɚɏɢɖ ŭɟɞůɧűɘɚŬɠ ůŮ 

ůɡɜɗɐəŮɠ ŮɑŰŮ ŮɟɔŬůŰɖɟɑɞɡ ŮɑŰŮ ɡˊŬɑɗɟɞɡ. 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ ɢɟɐůɖ ŮɜŰɞɛɞəŰɧɜɤɜ əŬɘ ɞɘ ɛɖ-Ůɘŭɘəɏɠ ˊŬɔɑŭŮɠ Ůɔəɡɛɞɜɞɨɜ ɛɘŬ ůŮɘɟɎ əɘɜŭɨɜɤɜ ɔɘŬ Űɖ ŭɖɛɧůɘŬ ɡɔŮɑŬ 

əŬɘ Űɖɜ ɘůɞɟɟɞˊɑŬ Űɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ ˊɞɡ ɞŭɖɔɞɨɜ ŬɜŬˊɧűŮɡəŰŬ ůŰɖɜ ŬɜɎɔəɖ ɔɘŬ ɓŮɚŰɑɤůɖ Űɤɜ 

ɛŮɗɧŭɤɜ Ůɚɏɔɢɞɡ əŬɘ ŬɜɎˊŰɡɝɖ ɛŮɗɧŭɤɜ ŮɝŮɘŭɘəŮɡɛɏɜɤɜ ůŰɞ ɏɜŰɞɛɞ-ůŰɧɢɞ, ˊɞɡ ɖ ɢɟɐůɖ Űɞɡɠ ɗŬ ŮɑɜŬɘ 



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

73 

ůɡɛűɏɟɞɡůŬ, Ůɨəɞɚɖ, ɔɟɐɔɞɟɖ, ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬɚɚɎ əŬɘ ŮűŬɟɛɧůɘɛɖ Ŭˊɧ ɜɞɛɞɗŮŰɘəɐɠ ŬˊɧɣŮɤɠ. ȼ 

ŬɜɎɔəɖ ɔɘŬ ɓŮɚŰɑɤůɖ Űɤɜ ɛŮɗɧŭɤɜ əŬŰŬˊɞɚɏɛɖůɖɠ ɛŮ ɏɛűŬůɖ ůŰɖɜ Ůɘŭɞ-ŮɘŭɘəɧŰɖŰŬ ɞŭɖɔŮɑ ůŰɖɜ 

ŮůŰɑŬůɖ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ɛɧɟɘŬ ɛŮ əɟɑůɘɛɞ ɟɧɚɞ ɔɘŬ Űɘɠ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ ŮɜŰɧɛɤɜ. ȼ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ŮɜŰɧɛɞɡ əŬɘ əŬŰô ŮˊɏəŰŬůɖ ɖ ɓɘɤůɘɛɧŰɖŰɎ Űɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊŬɟɎɔɞɜŰŮɠ Űɞɡ 

ɞůűɟɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ɔŮɔɞɜɧɠ ˊɞɡ əŬɗɘůŰɎ Űɞ ůɨůŰɖɛŬ ŬɡŰɧ ŮɚəɡůŰɘəɧ ůŰɧɢɞ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ 

ˊɚɖɗɡůɛɩɜ. ȼ ŮɛɓɎɗɡɜůɖ ůŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɛɞɟɑɤɜ Űɞɡ ɞůűɟɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

ɛˊɞɟŮɑ ɜŬ ɓɞɖɗɐůŮɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ Ůɘŭɞ-Ůɘŭɘəɩɜ ˊɟɞůŮɔɔɑůŮɤɜ, ɔɘŬ Űɞɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɞ ɏɚŮɔɢɞ 

əŬɘ Űɖɜ əŬŰŬˊɞɚɏɛɖůɖ ŮɜŰɧɛɤɜ Ůɢɗɟɩɜ. 
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ɀŮɚɏŰɖ Űɖɠ ɔŮɜŮŰɘəɐɠ ˊɞɘəɘɚɧŰɖŰŬɠ ůŰŬ ɔɞɜɑŭɘŬ vgll3 əŬɘ six6 ůŮ űɡůɘəɞɨɠ əŬɘ 

ŮəŰɟŮűɧɛŮɜɞɡɠ ˊɚɖɗɡůɛɞɨɠ ůŰɖɜ ŰůɘˊɞɨɟŬ (Sparus aurata) əŬɘ ůŰɞ ȺɡɟɤˊŬɥəɧ 

ɚŬɓɟɎəɘ (Dicentrarchus labrax) 
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ɄŮɟɑɚɖɣɖ 
ȼ ŰůɘˊɞɨɟŬ əŬɘ Űɞ ɚŬɓɟɎəɘ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɖ Ůɛˊɞɟɘəɐ ŬɝɑŬ ůŰɖɜ Ⱥɡɟɩˊɖ əŬɘ ɘŭɘŬɑŰŮɟŬ ůŰɖɜ ȺɚɚɎŭŬ. Ƀ 

ɟɡɗɛɧɠ Ŭɨɝɖůɖɠ ŮɑɜŬɘ ɑůɤɠ Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɔɘŬ ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ Ůˊɘɚɞɔɐɠ ůŰɘɠ 

ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŮɠ. ɇŬ ɔɞɜɑŭɘŬ vgll3 əŬɘ six6 ɏɢɞɡɜ ˊɟɞůűɎŰɤɠ ɓɟŮɗŮɑ ɧŰɘ əŬɗɞɟɑɕɞɡɜ Űɖɜ ɤɟɑɛŬɜůɖ əŬɘ Űɖɜ 

Ŭɨɝɖůɖ ůŰŬ ɣɎɟɘŬ əŬɘ ɏɢɞɡɜ ŮɝŮɚɘəŰɘəɎ ůɡɜŰɖɟɖɛɏɜɖ ɚŮɘŰɞɡɟɔɑŬ. ɆŰɖɜ ŮɟɔŬůɑŬ ŬɜŬɚɨɞɜŰŬɘ DNA ŬɚɚɖɚɞɡɢɑŮɠ 

Űɤɜ ɔɞɜɘŭɑɤɜ vgll3 əŬɘ six6 űɡůɘəɩɜ əŬɘ ŮəŰɟŮűɧɛŮɜɤɜ ˊɚɖɗɡůɛɩɜ ŰůɘˊɞɨɟŬɠ (20 ˊɚɖɗɡůɛɞɑ ůɡɜɞɚɘəɎ) əŬɘ 

ɚŬɓɟŬəɘɞɨ (18 ˊɚɖɗɡůɛɞɑ ůɡɜɞɚɘəɎ). ȸɟɏɗɖəŬɜ ɛɞɜɞɜɞɡəɚŮɞŰɘŭɘəɞɑ ˊɞɚɡɛɞɟűɘůɛɞɑ (SNPs) ůŮ əɎɗŮ ɔɞɜɑŭɘɞ əŬɘ 

ůŮ əɎɗŮ Ůɑŭɞɠ əŬɘ ŭɘŬˊɘůŰɩɗɖəŮ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ ɔɞɜɞŰɨˊɤɜ ɛŮŰŬɝɨ űɡůɘəɩɜ əŬɘ 

ŮəŰɟŮűɧɛŮɜɤɜ ˊɚɖɗɡůɛɩɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞůűɏɟɞɡɜ ɛɘŬ ˊɟɩŰɖ ɏɜŭŮɘɝɖ ɧŰɘ ŰŬ Ůɜ ɚɧɔɤ ɔɞɜɑŭɘŬ ɛɎɚɚɞɜ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŮəŰɟɞűɐ ɐ/əŬɘ Ůɝɖɛɏɟɤůɖ (domestication) Űɖɠ ŰůɘˊɞɨɟŬɠ əŬɘ Űɞɡ ɚŬɓɟŬəɘɞɨ. ɆɡɜŮˊɩɠ, ɞ 

ŮɜŭŮɢɧɛŮɜɞɠ ɟɧɚɞɠ Űɞɡɠ ůŰɖɜ Ŭɨɝɖůɖ əŬɘ Űɖɜ ɤɟɑɛŬɜůɖ Űɤɜ Ůɘŭɩɜ ŬɡŰɩɜ ɢɟɐɕŮɘ ˊŮɟŬɘŰɏɟɤ ɛŮɚɏŰɖɠ əŬɗɧŰɘ ŰŬ 

ˊɟɞɔɟɎɛɛŬŰŬ Ůˊɘɚɞɔɐɠ ůŰɞɢŮɨɞɡɜ ůɡɜɐɗɤɠ ůŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ŭɨɝɖůɖɠ. 

 

ȿɏɝŮɘɠ- əɚŮɘŭɘɎ 

Dicentrarchus labrax, Sparus aurata, vgll3, six6, ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŮɠ 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ŰůɘˊɞɨɟŬ (Sparus aurata) ŬˊɞŰŮɚŮɑ ɏɜŬ ůŬɟəɞűɎɔɞ ɞɟɔŬɜɘůɛɧ ˊɞɡ ɛŮŰŬəɘɜŮɑŰŬɘ ɛŮŰŬɝɨ ɗŬɚɎůůɘɤɜ 

əŬɘ ɡűɎɚɛɡɟɤɜ ɜŮɟɩɜ əɡɟɑɤɠ Űɞɡ ȷɜŬŰɞɚɘəɞɨ ȷŰɚŬɜŰɘəɞɨ ɤəŮŬɜɞɨ ɔɘŬ ɜŬ ŰɟŬűŮɑ əŬɘ ɜŬ ŬɜŬˊŬɟŬɢɗŮɑ. 

ɇɞ Ůɑŭɞɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ˊɟɩŰŬɜŭɟɞ ŮɟɛŬűɟɧŭɘŰɞ, ˊŮɟɜɩɜŰŬɠ ŰŬ ˊɟɩŰŬ 2-3 ɢɟɧɜɘŬ Űɖɠ ɕɤɐɠ Űɞɡ ɤɠ 

ŬɟůŮɜɘəɧ (ɈűŬɜŰɐɠ 2017, Sola et al. 2007, ũəɎɜɘŬɠ  2015).  

 

ɇɞ ɚŬɓɟɎəɘ (Dicentrarchus labrax) əŬŰŬɜɏɛŮŰŬɘ ůŰɖ ɀŮůɧɔŮɘɞ, ůŰɖ ɀŬɨɟɖ ŪɎɚŬůůŬ əŬɘ ůŰɞɜ 

ȷŰɚŬɜŰɘəɧ ɋəŮŬɜɧ. ȷˊɞŰŮɚŮɑ Ůɑŭɞɠ ŮɡɟɨŬɚɞ əŬɘ ŮɡɟɨɗŮɟɛɞ, ˊɞɡ ŮɑɜŬɘ ůŬɟəɞűɎɔɞɠ əŬɘɟɞůəɧˊɞɠ 

ɗɖɟŮɡŰɐɠ (Vandeputte, Gagnaire & Allal  2019). ȺɑɜŬɘ Ůɑŭɞɠ ɔɞɜɞɢɤɟɘůŰɘəɧ əŬɘ ŬɜŬˊŬɟɎɔŮŰŬɘ, əɡɟɑɤɠ 

ůŰɖɜ ɗɎɚŬůůŬ, ɏˊŮɘŰŬ ɛŮŰŬɜŬůŰŮɨŮɘ ůŮ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ əŬɘ ɚɑɛɜŮɠ ɔɘŬ ɜŬ ŬɜŬˊŰɡɢɗŮɑ (Piferrer et al. 

2005). 

 

TŬ ŭɨɞ ŬɡŰɎ Ůɑŭɖ ɏɢɞɡɜ ɛŮɔɎɚɖ ɞɘəɞɜɞɛɘəɐ ůɖɛŬůɑŬ ɔɘŬ Űɖɜ Ůɚɚɖɜɘəɐ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŬ əŬɗɩɠ 

Ŭˊɞűɏɟɞɡɜ ůɖɛŬɜŰɘəɏɠ Ůɛˊɞɟɘəɏɠ ŬˊɞɚŬɓɏɠ. ȰŰůɘ, ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ ɕɐŰɖůɖɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɖ 

ŮˊɑŰŮɡɝɖ Űɖɠ ŰŬɢɨŰŮɟɖɠ ŬɜɎˊŰɡɝɐɠ Űɞɡɠ ůŰɘɠ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŮɠ, əŬŰɎůŰŬůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ 

ɛɏůɤ ˊɟɞɔɟŬɛɛɎŰɤɜ ɔŮɜŮŰɘəɐɠ ɓŮɚŰɑɤůɖɠ. 

 

ɀŮɚɏŰŮɠ ůŰɞ ůɞɚɞɛɧ Űɞɡ ȷŰɚŬɜŰɘəɞɨ (Salmo salar) əŬŰɏŭŮɘɝŬɜ ɔɞɜɑŭɘŬ ˊɞɡ ŮɑɜŬɘ ŮɝŮɚɘəŰɘəɎ 

ůɡɜŰɖɟɖɛɏɜŬ Ŭˊɧ Űɞɜ ůɞɚɞɛɧ ɛɏɢɟɘ Űɞɜ Ɏɜɗɟɤˊɞ əŬɘ ŰŬ ɞˊɞɑŬ ŮɟɛɖɜŮɨɞɡɜ ɏɜŬ ŮɝŬɘɟŮŰɘəɎ ɛŮɔɎɚɞ 

ˊɞůɞůŰɧ (Űɖɠ ŰɎɝŮɤɠ Űɞɡ 40%) Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ Űɖɠ ɤɟɑɛŬɜůɖɠ ůŮ  űɡůɘəɞɨɠ 
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ˊɚɖɗɡůɛɞɨɠ Űɞɡ Ůɑŭɞɡɠ. ɇɞ əɨɟɘɞ ɔɞɜɑŭɘɞ ˊɞɡ ůɡůɢŮŰɑůŰɖəŮ ɐŰŬɜ Űɞ vgll3 (vestigial-like family member 

3) ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖ ɚɘˊɞɔɏɜŮůɖ Űɞɡ ůɞɚɞɛɞɨ (Barson et al. 2015). ȺˊɘˊɟɧůɗŮŰŬ, ŬɜŬɔɜɤɟɑůŰɖəŮ əŬɘ 

Űɞ ɔɞɜɑŭɘɞ six6 (SIX Homeobox 6), Űɞ ɞˊɞɑɞ ˊŬɑɕŮɘ ɟɧɚɞ ůŰɖɜ ɤɟɑɛŬɜůɖ ůŰɞ ůɞɚɞɛɧ (Sinclair-Waters 

et al. 2020). Ⱥˊɞɛɏɜɤɠ, Űɧůɞ Űɞ vgll3 ɧůɞ əŬɘ Űɞ six6 ŬˊɞŰŮɚɞɨɜ ɔɞɜɑŭɘŬ-ůŰɧɢɞɡɠ ɔɘŬ ŮɜŭŮɢɧɛŮɜɖ 

ůɡůɢɏŰɘůɖ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ ɤɟɑɛŬɜůɖɠ ůŰŬ ŭɨɞ ɡˊɧ ŮɝɏŰŬůɖ Ůɑŭɖ. 

 

ɀɏɗɞŭɞɘ 

ȷˊɞɛɞɜɩɗɖəŮ DNA Ŭˊɧ ˊŰŮɟɨɔɘŬ ŰůɘˊɞɨɟŬɠ əŬɘ ɚŬɓɟŬəɘɞɨ. ȺɜɘůɢɨɗɖəŬɜ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɞɢɏɠ 

əɎɗŮ ɔɞɜɘŭɑɞɡ ɛɏůɤ PCR əŬɘ ɏɔɘɜŮ Ŭɚɚɖɚɞɨɢɘůɖ Űɞɡɠ. Ƀ ɏɚŮɔɢɞ Űɖɠ ˊɞɘɧŰɖŰɎɠ Űɤɜ Ŭɚɚɖɚɞɡɢɘɩɜ, ɖ 

ůŰɞɑɢɘůɖ Űɞɡɠ əŬɘ ɖ ŮɨɟŮůɖ ˊɞɚɡɛɞɟűɘůɛɩɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ Geneious (Kearse et 

al. 2012). ɀɏůɤ ůŰŬŰɘůŰɘəɞɨ ˊŬəɏŰɞɡ ñR commanderò (John Fox 2017) ɡˊɞɚɞɔɑůɗɖəŮ ɖ ůɡɢɜɧŰɖŰŬ Űɤɜ 

ɔɞɜɞŰɨˊɤɜ əŬɘ Űɤɜ Ŭɚɚɖɚɞɛɧɟűɤɜ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ Wilcoxon test əŬɘ ŮɚɏɔɢɗɖəŮ ɖ Ůˊɘɟɟɞɐ Űɖɠ 

ˊɟɞɏɚŮɡůɖɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ ɛŮ Űɖ ɢɟɐůɖ ɔŮɜɘəŮɡɛɏɜɤɜ ɔɟŬɛɛɘəɩɜ ɛɞɜŰɏɚɤɜ. ũɘŬ ˊɞɚɡɛɞɟűɘůɛɞɨɠ ůŮ 

əɤŭɘəɞˊɞɘɞɨůŮɠ ˊŮɟɘɞɢɏɠ ŮɝŮŰɎůŰɖəŮ Űɞ ŮɜŭŮɢɧɛŮɜɞ ŬɚɚŬɔɐɠ Űɖɠ Ŭɛɘɜɞɝɘəɐɠ ŬəɞɚɞɡɗɑŬɠ.  

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ɇůɘˊɞɨɟŬ 

ũɘŬ Űɞ vgll3 ɓɟɏɗɖəŮ ɏɜŬɠ ˊɞɚɡɛɞɟűɘůɛɧɠ ůŰɖ ɗɏůɖ 9:24911884, ɛŮ ŬɚɚɖɚɧɛɞɟűŬ G əŬɘ A. ɆŰŬ 

ŮəŰɟŮűɧɛŮɜŬ ɎŰɞɛŬ ŮɛűŬɜɑɕŮŰŬɘ ůɡɢɜɧŰŮɟŬ ɞ GG ɔɞɜɧŰɡˊɞɠ (p=0.0056), ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ ɎŰɞɛŬ 

űɡůɘəɩɜ ˊɚɖɗɡůɛɩɜ, ɧˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ əɡɟɑɤɠ ɞɛɞɕɡɔɤŰɑŬ ɔɘŬ Űɞ Ŭɚɚɖɚɧɛɞɟűɞ A (p=0.1416). 

Ⱥˊɑůɖɠ, ůɖɛŬɜŰɘəɎ ˊŮɟɘůůɧŰŮɟŮɠ ŮɑɜŬɘ ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ŮŰŮɟɞɕɡɔɤŰɑŬɠ ůŰɞɡɠ űɡůɘəɞɨɠ ˊɚɖɗɡůɛɞɨɠ. 

 

ɆŰɞ six6 ɓɟɏɗɖəŬɜ ŭɨɞ ˊɞɚɡɛɞɟűɘůɛɞɑ ɛŮ ŬɚɚɖɚɧɛɞɟűŬ C əŬɘ T ůŮ ɘɜŰɟɞɜɘəɐ ˊŮɟɘɞɢɐ, ůŰɘɠ ɗɏůŮɘɠ 

16:14406442 əŬɘ 16:14406471. ɆŰɞɜ ˊɟɩŰɞ ˊɞɚɡɛɞɟűɘůɛɧ ůŰɞɡɠ űɡůɘəɞɨɠ ˊɚɖɗɡůɛɞɨɠ ŮˊɘəɟŬŰɞɨůŮ 

ɞ ɔɞɜɧŰɡˊɞɠ CC (p=0,0095), Ůɜɩ ůŰɞɡɠ ŮəŰɟŮűɧɛŮɜɞɡɠ ɞ ɇɇ (p= 0,0004). ȷɜŰɑůŰɟɞűɖ əɡɟɘŬɟɢɑŬ 

ɔɞɜɞŰɨˊɤɜ ˊŬɟŬŰɖɟɐɗɖəŮ ůŰɞ ŭŮɨŰŮɟɞ ˊɞɚɡɛɞɟűɘůɛɧ Űɞɡ ɔɞɜɘŭɑɞɡ.  

 

ȿŬɓɟɎəɘ 

ɆŰɞ vgll3 ɓɟɏɗɖəŮ ɏɜŬɠ ˊɞɚɡɛɞɟűɘůɛɧɠ, ůŰɖɜ ɗɏůɖ 15:9203633, ɛŮ ŬɚɚɖɚɧɛɞɟűŬ T əŬɘ G. Ƀ 

ˊɞɚɡɛɞɟűɘůɛɧɠ ŬɡŰɧɠ ɓɟɑůəŮŰŬɘ ůŮ Ůɝɩɜɘɞ əŬɘ ɞŭɖɔŮɑ ůŮ ŬɚɚŬɔɐ Űɖɠ ůŮɟɑɜɖɠ ůŮ ŬɚŬɜɑɜɖ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ůŰŬ ŮəŰɟŮűɧɛŮɜŬ ɎŰɞɛŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ůɡɢɜɧŰŮɟŬ ɞ ɇɇ ɔɞɜɧŰɡˊɞɠ (p= 

0,0395) Ůɜɩ ɔɘŬ Űɞɡɠ Ɏɚɚɞɡɠ ŭɨɞ ɔɞɜɧŰɡˊɞɡɠ ŭŮɜ ŮɛűŬɜɑɕŮŰŬɘ ůŰŬŰɘůŰɘəɐ ůɖɛŬɜŰɘəɧŰɖŰŬ.    

 

ɆŰɞ six6 ɓɟɏɗɖəŬɜ ŭɨɞ ˊɞɚɡɛɞɟűɘůɛɞɑ, ůŰɘɠ ɗɏůŮɘɠ 12:11591053 əŬɘ 12:11591093, ́ ɞɡ ŭŮɜ ɞŭɖɔɞɨɜ ůŮ 

ŬɚɚŬɔɐ Ŭɛɘɜɞɝɏɞɠ (ɘɜŰɟɧɜɘɞ). ȾŬɘ ɔɘŬ Űɞɡɠ ŭɨɞ ˊɞɚɡɛɞɟűɘůɛɞɨɠ, ɞɘ ŮŰŮɟɞɕɡɔɩŰŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ˊɘɞ 

ůɡɢɜɎ ůŰɞɡɠ űɡůɘəɞɨɠ ˊɚɖɗɡůɛɞɨɠ (p=0,0030 əŬɘ p=0,0105), Ůɜɩ ɞɘ ŮəŰɟŮűɧɛŮɜɞɘ ˊɚɖɗɡůɛɞɑ 

ŮɛűŬɜɑɕɞɡɜ əɡɟɑɤɠ Űɞɜ ɇɇ ɔɞɜɧŰɡˊɞ (p=0,0035 əŬɘ p=0,0017).  

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ ůɨɔəɟɘůɖ Űɤɜ ɔɞɜɞŰɨˊɤɜ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ŬŰɧɛɤɜ ůŮ ŮˊɑˊŮŭɞ ˊɟɞɏɚŮɡůɖɠ (űɡůɘəɞɑ ɐ ŮəŰɟŮűɧɛŮɜɞɘ 

ˊɚɖɗɡůɛɞɑ) əŬŰɏŭŮɘɝŮ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ůŮ ɧɚɞɡɠ Űɞɡɠ ˊɞɚɡɛɞɟűɘůɛɞɨɠ əŬɘ ůŰŬ ŭɨɞ 

ɔɞɜɑŭɘŬ. ȷɡŰɧ, ůɡɜɘůŰɎ ɛɘŬ ˊɟɩŰɖ ɏɜŭŮɘɝɖ ɡˊɏɟ Űɞɡ ɟɧɚɞɡ ŬɡŰɩɜ Űɤɜ ɔɞɜɘŭɑɤɜ ůŰɖɜ ŮəŰɟɞűɐ Űɖɠ 

ŰůɘˊɞɨɟŬɠ əŬɘ Űɞɡ ɚŬɓɟŬəɘɞɨ (ɛɏůɤ ˊ.ɢ. Űɖɠ ŮűŬɟɛɞɔɐɠ ˊɟɞɔɟŬɛɛɎŰɤɜ Ůˊɘɚɞɔɐɠ ɔŮɜɜɖŰɧɟɤɜ). ɇɞ 

ŮɜŭŮɢɧɛŮɜɞ ɞɛɞɛɘɝɑŬɠ ůŮ ŬɡŰɏɠ Űɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŬˊɞəɚŮɘůŰŮɑ ˊɚɐɟɤɠ, ɤůŰɧůɞ, ŭŮ 

űŬɑɜŮŰŬɘ ˊɘɗŬɜɧ ɖ ɞɛɞɛɘɝɑŬ Ŭˊɧ ɛɧɜɖ Űɖɠ ɜŬ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ Űɧůɞ ůŰŬɗŮɟɎ ˊɟɧŰɡˊŬ. ɆɖɛŮɘɩɜŮŰŬɘ 

ɧŰɘ ɞɘ ˊɏɜŰŮ Ŭˊɧ Űɞɡɠ ɏɝɘ ˊɞɚɡɛɞɟűɘůɛɞɨɠ ˊɞɡ ɓɟɏɗɖəŬɜ ůŰŬ ŭɨɞ ɔɞɜɑŭɘŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ əɎɗŮ Ůɑŭɞɡɠ 

ŭŮɜ ˊɟɞəŬɚɞɨɜ ŬɚɚŬɔɏɠ ůŰɘɠ ŰŮɚɘəɏɠ ˊɟɤŰŮȶɜŮɠ (ůɡɜɩɜɡɛɞɘ ˊɞɚɡɛɞɟűɘůɛɞɑ), ůɡɜŮˊɩɠ, ɖ ůɡůɢɏŰɘůɖ 

ŬɡŰɩɜ Űɤɜ ˊɞɚɡɛɞɟűɘůɛɩɜ ɛŮ Űɖɜ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŬ Űɖɠ ŰůɘˊɞɨɟŬɠ əŬɘ Űɞɡ ɚŬɓɟŬəɘɞɨ ˊɟɏˊŮɘ ɜŬ 

ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŮˊɑŭɟŬůɖ ɔŮɘŰɞɜɘəɩɜ ˊɞɚɡɛɞɟűɘůɛɩɜ (ˊ.ɢ. ůŮ ɟɡɗɛɘůŰɘəɏɠ ˊŮɟɘɞɢɏɠ). ɆɡɜɞɚɘəɎ, ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɡˊɞɔɟŬɛɛɑɕɞɡɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ɏɜŬ ŮɜŭŮɢɧɛŮɜɞ ɟɧɚɞ Űɤɜ 

ɔɞɜɘŭɑɤɜ vgll3 əŬɘ six6 ůŰɖɜ Ŭɨɝɖůɖ əŬɘ ŬɜɎˊŰɡɝɖ Űɖɠ ŰůɘˊɞɨɟŬɠ əŬɘ Űɞɡ ɚŬɓɟŬəɘɞɨ, ˊɞɡ ůɡɜŭɡŬůŰɘəɎ 

ɛŮ Űɖɜ ŮɝŮɚɘəŰɘəɎ ůɡɜŰɖɟɖɛɏɜɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ, ŭɘŮɔŮɑɟɞɡɜ Űɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɞ ˊŮŭɑɞ Űɤɜ 
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ɘɢɗɡɞəŬɚɚɘŮɟɔŮɘɩɜ. ɆɡɜŮˊɩɠ ŮˊɘŰɎůůŮŰŬɘ ɚŮˊŰɞɛŮɟɏůŰŮɟɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ůɡůɢɏŰɘůɖɠ Űɞɡɠ ɛŮ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɡŰɎ əŬɘ ůŰɖɜ ŰůɘˊɞɨɟŬ əŬɘ Űɞ ɚŬɓɟɎəɘ.  
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In  vitro ůɡɜɗŮŰɘəɐ ɓɘɞɚɞɔɑŬ: ȷɜɎˊŰɡɝɖ Ůɜɧɠ əŬɘɜɞŰɧɛɞɡ ˊɞɚɡŮɜɕɡɛɘəɞɨ 

ɜŬɜɞɓɘɞəŬŰŬɚɡŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɔɘŬ Űɖ ɓɘɞɛŮŰŬŰɟɞˊɐ Űɞɡ CO2 
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ɄŮɟɑɚɖɣɖ 

ȼ ŮűŬɟɛɞɔɐ əŬɘɜɞŰɧɛɤɜ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ɓɘɞɛŮŰŬŰɟɞˊɐɠ Űɞɡ CO2 ŬˊɞŰŮɚŮɑ ˊɟɧəɚɖůɖ ɔɘŬ Űɖ 

ɛŮɑɤůɖ Űɤɜ Ůˊɘˊɏŭɤɜ Űɞɡ CO2 ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɞ 

ɢŬɟŬəŰɖɟɘůɛɧ Ůɜɧɠ in vitro ˊɞɚɡŮɜɕɡɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɔɘŬ Űɖ ɓɘɞɛŮŰŬŰɟɞˊɐ Űɞɡ CO2 ůŮ ɢɖɛɘəɎ ˊɟɞůŰɘɗɏɛŮɜɖɠ 

ŬɝɑŬɠ (ɧˊɤɠ Űɞ űɞɟɛɘəɧ ɞɝɨ, Űɖ űɞɟɛŬɚŭŮɒŭɖ ɐ Űɖ ɛŮɗŬɜɧɚɖ). ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ŮˊɘɚɏɢɗɖəŬɜ əŬɘ ɛŮɚŮŰɐɗɖəŬɜ 

5 ɏɜɕɡɛŬ ŭɘŬűɞɟŮŰɘəɐɠ ˊɖɔɐɠ ˊɟɞɏɚŮɡůɖɠ, ɧˊɤɠ ɖ əŬɟɓɞɜɘəɐ ŬɜɡŭɟɎůɖ, ɖ ŬűɡŭɟɞɔɞɜɎůɖ Űɞɡ űɞɟɛɘəɞɨ, ɖ 

ŬűɡŭɟɞɔɞɜɎůɖ Űɞɡ L-ɔɚɞɡŰŬɛɘəɞɨ, ɖ ŬűɡŭɟɞɔɞɜɎůɖ Űɖɠ űɞɟɛŬɚŭŮɒŭɖɠ əŬɘ ɖ Ŭɚəɞɞɚɘəɐ ŬűɡŭɟɞɔɞɜɎůɖ. ɇŬ 

ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ɏɜɕɡɛŬ ůɡɜ-ŬəɘɜɖŰɞˊɞɘɐɗɖəŬɜ ůŮ ɛɘŬ ɜɏŬ əŬŰɖɔɞɟɑŬ ɜŬɜɞɦɚɘəɩɜ, ŰŬ ɜŬɜɞɦɚɘəɎ ɘŮɟŬɟɢɘəɎ 

ˊɞɟɩŭɞɡɠ ɎɜɗɟŬəŬ (HPCs), ŰŬ ɞˊɞɑŬ űɏɟɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ ˊɟɞůɟɧűɖůɖɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ Űɞɡ CO2. ɇŬ HPCs 

ŬˊɞŭŮɑɢŰɖəŬɜ ŬˊɞŰŮɚŮůɛŬŰɘəɞɑ űɞɟŮɑɠ ɔɘŬ Űɖɜ ůɡɜ-ŬəɘɜɖŰɞˊɞɑɖůɖ Űɤɜ Ůɜɕɨɛɤɜ. ɇŬ ůɡůŰɐɛŬŰŬ ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŬɜ, ɛŮɚŮŰɐɗɖəŬɜ ɤɠ ˊɟɞɠ Űɖ ŭɞɛɘəɐ əŬɘ ɚŮɘŰɞɡɟɔɘəɐ Űɞɡɠ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ ŬɝɘɞɚɞɔɐɗɖəŬɜ Ůˊɑůɖɠ ɤɠ 

ˊɟɞɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖɠ Űɞɡɠ ůŮ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɞɡɠ əɨəɚɞɡɠ ɓɘɞɛŮŰŬŰɟɞˊɐɠ Űɞɡ CO2.  

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

ɜŬɜɞɓɘɞəŬŰɎɚɡůɖ, ˊɞɚɡ-ŮɜɕɡɛɘəɎ ůɡůŰɐɛŬŰŬ, ɓɘɞɛŮŰŬŰɟɞˊɐ Űɞɡ CO2 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ɓɘɞəŬŰɎɚɡůɖ ŬˊɞŰŮɚŮɑ ˊɚɏɞɜ ɏɜŬ ˊɞɚɡŰɘɛɧŰŬŰɞ ŮɟɔŬɚŮɑɞ Űɖɠ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ ɛŮ ˊɞɚɡɎɟɘɗɛŮɠ 

ŮűŬɟɛɞɔɏɠ ůŮ ˊɚɐɗɞɠ Űɞɛɏɤɜ ɧˊɤɠ ɖ ɡɔŮɑŬ, ŰŬ ŰɟɧűɘɛŬ, ɖ ŬɜɎˊŰɡɝɖ űŬɟɛɎəɤɜ əŬɘ ɖ ˊŬɟŬɔɤɔɐ 

ŮɜɏɟɔŮɘŬɠ (Gkantzou ə.Ɏ. 2021). ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ůŰɟɏűŮŰŬɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ ˊɞɚɡŮɜɕɡɛɘəɩɜ 

ɓɘɞəŬŰŬɚɡŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ɤɠ ɛɘŬ ɘŭɘŬɑŰŮɟŬ ɡˊɞůɢɧɛŮɜɖ ŰŮɢɜɞɚɞɔɑŬ ɔɘŬ Űɖɜ əŬŰɎɚɡůɖ ŬɚɡůɘŭɤŰɩɜ 

ŬɜŰɘŭɟɎůŮɤɜ. Ƀɘ ˊɞɚɡŮɜɕɡɛɘəɏɠ ŬɚɡůɘŭɤŰɏɠ ŬɜŰɘŭɟɎůŮɘɠ, ŭɖɚŬŭɐ ɖ ŮɜůɤɛɎŰɤůɖ ˊɞɚɚŬˊɚɩɜ 

ɓɘɞəŬŰŬɚɡŰɘəɩɜ ɛŮŰŬůɢɖɛŬŰɘůɛɩɜ ɛŮ ůəɞˊɧ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ɛɘŬɠ ŬɜŰɑŭɟŬůɖɠ ŭɘŬŭɞɢɘəɩɜ 

ůŰŬŭɑɤɜ, ɏɢɞɡɜ ˊɟɞůŮɚəɨůŮɘ Űɞ ŮɟŮɡɜɖŰɘəɧ ŮɜŭɘŬűɏɟɞɜ əŬɗɩɠ ˊɟɞůűɏɟɞɡɜ ɜɏŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ůŰɖ 

ůɨɜɗŮůɖ ˊɟɞɥɧɜŰɤɜ ɡɣɖɚɐɠ ˊɟɞůŰɘɗɏɛŮɜɖɠ ŬɝɑŬɠ. Ⱥˊɘˊɚɏɞɜ, ˊŬɟɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŬɜɎˊŰɡɝɖɠ 

ˊɟɞɖɔɛɏɜɤɜ ɛŮŰŬɓɞɚɘəɩɜ ɞŭɩɜ ˊɞɡ ŭŮɜ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖ űɨůɖ ɛŮ ůəɞˊɧ Űɖɜ əŬŰɎɚɡůɖ ɓɘɞŭɘŮɟɔŬůɘɩɜ 

ɛŮ Ŭɡɝɖɛɏɜɞ ŮɜŭɘŬűɏɟɞɜ, ɧˊɤɠ ɖ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ Ŭɝɘɞˊɞɑɖůɖ Űɞɝɘəɩɜ ɟɡˊŬɜŰɩɜ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ 

(Giannakopoulou ə.Ɏ. 2020). ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɧˊɤɠ ŮɑɜŬɘ ɔɜɤůŰɧ, ŰŬ əŬɡůŬɏɟɘŬ Űɤɜ ŬɡŰɞəɘɜɐŰɤɜ, ɞɘ 

ɓɘɞɛɖɢŬɜɘəɏɠ Ůəˊɞɛˊɏɠ əŬɘ ɎɚɚŮɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ (CO2 ), Űɞɡ əɡɟɘɧŰŮɟɞɡ çŬŮɟɑɞɡ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡè, ɖ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɞˊɞɑɞɡ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ, ůɡɛɓɎɚɚŮɘ ůŰɖɜ ɡˊŮɟɗɏɟɛŬɜůɖ Űɞɡ ˊɚŬɜɐŰɖ əŬɘ əŬŰô 

ŮˊɏəŰŬůɖ ůŰɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ. ɆɡɜŮˊɩɠ, əɟɑɜŮŰŬɘ ɞɚɞɏɜŬ əŬɘ ˊɘɞ ŮˊɘŰŬəŰɘəɐ ɖ ŬɜɎɔəɖ ŬɜɎˊŰɡɝɖɠ 

ɛŮɗɧŭɤɜ ŭɏůɛŮɡůɖɠ əŬɘ Ŭɝɘɞˊɞɑɖůɐɠ Űɞɡ (Marques Netto ə.Ɏ 2018).  
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ȼ ˊɟɧůűŬŰɖ ŬɜɎˊŰɡɝɖ Űɖɠ ɜŬɜɞŰŮɢɜɞɚɞɔɑŬɠ ˊŬɟɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ůɢŮŭɘŬůɛɞɨ əŬɘ ŬɜɎˊŰɡɝɖɠ ɡɚɘəɩɜ 

ɛŮɔɏɗɞɡɠ ɜŬɜɞəɚɑɛŬəŬɠ, ɘəŬɜɩɜ ɜŬ ŬˊɞɗɖəŮɨɞɡɜ ɡɣɖɚɏɠ ˊɞůɧŰɖŰŮɠ CO2 (Estevez ə.Ɏ. 2018). Ⱥˊɘˊɚɏɞɜ, 

ŰŬ ɡɚɘəɎ ŬɡŰɎ ŭɨɜŬŰŬɘ ůɡɔɢɟɧɜɤɠ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɞɨɠ űɞɟŮɑɠ ɔɘŬ Űɖɜ ůɡɜ-

ŬəɘɜɖŰɞˊɞɑɖůɖ Ůɜɕɨɛɤɜ ˊɞɡ ɛɏůɤ ɛɘŬɠ ŬɚɡůɘŭɤŰɐɠ ŬɜŰɑŭɟŬůɖɠ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬŰɟɏɣɞɡɜ Űɞ 

ŬˊɞɗɖəŮɡɛɏɜɞ CO2 ůŮ ŮɜɩůŮɘɠ ɓɘɞŰŮɢɜɞɚɞɔɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ɧˊɤɠ Űɞ űɞɟɛɘəɧ ɞɝɨ, ɐ ɖ ɛŮɗŬɜɧɚɖ 

(ȺɘəɧɜŬ 1.). ɀɘŬ ŰɏŰɞɘŬ ˊɟɞůɏɔɔɘůɖ ɗŬ ɛˊɞɟɞɨůŮ ŭɡɜɖŰɘəɎ ɜŬ ůɡɛɓɎɚɚŮɘ ŮˊɞɘəɞŭɞɛɖŰɘəɎ ůŰɞ ɕɐŰɖɛŬ 

Űɖɠ ɡˊŮɟɗɏɟɛŬɜůɖɠ Űɞɡ ˊɚŬɜɐŰɖ əŬɘ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ (Singh ə.Ɏ. 2018). ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ 

ŮɟɔŬůɑŬ ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ŬɜɎˊŰɡɝɖ əŬɘɜɞŰɧɛɤɜ ˊɞɚɡŮɜɕɡɛɘəɩɜ ɜŬɜɞɓɘɞəŬŰŬɚɡŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ɛɏůɤ 

Űɖɠ ůɡɜ-ŬəɘɜɖŰɞˊɞɑɖůɖɠ Ůɜɕɨɛɤɜ ůŮ ˊɟɤŰɧŰɡˊŬ ɜŬɜɞŭɞɛɖɛɏɜŬ ɡɚɘəɎ ɎɜɗɟŬəŬ (HPC:Hierarchical 

Porous Carbon) əŬɘ ɖ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŰɖ ŭɏůɛŮɡůɖ əŬɘ ɓɘɞɛŮŰŬŰɟɞˊɐ Űɞɡ CO2. ȼ ŭɞɛɐ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ 

(ŭɟŬůŰɘəɧŰɖŰŬ, ɚŮɘŰɞɡɟɔɘəɐ ůŰŬɗŮɟɧŰɖŰŬ, ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖ) Űɤɜ ůɡůŰɖɛɎŰɤɜ ŬɡŰɩɜ Ůˊɑůɖɠ 

ɛŮɚŮŰɐɗɖəŮ ɛŮ ˊɚɐɗɞɠ ɓɘɞɢɖɛɘəɩɜ əŬɘ űŬůɛŬŰɞůəɞˊɘəɩɜ ŰŮɢɜɘəɩɜ. 

 

 
 

ȺɘəɧɜŬ 1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Ůɜɧɠ in vitro ˊɞɚɡŮɜɕɡɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɓɘɞɛŮŰŬŰɟɞˊɐɠ Űɞɡ CO2. 

 

ɀɏɗɞŭɞɘ 

ɀɖ ɞɛɞɘɞˊɞɚɘəɐ ŬəɘɜɖŰɞˊɞɑɖůɖ Űɤɜ Ůɜɕɨɛɤɜ CA, FDH əŬɘ GDH ůŮ HPCs 

ȷɟɢɘəɎ, ɕɡɔɑɕŮŰŬɘ ɖ ˊɞůɧŰɖŰŬ Űɞɡ űɞɟɏŬ ŬəɘɜɖŰɞˊɞɑɖůɖɠïHPCs. ȷəɞɚɞɡɗŮɑ ŬɜɎŭŮɡůɖ əŬɘ ŭɘŬůˊɞɟɎ 

Űɞɡ ɜŬɜɞɦɚɘəɞɨ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ ɡˊɏɟɖɢɤɜ, ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ, ɔɘŬ ˊŮɟɑˊɞɡ 30 ɚŮˊŰɎ. ɆŰɖ 

ůɡɜɏɢŮɘŬ, ɞɟɘůɛɏɜɖ ˊɞůɧŰɖŰŬ Ůɜɕɨɛɞɡ ŭɘŬɚɡŰɞˊɞɘŮɑŰŬɘ ůŰɞ ɑŭɘɞ ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ əŬɘ ˊɟɞůŰɑɗŮŰŬɘ 

ůŰɞ ŭɘɎɚɡɛŬ Űɤɜ HPCs. ȼ ŬɜŬɚɞɔɑŬ ɛɎɕŬɠ Űɤɜ Ůɜɕɨɛɤɜ CA, FDH, GDH ɤɠ ˊɟɞɠ ŰŬ HPCs ŮɑɜŬɘ 2:1:1:2, 

ŬɜŰɑůŰɞɘɢŬ 2 mg CA, 1 mg FDH, 1 mg GDH, 2 mg HPCs. ȼ ŭɘŬɚɡŰɞˊɞɑɖůɖ Űɤɜ Ůɜɕɨɛɤɜ əŬɘ ɖ ŭɘŬůˊɞɟɎ 

Űɤɜ HPCs ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ŭɘɎɚɡɛŬ űɤůűɞɟɘəɞɨ ɜŬŰɟɑɞɡ 0,05 M pH 7, ůŮ ŰŮɚɘəɧ ɧɔəɞ ɛɑɔɛŬŰɞɠ 

ŬəɘɜɖŰɞˊɞɑɖůɖɠ 8 mL (HPCs ůŮ 5 mL buffer & ñŮɜɕɡɛɘəɧ əɞəŰɏɘɚò CA-FDH-GDH 3 mL buffer). ɇɞ 

ɛɑɔɛŬ ŬəɘɜɖŰɞˊɞɑɖůɖɠ ŰɞˊɞɗŮŰŮɑŰŬɘ ɡˊɧ ŬɜɎŭŮɡůɖ ɔɘŬ 2 ɩɟŮɠ, ůŰŬ 170 rpm, ůŰɞɡɠ 30 oC. ȷəɞɚɞɡɗŮɑ 

űɡɔɞəɏɜŰɟɖůɖ ůŰŬ 4000 rpm ɔɘŬ 10 ɚŮˊŰɎ. ɇɞ ɡˊŮɟəŮɑɛŮɜɞ Űɖɠ ˊɟɩŰɖɠ űɡɔɞəɏɜŰɟɖůɖɠ űɡɚɎůůŮŰŬɘ ɔɘŬ 

Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ˊɞůɞůŰɞɨ ŬəɘɜɖŰɞˊɞɑɖůɖɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ɑɕɖɛŬ ɜŬɜɞ-ɓɘɞəŬŰŬɚɨŰɖ 

ŮˊŬɜŬŭɘŬɚɡŰɞˊɞŮɑŰŬɘ əŬɘ ɝŮˊɚɏɜŮŰŬɘ ɛŮ 2 mL ŭɘŬɚɨɛŬŰɞɠ űɤůűɞɟɘəɞɨ ɜŬŰɟɑɞɡ 0,05 M, pH 7,0 Ůɘɠ 

ŭɘˊɚɞɨɜ, ɧˊɞɡ Űɞ ɡˊŮɟəŮɑɛŮɜɞ ŬˊɞɟɟɑˊŰŮŰŬɘ. ɇɞ ŰŮɚɘəɧ ɑɕɖɛŬ ůŰŮɔɜɩɜŮɘ ɡˊɧ əŮɜɧ ůŮ ɗŮɟɛɞəɟŬůɑŬ 

ŭɤɛŬŰɑɞɡ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŬˊɞɗɖəŮɨŮŰŬɘ ůŰɞɡɠ 4 oC ɛɏɢɟɘ ɜŬ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɘɖɗŮɑ. 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

Ɇɨɔəɟɘůɖ Űɖɠ Ŭˊɧŭɞůɖɠ űɞɟɛɘəɞɨ ɛŮŰŬɝɨ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ɓɘɞəŬŰŬɚɡŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ 

ɀŮ əɟɘŰɐɟɘɞ Űɖ ɛɏɔɘůŰɖ Ŭˊɧŭɞůɖ űɞɟɛɘəɞɨ ɛɏůɤ Űɖɠ ŬɚɡůɘŭɤŰɐɠ ŬɜŰɑŭɟŬůɖɠ ɓɘɞɛŮŰŬŰɟɞˊɐɠ Űɞɡ CO2, 

ůɡɔəɟɑɗɖəŬɜ ŰŬ Ůɝɐɠ ɓɘɞəŬŰŬɚɡŰɘəɎ ůɡůŰɐɛŬŰŬ: ȷô) ůɨůŰɖɛŬ Űɤɜ ŮɚŮɨɗŮɟɤɜ Ůɜɕɨɛɤɜ CA əŬɘ FDH, 

Bô) ůɨůŰɖɛŬ Űɤɜ ŮɚŮɨɗŮɟɤɜ Ůɜɕɨɛɤɜ CA, FDH əŬɘ GDH, ũô) ůɨůŰɖɛŬ Űɞɡ ůɡɜ-ŬəɘɜɖŰɞˊɞɘɖɛɏɜɞɡ 

ɓɘɞəŬŰŬɚɨŰɖ Űɤɜ Ůɜɕɨɛɤɜ CA əŬɘ FDH (HPC-CA-FDH), ȹô) ůɨůŰɖɛŬ Űɞɡ ůɡɜ-ŬəɘɜɖŰɞˊɞɘɖɛɏɜɞɡ 

ɓɘɞəŬŰŬɚɨŰɖ Űɤɜ CA əŬɘ FDH əŬɘ Űɖɠ ŮɚŮɨɗŮɟɖɠ GDH (HPC-CA-FDH & GDH), əŬɘ Űɏɚɞɠ Ⱥô) ůɨůŰɖɛŬ 

Űɞɡ ůɡɜ-ŬəɘɜɖŰɞˊɞɘɖɛɏɜɞɡ ɓɘɞəŬŰŬɚɨŰɖ Űɤɜ Ůɜɕɨɛɤɜ CA, FDH əŬɘ GDH (HPC-CA-FDH-GDH), ɧˊɤɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2. 
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ȺɘəɧɜŬ 2. Ɇɨɔəɟɘůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ űɞɟɛɘəɞɨ ůŰɘɠ 5 ɩɟŮɠ ůŮ 5 ŭɘŬűɞɟŮŰɘəɎ ůɡůŰɖɛɎŰɤɜ 

ɓɘɞəŬŰŬɚɡŰɩɜ. ɇɞ əɎɗŮ ůɨůŰɖɛŬ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɛŮ ŭɘŬűɞɟŮŰɘəɧ ɢɟɩɛŬ. ɀŮ ɟɧɕ ɢɟɩɛŬ Űɞ ůɨůŰɖɛŬ 

Űɤɜ ŮɚŮɨɗŮɟɤɜ CA əŬɘ FDH (ȷȭ), ɛŮ ɔəɟɘ ɢɟɩɛŬ Űɞ ůɨůŰɖɛŬ Űɤɜ ŮɚŮɨɗŮɟɤɜ CA, FDH əŬɘ GDH 

(ȸô), ɛŮ ɛŬɨɟɞ ɢɟɩɛŬ Űɞ ůɨůŰɖɛŬ Űɤɜ ůɡɜ-ŬəɘɜɖŰɞˊɞɘɖɛɏɜɤɜ CA, FDH (ũô, ŬɜŬɚɞɔɑŬ ɛɎɕŬɠ 

CA:FDH:HPCs, 1:1:1), ɛŮ əɧəəɘɜɞ ɢɟɩɛŬ Űɞ ůɡɜ-ŬəɘɜɖŰɞˊɞɘɖɛɏɜɞ ůɨůŰɖɛŬ Űɤɜ CA, FDH (ŬɜŬɚɞɔɑŬ 

ɛɎɕŬɠ CA:FDH:HPCs, 1:1:1) əŬɘ Űɖɠ ŮɚŮɨɗŮɟɖɠ GDH (ȹô) əŬɘ Űɏɚɞɠ ɛŮ ˊɟɎůɘɜɞ ɢɟɩɛŬ Űɞ Űɟɘ-

Ůɜɕɡɛɘəɧ ůɡɜ-ŬəɘɜɖŰɞˊɞɘɖɛɏɜɞ ůɨůŰɖɛŬ Űɤɜ CA, FDH əŬɘ GDH (Ⱥô, ŬɜŬɚɞɔɑŬ ɛɎɕŬɠ 

CA:FDH:GDH:HPCs, 2:1:1:2). 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŬɜŬˊŰɨɢɗɖəŬɜ in vitro ˊɞɚɡŮɜɕɡɛɘəɎ ɜŬɜɞɓɘɞəŬŰŬɚɡŰɘəɎ ůɡůŰɐɛŬŰŬ ɔɘŬ Űɖ 

Ůɜɕɡɛɘəɐ ŬɜŬɔɤɔɐ Űɞɡ ŬŮɟɑɞɡ CO2 ůŮ ɢɖɛɘəɎ ˊɟɞůŰɘɗɏɛŮɜɖɠ ŬɝɑŬɠ, ɧˊɤɠ Űɞ űɞɟɛɘəɧ ɞɝɨ. ȼ ŬɜɎˊŰɡɝɖ 

ŬɡŰɩɜ Űɤɜ ɓɘɞəŬŰŬɚɡŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɏůɤ Űɖɠ ɛɖ ɞɛɞɘɞˊɞɚɘəɐɠ ůɡɜ-

ŬəɘɜɖŰɞˊɞɑɖůɖɠ Űɤɜ Ůɜɕɨɛɤɜ ůŰŬ HPCs. ȷɟɢɘəɎ, ŮˊɘɚɏɢɗɖəŬɜ ɞɘ əŬŰɎɚɚɖɚɞɘ ɓɘɞəŬŰŬɚɨŰŮɠ əŬɘ 

ɛŮɚŮŰɐɗɖəŬɜ ɤɠ ˊɟɞɠ Űɖ ŭɟŬůŰɘəɧŰɖŰŬ əŬɘ ŰŬ űŬɘɜɧɛŮɜŬ əɘɜɖŰɘəɎ Űɞɡɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ (Km, Vmax). H 

ŮˊɘŰɡɢɐɠ ůɡɜ-ŬəɘɜɖŰɞˊɞɑɖůɖ Űɤɜ CA, FDH əŬɘ GDH ůŰŬ HPCs ŮˊɘɓŮɓŬɘɩɗɖəŮ ɛŮ űŬůɛŬŰɞůəɞˊɑŬ 

ɡˊŮɟɨɗɟɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Fourier (FTIR). ȼ Ŭˊɧŭɞůɖ ɓɘɞɛŮŰŬŰɟɞˊɐɠ Űɞɡ CO2 ůŮ űɞɟɛɘəɧ Ŭˊɧ Űɞ 

ŬəɘɜɖŰɞˊɞɘɖɛɏɜɞ ůɨůŰɖɛŬ ɐŰŬɜ ˊŮɟɑˊɞɡ 6 űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɖ ůŮ ůɢɏůɖ ɛŮ Űɖ ŭɘɎŰŬɝɖ Űɤɜ ŮɚŮɨɗŮɟɤɜ 

Ůɜɕɨɛɤɜ. ɄŬɟɎɚɚɖɚŬ, Űɞ ůɨůŰɖɛŬ ŭɘŬŰɐɟɖůŮ ˊɎɜɤ Ŭˊɧ Űɖɜ ɖɛɑůŮɘŬ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ ɔɘŬ ŭɏəŬ 

ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɞɡɠ əɨəɚɞɡɠ ˊŬɟŬɔɤɔɐɠ űɞɟɛɘəɞɨ ɏˊŮɘŰŬ Ŭˊɧ 240 ɩɟŮɠ ɚŮɘŰɞɡɟɔɑŬɠ. Ⱥˊɑůɖɠ, 

ŬɜŬˊŰɨɢɗɖəŮ əŬɘ ɏɜŬ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ůɨůŰɖɛŬ ˊŬɟŬɔɤɔɐɠ űɞɟɛŬɚŭŮɒŭɖɠ, ˊɞɡ ŬˊɏŭɤůŮ ˊŮɟɑˊɞɡ 5 ɛM 

űɞɟɛŬɚŭŮɒŭɖɠ ůŮ 24 ɩɟŮɠ. ȼ Ŭɡɝɖɛɏɜɖ Ŭˊɧŭɞůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŬɡŰɩɜ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ 

ɚŮɘŰɞɡɟɔɘəɐ Űɞɡɠ ůŰŬɗŮɟɧŰɖŰŬ ŰŬ əŬɗɘůŰɎ ɤɠ ɘŭɘŬɑŰŮɟŬ ɡˊɞůɢɧɛŮɜŬ ůŮ ŮűŬɟɛɞɔɏɠ Ŭɝɘɞˊɞɑɖůɖɠ Űɞɡ CO2 

ɓɘɞɛɖɢŬɜɘəɐɠ əɚɑɛŬəŬɠ. 
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ɄŮɟɑɚɖɣɖ   
ȼ ŮɜɏɟɔŮɘŬ ŭɘŬŭɟŬɛŬŰɑɕŮɘ ůɖɛŬɜŰɘəɧ  ɟɧɚɞ ůŰɖɜ Ŭɜɞɢɐ ůŰɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ, ɛŮŰŬɝɨ Űɤɜ ɞˊɞɑɤɜ ɖ 

ɗŮɟɛɞəɟŬůɑŬ, ɤɠ əɨɟɘɞɠ ˊŬɟɎɔɞɜŰŬɠ ˊɑŮůɖɠ, ŮˊɖɟŮɎɕŮɘ Űɘɠ űɡůɘɞɚɞɔɘəɏɠ ŭɘŮɟɔŬůɑŮɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ɛŮɚŮŰɐɗɖəŮ ɖ ɏəűɟŬůɖ ɔɞɜɘŭɑɤɜ ˊɞɡ ůɡɜɘůŰɞɨɜ ŭŮɑəŰŮɠ Űɞɡ ɛŮŰŬɓɞɚɘůɛɞɨ Űɖɠ ɔɚɡəɧɚɡůɖɠ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

Ůˊɞɢɘəɏɠ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ŰůɘˊɞɨɟŬɠ ůŰɞɜ ȸɧɟŮɘɞ Ⱥɡɓɞɥəɧ Ⱦɧɚˊɞ əŬɘ ŬˊɞɛɞɜɩɗɖəŬɜ ŰɏůůŮɟɘɠ ɘůŰɞɑ (əŬɟŭɘɎ, 

ɐˊŬɟ, Ůɟɡɗɟɧɠ əŬɘ ɚŮɡəɧɠ ɛɡɠ). ȺűŬɟɛɧůŰɖəŮ ɖ ɛɏɗɞŭɞɠ Űɖɠ ŬɚɡůɘŭɤŰɐɠ ŬɜŰɑŭɟŬůɖɠ ˊɞɚɡɛŮɟɎůɖɠ ˊɟŬɔɛŬŰɘəɞɨ 

ɢɟɧɜɞɡ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɏəűɟŬůɖɠ Űɤɜ ɔɞɜɘŭɑɤɜ ŬűɡŭɟɞɔɞɜɎůɖ Űɞɡ ɔŬɚŬəŰɘəɞɨ ɞɝɏɞɠ (L-LDH), əɘɜɎůɖ 

Űɞɡ ˊɡɟɞůŰŬűɡɚɘəɞɨ ɞɝɏɞɠ (PK) Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ ɢɟɐůɖ űŬůɛŬŰɞűɤŰɞɛŮŰɟɘəɐɠ ɛŮɗɧŭɞɡ ŮəŰɘɛɐɗɖəŮ ɖ 

Ůɜɕɡɛɘəɐ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɏɜŰɞɜŮɠ ɛŮŰŬɓɞɚɏɠ ůŰɖɜ ɏəűɟŬůɖ Űɤɜ ɔɞɜɘŭɑɤɜ ůŮ 

ŮˊɑˊŮŭɞ mRNA ůɡɛɓɎɚɚɞɜŰŬɠ ůŰɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ůɢɏůɖɠ Űɖɠ ŮˊɞɢɘəɧŰɖŰŬɠ ɛŮ Űɞ ɛŮŰŬɓɞɚɘəɧ ɛɞɜɞˊɎŰɘ Űɖɠ 

ɔɚɡəɧɚɡůɖɠ, 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɀŮŰŬɓɞɚɘůɛɧɠ, ũɚɡəɧɚɡůɖ, ȷűɡŭɟɞɔɞɜɎůɖ Űɞɡ ũŬɚŬəŰɘəɞɨ Ƀɝɏɞɠ, ȾɘɜɎůɖ Űɞɡ 

ɄɡɟɞůŰŬűɡɚɘəɞɨ Ƀɝɏɞɠ, ɇůɘˊɞɨɟŬ 

 

  

ȺɘůŬɔɤɔɐ  

ȼ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ ŮɑɜŬɘ ɏɜŬ əɞɘɜɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ ɞɟɔŬɜɘůɛɩɜ, Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɔɘŬ Űɖɜ Ůɝɞɘəɞɜɧɛɖůɖ ŮˊŬɟəɩɜ ˊɞůɞŰɐŰɤɜ ŮɜɏɟɔŮɘŬɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞŰɟŬˊɞɨɜ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖ 

ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɟɞűɑɛɤɜ ɐ ůŰɖ ɕɐŰɖůɖ ŮɜɏɟɔŮɘŬɠ (Encomio & Chu, 2000). ɇŬ əɨŰŰŬɟŬ ɢɟŮɘɎɕɞɜŰŬɘ ATP 

ɔɘŬ ɜŬ ŭɘŬŰɖɟɐůɞɡɜ Űɘɠ ŮɜŮɟɔŮɘŬəɏɠ Űɞɡɠ ŬɜɎɔəŮɠ. ȼ ɔɚɡəɧɕɖ ŬˊɞŰŮɚŮɑ əɨɟɘɞ ɡˊɧůŰɟɤɛŬ ɎɜɗɟŬəŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ATP (Parra-Bonilla et al., 2010). Ʉɞɚɚɏɠ ůɡɜɗɐəŮɠ ŮɑɜŬɘ 

ůŰɟŮůůɞɔɧɜŮɠ ɔɘŬ Űɞɡɠ ɗŬɚɎůůɘɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ ɛŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ɜŬ ŬˊɞŰŮɚŮɑ Űɞɜ əɡɟɘɧŰŮɟɞ 

ůŰɟŮůůɞɔɧɜɞ ŬɓɘɞŰɘəɧ ˊŬɟɎɔɞɜŰŬ (Selye, 1976). ɆŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ˊɟɞəŬɚŮɑŰŬɘ ɖ Ŭɨɝɖůɖ Űɞɡ 

ŬɜŬŮɟɧɓɘɞɡ ɛŮŰŬɓɞɚɘůɛɞɨ ɚɧɔɤ ɡˊɞɝɑŬɠ ɛŮ ůəɞˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ ȷɇɅ ɛɏůɤ ŬɜŬŮɟɧɓɘɤɜ ɞŭɩɜ (Pºrtner 

et al., 2004). ȼ ŰůɘˊɞɨɟŬ ŮɑɜŬɘ Ŭˊɧ ŰŬ ˊɘɞ ůɖɛŬɜŰɘəɎ əŬɘ ɞɘəɞɜɞɛɘəɎ Ůɑŭɖ ˊɞɡ ŮəŰɟɏűɞɜŰŬɘ ůŰɖɜ 

Ⱥɚɚɖɜɘəɐ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŬ əŬɘ ůŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ ůɡůɢŮŰɑůŮɘ Űɘɠ Ůˊɞɢɘəɏɠ 

ɛŮŰŬɓɞɚɏɠ Űɖɠ ɏəűɟŬůɖɠ Űɤɜ ɔɞɜɘŭɑɤɜ əŬɘ Űɖɠ Ůɜɕɡɛɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ Űɖɠ ŬűɡŭɟɞɔɞɜɎůɖɠ Űɞɡ 

ɔŬɚŬəŰɘəɞɨ ɞɝɏɞɠ əŬɘ Űɖɠ əɘɜɎůɖɠ Űɞɡ ˊɡɟɞůŰŬűɡɚɘəɞɨ ɞɝɏɞɠ ɛŮ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ.  

 

ɀɏɗɞŭɞɘ əŬɘ ɈɚɘəɎ 

ȼ ɛŮɚɏŰɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞɜ ȸɧɟŮɘɞ Ⱥɡɓɞɥəɧ Ⱦɧɚˊɞ əŬɘ ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖɜ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŬ 

ɄɟɞɛɖɗɏŬɠ ȺɄȺ. Ƀɘ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ ɓɎůɖ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 

ˊɟɞɖɔɞɨɛŮɜɤɜ ŮŰɩɜ ůŮ ŭŮɑɔɛŬŰŬ ŰůɘˊɞɨɟŬɠ ɧˊɞɡ ŬˊɞɛɞɜɩɗɖəŮ ɖ əŬɟŭɘɎ, Űɞ ɐˊŬɟ, ɞ Ůɟɡɗɟɧɠ əŬɘ ɞ 

ɚŮɡəɧɠ ɛɡɠ. ȼ Ŭˊɞɛɧɜɤůɖ Űɞɡ RNA ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ ɢɟɐůɖ Nucleozol (Macherey-Nagel) Űɞ 

ɞˊɞɑɞ əŬŰɧˊɘɜ ɛŮŰŬɔɟɎűɖəŮ ŬɜŰɑůŰɟɞűŬ ůŮ cDNA ɛŮ Űɖ ɢɟɐůɖ Űɞɡ PrimeScript 1st strand cDNA 

Synthesis Kit  (Takara) əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬɚɡůɘŭɤŰɐ ŬɜŰɑŭɟŬůɖ ˊɞɚɡɛŮɟɎůɖɠ 

ˊɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ. Ƀɘ ŮəəɘɜɖŰɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɏəűɟŬůɖɠ Űɤɜ 

ɔɞɜɘŭɑɤɜ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 1.,  Ůɜɩ ɤɠ ɔɞɜɑŭɘɞ ŬɜŬűɞɟɎɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɟɘɓɞůɤɛɘəɧ 



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

82 

ɔɞɜɑŭɘɞ L13a (Kaitetzidou et al. 2015). ȼ ɛɏŰɟɖůɖ Űɖɠ Ůɜɕɡɛɘəɐɠ ŭɟŬůŰɘəɧŰɖŰŬɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ  

ůŰɞɡɠ 18oC ɛŮ Űɖɜ ɢɟɐůɖ űŬůɛŬŰɞűɤŰɞɛɏŰɟɞɡ. Ƀɘ ŭɟŬůŰɘəɧŰɖŰŮɠ Űɤɜ Ůɜɕɨɛɤɜ L-LDH əŬɘ PK 

ɛŮŰɟɐɗɖəŬɜ ɛŮŰɎ Űɖɜ ɞɝŮɑŭɤůɖ Űɞɡ NADH ůŰŬ 340 nm (ůɡɜŰŮɚŮůŰɐɠ ŬˊɧůɓŮůɖɠ Ů= 6,22 mMī1 cmī1) 

(Driedzic & Almeida-Val, 1996; Hunter-Manseau et al., 2019).  

 

 

ɄɑɜŬəŬɠ 1. Ƀɘ ŮəəɘɜɖŰɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɏəűɟŬůɖɠ Űɤɜ ɔɞɜɘŭɑɤɜ.  

 

ũɞɜɑŭɘɞ ȷɚɚɖɚɞɡɢɑŬ ȺəəɘɜɖŰɩɜ (5ô-3ô) ɀɏɔŮɗɞɠ 

ɄɟɞɥɧɜŰɞɠ 

ȷɜŬűɞɟɎ 

L-LDH F:ATCCCGAACATCATCGTCAAGTA 

R: TTGATAACCTCGTAGGCTCC 
368 bp ɄŬɟɞɨůŬ ȺɟɔŬůɑŬ 

(NCBI Reference 

Sequence: 

XM_030425767.1) 
PK F: CGCCCAGAAGATGATGATTGG 

R: ATTACACAGTCGGCCCATC 
156 bp ɄŬɟɞɨůŬ ȺɟɔŬůɑŬ 

(NCBI Reference 

Sequence: KF 

857579.1) 
L13 F: TCTGGAGGACTGTCAGGGGCATGC 

R: AGACGCACAATCTTAAGAGCAG  
148 bp Kaitetzidou et al. 

(2015) 

 

 

ȷˊɞŰŮɚɏůɛŬŰŬ  

ɇɞ ɔɞɜɑŭɘɞ L-LDH ůŰɖɜ əŬɟŭɘɎ ŮɛűɎɜɘůŮ ŰŬ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ ɏəűɟŬůɖɠ Űɞɜ ȹŮəɏɛɓɟɘɞ. ȼ 

ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ Ůɜɕɨɛɞɡ L-LDH ɏŭŮɘɝŮ ɛŮɘɤɛɏɜɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɜ ūŮɓɟɞɡɎɟɘɞ (Ⱥɘə.1Ŭ). ɆŰɞɜ 

Ůɟɡɗɟɧ ɛɡ, ɖ ɏəűɟŬůɖ ŬɡɝɐɗɖəŮ Ŭˊɧ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ ɏɤɠ Űɞɜ ɃəŰɩɓɟɘɞ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɜ ɚŮɡəɧ ɛɡ 

ůŰɞɜ ɞˊɞɑɞ  ˊŬɟŬŰɖɟɐɗɖəŮ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ Űɞɜ ūŮɓɟɞɡɎɟɘɞ. ɋůŰɧůɞ, ɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ Ůɜɕɨɛɞɡ 

ůŰɞɜ Ůɟɡɗɟɧ ɛɡ ˊŬɟɞɡůɑŬůŮ ŬˊɧŰɞɛɖ Ŭɨɝɖůɖ Űɞɜ ȷˊɟɑɚɘɞ (Ⱥɘə.1ɓ). ɆŰɞ ɚŮɡəɧ ɛɡ ɖ Ůɜɕɡɛɘəɐ 

ŭɟŬůŰɘəɧŰɖŰŬ Űɖɠ L-LDH ˊŬɟɞɡůɑŬůŮ ˊŰɩůɖ Ŭˊɧ Űɞɜ ūŮɓɟɞɡɎɟɘɞ ɏɤɠ Űɞɜ Ƚɞɨɚɘɞ (Ⱥɘə.1ɔ). ɆŰɞ ɐˊŬɟ, 

ɖ ɏəűɟŬůɖ Űɞɡ ɔɞɜɘŭɑɞɡ L-LDH ɏŭŮɘɝŮ ɛɘəɟɐ Ŭɨɝɖůɖ Ŭˊɧ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ ɏɤɠ Űɞɜ ȹŮəɏɛɓɟɘɞ əŬɘ ɖ 

ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ Ůɜɕɨɛɞɡ L-LDH ŬɡɝɐɗɖəŮ Ŭˊɧ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ ɏɤɠ Űɞɜ ūŮɓɟɞɡɎɟɘɞ (Ⱥɘə.1ŭ). ɇɞ 

ɔɞɜɑŭɘɞ PK ŮɛűɎɜɘůŮ ɡɣɖɚɏɠ Űɘɛɏɠ Űɞɜ ȹŮəɏɛɓɟɘɞ ůŰɖɜ əŬɟŭɘɎ  Ůɜɩ ɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ Ůɜɕɨɛɞɡ ɅȾ 

ɏŭŮɘɝŮ Ŭɨɝɖůɖ Ŭˊɧ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ ɏɤɠ Űɞɜ ūŮɓɟɞɡɎɟɘɞ (Ⱥɘə.2Ŭ). ɆŰɞɜ Ůɟɡɗɟɧ ɛɡ ɖ ɏəűɟŬůɖ ŬɡɝɐɗɖəŮ 

ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ ɏɤɠ Űɞɜ ȷˊɟɑɚɘɞ əŬɘ ůŰɞ ɚŮɡəɧ ɛɡ ˊŬɟŬŰɖɟɐɗɖəŮ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ 

Ŭˊɧ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ ɏɤɠ Űɞɜ ȹŮəɏɛɓɟɘɞ (Ⱥɘə.2ɓ & Ⱥɘə.2ɔ) ɋůŰɧůɞ, ɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ Ůɜɕɨɛɞɡ ɅȾ 

ůŰɞɜ Ůɟɡɗɟɧ ɛɡ ŬɡɝɐɗɖəŮ Ŭˊɧ Űɞɜ ȹŮəɏɛɓɟɘɞ ɏɤɠ Űɞɜ ūŮɓɟɞɡɎɟɘɞ əŬɘ ˊŬɟɞɡůɑŬůŮ ɏɜŰɞɜɖ Ŭɨɝɖůɖ Űɞɜ 

Ƚɞɨɚɘɞ. (Ⱥɘə.2ɓ). ɆŰɞ ɚŮɡəɧ ɛɡ ɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ Ůɜɕɨɛɞɡ PK ŬɡɝɐɗɖəŮ ůŰŬŭɘŬəɎ ɛɏɢɟɘ Űɞɜ Ƚɞɨɚɘɞ 

(Ⱥɘə.2ɔ) əŬɘ ůŰɞ ɐˊŬɟ ˊŬɟŬŰɖɟɐɗɖəŮ ˊŰɩůɖ Ŭˊɧ Űɞɜ ɃəŰɩɓɟɘɞ ɏɤɠ Űɞɜ ūŮɓɟɞɡɎɟɘɞ (Ⱥɘə.2ŭ).  

 

ɆɡɕɐŰɖůɖ  

ȼ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ Ůɜɕɨɛɞɡ L-LDH əŬɘ Űɞɡ PK ŬɡɝɐɗɖəŬɜ ůŰɞɜ Ůɟɡɗɟɧ ɛɡ Űɞɜ ȷˊɟɑɚɘɞ, ůŰɞɘɢŮɑɞ ˊɞɡ 

ɡˊɞŭɖɚɩɜŮɘ Ůɜɑůɢɡůɖ Űɞɡ ŬɜŬŮɟɧɓɘɞɡ ɛŮŰŬɓɞɚɘůɛɞɨ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ůŮ 

ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ɣŬɟɘɩɜ ůŮ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ (Iftikar et al., 2014). ȼ ɛŮɘɤɛɏɜɖ ɏəűɟŬůɖ Űɞɡ 

ɔɞɜɘŭɑɞɡ L-LDH əŬɘ Űɞɡ ɔɞɜɘŭɑɞɡ PK ɡˊɞŭɖɚɩɜɞɡɜ ɛŮɑɤůɖ Űɞɡ ŬŮɟɧɓɘɞɡ ɛŮŰŬɓɞɚɘůɛɞɨ. ɆŰɞ ɚŮɡəɧ ɛɡ, 

ˊɞɡ ŮɑɜŬɘ ɞ ɓŬůɘəɧɠ ŬɜŬŮɟɧɓɘɞɠ ɛɡɠ (Hochachka & Somero, 2002), ɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ Ůɜɕɨɛɞɡ L-

LDH ˊŬɟɞɡůɑŬůŮ ŬˊɧŰɞɛɖ Ŭɨɝɖůɖ Űɞɜ ȷˊɟɑɚɘɞ əŬɘ Űɞ ɏɜɕɡɛɞ PK ŬɡɝɐɗɖəŮ Űɞɜ Ƚɞɨɚɘɞ. ȷɡŰɧ Űɞ 

ŬˊɞŰɏɚŮůɛŬ ŮɜɘůɢɨŮɘ Űɖ ɗŮɤɟɑŬ ˊɤɠ ɞɘ ɛɨŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŬɜŬŮɟɧɓɘɞ ɛŮŰŬɓɞɚɘůɛɧ ɔɘŬ ŭɘŬŰɐɟɖůɖ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ (Hochachka & Somero, 2002). Ⱥˊɑůɖɠ, ůŰɖɜ əŬɟŭɘɎ ˊŬɟŬŰɖɟɐɗɖəŮ 

Ŭɨɝɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ L-LDH əŬɘ Űɞɡ ɔɞɜɘŭɑɞɡ PK Űɞɜ ȹŮəɏɛɓɟɘɞ. ɄɘɗŬɜɧɜ ɖ  ɔɚɡəɧɕɖ ɜŬ ŬɡɝɐɗɖəŮ 

ɛɏůɤ Űɞɡ ŬɜŬŮɟɧɓɘɞɡ ɛŮŰŬɓɞɚɘůɛɞɨ ůŰɖɜ əŬɟŭɘɎ əŬɘ ɜŬ ɛŮŰŬűɏɟɗɖəŮ ůŮ Ɏɚɚɞɡɠ ɘůŰɞɨɠ (ɐˊŬɟ) ɛɏůɤ 

Űɞɡ ŬɑɛŬŰɞɠ. ɆŮ ɎɚɚŮɠ ɛŮɚɏŰŮɠ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ɔŬɚŬəŰɘəɧ ɞɝɨ ˊŬɟɎɔŮŰŬɘ ůŮ ůɡɜɗɐəŮɠ ɡˊɞɝɑŬɠ ůŰɖɜ 

əŬɟŭɘɎ (Becker et al., 2013) əŬɘ ɧŰɘ ŰŬ ˊŮɟɘůůɧŰŮɟŬ Ůɑŭɖ ɣŬɟɘɩɜ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɞɜ ŬɜŬŮɟɧɓɘɞ 
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ɛŮŰŬɓɞɚɘůɛɧ Űɖɠ əŬɟŭɘɎɠ ɔɘŬ ɜŬ ɡˊɞůŰɖɟɑɝɞɡɜ Űɖɜ ˊŬɟŬɔɤɔɐ ɔŬɚŬəŰɘəɞɨ ɞɝɏɞɠ (Gamperl and Driedzic, 

2009). 

 

 
ȺɘəɧɜŬ 1. ȼ ɏəűɟŬůɖ əŬɘ ɖ Ůɜɕɡɛɘəɐ ŭɟŬůŰɘəɧŰɖŰŬ Űɖɠ ŬűɡŭɟɞɔɞɜɎůɖɠ Űɞɡ ɔŬɚŬəŰɘəɞɨ ɞɝɏɞɠ (L-

LDH) əŬɘ Űɖɠ əɘɜɎůɖɠ Űɞɡ ˊɡɟɞůŰŬűɡɚɘəɞɨ ɞɝɏɞɠ (PK) ůŰɞɡɠ ɘůŰɞɨɠ (Ŭ) əŬɟŭɘɎ, (ɓ) Ůɟɡɗɟɧ ɛɡ, (ɔ) 

ɚŮɡəɧ ɛɡ əŬɘ (ŭ) ɐˊŬɟ ůŰɞ Ůɑŭɞɠ Sparus aurata. 
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ɇɞ ŮɟŮɡɜɖŰɘəɧ ɏɟɔɞ ɢɟɖɛŬŰɞŭɞŰɐɗɖəŮ Ŭˊɧ Űɞ Ⱥɚɚɖɜɘəɧ ȲŭɟɡɛŬ ȰɟŮɡɜŬɠ əŬɘ ȾŬɘɜɞŰɞɛɑŬɠ (Ⱥȿ.Ƚȹ.Ⱥ.Ⱦ.) 
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ɄŮɟɑɚɖɣɖ 
ȼ ɗŮɟɛɘəɐ Ŭɜɞɢɐ Űɤɜ ˊɞɘəɘɚɧɗŮɟɛɤɜ ɞɟɔŬɜɘůɛɩɜ ɛˊɞɟŮɑ ɜŬ ŬɡɝɖɗŮɑ ɛŮŰɎ Ŭˊɧ ɛɘŬ ůɨɜŰɞɛɖ ɏəɗŮůɖ ůŮ 

ɡˊɞɗŬɜɎŰɘŮɠ ɗŮɟɛɞəɟŬůɑŮɠ, ɛɘŬ ŭɘŬŭɘəŬůɑŬ ɔɜɤůŰɐ ɤɠ ñhardeningò. ɆŰɖ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ŮɝŮŰɎůŬɛŮ ŬɡŰɐ Űɖɜ 

ɘəŬɜɧŰɖŰŬ Űɞɡ Mytilus galloprovincialis ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ (24, 26 əŬɘ 28 ÁC). ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŬˊɞŭŮɘəɜɨɞɡɜ ɧŰɘ Űɞ ñhardeningò ɛˊɞɟŮɑ ɜŬ ŬɡɝɐůŮɘ Űɖɜ ɗŮɟɛɞŬɜɗŮəŰɘəɧŰɖŰŬ, ŬɜŰɘəŬŰɞˊŰɟɑɕɞɜŰŬɠ 

Ůɜɘůɢɡɛɏɜɖ ɛɘŰɞɢɞɜŭɟɘŬəɐ ŭɟŬůŰɘəɧŰɖŰŬ, ɛŮŰŬűɞɟɎ ɞɝɡɔɧɜɞɡ əŬɘ ŬŮɟɧɓɘŬ ɘəŬɜɧŰɖŰŬ. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ:  

ɗŮɟɛɘəɧ ñhardeningò, ɗŮɟɛɘəɐ əŬŰŬˊɧɜɖůɖ, ɛɘŰɞɢɞɜŭɟɘŬəɐ ŬɜŬˊɜɞɐ, Mytilus galloprovincialis 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ˊŬɔəɧůɛɘŬ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɚɧɔɤ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ, ŮˊɖɟŮɎɕŮɘ Űɞɡɠ ɗŬɚɎůůɘɞɡɠ 

ɞɟɔŬɜɘůɛɞɨɠ ůŮ ɧɚŬ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ ɓɘɞɚɞɔɘəɐɠ Űɞɡɠ ɞɟɔɎɜɤůɖɠ (Hochachka & Somero 2002, Pºrtner 

2021). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮɚɏŰŮɠ ɔɘŬ Űɞ Ůɑŭɞɠ Mytilus galloprovincialis, ɏɢɞɡɜ ŬˊɞŭŮɑɝŮɘ 

ɧŰɘ ɖ Ŭɨɝɖůɖ Űɖɠ ɗŬɚɎůůɘŬɠ ɗŮɟɛɞəɟŬůɑŬɠ ˊɏɟŬ Ŭˊɧ Űɞɡɠ 24ɞC ˊɟɞəŬɚŮɑ ɞɝŮɘŭɤŰɘəɐ əŬŰŬˊɧɜɖůɖ, 

ɞŭɖɔɩɜŰŬɠ ůŮ ŮɜŮɟɔŮɘŬəɐ ŬɜŬɜŰɘůŰɞɘɢɑŬ, ɛŮŰŬɓɞɚɘəɐ əŬŰɎˊŰɤůɖ əŬɘ ɛŮŰŬůŰɟɞűɐ Ŭˊɧ ŬŮɟɧɓɘɞ ůŮ 

ŬɜŬŮɟɧɓɘɞ ɛŮŰŬɓɞɚɘůɛɧ, Ůɜɩ ˊŮɟŬɘŰɏɟɤ Ŭɨɝɖůɖ ˊɏɟŬ Űɤɜ 26ÁC-27ÁC ŬɡɝɎɜŮɘ Űɖɜ ɗɜɖůɘɛɧŰɖŰŬ 

(Anestis et al. 2007, Feidantsis et al. 2020).  

 

ȼ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ ɏəɗŮůɖ Ůɜɧɠ ɞɟɔŬɜɘůɛɞɨ ůŮ ɛɘŬ əŬŰŬˊɧɜɖůɖ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ 

çɛɜɐɛɖ ůŰɟŮɠè ˊɟɞəŬɚɩɜŰŬɠ ŰŬɢɨŰŮɟɖ əŬɘ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ Ŭˊɧəɟɘůɖ ůŮ ɛŮɚɚɞɜŰɘəɏɠ 

əŬŰŬˊɞɜɐůŮɘɠ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ŮɝŬɟŰɩɛŮɜɖ Ŭˊɧ Űɞ ŮɟɏɗɘůɛŬ ˊɚŬůŰɘəɧŰɖŰŬ, ɞŭɖɔɩɜŰŬɠ ůŮ 

űŬɘɜɞŰɡˊɘəɏɠ ˊɟɞůŬɟɛɞɔɏɠ Űɖɠ űɡůɘɞɚɞɔɑŬɠ əŬɘ Űɖɠ ŬɜɎˊŰɡɝɖɠ  (Agrawal 2001, Ding, Fromm & 

Avramova 2012, Hilker at al. 2016, West-Eberhard 2003). ɇɞ ɗŮɟɛɘəɧ ñhardeningò ɞɟɑɕŮŰŬɘ ɤɠ ɛɘŬ 

ŰŬɢŮɑŬ ŮɡŮɟɔŮŰɘəɐ Ŭˊɧəɟɘůɖ, ɖ ɞˊɞɑŬ ɓŮɚŰɘɩɜŮɘ Űɖɜ ɗŮɟɛɞŬɜɗŮəŰɘəɧŰɖŰŬ Ŭɛɏůɤɠ ɛŮŰɎ Űɖɜ ɏəɗŮůɖ Űɞɡ 

ɞɟɔŬɜɘůɛɞɨ ůŮ ɡˊɞɗŬɜɎŰɘŮɠ ɗŮɟɛɞəɟŬůɑŮɠ (Bilyk , Clive & DeVries 2012, Bowler 2005, Precht 1973).  

 

ɆŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ ŮɑɜŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ ɗŮɟɛɘəɞɨ ñhardening, Űɞɡ Ůɑŭɞɡɠ 

Mytilus galloprovincialis, ɜŬ ŬɡɝɎɜŮɘ Űɖɜ ɗŮɟɛɘəɐ ŬɜɗŮəŰɘəɧŰɖŰŬ.  ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ ɗŬ ɛŮɚŮŰɖɗɞɨɜ ɖ 

ɛŮŰŬɔɟŬűɘəɐ əŬɘ ɖ ɛŮŰŬ-ɛŮŰŬɔɟŬűɘəɐ ɟɨɗɛɘůɖ Űɤɜ ɛɞɜɞˊŬŰɘɩɜ Űɞɡ ɛɘŰɞɢɞɜŭɟɘŬəɞɨ ŮɜŮɟɔŮɘŬəɞɨ 

ɛŮŰŬɓɞɚɘůɛɞɨ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ůŰɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ. 
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ɀŮɗɞŭɞɚɞɔɑŬ  

ȻɩŬ 

ɀɨŭɘŬ M. galloprovincialis ɛɎɕŬɠ 25.82 Ñ 4.62 g əŬɘ ɛɐəɞɠ əŮɚɨűɞɡɠ 3.2 Ñ 0.15 cm ůɡɚɚɏɢɗɖəŬɜ Ŭˊɧ 

Űɞˊɘəɐ ɛɡŭɞəŬɚɚɘɏɟɔŮɘŬ, əŬɘ ɛŮŰŬűɏɟɗɖəŬɜ ůŮ ŭŮɝŬɛŮɜɏɠ 1000L ůŮ ɗŮɟɛɞəɟŬůɑŬ ɜŮɟɞɨ 18 ÁC Ñ 0.5 ɔɘŬ 

1 ŮɓŭɞɛɎŭŬ ɔɘŬ ɜŬ ŮɔəɚɘɛŬŰɘůŰɞɨɜ.  

 

ɄŮɘɟŬɛŬŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ 

ɇɞ ˊŮɘɟŬɛŬŰɘəɧ ɛɏɟɞɠ ŭɘŮɝɐɢɗɖ ůŮ ŭɨɞ űɎůŮɘɠ (ɗŮɟɛɘəɧ ñhardeningò əŬɘ ŮɔəɚɘɛŬŰɘůɛɧɠ). 

 

ūɎůɖ ɗŮɟɛɘəɞɨ ñhardeningò:. Ƀ ˊŮɘɟŬɛŬŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ ɓŬůɑůŰɖəŮ ůŰɖ ɛɏɗɞŭɞ "Repeated-Critical 

Thermal Maxima (CTM)" Űɞɡ Hutchison (1961), ɛŮ ɛɘəɟɏɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ~200 ɛɨŭɘŬ 
ɛŮŰŬűɏɟɗɖəŬɜ ůŮ ˊɚɐɟɤɠ ŬŮɟɘɕɧɛŮɜŬ, ŮɘŭɘəɎ ŭɘŬɛɞɟűɤɛɏɜŬ ŮɜɡŭɟŮɑŬ ɛŮ ɗŮɟɛɞəɟŬůɑŬ ɜŮɟɞɨ ůŰɞɡɠ 

18ÁC, əŬɘ ŮɔəɚɘɛŬŰɑůŰɖəŬɜ ɔɘŬ 1 ŮɓŭɞɛɎŭŬ. ȷɟɢɘəɎ ɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ɜŮɟɞɨ ŬɡɝɐɗɖəŮ ɛŮ ɟɡɗɛɧ 

1,5oC/min ɛɏɢɟɘ Űɞɡɠ 27oC  əŬɘ ŰŬ ɕɩŬ ́ ŬɟɏɛŮɘɜŬɜ ɔɘŬ 2,5 ɩɟŮɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ɖ ɗŮɟɛɞəɟŬůɑŬ ɛŮɘɩɗɖəŮ 

ɝŬɜɎ ůŰɞɡɠ 18oC əŬɘ ˊŬɟɏɛŮɘɜŬɜ ɔɘŬ ŬɜɎɟɟɤůɖ 24 ɩɟŮɠ. ȼ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚɐűɗɖəŮ ůɡɜɞɚɘəɎ 

ŰɏůůŮɟɘɠ űɞɟɏɠ. ɇŬ ɛɨŭɘŬ ŬɡŰɎ ɞɜɞɛɎůŰɖəŬɜ ɛɨŭɘŬ ñhardenedò, Ůɜɩ ŰŬ ɡˊɧɚɞɘˊŬ ɛɨŭɘŬ ˊɞɡ ŭŮɜ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɜɞɛɎůŰɖəŬɜ ɛɨŭɘŬ ñnon-hardenedò.  

 

ūɎůɖ ŮɔəɚɘɛŬŰɘůɛɞɨ: ɀɨŭɘŬ ñnon-hardenedò əŬɘ ɛɨŭɘŬ ñhardenedò ɛŮŰŬűɏɟɗɖəŬɜ ůŮ ŰɏůůŮɟɘɠ ɜɏŮɠ 

ŭŮɝŬɛŮɜɏɠ ɛŮ ɗŮɟɛɞəɟŬůɑŬ ůŰɞɡɠ 18ÁC əŬɘ ˊŬɟɏɛŮɘɜŬɜ ɔɘŬ 1 ŮɓŭɞɛɎŭŬ ɔɘŬ ɜŬ ŮɔəɚɘɛŬŰɘůŰɞɨɜ. ɆŰɖ 

ůɡɜɏɢŮɘŬ, ɖ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ Űɟɘɩɜ ŭŮɝŬɛŮɜɩɜ ŬɡɝɐɗɖəŮ (1ÁC/ɩɟŬ) ůŰɞɡɠ 24, 26 əŬɘ 28ÁC, ŬɜŰɑůŰɞɘɢŬ. 

ȼ ŰɏŰŬɟŰɖ ŭŮɝŬɛŮɜɐ ˊŬɟɏɛŮɘɜŮ ůŰɞɡɠ 18ÁC əŬɘ ŰŬ ɛɨŭɘŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ɞɛɎŭŬ Ůɚɏɔɢɞɡ. 

ȹŮɘɔɛŬŰɞɚɖɣɑŮɠ ɘůŰɩɜ ɛŬɜŭɨŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ Ŭˊɧ əɎɗŮ ŭŮɝŬɛŮɜɐ, əŬɘ Ŭˊɧ Űɘɠ 2 ɞɛɎŭŮɠ ɛɡŭɘɩɜ, 

ůŰɘɠ 12 ɩɟŮɠ, 1, 3, 5, 10 əŬɘ 15 ɖɛɏɟŮɠ, əŬŰŬɣɨɢɗɖəŬɜ ůŮ ɡɔɟɧ ɎɕɤŰɞ əŬɘ ŬˊɞɗɖəŮɨŰɖəŬɜ ůŰɞɡɠ -80ÁC 

ɔɘŬ ɛŮŰŬɔŮɜɏůŰŮɟɖ ŬɜɎɚɡůɖ. 

 

ɄŮɘɟŬɛŬŰɘəɏɠ əŬɘ ůŰŬŰɘůŰɘəɏɠ ŬɜŬɚɨůŮɘɠ 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŬɜŬɚɨůŮɘɠ Űɖɠ ɏəűɟŬůɖɠ Űɤɜ ɔɞɜɘŭɑɤɜ ůŰɧɢɤɜ COX1 əŬɘ NADH dehydrogenase 

subunit 2 (ND-2) ɛɏůɤ ˊɞůɞŰɘəɐɠ real-time PCR, Űɞɡ ˊɞůɞŰɘəɞɨ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ phospho-AMPK 

ɛɏůɤ SDS/PAGE / immunoblot ŬɜɎɚɡůɖɠ, əŬɗɩɠ əŬɘ Űɞɡ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ Űɞɡ 

Electron Transfer System (ETS) ůɨɛűɤɜŬ ɛŮ Űɞɡɠ Haider et al. (2018). Ƀɘ ɛŮŰŬɓɞɚɏɠ Űɤɜ ˊŬɟŬˊɎɜɤ 

ŭŮɘəŰɩɜ ŮɚɏɔɢɗɖəŬɜ ɤɠ ˊɟɞɠ Űɖɜ ůɖɛŬɜŰɘəɧŰɖŰɎ Űɞɡɠ ůŮ ŮˊɑˊŮŭɞ 5% ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ one way ɐ two-

way ANOVA, ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ˊɞɡ ŮɚɏɔɢɞɜŰŬɘ əɎɗŮ űɞɟɎ.  

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ɆŮ ɧɚŮɠ Űɘɠ ŬɡɝɖɛɏɜŮɠ ɗŮɟɛɞəɟŬůɑŮɠ (24, 26 əŬɘ 28ɞC) ɖ ŭɟŬůŰɘəɧŰɖŰŬ ETS ɛŮɘɩɜŮŰŬɘ ůɖɛŬɜŰɘəɎ ůŰŬ 

ɛɨŭɘŬ ñnon-hardenedò Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ ɩɟŮɠ ɏəɗŮůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ 18ɞC, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŰŬ ɛɨŭɘŬ 

ñhardenedò ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ˊŬɟɧɛɞɘŬ ɐ ŬəɧɛŬ əŬɘ Ŭɡɝɖɛɏɜɖ ŭɟŬůŰɘəɧŰɖŰŬ ETS (Ⱥɑə. 1ȷ) 

 

Ⱥˊɑůɖɠ ˊŬɟŬŰɖɟɐɗɖəŮ Ŭɨɝɖůɖ Űɖɠ ɏəűɟŬůɖɠ Űɤɜ ɔɞɜɘŭɑɤɜ COX1 əŬɘ ND2, əŬɘ ůŰɘɠ ŭɡɞ ɡˊɧ ɛŮɚɏŰɖ 

ɞɛɎŭŮɠ ɛɡŭɘɩɜ, Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ ɩɟŮɠ ɏəɗŮůɖɠ (Ⱥɘə. 1ȸ). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ůŰɞɡɠ 24ɞC, ůŰŬ ɛɨŭɘŬ 

ñhardenedò ́ŬɟŬŰɖɟŮɑŰŬɘ ɡɣɖɚɧŰŮɟɖ ɏəűɟŬůɖ Űɞɡ COX1 Ŭˊɧ Űɖɜ ɛŮŰɎ Űɖɜ 5ɖ ɖɛɏɟŬ ɏəɗŮůɖɠ əŬɗɩɠ 

əŬɘ ɡɣɖɚɧŰŮɟɖ ɏəűɟŬůɖ Űɞɡ ND2 ůŰɘɠ 3 ˊɟɩŰŮɠ ɛɏɟŮɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɛɨŭɘŬ ñnon-hardenedò, Ůɜɩ əŬɘ 

ŰŬ 2 ɔɞɜɑŭɘŬ ˊŬɟɞɡůɘɎɕɞɡɜ ůɖɛŬɜŰɘəɎ ɡɣɖɚɧŰŮɟŮɠ ŮəűɟɎůŮɘɠ Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ ɩɟŮɠ ɏəɗŮůɖɠ ůŰɞɡɠ 26 

əŬɘ 28ɞC. 

 

ɇɏɚɞɠ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ phosphor AMPK, Űɤɜ ñnon-hardenedò ɛɡŭɘɩɜ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ŬɡɝɖɛɏɜŬ Ŭˊɧ Űɘɠ 

ˊɟɩŰŮɠ ɩɟŮɠ ɏəɗŮůɖɠ ůŮ ɧɚŮɠ Űɘɠ ɡˊɧ ɛŮɚɏŰɖ ɗŮɟɛɞəɟŬůɑŮɠ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ 18ɞC, Ůɜɩ ŰŬ ɛɨŭɘŬ 

ñhardenedò ŭɘŬŰɖɟɞɨɜ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ, ɧɛɞɘŬ ɛŮ ŬɡŰɎ Űɤɜ 18ɞC (Ⱥɘə. C). 
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ȺɘəɧɜŬ 1. ȷɚɚŬɔɏɠ ůŰɖ (ȷ) Űɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ ETS, (ȸ) ůŰɖɜ ůɢŮŰɘəɐ ɏəűɟŬůɖ mRNA Űɤɜ COX1 əŬɘ 

ND-2 əŬɘ (C)  ůŰŬ ŮˊɑˊŮŭŬ űɤůűɞɟɡɚɑɤůɖɠ AMPK ůŰɞɜ ɛŬɜŭɨŬ Űɤɜ ɗŮɟɛɘəɎ ñhardenedò (H) əŬɘ 

ñnon-hardenedò (C) ɛɡŭɘɩɜ Mytilus galloprovincialis ɧŰŬɜ ŮəŰɑɗŮŰŬɘ ůŰɞɡɠ 24ÁC (a,d), 26ÁC (b,e) əŬɘ 

28ÁC (c,f) ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ ɞɛɎŭŬ Ůɚɏɔɢɞɡ ůŰɞɡɠ 18ÁC. *p < 0,05 ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ ɞɛɎŭŬ 
Ůɚɏɔɢɞɡ 18ÁC, +p < 0,05 ůŮ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ ñhardenedò (H) əŬɘ ñnon-hardenedò (C) ɛɨŭɘŬ. 

 

ɆɡɕɐŰɖůɖ 

ȼ Ŭɡɝɖɛɏɜɖ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ ETS, əŬɗɩɠ əŬɘ ŰŬ ŬɡɝɖɛɏɜŬ ŮˊɑˊŮŭŬ ɛŮŰŬɔɟŬűɘəɐɠ ɏəűɟŬůɖɠ Űɤɜ 

ɛɘŰɞɢɞɜŭɟɘŬəɩɜ ɡˊɞɛɞɜɎŭɤɜ ND2 əŬɘ COX1 ůŰɘɠ ŬɡɝɖɛɏɜŮɠ ɗŮɟɛɞəɟŬůɑŮɠ, ɗŬ ɛˊɞɟɞɨůŮ Ůɜ ɛɏɟŮɘ ɜŬ 

ŬˊɞŭɞɗŮɑ ůŰɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ɛɘŰɞɢɞɜŭɘŬəɐɠ ŬɜŬˊɜɞɐɠ ɚɧɔɤ Űɖɠ Ůɜɘůɢɡɛɏɜɖɠ ɗŮɟɛɞŬɜɗŮəŰɘəɧŰɖŰŬɠ Űɤɜ 

ɛɡŭɘɩɜ ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ Űɞ ɗŮɟɛɘəɧ ñhardeningò. ȷɜŰɑɗŮŰŬ, ůŰŬ ɛɨŭɘŬ ñnon-hardenedò Űɧůɞ ɖ 

ɛŮŰŬɔɟŬűɘəɐ ɏəűɟŬůɖ ɧůɞ əŬɘ ɖ Ůɜɕɡɛɘəɐ ŭɟŬůŰɘəɧŰɖŰŬ Űɤɜ ˊŬɟŬˊɎɜɤ, ˊŬɟŬɛɏɜɞɡɜ ůŮ ɢŬɛɖɚɧŰŮɟŬ 

ŮˊɑˊŮŭŬ. ȼ Ůɜɘůɢɡɛɏɜɖ ɛɘŰɞɢɞɜŭɟɘŬəɐ ŭɟŬůŰɘəɧŰɖŰŬ Űɤɜ ɛɡŭɘɩɜ ñhardeningò ŮɜɘůɢɨŮɘ Űɖɜ ɛŮŰŬűɞɟɎ 

Űɞɡ ɞɝɡɔɧɜɞɡ, ɞŭɖɔɩɜŰŬɠ ůŮ Ŭɡɝɖɛɏɜɖ ŬŮɟɧɓɘŬ ɘəŬɜɧŰɖŰŬ əŬɘ ůɨɜɗŮůɖ ATP ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ 
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ɡɣɖɚɩɜ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ ɚɧɔɤ Űɖɠ Ŭɡɝɖɛɏɜɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɛŮŰɟɘɎɕɞɜŰŬɠ ɏŰůɘ Űɞ ŮɜŮɟɔŮɘŬəɧ 

ůŰɟŮɠ əŬɘ ɡˊɞůŰɖɟɑɕɞɜŰŬɠ Űɖɜ ŮɜŮɟɔŮɘŬəɐ ɞɛɞɘɧůŰŬůɖ (Sokolova 2013, 2021). Ⱥˊɘˊɚɏɞɜ, ɖ 

űɤůűɞɟɡɚɑɤůɖ Űɖɠ AMPK ŬˊɞŰŮɚŮɑ ŬɘůɗɖŰɐɟŬ ɡˊɞɝɑŬɠ əŬɘ ŭɘŬŰŬɟŬɢɐɠ Űɖɠ ɞɛɞɘɧůŰŬůɖɠ Űɞɡ ATP 

(Hardie 2011). ɇŬ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ űɤůűɞɟɡɚɑɤůɖɠ AMPK Űɤɜ ɛɡŭɘɩɜ ñhardeningò, ɡˊɞŭŮɘəɜɨɞɡɜ 

ɢŬɛɖɚɧŰŮɟɖ ŮɡŬɘůɗɖůɑŬ ůŰɘɠ ŬɡɝɖɛɏɜŮɠ ɗŮɟɛɞəɟŬůɑŮɠ, ŭɘŬŰɐɟɖůɖ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ŭɡɜŬɛɘəɞɨ əŬɘ 

ˊɘɗŬɜɩɠ Ůɜɑůɢɡůɖ Űɖɠ ŬŮɟɧɓɘŬɠ ɘəŬɜɧŰɖŰŬɠ. 
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ɄŮɟɑɚɖɣɖ 
Ƀɘ ŬɜŬəŬɚɨɣŮɘɠ Űɖɠ Mary Anning ɏˊŬɘɝŬɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɖɠ ŮˊɘůŰɐɛɖɠ Űɖɠ ɄŬɚŬɘɞɜŰɞɚɞɔɑŬɠ 

Ŭɜ əŬɘ ɖ ůɡɜŮɘůűɞɟɎ Űɖɠ ůŰɖɜ ȺˊɘůŰɐɛɖ  ŬɜŬɔɜɤɟɑůŰɖəŮ ˊɞɚɨ ˊɟɧůűŬŰŬ. ɆɐɛŮɟŬ, ɡˊɎɟɢŮɘ ˊɚɞɨůɘŬ ɓɘɓɚɘɞɔɟŬűɑŬ 

ɔɘŬ Űɖ ɕɤɐ əŬɘ Űɞ ɏɟɔɞ Űɖɠ ˊɞɡ ɏɢŮɘ ŬɝɘɞˊɞɘɖɗŮɑ əŬɘ ɔɘŬ ŮəˊŬɘŭŮɡŰɘəɞɨɠ ůəɞˊɞɨɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŭŬəŰɘəɏɠ ˊɟɞŰɎůŮɘɠ ˊɞɡ ɏɢɞɡɜ ɔɑɜŮɘ ŭɘŮɗɜɩɠ əŬɘ ɓŬůɑɕɞɜŰŬɘ ůŰɞ ɏɟɔɞ Űɖɠ Mary 

Anning.  

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

Mary Anning, ŮəˊŬɑŭŮɡůɖ, ɘůŰɞɟɑŬ Űɖɠ ŮˊɘůŰɐɛɖɠ, űɨůɖ Űɖɠ ŮˊɘůŰɐɛɖɠ 

 

 

ȺɘůŬɔɤɔɐ 

ȼ Mary Anning ɐŰŬɜ ȸɟŮŰŬɜɑŭŬ ůɡɚɚɏəŰɟɘŬ ŬˊɞɚɘɗɤɛɎŰɤɜ ˊɞɡ ɏɕɖůŮ əŬɘ ŭɟŬůŰɖɟɘɞˊɞɘɐɗɖəŮ ůŰɞ 

ˊɟɩŰɞ ɛɘůɧ Űɞɡ 19ɞɡ ŬɘɩɜŬ ůŰɖɜ ˊŮɟɘɞɢɐ Lyme Regis Űɖɠ ɜɞŰɑɞɡ ȷɔɔɚɑŬɠ. Ƀɘ ŬɜŬəŬɚɨɣŮɘɠ Űɖɠ 

ůɡɜɏɓŬɚŬɜ ůɖɛŬɜŰɘəɎ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɄŬɚŬɘɞɜŰɞɚɞɔɑŬɠ ŬɚɚɎ ˊɎɟŬ Űɖ ůˊɞɡŭŬɘɧŰɖŰɎ Űɞɡɠ, ˊɏɟŬůŬɜ 

ˊɞɚɚɏɠ ŭŮəŬŮŰɑŮɠ ɛɏɢɟɘ ɜŬ ŬɜŬɔɜɤɟɘůŰŮɑ ɖ ůɡɜŮɘůűɞɟɎ Űɖɠ Anning ůŰɖɜ ȺˊɘůŰɐɛɖ (Davis 2012). ȷɜ 

əŬɘ Űɞ űɨɚɞ Űɖɠ ůŰɎɗɖəŮ ůɖɛŬɜŰɘəɧ Ůɛˊɧŭɘɞ ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ Űɖɠ ŭɖɛɞŰɘəɧŰɖŰŬ, ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ 

ɏɢɞɡɜ ɔɟŬűŰŮɑ ˊɞɚɚɎ ɓɘɓɚɑŬ ɔɘŬ Űɞ ɏɟɔɞ Űɖɠ əŬɘ ɞɘ ɛɏɗɞŭɞɘ əŬɘ ŰŬ ŮɡɟɐɛŬŰɎ Űɖɠ ŬɝɘɞˊɞɘɞɨɜŰŬɘ Ŭəɧɛɖ 

əŬɘ ůŮ ůɢɞɚɘəɧ ŮˊɑˊŮŭɞ.  

 

Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ ůɡɔəŮɜŰɟɤɗɞɨɜ əŬɘ ɜŬ ŬɜŬŭŮɘɢŰɞɨɜ ɞɘ ˊɞɘəɑɚɞɘ Űɟɧˊɞɘ 

Ŭɝɘɞˊɞɑɖůɖɠ Űɞɡ ɏɟɔɞɡ Űɖɠ Mary Anning ůŰɖɜ ŮəˊŬɑŭŮɡůɖ.  

 

ȺəˊŬɘŭŮɡŰɘəɐ Ŭɝɘɞˊɞɑɖůɖ Űɞɡ ɏɟɔɞɡ Űɖɠ Mary  Anning 

ȼ ɄŬɚŬɘɞɜŰɞɚɞɔɑŬ ŮɑɜŬɘ ɛɑŬ ŮˊɘůŰɐɛɖ, ˊɞɡ ŮəŰɧɠ Űɤɜ Ɏɚɚɤɜ ūɡůɘəɩɜ ȺˊɘůŰɖɛɩɜ (ūȺ), ůɢŮŰɑɕŮŰŬɘ 

ɏɜŰɞɜŬ ɛŮ Űɖ ȸɘɞɚɞɔɑŬ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɛŮ Űɖɜ Ⱥɝɏɚɘɝɖ. ȺɑɜŬɘ ɔɜɤůŰɧɠ ɎɚɚɤůŰŮ ɞ ɟɧɚɞɠ əŬɘ ɖ 

ůɡɛɓɞɚɐ Űɤɜ ŬˊɞɚɘɗɤɛɎŰɤɜ ůŰɞɜ ŰɞɛɏŬ ŬɡŰɧ. ȿŬɛɓŬɜɞɛɏɜɖɠ ɡˊɧɣɖ Űɖɠ ŭɡůəɞɚɑŬɠ ˊɞɡ ɏɢɞɡɜ ɞɘ 

ɛŬɗɖŰɏɠ ůŰɖɜ əŬŰŬɜɧɖůɖ, ɛɎɗɖůɖ ŬɚɚɎ ŮɜɑɞŰŮ əŬɘ Ŭˊɞŭɞɢɐ Űɖɠ ɗŮɤɟɑŬɠ Űɖɠ Ⱥɝɏɚɘɝɖɠ ɛɏůɤ űɡůɘəɐɠ 

Ůˊɘɚɞɔɐɠ (Athanasiou, Katakos & Papadopoulou 2012), Űɞ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ Anning ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ŬˊɞŰŮɚŮɑ ɛɑŬ ˊɟɧŰŬůɖ ɓŮɚŰɑɤůɖɠ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɛŬɗɖůɘŬəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ɇŬɡŰɧɢɟɞɜŬ ŰŬ 

ŮɡɟɐɛŬŰɎ Űɖɠ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ůɡɛɓɎɚɞɡɜ ůŮ ŭɘŬɗŮɛŬŰɘəɞɨɠ ůɢŮŭɘŬůɛɞɨɠ ɓɟɑůəɞɜŰŬɠ ŮűŬɟɛɞɔɏɠ ůŮ 

ɧɚŮɠ Űɘɠ ūȺ.  

 

ȷəɞɚɞɨɗɤɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŭɘɎűɞɟɞɘ Űɟɧˊɞɘ ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ɛˊɞɟŮɑ ɜŬ ŭɘŬɜɗɘůŰŮɑ ɖ ŭɘŭŬůəŬɚɑŬ Űɤɜ ūȺ 

ůŰɖ ůɢɞɚɘəɐ ŰɎɝɖ, ɧˊɤɠ ɏɢɞɡɜ ɐŭɖ ˊɟɞŰŬɗŮɑ ŭɘŮɗɜɩɠ Ŭˊɧ ŮˊɘůŰɐɛɞɜŮɠ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ. 

 

ɄŬɟɎɚɚɖɚɞ əŮɑɛŮɜɞ  

ɇɞ ˊŬɟɎɚɚɖɚɞ əŮɑɛŮɜɞ ůɡɜɞŭŮɨŮɘ ůɡɢɜɎ ɏɜŬ əɨɟɘɞ ŬɜɎɔɜɤůɛŬ ůŰɞɢŮɨɞɜŰŬɠ ůŰɖɜ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɐ 

Űɞɡ (multiple text comprehension) əŬɘ ŬɜŬűɏɟŮŰŬɘ ůŰɖ ŭɘŬŭɘəŬůɑŬ ɛɏůɤ Űɖɠ ɞˊɞɑŬɠ ɞɘ ɛŬɗɖŰɏɠ 

əŬŰŬɜɞɞɨɜ ůɨɜɗŮŰŬ ɕɖŰɐɛŬŰŬ əŬɘ ɏɜɜɞɘŮɠ ɧɢɘ Ŭˊɧ ɛɘŬ ɛɧɜɞ ˊɖɔɐ ŬɚɚɎ ŬɝɘɞˊɞɘɩɜŰŬɠ ŭɘŬűɞɟŮŰɘəɎ 

əŮɑɛŮɜŬ (Rouet 2006).  

 

ȼ ɕɤɐ əŬɘ Űɞ ɏɟɔɞ Űɖɠ Mary Anning ůɡɜŭɏŮɘ Űɖ ɚɞɔɞŰŮɢɜɑŬ ɛŮ Űɘɠ ūȺ ɛɏůŬ Ŭˊɧ Űɖɜ ŬɜɎɔɜɤůɖ Űɖɠ 

ɓɘɞɔɟŬűɑŬɠ ɧˊɤɠ ůŰɞ ɓɘɓɚɑɞ The Dragon in the Cliff: A Novel Based on the Life of Mary Anning. ȼ 
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ůɨɜŭŮůɖ ɚɞɔɞŰŮɢɜɑŬɠ əŬɘ ŮˊɘůŰɐɛɖɠ ˊŬɟɏɢŮɘ ůŰɞɡɠ ɛŬɗɖŰɏɠ ˊɟɧůɓŬůɖ ůŮ ŬəɟɘɓŮɑɠ ŮˊɘůŰɖɛɞɜɘəɏɠ 

ˊɚɖɟɞűɞɟɑŮɠ ɛɏůŬ ůŮ əŮɑɛŮɜɞ űɘɚɘəɧ ˊɟɞɠ Űɞɜ ŬɜŬɔɜɩůŰɖ ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ 

ɘůŰɞɟɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɖɠ ŮˊɘůŰɐɛɖɠ (Lapp, Flood & Ranck-Buhr 1995). 

 

ȰŰůɘ ɛɘŬ Ůˊɑˊɞɜɖ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɞɡɠ ɛŬɗɖŰɏɠ, ɧˊɤɠ ɖ ɛŮɚɏŰɖ ˊŬɟɎɚɚɖɚɤɜ əŮɘɛɏɜɤɜ, ˊɞɡ ŬˊŬɘŰŮɑ Űɖ 

ŭɘŬɢŮɑɟɘůɖ Ůɜɧɠ ɛŮɔŬɚɨŰŮɟɞɡ, ˊɞůɞŰɘəɎ, ɧɔəɞɡ ˊɚɖɟɞűɞɟɘɩɜ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Ůɜɧɠ ɛɧɜɞ 

əŮɘɛɏɜɞɡ əŬŰŬɚɐɔŮɘ ˊɘɞ ŮɡɢɎɟɘůŰɖ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ˊɘɞ ŮˊɞɘəɞŭɞɛɖŰɘəɐ. ɋůŰɧůɞ ŬˊŬɘŰɞɨɜŰŬɘ əŬɘ 

ˊɞɘɞŰɘəɎ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ɔɘŬ ŬɡŰɧ Űɞ ɜɞɖŰɘəɧ ŮɔɢŮɑɟɖɛŬ ˊɟɎɔɛŬ ˊɞɡ ɛŬɟŰɡɟɎ Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ 

əɟɘŰɘəɐɠ ůəɏɣɖɠ Űɤɜ ɛŬɗɖŰɩɜ (Wiley, et al. 2009). ȷɜ ŬɜŬɚɞɔɘůŰɞɨɛŮ ˊɤɠ Űɞ ůɢɞɚɘəɧ ŮɔɢŮɘɟɑŭɘɞ 

ůɡɛˊɘɏɕŮɘ ɛŮɔɎɚɖ ɨɚɖ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ůɡɛˊɡəɜɤɛɏɜŬ ŰŬ ŮˊɘůŰɖɛɞɜɘəɎ ŭŮŭɞɛɏɜŬ, ŬɜŰɘɚŬɛɓŬɜɧɛŬůŰŮ 

ɧŰɘ ůɡɢɜɎ ŭŮ ŭɑɜɞɜŰŬɘ ŮˊŬɟəŮɑɠ ˊɚɖɟɞűɞɟɑŮɠ ůŰɞɡɠ ɛŬɗɖŰɏɠ ɔɘŬ Űɖɜ ˊɞɟŮɑŬ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ ůəɏɣɖɠ 

ŮəəɘɜɩɜŰŬɠ Ŭˊɧ ŰŬ ŮˊɘůŰɖɛɞɜɘəɎ űŬɘɜɧɛŮɜŬ ɏɤɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛɑŬɠ ɏɟŮɡɜŬɠ, ˊɟɎɔɛŬ ˊɞɡ ŮɑɜŬɘ 

ɞɡůɘɩŭŮɠ ůɡůŰŬŰɘəɧ Űɞɡ Űɟɧˊɞɡ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ Ůɝɏɚɘɝɖɠ Űɖɠ ŮˊɘůŰɐɛɖɠ (Strßmsß, Braten & Britt 2010).  

 

ȾŬŰŬůəŮɡɐ ŭɘɞɟŬɛɎŰɤɜ 

ɇŬ ŭɘɞɟɎɛŬŰŬ ůŰɖ ɓɘɞɚɞɔɑŬ ŮɑɜŬɘ əŬŰŬůəŮɡɏɠ ůŰɘɠ ɞˊɞɑŮɠ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɟɔŬɜɘůɛɞɑ ůŰɞ űɡůɘəɧ Űɞɡɠ 

ˊŮɟɘɓɎɚɚɞɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ŬˊŮɘəɞɜɑɕɞɡɜ ɕɤɘəɞɨɠ əŬɘ űɡŰɘəɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ ɛɏůŬ ůŮ ɏɜŬ 

ɞɘəɞůɨůŰɖɛŬ. Ⱥˊɘˊɚɏɞɜ, ŬˊŮɘəɞɜɑɕɞɡɜ Űɖ ŭɟɎůɖ Űɤɜ ŮˊɘůŰɖɛɧɜɤɜ ůŰɞ ˊŮŭɑɞ əŬɘ ˊɟɞůűɏɟɞɡɜ 

ŮɝŬɘɟŮŰɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŬɜ ŮɟɔŬɚŮɑŬ ɛɎɗɖůɖɠ (Reiss & Tunnicliffe 2011). 

 

Ƀ ůəɞˊɧɠ Űɞɡɠ ůŰɖ ŭɘŭŬůəŬɚɑŬ, əɡɟɑɤɠ ɧŰŬɜ əŬŰŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ɛŬɗɖŰɏɠ, ŮɑɜŬɘ ɜŬ ˊɟɞɎɔɞɡɜ 

Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ɘůŰɞɟɑŬɠ Űɖɠ ŮˊɘůŰɐɛɖɠ ɛɏůŬ Ŭˊɧ ŰŬ ɔŮɔɞɜɧŰŬ ˊɞɡ ŭɘɖɔŮɑŰŬɘ əɎɗŮ ŭɘɧɟŬɛŬ 

(McGregor & Gadd 2019). ɈˊɞůŰɖɟɑɕŮŰŬɘ ɧŰɘ ɖ ůɡɜŮɟɔŬůɑŬ ɛŮŰŬɝɨ Űɤɜ ɛŬɗɖŰɩɜ ɔɘŬ ɜŬ ŮˊɘŰɨɢɞɡɜ ɏɜŬɜ 

əɞɘɜɧ ůəɞˊɧ, ŬɡŰɧɜ Űɖɠ əŬŰŬůəŮɡɐɠ ŭɘɞɟŬɛɎŰɤɜ, ˊŬɟɏɢŮɘ ɛɘŬ ɢɟɐůɘɛɖ ɛŬɗɖůɘŬəɐ ŮɛˊŮɘɟɑŬ ɔɘŬ ɧɚɞɡɠ. 

Ʉɟɞɠ ŬɡŰɐ Űɖɜ əŬŰŮɨɗɡɜůɖ, ɖ Ůˊɘɚɞɔɐ ɛɘŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŭɘɎůŰŬůɖɠ Űɞɡ ɗɏɛŬŰɞɠ ˊɞɡ ˊɟŬɔɛŬŰŮɨŮŰŬɘ 

Űɞ ŭɘɧɟŬɛŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŮɚəɨůŮɘ Űɞ ŮɜŭɘŬűɏɟɞɜ Űɞɡ ɗŮŬŰɐ ˊɟɞɠ Űɞ ŭɘɧɟŬɛŬ (Falk et al. 2004). 

 

ɆŰɖ ɛŮɚɏŰɖ Űɤɜ McGregor əŬɘ Gadd (2019), ŰŬ ŰɟɑŬ ŭɘɞɟɎɛŬŰŬ ɛŮ ɗɏɛŬ Űɖ Mary Anning ́ ŮɟɘɚɎɛɓŬɜŬɜ 

ŭɘɎűɞɟŮɠ ůəɖɜɏɠ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ Űɖ ŭɟɎůɖ Űɖɠ ůŰɞ ˊŮŭɑɞ. ɆŰɞ ˊɟɩŰɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ ɑŭɘŬ ůŰɖɜ 

ˊŬɟŬɚɑŬ. ȹɑˊɚŬ Űɖɠ ɓɟɑůəŮŰŬɘ ɞ ůəɨɚɞɠ ˊɞɡ ŭɘŬŰɖɟɞɨůŮ ɤɠ əŬŰɞɘəɑŭɘɞ Ůɜɩ ɔɨɟɤ Űɖɠ ɡˊɎɟɢɞɡɜ əɞɢɨɚɘŬ 

ˊɞɡ ůɡɛɓɞɚɑɕɞɡɜ ŰŬ ŬˊɞɚɘɗɩɛŬŰŬ. ɆŰɞ ŭŮɨŰŮɟɞ ˊŬɟɏɢɞɜŰŬɘ ɞɘ Ůˊɘˊɚɏɞɜ ŬˊŮɘəɞɜɑůŮɘɠ Ůɜɧɠ ɘɢɗɡɧůŬɡɟɞɡ 

əŬɗɩɠ əŬɘ Űɖɠ ˊŬɟŬɗŬɚɎůůɘŬɠ ŰɞˊɞɗŮůɑŬɠ ɧˊɞɡ ŬɜŬəŬɚɨűɗɖəŮ ɞ ůəŮɚŮŰɧɠ Űɞɡ. ɇɞ ŰɟɑŰɞ 

ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖ ɗɎɚŬůůŬ, ůŰɖɜ ˊŬɟŬɚɑŬ əŬɘ ůŰɞɜ ɞɘəɧŰɞˊɞ ůŰɖɜ Ɏəɟɖ Űɞɡ ɔəɟŮɛɞɨ. ȼ əŬŰŬůəŮɡɐ 

əŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ɔɟŬűɘəɐɠ ŬˊŮɘəɧɜɘůɖɠ ˊɞɡ ˊŬɟŮɑɢŬɜ ŰŬ ŭɘɞɟɎɛŬŰŬ ˊŮɜŰŬˊɚŬůɑŬůŮ Űɖɜ əŬŰŬɜɧɖůɖ 

Űɞɡ Űɟɧˊɞɡ ɛŮ Űɞɜ ɞˊɞɑɞ ŮɟɔŬɕɧŰŬɜ ɖ  Anning ŬɜɎɛŮůŬ ůŰɖɜ ɞɛɎŭŬ ɛŬɗɖŰɩɜ  ˊɞɡ ŰŬ əŬŰŬůəŮɨŬůŮ. 

 

ɇŮɢɜɘəɐ Interactive Historical Vignette (IHV) 

ȼ ŰŮɢɜɘəɐ IHV ŮɑɜŬɘ ɛɘŬ ˊɟɞůŮəŰɘəɎ ůɢŮŭɘŬůɛɏɜɖ əŬɘ ŮˊɘůŰɖɛɞɜɘəɎ Ŭəɟɘɓɐɠ ɞɚɘɔɧɚŮˊŰɖ ŮɝɘůŰɧɟɖůɖ 

Ůɜɧɠ ɔŮɔɞɜɧŰɞɠ Ŭˊɧ Űɖ ɕɤɐ Ůɜɧɠ ŭɘɎůɖɛɞɡ ŮˊɘůŰɐɛɞɜŬ. ȼ Ůˊɘɚɞɔɐ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɗɏɛŬ ˊɞɡ 

ŭɘŭɎůəŮŰŬɘ əŬɘ ɞ ůɢŮŭɘŬůɛɧɠ Űɖɠ ŭɞɛɐɠ Űɞɡ ˊɟɞůűɏɟŮɘ ŮɟŮɗɑůɛŬŰŬ ůŰɞɡɠ ɛŬɗɖŰɏɠ Űɧůɞ ɜŬ ůɡɕɖŰɐůɞɡɜ 

ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ɛŮ Űɞ ŭɘŭɎůəɞɜŰŬ ɧůɞ əŬɘ ɜŬ ŬɜŬɕɖŰɐůɞɡɜ ˊŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɜ ŭɘɎůɖɛɞ 

ŮˊɘůŰɐɛɞɜŬ ůŰɞɜ ŮɚŮɨɗŮɟɞ ɢɟɧɜɞ Űɞɡɠ (Wandersee 1992). 

 

ȼ ŰŮɢɜɘəɐ IHV ɏɢŮɘ ŭɘˊɚɧ ůŰɧɢɞ. Ƀ ˊɟɩŰɞɠ ŮɑɜŬɘ ɜŬ ŭɞɗŮɑ ɏɛűŬůɖ ůŰŬ ŬɜɗɟɩˊɘɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

ŮˊɘůŰɐɛɖɠ. ȼ ɘůŰɞɟɑŬ Űɖɠ ŮˊɘůŰɐɛɖɠ ŮɑɜŬɘ ɞɘ ɘůŰɞɟɑŮɠ Űɤɜ Ŭɜɗɟɩˊɤɜ ˊɞɡ ůɡɜŮɘůɏűŮɟŬɜ ůŰɖɜ 

ŮˊɘůŰɖɛɞɜɘəɐ ɔɜɩůɖ. Ƀ ŭŮɨŰŮɟɞɠ ŮɑɜŬɘ ɜŬ ŬɜŬŭŮɘɢɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮˊɘůŰɐɛɖɠ ˊŬɟɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰɎ 

Űɖɠ. ɆŰɖɜ ŮəˊŬɑŭŮɡůɖ, ůɡɢɜɎ ŭɑɜŮŰŬɘ ɏɛűŬůɖ ůŰɖ ɔɜɩůɖ ˊɞɡ ˊɟɞůűɏɟŮɘ ɖ ŮˊɘůŰɐɛɖ ůŮ ɓɎɟɞɠ Űɖɠ űɨůɖɠ 

Űɖɠ ŮˊɘůŰɐɛɖɠ (Wandersee & Roach 1995). 

 

ȰɢŮɘ ˊɟɞŰŬɗŮɑ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ŰŮɢɜɘəɐɠ IHV ɓŬůɘůɛɏɜɞ ůŰɖ ɕɤɐ Űɖɠ Mary Anning Ŭˊɧ Űɞɡɠ Clary 

əŬɘ Wandersee (2006). ɇɞ ůŮɜɎɟɘɞ ˊŮɟɘɔɟɎűŮɘ ɛɘŬ ůɡɜɞɛɘɚɑŬ ɛŮŰŬɝɨ Űɖɠ Anning əŬɘ Űɞɡ De La Beche 

ˊɞɡ ˊŮɟɘůŰɟɏűŮŰŬɘ ɔɨɟɤ Ŭˊɧ Űɞɡɠ ɓŮɚŮɛɜɑŰŮɠ (ŮɝŬűŬɜɘůɛɏɜɞɘ ˊɚɏɞɜ ɞɟɔŬɜůɛɞɑ Űɖɠ ɞɛɞŰŬɝɑŬɠ Űɤɜ 



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 
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ȾŮűŬɚɞˊɧŭɤɜ). ȼ Anning Űɞɡ ŮɝɘůŰɞɟŮɑ Űɖɜ ɘŭɏŬ Űɖɠ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ Űɞɛɏɠ ɔɘŬ ɜŬ ŬˊɞəŬɚɨɣŮɘ Űɞ 

ŮůɤŰŮɟɘəɧ Űɞɡɠ. ȷɡŰɐ ɖ ɘŭɏŬ ŰŮɚɘəɎ ɞŭɐɔɖůŮ ůŰɖɜ ŬɜŬəɎɚɡɣɖ ɧŰɘ ɞɘ ɓŮɚŮɛɜɑŰŮɠ ŭɘɏɗŮŰŬɜ ɛŮɚŬɜɞűɧɟɞ 

ůɎəɞ. ȹɑɜŮŰŬɘ ɏɛűŬůɖ ůŰɞ ůɡůɢŮŰɘůɛɧ Űɞɡ ŬˊɞɝɖɟŬɛɏɜɞɡ ɛŮɚŬɜɘɞɨ, ˊɞɡ ŮɑɢŮ ɐŭɖ ˊŬɟŬŰɖɟɐůŮɘ ůŮ 

ŬˊɞɚɘɗɩɛŬŰŬ ɛŮ Űɞ ɛŮɚŬɜɞűɧɟɞ ůɎəɞ ˊɞɡ ŭɘŬɗɏŰɞɡɜ ůɨɔɢɟɞɜɞɘ ɕɤɘəɞɑ ɞɟɔŬɜɘůɛɞɑ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɞɡ ŭɘŬɚɧɔɞɡ ˊŬɟŮɛɓɎɚɚɞɜŰŬɘ ŮɟɤŰɐůŮɘɠ ˊɟɞɠ Űɞɡɠ ɛŬɗɖŰɏɠ ŬɜŬűɞɟɘəɎ ɛŮ Űɞɜ Űɟɧˊɞ ůəɏɣɖɠ Ůɜɧɠ 

ŮˊɘůŰɐɛɞɜŬ. Ⱥˊɘˊɚɏɞɜ, ŮɑɜŬɘ ŮɛűŬɜɐɠ ɞ ůɡůɢŮŰɘůɛɧɠ Űɤɜ ŮɡɟɖɛɎŰɤɜ Űɖɠ Anning ɛŮ Űɖɜ ŮɝŮɚɘəŰɘəɐ 

ŭɘŬŭɘəŬůɑŬ. ɀŮ Űɞ ˊɏɟŬɠ Űɞɡ ŭɘŬɚɧɔɞɡ, ˊɟɞŰŮɑɜŮŰŬɘ ˊŮɟŬɘŰɏɟɤ ůɡɕɐŰɖůɖ ɛŮ ɗɏɛŬ Űɖ ůɨɔəɟɘůɖ Űɤɜ 

Űɟɧˊɤɜ ɛŮ Űɞɡɠ ɞˊɞɑɞɡɠ ŮɟɔɎɕɞɜŰŬɜ ɞɘ ŮˊɘůŰɐɛɞɜŮɠ ŮəŮɑɜɖɠ Űɖɠ Ůˊɞɢɐɠ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ůɖɛŮɟɘɜɞɨɠ 

ŮˊɘůŰɐɛɞɜŮɠ. 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ Mary Anning ˊŬɟɧɚɞ ˊɞɡ ŭŮɜ ɏŰɡɢŮ ŮˊɘůŰɖɛɞɜɘəɐɠ ŬɜŬɔɜɩɟɘůɖɠ Ůɜ ɕɤɐ, ŬˊɞŰŮɚŮɑ ɛɏůŬ Ŭˊɧ Űɞ ɏɟɔɞ 

Űɖɠ ɛɑŬ ůˊɞɡŭŬɑŬ ˊɖɔɐ Ůɜɑůɢɡůɖɠ Űɖɠ ɔɜɩůɖɠ Űɤɜ ɛŬɗɖŰɩɜ Űɧůɞ ɔɨɟɤ Ŭˊɧ ɕɖŰɐɛŬŰŬ ȸɘɞɚɞɔɑŬɠ, ɧˊɤɠ 

ɖ Ⱥɝɏɚɘɝɖ ɛɏůɤ űɡůɘəɐɠ Ůˊɘɚɞɔɐɠ, ɧůɞ əŬɘ ɔɨɟɤ Ŭˊɧ ɕɖŰɐɛŬŰŬ ūȺ ɔŮɜɘəɧŰŮɟŬ. ȼ ŮəˊŬɘŭŮɡŰɘəɐ 

Ŭɝɘɞˊɞɑɖůɖ Űɞɡ ɏɟɔɞɡ Űɖɠ ɛɎɚɘůŰŬ, ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ űɨůɖɠ Űɖɠ ŮˊɘůŰɐɛɖɠ əŬɘ 

Űɖ ůɡɛɓɞɚɐ Űɖɠ ɘůŰɞɟɑŬɠ Űɖɠ, ˊɞɡ ŬˊɞŰŮɚɞɨɜ ŮɝɎɚɚɞɡ ůˊɞɡŭŬɑŮɠ ɛŬɗɖůɘŬəɏɠ ŮˊɘŭɘɩɝŮɘɠ Űɖɠ ůɨɔɢɟɞɜɖɠ 

ŮəˊŬɑŭŮɡůɖɠ.  
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ɄŮɟɑɚɖɣɖ 
ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰŮɨŮŰŬɘ Űɖ ůɨɜŭŮůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɛŮ Űɖ ɛɞɡůɘəɐ ɛɏůɤ Űɖɠ ŬɡŰɞůɢɏŭɘŬɠ 

əŬŰŬůəŮɡɐɠ Ůɜɧɠ ɛɞɡůɘəɞɨ ɞɟɔɎɜɞɡ Űɨˊɞɡ ɜɏɦ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŮˊɑůəŮɣɖ ɛŬɗɖŰɩɜ ȿɡəŮɑɞɡ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ 

Ŭűɗɞɜɞɨɜ ŰŬ əŬɚɎɛɘŬ əŬɘ ŰŬ ˊŬɘŭɘɎ ŮɑɢŬɜ Űɖɜ ŮɡəŬɘɟɑŬ  ɜŬ əŬŰŬůəŮɡɎůɞɡɜ Űɞɜ əŬɚŬɛɏɜɘɞ Ŭɡɚɧ ɜɏɦ. ȼ ŭɟɎůɖ 

ůŰɞɢŮɨŮɘ ůŰɖɜ ŬɜɎŭŮɘɝɖ Űɤɜ ŭɡɜŬɛɘəɩɜ əŬɘ ˊɞɘəɘɚɧɛɞɟűɤɜ ůɢɏůŮɤɜ Űɞɡ Ŭɜɗɟɩˊɞɡ ɛŮ Űɖɜ űɨůɖ əŬɘ Űɖɜ ɛɞɡůɘəɐ 

ɛɏůŬ Ŭˊɧ ɛɘŬ ɓɘɤɛŬŰɘəɐ, ŭɘŬŭɟŬůŰɘəɐ ŮəˊŬɘŭŮɡŰɘəɐ ŭɘŬŭɘəŬůɑŬ. 

 

ȿɏɝŮɘɠ ȾɚŮɘŭɘɎ 

ɄŮɟɘɓɎɚɚɞɜ, ŬɡŰɞůɢɏŭɘɞ ɛɞɡůɘəɧ ɧɟɔŬɜɞ, ɜɏɦ 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ŮəˊŬɑŭŮɡůɖ ůŰɘɠ ɛɏɟŮɠ ɛŬɠ ŮɑɜŬɘ ɛɘŬ ˊɞɚɨˊɚŮɡɟɖ ŭɡɜŬɛɘəɐ ŭɘŬŭɘəŬůɑŬ, ɗŮɛŮɚɘɩŭɖɠ ɔɘŬ ˊɟɞůɤˊɘəɐ 

əŬɘ əɞɘɜɤɜɘəɐ ˊɟɧɞŭɞ  ˊɞɡ ůɡɛɓɎɚɚŮɘ ůŰɖ ɔɜɤůŰɘəɐ, əɞɘɜɤɜɘəɐ, ůɡɜŬɘůɗɖɛŬŰɘəɐ əŬɘ ŬɘůɗɖŰɘəɐ 

ŬɜɎˊŰɡɝɐ Űɞɡ ŬŰɧɛɞɡ (Ⱦɞəəɑŭɞɡ 2016). ȼ ŮəˊŬɑŭŮɡůɖ ɛŮ ɗɏɛŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ, ɛɏůŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ 

əŬɘ ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ ůɡɜŮɘůűɏɟŮɘ əŬɗɞɟɘůŰɘəɎ ůŰɖɜ ŮˊŬɜŮɝɏŰŬůɖ Űɤɜ ˊɞɚɡŭɘɎůŰŬŰɤɜ (ȾŬɚŬɢɎɜɖɠ 

2007) əŬɘ ŬˊɧɚɡŰŬ ŭɡɜŬɛɘəɩɜ ůɢɏůŮɤɜ ɛŮŰŬɝɨ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ Űɤɜ ˊɞɚɘŰɩɜ (ɅɎˊŰɖɠ 2000). 

ɀɏůɤ ŬɡŰɐɠ ŭɘŬɛɞɟűɩɜɞɜŰŬɘ əŬɘ ŬɜŬɛɞɟűɩɜɞɜŰŬɘ, ŬɜŰɘɚɐɣŮɘɠ əŬɘ ůŰɎůŮɘɠ ŭɑɜɞɜŰŬɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ɏɛˊɜŮɡůɖɠ (ȾɡɟɘŬəɑŭɞɡ & ɄɏŰɟɞɡ 2004)). ɆŮ ɧɚŬ ŬɡŰɎ ɖ ɛɞɡůɘəɐ ŮɑɜŬɘ çɖ Űɏɢɜɖ əŬɘ ɖ ŮˊɘůŰɐɛɖ ˊɞɡ 

ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɞɡɠ ɐɢɞɡɠ əŬɘ ůəɞˊɧɠ Űɖɠ ŮɑɜŬɘ ɜŬ ŮəűɟɎɕŮɘ, ɛŮ əŬŰɎɚɚɖɚɞɡɠ ůɡɜŭɡŬůɛɞɨɠ ɐɢɤɜ, 

ŬɜɗɟɩˊɘɜŮɠ ɘŭɏŮɠ əŬɘ ůɡɜŬɘůɗɐɛŬŰŬè (ɉɟɘůŰɞűɑɚɞɡ 1985). ȺɑɜŬɘ űɞɟɏŬɠ ˊɞɚɘŰɘůɛɞɨ əŬɘ ɏəűɟŬůɖ 

əɞɡɚŰɞɨɟŬɠ (Treppiedi 2007), ɧˊɞɡ ůɡɜɡˊɎɟɢɞɡɜ əŬɘ ůɡɜŭɖɛɘɞɡɟɔɞɨɜ ɧɚɞɘ ɢɤɟɑɠ ŭɘŬəɟɑůŮɘɠ, 

ŬɜŬůɨɟɞɜŰŬɠ ɛɜɐɛŮɠ əŬɘ ŮɛˊŮɘɟɑŮɠ, ůŰŬ ˊɚŬɑůɘŬ ɛɘŬɠ ɛɞɡůɘəɐɠ ˊɞɚɡˊɞɚɘŰɘůɛɘəɐɠ ˊɟŬɔɛŬŰɘəɧŰɖŰŬɠ 

(Dillon 2007) əŬɘ ŮˊŬɜŬˊɟɞůŭɘɞɟɑɕɞɡɜ Űɖɜ ɗɏůɖ Űɞɡɠ ɛɏůŬ ůŰɞ ůɢɞɚŮɑɞ əŬɘ ůŰɖɜ əɞɘɜɤɜɑŬ (Stasi 2007). 

ȼ ɞɟɔɎɜɤůɖ ɐɢɤɜ ůɡɜŭɡɎɕŮɘ ɛŮɚɤŭɑŬ, ŬɟɛɞɜɑŬ, ɟɡɗɛɧ əŬɘ ɖɢɧɢɟɤɛŬ, ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŬɜŬŭɨɞɜŰŬɘ 

ɑůɤɠ, əŬŰɎ əɨɟɘɞ ɚɧɔɞ, Ŭˊɧ Űɖ űɨůɖ. Ƀɘ ɐɢɞɘ Űɖɠ űɨůɖɠ Ůˊɘŭɟɞɨɜ ɘŭɘŬɑŰŮɟŬ ůŰɞɜ ŮɔəɏűŬɚɞ Űɞɡ 

Ŭɜɗɟɩˊɞɡ ŮɜŮɟɔɞˊɞɘɩɜŰŬɠ Űɞɜ ŮɔəŮűŬɚɘəɧ űɚɞɘɧ ɛŮ ɜŮɡɟɘəɧ ŭɡɜŬɛɘəɧ (ȺŰɛŮəŰůɧɔɚɞɡ 2016). ɆŮ ɧɚŬ 

ŰŬ ˊŬɟŬˊɎɜɤ, ɖ əŬŰŬůəŮɡɐ ɛɞɡůɘəɩɜ ɞɟɔɎɜɤɜ ɤɠ ŮəˊŬɘŭŮɡŰɘəɐ ˊɟŬəŰɘəɐ ɏɢŮɘ ŰŮəɛɖɟɘɤɛɏɜɖ 

ˊŬɘŭŬɔɤɔɘəɐ ɢɟɖůɘɛɧŰɖŰŬ (ɇůŬűŰŬɟɑŭɖɠ 2005). Ⱥˊɑůɖɠ, ɖ ɢɟɐůɖ űɡůɘəɩɜ ɡɚɘəɩɜ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ 

ɛɞɡůɘəɩɜ ɞɟɔɎɜɤɜ ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ ɘŭŮɩɜ, ˊŮˊɞɘɗɐůŮɤɜ əŬɘ Ŭɝɑɤɜ ŮˊɘŭɟɎ ŭɡɜŬɛɘəɎ ůŮ ɛɘŬ Ůɝɏɚɘɝɖ 

(Cuche 2001) ˊɞɡ ˊŮɟɘɓɎɚɚŮŰŬɘ Ŭˊɧ ɏɜŬ ˊɞɚɘŰɘůɛɘəɧ ˊɚŬɑůɘɞ (ɆŬɟɟɐɠ 2009). ȾɎɗŮ ˊŬɘŭɑ ŬɔŬˊɎ Űɞ 

ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŭɘəɐɠ Űɞɡ əŬŰŬůəŮɡɐɠ  əŬɘ Űɞɡ ŬɟɏůŮɘ ɜŬ ŬɡŰɞůɢŮŭɘɎɕŮɘ ɛŮ ŬɡŰɧ. ȰŰůɘ, ůɡɜŭɏɞɜŰŬɠ Űɞ 

ůɡɜŬɑůɗɖɛŬ ɛŮ Űɖ ɔɜɩůɖ, ɤɠ ŮɛˊŮɘɟɑŬ, ɤɠ ɏəűɟŬůɖ əŬɘ ŮˊɘəɞɘɜɤɜɑŬ, ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɖɗŮɑ ůŮ ɛɘŬ 

ɓŬɗɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ Ŭɜɗɟɩˊɞɡ (ȺŰɛŮəŰůɧɔɚɞɡ 2009). 

 

ūɨůɖ əŬɘ ɛɞɡůɘəɎ ɧɟɔŬɜŬ / ɜɏɦ 

ȼ ɘůŰɞɟɑŬ Űɤɜ ˊɜŮɡůŰɩɜ ɛɞɡůɘəɩɜ ɞɟɔɎɜɤɜ ŮɑɜŬɘ ˊɞɚɨ ˊŬɚɘɎ.  Ƀɘ ˊŬɚŬɘɧŰŮɟŮɠ əŬŰŬůəŮɡɏɠ ˊɞɡ ɏɢɞɡɜ 

ɓɟŮɗŮɑ ɢɟɞɜɞɚɞɔɞɨɜŰŬɘ ɔɨɟɤ ůŰŬ 40.000 ˊ.ɉ. əŬɘ ŮɑɜŬɘ Űɨˊɞɡ űɚɞɔɏɟŬɠ űŰɘŬɔɛɏɜŬ Ŭˊɧ ɞůŰɧ ˊɞɡɚɘɩɜ 

əŬɘ Ŭˊɧ ɞůŰɎ ɛŬɛɞɨɗ (Higham et al 2014) əŬɘ ŮɑŰŮ ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ  ɤɠ ɛɞɡůɘəɎ ɧɟɔŬɜŬ ŮɑŰŮ ɤɠ 

ɢɟɖůŰɘəɎ ŬɜŰɘəŮɑɛŮɜŬ ŮɑŰŮ ɏɢɞɡɜ ŭɘŬɛɞɟűɤɗŮɑ Ŭˊɧ űɡůɘəɏɠ ŮˊŮɛɓɎůŮɘɠ (ɇůŬűŰŬɟɑŭɖɠ 2005). ɄɏŰɟŮɠ 

əŬɘ ɚɑɗɘɜŮɠ ˊɚɎəŮɠ, ɧˊɤɠ ŰŬ ŭɘɎűɞɟŬ ɚɘɗɧűɤɜŬ, ŰŬ əɚŬŭɘɎ Ŭˊɧ ŭɏɜŭɟŬ, ɧˊɤɠ ɞɘ claves-ɝɡɚɎəɘŬ, ɞɘ 

əɞɨűɘɞɘ əɞɟɛɞɑ ˊŮůɛɏɜɤɜ ŭɏɜŭɟɤɜ, ɧˊɤɠ log-drum, ɞɘ ůŰŬɚŬɔɛɑŰŮɠ əŬɘ ɞɘ ůŰŬɚŬəŰɑŰŮɠ əŬɘ ɧůŰɟŬəŬ 

ɗŬɚɎůůɘɤɜ ɐ ɢŮɟůŬɑɤɜ ɞɟɔŬɜɘůɛɩɜ, ɧˊɤɠ ɧůŰɟŬəŬ ɢŮɚɩɜŬɠ ŮɑɜŬɘ ɛŮɟɘəɎ  ˊŬɟŬŭŮɑɔɛŬŰŬ (Cooke 2012).  
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ɇɞ əŬɚɎɛɘ ɐ əŬɚŬɛɘɎ ŮɑɜŬɘ ˊɞɩŭŮɠ ɛɞɜɞəɧŰɡɚɞ ˊɞɚɡŮŰɏɠ űɡŰɧ, ɛŮ ˊɘɗŬɜɐ əŬŰŬɔɤɔɐ Űɖɜ ȷůɑŬ əŬɘ 

ɗŮɤɟŮɑŰŬɘ Ůɜŭɖɛɘəɧ űɡŰɧ Űɤɜ ɀŮůɞɔŮɘŬəɩɜ ɢɤɟɩɜ, ɧˊɞɡ ůɡɜŬɜŰɎɛŮ ůɡɢɜɎ Űɞ Ůɑŭɞɠ Arundo donax, 

ɘŭŬɜɘəɧ ɔɘŬ əŬŰŬůəŮɡɐ ˊɜŮɡůŰɩɜ. ɇŬ əŬɚɎɛɘŬ ɓɟɑůəɞɜŰŬɘ ůŮ ɏɚɖ, ůŮ ɧɢɗŮɠ ɚɘɛɜɩɜ əŬɘ ˊɞŰŬɛɩɜ, Ůɢɞɡɜ 

ɟɘɕɩɛŬŰŬ ɐ ˊŬɟŬűɡɎŭŮɠ, ŰŬ űɨɚɚŬ Űɞɡɠ ŮɑɜŬɘ ɛŬəɟɘɎ ŰŬɘɜɘɞŮɘŭɐ əŬɘ ůŰɞ ˊɎɜɤ ɛɏɟɞɠ Űɞɡɠ ɏɢɞɡɜ ɛɑŬ 

ɛŬəɟɘɎ ŰŬɝɘŬɜɗɑŬ. Ƀ ɓɚŬůŰɧɠ Űɞɡɠ ŮɑɜŬɘ ɝɡɚɩŭɖɠ ůɡɛˊŬɔɐɠ ɐ əɞɑɚɞɠ. 

 

Ƀ ɧɟɞɠ çɜɏɦè ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ŬɟɢŬɑŬ ɄŮɟůɘəɐ ɚɏɝɖ ˊɞɡ ůɖɛŬɑɜŮɘ əŬɚɎɛɘ ɐ ɛˊŬɛˊɞɨ. ȺɑɜŬɘ ɏɜŬ 

ɛŬəɟɧůŰŮɜɞ ˊɜŮɡůŰɧ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ůŰɘɠ ȷɟŬɓɘəɏɠ ɢɩɟŮɠ, Űɞ ȽɟɎɜ əŬɘ Űɖɜ əŮɜŰɟɘəɐ ȷůɑŬ. ȼ  ɢɟɐůɖ 

Űɞɡ űŬɑɜŮŰŬɘ ɜŬ ɔɑɜŮŰŬɘ Ŭˊɧ Űɞɡɠ ŬɟɢŬɑɞɡɠ ȷɘɔɨˊŰɘɞɡɠ əŬŰɎ Űɖɜ ŰɟɑŰɖ ˊ.ɉ. ɢɘɚɘŮŰɖɟɑŭŬ. ɇŮɚŮŰɞɡɟɔɘəɐ 

ˊŬɚɏŰŬ Űɞɡ 2900 ˊ.ɢ. ůŰɞ ɛɞɡůŮɑɞ Ashmolean Űɖɠ Ƀɝűɧɟŭɖɠ ŬˊŮɘəɞɜɑɕŮɘ ɛɘŬ ŬɚŮˊɞɨ ɜŬ ˊŬɑɕŮɘ ɜɏɦ ɔɘŬ 

ɛɘŬ əŬɛɖɚɞˊɎɟŭŬɚɖ ˊɞɡ ɢɞɟŮɨŮɘ ɆŰɖɜ ɞɗɤɛŬɜɘəɐ əɚŬůɘəɐ ɛɞɡůɘəɐ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ əŬɘ ŮɝŮɚɑɢɗɖəŮ 

ɛɏůŬ Ŭˊɧ ŰŬ ɆɞɡűɘəɎ ŰɎɔɛŬŰŬ əŬɘ əɡɟɑɤɠ Ŭˊɧ ŬɡŰɧ Űɤɜ ɀŮɓɚŮɓɑ ˊɞɡ ɘŭɟɨɗɖəŮ Ŭˊɧ Űɞɜ ɇ. ɅɞɡɛɑŰɞɜ 

13ɞ ŬɘɩɜŬ, ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞ ɜɏɦ ůŰɘɠ ɛɡůŰɘəɘůŰɘəɏɠ ŰŮɚŮŰɏɠ Űɤɜ ɄŮɟɘůŰɟŮűɧɛŮɜɤɜ ȹŮɟɓɑůɖŭɤɜ. 

ȷˊɞŰŮɚŮɑ Űɞ ɓŬůɘəɧ ɛɞɡůɘəɧ ɧɟɔŬɜɞ Űɖɠ ɞɗɤɛŬɜɘəɐɠ əɚŬůɘəɐɠ ɐ ɖɛɘ-əɚŬůɘəɐɠ ɛɞɡůɘəɐɠ, ˊɞɡ 

ůɡɛˊɚɖɟɩɜŮŰŬɘ ŬɟɔɧŰŮɟŬ ɛŮ ŰŬɛˊɞɡɟɎ, ˊɞɚɑŰɘəɖ ɚɨɟŬ, əŬɜɞɜɎəɘ, ɛˊŮɜŰɑɟ (ɇɕɎɓɚŬ 2020) əŬɘ 

ɞɜɞɛŬɕɧŰŬɜ ɞɟɢɐůŰɟŬ çincesazè (Pennanen 2014). 

 

ȾɟɘŰɐɟɘŬ Ůˊɘɚɞɔɐɠ ɗɏɛŬŰɞɠ / ɀŮɗɞŭɞɚɞɔɑŬ  

ȼ əŬŰŬůəŮɡɐ Ŭɡɚɞɨ Űɨˊɞɡ ɜɏɦ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Űɞ ůɢɞɚɘəɧ ɏŰɞɠ 2021-2022 Ŭˊɧ Űɞɡɠ ɛŬɗɖŰɏɠ Űɖɠ ȸȭ 

ɇɎɝɖ ȿɡəŮɑɞɡ Űɞɡ ɀɞɡůɘəɞɨ ɆɢɞɚŮɑɞɡ ȼɟŬəɚŮɑɞɡ. ȷűɞɟɛɐ ŬˊɞŰɏɚŮůŬɜ ɞɘ ɛɞɡůɘəɏɠ ŭŮɝɘɧŰɖŰŮɠ Űɤɜ 

ɛŬɗɖŰɩɜ ˊɞɡ űɞɘŰɞɨɜ ůŰɞ ůɢɞɚŮɑɞ əŬɘ ɖ ŮˊɘɗɡɛɑŬ Űɞɡɠ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɘŬ ŭɟɎůɖ ˊɞɡ ɜŬ ŬűɞɟɎ 

Űɖ ɛɞɡůɘəɐ, ɡˊɧ Űɞ ˊɟɑůɛŬ Űɖɠ ůɨɜŭŮůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ ɞɟɔɎɜɤɜ əŬɘ   Űɖɠ ŮˊɑŭɟŬůɖɠ Űɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ. Ƀ ůɡɜŭɡŬůɛɧɠ ŬɡŰɧɠ ˊɟɞɤɗŮɑ ůɡɜŮɟɔŬŰɘəɏɠ ŭɟɎůŮɘɠ, ŬɜŬŭŮɘəɜɨŮɘ ˊɞɚɡŮˊɑˊŮŭŬ Űɖ 

ůɢɏůɖ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ ɛɞɡůɘəɐɠ, ˊɟɞůűɏɟŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɓɘɤɛŬŰɘəɐɠ ɛɎɗɖůɖɠ ůŰɖɟɘɕɧɛŮɜɖ ůŰɖɜ 

ˊŬɟɧɟɛɖůɖ, Űɖɜ ˊŬɟŬŰɐɟɖůɖ əŬɘ Űɖ ŭɟɎůɖ (ũŮɤɟɔɧˊɞɡɚɞɠ 2014).  

 

ɇɞ əŬɚɎɛɘ ˊɞɡ ɡˊɎɟɢŮɘ ůŮ ŬűɗɞɜɑŬ, ˊɟɞůűɏɟŮŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Ŭɡɚɞɨ. ȺɑɜŬɘ ůŰɟɞɔɔɡɚɧɠ ůɤɚɐɜŬɠ 

əŬŰɎ əɨɟɘɞ ɚɧɔɞ əɞɨűɘɞɠ əŬɘ ůŰŬ ůɖɛŮɑŬ Űɤɜ əɞɜŭɨɚɤɜ ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ŬɜɞɘɢŰŮɑ ŮɨəɞɚŬ ɛŮ ɏɜŬ 

ůəɚɖɟɧ əŬɘ ɚŮˊŰɧ əɚŬŭɑ. ɀˊɞɟŮɑ ɜŬ ŭɞɡɚŮɡŰŮɑ ŮɨəɞɚŬ ŬəɧɛŬ əŬɘ ɛŮ ɚɑɗɘɜŬ ŮɟɔŬɚŮɑŬ (ɛɡŰŮɟɏɠ ˊɏŰɟŮɠ) 

əŬɘ ɜŬ ŬɜɞɘɢŰɞɨɜ ŰɟɨˊŮɠ ɐ ɜŬ ɚŮɘŬɜɗŮɑ Űɞ ˊɎɜɤ ɛɏɟɞɠ ɧˊɞɡ ɔɑɜŮŰŬɘ ɖ ˊŬɟŬɔɤɔɐ Űɞɡ ɐɢɞɡ. Ɇɡɜɖɗɘůɛɏɜɞɘ 

Ŭɡɚɞɑ Ŭˊɧ əŬɚɎɛɘ ŮɑɜŬɘ Űɞ əɟɖŰɘəɧ ɗɘŬɛˊɧɚɘ, ɖ ɛŬɜŰɞɨɟŬ əŬɘ Űɞ ɜɏɦ. ɇɞ ɗɘŬɛˊɧɚɘ ŮɑɜŬɘ ɛɘŬ űɚɞɔɏɟŬ 

ɧɛɞɘŬ ɛŮ Űɖɜ ŮɡɟɤˊŬɥəɐ əŬɘ ŬˊŬɘŰŮɑ Űɖɜ əŬŰŬůəŮɡɐ ůűɡɟɑɢŰɟŬɠ ůŰɞ ɛɏɟɞɠ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ɞ ŬɏɟŬɠ. ɆŰɖ 

ɛŬɜŰɞɨɟŬ ɞ ɐɢɞɠ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ŰŬɚɎɜŰɤůɖ ɛɘŬɠ űɚɞɨŭŬɠ Űɞɡ əŬɚŬɛɘɞɨ ˊɞɡ ůɢɑɕɞɡɛŮ ɢɤɟɑɠ ɜŬ 

ŬűŬɘɟɏůɞɡɛŮ. ɇɞ ɜɏɦ Űɞ ůɡɜŬɜŰɎɛŮ ůŮ ŰɟŮɘɠ Űɨˊɞɡɠ Űɞ Űɞɨɟəɘəɞ, Űɞ ˊŮɟůɘəɧ əŬɘ Űɞ ŬɟŬɓɘəɧ. ɆŰɞ 

Űɞɨɟəɘəɞ ɡˊɎɟɢŮɘ ɖ ˊɟɞůɗɐəɖ Ůɘŭɘəɞɨ ŮˊɘůŰɧɛɘɞɡ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Ŭˊɧ ɝɨɚɞ, əɏɟŬŰɞ, ɛɏŰŬɚɚɞ ɐ 

ɎɚɚŬ ɡɚɘəɎ. ɆŰɞ ˊŮɟůɘəɧ ˊɟɞůŬɟɛɧɕŮŰŬɘ ɛɘŬ ůəɚɖɟɐ ɚŮˊŰɐ ŰŬɘɜɑŬ (ɧˊɤɠ Űɞɡ űɘɚɛ). ɆŰɞ ŬɟŬɓɘəɧ ŭŮɜ 

ɏɢɞɡɛŮ ŮˊɘůŰɧɛɘɞ ŬɚɚɎ ɛɘŬ əŬɚɎ ɚŮɘŬůɛɏɜɖ əŬɘ ɛɡŰŮɟɐ Ɏəɟɖ Ŭˊɧ ɧˊɞɡ űɡůɎɛŮ. ȷɡŰɧ ŮɑɜŬɘ əŬɘ Űɞ 

ŮɡəɞɚɧŰŮɟɞ ůŰɖɜ əŬŰŬůəŮɡɐ.  

 

ɆŮ ˊɟɤŰŬɟɢɘəɧ ůŰɎŭɘɞ ɏɔɘɜŮ ůɡɕɐŰɖůɖ ɔɘŬ Űɞ űɡŰɧ əŬɚɎɛɘ əŬɘ Űɞ ɜɏɦ. ȳŰŬɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ŭɟɎůɖ 

əŬɘ ˊɟɘɜ ŬɟɢɑůŮɘ ɖ əŬŰŬůəŮɡɐ Űɞɡ, ɏɔɘɜŮ ůɡɕɐŰɖůɖ ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ ůŰɞ ɞˊɞɑɞ ɓɟɘůəɧɛŬůŰŬɜ, ɖ ɞˊɞɑŬ 

ŮɛˊŮɟɘŮɑɢŮ ŮɟɤŰɐɛŬŰŬ ɧˊɤɠ: Űɘ ɓɚɏˊɞɡɜ, Űɘ ŬəɞɨɜŮ, Űɘ ɛɡɟɑɕɞɡɜ əŬɘ ɔŮɜɘəɧŰŮɟŬ Űɘ ˊŬɟŬŰɖɟɞɨɜ. ɇɏɚɞɠ, 

ŮůŰɘɎůŬɛŮ ůŰŬ ˊŬɟŬˊɞŰɎɛɘŬ əŬɚɎɛɘŬ ˊɞɡ ɓɟɘůəɧŰŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ, ɏɔɘɜŮ ŮˊɑŭŮɘɝɖ əŬŰŬůəŮɡɐɠ əŬɘ  ɞɘ 

ɛŬɗɖŰɏɠ ɏűŰɘŬɝŬɜ ŰŬ ŭɘəɎ Űɞɡɠ ɜɏɦ. 

 

Ⱥˊɑɚɞɔɞɠ 

ɀɏůɤ Űɖɠ ɛɞɡůɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ Űɤɜ ɛŬɗɖŰɩɜ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŬɜɎˊŰɡɝɖ ůɡɜŮɑŭɖůɖɠ ɔɘŬ ɖɗɘəɎ, 

əɞɘɜɤɜɘəɎ əŬɘ ɞɘəɞɚɞɔɘəɎ ɕɖŰɐɛŬŰŬ əŬɗɩɠ əŬɘ ˊɞɚɘŰɘůɛɘəɐ Ůˊɑɔɜɤůɖ əŬɘ ŬɡŰɞɔɜɤůɑŬ (Ⱦɞəəɑŭɞɡ et al 

2019). ȼ əŬŰŬůəŮɡɐ ɛɞɡůɘəɩɜ ɞɟɔɎɜɤɜ Ŭˊɧ űɡůɘəɎ ɡɚɘəɎ ůŰŬ ˊɚŬɑůɘŬ ɛɘŬ ŮəˊŬɘŭŮɡŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ 

ůŰɖ űɨůɖ, ɤɠ ŭɘŭŬəŰɘəɎ ɡɚɘəɎ (ɇůŬűŰŬɟɑŭɖɠ 1995), ɤɠ ɛɞɡůɘəɎ ɧɟɔŬɜŬ (Abrashev & Gadjev 2006) , 

ɤɠ ɖɢɖŰɘəɎ ŬɜŰɘəŮɑɛŮɜŬ (Wishart 1996), əŬɗɩɠ əŬɘ ɤɠ űɞɟŮɑɠ əɞɡɚŰɞɨɟŬɠ (Kartomi 1990), ɛˊɞɟŮɑ ɜŬ 

ŬˊɞŰŮɚɏůŮɘ ɛɘŬ ŮˊɞɘəɞŭɞɛɖŰɘəɐ ŮəˊŬɘŭŮɡŰɘəɐ ˊɟŬəŰɘəɐ ɛŮ ɘŭɘŬɑŰŮɟŬ ɗŮŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. 
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ɇɞ ˊŬɟɧɜ Ɏɟɗɟɞ ŬűɞɟɎ ůŰɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ŮəˊŬɘŭŮɡŰɘəɩɜ ŬɜŬɔəɩɜ ɛɘŬɠ ɞɛɎŭŬɠ ŭŬůəɎɚɤɜ, ɞɘ ɞˊɞɑɞɘ 

ŮəŭɐɚɤůŬɜ ŮɜŭɘŬűɏɟɞɜ ɜŬ ˊŬɟŬəɞɚɞɡɗɐůɞɡɜ ɏɜŬ ŮˊɘɛɞɟűɤŰɘəɧ ˊɟɧɔɟŬɛɛŬ ˊɞɡ ŬɝɘɞˊɞɘɞɨůŮ ɊɖűɘŬəɧ 

ȺəˊŬɘŭŮɡŰɘəɧ ɄŮɟɘŮɢɧɛŮɜɞ (ɊȺɄ) əŬɘ ȷɜɞɘəŰɞɨɠ ȺəˊŬɘŭŮɡŰɘəɞɨɠ Ʉɧɟɞɡɠ ůŰɖ ŭɘŭŬůəŬɚɑŬ Űɤɜ ɓɘɞɚɞɔɘəɩɜ 

Ůɜɜɞɘɩɜ ůŰɞ ȹɖɛɞŰɘəɧ ɆɢɞɚŮɑɞ.  ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɏɟŮɡɜŬɠ ɏŭŮɘɝŬɜ ɧŰɘ ɞɘ ŭɎůəŬɚɞɘ Ůˊɘɗɡɛɞɨɜ ɜŬ 

Ůˊɘɛɞɟűɤɗɞɨɜ ůŮ ɧɚŮɠ Űɘɠ ɗŮɛŬŰɘəɏɠ Űɞɡ ɄɟɞɔɟɎɛɛŬŰɞɠ Ɇˊɞɡŭɩɜ (ɄɆ) ɛŮ ɏɛűŬůɖ ůŰŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ɗɏɛŬŰŬ 

əŬɘ ůŰŬ ɗɏɛŬŰŬ Űɤɜ ŬůɗŮɜŮɘɩɜ əŬɘ ůŮ ɜɏŮɠ ŭŮɝɘɧŰɖŰŮɠ əŬɘ ˊɟŬəŰɘəɏɠ ˊɞɡ ˊɟɞɎɔɞɡɜ Űɞ ɛŬɗɖŰɞəŮɜŰɟɘəɧ ɛɞɜŰɏɚɞ, 
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Ɇəɞˊɧɠ Űɖɠ ɏɟŮɡɜŬɠ 

Ɇəɞˊɧɠ Űɖɠ ɏɟŮɡɜŬɠ ɐŰŬɜ ɞ ŮɜŰɞˊɘůɛɧɠ Űɤɜ ŮəˊŬɘŭŮɡŰɘəɩɜ ŬɜŬɔəɩɜ ɛɘŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɞɛɎŭŬɠ 

ŭŬůəɎɚɤɜ, ˊɞɡ ŮəŭɐɚɤůŮ ŮɜŭɘŬűɏɟɞɜ ɜŬ ˊɎɟŮɘ ɛɏɟɞɠ ůŮ ɏɜŬ ŮˊɘɛɞɟűɤŰɘəɧ ˊɟɧɔɟŬɛɛŬ ˊɞɡ ŬűɞɟɞɨůŮ 

ůŰɖ ŭɘŭŬůəŬɚɑŬ Űɤɜ ɓɘɞɚɞɔɘəɩɜ Ůɜɜɞɘɩɜ ůŰɞ ȹɖɛɞŰɘəɧ ɆɢɞɚŮɑɞ.  

 

ɀɏɗɞŭɞɠ 

ȷɝɘɞˊɞɘɩɜŰŬɠ ŰŬ ŮɟŮɡɜɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɧŰŮɟɖɠ ɏɟŮɡɜŬɠ (Tzovla & Kedraka, 2020a) ůɢŮŭɘɎůŰɖəŮ 

əŬɘ ůŰɎɚɗɖəŮ ůŰɞɡɠ ŭŬůəɎɚɞɡɠ ɏɜŬ ůɨɜŰɞɛɞ ŮɟɤŰɖɛŬŰɞɚɧɔɘɞ ˊɞɡ ŭɘŮɟŮɡɜɞɨůŮ Űɘɠ ŮəˊŬɘŭŮɡŰɘəɏɠ Űɞɡɠ 

ŬɜɎɔəŮɠ ůɢŮŰɘəɎ ɛŮ Űɖ ŭɘŭŬůəŬɚɑŬ Űɤɜ ɓɘɞɚɞɔɘəɩɜ Ůɜɜɞɘɩɜ ůŰɞ ȹɖɛɞŰɘəɧ ɆɢɞɚŮɑɞ. ȷˊɧ Űɞɡɠ 

ˊŮɜŰŬəɧůɘɞɡɠ ŮɜɜɘɎ (509) ŭŬůəɎɚɞɡɠ ˊɞɡ ůɡɛɛŮŰŮɑɢŬɜ ůŰɖɜ Ŭɟɢɘəɐ ɏɟŮɡɜŬ, ŰŮŰɟŬəɧůɘɞɘ ŰɟɘɎɜŰŬ (430) 

ŮəŭɐɚɤůŬɜ ŮɜŭɘŬűɏɟɞɜ ɜŬ ůɡɛɛŮŰɎůɢɞɡɜ ůŰɞ ŮˊɘɛɞɟűɤŰɘəɧ ˊɟɧɔɟŬɛɛŬ. ɆŮ ŬɡŰɞɨɠ ŬˊŮůŰɎɚɖ Űɞ 

ŮɟɤŰɖɛŬŰɞɚɧɔɘɞ ŭɘŮɟŮɨɜɖůɖɠ ŮəˊŬɘŭŮɡŰɘəɩɜ ŬɜŬɔəɩɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ɞɘ ŬɜɎɔəŮɠ Űɞɡɠ 

ůŰɞɜ ůɢŮŭɘŬůɛɧ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ (Tzovla & Kedraka, 2021Ț  Tzovla et al., 2021aȚ Tzovla et al., 

2021b). ȹɘŬəɧůɘɞɘ ɞɔŭɧɜŰŬ ŮɜɜɘɎ (289) ŭɎůəŬɚɞɘ, ŬˊɎɜŰɖůŬɜ Űɞ ŮɟɤŰɖɛŬŰɞɚɧɔɘɞ, ɞɘ ɞˊɞɑɞɘ əŬɘ 

ŬˊɞŰɏɚŮůŬɜ Űɞ ŭŮɑɔɛŬ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ.  

 

ȺɟɔŬɚŮɑɞ ɏɟŮɡɜŬɠ 

ɇɞ ŮɟɤŰɖɛŬŰɞɚɧɔɘɞ, ˊɞɡ ŭɘŮɟŮɡɜɞɨůŮ Űɘɠ ŮəˊŬɘŭŮɡŰɘəɏɠ ŬɜɎɔəŮɠ Űɤɜ ŮəˊŬɘŭŮɡŰɘəɩɜ ŬˊɞŰŮɚɞɨɜŰŬɜ Ŭˊɧ 

4 ŮɟɤŰɐůŮɘɠ əɚŮɘůŰɞɨ Űɨˊɞɡ əŬɘ 2 ŬɜɞɘɢŰɞɨ. ɇɞ ˊŬɟɧɜ Ɏɟɗɟɞ ŬűɞɟɎ ɛɧɜɞ Űɘɠ ŮɟɤŰɐůŮɘɠ əɚŮɘůŰɞɨ Űɨˊɞɡ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ ŮɟɤŰɖɛŬŰɞɚɧɔɘɞ ŬˊɞŰŮɚɞɨɜŰŬɜ Ŭˊɧ 2 ŮɟɤŰɐůŮɘɠ, ŭɘŬɓŬɗɛɘůɛɏɜŮɠ ůŰɖɜ əɚɑɛŬəŬ 
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Likert ˊɞɡ ŬűɞɟɞɨůŬɜ: Ŭ) ůŰɘɠ ɗŮɛŬŰɘəɏɠ ŮɜɧŰɖŰŮɠ Űɤɜ ɓɘɞɚɞɔɘəɩɜ Ůɜɜɞɘɩɜ, ɞɘ ɞˊɞɑŮɠ ŮɛˊŮɟɘɏɢɞɜŰŬɘ 

ůŰɞ ɄɟɧɔɟŬɛɛŬ Ɇˊɞɡŭɩɜ (ɄɆ)  Űɞɡ ȹɖɛɞŰɘəɞɨ əŬɘ ůŰɘɠ ɞˊɞɑŮɠ ɞɘ ŮəˊŬɘŭŮɡŰɘəɞɑ ɗŬ ɐɗŮɚŬɜ ɜŬ 

ŮɛɓŬɗɨɜɞɡɜ ˊŮɟɘůůɧŰŮɟɞ əŬɘ ɓ) ůŰɖɜ əŬɚɚɘɏɟɔŮɘŬ ŭŮɝɘɞŰɐŰɤɜ ůɢŮŰɘəɎ ɛŮ ŭɘŭŬəŰɘəɏɠ ɛŮɗɧŭɞɡɠ əŬɘ 

ˊɟŬəŰɘəɏɠ, ˊɞɡ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɡˊɞůŰɖɟɑɝɞɡɜ Űɖ ŭɘŭŬůəŬɚɑŬ Űɤɜ ɓɘɞɚɞɔɘəɩɜ Ůɜɜɞɘɩɜ. Ⱥˊɘˊɚɏɞɜ, 

ˊŮɟɘŮɑɢŮ 2 ŮɟɤŰɐůŮɘɠ ˊɞɚɚŬˊɚɐɠ Ůˊɘɚɞɔɐɠ ůɢŮŰɘəɎ ɛŮ ɔ) Űɖɜ ˊɟɞŰɘɛɩɛŮɜɖ ɛɞɟűɐ əŬɘ ŭ) Űɖɜ 

ˊɟɞŰɘɛɩɛŮɜɖ ŭɘɎɟəŮɘŬ Űɞɡ Ůɝ ŬˊɞůŰɎůŮɤɠ ˊɟɞɔɟɎɛɛŬŰɞɠ  

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ɆŰɞɜ ɄɑɜŬəŬ 1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊŮɟɘɔɟŬűɘəɐɠ ůŰŬŰɘůŰɘəɐɠ Űɤɜ ŬɜŬɔəɩɜ Űɤɜ 

ůɡɛɛŮŰŮɢɧɜŰɤɜ ůŰɖɜ ɏɟŮɡɜŬ ůɢŮŰɘəɎ ɛŮ Űɘɠ ɗŮɛŬŰɘəɏɠ ŮɜɧŰɖŰŮɠ ůŰɘɠ ɞˊɞɑŮɠ ŬɡŰɞɑ Ůˊɘɗɡɛɞɨɜ ɜŬ 

ŮɛɓŬɗɨɜɞɡɜ ˊŮɟɘůůɧŰŮɟɞ.  

 

ɄɑɜŬəŬɠ 1: ŪŮɛŬŰɘəɏɠ ŮɜɧŰɖŰŮɠ Űɤɜ ɓɘɞɚɞɔɘəɩɜ Ůɜɜɞɘɩɜ, ůŰɘɠ ɞˊɞɑŮɠ Ůˊɘɗɡɛɞɨɜ ɜŬ ŮɛɓŬɗɨɜɞɡɜ 

ˊŮɟɘůůɧŰŮɟɞ (N=289)  

  ȾŬɗɧɚɞɡ ȿɑɔɞ ȷɟəŮŰɎ Ʉɞɚɨ 

ɄɎɟŬ 

ˊɞɚɨ 

q1.1 ɈɔŮɑŬ Űɞɡ Ŭɜɗɟɩˊɞɡ 0,3% 3,5% 19,4% 30,4% 46,4% 

q1.2 ɆɡůŰɐɛŬŰŬ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ 

ůɩɛŬŰɞɠ 
0,7% 7,6% 21,8% 33,9% 36,0% 

q1.3 ŪɏɛŬŰŬ ɃɘəɞɚɞɔɑŬɠ 1,4% 7,6% 20,4% 32,9% 37,7% 

q1.4 ȻɩŬ 1,4% 15,9% 29,1% 32,5% 21,1% 

q1.5 ūɡŰɎ 1,7% 14,5% 30,1% 32,2% 21,5% 

q1.6 ȷɜɧɟɔŬɜɞɘ ɞɟɔŬɜɘůɛɞɑ 7,3% 18,7% 37,0% 23,5% 13,5% 

q1.7 Ⱥɝɏɚɘɝɖ Űɤɜ Ůɘŭɩɜ 2,4% 10,7% 30,1% 27,7% 29,1% 

q1.8 ɄŮɟɘɓŬɚɚɞɜŰɘəɎ ɗɏɛŬŰŬ/ 

ˊɟɞɓɚɐɛŬŰŬ 
0,0% 5,9% 16,3% 24,9% 52,9% 

 

ɆŰɞɜ ɄɑɜŬəŬ 2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŭɘŮɟŮɨɜɖůɖɠ ŬɜŬɔəɩɜ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɘɠ 

ŭŮɝɘɧŰɖŰŮɠ ůŮ ɛŮɗɧŭɞɡɠ əŬɘ ˊɟŬəŰɘəɏɠ, ˊɞɡ ɞɘ ůɡɛɛŮŰɏɢɞɜŰŮɠ Ůˊɘɗɡɛɞɨɜ ɜŬ əŬɚɚɘŮɟɔɐůɞɡɜ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɞůŰɖɟɑɝɞɡɜ Űɖ ŭɘŭŬůəŬɚɑŬ Űɤɜ ɓɘɞɚɞɔɘəɩɜ Ůɜɜɞɘɩɜ.  

 

ɄɑɜŬəŬɠ 2: ȹŮɝɘɧŰɖŰŮɠ ˊɞɡ Ůˊɘɗɡɛɞɨɜ ɜŬ əŬɚɚɘŮɟɔɐůɞɡɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɞůŰɖɟɑɝɞɡɜ Űɖ 

ŭɘŭŬůəŬɚɑŬ Űɤɜ ɓɘɞɚɞɔɘəɩɜ Ůɜɜɞɘɩɜ (N=289)  

  ȾŬɗɧɚɞɡ ȿɑɔɞ ȷɟəŮŰɎ Ʉɞɚɨ 

ɄɎɟŬ 

ˊɞɚɨ 

q2.1 ɆɢŮŭɘŬůɛɧɠ, ɞɟɔɎɜɤůɖ, ɡɚɞˊɞɑɖůɖ əŬɘ 

Ŭɝɘɞɚɧɔɖůɖ Ůɜɧɠ ůɢŮŭɑɞɡ ɛŬɗɐɛŬŰɞɠ ˊɞɡ ŬűɞɟɎ 

ůŰɖ ŭɘŭŬůəŬɚɑŬ Űɤɜ ɓɘɞɚɞɔɘəɩɜ Ůɜɜɞɘɩɜ ůŰɞ 

ȹɖɛɞŰɘəɧ ɆɢɞɚŮɑɞ 

0,3% 3,1% 20,1% 33,2% 43,3% 

q2.2 ɃɟɔɎɜɤůɖ ŭɘŬɗŮɛŬŰɘəɩɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ 0,3% 4,2% 20,1% 31,1% 44,3% 

q2.3 ȷɜŬəŬɚɡˊŰɘəɐ - ȹɘŮɟŮɡɜɖŰɘəɐ ɛɎɗɖůɖ 0,3% 3,8% 14,5% 32,9% 48,4% 

q2.4 ɆɡɜŮɟɔŬŰɘəɐ ɛɎɗɖůɖ 0,3% 3,1% 20,4% 32,5% 43,6% 

q2.5 ȷɝɘɞˊɞɑɖůɖ ˊɞɚɚŬˊɚɩɜ ˊɖɔɩɜ (ɏɜŰɡˊɞɡ 

ɡɚɘəɞɨ, Ŭɝɘɞˊɞɑɖůɖ ɣɖűɘŬəɩɜ ŰŮɢɜɞɚɞɔɘɩɜ, 

ɊɖűɘŬəɞɨ ȺəˊŬɘŭŮɡŰɘəɞɨ ɄŮɟɘŮɢɞɛɏɜɞɡ, 

ȷɜɞɘɢŰɩɜ ȺəˊŬɘŭŮɡŰɘəɩɜ Ʉɧɟɤɜ əŰɚ) 

0,0% 3,1% 15,9% 33,2% 47,8% 

q2.6 ɀɎɗɖůɖ ůŮ ŬɡɗŮɜŰɘəɎ ˊɚŬɑůɘŬ 0,3% 4,8% 18,7% 34,9% 41,2% 

q2.7 ɀɏɗɞŭɞɠ Űɖɠ ŬɜŰŮůŰɟŬɛɛɏɜɖɠ ŰɎɝɖɠ 

(Flipping Classrooms) 
0,7% 6,6% 18,3% 30,4% 43,9% 

ɇɏɚɞɠ, ůŰɖɜ ŮɟɩŰɖůɖ ˊɞɡ ŬűɞɟɞɨůŮ Űɖɜ ˊɟɞŰɘɛɩɛŮɜɖ ɛɞɟűɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɖ ˊɚŮɘɞɣɖűɑŬ ŮˊɏɚŮɝŮ 
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Űɖɜ Ŭůɨɔɢɟɞɜɖ ɛɞɟűɐ (59,9%) əŬɘ ůŰɖɜ ŮɟɩŰɖůɖ ˊɞɡ ŬűɞɟɞɨůŮ ůŰɖ ŭɘɎɟəŮɘŬ ŬɡŰɞɨ Űɞ ɛŮɔŬɚɨŰŮɟɞ 

ˊɞůɞůŰɧ (39,9%) ŮˊɏɚŮɝŮ 4-5 ŮɓŭɞɛɎŭŮɠ.  

 

ɆɡɕɐŰɖůɖ 

ɇŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ ŬˊɞəŬɚɨˊŰɞɡɜ ɧŰɘ ɞɘ ůɡɛɛŮŰɏɢɞɜŰŮɠ ŮɜŭɘŬűɏɟɞɜŰŬɘ ɔɘŬ Űɘɠ ɓɘɞɚɞɔɘəɏɠ 

ɏɜɜɞɘŮɠ əŬɘ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŮɡŬɘůɗɖŰɞˊɞɘɖɛɏɜɞɘ ůŮ ɗɏɛŬŰŬ ˊɞɡ ɛŬůŰɑɕɞɡɜ Űɞɜ ˊɚŬɜɐŰɖ ɧˊɤɠ ŮɑɜŬɘ ŰŬ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ɗɏɛŬŰŬ əŬɘ ŰŬ ɗɏɛŬŰŬ Űɤɜ ŬůɗŮɜŮɘɩɜ (Tzovla & Kedraka, 2020b). ȷɜŰɑůŰɞɘɢŬ, Űɞ 

ŮɜŭɘŬűɏɟɞɜ Űɞɡɠ ɔɘŬ Ůˊɘɛɧɟűɤůɖ ůŮ ɜɏŮɠ ɔɜɩůŮɘɠ, ŭŮɝɘɧŰɖŰŮɠ əŬɘ ˊɟŬəŰɘəɏɠ ˊŬɟŬˊɏɛˊŮɘ ůŮ ɛɘŬ ɞɛɎŭŬ 

ŮəˊŬɘŭŮɡŰɘəɩɜ ˊɞɡ ŭŮɜ ŮűɖůɡɢɎɕŮɘ, ŮɜŭɘŬűɏɟŮŰŬɘ ɜŬ ŮɜŰɎɝŮɘ ɜɏŮɠ ɛŮɗɧŭɞɡɠ ůŰɖɜ əŬɗɖɛŮɟɘɜɐ 

ŮəˊŬɘŭŮɡŰɘəɐ Űɖɠ ˊɟŬəŰɘəɐ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ ɡɣɖɚɧ ˊɞůɞůŰɧ Űɤɜ ŭŬůəɎɚɤɜ ˊɞɡ ŭɐɚɤůŮ ɧŰɘ 

ŮˊɘɗɡɛŮɑ ɜŬ ŮˊɘɛɞɟűɤɗŮɑ ůŮ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ȷɜŬəŬɚɡˊŰɘəɐɠ-ȹɘŮɟŮɡɜɖŰɘəɐɠ ɛɎɗɖůɖɠ ŬɜŬŭŮɘəɜɨŮɘ ɧŰɘ 

ŬɡŰɞɑ ɏɢɞɡɜ ůɡɜŮɘŭɖŰɞˊɞɘɐůŮɘ Űɖɜ ŬɜɎɔəɖ ɡɘɞɗɏŰɖůɖɠ Űɞɡ ɛŬɗɖŰɞəŮɜŰɟɘəɞɨ ɛɞɜŰɏɚɞɡ əŬɘ Űɖɠ 

əŬɚɚɘɏɟɔŮɘŬɠ ŭŮɝɘɞŰɐŰɤɜ ŮˊɘůŰɖɛɞɜɘəɐɠ ɏɟŮɡɜŬɠ əŬɘ ŮˊɘůŰɖɛɞɜɘəɞɨ ɔɟŬɛɛŬŰɘůɛɞɨ ůŰɞɡɠ ɛŬɗɖŰɏɠ, 

ŮˊɘůɖɛɎɜůŮɘɠ ˊɞɡ əɎɜɞɡɜ əŬɘ ɞɘ Avery əŬɘ Mayer (2012) əŬɘ ɞ OECD (2007). ȺˊɘˊɟɧůɗŮŰŬ, ɖ ŬɜɎŭŮɘɝɖ 

Űɖɠ ŬɜŬɔəŬɘɧŰɖŰŬɠ Ŭɝɘɞˊɞɑɖůɖɠ ˊɞɚɚŬˊɚɩɜ ˊɖɔɩɜ ɛɎɗɖůɖɠ ůŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ŭɖɚɩɜŮɘ Űɖɜ ŬɔɤɜɑŬ 

Űɤɜ ŭŬůəɎɚɤɜ ɜŬ ŬɜŰŬˊɞəɟɘɗɞɨɜ ůŰɘɠ ŬɜɎɔəŮɠ Űɤɜ əŬɘɟɩɜ əŬɘ ɜŬ Ŭəɞɚɞɡɗɐůɞɡɜ Űɘɠ ɜɏŮɠ ŰɎůŮɘɠ Űɖɠ 

ɄŬɘŭŬɔɤɔɘəɐɠ ȺˊɘůŰɐɛɖɠ, ůɨɛűɤɜŬ ɛŮ Űɘɠ ɞˊɞɑŮɠ ɞɘ ˊɞɚɚŬˊɚɏɠ ˊɖɔɏɠ ɛɎɗɖůɖɠ ŬˊɞŰŮɚɞɨɜ ɏɜŬ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖ ŭɘŭŬůəŬɚɑŬ Űɤɜ ɓɘɞɚɞɔɘəɩɜ Ůɜɜɞɘɩɜ, əŬɗɩɠ ůɡɜŮɘůűɏɟɞɡɜ ůŰɖɜ 

əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɐ Űɞɡɠ (Muppudathi & Pazhanivelu, 2012 Tzovla & Kedraka, 2020b).  

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ɀŮ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ Ŭɟɢɘəɐɠ ɏɟŮɡɜŬɠ əŬɘ ɛŮŰɎ Ŭˊɧ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ŮəˊŬɘŭŮɡŰɘəɩɜ ŬɜŬɔəɩɜ 

Űɤɜ ŭŬůəɎɚɤɜ, ˊɞɡ ŮəŭɐɚɤůŬɜ ŮɜŭɘŬűɏɟɞɜ ůɢŮŭɘɎůŰɖəŮ əŬɘ ɡɚɞˊɞɘɐɗɖəŮ ɏɜŬ ˊɟɧɔɟŬɛɛŬ Űɞ ɞˊɞɑɞ 

ŬűɞɟɞɨůŮ ŬˊɞəɚŮɘůŰɘəɎ ŭŬůəɎɚɞɡɠ, ɛŮ ůŰɧɢɞ Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ŬɡŰɞŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎɠ Űɞɡɠ 

ŬɜŬűɞɟɘəɎ ɛŮ Űɖ ŭɘŭŬůəŬɚɑŬ Űɤɜ ɓɘɞɚɞɔɘəɩɜ Ůɜɜɞɘɩɜ, ɖ ɞˊɞɑŬ əŬɘ ŬɝɘɞɚɞɔɐɗɖəŮ ɛŮŰɎ Űɞ ˊɏɟŬɠ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ. ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ˊɟɧɔɟŬɛɛŬ ɞɚɞəɚɐɟɤůŮ ůɖɛŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ ŭŬůəɎɚɤɜ ŬˊɞŭŮɘəɜɨŮɘ 

ɧŰɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ŮəˊŬɘŭŮɡŰɘəɩɜ ŬɜŬɔəɩɜ ŭɘŬŭɟŬɛŬŰɑɕŮɘ ůɖɛŬɑɜɞɜŰŬ ɟɧɚɞ ůŰɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ 

əŬɘ ɞɚɞəɚɐɟɤůɖ Ůɜɧɠ ˊɟɞɔɟɎɛɛŬŰɞɠ, əŬɗɩɠ ŬɡŰɧ ŭɞɛŮɑŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ ˊɟɞůɤˊɞˊɞɘɖɛɏɜŮɠ Űɞɡɠ 

ŮəˊŬɘŭŮɡŰɘəɏɠ ŬɜɎɔəŮɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ ůŰɞɢŮɡɛɏɜɞ əŬɘ ɜŬ Űɘɠ ɘəŬɜɞˊɞɘŮɑ ůŰɞ ɛŮɔŬɚɨŰŮɟɞ ŭɡɜŬŰɧ 

ɓŬɗɛɧ.  
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ɄŮɟɑɚɖɣɖ 
ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟŮɡɜɖŰɘəɐ ŮɟɔŬůɑŬ ŭɘŮɟŮɡɜɎŰŬɘ ɖ ůɡɜŮɘůűɞɟɎ Űɤɜ ŮˊɘůŰɖɛɞɚɞɔɘəɩɜ ˊŮˊɞɘɗɐůŮɤɜ ɛŬɗɖŰɩɜ 

ũȭȿɡəŮɑɞɡ ůŰɘɠ ˊŮˊɞɘɗɐůŮɘɠ Űɞɡɠ ɔɘŬ Űɖ ɓɘɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ Űɤɜ űɡŰɩɜ, Űɤɜ ɕɩɤɜ əŬɘ Űɞɡ Ŭɜɗɟɩˊɞɡ. ɆŰɖɜ ɏɟŮɡɜŬ 

ŬɡŰɐ ůɡɛɛŮŰŮɑɢŬɜ ˊŮɜɐɜŰŬ ŭɨɞ (52) ɛŬɗɖŰɏɠ Űɖɠ ũȭ ȿɡəŮɑɞɡ. Ƀɘ ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ, əŬɗɩɠ əŬɘ ɞɘ 

ˊŮˊɞɘɗɐůŮɘɠ Űɤɜ ůɡɛɛŮŰŮɢɧɜŰɤɜ ɧůɞɜ ŬűɞɟɎ ůŰɖ ɓɘɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ ŬɝɘɞɚɞɔɐɗɖəŬɜ ɢɤɟɘůŰɎ, ɛŮ Űɖ ɢɟɐůɖ 

ŮɟɤŰɖɛŬŰɞɚɞɔɑɤɜ əŬɘ ůɡɜŮŰŮɨɝŮɤɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ɞɘ ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ Űɤɜ ɛŬɗɖŰɩɜ 

ũȭȿɡəŮɑɞɡ ˊɟɞɓɚɏˊɞɡɜ Űɘɠ ˊŮˊɞɘɗɐůŮɘɠ Űɞɡɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ɕɩɤɜ əŬɘ Űɤɜ űɡŰɩɜ, ŬɚɚɎ ɧɢɘ Űɘɠ ˊŮˊɞɘɗɐůŮɘɠ 

Űɞɡɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ Ŭɜɗɟɩˊɞɡ. ȺɘŭɘəɧŰŮɟŬ, ɞɘ ɛŬɗɖŰɏɠ ɛŮ ůɢŮŰɘəɎ ŬɜŮˊŰɡɔɛɏɜŮɠ ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ 

ˊŮˊɞɘɗɐůŮɘɠ, əɡɟɑɤɠ ˊŮˊɞɘɗɐůŮɘɠ ɔɘŬ Űɖɜ çˊɖɔɐ Űɖɠ ɔɜɩůɖɠè, ɏɢɞɡɜ ˊɘɞ ɗŮŰɘəɏɠ  ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ 

ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ɕɩɤɜ əŬɘ űɡŰɩɜ, Ŭˊɧ Űɞɡɠ ɛŬɗɖŰɏɠ ɛŮ ɚɘɔɧŰŮɟɞ ŬɜŮˊŰɡɔɛɏɜŮɠ ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ. 

Ⱥˊɑůɖɠ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɏɟŮɡɜŬɠ ɏŭŮɘɝŬɜ ɧŰɘ ɞɘ ˊŮˊɞɘɗɐůŮɘɠ Űɤɜ ɛŬɗɖŰɩɜ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ Ŭɜɗɟɩˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ɛŮ Űɖ  ɗɟɖůəŮɡŰɘəɐ Űɞɡɠ ŭɏůɛŮɡůɖ. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘŬ 

ȸɘɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ Űɤɜ ɞɟɔŬɜɘůɛɩɜ, ȺˊɘůŰɖɛɞɚɞɔɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ, ɀŬɗɖŰɏɠ ũȭȿɡəŮɑɞɡ, ɄŮˊɞɘɗɐůŮɘɠ  
 

 

ȺɘůŬɔɤɔɐ 

ɄŬɟɧɚɞ ˊɞɡ ɖ ɗŮɤɟɑŬ Űɖɠ Ůɝɏɚɘɝɖɠ Űɤɜ ɞɟɔŬɜɘůɛɩɜ ŬˊɞŰŮɚŮɑ Űɖɜ əŮɜŰɟɘəɐ ɞɟɔŬɜɤŰɘəɐ Ŭɟɢɐ  əŬɘ 

ŮɜɞˊɞɘɖŰɘəɐ ɗŮɤɟɑŬ Űɖɠ ȸɘɞɚɞɔɑŬɠ, ŮɜŰɞɨŰɞɘɠ ˊŬɟŬɛɏɜŮɘ ɛɘŬ Ŭˊɧ Űɘɠ ˊɚɏɞɜ ˊŬɟŮɝɖɔɖɛɏɜŮɠ əŬɘ ŮɚɎɢɘůŰŬ 

əŬŰŬɜɞɖŰɐ ɗŮɤɟɑŬ Űɖɠ ůɨɔɢɟɞɜɖɠ ŮˊɘůŰɐɛɖɠ (To, Tenenbaum & Hogh, 2017).  

 

ɆɢŮŰɘəɎ ˊɟɧůűŬŰŬ, ŭɘɎűɞɟɞɘ ŮɟŮɡɜɖŰɏɠ ɎɟɢɘůŬɜ ɜŬ ŮɝŮŰɎɕɞɡɜ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ, ŭɡɜɖŰɘəɎ, ůɡɜŮɘůűɏɟɞɡɜ 

ůŰɖɜ Ůɜɜɞɘɞɚɞɔɘəɐ əŬŰŬɜɧɖůɖ Űɖɠ ɓɘɞɚɞɔɘəɐɠ Ůɝɏɚɘɝɖɠ Űɤɜ ɞɟɔŬɜɘůɛɩɜ, ˊ.ɢ. ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ 

ˊŮˊɞɘɗɐůŮɘɠ, ŭɘŬɘůɗɖŰɘəɏɠ ˊŬɟŬɜɞɐůŮɘɠ, ɘŭɏŮɠ əŬɘ ˊŮˊɞɘɗɐůŮɘɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ, ɗɟɖůəŮɡŰɘəɏɠ əŬɘ 

əɞɘɜɤɜɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ, ůɡɜŬɘůɗɖɛŬŰɘəɏɠ ˊɟɞəŬŰŬɚɐɣŮɘɠ ɔɨɟɤ Ŭˊɧ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ɞɟɔŬɜɘůɛɩɜ, ə.ɚˊ. 

(Evans et al. 2010, Harms & Reiss 2019,Rosengren et al. 2012).  

 

ɆŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ, ŮˊŮəŰŮɑɜɞɡɛŮ ŬɡŰɐ Űɖ ɔɟŬɛɛɐ ɏɟŮɡɜŬɠ ŭɘŮɟŮɡɜɩɜŰŬɠ Űɘɠ ůɢɏůŮɘɠ ɛŮŰŬɝɨ Űɤɜ 

ŮˊɘůŰɖɛɞɚɞɔɘəɩɜ ˊŮˊɞɘɗɐůŮɤɜ əŬɘ Űɤɜ ˊŮˊɞɘɗɐůŮɤɜ ɛŬɗɖŰɩɜ ũȭ ȿɡəŮɑɞɡ ɧůɞɜ ŬűɞɟɎ ůŰɖ ɓɘɞɚɞɔɘəɐ 

Ůɝɏɚɘɝɖ Űɤɜ ɞɟɔŬɜɘůɛɩɜ ˊɟɘɜ Ŭˊɧ Űɖ ŭɘŭŬůəŬɚɑŬ Űɖɠ. ȼ ɏɟŮɡɜŬ ŬɡŰɐ, ůŰɞɢŮɨŮɘ ɜŬ ůɡɜŮɘůűɏɟŮɘ ůŰɞ 

ɗŮɤɟɖŰɘəɧ ˊɚŬɑůɘɞ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ ŭɘŭŬůəŬɚɑŬ əŬɘ əŬŰŬɜɧɖůɖ Űɖɠ ɓɘɞɚɞɔɘəɐɠ Ůɝɏɚɘɝɖɠ.. 

 

ɆŰɖɜ ŮəˊŬɘŭŮɡŰɘəɐ ɏɟŮɡɜŬ, ɞɘ ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ ˊŮˊɞɘɗɐůŮɘ ŬɜŬűɏɟɞɜŰŬɘ ůŰɘɠ ˊŮˊɞɘɗɐůŮɘɠ Űɤɜ ɛŬɗɖŰɩɜ 

(əŬɘ Ɏɚɚɤɜ ŬŰɧɛɤɜ) ɔɘŬ Űɖ űɨůɖ Űɖɠ ɔɜɩůɖɠ (Űɘ ˊɘůŰŮɨŮɘ əŬɜŮɑɠ ɧŰɘ ŮɑɜŬɘ ɖ ɔɜɩůɖ) əŬɘ Űɖ űɨůɖ Űɖɠ 

ɛɎɗɖůɖɠ (ˊɩɠ ɛŬɗŬɑɜŮɘ əŬɜŮɑɠ) (Hofer & Pintrich1997). ȷˊɧ Űɖɜ Ɏɚɚɖ, ɞɘ ˊŮˊɞɘɗɐůŮɘɠ Ůɜɧɠ ŬŰɧɛɞɡ ɔɘŬ 

ɛɘŬ ŮˊɘůŰɖɛɞɜɘəɐ ɏɜɜɞɘŬ (ˊ.ɢ. Ůɝɏɚɘɝɖ) ɗŮɤɟɞɨɜŰŬɘ ɞɘ ˊɟɞůɤˊɘəɏɠ ŬɚɐɗŮɘŮɠ ɐ ˊɟɞůɤˊɘəɏɠ ŬˊɧɣŮɘɠ Űɞɡ 

ɔɘŬ Űɞɜ əɧůɛɞ. ȷɡŰɏɠ ɞɘ ˊɟɞůɤˊɘəɏɠ ŬɚɐɗŮɘŮɠ ŭŮɜ əŬɗɞɟɑɕɞɜŰŬɘ ɛŮ ŰŬ ɑŭɘŬ ŮˊɘůŰɖɛɞɚɞɔɘəɎ əɟɘŰɐɟɘŬ 

ɧˊɤɠ ɖ ŮˊɘůŰɖɛɞɜɘəɐ ɔɜɩůɖ. ȷɜŰɑɗŮŰŬ, ŬɡŰɏɠ ɓŬůɑɕɞɜŰŬɘ ůŮ ɡˊɞəŮɘɛŮɜɘəɎ əɟɘŰɐɟɘŬ əŬɘ ůɡɢɜɎ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞ ůɡɜŬɑůɗɖɛŬ (Cavallo & McCall 2008, Sinatra et a. 2003) 

 

ɀɏɗɞŭɞɠ 

ȹŮɑɔɛŬ Űɖɠ ɏɟŮɡɜŬɠ 

ɆŰɖɜ ɏɟŮɡɜŬ ŬɡŰɐ ůɡɛɛŮŰŮɑɢŬɜ 52 ɛŬɗɖŰɏɠ Űɖɠ ũȭ ȿɡəŮɑɞɡ (31 ɔɡɜŬɑəŮɠ əŬɘ 21 ɎɜŭɟŮɠ) ůŮ ŭɖɛɧůɘɞ 

mailto:baytel@ucy.ac.cy


 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

102 

ůɢɞɚŮɑɞ ŭŮɡŰŮɟɞɓɎɗɛɘŬɠ ŮəˊŬɑŭŮɡůɖɠ ůŰɖɜ Ⱦɨˊɟɞ. Ƀɘ ɛŬɗɖŰɏɠ ŮɑɜŬɘ ɢɟɘůŰɘŬɜɞɑ ɞɟɗɧŭɞɝɞɘ ůŰɞ 

ɗɟɐůəŮɡɛŬ əŬɘ ŮɑɢŬɜ ɤɠ ɛɎɗɖɛŬ Ůˊɘɚɞɔɐɠ Űɖ ɓɘɞɚɞɔɑŬ. 

 

ȺɟŮɡɜɖŰɘəɧ ŮɟɩŰɖɛŬ 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ɔɘŬ ɜŬ ŭɘŮɟŮɡɜɐůɞɡɛŮ Űɖ ůɡɜŮɘůűɞɟɎ Űɤɜ ŮˊɘůŰɖɛɞɚɞɔɘəɩɜ ˊŮˊɞɘɗɐůŮɤɜ 

ɛŬɗɖŰɩɜ ũȭȿɡəŮɑɞɡ ůŰɘɠ ˊŮˊɞɘɗɐůŮɘɠ Űɞɡɠ ɔɘŬ Űɖ ɓɘɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ Űɤɜ űɡŰɩɜ, Űɤɜ ɕɩɤɜ əŬɘ Űɞɡ 

Ŭɜɗɟɩˊɞɡ, ɗɏůŬɛŮ Űɞ Ŭəɧɚɞɡɗɞ ŮɟŮɡɜɖŰɘəɧ ŮɟɩŰɖɛŬ:  

 

Ʉɧůɞ əŬɚɎ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞɓɚɏɣɞɡɜ ɞɘ ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ Űɤɜ ɛŬɗɖŰɩɜ ũȭȿɡəŮɑɞɡ Űɘɠ 

ˊŮˊɞɘɗɐůŮɘɠ Űɞɡɠ ɔɘŬ Űɖ ɓɘɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ Űɤɜ űɡŰɩɜ, Űɤɜ ɕɩɤɜ əŬɘ Űɞɡ Ŭɜɗɟɩˊɞɡ, ˊɟɘɜ Ŭˊɧ Űɖ 

ŭɘŭŬůəŬɚɑŬ Űɖɠ ɗŮɤɟɑŬɠ Űɖɠ Ůɝɏɚɘɝɖɠ Űɤɜ ɞɟɔŬɜɘůɛɩɜ; 

 

ɀɏůŬ ůɡɚɚɞɔɐɠ ŭŮŭɞɛɏɜɤɜ 

Ƀɘ ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ Űɤɜ ɛŬɗɖŰɩɜ ɛŮŰɟɐɗɖəŬɜ ɛɏůɤ ŮɟɤŰɖɛŬŰɞɚɞɔɑɞɡ 30 ŭɖɚɩůŮɤɜ ɛŮ 

ɓɎůɖ Űɞ ɛɞɜŰɏɚɞ ˊɞɚɚŬˊɚɩɜ ŭɘŬůŰɎůŮɤɜ ˊɞɡ ŬűɞɟɎ ůŰɖ űɨůɖ  Űɖɠ ɔɜɩůɖɠ (ȸŮɓŬɘɧŰɖŰŬ, ȷˊɚɧŰɖŰŬ 

ȷɜɎˊŰɡɝɖ Űɖɠ ɔɜɩůɖɠ) əŬɘ Űɖɠ ɛɎɗɖůɖɠ (Ʉɖɔɐ, ȷɘŰɘɞɚɧɔɖůɖ Űɖɠ ɔɜɩůɖɠ) (Baytelman et al.,. 2020, 

Baytelman & Constantinou, 2016), əŬɗɩɠ əŬɘ ɛɏůɤ ɖɛɘ-ŭɞɛɖɛɏɜɤɜ ůɡɜŮɜŰŮɨɝŮɤɜ. Ƀɘ ˊŮˊɞɘɗɐůŮɘɠ Űɤɜ 

ɛŬɗɖŰɩɜ ɔɘŬ Űɖ ɓɘɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ Űɤɜ űɡŰɩɜ, Űɤɜ ɕɩɤɜ əŬɘ Űɞɡ Ŭɜɗɟɩˊɞɡ ɛŮŰɟɐɗɖəŬɜ ɛɏůɤ 

ŮɟɤŰɖɛŬŰɞɚɞɔɑɞɡ 4 ŭɖɚɩůŮɤɜ, əŬɗɩɠ əŬɘ ɖɛɘ-ŭɞɛɖɛɏɜɤɜ ůɡɜŮɜŰŮɨɝŮɤɜ. 

 

ȳůɞɜ ŬűɞɟɎ ůŰŬ ŭɨɞ ŮɟɤŰɖɛŬŰɞɚɧɔɘŬ, ɞɘ ŮəˊŬɘŭŮɡŰɘəɞɑ əɚɐɗɖəŬɜ ɜŬ ŭɖɚɩůɞɡɜ ɛŮ ɓɎůɖ Űɖɜ əɚɑɛŬəŬ 

Likert ŰŮůůɎɟɤɜ ŭɘŬɓŬɗɛɑůŮɤɜ (1=ȹɘŬűɤɜɩ ˊɚɐɟɤɠ, 2=ȹɘŬűɤɜɩ, 3=Ɇɡɛűɤɜɩ, 4=Ɇɡɛűɤɜɩ ˊɚɐɟɤɠ) 

Űɞɜ ɓŬɗɛɧ ˊɞɡ Űɞɡɠ ŬɜŰɘˊɟɞůɩˊŮɡŮ ɖ əɎɗŮ ŭɐɚɤůɖ. ɀŮ ɓɎůɖ Űɖɜ əɚɑɛŬəŬ Likert Űɞɡ ŮɟɤŰɖɛŬŰɞɚɞɔɑɞɡ 

ɔɘŬ Űɘɠ ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ, ɣɖɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ, ɛŮ ɓɎůɖ Űɘɠ ŬˊŬɜŰɐůŮɘɠ Űɤɜ ŮɟɤŰɖɗɏɜŰɤɜ, 

ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ŬɜŮˊŰɡɔɛɏɜŮɠ əŬɘ ɩɟɘɛŮɠ ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ, Ůɜɩ ɢŬɛɖɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɚɘɔɧŰŮɟɞ ŬɜŮˊŰɡɔɛɏɜŮɠ əŬɘ ɩɟɘɛŮɠ ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ. ɀŮ ɓɎůɖ Űɖɜ 

əɚɑɛŬəŬ Likert Űɞɡ ŮɟɤŰɖɛŬŰɞɚɞɔɑɞɡ ɔɘŬ Űɘɠ ˊŮˊɞɘɗɐůŮɘɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ űɡŰɩɜ, Űɤɜ ɕɩɤɜ əŬɘ Űɞɡ 

Ŭɜɗɟɩˊɞɡ, ɣɖɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ, ɛŮ ɓɎůɖ Űɘɠ ŬˊŬɜŰɐůŮɘɠ Űɤɜ ŮɟɤŰɖɗɏɜŰɤɜ, ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɗŮŰɘəɏɠ 

ˊŮˊɞɘɗɐůŮɘɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ɞɟɔŬɜɘůɛɩɜ, Ůɜɩ ɢŬɛɖɚɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɚɘɔɧŰŮɟɞ 

ɗŮŰɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ. 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ũɘŬ ɜŬ ŬˊŬɜŰɐůɞɡɛŮ ůŰo ŮɟŮɡɜɖŰɘəɧ ŮɟɩŰɖɛŬ, ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ůɡůɢŮŰɑůŮɘɠ Pearson ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŭɘŮɟŮɡɜɖɗŮɑ əŬŰɎ ˊɧůɞ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ůɡůɢŮŰɑɕɞɜŰŬɜ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɎ, ɗŮŰɘəɎ ɐ ŬɟɜɖŰɘəɎ, ɛŮŰŬɝɨ 

Űɞɡɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɔɘŬ ɜŬ ŬˊŬɜŰɖɗŮɑ əŬŰɎ ˊɧůɞ ɞɘ ŮˊɘůŰɖɛɞɚɞɔɘəɏɠ ˊŮˊɞɘɗɐůŮɘɠ Űɤɜ ɛŬɗɖŰɩɜ, 

ˊɟɞɓɚɏˊɞɡɜ Űɘɠ ˊɟɞůɤˊɘəɏɠ Űɞɡɠ ˊŮˊɞɘɗɐůŮɘɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ɕɩɤɜ, Űɤɜ űɡŰɩɜ əŬɘ Űɞɡ Ŭɜɗɟɩˊɞɡ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŬɜŬɚɨůŮɘɠ ɔɟŬɛɛɘəɐɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ. 

 

Ƀɘ Űɘɛɏɠ ůɡůɢɏŰɘůɖɠ Pearson ɏŭŮɘɝŬɜ ɧŰɘ ɡˊɐɟɢŮ ŬůɗŮɜɐɠ ɗŮŰɘəɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɖɠ ŭɘɎůŰŬůɖɠ Űɖɠ 

çˊɖɔɐɠ ɔɜɩůɖɠè Űɤɜ ŮˊɘůŰɖɛɞɚɞɔɘəɩɜ ˊŮˊɞɘɗɐůŮɤɜ əŬɘ Űɤɜ ˊŮˊɞɘɗɐůŮɤɜ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ɕɩɤɜ 

əŬɘ űɡŰɩɜ (r = .33, p < .05; r = .34, p < .05). Ƀɘ ŬɜŬɚɨůŮɘɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ ŬˊɞəɎɚɡɣŬɜ ˊŬɟɧɛɞɘɞ 

ɛɞŰɑɓɞ. ɆɡɔəŮəɟɘɛɏɜŬ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ˊŮˊɞɘɗɐůŮɘɠ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ɕɩɤɜ, Űɤɜ űɡŰɩɜ əŬɘ Űɞɡ 

Ŭɜɗɟɩˊɞɡ ɤɠ ŮɝŬɟŰɖɛɏɜŮɠ ɛŮŰŬɓɚɖŰɏɠ əŬɘ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɤɜ ŮˊɘůŰɖɛɞɚɞɔɘəɩɜ ˊŮˊɞɘɗɐůŮɤɜ ɤɠ 

ˊɟɞɓɚŮˊŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ, ɞɘ ŬɜŬɚɨůŮɘɠ ɔɟŬɛɛɘəɐɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ ŬˊɞəɎɚɡɣŬɜ ɧŰɘ ɡˊɎɟɢŮɘ ɛɘŬ 

ŬůɗŮɜɐɠ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɐ ˊɟɞɓɚŮˊŰɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ Űɖɠ ŭɘɎůŰŬůɖɠ çˊɖɔɐ ɔɜɩůɖɠè Űɤɜ 

ŮˊɘůŰɖɛɞɚɞɔɘəɩɜ ˊŮˊɞɘɗɐůŮɤɜ əŬɘ Űɤɜ ˊŮˊɞɘɗɐůŮɤɜ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ ɕɩɤɜ əŬɘ űɡŰɩɜ (R2=.13, p < .05; 

R2=.14, p < .05). 

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɜ ɏŭŮɘɝŬɜ əɎˊɞɘŬ ůɢɏůɖ ɛŮŰŬɝɨ ŮˊɘůŰɖɛɞɚɞɔɘəɩɜ ˊŮˊɞɘɗɐůŮɤɜ əŬɘ ˊŮˊɞɘɗɐůŮɤɜ 

ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ Ŭɜɗɟɩˊɞɡ. Ƀɘ ůɡɜŮɜŰŮɨɝŮɘɠ Űɤɜ ɛŬɗɖŰɩɜ ɏŭŮɘɝŬɜ ˊŬɟɧɛɞɘɞ ɛɞŰɑɓɞ əŬɘ Ůˊɘˊɚɏɞɜ 

ɏŭŮɘɝŬɜ ɧŰɘ ɞɘ ˊŮˊɞɘɗɐůŮɘɠ Űɤɜ ɛŬɗɖŰɩɜ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɞɡ Ŭɜɗɟɩˊɞɡ ůɢŮŰɘɕɧŰŬɜ ɛŮ Űɞɜ ɓŬɗɛɧ Űɖɠ 

ɗɟɖůəŮɡŰɘəɐɠ ŭɏůɛŮɡůɐɠ Űɞɡɠ 
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ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮˊŮəŰŮɑɜŮɘ Űɖɜ ɡˊɎɟɢɞɡůŬ ɏɟŮɡɜŬ ˊɞɡ ŮɝŮŰɎɕŮɘ Űɘɠ ůɢɏůŮɘɠ ɛŮŰŬɝɨ ŮˊɘůŰɖɛɞɚɞɔɘəɩɜ 

ˊŮˊɞɘɗɐůŮɤɜ əŬɘ ˊŮˊɞɘɗɐůŮɤɜ ɧůɞɜ ŬűɞɟɎ ůŰɖ ɓɘɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ, ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ɛɘŬ ůŰŬŰɘůŰɘəɎ 

ůɖɛŬɜŰɘəɐ ˊɟɞɓɚŮˊŰɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ Űɖɠ ŭɘɎůŰŬůɖɠ çˊɖɔɐɠ ɔɜɩůɖɠè Űɤɜ ŮˊɘůŰɖɛɞɚɞɔɘəɩɜ 

ˊŮˊɞɘɗɐůŮɤɜ əŬɘ Űɤɜ ˊŮˊɞɘɗɐůŮɤɜ ɔɘŬ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ɕɩɤɜ əŬɘ Űɤɜ űɡŰɩɜ, ŬɚɚɎ ɧɢɘ Űɞɡ Ŭɜɗɟɩˊɞɡ. 

ɀŮ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŰŬŰŬ, ŭɘŬűŬɑɜŮŰŬɘ ɧŰɘ ˊŬɟɧɚɞ ˊɞɡ ɖ ɗɟɖůəŮɑŬ əŬɘ ɖ ŮˊɘůŰɐɛɖ ɛˊɞɟɞɨɜ ɜŬ 

ɗŮɤɟɖɗɞɨɜ ɤɠ çɛɖ ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ magisteriaè (Gould, 1997), ˊŬɘŭŬɔɤɔɘəɎ ɛˊɞɟɞɨɜ ɜŬ 

ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ůŰɞ ɛɡŬɚɧ Ůɜɧɠ ɛŬɗɖŰɐ, əŬɗɘůŰɩɜŰŬɠ ŭɨůəɞɚɖ Űɖ ɛɎɗɖůɖ Űɖɠ ɓɘɞɚɞɔɘəɐɠ 

Ůɝɏɚɘɝɖɠ. 
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ɆɡɔəɟɘŰɘəɐ in vivo əŬɘ in vitro ŬɜɎɚɡůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɁŮɡɟɘəɩɜ ȸɚŬůŰɘəɩɜ 

ȾɡŰŰɎɟɤɜ Űɞɡ Ůɜɐɚɘəɞɡ ŮɔəŮűɎɚɞɡ, ŮɟɔŬůŰɖɟɘŬəɩɜ ɛɡɩɜ əŬɘ ɚ́ɖɗɡůɛɩɜ Ŭɔɟɑɤɜ 

Mus musculus domesticus 
 

ɅȷɄɇȼ ȷɗŬɜŬůɑŬ, ɀȼɇɆȷȽɁȷɆ ũŮɩɟɔɘɞɠ, ȾȷȻȷɁȼɆ ȼɚɑŬɠ ȺɟɔŬůŰɐɟɘɞ 
ȷɜŬ́ŰɡɝɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮ́ɘůŰɐɛɘɞ ɄŬŰɟɩɜ,  gnt13@yahoo.gr ȺɟɔŬůŰɐɟɘɞ ȸɘɞɚɞɔɑŬɠ 

Ȼɩɤɜ, ɄŬɜŮ́ɘůŰɐɛɘɞ ɄŬŰɟɩɜ, mitsain@upatras.gr 
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ɄŮɟ ɑɚɖɣɖ 
ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ɛŮɚŮŰɩɜŰŬɘ ůɡɔəɟɘŰɘəɎ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ ɜŮɡɟɘəɩɜ ɓɚŬůŰɘəɩɜ əɡŰŰɎɟɤɜ Űɖɠ 

ɡɞ́Ů́ŮɜŭɡɛŬŰɘəɐɠ ɕɩɜɖɠ (SEZ), ɛŮŰŬɝɨ Ɏɔɟɘɤɜ əŬɘ ŮɟɔŬůŰɖɟɘŬəɩɜ ɛɡɩɜ Mus musculus domesticus. 

ɆɡɔəŮəɟɘɛɏɜŬ, ŮɝɤɔŮɜŮɑɠ əŬɘ ŮɜŭɞɔŮɜŮɑɠ Ŭ́ɟɎɔɞɜŰŮɠ Ůɖ́ɟŮɎɕɞɡɜ Űɖɜ ɜŮɡɟɞɔɏɜŮůɖ əŬɘ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŰŬ ɎɔɟɘŬ 

əŬɘ ŰŬ ŮɟɔŬůŰɖɟɘŬəɎ ɕɩŬ Ŭɜɐəɞɡɜ ůŰɞ ɑŭɘɞ ɡɞ́Ůɑŭɞɠ, ŬɚɚɎ ɖ ŭɘŬɓɑɤůɐ Űɞɡɠ əŬɘ ŰŬ ɢɟɤɛɞůɤɛɘəɎ Űɞɡɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŭɘŬűɞɟɞ́ɞɘɞɨɜŰŬɘ, ŰŬ əŬɗɘůŰɞɨɜ ɘŭŬɜɘəɎ ɔɘŬ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɛŮŰŬűɞɟɎɠ Ů́ɘɟŬɛŬŰɘəɩɜ 

ůɡɛŮ́ɟŬůɛɎŰɤɜ ůŰɖɜ əɚɘɜɘəɐ ́ɟɎɝɖ. ȷɡŰɧ Ůɘ́ŰɡɔɢɎɜŮŰŬɘ Űɧůɞ ɛŮ in vitro ́ ŮɘɟɎɛŬŰŬ əɡŰŰŬɟɞəŬɚɚɘɏɟɔŮɘŬɠ Ŭɧ́ 

ɟ́ɤŰɞɔŮɜɩɠ Ŭ́ɞɛɞɜɤɛɏɜŬ ɁȸȾ Űɖɠ SEZ, ɧůɞ əŬɘ ɛŮ in vivo Ů́ɘɟɎɛŬŰŬ ɘůŰɞɚɞɔɑŬɠ əŬɘ Ŭɜɞůɞűɗɞɟɘůɛɧ. ɇŬ in 

vitro Ŭ́ɞŰŮɚɏůɛŬŰŬ ůɡɜɖɔɞɟɞɨɜ ɡ́ɏɟ Űɞɡ ɧŰɘ ŭŮɜ ɡɎ́ɟɢɞɡɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɞ́ɞɘɐůŮɘɠ Űɤɜ ɁȸȾ ɛŮŰŬɝɨ 

Ɏɔɟɘɤɜ əŬɘ ŮɟɔŬůŰɖɟɘŬəɩɜ ɛɡɩɜ, ɧɛɤɠ ŰŬ in vivo Ŭ́ɞŰŮɚɏůɛŬŰŬ Ŭ́ɞŭŮɘəɜɨɞɡɜ ŮɛűŬŰɘəɎ ɧŰɘ ůŰŬ ɎɔɟɘŬ ɕɩŬ ɖ 

ɜŮɡɟɞɔɏɜŮůɖ ɛŮɘɩɜŮŰŬɘ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ Ŭ́ɞŭɑŭŮŰŬɘ ůŰɞ ɧŰɘ ŰŬ ɕɩŬ ɟ́ɞɠ ɛŮɚɏŰɖ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɢŬɜ ŭɘ́ɚɞŮɘŭɐ 

ɢɟɤɛɞůɤɛŬŰɘəɧ Ŭɟɘɗɛɧ,  2n=26-30  ɞ́ɡ Ů́ŬɚɖɗŮɨŮɘ  ɧŰɘ  ɞɘ  Robertsonian ůɡɜŰɐɝŮɘɠ,  Ů́ɖɟŮɎɕɞɡɜ Űɖ 

ɜŮɡɟɞɔɏɜŮůɖ. 

 

ȿɏɝ Ůɘɠ -ȾɚŮ ɘŭɘɎ 

ɁŮɡɟɞɔɏɜŮůɖ, Robertsonian ůɡɜŰɐɝŮɘɠ, SEZ, ȸɚŬůŰɞəɨŰŰŬɟŬ, 2n 

 

 

ȺɘůŬɔɤɔɐ 

ɇŬ ɛŮŰŬɔŮɜɜɖŰɘəɎ ɜŮɡɟɘəɎ ɓɚŬůŰɞəɨŰŰŬɟŬ əŬɘ ɟ́ɞɔɞɜɘəɎ əɨŰŰŬɟŬ Űɞɡ ŮɔəŮűɎɚɞɡ (NSPCs) 

ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰɘɠ ɜŮɡɟɞɔŮɜŮŰɘəɏɠ űɤɚɘɏɠ, ɛɘŬ Ůɝô ŬɡŰɩɜ ŮɑɜŬɘ ɖ ɡɞ́Ů́ŮɜŭɡɛŬŰɘəɐ ɕɩɜɖ, 

ůɡɛɓɎɚɚɞɜŰŬɠ ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ ɞůɛɩɜ, Űɖ ɛɎɗɖůɖ, Űɖ ɛɜɐɛɖ. Ⱥ́ɑůɖɠ, ŮɑɜŬɘ ɔɜɤůŰɧ ɤ́ɠ ɖ 

ŭɟŬůŰɖɟɘɧŰɖŰɎ Űɞɡɠ ɛɞ́ɟŮɑ ɜŬ Űɟɞ́ɞ́ɞɘŮɑŰŬɘ Ŭ́ɧ ŮɝɤɔŮɜŮɑɠ əŬɘ ŮɔɔŮɜŮɑɠ ˊŬɟɎɔɞɜŰŮɠ ɧ́ɤɠ ɖ Ɏůəɖůɖ, 

Űɞ ůŰɟŮɠ əŬɘ ɞ Ůɛ́ɚɞɡŰɘůɛɧɠ Űɞɡ Ů́ɟɘɓɎɚɚɞɜŰɞɠ (Obernier, Alvarez-Buylla, 2019). ȷəɧɛɖ, ůŰɞɡɠ 

Ɏɔɟɘɞɡɠ ɛɨŮɠ ŮɛűŬɜɑɕŮŰŬɘ ɏɜŬ űŬɘɜɧɛŮɜɞ ɛɞɜŬŭɘəɐɠ ɢɟɤɛɞůɤɛŬŰɘəɐɠ ŬɜŬŭɘɎŰŬɝɖɠ Űɞɡ ɡɞ́Ůɑŭɞɡɠ, 

ɏ́ɟŬ Ŭ́ɧ Űɞɡɠ ɞ́ɚɡɛɞɟűɘůɛɞɨɠ ŮŰŮɟɞɢɟɤɛŬŰɑɜɖɠ, ɞ́ɡ ɞɜɞɛɎɕŮŰŬɘ Robertsonian ůɨɜŰɖɝɖ. ȷɡŰɧ ɏɢŮɘ 

ɤɠ Ŭ́ɞŰɏɚŮůɛŬ Űɖɜ ɛŮɑɤůɖ Űɞɡ ŭɘ́ ɚɞŮɘŭɞɨɠ ɢɟɤɛɞůɤɛŬŰɘəɞɨ Ŭɟɘɗɛɧɡ (2n), ɛɘŬɠ əŬɘ ŬəɟɞəŮɜŰɟɘəɎ 

ɢɟɤɛɞůɩɛŬŰŬ ůɡɜŰɐəɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ ɛŮŰŬəŮɜŰɟɘəɎ (Capilla et al., 2014). Ⱥŭɩ, 

ŭɘŮɟŮɡɜɞɨɛŮ Ŭɜ ŰŬ ɜŮɡɟɘəɎ ɓɚŬůŰɘəɎ əɨŰŰŬɟŬ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ ɛɡɩɜ ŮɛűŬɜɑɕɞɡɜ ŭɘŬűɞɟɏɠ ůŰɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ůŮ ůɢɏůɖ ɛŮ Ɏɔɟɘɞɡɠ ɛɨŮɠ Mus musculus domesticus, ɞ́ɡ ɏɢɞɡɛŮ ůɡɚɚɏɝŮɘ Ŭ́ɧ Űɞ 

űɡůɘəɧ Űɞɡɠ Ů́ɟɘɓɎɚɚɞɜ, Ŭɜ ŬɜŬɚɞɔɘůŰɞɨɛŮ ɧŰɘ ɞ Űɟɧ́ɞɠ ŭɘŬɓɑɤůɐɠ Űɞɡɠ ŬɚɚɎ əŬɘ ɖ ɢɟɤɛɞůɤɛŬŰɘəɐ 

Űɞɡɠ ůɨůŰŬůɖ ŭɘŬűɏɟɞɡɜ. 

 

ɀɏɗɞŭ ɞɘ 

ɉɟɖůɘɛɞ́ɞɘɞɨɛŮ ɔɘŬ Űɘɠ ŬɜŬɚɨůŮɘɠ ɛŬɠ Űɧůɞ ŮɟɔŬůŰɖɟɘŬəɎ ɕɩŬ (n=13) Mus musculus domesticus ɧůɞ 

əŬɘ ɎɔɟɘŬ (n=11). ɀɎɚɘůŰŬ Ů́ɘɚɏɔɞɡɛŮ ɜŬ əɟŬŰɐůɞɡɛŮ 5 ɛɐɜŮɠ ůŮ ůɡɜɗɐəŮɠ ŮɟɔŬůŰɖɟɑɞɡ ɏɝɘ Ŭ́ɧ ŰŬ 

ɎɔɟɘŬ, ɗŬ əŬɚɞɨɜŰŬɘ ůŰɞ Ůɝɐɠ ŮɟɔŬůŰɖɟɘɞ́ɞɘɖɛɏɜŬ, ́ ɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬ́ɘůŰɩůɞɡɛŮ Ŭɜ ɖ ůɡɛŮ́ɟɘűɞɟɎ 

Űɤɜ ɓɚŬůŰɞəɡŰŰɎɟɤɜ Űɞɡɠ ɗŬ ŰŮɑɜŮɘ ɟ́ɞɠ ŰŬ ɎɔɟɘŬ ɐ ŰŬ ŮɟɔŬůŰɖɟɘŬəɎ ɕɩŬ. ȷˊɞɛɞɜɩɜɞɡɛŮ Ŭ́ɧ əɎɗŮ 

ɕɩɞ Űɞɜ ɛɡŮɚɧ Űɤɜ ɞůŰɩɜ, ɔɘŬ ɜŬ ɟ́ɞůŭɘɞɟɑůɞɡɛŮ Űɞɜ ŭɘ́ɚɞŮɘŭɐ ɢɟɤɛɞůɤɛŬŰɘəɧ Űɞɡ Ŭɟɘɗɛɧ əŬɘ 

ŰŬɡŰɧɢɟɞɜŬ Ŭ́ɞɛɞɜɩɜɞɡɛŮ əŬɘ Űɞɜ ŮɔəɏűŬɚɞ Ŭ́ɧ Űɞɜ ɞ́ɞɑɞ Űɞ ɏɜŬ ŮɔəŮűŬɚɘəɧ ɖɛɘůűŬɑɟɘɞ ɗŬ 

Ŭɝɘɞ́ɞɘɖɗŮɑ ɔɘŬ ɘůŰɞɚɞɔɘəɐ ŬɜɎɚɡůɖ (in vivo) əŬɘ  Űɞ ŭŮɨŰŮɟɞ ɔɘŬ əɡŰŰŬɟɞəŬɚɚɘɏɟɔŮɘŬ (in vitro). 

ɇŮɚɘəɎ, ɛŮ Ŭɜɞůɞűɗɞɟɘůɛɧ əŬɘ ɛɏůɤ Űɞɡ ůɡɜŮůŰɘŬəɞɨ ɛɘəɟɞůəɞˊɑɞɡ ɗŬ ɚɖűɗɞɨɜ ŮɘəɧɜŮɠ ɔɘŬ ɜŬ ɔɑɜŮɘ 

ɖ ŬɜɎɚɡůɖ Ŭ́ɞŰŮɚŮůɛɎŰɤɜ. 

mailto:gnt13@yahoo.gr
mailto:mitsain@upatras.gr
mailto:ikazanis@upatras.gr
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ȷ́ ɞŰŮɚɏ ůɛŬŰ Ŭ 

ȾŬŰŬɟɢɎɠ, ŰŬ ɎɔɟɘŬ ɕɩŬ ́ ɞɡ əŬɟɡɞŰɡˊɐɗɖəŬɜ ŮɑɢŬɜ Ůɨɟɞɠ ŭɘ́ɚɞŮɘŭɞɨɠ ɢɟɤɛɞůɤɛŬŰɘəɞɨ Ŭɟɘɗɛɧ n=26-

30, Ůɜɩ ŰŬ ŮɟɔŬůŰɖɟɘŬəɎ ɕɩŬ ɏɢɞɡɜ 2n=40. Ⱥ́ɑůɖɠ, ŰŬ in vivo Ŭ́ɞŰŮɚɏůɛŬŰŬ ŭŮɑɢɜɞɡɜ ɧŰɘ ɖ 

ɜŮɡɟɞɔɏɜŮůɖ ɛŮɘɩɜŮŰŬɘ ůŰŬ ɎɔɟɘŬ əŬɘ ŮɟɔŬůŰɖɟɘɞ́ɞɘɖɛɏɜŬ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŮɟɔŬůŰɖɟɘŬəɎ, Ŭűɞɨ Űɧůɞ ɖ 

ˊɡəɜɧŰɖŰŬ əɡŰŰɎɟɤɜ Űɖɠ ɡɞ́Ů́ŮɜŭɡɛŬŰɘəɐɠ Űɞɡɠ ɕɩɜɖɠ ɧůɞ əŬɘ ɖ ́ɡəɜɧŰɖŰŬ Űɤɜ Dcx+ əŬɘ PCNA+ 

əɡŰŰɎɟɤɜ əŬɘ ŰŬ ɞ́ůɞůŰɎ Űɞɡɠ ɛŮɘɩɜɞɜŰŬɘ. ȷˊɧ Űɖɜ Ɏɚɚɖ ŰŬ in vitro Ŭ́ɞŰŮɚɏůɛŬŰŬ ŭŮɜ ŭɑɜɞɡɜ ɛɘŬ 

ɝŮəɎɗŬɟɖ ŮɘəɧɜŬ ɛŮɑɤůɖɠ əŬɘ ŭɘŬűɞɟɞ́ɞɘɞɨɜŰŬɘ Ŭ́ɧ P0 ůŮ P2 űɎůɖ. 

 

ɆɡɛˊŮɟ ɎůɛŬ ŰŬ 

ɇŮɚɘəɎ ůɨɛűɤɜŬ ɛŮ ŰŬ in vivo Ŭ́ɞŰŮɚɏůɛŬŰŬ ɖ ɜŮɡɟɞɔɏɜŮůɖ ɛŮɘɩɜŮŰŬɘ ůŰɞɡɠ Ɏɔɟɘɞɡɠ ɛɨŮɠ ůŮ ůɢɏůɖ 

ɛŮ Űɞɡɠ ŮɟɔŬůŰɖɟɘŬəɞɨɠ əŬɘ ŬɡŰɧ űŬɑɜŮŰŬɘ ɜŬ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞ ɢɟɤɛɞůɤɛŬŰɘəɧɠ Ŭɟɘɗɛɧɠ 

ɛŮɘɩɜŮŰŬɘ ɚɧɔɤ Űɤɜ Robertsonian ůɡɜŰɐɝŮɤɜ. ɄɟɞɖɔɞɨɛŮɜɖ ɛŮɚɏŰɖ ɏɢŮɘ ŭŮɑɝŮɘ ɧŰɘ ɞɘ Ɏɔɟɘɞɘ ɛɨŮɠ ůŮ 

ůɢɏůɖ ɛŮ Űɞɡɠ ŮɟɔŬůŰɖɟɘŬəɞɨɠ,ɏɢɞɡɜ ůŰŬŰɘůŰɘəɩɠ ůɖɛŬɜŰɘəɎ ŬɡɝɖɛɏɜŬ Ůɑ́́ŮŭŬ ́ɡəɜɧŰɖŰŬɠ Dcx+ əŬɘ 

PCNA+ əɡŰŰɎɟɤɜ əŬɘ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ́ɞůɞůŰɩɜ Űɞɡɠ, ɧɛɤɠ ŰŬ Ů́ɑ́ŮŭŬ ŬɡŰɎ ɛŮɘɩɜɞɜŰŬɘ ɧůɞ 

ɛŮɘɩɜŮŰŬɘ əŬɘ ɞ ŭɘ́ɚɞŮɘŭɐɠ ɢɟɤɛɞůɤɛŬŰɘəɧɠ Ŭɟɘɗɛɧɠ. ɇŬ in vitro Ŭ́ɞŰŮɚɏůɛŬŰŬ ŭŮɜ ɏŭŮɘɝŬɜ ɛŮɔɎɚŮɠ  

ŭɘŬűɞɟɞ́ɞɘɐůŮɘɠ ɛŮŰŬɝɨ  Űɤɜ  Ů́ɘɟŬɛŬŰɘəɩɜ  ɞɛɎŭɤɜ  Űɤɜ Ŭɔɟɑɤɜ, ŮɟɔŬůŰɖɟɘɞ́ɞɘɖɛɏɜɤɜ əŬɘ 

ŮɟɔŬůŰɖɟɘŬəɩɜ ɛɡɩɜ ɞ́ɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɧŰŬɜ ŰŬ ɜŮɡɟɘəɎ ɓɚŬůŰɘəɎ əɨŰŰŬɟŬ Ŭ́ɞɛɞɜɩɜɞɜŰŬɘ əŬɘ 

əŬɚɚɘŮɟɔɞɨɜŰŬɘ ɡɧ́ Űɘɠ ɑŭɘŮɠ ůɡɜɗɐəŮɠ, ŮɛűŬɜɑɕɞɡɜ ɘůɞŭɨɜŬɛɖ ůɡɛŮ́ɟɘűɞɟɎ, ɎɟŬ ɖ ŭɘŬűɞɟɞ́ɞɑɖůɖ 

Űɞɡ ŭɘ́ɚɞŮɘŭɞɨɠ ɢɟɤɛɞůɤɛŬŰɘəɞɨ Ŭɟɘɗɛɞɨ ŭŮɜ Ůɖ́ɟŮɎɕŮɘ ɘ́ɗŬɜɧɜ ŰŬ ɑŭɘŬ ŰŬ əɨŰŰŬɟŬ, ŬɚɚɎ Űɞ 

Ů́ɟɘɓɎɚɚɞɜ Űɞɡɠ. 

 

 

ȸɘɓɚɘɞɔɟ Ŭű ɑŬ 

Capilla et al., (2014); Genetic recombination variation in wild Robertsonian mice: on the role of 

chromosomal fusions and Prdm9 allelic background. Proc Biol Sci, 281: p1786. doi: 

10.1098/rspb.2014.0297. 

Obernier and Alvarez-Buylla, (2019); Neural stem cells: origin, heterogeneity and regulation in the 

adult mammalian brain. Development, 146 (4): dev156059. doi:10.1242/dev.156059 
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ɆɈɁȺȹɅȽȷ 3  
 

ɆɈɁɇɃɁȽɆɇȺɆ 

ɄŬɜŬɔɞɨɚŬ ȾɧɚɚɘŬ,  

ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, Ⱥɗɜɘəɧ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 

ɄŬˊɞɡŰůɞˊɞɨɚɞɡ ɆŰŬɛŬŰɑŬ, 

Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ 
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Ƀɘ ɘŭɏŮɠ ɛŬɗɖŰɩɜ əŬɘ űɞɘŰɖŰɩɜ ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ŬɜŬˊŬɟŬɔɤɔɐ: ɛɘŬ ůɨɜŰɞɛɖ 

Ůˊɘůəɧˊɖůɖ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ 
 

ȷɀɄȷɇȻȽȹȼɆ ũŮɩɟɔɘɞɠ1 & ɄȷɄȷȹɃɄɃɈȿɃɈ ɄɖɜŮɚɧˊɖ2 
1ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ, gampatzidis@uth.gr 

2ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ, ppapadopoulou@uowm.gr 

 

 

ɄŮɟɑɚɖɣɖ 
ūŬɑɜŮŰŬɘ ˊɤɠ ɛɏɢɟɘ Űɖɜ ɖɚɘəɑŬ Űɤɜ 11 ŮŰɩɜ ɞɘ ɛŬɗɖŰɏɠ ɏɢɞɡɜ ɐŭɖ ůɢɖɛŬŰɑůŮɘ ɛɘŬ ɗŮɛŮɚɘɩŭɖ əŬŰŬɜɧɖůɖ ɔɘŬ Űɖɜ 

Ŭɜɗɟɩˊɘɜɖ ŬɜŬˊŬɟŬɔɤɔɐ. ɋůŰɧůɞ, ɏɟŮɡɜŮɠ ɛŮ ɛŬɗɖŰɏɠ/űɞɘŰɖŰɏɠ ŭɘŬűɞɟŮŰɘəɩɜ ɖɚɘəɘɩɜ ŭŮɑɢɜɞɡɜ ˊɤɠ ŮəŮɑɜɞɘ 

ŮəűɟɎɕɞɡɜ ɛɘŬ ůŮɘɟɎ ˊŬɟŬɜɞɐůŮɤɜ ůɢŮŰɘəɎ ɛŮ ŭɘɎűɞɟŮɠ ˊŰɡɢɏɠ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ŬɜŬˊŬɟŬɔɤɔɐɠ. ȼ Ůɚɚɘˊɐɠ 

əŬŰŬɜɧɖůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŬɜŬˊŬɟŬɔɤɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɏɢŮɘ ůɡɜŭŮɗŮɑ ɛŮ ɛɖ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜŮɠ 

ŮɔəɡɛɞůɨɜŮɠ əŬɘ Ŭɡɝɖɛɏɜɖ ůɡɢɜɧŰɖŰŬ ůŮɝɞɡŬɚɘəɩɠ ɛŮŰŬŭɘŭɧɛŮɜɤɜ ɜɞůɖɛɎŰɤɜ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŰŬ 

ˊŬɟŬˊɎɜɤ, ůŮ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ ŮˊɘɢŮɘɟɞɨɛŮ ɛɘŬ Ůˊɘůəɧˊɖůɖ Űɤɜ ɘŭŮɩɜ ɛŬɗɖŰɩɜ əŬɘ űɞɘŰɖŰɩɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ 

Ŭɜɗɟɩˊɘɜɖ ŬɜŬˊŬɟŬɔɤɔɐ. ɆɡɕɖŰɘɞɨɜŰŬɘ ŭɘŭŬəŰɘəɏɠ ˊɟɞŮəŰɎůŮɘɠ, ɧˊɤɠ ɖ ŬɜɎɔəɖ ŬɚɚŬɔɩɜ ůŰŬ ůɢŮŰɘəɎ ůɢɞɚɘəɎ 

ɓɘɓɚɑŬ əŬɘ Űɞ ˊɟɧɔɟŬɛɛŬ ůˊɞɡŭɩɜ. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

Ⱥˊɘůəɧˊɖůɖ ɓɘɓɚɘɞɔɟŬűɑŬɠ, Ŭɜɗɟɩˊɘɜɖ ŬɜŬˊŬɟŬɔɤɔɐ, ɘŭɏŮɠ ɛŬɗɖŰɩɜ, ɘŭɏŮɠ űɞɘŰɖŰɩɜ 
 

 

ȺɘůŬɔɤɔɐ 

ūŬɑɜŮŰŬɘ ˊɤɠ ɛɏɢɟɘ Űɖɜ ɖɚɘəɑŬ Űɤɜ 11 ŮŰɩɜ ɞɘ ɛŬɗɖŰɏɠ ɏɢɞɡɜ ɐŭɖ ůɢɖɛŬŰɑůŮɘ ɛɘŬ ɗŮɛŮɚɘɩŭɖ əŬŰŬɜɧɖůɖ 

ůɢŮŰɘəɎ ɛŮ ˊŰɡɢɏɠ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ŬɜŬˊŬɟŬɔɤɔɐɠ (Hadjichambis et al. 2016). ɋůŰɧůɞ, ɏɟŮɡɜŮɠ ɛŮ 

ɛŬɗɖŰɏɠ/űɞɘŰɖŰɏɠ ŭɘŬűɞɟŮŰɘəɩɜ ɖɚɘəɘɩɜ ŬɜɎ Űɞɜ əɧůɛɞ ŭŮɑɢɜɞɡɜ ɧŰɘ ŮəŮɑɜɞɘ ŮəűɟɎɕɞɡɜ ɛɘŬ ůŮɘɟɎ 

ˊŬɟŬɜɞɐůŮɤɜ ůɢŮŰɘəɎ ɛŮ Űɞ ɗɏɛŬ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ŬɜŬˊŬɟŬɔɤɔɐɠ. ȼ Ůɚɚɘˊɐɠ əŬŰŬɜɧɖůɖ Űɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŬɜŬˊŬɟŬɔɤɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɏɢŮɘ ůɡɜŭŮɗŮɑ ɛŮ ɛɖ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜŮɠ ŮɔəɡɛɞůɨɜŮɠ 

əŬɘ Ŭɡɝɖɛɏɜɖ ůɡɢɜɧŰɖŰŬ ůŮɝɞɡŬɚɘəɩɠ ɛŮŰŬŭɘŭɧɛŮɜɤɜ ɜɞůɖɛɎŰɤɜ (Donati et al. 2000, Sydsjº et al. 

2006). ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ, űŬɑɜŮŰŬɘ ˊɤɠ ɞɘ ɛŬɗɖŰɏɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ůɖɛŬɜŰɘəɐ əŬŰŬɜɧɖůɖ ůŮ 

ɗɏɛŬŰŬ ŬɜŬˊŬɟŬɔɤɔɐɠ ŮɑɜŬɘ ˊɘɞ ˊɘɗŬɜɧ ɜŬ ɡɘɞɗŮŰɐůɞɡɜ ˊɟŬəŰɘəɏɠ ˊɞɡ ˊɟɞůŰŬŰŮɨɞɡɜ Űɖ ůŮɝɞɡŬɚɘəɐ 

Űɞɡɠ ɡɔŮɑŬ (Walker & Milton, 2006). ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŰŬ ˊŬɟŬˊɎɜɤ, ŬˊɞűŬůɑůŬɛŮ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɐůɞɡɛŮ ɛɘŬ ůɨɜŰɞɛɖ Ůˊɘůəɧˊɖůɖ Űɤɜ ɘŭŮɩɜ ɛŬɗɖŰɩɜ əŬɘ űɞɘŰɖŰɩɜ ŭɘŬűɧɟɤɜ ɖɚɘəɘɩɜ ůŮ 

ɗɏɛŬŰŬ Ŭɜɗɟɩˊɘɜɖɠ ŬɜŬˊŬɟŬɔɤɔɐɠ.  

 

Ⱥˊɘůəɧˊɖůɖ Űɤɜ ɘŭŮɩɜ ɛŬɗɖŰɩɜ əŬɘ űɞɘŰɖŰɩɜ ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ŬɜŬˊŬɟŬɔɤɔɐ 

ȳŰŬɜ ɛŬɗɖŰɏɠ ˊɟɞůɢɞɚɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ ŮɟɤŰɖɗɞɨɜ ɔɘŬ Űɖɜ ˊɟɞɏɚŮɡůɖ Űɞɡ ɛɤɟɞɨ, ŬɜŬűɏɟɞɡɜ ˊɤɠ Űɞ 

ɛɤɟɧ ɓɟɏɗɖəŮ ůŰɖɜ əɞɘɚɘɎ Űɖɠ ɛŬɛɎɠ ɛŮ Űɞɡɠ Ůɝɐɠ Űɟɧˊɞɡɠ: (Ŭ) ɞ ɛˊŬɛˊɎɠ əŬɘ ɖ ɛŬɛɎ ˊŬɜŰɟŮɨŰɖəŬɜ, 

(ɓ) Űɞ ɐɗŮɚŮ ɖ ɛŬɛɎ, (ɔ) Űɞ ɏűŮɟŮ ɞ ŪŮɧɠ ɐ ɖ ɄŬɜŬɔɑŬ, (ŭ) ɞ ɔɘŬŰɟɧɠ Űɞ ɏɓŬɚŮ ůŰɖɜ əɞɘɚɘɎ Űɖɠ ɛŬɛɎɠ, 

(Ů) ɞ ɛˊŬɛˊɎɠ Űɞ ɏɓŬɚŮ ůŰɖɜ əɞɘɚɘɎ Űɖɠ ɛŬɛɎɠ (Zogza & Christopoulou 2004), (ůŰ) ɡˊɐɟɢŮ ˊɎɜŰŬ ɛɏůŬ 

ůŰɖɜ əɞɘɚɘɎ Űɖɠ ɛŬɛɎɠ (Goldman & Goldman 1982). ɆɢŮŰɘəɎ ɛŮ Űɖ ɔɏɜɜɖůɖ Űɞɡ ɛɤɟɞɨ, ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ 

ɛŬɗɖŰɏɠ ˊɟɞůɢɞɚɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ ɗŮɤɟɞɨɜ ˊɤɠ ɞ ɔɘŬŰɟɧɠ Űɞ ɓɔɎɕŮɘ Ŭˊɧ Űɖɜ əɞɘɚɘɎ Űɖɠ ɛŬɛɎɠ ɛŮ 

əɎˊɞɘɞɡ Űɨˊɞɡ ŮˊɏɛɓŬůɖ, ɢɤɟɑɠ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŮɜŰɞˊɑůɞɡɜ Űɞ ɛɏɟɞɠ Űɞɡ ůɩɛŬŰɞɠ Ŭˊɧ Űɞ ɞˊɞɑɞ ɓɔŬɑɜŮɘ 

(ɉɟɘůŰɞˊɞɨɚɞɡ & ȻɧɔəɕŬ, ɧˊ. ŬɜɎű. ůŰɞ ȻɧɔəɕŬ 2007). 

 

Ƀɘ ɛŬɗɖŰɏɠ ŭɖɛɞŰɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ ŮəűɟɎɕɞɡɜ ŮɜŬɚɚŬəŰɘəɏɠ ŬɜŰɘɚɐɣŮɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɛŮ ŮəŮɑɜŮɠ Űɤɜ 

ɛŬɗɖŰɩɜ ˊɟɞůɢɞɚɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ ŬɜŬűɞɟɘəɎ ɛŮ Űɖɜ ˊɟɞɏɚŮɡůɖ Űɤɜ ɛɤɟɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ, 

ŬɜŬŭŮɘəɜɨɞɜŰŬɘ ɞɘ ŬˊɧɣŮɘɠ ˊɤɠ ŰŬ ˊŬɘŭɘɎ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ (Ŭ) Ŭˊɚɐ ůɤɛŬŰɘəɐ ŮˊŬűɐ Űɤɜ ɔɞɜɏɤɜ (çɞɘ 

ɔɞɜŮɑɠ ŬɔəŬɚɘɎɕɞɜŰŬɘè), (ɓ) ůɡɜŬɘůɗɖɛŬŰɘəɐ ůɢɏůɖ Űɤɜ ɔɞɜɏɤɜ (çɞɘ ɔɞɜŮɑɠ ŬɔŬˊɘɞɨɜŰŬɘè), (ɔ) 

əɞɘɜɤɜɘəɐ ůɢɏůɖ Űɤɜ ɔɞɜɏɤɜ (çɞɘ ɔɞɜŮɑɠ ˊŬɜŰɟŮɨɞɜŰŬɘè), (ŭ) Űɖ ŭɟɎůɖ Ůɜɧɠ ɡˊŮɟűɡůɘəɞɨ ˊŬɟɎɔɞɜŰŬɠ 

(çŪŮɧɠ, ɉɟɘůŰɧɠ, ɄŬɜŬɔɑŬè) (ɉɟɘůŰɞˊɞɨɚɞɡ & ȻɧɔəɕŬ, ɧˊ. ŬɜŬű. ůŰɞ ȻɧɔəɕŬ 2007). ȷəɧɛŬ, əɎˊɞɘɞɘ 

ɛŬɗɖŰɏɠ ŭɖɛɞŰɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ ŬɜŬűɏɟɞɡɜ ˊɤɠ Űɞ ɛɤɟɧ ˊɟɞɦˊɎɟɢŮɘ ɤɠ ɛɘɜɘŬŰɞɨɟŬ ůŰɞ 

ůˊŮɟɛŬŰɞɕɤɎɟɘɞ Űɞɡ ɛˊŬɛˊɎ ɐ Űɞ ɤɎɟɘɞ Űɖɠ ɛŬɛɎɠ ɐ ˊɤɠ ɧŰŬɜ ɖ ɛŬɛɎ ŰɟɩŮɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ɧ,Űɘ 
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ůɡɜɐɗɤɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŰɡɢɗŮɑ ɏɜŬ ˊŬɘŭɑ ůŰɖɜ əɞɘɚɘɎ Űɖɠ (Berends & Caron 1994). 

 

ɆŮ ɛɘŬ ɏɟŮɡɜŬ ůŰɖɜ ɞˊɞɑŬ ɕɖŰɐɗɖəŮ Ŭˊɧ ɛŬɗɖŰɏɠ ŭɖɛɞŰɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ ɜŬ ůɖɛŮɘɩůɞɡɜ ŰŬ ɧɟɔŬɜŬ 

ˊɎɜɤ ůŮ ɛɘŬ ŮɘəɧɜŬ Űɞɡ ɔɡɜŬɘəŮɑɞɡ ŬɜŬˊŬɟŬɔɤɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ˊɞɚɚɞɑ Ŭˊɧ ŮəŮɑɜɞɡɠ ŭŮɜ ɛˊɞɟɞɨůŬɜ 

ŬɟɢɘəɎ ɜŬ ŬɜŬɔɜɤɟɑůɞɡɜ Űɘ ŮɘəɞɜɘɕɧŰŬɜ. ȳŰŬɜ ůŰɖ ůɡɜɏɢŮɘŬ ɞɘ ŮɟŮɡɜɖŰɏɠ ŭɘŮɡəɟɑɜɘůŬɜ ˊɤɠ ˊŬɟɞɡůɑŬɕŮ 

Űɞ ɔɡɜŬɘəŮɑɞ ŬɜŬˊŬɟŬɔɤɔɘəɧ ůɨůŰɖɛŬ, ŰɧŰŮ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ Ŭˊɧ Űɞɡɠ ɛŬɗɖŰɏɠ ůɖɛŮɑɤůŬɜ ɛɧɜɞ Űɖ 

ɚɏɝɖ çəɧɚˊɞɠè ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ŮɘəɧɜŬ. ɇɞ Ŭɜŭɟɘəɧ ŬɜŬˊŬɟŬɔɤɔɘəɧ ůɨůŰɖɛŬ ɐŰŬɜ ˊɘɞ ŮɨəɞɚŬ 

ŬɜŬɔɜɤɟɑůɘɛɞ Ŭˊɧ Űɞɡɠ ɛŬɗɖŰɏɠ, ɤůŰɧůɞ ˊɞɚɚɞɑ ŭŮɜ ɛˊɞɟɞɨůŬɜ ɜŬ ůɖɛŮɘɩůɞɡɜ ůɤůŰɎ Űɖ ɗɏůɖ Űɤɜ 

ɧɟɢŮɤɜ ɐ Űɖɠ ɞɡɟɐɗɟŬɠ (Hurwitz et al. 2016). 

 

ȷɜŰɑůŰɞɘɢŬ, ůŮ ɏɟŮɡɜŬ ɛŮ ɛŬɗɖŰɏɠ 13-14 ŮŰɩɜ, ɧŰŬɜ Űɞɡɠ ɕɖŰɐɗɖəŮ ɜŬ ŭŮɑɝɞɡɜ ˊɞɨ ɓɟɑůəɞɜŰŬɘ ŰŬ 

ŬɜŬˊŬɟŬɔɤɔɘəɎ ɧɟɔŬɜŬ ˊɎɜɤ ůŮ ŮɘəɧɜŮɠ Ŭɜŭɟɘəɞɨ əŬɘ ɔɡɜŬɘəŮɑɞɡ ůɩɛŬŰɞɠ ɛɧɚɘɠ Űɞ 32% Űɤɜ Ŭɔɞɟɘɩɜ 

əŬɘ Űɞ 40% Űɤɜ əɞɟɘŰůɘɩɜ ɡˊɏŭŮɘɝŬɜ ůɤůŰɎ Űɖ ɗɏůɖ ŰɞɡɚɎɢɘůŰɞɜ Űɤɜ ɛɘůɩɜ ɞɟɔɎɜɤɜ Űɞɡ ɔɡɜŬɘəŮɑɞɡ 

ŬɜŬˊŬɟŬɔɤɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ (Sydsjº et al. 2006). ȼ Ůˊɑŭɞůɖ Űɤɜ ɛŬɗɖŰɩɜ ɐŰŬɜ ůŬűɩɠ əŬɚɨŰŮɟɖ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɤɜ Ŭɜŭɟɘəɩɜ ŬɜŬˊŬɟŬɔɤɔɘəɩɜ ɞɟɔɎɜɤɜ, əŬɗɩɠ ˊɎɜɤ Ŭˊɧ Űɞ 75% Ŭɔɞɟɘɩɜ əŬɘ əɞɟɘŰůɘɩɜ 

ɡˊɏŭŮɘɝŬɜ ůɤůŰɎ Űɖ ɗɏůɖ ŰɞɡɚɎɢɘůŰɞɜ Űɤɜ ɛɘůɩɜ ɞɟɔɎɜɤɜ. 

 

ɄɟɞɓɚɐɛŬŰŬ ůŰɖɜ ŬɜŰɑɚɖɣɖ Űɤɜ ŬɜŬˊŬɟŬɔɤɔɘəɩɜ ɞɟɔɎɜɤɜ ŬɜŬŭɨɞɜŰŬɘ əŬɘ ůŮ ŮəˊŬɘŭŮɡɧɛŮɜɞɡɠ 

ɛŮɔŬɚɨŰŮɟɤɜ ɖɚɘəɘɩɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŮ ŮɟɩŰɖůɖ ůɢŮŰɘəɎ ɛŮ ŰŬ ŮɝɤŰŮɟɘəɎ ŬɜŬˊŬɟŬɔɤɔɘəɎ ɧɟɔŬɜŬ 

Űɖɠ ɔɡɜŬɑəŬɠ ůŮ ɛɘŬ ɏɟŮɡɜŬ ɛŮ űɞɘŰɖŰɏɠ Ůɜɧɠ ˊŬɘŭŬɔɤɔɘəɞɨ ŰɛɐɛŬŰɞɠ ŭɖɛɞŰɘəɐɠ ŮəˊŬɑŭŮɡůɖɠ (142 

ɔɡɜŬɑəŮɠ əŬɘ 6 ɎɜŰɟŮɠ), 54 Ŭˊɧ Űɞɡɠ ůɡɛɛŮŰɏɢɞɜŰŮɠ ŬɜɏűŮɟŬɜ Űɞɜ əɧɚˊɞ Ůɜɩ əɎˊɞɘɞɘ ŬɜɏűŮɟŬɜ Űɖ ɛɐŰɟŬ 

(Veiga et al. 2006). ȷəɧɛŬ, ůŮ ɛɘŬ ɏɟŮɡɜŬ ɛŮ űɞɘŰɖŰɏɠ Ůɜɧɠ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮˊɘůŰɖɛɩɜ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ 

ůŰɖɜ ȺɚɚɎŭŬ, ɧŰŬɜ ɞɘ ůɡɛɛŮŰɏɢɞɜŰŮɠ ɟɤŰɐɗɖəŬɜ ɔɘŬ ŰŬ ɧɟɔŬɜŬ Űɞɡ ŬɜŰɟɘəɞɨ əŬɘ Űɞɡ ɔɡɜŬɘəŮɑɞɡ 

ŬɜŬˊŬɟŬɔɤɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ɚɑɔɞɘ Ŭˊɧ ŮəŮɑɜɞɡɠ ŬɜɏűŮɟŬɜ (Ŭ) ŮůɤŰŮɟɘəɎ ŬɜŰɟɘəɎ ŬɜŬˊŬɟŬɔɤɔɘəɎ 

ɧɟɔŬɜŬ ɧˊɤɠ ɞ ˊɟɞůŰɎŰɖɠ, əŬɘ (ɓ) ŮɝɤŰŮɟɘəɎ ɔɡɜŬɘəŮɑŬ ŬɜŬˊŬɟŬɔɤɔɘəɎ ɧɟɔŬɜŬ ɧˊɤɠ ɖ əɚŮɘŰɞɟɑŭŬ 

(Ampatzidis, Georgakopoulou, & Kapsi 2021). 

 

Tɏɚɞɠ, ˊɞɚɚɞɑ ɛŬɗɖŰɏɠ űŬɑɜŮŰŬɘ ɜŬ Ŭɔɜɞɞɨɜ ˊɤɠ ɖ ɔɞɜɘɛɞˊɞɑɖůɖ ɔɑɜŮŰŬɘ ůŰɘɠ ůɎɚˊɘɔɔŮɠ ˊɟɞŰŮɑɜɞɜŰŬɠ 

ŭɘŬűɞɟŮŰɘəɎ ɧɟɔŬɜŬ, ɧˊɤɠ ɖ ɛɐŰɟŬ, ɤɠ Űɞ ɛɏɟɞɠ ˊɞɡ ɔɑɜŮŰŬɘ ɖ ůɡɜɎɜŰɖůɖ ůˊŮɟɛŬŰɞɕɤŬɟɑɞɡ əŬɘ ɤŬɟɑɞɡ 

(Sydsjº et al. 2006). ɄŬɟɧɛɞɘŮɠ ɘŭɏŮɠ ŬɜŬŭɨɞɜŰŬɘ əŬɘ ůŰɖ ůəɏɣɖ ɛŮɚɚɞɜŰɘəɩɜ ŭŬůəɎɚɤɜ: 42 Ŭˊɧ Űɞɡɠ 

ůɡɛɛŮŰɏɢɞɜŰŮɠ Űɖɠ ɏɟŮɡɜŬɠ Űɤɜ Veiga et al. (2006) ˊɟɧŰŮɘɜŬɜ ɤɠ ɧɟɔŬɜɞ ůŰɞ ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ 

ɔɞɜɘɛɞˊɞɑɖůɖ Űɘɠ ɤɞɗɐəŮɠ, Űɖ ɛɐŰɟŬ əŬɘ Űɞɜ ŰɟɎɢɖɚɞ. ɆŰɖɜ ɏɟŮɡɜŬ Űɤɜ Ampatzidis, Georgakopoulou, 

& Kapsi (2021) Űɞ ˊɞůɞůŰɧ Űɤɜ űɞɘŰɖŰɩɜ ˊɞɡ ŬˊɎɜŰɖůŬɜ ˊɤɠ ɖ ɔɞɜɘɛɞˊɞɑɖůɖ ɔɑɜŮŰŬɘ ůŰɖ ɛɐŰɟŬ ɐŰŬɜ 

ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ Űɞ ˊɞůɞůŰɧ ŮəŮɑɜɤɜ ˊɞɡ ɡˊɏŭŮɘɝŬɜ Űɘɠ ůɎɚˊɘɔɔŮɠ ɤɠ Űɞ ɧɟɔŬɜɞ ůŰɞ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ɖ 

ɔɞɜɘɛɞˊɞɑɖůɖ. 

 

ȹɘŭŬəŰɘəɏɠ ˊɟɞŮəŰɎůŮɘɠ 

ȼ ůɨɜŰɞɛɖ Ůˊɘůəɧˊɖůɖ Űɤɜ ɘŭŮɩɜ Űɤɜ ɛŬɗɖŰɩɜ/űɞɘŰɖŰɩɜ ɔɘŬ Űɖɜ ŬɜŬˊŬɟŬɔɤɔɐ ˊɞɡ ŮˊɘɢŮɘɟɐůŬɛŮ 

ŭŮɑɢɜŮɘ ˊɤɠ ɖ əŬŰŬɜɧɖůɐ Űɞɡɠ ůɢŮŰɘəɎ ɛŮ Űɞ ŬɜŰɟɘəɧ əŬɘ ɔɡɜŬɘəŮɑɞ ŬɜŬˊŬɟŬɔɤɔɘəɧ ůɨůŰɖɛŬ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŮ ŬɟəŮŰɎ ůɖɛŮɑŬ Ůɚɚɘˊɐɠ. ȼ ɏɟŮɡɜŬ ůŰɘɠ ŬɜŰɘɚɐɣŮɘɠ Űɤɜ ɛŬɗɖŰɩɜ/űɞɘŰɖŰɩɜ ɔɘŬ Űɖɜ 

ŬɜŬˊŬɟŬɔɤɔɐ űŬɑɜŮŰŬɘ ɜŬ ɡˊɞŭŮɘəɜɨŮɘ Űɖɜ ŬɜɎɔəɖ (Ŭ) ŬɜɎˊŰɡɝɖɠ əŬŰɎɚɚɖɚɞɡ ŭɘŭŬəŰɘəɞɨ ɡɚɘəɞɨ əŬɘ 

ŰŮɢɜɘəɩɜ ˊɞɡ ɡˊɞůŰɖɟɑɕɞɡɜ Űɖɜ ɞɘəɞŭɧɛɖůɖ əŬŰŬɜɧɖůɖɠ ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ŬɜŬˊŬɟŬɔɤɔɐ əŬɘ (ɓ) 

ɚɐɣɖɠ ɛɏŰɟɤɜ ůɢŮŰɘəɎ ɛŮ ŰŬ ůɢɞɚɘəɎ ɓɘɓɚɑŬ (ˊ.ɢ. əŬŰɎɚɚɖɚɖ ˊŬɟɞɡůɑŬůɖ Űɞɡ ŬɜŰɟɘəɞɨ əŬɘ ɔɡɜŬɘəŮɑɞɡ 

ŬɜŬˊŬɟŬɔɤɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ ï ɖ ɏɟŮɡɜŬ ɏɢŮɘ ŭŮɑɝŮɘ ˊɤɠ ŰŬ ŮɝɤŰŮɟɘəɎ ɔɡɜŬɘəŮɑŬ ŬɜŬˊŬɟŬɔɤɔɘəɎ 

ɧɟɔŬɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůˊɎɜɘŬ ůŰŬ ůɢŮŰɘəɎ ɓɘɓɚɑŬ, Ampatzidis & Armeni 2021, 2022) əŬɘ Űɞ ˊɟɧɔɟŬɛɛŬ 

ůˊɞɡŭɩɜ (ˊ.ɢ. ŮɡɟɨŰŮɟɖ ˊŬɟɞɡůɑŬ ɗŮɛɎŰɤɜ ŬɜŬˊŬɟŬɔɤɔɐɠ). 
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ɄŮɟɑɚɖɣɖ 

ȼ ɔɞɜɘŭɘŬəɐ ɗŮɟŬˊŮɑŬ Űɤɜ ɓ-ŬɘɛɞůűŬɘɟɘɜɞˊŬɗŮɘɩɜ ɛɏůɤ ɔɞɜɘŭɘŬəɐɠ Űɟɞˊɞˊɞɑɖůɖɠ ŬˊɞŰŮɚŮɑ ɛɑŬ əŬɘɜɞŰɧɛŬ 

ˊɟɞůɏɔɔɘůɖ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŭɘŮɟŮɡɜɎŰŬɘ ɖ ɢɟɐůɖ Ůɜɧɠ ɛɖ-ŮɜůɤɛŬŰɞɨɛŮɜɞɡ, ŬŭŮɜɞɘɥəɞɨ Adenine Base 

Editor űɞɟɏŬ (ȷȸȺ-HDAd5/35++), ˊɞɡ ůŰɞɢŮɨŮɘ ůŰɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ɛŮŰɎɚɚŬɝɖɠ ȷ>G ůŰɖɜ ɗɏůɖ -113 ŬɜɞŭɘəɎ 

Űɤɜ ɔɞɜɘŭɑɤɜ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ, ɛŮ ůəɞˊɧ Űɖɜ ŮˊŬɜŮɜŮɟɔɞˊɞɑɖůɐ Űɖɠ. ɄŬɟɎɚɚɖɚŬ, ɞ ɘɘəɧɠ űɞɟɏŬɠ ŭɘŬɗɏŰŮɘ ɛɑŬ 

ɛŮŰŬɚɚŬɔɛɏɜɖ ɘůɞɛɞɟűɐ Űɞɡ MGMT ɔɞɜɘŭɑɞɡ ɔɘŬ ɗŮŰɘəɐ Ůˊɘɚɞɔɐ Űɤɜ ŭɘŬɛɞɚɡůɛɏɜɤɜ əɡŰŰɎɟɤɜ ɛŮŰɎ Űɖɜ ɏəɗŮůɖ 

ůŮ O6BG/BCNU. CD34+ əɨŰŰŬɟŬ Ŭˊɧ ŬůɗŮɜŮɑɠ ŭɧŰŮɠ ɛŮ ɓ-ɗŬɚŬůůŬɘɛɑŬ ɐ ŭɟŮˊŬɜɞəɡŰŰŬɟɘəɐ ŬɜŬɘɛɑŬ 

ŭɘŬɛɞɚɨɜɗɖəŬɜ ɛŮ Űɞɜ ȷȸȺ-HDAd5/35++. ȷəɞɚɞɨɗɖůŮ ɏɚŮɔɢɞɠ Űɞɡ ˊɞůɞůŰɞɨ ůŰɧɢŮɡůɖɠ ɛŮ NGS əŬɘ Űɖɠ 

ɏəűɟŬůɖɠ ɔ-ůűŬɘɟɑɜɖɠ ɛŮ əɡŰŰŬɟɞɛŮŰɟɑŬ ɟɞɐɠ əŬɘ HPLC. To ́ ɞůɞůŰɧ ůŰɧɢŮɡůɖɠ ɔɘŬ Űɖɜ ɗɏůɖ -113 ŬɜɞŭɘəɎ Űɤɜ 

ɔɞɜɘŭɑɤɜ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ ɐŰŬɜ 60% ɛŮŰɎ Ŭˊɧ Ůˊɘɚɞɔɐ ˊŬɟɞɡůɑŬ O6BG/BCNU. ȼ ŮˊɘŰɡɢɐɠ ůŰɧɢŮɡůɖ ɞŭɐɔɖůŮ 

ůŮ ůɖɛŬɜŰɘəɎ ɡɣɖɚɧŰŮɟɖ ɏəűɟŬůɖ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ, ˊŰɩůɖ Űɤɜ ROS əŬɘ ůŮ ɓŮɚŰɘɤɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ɗŬɚŬůůŬɘɛɘəɞɨ űŬɘɜɞŰɨˊɞɡ. ɆɡɜɞˊŰɘəɎ, ˊɟɞŰŮɑɜŮŰŬɘ ɛɑŬ ŮɜŬɚɚŬəŰɘəɐ ɗŮɟŬˊŮɑŬ Űɤɜ ɓ-ŬɘɛɞůűŬɘɟɘɜɞˊŬɗŮɘɩɜ ˊɞɡ 

ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ŮˊŬɜŮɜŮɟɔɞˊɞɘɐůɖ Űɖɠ ŮɜŭɞɔŮɜɞɨɠ ɔ-ůűŬɘɟɑɜɖɠ. 
 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ: ɓ-ɗŬɚŬůůŬɘɛɑŬ, ŬɟɢɏɔɞɜŬ ŬɘɛɞˊɞɘɖŰɘəɎ əɨŰŰŬɟŬ, ɔɞɜɘŭɘŬəɐ ɗŮɟŬˊŮɑŬ, Adenine base 

editors, ɔŮɜŮŰɘəɐ Űɟɞˊɞˊɞɑɖůɖ 
 

 

ȺɘůŬɔɤɔɐ 

ȼ ɓ-ŬɘɛɞůűŬɘɟɘɜɞˊɎɗŮɘŮɠ ŬˊɞŰŮɚɞɨɜ Űɞ ˊɘɞ ůɡɢɜɎ ɛɞɜɞɔɞɜɘŭɘŬəɎ əɚɖɟɞɜɞɛɐůɘɛɞ ɜɧůɖɛŬ ˊŬɔəɞůɛɑɤɠ. 

ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ Ŭɜɐəɞɡɜ ɖ ɓ-ɗŬɚŬůůŬɘɛɑŬ əŬɘ ɖ ŭɟŮˊŬɜɞəɡŰŰŬɟɘəɐ ŬɜŬɘɛɑŬ. ȼ ɓ-ɗŬɚŬůůŬɘɛɑŬ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛŮɘɤɛɏɜɖ ůɨɜɗŮůɖ (ɓ+/ɓ+) ɐ ˊɚɐɟɖɠ ŬɜŮˊɎɟəŮɘŬ Űɖɠ ɓ-ůűŬɘɟɑɜɖɠ (ɓ0/ɓ0) (Higgs, 

Engel, and Stamatoyannopoulos 2012a). ȼ ŭɟŮˊŬɜɞəɡŰŰŬɟɘəɐ ŬɜŬɘɛɑŬ ɞűŮɑɚŮŰŬɘ ůŮ ůɖɛŮɘŬəɐ 

ɛŮŰɎɚɚŬɝɖ ůŰɞ ɏəŰɞ əɤŭɘəɧɜɘɞ Űɖɠ ɓ-ůűŬɘɟɑɜɖɠ ˊɞɡ ɞŭɖɔŮɑ ůŰɖɜ ɏəűɟŬůɖ ɛɑŬɠ ɛŮŰŬɚɚŬɔɛɏɜɖɠ ɛɞɟűɐɠ 

Űɖɠ ɓ-ŬɘɛɞůűŬɘɟɑɜɖɠ Űɖɠ ɓs. (Rees, Williams, and Gladwin 2010). ȼ ɗŮɟŬˊŮɑŬ Űɞɡɠ ŮɑɜŬɘ əɡɟɑɤɠ 
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ůɡɛˊŰɤɛŬŰɘəɐ Ůɜɩ ɛɧɜɖ ɗŮɟŬˊŮɑŬ ˊɚɐɟɞɡɠ ɑŬůɖɠ ŬˊɞŰŮɚŮɑ ɖ ɛŮŰŬɛɧůɢŮɡůɖ Ŭɟɢɏɔɞɜɤɜ ŬɘɛɞˊɞɘɖŰɘəɩɜ 

əɡŰŰɎɟɤɜ.(Higgs, Engel, and Stamatoyannopoulos 2012b) 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɖ ŬɜɎˊŰɡɝɖ Űɖɠ ɔɞɜɘŭɘŬəɐɠ ɗŮɟŬˊŮɑŬɠ ɔɘŬ Űɖɜ ɗŮɟŬˊŮɑŬ ɛɞɜɞɔɞɜɘŭɘŬəɩɜ 

ɜɞůɖɛɎŰɤɜ, ŬˊɞŰŮɚŮɑ ɛɑŬ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜɖ ˊɟɞůɏɔɔɘůɖ. ɇŬ ŰɟɏɢɞɜŰŬ ˊɟɤŰɧəɞɚɚŬ ɔɞɜɘŭɘŬəɐɠ 

ɗŮɟŬˊŮɑŬɠ ɔɘŬ Űɘɠ ɓ-ŬɘɛɞůűŬɘɟɘɜɞˊɎɗŮɘŮɠ  ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ Ŭˊɞɛɧɜɤůɖ Űɤɜ CD34+ əɡŰŰɎɟɤɜ 

(HSCs), Űɖɜ ex vivo ɔŮɜŮŰɘəɐ Űɟɞˊɞˊɞɑɖůɖ Űɞɡɠ ɛŮ ŮɜůɤɛɎŰɤůɖ Űɞɡ ɔɞɜɘŭɑɞɡ Űɖɠ ɓ- ɐ ɔ-ůűŬɘɟɑɜɖɠ, 

ɛɏůɤ ɗŮɟŬˊŮɡŰɘəɩɜ ɚŮɜŰɘ-ɘɘəɩɜ űɞɟɏɤɜ əŬɘ Űɖɜ ɏɔɢɡůɖ Űɤɜ ɔŮɜŮŰɘəɎ ŭɘɞɟɗɤɛɏɜɤɜ əɡŰŰɎɟɤɜ ůŰɞɡɠ 

ŬůɗŮɜŮɑɠ, ɛŮŰɎ Ŭˊɧ ɢɞɟɐɔɖůɖ ˊɚɐɟɤɠ ɛɡŮɚɞəŬŰŬůŰŬɚŰɘəɞɨ ůɢɐɛŬŰɞɠ. ɋůŰɧůɞ, ůɖɛŬɜŰɘəɧ ɛŮɘɞɜɏəŰɖɛŬ 

ˊŬɟŬɛɏɜŮɘ ɖ ɖɛɘ-ŰɡɢŬɑŬ ŮɜůɤɛɎŰɤůɖ Űɞɡ ŭɘŬɔɞɜɘŭɑɞɡ ůŰɞ ɔɞɜɘŭɑɤɛŬ Űɤɜ əɡŰŰɎɟɤɜ-ůŰɧɢɤɜ, əŬŰɎ 

ˊɟɞŰɑɛɖůɖ əɞɜŰɎ ůŮ ŮɜŮɟɔɎ ɔɞɜɑŭɘŬ, ŬɡɝɎɜɞɜŰŬɠ ŭɡɜɖŰɘəɎ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɛŮŰŬɚɚŬɝɘɔɏɜŮůɖɠ. (Psatha, 

Papayanni, and Yannaki 2018).  

 

ȼ ɔɞɜɘŭɘŬəɐ ŮˊŮɝŮɟɔŬůɑŬ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɗɏůŮɘɠ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ ŬˊɞŰŮɚŮɑ ɛɑŬ əŬɘɜɞŰɧɛŬ əŬɘ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ˊɟɞůɏɔɔɘůɖ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ Űɞ ůɨůŰɖɛŬ CRISPR-Cas9 ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮ 

ůŰɧɢɞ ŮɑŰŮ Űɖɜ ŮˊŬɜŮɜŮɟɔɞˊɞɘɐůɖ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ ŮɑŰŮ Űɖɜ in situ Ůˊɘŭɘɧɟɗɤůɖ ɛŮŰŬɚɚɎɝŮɤɜ ˊɞɡ 

ɞŭɖɔɞɨɜ ůŰɖɜ ŮɛűɎɜɘůɖ Űɤɜ ŬɘɛɞůűŬɘɟɘɜɞˊŬɗŮɘɩɜ. ɄŬɟɎ ŰŬ ŮɜɗŬɟɟɡɜŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ, ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ ɖ ŭɘˊɚɐ ɗɟŬɨůɖ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ ɏɢŮɘ ůɡůɢŮŰɘůŰŮɑ ɛŮ Űɖɜ ŮɛűɎɜɘůɖ ɢɟɤɛɞůɤɛɘəɩɜ 

ŬɜŬŭɘŬŰɎɝŮɤɜ əŬɘ űŬɘɜɧɛŮɜŬ ɢɟɤɛɞɗɟɨɣɖɠ.(Leibowitz et al. 2021; Turchiano et al. 2021) Ⱥɝɑůɞɡ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ əŬɘ ɑůɤɠ ŬůűŬɚɏůŰŮɟɖ ˊɟɞůɏɔɔɘůɖ ŬˊɞŰŮɚɞɨɜ ɞɘ base editors ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůŰɞɢŮɡɛɏɜŮɠ ŬɚɚŬɔɏɠ ůŰɖɜ ŬɚɚɖɚɞɡɢɑŬ Űɤɜ ɓɎůŮɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ Adenine base 

editors əŬŰŬɚɨɞɡɜ ůŰɞɢŮɡɛɏɜɖ ɛŮŰŬŰɟɞˊɐ ȷ>G(Jeong, Song, and Bae 2020). ȺɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ ɖ 

əɚɖɟɞɜɞɛɘəɐ ˊŬɟŬɛɞɜɐ Űɖɠ Ůɛɓɟɡɘəɐɠ ŬɘɛɞůűŬɘɟɑɜɖɠ (HPFH) ůŮ ŬůɗŮɜŮɑɠ ˊɞɡ ˊɎůɢɞɡɜ Ŭˊɧ ɓ-

ŬɘɛɞůűŬɘɟɘɜɞˊɎɗŮɘŮɠ (Steinberg 2020). ɆŰɧɢɞɠ Űɖɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɖ ŮˊŬɜŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ɏəűɟŬůɖɠ Űɖɠ 

Ůɛɓɟɡɘəɐɠ ŬɘɛɞůűŬɘɟɑɜɖɠ (ȼbF) ɛŮ ɔɞɜɘŭɘŬəɐ ŮˊŮɝŮɟɔŬůɑŬ ɤɠ ɗŮɟŬˊŮɡŰɘəɐ ˊɟɞůɏɔɔɘůɖ Űɖɠ ɓ-

ŬɘɛɞůűŬɘɟɘɜɞˊŬɗŮɘɩɜ .  

 

ũɘŬ Űɞɜ ůəɞˊɧ ŬɡŰɧ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬɠ ɛɖ-ŮɜůɤɛŬŰɞɨɛŮɜɞɠ, ŬŭŮɜɞɘɥəɧɠ űɞɟɏŬɠ (HDAd5/35++), 

ɡɣɖɚɐɠ ůɡɔɔɏɜŮɘŬɠ ɛŮ Űɞɜ ɡˊɞŭɞɢɏŬ-CD46 Űɤɜ CD34+ əɡŰŰɎɟɤɜ ˊɞɡ űɏɟŮɘ ɤɠ ŭɘŬɔɞɜɑŭɘɞ Űɞ ůɨůŰɖɛŬ 

Adenine Base Editor (ABE)(Gaudelli et al. 2020), Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ əŬŰŬɚɡŰɘəɎ ŬɜŮɜŮɟɔɐ 

Cas9 ůɡɜŰɘɔɛɏɜɖ ɛŮ Űɖɜ ŬˊŬɛɘɜɎůɖ TAdA* əŬɗɩɠ əŬɘ ɏɜŬ gRNA ˊɞɡ ůŰɞɢŮɨŮɘ ŬɜɞŭɘəɎ Űɤɜ ɡˊɞəɘɜɖŰɩɜ 

Űɤɜ ɔɞɜɘŭɑɤɜ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ ɛŮ ůəɞˊɧ Űɖɜ ůŰɞɢŮɡɛɏɜɖ ŮɘůŬɔɤɔɐ Űɖɠ HPFH ůɢŮŰɘɕɧɛŮɜɖɠ ɛŮŰɎɚɚŬɝɖɠ 

ȷ>G ůŰɖɜ ɗɏůɖ -113. ɄŬɟɎɚɚɖɚŬ, ɛŮ ůŰɧɢɞ Űɖɜ ex vivo ɏəˊŰɡɝɖ Űɤɜ ɔŮɜŮŰɘəɎ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ 

əɡŰŰɎɟɤɜ, ɞ ɘɘəɧɠ űɞɟɏŬɠ əɤŭɘəɞˊɞɘŮɑ ɛɑŬ ɛŮŰŬɚɚŬɔɛɏɜɖ ɘůɞɛɞɟűɐ Űɞɡ MGMT ɔɞɜɘŭɑɞɡ, ˊɞɡ ˊɟɞůŭɑŭŮɘ 

ŬɜɗŮəŰɘəɧŰɖŰŬ ɏɜŬɜŰɘ Űɤɜ ɢɖɛɘəɞɗŮɟŬˊŮɡŰɘəɩɜ űŬɟɛɎəɤɜ O6BG/BCNU.  (Li and Lieber 2019) 

 

ɀɏɗɞŭɞɘ 

ȾɟɡɞůɡɜŰɖɟɖɛɏɜŬ CD34+ əɨŰŰŬɟŬ ˊɞɡ ŬˊɞɛɞɜɩɗɖəŬɜ Ŭˊɧ ŬůɗŮɜŮɑɠ ɛŮ ɓ-ɗŬɚŬůůŬɘɛɑŬ əŬɘ CD34+ 

əɨŰŰŬɟŬ ˊɞɡ ŬˊɞɛɞɜɩɗɖəŬɜ Ŭˊɧ ɛɖ-əɘɜɖŰɞˊɞɘɖɛɏɜɞ ˊŮɟɘűŮɟɘəɧ ŬɑɛŬ ŬůɗŮɜɩɜ ɛŮ ŭɟŮˊŬɜɞəɡŰŰŬɟɘəɐ 

ŬɜŬɘɛɑŬ, əŬɚɚɘŮɟɔɐɗɖəŬɜ ůŮ ɗɟŮˊŰɘəɧ ɛɏůɞ ˊŬɟɞɡůɑŬ əɡŰɞəɘɜɩɜ, ŭɘŬɛɞɚɨɜɗɖəŬɜ ɛŮ Űɞɜ ȼDAd-ȷȸȺ 

ɔɘŬ 48 ɩɟŮɠ, ůŮ ˊɘɎŰŬ ɢŬɛɖɚɐɠ ˊɟɞůəɧɚɚɖůɖɠ əŬɘ ŬəɞɚɞɨɗɖůŮ Ůˊɘɚɞɔɐ Űɤɜ ɔŮɜŮŰɘəɎ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ 

əɡŰŰɎɟɤɜ ɛŮŰɎ Ŭˊɧ əŬɚɚɘɏɟɔŮɘŬ ˊŬɟɞɡůɑŬ 50ɛɀ Ƀ6BG/35ɛɀ BCNU. Ʉɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ŭɘŬɛɧɚɡɜůɖ 

ŮɚɏɔɢɗɖəŮ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ŭɘŬɛɧɚɡɜůɖɠ ůŰɞɜ ŬɜɞůɞűŬɘɜɧŰɡˊɞ Űɤɜ əɡŰŰɎɟɤɜ. 

 

ȷəɞɚɞɨɗɖůŮ əŬɚɚɘɏɟɔŮɘŬ Űɤɜ ɔŮɜŮŰɘəɎ əŬɘ ɛɖ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ əɡŰŰɎɟɤɜ ůŮ ɛŮɗɡɚɞəɡŰŰŬɟɑɜɖ ɔɘŬ Űɖɜ 

ŬɜɎˊŰɡɝɖ Ůɟɡɗɟɩɜ/ɛɡŮɚɘəɩɜ Ŭˊɞɘəɘɩɜ əŬɘ ůŮ ɛɏůɞ ŮɟɡɗɟɞŮɘŭɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ. ɀŮ Ŭɚɚɖɚɞɨɢɘůɖ 

ɜɏŬɠ ɔŮɜɘɎɠ (NGS) ŮɚɏɔɢɗɖəŮ Űɞ ˊɞůɞůŰɧ ůŰɧɢŮɡůɖɠ ůŰɖɜ ɗɏůɖ -113.  ɀŮ Űɞ ˊɏɟŬɠ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ, 

ˊɟɞůŭɘɞɟɑůŰɖəŮ ɛŮ əɡŰŰŬɟɞɛŮŰɟɑŬ ɟɞɐɠ əŬɘ HPLC Űɞ ˊɞůɞůŰɧ ɏəűɟŬůɖɠ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ əŬɘ Űɤɜ 

ŮɚŮɨɗŮɟɤɜ ɟɘɕɩɜ ɞɝɡɔɧɜɞɡ (ROS). ȷəɞɚɞɨɗɖůŮ ɛɘəɟɞůəɞˊɘəɐ ˊŬɟŬŰɐɟɖůɖ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ 

əɡŰŰŬɟɞűɡɔɞəŮɜŰɟɖɛɎŰɤɜ (cytospins), ɏˊŮɘŰŬ Ŭˊɧ ɢɟɩůɖ May-Grunwald əŬɘ Giemsa.  
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ȷˊɞŰŮɚɏůɛŬŰŬ 

H ɔŮɜŮŰɘəɐ Űɟɞˊɞˊɞɑɖůɖ ȷ>G ůŰɖɜ ɗɏůɖ -113 ŬɜɞŭɘəɎ Űɤɜ HBG1/2 ɔɞɜɘŭɑɤɜ, ŭŮɜ ŮˊɖɟɏŬůŮ Űɞɜ 

Ŭɟɢɏɔɞɜɞ ɢŬɟŬəŰɐɟŬ Űɤɜ əɡŰŰɎɟɤɜ (%CD34+/CD38-/CD90+), Űɖɜ əɚɤɜɞɔŮɜɐ ɘəŬɜɧŰɖŰŬ əŬɘ Űɞɜ ɟɡɗɛɧ 

ɏəˊŰɡɝɖɠ əŬŰɎ Űɖɜ ŮɟɡɗɟɞŮɘŭɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ŰŬ ŭɘŬɛɞɚɡůɛɏɜŬ əɨŰŰŬɟŬ 

ŮɛűɎɜɘůŬɜ ɡɣɖɚɧŰŮɟɞ ɟɡɗɛɧ ɏəˊŰɡɝɖɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ɞɛɎŭŬ Ůɚɏɔɢɞɡ. ȼ Ůˊɘɚɞɔɐ Űɤɜ 

ŭɘŬɛɞɚɡůɛɏɜɤɜ əɡŰŰɎɟɤɜ ɛŮ Űɖɜ ɢɟɐůɖ Ƀ6BG/BCNU ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ˊɞůɞůŰɞɨ 

ɛŮŰŬŰɟɞˊɐɠ ȷ>G ůŰɖɜ ɗɏůɖ -113 Ŭˊɧ 25% ůŮ 60%. ɄŬɟɎɚɚɖɚŬ, Űɧůɞ ůŰŬ ŭɟŮˊŬɜɞəɡŰŰŬɟɘəɎ ɧůɞ əŬɘ 

ůŰŬ ɗŬɚŬůůŬɘɛɘəɎ ŭŮɑɔɛŬŰŬ, ůŰɞ Űɏɚɞɠ Űɖɠ ŮɟɡɗɟɞŮɘŭɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ ˊŬɟŬŰɖɟɐɗɖəŮ ůŰŬŰɘůŰɘəɎ 

ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ Űɖɠ ɏəűɟŬůɖ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ ɛŮŰɎ Ŭˊɧ ŭɘŬɛɧɚɡɜůɖ ɛŮ Űɞɜ HDAd-ABE ɘɘəɧ űɞɟɏŬ, 

ɖ ɞˊɞɑŬ ɐŰŬɜ ɛŮɔŬɚɨŰŮɟɖ ɏˊŮɘŰŬ Ŭˊɧ in vitro Ůˊɘɚɞɔɐ ɛŮ O6BG/BCNU. ɀŮŰɎ Ŭˊɧ ɏɚŮɔɢɞ ɛŮ HPLC 

ˊŬɟŬŰɖɟɐɗɖəŮ ˊɤɠ ɖ ŮˊŬɜŮɜŮɟɔɞˊɞɘɐůɖ Űɖɠ ŮɜŭɞɔŮɜɞɨɠ ɔ-ůűŬɘɟɑɜɖɠ ɞŭɐɔɖůŮ ůŮ ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ 

ɘůɞɟɟɞˊɑŬɠ Űɤɜ ůűŬɘɟɘɜɩɜ. ɇɏɚɞɠ, Ŭɡɝɖɛɏɜɖ ɏəűɟŬůɖ ɔ-ůűŬɘɟɑɜɖɠ ɞŭɐɔɖůŮ ůŮ ɓŮɚŰɑɤůɖ 

ˊŬɗɞűɡůɘɞɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ɜɧůɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ˊŬɟŬŰɖɟɐɗɖəŮ ˊŰɩůɖ Űɤɜ Ůˊɘˊɏŭɤɜ 

ŮɚŮɡɗɏɟɤɜ ɟɘɕɩɜ ɞɝɡɔɧɜɞɡ əŬɘ  ɓŮɚŰɑɤůɖ Űɞɡ ˊŬɗɞɚɞɔɘəɞɨ űŬɘɜɞŰɨˊɞɡ Űɤɜ əɡŰŰɎɟɤɜ. ȰˊŮɘŰŬ Ŭˊɧ 

ɛɘəɟɞůəɞˊɘəɐ ˊŬɟŬəɞɚɞɨɗɖůɖ ˊŬɟŬŰɖɟɐɗɖəŮ Ŭɡɝɖɛɏɜɞɠ Ŭɟɘɗɛɧɠ ŮɟɡɗɟɞɓɚŬůŰɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɜ ůŰŬ 

ɧɣɘɛŬ ůŰɎŭɘŬ Űɖɠ ŮɟɡɗɟɞŮɘŭɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɐɠ əŬɘ ɩɟɘɛɤɜ ŮɟɡɗɟɞəɡŰŰɎɟɤɜ, ůŰɘɠ ˊŮɘɟŬɛŬŰɘəɏɠ 

ɞɛɎŭŮɠ ˊɞɡ ɏɚŬɓŬɜ Űɞɜ ɘɘəɧ űɞɟɏŬ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ɞɛɎŭŬ Ůɚɏɔɢɞɡ.   

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ɆɡɜɞˊŰɘəɎ, ˊɟɞŰŮɑɜŮŰŬɘ ɛɑŬ ŮɜŬɚɚŬəŰɘəɐ ɗŮɟŬˊŮɡŰɘəɐ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖ ɔɞɜɘŭɘŬəɐ ɗŮɟŬˊŮɑŬ Űɤɜ ɓ-

ŬɘɛɞůűŬɘɟɘɜɞˊŬɗŮɘɩɜ, ɛɏůɤ ɢɟɐůɖɠ Űɞɡ ɎŭŮɜɞ-ɘɘəɞɨ űɞɟɏŬ HDAd-ȷȸȺ ɤɠ ˊɚŬŰűɧɟɛŬ ɛŮŰŬűɞɟɎɠ 

Ůɜɧɠ əŬɘɜɞŰɧɛɞɡ ůɡůŰɐɛŬŰɞɠ ɔŮɜŮŰɘəɐɠ Űɟɞˊɞˊɞɑɖůɖɠ ˊɞɡ ůŰɞɢŮɨŮɘ ůŰɖɜ ŮˊŬɜŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ ɔ-

ůűŬɘɟɑɜɖɠ. 

 
 

ȸɘɓɚɘɞɔɟŬűɑŬ 

Gaudelli, Nicole M. et al. 2020. ñDirected Evolution of Adenine Base Editors with Increased Activity 

and Therapeutic Application.ò Nature Biotechnology 38(7): 892ï900. 

Higgs, Douglas R., James Douglas Engel, and George Stamatoyannopoulos. 2012a. ñThalassaemia.ò 

The Lancet 379(9813): 373ï83. 

Jeong, You Kyeong, Beomjong Song, and Sangsu Bae. 2020. ñCurrent Status and Challenges of DNA 

Base Editing Tools.ò Molecular Therapy 28(9): 1938ï52. 

https://doi.org/10.1016/j.ymthe.2020.07.021. 

Leibowitz, Mitchell L. et al. 2021. ñChromothripsis as an On-Target Consequence of CRISPRïCas9 

Genome Editing.ò Nature Genetics 53(6): 895ï905. http://dx.doi.org/10.1038/s41588-021-00838-7. 

Li, Chang, and Andr® Lieber. 2019. ñAdenovirus Vectors in Hematopoietic Stem Cell Genome 

Editing.ò FEBS Letters 593(24): 3623ï48. 

Psatha, Nikoletta, Penelope-Georgia Papayanni, and Evangelia Yannaki. 2018. ñA New Era for 

Hemoglobinopathies: More Than One Curative Option.ò Current Gene Therapy 17(5): 364ï78. 

Rees, David C., Thomas N. Williams, and Mark T. Gladwin. 2010. ñSickle-Cell Disease.ò The Lancet 

376(9757): 2018ï31. http://dx.doi.org/10.1016/S0140-6736(10)61029-X. 

Steinberg, Martin H. 2020. ñFetal Hemoglobin in Sickle Hemoglobinopathies: High Hbf Genotypes 

and Phenotypes.ò Journal of Clinical Medicine 9(11): 1ï10. 

Turchiano, Giandomenico et al. 2021. ñQuantitative Evaluation of Chromosomal Rearrangements in 

Gene-Edited Human Stem Cells by CAST-Seq.ò Cell Stem Cell 28(6): 1136-1147.e5. 

https://doi.org/10.1016/j.stem.2021.02.002. 

 
  



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

113 

ȿŮɜŰɘɘɥəɞɑ űɞɟŮɑɠ ɜɏŬɠ ɔŮɜɘɎɠ ɔɘŬ Űɖɜ ɔɞɜɘŭɘŬəɐ ɗŮɟŬˊŮɑŬ Űɖɠ ɓ-ɗŬɚŬůůŬɘɛɑŬɠ 
 

ɄȷɆɉɃɈȹȼ ȾɡɟɘŬəɐ1, ȾȽɅɇɆɃɈ ȷɚŮɝɎɜŭɟŬ2, ȸȷɆȽȿɃɈȹȼɆ ȽɤɎɜɜɖɠ-Ɂɑɜɞɠ3, ɀɄȺɇȷ 

ɉɟɘůŰɑɜŬ4, ɄȽɄȺɅȽȹɃɈ ɉŬɟɞɨɚŬ5, ɄȷɄȷȹɃɄɃɈȿɃɆ ūɩŰɖɠ6, ũȺɋɅũɃȿɃɄɃɈȿɃɆ 

ũɟɖɔɧɟɘɞɠ7, ũȽȷɁɁȷȾȼ ȺɡŬɔɔŮɚɑŬ8, ɊȷŪȷ ɁɘəɞɚɏŰŰŬ9 

 
ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, ɀɞɜɎŭŬ ũɞɜɘŭɘŬəɐɠ əŬɘ ȾɡŰŰŬɟɘəɐɠ ŪŮɟŬˊŮɑŬɠ, 

ũɁŪ. çũ. ɄŬˊŬɜɘəɞɚɎɞɡè, paschoudik@gmail.com-1 

ɀɞɜɎŭŬ ũɞɜɘŭɘŬəɐɠ əŬɘ ȾɡŰŰŬɟɘəɐɠ ŪŮɟŬˊŮɑŬɠ, ũɁŪ. çũ. ɄŬˊŬɜɘəɞɚɎɞɡè alexandrakirtsou@gmail.com-2 

ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, ɀɞɜɎŭŬ ũɞɜɘŭɘŬəɐɠ əŬɘ ȾɡŰŰŬɟɘəɐɠ ŪŮɟŬˊŮɑŬɠ, 

ũɁŪ. çũ. ɄŬˊŬɜɘəɞɚɎɞɡè ninos.vasiloudis@gmail.com-3 

ɀɞɜɎŭŬ ũɞɜɘŭɘŬəɐɠ əŬɘ ȾɡŰŰŬɟɘəɐɠ ŪŮɟŬˊŮɑŬɠ, ũɁŪ. çũ. ɄŬˊŬɜɘəɞɚɎɞɡè christina.beta1@gmail.com-4 

ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, ɀɞɜɎŭŬ ũɞɜɘŭɘŬəɐɠ əŬɘ ȾɡŰŰŬɟɘəɐɠ ŪŮɟŬˊŮɑŬɠ, 

ũɁŪ. çũ. ɄŬˊŬɜɘəɞɚɎɞɡè piperidou.ch@gmail.com-5 

ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, ɀɞɜɎŭŬ ũɞɜɘŭɘŬəɐɠ əŬɘ ȾɡŰŰŬɟɘəɐɠ ŪŮɟŬˊŮɑŬɠ, 

ũɁŪ. çũ. ɄŬˊŬɜɘəɞɚɎɞɡè fotispap00@gmail.com-6 

Altius Institute for Biomedical Sciences, Seattle, georgolog@gmail.com-7 

ɀɞɜɎŭŬ ũɞɜɘŭɘŬəɐɠ əŬɘ ȾɡŰŰŬɟɘəɐɠ ŪŮɟŬˊŮɑŬɠ, ũɁŪ. çũ. ɄŬˊŬɜɘəɞɚɎɞɡè, University of Washington, Seattle, 

eyannaki@uw.edu-8 

ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, npsatha@bio.auth.gr- 9 

 

 

ɄŮɟɑɚɖɣɖ  
ȼ ɔɞɜɘŭɘŬəɐ ɗŮɟŬˊŮɑŬ ŬˊɞŰŮɚŮɑ Űɖɜ ˊɘɞ ˊɟɧůűŬŰŬ ŬɜŮˊŰɡɔɛɏɜɖ ɗŮɟŬˊŮɡŰɘəɐ ɛɏɗɞŭɞ ɔɘŬ Űɖ ɓ-ɗŬɚŬůůŬɘɛɑŬ, ɛŮ 

ɗŮŰɘəɎ ɏɤɠ ŰɩɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ɄŬɟɎ Űɖ ůɢŮŰɘəɐ ŮˊɘŰɡɢɑŬ, ɡˊɎɟɢɞɡɜ ůŬűŮɑɠ ˊŮɟɘɞɟɘůɛɞɑ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ 

ůɢŮŭɘŬůɛɧ Űɤɜ  ɗŮɟŬˊŮɡŰɘəɩɜ űɞɟɏɤɜ. ũɘŬ Űɖɜ ŮˊŬɟəɐ ˊŬɟŬɔɤɔɐ ɓ-ůűŬɘɟɑɜɖɠ ŬˊŬɘŰŮɑŰŬɘ ɖ ɨˊŬɟɝɖ Ůɜɧɠ ɘůɢɡɟɞɨ 

ŮɜɘůɢɡŰɐ ˊɞɡ ɗŬ ŮˊɎɔŮɘ ɡɣɖɚɐ ɏəűɟŬůɖ Űɞɡ ŭɘŬɔɞɜɘŭɑɞɡ. ɇɞ ɛŮɔɎɚɞ ɛɏɔŮɗɞɠ Űɖɠ ɟɡɗɛɘůŰɘəɐɠ ŬɡŰɐɠ ˊŮɟɘɞɢɐɠ (ɓ-

globin LCR) ˊɞɡ űŰɎɜŮɘ ŰŬ 3kb, ŮˊɘŭɟɎ ŬɟɜɖŰɘəɎ ůŰɞɡɠ ŰɑŰɚɞɡɠ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ɘɩɜ əŬɘ ɛŮɘɩɜŮɘ ŭɟŬůŰɘəɎ Űɖ 

ŭɘŬɛɞɚɡůɛŬŰɘəɐ Űɞɡɠ ɘəŬɜɧŰɖŰŬ ɞŭɖɔɩɜŰŬɠ ůŮ ɛŮɘɤɛɏɜɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ əŬɘ ɡɣɖɚɧ əɧůŰɞɠ ɗŮɟŬˊŮɑŬɠ. 

ɄɟɧůűŬŰŬ, ŰŬɡŰɞˊɞɘɐůŬɛŮ ůŰɞ Ŭɜɗɟɩˊɘɜɞ ɔɞɜɘŭɑɤɛŬ ɏɜŬɜ Ŭɟɘɗɛɧ ɜɏɤɜ, ŮɟɡɗɟɞŮɘŭɘəɩɜ, ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ, 

ɘůɢɡɟɩɜ ɛŮŰŬɔɟŬűɘəɩɜ ŮɜɘůɢɡŰɩɜ. Ƀɘ ɜɏɞɘ ŬɡŰɞɑ ŮɜɘůɢɡŰɏɠ ŮəɚɏɢɗɖəŬɜ ɤɠ ˊɟɞɠ Űɖɜ ŬůűɎɚŮɘŬ əŬɘ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡɠ ɛŮŰɎ Ŭˊɧ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡɠ ůŮ ɗŮɟŬˊŮɡŰɘəɞɨɠ ɘɘəɞɨɠ űɞɟŮɑɠ ɔɘŬ Űɘɠ ɓ-

ŬɘɛɞůűŬɘɟɘɜɞˊɎɗŮɘŮɠ. ɄŬɟŬŰɖɟɐɗɖəŮ ˊɤɠ ŭɨɞ Ŭˊɧ ŬɡŰɞɨɠ Űɞɡɠ ŮɜɘůɢɡŰɏɠ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɘəŬŰŬůŰɐůɞɡɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɎ Űɞɜ ɓ-LCR, ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ɘɘəɐ ˊŬɟŬɔɤɔɐ əŬɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ŭɘŬɛɧɚɡɜůɖɠ, ŭɘŬŰɖɟɩɜŰŬɠ 

ˊŬɟɎɚɚɖɚŬ Űɞ ɗŮɟŬˊŮɡŰɘəɧ ŬˊɞŰɏɚŮůɛŬ. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ 

ɓ-ɗŬɚŬůůŬɘɛɑŬ, ŬɘɛɞůűŬɘɟɘɜɞˊɎɗŮɘŮɠ, ŬɘɛɞˊɞɘɖŰɘəɎ ůŰŮɚŮɢɘŬɑŬ əɨŰŰŬɟŬ, ɔɞɜɘŭɘŬəɐ ɗŮɟŬˊŮɑŬ, 

ɚŮɜŰɘɘɘəɞɑ űɞɟŮɑɠ  

 

 

ȺɘůŬɔɤɔɐ  

ȼ ɓ-ɗŬɚŬůůŬɘɛɑŬ ŬˊɞŰŮɚŮɑ Űɖɜ ˊɘɞ əɞɘɜɐ ɛɞɜɞɔɞɜɘŭɘŬəɐ ŬůɗɏɜŮɘŬ ˊŬɔəɞůɛɑɤɠ əŬɘ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ 

ɛŮɘɤɛɏɜɖ ɐ ˊɚɐɟɖɠ ŬˊɞɡůɑŬ ɏəűɟŬůɖɠ Űɖɠ ɓ-ůűŬɘɟɑɜɖɠ. ȼ ůɡɛɓŬŰɘəɐ ɗŮɟŬˊŮɑŬ ɔɘŬ Űɖɜ ɓ-ɗŬɚŬůůŬɘɛɑŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ůɡɜŮɢŮɑɠ ɛŮŰŬɔɔɑůŮɘɠ ŬɑɛŬŰɞɠ əŬɘ ɗŮɟŬˊŮɑŬ Ŭˊɞůɘŭɐɟɤůɖɠ, ɛŮ Űɖɜ ŬɚɚɞɔŮɜɐ 

ɛŮŰŬɛɧůɢŮɡůɖ ůŰŮɚŮɢɘŬɑɤɜ ŬɘɛɞˊɞɘɖŰɘəɩɜ əɡŰŰɎɟɤɜ ɜŬ ŬˊɞŰŮɚŮɑ Űɖɜ ɛɧɜɖ ɗŮɟŬˊŮɑŬ ˊɚɐɟɞɡɠ ɑŬůɖɠ 

(Higgs, Engel, and Stamatoyannopoulos 2012).  

 

ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ ŰɟŮɘɠ ŭŮəŬŮŰɑŬɠ ɖ ɟŬɔŭŬɑŬ Ůɝɏɚɘɝɖ Űɖɠ ɔɞɜɘŭɘŬəɐɠ ɗŮɟŬˊŮɑŬɠ əŬŰɏůŰɖůŮ ŮűɘəŰɐ Űɖɜ 

ŮɘůŬɔɤɔɐ Ůɜɧɠ ɗŮɟŬˊŮɡŰɘəɞɨ ɔɞɜɘŭɑɞɡ ɛŮ ůŰɧɢɞ Űɖɜ ˊɟɧəɚɖůɖ Ůɜɧɠ ɜɞůɞŰɟɞˊɞˊɞɘɖŰɘəɞɨ 

ŬˊɞŰŮɚɏůɛŬŰɞɠ (Cavazzana and Mavilio 2018). ȺɑɜŬɘ ɔɜɤůŰɧ ˊɤɠ ɖ əɚɖɟɞɜɞɛɘəɐ ˊŬɟŬɛɞɜɐ Űɖɠ 

Ůɛɓɟɡɘəɐɠ ŬɘɛɞůűŬɘɟɑɜɖɠ (HPFH), ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɡɣɖɚɎ ˊɞůɞůŰɎ ɔ-ůűŬɘɟɑɜɖɠ ůŰɖɜ Ůɜɐɚɘəɖ 

ɕɤɐ, ɓŮɚŰɘɩɜŮɘ əɚɘɜɘəɎ Űɞɜ ɗŬɚŬůůŬɘɛɘəɧ űŬɘɜɧŰɡˊɞ. Ⱥˊɞɛɏɜɤɠ ɤɠ ɗŮɟŬˊŮɡŰɘəɧ ŭɘŬɔɞɜɑŭɘɞ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Űɧůɞ Űɞ űɡůɘɞɚɞɔɘəɧ ɔɞɜɑŭɘɞ Űɖɠ ɓ-ůűŬɘɟɑɜɖɠ, ɧůɞ əŬɘ Űɖɠ ɔ-ůűŬɘɟɘɜɖɠ (Ferrari, 
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Cavazzana, and Mavilio 2017; Martyn et al. 2018). ȺɜŬɚɚŬəŰɘəɎ, ɏɢŮɘ ɛŮ ˊŬɟɧɛɞɘŬ ŮˊɘŰɡɢɑŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ əɚɘɜɘəɏɠ ɛŮɚɏŰŮɠ ɏɜŬ shRNA ˊɞɡ ůŰɞɢŮɨŮɘ Űɞɜ əɨɟɘɞ ɟɡɗɛɘůŰɐ Űɖɠ əŬŰŬůŰɞɚɐɠ Űɖɠ 

ɔ-ůűŬɘɟɑɜɖɠ, BCL11A(Liu et al. 2018).  ȼ ŬɜɎɔəɖ ɤůŰɧůɞ ɔɘŬ ůɡɜŮɢɐ əŬɘ ɘůɢɡɟɐ ɏəűɟŬůɖ Űɞɡ 

ɗŮɟŬˊŮɡŰɘəɞɨ ŭɘŬɔɞɜɘŭɑɞɡ ŬˊŬɘŰŮɑ Űɖɜ ɨˊŬɟɝɖ Ůɜɧɠ ɘůɢɡɟɞɨ ŮɜɘůɢɡŰɐ, ɧˊɤɠ ɞ ɛLCR (micro Locus 

Control Region) ˊɞɡ űɡůɘɞɚɞɔɘəɎ ŬˊɞŰŮɚŮɑ ŰɛɐɛŬ Űɖɠ ɟɡɗɛɘůŰɘəɐɠ ˊŮɟɘɞɢɐɠ Űɤɜ ɔɞɜɘŭɑɤɜ Űɤɜ ɓ-

ůűŬɘɟɘɜɩɜ. ɆɖɛŬɜŰɘəɧ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ˊɟɞůɏɔɔɘůɖɠ ŬˊɞŰŮɚŮɑ Űɞ Ŭɡɝɖɛɏɜɞ ɛɏɔŮɗɞɠ Űɞɡ ɛLCR (3kb) 

ɛŮɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɞɜ ɘɘəɧ ŰɑŰɚɞ əŬɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ŭɘŬɛɧɚɡɜůɖɠ (Kumar et al. 2001). ɄŬɟɎɚɚɖɚŬ, ɖ 

ŮɜŮɟɔɧŰɖŰɎ Űɞɡ əŬɘ ůŮ ɎɚɚŮɠ əɡŰŰŬɟɘəɞɨɠ Űɨˊɞɡɠ ˊɏɟŬ Űɖɠ ŮɟɡɗɟɎɠ ůŮɘɟɎɠ ŬɡɝɎɜŮɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ 

ɛŮŰŬɚɚŬɝɘɔɏɜŮůɖɠ. 

 

ɀŮŰɎ Ŭˊɧ ŮɜŭŮɚŮɢɐ ɏɚŮɔɢɞ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ Űɞɡ Ŭɜɗɟɩˊɞɡ ɔɘŬ ŮɟɡɗɟɞŮɘŭɘəɏɠ cis-ɟɡɗɛɘůŰɘəɏɠ 

ŬɚɚɖɚɞɡɢɑŮɠ ɛɏůɤ DNaseI sequencing ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ Altius Institute for Biomedical 

Sciences, Seattle, USA, ŮɜŰɞˊɑůŰɖəŬɜ 5.000 ůŰɞɘɢŮɑŬ ɛŮ ˊɘɗŬɜɐ ɘŭɘɧŰɖŰŬ ŮɟɡɗɟɞŮɘŭɘəɞɨ ŮɜɘůɢɡŰɐ. ȷˊɧ 

Űɖɜ ˊŬɟŬˊɎɜɤ ɛŮɚɏŰɖ ŰŬɡŰɞˊɞɘɐɗɖəŬɜ ŭɨɞ ɘůɢɡɟɞɑ ŮɜɘůɢɡŰɏɠ (ɟɡɗɛɘůŰɘəɏɠ ŬɚɚɖɚɞɡɢɑŮɠ Űɤɜ ɔɞɜɘŭɑɤɜ 

PPARA əŬɘ PVT1) ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ (<300bp) ˊɞɡ ŬˊɞəŰɞɨɜ ˊɟɞůɓɎůɘɛɖ ɛɞɟűɐ ɢɟɤɛŬŰɑɜɖɠ ůŮ 

ŭɘŬűɞɟŮŰɘəɎ ůŰɎŭɘŬ Űɖɠ ŮɟɡɗɟɞŮɘŭɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ. ȷɜŰɘəŬŰɎůŰŬůɖ Űɞɡ ɛLCR Ŭˊɧ Űɞɡɠ ɜɏɞɡɠ, 

ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ ŮɟɡɗɟɞŮɘŭɘəɞɨɠ ŮɜɘůɢɡŰɏɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɓŮɚŰɑɤůɖ Űɞɡ ɘɘəɞɨ ŰɑŰɚɞɡ əŬɘ 

Ŭɨɝɖůɖ Űɖɠ ɏəűɟŬůɖɠ Űɞɡ ŭɘŬɔɞɜɘŭɑɞɡ.  

 

ɆŰɧɢɞɠ 

ɆŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ ɏɚŮɔɢɞɠ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ əŬɘ Űɖɠ ŬůűɎɚŮɘŬɠ ɛɘŬɠ ɜɏŬɠ 

ɔŮɜɘɎɠ ɚŮɜŰɘɘɘəɩɜ űɞɟɏɤɜ, ˊɞɡ ŭɘŬɗɏŰɞɡɜ Űɘɠ ˊɟɧůűŬŰŬ ŰŬɡŰɞˊɞɘɖɛɏɜŮɠ ŬɚɚɖɚɞɡɢɑŮɠ ɜɏɤɜ ŮɜɘůɢɡŰɩɜ 

əŬɘ ɖ ůɨɔəɟɘůɖ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎɠ Űɞɡɠ ɛŮ Űɞɜ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ɛLCR. Ƀɘ ɚŮɜŰɘɘɘəɞɑ 

űɞɟŮɑɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ əɤŭɘəɞˊɞɘɞɨɜ ŮɑŰŮ Űɞ shRNA ˊɞɡ ůŰɞɢŮɨŮɘ ůŰɖɜ 

Ŭˊɞůɘɩˊɖůɖ Űɖɠ ɏəűɟŬůɖɠ Űɞɡ BCL11ȷ, ŮɑŰŮ Űɞ ɔɞɜɑŭɘɞ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ. 

 

ɀɏɗɞŭɞɘ 

ȾɟɡɞůɡɜŰɖɟɖɛɏɜŬ CD34+ əɨŰŰŬɟŬ ˊɞɡ ŬˊɞɛɞɜɩɗɖəŬɜ Ŭˊɧ ŬůɗŮɜŮɑɠ ɛŮ ɓ-ɗŬɚŬůůŬɘɛɑŬ ůŮ 

ˊɟɞɖɔɞɨɛŮɜɖ əɚɘɜɘəɐ ɛŮɚɏŰɖ əɘɜɖŰɞˊɞɑɖůɖɠ, əŬɚɚɘŮɟɔɐɗɖəŬɜ ůŮ ɗɟŮˊŰɘəɧ ɛɏůɞ ˊŬɟɞɡůɑŬ əɡŰɞəɘɜɩɜ 

əŬɘ ŬəɞɚɞɨɗɖůŮ ŭɘŬɛɧɚɡɜůɖ ɛŮ Űɞɡɠ ɚŮɜŰɘɘɘəɞɨɠ űɞɟŮɑɠ ɛLCR-shRNA(ɞɛɎŭŬ Ůɚɏɔɢɞɡ) əŬɘ PVT1-

shRNA, əŬɗɩɠ əŬɘ ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ɘɘəɞɨɠ űɞɟŮɑɠ ˊɞɡ űɏɟɞɡɜ Űɞ ɗŮɟŬˊŮɡŰɘəɧ ɔɞɜɑŭɘɞ Űɖɠ ɔ-

ůűŬɘɟɑɜɖɠ (ɛLCR+ɔ-ůűŬɘɟɑɜɖ əŬɘ PVT1+ɔ-ůűŬɘɟɑɜɖ). ȰˊŮɘŰŬ Ŭˊɧ ŭɨɞ ɛɏɟŮɠ ŰŬ əɨŰŰŬɟŬ 

əŬɚɚɘŮɟɔɐɗɖəŬɜ ůŮ ɗɟŮˊŰɘəɧ ɛɏůɞ ŮɟɡɗɟɞŮɘŭɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ əŬɗɩɠ əŬɘ ůŮ ɖɛɘůŰɏɟɟŮɞ ɛɏůɞ 

ɛŮɗɡɚɞəɡŰŰŬɟɑɜɖɠ ɛŮ ůŰɧɢɞ Űɞɜ ɏɚŮɔɢɞ Űɖɠ əɚɤɜɞɔŮɜɞɨɠ ɘəŬɜɧŰɖŰŬɠ Űɤɜ əɡŰŰɎɟɤɜ. ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ 

Űɖɠ ŮɟɡɗɟɞŮɘŭɘəɐɠ əŬɚɚɘɏɟɔŮɘŬɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɏɚŮɔɢɞɠ Űɖɠ ɘəŬɜɧŰɖŰŬɠ ɏəˊŰɡɝɖɠ əŬɘ 

ŭɘŬűɞɟɞˊɞɑɖůɖɠ Űɤɜ CD34+ əɡŰŰɎɟɤɜ. ɆŰɞ Űɏɚɞɠ Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ ɛŮ əɡŰŰŬɟɞɛŮŰɟɑŬ ɟɞɐɠ 

ɟ́ɞůŭɘɞɟɑůŰɖəŬɜ ŰŬ ˊɞůɞůŰɎ ɏəűɟŬůɖɠ ɔ-ůűŬɘɟɑɜɖɠ əŬɘ ŮɚŮɡɗɏɟɤɜ ɟɘɕɩɜ ɞɝɡɔɧɜɞɡ (ROS). ɀŮ HPLC 

ŰŬɢŰɞˊɞɘɐɗɖəŮ Űɞ ˊɞůɞůŰɧ Űɤɜ ůűŬɘɟɘɜɩɜ əŬɘ ɛŮ Real-time PCR o Ŭɟɘɗɛɧɠ Űɤɜ ɘɘəɩɜ ŬɜŰɘɔɟɎűɤɜ ŬɜɎ 

əɨŰŰŬɟɞ, ˊɞɡ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɖɜ ŭɘŬɛɞɚɡůɛŬŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ɘɘəɩɜ űɞɟɏɤɜ. ɇɏɚɞɠ, ŬəɞɚɞɨɗɖůŮ 

ɛɘəɟɞůəɞˊɘəɐ ˊŬɟŬŰɐɟɖůɖ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ əɡŰŰŬɟɞűɡɔɞəŮɜŰɟɖɛɎŰɤɜ (cytospins), ɏˊŮɘŰŬ Ŭˊɧ ɢɟɩůɖ 

May-Grunwald əŬɘ Giemsa. 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȰˊŮɘŰŬ Ŭˊɧ ŭɘŬɛɧɚɡɜůɖ əŬɘ əŬɚɚɘɏɟɔŮɘŬ Űɤɜ CD34+ əɡŰŰɎɟɤɜ ůŮ ɛɏůɞ ŮɟɡɗɟɞŮɘŭɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ 

ˊŬɟŬŰɖɟɐɗɖəŮ ˊɤɠ ɖ ŭɘŬɛɧɚɡɜůɖ ɛŮ Űɞɡɠ ŭɨɞ ɘɘəɞɨɠ űɞɟŮɑɠ ŬˊɏŭɤůŮ ɏɜŬ ˊɚŮɞɜɏəŰɖɛŬ Ůˊɘɓɑɤůɖɠ əŬɘ 

ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ ůŰŬ ŰɟɞˊɞˊɞɘɖɛɏɜŬ əɨŰŰŬɟŬ. ɄŬɟŬŰɖɟɐɗɖəŮ Ůˊɑůɖɠ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ ůŰɖɜ 

ɏəűɟŬůɖ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ ůŰŬ ŮɛˊɨɟɖɜŬ ŮɟɡɗɟɞəɨŰŰŬɟŬ (66.72Ñ1.95% PVT1-shRNA əŬɘ 59.23Ñ1.6% 

ɛLCR-shRNA vs 50.53Ñ3.62% ůŰŬ ɛɖ-ŭɘŬɛɞɚɡůɛɏɜŬ əɨŰŰŬɟŬ, ŬɜŰɑůŰɞɘɢŬ, *p=0.04, **p=0.004). ȼ 

Ŭɨɝɖůɖ Űɖɠ ɏəűɟŬůɖɠ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ ůŰŬ ɩɟɘɛŬ ŮɟɡɗɟɞəɨŰŰŬɟŬ ɤůŰɧůɞ ɐŰŬɜ ůɖɛŬɜŰɘəɐ 

ˊŬɟŬŰɖɟɐɗɖəŮ ɛɧɜɞ ůŰɖɜ ˊŮɘɟŬɛŬŰɘəɐ ɞɛɎŭŬ PVT1-shRNA ůŮ ůɢɏůɖ ɛŮ ŰŬ əɨŰŰŬɟŬ ˊɞɡ ŭŮɜ ɏɚŬɓŬɜ 

Űɞɜ ɘɘəɧ űɞɟɏŬ (29.82Ñ3.18% vs 17.6Ñ0.66%, ŬɜŰɑůŰɞɘɢŬ *p=0.01). ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɘɘəɩɜ űɞɟɏɤɜ 

ˊɞɡ űɏɟɞɡɜ Űɞ ŭɘŬɔɞɜɑŭɘɞ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ ɡˊɧ Űɞɜ ɏɚŮɔɢɞ Űɞɡ ɛLCR ɐ Űɞɡ PVT1 ˊŬɟŬŰɖɟɐɗɖəŮ 
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ɡɣɖɚɧŰŮɟɖ Ŭɨɝɖůɖ ɛŮŰɎ Űɖɜ ŮɜůɤɛɎŰɤůɖ Űɞɡ PVT1+ɔ-ůűŬɘɟɑɜɖ ɘɘəɞɨ űɞɟɏŬ Űɧůɞ ůŰŬ ŮɛˊɨɟɖɜŬ 

(46,3% ɛLCR+ɔ-ůűŬɘɟɑɜɖ vs 60,3 PVT1+ɔ-ůűŬɘɟɑɜɖ vs 36,7% ůŰŬ ɛɖ ŭɘŬɛɞɚɡůɛɏɜŬ əɨŰŰŬɟŬ) ɧůɞ əŬɘ 

ůŰŬ ŬˊɨɟɖɜŬ ɩɟɘɛŬ ŮɟɡɗɟɞəɨŰŰŬɟŬ (22,6% ɛLCR+ɔ-ůűŬɘɟɑɜɖ vs 56,4% PVT1+ ɔ-ůűŬɘɟɑɜɖ vs 27,5% 

ůŰŬ ɛɖ ŭɘŬɛɞɚɡůɛɏɜŬ əɨŰŰŬɟŬ). ɇŬ ˊŬɟŬˊɎɜɤ  ŬˊɞŰŮɚɏůɛŬŰŬ ŮˊɘɓŮɓŬɘɩɗɖəŬɜ əŬɘ ɛŮ HPLC, ɧˊɞɡ 

ˊŬɟŬŰɖɟɐɗɖəŮ ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ ŬɜŬɚɞɔɑŬɠ ɓ-ůűŬɘɟɘɜɩɜ ˊɟɞɠ Ŭ-ůűŬɘɟɑɜɖ əŬɘ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ 

ɚŮɜŰɘɘɘəɩɜ űɞɟɏɤɜ ˊɞɡ űɏɟɞɡɜ ɤɠ ŮɜɘůɢɡŰɐ Űɞɜ PVT1. ȼ ɡɣɖɚɐ ɏəűɟŬůɖ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ əŬɘ ɖ 

ɘůɞɟɟɞˊɑŬ Űɞɡ ɚɧɔɞɡ Űɤɜ ůűŬɘɟɘɜɩɜ ůŰŬ ŭɘŬɛɞɚɡůɛɏɜŬ əɨŰŰŬɟŬ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ůɖɛŬɜŰɘəɐ 

ɛŮɑɤůɖ Űɤɜ Ůˊɘˊɏŭɤɜ ROS, Űɖɜ ŬɜŬůŰɞɚɐ Űɖɠ əŬɗɐɚɤůɖɠ Űɤɜ ɗŬɚŬůůŬɘɛɘəɩɜ ŮɟɡɗɟɞɓɚŬůŰɩɜ ůŰŬ 

ˊɟɤɘɛɧŰŮɟŬ ůŰɎŭɘŬ ŭɘŬűɞɟɞˊɞɑɖůɖɠ əŬɗɩɠ əŬɘ Ŭɡɝɖɛɏɜɞ ˊɞůɞůŰɧ ŰŮɚɘəɩɠ ŭɘŬűɞɟɞˊɞɘɖɛɏɜɤɜ 

ŮɟɡɗɟɞəɡŰŰɎɟɤɜ. 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ ɖ ŮɘůŬɔɤɔɐ Űɞɡ ɜɏɞɡ ɛɘəɟɞɨ ŮɟɡɗɟɞŮɘŭɘəɞɨ ŮɜɘůɢɡŰɐ PVT1 ůŮ ɗŮɟŬˊŮɡŰɘəɞɨɠ 

ɚŮɜŰɘɘɘəɞɨɠ űɞɟŮɑɠ ɔɘŬ Űɖɜ ɔɞɜɘŭɘŬəɐ ɗŮɟŬˊŮɑŬ Űɖɠ ɓ-ɗŬɚŬůůŬɘɛɑŬɠ ŬˊɞŭŮɘəɜɨŮŰŬɘ Ůɝɑůɞɡ Ŭɜ ɧɢɘ 

ˊŮɟɘůůɧŰŮɟɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɤɠ ˊɟɞɠ Űɖɜ ŮˊŬɔɤɔɐ Űɖɠ ɏəűɟŬůɖɠ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ, ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɜ 

ɏɤɠ ŰɩɟŬ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ɛLCR. ȷɡŰɐ ɖ ˊŬɟŬŰɐɟɖůɖ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞɜ ŬˊɞŭŮŭŮɘɔɛɏɜɞ 

ɡɣɖɚɧŰŮɟɞ ɘɘəɧ ŰɑŰɚɞ əŬŰɎ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ɜɏɤɜ ɘɘəɩɜ űɞɟɏɤɜ ɡˊɞůŰɖɟɑɕɞɡɜ Űɖɜ ɡˊŮɟɞɢɐ Űɞɡɠ ɤɠ 

ˊɟɞɠ Űɞɡɠ ɛɏɢɟɘ ŰɩɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡɠ űɞɟŮɑɠ. ɆɡɜɞɚɘəɎ, ŬɜŬˊŰɨɝŬɛŮ ɛɑŬ ɜɏŬ ɔŮɜɘɎ ɚŮɜŰɘɘɘəɩɜ 

űɞɟɏɤɜ ɛŮ ůŰɧɢɞ Űɖɜ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ  ˊɟɤŰɞəɧɚɚɤɜ ɔɞɜɘŭɘŬəɐɠ ɗŮɟŬˊŮɑŬɠ ɔɘŬ Űɖɜ ɓ-ɗŬɚŬůůŬɘɛɑŬ. 
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Ƀ HIF -1Ŭ ́ŮɟɘɞɟɑɕŮɘ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɤɜ əŬɟŭɘɞɛɡɞɓɚŬůŰɩɜ ůŮ ɏɜŬ ɛɞɜŰɏɚɞ 
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ɄŮɟɑɚɖɣɖ 
Ƀɘ əŬɟŭɘɞɛɡɞˊɎɗŮɘŮɠ ŬˊɞŰŮɚɞɨɜ Űɖ ůɡɢɜɧŰŮɟɖ ŬɘŰɑŬ ɜɞůɖɟɧŰɖŰŬɠ əŬɘ ɗɜɖŰɧŰɖŰŬɠ ˊŬɔəɞůɛɑɤɠ. ȼ ŬˊɞɡůɑŬ 

ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ˊɟŬəŰɘəɩɜ ɔɘŬ Űɖ ɗŮɟŬˊŮɑŬ Űɞɡɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŬŭɡɜŬɛɑŬ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ əŬɟŭɘɎɠ ɜŬ 

ŬɜŰɘəŬɗɘůŰɎ əŬɟŭɘɞɛɡɞəɨŰŰŬɟŬ ˊɞɡ ɏɢɞɡɜ ɡˊɞůŰŮɑ ɓɚɎɓɖ. ɆɨɛűɤɜŬ ɛŮ ˊɟɧůűŬŰŮɠ ɏɟŮɡɜŮɠ, ɞ ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ 

Űɤɜ əŬɟŭɘɞɛɡɞəɡŰŰɎɟɤɜ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ŬɜŬŮɟɧɓɘŬ ŮˊŬɔɤɔɐ ɔɚɡəɧɚɡůɖɠ Ŭˊɧ Űɞɜ ɛŮŰŬɔɟŬűɘəɧ ˊŬɟɎɔɞɜŰŬ 

HIF-1Ŭ (Hypoxia Inducible Factor-1Ŭ). ɋůŰɧůɞ, ɛɏɢɟɘ ůɐɛŮɟŬ ŭŮɜ ɡˊɎɟɢɞɡɜ ŮˊŬɟəɐ ůŰɞɘɢŮɑŬ ˊɞɡ ůɡɜɖɔɞɟɞɨɜ 

ůŰɖɜ ɞɝɡɔɞɜɞŮɝŬɟŰɩɛŮɜɖ ŭɟɎůɖ Űɞɡ HIF-1Ŭ, Ůɜɩ, Ůˊɘˊɚɏɞɜ, ɞɘ ůɢŮŰɘəɏɠ ɏɟŮɡɜŮɠ ɏɢɞɡɜ ŬɜŰɘəɟɞɡɧɛŮɜŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɧůɞɜ ŬűɞɟɎ Űɞɜ ɟɧɚɞ Űɞɡ Ůɜ ɚɧɔɤ ˊŬɟɎɔɞɜŰŬ ůŰɖɜ əŬɟŭɘŬəɐ ɛɡɞɔɏɜŮůɖ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ in vitro ɛɞɜŰɏɚɞ Ŭɜɗɟɩˊɘɜɤɜ ŮˊŬɔɧɛŮɜɤɜ ˊɞɚɡŭɨɜŬɛɤɜ ɓɚŬůŰɘəɩɜ əɡŰŰɎɟɤɜ, ŰŬ ɞˊɞɑŬ 

ŭɘŬűɞɟɞˊɞɘɐɗɖəŬɜ ůŰɞɢŮɡɛɏɜŬ ˊɟɞɠ əŬɟŭɘɞɛɡɞəɨŰŰŬɟŬ, əŬɘ ŭɘŮɟŮɡɜɐɗɖəŮ ɞ ɟɧɚɞɠ Űɞɡ HIF-1Ŭ ůŰɞɜ əɡŰŰŬɟɘəɧ 

ɛŮŰŬɓɞɚɘůɛɧ əŬɘ ˊɞɚɚŬˊɚŬůɘŬůɛɧ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɡˊɞŭŮɘəɜɨɞɡɜ ɧŰɘ ɞ HIF-1Ŭ ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ ɛŮ 

ɞɝɡɔɞɜɞŬɜŮɝɎɟŰɖŰɞ Űɟɧˊɞ, ŮˊɎɔɞɜŰŬɠ ŬŮɟɧɓɘŬ ɔɚɡəɧɚɡůɖ əŬɘ ˊŮɟɘɞɟɑɕɞɜŰŬɠ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɤɜ 

əŬɟŭɘɞɛɡɞɓɚŬůŰɩɜ. Ⱥˊɞɛɏɜɤɠ, ɖ ůŰɧɢŮɡůɖ Űɞɡ ˊŬɟɎɔɞɜŰŬ HIF-1Ŭ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ůɡɛɓɎɚŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ 

ůŰɖ ɗŮɟŬˊŮɑŬ Űɤɜ əŬɟŭɘɞɛɡɞˊŬɗŮɘɩɜ. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

ȷɜɎˊŰɡɝɖ əŬɟŭɘɞɛɡɞəɡŰŰɎɟɤɜ, ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ əŬɟŭɘɞɛɡɞəɡŰŰɎɟɤɜ, HIF-1Ŭ, hiPSCs, əŬɟŭɘŬəɐ 

ŭɘŬűɞɟɞˊɞɑɖůɖ 
 

 

ȺɘůŬɔɤɔɐ 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ ɞɟɘůɛɏɜɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ, ɧˊɤɠ Űɞ ɣɎɟɘ ɕɏɓɟŬ, ɞɟɘůɛɏɜŬ ɞɡɟɧŭɖɚŬ ŬɛűɑɓɘŬ əŬɘ ɞɘ 

ɜŮɞɔɏɜɜɖŰɞɘ ɛɨŮɠ əŬɘ ɔɞɡɟɞɨɜɘŬ, ɞɘ ɞˊɞɑɞɘ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬɔŮɜɜɞɨɜ ˊɚɐɟɤɠ ɛŮɔɎɚɞ ŰɛɐɛŬ Űɞɡ əɞɘɚɘŬəɞɨ 

ɛɡɞəŬɟŭɑɞɡ Űɞɡɠ ɛŮŰɎ Ŭˊɧ ŰɟŬɡɛŬŰɘůɛɧ, ɞ Ɏɜɗɟɤˊɞɠ ŭɘŬɗɏŰŮɘ ŮɚɎɢɘůŰɖ ŮɜŭɞɔŮɜɐ ŬɜŬɔŮɜɜɖŰɘəɐ 

ɘəŬɜɧŰɖŰŬ (Daiou et al. 2021). ɀɎɚɘůŰŬ, ɏɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ ůɢŮŭɧɜ Űɞ ůɨɜɞɚɞ Űɤɜ əŬɟŭɘɞɛɡɞəɡŰŰɎɟɤɜ 

ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɖɜ Ůɜɐɚɘəɖ Ŭɜɗɟɩˊɘɜɖ əŬɟŭɘɎ ɏɢɞɡɜ ˊɟɞəɨɣŮɘ əŬŰɎ Űɖɜ ŮɛɓɟɡɞɔɏɜŮůɖ, Ůɜɩ ɛŮŰɎ Űɖ 

ɔɏɜɜɖůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ŭɘŬəɞˊɐ Űɞɡ əɡŰŰŬɟɘəɞɨ əɨəɚɞɡ Űɤɜ əɡŰŰɎɟɤɜ Űɖɠ əŬɟŭɘɎɠ. ɆɡɜŮˊɩɠ, 

əŬɗɑůŰŬŰŬɘ ŬɜŬɔəŬɑŬ ɖ ŮɜŭŮɚŮɢɐɠ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɛɖɢŬɜɘůɛɩɜ ˊɞɡ Ůɚɏɔɢɞɡɜ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɤɜ 

əŬɟŭɘɞɛɡɞəɡŰŰɎɟɤɜ əŬŰɎ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ɛɡɞəŬɟŭɑɞɡ. ɄɟɧůűŬŰŮɠ ɛŮɚɏŰŮɠ 

ůɡɜŭɏɞɡɜ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɤɜ əŬɟŭɘɞɛɡɞəɡŰŰɎɟɤɜ ɛŮ Űɖɜ ˊŬɟɞŭɘəɐ ŮˊŬɔɤɔɐ ɔɚɡəɧɚɡůɖɠ, ɛɏůɤ 

Űɞɡ ŮˊŬɔɧɛŮɜɞɡ Ŭˊɧ Űɖɜ ɡˊɞɝɑŬ ˊŬɟɎɔɞɜŰŬ 1Ŭ (HIF-1Ŭ) (Guimar«es-Camboa et al. 2015, Janbandhu, 

V. et al. 2022, Menendez-Montes, I. et al. 2016, Mohamed, T. M., Abouleisa, R., & Hill , B. G. 2022, 

Semenza, G. L. 2014). ɋůŰɧůɞ, Űɞ ŮɎɜ ɖ ŮˊŬɔɤɔɐ ɔɚɡəɧɚɡůɖɠ Ŭˊɧ Űɞɜ HIF-1Ŭ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

ɞɝɡɔɧɜɞ ŬɚɚɎ əŬɘ Űɞ ŮɜŭŮɢɧɛŮɜɞ ɞ ˊŬɟɎɔɞɜŰŬɠ ŬɡŰɧɠ ɜŬ ˊɟɞɤɗŮɑ ɐ ɜŬ əŬŰŬůŰɏɚɚŮɘ Űɞɜ 
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ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɤɜ əŬɟŭɘɞɛɡɞəɡŰŰɎɟɤɜ, ˊŬɟŬɛɏɜɞɡɜ ŬɛűɘɚŮɔɧɛŮɜŬ. 

 

Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟŮɡɜɖŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ in vitro ́ ɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɟɧɚɞɡ Űɞɡ ɛŮŰŬɔɟŬűɘəɞɨ 

ˊŬɟɎɔɞɜŰŬ HIF-1Ŭ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ əŬɟŭɘŬəɐ ɛɡɞɔɏɜŮůɖ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞɜ əɡŰŰŬɟɘəɧ 

ɛŮŰŬɓɞɚɘůɛɧ əŬɘ ˊɞɚɚŬˊɚŬůɘŬůɛɧ. 

 

ɀɏɗɞŭɞɘ 

ɀɏůɤ Űɞɡ ůɡůŰɐɛŬŰɞɠ CRISPR-Cas9, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɞɚɘəɐ ŬˊŬɚɞɘűɐ Űɞɡ HIF-1Ŭ (HIF1Ŭ-KO) ůŮ 

ŬɜɗɟɩˊɘɜŬ ŮˊŬɔɧɛŮɜŬ ˊɞɚɡŭɨɜŬɛŬ ɓɚŬůŰɘəɎ əɨŰŰŬɟŬ (hiPSCs). ɇŬ hiPSCs Ɏɔɟɘɞɡ Űɨˊɞɡ (WT) əŬɘ ŰŬ 

HIF1Ŭ-KO ɡˊɞɓɚɐɗɖəŬɜ ůŮ ɢɖɛɘəɩɠ əŬɗɞɟɘůɛɏɜɖ, ůŰŬŭɘɞ-Ůɘŭɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ ˊɟɞɠ 

əŬɟŭɘɞɛɡɞəɨŰŰŬɟŬ, əɎŰɤ Ŭˊɧ űɡůɘɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ O2 əŬɘ ɡˊɧ Űɖɜ ˊŬɟɞɡůɑŬ 5% CO2. ũɘŬ Űɖ 

ŭɘŮɟŮɨɜɖůɖ Űɞɡ ɛŮŰŬɓɞɚɘəɞɨ ˊɟɞűɑɚ Űɤɜ ŭɨɞ əɡŰŰŬɟɘəɩɜ Űɨˊɤɜ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭɏɟɘɞɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬ əŬɘ űŬůɛŬŰɞɛŮŰɟɑŬ ɛŬɕɩɜ (GC-MS) ůŰɞ ŮɝɤəɡŰŰŬɟɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɩɟɘɛɤɜ, ˊɚɐɟɤɠ 

ŭɘŬűɞɟɞˊɞɘɖɛɏɜɤɜ əŬɟŭɘɞɛɡɞəɡŰŰɎɟɤɜ. ȼ ŬɜɎɚɡůɖ əɡŰŰŬɟɘəɞɨ əɨəɚɞɡ, əŬɗɩɠ əŬɘ ɖ ŮˊɑŭɟŬůɖ Űɞɡ 

HIF-1Ŭ ůŰɞɜ əɡŰŰŬɟɘəɧ ˊɞɚɚŬˊɚŬůɘŬůɛɧ, ŬɝɘɞɚɞɔɐɗɖəŬɜ ɛŮ əɡŰŰŬɟɞɛŮŰɟɑŬ ɟɞɐɠ, ɛŮŰɎ Ŭˊɧ ɢɟɩůɖ WT 

əŬɘ HIF1Ŭ-ȾɃ əɡŰŰɎɟɤɜ ɛŮ ɘɤŭɘɞɨɢɞ ˊɟɞˊɑŭɘɞ, ůŮ ŭɘŬűɞɟŮŰɘəɎ ůŰɎŭɘŬ Űɖɠ əŬɟŭɘŬəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ. 

Ƀ ɟɧɚɞɠ Űɞɡ HIF-1Ŭ ůŰɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɤɜ ŭɘŬűɞɟɞˊɞɘɞɨɛŮɜɤɜ WT əŬɘ HIF1Ŭ-ȾɃ 

əŬɟŭɘɞɛɡɞɓɚŬůŰɩɜ ŰŮəɛɖɟɘɩɗɖəŮ ˊŮɟŬɘŰɏɟɤ ɛŮŰɎ Ŭˊɧ ˊɞůɞŰɘəɐ ŮəŰɑɛɖůɖ Űɞɡ əɚɎůɛŬŰɞɠ ɛɘŰɤŰɘəɩɜ 

əŬɟŭɘɞɛɡɞɓɚŬůŰɩɜ ɛŮ ůɡɜŮůŰɘŬəɐ ɛɘəɟɞůəɞˊɑŬ űɗɞɟɘůɛɞɨ ɔɘŬ Űɖɜ ɘůŰɧɜɖ ȼ3 űɤůűɞɟɡɚɘɤɛɏɜɖ ůŰɖ 

ůŮɟɑɜɖ-10 (PH3S10), əŬɗɩɠ əŬɘ ɛŮ ŬɜɞůɞůŰɨˊɤɛŬ ˊɟɤŰŮɥɜɩɜ ɔɘŬ Űɞ ˊɡɟɖɜɘəɧ ŬɜŰɘɔɧɜɞ 

ˊɞɚɚŬˊɚŬůɘŬɕɧɛŮɜɤɜ əɡŰŰɎɟɤɜ (PCNA). 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȼ ŬˊŬɚɞɘűɐ Űɞɡ HIF-1Ŭ ŭŮɜ ŬɜɏŭŮɘɝŮ ŮɛűŬɜŮɑɠ ŭɘŬűɞɟɏɠ ůŰɖɜ ɘəŬɜɧŰɖŰŬ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Űɤɜ hiPSCs 

ůŮ ˊŬɚɚɧɛŮɜŬ əŬɟŭɘŬəɎ ɛɡɞəɨŰŰŬɟŬ. ȷɜŬɚɨůŮɘɠ ŬɜɞůɞůŰɡˊɩɛŬŰɞɠ ˊɟɤŰŮɥɜɩɜ əŬɘ ůɡɜŮůŰɘŬəɐɠ 

ɛɘəɟɞůəɞˊɑŬɠ űɗɞɟɘůɛɞɨ əŬŰɏŭŮɘɝŬɜ ɘůɢɡɟɐ, ɞɝɡɔɞɜɞŬɜŮɝɎɟŰɖŰɖ ŮˊŬɔɤɔɐ əŬɘ ˊɡɟɖɜɘəɐ ɛŮŰŬŰɧˊɘůɖ 

Űɞɡ HIF-1Ŭ ůŰɞɡɠ WT, ŬɚɚɎ ɧɢɘ ůŰɞɡɠ HIF1Ŭ-KO əŬɟŭɘɞɛɡɞɓɚɎůŰŮɠ. ȼ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɞɡ HIF-1Ŭ 

əɞɟɡűɩɗɖəŮ Űɖɜ 7ɖ ɖɛɏɟŬ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮɚŬŰŰɩɗɖəŮ. ɄɞůɞŰɘəɐ ŬɜɎɚɡůɖ Űɤɜ 

ŮɝɤəɡŰŰɎɟɘɤɜ ɛŮŰŬɓɞɚɘŰɩɜ ŬɜɏŭŮɘɝŮ ŬɡɝɖɛɏɜŬ ŮˊɑˊŮŭŬ ɔŬɚŬəŰɘəɞɨ ɞɝɏɞɠ (p=0,004) əŬɘ ɛŮɘɤɛɏɜŬ 

ŮˊɑˊŮŭŬ D-ũɚɡəɧɕɖɠ (p=0,02) ůŮ WT ɏɜŬɜŰɘ Űɤɜ HIF1Ŭ-KO əŬɟŭɘɞɛɡɞəɡŰŰɎɟɤɜ. Ⱥˊɘˊɚɏɞɜ, ɞɘ 

ŮɝɤəɡŰŰŬɟɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŬɟəŮŰɩɜ ŮɜŭɘɎɛŮůɤɜ ɛŮŰŬɓɞɚɘŰɩɜ Űɞɡ əɨəɚɞɡ Krebs ɛŮ ŭɟɎůɖ 

ŬɜŬůŰɞɚɏŬ ɡŭɟɞɝɡɚŬůɩɜ Űɖɠ ˊɟɞɚɑɜɖɠ (PHDs) ŬɡɝɐɗɖəŬɜ ůɖɛŬɜŰɘəɎ ůŰŬ əɨŰŰŬɟŬ WT ɏɜŬɜŰɘ Űɤɜ 

HIF1Ŭ-KO (p<0,05). ȼ ŬɜɎɚɡůɖ Űɞɡ əɡŰŰŬɟɘəɞɨ əɨəɚɞɡ ɛŮ əɡŰŰŬɟɞɛŮŰɟɑŬ ɟɞɐɠ ɘɤŭɘɞɨɢɞɡ ˊɟɞˊɘŭɑɞɡ 

ɏŭŮɘɝŮ ~43% Ŭɨɝɖůɖ ůŮ ɛɘŰɤŰɘəɏɠ ŭɘŬɘɟɏůŮɘɠ (űɎůɖ G2M) ůŰɞɡɠ HIF1Ŭ-KO ɏɜŬɜŰɘ WT 

əŬɟŭɘɞɛɡɞɓɚŬůŰɩɜ, Űɖɜ ɖɛɏɟŬ 7 Űɖɠ əŬɟŭɘŬəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ. ȼ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ ůŰɖɜ 

ˊɞɚɚŬˊɚŬůɘŬůŰɘəɐ ɘůɢɨ Űɤɜ HIF1Ŭ-KO əŬɟŭɘɞɛɡɞɓɚŬůŰɩɜ ŮˊɘɓŮɓŬɘɩɗɖəŮ ˊŮɟŬɘŰɏɟɤ ɛɏůɤ 

ŬɜɞůɞůŰɡˊɩɛŬŰɞɠ Űɞɡ ˊɡɟɖɜɘəɞɨ ŬɜŰɘɔɧɜɞɡ ˊɞɚɚŬˊɚŬůɘŬɕɧɛŮɜɤɜ əɡŰŰɎɟɤɜ (PCNA), əŬɗɩɠ əŬɘ ɛŮ 

ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ Űɖɠ űɤůűɤɟɡɚɘɤɛɏɜɖɠ ɘůŰɧɜɖɠ ȼ3 ůŰɖ ůŮɟɑɜɖ-10 (PH3S10) (p<0,001), ůŮ ŮɘəɧɜŮɠ 

ůɡɜŮůŰɘŬəɐɠ ɛɘəɟɞůəɞˊɑŬɠ űɗɞɟɘůɛɞɨ. 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ űɡůɘɞɚɞɔɘəɐɠ Ŭɜɗɟɩˊɘɜɖɠ əŬɟŭɘɞɛɡɞɔɏɜŮůɖɠ, ɞ HIF-1Ŭ ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ 

ˊŬɟɞŭɘəɎ ɛɏůɤ ɛɖɢŬɜɘůɛɩɜ ŬɜŮɝɎɟŰɖŰɤɜ Ŭˊɧ Űɞ ɞɝɡɔɧɜɞ, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŬɜŬůŰɞɚɐ Űɤɜ PHDs 

Ŭˊɧ ŮɜŭɘɎɛŮůɞɡɠ ɛŮŰŬɓɞɚɑŰŮɠ Űɞɡ əɨəɚɞɡ Krebs, əŬɘ ɛŮŰŬŰɞˊɑɕŮɘ Űɞɜ əɡŰŰŬɟɘəɧ ɛŮŰŬɓɞɚɘůɛɧ ˊɟɞɠ 

ŬŮɟɧɓɘŬ ɔɚɡəɧɚɡůɖ, ˊŮɟɘɞɟɑɕɞɜŰŬɠ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɤɜ əŬɟŭɘɞɛɡɞɓɚŬůŰɩɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰɎ 

ɛŬɠ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɞŭɖɔɐůɞɡɜ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ɗŮɟŬˊŮɡŰɘəɩɜ ˊɟɞůŮɔɔɑůŮɤɜ, ɛŮ ůŰɧɢɞ Űɖɜ 

ˊŬɟŮɛˊɧŭɘůɖ Űɖɠ ůŰŬɗŮɟɞˊɞɑɖůɖɠ Űɞɡ HIF-1Ŭ ůŰŬ əŬɟŭɘɞɛɡɞəɨŰŰŬɟŬ əŬɘ Űɖɜ ŮˊŬɜŮɑůɞŭɧ Űɞɡɠ ůŰɞɜ 

əɡŰŰŬɟɘəɧ əɨəɚɞ, ɔɘŬ Űɖɜ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ɛɡɞəŬɟŭɑɞɡ ɤɠ Ŭˊɧəɟɘůɖ ůŮ əŬɟŭɘŬəɏɠ ˊŬɗɐůŮɘɠ. 
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ɄɞůɞŰɘəɞˊɞɑɖůɖ Űɞɡ ɢɖɛɘəɞɗŮɟŬˊŮɡŰɘəɞɨ ˊŬɟɎɔɞɜŰŬ 5-űɗɞɟɞɞɡɟŬəɑɚɖ ůŮ 

əŬɚɚɘɏɟɔŮɘŮɠ Űɞɡ ˊɟɞɓɘɞŰɘəɞɨ ɓŬəŰɖɟɑɞɡ Lactococcus lactis 
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ŬɜŬůŰɏɚɚɞɜŰŬɠ Űɖɜ ˊŬɟŬɔɤɔɐ  ˊɟɧŭɟɞɛɤɜ ŮɜɩůŮɤɜ ɗɡɛɘŭɑɜɖɠ ɞŭɖɔɩɜŰŬɠ ůŮ ɓɚɎɓŮɠ Űɞɡ DNA əŬɘ ŰŮɚɘəɎ ůŮ 

əɡŰŰŬɟɘəɧ ɗɎɜŬŰɞ.  ȼ ɗŬɜŬŰɖűɧɟŬ ŰɞɝɘəɧŰɖŰŬ ůɡůɢŮŰɑɕŮŰŬɘ ɛŮ ŬɜŮˊɎɟəŮɘŬ Űɖɠ ŬűɡŭɟɞɔɞɜɎůɖɠ 

ŭŮɡŭɟɞˊɡɟɘɛɘŭɘɜɩɜ. ȼ ɐˊɘŬ ŰɞɝɘəɧŰɖŰŬ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɛŮ Űɖ ɢɞɟɐɔɖůɖ ˊɟɞɓɘɞŰɘəɩɜ. ȹŮɜ ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ ɞɘ 

ˊɘɗŬɜɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɞɡ űŬɟɛɎəɞɡ ɛŮ Űɞɡɠ ɢɞɟɖɔɞɨɛŮɜɞɡɠ ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ŬɜŬˊŰɨɢɗɖəŮ ˊɟɤŰɧəɞɚɚɞ ɔɘŬ Űɖɜ Ůəɢɨɚɘůɖ əŬɘ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ 5-FU ůŮ əɨŰŰŬɟŬ əŬɘ ɗɟŮˊŰɘəɧ ɛɏůɞ 

əŬɚɚɘɏɟɔŮɘŬɠ Űɞɡ ˊɟɞɓɘɞŰɘəɞɨ ɓŬəŰɖɟɑɞɡ Lactococcus lactis. ɄŮɘɟɎɛŬŰŬ ɢɞɟɐɔɖůɖɠ 5-FU (50 ɛg/mL) ůŮ 

əŬɚɚɘɏɟɔŮɘŮɠ L. lactis ɔɘŬ 24h, ɏŭŮɘɝŬɜ ɛŮɑɤůɖ Ůˊɘˊɏŭɤɜ Űɞɡ űŬɟɛɎəɞɡ ůŰɞ ɗɟŮˊŰɘəɧ ɛɏůɞ ůŰŬ 39,4 ɛg/mL əŬɘ 

Ůɑůɞŭɞ ůŰŬ ɓŬəŰɖɟɘŬəɎ əɨŰŰŬɟŬ (5,4 ɛg/mL). ȼ ɛŮɑɤůɖ Űɤɜ Ůˊɘˊɏŭɤɜ Űɞɡ űŬɟɛɎəɞɡ ŭŮɜ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ  

Ŭˊɞɘəɞŭɧɛɖůɖ Űɞɡ Ŭˊɧ ŬɓɘɞŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ.ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŬɠ ˊŬɟɏɢɞɡɜ ɏɜŬ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ 

5-FU ůŮ əŬɚɚɘɏɟɔŮɘŮɠ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ əŬɘ ɡˊɞŭŮɘəɜɨɞɡɜ ˊɟɧůɚɖɣɖ əŬɘ ˊɘɗŬɜɐ ɓɘɞɛŮŰŬŰɟɞˊɐ Űɞɡ űŬɟɛɎəɞɡ in 

vitro. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

5-ūɗɞɟɞɞɡɟŬəɑɚɖ, ȾŬɟəɑɜɞɠ ˊŬɢɏɞɠ ŮɜŰɏɟɞɡ, ˊɟɞɓɘɞŰɘəɎ, Lactococcus lactis, HPLC 

 

 

ȺɘůŬɔɤɔɐ 

ɇɞ əɞɘɜɧ ɢɖɛŮɘɞɗŮɟŬˊŮɡŰɘəɧ 5-űɗɞɟɞɞɡɟŬəɑɚɖ (5-FU) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ əŬɟəɑɜɤɜ 

Űɞɡ ɔŬůŰɟŮɜŰŮɟɘəɞɨ ůɤɚɐɜŬ əŬɘ ŭɟŬ ˊŬɟŮɛˊɞŭɑɕɞɜŰŬɠ Űɞ ɓɘɞɢɖɛɘəɧ ɛɞɜɞˊɎŰɘ Ŭɨɝɖůɖɠ Űɖɠ ˊɟɧůɚɖɣɖɠ 

əŬɘ ɢɟɐůɖɠ ɞɡɟŬəɑɚɖɠ (Dushinsky, Pleven & Heidelberger 1957, Shirasaka 2009). ȼ ɑŭɘŬ ɖ 5-FU ŭŮɜ 

ɏɢŮɘ əɡŰŰŬɟɞŰɞɝɘəɏɠ ŮˊɘŭɟɎůŮɘɠ ɧɛɤɠ ɛŮŰɎ Ŭˊɧ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮ űɤůűɞɟɡɚɘɤɛɏɜŬ ůɎəɢŬɟŬ 

ˊŬɟɎɔɞɜŰŬɘ ŮɜŮɟɔɞɑ ɛŮŰŬɓɞɚɑŰŮɠ ɛŮ ŬɜŰɘəŬɟəɘɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ. ȰɜŬɠ Ŭˊɧ Űɞɡɠ əɡɟɘɧŰŮɟɞɡɠ ŮɑɜŬɘ ɖ 5-

ɛɞɜɞűɤůűɞɟɘəɐ űɗɞɟɞŭŮɞɝɡɞɡɟɘŭɑɜɖ (FdUMP) (Longley, Harkin &  Johnston 2003). 

Ƀɘ ˊŬɟŮɜɏɟɔŮɘŮɠ ˊɞɡ ˊɟɞəŬɚŮɑ ɖ 5-FU ɏɢɞɡɜ ůɡůɢŮŰɘůŰŮɑ ɛŮ ŭɘŬŰŬɟŬɢɐ Űɖɠ ɞɛɞɘɧůŰŬůɖɠ Űɞɡ ŮɜŰŮɟɘəɞɨ 

ɛɘəɟɞɓɘɩɛŬŰɞɠ əŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŮɛŮŰɧ əŬɘ ŭɘɎɟɟɞɘŬ. ũɘŬ Űɖɜ əŬŰŬˊɞɚɏɛɖůɖ ɐ Ŭəɧɛɖ əŬɘ Űɖɜ 

ŮɝɎɚŮɘɣɖ ŬɡŰɩɜ Űɤɜ ůɡɛˊŰɤɛɎŰɤɜ ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɢɞɟɐɔɖůɖ əɞəŰɏɘɚ ˊɟɞɓɘɞŰɘəɩɜ ˊɞɚɚɎ Ŭˊɧ ŰŬ ɞˊɞɑŬ 

ˊŮɟɘɏɢɞɡɜ ɓŬəŰɐɟɘŬ Űɞɡ ɔɏɜɞɡɠ Lactococcous (Osterlund et al. 2007, Darbandi et al. 2020). Ⱥˊɘˊɚɏɞɜ, 

ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ɖ ɓɘɞŭɘŬɗŮůɘɛɧŰɖŰŬ ůŰɞɛŬŰɘəɎ ɢɞɟɖɔɞɨɛŮɜɤɜ űŬɟɛɎəɤɜ ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮŬůŰŮɑ Ŭˊɧ 

Űɖɜ ɓɘɞɛŮŰŬŰɟɞˊɐ ɐ Űɖɜ ůɡůůɩɟŮɡůɖ Űɞɡɠ Ŭˊɧ ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ Űɞɡ ŮɜŰŮɟɘəɞɨ ɛɘəɟɞɓɘɩɛŬŰɞɠ (Sousa 

et al. 2008). ɇŬɡŰɧɢɟɞɜŬ, ůŰŮɚɏɢɖ L. lactis ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ŬɜɗŮəŰɘəɧŰɖŰŬ ůŰɖɜ 5-FU űŬɑɜŮŰŬɘ ɜŬ 

ŭɘŬɗɏŰɞɡɜ ŭɘŬűɞɟŮŰɘəɞɨɠ ɛɖɢŬɜɘůɛɞɨɠ ɛŮŰŬŰɟɞˊɐɠ Űɖɠ ɞɡɟŬəɑɚɖɠ ůŮ dUMP (Martinussen & Hammer 

1994). 

 

ȷɜ əŬɘ ɡˊɎɟɢŮɘ ˊɚɖɗɩɟŬ ɛŮɗɧŭɤɜ ɔɘŬ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ 5-FU ůŮ ɓɘɞɚɞɔɘəɎ ŭŮɑɔɛŬŰŬ, ŭŮɜ ɏɢŮɘ 

ŬɜŬűŮɟɗŮɑ ɛɏɗɞŭɞɠ ˊɞɡ ɜŬ ŮɘŭɘəŮɨŮŰŬɘ ůŰɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ ůŮ ɛɘəɟɞɓɘŬəɏɠ əŬɚɚɘɏɟɔŮɘŮɠ 

(Breda & Baratt  ̄ 2010). 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ŬɜŬˊŰɨɢɗɖəŮ ˊɟɤŰɧəɞɚɚɞ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ əŬɘ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ ɞɡɟŬəɑɚɖɠ 

əŬɘ 5-FU ůŮ əɨŰŰŬɟŬ əŬɘ ɗɟŮˊŰɘəɧ ɛɏůɞ əŬɚɚɘɏɟɔŮɘŬɠ Űɞɡ ˊɟɞɓɘɞŰɘəɞɨ ɓŬəŰɖɟɑɞɡ L. lactis ɛŮ ɢɟɐůɖ 
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ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ɢɟɤɛŬŰɞɔɟŬűɑŬ ɡɔɟɩɜ (HPLC). ȷəɞɚɞɨɗɖůŬɜ ŭɞəɘɛŬůɑŮɠ ɢɞɟɐɔɖůɖɠ Űɞɡ űŬɟɛɎəɞɡ 

ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ ɢŬɛɖɚɧŰŮɟŮɠ Űɖɠ ɛɏůɖɠ ɗŬɜŬŰɖűɧɟɞɡ ŭɧůɖɠ (LC50). ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɏɢŮɘ 

ɏɜŬ ŮɟɔŬɚŮɑɞ ɔɘŬ ˊɟɞůɘŰɐ əŬɘ ɞɘəɞɜɞɛɘəɐ ɛŮɚɏŰɖ Űɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ Űɖɠ 5-FU ɛŮ ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ 

in vitro.  

 

ɀŮɗɞŭɞɚɞɔɑŬ  

ũɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ L. lactis ůŮ ɡɔɟɐ əŬɘ ůŰŮɟŮɐ əŬɚɚɘɏɟɔŮɘŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɛɏůɞ BHI (Brain 

Heart Infusion) ůŮ ɕɤɛɧ ɔɘŬ Űɖɜ  ɡɔɟɐ əŬɚɚɘɏɟɔŮɘŬ əŬɘ ɎɔŬɟ ɔɘŬ ůŰŮɟŮɐ. ȺɚɏɔɢɗɖəŮ ɖ ɛɞɟűɞɚɞɔɑŬ ŬɚɚɎ 

əŬɘ ɞ ɟɡɗɛɧɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ ɓŬəŰɖɟɑɤɜ. Ⱥˊɘˊɚɏɞɜ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɖ ŰɞɝɘəɧŰɖŰŬ Űɖɠ 5-FU ůŰɞ 

ɓŬəŰɐɟɘɞ, ɩůŰŮ ɜŬ ɞɟɘůŰŮɑ ɖ ůɡɔəɏɜŰɟɤůɖ ˊɞɡ ŮɑɜŬɘ ɘəŬɜɐ ɜŬ ůəɞŰɩůŮɘ Űɞ 50% Űɞɡ ɓŬəŰɖɟɘŬəɞɨ 

ˊɚɖɗɡůɛɞɨ (LC50), ɛŮ ɏəɗŮůɖ Űɞɡ ɓŬəŰɖɟɑɞɡ ůŮ ŬɡɝŬɜɧɛŮɜŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ 5-FU ɔɘŬ 24h. 

 

ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɞɡ ɛŮŰŬɓɞɚɘůɛɞɨ Űɖɠ 5-FU ˊŬɟŬůəŮɡɎůŰɖəŮ ŮɚɎɢɘůŰɞ ɗɟŮˊŰɘəɧ ɛɏůɞ ŬɚɎŰɤɜ (Basal 

Salts Medium-BSM) ɛŮ əɨɟɘŬ ˊɖɔɐ ɎɜɗɟŬəŬ Űɖɜ 5-FU, ɩůŰŮ Űɞ ɓŬəŰɐɟɘɞ ɜŬ ŬɜŬɔəŬůŰŮɑ ɜŬ ˊɟɞůɚɎɓŮɘ 

Űɞ űɎɟɛŬəɞ ɔɘŬ ɜŬ ŬɜŬˊŰɡɢɗŮɑ, ůŮ ŭɘɎůŰɖɛŬ 24 ɤɟɩɜ, ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŭŮɘɔɛɎŰɤɜ ɢɤɟɑɠ 

ˊɟɞůɛɑɝŮɘɠ ɔɘŬ ŬɜɎɚɡůɖ ůŰɖɜ HPLC. ũɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɛɘəɟɞɞɟɔŬɜɘůɛɞɨ ůŮ BSM, ˊɟɞɖɔɐɗɖəŮ 

əŬɚɚɘɏɟɔŮɘŬ 24 ɤɟɩɜ ůŰɞ BHI, űɡɔɞəɏɜŰɟɖůɖ əŬɘ ŮˊŬɜŬɘɩɟɖůɖ Űɞɡ ɘɕɐɛŬŰɞɠ ůŮ BSM. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ 

ˊɟɞůŰɏɗɖəŮ əŬŰɎɚɚɖɚɖ ˊɞůɧŰɖŰŬ 5-FU ɩůŰŮ ɖ ŰŮɚɘəɐ Űɖɠ ůɡɔəɏɜŰɟɤůɖ ɜŬ ŮɑɜŬɘ 50ɛg/mL, ɛɘəɟɧŰŮɟɖ 

Űɖɠ LD50. 

 

ȰɔɘɜŮ ɚɐɣɖ ŭŮɑɔɛŬŰɞɠ (0.5 mL) ůŰɘɠ 0 əŬɘ ůŰɘɠ 24h. ɋɠ ɩɟŬ 0 ɞɟɑůŰɖəŮ ɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ ˊɟɞůɗɐəɖɠ 

Űɞɡ űŬɟɛɎəɞɡ ůŰɖɜ əŬɚɚɘɏɟɔŮɘŬ. ũɘŬ Űɖɜ əŬŰŬəɟɐɛɜɘůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 0.5 g 

ɗŮɘɘəɞɨ Ŭɛɛɤɜɑɞɡ  (1:1 w/v) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ Űɞ ŭŮɑɔɛŬ űɡɔɞəŮɜŰɟɐɗɖəŮ əŬɘ ɡˊɞɓɚɐɗɖəŮ ůŮ Ůəɢɨɚɘůɖ 

ůŰŮɟŮɎɠ űɎůɖɠ (SPE, C18). ȷəɟɘɓɩɠ ˊɟɘɜ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ ˊɟɞůŰɏɗɖəŮ Űɞ ŬɜŬɚɡŰɘəɧ ˊɟɧŰɡˊɞ 5-

ȸɟɤɛɞɞɡɟŬəɑɚɖ (5-BrU) ůŮ ŰŮɚɘəɐ ůɡɔəɏɜŰɟɤůɖ 50ɛg/mL. ũɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ ɓŬəŰɖɟɘŬəɞɨ 

ɘɕɐɛŬŰɞɠ (0,1gr) ˊɟɞɖɔɐɗɖəŮ Űɖɠ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬɠ ɞɛɞɔŮɜɞˊɞɑɖůɖ ůŮ 0.5 mL H2O ˊɞɡ ˊŮɟɘŮɑɢŮ 

0.05% v/v ɛɡɟɛɖəɘəɧ ɞɝɨ (1:5 v/v),. 

 

ȼ ŬɜɎɚɡůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ɏɔɘɜŮ ůŮ ɧɟɔŬɜɞ HPLC-DAD (LC20AD, Shimadzu) ɛŮ Űɖ ɛɏɗɞŭɞ ɓŬɗɛɘŭɤŰɐɠ 

ɏəɚɞɡůɖɠ (A : ddH2O ɛŮ 0.05% ɛɡɟɛɖəɘəɧ əŬɘ ŬəŮŰɞɜɘŰɟɑɚɘɞ (95:5 v/v),  B: ddH2O ɛŮ 0.05% ɛɡɟɛɖəɘəɧ 

əŬɘ ŬəŮŰɞɜɘŰɟɑɚɘɞ  (5:95 v/v)). ũɘŬ Űɞɜ ˊɞůɞŰɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ˊɟɞůŭɘɞɟɘɕɧɛŮɜɖɠ ɞɡůɑŬɠ 

ˊɟɞɖɔɐɗɖəŮ ɖ əŬŰŬůəŮɡɐ ˊɟɧŰɡˊɖɠ əŬɛˊɨɚɖɠ Űɧůɞ ɔɘŬ Űɞ ɡˊŮɟəŮɑɛŮɜɞ əŬɚɚɘɏɟɔŮɘŬɠ ɧůɞ əŬɘ ɔɘŬ ŰŬ 

əɨŰŰŬɟŬ Űɤɜ ɓŬəŰɖɟɑɤɜ.  

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȼ ɀɏůɖ ŪŬɜŬŰɖűɧɟɞɠ ɆɡɔəɏɜŰɟɤůɖ (LC50) ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ ŮɡɗŮɑŬɠ Űɖɠ əŬɛˊɨɚɖɠ 

ˊɟɞůŭɘɞɟɘůɛɞɨ ɗɜɖůɘɛɧŰɖŰŬɠ (%) Űɤɜ əɡŰŰɎɟɤɜ ůɡɜŬɟŰɐůŮɘ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ űŬɟɛɎəɞɡ, ůŰŬ 

63,4 ɛg/mL. Ƀɘ ˊɟɧŰɡˊŮɠ əŬɛˊɨɚŮɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ 5-FU ɐŰŬɜ y = 0.0054x + 0.104, R2=0.999  ɔɘŬ 

Űɞ ɛɏůɞ əŬɘ y = 0.0052x + 0.078, R2=0.999 ɔɘŬ ŰŬ əɨŰŰŬɟŬ.  

 

ȳůɞɜ ŬűɞɟɎ Űɞ ɡˊŮɟəŮɑɛŮɜɞ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 1, ɛŮŰɎ Űɞ ˊɏɟŬɠ 24 ɤɟɩɜ ɖ ůɡɔəɏɜŰɟɤůɖ Űɖɠ 

5-FU ŮɑɢŮ ɛŮɘɤɗŮɑ ůŮ 39,4ɛg/mL, ŭɖɚŬŭɐ Űɞ ɓŬəŰɐɟɘɞ ŮɑɢŮ ŬˊɞɛŬəɟɨɜŮɘ Űɞ 11,3% Űɞɡ űŬɟɛɎəɞɡ. ȷˊɧ 

Űɖɜ Ɏɚɚɖ, ŰŬ əɨŰŰŬɟŬ L. lactis Ŭˊɧ Űɖɜ ɑŭɘŬ əŬɚɚɘɏɟɔŮɘŬ BSM 24 ɤɟɩɜ ŮɑɢŬɜ 5,4 ɛg/mL 5-FU (ɄɑɜŬəŬɠ 

1.).  

 

 

 

 

 



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

121 

ɄɑɜŬəŬɠ 1: ɀŮɑɤůɖ ůɡɔəɏɜŰɟɤůɖɠ 5-FU ůŰɞ ɡˊŮɟəŮɑɛŮɜɞ əɡŰŰɎɟɤɜ L. lactis əŬɘ ˊɟɧůɚɖɣɐ Űɖɠ Ŭˊɧ 

ŰŬ əɨŰŰŬɟŬ 

ɉɟɧɜɞɠ(h) ɀɏůɖ ɡˊɞɚɞɔɘůɛɏɜɖ ůɡɔəɏɜŰɟɤůɖ 5-FU (ɛg/ml) 

ɈˊŮɟəŮɑɛŮɜɞ ȾɨŰŰŬɟŬ 

0 49.4 0.0 

24 39.4 5.4 

 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŬɠ ɡˊɞŭŮɘəɜɨɞɡɜ ˊɤɠ Űɞ Ůɑŭɞɠ L. lactis ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ůɡůůɤɟŮɨŮɘ əŬɘ 

ˊɘɗŬɜɩɠ ɜŬ ɛŮŰŬůɢɖɛŬŰɑɕŮɘ Űɞɜ ɢɖɛŮɘɞɗŮɟŬˊŮɡŰɘəɧ ˊŬɟɎɔɞɜŰŬ 5-FU. ȷˊŬɘŰɞɨɜŰŬɘ ˊŮɟŬɘŰɏɟɤ ɏɟŮɡɜŮɠ 

ˊɞɡ ɗŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ əŬɘ ɎɚɚŬ Ůɑŭɖ ́ ɟɞɓɘɞŰɘəɩɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ əŬɗɩɠ əŬɘ ɛŮɚɏŰɖ Űɖɠ ɛŮŰŬɓɞɚɘəɐɠ 

Űɨɢɖɠ Űɖɠ 5-FU ůŮ əŬɚɚɘɏɟɔŮɘŮɠ ɛɘəɟɞɓɑɤɜ ɛŮŰɎ Űɞ ɢɟɞɜɘəɧ ˊŮɟɘɗɩɟɘɞ Űɤɜ 24 ɤɟɩɜ. ɇɞ ˊɟɤŰɧəɞɚɚɞ 

ˊɞɡ ŮűŬɟɛɧůŰɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɏůŮɘ ɢɟɐůɘɛɞ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ɛŮɚɏŰɖ Űɖɠ 

ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Űɞɡ űŬɟɛɎəɞɡ ɛŮ Űɖɜ ŮɜŰŮɟɘəɐ ɛɘəɟɞɢɚɤɟɑŭŬ əŬɘ Űɖɠ ˊɘɗŬɜɐɠ Ůˊɘɟɟɞɐɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ɏɢŮɘ ůŰɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɖɠ ɗŮɟŬˊŮɑŬɠ ŬůɗŮɜɩɜ. ɇɏɚɞɠ, ŬɝɑɕŮɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɏɚŮɔɢɞɠ əŬɘ 

ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɤɜ əɡɟɘɧŰŮɟɤɜ ɛŮŰŬɓɞɚɘŰɩɜ Űɖɠ 5-FU ůŮ əŬɚɚɘɏɟɔŮɘŮɠ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɝŮŰŬůŰŮɑ Űɞ ŮɜŭŮɢɧɛŮɜɞ ɛŮŰŬŰɟɞˊɐɠ Űɞɡ űŬɟɛɎəɞɡ ůŮ ŬɜŮɜŮɟɔɎ ˊŬɟɎɔɤɔŬ. 
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ȺˊɑŭɟŬůɖ Űɖɠ ŭɘŬŰɟɞűɘəɐɠ ˊɟɞůɗɐəɖɠ ˊɟɞɜɡɛűɩɜ Tenebrio molitor ́ ɞɡ 

ŮəŰɟɎűɖəŬɜ ɛŮ ůɡůŰŬŰɘəɎ ŬɟɤɛŬŰɘəɩɜ-űŬɟɛŬəŮɡŰɘəɩɜ űɡŰɩɜ ůŰɖɜ ɏəűɟŬůɖ 

ˊɟɤŰŮɥɜɩɜ Hsps əŬɘ MAPKs Űɖɠ ŰůɘˊɞɨɟŬɠ Sparus aurata  
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ɄŮɟɑɚɖɣɖ 
ɇŬ ɏɜŰɞɛŬ ŬˊɞŰŮɚɞɨɜ ŮɜŬɚɚŬəŰɘəɐ ˊɖɔɐ ˊɟɤŰŮɥɜɩɜ ůŰɘɠ ɘɢɗɡɞŰɟɞűɏɠ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɏɢɞɡɜ ɡɣɖɚɐ ŭɘŬŰɟɞűɘəɐ 

ŬɝɑŬ, Ůɜɩ ɖ ŮəŰɟɞűɐ Űɞɡɠ ɏɢŮɘ ɢŬɛɖɚɧ ɞɘəɞɚɞɔɘəɧ ŬˊɞŰɨˊɤɛŬ. ɄŬɟɧŰɘ ŭɘɎűɞɟŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŮůŰɘɎůŮɘ ůŰɖɜ 

ɡˊɞəŬŰɎůŰŬůɖ Űɞɡ ɘɢɗɡŬɚŮɨɟɞɡ ɛŮ ŮɜŰɞɛɞɎɚŮɡɟŬ, ŮɜŰɞɨŰɞɘɠ ɞ ůɡɜŭɡŬůɛɧɠ Űɞɡɠ ɛŮ ŬɟɤɛŬŰɘəɎ-űŬɟɛŬəŮɡŰɘəɎ 

űɡŰɎ (ȷūū) ŭŮɜ ɏɢŮɘ ŭɘŮɟŮɡɜɖɗŮɑ. ȷɚɚŬɔɏɠ ůŰɖ ŭɘŬŰɟɞűɐ Űɤɜ ɞɟɔŬɜɘůɛɩɜ ŭɨɜŬŰŬɘ ɜŬ Ůˊɘűɏɟɞɡɜ ɛŮŰŬɓɞɚɘəɐ 

əŬŰŬˊɧɜɖůɖ. Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ ɐŰŬɜ ɖ ɛŮɚɏŰɖ Űɖɠ ŮˊɑŭɟŬůɖɠ ŮɜŰɞɛɞŬɚŮɨɟɤɜ Ŭˊɧ ˊɟɞɜɨɛűŮɠ 

Tenebrio molitor  (Coleoptera: Tenebrionidae), ŮɛˊɚɞɡŰɘůɛɏɜɤɜ ɛŮ ɡˊɞɚŮɑɛɛŬŰŬ ȷūū ůŰɖɜ ɏəűɟŬůɖ ˊɟɤŰŮɥɜɩɜ-

ɛŮɚɩɜ Űɤɜ Hsps əŬɘ MAPKs ůŰɞ ɐˊŬɟ əŬɘ Űɞ ɚŮɡəɧ ɛɡ Űɖɠ ŰůɘˊɞɨɟŬɠ (Sparus aurata). ɆɨɛűɤɜŬ ɛŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ, ŰŬ ŮɜŰɞɛɞɎɚŮɡɟŬ, ŬɡŰɞɨůɘŬ ɐ ŮɛˊɚɞɡŰɘůɛɏɜŬ, ŮˊɏűŮɟŬɜ ůɖɛŬɜŰɘəɐ (p < 0.05) ŮˊŬɔɤɔɐ Űɤɜ Hsps 

ůŰɞɡɠ ŭɨɞ ɘůŰɞɨɠ, ɛŮ ŮɝŬɑɟŮůɖ Űɖɜ Hsp90 ůŰɞ ɚŮɡəɧ ɛɡ, ɧˊɞɡ ɖ ůɡɛˊŮɟɑɚɖɣɖ ȷūū ŭŮɜ ɞŭɐɔɖůŮ ůŮ ŬɚɚŬɔɏɠ 

ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ɘɢɗɡɎɚŮɡɟŬ. ɆŰɞ ɐˊŬɟ, ɞ ůɡɜŭɡŬůɛɧɠ ŮɜŰɞɛɞɎɚŮɡɟɤɜ əŬɘ ȷūū ɞŭɐɔɖůŮ ůŮ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ 

p38 MAPK, Ůɜɩ ŭŮ ˊŬɟŬŰɖɟɐɗɖəŬɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ůŰɞ ɚŮɡəɧ ɛɡ. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ: Tenebrio molitor, ŭɘŬŰɟɞűɘəɐ əŬŰŬˊɧɜɖůɖ, ɘɢɗɡɞŰɟɞűɏɠ, ɡŭŬŰɞəŬɚɚɘɏɟɔŮɘŬ 

 

 

ȺɘůŬɔɤɔɐ 

Ƀɘ ɡŭŬŰɞəŬɚɚɘɏɟɔŮɘŮɠ ŬˊɞŰŮɚɞɨɜ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ ŰɞɛŮɑɠ ˊŬɟŬɔɤɔɐɠ Űɟɞűɑɛɤɜ ɔɘŬ Űɖɜ 

əɎɚɡɣɖ Űɤɜ Ŭɜɗɟɩˊɘɜɤɜ ŭɘŬŰɟɞűɘəɩɜ ŬˊŬɘŰɐůŮɤɜ (Deutsch et al. 2007). ɋůŰɧůɞ, ɖ ŮəŰɟɞűɐ ɣŬɟɘɩɜ 

ɡɣɖɚɞɨ Űɟɞűɘəɞɨ Ůˊɘˊɏŭɞɡ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ŮəɛŮŰɎɚɚŮɡůɖ ɛɘəɟɩɜ ˊŮɚŬɔɘəɩɜ ɣŬɟɘɩɜ ɔɘŬ Űɖɜ 

ˊŬɟŬɔɤɔɐ ɘɢɗɡɎɚŮɡɟɤɜ (Hardy 2010), ɛɘŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ əŬɘ ɞɘəɞɜɞɛɘəɎ ɛɖ ɓɘɩůɘɛɖ ˊɟŬəŰɘəɐ. 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ɖ ɓɘɩůɘɛɖ ŬɜɎˊŰɡɝɖ Űɤɜ ɡŭŬŰɞəŬɚɚɘŮɟɔŮɘɩɜ, ŮɑɜŬɘ ŮˊɘŰŬəŰɘəɐ ɖ ŬɜɎŭŮɘɝɖ 

ŮɜŬɚɚŬəŰɘəɩɜ ˊɖɔɩɜ ˊɟɤŰŮȶɜɖɠ ɔɘŬ Űɖ ɛŮɟɘəɐ ɐ/əŬɘ ɞɚɘəɐ ɡˊɞəŬŰɎůŰŬůɖ Űɤɜ ɘɢɗɡŬɚŮɨɟɤɜ. ɇŬ ɏɜŰɞɛŬ 

ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɖ űɡůɘəɐ ŭɘŬŰɟɞűɐ ˊɞɚɚɩɜ Ůɘŭɩɜ ɣŬɟɘɩɜ əŬɘ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɐ ˊɖɔɐ 

ˊɟɤŰŮɥɜɩɜ, ŮɜɏɟɔŮɘŬɠ, ɚɘˊŬɟɩɜ ɞɝɏɤɜ əŬɘ ɓɘŰŬɛɘɜɩɜ (van Huis 2013, Henry et al. 2015), Ůɜɩ ɖ ŮəŰɟɞűɐ 

Űɞɡɠ ɏɢŮɘ ɢŬɛɖɚɧ ɞɘəɞɚɞɔɘəɧ ŬˊɞŰɨˊɤɛŬ (Oonincx & de Boer 2012). ɆɡɛˊŮɟɑɚɖɣɖ ŮɜŰɞɛɞŬɚŮɨɟɤɜ ɏɢŮɘ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ůŮ ŮɛˊɞɟɘəɎ Ůɑŭɖ Űɖɠ ɀŮůɞɔŮɘŬəɐɠ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŬɠ (Mastoraki et al. 

2020, 2022, Panteli et al. 2021). ȷˊɧ Űɖɜ Ɏɚɚɖ, ŰŬ ŬɟɤɛŬŰɘəɎ űŬɟɛŬəŮɡŰɘəɎ űɡŰɎ ŮɑɜŬɘ ɔɜɤůŰɎ ɔɘŬ Űɘɠ 

ŬɜŰɘɓŬəŰɖɟɘŬəɏɠ əŬɘ ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ Űɞɡɠ ɘəŬɜɧŰɖŰŮɠ ůŮ ˊŬɗɞɔɧɜŬ ɣŬɟɘɩɜ (Athanasiou et al. 2019, 
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Mandalakis et al. 2021), əŬɘ ŮˊɎɔɞɡɜ Űɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ɘəŬɜɧŰɖŰŬ ůŮ ɏɜŰɞɛŬ (Andreadis et al.2022). 

ȺɜŰɞɨŰɞɘɠ, ŭŮɜ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůɡɜŭɡŬůŰɘəɎ ɛŮ ŰŬ ŮɜŰɞɛɞɎɚŮɡɟŬ ůŰɖ ůɑŰɘůɖ ɣŬɟɘɩɜ. 

 

Ⱥˊɘˊɚɏɞɜ, ɛŮŰŬɓɞɚɏɠ ůŰɖ ŭɘŬŰɟɞűɐ əŬɘ ŬɜŮˊɎɟəŮɘŬ ɗɟŮˊŰɘəɩɜ ůɡůŰŬŰɘəɩɜ ɛˊɞɟŮɑ ɜŬ ˊɡɟɞŭɞŰɐůɞɡɜ 

əɡŰŰŬɟɘəɏɠ ŬˊɞəɟɑůŮɘɠ əŬŰŬˊɧɜɖůɖɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɧůɞ Űɖɠ ŮˊŬɔɤɔɐɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ 

ɗŮɟɛɘəɞɨ ˊɚɐɔɛŬŰɞɠ (Heat shock proteins, HSPs) ɧůɞ əŬɘ Űɖɠ űɤůűɞɟɡɚɑɤůɖɠ Űɤɜ ŮɜŮɟɔɞˊɞɘɖɛɏɜɤɜ 

Ŭˊɧ ɛɘŰɞɔɧɜŬ ˊɟɤŰŮɥɜɘəɩɜ əɘɜŬůɩɜ (MAPKs) (Feidantsis et al. 2014). ɇɧůɞ ɞɘ Hsps ɧůɞ əŬɘ ɞɘ MAPKs 

ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŮ ůɖɛŬɜŰɘəɏɠ əɡŰŰŬɟɘəɏɠ ŭɘŮɟɔŬůɑŮɠ əŬɘ ůɡɛɓɎɚɚɞɡɜ ůŰɖ ŭɘŬŰɐɟɖůɖ 

Űɖɠ əɡŰŰŬɟɘəɐɠ ɞɛɞɘɧůŰŬůɖɠ (Wegele, M¿ller & Buchner 2004, Sun et al. 2015). Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ŮɟɔŬůɑŬɠ ɐŰŬɜ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ˊɟɤŰŮɥɜɘəɐɠ ɏəűɟŬůɖɠ ɛŮɚɩɜ Űɤɜ Hsps əŬɘ MAPKs ůŰɞ ɐˊŬɟ əŬɘ Űɞ 

ɚŮɡəɧ ɛɡ Űɖɠ ŰůɘˊɞɨɟŬɠ Sparus aurata, ɏˊŮɘŰŬ Ŭˊɧ ůɑŰɘůɖ ɛŮ ŮɜŰɞɛɞɎɚŮɡɟŬ ŬɡŰɞɨůɘŬ ɐ ŮɛˊɚɞɡŰɘůɛɏɜŬ 

ɛŮ ŬɟɤɛŬŰɘəɎ-űŬɟɛŬəŮɡŰɘəɎ űɡŰɎ (ȷūū). 

 

ɀɏɗɞŭɞɘ 

ɇɞ ŭɘŬŰɟɞűɘəɧ ˊŮɑɟŬɛŬ ŭɘŮɝɐɢɗɖ ůŮ ˊŬɟŬɔɤɔɘəɐ ɛɞɜɎŭŬ Űɖɠ ŪŮůˊɟɤŰɑŬɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŮɜɐɚɘəŬ 

ɎŰɞɛŬ ŰůɘˊɞɨɟŬɠ ɓɎɟɞɡɠ 207,19 (Ñ1,47) g əŬŰŬɜŮɛɐɗɖəŬɜ ůŮ ŰɟŮɘɠ ɞɛɎŭŮɠ ůŮ ˊɚɤŰɞɨɠ əɚɤɓɞɨɠ (500 

ɎŰɞɛŬ/əɚɤɓɧ, 3 ŮˊŬɜŬɚɐɣŮɘɠ/ɞɛɎŭŬ). ɇɟŮɘɠ ɘůɞˊɟɤŰŮɥɜɘəɏɠ əŬɘ ɘůɞɗŮɟɛɘŭɘəɏɠ ɘɢɗɡɞŰɟɞűɏɠ 

ɢɞɟɖɔɐɗɖəŬɜ ɔɘŬ ŭɘɎůŰɖɛŬ 12 ŮɓŭɞɛɎŭɤɜ: Ŭ) ɃɛɎŭŬ ɛŬɟŰɨɟɤɜ ˊɞɡ ŭɘŬŰɟɎűɖəŬɜ ɛŮ ůɡɛɓŬŰɘəɐ 

ɘɢɗɡɞŰɟɞűɐ, ɓ) ɃɛɎŭŬ ůŰɞ ůɘŰɖɟɏůɘɞ Űɖɠ ɞˊɞɑŬɠ ˊɟɞůŰɏɗɖəŮ 10% ɎɚŮɡɟɞ Ŭˊɧ ˊɟɞɜɨɛűŮɠ Tenebrio 

molitor ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ůŮ ůɡɛɓŬŰɘəɧ ɡˊɧůŰɟɤɛŬ, ɔ) ɃɛɎŭŬ ůŰɞ ůɘŰɖɟɏůɘɞ Űɖɠ ɞˊɞɑŬɠ ˊɟɞůŰɏɗɖəŮ 

10% ɎɚŮɡɟɞ Ŭˊɧ ˊɟɞɜɨɛűŮɠ Tenebrio molitor ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ůŮ ɡˊɧůŰɟɤɛŬ ŮɛˊɚɞɡŰɘůɛɏɜɞ ɛŮ 

ɡˊɞɚŮɑɛɛŬŰŬ ŬˊɧůŰŬɝɖɠ ɟɑɔŬɜɖɠ (40,83), ɗɡɛŬɟɘɞɨ (1,66), ŭŮɜŭɟɞɚɑɓŬɜɞɡ (1,66) əŬɘ űŬůəɧɛɖɚɞɡ 

(1,66), əŬɗɩɠ əŬɘ ɚɘɜŬɟɧůˊɞɟɞ (16,66), ˊɑŰŬ ɓɘɞɛɖɢŬɜɘəɐɠ əɎɜɜŬɓɖɠ (16,66), ˊɎůŰŬ ŮɚɘɎɠ (16,66) əŬɘ 

əɟɑŰŬɛɞ (4,16 g/kg Űɟɞűɐɠ ŮɜŰɧɛɞɡ). 

 

ȼ ɛŮɚɏŰɖ Űɖɠ ɏəűɟŬůɖɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ Hsps əŬɘ MAPKs ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůɨɛűɤɜŬ ɛŮ Űɖ ɛɏɗɞŭɞ 

Űɖɠ ŬɜɞůɞŬˊɞŰɨˊɤůɖɠ əŬŰɎ Western Blot. Ⱥɜ ůɡɜŰɞɛɑŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ůəɢɨɚɘůɖ ɞɚɘəɐɠ ˊɟɤŰŮȶɜɖɠ 

Ŭˊɧ ŭŮɑɔɛŬŰŬ ɐˊŬŰɞɠ əŬɘ ɚŮɡəɞɨ ɛɡ əŬɘ ˊɟɞůŭɘɞɟɑůŰɖəŮ ɖ ůɡɔəɏɜŰɟɤůɖ Űɖɠ ɞɚɘəɐɠ ˊɟɤŰŮȶɜɖɠ ɛɏůɤ 

Űɖɠ ɛŮɗɧŭɞɡ Bradford. ȲůŮɠ ˊɞůɧŰɖŰŮɠ ˊɟɤŰŮȶɜɖɠ (80 ɛg), ŭɘŬɢɤɟɑůŰɖəŬɜ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ 

ɖɚŮəŰɟɞűɧɟɖůɖɠ ůŮ ˊɖəŰɐ ˊɞɚɡəɟɡɚŬɛɘŭɑɞɡ əŬɘ ɖɚŮəŰɟɞɛŮŰŬűɏɟɗɖəŬɜ ůŮ ɛŮɛɓɟɎɜɖ ɜɘŰɟɞəɡŰŰŬɟɑɜɖɠ. 

Ƀɘ ɛŮɛɓɟɎɜŮɠ ŮˊɤɎůŰɖəŬɜ ɛŮ ŮɘŭɘəɎ ɔɘŬ Űɖɜ ˊɟɤŰŮȶɜɖ ůŰɧɢɞ ˊɟɤŰɞɔŮɜɐ ŬɜŰɘůɩɛŬŰŬ [polyclonal rabbit 

anti-heat shock protein 70 kDa əŬɘ 90 kDa, anti-phospho-p38 MAP kinase (Thr180/Tyr182) əŬɘ anti-

p38 MAPK (Cell Signaling)] əŬɘ Ŭəɞɚɞɨɗɤɠ ɛŮ ŭŮɡŰŮɟɞɔŮɜɏɠ ŬɜŰɑůɤɛŬ ůɡɕŮɡɔɛɏɜɞ ɛŮ Űɞ ɏɜɕɡɛɞ HRP 

[anti-rabbit IgG, HRP-linked Antibody (Cell Signaling)]. Ƀɘ ŬɜŮˊŰɡɔɛɏɜŮɠ ɕɩɜŮɠ ɞˊŰɘəɞˊɞɘɐɗɖəŬɜ 

ɛɏůɤ Ůɜɘůɢɡɛɏɜɖɠ ɢɖɛŮɘɞűɤŰŬɨɔŮɘŬɠ ɛŮ ɏəɗŮůɖ ůŮ űɘɚɛ əŬɘ ɖ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɞ ˊɟɧɔɟŬɛɛŬ Image Studio Lite Software (Biosciences). Ƀɘ ŬɚɚŬɔɏɠ ůŰɖɜ 

ˊɟɤŰŮɥɜɘəɐ ɏəűɟŬůɖ ŬɝɘɞɚɞɔɐɗɖəŬɜ ůŮ ŮˊɑˊŮŭɞ ůɖɛŬɜŰɘəɧŰɖŰŬɠ 0.05 ɛɏůɤ Űɖɠ ɛɞɜɧŭɟɞɛɖɠ ŬɜɎɚɡůɖɠ 

ŭɘŬəɨɛŬɜůɖɠ (ANOVA). 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ɆŰɞ ɐˊŬɟ Űɖɠ ŰůɘˊɞɨɟŬɠ, ˊŬɟɧŰɘ ɖ ɛŮɟɘəɐ ɡˊɞəŬŰɎůŰŬůɖ ɛŮ ŮɜŰɞɛɞɎɚŮɡɟŬ ŭŮɜ ŮˊɏűŮɟŮ ůɖɛŬɜŰɘəɐ 

ŬɚɚŬɔɐ, ɖ ůɡɛˊŮɟɑɚɖɣɖ ŮɜŰɞɛɞŬɚŮɨɟɤɜ ŮɛˊɚɞɡŰɘůɛɏɜɤɜ ɛŮ ȷūū ɞŭɐɔɖůŮ ůŮ ůɖɛŬɜŰɘəɐ (p < 0.05) 

ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ p38 MAPK ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ ɘɢɗɡɎɚŮɡɟɞ (ȺɘəɧɜŬ 1). ɆŮ ŬɜŰɑɗŮůɖ, ŰŬ ŮɜŰɞɛɞɎɚŮɡɟŬ 

ŬɡŰɞɨůɘŬ ɐ ŮɛˊɚɞɡŰɘůɛɏɜŬ ɛŮ ȷūū ŭŮɜ ŮɑɢŬɜ ůɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ əɘɜɎůɖɠ ůŰɞ ɚŮɡəɧ ɛɨ. 
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ȺɘəɧɜŬ 1. ȺɜŮɟɔɞˊɞɑɖůɖ Űɖɠ p38 MAPK ůŰɖ ŰůɘˊɞɨɟŬ ɏˊŮɘŰŬ Ŭˊɧ ůɑŰɘůɖ ɛŮ ɘɢɗɡɎɚŮɡɟɞ (C) əŬɘ 

ŮɜŰɞɛɞɎɚŮɡɟŬ ŬɡŰɞɨůɘŬ (IM) ɐ ŮɛˊɚɞɡŰɘůɛɏɜŬ ɛŮ ɡˊɞɚŮɑɛɛŬŰŬ ŬɟɤɛŬŰɘəɩɜ-űŬɟɛŬəŮɡŰɘəɩɜ űɡŰɩɜ 

(IFA). ɇɘɛɏɠ (ɀɃÑSTDE) ɛŮ ŭɘŬűɞɟŮŰɘəɧ ɔɟɎɛɛŬ ŭɘŬűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ (p<0,05, One-way ANOVA, 

Tukey post hoc test). 

 

ɆŮ ɧŰɘ ŬűɞɟɎ Űɘɠ Hsps, Űɧůɞ ɖ Hsp70 ɧůɞ əŬɘ ɖ Hsp90 ˊŬɟɞɡůɑŬůŬɜ ˊŬɟɧɛɞɘɞ ˊɟɧŰɡˊɞ ɏəűɟŬůɖɠ ůŰɞɡɠ 

ŭɨɞ ɘůŰɞɨɠ (ȺɘəɧɜŬ 2). ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ ŮɜŰɞɛɞɎɚŮɡɟŬ ŬɡŰɞɨůɘŬ ɐ ŮɛˊɚɞɡŰɘůɛɏɜŬ ŮˊɏűŮɟŬɜ 

ůɖɛŬɜŰɘəɐ ŮˊŬɔɤɔɐ Űɤɜ ŭɨɞ ˊɟɤŰŮɥɜɩɜ, ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ɘɢɗɡɎɚŮɡɟŬ. ɋůŰɧůɞ, ɖ ůɡɛˊŮɟɑɚɖɣɖ ȷūū 

ůŰŬ ŮɜŰɞɛɞɎɚŮɡɟŬ ŭŮɜ ŮˊɏűŮɟŮ ůɖɛŬɜŰɘəɐ ɛŮŰŬɓɞɚɐ ůŰɖɜ ɏəűɟŬůɖ Űɖɠ Hsp90 ůŰɞ ɚŮɡəɧ ɛɡ, 

ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ɘɢɗɡɎɚŮɡɟŬ. 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ ŮˊŬɔɤɔɐ Űɤɜ HSPs ɤɠ Ŭˊɧəɟɘůɖ ůŮ ŭɘŬŰɟɞűɘəɏɠ ˊɟɞəɚɐůŮɘɠ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ůŮ ŬɟəŮŰɏɠ ɛŮɚɏŰŮɠ ůŮ 

ɣɎɟɘŬ (Antonopoulou et al. 2014, Feidantsis et al. 2014). Ƀɘ ŭɘŬűɞɟɏɠ ůŰɖ ůɨůŰŬůɖ Ŭɛɘɜɞɝɏɤɜ ˊɞɡ 

ˊŬɟɏɢɞɜŰŬɘ ɛɏůɤ Űɤɜ ŮɜŰɞɛɞɎɚŮɡɟɤɜ əŬɗɩɠ əŬɘ ɖ ůɨɜŭŮůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ ůŰɘɠ ɑɜŮɠ ɢɘŰɑɜɖɠ ɛˊɞɟŮɑ ɜŬ 

ŬˊŬɘŰɞɨɜ Űɖ ŭɟɎůɖ Űɤɜ Hsps ůŮ ŭɘŬŭɘəŬůɑŮɠ Űɞɡ ɛŮŰŬɓɞɚɘůɛɞɨ Űɤɜ ˊɟɤŰŮɥɜɩɜ (NogalesȤM®rida et al. 

2019). ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ɐˊŬɟ, ɖ ůɡɛˊŮɟɑɚɖɣɖ ȷūū ŭŮɜ ŮˊɏűŮɟŬɜ ɛŮŰŬɓɞɚɏɠ ůŰɖɜ ɏəűɟŬůɖ Űɖɠ Hsp90 

əŬɘ ůŰɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ p38 MAPK ůŰɞ ɛɡ. ȼ ɏɟŮɡɜŬ ɓɟɑůəŮŰŬɘ ůŮ Ůɝɏɚɘɝɖ. 
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ȺɘəɧɜŬ 2. ȰəűɟŬůɖ Űɤɜ ˊɟɤŰŮɥɜɩɜ Hsp70 əŬɘ Hsp90 ůŰɖ ŰůɘˊɞɨɟŬ ɏˊŮɘŰŬ Ŭˊɧ ůɑŰɘůɖ ɛŮ ɘɢɗɡɎɚŮɡɟɞ 

(C) əŬɘ ŮɜŰɞɛɞɎɚŮɡɟŬ ŬɡŰɞɨůɘŬ (IM) ɐ ŮɛˊɚɞɡŰɘůɛɏɜŬ ɛŮ ɡˊɞɚŮɑɛɛŬŰŬ ŬɟɤɛŬŰɘəɩɜ-űŬɟɛŬəŮɡŰɘəɩɜ 

űɡŰɩɜ (IFA). ɇɘɛɏɠ (ɀɃÑSTDE) ɛŮ ŭɘŬűɞɟŮŰɘəɧ ɔɟɎɛɛŬ ŭɘŬűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ (p<0,05, One-way 

ANOVA, Tukey post hoc test). 
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ɉɖɛɘəɧɠ əŬɘ ɓɘɞɚɞɔɘəɧɠ  ɢŬɟŬəŰɖɟɘůɛɧɠ Űɞɡ ŬɘɗŬɜɞɚɘəɞɨ ŮəɢɡɚɑůɛŬŰɞɠ űɨɚɚɤɜ Űɞɡ 

űɡŰɞɨ Haberlea rhodopensis 

 
ȺɅɀɃũȺɁɃɈɆ ȷɜŰɟɏŬɠ1, ȾɈɅȽȷȾɃɈ ɆɤŰɐɟɖɠ2, ɆɄɈɅȽȹɃɄɃɈȿɃɈ ȾŬŰŮɟɑɜŬ1, ɁɃɀȽȾɃɈ 

ȷɔɔŮɚɘəɐ1, ɅɃɈɄȷɆ ȯɔɔŮɚɞɠ1, ȸɃɈȿũȷɅȽȹɃɈ ũŮɤɟɔɑŬ-ɄŮɟůŮűɧɜɖ1, MOYANKOVA  Daniela3, 

DJILIANOV Dimitar3, ɄȷɁȷũȽɋɇȽȹȼɆ ɀɘɢɎɚɖɠ I.2, ɄȷɄɄȷ ȷɔɚŬȶŬ1*  

 
1 ɇɛɐɛŬ ɀɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ, Ɇɢɞɚɐ ȺˊɘůŰɖɛɩɜ ɈɔŮɑŬɠ, ȹɖɛɞəɟɑŰŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪɟɎəɖɠ, 

ȷɚŮɝŬɜŭɟɞɨˊɞɚɖ, ȺɚɚɎŭŬ 
2 ɇɛɐɛŬ ũŮɜŮŰɘəɐɠ, ŪŮɟŬˊŮɡŰɘəɐɠ ȾŬɟəɑɜɞɡ əŬɘ ɈˊŮɟŭɞɛɘəɐɠ ɄŬɗɞɚɞɔɑŬɠ, ȽɜůŰɘŰɞɨŰɞ ɁŮɡɟɞɚɞɔɑŬɠ & ũŮɜŮŰɘəɐɠ, 

ȿŮɡəɤůɑŬ, Ⱦɨˊɟɞɠ 
3 Abiotic stress, AgroBioInstitute, Agricultural Academy, ɆɧűɘŬ, ȸɞɡɚɔŬɟɑŬ 

 

 
ɄŮɟɑɚɖɣɖ  

ɇɞ Haberlea rhodopensis ŮɑɜŬɘ Ůɜŭɖɛɘəɧ űɡŰɧ Űɤɜ ȸŬɚəŬɜɑɤɜ, ɔɜɤůŰɧ ɔɘŬ Űɖɜ ŬɜŰɞɢɐ Űɞɡ ůŰɖɜ ɝɖɟŬůɑŬ, Ůɜɩ ɖ 

űŬɟɛŬəŮɡŰɘəɐ Űɞɡ ŬɝɑŬ ŭŮɜ ŮɑɜŬɘ ŮəŰŮɜɩɠ ɛŮɚŮŰɖɛɏɜɖ. Ɇəɞˊɧɠ Űɖɠ ɛŮɚɏŰɖɠ ɐŰŬɜ ɖ ɢɖɛɘəɐ ŬɜɎɚɡůɖ Űɞɡ 

ŬɘɗŬɜɞɚɘəɞɨ ŮəɢɡɚɑůɛŬŰɞɠ Űɞɡ H. rhodopensis (HEE) əŬɘ ɞ ɢŬɟŬəŰɖɟɘůɛɧɠ Űɤɜ ɓɘɞɚɞɔɘəɩɜ Űɞɡ ŭɟɎůŮɤɜ.  ȼ 

ɢɖɛɘəɐ ŬɜɎɚɡůɖ ɏŭŮɘɝŮ ɧŰɘ Űɞ ȼȺȺ ˊŮɟɘɏɢŮɘ ɡɣɖɚɎ ŮˊɑˊŮŭŬ űɚŬɓɞɜɞŮɘŭɩɜ, űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ, ŭɘŬɚɡŰɩɜ 

ˊɟɤŰŮɥɜɩɜ, ɢɟɤůŰɘəɩɜ ɞɡůɘɩɜ, əŬɘ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ɛɞɜɞŰŮɟˊŮɜɞŮɘŭɩɜ, ůɡɛˊɡəɜɤɛɏɜɤɜ ŰŬɜɘɜɩɜ əŬɘ ŭɘŬɚɡŰɩɜ 

ůŬəɢɎɟɤɜ. Ƀɘ ŭɞəɘɛŬůɑŮɠ DPPH əŬɘ ABTS ɏŭŮɘɝŬɜ ůɖɛŬɜŰɘəɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟŬůŰɘəɧŰɖŰŬ, ɖ ɞˊɞɑŬ 

ŮˊɘɓŮɓŬɑɤɗɖəŮ ˊŮɟŬɘŰɏɟɤ ůŮ əɡŰŰŬɟɘəɧ ŮˊɑˊŮŭɞ ɛŮŰɎ Ŭˊɧ ŮˊɩŬůɖ Ŭɜɗɟɩˊɘɜɤɜ əŮɟŬŰɘɜɞəɡŰŰɎɟɤɜ (HaCaT) ɛŮ 

ȼ2Ƀ2, Ůɜɩ ŭɘŮɟŮɡɜɐɗɖəŮ əŬɘ ɖ ŮˊŬɔɤɔɐ ɏɛɛŮůɤɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ əɡŰŰŬɟɘəɩɜ ɛɖɢŬɜɘůɛɩɜ.  ɆŮ ɧŰɘ ŬűɞɟɎ Űɖɜ 

ŬɜŰɘˊɞɚɚŬˊɚŬůɘŬůŰɘəɐ ŭɟɎůɖ, ɞɘ əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ ɖˊŬŰɩɛŬŰɞɠ (HepG3) əŬɘ ɛɖ ɛɘəɟɞəɡŰŰŬɟɘəɞɨ 

ŬŭŮɜɞəŬɟəɘɜɩɛŬŰɞɠ Űɞɡ ˊɜŮɨɛɞɜŬ (A459) ɐŰŬɜ Ŭˊɧ Űɘɠ ˊɘɞ ŮɡŬɑůɗɖŰŮɠ ůŰɞ ȼȺȺ ɛŮŰŬɝɨ Űɤɜ əŬɟəɘɜɘəɩɜ 

əɡŰŰŬɟɘəɩɜ ůŮɘɟɩɜ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ. ɆɡɛˊŮɟŬůɛŬŰɘəɎ, Űɞ ȼȺȺ ˊŬɟɞɡůɘɎɕŮɘ ůɖɛŬɜŰɘəɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ, 

əɡŰŰŬɟɞˊɟɞůŰŬŰŮɡŰɘəɐ əŬɘ ŬɜŰɘˊɞɚɚŬˊɚŬůɘŬůŰɘəɐ ŭɟŬůŰɘəɧŰɖŰŬ ˊɞɡ ɢɟɐɕɞɡɜ ˊŮɟŬɘŰɏɟɤ ŭɘŮɟŮɨɜɖůɖɠ.  

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ 

Haberlea rhodopensis, ŬɘɗŬɜɞɚɘəɧ ŮəɢɨɚɘůɛŬ,  ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ, əɡŰŰŬɟɞˊɟɞůŰŬůɑŬ, 

ŬɜŰɘˊɞɚɚŬˊɚŬůɘŬůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ 
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ȼ ŮɡɟŮɑŬ ɢɟɐůɖ Űɤɜ űɡŰɩɜ ɓɟɑůəŮɘ ɛŮɔɎɚɖ ŬɝɑŬ ɔɘŬ ˊɞɘəɑɚŮɠ ɗŮɟŬˊŮɡŰɘəɏɠ ɢɟɐůŮɘɠ, əŬɗɩɠ əŬɘ ɤɠ 

ůɡɛˊɚɖɟɩɛŬŰŬ ŭɘŬŰɟɞűɐɠ, ŬɚɚɎ ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ əŬɘ ɖ ŬɝɑŬ Űɞɡɠ ɤɠ ˊɖɔɐ űɡůɘəɩɜ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ (Stankoviĺ et al., 2016). ɇɞ ɞɝŮɘŭɤŰɘəɧ ůŰɟŮɠ ˊŬɑɕŮɘ ˊɟɤŰŬɔɤɜɘůŰɘəɧ ɟɧɚɞ ůŮ ˊɞɚɚɏɠ 

ˊŬɗɞɚɞɔɘəɏɠ əŬŰŬůŰɎůŮɘɠ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ əŬɟəɑɜɞɡ (Gutteridge, 1993). TŬ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɎ ŭɟɞɡɜ ɩůŰŮ ɜŬ ŬɜŰɘůŰŬɗɛɑɕɞɡɜ Űɞ ɞɝŮɘŭɞŬɜŬɔɤɔɘəɧ ɘůɞɕɨɔɘɞ ˊɞɡ ŭɘŬŰŬɟɎůůŮŰŬɘ Ŭˊɧ Űɘɠ 

ŭɟŬůŰɘəɏɠ ŮɜɩůŮɘɠ ɞɝɡɔɧɜɞɡ (ROS), ŮɑŰŮ ɎɛŮůŬ, ɛɏůɤ ŬɜŬůŰɞɚɐɠ ˊŬɟŬɔɤɔɐɠ ɐ ŮɝɞɡŭŮŰɏɟɤůɖɠ Űɤɜ 

ROS, (Saeed et al., 2012), ŮɑŰŮ ɏɛɛŮůŬ ɛɏůɤ ɟɨɗɛɘůɖɠ ůɖɛŬŰɞŭɞŰɘəɩɜ ɛɞɜɞˊŬŰɘɩɜ (ɛŮ əɡɟɘɧŰŮɟɞ Űɞ 

NRF2/KEAP1) əŬɘ ɔɞɜɘŭɘŬəɐɠ ɏəűɟŬůɖɠ ŬˊɞŰɞɝɘɜɤŰɘəɩɜ/ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ Ůɜɕɨɛɤɜ (Frankel & 

German, 2006; Kobayashi & Yamamoto, 2005) 

 

ɇɞ Ůɜŭɖɛɘəɧ űɡŰɧ Űɤɜ ȸŬɚəŬɜɑɤɜ H. rhodopensis ŮɑɜŬɘ ɔɜɤůŰɧ ɔɘŬ Űɖɜ ŬɜŰɞɢɐ Űɞɡ əŬɘ Űɖɜ ŬˊɞɡůɑŬ 

ɓɚŬɓɩɜ ɐ ůɞɓŬɟɞɨ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ ůŮ ůɡɜɗɐəŮɠ ɝɖɟŬůɑŬɠ əŬɘ ɏɜŰɞɜɞɡ ůŰɟŮɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ 

ˊɟɞůŰŬŰŮɡɛɏɜɞ Ůɑŭɞɠ ůŰɖɜ ȺɚɚɎŭŬ əŬɘ ůŰɖ ȸɞɡɚɔŬɟɑŬ (Georgiev et al., 2020). ɀɞɜŬŭɘəɞɑ ɛŮŰŬɓɞɚɑŰŮɠ 

Űɞɡ űɡŰɞɨ űŬɑɜŮŰŬɘ ɜŬ ˊɟɞɎɔɞɡɜ əŬɘ ɜŬ ɛŮůɞɚŬɓɞɨɜ Űɖɜ ŬɜŰɞɢɐ ůŰɖɜ ɝɖɟŬůɑŬ əŬɘ Űɖɜ ˊɟɞůŰŬůɑŬ Ŭˊɧ 

Űɞ ůŰɟŮɠ (Benina et al., 2013). ȷɜɎɚɞɔɞɘ ɛŮŰŬɓɞɚɑŰŮɠ űŬɑɜŮŰŬɘ ɜŬ ŭɘŬɗɏŰɞɡɜ ɏɜŬ Ůɡɟɨ űɎůɛŬ 

ɓɘɞŭɟŬůŰɘəɧŰɖŰŬɠ ˊɞɡ Űɞɡɠ əŬɗɘůŰɎ ŮɜŭɘŬűɏɟɞɜŰŮɠ ɤɠ ˊɖɔɐ ɜɏɤɜ űɡŰɞɢɖɛɘəɩɜ ɞɡůɘɩɜ ɛŮ ŭɡɜɖŰɘəɏɠ 

ɓɘɞɥŬŰɟɘəɏɠ ŮűŬɟɛɞɔɏɠ.  ɄɟɞɖɔɞɨɛŮɜŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ůɡůɢŮŰɑůŮɘ ŭɘɎűɞɟŬ űŬɘɜɞɚɘəɎ ůɡůŰŬŰɘəɎ Űɞɡ 

űɡŰɞɨ H. rhodopensis ɛŮ  ŬɜŰɘɞɝŮɘŭɤŰɘəɐ/əɡŰŰŬɟɞˊɟɞůŰŬŰŮɡŰɘəɐ ŭɟɎůɖ ůŮ ŭɘɎűɞɟɞɡɠ Űɨˊɞɡɠ 

əɡŰŰɎɟɤɜ, Ůɜɩ ɖ ˊɘɗŬɜɐ űŬɟɛŬəŮɡŰɘəɐ ŬɝɑŬ Űɤɜ ŮəɢɡɚɘůɛɎŰɤɜ Űɞɡ űɡŰɞɨ ŭŮɜ ŮɑɜŬɘ Ůɡɟɏɤɠ ɛŮɚŮŰɖɛɏɜɖ 
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(Mihaylova et al., 2013; Todorova & Atanasov, 2016). 

 

Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ ɐŰŬɜ: Ŭ) ɖ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ ɢɖɛɘəɞɨ ˊɟɞűɑɚ Űɞɡ ŬɘɗŬɜɞɚɘəɞɨ 

ŮəɢɡɚɑůɛŬŰɞɠ űɨɚɚɤɜ Űɞɡ űɡŰɞɨ H. Rhodopensis (HEE - H. rhodopensis Ⱥthanolic Ⱥxtract) əŬɘ ɓ) ɞ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ɓɘɞŮɜŮɟɔɧŰɖŰŬɠ Űɞɡ ȼȺȺ əɡɟɑɤɠ ůŮ ɧŰɘ ŬűɞɟɎ Űɘɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ əŬɘ Űɘɠ 

ŬɜŰɘˊɞɚɚŬˊɚŬůɘŬůŰɘəɏɠ Űɞɡ ɘŭɘɧŰɖŰŮɠ.   

 

ɀɏɗɞŭɞɘ 

ũɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɞɡ ȼȺȺ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŬˊɞɝɖɟŬɛɏɜŬ űɨɚɚŬ űɡŰɩɜ H. rhodopensis 

əŬɚɚɘŮɟɔɞɨɛŮɜɤɜ in vitro əɎŰɤ Ŭˊɧ ŮɚŮɔɢɧɛŮɜŮɠ ůɡɜɗɐəŮɠ (Djilianov et al., 2005), ŰŬ ɞˊɞɑŬ 

əɞɜɘɞɟŰɞˊɞɘɐɗɖəŬɜ ůŮ 70% ŬɘɗŬɜɧɚɖ əŬɘ ŬəɞɚɞɨɗɖůŮ ɝɐɟŬɜůɖ ůŰɞɡɠ 40oC.  

 

ũɘŬ Űɞɜ ɢɖɛɘəɧ ɢŬɟŬəŰɖɟɘůɛɧ Űɞɡ ȼȺȺ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ UPLC-MS/MS ŬɜɎɚɡůɖ.  

 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ: A549 (ɛɖ ɛɘəɟɞəɡŰŰŬɟɘəɧɠ əŬɟəɑɜɞɠ ˊɜŮɨɛɞɜŬ), HepG2 

(ɖˊŬŰɘəɧ əŬɟəɑɜɤɛŬ), HT29 and Caco-2 (ɞɟɗɞəɞɚɘəɧ ŬŭŮɜɞəŬɟəɑɜɤɛŬ), PC3 and DU145 

(ŬŭŮɜɞəŬɟəɑɜɤɛŬ ˊɟɞůŰɎŰɖ) əŬɘ HaCaT (ŬɜɗɟɩˊɘɜŬ əŮɟŬŰɘɜɞəɨŰŰŬɟŬ), ůŰɘɠ ɞˊɞɑŮɠ ɏɔɘɜŮ ɏɚŮɔɢɞɠ 

əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬɠ Űɞɡ ȼȺȺ.  

 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ŭɞəɘɛŬůɑŬ  sulforhodamine B (SRB) 

(Vichai & Kirtikara, 2006) ɛŮŰɎ Ŭˊɧ ŮˊɑŭɟŬůɖ ŭɘŬɓŬɗɛɘůɛɏɜɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ HEE ůŰɘɠ əɡŰŰŬɟɘəɏɠ  

ůŮɘɟɏɠ (Mitropoulou et al., 2020). 

 

ũɘŬ Űɞɜ in vitro ɏɚŮɔɢɞ Űɖɠ ɎɛŮůɖɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɐɠ ŭɟɎůɖɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ ŰŮɢɜɘəɏɠ DPPH əŬɘ 

ABTS. ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ˊɘɗŬɜɐɠ əɡŰŰŬɟɞˊɟɞůŰŬŰŮɡŰɘəɐɠ ŭɟɎůɖɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ˊɟɞ-

ŮˊɘŭɟɎůŮɘɠ ɔɘŬ 24h ɛŮ ȼȺȺ (20ɛg/mL) ůŮ HaCaT əŬɘ Ůɜ ůɡɜŮɢŮɑŬ 24h ŮˊɑŭɟŬůɖ ɛŮ H2O2 (0.2 & 0.4mM) 

əŬɘ ŰŮɚɘəɧɠ ɏɚŮɔɢɞɠ Űɖɠ ɓɘɤůɘɛɧŰɖŰŬɠ Űɤɜ əɡŰŰɎɟɤɜ ɛŮ SRB. ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɏɛɛŮůɖɠ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɐɠ ŭɟɎůɖɠ, HaCaT əɨŰŰŬɟŬ ŮˊɤɎůŰɖəŬɜ ɔɘŬ 24h ɛŮ ȼȺȺ (20ɛg/mL). ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

Ŭˊɞɛɧɜɤůɖ RNA ɛŮ ɢɟɐůɖ NucleoZOL, ůɨɜɗŮůɖ cDNA əŬɘ Real-Time PCR əŬɘ ŭɘŮɟŮɨɜɖůɖ Űɤɜ 

Ůˊɘˊɏŭɤɜ ɏəűɟŬůɖɠ Űɤɜ ɔɞɜɘŭɑɤɜ-ůŰɧɢɤɜ: CAT, SOD1, HMOX1, NQO1, NRF2, Keap1, GPX1, GSR 

əŬɘ GSTP1. 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȼ ɢɖɛɘəɐ ŬɜɎɚɡůɖ ɏŭŮɘɝŮ ɧŰɘ Űɞ ȼȺȺ ˊŮɟɘɏɢŮɘ ɎűɗɞɜŬ űɚŬɓɞɜɞŮɘŭɐ əŬɘ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ, ɛŮ Űɘɠ 

ŰŮɚŮɡŰŬɑŮɠ ɜŬ ŮɑɜŬɘ ˊɘɞ ŮˊɘəɟŬŰŮɑɠ. ȷɜŰɑɗŮŰŬ, ŰŬ ŮˊɑˊŮŭŬ Űɤɜ ɛɞɜɞŰŮɟˊŮɜɞŮɘŭɩɜ əŬɘ Űɤɜ 

ůɡɛˊɡəɜɤɛɏɜɤɜ ŰŬɜɘɜɩɜ ɐŰŬɜ ˊŬɟɧɜŰŬ ůŮ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ. ȯɚɚŬ ůɖɛŬɜŰɘəɎ ɛɧɟɘŬ ɐŰŬɜ ɞɘ ŭɘŬɚɡŰɏɠ 

ˊɟɤŰŮȶɜŮɠ (ɡɣɖɚɎ ŮˊɑˊŮŭŬ) əŬɘ ŰŬ ůɎəɢŬɟŬ, (ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ). Ⱥˊɘˊɚɏɞɜ, Űɞ HEE ˊŮɟɘŮɑɢŮ ɡɣɖɚɏɠ 

ˊɞůɧŰɖŰŮɠ ɢɟɤůŰɘəɩɜ ɞɡůɘɩɜ (ɢɚɤɟɞűɨɚɚɖ-Ŭ, -ɓ, ɓ-ɚɡəɞˊɏɜɘɞ əŬɘ əŬɟɞŰŮɜɞŮɘŭɐ). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Űɖɠ ɛŮɚɏŰɖɠ ɛŬɠ ŮɑɜŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ əɨɟɘɞ Űɨˊɞ ɓɘɞŭɟŬůŰɘəɩɜ ɛɞɟɑɤɜ ˊɞɡ ɏɢɞɡɜ ŮɜŰɞˊɘůŰŮɑ ůŮ 

ŭɘɎűɞɟŬ ŮəɢɡɚɑůɛŬŰŬ H. rhodopensis, ɧˊɤɠ ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɖɜ ŮɟɔŬůɑŬ Űɤɜ Geogiev at al.(2020) əŬɘ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ űɚŬɓɞɜɞŮɘŭɐ, űŬɘɜɞɚɘəɎ ɞɝɏŬ, ɚɘˊŬɟɎ ɞɝɏŬ, űɡŰɞůŰŮɟɧɚŮɠ, ˊɞɚɡůŬəɢŬɟɑŰŮɠ, 

əŬɟɞŰŮɜɞŮɘŭɐ əŬɘ ɎɚɚŬ ɚɘˊɞŭɘŬɚɡŰɎ ůɡůŰŬŰɘəɎ.  

 

ȳˊɤɠ ŬɜŬɛŮɜɧŰŬɜ, ɛŮ ɓɎůɖ Űɖɜ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ űŬɘɜɞɚɘəɎ əŬɘ űɚŬɓɞɜɞŮɘŭɐ, Űɞ ȼȺȺ 

ˊŬɟɞɡůɑŬůŮ ŬɝɘɞůɖɛŮɑɤŰɖ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ɘəŬɜɧŰɖŰŬ, ɧˊɤɠ ɛŮŰɟɐɗɖəŮ ɛŮ ŭɨɞ ŬɜŮɝɎɟŰɖŰŮɠ in vitro ɛɖ 

əɡŰŰŬɟɘəɏɠ ɛŮɗɞŭɞɚɞɔɑŮɠ Űɖɠ DPPH əŬɘ ABTS. ȼ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ȼȺȺ ŮˊɘɓŮɓŬɘɩɗɖəŮ 

ˊŮɟŬɘŰɏɟɤ ɛŮŰɎ Ŭˊɧ ŮˊɑŭɟŬůɖ HaCaT əɡŰŰɎɟɤɜ ɛŮ ȼȺȺ ůŮ ůɡɜɗɐəŮɠ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ (ŮˊɩŬůɖ ɛŮ 

H2O2) ɞŭɖɔɩɜŰŬɠ ůŮ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɐ ɛŮɔŬɚɨŰŮɟɖ ɓɘɤůɘɛɧŰɖŰŬ Űɤɜ əɡŰŰɎɟɤɜ ůŮ ůɢɏůɖ ɛŮ Űɞɜ 

ɛɎɟŰɡɟŬ. ɄŬɟɎɚɚɖɚŬ, ˊɟɞəŬŰŬɟəŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮɚɏŰɖɠ ɏəűɟŬůɖɠ ɔɞɜɘŭɑɤɜ-ůŰɧɢɤɜ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ɏɛɛŮůɞɡɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɞɨɠ əɡŰŰŬɟɘəɞɨɠ ɛɖɢŬɜɘůɛɞɨɠ (NFK2/KEAP1 ɛɞɜɞˊɎŰɘ) 

ɏŭŮɘɝŬɜ ɜŬ ɛɖɜ ŮˊɖɟŮɎɕɞɜŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɞ H. rhodopensis əɎŰɤ Ŭˊɧ Űɘɠ ůɡɜɗɐəŮɠ ˊɞɡ 

ɛŮɚŮŰɐɗɖəŬɜ. 
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ɇɏɚɞɠ, ɖ ŬɜŰɘˊɞɚɚŬˊɚŬůɘŬůŰɘəɐ ŭɟŬůŰɘəɧŰɖŰŬ Űɞɡ ȼȺȺ ˊɟɞůŭɘɞɟɑůŰɖəŮ ůŮ ɏɜŬ ˊɎɜŮɚ 6 əŬɟəɘɜɘəɩɜ 

əɡŰŰŬɟɘəɩɜ ůŮɘɟɩɜ əŬɘ ɏŭŮɘɝŮ ɛŮɔŬɚɨŰŮɟɖ ŮɡŬɘůɗɖůɑŬ ɏɜŬɜŰɘ Űɤɜ əŬɟəɘɜɘəɩɜ ůŮɘɟɩɜ ȷ549 (EC50=46Ñ3 

mg/ml) əŬɘ HepG2 (EC50=81Ñ3 mg/ml), ɛŮŰɎ Ŭˊɧ ŮˊɩŬůɖ ɔɘŬ 72h.  

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, Űɞ ŬɘɗŬɜɞɚɘəɧ ŮəɢɨɚɘůɛŬ Haberlea rhodopensis əŬŰɏɢŮɘ ŬɝɘɞůɖɛŮɑɤŰŮɠ ɓɘɞɚɞɔɘəɏɠ 

ŭɟɎůŮɘɠ ůŮ ɧŰɘ ŬűɞɟɎ Űɘɠ ŬɜŰɘɞɝŮɘŭɤŰɘəɏɠ, əɡŰŰŬɟɞˊɟɞůŰŬŰŮɡŰɘəɏɠ əŬɘ ŬɜŰɘˊɞɚɚŬˊɚŬůɘŬůŰɘəɏɠ 

ɘŭɘɧŰɖŰɏɠ Űɞɡ.  ȼ ɢɖɛɘəɐ ŬɜɎɚɡůɖ ɏŭŮɘɝŮ ɧŰɘ Űɞ əɚɎůɛŬ HEE ˊŮɟɘɏɢŮɘ ɡɣɖɚɎ ŮˊɑˊŮŭŬ űɚŬɓɞɜɞŮɘŭɩɜ əŬɘ 

űŬɘɜɞɚɘəɩɜ ŮɜɩůŮɤɜ, ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ɛɞɜɞŰŮɟˊŮɜɞŮɘŭɩɜ əŬɘ ůɡɛˊɡəɜɤɛɏɜɤɜ ŰŬɜɘɜɩɜ, ɡɣɖɚɎ ŮˊɑˊŮŭŬ 

ŭɘŬɚɡŰɩɜ ˊɟɤŰŮɥɜɩɜ əŬɘ ɢɟɤůŰɘəɩɜ ɞɡůɘɩɜ əŬɘ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ŭɘŬɚɡŰɩɜ ůŬəɢɎɟɤɜ. ɆŮ ůɡɛűɤɜɑŬ ɛŮ 

Űɖɜ ɡɣɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰɎ Űɞɡ ůŮ ˊɞɚɡűŬɘɜɧɚŮɠ, Űɞ HEE ŮˊɏŭŮɘɝŮ ůɖɛŬɜŰɘəɐ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ ŭɟɎůɖ 

Űɧůɞ ůŮ ɛɖ əɡŰŰŬɟɘəɎ ɧůɞ əŬɘ ůŮ əɡŰŰŬɟɘəɎ ůɡůŰɐɛŬŰŬ ɛŮɚɏŰɖɠ. ɇɞ HEE ŮˊɖɟɏŬůŮ Ůˊɑůɖɠ ɛŮ 

ŭɘŬűɞɟŮŰɘəɧ Űɟɧˊɞ Űɖ ŬɜɎˊŰɡɝɖ Űɤɜ ŭɘɎűɞɟɤɜ əŬɟəɘɜɘəɩɜ əɡŰŰŬɟɘəɩɜ ůŮɘɟɩɜ ɛŮ Űɖɜ ˊɘɞ ůɖɛŬɜŰɘəɐ 

ŮˊɑŭɟŬůɖ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ ȷ549 əŬɘ HepG2. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɐɠ Űɖɠ ɛŮɚɏŰɖɠ ɢɟɐɕɞɡɜ 

ˊŮɟŬɘŰɏɟɤ ŭɘŮɟŮɨɜɖůɖɠ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɤɜ ɛɖɢŬɜɘůɛɩɜ Űɤɜ ɓɘɞɚɞɔɘəɩɜ ŭɟɎůŮɤɜ Űɞɡ H. 

rhodopensis əŬɘ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ůɡůŰŬŰɘəɩɜ ŮɜɩůŮɤɜ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ůŰɘɠ ůɡɔəŮəɟɘɛɏɜŮɠ 

ŭɟɎůŮɘɠ.  
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Ex vivo ɏəˊŰɡɝɖ HUDEP-2 əŬɘ CD34+ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ əɡŰŰɎɟɤɜ ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ 
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ɄŮɟɑɚɖɣɖ 
ȼ ɔɞɜɘŭɘŬəɐ ɗŮɟŬˊŮɑŬ ůŰɘɠ ɓ-ŬɘɛɞůűŬɘɟɘɜɞˊɎɗŮɘŮɠ ˊŮɟɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ɛŮɘɤɛɏɜɖ ɛŮŰŬűɞɟɎ Űɞɡ ɗŮɟŬˊŮɡŰɘəɞɨ 

ɔɞɜɘŭɑɞɡ ůŰŬ ˊɟɞɔɞɜɘəɎ əɨŰŰŬɟŬ. ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ˊɟɞŰŮɑɜɞɡɛŮ ɛɘŬ ɜɏŬ ɛɏɗɞŭɞ ɔɘŬ Űɖɜ ex vivo əŬɘ in vivo 

ɏəˊŰɡɝɖ Űɤɜ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ əɡŰŰɎɟɤɜ ɛŮ Űɖɜ ɢɟɐůɖ Ůɜɧɠ ɗŮɟŬˊŮɡŰɘəɞɨ űɞɟɏŬ ɜɏŬɠ ɔŮɜɘɎɠ, ˊɞɡ ɏɢŮɘ 

ŮɜůɤɛŬŰɤɛɏɜɖ Űɖɜ ŬɚɚɖɚɞɡɢɑŬ Űɖɠ ůɡɜɗŮŰɘəɐɠ ˊɟɤŰŮȶɜɖɠ F36VMpl  əŬɘ ɏɜŬ ɗŮɟŬˊŮɡŰɘəɧ ŭɘŬɔɞɜɑŭɘɞ ɔɘŬ Űɘɠ ɓ-

ŬɘɛɞůűŬɘɟɘɜɞˊɎɗŮɘŮɠ. ɀŮŰɎ Ŭˊɧ ɏəɗŮůɖ Űɖɠ ˊɟɤŰŮȶɜɖɠ F36VMpl  ůŮ ɏɜŬ ɢɖɛɘəɧ ɛɧɟɘɞ (AP20187), ŬɡŰɐ 

ŭɘɛŮɟɑɕŮŰŬɘ əŬɘ ůɖɛŬŰɞŭɞŰŮɑ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ Űɤɜ əɡŰŰɎɟɤɜ. ɄŬɟŬŰɖɟɐůŬɛŮ ˊɤɠ ɖ ŭɘŬɛɧɚɡɜůɖ ɛŮ Űɞɜ ɘɘəɧ 

űɞɟɏŬ ŭŮɜ ŮˊɖɟŮɎɕŮɘ ŬɟɜɖŰɘəɎ Űɖɜ ɏəˊŰɡɝɖ əŬɘ Űɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ əɡŰŰɎɟɤɜ, Ůɜɩ ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ 

ˊŬɟɎɔɞɜŰŬ ŭɘɛŮɟɘůɛɞɨ, ˊŬɟɞɡůɘɎůŰɖəŮ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ Űɞɡ ˊɞůɞůŰɞɨ Űɤɜ ŭɘŬɛɞɚɡůɛɏɜɤɜ əɡŰŰɎɟɤɜ 

ůɡɔəɟɘŰɘəɎ ɛŮ Űɖ ůɡɜɗɐəɖ ŬˊɞɡůɑŬɠ Űɞɡ. Ƀ ůɡɜŭɡŬůɛɧɠ Űɖɠ F36VMpl  ɛŮ Űɞ ɗŮɟŬˊŮɡŰɘəɧ ŭɘŬɔɞɜɑŭɘɞ (BCL11A-

shRNA) ŬˊɏŭɤůŮ ɡɣɖɚɐ ɏəűɟŬůɖ Űɖɠ ɗŮɟŬˊŮɡŰɘəɐɠ ˊɟɤŰŮȶɜɖɠ. ŪŮɤɟɞɨɛŮ Ůˊɞɛɏɜɤɠ ˊɤɠ ɖ ɢɟɐůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ F36Vmpl-AP20187 ɛˊɞɟŮɑ ɜŬ ůɡɛɓɎɚɚŮɘ ɎɛŮůŬ ůŰɖɜ Ůɜɑůɢɡůɖ Űɞɡ ɗŮɟŬˊŮɡŰɘəɞɨ ŬˊɞŰŮɚɏůɛŬŰɞɠ.  

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ 

ɔɞɜɘŭɘŬəɐ ɗŮɟŬˊŮɑŬ, CD34+ əɨŰŰŬɟŬ, ex vivo Ůˊɘɚɞɔɐ, ɚŮɜŰɘɘəɧɠ űɞɟɏŬɠ 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ɔɞɜɘŭɘŬəɐ ɗŮɟŬˊŮɑŬ ŬˊɞŰŮɚŮɑ Űɖɜ ɛɧɜɖ ɗŮɟŬˊŮɑŬ ˊɚɐɟɞɡɠ ɑŬůɖɠ ɔɘŬ ɛɘŬ ˊɚɖɗɩɟŬ ɛɞɜɞɔɞɜɘŭɘŬəɩɜ 

ɔŮɜŮŰɘəɩɜ ŬůɗŮɜŮɘɩɜ, ɧˊɤɠ ɖ ADA-SCID, ɖ əɡůŰɘəɐ ɑɜɤůɖ əŬɘ ɖ ɓ-ɗŬɚŬůůŬɘɛɑŬ (Neff, Beard & Kiem 

2006). ɄŬɟɎ ŰŬ ˊɟɩŰŬ ŮɜɗŬɟɟɡɜŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ůɡɜŮɢɑɕɞɡɜ ɜŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əɎˊɞɘŬ ˊɟɞɓɚɐɛŬŰŬ 

ˊɞɡ ŬˊŬɘŰɞɨɜ Ůˊɑɚɡůɖ. ȷɟɢɘəɎ, ɖ ɛŮɘɤɛɏɜɖ ɘəŬɜɧŰɖŰŬ ŭɘŬɛɧɚɡɜůɖɠ Űɤɜ ɏɤɠ ŰɩɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ 

ɚŮɜŰɘ-ɘɘəɩɜ űɞɟɏɤɜ, ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɘůɢɡɟɎ ɛŮ Űɞ ɛŮɔɎɚɞ ɛɏɔŮɗɞɠ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ Űɞɡɠ, ůɡɢɜɎ ɞŭɖɔŮɑ 

ůŮ ŬˊɞɡůɑŬ ɗŮɟŬˊŮɡŰɘəɞɨ ŬˊɞŰŮɚɏůɛŬŰɞɠ (Carter 2008). ɄŬɟɎɚɚɖɚŬ, ɞɘ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɞɘ əɨəɚɞɘ 

ŭɘŬɛɧɚɡɜůɖɠ ɛŮ ůŰɧɢɞ Űɖɜ ŮˊɑŰŮɡɝɖ Ŭɡɝɖɛɏɜɞɡ Ŭɟɘɗɛɞɨ ŬɜŰɘɔɟɎűɤɜ ŬɜɎ əɨŰŰŬɟɞ ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɜɎˊŰɡɝɖ űŬɘɜɞɛɏɜɤɜ əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬɠ əŬɘ ŮɘůɢɤɟɖŰɘəɐɠ ɛŮŰŬɚɚŬɝɘɔɏɜŮůɖɠ 

(Davis, Ko­ & Gerson 2000).   

 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ůɢŮŭɘɎůŰɖəŮ ɏɜŬɠ ɜɏɞɠ ɗŮɟŬˊŮɡŰɘəɧɠ űɞɟɏŬɠ ɔɘŬ Űɖ ɗŮɟŬˊŮɑŬ Űɤɜ 

ŬɘɛɞůűŬɘɟɘɜɞˊŬɗŮɘɩɜ. Ƀ ɜɏɞɠ ŬɡŰɧɠ űɞɟɏŬɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ shRNA (small hairpin RNA) ˊɞɡ 

ůŰɞɢŮɨŮɘ Űɞɜ əŬŰŬůŰɞɚɏŬ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ BCL11A (Bauer & Orkin 2012, Brendel et al. 2016, Xu J et 

al. 2013). əŬɘ ɓɟɑůəŮŰŬɘ ˊɟɞɠ Űɞ ˊŬɟɧɜ ůŮ əɚɘɜɘəɏɠ ŭɞəɘɛɏɠ. Ƀ űɞɟɏŬɠ ɏɢŮɘ ŰɟɞˊɞˊɞɘɖɗŮɑ ɛŮŰɎ Ŭˊɧ 

ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ ŮɜɘůɢɡŰɐ ˊɞɡ ɐŭɖ űɏɟŮɘ (ɓ-globin Locus Control Region-LCR), ɛŮɔɏɗɞɡɠ ~3kb, Ŭˊɧ 
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ɏɜŬɜ ɜɏɞ ŮɟɡɗɟɞŮɘŭɘəɧ ŮɜɘůɢɡŰɐ (PVT1) ɛŮ ˊŮɟɑˊɞɡ 10 űɞɟɏɠ ɛɘəɟɧŰŮɟɞ ɛɏɔŮɗɞɠ. ȼ ŬɜŰɘəŬŰɎůŰŬůɖ 

ŬɡŰɐ Űɖɠ ɓ-LCR ɟɡɗɛɘůŰɘəɐɠ ˊŮɟɘɞɢɐɠ Ŭˊɧ Űɞɜ PVT1 ŮɟɡɗɟɞŮɘŭɘəɧ ŮɜɘůɢɡŰɐ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ Űɞɡ ɘɘəɞɨ űɞɟɏŬ ŮˊɘŰɟɏˊɞɜŰŬɠ Ůˊɞɛɏɜɤɠ Űɖɜ ŮɜůɤɛɎŰɤůɖ Űɖɠ 

əŬůɏŰŬɠ Ůˊɘɚɞɔɐɠ F36Vmpl. ɄŬɟɎɚɚɖɚŬ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ŮɝŮɘŭɘəŮɡɛɏɜɖ ɏəűɟŬůɖ Űɞɡ ŭɘŬɔɞɜɘŭɑɞɡ 

(shRNA-BCL11a) ůŰŬ ŮɟɡɗɟɞəɨŰŰŬɟŬ. ȼ ˊɟɤŰŮȶɜɖ F36Vmpl ŮɑɜŬɘ ɛɘŬ ŭɘŬɛŮɛɓɟŬɜɘəɐ ˊɟɤŰŮȶɜɖ ɛŮ Űɞ 

ŮɜŭɞəɡŰŰɎɟɘɞ ŰɛɐɛŬ Űɖɠ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞɜ ɡˊɞŭɞɢɏŬ Űɖɠ ɗɟɞɛɓɞˊɞɘɖŰɑɜɖɠ, MPL əŬɘ Űɞ 

ŮɝɤəɡŰŰɎɟɘɞ ŰɛɐɛŬ Űɖɠ Ŭˊɧ ɛɘŬ ɛŮŰŬɚɚŬɔɛɏɜɖ (F36V) ɛɞɟűɐ Űɖɠ FK506-binding protein (FKBP). 

ɀŮŰɎ Ŭˊɧ ɏəɗŮůɖ Űɤɜ əɡŰŰɎɟɤɜ ůŮ ɏɜŬ ɢɖɛɘəɧ ɛɧɟɘɞ (AP20187), ˊɞɡ ˊɟɞůŭɏɜŮŰŬɘ ůŰɞɜ F36V-FKBP 

ɡˊɞŭɞɢɏŬ, ɖ ůɡɜɗŮŰɘəɐ ŬɡŰɐ ˊɟɤŰŮɑɜɖ ŭɘɛŮɟɑɕŮŰŬɘ əŬɘ ůɖɛŬŰɞŭɞŰŮɑ Űɞɜ ŮˊɘɚŮəŰɘəɧ ˊɞɚɚŬˊɚŬůɘŬůɛɧ 

Űɤɜ ŭɘŬɛɞɚɡůɛɏɜɤɜ əɡŰŰɎɟɤɜ, ɔŮɔɞɜɧɠ ˊɞɡ ɗŬ ɞŭɖɔɐůŮɘ ůŰɞɜ ŮɛˊɚɞɡŰɘůɛɧ Űɞɡ ŰŮɚɘəɞɨ əɡŰŰŬɟɘəɞɨ 

ˊɚɖɗɡůɛɞɨ ůŮ ɔŮɜŮŰɘəɎ ŮˊɘŭɘɞɟɗɤɛɏɜŬ əɨŰŰŬɟŬ (Abdel-Azim et al. 2008, Okazuka et al. 2011). 

 

ɀɏɗɞŭɞɘ 

Ƀ ɘɘəɧɠ űɞɟɏŬɠ ɛŮ Űɞɜ ůɢŮŭɘŬůɛɧ ˊɞɡ ˊŮɟɘŮɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ ŮɚɏɔɢɗɖəŮ ůŮ HUDEP-2 əɨŰŰŬɟŬ 

(Ŭɜɗɟɩˊɘɜɖ əɡŰŰŬɟɘəɐ ůŮɘɟɎ ˊɟɩɘɛɤɜ ŮɟɡɗɟɞɓɚŬůŰɩɜ ˊɞɡ ŮəűɟɎɕɞɡɜ Űɖɜ Ůɜɐɚɘəɖ ŬɘɛɞůűŬɘɟɑɜɖ) əŬɘ 

ůŮ ŬɜɗɟɩˊɘɜŬ CD34+ əɨŰŰŬɟŬ ŮɛˊɚɞɡŰɘůɛɏɜŬ ůŮ ŬɘɛɞˊɞɘɖŰɘəɎ ůŰŮɚŮɢɘŬɑŬ əɨŰŰŬɟŬ. ɇɞ shRNA ɔɘŬ Űɞɜ 

BCL11A ɏɢŮɘ ˊɟɞůŰŮɗŮɑ ůŰɞ 3ôUTR Ůɜɧɠ ɔɞɜɘŭɑɞɡ ŬɜŬűɞɟɎɠ (GFP) ɔɘŬ Űɖɜ ŮɡəɞɚɑŬ ŬɜɑɢɜŮɡůɖɠ Űɖɠ 

ŭɘŬɔɞɜɘŭɘŬəɐɠ ɏəűɟŬůɖɠ ůŰŬ əɨŰŰŬɟŬ.  

 

ɇŬ əɨŰŰŬɟŬ ŭɘŬɛɞɚɨɜɗɖəŬɜ ɛŮ Űɞɜ ɘɘəɧ űɞɟɏŬ. ɀɖ ŭɘŬɛɞɚɡůɛɏɜŬ əɨŰŰŬɟŬ əŬɘ əɨŰŰŬɟŬ ŭɘŬɛɞɚɡůɛɏɜŬ 

ɛŮ ɘɘəɧ űɞɟɏŬ ˊɞɡ ɏɢŮɘ Űɞɜ ɑŭɘɞ ůɢŮŭɘŬůɛɧ ɢɤɟɑɠ ɧɛɤɠ Űɖɜ ůɡɜɗŮŰɘəɐ ˊɟɤŰŮȶɜɖ F36Vmpl 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ɞɛɎŭŮɠ ŬɟɜɖŰɘəɞɨ Ůɚɏɔɢɞɡ. ɆŰɖ ůɡɜɏɢŮɘŬ əŬɘ 3 ɖɛɏɟŮɠ ɛŮŰɎ Űɖ ŭɘŬɛɧɚɡɜůɖ 

ɔɑɜŮŰŬɘ ɏɚŮɔɢɞɠ Űɤɜ əɡŰŰɎɟɤɜ ɛŮ əɡŰŰŬɟɞɛŮŰɟɑŬ ɟɞɐɠ ɔɘŬ ɏəűɟŬůɖ GFP əŬɘ ŬɜŬəŬɚɚɘɏɟɔŮɘŬ ůŮ ɞɛɎŭŮɠ 

ɛŮ əŬɘ ɢɤɟɑɠ Űɖɜ ɢɞɟɐɔɖůɖ Űɞɡ ɢɖɛɘəɞɨ ɛɞɟɑɞɡ AP20187. ȷɜɎ ŭɨɞ ɖɛɏɟŮɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏɚŮɔɢɞɠ 

Űɤɜ ɞɛɎŭɤɜ ɛŮ əɡŰŰŬɟɞɛŮŰɟɑŬ ɟɞɐɠ ɔɘŬ ɏəűɟŬůɖ GFP əŬɘ Ůə ɜɏɞɡ ɢɞɟɐɔɖůɖ Űɞɡ AP20187. ɆŰɞ Űɏɚɞɠ 

Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ ɔɑɜŮŰŬɘ ɏɚŮɔɢɞɠ ɔɘŬ ɏəűɟŬůɖ Űɞɡ ŭɘŬɔɞɜɘŭɑɞɡ ůŰɖɜ ŮɟɡɗɟɎ ůŮɘɟɎ ɛŮ əɡŰŰŬɟɞɛŮŰɟɑŬ 

ɟɞɐɠ ɔɘŬ GFP/HbF.  

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȼ ˊɟɞůɗɐəɖ Űɞɡ ŭɘŬɔɞɜɘŭɑɞɡ Ůˊɘɚɞɔɐɠ ŭŮɜ ŮˊɖɟɏŬůŮ ŬɟɢɘəɎ Űɞɡɠ ˊŬɟŬɔɧɛŮɜɞɡɠ ɘɘəɞɨɠ ŰɑŰɚɞɡɠ ˊɞɡ 

ɏűŰŬůŬɜ ŰŬ 36x106 TU/ml, ɡɣɖɚɧŰŮɟŬ ɛɎɚɘůŰŬ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ɘɘəɞɨ űɞɟɏŬ Ůɚɏɔɢɞɡ (22x106 TU/ml). 

ȼ ŭɘŬɛɧɚɡɜůɖ Űɧůɞ Űɖɠ əɡŰŰŬɟɘəɐɠ ůŮɘɟɎɠ HUDEP-2 ɧůɞ əŬɘ Űɤɜ Ůɜɐɚɘəɤɜ CD34+ ɐŰŬɜ ŮˊɘŰɡɢɐɠ əŬɘ  

ŭŮɜ ŮˊɖɟɏŬůŮ ŬɟɜɖŰɘəɎ Űɖɜ Ůˊɘɓɑɤůɖ ŬɚɚɎ ɞɨŰŮ Űɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ əɡŰŰɎɟɤɜ. ɆŰŬ HUDEP-2, ɛŮ 

Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ ˊŬɟɎɔɞɜŰŬ ŭɘɛŮɟɘůɛɞɨ AP20187, ˊŬɟɞɡůɘɎůŰɖəŮ Ŭɨɝɖůɖ Űɞɡ ˊɞůɞůŰɞɨ Űɤɜ 

ŭɘŬɛɞɚɡůɛɏɜɤɜ əɡŰŰɎɟɤɜ ɛŮŰɎ Űɖɜ ɖɛɏɟŬ 12 Űɖɠ əŬɚɚɘɏɟɔŮɘŬɠ: 31% ůŮ ůɢɏůɖ ɛŮ Űɞ Ŭɟɢɘəɧ ˊɞůɞůŰɧ 

(81%Ñ0,45 vs 50%Ñ0,03) əŬɘ 29% ůɡɔəɟɘŰɘəɎ ɛŮ Űɖ ůɡɜɗɐəɖ ŬˊɞɡůɑŬɠ Űɞɡ AP20187 (ˊɢ 81%Ñ0,45 vs 

52%Ñ1,57). ȼ ɛɞɟűɞɚɞɔɑŬ Űɤɜ ŮɟɡɗɟɞəɡŰŰɎɟɤɜ ɛŮŰɎ Űɖɜ F36mpl-ŮˊŬɔɧɛŮɜɖ ɏəˊŰɡɝɖ ŭŮ űɎɜɖəŮ ɜŬ 

ŬɚɚɎɕŮɘ ɓɎůŮɘ ɏəűɟŬůɖɠ ŮˊɘűŬɜŮɘŬəɩɜ ŭŮɘəŰɩɜ. ȰɜŰŮəŬ ɖɛɏɟŮɠ ɛŮŰɎ Űɖ ŭɘŬɛɧɚɡɜůɖ, ŰŬ əɨŰŰŬɟŬ 

ůɡɚɚɏɢɗɖəŬɜ əŬɘ ɏɔɘɜŮ ŮɜŭɞəɡŰŰɎɟɘŬ ɢɟɩůɖ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɖɠ ɔ-ůűŬɘɟɑɜɖɠ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ 

ɏəűɟŬůɖɠ Űɞɡ BCL11A-shRNA. ɄŬɟŬŰɖɟɐɗɖəŮ 35% ɏəűɟŬůɖ Űɖɠ HbF ůŰŬ F36Vmpl-əɨŰŰŬɟŬ Ůɜɩ ɖ 

ŬɜŰɑůŰɞɘɢɖ ɏəűɟŬůɖ ůŰŬ ɛɖ ŭɘŬɛɞɚɡůɛɏɜŬ əɨŰŰŬɟŬ ɐŰŬɜ 8%. 

 

ɇɞ ˊɞůɞůŰɧ ŭɘŬɛɧɚɡɜůɖɠ ůŰŬ CD34+ əɨŰŰŬɟŬ əɡɛɎɜɗɖəŮ Ŭˊɧ 1-65% ŬɜɎɚɞɔŬ ɛŮ Űɞ ɀɃȽ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ. ɀŮ Űɖɜ ˊɟɞůɗɐəɖ AP20187 ůŰɖɜ ŮɟɡɗɟɞŮɘŭɘəɐ əŬɚɚɘɏɟɔŮɘŬ Űɤɜ CD34+ əɡŰŰɎɟɤɜ 

ˊŬɟŬŰɖɟɐɗɖəŮ Ŭɨɝɖůɖ Űɞɡ ˊɞůɞůŰɞɨ Űɤɜ ŭɘŬɛɞɚɡůɛɏɜɤɜ GFP+ əɡŰŰɎɟɤɜ ˊɞɡ ůŰŬ ɢŬɛɖɚɧŰŮɟŬ ɀɃȽ 

ɏűŰŬůŮ Űɞ 800%. ɆŮ ŰɟɏɢɞɜŰŬ ˊŮɘɟɎɛŬŰŬ ŮɚɏɔɢŮŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɘɘəɞɨ űɞɟɏŬ GFP-F36Vmpl-shRNA 

əŬɘ Űɞɡ ˊŬɟɎɔɞɜŰŬ AP20187 ůŮ CD34+ əɨŰŰŬɟŬ Ŭˊɧ ŬůɗŮɜŮɑɠ ɛŮ ɛŮɑɕɞɜŬ ɓ-ɗŬɚŬůůŬɘɛɑŬ. 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ ɘɘəɞɨ ŬɡŰɞɨ űɞɟɏŬ ŮɑɜŬɘ ŭɘŰŰɎ. ȷɟɢɘəɎ, ɖ ŮɟɡɗɟɞŮɘŭɘəɐ, ɚɧɔɤ Űɞɡ ɜɏɞɡ ŮɜɘůɢɡŰɐ, 

Ŭˊɞůɘɩˊɖůɖ Űɖɠ ɏəűɟŬůɖɠ Űɞɡ ɛŮŰŬɔɟŬűɘəɞɨ ˊŬɟɎɔɞɜŰŬ BCL11ȷ ɗŬ ɞŭɖɔɐůŮɘ ůŮ ŮɜŮɟɔɞˊɞɑɖůɖ Űɖɠ 

ɏəűɟŬůɖɠ Űɖɠ Ůɛɓɟɡɘəɐɠ ŬɘɛɞůűŬɘɟɑɜɖɠ ɢɤɟɑɠ ˊŬɟŮɜɏɟɔŮɘŮɠ ůŮ ɎɚɚŮɠ ŬɘɛɞˊɞɘɖŰɘəɏɠ ůŮɘɟɏɠ. ȷűŮŰɏɟɞɡ, 
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ɖ ɢɟɐůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ F36Vmpl-AP20187 ˊɞɡ ůŰɞɢŮɨŮɘ ůŰɖɜ ɏəˊŰɡɝɖ Űɤɜ ɔŮɜŮŰɘəɎ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ 

əɡŰŰɎɟɤɜ, ɗŬ ůɡɛɓɎɚɚŮɘ ɎɛŮůŬ ůŰɖɜ Ůɜɑůɢɡůɖ Űɞɡ ɗŮɟŬˊŮɡŰɘəɞɨ ŬˊɞŰŮɚɏůɛŬŰɞɠ (Belay et al. 2015, Li  

et al. 2002). 

 

Ⱥˊɘˊɚɏɞɜ, ɖ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞɠ ɏəˊŰɡɝɖɠ ɔŮɜŮŰɘəɎ ŭɘɞɟɗɤɛɏɜɤɜ əɡŰŰɎɟɤɜ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ůŮ ˊɟɤŰɧəɞɚɚŬ ɔɞɜɘŭɘŬəɐɠ ɗŮɟŬˊŮɑŬɠ ɔɘŬ ɎɚɚŮɠ ɔŮɜŮŰɘəɏɠ ŬůɗɏɜŮɘŮɠ. ȼ 

ŬɜŰɘəŬŰɎůŰŬůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ Ůˊɘɚɞɔɐɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ɢɟɐůɖ ɘůɢɡɟɩɜ ɢɖɛŮɘɞɗŮɟŬˊŮɡŰɘəɩɜ 

Ŭˊɧ ůɡůŰɐɛŬŰŬ ˊɞɡ ůŰɖɟɑɕɞɜŰŬɘ ůŰɖɜ ɢɞɟɐɔɖůɖ ɛɖ Űɞɝɘəɩɜ ɢɖɛɘəɩɜ ɞɡůɘɩɜ ɔɘŬ Űɞɜ ŮɛˊɚɞɡŰɘůɛɧ Űɞɡ 

Ŭɟɢɘəɞɨ ˊɚɖɗɡůɛɞɨ ůŮ ɔŮɜŮŰɘəɎ ŰɟɞˊɞˊɞɘɖɛɏɜŬ əɨŰŰŬɟŬ, ɛŮɘɩɜŮɘ ůɖɛŬɜŰɘəɎ ŰŬ űŬɘɜɧɛŮɜŬ 

ŰɞɝɘəɧŰɖŰŬɠ. ɆɡɜɞɚɘəɎ, ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊɟɞŰŮɑɜŮŰŬɘ ɛɑŬ əŬɘɜɞŰɧɛŬ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖɜ ɗŮɟŬˊŮɑŬ 

Űɖɠ ɓ-ɗŬɚŬůůŬɘɛɑŬɠ, ɖ ɞˊɞɑŬ ɗŬ ŭɨɜŬŰŬɘ əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ůŮ ɎɚɚŮɠ ŬɘɛɞˊɞɘɖŰɘəɏɠ ɜɧůɞɡɠ. 
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ȷɚɡůɑŭŬ ŬɝɑŬɠ ɔɘŬ Űɘɠ Ůɚɚɖɜɘəɏɠ ŰɞɡɚɑˊŮɠ: ȷˊɧ Űɖ ŭɘŬůˊɞɟɎ əŬɘ Űɞ ŭɘŮɗɜɏɠ 

ɖɚŮəŰɟɞɜɘəɧ Ůɛˊɧɟɘɞ ůŰɖɜ ɞɚɞəɚɖɟɤɛɏɜɖ ŭɘŬŰɐɟɖůɖ ŬˊŮɘɚɞɨɛŮɜɤɜ-

ˊɟɞůŰŬŰŮɡɧɛŮɜɤɜ Ůɘŭɩɜ əŬɘ Űɖɜ ˊɞɚɨˊɚŮɡɟɖ ɏɟŮɡɜŬ ɔɘŬ ŬŮɘűɞɟɘəɐ Ŭɝɘɞˊɞɑɖůɖ 
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ɄŮɟɑɚɖɣɖ 
ɇŬ 15 ŬɡŰɞűɡɐ ŮɚɚɖɜɘəɎ Ůɑŭɖ ŰɞɡɚɑˊŬɠ ˊɟɞůŰŬŰŮɨɞɜŰŬɘ ɗŮůɛɘəɎ (Ʉ.ȹ. 67/1981), 40% ŮɑɜŬɘ ŰɞˊɘəɎ ŮɜŭɖɛɘəɎ, 

50% ɡˊŮɜŭɖɛɘəɎ ɔŮɘŰɜɘŬɕɧɜŰɤɜ ɢɤɟɩɜ əŬɘ ůɢŮŭɧɜ 50% ŬˊŮɘɚɞɨɜŰŬɘ ɛŮ ŮɝŬűɎɜɘůɖ. ɇɞ ŮɟŮɡɜɖŰɘəɧ ɏɟɔɞ 

TULIPS.GR (ɇ2ȺȹȾ-05115) ůŰɞɢŮɨŮɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ŬɚɡůɑŭŬɠ ŬɝɑŬɠ ɔɘŬ Űɘɠ ŬɡŰɞűɡŮɑɠ Ůɚɚɖɜɘəɏɠ ŰɞɡɚɑˊŮɠ, ɛŮ 

ɎɝɞɜŬ Űɖɜ ŮəŰɧɠ Űɧˊɞɡ ŭɘŬŰɐɟɖůɖ əŬɘ ŬŮɘűɞɟɘəɐ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ Ůɔɢɩɟɘɤɜ űɡŰɞɔŮɜŮŰɘəɩɜ ˊɧɟɤɜ ɛɏůɤ 

ˊɞɚɡŭɘɎůŰŬŰɖɠ ɏɟŮɡɜŬɠ. ȹɘŬˊɘůŰɩɗɖəŮ ɧŰɘ 73% Űɤɜ Ůɚɚɖɜɘəɩɜ Ůɘŭɩɜ ˊɤɚɞɨɜŰŬɘ ŭɘŮɗɜɩɠ ůŮ ɡɣɖɚɏɠ Űɘɛɏɠ əŬɘ 

60% ŭɘŬŰɖɟɞɨɜŰŬɘ ŮəŰɧɠ Űɧˊɞɡ ůŮ 41 ɓɞŰŬɜɘəɞɨɠ əɐˊɞɡɠ Űɞɡ ŮɝɤŰŮɟɘəɞɨ. ɆŰɞ ˊɚŬɑůɘɞ TULIPS.GR ɐŭɖ 

ŭɘŬŰɖɟɞɨɜŰŬɘ ˊɚɏɞɜ ŮəŰɧɠ Űɧˊɞɡ 14 ŮɚɚɖɜɘəɎ Ůɑŭɖ ŰɞɡɚɑˊŬɠ ɛŮ 106 ŭɘŬűɞɟŮŰɘəɞɨɠ əɤŭɘəɞɨɠ ŬɜŬűɞɟɎɠ. 
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ɓɘɞɢɖɛŮɑŬɠ, ɔŮɜŮŰɘəɐɠ-ɛɞɟɘŬəɐɠ ŰŬɡŰɞˊɞɑɖůɖɠ, ɛŮŰŬůɡɚɚŮəŰɘəɐɠ, ŬɜŬɚɨůŮɘɠ ɗɟŮˊŰɘəɐɠ əŬŰɎůŰŬůɖ, Ŭˊoɘəɘůɛɞɨ 

ɛɡəoɟɟɘɕɩɜ, əŬɘ ŮűŬɟɛɞɔɐ ɚɘˊɎɜůŮɤɜ ŬəɟɘɓŮɑŬɠ ɛŮ ůəɞˊɧ Űɖɜ əŬŰŬɜɧɖůɖ ɔɘŬ əɎɗŮ Ůɑŭɞɠ Űɞɡ ɓɘɞɚɞɔɘəɞɨ əɨəɚɞɡ 

əŬɘ Űɖɜ ŮˊɑŰŮɡɝɖ ŮəŰɧɠ Űɧˊɞɡ ŬɜŬˊŬɟŬɔɤɔɐɠ Űɞɡ ɛŮ ŬɜɎˊŰɡɝɖ Ůɘŭɘəɩɜ ˊɟɤŰɞəɧɚɚɤɜ ŬɜŬˊŬɟŬɔɤɔɐɠ-

əŬɚɚɘɏɟɔŮɘŬɠ. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

ȸɘɞˊɞɘəɘɚɧŰɖŰŬ, ŭɘŬŰɐɟɖůɖ, ɓɞɚɓɧɟɟɘɕŬ, ŬɜŬˊŬɟŬɔɤɔɐ, ɛɞɟɘŬəɐ ŰŮəɛɖɟɑɤůɖ 

 

 

ȺɘůŬɔɤɔɐ 

Ƀɘ ŰɞɡɚɑˊŮɠ əŬŰɏɢɞɡɜ ɝŮɢɤɟɘůŰɐ ɗɏůɖ ůŰɖɜ ˊŬɔəɧůɛɘŬ ɓɘɞɛɖɢŬɜɑŬ əŬɚɚɤˊɘůŰɘəɩɜ Ůɘŭɩɜ (Krigas et al. 

2021). ɆŰɖɜ ȺɚɚɎŭŬ ŬɡŰɞűɨɞɜŰŬɘ 15 Ůɑŭɖ ŰɞɡɚɑˊŬɠ, Ůə Űɤɜ ɞˊɞɑɤɜ ŰŬ 12 ŮɑɜŬɘ ŬɡŰɧɢɗɞɜŬ əŬɘ ŰɟɑŬ 

ŮɔəɚɘɛŬŰɘůɛɏɜŬ, ɏɝɘ ŮɑɜŬɘ ŮɚɚɖɜɘəɎ ŮɜŭɖɛɘəɎ, ŮˊŰɎ ŬˊŮɘɚɞɨɜŰŬɘ ɛŮ ŮɝŬűɎɜɘůɖ, əŬɘ ɧɚŬ ɗŮɤɟɞɨɜŰŬɘ 

ɔŮɜɘəɩɠ ɤɠ ŬˊŮɘɚɞɨɛŮɜŬ Ůɑŭɖ əŬɘ ˊɟɞůŰŬŰŮɨɞɜŰŬɘ Ŭˊɧ Űɞ Ʉ.ȹ 67/81 (Dimopoulos et al. 2016, 
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Kougioumtzis et al. 2021, Krigas et al. 2021, Phitos et al. 1995, ūɞɑŰɞɠ əŬɘ ůɡɜ. 2009).  

 

ɇɞ ɏɟɔɞ TULIPS.GR (ɇ2ȺȹȾ-05115) ŮůŰɘɎɕŮɘ ůŰŬ ŮɚɚɖɜɘəɎ Ůɑŭɖ ŰɞɡɚɑˊŬɠ əŬɘ ůŰɞɢŮɨŮɘ, ɛɏůɤ ɛɑŬɠ 

ˊɞɚɨˊɚŮɡɟɖɠ, ɞɚɞəɚɖɟɤɛɏɜɖɠ əŬɘ əŬɗŮŰɞˊɞɘɖɛɏɜɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ, ůŰɖ ŭɘŬŰɐɟɖůɖ əŬɘ 

ŬŮɘűɞɟɘəɐ Ŭɝɘɞˊɞɑɖůɐ Űɞɡɠ. 

 

ɀŮɗɞŭɞɚɞɔɑŬ 

ȹɘŮɟŮɡɜɐɗɖəŮ ɖ ŮɛˊɞɟɑŬ Ůɚɚɖɜɘəɩɜ Ůɘŭɩɜ ŰɞɡɚɑˊŬɠ ˊŬɔəɞůɛɑɤɠŬəɞɚɞɡɗɩɜŰŬɠ əŬɗɘŮɟɤɛɏɜŮɠ ɛŮɗɧŭɞɡɠ 

(Krigas et al. 2014, Menteli et al. 2019). ȾŬŰŬɔɟɎűɖəŮ Ůˊɑůɖɠ, ɖ əŬŰɎůŰŬůɖ Űɖɠ ŮəŰɧɠ Űɧˊɞɡ ŭɘŬŰɐɟɖůɖɠ 

ɔɘŬ Űɘɠ Ůɚɚɖɜɘəɏɠ ŰɞɡɚɑˊŮɠ ůŮ ɓɞŰŬɜɘəɞɨɠ əɐˊɞɡɠ ˊŬɔəɞůɛɑɤɠ ɛɏůɤ Űɖɠ ˊɚŬŰűɧɟɛŬɠ PlantSearch Űɖɠ 

Botanic Gardens Conservation International (BGCI). 

 

ȹɘŮɟŮɡɜɐɗɖəŬɜ ɛɏůɤ ɓɎůŮɤɜ ŭŮŭɞɛɏɜɤɜ (ˊ.ɢ. https://www.jacq.org /#database) ɞɘ ɗɏůŮɘɠ ŮɜŰɞˊɘůɛɞɨ 

Űɤɜ Ůɘŭɩɜ ŰɞɡɚɑˊŬɠ ˊɞɡ ŬɡŰɞűɨɞɜŰŬɘ ůŰɞ űɡůɘəɧ ˊŮɟɘɓɎɚɚɞɜ Űɖɠ ȺɚɚɎŭŬɠ ɛŮ ůəɞˊɧ Űɖɜ ɞɟɔɎɜɤůɖ 

Ůɘŭɘəɩɜ ɓɞŰŬɜɘəɩɜ ŬˊɞůŰɞɚɩɜ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŰɞɡɚɎɢɘůŰɞɜ 20 ɓɞŰŬɜɘəɏɠ ŬˊɞůŰɞɚɏɠ ůŮ ɧɚɖ Űɖ 

ɢɩɟŬ (2020-2022) ɔɘŬ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ˊŮŭɑɞɡ, ŬˊɧəŰɖůɖ ˊɞɚɚŬˊɚŬůɘŬůŰɘəɞɨ ɡɚɘəɞɨ, ůɡɚɚɞɔɐ 

ŭŮɘɔɛɎŰɤɜ ŮŭɎűɞɡɠ, ɛɡəɧɟɟɘɕŬɠ əŬɘ űɡŰɘəɩɜ ɘůŰɩɜ ɔɘŬ űɡɚɚɞŭɘŬɔɜɤůŰɘəɐ ŬɜɎɚɡůɖ əŬɘ ŰŮəɛɖɟɑɤůɖ 

ˊɟɞɏɚŮɡůɖɠ Űɞɡ űɡŰɘəɞɨ ɡɚɘəɞɨ əŬɘ ɓɘɞɚɞɔɘəɞɨ əɨəɚɞɡ Űɤɜ Ůɘŭɩɜ. ȳɚŮɠ ɞɘ ůɡɚɚɞɔɏɠ ɏɔɘɜŬɜ əŬŰɧˊɘɜ 

Ůɘŭɘəɐɠ ɎŭŮɘŬɠ ˊɞɡ ˊŬɟɏɢŮŰŬɘ ůŰɞ ȽũȸūɄ-ȺȿũɃ ȹɐɛɖŰɟŬ Ŭˊɧ Űɞ ɈˊɞɡɟɔŮɑɞ ɄŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ 

ȺɜɏɟɔŮɘŬɠ.  

 

ũɘŬ Űɞɡɠ ˊŮɘɟŬɛŬŰɘůɛɞɨɠ ŬɜŬˊŬɟŬɔɤɔɐɠ-əŬɚɚɘɏɟɔŮɘŬɠ, ɏɔɘɜŮ Ůɘŭɘəɐ ˊŬɟŬɔɔŮɚɑŬ ɔɘŬ ɓɞɓɚɞɨɠ Ŭˊɧ 11 

Ůɑŭɖ ůŮ ŮɝŮɘŭɘəŮɡɛɏɜŬ űɡŰɩɟɘŬ Űɞɡ ŮɝɤŰŮɟɘəɞɨ. ɆɡɜɞɚɘəɎ ŮɔəŬŰŬůŰɎɗɖəŬɜ 13.000 ɓɞɚɓɞɑ ůŮ 8 

ˊŮɘɟŬɛŬŰɘəɏɠ ŭɘŬŰɎɝŮɘɠ ůŮ ɗŮɟɛɞəɐˊɘŬ əŬɘ Ŭɔɟɞɨɠ ůŰɖ Ūɏɟɛɖ əŬɘ ȺˊŬɜɞɛɐ ŪŮůůŬɚɞɜɑəɖɠ, ůŰɞ 

ȼɟɎəɚŮɘɞ ȾɟɐŰɖɠ əŬɘ ůŰɞɜ ȸɧɚɞ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ 

ŬɜɎˊŰɡɝɖɠ, űŬɘɜɞɚɞɔɑŬɠ, əŬɘ ŬɜŬɚɨůŮɘɠ űɡůɘɞɚɞɔɑŬɠ, ɓɘɞɢɖɛɑŬɠ, űɡɚɚɞŭɘŬɔɜɤůŰɘəɐɠ, Ŭˊɞɘəɘůɛɞɨ 

ɛɡəɞɟɟɘɕɩɜ əŬɘ ɛŮŰŬůɡɚɚŮəŰɘəɐɠ (ɆɢɐɛŬ 2). ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ŬɜŬˊŬɟŬɔɤɔɐɠ ɏɔɘɜŮ in vitro ŮɔəŬŰɎůŰŬůɖ 

ˊɞɚɚŬˊɚŬůɘŬůŰɘəɞɨ ɡɚɘəɞɨ, Ůɘŭɘəɏɠ ɛŮɚɏŰŮɠ űɡŰɟɤŰɘəɧŰɖŰŬɠ ůˊŮɟɛɎŰɤɜ əŬɘ ŬɔŮɜɞɨɠ ŬɜŬˊŬɟŬɔɤɔɐɠ ɛŮ 

ɓɞɚɓɑŭɘŬ ɡˊɧ ŮˊɑŭɟŬůɖ ɚɘˊɎɜůŮɤɜ ŬəɟɘɓŮɑŬɠ. ɄŬɟɎɚɚɖɚŬ, ɏɔɘɜŮ ɔŮɜŮŰɘəɐ-ɛɞɟɘŬəɐ ŰŮəɛɖɟɑɤůɖ (DNA 

Barcoding) ɔɘŬ əɎɗŮ Ůɑŭɞɠ Ůɚɚɖɜɘəɐɠ ŰɞɡɚɑˊŬɠ (ɆɢɐɛŬ 2).  

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ɆɡɜɞɚɘəɎ, ŮɜŰɞˊɑůŰɖəŬɜ ůŰɞ ŭɘŬŭɘəŰɡŬəɧ Ůɛˊɧɟɘɞ 11 ŮɚɚɖɜɘəɎ Ůɑŭɖ ŰɞɡɚɑˊŬɠ, ɛŮŰŬɝɨ Űɤɜ ɞˊɞɑɤɜ 5 Ŭˊɧ 

ŰŬ 6 ŮɜŭɖɛɘəɎ Ůɑŭɖ Űɖɠ ȺɚɚɎŭŬɠ, ˊɞɡ ˊɤɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ űɡŰɩɟɘŬ Űɞɡ ȼɜɤɛɏɜɞɡ ȸŬůɘɚŮɑɞɡ əŬɘ Űɖɠ 

ɃɚɚŬɜŭɑŬɠ, Ůɜɩ Űɞ ɡɚɘəɧ ŮɝŬɜŰɚŮɑŰŬɘ ɜɤɟɑɠ ŮˊɞɢɘəɎ, əŬɘ əɎɗŮ ɓɞɚɓɧɠ əɞůŰɞɚɞɔŮɑŰŬɘ ɏɤɠ əŬɘ Ã2,60 

(Krigas et al. 2021).  

 

ɆɡɚɚɏɢɗɖəŬɜ, 14 ŬɡŰɞűɡɐ Ůɑŭɖ ŰɞɡɚɑˊŬɠ Ŭˊɧ 83 ˊɚɖɗɡůɛɞɨɠ ůŰɖɜ ȺɚɚɎŭŬ (ɆɢɐɛŬ 1), ɏɔɘɜŮ 

ůɡɜŰɞɜɘůɛɏɜɞɠ ŮˊŬɜŬˊŬŰɟɘůɛɧɠ Űɞɡɚɘˊɩɜ ŰŮəɛɖɟɘɤɛɏɜɖɠ Ůɚɚɖɜɘəɐɠ ˊɟɞɏɚŮɡůɖɠ Ŭˊɧ ɓɞŰŬɜɘəɞɨɠ 

əɐˊɞɡɠ Űɞɡ ŮɝɤŰŮɟɘəɞɨ (9 Ůɑŭɖ, 23 əɤŭɘəɞɑ ŬɜŬűɞɟɎɠ), əŬɘ ŬɔɞɟɎůŰɖəŬɜ ŭŮɑɔɛŬŰŬ Ŭˊɧ ŮɛˊɞɟɘəɎ 

ŭɘŬɗɏůɘɛɞɡɠ ɓɞɚɓɞɨɠ ɔɘŬ 11 Ůɚɚɖɜɘəɏɠ ŰɞɡɚɑˊŮɠ əŬɘ 45 ŮɛˊɞɟɘəɎ ɡɓɟɑŭɘŬ (56 əɤŭɘəɞɑ). ɇŬ ɡɚɘəɎ ŬɡŰɎ 

(ɓɞɚɓɞɑ, ůˊɏɟɛŬŰŬ) ɓɟɑůəɞɜŰŬɘ ůŮ ůɡɜɗɐəŮɠ ŮəŰɧɠ Űɧˊɞɡ ŭɘŬŰɐɟɖůɖɠ ůŰɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ Űɞɡ ȽũȸūɄ-

ȺȿũɃ ȹɐɛɖŰɟŬ, ˊŬɟŬəɞɚɞɡɗɞɨɜŰŬɘ ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ Űɞɡ ɓɘɞɚɞɔɘəɞɨ Űɞɡɠ əɨəɚɞɡ əŬɘ ŬˊɞŰŮɚɞɨɜ Űɖɜ 

ˊɟɩŰɖ ůɡɚɚɞɔɐ Ůɚɚɖɜɘəɩɜ Űɞɡɚɘˊɩɜ Ůɗɜɘəɐɠ ůɖɛŬůɑŬɠ (Krigas et al. 2021). 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ ŰɞɡɚɑˊŬ ɏɢŮɘ ɛŮɔɎɚɖ Ŭɜɗɞəɞɛɘəɐ ŬɝɑŬ əŬɘ ŮˊɘűɏɟŮɘ ŬɜɎˊŰɡɝɖ ůŮ Űɞˊɘəɏɠ ɞɘəɞɜɞɛɑŮɠ (Hern§ndez & 

Garc²a 2009). ȼ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŭɘŬŭɘəŰɡŬəɐɠ ˊɩɚɖůɖɠ Ůɚɚɖɜɘəɩɜ Ůɘŭɩɜ ŰɞɡɚɑˊŬɠ ɏŭŮɘɝŮ ɧŰɘ 73% Űɤɜ 

Ůɚɚɖɜɘəɩɜ Ůɘŭɩɜ ŰɞɡɚɑˊŬɠ ŮɛˊɞɟŮɨɞɜŰŬɘ Ŭˊɧ űɡŰɩɟɘŬ Űɞɡ ŮɝɤŰŮɟɘəɞɨ, Ůɜɩ ɞ Űɟɧˊɞɠ ŬˊɧəŰɖůɖɠ Űɞɡ 

Ŭɟɢɘəɞɨ ɡɚɘəɞɨ ˊŬɟŬɛɏɜŮɘ ɎɔɜɤůŰɞɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ, ŮɘŭɘəɎ ɔɘŬ ŰŬ ŮɜŭɖɛɘəɎ Ůɑŭɖ ŰɞɡɚɑˊŬɠ Űɖɠ 

ȺɚɚɎŭŬɠ, ŮɔŮɑɟŮɘ ɜɞɛɘəɎ ɗɏɛŬŰŬ ˊŮɟɑ ŭɘəŬɘɞŭɞůɑŬɠ ˊɟɧůɓŬůɖɠ ůŰɞɡɠ Ůɗɜɘəɞɨɠ űɡŰɞɔŮɜŮŰɘəɞɨɠ ˊɧɟɞɡɠ 

əŬɘ ŭɑəŬɘɞɡ-ɘůɧŰɘɛɞɡ ŭɘŬɛɞɘɟŬůɛɞɨ ɞűŮɚɩɜ ɢɟɖůɘɛɞˊɞɑɖůɐɠ Űɞɡɠ (Krigas et al. 2021). ȷəɧɛɖ ˊɘɞ 
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ŮɜŰɡˊɤůɘŬəɐ ŮɑɜŬɘ ɖ ɛŮɔɎɚɖ ɕɐŰɖůɖ ˊɞɡ ɏɢɞɡɜ ŰŬ ŮɚɚɖɜɘəɎ Ůɑŭɖ ůŰɖɜ ŬɔɞɟɎ (Űɞ ŬˊɧɗŮɛŬ ŮɝŬɜŰɚŮɑŰŬɘ 

ɜɤɟɑɠ ůŮ əɎɗŮ Ůˊɞɢɐ ˊɩɚɖůɖɠ) əŬɗɩɠ əŬɘ ɖ ɡɣɖɚɐ Ůɛˊɞɟɘəɐ əɞůŰɞɚɧɔɖůɖ (Krigas et al. 2021).  

 

 
 

ɆɢɐɛŬ 1. Ɇɨɜɞɣɖ ŮəŰɧɠ Űɧˊɞɡ ŭɘŬŰɐɟɖůɖɠ Ůɚɚɖɜɘəɩɜ Ůɘŭɩɜ ŰɞɡɚɑˊŬɠ (TULIPS.GR). 

 

 

 
 

ɆɢɐɛŬ 2. Ɇɨɜɞɣɖ ˊɞɚɨˊɚŮɡɟɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ Űɞɡ TULIPS.GR. 

 

 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɑɢɜɞɡɜ ˊɤɠ ɖ ŮəŰɧɠ Űɧˊɞɡ ŭɘŬŰɐɟɖůɖ Űɤɜ Ůɚɚɖɜɘəɩɜ Ůɘŭɩɜ ŰɞɡɚɑˊŬɠ ůŮ ɓɞŰŬɜɘəɞɨɠ 

əɐˊɞɡɠ ŮɑɜŬɘ ŬɜŮˊŬɟəɐɠ əŬɘ ŬűɞɟɎ ɛɘəɟɧ Ŭɟɘɗɛɧ ŭŮɘɔɛɎŰɤɜ ŬɡŰɞűɡɩɜ ˊɚɖɗɡůɛɩɜ (Krigas et al. 2021). 

ɀɏůɤ Űɞɡ TULIPS.GR, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ɛɑŬ Ůɗɜɘəɐ ůɡɚɚɞɔɐ ɔɘŬ ůɢŮŭɧɜ ɧɚŬ ŰŬ 

ŮɚɚɖɜɘəɎ Ůɑŭɖ ŰɞɡɚɑˊŬɠ ɧˊɞɡ ŭɘŬŰɖɟɞɨɜŰŬɘ əŬŰɎ ɛɏůɞ ɧɟɞ 5,9 ŭŮɑɔɛŬŰŬ ŬɡŰɞűɡɩɜ ˊɚɖɗɡůɛɩɜ ŬɜɎ Ůɑŭɞɠ 

(83 əɤŭɘəɞɑ ŬɜŬűɞɟɎɠ ɓɞɚɓɩɜ ɐ/əŬɘ ůˊŮɟɛɎŰɤɜ), ŮəˊɟɞůɤˊɩɜŰŬɠ Ŭɝɘɧɚɞɔɞ ŰɛɐɛŬ Űɖɠ ɡˊɎɟɢɞɡůŬɠ 

ɔŮɜŮŰɘəɐɠ ˊɞɘəɘɚɧŰɖŰŬɠ əɎɗŮ Ůɑŭɞɡɠ.  

 

ɇɞ ɏɟɔɞ TULIPS.GR ɓɟɑůəŮŰŬɘ ůŮ ˊɚɐɟɖ Ůɝɏɚɘɝɖ ɛŮ ŮəŰŮŰŬɛɏɜɞɡɠ ˊŮɘɟŬɛŬŰɘůɛɞɨɠ ˊɞɡ ɔɑɜɞɜŰŬɘ ɔɘŬ 
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ˊɟɩŰɖ űɞɟɎ ɛŮ ůəɞˊɧ ŬűŮɜɧɠ Űɖɜ ɞɚɞəɚɖɟɤɛɏɜɖ ŭɘŬŰɐɟɖůɖ əŬɘ ŬűŮŰɏɟɞɡ Űɖɜ ŬŮɘűɞɟɘəɐ Ŭɝɘɞˊɞɑɖůɖ 

Űɤɜ Ůɚɚɖɜɘəɩɜ Űɞɡɚɘˊɩɜ ɛɏůɤ ɛɑŬɠ ˊɞɚɨˊɚŮɡɟɖɠ ŭɘŬɗŮɛŬŰɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ. 
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ȺˊɑŭɟŬůɖ Űɖɠ ŮɔəŬŰɎɚŮɘɣɖɠ ɔɖɠ əŬɘ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ ůŰɖɜ ɘůŰɞɟɘəɐ əŬɘ 

ɛŮɚɚɞɜŰɘəɐ ɢɟɐůɖ ɖɛɘ-oɟŮɘɜɩɜ ˊŮɟɘɞɢɩɜ Űɞɡ ɜɞɛɞɨ ȽɤŬɜɜɑɜɤɜ 
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ɄŮɟɑɚɖɣɖ 
ȼ əɎɚɡɣɖ əŬɘ ɢɟɐůɖ ɔɖɠ (Ⱦɉũ) ůŰŬ ɓɞɡɜɎ Űɖɠ ɁɧŰɘŬɠ Ⱥɡɟɩˊɖɠ ŬɚɚɎɕŮɘ ůɖɛŬɜŰɘəɎ, əɡɟɑɤɠ ɚɧɔɤ Űɖɠ 

ŮɔəŬŰɎɚŮɘɣɖɠ ˊŬɟŬŭɞůɘŬəɩɜ əŬɚɚɘŮɟɔɖŰɘəɩɜ ˊɟŬəŰɘəɩɜ. Ⱥˊɞɛɏɜɤɠ, ɖ ɛŮɚɏŰɖ ɘůŰɞɟɘəɩɜ ˊɟɞŰɨˊɤɜ 

ŮɔəŬŰɎɚŮɘɣɖɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ ɛŮɚɚɞɜŰɘəɩɜ ŬˊŮɘɚɩɜ, ɘŭɑɤɠ ŮɜɧɣŮɘ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ. 

ȺˊɘŭɘɩɝŬɛŮ ŬɡŰɞɨɠ Űɞɡɠ ůŰɧɢɞɡɠ ɔɘŬ ˊɏɜŰŮ ɖɛɘ-ɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ Űɞɡ ɜɞɛɞɨ ȽɤŬɜɜɑɜɤɜ. ɉŬɟŰɞɔɟŬűɐůŬɛŮ Űɞ 

ɘůŰɞɟɘəɧ Ⱦɉũ Ŭˊɧ Űɞ 1945 ɛɏɢɟɘ Űɞ 2015 ɛŮ űɤŰɞŮɟɛɖɜŮɑŬ ŬŮɟɞűɤŰɞɔɟŬűɘɩɜ. ɀŮɚɚɞɜŰɘəɏɠ ŰɎůŮɘɠ ɔɘŬ Űɞ 2055 

ˊɟɞɓɚɏűɗɖəŬɜ ɛŮ ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɑɤůɖɠ ŬɚɚŬɔɐɠ Ⱦɉũ ɡˊɧ ŭɘŬűɞɟŮŰɘəɎ əɚɘɛŬŰɘəɎ ůŮɜɎɟɘŬ. ȸɟɐəŬɛŮ ɧŰɘ Ŭˊɧ 

Űɞ 1945 ɛɏɢɟɘ Űɞ 2015 ɞɘ Ŭɔɟɞɑ ɛŮɘɩɗɖəŬɜ Ŭˊɧ 30% ůŮ 3% Űɖɠ ɏəŰŬůɖɠ, Ůɜɩ ŰŬ ŭɎůɖ ŬɡɝɐɗɖəŬɜ Ŭˊɧ 22% ůŮ 

63%. ɀŮɚɚɞɜŰɘəɎ, ɚɘɓɎŭɘŬ əŬɘ ɗŬɛɜɩɜŮɠ ˊɟɞɓɚɏűɗɖəŬɜ ůŮ ɛɘəɟɧŰŮɟɞ ɡɣɧɛŮŰɟɞ ɡˊɧ ɏɜŬ ɗŮɟɛɧŰŮɟɞ əŬɘ 

ɝɖɟɧŰŮɟɞ əɚɑɛŬ, Ůɜɩ ŰŬ ŭɎůɖ ůŮ ɛŮɔŬɚɨŰŮɟɞ. ɄɟɞůŮɔɔɑůŮɘɠ ɧˊɤɠ ŬɡŰɐ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ ɛˊɞɟɞɨɜ ɜŬ 

ůɡɜŮɘůűɏɟɞɡɜ ůŰɞ ůɢŮŭɘŬůɛɧ ˊɞɚɘŰɘəɩɜ ŭɘŬɢŮɑɟɘůɖɠ əŬɘ ŬˊɞəŬŰɎůŰŬůɖɠ, əŬɘ ɔɘŬ Űɞɜ ɛŮŰɟɘŬůɛɧ Űɤɜ ŬɟɜɖŰɘəɩɜ 

ŮˊɘˊŰɩůŮɤɜ Űɖɠ ŮɔəŬŰɎɚŮɘɣɖɠ ŬˊŮɘɚɞɨɛŮɜɤɜ Űɞˊɑɤɜ Űɖɠ ɀŮůɞɔŮɑɞɡ. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

ũŮɤɔɟŬűɘəɎ ɆɡůŰɐɛŬŰŬ Ʉɚɖɟɞűɞɟɘɩɜ, ɔŮɤɟɔɑŬ, əɎɚɡɣɖ əŬɘ ɢɟɐůɖ ɔɖɠ, əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ, 

əŰɖɜɞŰɟɞűɑŬ 

 

 

ȺɘůŬɔɤɔɐ 

ɄŬɟŬŭɞůɘŬəɏɠ ˊɟŬəŰɘəɏɠ ŭɘŬɢŮɑɟɘůɖɠ ŮɑɢŬɜ ŭɘŬɛɞɟűɩůŮɘ ŰŬ ɀŮůɞɔŮɘŬəɎ ɓɞɡɜɎ ɔɘŬ ŬɘɩɜŮɠ (Kaplan, 

Krumhardt & Zimmermann 2009). ɋůŰɧůɞ, ɖ ŮɔəŬŰɎɚŮɘɣɖ ŬɡŰɩɜ Űɤɜ ˊŮɟɘɞɢɩɜ ɐŰŬɜ ɏɜŰɞɜɖ ɛŮŰɎ Űɞɜ 

ȸô ɄŬɔəɧůɛɘɞ ɄɧɚŮɛɞ (MacDonald et al. 2000). ȸŬůɘəɐ ŬɘŰɑŬ ŬˊɞŰɏɚŮůŮ ɖ ˊŮɟɘɗɤɟɘɞˊɞɑɖůɖ ŮɝŬɘŰɑŬɠ 

ŭɡůɛŮɜɩɜ əɞɘɜɤɜɘəɞ-ɞɘəɞɜɞɛɘəɩɜ ůɡɜɗɖəɩɜ (van der Zanden et al. 2017). Ⱥˊɑůɖɠ, ɖ ɛŮɔŬɚɨŰŮɟɖ 

əɚɘɛŬŰɘəɐ ɛŮŰŬɓɚɖŰɧŰɖŰŬ ɚɧɔɤ ɡɣɞɛɏŰɟɞɡ ŮɜɏŰŮɘɜŮ Űɘɠ əŬɚɚɘŮɟɔɖŰɘəɏɠ ˊɟɞəɚɐůŮɘɠ (Mßrch 1999). 

ȰŰůɘ, ɞɘ ɞɟŮɘɜɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ɤɗɐɗɖəŬɜ ˊɟɞɠ ŮɔəŬŰɎɚŮɘɣɖ, ɤɠ ɚɘɔɧŰŮɟɞ ŬɜŰŬɔɤɜɘůŰɘəɏɠ ůŰɘɠ Ŭɔɞɟɏɠ 

(Benayas et al. 2007).  

 

ȺˊɘˊɟɧůɗŮŰŬ, ɖ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ ˊɟɞɓɚɏˊŮŰŬɘ ɛŮɚɚɞɜŰɘəɎ ŭɟŬɛŬŰɘəɧŰŮɟɖ ůŰŬ ɀŮůɞɔŮɘŬəɎ ɓɞɡɜɎ, 

ŮɝŬɘŰɑŬɠ ɛŮɔŬɚɨŰŮɟɖɠ ɗŮɟɛɞəɟŬůɘŬəɐɠ Ŭɨɝɖůɖɠ, əŬɘ ɛŮɔŬɚɨŰŮɟɖɠ ɛŮɑɤůɖɠ ɓɟɞɢɞˊŰɩůŮɤɜ (Bravo et al. 

2008). Ⱥˊɞɛɏɜɤɠ, ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ˊɟɧɓɚŮɣɖ Űɖɠ ɛŮɚɚɞɜŰɘəɐɠ əɎɚɡɣɖɠ əŬɘ ɢɟɐůɖɠ ɔɖɠ (Ⱦɉũ), ɘŭɑɤɠ 

ŬɜŬűɞɟɘəɎ ɛŮ ɛŮ Űɖɜ ŮˊɘəŮɑɛŮɜɖ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ (Verburg, Rounsevell & Veldkamp 2006). ȼ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ ɛˊɞɟŮɑ ɜŬ ŬɜŬŭŮɑɝŮɘ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ ɛɏůɤ ˊŮɘɟŬɛŬŰɘůɛɞɨ 

ŭɘŬűɞɟŮŰɘəɩɜ əɚɘɛŬŰɘəɩɜ ůŮɜŬɟɑɤɜ (St¿rck et al. 2018, van Vliet et al. 2016), ɧˊɤɠ ŮˊɘɢŮɘɟɐůŬɛŮ ůŰɖɜ 

ˊŬɟɞɨůŬ ɛŮɚɏŰɖ. 

 

ɈɚɘəɎ əŬɘ ɀɏɗɞŭɞɘ 

ɆŰŬ ˊɚŬɑůɘŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ çAbandon-diversityè (Ⱥȿ.Ƚȹ.Ⱥ.Ⱦ.), ɛŮɚŮŰɐůŬɛŮ Űɘɠ ɘůŰɞɟɘəɏɠ əŬɘ 

ɛŮɚɚɞɜŰɘəɏɠ ŰɎůŮɘɠ Ⱦɉũ ˊɏɜŰŮ ɖɛɘ-ɞɟŮɘɜɩɜ ˊŮɟɘɞɢɩɜ Űɞɡ ɜɞɛɞɨ ȽɤŬɜɜɑɜɤɜ (ȺɘəɧɜŬ 1Ŭ) (Kiziridis et al. 

2022a). 
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ȽůŰɞɟɘəɏɠ ŰɎůŮɘɠ 

ɉɟɖůɘɛɞˊɞɘɐůŬɛŮ ɞɟɗɞűɤŰɞɔɟŬűɑŮɠ űɡůɘəɞɨ ɢɟɩɛŬŰɞɠ əŬɘ ŬŮɟɞűɤŰɞɔɟŬűɑŮɠ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ ɔɘŬ 

ŰɏůůŮɟŬ ɏŰɖ ɛŮɚɏŰɖɠ (1945, 1970, 1996 əŬɘ 2015). Ƀɘ űɤŰɞɔɟŬűɑŮɠ ˊŬɟŬůɢɏɗɖəŬɜ Ŭˊɧ: Űɞ Ⱥɚɚɖɜɘəɧ 

ȾŰɖɛŬŰɞɚɧɔɘɞ, Űɖ ɆŰɟŬŰɘɤŰɘəɐ ũŮɤɔɟŬűɘəɐ ɈˊɖɟŮůɑŬ, əŬɘ Űɞ ɈˊɞɡɟɔŮɑɞ ȷɔɟɞŰɘəɐɠ ȷɜɎˊŰɡɝɖɠ əŬɘ 

ɇɟɞűɑɛɤɜ. ɉŬɟŰɞɔɟŬűɐůŬɛŮ Űɘɠ ˊŮɟɘɞɢɏɠ ɛŮ űɤŰɞŮɟɛɖɜŮɑŬ, ɔɘŬ ɜŬ ŭɘŬəɟɘɗɞɨɜ ɞɘ ŭɘŬűɞɟŮŰɘəɞɑ Űɨˊɞɘ 

Ⱦɉũ. ȾɎɗŮ əŮɚɑ ɛŮɔɏɗɞɡɠ 25 Ĭ 25 m Űɞɡ ɢɎɟŰɖ əɎˊɞɘɞɡ ɏŰɞɡɠ ɛŮɚɏŰɖɠ əŬŰɖɔɞɟɘɞˊɞɘɐɗɖəŮ ůŮ ɛɑŬ Ůə 

Űɤɜ ˊɏɜŰŮ Űɨˊɤɜ Ⱦɉũ: Ŭɔɟɧɠ, ɚɘɓɎŭɘ, ŬɟŬɘɧɠ ɗŬɛɜɩɜŬɠ, ˊɡəɜɧɠ ɗŬɛɜɩɜŬɠ ɐ ŭɎůɞɠ. Ⱥˊɑůɖɠ, 

ůɡůɢŮŰɑůŬɛŮ ůŰŬŰɘůŰɘəɩɠ Űɖ ɢŬɟŰɞɔɟŬűɖɛɏɜɖ Ⱦɉũ ɛŮ ŭɘɎűɞɟŮɠ ŰɞˊɞɔɟŬűɘəɏɠ, ɔŮɤɚɞɔɘəɏɠ, əɚɘɛŬŰɘəɏɠ 

əŬɘ əɞɘɜɤɜɘəɞ-ɞɘəɞɜɞɛɘəɏɠ ůɡɜɗɐəŮɠ. 

 

ɀŮɚɚɞɜŰɘəɏɠ ŰɎůŮɘɠ 

ũɘŬ ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɑɤůɖɠ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ ɛɘŬ ɛŮŰŬɔŮɜɏůŰŮɟɖ ˊŬɟŬɚɚŬɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ CLUE-S, 

Űɞ trans-CLUE-S, Űɞ ɞˊɞɑɞ ŮˊɘŭŮɘəɜɨŮɘ ɛŮɔŬɚɨŰŮɟɖ ˊɟɞɓɚŮˊŰɘəɐ ɘəŬɜɧŰɖŰŬ Ŭˊɧ Űɞ CLUE-S (Kiziridis 

et al. 2022b). ɇɞ ɛɞɜŰɏɚɞ ɢɟŮɘɎɕŮŰŬɘ ŭɨɞ Űɨˊɞɡɠ ŭŮŭɞɛɏɜɤɜ: (1) ɘůŰɞɟɘəɞɨɠ ɢɎɟŰŮɠ ȾɉũȚ əŬɘ (2) 

ɘůŰɞɟɘəɞɨɠ ɢɎɟŰŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůɡɜɗɖəɩɜ. Ⱥˊɑůɖɠ, ŬˊŬɘŰŮɑŰŬɘ ůŮɜɎɟɘɞ ɛŮɚɚɞɜŰɘəɐɠ ɕɐŰɖůɖɠ ůŮ 

ɛŮŰŬɓɎůŮɘɠ Ⱦɉũ. ȰŰůɘ, Űɞ ɛɞɜŰɏɚɞ əŬŰŬɜɏɛŮɘ ɢɤɟɘəɎ Űɖ ɛŮɚɚɞɜŰɘəɐ ɕɐŰɖůɖ ůŮ Ⱦɉũ ůɨɛűɤɜŬ ɛŮ Űɖ 

ɛŮɚɚɞɜŰɘəɐ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ əŬŰŬɚɚɖɚɧŰɖŰŬ Űɤɜ əŮɚɘɩɜ Űɞɡ ɢɎɟŰɖ ɤɠ ˊɟɞɠ Űɞɡɠ ŭɘɎűɞɟɞɡɠ Űɨˊɞɡɠ 

Ⱦɉũ. 

 

ɈˊɞɗɏůŬɛŮ ŰɏůůŮɟŬ ůŮɜɎɟɘŬ ɕɐŰɖůɖɠ: (Ŭ) ɢɤɟɑɠ ɕɐŰɖůɖȚ (ɓ) ɕɐŰɖůɖ ɤɠ ůɡɜɐɗɤɠ, Ŭˊɧ Űɖɜ ˊŮɟɑɞŭɞ 

1996ï2015 ůŰɖɜ ˊŮɟɑɞŭɞ 2015ï2055Ț (ɔ) ɤɠ ůɡɜɐɗɤɠ, ŬɚɚɎ ɛŮ ŬˊɞŰɟɞˊɐ ˊŮɟŬɘŰɏɟɤ ŮɔəŬŰɎɚŮɘɣɖɠ Űɖɠ 

ŮɜŰŬŰɘəɐɠ əŬɚɚɘɏɟɔŮɘŬɠ Űɞɡ 2015Ț əŬɘ (ŭ) ŬɜŰɘůŰɟɞűɐ Űɤɜ ɛŮŰŬɓɎůŮɤɜ Ⱦɉũ ˊɟɞɠ Űɞ 1970 ˊɞɡ ŮɑɢŮ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮəŰŬŰɘəɐɠ əŬɚɚɘɏɟɔŮɘŬɠ. ũɘŬ əɎɗŮ ůŮɜɎɟɘɞ ɕɐŰɖůɖɠ, ůɡɔəɟɑɜŬɛŮ Űɘɠ ˊɟɞɓɚɏɣŮɘɠ Ŭˊɧ 

ŰɟɑŬ əɚɘɛŬŰɘəɎ ůŮɜɎɟɘŬ CMIP6, Ŭˊɧ Űɞ ˊŮɟɘůůɧŰŮɟɞ Ŭɘůɘɧŭɞɝɞ (SSP126) ůŰɞ ɚɘɔɧŰŮɟɞ (SSP585).  

 

ȷˊɞŰŮɚɏůɛŬŰŬ əŬɘ ɆɡɕɐŰɖůɖ 

ȽůŰɞɟɘəɏɠ ŰɎůŮɘɠ 

ȼ ŮɔəŬŰɎɚŮɘɣɖ ɐŰŬɜ ŮɛűŬɜɐɠ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘɞɢɏɠ (ȺɘəɧɜŬ 1ɓïŮ). ɆɡɜɞɚɘəɎ, ɞɘ Ŭɔɟɞɑ ɛŮɘɩɗɖəŬɜ Ŭˊɧ 

30.2%, ˊɞɡ ɐŰŬɜ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛŮɟɑŭɘɞ ɛŮŰŬɝɨ Űɤɜ Űɨˊɤɜ Ⱦɉũ Űɞ 1945, ůŮ 3.2%, ˊɞɡ ɐŰŬɜ Űɞ 

ɛɘəɟɧŰŮɟɞ Űɞɡ 2015. ȺˊŬəɞɚɞɨɗɤɠ, ŰŬ ŭɎůɖ ŬɡɝɐɗɖəŬɜ Ŭˊɧ 21.7% ůŮ 62.6% ůŰŬ 70 ɏŰɖ. ɄŬɟɧɛɞɘŬ 

ɛŮɔɏɗɖ ŮɔəŬŰɎɚŮɘɣɖɠ əŬɘ ŭɎůɤůɖɠ ɏɢɞɡɜ ˊŬɟɞɡůɘŬůŰŮɑ əŬɘ ůŮ ɎɚɚŮɠ ɛŮɚɏŰŮɠ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ (Zomeni 

et al. 2008), Ŭˊɧ ɎɚɚŮɠ ɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ȺɚɚɎŭŬɠ (Xystrakis, Psarras & Koutsias 2017), əŬɘ Ŭˊɧ 

ɎɚɚŬ ɀŮůɞɔŮɘŬəɎ ɓɞɡɜɎ (Pueyo & Beguer²a 2007). 

 

ɀŮɚɚɞɜŰɘəɏɠ ŰɎůŮɘɠ 

Ƀɘ ɢɎɟŰŮɠ Ⱦɉũ ɔɘŬ Űɞ 2055 ɐŰŬɜ ˊŬɜɞɛɞɘɧŰɡˊɞɘ əŬŰɎ Űɞ 90ï95% Űɖɠ ɏəŰŬůɐɠ Űɞɡɠ ɛŮŰŬɝɨ Űɤɜ 

əɚɘɛŬŰɘəɩɜ ůŮɜŬɟɑɤɜ. ũɘŬ Űɞ ɡˊɧɚɞɘˊɞ 5ï10% ́ ɞɡ ŭɘɏűŮɟŬɜ, ɞɘ ˊɘɞ ůɡůŰɖɛŬŰɘəɏɠ ŬɚɚŬɔɏɠ ɐŰŬɜ ɖ 

ˊɟɧɓɚŮɣɖ Űɤɜ ŭŬůɩɜ ůŮ ɛŮɔŬɚɨŰŮɟɞ ɡɣɧɛŮŰɟɞ əŬŰɎ Űɞ ˊɘɞ ŬˊŬɘůɘɧŭɞɝɞ ůŮɜɎɟɘɞ ɗŮɟɛɧŰŮɟɞɡ əŬɘ 

ɝɖɟɧŰŮɟɞɡ əɚɑɛŬŰɞɠ, əŬɘ Űɤɜ ɚɘɓŬŭɘɩɜ əŬɘ ˊɡəɜɩɜ ɗŬɛɜɩɜɤɜ ůŮ ɛɘəɟɧŰŮɟɞ ɡɣɧɛŮŰɟɞ (ȺɘəɧɜŬ 2). 

ɄŬɟɧɛɞɘŬ ˊɟɧŰɡˊŬ ɛŮŰŬəɑɜɖůɖɠ ŭŬůɞɞɟɑɤɜ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ůŮ ɛŮɚɏŰŮɠ ɔɘŬ Űɖɜ ŮˊɑˊŰɤůɖ Űɖɠ 

əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ ɛŮ ɘůŰɞɟɘəɎ ŭŮŭɞɛɏɜŬ (ˊ.ɢ. Piccinelli et al. 2020).  

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ ŮɔəŬŰɎɚŮɘɣɖ ɞŭɐɔɖůŮ ɘůŰɞɟɘəɎ ůŮ Ŭɨɝɖůɖ Űɤɜ ŭŬůɩɜ, ŰŬ ɞˊɞɑŬ ˊɟɞɓɚɏűɗɖəŬɜ ůŮ ɛŮɔŬɚɨŰŮɟŬ 

ɡɣɧɛŮŰɟŬ əŬŰɎ ŰŬ ˊɘɞ ŬˊŬɘůɘɧŭɞɝŬ əɚɘɛŬŰɘəɎ ůŮɜɎɟɘŬ. ɄɟɞůŮɔɔɑůŮɘɠ ɧˊɤɠ ɖ ˊŬɟɞɨůŬ ɛˊɞɟɞɨɜ ɜŬ 

ůɡɛɓɎɚɚɞɡɜ ůŰɞɜ ůɢŮŭɘŬůɛɧ ˊɞɚɘŰɘəɩɜ ˊɞɡ ůŰɞɢŮɨɞɡɜ ůŰɖ ŭɘŬɢŮɑɟɘůɖ əŬɘ ŬˊɞəŬŰɎůŰŬůɖ ŬɡŰɩɜ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞˊɑɤɜ Űɖɠ ɀŮůɞɔŮɑɞɡ. 
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ȺɘəɧɜŬ 1. Ƀɘ ˊɏɜŰŮ ˊŮɟɘɞɢɏɠ ɛŮɚɏŰɖɠ. (Ŭ) ɇɞˊɞɔɟŬűɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ˊŮɟɘɞɢɩɜ, ɞɘ ɞˊɞɑŮɠ 

ŮɜŰɞˊɑɕɞɜŰŬɘ ɛŮ ɛŬɨɟɞ ˊɚŬɑůɘɞ ůŰɞɜ ŮɡɟɨŰŮɟɞ ɢɎɟŰɖ Űɞɡ ɏɜɗŮŰɞɡ. Ƀɘ əɞɘɜɧŰɖŰŮɠ ɞɟɘɞɗŮŰɞɨɜŰŬɘ ɛŮ 

ɚŮɡəɐ ɔɟŬɛɛɐ, əŬɘ ɞɘ ɞɘəɘůɛɞɑ ůɡɛɓɞɚɑɕɞɜŰŬɘ ɛŮ ɚŮɡəɎ ůˊɑŰɘŬ. (ɓïŮ) ȼ ɢŬɟŰɞɔɟŬűɖɛɏɜɖ Ⱦɉũ əŬŰɎ ŰŬ 

ŰɏůůŮɟŬ ɏŰɖ ɛŮɚɏŰɖɠ. ȼ ˊŬɟɞɨůŬ EɘəɧɜŬ 1 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɧˊɘɜ ɎŭŮɘŬɠ (Kiziridis et al. 2022a). 

 

 
ȺɘəɧɜŬ 2. ɈɣɧɛŮŰɟɞ ůŰŬ əŮɚɘɎ Űɞɡ ɢɎɟŰɖ ŰŬ ɞˊɞɑŬ ˊɟɞɓɚɏűɗɖəŬɜ ɛŮ ŭɘŬűɞɟŮŰɘəɐ Ⱦɉũ ɛŮŰŬɝɨ Űɞɡ 

ˊɘɞ Ŭɘůɘɧŭɞɝɞɡ (SSP126) əŬɘ ˊɘɞ ŬˊŬɘůɘɧŭɞɝɞɡ (SSP585) əɚɘɛŬŰɘəɞɨ ůŮɜŬɟɑɞɡ. ɇŬ ůɨɛɓɞɚŬ 

ŬɜɘůɧŰɖŰŬɠ ɡˊɞŭɖɚɩɜɞɡɜ ůŰŬŰɘůŰɘəɩɠ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ ůŰɞ ŭɘɎɛŮůɞ ɡɣɧɛŮŰɟɞ əŬŰɎ Űɞɜ Ůɚɏɔɢɞ 

Wilcoxon ɛŮŰŬɝɨ ůŮɜŬɟɑɤɜ. ɇɏůůŮɟŬ ůɨɛɓɞɚŬ ŬɜɘůɧŰɖŰŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɘɛɐ p Ò 0.001, ŰɟɑŬ 

ůɨɛɓɞɚŬ ɔɘŬ p Ò 0.001, ŭɨɞ ɔɘŬ p Ò 0.01, ɏɜŬ ɔɘŬ p Ò 0.05, əŬɘ əŬɜɏɜŬ ůɨɛɓɞɚɞ ɔɘŬ p > 0.05 Ůˊɘˊɏŭɞɡ 

ůŰŬŰɘůŰɘəɐɠ ůɖɛŬɜŰɘəɧŰɖŰŬɠ. 



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

142 

ȸɘɓɚɘɞɔɟŬűɑŬ 

Benayas, J. R., Martins, A., Nicolau, J. M., & Schulz, J. J. (2007). Abandonment of agricultural land: 

an overview of drivers and consequences. CAB reviews: Perspectives in agriculture, veterinary 

science, nutrition and natural resources, 2, 1-14. 

Bravo, D. N., Ara¼jo, M. B., Lasanta, T., & Moreno, J. I. L. (2008). Climate change in Mediterranean 

mountains during the 21st century. Ambio, 280-285. 

Kaplan, J. O., Krumhardt, K. M., & Zimmermann, N. (2009). The prehistoric and preindustrial 

deforestation of Europe. Quaternary Science Reviews, 28, 3016-3034. 

Kiziridis, D. A., Mastrogianni, A., Pleniou, M., Karadimou, E., Tsiftsis, S., Xystrakis, F., & Tsiripidis, 

I. (2022a). Acceleration and relocation of abandonment in a Mediterranean mountainous 

landscape: drivers, consequences, and management implications. Land, 11, 406. 

Kiziridis, D. A., Mastrogianni, A., Pleniou, M., Tsiftsis, S., Xystrakis, F., & Tsiripidis, I. (2022b) 

Improving the predictive performance of CLUE-S by extending demand to land transitions: the 

trans-CLUE-S model. Land, under review. 

MacDonald, D., Crabtree, J. R., Wiesinger, G., Dax, T., Stamou, N., Fleury, P., ... & Gibon, A. (2000). 

Agricultural abandonment in mountain areas of Europe: environmental consequences and policy 

response. Journal of environmental management, 59, 47-69. 

Mßrch, H.F.C. (1999). Mediterranean agriculture - an agro-ecological strategy. Geografisk Tidsskrift, 

1, 143ï156. 

Piccinelli, S., Brusa, G., & Cannone, N. (2020). Climate warming accelerates forest encroachment 

triggered by land use change: A case study in the Italian Prealps (Triangolo Lariano, Italy). Catena, 

195, 104870. 

Pueyo, Y., & Beguer²a, S. (2007). Modelling the rate of secondary succession after farmland 

abandonment in a Mediterranean mountain area. Landscape and Urban Planning, 83, 245-254. 

St¿rck, J., Levers, C., van der Zanden, E. H., Schulp, C. J. E., Verkerk, P. J., Kuemmerle, T., ... & 

Verburg, P. (2018). Simulating and delineating future land change trajectories across Europe. 

Regional Environmental Change, 18, 733-749. 

van der Zanden, E. H., Verburg, P. H., Schulp, C. J., & Verkerk, P. J. (2017). Trade-offs of European 

agricultural abandonment. Land use policy, 62, 290-301. 

van Vliet, J., Bregt, A. K., Brown, D. G., van Delden, H., Heckbert, S., & Verburg, P. H. (2016). A 

review of current calibration and validation practices in land-change modeling. Environmental 

Modelling & Software, 82, 174-182. 

Verburg, P. H., Rounsevell, M., & Veldkamp, A. (2006). Scenario-based studies of future land use in 

Europe. Agriculture, ecosystems & environment, 114. 

Xystrakis, F., Psarras, T., & Koutsias, N. (2017). A process-based land use/land cover change 

assessment on a mountainous area of Greece during 1945ï2009: signs of socio-economic drivers. 

Science of the Total Environment, 587, 360-370. 

Zomeni, M., Tzanopoulos, J., & Pantis, J. D. (2008). Historical analysis of landscape change using 

remote sensing techniques: An explanatory tool for agricultural transformation in Greek rural 

areas. Landscape and urban planning, 86, 38-46. 

 

 
  



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

143 

ɀŮɚɏŰɖ ŬɜɗŮəŰɘəɩɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ əŬɘ əɚɘɜɘəɩɜ ůŰŮɚŮɢɩɜ Escherichia coli 

 
ȹȽɃȿȼ ɉɟɨůŬ1, ɄȷɄɄȷ ȳɚɔŬ2, ɀɄȺɅɁɇȷȿȿȽ ɆɞűɑŬ1, ɄɃȿɃɁɈūȼ ȹɐɛɖŰɟŬ1, ȷũũȺȿɃɈ 

ȾŬŰŮɟɑɜŬ1, ɄȷɄȷũȽȷɁɁȼ ȸŬůɘɚɘəɐ1, ȹȷɁȷȿȽȷ ɉɟɡůɎɜɗɖ1, ɉɅɈɆɃɉɃɃɈ Ⱥɚɏɜɖ1, ūȿȺȸȷɅȼɆ 

Ūɞŭɤɟɐɠ1, ɆȽȷɇɅȷȸȷɁȼ Ⱥɘɟɐɜɖ5, ɇȷɇɆȽɃɄɃɈȿɃɆ ȷˊɧůŰɞɚɞɠ3, ȾɋɇɆȷȾȼɆ ɆŰɎɗɖɠ5, 

ũȽȷȾȾɃɈɄȼ ɄŬɜŬɔɘɩŰŬ4, ɀɈɅȽȷũȾɃɈ ȸɘɓɐ5, ɀɄȺȿɃɈȾȷɆ ȷˊɧůŰɞɚɞɠ1 

 
1 ȺɟɔŬůŰɐɟɘɞ ɀɞɟɘŬəɐɠ ɀɘəɟɞɓɘɞɚɞɔɑŬɠ əŬɘ ȷɜɞůɞɚɞɔɑŬɠ, ɇɛɐɛŬ ȸɘɞɥŬŰɟɘəɩɜ ȺˊɘůŰɖɛɩɜ, ɄŬɜŮˊɘůŰɐɛɘɞ 

ȹɡŰɘəɐɠ ȷŰŰɘəɐɠ, ȷɘɔɎɚŮɤ, ȷɗɐɜŬ, cdioli@uniwa.gr 
2 ȾŮɜŰɟɘəɧ ȺɟɔŬůŰɐɟɘɞ ȹɖɛɧůɘŬɠ ɈɔŮɑŬɠ, Ⱥɗɜɘəɧɠ ɃɟɔŬɜɘůɛɧɠ ȹɖɛɧůɘŬɠ ɈɔŮɑŬɠ (ȺɃȹɈ), o.pappa@eody.gr 

3 ȺɟɔŬůŰɐɟɘɞ ɀɘəɟɞɓɘɞɚɞɔɑŬɠ, ũŮɜɘəɧ ɁɞůɞəɞɛŮɑɞ ȿɘɓŬŭŮɘɎɠ, apotatsiop@yahoo.com 
4 ɇɛɐɛŬ ɄɞɚɘŰɘəɩɜ ȹɖɛɧůɘŬɠ ɈɔŮɑŬɠ, Ɇɢɞɚɐ ȹɖɛɧůɘŬɠ ɈɔŮɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ȷŰŰɘəɐɠ, ȷɛˊŮɚɧəɖˊɞɘ, 

ȷɗɐɜŬ, pgiakkoupi@uniwa.gr 
5 ȺɟɔŬůŰɐɟɘɞ ȸŬəŰɖɟɘɞɚɞɔɑŬɠ, Ⱥɚɚɖɜɘəɧ ȽɜůŰɘŰɞɨŰɞ ɄŬůŰɏɟ, ȷɗɐɜŬ, miriagou@pasteur.gr 

 

 

ɄŮɟɑɚɖɣɖ  
ȼ ŮɝɎˊɚɤůɖ Űɤɜ ŬɜɗŮəŰɘəɩɜ ůŰŬ ŬɜŰɘɓɘɞŰɘəɎ ɓŬəŰɖɟɑɤɜ ɏɢŮɘ ɚɎɓŮɘ ŰŮɟɎůŰɘŮɠ ŭɘŬůŰɎůŮɘɠ əŬɘ ŬˊŮɘɚŮɑ ɜŬ 

ŬɜŬŰɟɏɣŮɘ ɏɜŬɜ ŬɘɩɜŬ ɘŬŰɟɘəɐɠ ˊɟɞɧŭɞɡ. ȷɜɗŮəŰɘəɎ ɓŬəŰɐɟɘŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰŬ ɚɨɛŬŰŬ Ůɜɩ ůɡɢɜɎ ŮɑɜŬɘ ŬŭɨɜŬŰɖ 

ɖ ŮɝɎɚŮɘɣɖ Űɞɡɠ əŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ˊɞɡ ɡűɑůŰŬɜŰŬɘ ůŰɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɚɡɛɎŰɤɜ (Ⱥ.Ⱥ.ȿ). ɇɞ 

ɔŮɔɞɜɧɠ ŬɡŰɧ əŬɘ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŰŬ ŮˊɘɓŬɟɡɛɏɜŬ ɚɨɛŬŰŬ əŬŰŬɚɐɔɞɡɜ ůŮ ɡŭɎŰɘɜŬ ůɩɛŬŰŬ, əŬɗɩɠ əŬɘ Űɞ ɧŰɘ ůŮ 

ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɓɘɞɛɖɢŬɜɘəɞɨɠ ɐ ŬɟŭŮɡŰɘəɞɨɠ ůəɞˊɞɨɠ ŬˊɞŰŮɚŮɑ ŰŮɟɎůŰɘŬ 

ŬˊŮɘɚɐ ɔɘŬ Űɖɜ ɡɔŮɑŬ Űɞɡ Ŭɜɗɟɩˊɞɡ əŬɘ Ůɜ ɔɏɜŮɘ Űɞɡ ɞɘəɞůɡůŰɐɛŬŰɞɠ. ɆɡɜŮˊɩɠ ɖ ůɡůŰɖɛŬŰɘəɐ ŮˊɘŰɐɟɖůɖ Űɖɠ 

ŬɜŰɘɛɘəɟɞɓɘŬəɐɠ ŬɜŰɞɢɐɠ ůŰɞ ɡŭɎŰɘɜɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ůŰŬ ɚɨɛŬŰŬ əŬɗɑůŰŬŰŬɘ ŬɜŬɔəŬɑŬ. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ  

Escherichia coli, ŬɜŰɘɓɘɞŰɘəɎ, ŬɜŰɘɛɘəɟɞɓɘŬəɐ ŬɜŰɞɢɐ, ˊŮɟɘɓɎɚɚɞɜ 

 

 

ȺɘůŬɔɤɔɐ  

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ˊɟɞŰɨˊɤɜ əŬɘ Űɤɜ ɛɖɢŬɜɘůɛɩɜ ŬɜŰɘɛɘəɟɞɓɘŬəɐɠ 

ŬɜŰɞɢɐɠ əŬɗɩɠ əŬɘ ɛŮ Űɖɜ Űɡˊɞˊɞɑɖůɖ ůŰŮɚŮɢɩɜ E. coli ˊɞɡ ŬˊɞɛɞɜɩɗɖəŬɜ Űɧůɞ Ŭˊɧ əɚɘɜɘəɎ ɧůɞ əŬɘ 

Ŭˊɧ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ŭŮɑɔɛŬŰŬ (ɜɞůɞəɞɛŮɘŬəɧ əŬɘ ŬůŰɘəɧ ɚɨɛŬ əŬɘ ɜŮɟɧ ˊɞŰŬɛɩɜ). 

 

ɀɏɗɞŭɞɘ 

ɆŰɖ ɛŮɚɏŰɖ ůɡɛˊŮɟɘɚɐűɗɖəŬɜ 139 əɚɘɜɘəɎ əŬɘ 502 ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ůŰŮɚɏɢɖ, ˊɞɡ ůɡɚɚɏɢɗɖəŬɜ Űɞ 

ŭɘɎůŰɖɛŬ Ƚɞɨɚɘɞɠ 2019 ï ȷˊɟɑɚɘɞɠ 2021 əŬɘ ůɢŮŰɑɕɞɜŰŬɘ ɢɤɟɞɢɟɞɜɘəɎ. ȷˊɧ ŰŬ 139 əɚɘɜɘəɎ ůŰŮɚɏɢɖ, 

104 ŬˊɞɛɞɜɩɗɖəŬɜ Ŭˊɧ ɞɨɟŬ, 30 Ŭˊɧ ŬɑɛŬ əŬɘ 5 Ŭˊɧ ŰɟŬɨɛŬŰŬ ŬůɗŮɜɩɜ ˊɞɡ ŮɑŰŮ ɜɞůɖɚŮɨŰɖəŬɜ ŮɑŰŮ 

ŮˊɘůəɏűɗɖəŬɜ Űɞ ŰɛɐɛŬ ŮˊŮɘɔɧɜŰɤɜ ˊŮɟɘůŰŬŰɘəɩɜ Űɞɡ ũŮɜɘəɞɨ ɁɞůɞəɞɛŮɑɞɡ Űɖɠ ȿɘɓŬŭŮɘɎɠ. ȷˊɧ ŰŬ 

502 ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ůŰŮɚɏɢɖ: Ŭ) 105 ŬˊɞɛɞɜɩɗɖəŬɜ Ŭˊɧ ɖɛɘ-ŮˊŮɝŮɟɔŬůɛɏɜɞ ɚɨɛŬ Űɞɡ ũŮɜɘəɞɨ 

ɁɞůɞəɞɛŮɑɞɡ ȿɘɓŬŭŮɘɎɠ, ɓ) 171 Ŭˊɧ ŭŮɡŰŮɟɞɔŮɜɩɠ ŮˊŮɝŮɟɔŬůɛɏɜɞ ɚɨɛŬ ˊɞɡ ůɡɚɚɏɢɗɖəŮ Ŭˊɧ Űɖɜ ɏɝɞŭɞ 

Űɖɠ Ⱥ.Ⱥ.ȿ Űɖɠ ȿɘɓŬŭŮɘɎɠ ɔ) 163 Ŭˊɧ ůɖɛŮɑɞ Űɞɡ ˊɞŰŬɛɞɨ ȰɟəɡɜŬ ůŰŬ 100ɛ əŬɗɞŭɘəɎ Űɖɠ Ůəɓɞɚɐɠ 

ɚɡɛɎŰɤɜ Űɖɠ Ⱥ.Ⱥ.ȿ əŬɘ ŭ) 63 Ŭˊɧ ůɖɛŮɑɞ Űɞɡ ˊɞŰŬɛɞɨ ˊɞɡ ŬˊɏɢŮɘ 6ɢɚɛ Ŭˊɧ Űɞ ůɖɛŮɑɞ Ůɝɧŭɞɡ Űɤɜ 

ɚɡɛɎŰɤɜ. ȳɚŬ ŰŬ ůŰŮɚɏɢɖ ŰɡˊɞˊɞɘɐɗɖəŬɜ ɛŮ Űɖɜ ɛɞɟɘŬəɐ ŰŮɢɜɘəɐ Phylogrouping (Clermont et. al. 

2000). ɄŬɟɎɚɚɖɚŬ ɡˊɞɓɚɐɗɖəŬɜ ůŮ ɏɚŮɔɢɞ ɛɘəɟɞɓɘŬəɐɠ ŮɡŬɘůɗɖůɑŬɠ ůŮ 18 ŬɜŰɘɓɘɞŰɘəɎ ɛŮ Űɖ ɛɏɗɞŭɞ 

ŭɘɎɢɡůɖɠ ŭɑůəɤɜ ŬɜŰɘɓɘɞŰɘəɩɜ ůŮ ɎɔŬɟ əŬɘ ůŰŬ űŬɘɜɞŰɡˊɘəɎ ŰŮůŰ Double-Disc Synergy Test (DDST) 

əŬɘ Carbapenem Inactivation Method (CIM-test) ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ɓ-ɚŬəŰŬɛŬůɩɜ ŮəŰŮŰŬɛɏɜɞɡ 

űɎůɛŬŰɞɠ (extended-spectrum ɓ-lactamases, ESBLs) əŬɘ əŬɟɓŬˊŮɜŮɛŬůɩɜ, ŬɜŰɑůŰɞɘɢŬ (EUCAST 

2017). ȷəɧɛɖ ŮɚɏɔɢɗɖəŬɜ ɛɞɟɘŬəɎ ɔɘŬ Űɖɜ ˊŬɟɞɡůɑŬ ɔɞɜɘŭɑɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ůɡɔəŮəɟɘɛɏɜɞɡɠ 

űŬɘɜɞŰɨˊɞɡɠ ŬɜŰɞɢɐɠ, ɧˊɤɠ ɔɞɜɑŭɘŬ ESBLs, əŬɟɓŬˊŮɜŮɛŬůɩɜ əŬɘ AmpC ɓ-ɚŬəŰŬɛŬůɩɜ (Woodford et 

al. 2006, ECDC 2019). ɇɏɚɞɠ ůŮ ɞɟɘůɛɏɜŬ ˊɞɚɡŬɜɗŮəŰɘəɎ ůŰŮɚɏɢɖ ŮűŬɟɛɧůŰɖəŮ ˊɚŬůɛɘŭɘŬəɐ ŬɜɎɚɡůɖ 

əŬŰɎ Portnoy (Portnoy et al.1981).  
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ȷˊɞŰŮɚɏůɛŬŰŬ  

ɆɨɛűɤɜŬ ɛŮ ŰŬ ŮˊɘŭɖɛɘɞɚɞɔɘəɎ əŬɘ ŰŬ əɚɘɜɘəɎ ɧɟɘŬ ŬɜŰɞɢɩɜ əŬŰɎ EUCAST, ŬɜŰɑůŰɞɘɢŬ, ˊɟɞɏəɡɣŬɜ ŰŬ 

ˊŬɟŬəɎŰɤ: Ŭ) ɔɘŬ ŰŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ůŰŮɚɏɢɖ Űɞ 40,0% (203/502) ɢŬɟŬəŰɖɟɑůŰɖəŮ ɤɠ Ɏɔɟɘɞɡ Űɨˊɞɡ 

[wild-type, WT: ŮɡŬɑůɗɖŰɞ ůŮ ɧɚŬ ŰŬ ŬɜŰɘɓɘɞŰɘəɎ], Űɞ 2,0% (14/502) ɤɠ ɛɖ-Ɏɔɟɘɞɡ Űɨˊɞɡ [non-wild 

type, N-WT: ŬɜɗŮəŰɘəɧ ůŮ ɛɧɜɞ ɏɜŬ ŬɜŰɘɓɘɞŰɘəɧ ˊŬɟɎɔɞɜŰŬ], Űɞ 36,0% (183/502) ɤɠ ŬɜɗŮəŰɘəɧ 

[resistant, R: ŬɜɗŮəŰɘəɧ ůŮ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ɏɜŬɜ ŬɜŰɘɓɘɞŰɘəɧ ˊŬɟɎɔɞɜŰŬ ɛɏɢɟɘ əŬɘ Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ 

əŬŰɖɔɞɟɘɩɜ] əŬɘ Űɞ 20.3% (102/502) ɤɠ ˊɞɚɡŬɜɗŮəŰɘəɧ [multi-drug resistant, MDR: ŬɜɗŮəŰɘəɧ ůŮ 

ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬɜ ŬɜŰɘɓɘɞŰɘəɧ ˊŬɟɎɔɞɜŰŬ ůŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ŰɟŮɘɠ ŭɘŬűɞɟŮŰɘəɏɠ əŬŰɖɔɞɟɑŮɠ], ɓ) ɔɘŬ 

ŰŬ əɚɘɜɘəɎ ůŰŮɚɏɢɖ Űɞ 40,0% (56/139) ɢŬɟŬəŰɖɟɑůŰɖəŮ ɤɠ S (sensitive, ŮɡŬɑůɗɖŰɞ ůŮ ɧɚŬ ŰŬ 

ŬɜŰɘɓɘɞŰɘəɎ), Űɞ 44,0% (61/139) ɤɠ R əŬɘ Űɞ 16% (22/139) ɤɠ MDR. ɆɡɜɞɚɘəɎ, ɖ ɛŮɔŬɚɨŰŮɟɖ ůɡɢɜɧŰɖŰŬ 

ŮɛűɎɜɘůɖɠ ŬɜŰɞɢɐɠ ˊŬɟŬŰɖɟɐɗɖəŮ ůŰɘɠ ˊŮɜɘəɘɚɚɑɜŮɠ (335/641, 52%) ŬəɞɚɞɡɗɞɨɛŮɜɖ Ŭˊɧ Űɖɜ ŬɜŰɞɢɐ 

ůŮ əɘɜɞɚɧɜŮɠ (135/641, 21%) əŬɘ əŮűŬɚɞůˊɞɟɑɜŮɠ (98/641, 15%). ɀŮŰŬɝɨ Űɤɜ 124 ůɡɜɞɚɘəɎ MDR 

ůŰŮɚŮɢɩɜ Űɞ 52% (65/124) ŮɛűɎɜɘůŮ ˊŬɟɎɚɚɖɚɖ ŬɜŰɞɢɐ ůŮ əŮűŬɚɞůˊɞɟɑɜŮɠ ŮəŰŮŰŬɛɏɜɞɡ űɎůɛŬŰɞɠ əŬɘ 

əɘɜɞɚɧɜŮɠ. ȷˊɧ ŰŬ 80 ůŰŮɚɏɢɖ (əɚɘɜɘəɎ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ) ˊɞɡ ŬɜɏŭŮɘɝŬɜ ɗŮŰɘəɧ DDS test ůŮ 52 

ŬɜɘɢɜŮɨɗɖəŮ ɔɞɜɑŭɘɞ blaCTX-M-group 1 (52/80, 65%), ůŮ 7 (7/80, 9%) Űɞ blaCTX-M-group 9, ůŮ 12 Űɞ blaTEM 

(12/80, 15%) əŬɘ ůŮ 17 Űɞ blaSHV (17/80, 21.3%). ŪŮŰɘəɧ CIM-test ŬɜɏŭŮɘɝŮ ɛɧɜɞ ɏɜŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɧ 

ůŰɏɚŮɢɞɠ ůŰɞ ɞˊɞɑɞ ŬɜɘɢɜŮɨɗɖəŮ Űɞ ɔɞɜɑŭɘɞ blaɃɉȷ-48. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ɛɏɗɞŭɞ Űɞɡ 

Phylogrouping ŰŬ ůŰŮɚɏɢɖ ɞɛŬŭɞˊɞɘɐɗɖəŬɜ ůŰɘɠ ŰɏůůŮɟŮɘɠ ɓŬůɘəɏɠ űɡɚɞɔŮɜŮŰɘəɏɠ ɞɛɎŭŮɠ A, B2, B1, 

əŬɘ D. ȼ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ E. coli əŬŰŬŰɎɢɗɖəŮ ůŰɖɜ ɞɛɎŭŬ A (48%, 242/502), ɤůŰɧůɞ 

ɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ Űɖɠ B2 ɐŰŬɜ ɞɟɘŬəɎ Ŭɡɝɖɛɏɜɖ ůŰŬ ůŰŮɚɏɢɖ ˊɞɡ ŬˊɞɛɞɜɩɗɖəŬɜ Ŭˊɧ Űɞ ɚɨɛŬ. 

ȷɜŰɘɗɏŰɤɠ, ɖ ŮˊɘəɟŬŰɏůŰŮɟɖ ɞɛɎŭŬ ɛŮŰŬɝɨ Űɤɜ əɚɘɜɘəɩɜ ůŰŮɚŮɢɩɜ ɐŰŬɜ ɖ B2 (60%, 84/139) (ȺɘəɧɜŬ 

1.). ȼ ˊɚŬůɛɘŭɘŬəɐ ŬɜɎɚɡůɖ ɏŭŮɘɝŮ ɧŰɘ Űɞ ˊɚŬůɛɘŭɘŬəɧ ˊɟɞűɑɚ Űɤɜ ůŰŮɚŮɢɩɜ ˊŬɟɞɡůɑŬɕŮ ɛŮɔɎɚɖ 

ŮŰŮɟɞɔɏɜŮɘŬ. ɆŰŬ 50 Ŭˊɧ ŰŬ 76 ůŰŮɚɏɢɖ ˊɞɡ ˊŬɟɎɔɞɡɜ ESBLs ŬɜɘɢɜŮɨɗɖəŬɜ ˊɚŬůɛɑŭɘŬ ɛŮɔɎɚɞɡ 

ɛŮɔɏɗɞɡɠ Ó20MDa ɛŬɕɑ ɛŮ ˊɞɚɚɎ ɛɘəɟɧŰŮɟŬ, Űɞ ɛɏɔŮɗɞɠ Űɤɜ ɞˊɞɑɤɜ əɡɛŬɘɜɧŰŬɜ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ 4.2 

ɛŮ 1 MDa.  

 

 
 

ȺɘəɧɜŬ 1. ɆɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ Űɖɠ əɎɗŮ űɡɚɞɔŮɜŮŰɘəɐɠ ɞɛɎŭŬɠ ůŰŬ ŭɘŬűɞɟŮŰɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ 

 

 

ɆɡɕɐŰɖůɖ  

ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ əŬŰŬŭŮɘəɜɨŮɘ ɧŰɘ Űɞ ɜŮɟɧ Űɤɜ ˊɞŰŬɛɩɜ əŬɘ Űɞ ɚɨɛŬ ŬˊɞŰŮɚɞɨɜ ɓŬůɘəɏɠ ŭŮɝŬɛŮɜɏɠ 

ŬɜɗŮəŰɘəɩɜ ůŰŮɚŮɢɩɜ E. coli ůŮ ŬɜŰɘɓɘɞŰɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŰɖɜ əɚɘɜɘəɐ ˊɟɎɝɖ. ɆŰŮɚɏɢɖ 

E. coli ɛŮ ˊŬɟɧɛɞɘɞ ˊɟɧŰɡˊɞ ŬɜŰɘɛɘəɟɞɓɘŬəɐɠ ŬɜŰɞɢɐɠ ˊɞɡ ˊŬɟɎɔɞɡɜ ESBLs əŬɘ ůɡɔəŮəɟɘɛɏɜŬ CTX-

M-Űɨˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ Űɧůɞ ůŮ əɚɘɜɘəɎ ɧůɞ əŬɘ ůŮ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ůŰŮɚɏɢɖ. ȼ űɡɚɞɔŮɜŮŰɘəɐ ɞɛɎŭŬ B2 

ɐŰŬɜ ɖ əɡɟɑŬɟɢɖ ůŰŬ əɚɘɜɘəɎ ůŰŮɚɏɢɖ əŬɘ ɖ ŭŮɨŰŮɟɖ ˊɘɞ ůɡɢɜɐ ůŰŬ ůŰŮɚɏɢɖ ˊɞɡ ŬˊɞɛɞɜɩɗɖəŬɜ Ŭˊɧ ŰŬ 
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ŭŮɑɔɛŬŰŬ ɚɨɛŬŰɞɠ. ɄɘɗŬɜɞɚɞɔŮɑŰŬɘ, ˊɤɠ ŰŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ůŰŮɚɏɢɖ ˊɞɡ əŬŰŬŰɎɢɗɖəŬɜ ůŰɖɜ ɞɛɎŭŬ ȸ2 

ɏɢɞɡɜ ɜɞůɞəɞɛŮɘŬəɐ ˊɟɞɏɚŮɡůɖ. ɇŬ ůŰŮɚɏɢɖ Űɤɜ ɞɛɎŭɤɜ ȸ2 əŬɘ D, ůŰɘɠ ɞˊɞɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ Űɧůɞ 

R ɧůɞ əŬɘ MDR ůŰŮɚɏɢɖ, ŭɘŬɗɏŰɞɡɜ Űɞ ɔɞɜɑŭɘɞ chuA ˊɞɡ ŮɡɗɨɜŮŰŬɘ ɔɘŬ Űɖɜ ɛŮŰŬűɞɟɎ Ŭɑɛɖɠ ůŰŬ 

ŮɜŰŮɟɞŬɘɛɞɟɟŬɔɘəɎ ůŰŮɚɏɢɖ E. coli O157:H7, ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ ɘůɢɡɟɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɖɠ 

ˊŬɗɞɔɏɜŮɘŬɠ əŬɘ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ űɡɚɞɔŮɜŮŰɘəɩɜ ɞɛɎŭɤɜ (Clermont et. al.2000, Spurbeck et al 

2012). ɃɟɘůɛɏɜŮɠ ɛŮɚɏŰŮɠ ůɡůɢŮŰɑɕɞɡɜ Űɖɜ ˊɞɚɡŬɜŰɞɢɐ ůŰŬ ŬɜŰɘɓɘɞŰɘəɎ ɛŮ Űɖɜ Ŭɜɞɢɐ ůŰŬ 

ŬˊɞɚɡɛŬɜŰɘəɎ (Amarasiri 2019, Ben et al 2017, Zhang et al. 2017). Ƀɛɞɑɤɠ, ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɏɜŬ 

ˊɞůɞůŰɧ ŬɜɗŮəŰɘəɩɜ ůŰŮɚŮɢɩɜ ŭɘɏűɡɔŮ Űɖɠ ŬˊɞɚɨɛŬɜůɖɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŬŰɎ Űɖɜ ŭŮɡŰŮɟɞɔŮɜɐ 

ŮˊŮɝŮɟɔŬůɑŬ. ɋɠ Ůə ŰɞɨŰɞɡ, ɞ ɛŮɚɚɞɜŰɘəɧɠ ɛŬɠ ůŰɧɢɞɠ ŮɑɜŬɘ ɖ ŮűŬɟɛɞɔɐ Ŭɚɚɖɚɞɨɢɖůɖɠ ɞɚɧəɚɖɟɞɡ Űɞɡ 

ɔɞɜɘŭɘɩɛŬŰɞɠ (WGS), ˊɞɡ ɗŬ ŬˊɞəŬɚɨɣŮɘ Űɖɜ ˊŬɟɞɡůɑŬ ɛɖɢŬɜɘůɛɩɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ 

ŬɜɗŮəŰɘəɧŰɖŰŬ ůŰŬ ŬˊɞɚɡɛŬɜŰɘəɎ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ, ɗŬ ɓɞɖɗɐůŮɘ ůŰɖɜ Ůɝɐɔɖůɖ Űɞɡ ɢŬɛɖɚɞɨ 

ˊɞůɞůŰɞɨ ŬˊɞɛɎəɟɡɜůɖɠ ŬɜɗŮəŰɘəɩɜ ůŰŮɚŮɢɩɜ Ŭˊɧ Űɞ ŮˊŮɝŮɟɔŬůɛɏɜɞ ɚɨɛŬ.  
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ɀŮɚɏŰɖ Űɖɠ Ŭˊɧəɟɘůɖɠ Űɖɠ ŬɢɘɓɎŭŬɠ Ruditapes decussatus ůŮ ŬɡɝŬɜɧɛŮɜŮɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ɛɏůɤ Űɖɠ ɔɞɜɘŭɘŬəɐɠ ɏəűɟŬůɖɠ ŭɨɞ ɛɞɟɘŬəɩɜ ůɡɜɞŭɩɜ (hsp) 
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ɄŮɟɑɚɖɣɖ  
ȼ ŬɢɘɓɎŭŬ Ruditapes decussatus ŮɑɜŬɘ ŬɡŰɧɢɗɞɜɞ ŭɑɗɡɟɞ ɀŬɚɎəɘɞ ɛŮ ůɖɛŬɜŰɘəɐ Ůɛˊɞɟɘəɐ ŬɝɑŬ. ɇŬ ŭɑɗɡɟŬ, ɧɜŰŬɠ 

ŬɜɑəŬɜŬ ɜŬ ɛŮŰŬəɘɜɖɗɞɨɜ, ŮɑɜŬɘ Ŭˊɧ Űɞɡɠ ˊɘɞ ŮɡɎɚɤŰɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ ŮɜɎɜŰɘŬ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

Űɤɜ ɤəŮŬɜɩɜ ŮɝŬɘŰɑŬɠ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ. ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮůŰɑŬůŮ ůŰɖɜ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ŭˊɧəɟɘůɖɠ ůŰɖ 

ɗŮɟɛɘəɐ əŬŰŬˊɧɜɖůɖ (thermal stress) Űɞɡ Ůɑŭɞɡɠ Ruditapes decussatus, ůŰŬ ˊɚŬɑůɘŬ Űɤɜ ˊŮɟɘůŰŬŰɘəɩɜ ɛŬɕɘəɐɠ 

ɗɜɖůɘɛɧŰɖŰŬɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɞɡɠ ˊɚɖɗɡůɛɞɨɠ ɞůŰɟŬəɞŮɘŭɩɜ ɚɧɔɤ Űɤɜ ɡɣɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ. 

ȺɝŮŰɎůŰɖəŮ ɖ ɏəűɟŬůɖ Űɤɜ ɔɞɜɘŭɑɤɜ hsp22 əŬɘ hsp70 ůŮ 4 ɗŮɟɛɞəɟŬůɑŮɠ ɛŮ ˊŬɟɎɚɚɖɚɖ əŬŰŬɔɟŬűɐ Űɖɠ 

ɗɜɖůɘɛɧŰɖŰŬɠ ɔɘŬ ŭɘɎůŰɖɛŬ 3 ŮɓŭɞɛɎŭɤɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɡˊɞŭŮɘəɜɨɞɡɜ ɧŰɘ ŬəɧɛŬ əŬɘ ɛɘəɟɐ Ŭɨɝɖůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ (22,5ÁC) ŮɑɜŬɘ ŬɟəŮŰɐ ɩůŰŮ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɛŬɕɘəɏɠ ɗɜɖůɘɛɧŰɖŰŮɠ. Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ 

ɞŭɖɔɞɨɜ ŬɜŰɑůŰɞɘɢŬ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ ɗɜɖůɘɛɧŰɖŰŮɠ ɛŮ Űɖɜ ɏɜŰŬůɖ, Űɖɜ ŰŬɢɨŰɖŰŬ əŬɘ Űɞɜ Űɟɧˊɞ Űɖɠ Ŭˊɧəɟɘůɖɠ ɜŬ 

ŭɘŬűɏɟɞɡɜ ůŰɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ.  

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

Ruditapes decussatus, əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ, əŬŰŬˊɧɜɖůɖ, hsp22, hsp70 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ůɡɜŮɢɐɠ Ŭɨɝɖůɖ Űɞɡ ŬŰɛɞůűŬɘɟɘəɞɨ CO2 ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɞŭɖɔɐůŮɘ ɛɏɢɟɘ Űɞ 2100 ůŮ Ŭɨɝɖůɖ Űɖɠ ɛɏůɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ ɤəŮŬɜɩɜ əŬŰɎ 2-4 ÁC (Hoegh-Guldberg et al. 2014). ȽŭɘŬɑŰŮɟŬ 

ŮɡɎɚɤŰŮɠ ɗŮɤɟɞɨɜŰŬɘ ɞɘ ˊŬɟɎəŰɘŮɠ ˊŮɟɘɞɢɏɠ ɧˊɞɡ əŬɘ ŭɘŬɓɘɞɨɜ ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ ˊɚɖɗɡůɛɞɑ 

ɞůŰɟŬəɞŮɘŭɩɜ əŬɘ Ŭˊɧ ɧˊɞɡ ˊɟɞɏɟɢŮŰŬɘ ɛŮɔɎɚɞ ˊɞůɞůŰɧ (90%) Űɖɠ ˊŬɟŬɔɤɔɐɠ ŭɘɗɨɟɤɜ (Wijsman et 

al. 2019). ɆɡɜŮˊɩɠ, əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ɛŮɚɏŰɖ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰŬ ɗŬɚɎůůɘŬ 

ŭɑɗɡɟŬ ɩůŰŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɖ ɘəŬɜɧŰɖŰŬ Űɞɡɠ ɜŬ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ɗŮɟɛɞəɟŬůɘŬəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ. ȼ 

ŬɢɘɓɎŭŬ Ruditapes decussatus ɗŮɤɟŮɑŰŬɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ɞɘəɞɜɞɛɘəɎ ŭɑɗɡɟɞ (FAɃ 2016). Ƀɘ ɡŭɟɧɓɘɞɘ 

ɞɟɔŬɜɘůɛɞɑ ŮɑɜŬɘ ɘəŬɜɞɑ ɤɠ ɏɜŬɜ ɓŬɗɛɧ ɜŬ ŮɔəɚɘɛŬŰɑɕɞɜŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɘŬəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ (Schiedek 

et al. 2007). ȼ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɛɞɟɘŬəɩɜ ɛɖɢŬɜɘůɛɩɜ Ŭˊɧəɟɘůɖɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ 

Űɞɡ ɛŮɔɏɗɞɡɠ Űɖɠ əŬŰŬˊɧɜɖůɖɠ əŬɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɗŮɟɛɞəɟŬůɘŬəɩɜ ɞɟɑɤɜ Űɤɜ ŭɘɗɨɟɤɜ. ȼ 

ˊɟɤŰŮȶɜɖ ɗŮɟɛɘəɞɨ ˊɚɐɔɛŬŰɞɠ 70 (Hsp70) ŭɘŬŭɟŬɛŬŰɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ űɡůɘɞɚɞɔɘəɐ Ŭˊɧəɟɘůɖ 

Űɤɜ ŭɘɗɨɟɤɜ ŮɜɎɜŰɘŬ ůŰɖ ɗŮɟɛɞəɟŬůɘŬəɐ əŬŰŬˊɧɜɖůɖ (Anestis et al. 2008), Ůɜɩ ɖ Hhsp22 ˊŬɑɕŮɘ 

ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ ɛŮŰŬɔɟŬűɘəɞɨ ˊŬɟɎɔɞɜŰŬ NF-kB, ɞ ɞˊɞɑɞɠ ŮˊɎɔŮɘ Űɖɜ ɏəűɟŬůɖ 

ˊɞɚɚɩɜ ɔɞɜɘŭɑɤɜ ŮɜɎɜŰɘŬ ůŮ əɎɗŮ Ůɑŭɞɡɠ əŬŰŬˊɧɜɖůɖ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ŮˊɘɚɏɢɗɖəŬɜ ˊɟɞɠ ɛŮɚɏŰɖ ůŰɖɜ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. 

 

ɀŮɗɧŭɞɘ 

ȷɢɘɓɎŭŮɠ Ruditapes decussatus ůɡɚɚɏɢɗɖəŬɜ əŬɘ ɛŮŰŬűɏɟɗɖəŬɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ůŮ ɗŬɚŬůůɘɜɧ ɜŮɟɧ 

ɛɏůŬ ůŮ əŬɚŬɗɎəɘŬ ɛŮ Ɏɛɛɞ ɩůŰŮ ɜŬ ˊɟɞůɞɛɞɘɤɗŮɑ Űɞ űɡůɘəɧ Űɞɡɠ ŮɜŭɘŬɑŰɖɛŬ. ȹɘŬɜŮɛɐɗɖəŬɜ ůŮ 8 

ŭŮɝŬɛŮɜɏɠ (4 ɗŮɟɛɞəɟŬůɑŮɠ), ůŰɘɠ ɞˊɞɑŮɠ ɐŰŬɜ ŮɔəŬŰŮůŰɖɛɏɜɞ əɚŮɘůŰɧ ůɨůŰɖɛŬ ŬɜŬəɡəɚɞűɞɟɑŬɠ ɜŮɟɞɨ 

(RAS) əŬɘ ůɘŰɑɕɞŰŬɜ ɛŮ ɛɘəɟɞűɨəɖ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ɜŮɟɞɨ ˊŬɟŬəɞɚɞɡɗɞɨɜŰŬɜ əŬɗɖɛŮɟɘɜɩɠ (pH, 

ŭɘŬɚɡɛɛɏɜɞ ɞɝɡɔɧɜɞ, ɗŮɟɛɞəɟŬůɑŬ, ŬɛɛɤɜɑŬ, ɜɘŰɟɘəɎ əŬɘ ɜɘŰɟɩŭɖ ɘɧɜŰŬ), Ůɜɩ ɞɘ ŭɘŬűɞɟŮŰɘəɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ ɟɡɗɛɑůŰɖəŬɜ ɛŮ ɖɚŮəŰɟɘəɞɨɠ ɗŮɟɛɞůŰɎŰŮɠ. ɆŮ ŭɘɎɟəŮɘŬ Űɟɘɩɜ ŮɓŭɞɛɎŭɤɜ əŬɘ ůŮ 6 

ɢɟɞɜɘəɏɠ ůŰɘɔɛɏɠ (ɄɑɜŬəŬɠ 2), ɚɐűɗɖəŬɜ ŰɡɢŬɑŬ 4 ɎŰɞɛŬ Ŭˊɧ əɎɗŮ ŭŮɝŬɛŮɜɐ əŬɘ ŬəɞɚɞɨɗɖůŮ 

Ŭˊɞɛɧɜɤůɖ Űɞɡ ɞɚɘəɞɨ RNA (NucleoZOL, Macherey-Nagel) Ŭˊɧ Űɞɜ ɘůŰɧ Űɞɡ ɛŬɜŭɨŬ.  
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ɄɑɜŬəŬɠ 1: ȺəəɘɜɖŰɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ Ůɜɑůɢɡůɖ Űɤɜ ɔɞɜɘŭɑɤɜ ůŰɧɢɤɜ 

 

ũɞɜɑŭɘɞ ůŰɧɢɞɠ 
Ⱥɛˊɟɧůɗɘɞɠ ŮəəɘɜɖŰɐɠ (5ȭ-3ȭ) 

ȷɜŰɑůŰɟɞűɞɠ ŮəəɘɜɖŰɐɠ (5ȭ-3ȭ) 
ȸɘɓɚɘɞɔɟŬűɑŬ 

hsp22 
GATGAATGGAAATCAATGGAC 

ɄŬɟɞɨůŬ ŮɟɔŬůɑŬ 
GGTTTTCACGCTAATTTCTTC 

hsp70 
TCTCGGAGGTGAGGATTTTG 

Velez et al. 2017 
TTCTCTTTGCTCGCTCACAC 

18S rRNA 
GTACAAAGGGCAGGGACGTA 

Moreira et al. 2012 
CTCCTTCGTGCTAGGGATTG 

 

ȷəɞɚɞɨɗɖůŮ ŬɜŰɑůŰɟɞűɖ ɛŮŰŬɔɟŬűɐ Űɞɡ RNA (PrimeScript kit, Takara) əŬɘ ŬɚɡůɘŭɤŰɐ ŬɜŰɑŭɟŬůɖ 

ˊɞɚɡɛŮɟɎůɖɠ ˊɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ ɛŮ ɡˊɧůŰɟɤɛŬ Űɞ cDNA əŬɘ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ əɘŰ KAPA SYBRÈ 

FAST qPCR Master Mix  (2x) əŬɘ əŬŰɎɚɚɖɚɤɜ ŮəəɘɜɖŰɩɜ (ɄɑɜŬəŬɠ 1).  ȼ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ 

ɏəűɟŬůɖɠ Űɤɜ ɔɞɜɘŭɑɤɜ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ Livak & Schmittgen (2001) ɛŮ ɛɎɟŰɡɟŬ Űɘɠ ŬɢɘɓɎŭŮɠ ůŰɞɡɠ 

18ÁC əŬɘ ɔɞɜɑŭɘɞ ŬɜŬűɞɟɎɠ Űɞ 18S. 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ɆŰɞɡɠ 22,5ÁC ˊŬɟŬŰɖɟɐɗɖəŮ ɗɜɖůɘɛɧŰɖŰŬ 14,8% ɛɏɢɟɘ əŬɘ Űɖɜ 5ɖ ɛɏɟŬ əŬɘ ŬɡɝɖɛɏɜŮɠ ŮəűɟɎůŮɘɠ əŬɘ 

Űɤɜ ŭɨɞ ɔɞɜɘŭɑɤɜ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɡɠ 18ÁC (ɄɑɜŬəŬɠ 2, ȺɘəɧɜŬ 1). ȰˊŮɘŰŬ ˊŬɟŬŰɖɟɐɗɖəŬɜ ɛɖŭŮɜɘəɏɠ 

ɗɜɖůɘɛɧŰɖŰŮɠ, ɤůŰɧůɞ ɖ ɏəűɟŬůɖ Űɤɜ ɔɞɜɘŭɑɤɜ ŮɛűŬɜɑůŰɖəŮ ůɖɛŬɜŰɘəɎ Ŭɡɝɖɛɏɜɖ əŬɘ Űɖ 12ɖ ɛɏɟŬ. ɇɖ 

3ɖ ɛɏɟŬ ɖ ɏəűɟŬůɖ Űɖɠ ȼsp22 ɐŰŬɜ ůɖɛŬɜŰɘəɎ Ŭɡɝɖɛɏɜɖ ŬəɧɛŬ əŬɘ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ 

ɗŮɟɛɞəɟŬůɑŮɠ, Ůɜɩ Űɖ ɛɏɟŬ 5 ŰŬ ŮˊɑˊŮŭŬ Űɞɡ ɔɞɜɘŭɑɞɡ ŬɡŰɞɨ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ Űɞɡɠ 24,5ÁC əŬɘ 

ŬɡɝɖɛɏɜŬ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɡɠ 26,5ÁC. ɇŬ ŮˊɑˊŮŭŬ ɏəűɟŬůɖɠ Űɖɠ ȼsp70 Űɘɠ  ɖɛɏɟŮɠ 3 əŬɘ 5  ɓɟɏɗɖəŬɜ 

ˊŬɟɧɛɞɘŬ ɛŮ Űɞɡɠ 24,5ÁC əŬɘ ɛŮɔŬɚɨŰŮɟŬ Ŭˊɧ Űɞɡɠ 26,5ÁC. ɆŰɞɡɠ 24,5ÁC ˊŬɟŬŰɖɟɐɗɖəŮ ůɡɜɞɚɘəɐ 

ɗɜɖůɘɛɧŰɖŰŬ 33%, Ůɜɩ Űɞ mRNA Űɖɠ ȼsp22 ɓɟɏɗɖəŮ Ŭɡɝɖɛɏɜɞ Űɘɠ ɖɛɏɟŮɠ 0, 1 əŬɘ 5 ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɜ 

ɛɎɟŰɡɟŬ əŬɘ Űɖɠ ȼsp70 ɓɟɏɗɖəŮ Ŭɡɝɖɛɏɜɞ Űɘɠ ɛɏɟŮɠ 0-12. ɆŰɞɡɠ 26,5ÁC əŬŰŬɔɟɎűɖəŮ ŬəɧɛŬ 

ɛŮɔŬɚɨŰŮɟɖ ɗɜɖůɘɛɧŰɖŰŬ (62,3%) ɛŮ əɞɟɨűɤůɖ ɛŮŰɎ Űɖ 10ɖ ɛɏɟŬ. ȼ ȼsp22 ŮɛűɎɜɘůŮ Ŭɡɝɖɛɏɜɖ 

ɏəűɟŬůɖ Űɘɠ ɛɏɟŮɠ 1 əŬɘ 12 əŬɘ ɖ ȼsp70  Űɘɠ ɛɏɟŮɠ 0, 1, 3 əŬɘ 12 Ůɜɩ Űɖ ɛɏɟŬ 5 ŰŬ ŮˊɑˊŮŭɎ Űɖɠ ŭŮɨŰŮɟɖɠ 

ɐŰŬɜ ɢŬɛɖɚɧŰŮɟŬ əŬɘ Ŭˊɧ Űɞɡ ɛɎɟŰɡɟŬ (ȺɘəɧɜŬ 1). ɆŰɞɡɠ 26,5ÁC Űɖɜ ɖɛɏɟŬ 12 əŬɘ ŰŬ ŭɨɞ ɔɞɜɑŭɘŬ 

ŮɛűɎɜɘůŬɜ Ŭɡɝɖɛɏɜɖ ɏəűɟŬůɖ, Ůɜɩ Űɘɠ ˊɟɩŰŮɠ 5 ɛɏɟŮɠ ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ ˊŬɟɧɛɞɘŬ ɗɜɖůɘɛɧŰɖŰŬ ɛŮ 

Űɞɡɠ 24,5 ÁC ɖ ɏəűɟŬůɖ Űɤɜ ɔɞɜɘŭɑɤɜ ŮɑɜŬɘ ŮɑŰŮ ůŰŬ ŮˊɑˊŮŭŬ Űɞɡ ɛɎɟŰɡɟŬ ŮɑŰŮ ŬɡɝɖɛɏɜŬ ůɡɔəɟɘŰɘəɎ ɛŮ 

Űɞɡ ɛɎɟŰɡɟŬ, ɧɛɤɠ ɛŮɘɤɛɏɜŬ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɡɠ 24,5 ÁC. 

 
 

ɄɑɜŬəŬɠ 2: ɄɞůɞůŰɎ ɗɜɖůɘɛɧŰɖŰŬɠ  

 

 ȼɛɏɟŬ 

ŪŮɟɛɞəɟŬůɑŬ 0 5 10 21 

18ÁC 0% 0% 0% 2,60% 

22,5ÁC 0% 14,80% 14,80% 16,10% 

24,5ÁC 0% 14,40% 24,30% 33,00% 

26,5ÁC 0% 18,80% 26,40% 62,30% 
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ȺɘəɧɜŬ 1. ȰəűɟŬůɖ ɔɞɜɘŭɑɤɜ hsp22 əŬɘ hsp70 ůŰɞ ɛŬɜŭɨŬ Űɞɡ ŭɘɗɨɟɞɡ Ruditapes decussatus ůŰɘɠ 

ŭɘŬűɞɟŮŰɘəɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. Ƀɘ ŬůŰŮɟɑůəɞɘ (*) ɡˊɞŭŮɘəɜɨɞɡɜ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɐ ŭɘŬűɞɟɎ 

ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɜ ɛɎɟŰɡɟŬ (18ÁC). 

 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ Űɟɞˊɞˊɞɑɖůɖ Űɖɠ ɔɞɜɘŭɘŬəɐɠ ɏəűɟŬůɖɠ ŮɑɜŬɘ Ŭˊɧ Űɘɠ ˊɘɞ ŰŬɢŮɑŮɠ əŬɘ ŮɡŬɑůɗɖŰŮɠ ŬˊɞəɟɑůŮɘɠ ŮɜɎɜŰɘŬ 

ůŮ əŬŰŬůŰɎůŮɘɠ əŬŰŬˊɧɜɖůɖɠ (Zippay & Hofmann 2010). ɀŮ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ űŬɑɜŮŰŬɘ ɧŰɘ ɖ 

Ŭɟɢɘəɐ Ŭˊɧəɟɘůɖ Űɞɡ Ruditapes decussatus ŮɑɜŬɘ ɏɜŰɞɜɖ ůŰɞɡɠ 22,5ÁC, ůŮ ůɡɛűɤɜɑŬ ɛŮ Űɖɜ ɡɣɖɚɐ 

ɗɜɖůɘɛɧŰɖŰŬ (14,8%) əŬɘ Űɖɜ Ŭɡɝɖɛɏɜɖ ɏəűɟŬůɖ Űɤɜ ŭɨɞ ɔɞɜɘŭɑɤɜ Űɘɠ ˊɟɩŰŮɠ ˊɏɜŰŮ ɛɏɟŮɠ, ɤůŰɧůɞ 

űŬɑɜŮŰŬɘ ɞŰɘ ɏˊŮɘŰŬ ˊɟɞůŬɟɛɧɕŮŰŬɘ ůŮ ŬɡŰɏɠ Űɘɠ ůɡɜɗɐəŮɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɛɖŭŮɜɘəɏɠ ɗɜɖůɘɛɧŰɖŰŮɠ Űɘɠ 

ŮˊɧɛŮɜŮɠ 16 ɖɛɏɟŮɠ. ȼ ɏəɗŮůɖ ůŰɞɡɠ 24,5ÁC ɞŭɖɔŮɑ ůŮ ůŰŬɗŮɟɎ ˊɞůɞůŰɎ ɗɜɖůɘɛɧŰɖŰŬɠ ˊɞɡ ɏűŰŬůŬɜ 

Űɞ 33%. ȼ əŬŰŬˊɧɜɖůɖ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰŬɗŮɟɎ ɏɜŰɞɜɖ Űɘɠ ˊɟɩŰŮɠ 12 ɛɏɟŮɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɖɜ 

hsp70 əŬɘ Ŭˊɧ ŰŬ ŬɡɝɖɛɏɜŬ ŮˊɑˊŮŭŬ ɏəűɟŬůɖɠ Űɖɠ hsp22 Űɘɠ ɛɏɟŮɠ 0, 1 əŬɘ 5. ȼ ɏəɗŮůɖ ůŰɞɡɠ 26,5ÁC 

ɞŭɐɔɖůŮ ůŮ ɛŮɔɎɚɖ ɗɜɖůɘɛɧŰɖŰŬ (62,3%), əɡɟɑɤɠ Ŭˊɧ Űɖ ɛɏɟŬ 10 əŬɘ ɏˊŮɘŰŬ. Ƀɘ Velez et al. (2017) 

ˊŬɟŬŰɐɟɖůŬɜ ůŰɞɡɠ 21ÁC ůŰɞ Ruditapes decussatus ɛɖŭŮɜɘəɐ ɗɜɖůɘɛɧŰɖŰŬ ŬɚɚɎ ˊŬɟɎɚɚɖɚŬ, 

əŬŰŬůŰɟɞűɐ Űɤɜ ɛŮɛɓɟŬɜɩɜ ɚɧɔɤ ŬɜŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ Űɤɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɩɜ ɛɖɢŬɜɘůɛɩɜ. 

ɄŬɟŬŭɧɝɤɠ, ůŰɖɜ ɑŭɘŬ ŮɟɔŬůɑŬ, ůŰɞɡɠ 25ÁC Űɞ Ůɑŭɞɠ ŮɛűŬɜɑůŰɖəŮ ŬɜɗŮəŰɘəɧ (ůŮ 28 ɖɛɏɟŮɠ, 7% 
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ɗɜɖůɘɛɧŰɖŰŬ), ŮˊɘůŰɟŬŰŮɨɞɜŰŬɠ ɛɖɢŬɜɘůɛɞɨɠ Ŭˊɧəɟɘůɖɠ ɧˊɤɠ Űɞ ˊŬɟŬŰŮŰŬɛɏɜɞ əɚŮɑůɘɛɞ Űɤɜ ɗɡɟɑŭɤɜ. 

ūŬɑɜŮŰŬɘ ɧŰɘ ɖ ɏəɗŮůɖ ůŰɖɜ ɗŮɟɛɞəɟŬůɑŬ Űɤɜ 26,5ÁC ɞŭɖɔŮɑ ŬɟɢɘəɎ ůŮ ɐˊɘŬ Ŭˊɧəɟɘůɖ əŬɘ 

ůɡɛˊŮɟɘűɞɟɘəɏɠ ŬɚɚŬɔɏɠ ɔɘŬ Űɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ɞɛɞɘɧůŰŬůɖɠ, ɧɛɤɠ ɖ ˊŬɟŬŰŮŰŬɛɏɜɖ əŬŰŬˊɧɜɖůɖ ɞŭɖɔŮɑ 

ůŮ ŭɘŬŰŬɟŬɢɐ Űɤɜ ɞɛɞɘůŰŬŰɘəɩɜ ɛɖɢŬɜɘůɛɩɜ əŬɘ ɛŮɔɎɚŮɠ ɗɜɖůɘɛɧŰɖŰŮɠ. 
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ɄŮɟɑɚɖɣɖ  
ɇŬ ɏɜŰɞɛŬ ˊɟɞŰŮɑɜɞɜŰŬɘ ɤɠ ŮɜŬɚɚŬəŰɘəɐ ˊɖɔɐ ˊɟɤŰŮɥɜɩɜ ɐ/əŬɘ ɚɘˊɘŭɑɤɜ ůŮ ɕɤɞŰɟɞűɏɠ əŬɘ ŰɟɧűɘɛŬ. ũɘŬ Űɖ 

ɛɏɔɘůŰɖ ŬůűɎɚŮɘŬ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɤɜ Űɟɞűɩɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɏɜŰɞɛŬ, ŬˊŬɘŰŮɑŰŬɘ ɞ ɏɚŮɔɢɞɠ Űɖɠ 

ˊɞɘɞŰɘəɐɠ Űɞɡɠ ůɨɜɗŮůɖɠ. Ɇəɞˊɧɠ Űɖɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɖ ɔŮɜŮŰɘəɐ ŬɜɎɚɡůɖ Űɖɠ ůɨɜɗŮůɖɠ Ůɛˊɞɟɘəɩɠ ŭɘŬɗɏůɘɛɤɜ 

ŮɜŰɞɛɞɎɚŮɡɟɤɜ, ůŮ ŮˊɑˊŮŭɞ Ůɑŭɞɡɠ. ɀŮŰɎ Űɖɜ ŬɜɎɚɡůɖ ŭŮɘɔɛɎŰɤɜ ˊɟɞɜɡɛűɩɜ əŬɘ Ůɜɖɚɑəɤɜ ŬŰɧɛɤɜ, ŮˊɘɚɏɢɗɖəŮ 

ŰɛɐɛŬ Űɞɡ ɛɘŰɞɢɞɜŭɟɘŬəɞɨ ɔɞɜɘŭɑɞɡ COI ɔɘŬ Űɖ ɔŮɜŮŰɘəɐ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ Ůɘŭɩɜ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ 

ŮɜŰɞɛɞɎɚŮɡɟŬ. ȷˊɧ Űɘɠ ŬɜŬɚɨůŮɘɠ Űɤɜ ˊɟɞɜɡɛűɩɜ ŮɜŰɞˊɑůŰɖəŬɜ ŬůɡɛűɤɜɑŮɠ ɛŮŰŬɝɨ Űɖɠ ɛɞɟűɞɚɞɔɘəɐɠ əŬɘ 

ɔŮɜŮŰɘəɐɠ ŰŬɡŰɞˊɞɑɖůɖɠ. ɄɏɟŬ Ŭˊɧ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ Ůɑŭɞɠ ŮɜŰɧɛɞɡ ŭŮɜ ŮɜŰɞˊɑůŰɖəŮ Ɏɚɚɞ Ůɑŭɞɠ ɕɤɘəɞɨ 

ɞɟɔŬɜɘůɛɞɨ ůŰŬ Ůɛˊɞɟɘəɩɠ ŭɘŬɗɏůɘɛŬ ŮɜŰɞɛɞɎɚŮɡɟŬ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ. ɋůŰɧůɞ, ůŮ ɏɜŬ ɎɚŮɡɟɞ Ŭˊɧ ŮɟŮɡɜɖŰɘəɐ 

ŮəŰɟɞűɐ ŬɜɘɢɜŮɨɗɖəŬɜ Ůɑŭɖ ɛɡəɐŰɤɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜɏŭŮɘɝŬɜ ŭɨɞ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ɢɟɐɕɞɡɜ ɘŭɘŬɑŰŮɟɖɠ 

ˊɟɞůɞɢɐɠ: i) Űɖɜ ˊɘɗŬɜɐ ɚŬɜɗŬůɛɏɜɖ ɛɞɟűɞɚɞɔɘəɐ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ŮɜŰɧɛɤɜ ˊɟɘɜ Ŭˊɧ Űɖɜ ŮəŰɟɞűɐ Űɞɡɠ əŬɘ ii) 

Űɖɜ ŬɜɎɔəɖ ůɤůŰɐɠ ůɡɜŰɐɟɖůɖɠ əŬɘ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡɠ. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

ŮɜŰɞɛɞɎɚŮɡɟŬ, ɔɞɜɑŭɘɞ COI, əɚɤɜɞˊɞɑɖůɖ, colony PCR 

 

 

ȺɘůŬɔɤɔɐ 

TŬ ŮɜŰɞɛɞɎɚŮɡɟŬ ɛŮɚŮŰɩɜŰŬɘ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ɤɠ ŮɜŬɚɚŬəŰɘəɐ ˊɖɔɐ ˊɟɤŰŮȶɜɖɠ ɐ/əŬɘ ɚɘˊɘŭɑɤɜ ůŮ 

ŰɟɧűɘɛŬ əŬɘ ɕɤɞŰɟɞűɏɠ (Rumbos et al. 2021). ȰɢŮɘ ŭŮɘɢɗŮɑ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɧŰɘ ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ 

ŮɜŰɧɛɤɜ ŮˊɖɟŮɎɕɞɡɜ ŭɘŬűɞɟŮŰɘəɎ Űɞ əɎɗŮ Ůɑŭɞɠ ɣŬɟɘɞɨ ůŮ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŮɠ (Fabrikov et al. 2020, 

Mastoraki et al. 2020, 2022). ȼ ɢɟɐůɖ Ůɘŭɩɜ ŮɜŰɧɛɤɜ ˊɞɡ ŭŮɜ ɏɢɞɡɜ ŮɔəɟɘɗŮɑ ɤɠ əŬŰɎɚɚɖɚŬ ɔɘŬ ɜŬ 

ůɡɛˊŮɟɘɚɖűɗɞɨɜ ůŮ ɕɤɞŰɟɞűɏɠ ŮɔŮɑɟŮɘ ŬɜɖůɡɢɑŮɠ, ɚɧɔɤ əɡɟɑɤɠ Űɖɠ ɏɚɚŮɘɣɖɠ ŭŮŭɞɛɏɜɤɜ ůɢŮŰɘəɎ ɛŮ Űɖɜ 

ŬůűɎɚŮɘŬ əŬɘ Űɖ ɗɟŮˊŰɘəɐ Űɞɡɠ ŬɝɑŬ (Debode et al. 2017).  

 

ȼ ŮűŬɟɛɞɔɐ ɛŮɗɧŭɤɜ ɔŮɜŮŰɘəɐɠ ŬɜɎɚɡůɖɠ ůŰɘɠ ɕɤɞŰɟɞűɏɠ ŮɑɜŬɘ ɏɜŬɠ əŬɘɜɞŰɧɛɞɠ əŬɘ  ŬɝɘɧˊɘůŰɞɠ Űɟɧˊɞɠ 

ŬɜɑɢɜŮɡůɖɠ Űɤɜ Ůɘŭɩɜ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɏɠ. ɄŬɟɎŭŮɘɔɛŬ ŮűŬɟɛɞɔɐɠ ɔŮɜŮŰɘəɐɠ ŬɜɎɚɡůɖɠ ůŰɖɜ 

ŬɜɑɢɜŮɡůɖ ŮɜŰɧɛɤɜ ůŮ ŰɟɧűɘɛŬ əŬɘ ɕɤɞŰɟɞűɏɠ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ PCR ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, ɖ ɞˊɞɑŬ ɏɢŮɘ 

ŭɞəɘɛŬůŰŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɤɜ Ůɘŭɩɜ Tenebrio molitor (Debode et al. 2017) əŬɘ Hermetia 

illucens (Marien et al. 2018). ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛɘŬ ɛɖ ůŰɞɢŮɡɛɏɜɖ ˊɟɞůɏɔɔɘůɖ, 

ɖ əɚɤɜɞˊɞɑɖůɖ, ɖ ɞˊɞɑŬ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ůŰɖɜ ŬɜɎɚɡůɖ Űɧůɞ ŮɜŰɞɛɞɎɚŮɡɟɤɜ ɧůɞ əŬɘ 

ɘɢɗɡɎɚŮɡɟɤɜ (Garino, Zagon & Braeuning 2019; Vlachavas et al. 2019) əŬɘ ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊɞɘɞŰɘəɐ 

ŬɜɎɚɡůɖ Űɖɠ ůɨɜɗŮůɖɠ Űɤɜ ˊɟɞɘɧɜŰɤɜ ůŮ ŮˊɑˊŮŭɞ Ůɑŭɞɡɠ, ɛŮ ůŰɧɢɞ Űɖ ŭɘŬůűɎɚɘůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡɠ. 
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Tenebrio molitor (ɄɑɜŬəŬɠ 1) ŬɜŬɚɨɗɖəŬɜ ŰɛɐɛŬŰŬ Űɤɜ ɔɞɜɘŭɑɤɜ COI əŬɘ 16S rRNA, ɛŮ ůəɞˊɧ ɜŬ 

ŮˊɘɚŮɔŮɑ ɞ əŬŰɎɚɚɖɚɞɠ ŭŮɑəŰɖɠ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ŮɜŰɧɛɤɜ. ȼ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ 

ˊŮɟɘɚɎɛɓŬɜŮ: 

1. ȷˊɞɛɧɜɤůɖ DNA 

2. Ⱥɜɑůɢɡůɖ ŰɛɖɛɎŰɤɜ DNA ɛŮ PCR 

3. ȷɚɚɖɚɞɨɢɘůɖ 

4. ɇŬɡŰɞˊɞɑɖůɖ Ŭɚɚɖɚɞɡɢɘɩɜ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ (NCBI) 

 

ȼ ˊŮɟɘɞɢɐ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ Ŭˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ  ŬɜɎɚɡůɖ ɞəŰɩ 

Ůɛˊɞɟɘəɩɠ ŭɘŬɗɏůɘɛɤɜ ŮɜŰɞɛɞɎɚŮɡɟɤɜ, əŬɗɩɠ əŬɘ Ůɜɧɠ ŬɚŮɨɟɞɡ ˊɟɞŮɟɢɧɛŮɜɞɡ Ŭˊɧ ŮɟŮɡɜɖŰɘəɐ 

ŮəŰɟɞűɐ. ȼ əɨɟɘŬ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ ŬɜɎɚɡůɖɠ ŮɜŰɞɛɞɎɚŮɡɟɤɜ, ˊŮɟɘɚɎɛɓŬɜŮ: 

1. ȷˊɞɚɑˊŬɜůɖ ŭŮɘɔɛɎŰɤɜ  

2. ȷˊɞɛɧɜɤůɖ DNA  

3. Ⱥɜɑůɢɡůɖ ŮˊɘɚŮɔɛɏɜɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ mtDNA ɛŮ PCR 

4. ȾŬɗŬɟɘůɛɧɠ PCR ˊɟɞɥɧɜŰɤɜ  

5. Ⱦɚɤɜɞˊɞɑɖůɖ PCR ˊɟɞɥɧɜŰɤɜ  

6. Ⱥˊɘɚɞɔɐ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜɤɜ əɚɩɜɤɜ (50 əɚɩɜɞɘ/ŭŮɑɔɛŬ) 

7. Ⱥɜɑůɢɡůɖ Űɤɜ ŮɜɗŮɛɎŰɤɜ DNA ŮˊɘɚŮɔɛɏɜɤɜ əɚɩɜɤɜ ɛŮ ˊɚŬůɛɘŭɘŬəɞɨɠ ŮəəɘɜɖŰɏɠ ɛŮ colony 

PCR 

8. ȷɚɚɖɚɞɨɢɘůɖ 

9. ɇŬɡŰɞˊɞɑɖůɖ Ŭɚɚɖɚɞɡɢɘɩɜ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ (NCBI) 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ˊɟɞɜɡɛűɩɜ əŬɘ Űɤɜ Ůɜɐɚɘəɤɜ ŬŰɧɛɤɜ, ɏɜŬ ŰɛɐɛŬ 650 ɓɎůŮɤɜ Űɞɡ ɔɞɜɘŭɑɞɡ COI 

əɟɑɗɖəŮ ɤɠ Űɞ ˊɚɏɞɜ əŬŰɎɚɚɖɚɞ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Ůɘŭɩɜ ŮɜŰɧɛɤɜ. ɇɞ ŰɛɐɛŬ ŬɡŰɧ ŬˊɞŰŮɚŮɑ ɏɜŬɜ 

ɓŬůɘəɧ ɛɞɟɘŬəɧ ŭŮɑəŰɖ ůŰɖɜ ŰŬɡŰɞˊɞɑɖůɖ ɕɤɘəɩɜ Ůɘŭɩɜ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŮ ŮɟɔŬůɑŮɠ 

ŰŬɡŰɞˊɞɑɖůɖɠ Ůɘŭɩɜ ŮɜŰɧɛɤɜ.  

 

ȷˊɧ ŬɡŰɐ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɟɞɏəɡɣŮ ˊɤɠ ɞɘ ˊɟɞɜɨɛűŮɠ ˊɞɡ ŬɜŬűŮɟɧŰŬɜ ɤɠ Musca domestica 

ŰŬɡŰɞˊɞɘɐɗɖəŬɜ ɔŮɜŮŰɘəɎ ɤɠ Muscina stabulans. ũɘŬ Űɖɜ ˊŮɟŬɘŰɏɟɤ ŭɘŮɟŮɨɜɖůɖ ŬɡŰɐɠ Űɖɠ ŬůɡɛűɤɜɑŬɠ 

əɟɑɗɖəŮ ŬˊŬɟŬɑŰɖŰɖ ɖ Ůə ɜɏɞɡ ůɡɚɚɞɔɐ əŬɘ ŮəŰɟɞűɐ ŭŮɘɔɛɎŰɤɜ Musca domestica əŬɘ Muscina 

stabulans. ȷˊɧ Űɘɠ ɜɏŮɠ ŮəŰɟɞűɏɠ, ŬɜŬɚɨɗɖəŬɜ ŮɜɐɚɘəŬ ɎŰɞɛŬ əŬɘ ŭɘŬˊɘůŰɩɗɖəŮ ůɡɛűɤɜɑŬ 

ɛɞɟűɞɚɞɔɘəɐɠ əŬɘ ɔŮɜŮŰɘəɐɠ ŰŬɡŰɞˊɞɑɖůɖɠ ɔɘŬ Űɞ Musca domestica ŬɚɚɎ ɧɢɘ ɔɘŬ Űɞ Muscina stabulans, 

ɧˊɞɡ ɔŮɜŮŰɘəɎ ŰŬɡŰɞˊɞɘɐɗɖəŮ ɤɠ Sarcophaga africa. ɆŰɘɠ ˊɟɞɜɨɛűŮɠ Űɤɜ Hermetia illucens əŬɘ 

Tenebrio molitor ɖ ɛɞɟűɞɚɞɔɘəɐ əŬɘ ɔŮɜŮŰɘəɐ ŰŬɡŰɞˊɞɑɖůɖ ɐŰŬɜ ůŮ ůɡɛűɤɜɑŬ ůŮ ɧɚŬ ŭŮɑɔɛŬŰŬ. 

 

ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ůɨůŰŬůɖɠ Űɤɜ ŮɜŰɞɛɞɎɚŮɡɟɤɜ, ŭɘŬˊɘůŰɩɗɖəŮ ˊɤɠ ůŰŬ 8 ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛŬ 

ŮɜŰɞɛɞɎɚŮɡɟŬ (Ⱥȷ 1-8), ŭŮɜ ŮɜŰɞˊɑůŰɖəŮ əŬɜɏɜŬ Ɏɚɚɞ Ůɑŭɞɠ ŮəŰɧɠ Ŭˊɧ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ. ɆŰɞ 

ŮɜŰɞɛɞɎɚŮɡɟɞ Ⱥȷ 9 ˊɞɡ ˊɟɞŮɟɢɧŰŬɜ Ŭˊɧ ŮɟŮɡɜɖŰɘəɐ ŮəŰɟɞűɐ, 55,9% Űɤɜ Ŭɚɚɖɚɞɡɢɘɩɜ 

ŰŬɡŰɞˊɞɘɐɗɖəŬɜ ɤɠ Tenebrio molitor əŬɘ ɞɘ ɡˊɧɚɞɘˊŮɠ ɓɟɏɗɖəŬɜ ɜŬ Ŭɜɐəɞɡɜ ůŮ Ůɑŭɖ ɛɡəɐŰɤɜ (Candida 

sp. əŬɘ Millerozyma farinosa) (ɄɑɜŬəŬɠ 1). ȼ ŬˊɞɡůɑŬ ŮˊŮɝŮɟɔŬůɑŬɠ əŬŰɎ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ 

ůɡɔəŮəɟɘɛɏɜɞɡ ɎɚŮɡɟɞɡ űŬɑɜŮŰŬɘ ɜŬ ŮɡɜɧɖůŮ Űɖɜ ŬɜɎˊŰɡɝɖ ɛɡəɐŰɤɜ, əŬɗɩɠ Űɧůɞ ɖ Millerozyma 

farinosa ɧůɞ əŬɘ Ůɑŭɖ Űɞɡ ɔɏɜɞɡɠ Candida ŮɑɜŬɘ ůɡɛɓɘɤŰɘəɎ Űɤɜ ŮɜŰɧɛɤɜ (Dossey, Tatum & McGill  

2016, Stefanini 2018). 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ɀŮ Űɖɜ ˊŬɟŬˊɎɜɤ ɛŮɗɞŭɞɚɞɔɑŬ ŭɘŬˊɘůŰɩɗɖəŮ ɖ ɛɖ ɨˊŬɟɝɖ ɜɞɗŮɑŬɠ Ŭˊɧ ɎɚɚŬ Ůɑŭɖ ŮɜŰɧɛɤɜ ɐ ɕɤɘəɩɜ 

ɞɟɔŬɜɘůɛɩɜ ůŰŬ Ůɛˊɞɟɘəɩɠ ŭɘŬɗɏůɘɛŬ ɎɚŮɡɟŬ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ. ɄŬɟɎɚɚɖɚŬ, ŬɜŬŭŮɑɢɗɖəŬɜ ɖ 

ŬŭɡɜŬɛɑŬ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮˊɘŰɡɢɞɨɠ ɛɞɟűɞɚɞɔɘəɐɠ ŰŬɡŰɞˊɞɑɖůɖɠ Űɤɜ ŮɜŰɧɛɤɜ, əŬɗɩɠ əŬɘ ɖ 

ŬɜɎɔəɖ ůɤůŰɐɠ ůɡɜŰɐɟɖůɖɠ əŬɘ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ˊɟɞɥɧɜŰɤɜ Űɞɡɠ, ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɖɜ 

ˊɞɘɧŰɖŰŬ əŬɘ Űɖɜ ŬůűɎɚŮɘŬ Űɤɜ ɕɤɞŰɟɞűɩɜ əŬɘ Űɟɞűɑɛɤɜ ɔŮɜɘəɧŰŮɟŬ.  
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ɄɑɜŬəŬɠ 1: ȷˊɞŰŮɚɏůɛŬŰŬ ɔŮɜŮŰɘəɐɠ ŰŬɡŰɞˊɞɑɖůɖɠ Űɤɜ ɛŮɚŮŰɞɨɛŮɜɤɜ ŮɜŰɞɛɞɎɚŮɡɟɤɜ. (Ⱥȷ: 

ŮɜŰɞɛɞɎɚŮɡɟɞ) 
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Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ əŬɘ Ŭˊɧ Ůɗɜɘəɞɨɠ ˊɧɟɞɡɠ) əŬɘ ɡɚɞˊɞɘŮɑŰŬɘ ɛɏůɤ Űɖɠ ũŮɜɘəɐɠ ũɟŬɛɛŬŰŮɑŬɠ 

ȰɟŮɡɜŬɠ əŬɘ ȾŬɘɜɞŰɞɛɑŬɠ (ũũȺȾ) ůŰŬ ˊɚŬɑůɘŬ Űɞɡ ŮɟŮɡɜɖŰɘəɧ ɏɟɔɞɡ ɇ6ɈȸɄ-00174 çɇŬ 

ŮɜŰɞɛɞɎɚŮɡɟŬ ɤɠ ŮɜŬɚɚŬəŰɘəɐ ˊɖɔɐ ˊɟɤŰŮɥɜɩɜ ůŰŬ ůɘŰɖɟɏůɘŬ Űɤɜ ŮəŰɟŮűɧɛŮɜɤɜ ɘɢɗɨɤɜ 

(Entomo4Fish)è. 

 

 

Ⱥȷ ɇɨˊɞɠ ŮˊŮɝŮɟɔŬůɑŬɠ ȷɜŬűŮɟɧɛŮɜɖ 

ůɨůŰŬůɖ 

ȷɟɘɗɛɧɠ 

Ŭɚɚɖɚɞɡɢɘɩɜ 

Ⱥɑŭɖ ˊɞɡ 

ŮɜŰɞˊɑůŰɖəŬɜ ɛŮ Űɖ 

ɔŮɜŮŰɘəɐ ŬɜɎɚɡůɖ 

ȺA 1 

ȷˊɞɚɑˊŬɜůɖ 

 

Hermetia illucens 45 Hermetia illucens 

ȺA 2 Hermetia illucens 49 Hermetia illucens 

ȺA 3 Hermetia illucens 41 Hermetia illucens 

ȺA 4 Hermetia illucens 42 Hermetia illucens 

ȺA 5 Hermetia illucens 46 Hermetia illucens 

ȺA 6 ȷˊɞɝɐɟŬɜůɖ 

 

Musca domestica 47 Musca domestica 

ȺA 7 Musca domestica 43 Musca domestica 

ȺA 8 ȿɡɞűɘɚɞˊɞɑɖůɖ Tenebrio molitor 20 Tenebrio molitor 

 

ȺA 9 

 

- 

 

Tenebrio molitor 

19 Tenebrio molitor 

13 Millerozyma farinosa 

2 Candida sp. 
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ɇɞ ɛɘŰɞɢɞɜŭɟɘŬəɧ ɔɞɜɘŭɑɤɛŬ əŬɘ ɖ űɡɚɞɔŮɜŮŰɘəɐ ŰŬɝɘɜɧɛɖůɖ Űɖɠ əŬɟŬɓɑŭŬɠ 

ŮůɤŰŮɟɘəɩɜ ɡŭɎŰɤɜ Pontastacus leptodactylus Ŭˊɧ Űɖɜ ȺɚɚɎŭŬ 
 

ȷȿȸȷɁɃɈ B. ɀŬɟɑŬ1, ɄȷɄȷȹɃɄɃɈȿɃɆ K. ȹɖɛɐŰɟɖɠ2, ȿȷɇɇɃɆ ȷɗŬɜɎůɘɞɠ2, ūȺȽȹȷɁɇɆȼɆ 

ȾɤɜůŰŬɜŰɑɜɞɠ2, ɀȷȾɅȼ ȸŬůɘɚɘəɐ2, ɀȽɉȷȼȿȽȹȼɆ ȸŬůɑɚŮɘɞɠ2, ȷɄɃɆɇɃȿȽȹȼɆ ȷˊɧůŰɞɚɞɠ3, ũȽȷɁɇɆȼɆ 

A. ȽɤɎɜɜɖɠ1 

 
1Ɇɢɞɚɐ ũŮɤˊɞɜɘəɩɜ ȺˊɘůŰɖɛɩɜ, ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ, mariaalvanou7@gmail.com, 

igiantsis@uowm.gr   
2Ɇɢɞɚɐ ŪŮŰɘəɩɜ ȺˊɘůŰɖɛɩɜ, ȷɄŪ, dkpapado@bio.auth.gr, lattosad@bio.auth.gr, kfeidant@bio.auth.gr, 

makrivasil@bio.auth.gr, michaeli@bio.auth.gr  
3Ɇɢɞɚɐ ũŮɤˊɞɜɑŬɠ, ȹŬůɞɚɞɔɑŬɠ əŬɘ ūɡůɘəɞɨ ɄŮɟɘɓɎɚɚɞɜŰɞɠ, ȷɄŪ, apaposto@agro.auth.gr  

 

 

ɄŮɟɑɚɖɣɖ 
ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŮɟɘɔɟɎűŮŰŬɘ Űɞ ɛɘŰɞɢɞɜŭɟɘŬəɧ ɔɞɜɘŭɑɤɛŬ Űɖɠ əŬɟŬɓɑŭŬɠ ŮůɤŰŮɟɘəɩɜ ɡŭɎŰɤɜ 

Pontastacus leptodactylus Ŭˊɧ Űɖɜ ȺɚɚɎŭŬ ɔɘŬ ˊɟɩŰɖ űɞɟɎ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 14 ɕŮɨɔɖ ŮəəɘɜɖŰɩɜ ˊɞɡ 

ůɢŮŭɘɎůŰɖəŬɜ ɓɎůŮɘ Ŭɚɚɖɚɞɡɢɘɩɜ ůɡɔɔŮɜɘəɩɜ Ůɘŭɩɜ. ɇɞ əɤŭɘəɧ ŰɛɐɛŬ Űɞɡ ɛɘŰɞɢɞɜŭɟɘŬəɞɨ ɔɞɜɘŭɘɩɛŬŰɞɠ Űɞɡ P. 

leptodactylus ˊɞɡ ŬɜŬɚɨɗɖəŮ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 14.282 ɕŮɨɔɖ ɓɎůŮɤɜ ůŰɘɠ ɞˊɞɑŮɠ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ 13 ɔɞɜɑŭɘŬ 

ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ˊɟɤŰŮȶɜŮɠ, 1 ɟɘɓɞůɤɛɘəɧ ɔɞɜɑŭɘɞ əŬɘ 13 ɛŮŰŬűɞɟɘəɎ RNA (tRNA). MŮ ɓɎůɖ ɞɚɧəɚɖɟɖ Űɖɜ 

ŬɚɚɖɚɞɡɢɑŬ Űɞɡ ɛɘŰɞɢɞɜŭɟɘŬəɞɨ ɔɞɜɘŭɘɩɛŬŰɞɠ ůŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŮɠ ŬɚɚɖɚɞɡɢɑŮɠ Ŭˊɧ ůɡɔɔŮɜɘəɎ Ůɑŭɖ Ŭˊɧ Űɖ 

ɓɎůɖ ŭŮŭɞɛɏɜɤɜ GenBank, əŬŰŬůəŮɡɎůŰɖəŮ űɡɚɞɔŮɜŮŰɘəɧ ŭɏɜŰɟɞ ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ Űɘɠ űɡɚɞɔŮɜŮŰɘəɏɠ ůɢɏůŮɘɠ Űɞɡ 

P. leptodactylus ůŮ ůɢɏůɖ ɛŮ ɎɚɚŬ Ůɑŭɖ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Astacidae. ȷˊɧ Űɘɠ ɛŮŰŬɝɨ Űɞɡɠ ůɢɏůŮɘɠ ˊɟɞəɨˊŰŮɘ ˊɤɠ ɖ 

ɔŮɜŮŰɘəɐ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Astacus astacus əŬɘ P. leptodactylus űŬɑɜŮŰŬɘ ɛɘəɟɧŰŮɟɖ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ 

Űɤɜ Austropotamobius pallipes əŬɘ Austropotamobius torrentium ˊŬɟɧɚɞ ˊɞɡ ŰŬ ŰŮɚŮɡŰŬɑŬ ɏɢɞɡɜ ŰŬɝɘɜɞɛɖɗŮɑ 

ŮɜŰɧɠ Űɞɡ ɑŭɘɞɡ ɔɏɜɞɡɠ. 

 

ȿɏɝŮɘɠ ȾɚŮɘŭɘɎ 

əŬɟŬɓɑŭŬ, Pontastacus leptodactylus, ɛɘŰɞɢɞɜŭɟɘŬəɧ ɔɞɜɘŭɑɤɛŬ 
 

 

ȺɘůŬɔɤɔɐ 

ɆŰɖɜ ȺɚɚɎŭŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ŰɏůůŮɟŬ Ůɑŭɖ əŬɟŬɓɑŭŬɠ Űɤɜ ŮůɤŰŮɟɘəɩɜ ɡŭɎŰɤɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŰɟɑŬ 

ŬɡŰɧɢɗɞɜŬ (Astacus astacus, Pontastacus leptodactylus, Austropotamobius torrentium) əŬɘ ɏɜŬ ɝŮɜɘəɧ 

(Pacifastacus leniusculus). ɄɟɞɖɔɞɨɛŮɜŮɠ ɛŮɚɏŰŮɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ŮɝɎˊɚɤůɖ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ 

Ůɘŭɩɜ ŬɜŬűɏɟɞɡɜ ˊɤɠ Űɞ Pontastacus leptodactylus ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ Ȱɓɟɞɡ (Perdikaris 

et al. 2017, Laggis et al. 2017). ɋůŰɧůɞ, ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ ŬɝɑŬɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ 

Ůɑŭɞɡɠ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŬɟəŮŰɏɠ ɛŮŰŬűɞɟɏɠ əŬɘ ŮɘůŬɔɤɔɏɠ ˊɚɖɗɡůɛɩɜ ůŮ ŮɜŭɘŬɘŰɐɛŬŰŬ ɧˊɞɡ ŭŮɜ 

ˊɟɞɦˊɐɟɢŮ. ɆŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ůɡɔəŬŰŬɚɏɔɞɜŰŬɘ əŬɘ ɞɘ ɚɑɛɜŮɠ ȸŮɔɞɟɑŰɘŭŬ əŬɘ ȸɧɚɓɖ ɧˊɞɡ Űɞ P. 

leptodactylus əŬŰŬɔɟɎűɖəŮ ˊɟɧůűŬŰŬ (Alvanou et al. 2022). Ƀɘ űɡɚɞɔŮɜŮŰɘəɏɠ ůɢɏůŮɘɠ ɛŮŰŬɝɨ Űɤɜ 

ˊɚɖɗɡůɛɩɜ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ Ůɑŭɞɡɠ ŭŮɜ ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ ɝŮəɎɗŬɟŮɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɡˊɎɟɢɞɡɜ 

ŭɘŬűɤɜɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖ ůɡůŰɖɛŬŰɘəɐ Űɞɡ ŰŬɝɘɜɧɛɖůɖ. ȼ ˊŬɟŬˊɎɜɤ əŬŰɎůŰŬůɖ ŬɜŰɘəŬŰɞˊŰɟɑɕŮŰŬɘ ůŰɖɜ 

ˊɚɖɗɩɟŬ ŭɘŬűɞɟŮŰɘəɩɜ ɞɜɞɛŬůɘɩɜ ˊɞɡ ɏɢŮɘ ɚɎɓŮɘ əŬŰɎ əŬɘɟɞɨɠ ɧˊɤɠ Pontastacus leptodactylus, 

Astacus leptodactylus ɐ ɤɠ ůɨɛˊɚŮɔɛŬ Ůɘŭɩɜ Astacus leptodactylus-complex (Karaman 1963, 

Strarobogatov 1995, Souty-Grosset et al. 2006, śmietana et al. 2006, Kostyuk, Garbar & Mezhzherin 

2013, Crandall & De Grave 2017). ȼ ˊɚɏɞɜ ŮˊɘəɟŬŰɏůŰŮɟɖ əŬŰɎŰŬɝɖ Űɞɡ ůŮ ŮˊɑˊŮŭɞ ɔɏɜɞɡɠ ŮɑɜŬɘ Űɞ 

Pontastacus leptodactylus (Crandall & De Grave 2017). ȷɝɑɕŮɘ ɤůŰɧůɞ ɜŬ ŬɜŬűŮɟɗŮɑ ˊɤɠ ɞɘ ˊŬɟŬˊɎɜɤ 

ɛŮɚɏŰŮɠ ɓŬůɑɕɞɜŰŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ɛɘŰɞɢɞɜŭɟɘŬəɎ ɔɞɜɑŭɘŬ. Ⱥˊɞɛɏɜɤɠ ůŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ 

ɐŰŬɜ ɖ ŬɜɎɚɡůɖ ɞɚɧəɚɖɟɞɡ Űɞɡ ɛɘŰɞɢɞɜŭɘŬəɞɨ ɔɞɜɘŭɘɩɛŬŰɞɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ Ůɑŭɞɡɠ ůŮ ɛɘŬ 

ˊŮɟŬɘŰɏɟɤ ˊɟɞůˊɎɗŮɘŬ ŬˊɞůŬűɐɜɘůɖɠ Űɖɠ ůɡůŰɖɛŬŰɘəɐɠ Űɞɡ ŰŬɝɘɜɧɛɖůɖɠ. 

 

ɀɏɗɞŭɞɘ 

ȹŮɑɔɛŬŰŬ P. leptodactylus ůɡɚɚɏɢɗɖəŬɜ Ŭˊɧ Űɖ ɚɑɛɜɖ ȸŮɔɞɟɑŰɘŭŬ Ŭˊɧ ˊɚɖɗɡůɛɧ ˊɞɡ ɏɢŮɘ ɛŮŰŬűŮɟɗŮɑ 

əŬɘ ŮɔəŬɗɘŭɟɡɗŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ. ɆŬɟɎɜŰŬ mg ɛɡɥəɞɨ ɘůŰɧ Űɖɠ ɞɡɟɎɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Ŭˊɞɛɧɜɤůɖ 
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DNA ɛŮ Űɖ ɢɟɐůɖ Űɞɡ Ůɛˊɞɟɘəɞɨ kit Nucleospin tissue (Machenery Nagel). ɆɢŮŭɘɎůŰɖəŬɜ 14 ɕŮɨɔɖ 

ŮəəɘɜɖŰɩɜ (ɄɑɜŬəŬɠ 1) ɓɎůŮɘ əŬŰŬŰŮɗŮɘɛɏɜɤɜ Ŭɚɚɖɚɞɡɢɘɩɜ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Astacidae ůŰɖ ɓɎůɖ 

ɔŮɜŮŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ GenBank. 

 

ɄɑɜŬəŬɠ 2: ɇŬ ɕŮɨɔɖ ŮəəɘɜɖŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ Ŭɚɚɖɚɞɨɢɖůɖ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ 

 

ȳɜɞɛŬ ȷɚɚɖɚɞɡɢɑŬ ŪŮɟɛɞəɟŬůɑŬ ɡɓɟɘŭɘůɛɞɨ (oC)  

MtAst1F 

MtAst1R 

5ô CAAATCATAAAGATATTGGAAC 3ô      

5ô AATGTTGRGGRAAGAATGT 3ô 
49 

MtAst2F  

MtAst2R 

5ô CAGTKGGRGGTTTAACAGGAG 3ô 

5ô GTTATCRRGTGATTATTCTGAAC 3ô 
54 

MtAst3F  

MtAst3R  

5ô CATTCTTGAACTGTACCTTC 3ô 

5ô CTACTAAATGATATGCATGGTG 3ô         
52 

MtAst4.2F 

MtAst4.2R  

5ô GCTGTTGCAATTATTCAGTC 3ô 

5ô CCAAAGGTATAAGAAGMGTA 3ô 
50 

MtAst6F  

MtAst6R  

5ô GAATTTAACCGCTCAAGAAC 3ô 

5ô CCTAACTATTTCTCTTCCGAG 3ô 
52 

MtAst7F  

MtAst7R  

5ô AGCATCTCATTTACACCGA  3ô 

5ô ABTCBAACATGTCTAAGCATC 3ô 
51 

MtAst8F  

MtAst8R  

5ô TACTTTAGGGATAACAGCGTA 3ô 

5ô GGTCAAATTCTTTCACTCCT 3ô    
52 

MtAst9F  

MtAst9R   

5ô TACCTCGGTTTCGTTATGA 3ô 

5ô ATACYCCYAATATTGAATCAG 3ô 
51 

MtAst10F  

MtAst10R  

5ô GACCTCARGGTAAGACATATC 3ô 

5ô TCTCTCCCTAAYTGATTTCC 3ô 
54 

MtAst11F  

MtAst11R  

5ô GTCCGCTCRCARGGTAATG 3ô 

5ô AAAGGAAGYCAATGAAGAC 3ô 
51 

MtAst12F  

MtAst12R  

5ô GTCATGGTTTATGTTCATCTG 3ô 

5ô ACTCAAAATTAGCTCCRAGC  3ô 
52 

MtAst13F  

MtAst13R  

5ô CGTGTCRGCATTAGTACATTC 3ô 

5ô CCCCAAAYCAAGAATTTGAAG  3ô 
54 

MtAst14F  

MtAst14R  

5ô CTACATTGAAGCTGTAGAAGAG 3ô 

5ô TTTGACAACTTTGAAGGATG 3ô 
51 

MtAst15F  

MtAst15R 

5ô TCAGCAGGCCTATCATTT  3ô 

5ô CAAAAGCATGAGCAGTTACTAC 3ô 
51 

 

ȷəɞɚɞɨɗɖůŮ ɖ Ůɜɑůɢɡůɖ Űɤɜ ŰɛɖɛɎŰɤɜ ɛŮ PCR ůŮ ŬɜŰɘŭɟɎůŮɘɠ ůɡɜɞɚɘəɞɨ ɧɔəɞɡ 20 ɛl ˊɞɡ ˊŮɟɘŮɑɢŬɜ 

10 ɛl FastGene Taq 2x Ready Mix  (NIPPON Genetics, Europe), 0,3 pmol Ŭˊɧ Űɞɜ əɎɗŮ ŮəəɘɜɖŰɐ əŬɘ 

ɜŮɟɧ ɛɏɢɟɘ Űɞɜ ŰŮɚɘəɧ ɧɔəɞ. Ƀɘ ůɡɜɗɐəŮɠ Űɖɠ əɎɗŮ ŬɜŰɑŭɟŬůɖɠ ɐŰŬɜ 95ɞC ɔɘŬ 3 min, 94ɞC ɔɘŬ 30 sec, 

ɗŮɟɛɞəɟŬůɑŬ ɡɓɟɘŭɘůɛɞɨ (ɄɑɜŬəŬɠ 1) ɔɘŬ 40 sec, 72ɞC ɔɘŬ 50 sec əŬɘ ŰŮɚɘəɧ ůŰɎŭɘɞ Ůɜɑůɢɡůɖɠ ůŰɞɡɠ 

72ɞC ɔɘŬ 5 min. ɀŮŰɎ Űɞɜ əŬɗŬɟɘůɛɧ Űɤɜ ˊɟɞɥɧɜŰɤɜ PCR ɛŮ Űɖ ɢɟɐůɖ Űɞɡ Ůɛˊɞɟɘəɞɨ kit NucleoSpin 

Gel and PCR Cleanup (MAcherey-Nagel), ŰŬ əŬɗŬɟɘůɛɏɜŬ ˊɟɞɥɧɜŰŬ ŬɚɚɖɚɞɡɢɐɗɖəŬɜ ɛŮ Űɖ ɛɏɗɞŭɞ 

Sanger ɛŮ ɢɟɐůɖ Űɧůɞ Űɞɡ forward ɧůɞ əŬɘ Űɞɡ reverse ŮəəɘɜɖŰɐ. ɇɏɚɞɠ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

MEGAX (Kumar et al. 2018) ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ Ŭɚɚɖɚɞɨɢɖůɖɠ ůŰɞɘɢɐɗɖəŬɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ 

Ŭɚɔɧɟɘɗɛɞ ClustalW əŬɘ ŭɖɛɘɞɡɟɔɐɗɖəŮ űɡɚɞɔŮɜŮŰɘəɧ ŭɏɜŰɟɞ Maximum Likelihood (ML) ůŮ ůɨɔəɟɘůɖ 

ɛŮ ɎɚɚŮɠ 5 ŬɚɚɖɚɞɡɢɑŮɠ ˊɞɡ ŬɜŬəŰɐɗɖəŬɜ Ŭˊɧ GenBank (NC_033509.1, NC_033504.1, NC_026560.1, 

KX279349.1, KX279347.1). 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ɀŮ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ Ŭɚɚɖɚɞɨɢɖůɖɠ ˊɟɞɏəɡɣŮ ˊɤɠ Űɞ əɤŭɘəɧ ɛɏɟɞɠ Űɞɡ ɛɘŰɞɢɞɜŭɟɘŬəɞɨ 

ɔɞɜɘŭɘɩɛŬŰɞɠ Űɞɡ P. leptodactylus (20220217DS1) ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 14.282 ɕŮɨɔɖ ɓɎůŮɤɜ Ůɜɩ ɖ ɛɖ 
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əɤŭɘəɐ ˊŮɟɘɞɢɐ Ůɚɏɔɢɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ˊɤɠ ŬɜɏɟɢŮŰŬɘ ˊŮɟɑˊɞɡ ůŰŬ 1500 ɕŮɨɔɖ ɓɎůŮɤɜ. Ƀɘ 

űɡɚɞɔŮɜŮŰɘəɏɠ ůɢɏůŮɘɠ Űɞɡ P. leptodactylus ůŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŬ Ůɑŭɖ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ 

ůŰɞ ŭŮɜŭɟɧɔɟŬɛɛŬ Maximul Likelihood (ȺɘəɧɜŬ 1).  

 

 
 

ȺɘəɧɜŬ 1. ūɡɚɞɔŮɜŮŰɘəɧ ŭɏɜŰɟɞ ML ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ Űɘɠ űɡɚɞɔŮɜŮŰɘəɏɠ ůɢɏůŮɘɠ Űɞɡ ŬˊɚɞŰɨˊɞɡ Ŭˊɧ Űɖɜ 

ȺɚɚɎŭŬ ɛŮ ŰŬ Ůɑŭɖ Pontastacus leptodactylus, Astacus astacus, Austropotamobius torrentium, 

Austropotamobius pallipes əŬɘ Pacifastacus leniusculus. 

 

ɆɡɕɐŰɖůɖ 

ɇɞ P. leptodactylus ŬˊɞŰŮɚŮɑ ɏɜŬ Ůɑŭɞɠ ɛɖ ŮˊɘɓŮɓŬɘɤɛɏɜɖɠ ůɡůŰɖɛŬŰɘəɐɠ ŰŬɝɘɜɧɛɖůɖɠ ɚɧɔɤ Űɖɠ ŮɡɟŮɑŬɠ 

ŮɝɎˊɚɤůɐɠ Űɞɡ ŬɚɚɎ əŬɘ ɚɧɔɤ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɛɞɟűɞɚɞɔɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ. ɆŰɖɜ ȺɚɚɎŭŬ 

Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ɏɢɞɡɜ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŬɟəŮŰɏɠ ɛŮŰŬűɞɟɏɠ Űɞɡ Ůɑŭɞɡɠ Ŭˊɧ Űɞɜ Ɏɜɗɟɤˊɞ ůŮ ɜɏŬ 

ŮɜŭɘŬɘŰɐɛŬŰŬ, ɧˊɞɡ əŬɘ ɏɢɞɡɜ ŮɔəŬɗɘŭɟɨůŮɘ ˊɚɖɗɡůɛɞɨɠ. ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŬűɞɟɎ Űɖɜ ˊɟɩŰɖ 

ˊɟɞůˊɎɗŮɘŬ Ŭɚɚɖɚɞɨɢɖůɖɠ Űɞɡ ɛɘŰɞɢɞɜŭɟɘŬəɞɨ ɔɞɜɘŭɘɩɛŬŰɧɠ Űɞɡ ůŰɖɜ ȺɚɚɎŭŬ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ Űɖɜ 

ˊɟɩŰɖ ˊɟɞůˊɎɗŮɘŬ űɡɚɞɔŮɜŮŰɘəɞɨ ɢŬɟŬəŰɖɟɘůɛɞɨ Űɞɡ ɓɎůŮɘ ɞɚɧəɚɖɟɞɡ Űɞɡ ɛɘŰɞɢɞɜŭɟɘŬəɞɨ 

ɔɞɜɘŭɘɩɛŬŰɞɠ. ɄŬɟŬŰɖɟɐɗɖəŮ ˊɤɠ Űɞ P. leptodactylus ɓɟɑůəŮŰŬɘ ˊɘɞ əɞɜŰɎ ɔŮɜŮŰɘəɎ ůŰo Astacus 

astacus, əŬɘ ɛɎɚɘůŰŬ ɛŮ ɛɘəɟɧŰŮɟɖ ɔŮɜŮŰɘəɐ ŬˊɧůŰŬůɖ ůɡɔəɟɘŰɘəɎ ɛŮ ŬɡŰɐ Űɤɜ Austropotamobius 

torrentium əŬɘ Austropotamobius pallipes ŰŬ ɞˊɞɑŬ əŬɘ Ŭɜɐəɞɡɜ ůŰɞ ɑŭɘɞ ɔɏɜɞɠ. ȺˊɘˊɟɞůɗɏŰɤɠ, 

ˊŬɟŬŰɖɟɐɗɖəŮ ˊɤɠ ɖ ɔŮɜŮŰɘəɐ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡ ŭŮɑɔɛŬŰɞɠ ˊɞɡ ŬɜŬɚɨɗɖəŮ əŬɘ Űɖɠ əŬŰŬŰŮɗŮɘɛɏɜɖɠ 

ŬəɞɚɞɡɗɑŬɠ ůŰɖ GenBank (KX279349.1) ɐŰŬɜ ŬɟəŮŰɎ ůɖɛŬɜŰɘəɐ ˊŬɟɧɚɞ ˊɞɡ ŰŬ ɎŰɞɛŬ Ŭɜɐəɞɡɜ ůŰɞ 

ɑŭɘɞ Ůɑŭɞɠ. 
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ȷˊɞŰɑɛɖůɖ Űɞɡ ɓŬəŰɖɟɘŬəɞɨ ˊɟɞűɑɚ ůŮ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŮɠ ɛŮ Űɖ ɢɟɐůɖ 

ɔɞɜɘŭɘɤɛŬŰɘəɩɜ ŰŮɢɜɞɚɞɔɘɩɜ 
 

ȾɈɅȽɇɆȼ ɀŬɟɑŬ1, ɇɆɃɈɅȺȾȼ ȷɜŰɘɧˊɖ1, ȾɃɈȾȷɅȷɆ ȾɤɜůŰŬɜŰɑɜɞɠ1, ɀȽɉȷȼȿȽȹɃɈ ɆɞűɑŬ1, 

ȾɅȺȼ ũɟɖɔɔɧɟɖɠ2, ȷɅũɈɅȽɃɈ ȷɜŬɔɜɩůŰɖɠ1,3 
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3. ɇɛɐɛŬ ȺˊɘůŰɐɛɖɠ ɇɟɞűɑɛɤɜ əŬɘ ȹɘŬŰɟɞűɐɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ȷɘɔŬɑɞɡ, argiriou@certh.gr 

 

 

ɄŮɟɑɚɖɣɖ 
Ƀɘ ˊɟɧůűŬŰŮɠ ŰŮɢɜɞɚɞɔɘəɏɠ ŮɝŮɚɑɝŮɘɠ ůŰɖɜ ȷɚɚɖɚɞɨɢɖůɖ ȺˊɧɛŮɜɖɠ ũŮɜɘɎɠ (NGS) əŬɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ 

ŬɚɚɖɚɞɡɢɑŬɠ ůɡɔəŮəɟɘɛɏɜɤɜ ˊŮɟɘɞɢɩɜ ɔɞɜɘŭɑɤɜ-ůŰɧɢɤɜ, ɧˊɤɠ Űɞ ɔɞɜɑŭɘɞ 16S rRNA, ɏɢɞɡɜ ůɡɛɓɎɚŮɘ ůɖɛŬɜŰɘəɎ 

ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɓŬəŰɖɟɘŬəɩɜ əɞɘɜɞŰɐŰɤɜ. ɆŰɧɢɞɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɏɟŮɡɜŬɠ ŮɑɜŬɘ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ 

ɓŬəŰɖɟɑɤɜ ɗŬɚɎůůɘɞɡ ɞɘəɞůɡůŰɐɛŬŰɞɠ ɘɢɗɡɞəŬɚɚɘŮɟɔŮɘɩɜ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɔɞɜɘŭɘɤɛŬŰɘəɏɠ ŰŮɢɜɞɚɞɔɑŮɠ. ȼ 

Ŭɚɚɖɚɞɨɢɖůɖ Űɤɜ ɡˊŮɟɛŮŰŬɓɚɖŰɩɜ ˊŮɟɘɞɢɩɜ V3 ï V4 Űɞɡ ɔɞɜɘŭɑɞɡ 16S rRNA ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŮ 100 ŭŮɑɔɛŬŰŬ 

ɜŮɟɞɨ, ˊɞɡ ůɡɚɚɏɔɞɜŰŬɜ ɛɖɜɘŬɑɤɠ ɔɘŬ ɏɜŬ ɏŰɞɠ Ŭˊɧ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŮɠ. ȼ ŬɜɎɚɡůɖ ŬˊɞəɎɚɡɣŮ Űɘɠ Ůˊɞɢɘəɏɠ 

ɛŮŰŬɓɞɚɏɠ Űɤɜ ɓŬəŰɖɟɑɤɜ, ɛŮ Űɞɡɠ ɛŮɔŬɚɨŰŮɟɞɡɠ Ŭɟɘɗɛɞɨɠ Ůɘŭɩɜ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ Űɖ ɢŮɘɛŮɟɘɜɐ ˊŮɟɑɞŭɞ. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

ȷůɗɏɜŮɘŮɠ ɣŬɟɘɩɜ, ȸŬəŰɖɟɘŬəɧ ˊɟɞűɑɚ, ɡŭŬŰɞəŬɚɚɘɏɟɔŮɘŮɠ, ɛŮŰŬɔɞɜɘŭɘɤɛŬŰɘəɐ, 16S rRNA 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ɢɟɐůɖ ɛɞɟɘŬəɩɜ ɛŮɗɧŭɤɜ ɏɢŮɘ ůɡɛɓɎɚŮɘ ůɖɛŬɜŰɘəɎ ůŰɖ ɛŮɚɏŰɖ Űɤɜ ɓŬəŰɖɟɑɤɜ (Nisiotou et al 2014). 

ɀŮ Űɖ ɢɟɐůɖ ŰŮɢɜɞɚɞɔɑŬɠ Ŭɚɚɖɚɞɨɢɖůɖɠ 2ɖɠ ɔŮɜɘɎɠ ɛˊɞɟɞɨɜ ɜŬ ɚɖűɗɞɨɜ ɢɘɚɘɎŭŮɠ ŬɚɚɖɚɞɡɢɑŮɠ ůŮ 

ůɨɜŰɞɛɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ əŬɘ ɛŮ ɢŬɛɖɚɧ əɧůŰɞɠ. Ƀɘ Ůɜ ɚɧɔɤ ŬɜŬɚɨůŮɘɠ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ Ŭɚɚɖɚɞɨɢɖůɖ 

ˊŮɟɘɞɢɩɜ, ɧˊɤɠ Űɞ ɔɞɜɑŭɘɞ 16S rRNA əŬɘ ůɡɛɓɎɚɞɡɜ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɞɘəɞɚɞɔɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŮɑŰŮ ɞɚɧəɚɖɟɤɜ ɓŬəŰɖɟɘŬəɩɜ əɞɘɜɞŰɐŰɤɜ ŮɑŰŮ ɛŮɛɞɜɤɛɏɜɤɜ ɞɟɔŬɜɘůɛɩɜ (Caporaso 

et al 2011). 

 

Ƀɘ ɡŭŬŰɞəŬɚɚɘɏɟɔŮɘŮɠ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŭɘŬŭɟŬɛŬŰɑůɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ŮɝŬůűɎɚɘůɖ ŬɚɘŮɡɛɎŰɤɜ ŰŬ 

ŮˊɧɛŮɜŬ ɢɟɧɜɘŬ. ȱŭɖ ůŰɖ ɉɩɟŬ ɛŬɠ, Űɞ 61% Űɖɠ ŮɔɢɩɟɘŬɠ ˊŬɟŬɔɤɔɐɠ ŬɚɘŮɡɛɎŰɤɜ ˊɟɞɐɚɗŮ Űɞ 2019 

Ŭˊɧ Űɖɜ ɡŭŬŰɞəŬɚɚɘɏɟɔŮɘŬ əŬɘ Űɞ ɡˊɧɚɞɘˊɞ 39% Ŭˊɧ Űɖɜ ŬɚɘŮɑŬ (FAO 2020). ɄŬɟɎɚɚɖɚŬ ŮɑɜŬɘ ɏɜŬɠ 

Ŭˊɧ Űɞɡɠ əɚɎŭɞɡɠ ˊɞɡ ɗŬ ŮˊɖɟŮŬůŰŮɑ Ŭˊɧ Űɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ, ɛŮ ɏɝŬɟůɖ ŬůɗŮɜŮɘɩɜ (Cascarano et al 

2021, Lafferty et al 2015). ȼ ŮűŬɟɛɞɔɐ Űɖɠ 16S rRNA ɛŮŰŬɔɞɜɘŭɘɤɛŬŰɘəɐɠ ŬɜɎɚɡůɖɠ ŮˊɘŰɟɏˊŮɘ Űɖ 

ɔɟɐɔɞɟɖ əŬɘ ŬɝɘɧˊɘůŰɖ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ɓŬəŰɖɟɑɤɜ əŬɘ ɛˊɞɟŮɑ ɜŬ ůɡɛɓɎɚɚŮɘ ůŰɖɜ ˊɟɧɚɖɣɖ Űɤɜ 

ŬůɗŮɜŮɘɩɜ (Avarre 2020). 

 

Ɇəɞˊɧɠ Űɖɠ ɏɟŮɡɜŬɠ ŮɑɜŬɘ ɖ ŬˊɞŰɑɛɖůɖ Űɞɡ ɓŬəŰɖɟɘŬəɞɨ ˊɟɞűɑɚ ůŮ ɗŬɚɎůůɘɞ ɞɘəɞůɨůŰɖɛŬ 

ɘɢɗɡɞəŬɚɚɘŮɟɔŮɘɩɜ, ɩůŰŮ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ɖ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ ŬůɗŮɜŮɘɩɜ ůŮ ůɢɏůɖ ɛŮ Űɞɜ 

ɓŬəŰɖɟɘŬəɧ ˊɚɖɗɡůɛɧ əŬɘ ɜŬ ŰŬɡŰɞˊɞɘɖɗɞɨɜ ɞɘ ˊŬɗɞɔɧɜɞɘ ˊŬɟɎɔɞɜŰŮɠ ɛŮ Űɖ ɢɟɐůɖ ɔɞɜɘŭɘɤɛŬŰɘəɩɜ 

ŰŮɢɜɞɚɞɔɘɩɜ. 

 

ɀŮɗɞŭɞɚɞɔɑŬ 

ɇɖɜ ˊŮɟɑɞŭɞ ȷˊɟɑɚɘɞɠ 2020 ɏɤɠ ɀɎɘɞɠ 2021, ůɡɚɚɏɢɗɖəŬɜ 100 ŭŮɑɔɛŬŰŬ ɜŮɟɞɨ Ŭˊɧ ŰɏůůŮɟɘɠ ɗɏůŮɘɠ 

(ȽɢɗɡɞəŬɚɚɘɏɟɔŮɘŬ ȿɤɟɑŭŬɠ, ɆəŬɚɩɛŬŰɞɠ əŬɘ ɀˊŬůŰɘɎɠ əŬɘ ɗɏůɖ Ůɚɏɔɢɞɡ) ůŰɖ ɗŬɚɎůůɘŬ ˊŮɟɘɞɢɐ Űɖɠ 

ŪŮůˊɟɤŰɑŬɠ (ȺɘəɧɜŬ 1). ɇŬ ŭŮɑɔɛŬŰŬ ɜŮɟɞɨ ɚŬɛɓɎɜɞɜŰŬɜ ɛɖɜɘŬɑɤɠ ɐ əŬɘ ůɡɢɜɧŰŮɟŬ, ɛŮ ŭŮɘɔɛŬŰɞɚɐˊŰɖ 

Niskin Ŭ́ ɧ ŭɨɞ ůɖɛŮɑŬ əɎɗŮ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŬɠ (Ŭɟɢɐ əŬɘ Űɏɚɞɠ). ɇɞ əɎɗŮ ŭŮɑɔɛŬ ɜŮɟɞɨ (2L) 

ˊɟɞŮɟɢɧŰŬɜ Ŭˊɧ ɞɛɞɔŮɜɞˊɞɑɖůɖ ŭɨɞ Ůˊɘɛɏɟɞɡɠ ŭŮɘɔɛɎŰɤɜ (ɛɏůɖ əŬɘ ˊɡɗɛɏɜŬɠ) Űɖɠ ůŰɐɚɖɠ Űɞɡ ɜŮɟɞɨ. 
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ɆŰɖ ůɡɜɏɢŮɘŬ, 1L Ŭˊɧ Űɞ ŭŮɑɔɛŬ ŭɘɖɗɞɨɜŰŬɜ ůŮ űɑɚŰɟɞ Sterivex GV 0,22 ɛm, Űɞ ɞˊɞɑɞ ŭɘŬŰɖɟɞɨɜŰŬɜ ůŮ 

ɝɖɟɧ ˊɎɔɞ, əŬŰɎ Űɖ ɛŮŰŬűɞɟɎ əŬɘ ŬˊɞɗɖəŮɨɞɜŰŬɜ ůŰɞɡɠ -80 ÁC, ɛɏɢɟɘ Űɖɜ ŬɜɎɚɡůɖ.  

 

ũɘŬ Űɖɜ Ŭˊɞɛɧɜɤůɖ Űɤɜ ɜɞɡəɚŮɥəɩɜ ɞɝɏɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ZymoBIOMICS DNA Miniprep Kit . 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɓŬəŰɖɟɘŬəɐɠ ˊɞɘəɘɚɧŰɖŰŬɠ əŬŰŬůəŮɡɎůŰɖəŬɜ ɓɘɓɚɘɞɗɐəŮɠ ɛŮ Űɘɠ 

ɡˊŮɟɛŮŰŬɓɚɖŰɏɠ ˊŮɟɘɞɢɏɠ V3 ï V4 Űɞɡ 16S rRNA, ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɤŰɧəɞɚɚɞ Űɖɠ Illumina ñ16S 

Metagenomic Sequencing Library Preparationò (15044223 B). ȼ Ŭɚɚɖɚɞɨɢɖůɖ Űɤɜ ɓɘɓɚɘɞɗɖəɩɜ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ ůɨůŰɖɛŬ MiSeq Űɖɠ Illumina, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ MiSeq reagent kit v3 (2 Ĭ 

300 əɨəɚɞɘ). 

 

H ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ Ŭɚɚɖɚɞɡɢɘɩɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɞ ˊɟɧɔɟŬɛɛŬ QIIME2 (Bolyen et al 2019). ũɘŬ 

Űɖɜ ŬˊɞŰɑɛɖůɖ Űɞɡ ɓŬəŰɖɟɘŬəɞɨ ˊɟɞűɑɚ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ denoising ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ 

DADA2 (Callahan et al 2020) əŬɘ ˊŬɟɐɢɗɖůŬɜ ŰŬ ASVs (Amplicon Sequence Variants). ɇŬ ASVs 

ůŰɞɘɢɐɗɖəŬɜ ɏɜŬɜŰɘ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ SILVA (ɏəŭɞůɖ 132) əŬɘ ŬɜŰɘůŰɞɘɢɐɗɖəŬɜ ɛɏɢɟɘ Űɞ ŮˊɑˊŮŭɞ 

Ůɑŭɞɡɠ ɔɘŬ əɎɗŮ ŭŮɑɔɛŬ ɜŮɟɞɨ. 

 

 

 

ȺɘəɧɜŬ 1. ɉɎɟŰɖɠ Űɖɠ ɗŬɚɎůůɘŬɠ ˊŮɟɘɞɢɐɠ Űɖɠ ŪŮůˊɟɤŰɑŬɠ ɛŮ Űɘɠ ɗɏůŮɘɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ (ɀˊŬůŰɘɎ, ɆəɎɚɤɛŬ, ȿɤɟɑŭŬ, Ūɏůɖ Ⱥɚɏɔɢɞɡ).  
 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȷˊɧ Űɖɜ Ŭɚɚɖɚɞɨɢɖůɖ Űɤɜ 100 ɓɘɓɚɘɞɗɖəɩɜ ˊŬɟɐɢɗɖůŬɜ ůɡɜɞɚɘəɎ 5.923.000 ŬɚɚɖɚɞɡɢɑŮɠ 

ůɡɕŮɡɔɛɏɜɤɜ Ɏəɟɤɜ. ȷˊɧ ŬɡŰɏɠ, ɛŮ ɓɎůɖ ŰŬ əɟɘŰɐɟɘŬ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ Ŭɚɚɖɚɞɡɢɘɩɜ, ˊŬɟɏɛŮɘɜŬɜ 

4.247.613 ŬɚɚɖɚɞɡɢɑŮɠ ɔɘŬ ŰŬɝɘɜɞɛɘəɐ ŬɜŰɘůŰɞɑɢɘůɖ, ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɞɘɢɐɗɖəŬɜ ůŮ 2.739 ASVs. 

 

ȷˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŬɜɘɢɜŮɨŰɖəŬɜ 419 ŭɘŬűɞɟŮŰɘəɎ ɓŬəŰɐɟɘŬ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ 482 

ŭɘŬűɞɟŮŰɘəɎ ɔɏɜɖ əŬɘ 261 ŭɘŬűɞɟŮŰɘəɏɠ ɞɘəɞɔɏɜŮɘŮɠ. ȼ ŬɜɎɚɡůɖ ůŮ ŮˊɑˊŮŭɞ Ŭ-ˊɞɘəɘɚɧŰɖŰŬɠ űŬɜɏɟɤůŮ 

Űɖɜ Ŭɡɝɖɛɏɜɖ ˊɞɘəɘɚɧŰɖŰŬ Ůɘŭɩɜ Űɖɠ ɗɏůɖɠ Ůɚɏɔɢɞɡ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŮɠ. Ⱥˊɘˊɚɏɞɜ, 

ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɖ ɢŮɘɛŮɟɘɜɐ ˊŮɟɑɞŭɞɠ ˊŬɟɞɡůɑŬůŮ ɛŮɔŬɚɨŰŮɟɞ Ŭɟɘɗɛɧ ɓŬəŰɖɟɑɤɜ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ 

ɎɚɚŮɠ ˊŮɟɘɧŭɞɡɠ Űɞɡ ɏŰɞɡɠ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ɀɖ-ɛŮŰɟɘəɐ ɄɞɚɡŭɘɎůŰŬŰɖ ȾɚɘɛŬəɞˊɞɑɖůɖ (Non-Metric 

Multidimensional Scaling - NMDS) (ȺɘəɧɜŬ 2), ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖ ɔŮɜŮŰɘəɐ ůɡɔɔɏɜŮɘŬ Űɞɡ Ůɘŭɩɜ, 

ˊɟɞəɨˊŰŮɘ ɛɘŬ ůŬűɐɠ Ůˊɞɢɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ, ɛŮŰŬɝɨ Űɖɠ ɗɏůɖɠ Ůɚɏɔɢɞɡ əŬɘ Űɤɜ ɘɢɗɡɞəŬɚɚɘŮɟɔŮɘɩɜ 
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əŬɘ ɧŰɘ ɖ əŬŰŬɜɞɛɐ Űɤɜ ɓŬəŰɖɟɑɤɜ ůŰɖ ŭɘɎɟəŮɘŬ Űɞɡ ɢɟɧɜɞɡ ŬəɞɚɞɡɗŮɑ ɏɜŬ əɡəɚɘəɧ ˊɟɧŰɡˊɞ ŭɘŬŭɞɢɐɠ. 

 

ɆŮ ŮˊɑˊŮŭɞ ūɨɚɞɡ, ɖ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ɓŬəŰɖɟɑɤɜ ˊɞɡ ŰŬɡŰɞˊɞɘɐɗɖəŬɜ Ŭɜɐəɞɡɜ ůŰŬ Proteobacteria 

ŬəɞɚɞɡɗɞɨɛŮɜɖ Ŭˊɧ ŰŬ Bacteroidota əŬɘ Cyanobacteria. ȺɘŭɘəɧŰŮɟŬ, ůŮ ŮˊɑˊŮŭɞ ɃɘəɞɔɏɜŮɘŬɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ ŬűɗɞɜɑŬ Űɤɜ Ůɘŭɩɜ Űɖɠ ɃɘəɞɔɏɜŮɘŬɠ Flavobacteriaceae ɛŮɘɩɜŮŰŬɘ Ŭˊɧ Űɞɜ ȽŬɜɞɡɎɟɘɞ 

2021 ɏɤɠ Űɞɜ ɀɎɟŰɘɞ 2021, Ůɜɩ ůŰɖ ůɡɜɏɢŮɘŬ ŬɡɝɎɜŮŰŬɘ ŬˊɧŰɞɛŬ Űɞɜ ȷˊɟɑɚɘɞ 2021. Ⱥˊɘˊɚɏɞɜ, 

ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ŰŬ ɛɏɚɖ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Rhodobacteraceae ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɡɣɖɚɧŰŮɟŬ 

ˊɞůɞůŰɎ ŬűɗɞɜɑŬɠ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ əŬɘ űɗɘɜɞˊɤɟɘɜɞɨɠ ɛɐɜŮɠ. ɄŬɟɧɛɞɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ˊŬɟŬŰɖɟɐɗɖəŬɜ əŬɘ ůŮ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŬ ɚŬɓɟŬəɘɞɨ ůŰɘɠ ŬəŰɏɠ Űɖɠ ȷŭɟɘŬŰɘəɐɠ ɗɎɚŬůůŬɠ (Kolda et al 

2020).  

 

 
 

ȺɘəɧɜŬ 2. ɀɖ-ɛŮŰɟɘəɐ ɄɞɚɡŭɘɎůŰŬŰɖ ȾɚɘɛŬəɞˊɞɑɖůɖ Űɞɡ ɓŬəŰɖɟɘŬəɞɨ űɞɟŰɑɞɡ ůŰŬ ŭŮɑɔɛŬŰŬ ɜŮɟɞɨ 

ůŰɖ ŭɘɎɟəŮɘŬ Űɞɡ ɢɟɧɜɞɡ (ɧˊɞɡ ȸ: ɀˊŬůŰɘɎ, S: ɆəɎɚɤɛŬ, L: ȿɤɟɑŭŬ, C: Ūɏůɖ Ⱥɚɏɔɢɞɡ, ɖ Ŭɟɑɗɛɖůɖ 

ŭɖɚɩɜŮɘ Űɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ, B: ɗɏůɖ ŭŮɑɔɛŬŰɞɠ ŮɜŰɧɠ Űɖɠ ɛɞɜɎŭŬɠ ï ȷɟɢɐ, E: ɗɏůɖ ŭŮɑɔɛŬŰɞɠ ŮɜŰɧɠ Űɖɠ 

ɛɞɜɎŭŬɠ ï ɇɏɚɞɠ). 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ ůɡůɢɏŰɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ ˊŬɗɞɔɧɜɤɜ ɓŬəŰɖɟɑɤɜ 

(https://www.ncbi.nlm.nih.gov/pathogens/organisms/, https://www6.inrae.fr/cirm_eng/Pathogenic-

Bacteria, https://globalrph.com/bacteria/) ɏŭŮɘɝŮ Űɖɜ ˊŬɟɞɡůɑŬ ŭɡɜɖŰɘəɎ ˊŬɗɞɔɧɜɤɜ Ůɘŭɩɜ Ŭˊɧ ŰŬ ɔɏɜɖ 

Pseudomonas əŬɘ Vibrio, ůŮ ˊɞɚɨ ɢŬɛɖɚɎ ˊɞůɞůŰɎ, ɛŮ ɡɣɖɚɧŰŮɟɖ ŮɛűɎɜɘůɖ Űɞɡɠ əŬɚɞəŬɘɟɘɜɞɨɠ əŬɘ 

űɗɘɜɞˊɤɟɘɜɞɨɠ ɛɐɜŮɠ, ɧˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ŬůɗɏɜŮɘŮɠ ůŰŬ ɣɎɟɘŬ. ȼ ŮɛűɎɜɘůɖ Űɤɜ 

ŬůɗŮɜŮɘɩɜ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɞɡɠ ˊŬɟŬˊɎɜɤ ˊŬɗɞɔɧɜɞɡɠ ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ űŬɑɜŮŰŬɘ ɜŬ ůɢŮŰɑɕŮŰŬɘ ɛŮ 

Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ Űɞɡ ɜŮɟɞɨ (Cascarano et al 2021). ȼ ˊŬɟɞɡůɑŬ Űɞɡɠ, ɏůŰɤ əŬɘ ůŮ ɢŬɛɖɚɎ 

ˊɞůɞůŰɎ, ɢɟɐɕŮɘ ˊŮɟŮŰŬɑɟɤ ŭɘŮɟŮɨɜɖůɖɠ, ɛŮ ŬɜɎɚɡůɖ ůŰɞɢŮɡɛɏɜɤɜ ˊŮɟɘɞɢɩɜ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɧɠ Űɞɡɠ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɏɟŮɡɜŬɠ ŭŮɑɢɜɞɡɜ ɘůɢɡɟɐ ůɡůɢɏŰɘůɖ Űɖɠ ɓŬəŰɖɟɘŬəɐɠ əɞɘɜɧŰɖŰŬɠ ɛŮ Űɖɜ Ůˊɞɢɐ 

https://www.ncbi.nlm.nih.gov/pathogens/organisms/
https://www6.inrae.fr/cirm_eng/Pathogenic-Bacteria
https://www6.inrae.fr/cirm_eng/Pathogenic-Bacteria
https://globalrph.com/bacteria/


 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

160 

əŬɘ ɡˊɎɟɢɞɡɜ ŮɜŭŮɑɝŮɘɠ ɧŰɘ ŮɜŰɧɠ Űɤɜ ɘɢɗɡɞəŬɚɚɘŮɟɔŮɘɩɜ ŭŮɜ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɖ 

ɓŬəŰɖɟɘŬəɐ ůɨůŰŬůɖ Űɤɜ ŮəɎůŰɞŰŮ ˊɚɖɗɡůɛɩɜ. ȼ ŮűŬɟɛɞɔɐ Űɖɠ 16S rRNA ɛŮŰŬɔɞɜɘŭɘɤɛŬŰɘəɐɠ 

ŬɜɎɚɡůɖɠ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ŭɘŬűɧɟɤɜ ɓŬəŰɖɟɑɤɜ ůŰɘɠ ɘɢɗɡɞəŬɚɚɘɏɟɔŮɘŮɠ, ŬˊɞŰŮɚŮɑ ɏɜŬ ɘůɢɡɟɧ 

ŮɟɔŬɚŮɑɞ ɔɘŬ Űɞɜ ɏɔəŬɘɟɞ ŮɜŰɞˊɘůɛɧ ˊŬɗɞɔɧɜɤɜ Ůɘŭɩɜ əŬɘ Űɖɜ ŬɜɎˊŰɡɝɖ ůŰɟŬŰɖɔɘəɩɜ Ůɚɏɔɢɞɡ Űɤɜ 

ŬůɗŮɜŮɘɩɜ ůŰɘɠ ɡŭŬŰɞəŬɚɚɘɏɟɔŮɘŮɠ. 
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ɉɟɐůɖ ɓɘɞɚɞɔɘəɩɜ ŭŮɘəŰɩɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŮɟɔŬɚŮɑŬ ɓŬůɘůɛɏɜŬ ůŮ DNA 

ŬɜŬɚɨůŮɘɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɔŮɤɔɟŬűɘəɐɠ ˊɟɞɏɚŮɡůɖɠ əŬɘ ɔɜɖůɘɧŰɖŰŬɠ ůŮ 

ŭɨɞ ɄɃɄ ˊɟɞɥɧɜŰŬ ȷɡɔɞŰɎɟŬɢɞ ɀŮůɞɚɞɔɔɑɞɡ əŬɘ ɆŰŬűɑŭŬ 

 
ɀŬɟɑŬ Ⱥɚɏɜɖ ȹȼɀȼɇɅȷȾɃɄɃɈȿɃɈ, Ȼɤɐ ȾɃɇɆȽɅȼ, ɀŬɟɑŬ ȷŪȷɁȷɆȽɃɈ, ȺɚŮɡɗŮɟɑŬ ɉɃɅɇȼ 

ɇɅȽɊȷ, ȷˊɧůŰɞɚɞɠ ȸȷɁɇȷɅȷȾȼɆ 

 

ȺɟɔŬůŰɐɟɘɞ ɈɔɘŮɘɜɐɠ, ɇɛ. ȽŬŰɟɘəɐɠ, ɄŬɜ/ɛɘɞ ɄŬŰɟɩɜ 

 

ɄŮɟɑɚɖɣɖ 
ȼ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ əŬɘ ɖ ˊɘůŰɞˊɞɑɖůɖ Űɤɜ Űɟɞűɑɛɤɜ ŮɑɢŬɜ əŬŰŬůŰŮɑ ɡˊɞɢɟŮɤŰɘəɐ ɔɘŬ ŰŬ ŰɟɧűɘɛŬ ɓɘɞɛɖɢŬɜɑŬ əŬɘ 

ˊŬɔəɧůɛɘɞ Ůɛˊɧɟɘɞ Űɟɞűɑɛɤɜ. ɄɞɚɡɎɟɘɗɛŮɠ ɛɏɗɞŭɞɘ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɞ DNA ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ůɡɛɓɎɚɞɡɜ 

ŮɜɎɜŰɘŬ ůŰɘɠ ɜɞɗŮɑŮɠ Űɟɞűɑɛɤɜ, ɚɧɔɤ Űɤɜ ˊɚŮɞɜŮəŰɖɛɎŰɤɜ Űɞɡɠ ɧˊɤɠ ɖ ŬˊɚɧŰɖŰŬ, ɖ ŬəɟɑɓŮɘŬ əŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ. 

Ƀ ůŰɧɢɞɠ ŬɡŰɐɠ Űɖɠ ɛŮɚɏŰɖɠ ɐŰŬɜ ɜŬ ŭɘŮɟŮɡɜɐůŮɘ ŮɎɜ ɛɞɜŬŭɘəɞɑ ɓɘɞɚɞɔɘəɞɑ ŭŮɑəŰŮɠ ɔɘŬ ŭɨɞ ŭɖɛɞűɘɚɐ ˊɟɞɥɧɜŰŬ 

Ůɚɚɖɜɘəɐɠ ˊɟɞůŰŬŰŮɡɧɛŮɜɖɠ ɞɜɞɛŬůɑŬɠ ˊɟɞɏɚŮɡůɖɠ (ɄɃɄ) ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ. ũɘŬ Űɞ ůəɞˊɧ 

ŬɡŰɧ, Űɞ çȷɡɔɞŰɎɟŬɢɞ ɀŮůɞɚɞɔɔɑɞɡè ɔɜɤůŰɧ ɤɠ Ůɚɚɖɜɘəɧ ɢŬɓɘɎɟɘ əŬɘ ɖ ůŰŬűɑŭŬ "Vostizza" ɡˊɞɓɚɐɗɖəŮ ůŮ 

ŬɜɎɚɡůɖ ɛŮ ɓɎůɖ Űɞ DNA ůŮ ɛŮɗɧŭɞɡɠ ɧˊɤɠ PCR-RAPD, PCR-RFLP, əŬɘ PCR-DGGE ɔɘŬ ŮɚɚɖɜɘəɎ ˊɟɞɥɧɜŰŬ 

ɄɃɄ əŬɘ ˊɘɗŬɜɞɨɠ ɓɘɞɚɞɔɘəɞɨɠ ŭŮɑəŰŮɠ ˊɞɡ ŭɘŮɟŮɡɜɐɗɖəŬɜ, ɛŮ ɓɎůɖ ŮɑŰŮ Űɞ ɔɞɜɘŭɘɤɛŬŰɘəɧ DNA ŮɑŰŮ Űɘɠ 

əɞɘɜɧŰɖŰŮɠ ɓŬəŰɖɟɑɤɜ. ɇŬ ˊɟɞűɑɚ Űɤɜ ɕɤɜɩɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ ɛŮ Űɘɠ ɛɞɟɘŬəɏɠ ŰŮɢɜɘəɏɠ, ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ çəɩŭɘəŬɠè ˊɞɡ ɗŬ ˊɘůŰɞˊɞɘŮɑ Űɖɜ ˊɟɞɏɚŮɡůɖ əŬɘ Űɖ ɔɜɖůɘɧŰɖŰŬ Űɤɜ ˊɟɞɥɧɜŰɤɜ ɄɃɄ. Ƀɘ 

ɛɏɗɞŭɞɘ ŬɡŰɏɠ ˊɟɞŰŮɑɜɞɜŰŬɘ, ɤɠ ŮɜŬɚɚŬəŰɘəɎ ŮɟɔŬɚŮɑŬ ɘɢɜɖɚŬůɘɛɧŰɖŰŬɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŬɟɏɢŮɘ ɛɞɜŬŭɘəɞɨɠ 

ŭŮɑəŰŮɠ əŬɘ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɑɜŬɘ Űɞ əɚŮɘŭɑ ɔɘŬ Űɖɜ ˊɟɧəɚɖůɖ çŬˊɧ Űɞ ŬɔɟɧəŰɖɛŬ ůŰɞ ŰɟŬˊɏɕɘè. Ⱥˊɞɛɏɜɤɠ, ɞɘ 

ɓɘɞɚɞɔɘəɞɑ ŭŮɑəŰŮɠ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ Ůɛˊɞɟɘəɐ ŬɚɡůɑŭŬ ŮűɞŭɘŬůɛɞɨ əŬɘ ɜŬ 

ˊɟɞůŰŬŰŮɨůɞɡɜ ŰŬ ŰɟɧűɘɛŬ, ŰŬ ɞˊɞɑŬ ŭɘŬɗɏŰɞɡɜ ůɨůŰɖɛŬ ˊɞɘɧŰɖŰŬɠ, Ŭˊɧ ɜɞɗŮɑŮɠ. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ 

ɓɘɞɚɞɔɘəɞɑ ŭŮɑəŰŮɠ, ɔŮɤɔɟŬűɘəɐ ˊɟɞɏɚŮɡůɖ, ɔɜɖůɘɧŰɖŰŬ, ɘɢɜɖɚŬůɘɛɧŰɖŰŬ, ůŰŬűɑŭŬ, ŬɡɔɞŰɎɟŬɢɞ 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ́ɟɞůŰŬŰŮɡɧɛŮɜɖ ɞɜɞɛŬůɑŬ ˊɟɞɏɚŮɡůɖɠ (ɄɃɄ) əŬɘ ɖ ˊɟɞůŰŬŰŮɡɧɛŮɜɖ ɔŮɤɔɟŬűɘəɐ ɏɜŭŮɘɝɖ (ɄũȺ) 

ŮɑɜŬɘ ůɡůŰɐɛŬŰŬ ˊɞɘɧŰɖŰŬɠ Űɖɠ ȺȺ ɔɘŬ ˊɟɞɥɧɜŰŬ ˊɞɡ ŰŬ űɏɟɞɡɜ, ŰŬ ɞˊɞɑŬ ŮɘůɐɢɗɖůŬɜ Ŭˊɧ Űɞɜ 

ȾŬɜɞɜɘůɛɧ ȺɃȾ 2081/92 (ˊɟɞůűɎŰɤɠ ŬɜŰɘəŬŰŬůŰɎɗɖəŮ Ŭˊɧ Űɞɜ ȾŬɜɞɜɘůɛɧ ȺȾ 510/2006). ɇɞ ůɐɛŬ 

ɄɃɄ ˊɟɞůŰŬŰŮɨŮɘ Űɖɜ ˊɟɞɏɚŮɡůɐ Űɞɡɠ, əŬɘ ˊɘůŰɞˊɞɘɞɨɜŰŬɘ ɛŮ ˊɚɐɟɖ ůɡɛɛɧɟűɤůɖ ɛŮ ŰŬ ˊɟɧŰɡˊŬ Űɖɠ 

ȺȺ əŬɘ, Ůˊɞɛɏɜɤɠ, ɡɣɖɚɧŰŮɟɖ Űɘɛɐ ůŰɖɜ ˊŬɔəɧůɛɘŬ ŬɔɞɟɎ Űɟɞűɑɛɤɜ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɞɘ əŬŰŬɜŬɚɤŰɏɠ 

ŬɜŬɛɏɜɞɡɜ ŬɡŰɎ ŰŬ ˊɟɞɥɧɜŰŬ ɜŬ ɏɢɞɡɜ əɎˊɞɘŬ ɘŭɘŬɑŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ȰɜŬ Ŭˊɧ ŰŬ ˊɘɞ ůɖɛŬɜŰɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Ŭűɞɟɞɨɜ Űɖɜ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ əŬɘ Űɖɜ ŬɡɗŮɜŰɘəɧŰɖŰŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ. ɋɠ Ůə ŰɞɨŰɞɡ, Ŭˊɧ 

Űɞɜ əŬɜɞɜɘůɛɧ 2065/2001 Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ, ɖ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ Űɤɜ Űɟɞűɑɛɤɜ əŬɘ ɖ Ŭəɟɘɓɐɠ 

ŮˊɘůɐɛŬɜůɖ Űɤɜ ˊɟɞɥɧɜŰɤɜ ɏɢɞɡɜ ɗŮůɛɞɗŮŰɖɗŮɑ. 

 

ȼ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ əŬɘ ɞ ɏɚŮɔɢɞɠ ŰŬɡŰɧŰɖŰŬɠ Űɟɞűɑɛɤɜ ŮɑɢŬɜ əŬŰŬůŰŮɑ ɡˊɞɢɟŮɤŰɘəoɑ ɔɘŬ Űɖ ɓɘɞɛɖɢŬɜɑŬ 

Űɟɞűɑɛɤɜ əŬɘ Űɞ ˊŬɔəɧůɛɘɞ Ůɛˊɧɟɘɞ Űɟɞűɑɛɤɜ. ɄɞɚɡɎɟɘɗɛŮɠ ɛɏɗɞŭɞɘ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɞ DNA ɗŬ 

ɛˊɞɟɞɨůŬɜ ɜŬ ůɡɛɓɎɚɞɡɜ ůŰɖɜ əŬŰŬˊɞɚɏɛɖůɖ Űɖɠ ŬˊɎŰɖɠ ůŰŬ ŰɟɧűɘɛŬ, ɚɧɔɤ Űɤɜ ˊɚŮɞɜŮəŰɖɛɎŰɤɜ 

Űɞɡɠ ɧˊɤɠ ɖ ŬˊɚɧŰɖŰŬ, ɖ ŬəɟɑɓŮɘŬ əŬɘ ɖ ůŰɘɓŬɟɧŰɖŰŬ 

 

Ⱥˊɘˊɚɏɞɜ, ŰɟɧűɘɛŬ ˊɞɡ ɏɢɞɡɜ ˊɞɘɧŰɖŰŬ ɄɃɄ ɚɧɔɤ Űɖɠ ɛɞɜŬŭɘəɧŰɖŰɎɠ Űɞɡɠ əŬɘ Űɞɡ ɞɘəɞɜɞɛɘəɞɨ Űɞɡɠ 

ŬɜŰɑəŰɡˊɞɡ ŮɑɜŬɘ ŮˊɘɟɟŮˊɐ ůŰɖ ɜɧɗŮɡůɖ. Ƀɘ Ŭɟɢɏɠ ŬɜŬɕɖŰɞɨɜ ŬɝɘɧˊɘůŰŬ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖɜ Ůˊɘəɨɟɤůɖ 

Űɖɠ ɔŮɤɔɟŬűɘəɐɠ ˊɟɞɏɚŮɡůɖɠ əŬɘ Űɖɠ ŬɡɗŮɜŰɘəɧŰɖŰŬɠ Űɤɜ ˊɟɞɥɧɜŰɤɜ ŭɘŬŰɟɞűɐɠ. ȿɧɔɤ ŬɡŰɐɠ Űɖɠ 

ɕɐŰɖůɖɠ əŬɘ Űɞɡ ŬɜŰɑəŰɡˊɞɡ ˊɞɡ ɡˊɎɟɢŮɘ ůŰɖɜ əɞɘɜɐ ɔɜɩɛɖ ɧŰŬɜ ɏɜŬ ˊŮɟɘůŰŬŰɘəɧ ŬˊɎŰɖɠ ůŮ ŰɟɧűɘɛŬ 

ŮɛűŬɜɑɕŮŰŬɘ, ɞɘ ŮɟŮɡɜɖŰɏɠ ˊɟɞůˊŬɗɞɨɜ ɜŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɜ ŬɡŰɧ Űɞ ɕɐŰɖɛŬ ɛŮ əŬɘɜɞŰɧɛŮɠ əŬɘ 

ŬɜŬɚɡŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ. Ɉˊɏɟɡɗɟɖ űŬůɛŬŰɞůəɞˊɑŬ, ɘůɞŰɞˊɘəɏɠ ɛɏɗɞŭɞɘ, ŰŮɢɜɘəɏɠ ɓŬůɘůɛɏɜŮɠ ůŰɞ 

DNA, űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ, ɢɟɤɛŬŰɞɔɟŬűɘəɏɠ ŰŮɢɜɘəɏɠ əŬɘ ůɡɜŭɡŬůɛɞɑ ŬɡŰɩɜ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ. 
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ȷɡŰɏɠ ɞɘ ɛɏɗɞŭɞɘ Ůˊɑůɖɠ, ŬˊɞŭŮɑɢɗɖəŬɜ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜŮɠ ɔɘŬ Űɖɜ Ůəˊɚɐɟɤůɖ ŬɡŰɞɨ Űɞɡ ɟɧɚɞɡ. 

 

ɀɏɗɞŭɞɘ 

Ƀ ůŰɧɢɞɠ ŬɡŰɐɠ Űɖɠ ɛŮɚɏŰɖɠ ɐŰŬɜ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ŮɎɜ ɛˊɞɟɞɨůŬɜ ɜŬ ɡˊɞŭŮɘɢɗɞɨɜ ɛɞɜŬŭɘəɞɑ ɓɘɞɚɞɔɘəɞɑ 

ŭŮɑəŰŮɠ ɔɘŬ ŭɨɞ ɡɣɖɚɐɠ ŬɝɑŬɠ əŬɘ ŭɖɛɞűɘɚɐ ˊɟɞɥɧɜŰŬ Ůɚɚɖɜɘəɐɠ ˊɟɞůŰŬŰŮɡɧɛŮɜɖɠ ɞɜɞɛŬůɑŬɠ 

ˊɟɞɏɚŮɡůɖɠ (ɄɃɄ). ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ, Űɞ çȷɡɔɞŰɎɟŬɢɞ ɀŮůɞɚɞɔɔɑɞɡè ɔɜɤůŰɧ ɤɠ Ůɚɚɖɜɘəɧ ɢŬɓɘɎɟɘ 

əŬɘ ɖ ůŰŬűɑŭŬ çVostizzaè ɡˊɞɓɚɐɗɖəŬɜ ůŮ ŬɜɎɚɡůɖ ɛŮ ɓɎůɖ Űɞ DNA. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ PCR-

RAPD, PCR-RFLP əŬɘ PCR-DGGE ɔɘŬ ŮɚɚɖɜɘəɎ ˊɟɞɥɧɜŰŬ ɄɃɄ əŬɘ ŭɘŮɟŮɡɜɐɗɖəŬɜ ˊɘɗŬɜɞɑ ɓɘɞɚɞɔɘəɞɑ 

ŭŮɑəŰŮɠ, ɓɎůŮɘ ŮɑŰŮ Űɞɡ ɔɞɜɘŭɘɤɛŬŰɘəɞɨ DNA ŮɑŰŮ Űɤɜ ɓŬəŰɖɟɘŬəɩɜ əɞɘɜɞŰɐŰɤɜ ˊɞɡ ŮɑɢŬɜ.  

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ɇŬ ˊɟɞűɑɚ ɕɤɜɩɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ ůŰɘɠ ɛɞɟɘŬəɏɠ ŰŮɢɜɘəɏɠ, ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ 

çəɩŭɘəŬɠè ɔɘŬ Űɖɜ ˊɘůŰɞˊɞɑɖůɖ Űɖɠ ˊɟɞɏɚŮɡůɖɠ əŬɘ Űɖɠ ɔɜɖůɘɧŰɖŰŬɠ Űɤɜ ˊɟɞɥɧɜŰɤɜ ɄɃɄ. ȼ ŰŮɢɜɘəɐ 

PCR-RAPD ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ DNA ˊɞɡ ŬˊɞɛɞɜɩɗɖəŮ Ŭˊɧ ŬˊɞɘəɑŮɠ 

ȺɜŰŮɟɞɓŬəŰɖɟɘŭɑɤɜ. ɇŬ ŮˊɘɚŮɔɛɏɜŬ ŰɛɐɛŬŰŬ DNA ůŰŬ ŰɟɑŬ ŭɘŬűɞɟŮŰɘəɎ ŭŮɑɔɛŬŰŬ Ŭˊɧ ɔŮɤɔɟŬűɘəɏɠ 

ŰɞˊɞɗŮůɑŮɠ, ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ Ůɜɘůɢɡɛɏɜɤɜ ŰɛɖɛɎŰɤɜ ɜŬ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 4 ɏɤɠ 9.  Ⱥˊɘˊɚɏɞɜ, Űɞ ɛɏɔŮɗɞɠ 

Űɤɜ ŰɛɖɛɎŰɤɜ ŭɘɏűŮɟŮ Ŭˊɧ 200 ɏɤɠ 900 bs. ȳɚŬ ŰŬ ŭŮɑɔɛŬŰŬ Ŭɡɔɩɜ ɣŬɟɘɩɜ ŭɘŬəɟɑɗɖəŬɜ Ŭˊɧ Űɖɜ 

ˊŬɟɞɡůɑŬ ɐ ŬˊɞɡůɑŬ ɛɞɜŬŭɘəɩɜ ŰɛɖɛɎŰɤɜ DNA, ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ RAPD ŬɜɎɚɡůɖ. ɆŰɞ 48% 

ˊŬɟŬŰɖɟɐɗɖəŮ ɛɘŬ ɞɛɎŭŬ ŰɛɖɛɎŰɤɜ ˊɞɡ ɡˊɎɟɢŮɘ ůŰŬ ŭŮɑɔɛŬŰŬ Űɞɡ ɀŮůɞɚɞɔɔɑɞɡ əŬɘ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɘɠ 

ɎɚɚŮɠ ŭɨɞ ˊŮɟɘɞɢɏɠ. ɆŰɞ 75%, ŰŬ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖɜ ȷɡůŰɟŬɚɑŬ əŬɘ Űɖ ɀŬɡɟɘŰŬɜɑŬ ɡˊɏůŰɖůŬɜ ŭɘŬəɟɑůŮɘɠ 

ůŰɖ ŭŮɨŰŮɟɖ ɞɛɎŭŬ.  

 

Ɉɣɖɚɐ ɞɛɞɘɧŰɖŰŬ ůŮ ŬɜɎɚɡůɖ ŬɚɚɖɚɞɡɢɑŬɠ Űɞɡ ɔɞɜɘŭɑɞɡ coi, ŭŮɑɢɜŮɘ ɧŰɘ ŰɏŰɞɘŬ ˊŮɟɘɞɢɐ ŮɑɢŮ ŮɝŬɘɟŮŰɘəɎ 

ŭɘŬŰɖɟɖɛɏɜɞ ɔɞɜɑŭɘɞ əŬŰɎ Űɖɜ Ůɝɏɚɘɝɖ. ɋůŰɧůɞ, ŮɜŰɧɠ Űɖɠ ˊŮɟɘɞɢɐɠ, ɡˊɐɟɢŬɜ ɜɞɡəɚŮɞŰɑŭɘŬ ˊɞɡ ɗŬ 

ɛˊɞɟɞɨůŬɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ ɔɑɜŮɘ ŭɘɎəɟɘůɖ Űɞɡ ŬɡɔɞŰɎɟŬɢɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɟɞɏɚŮɡůɐ 

Űɞɡɠ. ɇŬ ˊɟɞɥɧɜŰŬ PCR ůŰɖɜ ˊŮɟɘɞɢɐ Űoɡ coi ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ŭŮɑɔɛŬŰŬ ŬɡɔɞŰɎɟŬɢɞɡ ɏŭŮɘɝŬɜ 

ɗɏůŮɘɠ ˊŮɟɘɞɟɘůɛɞɨ HinfI , AluI , Pael əŬɘ AquIII  ˊɞɡ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ ŭɘŬəɟɘŰɞɨ ůɢŮŭɑɞɡ PCR-RFLP. ɀŮ Űɖɜ Ůɜɕɡɛɘəɐ ˊɏɣɖ AquIII , Űɞ çŬɡɔɞŰɎɟŬɢɞ 

ɀŮůɞɚɞɔɔɑɞɡè ŭɘŬəɟɑɜŮŰŬɘ Ŭˊɧ ŰŬ ɎɚɚŬ ŭɨɞ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɖ ɀŬɡɟɘŰŬɜɑŬ əŬɘ Űɖɜ ȷɡůŰɟŬɚɑŬ.  

 

 
ȺɘəɧɜŬ 1. ȼ ɔŮɜŮŰɘəɐ ˊɞɘəɘɚɧŰɖŰŬ Űɤɜ ɓŬəŰɖɟɑɤɜ ůŰɖ ůŰŬűɑŭŬ Ŭˊɧ ˊɏɜŰŮ ɔŮɤɔɟŬűɘəɏɠ ˊŮɟɘɞɢɏɠ 

(ɁŮɛɏŬ, ȾŬɚŬɛɎŰŬ, ɄɃɄ, ȻɎəɡɜɗɞɠ, ȷɛŬɚɘɎŭŬ) ˊɟɞůŭɘɞɟɑůŰɖəŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ PCR-DGGE. 

ȿɐűɗɖəŬɜ ˊɟɧŰɡˊŬ PCR-DGGE, ŬˊɞəɎɚɡɣŬɜ ɛŮɛɞɜɤɛɏɜŮɠ ɕɩɜŮɠ ˊɞɡ ŬɜŰŬɜŬəɚɞɨɜ 

ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰŬ ŭŮɑɔɛŬŰŬ Ŭˊɧ ˊɏɜŰŮ ŰɞˊɞɗŮůɑŮɠ. 

 

 

ɆɡɛˊŮɟɎůɛŬŰŬ  

ɆɡɜɞˊŰɘəɎ, ŬɡŰɐ ɐŰŬɜ ɖ ˊɟɩŰɖ ɛŮɚɏŰɖ ˊɞɡ ŮűŬɟɛɧůŰɖəŮ ɛŮ ŮˊɘŰɡɢɑŬ ɛŮ ɛŮɗɧŭɞɡɠ ɓŬůɘůɛɏɜŮɠ ůŰɞ DNA 

ɔɘŬ Űɖɜ Ůɚɚɖɜɘəɐ ɄɃɄ (ȷɡɔɞŰɎɟŬɢɞ ɀŮůɞɚɞɔɔɑɞɡ əŬɘ ůŰŬűɑŭŬ Vostizza) ɔɘŬ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ əŬɘ 

ɏɚŮɔɢɞɠ ŰŬɡŰɧŰɖŰŬɠ. ȷɡŰɏɠ ɞɘ ɛɏɗɞŭɞɘ ˊɟɞŰŮɑɜɞɜŰŬɘ, ɤɠ ŮɜŬɚɚŬəŰɘəɎ ŮɟɔŬɚŮɑŬ ɘɢɜɖɚŬůɘɛɧŰɖŰŬɠ, 
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ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŬɟɏɢɞɡɜ ɛɞɜŬŭɘəɞɨɠ ŭŮɑəŰŮɠ əŬɘ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ Űɞ əɚŮɘŭɑ ɔɘŬ Űɖɜ 

ˊɟɧəɚɖůɖ çŬˊɧ ŬɔɟɧəŰɖɛŬ ůŮ ŰɟŬˊɏɕɘè. ɋɠ Ůə ŰɞɨŰɞɡ, ɓɘɞɚɞɔɘəɞɑ ŭŮɑəŰŮɠ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ɞɚɧəɚɖɟɖ Űɖɜ Ůɛˊɞɟɘəɐ ŬɚɡůɑŭŬ ŮűɞŭɘŬůɛɞɨ əŬɘ ɜŬ ˊɟɞůŰŬŰŮɨůɞɡɜ ŰŬ ŰɟɧűɘɛŬ, 

ŰŬ ɞˊɞɑŬ ŭɘŬɗɏŰɞɡɜ ůɨůŰɖɛŬ ˊɞɘɧŰɖŰŬɠ, Ŭˊɧ ɜɞɗŮɑŮɠ. ɄŮɟŬɘŰɏɟɤ DNA ŬɜɎɚɡůɖ əŬɘ ŮűŬɟɛɞɔɐ ůŮ 

ˊɞɘəɘɚɑŬ Űɟɞűɑɛɤɜ ůŮ ɛŮɔɎɚɖ əɚɑɛŬəŬ, ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɖ əŬŰɎɚɚɖɚɖ ɚɨůɖ ɔɘŬ Űɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɜɞɗŮɘɩɜ 

əŬɘ ɔɘŬ ɜŬ ŮɜɘůɢɨůŮɘ Ůˊɑůɖɠ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ Űɤɜ əŬŰŬɜŬɚɤŰɩɜ 

 

ɉɟɖɛŬŰɞŭɧŰɖůɖ 

ȼ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ɏɚŬɓŮ ɢɟɖɛŬŰɞŭɧŰɖůɖ Ŭˊɧ Űɖɜ ȺɜɘŬɑŬ ȾɟŬŰɘəɐ Ⱥɜɑůɢɡůɖ ȹɟɎůɖɠ ɔɘŬ ȰɟŮɡɜŬ, 

ɇŮɢɜɞɚɞɔɘəɐ ȷɜɎˊŰɡɝɖ & ȾŬɘɜɞŰɞɛɑŬ çȺɟŮɡɜɩ ȾŬɘɜɞŰɞɛɩè ɏɟɔɞ çTrust Traceè T1EDK-04028. 

Ⱥˊɑůɖɠ ɡˊɐɟɢŮ ɡˊɞůŰɐɟɘɝɖ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ Ŭˊɧ Űɞ ɏɟɔɞ çSynthetic Biology: From omics technology 

to genomic engineering (OMIC ENGINE)è (MIS 5002636) ˊɞɡ ɡɚɞˊɞɘŮɑŰŬɘ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ȹɟɎůɖɠ 

çȺɜɑůɢɡůɖ Űɖɠ Ɉˊɞŭɞɛɐɠ ȰɟŮɡɜŬɠ əŬɘ ȾŬɘɜɞŰɞɛɑŬɠè, ɢɟɖɛŬŰɞŭɞŰŮɑŰŬɘ Ŭˊɧ Űɞ ȺˊɘɢŮɘɟɖůɘŬəɧ 

ɄɟɧɔɟŬɛɛŬ çȷɜŰŬɔɤɜɘůŰɘəɧŰɖŰŬ, ȺˊɘɢŮɘɟɖɛŬŰɘəɧŰɖŰŬ əŬɘ ȾŬɘɜɞŰɞɛɑŬè (ȺɆɄȷ 2014-2020) əŬɘ 

ůɡɔɢɟɖɛŬŰɞŭɞŰŮɑŰŬɘ Ŭˊɧ Űɖɜ ȺɚɚɎŭŬ əŬɘ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ (ȺɡɟɤˊŬɥəɧ ɇŬɛŮɑɞ ɄŮɟɘűŮɟŮɘŬəɐɠ 

ȷɜɎˊŰɡɝɖɠ). 
,  
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ɆɈɁȺȹɅȽȷ 5  
 

ɆɈɁɇɃɁȽɆɇȺɆ 

ũŮɤɟɔɑŬ ɀŬɜŭɖɚŬɟɎ,  

Ⱥˊɑəɞɡɟɖ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ɄɞɚɘŰɘəɩɜ ȹɖɛɧůɘŬɠ ɈɔŮɑŬɠ, Ɇɢɞɚɐ ȹɖɛɧůɘŬɠ ɈɔŮɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ 

ȹɡŰɘəɐɠ ȷŰŰɘəɐɠ, ȺˊɘůŰɖɛɞɜɘəɐ ɈˊŮɨɗɡɜɖ Ⱥɗɜɘəɞɨ ȾɏɜŰɟɞɡ ȷɜŬűɞɟɎɠ ɆŬɚɛɞɜŮɚɩɜ, ɆɘɔəŮɚɩɜ əŬɘ 

ɚɞɘˊɩɜ ŰɟɞűɘɛɞɔŮɜɩɜ ˊŬɗɞɔɧɜɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ 

ɇůɑəɞɡ ȹŬɜɘŮɚŬ,  

Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɐŰɟɘŬ, ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ 
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ɉɟɐůɖ ɛŮɗɧŭɤɜ ɛɖɢŬɜɘəɐɠ ŮəɛɎɗɖůɖɠ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ ˊɟɞŰɨˊɤɜ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ 
 

ɆɇȺɅũȽɃɈ ȾɤɜůŰŬɜŰɑɜŬ1, ȹȼɀɃɄɃɈȿɃɆ ɄŬɜŬɔɘɩŰɖɠ2, ȾȷȿȿȽɀȷɁȼɆ ȷɗŬɜɎůɘɞɠ1 

 

1ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, stergiouk@bio.auth.gr, kalliman@bio.auth.gr 
2ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ, pdimopoulos@upatras.gr 

 

 

ɄŮɟɑɚɖɣɖ 
TŬ ɝŮɜɘəɎ Ůɑŭɖ ŮɑɜŬɘ ŬˊŮɘɚɐ ɔɘŬ Űɖ ɓɘɞˊɞɘəɘɚɧŰɖŰŬ. ɇŬ ˊɟɧŰɡˊŬ ŮɝɎˊɚɤůɖɠ Űɤɜ űɡŰɘəɩɜ ɝŮɜɘəɩɜ Ůɘŭɩɜ ɛˊɞɟŮɑ 

ɜŬ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ ɓɘɞŰɘəɞɨɠ (ˊ.ɢ. ˊɞɘəɘɚɧŰɖŰŬ ɔɖɔŮɜɩɜ űɡŰɘəɩɜ Ůɘŭɩɜ) ɐ ŬɓɘɞŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ (ˊ.ɢ. əɚɑɛŬ).  

ũɘŬ Űɖ ɛŮɚɏŰɖ Űɞɡɠ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əɡɟɑɤɠ ɛɏɗɞŭɞɘ ɧˊɤɠ ŰŬ ɔŮɜɘəŮɡɛɏɜŬ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ, ŬɚɚɎ ŭŮɜ ɏɢŮɘ 

ŮɝŮŰŬůŰŮɑ ŮɎɜ əŬɘ əŬŰɎ ˊɧůɞ ɖ Ůˊɘɚɞɔɐ ůŰŬŰɘůŰɘəɞɨ ŮɟɔŬɚŮɑɞɡ (ɧˊɤɠ ŰŬ ɛɞɜŰɏɚŬ ɛɖɢŬɜɘəɐɠ ŮəɛɎɗɖůɖɠ) 

ŮˊɖɟŮɎɕŮɘ Űɖɜ ˊɟɞɓɚŮˊŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ŬɜŬɚɨůŮɤɜ, Űɖɜ ŰŮɚɘəɐ ůɡɛˊŮɟŬůɛŬŰɞɚɞɔɑŬ ɐ/əŬɘ Űɖɜ ɘŮɟɎɟɢɖůɖ Űɖɠ 

ůɖɛŬɜŰɘəɧŰɖŰŬɠ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ. ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ, ɓɟɐəŬɛŮ ɧŰɘ ɔɘŬ ŰŬ ɝŮɜɘəɎ űɡŰɘəɎ Ůɑŭɖ Űɖɠ 

ȺɚɚɎŭŬɠ ŰŬ ɔŮɜɘəŮɡɛɏɜŬ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ ŮɑɢŬɜ ɢŬɛɖɚɧŰŮɟɖ ˊɟɞɓɚŮˊŰɘəɐ ɘəŬɜɧŰɖŰŬ (ɛɘəɟɧŰŮɟɞ R2) Ŭˊɧ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ɛɞɜŰɏɚŬ ɛɖɢŬɜɘəɐɠ ŮəɛɎɗɖůɖɠ (ŭɏɜŰɟŬ ŬˊɧűŬůɖɠ, Ⱦ əɞɜŰɘɜɧŰŮɟɞɘ ɔŮɑŰɞɜŮɠ, ɛɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ 

ɡˊɞůŰɐɟɘɝɖɠ - SVM). ȳŰŬɜ ŮɝŮŰɎůŬɛŮ əɎɗŮ ˊŬɟɎɔɞɜŰŬ ɛɧɜɞ Űɞɡ, ɧɚŮɠ ɞɘ ɛɏɗɞŭɞɘ ŮəŰɧɠ Ŭˊɧ ŰŬ SVM ŬɜɏŭŮɘɝŬɜ 

Űɖɜ ˊɞɘəɘɚɧŰɖŰŬ ɔɖɔŮɜɩɜ Ůɘŭɩɜ ɤɠ Űɖɜ ůɖɛŬɜŰɘəɧŰŮɟɖ ˊŬɟɎɛŮŰɟɞ, Ůɜɩ ɖ ɘŮɟɎɟɢɖůɖ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ˊŬɟɞɡůɑŬɕŮ 

ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ ɛŮɗɧŭɤɜ. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

ȸɘɞˊɞɘəɘɚɧŰɖŰŬ, ɝŮɜɘəɎ Ůɑŭɖ, ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ, ɛɖɢŬɜɘəɐ ŮəɛɎɗɖůɖ 

 

 

ȺɘůŬɔɤɔɐ  

ȼ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ ůɡɜŭɏŮŰŬɘ ɘůɢɡɟɎ ɛŮ Űɖ ɓɘɞˊɞɘəɘɚɧŰɖŰŬ. ɆŰɖɜ ˊŮɟɑɞŭɞ Űɞɡ 

ȷɜɗɟɤˊɧəŬɘɜɞɡ, ɖ ɓɘɞˊɞɘəɘɚɧŰɖŰŬ ŬˊŮɘɚŮɑŰŬɘ Ŭˊɧ ˊɞɘəɑɚɞɡɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ ɖ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ, ɖ 

ŬˊɩɚŮɘŬ ŮɜŭɘŬɘŰɐɛŬŰɞɠ, ɖ ɟɨˊŬɜůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɛɘŬ ŬˊŮɘɚɐ ˊɞɡ ůɡɕɖŰɘɏŰŬɘ 

ɏɜŰɞɜŬ ŮɑɜŬɘ ŰŬ ɝŮɜɘəɎ əŬɘ ɘŭɘŬɘŰɏɟɤɠ ŰŬ ŮɘůɓɞɚɘəɎ Ůɑŭɖ (Bellard et al. 2013). ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ, ɏɢɞɡɜ 

ŭɘŬŰɡˊɤɗŮɑ ˊɞɚɚɏɠ ɡˊɞɗɏůŮɘɠ ɔɘŬ Űɞɡɠ ɓɘɞŰɘəɞɨɠ əŬɘ ŬɓɘɞŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ 

ŮɝɎˊɚɤůɖ Űɤɜ ɝŮɜɘəɩɜ Ůɘŭɩɜ (Catford et al. 2011). 

 

ɇŬ əɚŬůůɘəɎ ůŰŬŰɘůŰɘəɎ ɛɞɜŰɏɚŬ ˊɞɡ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬŰɎ əɧɟɞɜ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ˊɟɞŰɨˊɤɜ 

Űɖɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ ɡůŰŮɟɞɨɜ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɎ Űɖɠ ɀɖɢŬɜɘəɐɠ ȺəɛɎɗɖůɖɠ, ɏɜŬɜ əɚɎŭɞ Űɖɠ ŮˊɘůŰɐɛɖɠ 

Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ ˊɞɡ ŬɜŬˊŰɨůůŮɘ Ŭɚɔɧɟɘɗɛɞɡɠ ɘəŬɜɞɨɠ ɔɘŬ ŬˊɞűɎůŮɘɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ɛŮɔɎɚŮɠ 

ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ. ɆŰɖɜ ɞɘəɞɚɞɔɑŬ, ɧˊɞɡ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ŰŬ ɞɘəɞůɡůŰɐɛŬŰŬ ŭŮɜ 

ˊɟɞůŬɟɛɧɕɞɜŰŬɘ ˊɎɜŰŬ ůŰŬ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ ɚɧɔɤ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰɎɠ Űɞɡɠ, ɖ ɢɟɐůɖ ɛɞɜŰɏɚɤɜ 

ɛɖɢŬɜɘəɐɠ ŮəɛɎɗɖůɖɠ ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ˊɞɚɨ ŮɜŭɘŬűɏɟɞɜŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ (Thessen 2016).  

 

ɆŰɖɜ ˊɟɞəŮɘɛɏɜɖ ŮɟɔŬůɑŬ ŬůɢɞɚɖɗɐəŬɛŮ ɛŮ ŰŬ ˊɟɧŰɡˊŬ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ Űɤɜ űɡŰɘəɩɜ Ůɘŭɩɜ Űɖɠ 

ȺɚɚɎŭŬɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ űɡŰɘəɩɜ ɝŮɜɘəɩɜ Ůɘŭɩɜ, ŭɘŮɟŮɡɜɩɜŰŬɠ  ˊɩɠ ɖ űɡŰɘəɐ ˊɞɘəɘɚɧŰɖŰŬ Űɤɜ 

ŰŮɚŮɡŰŬɑɤɜ ŮˊɖɟŮɎɕŮŰŬɘ Űɧůɞ Ŭˊɧ ɓɘɞŰɘəɞɨɠ ɧůɞ əŬɘ ŬɓɘɞŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. Ⱥŭɩ, ŮɟŮɡɜɐůŬɛŮ ŮɎɜ ɖ 

Ůˊɘɚɞɔɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ŮɟɔŬɚŮɑɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ ˊɟɞɓɚŮˊŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ɛɞɜŰɏɚɞɡ, ŬɚɚɎɕŮɘ ŰŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ůŰŬ ɞˊɞɑŬ əŬŰŬɚɐɔɞɡɛŮ əŬɘ ɘŭɘŬɑŰŮɟŬ Űɖɜ ɘŮɟɎɟɢɖůɖ Űɖɠ ůɖɛŬɜŰɘəɧŰɖŰŬɠ Űɤɜ 

ˊŬɟŬɔɧɜŰɤɜ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ˊɞɘəɘɚɧŰɖŰŬ.  

 

ɀŮɗɞŭɞɚɞɔɑŬ 

ɇŬ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖ űɡŰɘəɐ ˊɞɘəɘɚɧŰɖŰŬ Űɖɠ ȺɚɚɎŭŬɠ əŬɘ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ əŬŰŬɔɟŬűɏɠ ŭɖɛɞůɘŮɡɛɏɜɤɜ 

ŮɟɔŬůɘɩɜ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȺɚɚɎŭŬɠ, Ůɜɩ ŰŬ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɘɠ ŬɓɘɞŰɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ ˊɟɞɏɟɢɞɜŰŬɘ 

Ŭˊɧ Űɞ Corine 2000 ɔɘŬ Űɖɜ əɎɚɡɣɖ ɔɖɠ əŬɘ Ŭˊɧ Űɞ WorldClim ɔɘŬ Űɞ əɚɑɛŬ.  

 

ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɘŬűɞɟŮŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ: ɖ əɚŬůůɘəɐ ɛŮ ŰŬ 
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ɔŮɜɘəŮɡɛɏɜŬ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ (General Linear Models, GLM) əŬɘ ɖ ˊɘɞ ůɨɔɢɟɞɜɖ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ Űɖɠ 

ɛɖɢŬɜɘəɐɠ ŮəɛɎɗɖůɖɠ. ɆŰɖ ŭŮɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ ŮɜŰɎůůɞɜŰŬɘ ŰŬ ŭɏɜŰɟŬ ŬˊɧűŬůɖɠ (Decision Trees, 

DT), ɞɘ Ⱦ əɞɜŰɘɜɧŰŮɟɞɘ ɔŮɑŰɞɜŮɠ (K nearest neighbors, KNN) əŬɘ ɞɘ ɛɖɢŬɜɏɠ ɡˊɞůŰɐɟɘɝɖɠ ŭɘŬɜɡůɛɎŰɤɜ 

(Support Vector Machines, SVM). ȾŬɘ ůŰɘɠ ŰɏůůŮɟɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 13 ɛɞɜŰɏɚŬ ɛŮ ɛɑŬ 

ɛɧɜɞ ŬɜŮɝɎɟŰɖŰɖ ɛŮŰŬɓɚɖŰɐ ɔɘŬ ɜŬ ˊɟɞɓɚɏɣɞɡɛŮ Űɖɜ ˊɞɘəɘɚɧŰɖŰŬ ɝŮɜɘəɩɜ űɡŰɘəɩɜ Ůɘŭɩɜ ůŰɖɜ ȺɚɚɎŭŬ. 

ũɘŬ ŰŬ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ ŬɜŬɚɨɗɖəŮ ɧɚɞ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɜɩ ɔɘŬ ŰŬ ɛɞɜŰɏɚŬ ɛɖɢŬɜɘəɐɠ 

ŮəɛɎɗɖůɖɠ ɏɔɘɜŮ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ŭɨɞ ɡˊɞůɨɜɞɚŬȚ ůŰɞ ɡˊɞůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ (77% 

Űɤɜ ŭŮŭɞɛɏɜɤɜ) əŬɘ ůŰɞ ɡˊɞůɨɜɞɚɞ Ůɚɏɔɢɞɡ(Űɞ ɡˊɧɚɞɘˊɞ 23%).  

 

ũɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ŬɜŬűɞɟɘəɎ ɛŮ Űɖɜ ɘəŬɜɧŰɖŰŬ ˊɟɧɓɚŮɣɖɠ Űɖɠ ŮɝŬɟŰɖɛɏɜɖɠ 

ɛŮŰŬɓɚɖŰɐɠ (ˊɞɘəɘɚɧŰɖŰŬ ɝŮɜɘəɩɜ) əŬɘ ɔɘŬ Űɖɜ ůɢŮŰɘəɐ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ˊɞɡ 

ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ˊɞɘəɘɚɧŰɖŰŬ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ ˊɟɞůŭɘɞɟɘůɛɞɨ R2.  

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȸɟɐəŬɛŮ ɧŰɘ ɖ Ůˊɘɚɞɔɐ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ŮɟɔŬɚŮɑɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ ˊɟɞɓɚŮˊŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ɛɞɜŰɏɚɤɜ 

ŬɜŬűɞɟɘəɎ ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ůŰɖɜ ˊɞɘəɘɚɧŰɖŰŬ Űɤɜ ɝŮɜɘəɩɜ Ůɘŭɩɜ. ɇŬ 

ɔŮɜɘəŮɡɛɏɜŬ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ ŮˊɏŭŮɘɝŬɜ ˊŬɟŬˊɚɐůɘŬ ˊɟɞɓɚŮˊŰɘəɐ ɘəŬɜɧŰɖŰŬ ɛŮ ŰŬ SVM. ȾŬɘ ɞɘ ŭɨɞ 

ŬɡŰɏɠ ɞɛɎŭŮɠ ɡůŰŮɟɞɨɜ ůŰɖɜ Ŭˊɧŭɞůɐ Űɞɡɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɛɞɜŰɏɚŬ Űɤɜ DT əŬɘ KNN (ȺɘəɧɜŬ 1). 

ɆɢŮŭɧɜ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ɞɘ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ űŬɑɜŮŰŬɘ ɜŬ ɛɖɜ ɛˊɞɟɞɨɜ ɜŬ 

Ůɝɖɔɐůɞɡɜ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɞ 50% Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɖɠ ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ.   

 

 
 

 ȺɘəɧɜŬ 1. ŪɖəɧɔɟŬɛɛŬ ɔɘŬ Űɖ ůɨɔəɟɘůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ ˊɟɞůŭɘɞɟɘůɛɞɨ (R2) Űɤɜ ɛɞɜŰɏɚɤɜ ɔɘŬ ŰŬ 

ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ (GLM) əŬɘ ɔɘŬ ŰŬ ɛɞɜŰɏɚŬ ɛɖɢŬɜɘəɐɠ ŮəɛɎɗɖůɖɠ: ȹɏɜŰɟŬ ȷˊɧűŬůɖɠ (DT), Ⱦ 

ȾɞɜŰɘɜɧŰŮɟɞɘ ũŮɑŰɞɜŮɠ (ȾɁɁ) əŬɘ ɀɖɢŬɜɏɠ ɈˊɞůŰɐɟɘɝɖɠ ŭɘŬɜɡůɛɎŰɤɜ (SVM).  
 

ȷɜŬűɞɟɘəɎ ɛŮ Űɞɜ ůɖɛŬɜŰɘəɧŰŮɟɞ ˊŬɟɎɔɞɜŰŬ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ ˊɞɘəɘɚɧŰɖŰŬ Űɤɜ ɝŮɜɘəɩɜ Ůɘŭɩɜ, 

űŬɑɜŮŰŬɘ ɧŰɘ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ ˊɟɞůŮɔɔɑůŮɘɠ ůɡɜɎŭɞɡɜ, ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɖ ůɡɜɞɚɘəɐ űɡŰɘəɐ ˊɞɘəɘɚɧŰɖŰŬ 

ɤɠ əɨɟɘɞ əŬɗɞɟɘůɛɞɨ Űɞɡ ˊɟɞŰɨˊɞɡ (ȺɘəɧɜŬ 2). ȼ ŭɘŬűɞɟɎ ŮɑɜŬɘ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛɞɜŰɏɚɤɜ 

SVM, ɧˊɞɡ ŬɜŬŭŮɘəɜɨŮŰŬɘ ɤɠ ůɖɛŬɜŰɘəɧŰŮɟɞɠ ˊŬɟɎɔɞɜŰŬɠ Űɞ ˊɞůɞůŰɧ əɎɚɡɣɖɠ ɔɖɠ Ŭˊɧ ŰŮɢɜɖŰɏɠ 

ŮˊɘűɎɜŮɘŮɠ əŬŰɎ Corine 2000 (ȺɘəɧɜŬ 2). ɄɏɟŬ Ŭˊɧ Űɞɜ ˊɚɏɞɜ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ, ɖ ɘŮɟɎɟɢɖůɖ Űɤɜ 

ɡˊɞɚɞɑˊɤɜ ˊŬɟŬɔɧɜŰɤɜ ŭŮɜ ŮɑɜŬɘ əɞɘɜɐ ɛŮŰŬɝɨ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ˊɟɞůŮɔɔɑůŮɤɜ (ȺɘəɧɜŬ 2) 

R
2
 



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

167 

 

ȺɘəɧɜŬ 2. ɄŬɟɞɡůɑŬůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ ˊɟɞůŭɘɞɟɘůɛɞɨ (R2) Űɤɜ ŭŮəŬŰɟɘɩɜ ɛɞɜŰɏɚɤɜ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ, ɧɚŬ ɏɢɞɜŰŬɠ ɤɠ ŮɝŬɟŰɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ Űɖɜ űɡŰɘəɐ ˊɞɘəɘɚɧŰɖŰŬ Űɤɜ ɝŮɜɘəɩɜ Ůɘŭɩɜ, 

ɛŮ Űɘɠ ŰɏůůŮɟɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ɛŮɗɧŭɞɡɠ. ɀŮ ˊɞɟŰɞəŬɚɑ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ŰŬ ɔŮɜɘəŮɡɛɏɜŬ ɔɟŬɛɛɘəɎ 

ɛɞɜŰɏɚŬ (GLM), ɛŮ əɑŰɟɘɜɞ ŰŬ ɛɞɜŰɏɚŬ Űɤɜ ŭɏɜŰɟɤɜ ŬˊɞűɎůŮɤɜ (DT), ɛŮ ˊɟɎůɘɜɞ ŰŬ ɛɞɜŰɏɚŬ Űɤɜ Ⱦ 

ȾɞɜŰɘɜɧŰŮɟɤɜ ũŮɘŰɧɜɤɜ (ȾɁɁ) əŬɘ ɛŮ əŬűɏ ŰŬ ɛɞɜŰɏɚŬ Űɤɜ ɀɖɢŬɜɩɜ ȹɘŬɜɡůɛɎŰɤɜ ɈˊɞůŰɐɟɘɝɖɠ 

(SVM).  
 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ Ůˊɘɚɞɔɐ ůŰŬŰɘůŰɘəɞɨ ŮɟɔŬɚŮɑɞɡ ˊŬɑɕŮɘ ɟɧɚɞ ůŰɖ ůɡɛˊŮɟŬůɛŬŰɞɚɞɔɑŬ ɔɘŬ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ 

ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ˊɞɘəɘɚɧŰɖŰŬ ɝŮɜɘəɩɜ Ůɘŭɩɜ. ȾŬŰŬɟɢɎɠ, ŮˊɖɟŮɎɕŮɘ Űɖɜ ˊɟɞɓɚŮˊŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ 

ɛɞɜŰɏɚɤɜ, ɛŮ ŰŬ ɛɞɜŰɏɚŬ ɛɖɢŬɜɘəɐɠ ŮəɛɎɗɖůɖ ɜŬ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ əŬɚɨŰŮɟŬ ůŰŬ ŭŮŭɞɛɏɜŬ ůŮ ůɢɏůɖ 

ɛŮ ŰŬ ɔŮɜɘəŮɡɛɏɜŬ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ. ȷɚɚɎ ˊɘɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ŮɨɟɖɛŬ ɧŰɘ ŭɘŬűɞɟŮŰɘəɎ 

ůŰŬŰɘůŰɘəɎ ŮɟɔŬɚŮɑŬ ɞŭɖɔɞɨɜ ůŮ ŭɘŬűɞɟɏɠ (ɛɘəɟɧŰŮɟŮɠ ɐ ɛŮɔŬɚɨŰŮɟŮɠ) ůŰɖɜ ɘŮɟɎɟɢɖůɖ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ 

ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ˊɞɘəɘɚɧŰɖŰŬ.  
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ɄŮɟɑɚɖɣɖ 
ɋɠ ɓɘɞŭɘɎɓɟɤůɖ ɞɟɑɕŮŰŬɘ ɖ ŬˊɞůɨɜɗŮůɖ Űɤɜ ɡɚɘəɩɜ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ Ŭˊɧ (ɛɘəɟɞ)ɞɟɔŬɜɘůɛɞɨɠ, ɞɘ ɞˊɞɑɞɘ ŮɑŰŮ 

űɤɚɘɎɕɞɡɜ əŬɘ ŬɜŬˊŰɨůůɞɜŰŬɘ ŮɑŰŮ ŰɟɏűɞɜŰŬɘ ɛŮ ŬɡŰɧ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ŬˊŮɘɚŮɑ ŰŬ ɛŬɟɛɎɟɘɜŬ ɛɜɖɛŮɑŬ ůŮ ɧɚɞ 

Űɞɜ əɧůɛɞ, ɞˊɧŰŮ ɞ ˊŮɟɘɞɟɘůɛɧɠ Űɞɡ ŮɑɜŬɘ ɕɐŰɖɛŬ ɛŮɔɎɚɖɠ ůɖɛŬůɑŬɠ. ȼ ŰŬɢɡˊɚŮůɑɜɖ ŮɑɜŬɘ ɏɜŬ ŬɜŰɘɛɘəɟɞɓɘŬəɧ 

ˊŮˊŰɑŭɘɞ, ɛŮ ŭɟɎůɖ əŬŰɎ Űɤɜ Gram+ əŬɘ - ɓŬəŰɖɟɑɤɜ, Firmicutes, ɛɡəɐŰɤɜ əŬɘ ɘɩɜ. ŪŬ ŬˊɞŰŮɚɏůŮɘ Űɞ əɨɟɘɞ 

ůɡůŰŬŰɘəɧ Ůɜɧɠ ɓɘɞɚɞɔɘəɞɨ ɓɘɞəŰɧɜɞɡ əŬŰɎ Űɖɠ ɛɘəɟɞɢɚɤɟɑŭŬɠ Űɤɜ ɛŬɟɛɎɟɤɜ. Ƀɘ ˊŮɘɟŬɛŬŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ ůŰŮɚŮɢɩɜ E.Coli ɛŮ ŬɜŬůɡɜŭɡŬůɛɏɜŬ ˊɚŬůɛɑŭɘŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɖɜ 

ŮˊɘɗɡɛɖŰɐ ɜɞɡəɚŮɞŰɘŭɘəɐ ŬɚɚɖɚɞɡɢɑŬ. ɀŮŰɎ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɖɠ ɏəűɟŬůɖɠ əŬɘ Űɖɠ əŬɗŬɟɧŰɖŰŬɠ Űɞɡ ɡˊɧ 

ɛŮɚɏŰɖ ˊŮˊŰɘŭɑɞɡ, ɗŬ ŬɝɘɞɚɞɔɖɗŮɑ ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɖɠ ŰŬɢɡˊɚŮůɑɜɖɠ ɤɠ ɓɘɞəŰɧɜɞ ˊɟɞɥɧɜ ůŮ 

ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɛɎɟɛŬɟɞ. ȼ ɢɟɐůɖ Űɞɡ ŬɜŰɘɛɘəɟɞɓɘŬəɞɨ ˊŮˊŰɘŭɑɞɡ ŬˊɞŰɟɏˊŮɘ Űɖɜ 

ŬɜɎˊŰɡɝɖ ŬɜɗŮəŰɘəɧŰɖŰŬɠ Űɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ, ŮɝŬɚŮɑűɞɜŰŬɠ ɏŰůɘ Űɖɜ ŬɜɎɔəɖ ŭɖɛɘɞɡɟɔɑŬɠ ɞɚɞɏɜŬ əŬɘ ˊɘɞ 

ůɨɔɢɟɞɜɤɜ ɓɘɞəŰɧɜɤɜ, ŬˊɞŰŮɚɩɜŰŬɠ ɏɜŬ ɢɟɐůɘɛɞ, űɘɚɘəɧ ˊɟɞɠ Űɞɜ Ɏɜɗɟɤˊɞ əŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɓɘɞəŰɧɜɞ. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ 

ȸŬəŰɐɟɘŬ, ɛɨəɖŰŮɠ, ɓɘɞŭɘɎɓɟɤůɖ, ŬɜŰɘɛɘəɟɞɓɘŬəɧ ˊŮˊŰɑŭɘɞ, ˊɞɚɘŰɘůŰɘəɐ əɚɖɟɞɜɞɛɘɎ 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ɛŮɚɏŰɖ ůŰɞɢŮɨŮɘ ůŰɖɜ ŮɝɎɚŮɘɣɖ Űɖɠ ɓɘɞŭɘɎɓɟɤůɖɠ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰŬ ɛɎɟɛŬɟŬ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ɏɜŬɜ űɡůɘəɧ Űɟɧˊɞ ɔɘŬ Űɖɜ ŮɝɧɜŰɤůɖ Űɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ˊɞɡ ŭɘŬɓɟɩɜɞɡɜ Űɞ ɛɎɟɛŬɟɞ. ɆŮ ůɨɔəɟɘůɖ 

ɛŮ ɎɚɚŬ ŬɜɧɟɔŬɜŬ ɡɚɘəɎ , ɞɘ ŮˊɘűɎɜŮɘŮɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ ŮɑɜŬɘ Ůɨəɞɚɞ ɜŬ ŬˊɞɘəɘůŰɞɨɜ Ŭˊɧ 

ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ. ȼ Ŭˊɚɐ ˊŬɟɞɡůɑŬ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɛɏůŬ/ˊɎɜɤ ůŰɞ ˊɏŰɟɤɛŬ ŭŮɜ ɡˊɞŭɖɚɩɜŮɘ 

ŬˊŬɟŬɑŰɖŰŬ ŬˊɞůɨɜɗŮůɖ. ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɓɘɞɚɞɔɘəɐɠ űɗɞɟɎɠ ɝŮəɘɜɎ ɧŰŬɜ 

ůɡɜŭɡɎɕŮŰŬɘ ɖ ˊŬɟɞɡůɑŬ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɛŮ Ɏɚɚɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɢɖɛɘəɞɨɠ, űɡůɘəɞɨɠ əŬɘ ɐ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ɏɢɞɡɜ ŬɜŰɑəŰɡˊɞ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɛɘəɟɞɓɘŬəɐɠ ɢɚɤɟɑŭŬɠ. 
 

Ƀɘ ɛɘəɟɞɞɟɔŬɜɘůɛɞɑ ůŰɞ ɛɎɟɛŬɟɞ 

ȼ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɓŬůɑɕŮŰŬɘ ůŰɞɜ ŮɜŰɞˊɘůɛɧ əŬɘ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡɠ ˊɎɜɤ ɐ/əŬɘ ɛɏůŬ 

ůŰɞ ɡˊɧůŰɟɤɛŬ, ɏŰůɘ ɏɢɞɡɛŮ Epilithobionts, Endolithobionts. ɇŬ Endolithobionts ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ: 

1.Chasmolithic microorganisms (ˊɞɡ ɕɞɡɜ ůŮ ˊɟɞɦˊɎɟɢɞɡůŮɠ ɟɤɔɛɏɠ ɐ ůɢɘůɛɏɠ) 2. Euendolithic (ˊɞɡ 

ŮɘůɏɟɢɞɜŰŬɘ ŮɜŮɟɔɎ ůŰɞ ɡˊɧůŰɟɤɛŬ) 3. Cryptoendolithic (ŬɜɎˊŰɡɝɖ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ) (Urzi 

2004). ȼ ɏɟŮɡɜŬ ůŰɞɢŮɨŮɘ ůŰɖ ɢɟɐůɖ Ůɜɧɠ ŬɜŰɘɛɘəɟɞɓɘŬəɞɨ ˊŮˊŰɘŭɑɞɡ ˊɞɡ ŬˊɞɛɞɜɩɗɖəŮ Ŭˊɧ 

ŬɘɛɞəɨŰŰŬɟŬ əŬɓɞɡɟɘɩɜ, Űɖɜ ɇŬɢɡˊɚŮůɑɜɖ Ƚ, ɛŮ ůŰɧɢɞ Űɖ ɛɘəɟɞɓɘŬəɐ ɢɚɤɟɑŭŬ ˊɞɡ ɕŮɘ ůŰŬ ɛɎɟɛŬɟŬ. 

ɆŰɞ ȺɟɏɢɗŮɘɞ ɓɟɏɗɖəŮ Űɞ ůŰɏɚŮɢɞɠ Bacillus subtilis əŬɘ ɏɜŬ Ůɡɟɨ űɎůɛŬ Ɏɚɚɤɜ ɓŬəŰɖɟɑɤɜ Gram + əŬɘ 

Gram ï (Kanini et.al 2014) 

 

ɇɘ ŮɑɜŬɘ ŰŬ ŬɜŰɘɛɘəɟɞɓɘŬəɎ ˊŮˊŰɑŭɘŬ; 

ɀɘŬ Ɏűɗɞɜɖ əŬɘ ˊɞɘəɑɚɖ ɞɛɎŭŬ ɛɞɟɑɤɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ ɘůŰɞɨɠ əŬɘ əɡŰŰŬɟɘəɞɨɠ Űɨˊɞɡɠ ůŮ 

ɛɘŬ ˊɞɘəɘɚɑŬ Ŭůˊɧɜŭɡɚɤɜ, űɡŰɘəɩɜ əŬɘ ɕɤɘəɩɜ Ůɘŭɩɜ. ȼ ůɨɜɗŮůɖ Űɤɜ Ŭɛɘɜɞɝɏɤɜ Űɞɡɠ əŬɘ Űɞ ɛɏɔŮɗɧɠ 

Űɞɡɠ Űɞɡɠ ŮˊɘŰɟɏˊɞɡɜ ɜŬ ˊɟɞůəɞɚɚɩɜŰŬɘ əŬɘ ɜŬ ŮɘůɏɟɢɞɜŰŬɘ ůŰɞɡɠ ˊɧɟɞɡɠ Űɖɠ ɛŮɛɓɟɎɜɖɠ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɓɚɎˊŰɞɡɜ əŬɘ ɜŬ ůəɞŰɩɜɞɡɜ Űɞɡɠ ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ (A.Brodgen, Kim2005) . 

 

mailto:dimitrisnikolask@gmail.com
mailto:vellianitisd@gmail.com


 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

169 

ũɘŬŰɑ ɇŬɢɡˊɚŮůɑɜɖ; 

ȰɜŬ ŬɜŰɘɛɘəɟɞɓɘŬəɧ ˊŮˊŰɑŭɘɞ ˊɞɡ ɓɟɏɗɖəŮ ůŰɞ ɧɝɘɜɞ ŮəɢɨɚɘůɛŬ Űɤɜ ŬɘɛɞəɡŰŰɎɟɤɜ Ŭˊɧ Űɞ ɘŬˊɤɜɘəɧ 

əŬɓɞɨɟɘ (Tachypleus tridentatus) əŬɘ ŮɑɜŬɘ Ůɡɟɏɤɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ɛŮŰŬɝɨ ˊɞɚɚɩɜ Gram + əŬɘ - 

ɓŬəŰɖɟɑɤɜ, ɛɡəɐŰɤɜ əŬɘ ɘɩɜ. ȺɘŭɘəɎ ɖ ŮɔɔŮɜɐɠ ŰŬɢɡˊɚŮůɑɜɖ ŮɑɜŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɏɜŬɜŰɘ Űɞɡ Bacillus 

subtilis ɛŮ ŮɚɎɢɘůŰɖ ŬɜŬůŰŬɚŰɘəɐ ůɡɔəɏɜŰɟɤůɖ (Toshiyuki, Fuminori,Takashi 1989) 

 

ɀɏɗɞŭɞɘ: 

Ⱥˊɘɚɞɔɐ ˊɚŬůɛɘŭɑɞɡ 

ɇɞ ˊɚŬůɛɑŭɘɞ pcDNA3.1, ŬˊɞŰŮɚŮɑ Űɞ əŬŰŬɚɚɖɚɧŰŮɟɞ ˊɚŬůɛɑŭɘɞ ɔɘŬ Űɞ ˊŮɑɟŬɛŬ, ˊɟɞůŭɑŭɞɜŰŬɠ ůŰŬ 

ɓŬəŰɐɟɘŬ ŬɜɗŮəŰɘəɧŰɖŰŬ ůŰɞ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ŬɜŰɘɓɘɞŰɘəɧ Ŭɛˊɘəɘɚɑɜɖ. ȹɘŬɗɏŰŮɘ polycloning 

sight ɧˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ˊɟɞůŰŮɗŮɑ Űɞ ɔɞɜɑŭɘɞ ɩůŰŮ ɜŬ ŮəűɟɎɕŮŰŬɘ ɛŮ ɛŮɔɎɚɞ ɟɡɗɛɧ əŬɘ Űɏɚɞɠ ɖ 

ŬɚɚɖɚɞɡɢɑŬ Űɞɡ ˊŮɟɘɏɢŮɘ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ɗɏůŮɤɜ ŬɜŬɔɜɩɟɘůɖɠ ˊŮɟɘɞɟɘůŰɘəɩɜ Ůɜɕɨɛɤɜ.   

 

Ⱥˊɘɚɞɔɐ ɔɞɜɘŭɑɤɜ əŬɘ ˊŮɟɘɞɟɘůŰɘəɩɜ Ůɜɕɨɛɤɜ 

 TŬ ŬɜɎɚɞɔŬ Y8S əŬɘ I11S Űɞɡ ɔɞɜɘŭɑɞɡ Űɖɠ ŰŬɢɡˊɚŮůɑɜɖɠ ɏɢɞɡɜ ˊɞɚɨ ɛŮɘɤɛɏɜɖ ŬɘɛɞɚɡŰɘəɐ ŭɟɎůɖ əŬɘ 

ŬˊɞŰŮɚɞɨɜ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜŬ ɡˊɞɣɐűɘŬ űɎɟɛŬəŬ ɔɘŬ ɗŮɟŬˊŮɑŬ ɛɞɚɡůɛŬŰɘəɩɜ ŬůɗŮɜŮɘɩɜ ˊɞɡ 

ˊɟɞəŬɚɞɨɜŰŬɘ Űɧůɞ Ŭˊɧ Gram-ɗŮŰɘəɎ ɧůɞ əŬɘ Ŭˊɧ Gram-ŬɟɜɖŰɘəɎ ɓŬəŰɖɟɘŬəɎ ˊŬɗɞɔɧɜŬ (Panteleev, 

Ovchinnikova 2015). ɆŰɖɜ ŬɚɚɖɚɞɡɢɑŬ Űɤɜ 2 ŬɡŰɩɜ ɔɞɜɘŭɑɤɜ ŬɚɚɎ əŬɘ Űɞɡ űɡůɘɞɚɞɔɘəɞɨ, ɔɘŬ ɏɚŮɔɢɞ 

Űɖɠ ŬɜŰɘɛɘəɟɞɓɘŬəɐɠ ŭɟɎůɖɠ Űɤɜ ŬɜŬɚɧɔɤɜ, ˊɟɞůŰɏɗɖəŮ Űɞ əɤŭɘəɧɜɘɞ ɏɜŬɟɝɖɠ, əŬɗɩɠ ɖ ɛŮɗŮɘɞɜɑɜɖ 

ŬˊɞɡůɘɎɕŮɘ Ŭˊɧ Űɖɜ ŰŬɢɡˊɚŮůɑɜɖ űɡůɘɞɚɞɔɘəɎ, əŬɗɩɠ əŬɘ Űɞ əɤŭɘəɧɜɘɞ ɚɐɝɖɠ 5ôTAG3ô. ȺˊɘɚɏɢɗɖəŬɜ 

2 ˊŮɟɘɞɟɘůŰɘəɎ ɏɜɕɡɛŬ ˊɞɡ Ŭűɐɜɞɡɜ ŭɘŬűɞɟŮŰɘəɎ ɛɞɜɧəɚɤɜŬ ɎəɟŬ, ɩůŰŮ Űɞ ɔɞɜɑŭɘɞ ɜŬ ɛˊŮɘ ůɑɔɞɡɟŬ ɛŮ 

Űɖ ůɤůŰɐ əŬŰŮɨɗɡɜůɖ ůŰɞ ˊɚŬůɛɑŭɘɞ. ɇŬ əŬŰŬɚɚɖɚɧŰŮɟŬ ɏɜɕɡɛŬ ŮɑɜŬɘ ɖ ECORI əŬɘ ɖ XBAI, Ŭűɞɨ Űɞ 

ˊɚŬůɛɑŭɘɞ ɏɢŮɘ ɛɑŬ ɗɏůɖ ŬɜŬɔɜɩɟɘůɖɠ ɔɘŬ əŬɗŮɛɑŬ əŬɘ ɛɏůŬ ůŰɞ ɔɞɜɑŭɘɞ ŭŮɜ ɡˊɎɟɢŮɘ əŬɛɑŬ ɗɏůɖ 

ŬɜŬɔɜɩɟɘůɖɠ, ɎɟŬ Űɞ ŬɜŬůɡɜŭɡŬůɛɏɜɞ DNA ɗŬ ŮɑɜŬɘ əɡəɚɘəɧ. ɆŰɞ 5ô Ɏəɟɞ Űɞɡ ɔɞɜɘŭɑɞɡ ˊɟɞůŰɏɗɖəŮ ɖ 

ŬɚɚɖɚɞɡɢɑŬ ŬɜŬɔɜɩɟɘůɖɠ Űɖɠ ECOR1 5ôGAATTC3ô əŬɘ ůŰɞ 3ô Ɏəɟɞ, ɖ ŬɚɚɖɚɞɡɢɑŬ ŬɜŬɔɜɩɟɘůɖɠ Űɖɠ 

XBA1 5ôTCTAGA3ô. 

 

ɄɞɚɚŬˊɚŬůɘŬůɛɧɠ ˊɚŬůɛɘŭɑɞɡ pcDNA3.1 ɛɏůŬ ůŮ ŮˊɘŭŮəŰɘəɎ E.Coli DH5A 

To əŬŰŮɣɡɔɛɏɜɞ ůŰɞɡɠ -80ɞC Ŭɟɢɘəɧ, ɛɖ ŬɜŬəŬɚɚɘŮɟɔɖɛɏɜɞ ůɤɚɖɜɎɟɘɞ ɛŮ ŰŬ ŮˊɘŭŮəŰɘəɎ E.Coli 

ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɞɜ ˊɎɔɞ əŬɘ ůŮ ŬɡŰɧ ˊɟɞůŰɏɗɖəŮ 1 ɛL ˊɚŬůɛɘŭɑɞɡ, 1ng/ɛL. ɀŮŰɎ Ŭˊɧ ŮɚɎɢɘůŰɖ 

ŬɜŬəɑɜɖůɖ, Űɞ ůɤɚɖɜɎɟɘɞ ŬűɏɗɖəŮ ůŰɞɜ ˊɎɔɞ ɔɘŬ 30 ɚŮˊŰɎ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɗŮɟɛɘəɧ ůɞə ůŰɞɡɠ 42 
oC ɔɘŬ 45 ŭŮɡŰŮɟɧɚŮˊŰŬ ůŰɞ ˊɟɞˊŬɟŬůəŮɡŬůɛɏɜɞ ɛɖɢɎɜɖɛŬ heatblock ɛŮ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɗŮɟɛɞəɟŬůɑŬ. 

ɇɞ ůɤɚɖɜɎɟɘɞ ŰɞˊɞɗŮŰɐɗɖəŮ ɔɘŬ 5 ɚŮˊŰɎ ůŰɞɜ ˊɎɔɞ əŬɘ ɏˊŮɘŰŬ ˊɟɞůŰɏɗɖəŬɜ ůŮ ŬɡŰɧ 800 ɛL LB ůŮ 

ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ. ȺˊɤɎůŰɖəŮ ůŰɞɡɠ 37 oC ůŰɖɜ ŬɜŬəɑɜɖůɖ ɔɘŬ 1 ɩɟŬ. ɆŰɖ ůɡɜɏɢŮɘŬ, 600 ɛl Ŭˊɧ 

Űɞ 1 ml ɛŮŰŬůɢɖɛŬŰɘůɛɏɜɤɜ ɓŬəŰɖɟɑɤɜ ŬɜŬɛɑɢɗɖəŬɜ ɛŮ 2,05 mL LB əŬɘ 0,2 ml ȷɛˊɘəɘɚɑɜɖ. ȷˊɧ ŰŬ 

ɡˊɧɚɞɘˊŬ 400 ɛL E. coli, ŰŬ ɛɘůɎ Ŭˊɧ ŬɡŰɎ (200 ɛL) ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ əŬɚɚɘɏɟɔŮɘŬ Ůɚɏɔɢɞɡ ɛŮ 0,75 

ml LB, Ůɜɩ ŰŬ ɡˊɧɚɞɘˊŬ (200ɛL) ˊɟɞůŰɏɗɖəŬɜ ůŮ ůŰŮɟŮɐ əŬɚɚɘɏɟɔŮɘŬ LB-Agar - ŰŬ ŰŮɚŮɡŰŬɑŬ 

ɢɤɟɑůŰɖəŬɜ Ůˊɑůɖɠ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ (150 ɛL əŬɘ 50 ɛL).  
 

Ʉɏɣɖ ˊɚŬůɛɘŭɑɞɡ 

 ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 20 ɛL ˊɚŬůɛɘŭɑɞɡ, 1,5 ɛL Ŭˊɧ əɎɗŮ ɏɜɕɡɛɞ, 3 ɛL Ŭˊɧ Űɞ IV buffer əŬɘ 4 ɛL 

Ŭˊɘɞɜɘůɛɏɜɞ H20 (30 ɛL ůɡɜɞɚɘəɎ). ɇɞˊɞɗɏŰɖůɖ ůŰɞɡɠ 37 ɞC ɔɘŬ 1 ɩɟŬ. ɀŮ ɖɚŮəŰɟɞűɧɟɖůɖ, 

ŮˊɘɓŮɓŬɘɩɗɖəŮ ɖ ŮˊɘŰɡɢɑŬ Űɖɠ ˊɏɣɖɠ. 

 

ȷɜŰɑŭɟŬůɖ ɚɘɔɎůɖɠ 

ȷɟɎɘɤůɖ 1,6 ɛL Űɖɠ ŬɚɚɖɚɞɡɢɑŬɠ ɏɜɗŮůɖɠ DNA, 3,3 ɛL Űɞɡ ˊɚŬůɛɘŭɘŬəɞɨ űɞɟɏŬ, 2 ɛL Űɞɡ ɟɡɗɛɘůŰɘəɞɨ 

ŭɘŬɚɨɛŬŰɞɠ ɡɣɖɚɐɠ ɇ4 ɚɘɔɎůɖɠ, 1 ɛL Űɖɠ ɇ4 ɚɘɔɎůɖɠ ůŮ 11,7 u ɛL əŬɗŬɟɘůɛɏɜɞɡ H2O. ȷˊŬɚɐ ŬɜɎɛɘɝɖ 

ɛŮ ˊɘˊɏŰŬ ˊɎɜɤ-əɎŰɤ əŬɘ űɡɔɞəɏɜŰɟɖůɖ ɔɘŬ ɚɑɔɞ. ȿɧɔɤ ůɡɜŮəŰɘəɩɜ Ɏəɟɤɜ, ŮˊɩŬůɖ ůŰɞɡɠ 45 oC ɔɘŬ 

10 ɚŮˊŰɎ ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɤŰɧəɞɚɚɞ ɡɣɖɚɐɠ ɇ4-ɚɘɔɎůɖɠ. ŪɏɟɛŬɜůɖ ůŰɞɡɠ 65 oC ɔɘŬ 10 ɚŮˊŰɎ ɔɘŬ 

ŬŭɟŬɜɞˊɞɑɖůɖ  ɚɘɔɎůɖɠ ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɤŰɧəɞɚɚɞ Űɞɡ əŬŰŬůəŮɡŬůŰɐ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŰɞˊɞɗɏŰɖůɖ 

ůŰɞɜ ˊɎɔɞ ɛɏɢɟɘ Űɞ ŮˊɧɛŮɜɞ ɓɐɛŬ. 
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Ⱥˊɘɚɞɔɐ ŮəəɘɜɖŰɩɜ əŬɘ PCR 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɘůŰɞˊɞɘɖɗŮɑ ɧŰɘ ɖ ŭɘŬŭɘəŬůɑŬ ůɨɜŭŮůɖɠ ŮɑɢŮ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŮˊɘŰɡɢɩɠ, ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ PCR. ɆɡɔəŮəɟɘɛɏɜŬ, ůɢŮŭɘɎůŰɖəŬɜ ŭɨɞ əŬŰɎɚɚɖɚɞɘ ɞɚɘɔɞɜɞɡəɚŮɞŰɘŭɘəɞɑ ŮəəɘɜɖŰɏɠ 

ˊɞɡ ˊɟɞůŭɏɜɞɜŰŬɜ ůŮ əɎɗŮ ˊŮɟɘɞɢɐ Űɤɜ ɗɏůŮɤɜ ŬɜŬɔɜɩɟɘůɖɠ. ɋɠ Ůə ŰɞɨŰɞɡ, ɏɜŬ ŬɜŬůɡɜŭɡŬůɛɏɜɞ 

ˊɚŬůɛɑŭɘɞ ɗŬ ŬˊɏŭɘŭŮ ɛŮɔŬɚɨŰŮɟɞ ˊɟɞɥɧɜ PCR ɚɧɔɤ Űɖɠ ˊŬɟɞɡůɑŬɠ Űɞɡ ŮɘůŬɔɧɛŮɜɞɡ ŰɛɐɛŬŰɞɠ DNA. 

ɇŬ ˊɟɞɥɧɜŰŬ PCR, ɖɚŮəŰɟɞűɞɟɐɗɖəŬɜ ůɨɛűɤɜŬ ɛŮ Űɞ əŬŰɎɚɚɖɚɞ ˊɟɤŰɧəɞɚɚɞ əŬɘ ŬˊŮɘəɞɜɑůŰɖəŮ Űɞ 

ŬɜŬůɡɜŭɡŬůɛɏɜɞ DNA ˊɞɡ ŬˊɞŭŮɘəɜɨŮŰŬɘ Ŭˊɧ Űɖ ŭɘŬűɞɟŮŰɘəɐ Űɞɡ ɗɏůɖ ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɖ 

ŬɜŬůɡɜŭɡŬůɛɏɜɞ ůŰɞ ˊɐəŰɤɛŬ. 

 

Ⱥˊɘɚɞɔɐ ŮəəɘɜɖŰɩɜ ɔɘŬ PCR 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɘůŰɞˊɞɘɖɗŮɑ ɧŰɘ ɞ ŬɜŬůɡɜŭɡŬůɛɧɠ ɏɢŮɘ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŮˊɘŰɡɢɩɠ ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɘŬ ŬɜŰɑŭɟŬůɖ ˊɞɚɡɛŮɟɎůɖɠ-ŬɚɡůɑŭŬɠ (PCR). ɆɡɔəŮəɟɘɛɏɜŬ, ůɢŮŭɘɎůŰɖəŬɜ ŭɨɞ 

əŬŰɎɚɚɖɚɞɘ ɞɚɘɔɞɜɞɡəɚŮɞŰɘŭɘəɞɑ ŮəəɘɜɖŰɏɠ ˊɞɡ ˊɟɞůŭɏɜɞɜŰŬɜ ůŮ əɎɗŮ ˊŮɟɘɞɢɐ Űɤɜ ɗɏůŮɤɜ 

ŬɜŬɔɜɩɟɘůɖɠ. ɋɠ Ůə ŰɞɨŰɞɡ, ɏɜŬ ŬɜŬůɡɜŭɡŬůɛɏɜɞ ˊɚŬůɛɑŭɘɞ ɗŬ ŬˊɏŭɘŭŮ ɛŮɔŬɚɨŰŮɟɞ ˊɟɞɥɧɜ PCR ɚɧɔɤ 

Űɖɠ ˊŬɟɞɡůɑŬɠ Űɞɡ ŮɘůŬɔɧɛŮɜɞɡ ŰɛɐɛŬŰɞɠ DNA. 

 

ȷˊɞŰŮɚɏůɛŬŰŬ:  

ɆŮ ŬɡŰɐ Űɖɜ űɎůɖ, Űɞ ˊŮɑɟŬɛŬ ɓɟɑůəŮŰŬɘ ůŰɖɜ ŬɜŰɑŭɟŬůɖ ɚɘɔɎůɖɠ, ɩůŰŮ ɜŬ ŮɜɤɗŮɑ Űɞ ɔɞɜɑŭɘɞ I11S ɛŮ 

Űɞ ŮˊɘɗɡɛɖŰɧ ɗɟŬɨůɛŬ Űɞɡ ˊɚŬůɛɘŭɑɞɡ. ɇŬ ɛŮɚɚɞɜŰɘəɎ ůɢɏŭɘŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ, Űɞɜ ɏɚŮɔɢɞ ŮˊɘŰɡɢɑŬɠ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ ɚɘɔɎůɖɠ əŬɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜɤɜ ɓŬəŰɖɟɑɤɜ ˊɞɡ ˊŬɟɎɔɞɡɜ Űɞ ŬɜɎɚɞɔɞ I11S 

ˊŮˊŰɑŭɘɞ Űɖɠ ŰŬɢɡˊɚŮůɑɜɖɠ, Űɖɜ Ŭˊɞɛɧɜɤůɖ Űɞɡ ŬɜŬɚɧɔɞɡ Űɖɠ ŰŬɢɡˊɚŮůɑɜɖɠ, Űɖɜ ŬűŬɑɟŮůɖ Űɞɡ 

Ŭɛɘɜɞɝɏɞɠ ɛŮɗŮɘɞɜɑɜɖ, ŮˊŮɘŭɐ ŬˊɞɡůɘɎɕŮɘ Ŭˊɧ Űɞ ɩɟɘɛɞ ˊŮˊŰɑŭɘɧ Űɖɠ əŬɘ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ 

ŬɜŰɘɛɘəɟɞɓɘŬəɐɠ Űɞɡ ŭɟɎůɖɠ ɏɜŬɜŰɘ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ˊɞɡ ɕɞɡɜ ůŰɞ ɛɎɟɛŬɟɞ. ɇŬ ˊŮɘɟɎɛŬŰŬ ɗŬ 

ŮˊŬɜŬɚɖűɗɞɨɜ ɔɘŬ ůɨɔəɟɘůɖ ŬɜŰɘɛɘəɟɞɓɘŬəɐɠ ŭɟɎůɖɠ əŬɘ ɛŮ ŰŬ ɎɚɚŬ 2 ɔɞɜɑŭɘŬ. 

 

ɆɡɛˊŮɟɎůɛŬŰŬ: 

ȼ ŮűŮɨɟŮůɖ Ůɜɧɠ ɓɘɞɚɞɔɘəɞɨ ɓɘɞəŰɧɜɞɡ, űɘɚɘəɞɨ ˊɟɞɠ Űɞɜ Ɏɜɗɟɤˊɞ, Űɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ Űɞ ɛɎɟɛŬɟɞ 

ˊɟɧəŮɘŰŬɘ ɜŬ ɚɨůŮɘ ˊɞɚɚɎ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ɞɘ ůɡɜŰɖɟɖŰɏɠ, ŬˊɞŰŮɚɩɜŰŬɠ ˊŬɜɎəŮɘŬ ɔɘŬ 

Űɖ ŭɘŬűɨɚŬɝɖ Űɖɠ ˊɞɚɘŰɘůŰɘəɐɠ ɛŬɠ əɚɖɟɞɜɞɛɘɎɠ. 
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ůɡɜŰɖɟɖŰɘəɩɜ Űɟɞűɑɛɤɜ əŬɘ ˊɞŰɩɜ, ɓɘɞ-ůɡɜŰɖɟɖŰɘəɩɜ, əŬɘ ůŰɖɜ ɞɘɜɞˊɞɑɖůɖ, ˊŮɟɘɞɟɑɕɞɜŰŬɠ ɐ əŬɘ 

ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ˊɚɐɟɤɠ ŰŬ ɗŮɘɩŭɖ, ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɛɓŬŰɘəɎ ŬɚɚɎ ɏɢɞɡɜ ŬˊɞŭŮɘɢŰŮɑ ŮˊɘɓɚŬɓɐ ɔɘŬ 

Űɖɜ ɡɔŮɑŬ Űɞɡ əŬŰŬɜŬɚɤŰɐ. ȹɘɎűɞɟŬ űɡŰɞɢɖɛɘəɎ, űɡŰɘəɎ ŬɘɗɏɟɘŬ ɏɚŬɘŬ əŬɘ ŮəɢɡɚɑůɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ 

ŬɜŰɘɛɘəɟɞɓɘŬəɐ, ŬɜŰɘɞɝŮɘŭɤŰɘəɐ, ŬɜŰɘűɚŮɔɛɞɜɩŭɖ ŬɜŰɘəŬɟəɘɜɘəɐ ŭɟɎůɖ əŬɗɩɠ əŬɘ ɟɡɗɛɘůŰɘəɐ ŭɟɎůɖ ůŰɖ 

ɔɞɜɘŭɘŬəɐ ɏəűɟŬůɖ Űɤɜ miRNAs əŬɘ ˊɟɞŰŮɑɜɞɜŰŬɘ ɤɠ űɡůɘəɎ ůɡɜŰɖɟɖŰɘəɎ ůŰŬ ŰɟɧűɘɛŬ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ 

ˊɟɞůŭɑŭɞɡɜ ůŮ ŬɡŰɎ əŬɘ  ɘŭɘŬɑŰŮɟɖ ŭɘŬŰɟɞűɘəɐ ŬɝɑŬ. ȼ ɞɘɜɞˊɞɑɖůɖ ůŮ ɓɘɞɛɖɢŬɜɘəɐ əɚɑɛŬəŬ, ɛŮ ŬɜŰɘəŬŰɎůŰŬůɖ 

Űɞɡ ɗŮɘɩŭɖ ŬɜɡŭɟɑŰɖ Ŭˊɧ Űɞ űɡŰɞɢɖɛɘəɧ ˊ-əɞɡɛŬɟɘəɧ ɞɝɨ, ŬˊɞŰɏɚŮůŬɘ Űɞ ůəɞˊɧ Űɖɠ ˊŬɟɞɨůŬɠ ɏɟŮɡɜŬɠ, ɛŮ 

ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɘɠ ůɡɔəɟɘŰɘəɏɠ ŮɟɔŬůŰɖɟɘŬəɏɠ ŬɜŬɚɨůŮɘɠ ˊɞɡ ŭɘŮɝɐɢɗɖůŬɜ, əŬɗɩɠ 

ŭɘŬůűŬɚɑůŰɖəŮ ɖ ˊŬɟŬɔɤɔɐ Ůɜɧɠ ŬůűŬɚɞɨɠ űɡůɘəɞɨ, ɓɘɩůɘɛɞɡ, ŬɡɗŮɜŰɘəɞɨ əŬɘ ɡɔɘŮɘɜɞɨ ɞɑɜɞɡ ɛŮ ŭɘŬŰɟɞűɘəɐ 

ŬɝɑŬ. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

ȸɘɞ-ůɡɜŰɖɟɖŰɘəɎ, űɡŰɞɢɖɛɘəɎ, ˊɟɎůɘɜŬ ˊɟɞɥɧɜŰŬ, ɓɘɞɛɖɢŬɜɑŬ ɞɑɜɞɡ, ɗŮɘɩŭɖɠ ŬɜɡŭɟɑŰɖɠ, ˊ-əɞɡɛŬɟɘəɧ 

ɞɝɨ. 

 

 

ȺɘůŬɔɤɔɐ 

Ƀ ɗŮɘɩŭɖɠ ŬɜɡŭɟɑŰɖɠ, ɢɎɟɖ ůŰɖɜ ŬɜŰɘɞɝŮɘŭɤŰɘəɐ əŬɘ ŬɜŰɘɛɘəɟɞɓɘŬəɐ Űɞɡ ŭɟɎůɖ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ˊŬɟŬŭɞůɘŬəɎ ůŰɖɜ ɞɘɜɞˊɞɑɖůɖ ɤɠ ɏɜŬ ŬˊɞŰŮɚŮůɛŬŰɘəɧ ůɡɜŰɖɟɖŰɘəɧ ɛɞɚɞɜɧŰɘ ůɡɢɜɎ ɛˊɞɟŮɑ ɜŬ 

ŬɚɚɞɘɩůŮɘ Űɖ ɔŮɨůɖ Űɞɡ ɞɑɜɞɡ ɐ Ŭəɧɛɖ əŬɘ ɜŬ ɏɢŮɘ ŬɟɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ɡɔŮɑŬ Űɞɡ əŬŰŬɜŬɚɤŰɐ, 

ɘŭɘŬɑŰŮɟŬ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖ ůɡɜɘůŰɎɛŮɜɖ ˊɞůɧŰɖŰŬ (Garcia-Ruiz et al. 2009, 

Vally, Misso & Madan 2009). Ⱥˊɘˊɚɏɞɜ, ɞ ɗŮɘɩŭɖɠ ŬɜɡŭɟɑŰɖɠ ɛˊɞɟŮɑ ɜŬ ŮˊɎɔŮɘ Űɧůɞ ɛɖɢŬɜɘůɛɞɨɠ 

ŬɜŰɞɢɐɠ ůŮ ŭɘɎűɞɟŬ Ůɑŭɖ Ŭɚɚɞɘɤɔɧɜɤɜ ɓŬəŰɖɟɑɤɜ əŬɘ ɛɡəɖŰɩɜ ɧůɞ əŬɘ Űɖɜ əŬŰɎůŰŬůɖ ůŰɖɜ ɞˊɞɑŬ ɞɘ 

ɛɘəɟɞɞɟɔŬɜɘůɛɞɑ ˊŬɟŬɛɏɜɞɡɜ ɛŮŰŬɓɞɚɘəɎ ŮɜŮɟɔɞɑ ŬɚɚɎ ŮɟɔŬůŰɖɟɘŬəɎ ɛɖ əŬɚɚɘŮɟɔɐůɘɛɞɘ 

(VBNC:viable but not culturable) əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɛɖ ŬɜɘɢɜŮɨůɘɛɞɘ (Divol, du Toit & Duckitt 2012). 

ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɡˊɎɟɢŮɘ ɖ ŰɎůɖ ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɞɡ ɗŮɘɩŭɖ ŬɜɡŭɟɑŰɖ Ŭˊɧ 

űɡŰɘəɐɠ ˊɟɞɏɚŮɡůɖɠ ŮɜɩůŮɘɠ, ɧˊɤɠ ŰŬ űɡŰɞɢɖɛɘəɎ, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ɓɘɞ--

ůɡɜŰɖɟɖŰɘəɎ ůŮ ɛɞɜŰɏɚŬ ɞɘɜɞˊɞɑɖůɖɠ, ůŮ ŮɟɔŬůŰɖɟɘŬəɐ əɚɑɛŬəŬ, ɤɠ ɛɑŬ ˊɟɎůɘɜɖ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ 

ˊɘɞ ɡɔɘŮɘɜɐ ŮɜŬɚɚŬəŰɘəɐ ŰŮɢɜɞɚɞɔɑŬ (Santos et al. 2012). Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ ɐŰŬɜ ɖ 

ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ ɗŮɘɩŭɖ ŬɜɡŭɟɑŰɖ Ŭˊɧ ɛɑŬ űɡŰɘəɐɠ ˊɟɞɏɚŮɡůɖɠ űŬɘɜɞɚɘəɐ ɏɜɤůɖ, Űɞ ˊ-əɞɡɛŬɟɘəɧ 

ɞɝɨ, ůŰɖɜ ɞɘɜɞˊɞɑɖůɖ əŬɘ ůŮ ɓɘɞɛɖɢŬɜɘəɐ əɚɑɛŬəŬ, ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Ůɜɧɠ ŬůűŬɚɞɨɠ űɡůɘəɞɨ, 

ɓɘɩůɘɛɞɡ, ŬɡɗŮɜŰɘəɞɨ əŬɘ ɡɔɘŮɘɜɞɨ ɞɑɜɞɡ ɛŮ ŭɘŬŰɟɞűɘəɐ ŬɝɑŬ. 

 

ɀɏɗɞŭɞɘ 

ȾŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ Űɞɡ Űɟɨɔɞɡ 2019, ůŰɞ ɞɘɜɞˊɞɘŮɑɞ Űɞɡ ŬɔɟɞŰɘəɞɨ ůɡɜŮŰŬɘɟɘůɛɞɨ Űɖɠ ȿɐɛɜɞɡ ñɖ 

Ȱɜɤůɖò  ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊŬɟɎɚɚɖɚɖ ɞɘɜɞˊɞɑɖůɖ, ůŮ ɓɘɞɛɖɢŬɜɘəɐ əɚɑɛŬəŬ, 10,000 kg ɚŮɡəɩɜ 

ůŰŬűɡɚɘɩɜ Űɖɠ Űɞˊɘəɐɠ ˊɞɘəɘɚɑŬɠ ɀɞůɢɎŰɞ ȷɚŮɝŬɜŭɟŮɑŬɠ, ɓɘɞɚɞɔɘəɐɠ əŬɚɚɘɏɟɔŮɘŬɠ, ůŮ ŭɨɞ 

ŭɘŬűɞɟŮŰɘəɏɠ ŬɜɞɝŮɑŭɤŰŮɠ ŭŮɝŬɛŮɜɏɠ Űɖɠ ɑŭɘŬɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ, ŬəɞɚɞɡɗɩɜŰŬɠ Űɘɠ ɑŭɘŮɠ Ŭəɟɘɓɩɠ 

ŭɘŬŭɘəŬůɑŮɠ ŮəŰɧɠ Űɖɠ ɢɟɐůɖɠ Űɞɡ ɗŮɘɩŭɖ ŬɜɡŭɟɑŰɖ, ɞ ɞˊɞɑɞɠ ůŰɖ ɛɑŬ ŭŮɝŬɛŮɜɐ ŬɜŰɘəŬŰŬůŰɎɗɖəŮ Ŭˊɧ 
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Űɞ ˊ-əɞɡɛŬɟɘəɧ ɞɝɨ əŬɘ ůŮ ŭɘŬűɞɟŮŰɘəɐ ůɡɔəɏɜŰɟɤůɖ Ŭˊɧ Űɞ ˊɟɩŰɞ. ɇɟŮɘɠ ɛɐɜŮɠ ɛŮŰɎ Űɖɜ ŮɛűɘɎɚɤůɖ 

Űɤɜ ŭɨɞ ˊɟɞɥɧɜŰɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ŭɘŬˊɘůŰŮɡɛɏɜŬ ŮɟɔŬůŰɐɟɘŬ əŬɘ ŬəɞɚɞɡɗɩɜŰŬɠ ŰŬ ŭɘŮɗɜɐ 

ŬɜŬɚɡŰɘəɎ ˊɟɤŰɧəɞɚɚŬ, International Standards Organization (ISO) əŬɘ International Organization of 

Vine and Wine (OIV), ɞɘɜɞɚɞɔɘəɏɠ-űɡůɘəɞɢɖɛɘəɏɠ, ɛɘəɟɞɓɘɞɚɞɔɘəɏɠ, ɞɟɔŬɜɞɚɖˊŰɘəɏɠ ŬɜŬɚɨůŮɘɠ Űɤɜ 

ŭɨɞ ŭŮɘɔɛɎŰɤɜ ˊɟɞəŮɘɛɏɜɞɡ ŬɡŰɎ ɜŬ ůɡɔəɟɘɗɞɨɜ ɤɠ ˊɟɞɠ Űɖ ůŰŬɗŮɟɧŰɖŰŬ, Űɖɜ ˊɞɘɧŰɖŰŬ əŬɘ Űɖɜ 

ŬůűɎɚŮɘɎ Űɞɡɠ əŬɘ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɖ ŬɜŰɘəŬŰŬŰɎůŰŬůɖ Űɞɡ ɗŮɘɩŭɖ ŬɜɡŭɟɑŰɖ Ŭˊɧ Űɞ ɓɘɞ-ůɡɜŰɖɟɖŰɘəɧ ˊ-

əɞɡɛŬɟɘəɧ ɞɝɨ.  

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ũŮɜɘəɎ, ɖ ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ ɗŮɘɩŭɖ ŬɜɡŭɟɑŰɖ Ŭˊɧ Űɞ ˊ-əɞɡɛŬɟɘəɧ ɞɝɨ ŭŮɜ ŮˊɏűŮɟŮ ŬɝɘɞůɖɛŮɑɤŰŮɠ 

ŭɘŬűɞɟɏɠ ŬɜɎɛŮůŬ ůŰŬ ŭɨɞ ˊɟɞɥɧɜŰŬ ŬɜŬűɞɟɘəɎ ůŰɖ ůŰŬɗŮɟɧŰɖŰŬ, ůŰɖɜ ŬůűɎɚŮɘŬ, ůŰɞ ɛɘəɟɞɓɘɞɚɞɔɘəɧ, 

ůŰɞ ŬɜŰɘɞɝŮɘŭɤŰɘəɧ əŬɘ űɡůɘəɞɢɖɛɘəɧ Űɞɡɠ ˊɟɞűɑɚ, Ůɜɩ Űɞ ɞɟɔŬɜɞɚɖˊŰɘəɧ ˊɟɞűɑɚ Űɞɡ ɜɏɞɡ ˊɟɞɥɧɜŰɞɠ 

ŭɑɢɤɠ ɗŮɘɩŭɖ, ˊŬɟɞɡůɘɎůŰɖəŮ ŮɚŬűɟɩɠ ɓŮɚŰɘɤɛɏɜɞ. 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ ɗŮɘɩŭɖ ŬɜɡŭɟɑŰɖ Ŭˊɧ Űɞ ˊ-əɞɡɛŬɟɘəɧ ɞɝɨ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ɛɑŬ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ, ŮɨɢɟɖůŰɖ əŬɘ ɞɘəɞɜɞɛɘəɐ ñˊɟɎůɘɜɖò ŮɜŬɚɚŬəŰɘəɐ ŰŮɢɜɞɚɞɔɑŬ ůŰɖɜ ɓɘɞɛɖɢŬɜɘəɐ 

ɞɘɜɞˊɞɑɖůɖ, ɖ ɞˊɞɑŬ ŭɘŬůűŬɚɑɕŮɘ ůŰŬɗŮɟɎ, ˊɞɘɞŰɘəɎ, ŬůűŬɚɐ əŬɘ ɓɘɩůɘɛŬ ˊɟɎůɘɜŬ ˊɟɞɥɧɜŰŬ ɞɑɜɞɡ ɛŮ 

ŭɘŬŰɟɞűɘəɐ ŬɝɑŬ. 
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ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, agougousi@bio.auth.gr 

ȾȷȿȷɌɇȻȽȹɃɈ ɀŬɟɑŬ -  Ⱥɗɜɘəɧ ȺɟɔŬůŰɐɟɘɞ ȷɜŬűɞɟɎɠ ŪŬɚɎůůɘɤɜ ȸɘɞŰɞɝɘɜɩɜ əŬɘ Űɞɝɘɜɩɜ ɚɞɘˊɩɜ ɡŭɎŰɤɜ, 

ɇɛɐɛŬ ɀɘəɟɞɓɘɞɚɞɔɑŬɠ ɇɟɞűɑɛɤɜ, ȾŬŰŬɚɞɑˊɤɜ əŬɘ ŪŬɚɎůůɘɤɜ ȸɘɞŰɞɝɘɜɩɜ,  ȹɘŮɨɗɡɜůɖ ȾŰɖɜɘŬŰɟɘəɞɨ ȾɏɜŰɟɞɡ 

ŪŮůůŬɚɞɜɑəɖɠ, ɈˊɞɡɟɔŮɑɞ ȷɔɟɞŰɘəɐɠ ȷɜɎˊŰɡɝɖɠ əŬɘ ɇɟɞűɑɛɤɜ, mkalaitzidou@minagric.gr 
ɇɆȽɇȷɀɄȷɁȼ ɀŬɟɑŬ - Ⱥɗɜɘəɧ ȺɟɔŬůŰɐɟɘɞ ȷɜŬűɞɟɎɠ ŪŬɚɎůůɘɤɜ ȸɘɞŰɞɝɘɜɩɜ əŬɘ Űɞɝɘɜɩɜ ɚɞɘˊɩɜ ɡŭɎŰɤɜ, 

ɇɛɐɛŬ ɀɘəɟɞɓɘɞɚɞɔɑŬɠ ɇɟɞűɑɛɤɜ, ȾŬŰŬɚɞɑˊɤɜ əŬɘ ŪŬɚɎůůɘɤɜ ȸɘɞŰɞɝɘɜɩɜ,  ȹɘŮɨɗɡɜůɖ ȾŰɖɜɘŬŰɟɘəɞɨ 

ȾɏɜŰɟɞɡ ŪŮůůŬɚɞɜɑəɖɠ, ɈˊɞɡɟɔŮɑɞ ȷɔɟɞŰɘəɐɠ ȷɜɎˊŰɡɝɖɠ əŬɘ ɇɟɞűɑɛɤɜ, tsitabani.cat@gmail.com 
ɆȽȹȼɅɃɄɃɈȿɃɈ ȷɜŬůŰŬůɑŬ - Ⱥɗɜɘəɧ ȺɟɔŬůŰɐɟɘɞ ȷɜŬűɞɟɎɠ ŪŬɚɎůůɘɤɜ ȸɘɞŰɞɝɘɜɩɜ əŬɘ Űɞɝɘɜɩɜ ɚɞɘˊɩɜ 

ɡŭɎŰɤɜ, ɇɛɐɛŬ ɀɘəɟɞɓɘɞɚɞɔɑŬɠ ɇɟɞűɑɛɤɜ, ȾŬŰŬɚɞɑˊɤɜ əŬɘ ŪŬɚɎůůɘɤɜ ȸɘɞŰɞɝɘɜɩɜ,  ȹɘŮɨɗɡɜůɖ ȾŰɖɜɘŬŰɟɘəɞɨ 

ȾɏɜŰɟɞɡ ŪŮůůŬɚɞɜɑəɖɠ, ɈˊɞɡɟɔŮɑɞ ȷɔɟɞŰɘəɐɠ ȷɜɎˊŰɡɝɖɠ əŬɘ ɇɟɞűɑɛɤɜ, asidiropoulou@minagric.gr 

ȾȽɃɈɇɆȽɃɈȾȼɆ ɉŬɟɎɚŬɛˊɞɠ - Ⱥɗɜɘəɧ ȺɟɔŬůŰɐɟɘɞ ȷɜŬűɞɟɎɠ ŪŬɚɎůůɘɤɜ ȸɘɞŰɞɝɘɜɩɜ əŬɘ Űɞɝɘɜɩɜ ɚɞɘˊɩɜ 

ɡŭɎŰɤɜ, ɇɛɐɛŬ ɀɘəɟɞɓɘɞɚɞɔɑŬɠ ɇɟɞűɑɛɤɜ, ȾŬŰŬɚɞɑˊɤɜ əŬɘ ŪŬɚɎůůɘɤɜ ȸɘɞŰɞɝɘɜɩɜ,  ȹɘŮɨɗɡɜůɖ ȾŰɖɜɘŬŰɟɘəɞɨ 

ȾɏɜŰɟɞɡ ŪŮůůŬɚɞɜɑəɖɠ, ɈˊɞɡɟɔŮɑɞ ȷɔɟɞŰɘəɐɠ ȷɜɎˊŰɡɝɖɠ əŬɘ ɇɟɞűɑɛɤɜ, xarkiou@yahoo.gr 

ɀȽɁɇȻȷ ȹɘɞɜɡůɑŬ - ɇɛɐɛŬ ȷɚɘŮɡɛɎŰɤɜ, ũɎɚŬəŰɞɠ əŬɘ ȿɞɘˊɩɜ ɇɟɞűɑɛɤɜ Ȼɤɘəɐɠ ɄɟɞɏɚŮɡůɖɠ, ȹɘŮɨɗɡɜůɖ 
ȾŰɖɜɘŬŰɟɘəɐɠ ȹɖɛɧůɘŬɠ ɈɔŮɑŬɠ, ũŮɜɘəɐ ȹɘŮɨɗɡɜůɖ ȾŰɖɜɘŬŰɟɘəɐɠ, ɈˊɞɡɟɔŮɑɞ ȷɔɟɞŰɘəɐɠ ȷɜɎˊŰɡɝɖɠ əŬɘ ɇɟɞűɑɛɤɜ, 

dmintza@minagric.gr 
ȷȿȺɂȷɁȹɅɃɄɃɈȿɃɆ ŪɤɛɎɠ - ũŮɜɘəɐ ȹɘŮɨɗɡɜůɖ ȾŰɖɜɘŬŰɟɘəɐɠ,  ũŮɜɘəɐ ũɟŬɛɛŬŰŮɑŬ ȷɔɟɞŰɘəɐɠ ȷɜɎˊŰɡɝɖɠ 

əŬɘɇŰɟɞűɑɛɤɜ, thalexandropoulos@minagric.gr 

ɀȷȾɅȼ ȸŬůɘɚɘəɐ - ȺɟɔŬůŰɐɟɘɞ ūɡůɘɞɚɞɔɑŬɠ Ȼɩɤɜ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, Ɇɢɞɚɐ ŪŮŰɘəɩɜ ȺˊɘůŰɖɛɩɜ, 
ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, makrivasil@bio.auth.gr 

ũɃɈũɃɈɆȼ ȼɚɘɎɜŬ ï ɇɛɐɛŬ ɉɖɛŮɑŬɠ, Ɇɢɞɚɐ ŪŮŰɘəɩɜ ȺˊɘůŰɖɛɩɜ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ 
ŪŮůůŬɚɞɜɑəɖɠ, igougousi@chem.auth.gr 

ɀȽɉȷȼȿȽȹȼɆ ȸŬůɑɚŮɘɞɠ ï ȾŬɗɖɔɖŰɐɠ - ȺɟɔŬůŰɐɟɘɞ ūɡůɘɞɚɞɔɑŬɠ Ȼɩɤɜ, ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, Ɇɢɞɚɐ ŪŮŰɘəɩɜ 

ȺˊɘůŰɖɛɩɜ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, michaeli@bio.auth.gr 

 

 

ɄŮɟɑɚɖɣɖ 
ȼ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ ɚɧɔɤ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ 

Ŭɨɝɖůɖ Űɞɡ ŮɡŰɟɞűɘůɛɞɨ, ɞŭɖɔɞɨɜ ůŰɖɜ ɏɝŬɟůɖ Űɞɝɘəɩɜ ŬɜɗɐůŮɤɜ Űɞɡ ɜŮɟɞɨ (Harmful Algal Blooms ï HABs). 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ŰɞɝɘəɎ Ůɑŭɖ ɛɘəɟɞűɡəɩɜ ŰŬ ɞˊɞɑŬ ŭɨɜŬŰŬɘ ɜŬ ˊŬɟɎɔɞɡɜ ɗŬɚɎůůɘŮɠ ɓɘɞŰɞɝɑɜŮɠ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ 

ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭɨɝɖůɖ ůŰɖ ůɡůůɩɟŮɡůɖ ɗŬɚɎůůɘɤɜ ɓɘɞŰɞɝɘɜɩɜ ůŰɞ Ůɑŭɞɠ Mytilus galloprovincialis (ɀŮůɞɔŮɘŬəɧ 

ɛɨŭɘ), ɘŭɘŬɑŰŮɟŬ ůŰɞɜ ŪŮɟɛŬɥəɧ Ⱦɧɚˊɞ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɛŮɚŮŰɐɗɖəŮ ɖ ɓɘɞŰɞɝɑɜɖ PnTXG. ȷɜɐəŮɘ ůŰɘɠ 

əɡəɚɘəɏɠ ɘɛɑɜŮɠ, ˊɞɡ ŮɑɜŬɘ ɚɘˊɧűɘɚŮɠ ɜŮɡɟɞŰɞɝɑɜŮɠ. ũɘŬ Űɖɜ ɛŮɚɏŰɖ ɚɐűɗɖəŬɜ 10 ŭŮɑɔɛŬŰŬ ɛɡŭɘɩɜ, Ŭˊɧ ŭɨɞ 

ˊŮɟɘɞɢɏɠ Űɞɡ ŪŮɟɛŬɥəɞɨ Ⱦɧɚˊɞɡ (ɄɘŮɟɑŬ, ŪŮůůŬɚɞɜɑəɖ). ȰˊŮɘŰŬ Ŭˊɧ əŬŰɎɚɚɖɚɖ ŮˊŮɝŮɟɔŬůɑŬ, ŰŬ ŭŮɑɔɛŬŰŬ 

ŬɜŬɚɨɗɖəŬɜ ɛŮ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬ ɡˊŮɟɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ůɡɜŭŮŭŮɛɏɜɖ ɛŮ űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ ůŮ ůŮɘɟɎ 

(UHPLC ï MS/MS). H PnTXG ŬɜɘɢɜŮɨŰɖəŮ ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɞɡ ɞɟɑɞɡ ŬɜɑɢɜŮɡůɖɠ Űɖɠ ɛŮɗɧŭɞɡ 

(LOQ) ůŮ 7 ŭŮɑɔɛŬŰŬ. ȷˊɧ Űɖɜ ɏɟŮɡɜŬ ůɡɛˊŮɟŬɑɜŮŰŬɘ, ɧŰɘ ɖ PnTXG ɓɘɞůɡůůɤɟŮɨŮŰŬɘ ůŰŬ ɛɨŭɘŬ Űɞɡ ŪŮɟɛŬɥəɞɨ 

əɧɚˊɞɡ əŬɘ ɖ ˊŬɟŬəɞɚɞɨɗɖůɐ Űɖɠ ŭɨɜŬŰŬɘ ɜŬ ůɡɛɓɎɚŮɘ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ. 

 

ȿɏɝŮɘɠ ï əɚŮɘŭɘɎ 

PnTXG, Mytilus galloprovincialis, HABs, Vulcanodinium rugosum, UHPLC ï MS/MS  

 

 

ȺɘůŬɔɤɔɐ 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭɨɝɖůɖ Űɤɜ ɗŬɚɎůůɘɤɜ ɓɘɞŰɞɝɘɜɩɜ, ˊɞɡ ɓɘɞůɡůůɤɟŮɨɞɜŰŬɘ ůŮ 

ŭɘɎűɞɟŬ Ůɑŭɖ ɕɩɜŰɤɜ ŭɑɗɡɟɤɜ ɛŬɚŬəɑɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ ůŰɖ ȸɧɟŮɘŬ ȺɚɚɎŭŬ əŬɘ ŮɘŭɘəɎ ůŰɞɜ ŪŮɟɛŬɥəɧ 

Ⱦɧɚˊɞ, ɧˊɞɡ ɓɟɑůəŮŰŬɘ ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ Ůɚɚɖɜɘəɩɜ ɛɡŭɞəŬɚɚɘŮɟɔŮɘɩɜ Űɞɡ Mytilus galloprovincialis, 

ŰŬ ůɡɢɜɎ ŰɞɝɘəɎ űŬɘɜɧɛŮɜŬ ŭɨɜŬŰŬɘ ɜŬ ŮɜŰŮɑɜɞɡɜ Űɖɜ ˊŬɟŬɔɤɔɐ ɗŬɚɎůůɘɤɜ ɓɘɞŰɞɝɘɜɩɜ. 

 

ȼ PnTXG, ŬˊɞŰŮɚŮɑ ŬɜŬŭɡɧɛŮɜɖ ɗŬɚɎůůɘŬ ɓɘɞŰɞɝɑɜɖ əŬɘ ŬɜɐəŮɘ ůŰɖɜ ɞɛɎŭŬ Űɤɜ ˊɘɜɜŬŰɞɝɘɜɩɜ 

(PnTXs), ˊɞɡ ůɡɔəŬŰŬɚɏɔɞɜŰŬɘ ůŰɘɠ əɡəɚɘəɏɠ ɘɛɑɜŮɠ (Otero & Silva 2022), ŰɞɝɑɜŮɠ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ɏɢŮɘ 
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ŬɜŬűŮɟɗŮɑ ŰɞɝɘəɧŰɖŰŬ ůŮ ˊŮɘɟŬɛŬŰɧɕɤŬ (Munday R., Selwood A.I. & Rhodes L. 2012, Sosa S. et al. 

2020). ũɘŬ Űɘɠ ŰɞɝɑɜŮɠ ŬɡŰɏɠ ŭŮɜ ɏɢɞɡɜ əŬɗɞɟɘůŰŮɑ ŬəɧɛŬ əŬɜɞɜɘůŰɘəɎ ɧɟɘŬ Ŭˊɧ Űɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ. 

ɄŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɞ ɗŬɚɎůůɘɞ ŭɘɜɞɛŬůŰɘɔɤŰɧ  Vulcanodinium rugosum (N®zan & Chom®rat 2011). ɆŰɖɜ 

ȺɚɚɎŭŬ, ɛɏɢɟɘ ůɐɛŮɟŬ ŭŮɜ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ˊŮɟɘůŰŬŰɘəɎ Űɞɝɑəɤůɖɠ ůŰɞɜ Ɏɜɗɟɤˊɞ, ɤůŰɧůɞ, ůɨɛűɤɜŬ 

ɛŮ Űɖɜ ȺɡɟɤˊŬɥəɐ ȷɟɢɐ ɔɘŬ Űɖɜ ȷůűɎɚŮɘŬ Űɤɜ ɇɟɞűɑɛɤɜ, ˊŬɟŬŰɖɟɐɗɖəŮ əŬŰɧˊɘɜ ŮɜŭɞˊŮɟɘŰɞɜŬɥəɐɠ 

ɏɔɢɡůɖɠ, ŰɞɝɘəɧŰɖŰŬ ůŮ ɕɩŬ ŮɟɔŬůŰɖɟɑɞɡ (EFSA 2010). Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɖ 

ŬɜɑɢɜŮɡůɖ Űɖɠ PnTXG əŬɘ ɖ ůɡɛɓɞɚɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŰɞɜ ˊɘɗŬɜɧ əŬɗɞɟɘůɛɧ əŬɜɞɜɘůŰɘəɩɜ ɞɟɑɤɜ 

Ŭˊɧ Űɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ. 
 

ɀɏɗɞŭɞɘ 

Ƀɘ ŬɜŬɚɨůŮɘɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɛŮɚŮŰɞɨɛŮɜɖɠ Űɞɝɑɜɖɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ ȹɘŬˊɘůŰŮɡɛɏɜɞ 

Ⱥɗɜɘəɧ ȺɟɔŬůŰɐɟɘɞ ȷɜŬűɞɟɎɠ ŪŬɚɎůůɘɤɜ ȸɘɞŰɞɝɘɜɩɜ əŬɘ Űɞɝɘɜɩɜ ɚɞɘˊɩɜ ɡŭɎŰɤɜ, Űɞɡ ɈˊɞɡɟɔŮɑɞɡ 

ȷɔɟɞŰɘəɐɠ ȷɜɎˊŰɡɝɖɠ əŬɘ ɇɟɞűɑɛɤɜ. ɆɡɜɞɚɘəɎ ɚɐűɗɖəŬɜ 10  ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɘɠ ˊŮɟɘɞɢɏɠ ɉŬɚɎůŰɟŬɠ 

əŬɘ ɀŬəɟɨɔɘŬɚɞɡ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 1 . ȼɛŮɟɞɛɖɜɑŮɠ ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ əɎɗŮ ˊŮɟɘɞɢɐ. 

 

ũɘŬ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ Űɤɜ ŭŮɘɔɛɎŰɤɜ, ŮəɢɡɚɑůŰɖəŬɜ 2 g ɞɛɞɔŮɜɞˊɞɘɖɛɏɜɞɡ ɞɚɘəɞɨ ɘůŰɞɨ ɛɡŭɘɩɜ ɛŮ 

ɛŮɗŬɜɧɚɖ 100%. ɇŬ ŮəɢɡɚɑůɛŬŰŬ ŬɜŬɚɨɗɖəŬɜ ɛŮ Űɖ ɛɏɗɞŭɞ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ɡˊŮɟɡɣɖɚɐɠ 

Ŭˊɧŭɞůɖɠ-ůɡɕŮɡɔɛɏɜɖɠ ɛŮ űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ ůŮ ůŮɘɟɎ (UHPLC-MS/MS), ůŰɞ ůɨůŰɖɛŬ WATERS 

ACQUITY- QUATRO MICRO. ȼ ˊɞůɞŰɘəɞˊɞɑɖůɖ ŭɘŮɜŮɟɔɐɗɖəŮ ɛŮ ˊɟɧŰɡˊɖ əŬɛˊɨɚɖ ŬɜŬűɞɟɎɠ, ɛŮ 

Űɞ ɚɞɔɘůɛɘəɧ TargetLynx.  

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȰˊŮɘŰŬ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ: ɛɖ ŬɜɘɢɜŮɨůɘɛŬ (<LOD), ɛɖ 

ˊɞůɞŰɘəɞˊɞɘɐůɘɛŬ (<LOQ), ŬɜɘɢɜŮɨůɘɛŬ (>LOD), ˊɞůɞŰɘəɞˊɞɘɐůɘɛŬ (>LOQ). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Ŭ́ɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1. 
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ȾŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘɞɢɏɠ ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ, ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɗŮɤɟɞɨɜŰŬɘ ɤɠ 

ˊɞůɞŰɘəɞˊɞɘɐůɘɛŬ (>LOQ). ȾŬŰɎ Űɖɜ ˊɟɩŰɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ (31.01.2022), əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘɞɢɏɠ 

ˊŬɟŬŰɖɟɐɗɖəŮ ɖ ɢŬɛɖɚɧŰŮɟɖ ɗŮɟɛɞəɟŬůɑŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŮɤɟɐɗɖəŬɜ ɛɖ ŬɜɘɢɜŮɨůɘɛŬ (<LOD). 

ɆŰɘɠ ŮˊɧɛŮɜŮɠ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ, əŬŰɎ Űɖ ůŰŬŭɘŬəɐ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ əŬɘ ůŰŬŭɘŬəɐ 

Ŭɨɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɖɠ ɛŮɚŮŰɞɨɛŮɜɖɠ Űɞɝɑɜɖɠ.  

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȷˊɧ Űɖɜ ˊŬɟɞɨůŬ ɏɟŮɡɜŬ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ŬɜɑɢɜŮɡůɖ Űɖɠ PnTXG ˊɘɗŬɜɧɜ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ 

Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Kim et al. (2022), ɖ ɡˊŮɟɗɏɟɛŬɜůɖ Űɞɡ ˊɚŬɜɐŰɖ ɏɢŮɘ 

ɞŭɖɔɐůŮɘ ůŰɖɜ Ŭɨɝɖůɖ Űɤɜ ɛɏůɤɜ ɗŮɟɛɞəɟŬůɘɩɜ ˊŬɔəɞůɛɑɤɠ, ɧˊɤɠ əŬɘ Űɤɜ ɗŬɚŬůůɩɜ. Ƀɘ ŬɚɚŬɔɏɠ 

ŬɡŰɏɠ ŬɡɝɎɜɞɡɜ Űɖɜ ůɡɢɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ Űɤɜ HABs, ŰŬ ɞˊɞɑŬ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ ŭɨɜŬŰŬɘ ɜŬ ˊŬɟɎɔɞɡɜ 

ɗŬɚɎůůɘŮɠ ɓɘɞŰɞɝɑɜŮɠ. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Abadie et al. (2016), Moore et al. (2010), Űɞ 2013 ɖ ˊɡəɜɧŰɖŰŬ 

Űɞɡ Vulcanodinium rugosum, ɓɟɏɗɖəŮ ůŰɞ ɡɣɖɚɧŰŮɟɞ ŮˊɑˊŮŭɞ ɛŮŰŬɝɨ Ƚɞɡɜɑɞɡ əŬɘ ɆŮˊŰŮɛɓɟɑɞɡ. ȾŬɗɩɠ 

ŰŬ ŮˊɑˊŮŭŬ Űɤɜ ɗŮɟɛɞəɟŬůɘɩɜ Űɤɜ ɗŬɚŬůůɩɜ ŬɡɝɎɜɞɜŰŬɘ ɚɧɔɤ Űɖɠ əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ, ŮɡɜɞŮɑŰŬɘ ɖ 

Ŭɨɝɖůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ Űɞɡ ŭɡɜɖŰɘəɎ Űɞɝɘəɞɨ Vulcanodinium rugosum əŬɘ ůɡɜŮˊɩɠ Űɖɠ ˊɘɗŬɜɐɠ 

ɓɘɞůɡůůɩɟŮɡůɖɠ PnTXG ůŰŬ ɛɨŭɘŬ. ɄŬɟɧɚɞ ˊɞɡ ɖ ɛŮɚɏŰɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ Űɞɝɑɜɖɠ ɓɟɑůəŮŰŬɘ ůŮ 

ŬɟɢɘəɎ ůŰɎŭɘŬ, ŮɜŰɞɨŰɞɘɠ ŰŬ ˊɟɩŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɡˊɞŭɖɚɩɜɞɡɜ ɧŰɘ ɖ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ ɛɏůɤ Űɖɠ 

Ŭɨɝɖůɖɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŬɚɚɎ əŬɘ Ɏɚɚɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ůŰɟŮůůɞɔɧɜɤɜ ˊŬɟŬɔɧɜŰɤɜ ˊɘɗŬɜɧɜ ɜŬ 

ŮɡɜɞɐůŮɘ ˊŮɟŬɘŰɏɟɤ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ Űɞɡ ŭɡɜɖŰɘəɎ Űɞɝɘəɞɨ Vulcanodinium rugosum əŬɘ 

ůɡɜŮˊɩɠ Űɖɜ ˊɘɗŬɜɐ ɓɘɞůɡůůɩɟŮɡůɖ PnTXG. Ƀ əŬɗɞɟɘůɛɧɠ əŬɜɞɜɘůŰɘəɩɜ ɞɟɑɤɜ Ŭˊɧ Űɖɜ ȺȺ, ŬˊɞŰŮɚŮɑ 

ɗɏɛŬ ůɡɕɐŰɖůɖɠ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ. ȺˊɘˊɟɞůɗɏŰɤɠ, ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ 

Űɤɜ ŬɓɘɞŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ɜŮɟɞɨ əŬɘ ɏɔəɡɟɖɠ ˊɟɞŮɘŭɞˊɞɑɖůɖɠ (early warning system) ɛŮ ůəɞˊɧ 

Űɖɜ Ůɜɖɛɏɟɤůɖ Űɤɜ ɛɡŭɞəŬɚɚɘŮɟɔɖŰɩɜ, ɗŬ ůɡɛɓɎɚɚŮɘ ůŰɖɜ ɏɔəŬɘɟɖ ɚɐɣɖ ɛɏŰɟɤɜ. ȷˊŬɘŰŮɑŰŬɘ 

ˊŮɟŬɘŰɏɟɤ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Űɞɝɘəɐɠ ŭɟɎůɖɠ Űɖɠ PnTXG ůŰɞɜ Ɏɜɗɟɤˊɞ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ ŭɖɛɧůɘŬɠ 

ɡɔŮɑŬɠ. 

 

 

ȸɘɓɚɘɞɔɟŬűɑŬ 

Abadie E., Muguet A., Berteaux T., et al. (2016). Toxin and Growth Responses of the Neurotoxic 

Dinoflagellate Vulcanodinium rugosum to Varying Temperature and Salinity. Toxins, 8 (5), 136. 

European Food Safety Authority (2010). Scientific Opinion on marine biotoxins in shellfish ï Cyclic 

imines (spirolides, gymnodimines, pinnatoxins and pteriatoxins). EFSA Journal, 8 (6), 1628. 

Kim Y-S., An H-J., Kim J., et al. (2022). Current Situation of Palytoxins and Cyclic Imines in Asia-

Pacific Countries: Causative Phytoplankton Species and Seafood Poisoning. Int. J. Environ. Res. 

Public Health, 19 , 4921. 

Moore S.K., Mantua N.J., Hickey B.M., et al. (2010). The relative influences of El Ni¶o-Southern 

Oscillation and Pacific Decadal Oscillation on paralytic shellfish toxin accumulation in Pacific 

Northwest shellfish. Limnology and Oceanography, 55(6), 2262ï2274. 

Munday R., Selwood A.I., Rhodes L. (2012). Acute toxicity of pinnatoxins E, F and G to mice. Toxicon, 

60,6, 995-999. 

N®zan, E. & Chom®rat, N. (2011). Vulcanodinium rugosum gen. et sp. nov. (Dinophyceae), un nouveau 

dinoflagell®Ë marin de la c¹te m®diterran®enne fran­aise. Cryptogam. Algol. 32, 3ï18. 

Otero, P. & Silva, M. (2022).  Emerging Marine Biotoxins in EuropeanWaters: Potential Risks and 

Analytical Challenges. Mar. Drugs 2022, 20, 199. 

Pºrtner, H. (2010). Oxygen- and capacity-limitation of thermal tolerance: a matrix for integrating 

climate-related stressor effects in marine ecosystems. J. Exp. Biol. 213, 881ï893. 

Pºrtner, H. & Peck, A. (2010). Climate change effects on fishes and fisheries: towards a cause-and-effect 

understanding. J. Fish Biol. 77, 1745ï1779. 

Sosa S., Pelin M., Cavion F., et al. (2020). Acute Oral Toxicity of Pinnatoxin G in Mice. Toxins, 12 (2), 

87. 
 

 



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

176 

H ɏəűɟŬůɖ Űɞɡ KLF2 (Kr¿ppel-like factor 2) ůŰɞɡɠ ˊɜŮɡɛɞɜɘəɞɨɠ ɘɜɞɓɚɎůŰŮɠ 

ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ Ŭɜɞůɞ-ɘɜɤŰɘəɐ Űɞɡɠ ůɡɛˊŮɟɘűɞɟɎ ůŮ ˊŮɟɘɓɎɚɚɞɜ COVID-19 
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ɄŮɟɑɚɖɣɖ 
Ƀɘ ˊɜŮɡɛɞɜɘəɞɑ ɘɜɞɓɚɎůŰŮɠ, ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ əŮɜŰɟɘəɧ ɟɧɚɞ ůŰɖɜ ˊŬɗɞűɡůɘɞɚɞɔɑŬ Űɖɠ COVID-19, Űɧůɞ ůŰɖɜ ɞɝŮɑŬ, 

ɧůɞ əŬɘ ůŰɖɜ ɢɟɧɜɘŬ ˊɜŮɡɛɞɜɘəɐ ˊɟɞůɓɞɚɐ. ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ŭɘŮɟŮɡɜɐɗɖəŮ ɖ ŮˊɑŭɟŬůɖ Űɞɡ űɚŮɔɛɞɜɩŭɞɡɠ 

ɛɘəɟɞˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɖɠ ɜɧůɞɡ, ůŰɞ ɘɜɤŰɘəɧ ŭɡɜŬɛɘəɧ Űɤɜ ɘɜɞɓɚŬůŰɩɜ, əŬɘ ɖ ůɡůɢɏŰɘůɖ Űɖɠ ɛŮ Űɖɜ ɏəűɟŬůɖ Űɞɡ 

ɛŮŰŬɔɟŬűɘəɞɨ ˊŬɟɎɔɞɜŰŬ KLF2. ȼ ɏəűɟŬůɖ Űɞɡ KLF2 əŬŰŬůŰɏɚɚŮŰŬɘ ůɖɛŬɜŰɘəɎ ůŰɞɡɠ Ŭɜɗɟɩˊɘɜɞɡɠ ˊɜŮɡɛɞɜɘəɞɨɠ 

ɘɜɞɓɚɎůŰŮɠ, ɧŰŬɜ ŭɘŮɔŮɑɟɞɜŰŬɘ ɛŮ ˊɚɎůɛŬ Ŭˊɧ ŬůɗŮɜŮɑɠ ɛŮ ůɞɓŬɟɐ COVID-19. Ɇɡɔɢɟɧɜɤɠ, ŬˊɞəŰɞɨɜ ˊɟɞ-ɘɜɤŰɘəɧ 

űŬɘɜɧŰɡˊɞ, ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɡˊŮɟɏəűɟŬůɖ CCN2. ȼ ɡˊɞ-ɏəűɟŬůɖ Űɞɡ KLF2 əŬɘ ɖ ɘɜɤŰɘəɐ ŭɘŮɟɔŬůɑŬ, 

ŬɜŬůŰɟɏűɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ, ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜŭɡŬůŰɘəɎ in vitro űŬɟɛŬəŮɡŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ, ɏɜŬɜŰɘ Űɖɠ 

ɁȺɇɤůɖɠ əŬɘ Űɖɠ JAK/IL-6 ůɖɛŬŰɞŭɧŰɖůɖɠ (ɗŮɟŬˊŮɑŬ COMBI). ɆŮ əɚɘɜɘəɧ ŮˊɑˊŮŭɞ, ɖ COMBI ɗŮɟŬˊŮɑŬ 

ůɢŮŰɑůŰɖəŮ ɛŮ ůɖɛŬɜŰɘəɎ əŬɚɨŰŮɟɖ ɏəɓŬůɖ ůŰɞɡɠ ŬůɗŮɜŮɑɠ ɛŮ ůɞɓŬɟɐ ɜɧůɞ COVID-19. ɇŬ ˊŬɟŬˊɎɜɤ 

ŬˊɞŰŮɚɏůɛŬŰŬ, ˊŬɟɏɢɞɡɜ ɛɑŬ ɛɖɢŬɜɘůŰɘəɐ ůɨɜŭŮůɖ, ɛŮŰŬɝɨ Űɖɠ COVID-19-ŮˊŬɔɧɛŮɜɖɠ űɚŮɔɛɞɜɐɠ əŬɘ Űɖɠ ɘɜɤŰɘəɐɠ 

ˊɟɞůɓɞɚɐɠ əŬɘ ˊŬɟɎɚɚɖɚŬ ɡˊɞůŰɖɟɑɕɞɡɜ Űɖɜ ɏɟŮɡɜŬ ɔɘŬ Űɞɜ ɟɡɗɛɘůŰɘəɧ ɟɧɚɞ Űɞɡ KLF2 əŬɘ ůŮ ɎɚɚŬ Ŭɜɞůɞ-ɘɜɤŰɘəɎ 

ɜɞůɐɛŬŰŬ. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ 

COVID-19, JAK/IL -6, KLF2, ˊɜŮɡɛɞɜɘəɞɑ ɘɜɞɓɚɎůŰŮɠ, DNaseI 

 

 

ȺɘůŬɔɤɔɐ 

Ⱦɨɟɘɞɘ ɛɖɢŬɜɘůɛɞɑ ůŰɖɜ ˊŬɗɞűɡůɘɞɚɞɔɑŬ Űɖɠ COVID-19, ŬˊɞŰŮɚɞɨɜ ɖ Ŭɜɞůɞ-ɗɟɧɛɓɤůɖ əŬɘ Ŭɜɞůɞ-ɑɜɤůɖ 

(1ï3). ȼ ˊɜŮɡɛɞɜɘəɐ ɑɜɤůɖ, ɗŮɤɟŮɑŰŬɘ ɛɑŬ Ŭˊɧ Űɘɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ Ůˊɘˊɚɞəɏɠ Űɖɠ ɜɧůɞɡ, əŬɗɩɠ ŮˊɖɟŮɎɕŮɘ 

Űɖɜ ɏəɓŬůɖ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ ɕɤɐɠ Űɤɜ ŬůɗŮɜɩɜ ˊɞɡ Ůˊɘɓɘɩɜɞɡɜ (4). ȾɡɟɑŬɟɢɞ ɟɧɚɞ əŬŰɎ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ 

ŬɡŰɏɠ, ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ˊɜŮɨɛɞɜŬ, əŬŰɏɢɞɡɜ ɞɘ ɘɜɞɓɚɎůŰŮɠ (5). ȼ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ, ɓŬůɑůŰɖəŮ ůŮ 

ˊɟɞɖɔɞɨɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɞɛɎŭŬɠ ɛŬɠ, ůɨɛűɤɜŬ ɛŮ ŰŬ ɞˊɞɑŬ, ɖ ŬɜɞůɞŰɟɞˊɞˊɞɘɖŰɘəɐ ůɡɜŭɡŬůŰɘəɐ 

ɗŮɟŬˊŮɑŬ COMBI, ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ DNase, ɔɘŬ Űɖɜ ŭɘɎɚɡůɖ ɗɟɞɛɓɞɔɧɜɤɜ ŮɝɤəɡŰŰŬɟɘəɩɜ 

ɞɡŭŮŰŮɟɞűɘɚɘəɩɜ ˊŬɔɑŭɤɜ (NETs), Baricitinib (ŮəɚŮəŰɘəɧɠ ŬɜŬůŰɞɚɏŬɠ əɘɜŬůɩɜ JAK1/2) əŬɘ Tocilizumab 

(ŬɜŬůŰɞɚɏŬɠ ɡˊɞŭɞɢɏŬ Űɖɠ IL-6), ůɢŮŰɑůŰɖəŮ ɛŮ ɢŬɛɖɚɧŰŮɟŬ ˊɞůɞůŰɎ ɗɜɖŰɧŰɖŰŬɠ, ˊɘɗŬɜɧŰɖŰŬɠ ɔɘŬ 

ŭɘŬůɤɚɐɜɤůɖ əŬɘ ɓɟŬɢɨŰŮɟɖ ŮɜŭɞɜɞůɞəɞɛŮɘŬəɐ ɜɞůɖɚŮɑŬ. ɄŬɟɎɚɚɖɚŬ, ɖ in vitro ŬɜŬůŰɞɚɐ Űɞɡ ɎɝɞɜŬ 

TF/ɗɟɞɛɓɑɜɖɠ, ˊɟɞɚɎɛɓŬɜŮ Űɘɠ ůɢŮŰɘɕɧɛŮɜŮɠ ɛŮ Űɖ ɜɧůɞ, ɗɟɞɛɓɞ-űɚŮɔɛɞɜɩŭŮɘɠ ŬˊɞəɟɑůŮɘɠ (6). 

 

Ƀ KLF2, ŮɛˊɚɏəŮŰŬɘ ůŮ ˊɞɘəɑɚŮɠ əɡŰŰŬɟɘəɏɠ ɟɡɗɛɘůŰɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ůŮ ŭɘɎűɞɟɞɡɠ ɘůŰɞɨɠ, Ůɜɩ ɞ 

ˊɟɞůŰŬŰŮɡŰɘəɧɠ Űɞɡ ɟɧɚɞɠ ŮɑɜŬɘ ŰŮəɛɖɟɘɤɛɏɜɞɠ ůŰŬ ŮɜŭɞɗɖɚɘŬəɎ əɨŰŰŬɟŬ, ˊɟɞɎɔɞɜŰŬɠ Űɖɜ ɞɛɞɘɧůŰŬůɖ 

əŬɘ ŬəŮɟŬɘɧŰɖŰŬ Űɤɜ ŬɔɔŮɑɤɜ (7,8). ɄŬɟɎɚɚɖɚŬ, ˊŮɘɟŬɛŬŰɘəɎ ɛɞɜŰɏɚŬ ɑɜɤůɖɠ, ůɡɜŭɏɞɡɜ Űɖɜ ɛŮɘɤɛɏɜɖ 

ɏəűɟŬůɖ Űɞɡ, ɛŮ Űɖɜ ŮˊɘŭŮɑɜɤůɖ Űɖɠ ɜɧůɞɡ, Ůɜɩ ŬɜŰɘɗɏŰɤɠ, ɖ ɡˊŮɟ-ɏəűɟŬůɖ Űɞɡ ŬůəŮɑ ŬɜŰɘ-ɘɜɤŰɘəɏɠ 

ŮˊɘŭɟɎůŮɘɠ (9,10). Ɇəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ, ŮɑɜŬɘ ɖ ɛŮɚɏŰɖ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɞɡ ɛɘəɟɞˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɖɠ 

COVID-19, ůŮ Ŭɜɗɟɩˊɘɜɞɡɠ ˊɜŮɡɛɞɜɘəɞɨɠ ɘɜɞɓɚɎůŰŮɠ əŬɘ ɖ ůɡůɢɏŰɘůɖ Űɖɠ ɘɜɤŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ɛŮ Űɖɜ 

ɏəűɟŬůɖ Űɞɡ ɛŮŰŬɔɟŬűɘəɞɨ ˊŬɟɎɔɞɜŰŬ KLF2.  

 

ɀɏɗɞŭɞɘ 

ũɘŬ Űɖɜ ɛŮɚɏŰɖ, ŬˊɞɛɞɜɩɗɖəŮ ˊɚɎůɛŬ Ŭˊɧ ŬůɗŮɜŮɑɠ ɛŮ ůɞɓŬɟɐ COVID-19 (PO2/FiO2<100mmHg), ˊɟɘɜ 
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ɚɎɓɞɡɜ ŬɜɞůɞŰɟɞˊɞˊɞɘɖŰɘəɐ ɐ ŬɜŰɘɗɟɞɛɓɤŰɘəɐ ɗŮɟŬˊŮɑŬ. ɄŬɟɎɚɚɖɚŬ, ŬˊɞɛɞɜɩɗɖəŬɜ əŬɘ 

əŬɚɚɘŮɟɔɐɗɖəŬɜ Ŭɜɗɟɩˊɘɜɞɘ ˊɜŮɡɛɞɜɘəɞɑ ɛɡɞɥɜɞɓɚɎůŰŮɠ, ˊɟɞŮɟɢɧɛŮɜɞɘ Ŭˊɧ űɡůɘɞɚɞɔɘəɧ ɘůŰɧ, ɛŮŰɎ Ŭˊɧ 

ɓɘɞɣɑŬ ˊɜŮɨɛɞɜŬ, ˊɞɡ ŭɘŮɜŮɟɔɐɗɖəŮ ɔɘŬ ŭɘŬɔɜɤůŰɘəɞɨɠ ɚɧɔɞɡɠ. ũɘŬ Űɖɜ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɞɡ 

ɛɘəɟɞˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɖɠ ɜɧůɞɡ, ůŰɞ ɘɜɤŰɘəɧ ŭɡɜŬɛɘəɧ Űɤɜ ɘɜɞɓɚŬůŰɩɜ əŬɘ Űɖ ůɡůɢɏŰɘůɖ ŬɡŰɐɠ ɛŮ Űɖɜ 

ɏəűɟŬůɖ Űɞɡ KLF2, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ real-time qPCR, ˊɞůɞŰɘəɞˊɞɑɖůɖ əɞɚɚŬɔɧɜɞɡ (collagen assay), 

Ŭɜɞůɞűɗɞɟɘůɛɧɠ əŬɘ ɛɏŰɟɖůɖ Űɖɠ ɛŮŰŬɜŬůŰŮɡŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɤɜ ɘɜɞɓɚŬůŰɩɜ (wound healing assay). 

Ⱥˊɑůɖɠ, ɔɘŬ Űɖɜ ɛŮɚɏŰɖ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ ɜɧůɞɡ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɑɜɤůɖɠ əŬɘ Űɖɜ ŬɜŬůŰɟɞűɐ Űɞɡ 

ɘɜɤŰɘəɞɨ űŬɘɜɞɛɏɜɞɡ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞɡɠ ɘɜɞɓɚɎůŰŮɠ ůɡɔəŬɚɚɘɏɟɔŮɘŮɠ ɛŮ Űɞ ˊɚɎůɛŬ ŬůɗŮɜɩɜ, 

ˊŬɟɞɡůɑŬ ɐ ɛɖ Űɤɜ űŬɟɛŬəŮɡŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ůɡɜŭɡŬůɛɏɜɖ ɗŮɟŬˊŮɑŬ 

COMBI, ůŮ ŬůɗŮɜŮɑɠ ɛŮ ůɞɓŬɟɐ COVID-19 (DNȷse, ȸaricitinib,ɇocilizumab). 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

To űɚŮɔɛɞɜɩŭŮɠ ˊŮɟɘɓɎɚɚɞɜ Űɖɠ COVID-19, ŮɜɘůɢɨŮɘ Űɞ ɘɜɤŰɘəɧ ŭɡɜŬɛɘəɧ Űɤɜ ˊɜŮɡɛɞɜɘəɩɜ ɘɜɞɓɚŬůŰɩɜ in 

vitro, Ůɜɩ ɖ COMBI ɗŮɟŬˊŮɑŬ ŬɜŬůŰɏɚɚŮɘ Űɞ űŬɘɜɧɛŮɜɞ 

ɄɜŮɡɛɞɜɘəɞɑ ɘɜɞɓɚɎůŰŮɠ ŮˊɤɎůŰɖəŬɜ ɛŮ ˊɚɎůɛŬ ŬůɗŮɜɩɜ ɛŮ ůɞɓŬɟɐ COVID-19, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

Ŭɨɝɖůɖ Űɤɜ ŮˊɑˊŮŭɤɜ Űɞɡ ŭŮɑəŰɖ ɑɜɤůɖɠ CCN2 (connective tissue growth factor, CTGF) (11), ůŮ mRNA 

əŬɘ ˊɟɤŰŮɥɜɘəɧ ŮˊɑˊŮŭɞ, əŬɗɩɠ əŬɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ əɞɚɚŬɔɧɜɞɡ. 

 

ũɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɞɡ ɟɧɚɞɡ ŭɘŬűɧɟɤɜ űɚŮɔɛɞɜɤŭɩɜ ˊŬɟŬɔɧɜŰɤɜ əŬɘ ɛɞɜɞˊŬŰɘɩɜ, ɏɔɘɜŬɜ ŬɜŬůŰɞɚɏɠ 

Űɧůɞ ůŰɞ ˊɚɎůɛŬ, ɧůɞ əŬɘ ŬˊŮɡɗŮɑŬɠ ůŰɞɡɠ ɘɜɞɓɚɎůŰŮɠ. ȷɟɢɘəɎ, ɓɎůŮɘ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ ŮɜɗŬɟɟɡɜŰɘəɩɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ɞɛɎŭŬɠ ɛŬɠ (6), ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůɡɜŭɡŬůŰɘəɐ ŬɜŬůŰɞɚɐ ɛŮ DNAseI, Baricitinib 

əŬɘ Tocilizumab, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ɛŮɑɤůɖ ůŰŬ ŮˊɑˊŮŭŬ CCN2 (ůŮ mRNA & ˊɟɤŰŮɥɜɘəɧ 

ŮˊɑˊŮŭɞ), əŬɗɩɠ əŬɘ ŮɚɎŰŰɤůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ əɞɚɚŬɔɧɜɞɡ. ȸŬůɘɕɧɛŮɜɞɘ ůŮ ˊɟɞɖɔɞɨɛŮɜŮɠ ŭɖɛɞůɘŮɨůŮɘɠ, 

ˊɞɡ Ůɛˊɚɏəɞɡɜ ŰŬ ɡɣɖɚɎ ŮˊɑˊŮŭŬ IL-6 (12,13) əŬɘ Űɖɜ Ůɛˊɚɞəɐ Űɞɡ ɎɝɞɜŬ TF/ɗɟɞɛɓɑɜɖɠ (2,14), ůŰɖɜ 

ˊŬɗɞűɡůɘɞɚɞɔɑŬ Űɖɠ COVID-19, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮɛɞɜɤɛɏɜŮɠ ŬɜŬůŰɞɚɏɠ ɛŮ Tocilizumab əŬɘ 

Dabigatran (ŬɜŬůŰɞɚɏŬɠ ɗɟɞɛɓɑɜɖɠ). ɋůŰɧůɞ, ŭŮɜ ˊŬɟŬŰɖɟɐɗɖəŮ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ ůŰŬ 

ŮˊɑˊŮŭŬ CCN2 əŬɘ əɞɚɚŬɔɧɜɞɡ. Ƀɘ  ɛŮɛɞɜɤɛɏɜŮɠ ŬɜŬůŰɞɚɏɠ ɛŮ Baricitinib əŬɘ DNaseȽ, ˊɏŰɡɢŬɜ Űɖɜ 

ŬɜŬůŰɟɞűɐ Űɖɠ ɘɜɤŰɘəɐɠ ŭɘŮɟɔŬůɑŬɠ, ɛɏůɤ ɛŮɑɤůɖɠ Űɞɡ CCN2, ɤůŰɧůɞ ɧɢɘ ůŰɞɜ ɓŬɗɛɧ ˊɞɡ ŮˊɘŰŮɨɢɗɖəŮ 

ɛŮ Űɖɜ ůɡɜŭɡŬůŰɘəɐ ŬɜŬůŰɞɚɐ (COMBI) (ȺɘəɧɜŬ 1A). 

 

ȼ ɡˊɞ-ɏəűɟŬůɖ Űɞɡ KLF2 ůŮ ˊŮɟɘɓɎɚɚɞɜ COVID-19, ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ɘɜɤŰɘəɧ ŭɡɜŬɛɘəɧ Űɤɜ ɘɜɞɓɚŬůŰɩɜ , 

Ůɜɩ ɖ COMBI ɗŮɟŬˊŮɑŬ ŬɜŬůŰɟɏűŮɘ Űɞ űŬɘɜɧɛŮɜɞ 

ȼ ŭɘɏɔŮɟůɖ ɘɜɞɓɚŬůŰɩɜ ɛŮ COVID-19 ˊɚɎůɛŬ, ɞŭɐɔɖůŮ ůŮ ŮɚɎŰŰɤůɖ Űɤɜ Ůˊɘˊɏŭɤɜ Űɞɡ KLF2 (mRNA 

əŬɘ ˊɟɤŰŮɥɜɘəɧ ŮˊɑˊŮŭɞ), Ůɜɩ ɖ ˊɟɞ-ŮˊɩŬůɖ ɛŮ Űɞɡɠ ŬɜŬůŰɞɚŮɑɠ Űɖɠ COMBI, Űɞɜ ŮˊŬɜɏűŮɟŮ ůŮ 

űɡůɘɞɚɞɔɘəɎ ŮˊɑˊŮŭŬ (ȺɘəɧɜŬ 1ȸ). ȼ ˊɟɞ-ŮˊɩŬůɖ ŬˊɞəɚŮɘůŰɘəɎ ɛŮ Baricitinib (15), ŭŮɜ əŬŰɧɟɗɤůŮ ɜŬ 

ɛŮŰŬɓɎɚɚŮɘ ůɖɛŬɜŰɘəɎ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ KLF2.  ɄŬɟɎɚɚɖɚŬ, ŭɘŬˊɘůŰɩɗɖəŮ ŬɟɜɖŰɘəɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɤɜ 

Ůˊɘˊɏŭɤɜ Űɞɡ KLF2 əŬɘ Űɞɡ ɘɜɤŰɘəɞɨ ˊŬɟɎɔɞɜŰŬ CCN2, (ȺɘəɧɜŬ 1C). ɇŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ, 

ˊɟɞŰŮɑɜɞɡɜ, ɧŰɘ ɖ ŭɘŬɛŮůɞɚŬɓɞɨɛŮɜɖ Ŭˊɧ Űɞ űɚŮɔɛɞɜɩŭŮɠ ˊŮɟɘɓɎɚɚɞɜ Űɖɠ COVID-19, ɡˊɞ-ɏəűɟŬůɖ Űɞɡ 

KLF2, ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ɘɜɤŰɘəɧ ŭɡɜŬɛɘəɧ Űɤɜ ɘɜɞɓɚŬůŰɩɜ, űŬɘɜɧɛŮɜɞ, Űɞ ɞˊɞɑɞ ŬɜŬůŰɟɏűŮŰŬɘ Ŭˊɧ Űɖɜ 

COMBI ɗŮɟŬˊŮɑŬ.  

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ ŮˊɩŬůɖ ˊɜŮɡɛɞɜɘəɩɜ ɘɜɞɓɚŬůŰɩɜ ɛŮ COVID-19 ˊɚɎůɛŬ, ɞŭɖɔŮɑ ůŰɖɜ ŬˊɧəŰɖůɖ ˊɟɞ-ɘɜɤŰɘəɞɨ 

űŬɘɜɞŰɨˊɞɡ, űŬɘɜɧɛŮɜɞ ˊɞɡ ůɡɜŭɏŮŰŬɘ, ɛŮ Űɖɜ ɡˊɞ-ɏəűɟŬůɖ Űɞɡ KLF2. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ, ŭɨɜŬŰŬɘ ɜŬ 

ŬɜŬůŰɟŬűŮɑ ɛŮ Űɖɜ ŬɜŬůŰɞɚɐ Űɖɠ JAK/STAT/IL-6 ůɖɛŬŰɞŭɧŰɖůɖɠ əŬɘ Űɖɠ Ŭˊɞɘəɞŭɧɛɖůɖɠ Űɤɜ NETs. ɇŬ 

ˊŬɟŬˊɎɜɤ ŭŮŭɞɛɏɜŬ ˊɟɞŰŮɑɜɞɡɜ ɛɑŬ ɛɖɢŬɜɘůŰɘəɐ Ůɝɐɔɖůɖ, ɔɘŬ ŰŬ ŮɡɜɞɥəɧŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ COMBI 

ɗŮɟŬˊŮɑŬɠ, ůŮ COVID-19 ŬůɗŮɜŮɑɠ.   

 

ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ŭɘŮɟŮɡɜɎ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɖɜ ɏəűɟŬůɖ Űɞɡ KLF2 ůŮ Ŭɜɗɟɩˊɘɜɞɡɠ ˊɜŮɡɛɞɜɘəɞɨɠ 

ɘɜɞɓɚɎůŰŮɠ ůŮ űɡůɘɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ, ůŰɘɠ űɚŮɔɛɞɜɩŭŮɘɠ ůɡɜɗɐəŮɠ Űɖɠ ůɞɓŬɟɐɠ ɜɧůɞɡ COVID-19, əŬɘ 

ˊŬɟɞɡůɑŬ əŬɗɘŮɟɤɛɏɜɤɜ ŬɜɞůɞŰɟɞˊɞˊɞɘɖŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ, ˊɞɡ ůŰɞɢŮɨɞɡɜ Űɖɜ ɁȺɇɤůɖ əŬɘ Űɖɜ 

JAK/IL-6 ůɖɛŬŰɞŭɧŰɖůɖ. ɆɡɜɞɚɘəɎ ŰŬ ŮɡɟɐɛŬŰŬ, ŮɜɗŬɟɟɨɜɞɡɜ Űɖɜ ɏɟŮɡɜŬ ɔɘŬ Űɞɜ ɟɧɚɞ Űɞɡ KLF2 ůŰɖɜ 
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űɚŮɔɛɞɜɐ əŬɘ ůŰɖɜ ɑɜɤůɖ, ɛŮ ůəɞˊɧ Űɖɜ ŬɜŬəɎɚɡɣɖ ɜɏɤɜ ŭɘŬɔɜɤůŰɘəɩɜ əŬɘ ɗŮɟŬˊŮɡŰɘəɩɜ ůŰɧɢɤɜ. 

 

 
 

ȺɘəɧɜŬ 1. (ȷ) ɀŮɚɏŰŮɠ Űɖɠ ŬɜŬůŰɞɚɐɠ Űɞɡ ɘɜɤŰɘəɞɨ ŭɡɜŬɛɘəɞɨ Űɤɜ ˊɜŮɡɛɞɜɘəɩɜ ɘɜɞɓɚŬůŰɩɜ, ůŮ 

ˊŮɟɘɓɎɚɚɞɜ COVID-19.  (1) qPCR, (2) In-cell ELISA, (3) Collagen assay 

(B) ȼ ɡˊɞ-ɏəűɟŬůɖ Űɞɡ KLF2 ůŰɞɡɠ ˊɜŮɡɛɞɜɘəɞɨɠ ɘɜɞɓɚɎůŰŮɠ, ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ɘɜɤŰɘəɧ ŭɡɜŬɛɘəɧ Űɞɡɠ, 

ůŮ ˊŮɟɘɓɎɚɚɞɜ COVID-19. (1) qPCR, (2) In-cell ELISA 

(C) ȷɟɜɖŰɘəɐ ůɡůɢɏŰɘůɖ mRNA Ůˊɘˊɏŭɤɜ KLF2 əŬɘ CCN2 (Pearsonôs r, n=24). 
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ɀŮɚɏŰɖ ɛɖ-əɤŭɘəɩɜ RNA ɛŮŰŬɔɟɎűɤɜ ɞ́ɡ Ůɛ́ɚɏəɞɜŰŬɘ ůŰɖɜ ŬɜŬ́ŬɟŬɔɤɔɘəɐ 
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ɄŮɟɑɚɖɣɖ 

TŬ lncRNA (long non-coding RNA, ɛŬəɟɎ ɛɖ əɤŭɘəɞˊɞɘɖŰɘəɎ RNA) ɛɧɟɘŬ ɏɢɞɡɜ əŮɜŰɟɑůŮɘ Űɞ 

ŮɜŭɘŬűɏɟɞɜ Űɖɠ Ŭ́ɔəɧůɛɘŬɠ Ů́ɘůŰɖɛɞɜɘəɐɠ əɞɘɜɧŰɖŰŬɠ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ. ȼ ŬɘŰɑŬ Űɞɡ ɏɜŰɞɜɞɡ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ Űɤɜ ŮɟŮɡɜɖŰɩɜ ɔɘŬ Űɞ ɛɧɟɘŬ ŬɡŰɎ (əŬɘ ŰŬ ɔɞɜɑŭɘŬ Ŭɧ́ ŰŬ ɞ́ɞɑŬ ɟ́ɞəɨ- Ű́ɞɡɜ) ɖ́ɔɎɕŮɘ 

əŬŰɎ əɨɟɘɞ ɚɧɔɞ Ŭ́ɧ Űɖɜ Ůɘŭɞ-ŮɘŭɘəɧŰɖŰɎ Űɞɡɠ əŬɘ Űɞɡɠ ɞ́ɘəɑɚɞɡɠ Űɟɧ́ɞɡɠ ɛŮ Űɞɡɠ ɞ́ɞɑɞɡɠ ɛɞ́ɟɞɨɜ 

ɜŬ Ů́ɘŭɟɎůɞɡɜ ůŰɞɜ ŰŮɚɘəɧ űŬɘɜɧŰɡɞ́. ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ ɛŮɚŮŰɞɨɛŮ Űɞɜ ɟɧɚɞ 

əɎ́ɞɘɤɜ ŰɏŰɞɘɤɜ ɛɞɟɑɤɜ ůŰɞɜ űŬɘɜɧŰɡɞ́ ɤɞŬ́ɩɗŮůɖɠ, ŮəəɧɚŬ- ɣɖɠ Űɤɜ Ŭɡɔɩɜ əŬɘ ůɡɕŮɡəŰɘəɐɠ 

ůɡɛŮ́ɟɘűɞɟɎɠ Űɤɜ ɗɖɚɡəɩɜ əɞɡɜoɡɘ́ɩɜ Ae. albopictus. ȹŮ- ŭɞɛɏɜɞɡ ɧŰɘ ŰŬ Ů́ɟɘůůɧŰŮɟŬ lncRNA 

ɔɞɜɑŭɘŬ Űɤɜ Ae. albopictus Ŭ́ɟŬɛɏɜɞɡɜ ɎɔɜɤůŰŬ ŮɑɛŬůŰŮ ɓɏɓŬɘɞɘ ɧŰɘ ɡɎ́ɟɢɞɡɜ ́ŮɟɘůůɧŰŮɟŬ Ŭ́ɧ ɏɜŬ 

ɔɞɜɑŭɘŬ ́ɞɡ Ůɚɏɔɢɞɡɜ Űɖɜ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ɗɖ- ɚɡəɩɜ ŮɜŰɧɛɤɜ ůŰɖɜ ůɨɕŮɡɝɖ əŬɘ ŰŬ ɞɞ́ɑŬ ŮɎɜ 

ůŰɞɢŮɡɗɞɨɜ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɔɞɜɑŭɘŬ ɞ́ɡ Ů- ɛˊɚɏəɞɜŰŬɘ ůŰɖɜ ɤɞŬɩ́ɗŮůɖ əŬɘ Űɖɜ ŮəəɧɚŬɣɖ Űɤɜ 

Ŭɡɔɩɜ ɗŬ ɛŮɘɩůɞɡɜ ŭɟŬůŰɘəɎ Űɞɜ ́ ɚɖɗɡ- ůɛɧ ŬɡŰɞɨ Űɞɡ Ůɑŭɞɡɠ ŮɜŰɧɛɤɜ ́ɞɡ Ŭ́ɞŰŮɚŮɑ ŰŮɟɎůŰɘŬ Ŭ́Ůɘɚɐ 

ɔɘŬ Űɖɜ ŭɖɛɧůɘŬ ɡɔŮɑŬ. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

ȷe. albopictus, lncRNAs, oviposition, monandry, post-mating behavior 

 

  

ȺɘůŬɔɤɔɐ 

ɇŬ əɞɡɜɞɨ́ɘŬ ŮɑɜŬɘ ŰŬ ɘ́ɞ ɗŬɜŬŰɖűɧɟŬ ɕɩŬ ůŰɖ ɔɖ, əŬɗɩɠ ŮɑɜŬɘ ɡ́ŮɨɗɡɜŬ ɔɘŬ Ů́ɟɘůůɧŰŮɟɞɡɠ Ŭ́ɧ 

700.000 ɗŬɜɎŰɞɡɠ ŮŰɖůɑɤɠ (WHO, 2020). ɇɞ ŬůɘŬŰɘəɧ əɞɡɜɞɨ́ɘ Űɑɔɟɖɠ (Aedes albopictus) ɓɟɑůəŮŰŬɘ 

ɛŮŰŬɝɨ Űɤɜ 100 ɘ́ɞ ɢɤɟɞəŬŰŬəŰɖŰɘəɩɜ Ůɘŭɩɜ Ŭ́ɔəɞůɛɑɤɠ, Ůɜɩ ɖ ɘəŬɜɧŰɖŰɎ Űɞɡ ɜŬ ɛŮŰŬűɏɟŮɘ ɘɞɨɠ 

(Dengue, Zika, Chikungunya, ə.Ŭ.) Űɞ əŬɗɘůŰɎ ɘ́ɗŬɜɐ ŭŮɝŬɛŮɜɐ Ŭ́ɗɞɔɧɜɤɜ əŬɘ ŮɜŭŮɢɧɛŮɜɞ ɡŬ́ɑŰɘɞ 

ɔɘŬ ɛɘŬ Ůɧ́ɛŮɜɖ Ŭ́ɜŭɖɛɑŬ (Benedict et al 2007). ɉŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ ɛŮɔɏɗɞɡɠ Űɖɠ Ŭ́Ůɘɚɐɠ ɞ́ɡ 

Ŭ́ɞŰŮɚŮɑ Űɞ ůɡɔəŮəɟɘɛɏɜɞ Ůɑŭɞɠ ŮɑɜŬɘ ɧŰɘ ɏɜŬɠ ůŰɞɡɠ ŭɨɞ Ŭɜɗɟɩɞ́ɡɠ ́Ŭɔəɞůɛɑɤɠ ŭɘŬŰɟɏɢŮɘ əɑɜŭɡɜɞ ɜŬ 

ɜɞůɐůŮɘ Ŭ́ɧ ŭɎɔəŮɘɞ ˊɡɟŮŰɧ, əŬɗɩɠ ɛɏůŬ ůŮ ɚɘɔɧŰŮɟɞ Ŭ́ɧ 40 ɢɟɧɜɘŬ Űɞ Ůɑŭɞɠ ȷe. albopictus ɏɢŮɘ 

ŮɝŬ́ ɚɤɗŮɑ ůɢŮŭɧɜ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ ɚɧɔɤ Űɖɠ ɛŮɔɎɚɖɠ ́ɟɞůŬɟɛɞůŰɘəɧŰɖŰɎɠ Űɞɡ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ 

Ů́ɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ (Bonizzoni et al. 2013, Rochlin et al. 2013). 

 

ȼ ŮɡəɞɚɑŬ Űɤɜ Ae. albopictus ɜŬ ŮɝŬ́ ɚɩɜɞɜŰŬɘ əŬɘ ɜŬ ɞ́ɚɚŬɚ́ŬůɘɎɕɞɜŰŬɘ ɞűŮɑɚŮŰŬɘ ůŰɞ ˊɚɐ- ɗɞɠ əŬɘ 

Űɖɜ ŬɜɗŮəŰɘəɧŰɖŰŬ Űɤɜ Ŭɡɔɩɜ Űɞɡɠ, ůŰɖɜ ŰŬɢɨŰɖŰŬ ŮəəɧɚŬɣɐɠ Űɞɡɠ əŬɘ ůŰɖɜ ɔɟɐɔɞɟɖ ɤɟɑɛŬɜůɖ Űɤɜ 

ɜŮŬɟɩɜ ŮɜŰɧɛɤɜ. ɀɏɢɟɘ ůɐɛŮɟŬ ɞ ˊɚɖɗɡůɛɧɠ Űɤɜ əɞɡɜɞɡɘ́ɩɜ ŮɚɏɔɢŮŰŬɘ əɡ- ɟɑɤɠ ɛŮ ŮɜŰɞɛɞəŰɧɜŬ, ŰŬ 

ɞ́ɞɑŬ ŭŮɜ ŮɑɜŬɘ Ɏ́ɜŰɞŰŮ Ŭ́ɞŰŮɚŮůɛŬŰɘəɎ, Ůɜɏɢɞɡɜ Űɞɜ əɑɜŭɡɜɞ ŬɜɎ- Ű́ɡɝɖɠ ŬɜɗŮəŰɘəɧŰɖŰŬɠ (Richards 

et al. 2020), Ůɜɩ ůɡɢɜɎ ɓɚɎ́Űɞɡɜ əŬɘ ɞɟɔŬɜɘůɛɞɨɠ ɛɖ-ůŰɧ- ɢɞɡɠ (Muzinic et al. 2018). ȰŰůɘ, ɖ ŬɜɎɔəɖ 

ɔɘŬ ŬɜŮɨɟŮůɖ ɜɏɤɜ, űɘɚɘəɩɜ ɟ́ɞɠ Űɞ ɞɘəɞůɨůŰɖɛŬ ɛŮɗɧŭɤɜ əŬŰŬ́ɞɚɏɛɖůɖɠ ɔɑɜŮŰŬɘ Ůɘ́ŰŬəŰɘəɐ. 

 

ȼ ɛŮŰɎŭɞůɖ ŬůɗŮɜŮɘɩɜ ɞűŮɑɚŮŰŬɘ Ŭ́ɞəɚŮɘůŰɘəɎ ůŰŬ ɗɖɚɡəɎ ɎŰɞɛŬ əŬɗɩɠ ɢɟŮɘɎɕɞɜŰŬɘ ɔŮɨɛŬ ŬɑɛŬŰɞɠ 

ɔɘŬ Űɖɜ ɤɟɑɛŬɜůɖ Űɤɜ ɤɞɗɖəɩɜ Űɞɡɠ (Roy et al. 2016). ȺɑɜŬɘ Ůɨɚɞɔɞ ɚɞɘ́ɧɜ, ɧŰɘ ɖ ́ɚŮɘɞɜɧŰɖŰŬ Űɤɜ 

ɛŮɗɧŭɤɜ əŬŰŬ́ɞɚɏɛɖůɖɠ Űɤɜ əɞɡɜɞɡ́ɘɩɜ ůŰɞɢŮɨɞɡɜ ůŰɖɜ ŬɜŬ́ŬɟŬɔɤɔɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ɗɖɚɡəɩɜ 

ŮɜŰɧɛɤɜ, ŭɘɧŰɘ ɏŰůɘ ŬűŮɜɧɠ ɛŮɘɩɜŮŰŬɘ ɞ ˊɚɖɗɡůɛɧɠ əŬɘ ŬűŮŰɏɟɞɡ Ů- ɚŬŰŰɩɜŮŰŬɘ ɖ ŮˊŬűɐ Űɞɡɠ ɛŮ Űɞɜ 
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Ɏɜɗɟɤɞ́. 

 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢɞɡɜ ŬɜŬəŬɚɡűɗŮɑ ɜɏŮɠ ɞɛɎŭŮɠ ɛɖ-əɤŭɘəɩɜ RNA ŰŬ ɞ́ɞɑŬ ɏɢŮɘ ŭŮɘɢɗŮɑ ɧŰɘ 

ɛɞ́ɟɞɨɜ ɜŬ ŬɚɚɎɝɞɡɜ Űɖɜ ɏəűɟŬůɖ ˊɚɐɗɞɡɠ ɔɞɜɘŭɑɤɜ ɛŮŰŬɓɎɚɚɞɜŰŬɠ Űɞɜ ŰŮɚɘəɧ űŬɘɜɧ- Űɡ́o (Azlan, 

2019, Yan et al 2019, Feng et al 2018, Li  et al 2019). ũɘŬ ŰŬ ɛɘəɟɎ ɛɖ-əɤŭɘəɎ ɛɧɟɘŬ (microRNAs ɐ  

miRNAs) Űɞ Ů́ŭɑɞ ɏɢŮɘ ŬɟɢɑůŮɘ ɜŬ ɝŮŭɘŬɚɨɜŮɘ əŬɗɩɠ ɡɎ́ɟɢɞɡɜ Ŭ́ɞŰŮ- ɚŮůɛŬŰɘəɏɠ ɓɘɞ́ɚɖɟɞűɞɟɘəɏɠ 

ɟ́ɞůŮɔɔɑůŮɘɠ ŮɜŰɞ́ɘůɛɞɨ Űɞɡɠ. ȷɜŰɘɗɏŰɤɠ, ŰŬ ɛŮɔɎɚŬ ɛɖ-əɤŭɘəɎ ɛɧɟɘŬ (long non-coding RNAs ɐ 

lncRNAs) ŭŮɜ ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ Űɧůɞ ŮɜŭŮɚŮɢɩɠ ɚɧɔɤ Űɤɜ ɞ́ɘəɑɚɤɜ Űɟɧ́ɤɜ ɛŮ Űɞɡɠ ɞ́ɞɑɞɡɠ 

Ů́ɖɟŮɎɕɞɡɜ Űɖ ɟɨɗɛɘůɖ Űɤɜ ɔɞɜɘŭɑɤɜ-ůŰɧɢɤɜ Űɞɡɠ. ȼ ɛɞ- ɜŬŭɘəɐ ɟ́ɞůɏɔɔɘůɖ ɟ́ɞɠ ŬɡŰɐ Űɖɜ 

əŬŰŮɨɗɡɜůɖ ŮɑɜŬɘ ɛɘŬ ɛŮɚɏŰɖ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɛŬɠ (ȸelavilas et al, 2022). ɋůŰɧůɞ, ŬűɞɟɎ ɛɧɜɞ ɏɜŬ 

ɛɏɟɞɠ Űɤɜ lncRNA ɔɞɜɘŭɑɤɜ ɞ́ɡ Ůɛ́ɚɏəɞɜŰŬɘ ůŰɖɜ ŬɜŬ́ŬɟŬɔɤɔɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ɗɖɚɡəɩɜ ŬŰɧɛɤɜ 

Ůɜɩ ɡɎ́ɟɢɞɡɜ ɛŮɔɎɚŬ ́ ŮɟɘɗɩɟɘŬ ɛŮɚɏ- Űɖɠ Ŭɜ ŬɜŬɚɞɔɘůŰɞɨɛŮ Űɞ ́ ɚɐɗɞɠ lncRNA ɔɞɜɘŭɑɤɜ ́ ɞɡ ɡ́ɎɟɢŮɘ 

əŬɘ Űɞɜ ́ ɘɗŬɜɧ ɟɧɚɞ Űɞɡɠ ůŰɖ ɟɨɗɛɘůɖ Ɏɚɚɤɜ ɔɞɜɘŭɑɤɜ. ȰŰůɘ, ŰŬ lncRNA ɔɞɜɑŭɘŬ ́ ŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɞ 

ŮɟŮɡɜɖŰɘəɧ ŮɜŭɘŬ- űɏɟɞɜ ɚɧɔɤ Űɖɠ ŮɝŮɘŭɑəŮɡůɐɠ Űɞɡɠ ɤɠ ́ ɟɞɠ Űɞɡɠ ɔɞɜɘŭɘŬəɞɨɠ ůŰɧɢɞɡɠ ́ ɞɡ ɟɡɗɛɑɕɞɡɜ 

(Xu et al 2019, Patil et al 2014, Farley et al 2021) əŬɘ Űɞɜ ɢŬɛɖɚɧ ɓŬɗɛɧ ůɡɜŰɐɟɖůɐɠ Űɞɡɠ ŬɜɎɛŮůŬ ůŮ 

ůɡɔɔŮɜɘəɎ Ůɑŭɖ (Jenkins et al. 2015, Lucas et al 2013, Azlan et al. 2021). ɇŬ ŭɨɞ ŬɡŰɎ ɢŬɟŬ- əŰɖɟɘůŰɘəɎ 

ŰŬ əŬɗɘůŰɞɨɜ ŮɚəɡůŰɘəɞɨɠ ůŰɧɢɞɡɠ ɛŮɗɧŭɤɜ ŮɜŰɞɛɞɚɞɔɘəɞɨ Ůɚɏɔɢɞɡ, ŭɘɧŰɘ ɘ́ɗŬɜɐ ůŰɧɢŮɡůɐ Űɞɡɠ ɗŬ 

Ŭ́ɟɞɡůɑŬɕŮ ɡɣɖɚɐ ŮɝŮɘŭɑəŮɡůɖ, Ŭ́ɞəɚŮɑɞɜŰŬɠ ɏŰůɘ ɞ́ɞɘŬŭɐ́ɞŰŮ Ů́ɑŭɟŬůɖ ůŮ ɞɟɔŬɜɘůɛɞɨɠ ɛɖ-

ůŰɧɢɞɡɠ. 

 

ɀŮɗɞŭɞɚɞɔɑŬ 

1.   ȹɘŮɟŮɨɜɖůɖ Űɖɠ Ů́ɑŭɟŬůɖɠ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ɔɞɜɘŭɑɞɡ (Ɂorma3) ůŰɞɜ ŰŮɚɘəɧ űŬɘɜɧ- Űɡ́ɞ 

ŬɜŬ́ŬɟŬɔɤɔɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɤɜ ɗɖɚɡəɩɜ Ae. albopictus. ȹŮŭɞɛɏɜɞɡ Űɞɡ ŮɜŭɘŬ- űɏɟɞɜŰɞɠ 

űŬɘɜɞŰɨɞ́ɡ ́ɞɡ Ŭ́ɟŬŰɖɟɐɗɖəŮ ɛŮŰɎ Ŭ́ɧ ɛŮɟɘəɐ ůɑɔɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ Ɂorma3 ɛɏůɤ ɢɞɟɐɔɖůɖɠ 

dsRNA (ɓɚ. ȷˊɞŰŮɚɏůɛŬŰŬ) ŭɘŮɟŮɡɜɞɨɛŮ Űɖɜ Ů́ɑŭɟŬůɖ ůŰɞ űŬɘɜɧŰɡɞ́ Űɞɡ ŮɜŰɧɛɞɡ ɛŮŰɎ Ŭ́ɧ Űɖɜ 

ˊɚɐɟɖ ŬŭɟŬɜɞˊɞɑɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ ɛŮ CRISPR/Cas9 ɛŮŰŬɚɚŬɝɘɔɏɜŮůɖ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɑɜŬɘ ɞ 

ˊɚɖɗɡůɛɧɠ Űɤɜ ŮɜŰɧɛɤɜ ɛŬɠ ɓɘɩůɘɛɞɠ, ůɢŮŭɘɎɕɞɡɛŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɘŭɘəɩɜ ůŰŮɚŮɢɩɜ ŮɜŰɧɛɤɜ 

ɧ́ɞɡ ŰŬ ɗɖɚɡəɎ ɗŬ űɏɟɞɡɜ ůŰɞ ɔɞɜɘŭɑɤɛɎ Űɞɡɠ Űɖɜ ɟ́ɤŰŮȶɜɖ Cas9 Ůɜɩ ŰŬ ŬɟůŮɜɘəɎ ɗŬ űɏɟɞɡɜ ŰŬ 

guide RNA ɏɜŬɜŰɘ Űɤɜ ɔɞɜɘŭɑɤɜ-ůŰɧɢɤɜ ɛŬɠ. 

2.   ȰɚŮɔɢɞɠ Űɖɠ Ů́ɑŭɟŬůɖɠ ɞ́ɡ ɏɢɞɡɜ ɎɚɚŬ ɔɞɜɑŭɘŬ ůŰɞɜ űŬɘɜɧŰɡɞ́ ɞ́ɡ ɛŮɚŮŰɎɛŮ: ŪŬ Ŭ- əɞɚɞɡɗɐůŮɘ 

RNAi ůɑɔɖůɖ ˊŮɟɘůůɧŰŮɟɤɜ ɔɞɜɘŭɑɤɜ, ɖ ɏəűɟŬůɖ Űɤɜ ɞɞ́ɑɤɜ ɜŬ: 

Ŭ) ŮɑɜŬɘ ɘůŰɞ-Ůɘŭɘəɐ ɔɘŬ Űɘɠ ɤɞɗɐəŮɠ əŬɘ 

ɓ) ŬɡɝɎɜŮŰŬɘ ɛŮŰɎ Ŭ́ɧ Űɖɜ ɚɐɣɖ ɔŮɨɛŬŰɞɠ ŬɑɛŬŰɞɠ 

ɇŬ ɔɞɜɑŭɘŬ ɞ́ɡ ɗŬ ɞŭɖɔɐůɞɡɜ ůŰɞɜ ɘ́ɞ ŮɜŰɡɤ́ůɘŬəɧ űŬɘɜɧŰɡɞ́ ɗŬ ůɘɔɖɗɞɨɜ ůɡɜŭɡŬ- ůŰɘəɎ ɛɏůɤ 

Űɖɠ ŰŬɡŰɧɢɟɞɜɖɠ ɢɞɟɐɔɖůɖɠ dsRNA ɏɜŬɜŰɘ ŬɡŰɩɜ. ŪŬ ŬəɞɚɞɡɗɐůŮɘ ɟ́ɞů- ŭɘɞɟɘůɛɧɠ Űɞɡ ɓŬɗɛɞɨ 

ůɑɔɖůɖɠ Űɤɜ ɔɞɜɘŭɑɤɜ-ůŰɧɢɤɜ əŬɘ ́ŬɟŬŰɐɟɖůɖ Űɞɡ űŬɘɜɞŰɨɞ́ɡ ́ɞɡ ɗŬ ɟ́ɞəɨɣŮɘ. 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ɄɟɧůűŬŰɖ ɛŮɚɏŰɖ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɛŬɠ (Belavilas et al, 2022) ŬɜɏŭŮɘɝŮ Űɖ ůɖɛŬůɑŬ ɞɟɘůɛɏɜɤɜ lncRNA 

ɛɞɟɑɤɜ ůŰɞɜ űŬɘɜɧŰɡˊɞ ɤɞŬˊɩɗŮůɖɠ əŬɘ ŮəəɧɚŬɣɖɠ Űɤɜ Ŭɡɔɩɜ Űɤɜ ȷe. albopictus. ɇŬ Ůɜ ɚɧɔɤ 

lncRNAs ŰŬɡŰɞˊɞɘɐɗɖəŬɜ ɤɠ ŭɘŬűɞɟɘəɎ ŮəűɟŬɕɧɛŮɜŬ ůŰɘɠ ɤɞɗɐəŮɠ ɗɖɚɡəɩɜ Ů- ɜŰɧɛɤɜ ɛŮŰɎ Űɖ ɚɐɣɖ 

ŬɑɛŬŰɞɠ. ȼ əŬŰŬůŰɞɚɐ Űɖɠ ɏəűɟŬůɖɠ Ůɜɧɠ Ůɝ ŬɡŰɩɜ, ɞŭɐɔɖůŮ ůŮ ɛŮɑɤůɖ  

Űɖɠ ŬɜŬˊŬɟŬɔɤɔɘəɐɠ ɘəŬɜɧŰɖŰŬɠ əŬŰɎ 73%. ɄŮɟɘůůɧŰŮɟŬ Ŭˊɧ ɏɝɘ ŬəɧɛŬ ɔɞɜɑŭɘŬ Űɖɠ Ŭɟɢɘəɐɠ ŬɜɎɚɡůɖɠ 

ɢɟɐɕɞɡɜ ŬɜŰɑůŰɞɘɢɖɠ ɛŮɚɏŰɖɠ. ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɗŬ ŬɜɞɑɝŮɘ Űɞɜ ŭɟɧɛɞ ɔɘŬ Űɖ ůŰɞ- ɢŮɡɛɏɜɖ əŬɘ Ůɘŭɞ-

Ůɘŭɘəɐ ɛŮɑɤůɖ Űɤɜ ˊɚɖɗɡůɛɩɜ Űɤɜ əɞɡɜɞɡˊɘɩɜ Ae. albopictus. 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȷˊɧ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ Ŭˊɧ ŰŬ ˊɟɞəŬŰŬɟəŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɛŬɠ ˊɟɞəɨ- ˊŰŮɘ ɧŰɘ 

ŰŬ lncRNA ɛˊɞɟɞɨɜ ˊɟɎɔɛŬŰɘ ɜŬ ŮˊɖɟŮɎůɞɡɜ Űɞɜ űŬɘɜɧŰɡˊɞ. ȷɜŬɛɏɜɞɡɛŮ ɧŰɘ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ 

ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɗŬ ɛˊɞɟɏůɞɡɛŮ ɜŬ ɛŮɚŮŰɐůɞɡɛŮ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ɞɟɘůɛɏɜŬ ɛɖ-əɤŭɘəɎ 

ɔɞɜɑŭɘŬ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŬɜŬˊŬɟŬɔɤɔɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ɗɖɚɡəɩɜ əɞɡ- ɜɞɡˊɘɩɜ Ae. albopictus əŬɘ əŬŰɎ 

ˊɧůɞ ɖ ůŰɧɢŮɡůɐ Űɞɡɠ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞɜ ɏ- ɚŮɔɢɞ Űɞɡ ˊɚɖɗɡůɛɞɨ Űɞɡɠ. ȷəɧɛɖ, ɗŬ 
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ɄŮɟɑɚɖɣɖ 
ȼ Salmonella spp.  ůɨɛűɤɜŬ ɛŮ Űɞ ECDC ŮɑɜŬɘ Űɞ ˊɘɞ əɞɘɜɧ ŬɑŰɘɞ ŰɟɞűɘɛɞɔŮɜɩɜ Ůˊɘŭɖɛɘɩɜ, əŬŰŬɔɟɎűɞɜŰŬɠ Űɞ 

2020 ůŰɖɜ Ⱥ.Ⱥ. 694 ŮˊɘŭɖɛɑŮɠ. ɆŰɞ Ⱥɗɜɘəɧ ȾɏɜŰɟɞ ȷɜŬűɞɟɎɠ ɆŬɚɛɞɜŮɚɚɩɜ (ȺȾȷɆ) ŬˊɞůŰɏɚɚɞɜŰŬɘ əɚɘɜɘəɎ 

əŬɚɚɘŮɟɔɐɛŬŰŬ ůŬɚɛɞɜŮɚɩɜ ɛŮ ůəɞˊɧ Űɖɜ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ ŮˊɘŰɐɟɖůɖ. ɇɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2022 ɏɔɘɜŮ 

Ůɜɖɛɏɟɤůɖ Ŭˊɧ Űɞɜ ȺɃȹɈ ůɢŮŰɘəɎ ɛŮ ůɡɟɟɞɐ əɟɞɡůɛɎŰɤɜ ɡŭŬŰɞɔŮɜɞɨɠ ůŬɚɛɞɜɏɚɤůɖɠ ůŮ ˊŮɟɘɞɢɐ Űɖɠ 

ɄŮɚɞˊɞɜɜɐůɞɡ. ɆŰɞ ȺȾȷɆ ŮůŰɎɚɖůŬɜ ůɡɜɞɚɘəɎ 10 əŬɚɚɘŮɟɔɐɛŬŰŬ Salmonella spp, 8 əɚɘɜɘəɎ əŬɘ 2 Ŭˊɧ ˊɧůɘɛɞ 

ɜŮɟɧ Űɖɠ ˊŮɟɘɞɢɐɠ. ɇŬ əŬɚɚɘŮɟɔɐɛŬŰŬ ɞɟɞŰɡˊɞˊɞɘɐɗɖəŬɜ ɤɠ S. Bovismorbificans. ȼ ɛɞɟɘŬəɐ Űɡˊɞˊɞɑɖůɖ ɏŭŮɘɝŮ 

ɧŰɘ ŰŬ əŬɚɚɘŮɟɔɐɛŬŰŬ Űɖɠ ůɡɟɟɞɐɠ (əɚɘɜɘəɎ əŬɘ ɜŮɟɞɨ) ŮɑɢŬɜ ˊŬɜɞɛɞɘɧŰɡˊɞ ɛɞɟɘŬəɧ ˊɟɞűɑɚ əŬɘ ŭɘŬűɞɟŮŰɘəɧ 

ɛɞɟɘŬəɧ ˊɟɞűɑɚ Ŭˊɧ ŰŬ ŮˊɘŭɖɛɘɞɚɞɔɘəɎ ɛɖ ůɢŮŰɘɕɧɛŮɜŬ ɑŭɘɞɡ ɞɟɞŰɨˊɞɡ, əŬŰŬŭŮɘəɜɨɞɜŰŬɠ ɧŰɘ ɡˊɎɟɢŮɘ ɘůɢɡɟɐ 

ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɞɡɠ.  Ɇɡɜ-Ŭɝɘɞɚɧɔɖůɖ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ ŭɘŮɟŮɨɜɖůɖ 

ŮˊɘɓŮɓŬɑɤůŮ Űɖ ůɡůɢɏŰɘůɖ ŬɡŰɐ. ȼ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ əŬɘ ɖ ŮɟɔŬůŰɖɟɘŬəɐ ŮˊɘŰɐɟɖůɖ Űɖɠ ůŬɚɛɞɜɏɚɤůɖɠ, ˊɟɏˊŮɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ˊŬɟɎɚɚɖɚŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ůɡɜɎɔɞɜŰŬɘ ŬůűŬɚɐ ůɡɛˊŮɟɎůɛŬŰŬ əŬɘ ɜŬ ɔɑɜɞɜŰŬɘ ɏɔəŬɘɟŬ 

ˊŬɟŮɛɓɎůŮɘɠ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ 

Salmonella, ɞɟɧŰɡˊɞɠ, ŮˊɘŰɐɟɖůɖ, ŮˊɘŭɖɛɑŬ 
 

 

ȺɘůŬɔɤɔɐ 

ȼ Salmonella spp.  ůɨɛűɤɜŬ ɛŮ Űɞ ȺɡɟɤˊŬɥəɧ ȾɏɜŰɟɞ Ⱥɚɏɔɢɞɡ ɁɞůɖɛɎŰɤɜ ŬˊɞŰŮɚŮɑ Űɖ çɓŬůɑɚɘůůŬè 

Űɤɜ ŰɟɞűɘɛɞɔŮɜɩɜ ˊŬɗɞɔɧɜɤɜ ɛɘəɟɞɓɑɤɜ. ũɘŬ Űɞ ɏŰɞɠ 2020 ɖ ɛɏůɖ ŮŰɐůɘŬ ŭɖɚɞɨɛŮɜɖ ŮˊɑˊŰɤůɖ 

ůŬɚɛɞɜɏɚɤůɖɠ ůŰɘɠ ɢɩɟŮɠ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ  ɐŰŬɜ 13,7 /100.000 ˊɚɖɗɡůɛɞɨ əŬɘ ůŰɖɜ  ȺɚɚɎŭŬ 

ŬɜŰɑůŰɞɘɢŬ 3,57/100.000 ˊɚɖɗɡůɛɞɨ, Ůɜɩ ɔɘŬ Űɖɜ ŰŮŰɟŬŮŰɑŬ 2016-2019 ɐŰŬɜ əŬŰɎ ɛɏůɞ ɧɟɞ ůŰɖɜ Ⱥ.Ⱥ. 

19,5/100.000,  əŬɘ ůŰɖɜ ȺɚɚɎŭŬ 6,38/100.000 ˊɚɖɗɡůɛɞɨ. ȼ ɛŮɑɤůɖ Űɖɠ ŭɖɚɤɗŮɑůŬɠ ŮˊɑˊŰɤůɖɠ ˊɘɗŬɜɎ 

ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊŬɜŭɖɛɑŬ COVID-19, ɧˊɞɡ ɖ  ŮűŬɟɛɞɔɐ ˊŮɟɘɞɟɘůŰɘəɩɜ ɛɏŰɟɤɜ ˊŮɟɘɧɟɘůŮ Űɖɜ ɏəɗŮůɖ 

Űɞɡ ˊɚɖɗɡůɛɞɨ ůŮ ˊɘɗŬɜɞɨɠ əɘɜŭɨɜɞɡɠ ŬɚɚɎ əŬɘ ɞɘ ɛɖɢŬɜɘůɛɞɑ Űɖɠ ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ ŮɑɢŬɜ ůŰɟŬűŮɑ ůŰɖ 

ŭɘŬɢŮɑɟɘůɖ Űɖɠ ˊŬɜŭɖɛɑŬɠ. ȼ ɆŬɚɛɞɜɏɚŬ ŮɑɜŬɘ Űɞ ˊɘɞ əɞɘɜɧ ŬɑŰɘɞ ŰɟɞűɘɛɞɔŮɜɩɜ Ůˊɘŭɖɛɘɩɜ. ɇɞ 2020 

əŬŰŬɔɟɎűɖəŬɜ ůŰɖɜ Ⱥ.Ⱥ. 694 ŮˊɘŭɖɛɑŮɠ. 

 

 ɆŰɞ Ⱥɗɜɘəɧ ȾɏɜŰɟɞ ȷɜŬűɞɟɎɠ ɆŬɚɛɞɜŮɚɩɜ (ȺȾȷɆ) ŬˊɞůŰɏɚɚɞɜŰŬɘ əŬɚɚɘŮɟɔɐɛŬŰŬ ůŬɚɛɞɜŮɚɩɜ ˊɞɡ 

ŬˊɞɛɞɜɩɜɞɜŰŬɘ Ŭˊɧ ɧɚŬ ŰŬ ɁɞůɞəɞɛŮɑŬ Űɖɠ ȺɚɚɎŭɞɠ ɔɘŬ ˊŮɟŬɘŰɏɟɤ Űɡˊɞˊɞɑɖůɖ əŬɘ ɢŬɟŬəŰɖɟɘůɛɧ, ɛŮ 

ůəɞˊɧ Űɖɜ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ ŮˊɘŰɐɟɖůɖ Űɤɜ ůŰŮɚŮɢɩɜ ˊɞɡ əɡəɚɞűɞɟɞɨɜ ůŰɖɜ ȺɚɚɎŭŬ, ɤɠ ˊɟɞɠ Űɞɜ 

ɞɟɧŰɡˊɞ, Űɖɜ ŬɜŰɞɢɐ ůŮ ŬɜŰɘɓɘɞŰɘəɎ ə.ɚ.ˊ. ɆŰɧɢɞɠ Űɖɠ ŮɟɔŬůŰɖɟɘŬəɐɠ ŮˊɘŰɐɟɖůɖɠ ŮɑɜŬɘ ɜŬ 

ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ  ŮɔəŬɑɟɤɠ ŬɜɞɘɢŰɏɠ ůɡɟɟɞɏɠ əɟɞɡůɛɎŰɤɜ ůŬɚɛɞɜɏɚɤůɖɠ ŬɚɚɎ əŬɘ ˊɘɗŬɜɏɠ ŬɡɝɖŰɘəɏɠ 

ŰɎůŮɘɠ-ŭɘŬůˊɞɟɎ əɎˊɞɘɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ůŰŮɚŮɢɩɜ, ɛŮ ůəɞˊɧ Űɘɠ ɎɛŮůŮɠ ŮɜɏɟɔŮɘŮɠ ˊŬɟɏɛɓŬůɖɠ ɔɘŬ Űɖɜ 

ˊɟɞůŰŬůɑŬ Űɖɠ ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ. 
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Ƀ ɞɟɧŰɡˊɞɠ S. Bovismorbificans ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ůŰɖɜ ȺɚɚɎŭŬ ŮɑɜŬɘ ɏɜŬɠ Ŭˊɧ Űɞɡɠ 5 ůɡɢɜɧŰŮɟɞɡɠ 

ɞɟɧŰɡˊɞɡɠ Ŭˊɧ əɚɘɜɘəɎ ŭŮɑɔɛŬŰŬ ɛŮ ůɡɢɜɧŰɖŰŬ Ŭˊɞɛɧɜɤůɖɠ Űɖɜ ˊŮɟɑɞŭɞ 2015-2019 4,55%, Ůɜɩ Űɞ 

2020 ŬɡɝɐɗɖəŮ ŭɟŬɛŬŰɘəɎ ůŮ ˊɞůɞůŰɧ 13,1%.   

 

ɇɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2022 ɏɔɘɜŮ Ůɜɖɛɏɟɤůɖ Ŭˊɧ Űɞɜ Ⱥɗɜɘəɧ ɃɟɔŬɜɘůɛɧ ȹɖɛɧůɘŬɠ ɈɔŮɑŬɠ ůɢŮŰɘəɎ ɛŮ 

ůɡɟɟɞɐ əɟɞɡůɛɎŰɤɜ ɡŭŬŰɞɔŮɜɞɨɠ ɔŬůŰɟŮɜŰŮɟɑŰɘŭŬɠ ůŮ ˊŮɟɘɞɢɐ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ, ɞűŮɘɚɧɛŮɜɖ ůŰɞ 

ɓŬəŰɐɟɘɞ Űɖɠ ůŬɚɛɞɜɏɚŬɠ, ɛŮ ŬɑŰɖɛŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Űɡˊɞˊɞɑɖůɖ  Űɤɜ əŬɚɚɘŮɟɔɖɛɎŰɤɜ 

ůŬɚɛɞɜɏɚŬɠ Ŭˊɧ ŬůɗŮɜŮɑɠ Űɖɠ ŮˊɘŭɖɛɑŬɠ ŬɚɚɎ əŬɘ Ŭˊɧ ˊɧůɘɛɞ ɜŮɟɧ əŬɘ ɜŬ ɔɑɜŮɘ ŮɟɔŬůŰɖɟɘŬəɐ 

ŭɘŮɟŮɨɜɖůɖ.  

 

Ɇəɞˊɧɠ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɗŬ ˊŮɟɘɔɟŬűŮɑ ɖ ŮɟɔŬůŰɖɟɘŬəɐ ŭɘŮɟŮɨɜɖůɖ ɡŭŬŰɞɔŮɜɞɨɠ ŮˊɘŭɖɛɑŬɠ 

ůŬɚɛɞɜɏɚɤůɖɠ ůŰɖɜ ȺɚɚɎŭŬ, Űɖɜ ˊŮɟɑɞŭɞ ɆŮˊŰɏɛɓɟɘɞɠ-ɃəŰɩɓɟɘɞɠ 2022 əŬɘ ɖ ŬɜŮɨɟŮůɖ Űɖɠ ˊɘɗŬɜɐɠ 

əɞɘɜɐɠ ˊɖɔɐɠ ɛɧɚɡɜůɖɠ. 

 

ɈɚɘəɎ əŬɘ ɀɏɗɞŭɞɘ 

ɆŰɞ ȺȾȷɆɆ ŮůŰɎɚɖůŬɜ ůɡɜɞɚɘəɎ 10 əŬɚɚɘŮɟɔɐɛŬŰŬ Salmonella spp ˊɞɡ ŬűɞɟɞɨůŬɜ ůŰɖ ůɡɟɟɞɐ 

əɟɞɡůɛɎŰɤɜ ůŬɚɛɞɜɏɚɤůɖɠ, 8 əɚɘɜɘəɎ əŬɘ 2 Ŭˊɧ ɜŮɟɧ Űɖɠ ˊŮɟɘɞɢɐɠ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ɞɟɞŰɡˊɞˊɞɑɖůɖ ɛŮ Űɖ ɛɏɗɞŭɞ  ɞɟɞůɡɔəɧɚɚɖůɖ Ůˊɑ ˊɚŬəɧɠ, (Kaufmann-White Le Minor Scheme).  

ɀŮɚŮŰɐɗɖəŬɜ ɧɚŬ ŰŬ əŬɚɚɘŮɟɔɐɛŬŰŬ ɤɠ ˊɟɞɠ Űɖɜ ŬɜŰɞɢɐ Űɞɡɠ ůŮ ɛɘŬ ɞɛɎŭŬ 16 ŬɜŰɘɛɘəɟɞɓɘŬəɩɜ 

ɞɡůɘɩɜ ˊɞɡ Ůəˊɟɞůɤˊɞɨɜ ɧɚŮɠ  Űɘɠ əɚŬůɘəɏɠ  ɞɛɎŭŮɠ (əŮűŬɚɞůˊɞɟɑɜŮɠ, əŬɟɓŬˊŮɜɏɛŮɠ, ŬɛɘɜɞɔɚɡəɞůɑŭŮɠ 

ə.Ɏ.) ɛŮ Űɖ ɛɏɗɞŭɞ Kirby-Bauer (əŬŰɎ EUCAST) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɏɔɘɜŮ ɛɞɟɘŬəɐ Űɡˊɞˊɞɑɖůɖ ɛŮ Űɖ 

ɛɏɗɞŭɞ Űɖɠ ˊɏɣɖɠ Űɞɡ DNA  ɛŮ ˊŮɟɘɞɟɘůŰɘəɐ ŮɜŭɞɜɞɡəɚŮɎůɖ əŬɘ ɖɚŮəŰɟɞűɧɟɖůɖ ůŮ ˊŬɚɚɧɛŮɜɞ ˊŮŭɑɞ 

(Pulsed Field Gel Electrophoresis-PFGE). ɇɞ ȹŮɜŭɟɧɔɟŬɛɛŬ əŬŰŬůəŮɡɎůŰɖəŮ ɛŮ Űɞ ɄɟɧɔɟŬɛɛŬ 

Bionumerics 6.6 (Applied Maths). ɆŰɖ ɛɞɟɘŬəɐ Űɡˊɞˊɞɑɖůɖ ůɡɛˊŮɟɘɚɐűɗɖəŬɜ əŬɘ ŭɨɞ ɛɖ ůɢŮŰɘɕɧɛŮɜŬ 

ŮˊɘŭɖɛɘɞɚɞɔɘəɎ əŬɚɚɘŮɟɔɐɛŬŰŬ S. Bovismorbificans (ŭɘŬűɞɟŮŰɘəɐ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ əŬɘ, ŭɘŬűɞɟŮŰɘəɐ 

ɔŮɤɔɟŬűɘəɐ ˊŮɟɘɞɢɐ Ŭˊɞɛɧɜɤůɖɠ). 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȳɚŬ ŰŬ əŬɚɚɘŮɟɔɐɛŬŰŬ ŬɜɐəŬɜ  ůŰɞɜ ɞɟɧŰɡˊɞ Salmonella enterica enterica ser. Bovismorbificans 

(ŮəŰɧɠ  Ůɜɧɠ Ŭˊɧ Ŭˊɧ ŰŬ ŭŮɑɔɛŬŰŬ ɜŮɟɞɨ ˊɞɡ ŬɜɐəŮ ůŰɞɜ ɞɟɧŰɡˊɞ S.Bardo) əŬɘ  ɐŰŬɜ ŮɡŬɑůɗɖŰŬ ůŰŬ 

ŮɝŮŰŬůɗɏɜŰŬ ŬɜŰɘɓɘɞŰɘəɎ. ȼ ɛɞɟɘŬəɐ Űɡˊɞˊɞɑɖůɖ  8 əŬɚɚɘŮɟɔɖɛɎŰɤɜ Űɖɠ ůɡɟɟɞɐɠ əŬɘ 2 

əŬɚɚɘŮɟɔɖɛɎŰɤɜ ŮˊɘŭɖɛɘɞɚɞɔɘəɎ ɛɖ ůɢŮŰɘɕɧɛŮɜɤɜ ɑŭɘɞɡ ɞɟɞŰɨˊɞɡ (ŭɘŬűɞɟŮŰɘəɐ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 

Ŭˊɞɛɧɜɤůɖɠ əŬɘ ŭɘŬűɞɟŮŰɘəɐ ɔŮɤɔɟŬűɘəɐ ˊŮɟɘɞɢɐ) ɏŭŮɘɝŮ ɧŰɘ ŰŬ əŬɚɚɘŮɟɔɐɛŬŰŬ Űɖɠ ůɡɟɟɞɐɠ ŮɑɢŬɜ 

ˊŬɜɞɛɞɘɧŰɡˊɞ ɛɞɟɘŬəɧ ˊɟɞűɑɚ (100% ɞɛɞɘɧŰɖŰŬ) əŬɘ ŭɘŬűɞɟŮŰɘəɧ ɛɞɟɘŬəɧ ˊɟɞűɑɚ Ŭˊɧ ŰŬ 

ŮˊɘŭɖɛɘɞɚɞɔɘəɎ ɛɖ ůɢŮŰɘɕɧɛŮɜŬ (ũɟɎűɖɛŬ 1). 

 
ũɟɎűɖɛŬ 1: ȹŮɜŭɟɧɔɟŬɛɛŬ ɛŮ ŰŬ ɛɞɟɘŬəɎ ˊɟɞűɑɚ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ 

ɛɞɟɘŬəɐɠ Űɡˊɞˊɞɑɖůɖɠ PFGE. ɇŬ əŬɚɚɘŮɟɔɐɛŬŰŬ 73/22 əŬɘ 82/22 ŮɑɜŬɘ ŮˊɘŭɖɛɘɞɚɞɔɘəɎ ɛɖ 

ůɢŮŰɘɕɧɛŮɜŬ ɛŮ Űɖ ůɡɟɟɞɐ. 
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ɆɡɛˊŮɟɎůɛŬŰŬ 

ȷˊɧ Űɖɜ ŮɟɔŬůŰɖɟɘŬəɐ ŭɘŮɟŮɨɜɖůɖ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɡˊɎɟɢŮɘ ɘůɢɡɟɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɞɡ 

əŬɚɚɘŮɟɔɐɛŬŰɞɠ S. Bovismorbificans Ŭˊɧ Űɞ ˊɧůɘɛɞ ɜŮɟɧ Űɖɠ ˊŮɟɘɞɢɐɠ əŬɘ Űɤɜ əɚɘɜɘəɩɜ 

əŬɚɚɘŮɟɔɖɛɎŰɤɜ Ɇɡɜ-Ŭɝɘɞɚɧɔɖůɖ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ ŭɘŮɟŮɨɜɖůɖ 

ŮˊɘɓŮɓŬɑɤůŮ Űɖ ůɡůɢɏŰɘůɖ ŬɡŰɐ.  

 

ȼ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ əŬɘ ɖ ŮɟɔŬůŰɖɟɘŬəɐ ŮˊɘŰɐɟɖůɖ Űɤɜ əɟɞɡůɛɎŰɤɜ ůŬɚɛɞɜɏɚɤůɖɠ, ůŰŬ ˊɚŬɑůɘŬ əŬɘ Űɖɠ 

ŮˊɘŰɐɟɖůɖɠ ŬɚɚɎ əŬɘ Űɖɠ ŭɘŮɟŮɨɜɖůɖɠ ŰɟɞűɘɛɞɔŮɜɩɜ Ůˊɘŭɖɛɘɩɜ, ˊɟɏˊŮɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ 

ˊŬɟɎɚɚɖɚŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ůɡɜɎɔɞɜŰŬɘ ŬůűŬɚɐ ůɡɛˊŮɟɎůɛŬŰŬ əŬɘ ɜŬ ɔɑɜɞɜŰŬɘ ɏɔəŬɘɟŬ ˊŬɟŮɛɓɎůŮɘɠ 

ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ. 
 

 

ȸɘɓɚɘɞɔɟŬűɑŬ 

ȺˊɘŭɖɛɘɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖ ůŬɚɛɞɜɏɚɤůɖ ůŰɖɜ ȺɚɚɎŭŬ, 2014-2020, ȺɃȹɈ (2021) 

EFSA and ECDC (European Food Safety Authority and European Centre for 

Disease Prevention and Control), 2021. The European Union One Health 2020 Zoonoses Report. EFSA 

Journal 2021;19(12):6971, 324 pp. https://doi.org/10.2903/j.efsa.2021.6971 
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ȹɘŮɟŮɨɜɖůɖ ŰɟɞűɘɛɞɔŮɜɞɨɠ ŮˊɘŭɖɛɑŬɠ Ŭˊɧ Salmonella enterica enterica ser. Give 
 

ɁɇɃɈɅɃ ɁŰŬɔɘɎɜŬ, ɄȷɄȷũȺɋɅũȽɃɈ ũŮɩɟɔɘɞɠ, KARAJ ũɟɖɔɧɟɖɠ, ɇɅȷũȷɅȼ ȹɐɛɖŰɟŬ,  

ɆȽȹȺɅɃũȿɃɈ ŪŮɞɚɞɔɑŬ, ɉɅɈɆɃɆɇɃɀɃɈ ȷɜɗɐ, ɄɃȿȺɀȼɆ ɀɘɢɎɚɖɠ, ɀȺȿȿɃɈ ȾŬůůɘŬɜɐ, 

ɀȷɁȹȼȿȷɅȷ ũŮɤɟɔɑŬ 

 
ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȺȾɄȷ, ɀŮŰŬˊŰɡɢɘŬəɐ űɞɘŰɐŰɟɘŬ,  ntanintou98@gmail.com 

ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȺȾɄȷ, ɀŮŰŬˊŰɡɢɘŬəɧɠ űɞɘŰɖŰɐɠ, gepapageo@biol.uoa.gr 

ɇɛɐɛŬ ȸɘɞɚɞɔɑŬɠ, ȺȾɄȷ, ɄɟɞˊŰɡɢɘŬəɧɠ űɞɘŰɖŰɐɠ, grigorioskaraj@gmail.com 

ɇɛɐɛŬ ȸɘɞɥŬŰɟɘəɩɜ ȺˊɘůŰɖɛɩɜ, Ʉȷȹȷ, ɄɟɞˊŰɡɢɘŬəɐ űɞɘŰɐŰɟɘŬ, bisc19678310@uniwa.gr 

Ⱥɗɜɘəɧɠ ɃɟɔŬɜɘůɛɧɠ ȹɖɛɧůɘŬɠ ɈɔŮɑŬɠ, t.siderouglou@eody.gov.gr, a.chrysostomou@eody.gov.gr, 

m.polemis@eody.gov.gr , k.mellou@eody..gov.gr 

Ⱥɗɜɘəɧ ȾɏɜŰɟɞ ȷɜŬűɞɟɎɠ ɆŬɚɛɞɜŮɚɩɜ, ɇɛɐɛŬ ɄɞɚɘŰɘəɩɜ ȹɖɛɧůɘŬɠ ɈɔŮɑŬɠ, Ɇɢɞɚɐ ȹɖɛɧůɘŬɠ ɈɔŮɑŬɠ 

ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ȷŰŰɘəɐɠ, gmandilara@uniwa.gr 

 

 

ɄŮɟɑɚɖɣɖ 
ȼ Salmonella spp.  ŬˊɞŰŮɚŮɑ  Űɞ ˊɘɞ əɞɘɜɧ ŬɑŰɘɞ ŰɟɞűɘɛɞɔŮɜɩɜ Ůˊɘŭɖɛɘɩɜ ůɨɛűɤɜŬ ɛŮ Űɞ ECDC, əŬŰŬɔɟɎűɞɜŰŬɠ 

Űɞ 2020 ůŰɖɜ Ⱥ.Ⱥ. 694 ŮˊɘŭɖɛɑŮɠ. ɆŰɞ Ⱥɗɜɘəɧ ȾɏɜŰɟɞ ȷɜŬűɞɟɎɠ ɆŬɚɛɞɜŮɚɚɩɜ (ȺȾȷɆ) ŬˊɞůŰɏɚɚɞɜŰŬɘ əɚɘɜɘəɎ 

əŬɚɚɘŮɟɔɐɛŬŰŬ ůŬɚɛɞɜŮɚɩɜ ɛŮ ůəɞˊɧ Űɖɜ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ ŮˊɘŰɐɟɖůɖ. ɇɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2022 ɏɔɘɜŮ 

Ůɜɖɛɏɟɤůɖ Ŭˊɧ Űɞɜ ȺɃȹɈ ůɢŮŰɘəɎ ɛŮ ůɡɟɟɞɐ əɟɞɡůɛɎŰɤɜ ŰɟɞűɘɛɞűŮɜɞɨɠ ůŬɚɛɞɜɏɚɤůɖɠ ůŮ ˊŮɟɘɞɢɐ Űɖɠ 

ɄŮɚɞˊɞɜɜɐůɞɡ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ ˊŬɜɖɔɡɟɘɞɨ. ɆŰɞ ȺȾȷɆ ŮůŰɎɚɖůŬɜ ůɡɜɞɚɘəɎ 16 əɚɘɜɘəɎ əŬɚɚɘŮɟɔɐɛŬŰŬ 

Salmonella spp, əŬɘ 1 əŬɚɚɘɏɟɔɖɛŬ Ŭˊɧ ɣɖɛɏɜɞ ɢɞɘɟɘɜɧ əɟɏŬɠ (ɔɞɡɟɞɡɜɞˊɞɨɚŬ). ɇŬ əŬɚɚɘŮɟɔɐɛŬŰŬ 

ɞɟɞŰɡˊɞˊɞɘɐɗɖəŬɜ ɤɠ S. Give. ȼ Ŭɟɢɘəɐ ɛɞɟɘŬəɐ Űɡˊɞˊɞɑɖůɖ ɏŭŮɘɝŮ ɧŰɘ əŬɚɚɘŮɟɔɐɛŬŰŬ Űɖɠ ůɡɟɟɞɐɠ (əɚɘɜɘəɎ 

əŬɘ Űɟɞűɑɛɞɡ) ŮɑɢŬɜ ˊŬɜɞɛɞɘɧŰɡˊɞ ɛɞɟɘŬəɧ ˊɟɞűɑɚ əŬɘ ŭɘŬűɞɟŮŰɘəɧ ɛɞɟɘŬəɧ ˊɟɞűɑɚ Ŭˊɧ ŰŬ ŮˊɘŭɖɛɘɞɚɞɔɘəɎ ɛɖ 

ůɢŮŰɘɕɧɛŮɜŬ ɑŭɘɞɡ ɞɟɞŰɨˊɞɡ, əŬŰŬŭŮɘəɜɨɞɜŰŬɠ ɧŰɘ ˊɘɗŬɜɎ ɡˊɎɟɢŮɘ ɘůɢɡɟɐ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɞɡɠ.  

ɆɡɜŬɝɘɞɚɧɔɖůɖ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ ŭɘŮɟŮɨɜɖůɖ ɗŬ ŮˊɘɓŮɓŬɘɩůŮɘ Űɖ 

ůɡůɢɏŰɘůɖ ŬɡŰɐ. ȼ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ əŬɘ ɖ ŮɟɔŬůŰɖɟɘŬəɐ ŮˊɘŰɐɟɖůɖ Űɖɠ ůŬɚɛɞɜɏɚɤůɖɠ, ˊɟɏˊŮɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ˊŬɟɎɚɚɖɚŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ůɡɜɎɔɞɜŰŬɘ ŬůűŬɚɐ ůɡɛˊŮɟɎůɛŬŰŬ əŬɘ ɜŬ ɔɑɜɞɜŰŬɘ ɏɔəŬɘɟŬ 

ˊŬɟŮɛɓɎůŮɘɠ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ 

Salmonella, ɞɟɧŰɡˊɞɠ, ŮˊɘŰɐɟɖůɖ, ŮˊɘŭɖɛɑŬ 
 

 

ȺɘůŬɔɤɔɐ 

ȼ ɛɖ ŰɡűɞŮɘŭɐɠ-ˊŬɟŬŰɡűɘəŮɘŭɐɠ ůŬɚɛɞɜɏɚɚɤůɖ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɟɧɓɚɖɛŬ 

ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ. ũɘŬ Űɞ ɏŰɞɠ 2020 ɖ ɛɏůɖ ŮŰɐůɘŬ ŭɖɚɞɨɛŮɜɖ ŮˊɑˊŰɤůɖ ůŬɚɛɞɜɏɚɤůɖɠ ůŰɘɠ ɢɩɟŮɠ Űɖɠ 

ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ  ɐŰŬɜ 13,7/100.000 ˊɚɖɗɡůɛɞɨ əŬɘ ůŰɖɜ  ȺɚɚɎŭŬ ŬɜŰɑůŰɞɘɢŬ 3,57/100.000 

ˊɚɖɗɡůɛɞɨ, Ůɜɩ ɔɘŬ Űɖɜ ŰŮŰɟŬŮŰɑŬ 2016-2019 ɐŰŬɜ əŬŰɎ ɛɏůɞ ɧɟɞ ůŰɖɜ Ⱥ.Ⱥ. 19,5/100.000,  əŬɘ ůŰɖɜ 

ȺɚɚɎŭŬ 6,38/100.000 ˊɚɖɗɡůɛɞɨ. ȼ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ Űɖɠ ŭɖɚɤɗŮɑůŬɠ ŮˊɑˊŰɤůɖɠ ˊɘɗŬɜɎ ɞűŮɑɚŮŰŬɘ 

ůŰɖɜ ˊŬɜŭɖɛɑŬ COVID-19, ɧˊɞɡ ɖ  ŮűŬɟɛɞɔɐ ˊŮɟɘɞɟɘůŰɘəɩɜ ɛɏŰɟɤɜ ˊŮɟɘɧɟɘůŮ Űɖɜ ɏəɗŮůɖ Űɞɡ 

ˊɚɖɗɡůɛɞɨ ůŮ ˊɘɗŬɜɞɨɠ əɘɜŭɨɜɞɡɠ ŬɚɚɎ əŬɘ ɞɘ ɛɖɢŬɜɘůɛɞɑ Űɖɠ ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ ŮɑɢŬɜ ůŰɟŬűŮɑ ůŰɖ 

ŭɘŬɢŮɑɟɘůɖ Űɖɠ ˊŬɜŭɖɛɑŬɠ. ȼ ɆŬɚɛɞɜɏɚŬ ŮɑɜŬɘ Űɞ ˊɘɞ əɞɘɜɧ ŬɑŰɘɞ ŰɟɞűɘɛɞɔŮɜɩɜ Ůˊɘŭɖɛɘɩɜ. ɇŬ ŰŮɚŮɡŰŬɑŬ 

ɢɟɧɜɘŬ əŬŰŬɔɟɎűɞɜŰŬɘ ŬɜɞɘɢŰɏɠ ŮˊɘŭɖɛɑŮɠ ůŬɚɛɞɜɏɚɤůɖɠ ɛŮɔɎɚɖɠ ɏəŰŬůɖɠ, ɚɧɔɤ Űɖɠ 

ˊŬɔəɞůɛɘɞˊɞɑɖůɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɞɡ Ůɛˊɞɟɑɞɡ Űɟɞűɑɛɤɜ, Űɤɜ ɛŮŰŬəɘɜɐůŮɤɜ Űɞɡ ˊɚɖɗɡůɛɞɨ 

(ŰŬɝɑŭɘŬ, ɛŮŰŬɜɎůŰŮɡůɖ) əŬɘ Űɤɜ ŬɚɚŬɔɩɜ Űɞɡ Űɟɧˊɞɡ ɕɤɐɠ Űɤɜ ůɨɔɢɟɞɜɤɜ Ŭɜɗɟɩˊɤɜ (əŬŰŬɜɎɚɤůɖ 

ɏŰɞɘɛɤɜ ˊɟɞɠ əŬŰŬɜɎɚɤůɖ Űɟɞűɑɛɤɜ, ůɡɢɜɐ ŮˊɑůəŮɣɖ ůŮ ɢɩɟɞɡɠ ŮůŰɑŬůɖɠ, əŰɚ.). ɇɞ 2020 

əŬŰŬɔɟɎűɖəŬɜ ůŰɖɜ Ⱥ.Ⱥ. 694 ŮˊɘŭɖɛɑŮɠ ɛŮ ŮɛˊɚŮəɧɛŮɜŬ ŰɟɧűɘɛŬ ŰŬ ŬɡɔɎ əŬɘ Űɞ ɢɞɘɟɘɜɧ əɟɏŬɠ. 

 

ɆŰɞ Ⱥɗɜɘəɧ ȾɏɜŰɟɞ ȷɜŬűɞɟɎɠ ɆŬɚɛɞɜŮɚɩɜ (ȺȾȷɆ) ŬˊɞůŰɏɚɚɞɜŰŬɘ əŬɚɚɘŮɟɔɐɛŬŰŬ ůŬɚɛɞɜŮɚɩɜ ˊɞɡ 

ŬˊɞɛɞɜɩɜɞɜŰŬɘ Ŭˊɧ ɧɚŬ ŰŬ ɁɞůɞəɞɛŮɑŬ Űɖɠ ȺɚɚɎŭɞɠ ɔɘŬ ˊŮɟŬɘŰɏɟɤ Űɡˊɞˊɞɑɖůɖ əŬɘ ɢŬɟŬəŰɖɟɘůɛɧ, ɛŮ 

ůəɞˊɧ Űɖɜ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ ŮˊɘŰɐɟɖůɖ Űɤɜ ůŰŮɚŮɢɩɜ ˊɞɡ əɡəɚɞűɞɟɞɨɜ ůŰɖɜ ȺɚɚɎŭŬ, ɤɠ ˊɟɞɠ Űɞɜ 

ɞɟɧŰɡˊɞ, Űɖɜ ŬɜŰɞɢɐ ůŮ ŬɜŰɘɓɘɞŰɘəɎ ə.ɚ.ˊ. ɆŰɧɢɞɠ Űɖɠ ŮɟɔŬůŰɖɟɘŬəɐɠ ŮˊɘŰɐɟɖůɖɠ ŮɑɜŬɘ ɜŬ 
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ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ  ŮɔəŬɑɟɤɠ ŬɜɞɘɢŰɏɠ ůɡɟɟɞɏɠ əɟɞɡůɛɎŰɤɜ ůŬɚɛɞɜɏɚɤůɖɠ ŬɚɚɎ əŬɘ ˊɘɗŬɜɏɠ ŬɡɝɖŰɘəɏɠ 

ŰɎůŮɘɠ-ŭɘŬůˊɞɟɎ əɎˊɞɘɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ůŰŮɚŮɢɩɜ, ɛŮ ůəɞˊɧ Űɘɠ ɎɛŮůŮɠ ŮɜɏɟɔŮɘŮɠ ˊŬɟɏɛɓŬůɖɠ ɔɘŬ Űɖɜ 

ˊɟɞůŰŬůɑŬ Űɖɠ ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ. 

  

Ƀ ɞɟɧŰɡˊɞɠ S. Give ŮɑɜŬɘ ɏɜŬɠ ˊɞɚɨ ůˊɎɜɘɞɠ ɞɟɧŰɡˊɞɠ Ŭˊɧ əɚɘɜɘəɎ əŬɚɚɘŮɟɔɐɛŬŰŬ (0-1 

əŬɚɚɘŮɟɔɐɛŬŰŬ/ɏŰɞɠ), ɛŮ ŮɝŬɑɟŮůɖ Űɞ 2018, ɧˊɞɡ ŮɑɢŮ əŬŰŬɔɟŬűŮɑ ůɡɟɟɞɐ əɟɞɡůɛɎŰɤɜ ůŬɚɛɞɜɏɚɤůɖɠ  

Ŭˊɧ ŬɡŰɧɜ Űɞɜ ɞɟɧŰɡˊɞ ůŮ ɢɤɟɘɎ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ ɛŮ ŮɛˊɚŮəɧɛŮɜɞ Űɟɧűɘɛɞ ɣɖɛɏɜɞ ɢɞɘɟɘɜɧ əɟɏŬɠ 

(ɔɞɡɟɞɡɜɞˊɞɨɚŬ).  

 

ɇɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2022 ɏɔɘɜŮ Ůɜɖɛɏɟɤůɖ Ŭˊɧ Űɞɜ Ⱥɗɜɘəɧ ɃɟɔŬɜɘůɛɧ ȹɖɛɧůɘŬɠ ɈɔŮɑŬɠ ůɢŮŰɘəɎ ɛŮ 

ůɡɟɟɞɐ əɟɞɡůɛɎŰɤɜ ŰɟɞűɘɛɞɔŮɜɞɨɠ ɔŬůŰɟŮɜŰŮɟɑŰɘŭŬɠ ůŮ ˊŮɟɘɞɢɐ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ, ɏˊŮɘŰŬ Ŭˊɧ 

ˊŬɟɞɡůɑŬ Űɤɜ ŬůɗŮɜɩɜ ůŮ ˊŬɜɖɔɨɟɘ,  ɞűŮɘɚɧɛŮɜɖ ůŰɞ ɓŬəŰɐɟɘɞ Űɖɠ ůŬɚɛɞɜɏɚŬɠ, ɛŮ ŬɑŰɖɛŬ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Űɡˊɞˊɞɑɖůɖ  Űɤɜ əŬɚɚɘŮɟɔɖɛɎŰɤɜ ůŬɚɛɞɜɏɚŬɠ Ŭˊɧ ŬůɗŮɜŮɑɠ Űɖɠ ŮˊɘŭɖɛɑŬɠ ŬɚɚɎ əŬɘ 

Ŭˊɧ ɢɞɘɟɘɜɧ əɟɏŬɠ  əŬɘ ɜŬ ɔɑɜŮɘ ŮɟɔŬůŰɖɟɘŬəɐ ŭɘŮɟŮɨɜɖůɖ.  

 

Ɇəɞˊɧɠ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɗŬ ˊŮɟɘɔɟŬűŮɑ ɖ ŮɟɔŬůŰɖɟɘŬəɐ ŭɘŮɟŮɨɜɖůɖ ŰɟɞűɘɛɞɔŮɜɞɨɠ  ŮˊɘŭɖɛɑŬɠ 

ůŬɚɛɞɜɏɚɤůɖɠ ůŰɖɜ ȺɚɚɎŭŬ, Űɖɜ ˊŮɟɑɞŭɞ ɆŮˊŰɏɛɓɟɘɞɠ-ɃəŰɩɓɟɘɞɠ 2022 əŬɘ ɖ ŬɜŮɨɟŮůɖ Űɖɠ ˊɘɗŬɜɐɠ 

əɞɘɜɐɠ ˊɖɔɐɠ ɛɧɚɡɜůɖɠ, ŬɚɚɎ əŬɘ ɖ ˊɘɗŬɜɐ ůɡůɢɏŰɘůɖ ɛŮ ŰŬ əŬɚɚɘŮɟɔɐɛŬŰŬ Űɖɠ ůɡɟɟɞɐɠ əɟɞɡůɛɎŰɤɜ 

ůŬɚɛɞɜɏɚɤůɖɠ Ŭˊɧ Űɞɜ ɑŭɘɞ ɞɟɧŰɡˊɞ Űɞ 2018, ɛŮ ŮɛˊɚŮəɧɛŮɜɞ Űɟɧűɘɛɞ ˊɎɚɘ Űɞ ɢɞɘɟɘɜɧ əɟɏŬɠ. 

 

ɈɚɘəɎ əŬɘ ɀɏɗɞŭɞɘ 

ɆŰɞ ȺȾȷɆɆ ŮůŰɎɚɖůŬɜ ůɡɜɞɚɘəɎ 16 əŬɚɚɘŮɟɔɐɛŬŰŬ Salmonella spp ˊɞɡ ŬűɞɟɞɨůŬɜ ůŰɖ ůɡɟɟɞɐ 

əɟɞɡůɛɎŰɤɜ ůŬɚɛɞɜɏɚɤůɖɠ, əŬɘ 1 əŬɚɚɘɏɟɔɖɛŬ ˊɞɡ ŬˊɞɛɞɜɩɗɖəŮ Ŭˊɧ ɣɖɛɏɜɞ ɢɞɘɟɘɜɧ əɟɏŬɠ ˊɞɡ 

ˊɤɚɞɨɜŰŬɜ Ŭˊɧ ˊɚŬɜɧŭɘɞ ůŮ ˊŬɜɖɔɨɟɘ ůŮ ˊŮɟɘɞɢɐ Űɖɠ ɄŮɚɞˊɞɜɜɐůɞɡ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ɞɟɞŰɡˊɞˊɞɑɖůɖ ɛŮ Űɖ ɛɏɗɞŭɞ  ɞɟɞůɡɔəɧɚɚɖůɖ Ůˊɑ ˊɚŬəɧɠ, (Kaufmann-White Le Minor Scheme).  

ɀŮɚŮŰɐɗɖəŬɜ ɧɚŬ ŰŬ əŬɚɚɘŮɟɔɐɛŬŰŬ ɤɠ ˊɟɞɠ Űɖɜ ŬɜŰɞɢɐ Űɞɡɠ ůŮ ɛɘŬ ɞɛɎŭŬ 16 ŬɜŰɘɛɘəɟɞɓɘŬəɩɜ 

ɞɡůɘɩɜ ˊɞɡ Ůəˊɟɞůɤˊɞɨɜ ɧɚŮɠ  Űɘɠ əɚŬůɘəɏɠ  ɞɛɎŭŮɠ (əŮűŬɚɞůˊɞɟɑɜŮɠ, əŬɟɓŬˊŮɜɏɛŮɠ, ŬɛɘɜɞɔɚɡəɞůɑŭŮɠ 

ə.Ɏ.) ɛŮ Űɖ ɛɏɗɞŭɞ Kirby-Bauer (əŬŰɎ EUCAST) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɏɔɘɜŮ ɛɞɟɘŬəɐ Űɡˊɞˊɞɑɖůɖ ɛŮ Űɖ 

ɛɏɗɞŭɞ Űɖɠ ˊɏɣɖɠ Űɞɡ DNA  ɛŮ ˊŮɟɘɞɟɘůŰɘəɐ ŮɜŭɞɜɞɡəɚŮɎůɖ əŬɘ ɖɚŮəŰɟɞűɧɟɖůɖ ůŮ ˊŬɚɚɧɛŮɜɞ ˊŮŭɑɞ 

(Pulsed Field Gel Electrophoresis-PFGE). ɆŰɖ ɛɞɟɘŬəɐ Űɡˊɞˊɞɑɖůɖ ůɡɛˊŮɟɘɚɐűɗɖəŬɜ əŬɘ ŭɨɞ ɛɖ 

ůɢŮŰɘɕɧɛŮɜŬ ŮˊɘŭɖɛɘɞɚɞɔɘəɎ əŬɚɚɘŮɟɔɐɛŬŰŬ S. Give (ŭɘŬűɞɟŮŰɘəɐ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ əŬɘ, ŭɘŬűɞɟŮŰɘəɐ 

ɔŮɤɔɟŬűɘəɐ ˊŮɟɘɞɢɐ Ŭˊɞɛɧɜɤůɖɠ). 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȳɚŬ ŰŬ əŬɚɚɘŮɟɔɐɛŬŰŬ ŬɜɐəŬɜ  ůŰɞɜ ɞɟɧŰɡˊɞ Salmonella enterica enterica ser. Give əŬɘ ɐŰŬɜ 

ŮɡŬɑůɗɖŰŬ ůŰŬ ŮɝŮŰŬůɗɏɜŰŬ ŬɜŰɘɓɘɞŰɘəɎ. ȼ ɛɞɟɘŬəɐ Űɡˊɞˊɞɑɖůɖ  Űɤɜ ˊɟɩŰɤɜ 5  əɚɘɜɘəɩɜ 

əŬɚɚɘŮɟɔɖɛɎŰɤɜ Űɖɠ ůɡɟɟɞɐɠ, 1 əŬɚɚɘŮɟɔɐɛŬŰɞɠ Ŭˊɧ Űɞ ɢɞɘɟɘɜɧ əɟɏŬɠ (ɔɞɡɟɞɡɜɞˊɞɨɚŬ) əŬɘ 2  

ŮˊɘŭɖɛɘɞɚɞɔɘəɎ ɛɖ ůɢŮŰɘɕɧɛŮɜɤɜ əŬɚɚɘŮɟɔɖɛɎŰɤɜ ɑŭɘɞɡ ɞɟɞŰɨˊɞɡ (ŭɘŬűɞɟŮŰɘəɐ ɢɟɞɜɘəɐ ˊŮɟɑɞŭɞ 

Ŭˊɞɛɧɜɤůɖɠ əŬɘ ŭɘŬűɞɟŮŰɘəɐ ɔŮɤɔɟŬűɘəɐ ˊŮɟɘɞɢɐ) ɏŭŮɘɝŮ ɧŰɘ ŰŬ əɚɘɜɘəɎ əŬɚɚɘŮɟɔɐɛŬŰŬ Űɖɠ ůɡɟɟɞɐɠ 

əŬɘ Űɞɡ Űɟɞűɑɛɞɡ ŮɑɢŬɜ ˊŬɜɞɛɞɘɧŰɡˊɞ ɛɞɟɘŬəɧ ˊɟɞűɑɚ (100% ɞɛɞɘɧŰɖŰŬ) əŬɘ ŭɘŬűɞɟŮŰɘəɧ ɛɞɟɘŬəɧ 

ˊɟɞűɑɚ Ŭˊɧ ŰŬ ŮˊɘŭɖɛɘɞɚɞɔɘəɎ ɛɖ ůɢŮŰɘɕɧɛŮɜŬ.  

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȷˊɧ ŰŬ ˊɟɞəŬŰŬɟəŰɘəɎ ŭŮŭɞɛɏɜŬ Űɖɠ ŮɟɔŬůŰɖɟɘŬəɐɠ ŭɘŮɟŮɨɜɖůɖɠ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɡˊɎɟɢŮɘ ɘůɢɡɟɐ 

ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɞɡ əŬɚɚɘŮɟɔɐɛŬŰɞɠ S. Give Ŭˊɧ Űɞ ɢɞɘɟɘɜɧ əɟɏŬɠ əŬɘ Űɤɜ əɚɘɜɘəɩɜ əŬɚɚɘŮɟɔɖɛɎŰɤɜ. 

ȼ ɛɞɟɘŬəɐ Űɡˊɞˊɞɑɖůɖ əŬɘ Űɤɜ ɡˊɞɚɞɑˊɤɜ əɚɘɜɘəɩɜ əŬɚɚɘŮɟɔɖɛɎŰɤɜ əŬɘ  Ŭɝɘɞɚɧɔɖůɐ Űɞɡɠ əŬɘ ɛŮ ŰŬ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ ŭɘŮɟŮɨɜɖůɖ ɗŬ ŮˊɘɓŮɓŬɘɩůŮɘ  Űɖ ůɡůɢɏŰɘůɖ ŬɡŰɐ.  

 

ȼ ŮɟɔŬůŰɖɟɘŬəɐ Ůˊɘŭɖɛɘɞɚɞɔɘəɐ ŮˊɘŰɐɟɖůɖ Űɤɜ ɚɞɘɛɩɝŮɤɜ Ŭˊɧ ůŬɚɛɞɜɏɚŬ, ŬɚɚɎ əŬɘ ɖ ŮɟɔŬůŰɖɟɘŬəɐ 

ŭɘŮɟŮɨɜɖůɖ ůɡɟɟɞɩɜ ůŬɚɛɞɜɏɚɤůɖɠ,  ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɎ çɧˊɚŬè ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ ŭɖɛɧůɘŬɠ 

ɡɔŮɑŬɠ. ȼ ůɡɜŮɢɐɠ əŬɘ ůɡůŰɖɛŬŰɘəɐ ůɡɚɚɞɔɐ, ŬɜɎɚɡůɖ əŬɘ ŮɟɛɖɜŮɑŬ ɧɚɤɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ Ŭűɞɟɞɨɜ 
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ůŰɖɜ ŮɛűɎɜɘůɖ əŬɘ ŮɝɎˊɚɤůɖ Űɤɜ ŭɘŬűɧɟɤɜ Űɨˊɤɜ ůŬɚɛɞɜŮɚɩɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ŭɘŬŭɘəŬůɑŮɠ ɔɘŬ Űɞ 

ůɢŮŭɘŬůɛɧ, Űɖɜ ŮűŬɟɛɞɔɐ əŬɘ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ˊŬɟŮɛɓɎůŮɤɜ ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ ɛŮ ŰŮɚɘəɧ ůŰɧɢɞ Űɞɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧ ɏɚŮɔɢɞ Űɤɜ ůŬɚɛɞɜŮɚɩůŮɤɜ əŬɘ Űɖɜ ŬˊɞŰɟɞˊɐ Ůˊɘŭɖɛɘɩɜ. 

 
 

ȸɘɓɚɘɞɔɟŬűɑŬ 

ȺˊɘŭɖɛɘɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɖ ůŬɚɛɞɜɏɚɤůɖ ůŰɖɜ ȺɚɚɎŭŬ, 2014-2020, ȺɃȹɈ (2021) 

EFSA and ECDC (European Food Safety Authority and European Centre for 

Disease Prevention and Control), 2021. The European Union One Health 2020 Zoonoses Report. 

EFSA Journal 2021;19(12):6971, 324 pp. https://doi.org/10.2903/j.efsa.2021.6971 
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ɆɈɁȺȹɅȽȷ 6  
 

ɆɈɁɇɃɁȽɆɇȺɆ 

Ⱥɚɏɜɖ Ʌɑɕɞɡ,  

ȺɟɔŬůŰɖɟɘŬəɐ ũŮɜŮŰɑůŰɟɘŬ, ɇɛɐɛŬ ũŮɜŮŰɘəɐɠ ũɃɁȾ O ȯɔɘɞɠ ɆɎɓɓŬɠ, ɛɏɚɞɠ ȹ.Ɇ. Ʉ.Ⱥ.ȸ. 

ũɘŬəɞɡɜŰɐɠ AɜŰɩɜɖɠ,  

Ⱥˊɑəɞɡɟɞɠ ȾŬɗɖɔɖŰɐɠ, ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ 
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ȹɤɟŮɎ əŬɘ ɛŮŰŬɛɧůɢŮɡůɖ ŬɘɛɞˊɞɘɖŰɘəɩɜ əɡŰŰɎɟɤɜ ůŰɖɜ ˊɟɞ- əŬɘ ɛŮŰɎ- COVID-19 

Ůˊɞɢɐ 
 

ɆȷɀȷɅȷ ɄɖɜŮɚɧˊɖ, ũɅȷūȷȾɃɆ ɆŰɡɚɘŬɜɧɠ 

 
ɇɟɎˊŮɕŬ ȺɗŮɚɞɜŰɩɜ ȹɞŰɩɜ ɀɡŮɚɞɨ Űɤɜ ɃůŰɩɜ çɃɅȷɀȷ ȺȿɄȽȹȷɆè, Ƀɔəɞɚɞɔɘəɐ ɀɞɜɎŭŬ ɄŬɑŭɤɜ çɀŬɟɘɎɜɜŬ 

ȸ. ȸŬɟŭɘɜɞɔɘɎɜɜɖ-ȺȿɄȽȹȷè, ɁɞůɞəɞɛŮɑɞ ɄŬɑŭɤɜ çȼ ȷɔɑŬ ɆɞűɑŬè, ȷɗɐɜŬ, donor@oramaelpidas.gr 

 

 

ɄŮɟɑɚɖɣɖ 
ȼ ɀŮŰŬɛɧůɢŮɡůɖ ȷɘɛɞˊɞɘɖŰɘəɩɜ ȾɡŰŰɎɟɤɜ (ɀȷȾ) ɐ ɀŮŰŬɛɧůɢŮɡůɖ ɀɡŮɚɞɨ Űɤɜ ɃůŰɩɜ (ɀɀɃ) ŬˊɞŰŮɚŮɑ 

əŬɗɘŮɟɤɛɏɜɖ ɗŮɟŬˊŮɡŰɘəɐ Ůˊɘɚɞɔɐ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ůɞɓŬɟɩɜ ŬɘɛŬŰɞɚɞɔɘəɩɜ, ɜŮɞˊɚŬůɛŬŰɘəɩɜ əŬɘ 

ɔŮɜŮŰɘəɩɜ ɜɞůɖɛɎŰɤɜ. ȷˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɐ Űɖɠ ŬˊɞŰŮɚŮɑ ɖ ɨˊŬɟɝɖ Ůɜɧɠ HLA 

ɘůŰɞůɡɛɓŬŰɞɨ ŭɧŰɖ. ȷɟɢɘəɎ ɞ ŭɧŰɖɠ ŬɜŬɕɖŰŮɑŰŬɘ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ Űɞɡ ŬůɗŮɜɞɨɠ, ɤůŰɧůɞ əŬɗɩɠ ɖ ˊɘɗŬɜɧŰɖŰŬ 

ŬɜŮɨɟŮůɖɠ ůɡɛɓŬŰɞɨ ŬŭŮɚűɞɨ/ɐɠ ŮɑɜŬɘ 25%, ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ŬůɗŮɜɩɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŮɗŮɚɞɜŰɏɠ ɛɖ ůɡɔɔŮɜŮɑɠ 

ŭɧŰŮɠ, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ əŬŰŬɢɤɟɖɛɏɜɞɘ ůŰɞɜ ɄŬɔəɧůɛɘɞ ɃɟɔŬɜɘůɛɧ ȺɗŮɚɞɜŰɩɜ ȹɞŰɩɜ (WMDA) ˊɞɡ ŬˊŬɟɘɗɛŮɑ 

40.000.000 ŮɗŮɚɞɜŰɏɠ ŭɧŰŮɠ. ɆŰɖɜ ȺɚɚɎŭŬ, Űɞ Ⱥɗɜɘəɧ ȷɟɢŮɑɞ ŮɗŮɚɞɜŰɩɜ ŭɞŰɩɜ ŭɘŬɢŮɘɟɑɕŮŰŬɘ ɞ Ⱥɗɜɘəɧɠ 

ɃɟɔŬɜɘůɛɧɠ ɀŮŰŬɛɞůɢŮɨůŮɤɜ (ȺɃɀ), ɧˊɞɡ ůɡɔəŮɜŰɟɩɜŮɘ ɧɚɞɡɠ Űɞɡɠ ŭɧŰŮɠ Ŭˊɧ ŰŬ ȾɏɜŰɟŬ ȹɞŰɩɜ. ȼ ŭɘŬŭɘəŬůɑŬ 

ůɡɜŰɞɜɘůɛɞɨ Űɖɠ ɛŮŰŬɛɧůɢŮɡůɖɠ Ŭˊɧ ŮɗŮɚɞɜŰɐ ŭɧŰɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ ŭɑəŰɡɞ űɞɟɏɤɜ əŬɘ ŮɑɜŬɘ ɞɨŰɤɠ ɐ Ɏɚɚɤɠ 

ˊɞɚɨˊɚɞəɖ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŭɨůəɞɚŮɠ ůɡɜɗɐəŮɠ ɚɧɔɤ COVID-19 ɜŬ ŮˊɘɓŬɟɨɜɞɡɜ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ŬɡŰɏɠ. ȳɛɤɠ, 

ɖ Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ əŬɘ ɞ ŮˊŬɔɔŮɚɛŬŰɘůɛɧɠ Űɤɜ ŮɛˊɚŮəɧɛŮɜɤɜ ɞɟɔŬɜɘůɛɩɜ ŭɘŬůűɎɚɘůŮ Űɖɜ ŬůűŬɚɐ ˊŬɟɞɢɐ 

ŬɘɛɞˊɞɘɖŰɘəɩɜ ɛɞůɢŮɡɛɎŰɤɜ ůŮ əɎɗŮ ŬůɗŮɜɐ. 

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ 

ɀŮŰŬɛɧůɢŮɡůɖ, ȷɘɛɞˊɞɘɖŰɘəɎ əɨŰŰŬɟŬ, ɀɡŮɚɧɠ Űɤɜ ɞůŰɩɜ, ȺɗŮɚɞɜŰɐɠ ŭɧŰɖɠ, ȾɏɜŰɟɞ ȹɧŰɖ 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ůɖɛŬɜŰɘəɐ ŬɜɎˊŰɡɝɖ Űɤɜ ɀȷȾ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ɨˊŬɟɝɖ ɛŮɔɎɚɞɡ Ŭɟɘɗɛɞɨ 

ŮɗŮɚɞɜŰɩɜ ŭɞŰɩɜ ɛɡŮɚɞɨ Űɤɜ ɞůŰɩɜ əŬŰŬɔŮɔɟŬɛɛɏɜɤɜ ůŰɞɜ WMDA, Ŭɟɘɗɛɧɠ ˊɞɡ əŬɗɖɛŮɟɘɜɎ 

ŬɡɝɎɜŮŰŬɘ. ɇɞ ˊɟɩŰɞ ȾɏɜŰɟɞ ȺɗŮɚɞɜŰɩɜ ȹɞŰɩɜ, Űɞ Anthony Nolan, ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ 1974 ůŰɞ 

ȿɞɜŭɑɜɞ Ŭˊɧ Űɖ ɛɖŰɏɟŬ Ůɜɧɠ ˊŬɘŭɘɞɨ ˊɞɡ ɏˊŬůɢŮ Ŭˊɧ ɔŮɜŮŰɘəɧ ɜɧůɖɛŬ əŬɘ ɏˊɟŮˊŮ ɜŬ ɡˊɞɓɚɖɗŮɑ ůŮ 

ɀȷȾ ŬɚɚɎ ŭŮɜ ŮɑɢŮ ůɡɛɓŬŰɧ ŬŭŮɚűɧ. ȷɟɔɧŰŮɟŬ ŬəɞɚɞɨɗɖůŬɜ əŬɘ Ɏɚɚɞɘ ůŮ ŭɘɎűɞɟŮɠ ɢɩɟŮɠ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ŭɘɎűɞɟŬ ȾɏɜŰɟŬ ȹɞŰɩɜ ůɡɜŰɞɜɘɕɧɛŮɜŬ Ŭˊɧ Űɞɜ WMDA, ˊɟɞůűɏɟɞɜŰŬɠ 

ɛɞůɢŮɨɛŬŰŬ ůŮ ɞɚɞɏɜŬ ɛŮɔŬɚɨŰŮɟɞ Ŭɟɘɗɛɧ ŬůɗŮɜɩɜ. ȼ ŭɘŬŭɘəŬůɑŬ ůɡɜŰɞɜɘůɛɞɨ Űɖɠ ɛŮŰŬɛɧůɢŮɡůɖɠ 

Ŭˊɧ ɏɜŬ ɛɖ ůɡɔɔŮɜɐ ŮɗŮɚɞɜŰɐ ŭɧŰɖ ŮɑɜŬɘ ˊɞɚɨˊɚɞəɖ əŬɘ ɢɟɞɜɞɓɧɟŬ. ɄŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ ˊɡəɜɧ ŭɑəŰɡɞ 

ɚŮɘŰɞɡɟɔɘɩɜ, ůŰɞ ɞˊɞɑɞ ůɡɛɛŮŰɏɢɞɡɜ Űɞ ȾɏɜŰɟɞ ȹɞŰɩɜ ɧˊɞɡ ŮɑɜŬɘ ŮɔɔŮɔɟŬɛɛɏɜɞɠ ɞ ɡˊɞɣɐűɘɞɠ ŭɧŰɖɠ, 

ɖ ɀɞɜɎŭŬ ɀŮŰŬɛɧůɢŮɡůɖɠ ɧˊɞɡ ɜɞůɖɚŮɨŮŰŬɘ ɞ ŬůɗŮɜɐɠ ˊɞɡ ɗŬ ɡˊɞɓɚɖɗŮɑ ůŮ ɀȷȾ, Űɞ ɁɞůɞəɞɛŮɑɞ-

ȾɏɜŰɟɞ Ɇɡɚɚɞɔɐɠ ɧˊɞɡ ɗŬ ɚɖűɗŮɑ Űɞ ɛɧůɢŮɡɛŬ Ŭˊɧ Űɞ ŭɧŰɖ, ɞ Ŭɟɛɧŭɘɞɠ ȺɃɀ əɎɗŮ ɢɩɟŬɠ əŬɘ ɞ 

WMDA. ɇɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɐɠ Űɖɠ ˊɟɞůˊɎɗŮɘŬɠ ŮɑɜŬɘ ɖ ɛŮŰŬűɞɟɎ Űɞɡ ɛɞůɢŮɨɛŬŰɞɠ Ŭˊɧ Űɞ 

ůɖɛŮɑɞ ůɡɚɚɞɔɐɠ Űɞɡ ˊɟɞɠ Űɞ ɜɞůɖɚŮɡŰɘəɧ ɑŭɟɡɛŬ ˊɞɡ ŮɡɟɑůəŮŰŬɘ ɞ ˊɟɞɠ ɛŮŰŬɛɧůɢŮɡůɖ ŬůɗŮɜɐɠ (ˊŬɘŭɑ 

ɐ ŮɜɐɚɘəŬɠ), ɛŮ ůəɞˊɧ Űɖ ɗŮɟŬˊŮɑŬ ŬɡŰɞɨ Ŭˊɧ Űɞ ůɞɓŬɟɧ ɜɧůɖɛŬ ˊɞɡ ˊɎůɢŮɘ. ɆŰɖ ɢɩɟŬ ɛŬɠ, ɐŭɖ Ŭˊɧ 

Űɞ 2010 ɝŮəɑɜɖůŬɜ ɞɘ ˊɟɩŰŮɠ ˊɟɞůˊɎɗŮɘŮɠ ɔɘŬ Űɖɜ Ůɜɖɛɏɟɤůɖ Űɞɡ əɞɘɜɞɨ ɔɨɟɤ Ŭˊɧ Űɖ ŭɤɟŮɎ ɛɡŮɚɞɨ 

Űɤɜ ɞůŰɩɜ. ɇɞ 2014, ɖ ˊɟɞůˊɎɗŮɘŬ ɔɘɔŬɜŰɩɗɖəŮ əŬɗɩɠ ɝŮəɑɜɖůŮ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɞ Ɇɨɚɚɞɔɞɠ 

çɃɅȷɀȷ ȺȿɄȽȹȷɆè, Űɞ ɛŮɔŬɚɨŰŮɟɞ ɏɤɠ ŰɩɟŬ ȾɏɜŰɟɞ ȹɞŰɩɜ ɛŮ ˊŮɟɘůůɧŰŮɟɞɡɠ Ŭˊɧ 130.000 

əŬŰŬɢɤɟɖɛɏɜɞɡɠ ŮɗŮɚɞɜŰɏɠ ŭɧŰŮɠ ɛɡŮɚɞɨ Űɤɜ ɞůŰɩɜ. Ɇəɞˊɧɠ Űɞɡ ɖ ˊɟɞůɏɚəɡůɖ, ɖ Ůɜɖɛɏɟɤůɖ əŬɘ ɖ 

ŮɔɔɟŬűɐ ɜɏɤɜ ŮɗŮɚɞɜŰɩɜ ŭɞŰɩɜ ɛɡŮɚɞɨ Űɤɜ ɞůŰɩɜ ůŰɞ Ⱥɗɜɘəɧ əŬɘ ɄŬɔəɧůɛɘɞ ȷɟɢŮɑɞ ɛɏůŬ Ŭˊɧ Űɖ 

ɚɐɣɖ ŮɜŰɧɠ ůŰɞɛŬŰɘəɞɨ ŮˊɘɢɟɑůɛŬŰɞɠ əŬɘ Űɖɜ HLA Űɡˊɞˊɞɑɖůɐ Űɞɡ. 

 

ɀɏɗɞŭɞɘ 

ȼ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŬɚɚŬɔɐɠ ˊɞɡ ɏɢŮɘ ŮˊɏɚɗŮɘ ůŰɞ ˊŮŭɑɞ Űɤɜ ɀȷȾ ůŰɖ ɢɩɟŬ ɛŬɠ ɛŮŰɎ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

Ůɜɧɠ ɜɏɞɡ ɞɟɔŬɜɤɛɏɜɞɡ ȾɏɜŰɟɞɡ ȹɞŰɩɜ, ɖ ŮˊɑŭɟŬůɖ Űɖɠ ˊŬɜŭɖɛɑŬɠ COVID-19 ůŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əŬɘ 

ɖ ɛŮŰɎ COVID-19 ˊɞɟŮɑŬ Űɤɜ ŭɤɟŮɩɜ. ɀŮɚŮŰɐɗɖəŬɜ ɞɘ ŮɔɔŮɔɟŬɛɛɏɜɞɘ ŮɗŮɚɞɜŰɏɠ ŭɧŰŮɠ, ɞɘ ŭɧŰŮɠ ˊɞɡ 
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ɓɟɏɗɖəŬɜ ůɡɛɓŬŰɞɑ əŬɘ ɞɘ ŭɧŰŮɠ ˊɞɡ ˊɟɞůɏűŮɟŬɜ ɛɧůɢŮɡɛŬ Űɧůɞ ɔɘŬ ȰɚɚɖɜŮɠ ŬůɗŮɜŮɑɠ ɧůɞ əŬɘ ɔɘŬ 

ŬůɗŮɜŮɑɠ ŮɝɤŰŮɟɘəɞɨ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ ɚŮɘŰɞɡɟɔɑŬɠ. 

 

ȷˊɞŰŮɚɏůɛŬŰŬ  

ɇɞɜ ˊɟɩŰɞ ɢɟɧɜɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ȾɏɜŰɟɞɡ ɛŬɠ ŮɔɔɟɎűɖəŬɜ 10.000 ɜɏɞɘ ŮɗŮɚɞɜŰɏɠ ŭɧŰŮɠ, Ůə Űɤɜ ɞˊɞɑɤɜ 

ɏɜŬɠ ɓɟɏɗɖəŮ ůɡɛɓŬŰɧɠ ɛŮ ŬůɗŮɜɐ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɡˊɞŭŮɘəɜɨŮɘ ɧŰɘ ŬˊŬɘŰŮɑŰŬɘ ɛɑŬ ŭŮɝŬɛŮɜɐ 

ŰɞɡɚɎɢɘůŰɞɜ 10.000 ŭɞŰɩɜ ɔɘŬ ɜŬ ɝŮəɘɜɐůŮɘ ɖ ŬɜŮɨɟŮůɖ ůɡɛɓŬŰɩɜ ŭɞŰɩɜ. ȷˊɧ Űɖɜ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ 

ɛɏɢɟɘ ůɐɛŮɟŬ (ɃəŰ.2022), Űɞ ɃɅȷɀȷ ȺȿɄȽȹȷɆ ŭɘŬɗɏŰŮɘ 132.000 ŮɔɔŮɔɟŬɛɛɏɜɞɡɠ ŮɗŮɚɞɜŰɏɠ ŭɧŰŮɠ 

ɛɡŮɚɞɨ Űɤɜ ɞůŰɩɜ Ŭˊɧ Űɞɡɠ 224.376 Űɞɡ Ⱥɗɜɘəɞɨ ȷɟɢŮɑɞɡ Űɞɡ ȺɃɀ (ɆɢɐɛŬ 1). ȰɚŬɓŮ 2.778 ŬɘŰɐɛŬŰŬ 

ŬɜŬɕɐŰɖůɖɠ ůɡɛɓŬŰɞɨ ŭɧŰɖ ɔɘŬ ŬůɗŮɜŮɑɠ əɎɗŮ ɖɚɘəɑŬɠ ůŮ ȺɚɚɎŭŬ əŬɘ ŮɝɤŰŮɟɘəɧ əŬɘ ɓɟɏɗɖəŬɜ ůɡɛɓŬŰɞɑ 

ɛŮ ŬůɗŮɜŮɑɠ 1.300 ŭɧŰŮɠ, Ůə Űɤɜ ɞˊɞɑɤɜ ˊɟɞůɏűŮɟŬɜ ŰŮɚɘəɎ ɛɧůɢŮɡɛŬ ɞɘ 233 (ɆɢɐɛŬ 2). ȷˊɧ ŰŬ 233 

ɛɞůɢŮɨɛŬŰŬ, ŰŬ 114 ŬűɞɟɞɨůŬɜ ŬůɗŮɜŮɑɠ ůŰɖɜ ȺɚɚɎŭŬ əŬɘ ŰŬ 119 ŬůɗŮɜŮɑɠ ůŰɞ ŮɝɤŰŮɟɘəɧ. 201 ŭɧŰŮɠ 

ˊɟɞůɏűŮɟŬɜ ɛɧůɢŮɡɛŬ ɛɏůɤ Űɞɡ ˊŮɟɘűŮɟɘəɞɨ ŬɑɛŬŰɞɠ ɛŮ Űɞ ɛɖɢɎɜɖɛŬ əɡŰŰŬɟŬűŬɑɟŮůɖɠ əŬɘ 32 ɛɏůɤ 

ˊŬɟŬəɏɜŰɖůɖɠ Űɤɜ ɞůŰɩɜ Űɖɠ ɚŮəɎɜɖɠ. Ƀɘ ɚɐˊŰŮɠ ɐŰŬɜ 178 ŮɜɐɚɘəŮɠ əŬɘ 55 ˊŬɘŭɘɎ-ɏűɖɓɞɘ. ȷˊɧ ŰŬ 55 

ˊŬɘŭɘɎ-Ůűɐɓɞɡɠ ˊɞɡ ɏɚŬɓŬɜ ɛɧůɢŮɡɛŬ, ŰŬ 30 ɜɞůɖɚŮɨɞɜŰŬɜ ůŰɖɜ Ƀɔəɞɚɞɔɘəɐ ɀɞɜɎŭŬ ɄŬɑŭɤɜ çɀ. 

ȸŬɟŭɘɜɞɔɘɎɜɜɖ-ȺȿɄȽȹȷè. H ˊŬɜŭɖɛɑŬ COVID-19 ˊɞɡ ɝɏůˊŬůŮ Űɞɜ ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2020 ŮɑɢŮ 

ŬɟɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ, əŬɗɩɠ ŭɖɛɘɞɨɟɔɖůŮ ˊɟɞůɤɟɘɜɐ ŬɜŬɢŬɑŰɘůɖ Űɖɠ ůɖɛŬɜŰɘəɐɠ Ŭɜɧŭɞɡ Űɤɜ 

ŮɔɔɟŬűɩɜ əŬɘ Űɤɜ ŭɤɟŮɩɜ ˊɞɡ ŮɑɢŮ ɝŮəɘɜɐůŮɘ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞɘ ŮɜɖɛŮɟɩůŮɘɠ ˊɟɞůɏɚəɡůɖɠ ɜɏɤɜ ŭɞŰɩɜ 

ŬɜŬůŰɎɚɗɖəŬɜ ɛŮ ŮˊŬəɧɚɞɡɗɞ Űɖ ɛŮɑɤůɖ Űɤɜ ɜɏɤɜ ŮɔɔɟŬűɩɜ, ɛŮ Űɖɜ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ɜɏɤɜ ŮɔɔɟŬűɩɜ 

ɛɏůŬ ůŰɖɜ ˊŬɜŭɖɛɑŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ əŬŰôɞɑəɞɜ ŬˊɞůŰɞɚɐ ˊŬəɏŰɞɡ ŮɔɔɟŬűɐɠ. ɋůŰɧůɞ, ɖ 

ŭŮɝŬɛŮɜɐ Űɤɜ ŮɗŮɚɞɜŰɩɜ ŭɞŰɩɜ ˊɞɡ ɐŭɖ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ ɐŰŬɜ ŬɟəŮŰɐ ɩůŰŮ ɜŬ ŰɟɞűɞŭɞŰŮɑ ɛŮ 

ůɡɛɓŬŰɞɨɠ ŭɧŰŮɠ ŬɟəŮŰɞɨɠ ŬůɗŮɜŮɑɠ. ȼ ˊŬɜŭɖɛɑŬ Ůˊɑůɖɠ ˊɟɞəɎɚŮůŮ ŮˊɘűɡɚŬəŰɘəɧŰɖŰŬ ůŰɞɡɠ ŭɧŰŮɠ ɤɠ 

ˊɟɞɠ Űɖɜ ŬůűɎɚŮɘŬ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ, ɤůŰɧůɞ ŬɡŰɧ ɔɟɐɔɞɟŬ ŬˊɞəŬŰŬůŰɎɗɖəŮ ɛŮ əŬŰɎɚɚɖɚɖ Ůɜɖɛɏɟɤůɖ 

əŬɘ ůɤůŰɐ Űɐɟɖůɖ Űɤɜ ŮəɎůŰɞŰŮ ɡɔŮɘɞɜɞɛɘəɩɜ ɛɏŰɟɤɜ. ȼ ɡɣɖɚɐ HLA Űɡˊɞˊɞɑɖůɖ Űɤɜ ŭɞŰɩɜ ɛŬɠ ůŮ 

ɏɝɘ ɔŮɜŮŰɘəɞɨɠ Űɧˊɞɡɠ Ŭˊɧ Űɖɜ ŮɔɔɟŬűɐ Űɞɡɠ ŭɘŬŭɟŬɛɎŰɘůŮ ɞɡůɘŬůŰɘəɧ ɟɧɚɞ ůŰɖɜ Ůˊɘɚɞɔɐ Űɞɡ ˊɚɏɞɜ 

əŬŰɎɚɚɖɚɞɡ ŭɧŰɖ ˊɟɞɠ ɛŮŰŬɛɧůɢŮɡůɖ. Ⱥˊɘˊɚɏɞɜ, ɖ əɟɡɞůɡɜŰɐɟɖůɖ Űɤɜ əɡŰŰŬɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ ɐŰŬɜ ɖ 

ɜɏŬ ˊɟɞůɤɟɘɜɐ ŰŬəŰɘəɐ ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ əɘɜŭɨɜɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ɛŮŰŬűɞɟɎ Űɞɡ 

ɛɞůɢŮɨɛŬŰɞɠ əŬɘ Űɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ŭɞŰɩɜ. Ʉɚɏɞɜ, 2.5 ɢɟɧɜɘŬ ɛŮŰɎ, űŬɑɜŮŰŬɘ ɧŰɘ ɏɢŮɘ ŮˊɏɟɗŮɘ əŬɘ 

ˊɎɚɘ ɞɛŬɚɧŰɖŰŬ ůŰɘɠ ŭɘŬŭɘəŬůɑŮɠ Űɤɜ ŭɤɟŮɩɜ əŬɘ ŬɡɝɎɜŮŰŬɘ ɖ ˊɟɞůűɞɟɎ ɜɏɤɜ ɛɞůɢŮɡɛɎŰɤɜ. 
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ȾɏɜŰɟɞɡ ȹɞŰɩɜ ɏɤɠ ůɐɛŮɟŬ 
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ɆɢɐɛŬ 2. ȷɟɘɗɛɧɠ Űɤɜ ˊɟɞůűŮɟɧɛŮɜɤɜ ɛɞůɢŮɡɛɎŰɤɜ Ŭˊɧ Űɖɜ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ȾɏɜŰɟɞɡ ȹɞŰɩɜ 

ɏɤɠ Űɞɜ ɃəŰɩɓɟɘɞ Űɞɡ 2022 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȰɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ ɛɑŬ Ŭɝɘɧɚɞɔɖ Ůɚɚɖɜɘəɐ ŭŮɝŬɛŮɜɐ ŮɗŮɚɞɜŰɩɜ ŭɞŰɩɜ ˊɞɡ əŬɚɨˊŰŮɘ ɧɚɞ əŬɘ 

ˊŮɟɘůůɧŰŮɟɞ Űɘɠ ŬɜɎɔəŮɠ ɔɘŬ ɛŮŰŬɛɧůɢŮɡůɖ Űɤɜ ŬůɗŮɜɩɜ ůŰɖɜ ȺɚɚɎŭŬ, Ůɜɩ ŮˊɘˊɟɧůɗŮŰŬ ˊɟɞůűɏɟŮɘ 

ŮɡəŬɘɟɑŬ ɔɘŬ ɛŮŰŬɛɧůɢŮɡůɖ əŬɘ ůŮ ŬůɗŮɜŮɑɠ Űɞɡ ŮɝɤŰŮɟɘəɞɨ. ȼ ɢɩɟŬ ɛŬɠ Ŭˊɧ ɞɡɟŬɔɧɠ ůŰɞɜ ŰɞɛɏŬ ŬɡŰɧ, 

əŬŰɏɢŮɘ ˊɘŬ ůɖɛŬɜŰɘəɐ ɗɏůɖ ɛŮŰŬɝɨ Űɤɜ 55 ɢɤɟɩɜ Űɞɡ WMDA ɤɠ ˊɟɞɠ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŮɔɔŮɔɟŬɛɛɏɜɤɜ 

ŮɗŮɚɞɜŰɩɜ ŭɞŰɩɜ. Ƀ ůɡɜŮɢɩɠ ŬɡɝŬɜɧɛŮɜɞɠ Ŭɟɘɗɛɧɠ ŮɗŮɚɞɜŰɩɜ ŭɞŰɩɜ ɗŬ ůɡɛɓɎɚɚŮɘ ůŰɖɜ ŮɝŬůűɎɚɘůɖ 

ɛɞůɢŮɡɛɎŰɤɜ ɔɘŬ Űɖ ůɡɜŰɟɘˊŰɘəɐ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ŬůɗŮɜɩɜ ůŰɖ ɢɩɟŬ ɛŬɠ ˊɞɡ ŭŮɜ ŭɘŬɗɏŰŮɘ ůɡɛɓŬŰɧ 

ůɡɔɔŮɜɐ. ȼ ŮɛˊŮɘɟɑŬ ˊɞɡ ŬˊɞəŰɐůŬɛŮ Ŭˊɧ Űɖɜ ˊŬɜŭɖɛɑŬ COVID-19 əŬɘ ɞɘ ŭɡůəɞɚɑŮɠ ˊɞɡ ŬɜɏəɡɣŬɜ 

ůŰɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŭɤɟŮɎɠ ɛŬɠ əŬɗɞŭɐɔɖůŬɜ ɤɠ ˊɟɞɠ Űɖ ɛŮɚɚɞɜŰɘəɐ ŬɜŰɘɛŮŰɩˊɘůɖ ŰɏŰɞɘɤɜ ůɡɛɓɎɜŰɤɜ 

əŬɘ Űɖɜ ŬˊɟɧůəɞˊŰɖ ůɡɜɏɢɘůɖ Űɤɜ ŭɤɟŮɩɜ. 

 

 

ȸɘɓɚɘɞɔɟŬűɑŬ 

www.oramaelpidas.gr, https://wmda.info/ 
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ȼ ɛŮŰɎɚɚŬɝɖ ɇ350G Űɞɡ Ⱥ6 ɔɞɜɘŭɑɞɡ Űɞɡ Ƚɞɨ Űɤɜ ȷɜɗɟɩˊɘɜɤɜ ŪɖɚɤɛɎŰɤɜ (HPV 

16) əɡɟɘŬɟɢŮɑ ůŰɞɜ əŬɟəɑɜɞ Űɞɡ ůŰɞɛŬŰɞűɎɟɡɔɔŬ. ȹŮŭɞɛɏɜŬ Ŭˊɧ ɛŮɚɏŰɖ ɛɘəɟɐɠ 

ɞɛɎŭŬɠ Ⱥɚɚɐɜɤɜ ŬůɗŮɜɩɜ. 
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ɄŮɟɑɚɖɣɖ 

ɀŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɛɘŬ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ ůŰɖ ůɡɢɜɧŰɖŰŬ ůɡůɢɏŰɘůɖɠ Űɞɡ ˊɚŬəɩŭɞɡɠ ůŰɞɛŬŰɞűŬɟɡɔɔɘəɞɨ 

əŬɟəɘɜɩɛŬŰɞɠ ɛŮ Űɞɜ Ƚɧ Űɤɜ ȷɜɗɟɩˊɘɜɤɜ ŪɖɚɤɛɎŰɤɜ (HPV) Űɨˊɞɡ 16 (ɡɣɖɚɞɨ əɘɜŭɨɜɞɡ). ȼ ɔŮɜŮŰɘəɐ 

ŮŰŮɟɞɔɏɜŮɘŬ Űɞɡ HPV16 ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ŮəŰŮɜɩɠ ůŰɞɜ əŬɟəɑɜɞ Űɞɡ ɇɟŬɢɐɚɞɡ ůŰɞɡɠ ɀɐŰɟŬɠ ŬɚɚɎ ˊɞɚɨ ɚɘɔɧŰŮɟɞ 

ůŰɞɜ ůŰɞɛŬŰɞűŬɟɡɔɔɘəɧ əŬɟəɑɜɞ. ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŬɝɘɞɚɞɔɐɗɖəŬɜ ɞɘ ɔŮɜŮŰɘəɏɠ ˊŬɟŬɚɚŬɔɏɠ Űɤɜ 

Ŭɚɚɖɚɞɡɢɘɩɜ Űɞɡ ɔɞɜɘŭɑɞɡ Ⱥ6 Űɞɡ HPV16 ůŮ ɛɘŬ ɛɘəɟɐ ɞɛɎŭŬ Ⱥɚɚɐɜɤɜ ŬůɗŮɜɩɜ ˊɞɡ ŮɑɢŬɜ ŭɘŬɔɜɤůŰŮɑ ɛŮ 

əŬɟəɑɜɞ Űɞɡ ůŰɞɛŬŰɞűɎɟɡɔɔŬ. ȼ ůɡɜŰɟɘˊŰɘəɐ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ Ŭəɞɚɞɡɗɘɩɜ ŬɜɐəŬɜ ůŰɞɜ əɚɎŭɞ Űɤɜ ŮɡɟɤˊŬɥəɩɜ 

ˊŬɟŬɚɚŬɔɩɜ (A1-3) ɛŮ Űɖɜ ɛŮŰɎɚɚŬɝɖ T350G ɜŬ ŮɑɜŬɘ ɖ əɡɟɑŬɟɢɖ ɏɜŬɜŰɘ Űɤɜ ɡˊɞɚɞɑˊɤɜ. ȷɡŰɧ Űɞ ŮɨɟɖɛŬ ɛˊɞɟŮɑ 

ɜŬ ɡˊɞŭŮɘəɜɨŮɘ Űɖɜ ŬɜɎɔəɖ ŭɘŮɝŬɔɤɔɐɠ ˊŮɟŬɘŰɏɟɤ ɛŮɚŮŰɩɜ ˊɞɡ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ Ůɝɖɔɐůɞɡɜ Űɖɜ ˊɘɗŬɜɐ 

ŮˊɑŭɟŬůɖ ůŰɞɡɠ ůŰɞɡɠ ɛŮŰɎɚɚŬɝɖɠ ůŰɞɡɠ ˊŬɗɞɛɖɢŬɜɘůɛɞɨɠ Űɞɡ ůŰɞɛŬŰɞűŬɟɡɔɔɘəɞɨ əŬɟəɑɜɞɡ. 

 

ȿɏɝŮɘɠ ïȾɚŮɘŭɘɎ 

Ƚɧɠ Űɤɜ ȷɜɗɟɩˊɘɜɤɜ ŪɖɚɤɛɎŰɤɜ (Human Papilloma Virus-HPV), HPV16, ɔŮɜŮŰɘəɐ ˊɞɘəɘɚɧŰɖŰŬ , 

əŬɟəɑɜɞɠ ůŰɞɛŬŰɞűɎɟɡɔɔŬ, əŬɟəɑɜɞɠ ȾŮűŬɚɐɠ ɇɟŬɢɐɚɞɡ 

 

 

ȺɘůŬɔɤɔɐ 

Ƀ ɘɧɠ Űɤɜ ȷɜɗɟɩˊɘɜɤɜ ŪɖɚɤɛɎŰɤɜ (HPV) ŮɑɜŬɘ ɛɏɚɞɠ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Űɤɜ Papillomaviridae (PV) əŬɘ 

ɛɞɚɨɜŮɘ Űɞ ɓɚŮɜɜɞɔɧɜɞ Ůˊɘɗɐɚɘɞ (Tommasino, 2014). Ƀɘ ɔɞɜɧŰɡˊɞɘ ɡɣɖɚɞɨ əɘɜŭɨɜɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖɜ 

ŬɜɎˊŰɡɝɖ ˊɟɞ-əŬəɞɐɗɤɜ ɓɚŬɓɩɜ əŬɘ ɞɟɘůɛɏɜɞɡɠ Űɨˊɞɡɠ əŬɟəɑɜɞɡ ɚɧɔɤ Űɖɠ ɏɜŰɞɜɖɠ ɞɔəɞɔɧɜɞɡ ŭɟɎůɖɠ 

Űɞɡɠ. Ƀɘ ůɖɛŬɜŰɘəɧŰŮɟɞɘ Ůɝ ŬɡŰɩɜ ŮɑɜŬɘ ɞɘ HPV-16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 əŬɘ 59, ɞɘ 

ɞˊɞɑɞɘ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ˊɞɘəɑɚŮɠ əŬɟəɘɜɘəɏɠ ŮəŭɖɚɩůŮɘɠ (Spence et al. 2016). Ƀ ȾŬɟəɑɜɞɠ 

ȾŮűŬɚɐɠ əŬɘ ɇɟŬɢɐɚɞɡ (HNC) ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ŮɡɟŮɑŬ ɞɛɎŭŬ əŬɟəɘɜɤɛɎŰɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ əŮűŬɚɐɠ, ɧˊɤɠ əŬɟəɑɜɞɡɠ Űɖɠ ůŰɞɛŬŰɘəɐɠ əɞɘɚɧŰɖŰŬɠ, Űɞɡ ɟɘɜɞűɎɟɡɔɔŬ, Űɞɡ 

ůŰɞɛŬŰɞűɎɟɡɔɔŬ ə.Ŭ (Johnson, 2020). ȹɘɎűɞɟɞɘ ɜɞɡəɚŮɞŰɘŭɘəɞɑ ˊɞɚɡɛɞɟűɘůɛɞɑ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɘ ɔɘŬ 

ˊɞɚɚɏɠ ˊŬɟŬɚɚŬɔɏɠ Űɞɡ ɘɞɨ HPV16 əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɘɟŮɗɞɨɜ ɛŮ ɔŮɤɔɟŬűɘəɎ əɟɘŰɐɟɘŬ ŭɖɛɘɞɡɟɔɩɜŰŬɠ 

ŭɘŬəɟɘŰɞɨɠ űɡɚɞɔŮɜŮŰɘəɞɨɠ əɚɎŭɞɡɠ. ɆŰɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ ɞɟɘůɛɏɜɞɘ ˊɞɚɡɛɞɟűɘůɛɞɑ ůŰɞ ɔɞɜɑŭɘɞ E6 Űɞɡ 

HPV16 ɏɢɞɡɜ ůɡůɢŮŰɘůŰŮɑ ɛŮ Űɖɜ ˊŬɗɞɔɏɜŮɘŬ əŬɘ Űɖɜ ŬɜɞůɞɔɞɜɘəɧŰɖŰŬ Űɞɡ ɘɞɨ (Bletsa et al., 2021). ɆŰɖ 

ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŭɘŮɟŮɡɜɐɗɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ɞɘ ˊɞɚɡɛɞɟűɘůɛɞɑ Űɖɠ ŬɚɚɖɚɞɡɢɑŬɠ Űɞɡ ɞɔəɞɔɞɜɘŭɑɞɡ 

Ⱥ6 Űɤɜ ɔɞɜɘŭɘɤɛɎŰɤɜ Űɞɡ HPV16 ˊɞɡ ŬɜɘɢɜŮɨɗɖəŬɜ ůŰɞɜ Ůɚɚɖɜɘəɧ ˊɚɖɗɡůɛɧ, ˊŬɟɏɢɞɜŰŬɠ ˊŮɟŬɘŰɏɟɤ 

ɔɜɩůŮɘɠ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ˊŬɗɞɔɏɜŮɘŬɠ, Űɖɠ ˊɞɘəɘɚɞɛɞɟűɑŬɠ əŬɘ Űɖɠ Ůɝɏɚɘɝɖɠ Űɞɡ ɘɘəɞɨ 

ɔɞɜɘŭɘɩɛŬŰɞɠ. 

 

ɀɏɗɞŭɞɘ 

ɆɡɜɞɚɘəɎ, 40 Űɞɛɏɠ Ŭˊɧ ɘůŰɘəɎ ŭŮɑɔɛŬŰŬ Ŭˊɧ ȰɚɚɖɜŮɠ ɎɜŭɟŮɠ ɛɏůɖɠ ɖɚɘəɑŬɠ 57 ŮŰɩɜ ůɡɚɚɏɢɗɖəŬɜ 

ŬɜŬŭɟɞɛɘəɎ Ŭˊɧ ŬůɗŮɜŮɑɠ ˊɞɡ ŮˊɘůəɏűɗɖəŬɜ ŭɨɞ ŰɟɘŰɞɓɎɗɛɘŬ ɜɞůɞəɞɛŮɑŬ Űɖɠ ȹɡŰɘəɐɠ ȷŰŰɘəɐɠ ůŰɖɜ 

ȷɗɐɜŬ. Ƀɘ ŬůɗŮɜŮɑɠ ɐŰŬɜ ɛɖ-əŬˊɜɘůŰɏɠ ɛŮ ŮɚɎɢɘůŰɞ ɐ əŬɗɧɚɞɡ ɘůŰɞɟɘəɧ ɢɟɐůɖɠ Ŭɚəɞɧɚ. Ƀ ɔɞɜɧŰɡˊɞɠ 

mailto:presta@uniwa.gr
mailto:abeloukas@uniwa.gr
mailto:presta@uniwa.gr
mailto:abeloukas@uniwa.gr
mailto:ckottaridi@bio.auth.gr
mailto:izygouras@bio.auth.gr
mailto:ntolkeras@bio.auth.gr


 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

194 

ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɓɟɏɗɖəŮ HPV16 ɛŮ Űɖɜ ɢɟɐůɖ ˊɟɤŰɞəɧɚɚɞɡ PCR ˊɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ (real 

time PCR) ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛɞɡ (Sacace Bio-technologies, Como Italy) Ŭűɞɨ ˊɟɩŰŬ ŬˊɞɛɞɜɩɗɖəŮ Űɞ 

ɘɘəɧ  DNA ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ QIAamp DNA FFPE (Qiagen, Heidelberg ũŮɟɛŬɜɑŬ) əɘŰ ŬəɞɚɞɡɗɩɜŰŬɠ 

Űɘɠ ɞŭɖɔɑŮɠ Űɞɡ əŬŰŬůəŮɡŬůŰɐ. ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊŬɟŬɚɚŬɔɩɜ Űɞɡ ɔɞɜɘŭɑɞɡ HPV16 E6, 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɐŭɖ ŭɖɛɞůɘŮɡɛɏɜŬ ɕŮɨɔɖ ŮəəɘɜɖŰɩɜ ˊɞɡ ŮəŰŮɑɜɞɜŰŬɘ ůŰɖɜ əɤŭɘəɞˊɞɘɞɨůŬ ˊŮɟɘɞɢɐ 

ɛŮŰŬɝɨ Űɤɜ ɜɞɡəɚŮɞŰɘŭɑɤɜ 52 ɏɤɠ 575 (Cornet et al., 2012). ɇɞ ɔɞɜɑŭɘɞ E6 Űɞɡ HPV16 ŮŭɟɎɕŮŰŬɘ ɛŮŰŬɝɨ 

Űɤɜ ɜɞɡəɚŮɞŰɘŭɑɤɜ 104 əŬɘ 559 əŬɘ əɤŭɘəɞˊɞɘŮɑ ɛɘŬ ˊɟɤŰŮȶɜɖ 151 Ŭɛɘɜɞɝɏɤɜ, Ůˊɞɛɏɜɤɠ ɞɚɧəɚɖɟɞ Űɞ 

ɔɞɜɑŭɘɞ ɐŰŬɜ ŭɘŬɗɏůɘɛɞ ɔɘŬ Ŭɚɚɖɚɞɨɢɖůɖ. ɇŬ ˊɟɞɥɧɜŰŬ Űɖɠ PCR ɡˊɞɓɚɐɗɖəŬɜ ůŮ Ŭɛűɑŭɟɞɛɖ 

Ŭɚɚɖɚɞɨɢɖůɖ əŬŰɎ Sanger ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɡˊɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ MUSCLE ůŰɞ 

ɚɞɔɘůɛɘəɧ MEGA X ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ˊɞɚɡɛɞɟűɘůɛɩɜ (Kumar et al., 2018) Ƀɘ 

űɡɚɞɔŮɜŮŰɘəɏɠ ŬɜŬɚɨůŮɘɠ ŭɘŮɝɐɢɗɖůŬɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ɛɏɗɞŭɞ Neighbor-Joining  (NJ) ɛŮ ɓɎůɖ Űɖɜ 

ŬɚɚɖɚɞɡɢɑŬ ŬɜŬűɞɟɎɠ Űɞɡ HPV16 ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɖ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ Ŭəɞɚɞɡɗɘɩɜ HPV16 

(Ⱥɗɜɘəɧ ȺɟɔŬůŰɐɟɘɞ Los Alamos) (http://hpv-web.lanl.gov/). ɇŬ űɡɚɞɔŮɜŮŰɘəɎ ŭɏɜŰɟŬ 

əŬŰŬůəŮɡɎůŰɖəŬɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛŮɗɧŭɞɡɠ ŭɨɞ ˊŬɟŬɛɏŰɟɤɜ Kimura Űɞɡ MEGA X. 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

Ƀɘ 40 ŬɚɚɖɚɞɡɢɑŮɠ Űɞɡ HPV16 E6 ɔɞɜɘŭɑɞɡ ˊɞɡ ŮɚɐűɗɖůŬɜ, ɞɛŬŭɞˊɞɘɐɗɖəŬɜ ůŮ ůŮ ŮˊŰɎ ŭɘŬűɞɟŮŰɘəɏɠ 

ɞɛɎŭŮɠ GRA (4/40; 10%), GRB (3/40; 7,5%), GRC (6/40; 15%), GRD ( 6/40; 15%), GRE (1/40; 2,5%), 

GRF (1/40; 2,5%) əŬɘ GRG (19/40; 47,5%), əŬɗŮɛɑŬ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ˊŮɟɘŮɑɢŮ ŬɚɚɖɚɞɡɢɑŮɠ ɛŮ 

ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ ɛɞɜŬŭɘəɧ ɜɞɡəɚŮɞŰɘŭɘəɧ ˊɞɚɡɛɞɟűɘůɛɧ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŬɚɚɖɚɞɡɢɑŮɠ 

Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɞɛɎŭɤɜ ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ. ȼ ŬɜɎɚɡůɖ ůɢŮŭɧɜ 

ɞɚɧəɚɖɟɞɡ Űɞɡ ɔɞɜɘŭɑɞɡ Ⱥ6, ŬˊɞəɎɚɡɣŮ 8 ɜɞɡəɚŮɞŰɘŭɘəɏɠ ŬɜŰɘəŬŰŬůŰɎůŮɘɠ, 4 Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ  (4/8, 50%) 

ɞŭɐɔɖůŬɜ ůŮ Ŭɛɘɜɞɝɘəɏɠ ŬɚɚŬɔɏɠ əŬɘ ɞɘ ɡˊɧɚɞɘˊŮɠ ɐŰŬɜ ɛɖ ůɡɜɩɜɡɛŮɠ. ȼ ˊŬɟŬɚɚŬɔɐ T350G 

ŮɜŰɞˊɑůŰɖəŮ ůŰɞ 82,5% (33/40 ŬˊɞɛɞɜɩůŮɘɠ) Űɤɜ Ⱥ6 Ŭɚɚɖɚɞɡɢɘɩɜ. ȷəɧɛŬ, ɖ ůɘɤˊɖɚɐ ɛŮŰɎɚɚŬɝɖ Űɞɡ 

ɜɞɡəɚŮɞŰɘŭɑɞɡ T185C ́ ɞɡ ɏɢŮɘ ɓɟŮɗŮɑ ůŮ 6 Ŭˊɧ Űɘɠ 40 (15%) ŬɚɚɖɚɞɡɢɑŮɠ ˊŮɟɘɔɟɎűŮŰŬɘ ɔɘŬ ˊɟɩŰɖ űɞɟɎ 

ɤɠ ɜɞɡəɚŮɞŰɘŭɘəɐ ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ ɔɞɜɘŭɑɞɡ HPV16 E6 ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ. ɇɏɚɞɠ ɖ űɡɚɞɔŮɜŮŰɘəɐ 

ŬɜɎɚɡůɖ ŬˊɞəɎɚɡɣŮ ɧŰɘ Űɞ 85% (34/40) Űɤɜ Ŭɚɚɖɚɞɡɢɘɩɜ ŬɜɐəŬɜ ůŰɞɜ əɚɎŭɞ ŮɡɟɤˊŬɥəɩɜ 

ˊŬɟŬɚɚŬɔɩɜ Ůɜɩ ŰŬ ɡˊɧɚɞɘˊŬ 6/40 ŬˊɞɛɞɜɤɛɏɜŬ ůŰŮɚɏɢɖ (15%) əŬŰŬŰɎůůɞɜŰŬɘ ůŰɖɜ ɞɛɎŭŬ GRD, 

ůŰɖɜ ɡˊɞəŬŰɖɔɞɟɑŬ D1 Űɖɠ ŬůɘŬŰɘəɐɠ-ŬɛŮɟɘəŬɜɘəɐɠ ˊɟɞɏɚŮɡůɖɠ D (ȺɘəɧɜŬ 1). 

 

ɄɑɜŬəŬɠ 1: ɁɞɡəɚŮɞŰɘŭɘəɞɑ Ʉɞɚɡɛɞɟűɘůɛɞɑ ůŰɞ ȷɜɞɘɢŰɧ ɄɚŬɑůɘɞ ȷɜɎɔɜɤůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ Ⱥ6 Űɞɡ 

HPV16.  
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131A 145G 176G 185T 286T 289A 335C 350
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. D32
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. . . H85
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L9

0V 

4 GRA G . A . . . . G 

3 GRB . . . . . . . . 

6 GRC . . . C . . . . 

6 GRD . T . . A G T G 

1 GRE . . . . A G . G 

1 GRF . . . . . G . G 

19 GRG . . . . . . . G 
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ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ Ŭɚɚɖɚɞɨɢɖůɖ Űɞɡ ɔɞɜɘŭɑɞɡ E6 HPV16ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŮ ŭŮɑɔɛŬŰŬ Ŭˊɧ 

ůŰɞɛŬŰɞűɎɟɡɔɔŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ȰɚɚɖɜŮɠ ŬůɗŮɜŮɑɠ. ȷɜ əŬɘ ɖ ŬɜɎɚɡůɖ ˊŮɟɘŮɚɎɛɓŬɜŮ ɏɜŬɜ ɛɎɚɚɞɜ 

ɛɘəɟɧ Ŭɟɘɗɛɧ ŭŮɘɔɛɎŰɤɜ, ɜɏŬ űɡɚɞɔŮɜŮŰɘəɎ ŭŮŭɞɛɏɜŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊɞɘəɘɚɞɛɞɟűɑŬ Űɞɡ ɘɘəɞɨ 

ɔɞɜɘŭɘɩɛŬŰɞɠ Űɞɡ ɘɞɨ Űɤɜ Ŭɜɗɟɩˊɘɜɤɜ ɗɖɚɤɛɎŰɤɜ ŬɜŰɚɐɗɖəŬɜ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɛŮɚɏŰɖɠ. 

 

ȺɘəɧɜŬ 1: ūɡɚɞɔŮɜŮŰɘəɧ ȹɏɜŰɟɞ Ȱɜɤůɖɠ ũŮɘŰɧɜɤɜ, əɚɎŭɞɘ Űɤɜ 1000 ŮˊŬɜŬɚɐɣŮɤɜ ˊɞɡ 

əŬŰŬůəŮɡɎůŰɖəŮ ɛŮ Űɖɜ ɛɏɗɞŭɞ ŭɘɧɟɗɤůɖɠ ŭɨɞ ˊŬɟŬɛɏŰɟɤɜ Kimura Űɞɡ MEGA X, Ŭˊɧ Űɖɜ ůŰɞɑɢɘůɖ 

Űɤɜ Ŭɚɚɖɚɞɡɢɘɩɜ HPV16 E6 Űɤɜ ɡˊɞəŬŰɖɔɞɟɘɩɜ A1, A2, A3, A4, B1, B2, B3, ȸ4, C1, C3, C4, D1, 

D2, D3, D4 Ŭˊɧ Űɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ. 
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ɄɟɞɔɜɤůŰɘəɐ əŬɘ ɗŮɟŬˊŮɡŰɘəɐ ɢɟɖůɘɛɧŰɖŰŬ Űɖɠ 25 ï ɡŭɟɞɝɡəŬɚůɘűŮɟɧɚɖɠ D3 ɞɟɞɨ 

ůŮ ŬůɗŮɜŮɑɠ ɛŮ Covid-19: ɗŮɤɟɖŰɘəɐ ɐ ŮűɘəŰɐ; 
 

ȸȷȿɆȷɀȷȾȼ ɄɘˊɑŰůŬ1, ȷɅũɈɅȽȷȹɃɈ ɁɘəɞɚɏŰŬ2, ɄȷɄȷȻɃũȿɃɈ ȹɖɛɐŰɟɘɞɠ3, ɄȽɆɇɃȿȷ 

ȷɜŬůŰŬůɑŬ4, ȻȼɆȽɀɃɄɃɈȿɃɆ ȷɗŬɜɎůɘɞɠ5 
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ɄŮɟɑɚɖɣɖ 
ȼ ˊŬɟŬəɎŰɤ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰŮɨŮŰŬɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ůɡůɢɏŰɘůɖɠ Űɖɠ ɓɘŰŬɛɑɜɖɠ D (25-ɡŭɟɞɝɡəŬɚůɘűŮɟɧɚɖɠ) ɛŮ 

Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ əŬɘ Űɖ ůɞɓŬɟɧŰɖŰŬ Űɤɜ ůɡɛˊŰɤɛɎŰɤɜ ůŮ ŬůɗŮɜŮɑɠ ˊɞɡ ɜɞůɞɨɜ Ŭˊɧ Űɞɜ ɘɧ SARS-CoV-2. 

ȺɘŭɘəɧŰŮɟŬ, ŬɜŬɚɨɞɜŰŬɘ ŭŮɑɔɛŬŰŬ ŬɑɛŬŰɞɠ Ŭˊɧ ŬůɗŮɜŮɑɠ ɛŮ COVID ï 19, ˊɞɡ ɜɞůɖɚŮɨŰɖəŬɜ ůŰɞ ɄŬɜŮˊɘůŰɖɛɘŬəɧ 

ũŮɜɘəɧ ɁɞůɞəɞɛŮɑɞ ȷɚŮɝŬɜŭɟɞɨˊɞɚɖɠ, ɤɠ ˊɟɞɠ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɖɠ ɓɘŰŬɛɑɜɖɠ D. ũɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ ɏɔɘɜŮ ɢɟɐůɖ 

ɟŬŭɘɞŬɜɞůɞŭɞəɘɛŬůɑŬɠ, ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ɢŬɛɖɚɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɓɘŰŬɛɑɜɖɠ D ůŰɞ ŬɑɛŬ ɜɞůɞɨɜŰɤɜ ůŮ 

ˊɟɞɢɤɟɖɛɏɜɞ ůŰɎŭɘɞ Űɖɠ COVID-19. 

 

ȿɏɝŮɘɠ ï əɚŮɘŭɘɎ: 

ȸɘŰŬɛɑɜɖ D, 25(OH)D3, SARS ï CoV-2, RIA, ɡˊɞɓɘŰŬɛɑɜɤůɖ D 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ɓɘŰŬɛɑɜɖ D ůɡɛɛŮŰɏɢŮɘ əɡɟɑɤɠ ůŮ ˊɞɘəɑɚŮɠ əɡŰŰŬɟɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ 

ɛɘŰɞɢɞɜŭɟɘŬəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ, Űɖɠ ɛŮɑɤůɖɠ Űɖɠ űɚŮɔɛɞɜɐɠ, Űɞɡ ŬɜŰŬɔɤɜɘůɛɞɨ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ, əŬɗɩɠ 

əŬɘ Űɖɠ ɟɨɗɛɘůɖɠ Űɞɡ ŮɜŭɞɜŮɡɟɘəɞɨ ŬůɓŮůŰɑɞɡ. ɀŮŰŬɓɚɖŰɏɠ ŭɘŬŰŬɟŬɢɏɠ Ůɜŭɞəɟɘɜɘəɐɠ, ŬɜŬˊɜŮɡůŰɘəɐɠ, 

əŬɟŭɘŬɔɔŮɘŬəɐɠ əŬɘ ɜŮɡɟɞŮəűɡɚɘůŰɘəɐɠ ˊɟɞɏɚŮɡůɖɠ ɏɢɞɡɜ ůɡɜŭŮɗŮɑ ɛŮ ŬɜŮˊɎɟəŮɘŬ ɓɘŰŬɛɑɜɖɠ D. Ƀɘ 

ŬůɗŮɜŮɑɠ ɛŮ COVID-19 ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ůɞɓŬɟɐ ůɡɛˊŰɤɛŬŰɞɚɞɔɑŬ, ɛˊɞɟŮɑ ɜŬ ˊɎůɢɞɡɜ Ŭˊɧ 

ɞˊɞɘŬŭɐˊɞŰŮ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŭɘŬŰŬɟŬɢɏɠ. ɆŰɞ Űɟɏɢɞɜ ŮɟŮɡɜɖŰɘəɧ ɛŬɠ ˊɟɤŰɧəɞɚɚɞ, ˊɟɞůŭɘɞɟɑůŬɛŮ 

ˊɟɞɞˊŰɘəɎ Űɞ ŮˊɑˊŮŭɞ Űɖɠ 25-ɡŭɟɞɝɡəŬɚůɘűŮɟɧɚɖɠ [25(OH)D3 ɐ ɓɘŰŬɛɑɜɖɠ D] ɞɟɞɨ, ůŮ ŬůɗŮɜŮɑɠ ůŮ 

ŭɘŬűɞɟŮŰɘəɎ ůŰɎŭɘŬ ɚɞɑɛɤɝɖɠ ɛŮ SARS-CoV-2. ɆŰɧɢɞɠ ŮɑɜŬɘ ɜŬ əŬɗɞɟɑůɞɡɛŮ ˊɘɗŬɜɏɠ ůɡůɢŮŰɑůŮɘɠ 

ŭɘɎűɞɟɤɜ ˊŬɟŬɚɚŬɔɩɜ Űɖɠ 25(OH)D3 əŬɘ Űɖɠ ůɞɓŬɟɧŰɖŰŬɠ ɐ Űɖɠ ɏəɓŬůɖɠ Űɖɠ ŬůɗɏɜŮɘŬɠ. 

 

ɀɏɗɞŭɞɘ 

ȷɟɢɘəɎ ůɡɚɚɏɝŬɛŮ ŭŮɑɔɛŬŰŬ ŬɑɛŬŰɞɠ Ŭˊɧ əɎɗŮ ŬůɗŮɜɐ ˊɞɡ ˊŬɟŬˊɏɛűɗɖəŮ ůŰɞ ŰɛɐɛŬ ɛŬɠ əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ɛŮŰɟɐůŬɛŮ Űɖɜ Ŭɟɢɘəɐ Űɘɛɐ 25(OH)D3. Ƀɘ ɛŮŰɟɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ ŮɟɔŬůŰɐɟɘɧ ɛŬɠ 

(ŮɘəɧɜŬ 1), ɛŮ ŭɘŮɝŬɔɤɔɐ ɟŬŭɘɞŬɜɞůɞŭɞəɘɛŬůɑŬɠ (RIA) ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ kit ç25-OH Vitamin D total 

RIA (Immunotech, ɄɟɎɔŬ, ɇůŮɢɑŬ)è. Ƀɘ ŬůɗŮɜŮɑɠ ˊɞɡ ɏűŮɟŬɜ SARS-CɞV-2 ɜɞůɖɚŮɨŰɖəŬɜ ůŮ Ůɘŭɘəɞɨɠ 

ɗŬɚɎɛɞɡɠ, ɛɞɜɎŭŮɠ ŮɜŰŬŰɘəɐɠ ɗŮɟŬˊŮɑŬɠ ɐ ɓɟɑůəɞɜŰŬɜ ɡˊɧ ˊŬɟŬəɞɚɞɨɗɖůɖ ůŰɞ ůˊɑŰɘ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɖ 

ŬɘɛɞɚɖɣɑŬ ŮˊŬɜŬɚŬɛɓŬɜɧŰŬɜ ɛɑŬ űɞɟɎ Űɖɜ ŮɓŭɞɛɎŭŬ ɔɘŬ Űɞɡɠ ɜɞůɖɚŮɡɧɛŮɜɞɡɠ ŬůɗŮɜŮɑɠ Űɞɡ 

ɜɞůɞəɞɛŮɑɞɡ, Ůɜɩ ɔɘŬ Űɞɡɠ ŬůɗŮɜŮɑɠ ˊɞɡ ˊŬɟɏɛŮɘɜŬɜ ůˊɑŰɘ ɖ ŬɘɛɞɚɖɣɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ Űɏɚɞɠ 

Űɖɠ ˊŮɟɘɧŭɞɡ ŮˊɘŰɐɟɖůɖɠ. ȺˊɘˊɟɧůɗŮŰŬ, ɏɔɘɜŬɜ ŮəŰɘɛɐůŮɘɠ Űɖɠ 25(OH)D3 ɤɠ ɛɏɟɞɠ Űɖɠ 

ˊŬɟŬəɞɚɞɨɗɖůɖɠ ɓɎůŮɘ Űɞˊɘəɞɨ ˊɟɤŰɞəɧɚɚɞɡ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜŬɚɨɗɖəŬɜ ůŰŬŰɘůŰɘəɎ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ Student's t-test, Űɞ x2 test ɐ/əŬɘ Űɖ ɛɏɗɞŭɞ Pearson Correlation,, ɛŮ ůŰŬŰɘůŰɘəɐ 

ůɖɛŬɜŰɘəɧŰɖŰŬ p < 0.05.  

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ȺɓŭɞɛɐɜŰŬ ŭɨɞ ŬůɗŮɜŮɑɠ ɛŮ SARS-CɞV-2, 51 ɎɜŭɟŮɠ əŬɘ 21 ɔɡɜŬɑəŮɠ, ɛŮ ɛɏůɖ ɖɚɘəɑŬÑSD 75Ñ9 ɏŰɖ, 

ŮɜůɤɛŬŰɩɗɖəŬɜ ůŰɖ ɛŮɚɏŰɖ ɛŬɠ. ȱˊɘŬ ɏɤɠ ɓŬɟɘɎ ɡˊɞɓɘŰŬɛɑɜɤůɖ D ˊɟɞůŭɘɞɟɑůŰɖəŮ ůŮ ůɡɜɞɚɘəɎ 243 

ŭŮɑɔɛŬŰŬ ŬɑɛŬŰɞɠ. ɆŮ ŬůɗŮɜŮɑɠ ůŮ ˊɟɞɢɤɟɖɛɏɜɞ ůŰɎŭɘɞ Űɖɠ ɜɧůɞɡ, ŰŬ ŮˊɑˊŮŭŬ 25(OH)D3 ůŰɞɜ ɞɟɧ ɐŰŬɜ 
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ɢŬɛɖɚɧŰŮɟŬ, Ůɜɩ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ əɚɘɜɘəɐ ɐ ŬˊŮɘəɞɜɘůŰɘəɐ ɓŮɚŰɑɤůɖ, 

ůɡůɢŮŰɑůŰɖəŮ ɛŮ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ (ˊɑɜŬəŬɠ 1). 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ɇŬ ˊɟɞəŬŰŬɟəŰɘəɎ ŮɡɟɐɛŬŰɎ ɛŬɠ ɡˊɞŭŮɘəɜɨɞɡɜ ůŰŬŭɘŬəɎ ɢŬɛɖɚɧŰŮɟɖ ɏəűɟŬůɖ 25(OH)D3 ůŰɞɜ ɞɟɧ 

ŬůɗŮɜɩɜ ɛɞɚɡůɛɏɜɤɜ ɛŮ SARS-CoV-2, ůɡɛɓŬŰɎ ɛŮ ŬɜɎɚɞɔɖ əɚɘɜɘəɐ əŬɘ ŬˊŮɘəɞɜɘůŰɘəɐ əŬŰɎůŰŬůɖ. ȼ 

ŮəŰɑɛɖůɖ Űɤɜ Ůˊɘˊɏŭɤɜ 25(OH)D3, ɛɏůɤ Űɖɠ RIA ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɜɘůɢɨůŮɘ Űɖɜ ˊɟɧɔɜɤůɖ Űɖɠ ɏəɓŬůɖɠ 

Űɖɠ ɜɧůɞɡ COVID-19. 

 

 
 

ȺɘəɧɜŬ 1. ȺɟɔŬůŰɐɟɘɞ in vitro Űɞɡ ɇɛɐɛŬŰɞɠ Ʉɡɟɖɜɘəɐɠ ȽŬŰɟɘəɐɠ Űɞɡ ɄũɁȷ 

 

ɄɑɜŬəŬɠ 1: ɆɡůɢɏŰɘůɖ ůŰŬŭɑɞɡ ŬůɗɏɜŮɘŬɠ ɛŮ ŰŬ ŮˊɑˊŮŭŬ ɓɘŰŬɛɑɜɖɠ D ůŰɞɜ ɞɟɧ ŬůɗŮɜɩɜ 

 

ɆŰɎŭɘɞ ŬůɗɏɜŮɘŬɠ COVID-19 

 

ɆɡɔəɏɜŰɟɤůɖ 25(Ƀȼ)D3 ɞɟɞɨ 

 

ˊɟɞɢɤɟɖɛɏɜɞ 

 

ɞɘ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ (0-10 ng/mL) 

 

əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 

əɚɘɜɘəɐ ɐ ŬˊŮɘəɞɜɘůŰɘəɐ ɓŮɚŰɑɤůɖ 

 

ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ (10-30 ng/mL) 
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ɄŮɟɑɚɖɣɖ 
ȰɢŮɘ ˊɟɧůűŬŰŬ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ ɖ ɏəɗŮůɖ ůŮ ŬɜŮɛɞɛŮŰŬűŮɟɧɛŮɜɞɡɠ ɔɡɟŮɞəɧəəɞɡɠ ŮɝŬůɗŮɜŮɑ Űɞ ŬɜɞůɞˊɞɘɖŰɘəɧ 

ůɨůŰɖɛŬ ɤɠ ˊɟɞɠ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ŬɜŬˊɜŮɡůŰɘəɩɜ ɘɞɔŮɜɩɜ ɚɞɘɛɩɝŮɤɜ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ əɞɘɜɞɨɠ ɘɞɨɠ Űɞɡ 

əɟɡɞɚɞɔɐɛŬŰɞɠ, ɧˊɤɠ ɞ ɟɘɜɞɥɧɠ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊɟɞəŬɚɞɨɛŮɜɖ ɛŮɑɤůɖ Űɖɠ Ŭˊɧəɟɘůɖ Űɤɜ ŬɜŰɘɘəɩɜ 

ˊɟɤŰŮɥɜɩɜ ɘɜŰŮɟűŮɟɧɜɖɠ əŬɘ ɘůɢɨŮɘ ŬɜŮɝŬɟŰɐŰɤɠ ŮɡŬɘůɗɖůɑŬɠ ůŮ ŬɚɚŮɟɔɑŮɠ. Ⱥŭɩ ŭɘŮɟŮɡɜɎŰŬɘ əŬŰɎ ˊɧůɞ ɘůɢɨŮɘ 

Űɞ ɑŭɘɞ əŬɘ ɔɘŬ Űɞɜ ˊŬɜŭɖɛɘəɧ ɘɧ SARS-CoV-2, Ůűɧůɞɜ ŮɝɎɟůŮɘɠ Űɖɠ ˊŬɜŭɖɛɑŬɠ ůɡɛˊɑˊŰɞɡɜ ɛŮ ɡɣɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ɔɡɟŮɞəɧəəɤɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. Ʉɟɞɠ ŰɞɨŰɞ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŮəŰŮŰŬɛɏɜɖ ůɡɚɚɞɔɐ əŬɘ 

ŬɜɎɚɡůɖ ŭŮŭɞɛɏɜɤɜ ɗŮŰɘəɩɜ əɟɞɡůɛɎŰɤɜ ɛɧɚɡɜůɖɠ Ŭˊɧ SARS-CoV-2, ůɡɔəŮɜŰɟɩůŮɤɜ ŬɜŮɛɞɛŮŰŬűŮɟɧɛŮɜɖɠ 

ɔɨɟɖɠ əŬɘ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ. ȼ ŰŮɚɘəɐ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ˊŮɟɘŮɚɎɛɓŬɜŮ 130 ůŰŬɗɛɞɨɠ Ŭˊɧ 31 ɢɩɟŮɠ 

əŬɘ 5 ɖˊŮɑɟɞɡɠ. ũɘŬ ɜŬ ɛŮɚŮŰɖɗŮɑ ɞ əɨɟɘɞɠ ˊŬɟɎɔɞɜŰŬɠ ɛŮŰɎŭɞůɖɠ Űɞɡ əɞɟɞɜɞɥɞɨ, ɖ Ŭɜɗɟɩˊɘɜɖ ŮˊŬűɐ, 

ŮɘůɐɢɗɖůŬɜ əŬɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ Űɖɠ ˊɡəɜɧŰɖŰŬɠ ˊɚɖɗɡůɛɞɨ ɔɘŬ Űɖɜ əɎɗŮ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ, əŬɗɩɠ əŬɘ ɖ ɨˊŬɟɝɖ 

ɡˊɞɢɟŮɤŰɘəɞɨ ŮɔəɚŮɘůɛɞɨ. ɇŬ əɨɟɘŬ ŮɡɟɐɛŬŰŬ ɐŰŬɜ ɧŰɘ ɖ ŬɜŮɛɞɛŮŰŬűŮɟɧɛŮɜɖ ɔɨɟɖ, ůŮ ůɡɜɏɟɔŮɘŬ ɛŮ Űɖ 

ɗŮɟɛɞəɟŬůɑŬ ŬɏɟŬ əŬɘ Űɖɜ ɡɔɟŬůɑŬ, ŮɝɖɔɞɨůŬɜ əŬŰɎ ɛɏůɞ ɧɟɞ 44% Űɖɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɤɜ ɗŮŰɘəɩɜ 

əɟɞɡůɛɎŰɤɜ əɞɟɞɜɞɥɞɨ. Ƀ ŮɔəɚŮɘůɛɧɠ ɛŮɑɤůŮ ůŰɞ ɛɘůɧ ŰŬ ˊɞůɞůŰɎ ɗŮŰɘəɩɜ əɟɞɡůɛɎŰɤɜ SARS-CoV-2, əɎŰɤ 

Ŭˊɧ ˊŬɟɧɛɞɘŮɠ ůɡɜɗɐəŮɠ ɔɡɟŮɞűɞɟɑŬɠ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ ůɡɜŰŮɚŮɑ ůŰɖ ŭɟŬɛŬŰɘəɐ Ŭɨɝɖůɖ Űɖɠ 

ŬŰɛɞůűŬɘɟɘəɐɠ ŬűɗɞɜɑŬɠ ɔɨɟɖɠ əŬɘ ůŰɖ ɛŮŰŬŰɧˊɘůɖ Űɖɠ əɨɟɘŬɠ Ůˊɞɢɐɠ Űɖɠ ɜɤɟɑŰŮɟŬ, ɞɘ ˊŮɟɑɞŭɞɘ əɡəɚɞűɞɟɑŬɠ 

ɔɨɟɖɠ əŬɘ ɘɩɜ ˊɞɡ ˊɟɞɝŮɜɞɨɜ ŬɜŬˊɜŮɡůŰɘəɏɠ ɚɞɘɛɩɝŮɘɠ ůɡɛˊɑˊŰɞɡɜ Űɖɜ Ɏɜɞɘɝɖ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ɔɨɟɖ ɜŬ ŭɟŬ 

ůɡɜŮɟɔɘůŰɘəɎ ůŰɖɜ ɏɝŬɟůɖ Űɤɜ ɚɞɘɛɩɝŮɤɜ.  

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ 

ȷŮɟɞɓɘɞɚɞɔɑŬ, ŬɜŬˊɜŮɡůŰɘəɏɠ ɚɞɘɛɩɝŮɘɠ, ɔɨɟɖ, əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ, COVID-19, SARS-CoV-2 

 

 

ȺɘůŬɔɤɔɐ 

ȰɢŮɘ ɓɟŮɗŮɑ ˊɟɧůűŬŰŬ ɧŰɘ ɖ ɔɨɟɖ ɛŮɘɩɜŮɘ Űɘɠ ŬɜŰɘɘəɏɠ ɘɜŰŮɟűŮɟɧɜŮɠ Űɨˊɞɡ-Ƚ əŬɘ Űɨˊɞɡ-ȽȽȽ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŮɜŭŮɢɧɛŮɜɖ ŬɜŬůŰɞɚɐ Űɖɠ ɏɛűɡŰɖɠ ɎɛɡɜŬɠ Űɤɜ Ůˊɘɗɖɚɑɤɜ Űɤɜ ŬŮɟŬɔɤɔɩɜ əŬŰɎ Űɤɜ 

ɘɩɜ (Gilles ə.Ɏ. 2020). ȷɡŰɧ ŰŮəɛɖɟɘɩɗɖəŮ ɛŮ in vitro, in vivo əŬɘ əɚɘɜɘəɎ ŭŮŭɞɛɏɜŬ. ɆŮ ɛŮɔɎɚɞ ŭŮɑɔɛŬ 

ˊɚɖɗɡůɛɞɨ ůŰɖ ɆɞɡɖŭɑŬ (>20.000 ŬůɗŮɜŮɑɠ ɛŮ ŬɜŬˊɜŮɡůŰɘəɏɠ ɚɞɘɛɩɝŮɘɠ əŬŰɎ Űɘɠ ɢɟɞɜɘɏɠ 2011-2013), 

ɖ ɑŭɘŬ ɏɟŮɡɜŬ ɏŭŮɘɝŮ Űɖɜ ɨˊŬɟɝɖ ůɖɛŬɜŰɘəɐɠ ɗŮŰɘəɐɠ ůɡůɢɏŰɘůɖɠ ɛŮŰŬɝɨ ˊɟɞůɓɞɚɩɜ Ŭˊɧ ɟɘɜɞɥɧ əŬɘ 

ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɔɨɟɖɠ ůɖɛɨŭŬɠ Űɖɜ ˊŮɟɑɞŭɞ Űɖɠ Ɏɜɞɘɝɖɠ.  

 

Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ŮɎɜ əŬɘ ůŮ Űɘ ɓŬɗɛɧ ɖ ˊŬɟŬˊɎɜɤ ůɡɜɏɟɔŮɘŬ ɛˊɞɟŮɑ 

ɜŬ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɞɜ ɘɧ SARS-CoV-2 əŬɘ ˊŮɟŬɘŰɏɟɤ ɜŬ ŬɝɘɞɚɞɔɖɗŮɑ ɖ ůɡɛɓɞɚɐ Űɖɠ 

ŬɜŮɛɞɛŮŰŬűŮɟɧɛŮɜɖɠ ɔɨɟɖɠ ůŰɘɠ ŮɝɎɟůŮɘɠ Űɖɠ ˊŬɜŭɖɛɑŬɠ covid-19.  

 

ɀɏɗɞŭɞɘ 

ȷəɞɚɞɡɗɐɗɖəŮ Űɞ ˊɟɤŰɧəɞɚɚɞ STROBE ɔɘŬ Ůˊɘŭɖɛɘɞɚɞɔɘəɏɠ ɛŮɚɏŰŮɠ (Damialis ə.Ɏ. 2021): 

ɄŮɘɟŬɛŬŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ 

ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɞɡ ŮɟŮɡɜɖŰɘəɞɨ ɛŬɠ ŮɟɤŰɐɛŬŰɞɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŬɕɘəɐ ůɡɚɚɞɔɐ əŬɘ ŬɜɎɚɡůɖ 

ɖɛŮɟɐůɘɤɜ ŭŮŭɞɛɏɜɤɜ (cross-sectional, longitudinal), ɔɘŬ Űɖɜ ˊŮɟɑɞŭɞ 01/01/2020 ï 08/04/2020, ˊɞɡ 

ŬűɞɟɞɨůŬɜ Ŭ) ŮˊɘɓŮɓŬɘɤɛɏɜŬ ɗŮŰɘəɎ əɟɞɨůɛŬŰŬ Ŭˊɧ Űɞɜ ɘɧ SARS-CoV-2, ɓ) ůɡɔəŮɜŰɟɩůŮɘɠ 

ɔɡɟŮɞəɧəəɤɜ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɖɠ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ ŬɜɎ ůŰŬɗɛɧ ůɡɚɚɞɔɐɠ, ɔ) Űɘɛɏɠ ɗŮɟɛɞəɟŬůɑŬɠ ŬɏɟŬ, 

ŭ) Űɘɛɏɠ ɡɔɟŬůɑŬɠ. ȺˊɘˊɟɧůɗŮŰŬ, ůɡɛˊŮɟɘɚɐűɗɖəŬɜ əɞɘɜɤɜɘəɞ-ŭɖɛɞɔɟŬűɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ, ɞɘ ɞˊɞɑŮɠ 

ŮəűɟɎɕɞɡɜ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ŮˊŬűɐ, ɤɠ əɨɟɘɞ ˊŬɟɎɔɞɜŰŬ ɛŮŰɎŭɞůɖɠ Űɞɡ əɞɟɞɜɞɥɞɨ: ˊɡəɜɧŰɖŰŬ 
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ˊɚɖɗɡůɛɞɨ əŬɘ ɖɛŮɟɞɛɖɜɑŮɠ ŮɔəɚŮɘůɛɞɨ (ˊŬɟɞɡůɑŬ-ŬˊɞɡůɑŬ, əŬɘ ŬɡůŰɖɟɧŰɖŰŬ). 

Ʉɖɔɏɠ ŭŮŭɞɛɏɜɤɜ 

ȷŮɟɞɓɘɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ ɔɨɟɖɠ ůɡɜŮɚɏɔɖůŬɜ Ŭˊɧ ɧůɞɡɠ ůŰŬɗɛɞɨɠ ɚŮɘŰɞɡɟɔɞɨůŬɜ ŮəŮɑɜɖ Űɖɜ ˊŮɟɑɞŭɞ 

ůŮ ɧɚɞ Űɞɜ ́ ɚŬɜɐŰɖ. ɆɡɜɞɚɘəɎ, ůɡɜŮɚɏɔɖůŬɜ ɖɛŮɟɐůɘŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɔɨɟɖɠ Ŭˊɧ 248 ŬŮɟɞɓɘɞɚɞɔɘəɞɨɠ 

ůŰŬɗɛɞɨɠ (ɆɢɐɛŬ 1). ũɘŬ ɚɧɔɞɡɠ ɞɛɞɔŮɜɞˊɞɑɖůɖɠ əŬɘ ůɡɔəɟɘůɘɛɧŰɖŰŬɠ, ɞɘ ůŰŬɗɛɞɑ əŬŰŬŰɎɢɗɖəŬɜ əŬɘ 

ˊŮɟŬɘŰɏɟɤ ŮˊɘɚɏɢŰɖəŬɜ ɐ ŬˊɞɟɟɑűɗɖəŬɜ ɓɎůŮɘ Űɖɠ ˊɚɖɟɧŰɖŰŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɧɚɤɜ Űɤɜ ŮˊɘɗɡɛɖŰɩɜ 

ˊŬɟŬɔɧɜŰɤɜ. ɇŬ əɟɞɨůɛŬŰŬ əɞɟɞɜɞɥɞɨ əŬɘ ɞɘ ɡˊɧɚɞɘˊŮɠ ˊŬɟɎɛŮŰɟɞɘ ŮˊɘɚɏɢŰɖəŬɜ ŰŮɚɘəɎ Ŭˊɧ ɏɜŬ 

ůɨɜɞɚɞ 130 ůŰŬɗɛɩɜ Ŭˊɧ 31 ɢɩɟŮɠ əŬɘ 5 ȼˊŮɑɟɞɡɠ. 

ȷɜɎɚɡůɖ ŭŮŭɞɛɏɜɤɜ 

ũŮɜɘəɎ ũɟŬɛɛɘəɎ ɀɞɜŰɏɚŬ (one-way, factorial ANOVAs, simple linear regressions), ɀɞɜŰɏɚŬ 

ȷɡŰɞˊŬɚɘɜŭɟɧɛɘůɖɠ (cross-correlations), ũŮɜɘəŮɡɛɏɜŬ ɀɖ ũɟŬɛɛɘəɎ ɀɞɜŰɏɚŬ (Poisson and log-normal 

distributions), Ridge Regressions. 

ɇŮɢɜɘəɏɠ ŬɜŰɘɛŮŰɩˊɘůɖɠ ůɡůŰɖɛŬŰɘəɩɜ ůűŬɚɛɎŰɤɜ 

ȷ) ɇɟŮɑɠ ŭɘŬűɞɟŮŰɘəɏɠ ɞɛɎŭŮɠ ŬɜŬɚɡŰɩɜ, Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ɢɩɟŮɠ, ˊɟŬɔɛŬŰɞˊɞɑɖůŬɜ ŬɜŮɝɎɟŰɖŰŬ Űɖ 

ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ, ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ əŬɘ ůɡɜɏəɟɘɜŬɜ ŰŬəŰɘəɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰɎ Űɞɡɠ.  

ȸ) ȷəɟŬɑŮɠ Űɘɛɏɠ (Outliers): ɉɟɐůɖ bag plots (ɏɚŮɔɢɞɠ ɛɏůɤɜ əŬɘ ŭɘɛɏůɤɜ, əŬŰŬɜɞɛɩɜ ůŮ 

ŰŮŰŬɟŰɖɛɧɟɘŬ, ůɡɛɛŮŰɟɑŬɠ).  

ũ) ɈˊŮɟˊɟɞůŬɟɛɞɔɐ (Overfitting): Sensitivity analysis (bootstrap reshuffling), ridge regressions 

(backward stepwise elimination əŬɘ ɡɣɖɚɧŰŮɟɖ Űɘɛɐ ɚ). 

ȹ) ɆɡɜŮɟɔɘůŰɘəɞɑ əŬɘ ŬɜŰɘɗŮŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ: ridge regressions (backward stepwise elimination əŬɘ 

ɡɣɖɚɧŰŮɟɖ Űɘɛɐ ɚ). 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ɇɞ əɨɟɘɞ ŮɨɟɖɛŬ Űɖɠ ɛŮɚɏŰɖɠ ɐŰŬɜ ɖ ůɖɛŬɜŰɘəɐ ɗŮŰɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ əɟɞɡůɛɎŰɤɜ əɞɟɞɜɞɥɞɨ əŬɘ 

ŬŰɛɞůűŬɘɟɘəɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ ɔɡɟŮɞəɧəəɤɜ əŬŰɎ Űɖɜ Ɏɜɞɘɝɖ Űɞɡ 2020, ɔɘŬ Űɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ 

ŮɝŮŰŬɕɧɛŮɜɤɜ ˊŮɟɘɞɢɩɜ, ůŮ ůɡɜɏɟɔŮɘŬ ɛŮ Űɖ ɗŮɟɛɞəɟŬůɑŬ ŬɏɟŬ əŬɘ Űɖ ůɢŮŰɘəɐ ɡɔɟŬůɑŬ (ɆɢɐɛŬ 1) əŬɘ 

ɛŮ əŬŰɩűɚɘ ŮɛűɎɜɘůɖɠ ŬɡŰɐɠ Űɖɠ ůɢɏůɖɠ Űɞɡɠ 248 ɔɡɟŮɧəɞəəɞɡɠ ŬɜɎ əɡɓɘəɧ ɛɏŰɟɞ. ȷɡŰɐ ɖ ůɡɜɏɟɔŮɘŬ 

ɛˊɧɟŮůŮ ɜŬ ŮɝɖɔɐůŮɘ əŬŰɎ ɛɏůɞ ɧɟɞ 44% Űɖɠ ŭɘŬəɨɛŬɜůɖɠ Űɤɜ ɗŮŰɘəɩɜ əɟɞɡůɛɎŰɤɜ əɞɟɞɜɞɥɞɨ, 

ůɡɜɐɗɤɠ ɛŮ ɛɑŬ ɢɟɞɜɘəɐ ɡůŰɏɟɖůɖ ŰŮůůɎɟɤɜ ɖɛŮɟɩɜ, əŬɘ ŬˊɞəɚŮɑɞɜŰŬɠ Űɞɜ əɨɟɘɞ ˊŬɟɎɔɞɜŰŬ Űɖɠ 

əɞɘɜɤɜɘəɐɠ ŮˊŬűɐɠ (ɧˊɤɠ ŮəűɟŬɕɧŰŬɜ ɛŮ ŰŬ ɛɏŰɟŬ ŮɔəɚŮɘůɛɞɨ). Ⱦɞɘɜɤɜɘəɞ-ŭɖɛɞɔɟŬűɘəɏɠ ŮˊɘŭɟɎůŮɘɠ 

(ˊɡəɜɧŰɖŰŬ ˊɚɖɗɡůɛɞɨ əŬɘ ŮɔəɚŮɘůɛɧɠ), ɧɜŰŬɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ŮəűɟɎɕɞɡɜ əɞɘɜɤɜɘəɐ ŮˊŬűɐ, 

ŬˊɞŰɏɚŮůŬɜ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ůŰɖɜ Ůɝɑůɤůɖ Űɖɠ ŭɘŬůˊɞɟɎɠ Űɞɡ əɞɟɞɜɞɥɞɨ: əŬɗŮůŰɩŰŬ 

ŮɔəɚŮɘůɛɞɨ, ŮɘŭɘəɎ ɧŰŬɜ ɡɘɞɗŮŰɞɨɜŰŬɜ ŬɟəŮŰɎ ɜɤɟɑɠ ɞŭɖɔɞɨůŬɜ ůŮ ɛŮɑɤůɖ Űɤɜ əɟɞɡůɛɎŰɤɜ ůŰɞ ɛɘůɧ, 

əŬŰɎ ɛɏůɞ ɧɟɞ. ɆɖɛŮɘɤŰɏɞɜ ɧŰɘ, əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ ɛŮɚɏŰɖɠ, ŰŬ ɢŬɛɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ əɟɞɡůɛɎŰɤɜ Űɞɡ 

ɘɞɨ ˊŬɟŬŰɖɟɐɗɖəŬɜ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɞɘ ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɔɡɟŮɞəɧəəɤɜ ɐŰŬɜ Ůˊɑůɖɠ 

ɢŬɛɖɚɧŰŮɟŮɠ. 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ȼ ɏɟŮɡɜŬ ŬɡŰɐ ɧɢɘ ɛɧɜɞ ŭŮɑɢɜŮɘ Űɖ ɗŮŰɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ ŬűɗɞɜɑŬɠ ɔɨɟɖɠ əŬɘ əɟɞɡůɛɎŰɤɜ SARS-CoV-

2, ŬɚɚɎ ŮˊɘŰɟɏˊŮɘ ɡˊɞɗɏůŮɘɠ ɔɘŬ ɎɚɚŮɠ ŬɜɎɚɞɔŮɠ ůɢɏůŮɘɠ ɡˊɧ Űɖɜ ŰɟɏɢɞɡůŬ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ. ȰɢŮɘ əŬŰô 

ŮˊŬɜɎɚɖɣɖ ŭɘŬˊɘůŰɤɗŮɑ ɧŰɘ ɞɘ ŬɜŮɛɞɛŮŰŬűŮɟɧɛŮɜɞɘ ɔɡɟŮɧəɞəəɞɘ ˊŬɟɎɔɞɜŰŬɘ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ 

ˊɞůɧŰɖŰŮɠ ůŮ ůɢɏůɖ ɛŮ Űɞ ˊŬɟŮɚɗɧɜ, Ůɜɩ ɖ Ůˊɞɢɐ ɔɡɟŮɞűɞɟɑŬɠ ɛŮŰŬűɏɟŮŰŬɘ ɜɤɟɑŰŮɟŬ əŬɘ ŮɔɔɨŰŮɟŬ 

ůŰɖɜ Ůˊɞɢɐ ɧˊɞɡ Ůɜŭɖɛɞɨɜ ůɡɔəŮəɟɘɛɏɜŮɠ ɘɞɔŮɜŮɑɠ ɚɞɘɛɩɝŮɘɠ (Ziska et al. 2019). ȿɧɔɤ Űɖɠ ůɡɜɏɟɔŮɘŬɠ 

ɔɨɟɖɠ əŬɘ ɘɩɜ Űɞɡ ŬɜŬˊɜŮɡůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ŬɡŰɏɠ ɞɘ ɛŮŰŬɓɞɚɏɠ Ůɔəɡɛɞɜɞɨɜ ůɖɛŬɜŰɘəɞɨɠ əɘɜŭɨɜɞɡɠ. 

ȼ ůŰɐɟɘɝɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ůŰŬɗɛɩɜ ɓɘɞˊŬɟŬəɞɚɞɨɗɖůɖɠ ɔɡɟŮɞəɧəəɤɜ əŬɘ ůˊɞɟɑɤɜ ɛɡəɐŰɤɜ ŬɚɚɎ əŬɘ 

ɖ ŭɖɛɘɞɡɟɔɑŬ ůɡůŰɖɛɎŰɤɜ ˊɟɧɓɚŮɣɖɠ əŬɘ Ůɜɖɛɏɟɤůɖɠ Űɞɡ əɞɘɜɞɨ ɔɘŬ Űɖɜ ˊɞɘɧŰɖŰŬ Űɖɠ ŬŰɛɧůűŬɘɟŬɠ 

ŬɜŬűɞɟɘəɎ ɛŮ ɓɘɞɚɞɔɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ŬˊɞŰŮɚŮɑ ŮˊɘŰŬəŰɘəɐ ŬɜɎɔəɖ. 
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ɆɢɐɛŬ 1. ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɢŮŭɘŬůɛɞɨ Űɖɠ ɛŮɚɏŰɖɠ əŬɘ Űɤɜ əɨɟɘɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ. 

ɆɡɚɚɏɢɗɖəŬɜ ŭŮŭɞɛɏɜŬ ŬŰɛɞůűŬɘɟɘəɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ ɔɡɟŮɞəɧəəɤɜ, ɛŮŰŮɤɟɞɚɞɔɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ, 

əɟɞɡůɛɎŰɤɜ SARS-CoV-2, ˊɡəɜɧŰɖŰŬɠ ˊɚɖɗɡůɛɞɨ əŬɘ əŬɗŮůŰɩŰɤɜ ŮɔəɚŮɘůɛɞɨ ˊɞɡ ŬűɞɟɞɨůŬɜ Űɖɜ 

ˊŮɟɑɞŭɞ ɛŮŰŬɝɨ 1ɖɠ ȽŬɜɞɡŬɟɑɞɡ əŬɘ 8ɖɠ ȷˊɟɘɚɑɞɡ 2020. ȼ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ˊɟɞɏəɡɣŮ Ŭˊɧ 248 

ůŰŬɗɛɞɨɠ ɓɘɞˊŬɟŬəɞɚɞɨɗɖůɖɠ Ŭˊɧ 31 ɢɩɟŮɠ ůŮ ɧɚŮɠ Űɘɠ əŬŰɞɘəɖɛɏɜŮɠ ɖˊŮɑɟɞɡɠ. ɄɏɟŬ Ŭˊɧ Űɖɜ 

ŬɜŬɛŮɜɧɛŮɜɖ ˊɟɞůŰŬŰŮɡŰɘəɐ ŭɟɎůɖ Űɤɜ əŬɗŮůŰɩŰɤɜ lockdowns (ɔəɟɑɕŬ əɎɗŮŰɖ ůŰɐɚɖ), ɓɟɏɗɖəŬɜ 

ůɖɛŬɜŰɘəɏɠ ɗŮŰɘəɏɠ ůɡůɢŮŰɑůŮɘɠ Űɤɜ əɟɞɡůɛɎŰɤɜ SARS-CoV-2 ɛŮ Űɘɠ ŬŰɛɞůűŬɘɟɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

ɔɡɟŮɞəɧəəɤɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɕŮůŰɩɜ (ɞɟɘɕɧɜŰɘŬ ɔɟŬɛɛɐ əɧəəɘɜɖɠ ŭɘŬɓɎɗɛɘůɖɠ) əŬɘ ɝɖɟɩɜ 

(ɞɟɘɕɧɜŰɘŬ ɔɟŬɛɛɐ ɛˊɚŮ ŭɘŬɓɎɗɛɘůɖɠ) əŬɘɟɘəɩɜ ůɡɜɗɖəɩɜ. 
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ɄŮɟɑɚɖɣɖ  

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ Űɞ ɗɏɛŬ ŮɑɜŬɘ Ŭɜ ɞɘ ɀŮɚɏŰŮɠ Ʉɟɧəɚɖůɖɠ ůŮ ȷɜɗɟɩˊɞɡɠ (Human Challenge Studies-HCS) 

ŮɑɜŬɘ ɏɜŬɠ ɖɗɘəɎ ŬˊɞŭŮəŰɧɠ Űɟɧˊɞɠ əɚɘɜɘəɐɠ ɏɟŮɡɜŬɠ ůŰɖɜ ŮəɎůŰɞŰŮ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɨɟŮůɖɠ ɜɏɤɜ 

Ůɛɓɞɚɑɤɜ, ɛɏůŬ Ŭˊɧ Űɞ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ˊŮɟɑˊŰɤůɖɠ Űɞɡ SARS-CoV-2.  

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ  

ɀŮɚɏŰŮɠ ɟ́ɧəɚɖůɖɠ, challenge studies, ɓɘɞɖɗɘəɐ, ŮɛɓɧɚɘŬ, SARS-CoV-2 

 

 

ȺɘůŬɔɤɔɐ 

Ƀɘ ŮɚŮɔɢɧɛŮɜŮɠ ɛŮɚɏŰŮɠ ɛɧɚɡɜůɖɠ Ŭɜɗɟɩˊɤɜ ɐ Ŭɚɚɘɩɠ çɛŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ ůŮ Ŭɜɗɟɩˊɞɡɠè (Human 

Challenge Studies-HCS) Ŭűɞɟɞɨɜ Űɖɜ ɏəɗŮůɖ ɡɔɘɩɜ ŮɗŮɚɞɜŰɩɜ ůŮ ɏɜŬ ˊŬɗɞɔɧɜɞ ɛɘəɟɧɓɘɞ, 

ˊɟɞəŮɘɛɏɜɞɡ: Ŭ) ɜŬ ŮˊɘŰŬɢɡɜɗŮɑ ɖ ˊŬɟŬɔɤɔɐ Ůɛɓɞɚɑɞɡ əŬŰɎ Űɞɡ ˊŬɗɞɔɧɜɞɡ, ɓ) ɜŬ ɔɑɜɞɡɜ ůɡɔəɟɘŰɘəɏɠ 

ɛŮɚɏŰŮɠ ɛŮŰŬɝɨ Űɤɜ ɡˊɞɣɐűɘɤɜ Ůɛɓɞɚɑɤɜ əŬɘ ɔ) ɜŬ ŮˊɘɚŮɔɞɨɜ ŰŬ əŬŰŬɚɚɖɚɧŰŮɟŬ ŮɛɓɧɚɘŬ ɔɘŬ 

ɛŮɔŬɚɨŰŮɟŮɠ ɛŮɚɏŰŮɠ (WHO 2020).  

 

Ƀɘ ɛŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ ůŮ Ŭɜɗɟɩˊɞɡɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ: ŮɑŰŮ ɛŮ ɛɧɚɡɜůɖ ɛŮ Űɞ çŬɔɟɑɞɡ Űɨˊɞɡè 

ˊŬɗɞɔɧɜɞ ˊŬɟɎɔɞɜŰŬ (ɘɧɠ, ɓŬəŰɐɟɘɞ əɚˊ.), ŮɑŰŮ ɛŮ ŮɝŬůɗŮɜɖɛɏɜɞ ůŰɏɚŮɢɞɠ, Űɞ ɞˊɞɑɞ ɏɢŮɘ ˊŬɟŬůəŮɡŬůŰŮɑ 

ŮɘŭɘəɎ ɔɘŬ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ ˊɟɧəɚɖůɖɠ - HCS. ɇɞ ůŰɏɚŮɢɞɠ, ɖ ŭɧůɖ əŬɘ ɞ Űɟɧˊɞɠ ɢɞɟɐɔɖůɖɠ 

ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ ˊŬɗɞɔɧɜɞ ɛɘəɟɧɓɘɞ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŮˊŬɟəɐɠ Ŭɜɞůɞ-ŬɜŰɑŭɟŬůɖ ůŰɖɜ 

ˊɚŮɘɞɣɖűɑŬ Űɤɜ ŮɗŮɚɞɜŰɩɜ ŭɘŬůűŬɚɑɕɞɜŰŬɠ Űɖɜ ŬůűɎɚŮɘŬ ɧɚɤɜ. Ƀɘ ɛŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ ɏɢɞɡɜ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůŰɞ ˊŬɟŮɚɗɧɜ ůŮ ŮˊɘŭɖɛɑŮɠ ɔɘŬ ŬůɗɏɜŮɘŮɠ ɧˊɤɠ: ɢɞɚɏɟŬ, ɛŬɚɎɟɘŬ, əɑŰɟɘɜɞɠ ˊɡɟŮŰɧɠ, 

ŮɡɚɞɔɘɎ, ɔɟɑˊɖ əŬɘ ŰŬ ŰŮɚŮɡŰŬɑŬ 50 ɢɟɧɜɘŬ, ɏɢɞɡɜ ŭɘŮɝŬɢɗŮɑ ɛŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ ɛŮ ŬůűɎɚŮɘŬ ůŮ ŭŮəɎŭŮɠ 

ɢɘɚɘɎŭŮɠ Ůɜɐɚɘəɞɡɠ ŮɗŮɚɞɜŰɏɠ, əŬŰɧˊɘɜ ůɡɜŬɑɜŮůɐɠ Űɞɡɠ, ɡˊɧ Űɖɜ ŮˊɞˊŰŮɑŬ Űɤɜ ŮˊɘŰɟɞˊɩɜ ŭŮɞɜŰɞɚɞɔɑŬɠ 

Űɖɠ ɏɟŮɡɜŬɠ (Akst 2020). 

 

ȷɜɎɚɡůɖ ɗɏɛŬŰɞɠ 

ɆɡɜŬɑɜŮůɖ əŬŰɧˊɘɜ Ůɜɖɛɏɟɤůɖɠ ï Informed Consent. 

 ɆɨɛűɤɜŬ ɛŮ Űɖɜ çDeclaration of Helsinki ï Ethical Principles for Medical Research Involving Human 

Subjects, 2014è ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ůɡɜŬɑɜŮůɖɠ əŬŰɧˊɘɜ Ůɜɖɛɏɟɤůɖɠ ŮɑɜŬɘ: 

1. Ⱥɜɖɛɏɟɤůɖ: əɎɗŮ ˊɘɗŬɜɧɠ ŮɗŮɚɞɜŰɐɠ ˊɟɏˊŮɘ ɜŬ ŮɜɖɛŮɟɩɜŮŰŬɘ ŮˊŬɟəɩɠ ɔɘŬ Űɞɡɠ ůŰɧɢɞɡɠ, Űɘɠ 

ɛŮɗɧŭɞɡɠ, Űɘɠ ˊɖɔɏɠ ɢɟɖɛŬŰɞŭɧŰɖůɖɠ, Űɡɢɧɜ ˊɘɗŬɜɏɠ ůɡɔəɟɞɨůŮɘɠ ůɡɛűŮɟɧɜŰɤɜ, Űɘɠ ɗŮůɛɘəɏɠ 

ůɢɏůŮɘɠ Űɞɡ ŮɟŮɡɜɖŰɐ, ŰŬ ŬɜŬɛŮɜɧɛŮɜŬ ɞűɏɚɖ əŬɘ Űɞɡɠ ˊɘɗŬɜɞɨɠ əɘɜŭɨɜɞɡɠ, Űɖ ɛŮɚɏŰɖ əŬɘ Űɖɜ 

Ůɜɧɢɚɖůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɜŮˊɎɔŮŰŬɘ ɛŮŰɎ Űɖ ɛŮɚɏŰɖ, ŭɘŬŰɎɝŮɘɠ əŬɘ ɞˊɞɘŮůŭɐˊɞŰŮ ɎɚɚŮɠ ůɢŮŰɘəɏɠ 

ˊŰɡɢɏɠ Űɖɠ ɛŮɚɏŰɖɠ. Ⱥˊɑůɖɠ, ɗŬ ˊɟɏˊŮɘ əɎɗŮ ˊɘɗŬɜɧɠ ŮɗŮɚɞɜŰɐɠ ɜŬ ŮɜɖɛŮɟɩɜŮŰŬɘ ɔɘŬ Űɞ ŭɘəŬɑɤɛŬ 

Ɏɟɜɖůɖɠ ůɡɛɛŮŰɞɢɐɠ ůŰɖ ɛŮɚɏŰɖ ɐ ŬɜɎəɚɖůɖɠ Űɖɠ ůɡɜŬɑɜŮůɖɠ ɔɘŬ ůɡɛɛŮŰɞɢɐ ŬɜɎ ˊɎůŬ ůŰɘɔɛɐ ɢɤɟɑɠ 

ŬɜŰɑˊɞɘɜŬ. Ƀ ɘŬŰɟɧɠ ɐ Ɏɚɚɞ ɎŰɞɛɞ ɛŮ ŰŬ əŬŰɎɚɚɖɚŬ ˊɟɞůɧɜŰŬ ˊɟɏˊŮɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ɕɖŰɐůŮɘ Űɖɜ 

ŮɚŮɨɗŮɟŬ ŮɜɖɛŮɟɤɛɏɜɖ ůɡɜŬɑɜŮůɖ, Űɞɡ ŭɡɜɖŰɘəɞɨ ŬŰɧɛɞɡ, əŬŰɎ ˊɟɞŰɑɛɖůɖ ɔɟŬˊŰɩɠ, Ŭűɞɨ ŬůűŬɚɩɠ 

ɓŮɓŬɘɤɗŮɑ ɧŰɘ ŬɡŰɧ Űɞ ɎŰɞɛɞ ɏɢŮɘ əŬŰŬɜɞɐůŮɘ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ. ȺɎɜ ɖ ůɡɔəŬŰɎɗŮůɖ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ŮəűɟŬůŰŮɑ ɔɟŬˊŰɩɠ, ɖ ɛɖ ɔɟŬˊŰɐ ůɡɔəŬŰɎɗŮůɖ ˊɟɏˊŮɘ ɜŬ ŰŮəɛɖɟɘɤɗŮɑ əŬɘ ɜŬ ŰŮəɛɖɟɘɤɗŮɑ ŮˊɑůɖɛŬ.  

2. ȾŬŰŬɜɧɖůɖ: ɞɘ ŮɟŮɡɜɖŰɏɠ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɘ ɔɘŬ ɜŬ ŮɝŬəɟɘɓɩůɞɡɜ ɧŰɘ Űɞ ɎŰɞɛɞ ɏɢŮɘ əŬŰŬɜɞɐůŮɘ Űɘɠ 

ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ɡˊɞɢɟŮɤɛɏɜɞɘ ɜŬ ɓŮɓŬɘɤɗɞɨɜ ɧŰɘ ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɞɜ əɑɜŭɡɜɞ ɔɘŬ ŰŬ 

ɎŰɞɛŬ ŮɑɜŬɘ ˊɚɐɟŮɘɠ əŬɘ ŮˊŬɟəɩɠ əŬŰŬɜɞɖŰɏɠ əŬɘ ɧŰŬɜ ɞɘ əɑɜŭɡɜɞɘ ŮɑɜŬɘ ˊɘɞ ůɞɓŬɟɞɑ, ŬɡŰɐ ɖ 
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ɡˊɞɢɟɏɤůɖ ŬɡɝɎɜŮŰŬɘ. ȼ ˊŬɟɞɡůɑŬůɖ ɧɚɤɜ ŬɡŰɩɜ Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ɛŮ 

ɞɟɔŬɜɤɛɏɜɞ əŬɘ ɧɢɘ ɔɟɐɔɞɟɞ Űɟɧˊɞ əŬɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ˊɟɞůŬɟɛɞůŰŮɑ ůŰɘɠ ɘəŬɜɧŰɖŰŮɠ Űɞɡ 

ŬŰɧɛɞɡ. ɄŮɟɘůŰŬůɘŬəɎ, ɑůɤɠ ɜŬ ˊɟɏˊŮɘ ɜŬ ŭɩůɞɡɜ əɎˊɞɘŮɠ ˊɟɞűɞɟɘəɏɠ ɐ ɔɟŬˊŰɏɠ ŮɝŮŰɎůŮɘɠ 

əŬŰŬɜɧɖůɖɠ. 

3. ȺɗŮɚɞɜŰɘəɐ - ȺəɞɨůɘŬ: ɖ ůɡɛɛŮŰɞɢɐ ŬŰɧɛɤɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŭɩůɞɡɜ ůɡɜŬɑɜŮůɖ ɛŮŰɎ Ŭˊɧ Ůɜɖɛɏɟɤůɖ 

ůŰɖɜ ɘŬŰɟɘəɐ ɏɟŮɡɜŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŮɗŮɚɞɜŰɘəɐ. ɄŬɟɧɚɞ ˊɞɡ ɑůɤɠ ŮɑɜŬɘ ůəɧˊɘɛɞ ɜŬ ůɡɛɓɞɡɚŮɡŰɞɨɜ 

ŰŬ ɛɏɚɖ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Űɞɡɠ ɐ Űɞɡɠ ɖɔɏŰŮɠ Űɖɠ əɞɘɜɧŰɖŰŬɠ ůŰɖɜ ɞˊɞɑŬ ɕɞɡɜ, əŬɜɏɜŬ ɎŰɞɛɞ ɘəŬɜɧ ɜŬ 

ŭɩůŮɘ ůɡɜŬɑɜŮůɖ ɛŮŰɎ Ŭˊɧ Ůɜɖɛɏɟɤůɖ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮɔɔɟŬűŮɑ ůŮ ɛɘŬ ŮɟŮɡɜɖŰɘəɐ ɛŮɚɏŰɖ, ŮəŰɧɠ ŮɎɜ 

ůɡɛűɤɜŮɑ ŮɚŮɨɗŮɟŬ. ɇɞ ůŰɞɘɢŮɑɞ Űɖɠ ůɡɜŬɑɜŮůɖɠ əŬŰɧˊɘɜ Ůɜɖɛɏɟɤůɖɠ ŬˊŬɘŰŮɑ ɧɟɞɡɠ ɢɤɟɑɠ 

ŮɝŬɜŬɔəŬůɛɧ əŬɘ ŬŭɘəŬɘɞɚɧɔɖŰɖ Ůˊɘɟɟɞɐ. Ƀ ŮɝŬɜŬɔəŬůɛɧɠ ůɡɛɓŬɑɜŮɘ ɧŰŬɜ ɛɘŬ ˊɟɧŭɖɚɖ ŬˊŮɘɚɐ 

ɓɚɎɓɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůəɧˊɘɛŬ Ŭˊɧ ɏɜŬ ɎŰɞɛɞ ůŮ Ɏɚɚɞ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ůɡɛɛɧɟűɤůɖ. 

ȷɜŰɑɗŮŰŬ, ɖ ŬŭɘəŬɘɞɚɧɔɖŰɖ Ůˊɘɟɟɞɐ ˊɟɞəɨˊŰŮɘ ɛɏůɤ ɛɘŬɠ ˊɟɞůűɞɟɎɠ ɡˊŮɟɓɞɚɘəɐɠ, ŬŭɘəŬɘɞɚɧɔɖŰɖɠ, 

ŬəŬŰɎɚɚɖɚɖɠ ŬɜŰŬɛɞɘɓɐɠ ɐ Ɏɚɚɞɡ ˊɚŮɞɜɎůɛŬŰɞɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ůɡɛɛɧɟűɤůɖ.  

 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ Onora OôNeil (OôNeil 2004) ɖ ůɡɜŬɑɜŮůɖ əŬŰɧˊɘɜ Ůɜɖɛɏɟɤůɖɠ Űɞɡ ŬůɗŮɜɞɨɠ ůŰɖɜ 

ɘŬŰɟɘəɐ ˊɟɎɝɖ ɐ Űɞɡ ɡˊɞəŮɘɛɏɜɞɡ ůŰɖɜ ɏɟŮɡɜŬ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ůŬűɐɠ/ɝŮəɎɗŬɟɖ əŬɘ Ůɘŭɘəɐ, ɢɤɟɑɠ 

ɧɛɤɠ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŮɑɜŬɘ çŰɏɚŮɘŬè, ɛŮ ɛɧɜɖ ɑůɤɠ ŮɝŬɑɟŮůɖ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ əɚɘɜɘəɩɜ 

ɛŮɚŮŰɩɜ, ɧˊɞɡ ɖ ůŬűɐɠ əŬɘ Ůɘŭɘəɐ ůɡɜŬɑɜŮůɖ əŬŰɧˊɘɜ Ůɜɖɛɏɟɤůɖɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮűɘəŰɐ ŭɘɧŰɘ ɞɘ 

ŮɗŮɚɞɜŰɏɠ ŮˊɘɚɏɔɞɜŰŬɘ ɧˊɤɠ ŬɜŬűɏɟŮɘ ñde novoò. ȷəɧɛɖ ɧɛɤɠ əŬɘ ůŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ, ŭŮɜ 

ŬɛűɘůɓɖŰŮɑŰŬɘ ɖ Ŭɟɢɐ Űɖɠ ŬŰɞɛɘəɐɠ ůɡɜŬɑɜŮůɖɠ ɧŰŬɜ ɡˊɎɟɢŮɘ əŬɘ ɞ ˊŬɟɎɔɞɜŰŬɠ çŬɛɞɘɓɐè ůŰɘɠ ɛŮɚɏŰŮɠ 

ˊɟɧəɚɖůɖɠ ɔɘŬ Űɞɜ SARS-CoV-2; Ⱥˊɑůɖɠ, ɛŮ ŭŮŭɞɛɏɜɖ Űɖɜ ŬŭɘŬűɎɜŮɘŬ Űɖɠ ůɡɜŬɑɜŮůɖɠ ůŮ ɛŮɚɚɞɜŰɘəɐ 

ˊɟɎɝɖ (OôNeil 2004), ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɛŮɚŮŰɩɜ ˊɟɧəɚɖůɖɠ ɔɘŬ Űɞɜ SARS-CoV-2, ɖ ůɡɜŬɑɜŮůɖ 

əŬŰɧˊɘɜ Ůɜɖɛɏɟɤůɖɠ ŭŮɜ ŮɛˊŮɟɘɏɢŮɘ ŬˊɟɧɓɚŮˊŰɞɡɠ əɘɜŭɨɜɞɡɠ ɔɘŬ ŬɡŰɧɜ ˊɞɡ ůɡɜŬɘɜŮɑ; 

 

World Health Organization (WHO) - ɀŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ SARS-CoV-2.  

Ƀ ɄŬɔəɧůɛɘɞɠ ɃɟɔŬɜɘůɛɧɠ ɈɔŮɑŬɠ ŭɖɛɞůɑŮɡůŮ ŰŬ ȸŬůɘəɎ ȾɟɘŰɐɟɘŬ ɔɘŬ Űɖɜ ɖɗɘəɐ Ŭˊɞŭɞɢɐ Űɤɜ 

ɛŮɚŮŰɩɜ ˊɟɧəɚɖůɖɠ COVID-19 ůŰɞɜ Ɏɜɗɟɤˊɞ, ůŰɘɠ 6 ɀŬȶɞɡ 2020, əŬɘ ˊɟɘɜ ŬɜŬəŬɚɡűɗɞɨɜ əŬɘ 

ŭɟɞɛɞɚɞɔɖɗŮɑ ɖ ˊŬɟŬɔɤɔɐ Űɤɜ Ůɛɓɞɚɑɤɜ (WHO 2020). 

 

ɄȽɁȷȾȷɆ 1: ȸŬůɘəɎ əɟɘŰɐɟɘŬ ɔɘŬ Űɖɜ ɖɗɘəɐ Ŭˊɞŭɞɢɐ Űɤɜ ɛŮɚŮŰɩɜ ˊɟɧəɚɖůɖɠ COVID-19 ůŰɞɜ 

Ɏɜɗɟɤˊɞ, 6 ɀŬȶɞɡ 2020 

ȸŬůɘəɎ əɟɘŰɐɟɘŬ ɔɘŬ Űɖɜ ɖɗɘəɐ Ŭˊɞŭɞɢɐ Űɤɜ ɛŮɚŮŰɩɜ ˊɟɧəɚɖůɖɠ COVID -19 ůŰɞɜ Ɏɜɗɟɤˊɞ 

6 ɀŬȶɞɡ 2020 

ȺˊɘůŰɖɛɞɜɘəɏɠ əŬɘ ɖɗɘəɏɠ ŮəŰɘɛɐůŮɘɠ 

ȾɟɘŰɐɟɘɞ 1: ȺˊɘůŰɖɛɞɜɘəɐ ŬɘŰɘɞɚɧɔɖůɖ  Ƀɘ ɛŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ SARS-CoV-2 ˊɟɏˊŮɘ ɜŬ ɏɢɞɡɜ ɘůɢɡɟɐ 

ŮˊɘůŰɖɛɞɜɘəɐ ŬɘŰɘɞɚɧɔɖůɖ. 

ȾɟɘŰɐɟɘɞ 2:  

ȺəŰɑɛɖůɖ əɘɜŭɨɜɤɜ əŬɘ ˊɘɗŬɜɩɜ ɞűŮɚɩɜ 

  

ɄɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɚɞɔɘəɧ ɜŬ ŬɜŬɛɏɜŮŰŬɘ ɧŰɘ ŰŬ ˊɘɗŬɜɎ ɞűɏɚɖ Űɤɜ 

ɛŮɚŮŰɩɜ ˊɟɧəɚɖůɖɠ SARS-CoV-2 ɡˊŮɟŰŮɟɞɨɜ Űɤɜ əɘɜŭɨɜɤɜ.  

ȹɘŬɓɞɨɚŮɡůɖ əŬɘ ůɡɜŰɞɜɘůɛɧɠ 

ȾɟɘŰɐɟɘɞ 3: ȹɘŬɓɞɨɚŮɡůɖ əŬɘ ůɡɛűɤɜɑŬ  

  

Ƀɘ ɛŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ SARS-CoV-2 ɗŬ ˊɟɏˊŮɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɛŮ ŭɘŬɓɞɨɚŮɡůɖ əŬɘ ůɡɛűɤɜɑŬ ɛŮ Űɞ əɞɘɜɧ, 

əŬɗɩɠ əŬɘ ůɢŮŰɘəɞɨɠ ŮɛˊŮɘɟɞɔɜɩɛɞɜŮɠ əŬɘ ɡˊŮɨɗɡɜɞɡɠ ɢɎɟŬɝɖɠ 

ˊɞɚɘŰɘəɐɠ.  

ȾɟɘŰɐɟɘɞ 4: ɆɡɜŰɞɜɘůɛɧɠ  

  

ɇŬ ŮɟŮɡɜɖŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ ɛŮɚɏŰɖɠ ˊɟɧəɚɖůɖɠ SARS-CoV-2 

ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ůŰŮɜɧ ůɡɜŰɞɜɘůɛɧ ɛŮŰŬɝɨ ŮɟŮɡɜɖŰɩɜ, 

ɢɟɖɛŬŰɞŭɞŰɩɜ, ɡˊŮɡɗɨɜɤɜ ɢɎɟŬɝɖɠ ˊɞɚɘŰɘəɐɠ əŬɘ ɟɡɗɛɘůŰɘəɩɜ 

Ŭɟɢɩɜ.   

ȾɟɘŰɐɟɘŬ Ůˊɘɚɞɔɐɠ 
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ȾɟɘŰɐɟɘɞ 5: Ⱥˊɘɚɞɔɐ ŰɞˊɞɗŮůɑŬɠ  Ƀɘ ɛŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ SARS-CoV-2 ˊɟɏˊŮɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮ Űɧˊɞɡɠ ɧˊɞɡ ɖ ɏɟŮɡɜŬ ɛˊɞɟŮɑ ɜŬ ŭɘŮɝŬɢɗŮɑ 

ɛŮ ŰŬ ɡɣɖɚɧŰŮɟŬ ŮˊɘůŰɖɛɞɜɘəɎ, əɚɘɜɘəɎ əŬɘ ɖɗɘəɎ ˊɟɧŰɡˊŬ.  

ȾɟɘŰɐɟɘɞ 6: Ⱥˊɘɚɞɔɐ ůɡɛɛŮŰŮɢɧɜŰɤɜ  

  

Ƀɘ ŮɟŮɡɜɖŰɏɠ ɛŮɚɏŰɖɠ ˊɟɧəɚɖůɖɠ SARS-CoV-2 ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŭɘŬůűŬɚɑůɞɡɜ ɧŰɘ ŰŬ əɟɘŰɐɟɘŬ Ůˊɘɚɞɔɐɠ ůɡɛɛŮŰŮɢɧɜŰɤɜ 

ˊŮɟɘɞɟɑɕɞɡɜ əŬɘ ŮɚŬɢɘůŰɞˊɞɘɞɨɜ Űɞɜ əɑɜŭɡɜɞ.  

Ⱥˊɘůəɧˊɖůɖ əŬɘ ůɡɜŬɑɜŮůɖ 

ȾɟɘŰɐɟɘɞ 7: Ⱥˊɘůəɧˊɖůɖ ŮɛˊŮɘɟɞɔɜɤɛɧɜɤɜ 

  

Ƀɘ ɛŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ SARS-CoV-2 ˊɟɏˊŮɘ ɜŬ ŮˊŬɜŮɝŮŰŬůŰɞɨɜ 

Ŭˊɧ ɛɘŬ ŮɝŮɘŭɘəŮɡɛɏɜɖ ŬɜŮɝɎɟŰɖŰɖ ŮˊɘŰɟɞˊɐ.  

ȾɟɘŰɐɟɘɞ 8: ɆɡɜŬɑɜŮůɖ əŬŰɧˊɘɜ Ůɜɖɛɏɟɤůɖɠ 

  

Ƀɘ ɛŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ SARS-CoV-2 ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

ŬˊŬɘŰɖŰɘəɐ ůɡɜŬɑɜŮůɖ əŬŰɧˊɘɜ Ůɜɖɛɏɟɤůɖɠ.  

 

ɆŰŬ ȾɟɘŰɐɟɘŬ 2, 5 əŬɘ 6 ŬɜŬŭŮɘəɜɨŮŰŬɘ ɖ Ŭɟɢɐ Űɖɠ ɤűɏɚŮɘŬɠ əŬɘ ɖ Ŭɟɢɐ Űɖɠ ɛɖ ɓɚɎɓɖɠ. ɆŰɞ ȾɟɘŰɐɟɘɞ 2 

ŬɜŬűɏɟŮŰŬɘ ɔŮɜɘəɧŰŮɟŬ ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ əɘɜŭɨɜɞɡ ŮɑŰŮ ɔɘŬ Űɞɡɠ ůɡɛɛŮŰɏɢɞɜŰŮɠ ůŰɘɠ ɛŮɚɏŰŮɠ 

ˊɟɧəɚɖůɖɠ, ŮɑŰŮ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɖɠ əɞɘɜɤɜɑŬɠ. ȳŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɞɡɠ ůɡɛɛŮŰɏɢɞɜŰŮɠ ɤűɏɚŮɘŬ əŬɘ ɛɖ 

ɓɚɎɓɖ ŮɑɜŬɘ ɖ ŬɜɞůɑŬ ˊɞɡ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Ŭɜ ŮɑɜŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧ Űɞ ɡˊɞɣɐűɘɞ Ůɛɓɧɚɘɞ, Ůɜɩ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ŮɚŬɢɘůŰɞˊɞɘŮɑŰŬɘ ɞ əɑɜŭɡɜɞɠ ɔɘŬ Űɖ ɕɤɐ Űɞɡ əŬɗŮɜɧɠ ɢɤɟɘůŰɎ: ŮˊɘɚɏɔɞɜŰŬɠ ɢŬɛɖɚɞɨ əɘɜŭɨɜɞɡ 

ůɡɛɛŮŰɏɢɞɜŰŮɠ, ɛŮ Űɖɜ Ůˊɘɚɞɔɐ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɚɘɔɧŰŮɟɤɜ ůŮ Ŭɟɘɗɛɧ, ɛŮ Űɖ ůŰŮɜɐ ˊŬɟŬəɞɚɞɨɗɖůɖ, Űɖɜ 

ˊɟɧɤɟɖ ŭɘɎɔɜɤůɖ əŬɘ Űɖɜ ɡˊɞůŰɖɟɘəŰɘəɐ űɟɞɜŰɑŭŬ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ əŬɘ Űɖɠ ŮɜŰŬŰɘəɐɠ űɟɞɜŰɑŭŬɠ 

Ŭɜ ŬˊŬɘŰɖɗŮɑ, ɛŬəɟɎɠ ŭɘɎɟəŮɘŬɠ follow-up ə.Ŭ. ȷɜŬűɞɟɘəɎ ɛŮ Űɖɜ ɤűɏɚŮɘŬ əŬɘ Űɖ ɛɖ ɓɚɎɓɖ Űɖɠ 

əɞɘɜɤɜɑŬɠ, ůɑɔɞɡɟŬ ɗŬ ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ ɕɤɩɜ ˊɞɡ ɗŬ ůɤɗɞɨɜ, ɖ ŮˊɘůŰɟɞűɐ ɧɚɞɡ Űɞɡ ˊɚŬɜɐŰɖ ůŰɖɜ 

űɡůɘɞɚɞɔɘəɐ Űɞɡ ɚŮɘŰɞɡɟɔɑŬ Ŭˊɧ əɞɘɜɤɜɘəɐɠ əŬɘ ɞɘəɞɜɞɛɘəɐɠ Ɏˊɞɣɖɠ, əŬɗɩɠ əŬɘ ŰŬ ŭŮŭɞɛɏɜŬ ɞűɏɚɖ 

ůŰɖ ŭɖɛɧůɘŬ ɡɔŮɑŬ. ɆŰɞ ȾɟɘŰɐɟɘɞ 5 ɖ Ůˊɘɚɞɔɐ ŰɞˊɞɗŮůɑŬɠ ŭɘŮɝŬɔɤɔɐɠ Űɤɜ ɛŮɚŮŰɩɜ ˊɟɧəɚɖůɖɠ ɗŬ ˊɟɏˊŮɘ 

ɜŬ ŮɑɜŬɘ ŰɏŰɞɘŬ ɩůŰŮ ɜŬ ˊŬɟɏɢŮɘ Űɖ ɛɏɔɘůŰɖɠ ˊɞɘɧŰɖŰŬɠ űɟɞɜŰɑŭŬ (ŮɜŰŬŰɘəɐ Ŭɜ ɢɟŮɘŬůŰŮɑ) ůŰɞɡɠ 

ůɡɛɛŮŰɏɢɞɜŰŮɠ. ɆŰɞ ȾɟɘŰɐɟɘɞ 6 ŬɜŬűɏɟŮŰŬɘ ˊɤɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘɚɏɔɞɜŰŬɘ ɜɏɞɘ, ɡɔɘŮɑɠ (ɣɡɢɘəɎ əŬɘ 

ůɤɛŬŰɘəɎ) ŮɗŮɚɞɜŰɏɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɑɜŬɘ ŮɚɎɢɘůŰɞɠ ɞ əɑɜŭɡɜɞɠ əŬɘ ɛɏɔɘůŰɞ Űɞ ɧűŮɚɞɠ.  

 

ɆŰɞ ȾɟɘŰɐɟɘɞ 8 əŬɘ ɛɏůɤ Űɖɠ ŬˊŬɘŰɖŰɘəɐɠ (rigorous), ɧˊɤɠ ŬɜŬűɏɟŮŰŬɘ, ůɡɜŬɑɜŮůɖɠ əŬŰɧˊɘɜ 

Ůɜɖɛɏɟɤůɖɠ, ˊɟɞɓɎɚɞɡɜ: Ŭ) ɖ Ŭɟɢɐ Űɖɠ ŭɘəŬɘɞůɨɜɖɠ əŬɘ Űɞɡ ůŮɓŬůɛɞɨ Űɖɠ ŬɡŰɞɜɞɛɑŬɠ Űɞɡ ɡˊɞɣɐűɘɞɡ- 

ŮɗŮɚɞɜŰɐ, ɓ) ɖ Ŭɟɢɐ Űɖɠ ŭɘəŬɘɞůɨɜɖɠ, Ůűɧůɞɜ ɧɚɞɘ ɗŬ ɚɎɓɞɡɜ Űɖɜ ɑŭɘŬ Ůɜɖɛɏɟɤůɖ, ˊɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɖɠ 

ɛŮɚɏŰɖɠ ˊɟɧəɚɖůɖɠ əŬɘ ůɡɜŬɘɜɏůɞɡɜ, ɔ) ɞ ůŮɓŬůɛɧɠ Űɖɠ ŬɡŰɞɜɞɛɑŬɠ Űɞɡ ŭɟɩɜŰɞɠ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɛɖ 

ŮɝŬˊɎŰɖůɖ əŬɘ ɛɖ ŮɝŬɜŬɔəŬůɛɧ, ŬɜŬűɞɟɘəɎ ɛŮ Űɞ Űɘ ˊɟɧəŮɘŰŬɘ ɜŬ ɡˊɞůŰŮɑ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɛŮɚɏŰɖɠ, 

ˊɞɘɞɠ ŮɑɜŬɘ ɞ ůəɞˊɧɠ Űɖɠ ɛŮɚɏŰɖɠ, ˊɞɘŬ ŰŬ ɛɏůŬ, ˊɞɘɞɘ ɞɘ ˊɘɗŬɜɞɑ əɑɜŭɡɜɞɘ əŬɘ ˊɞɘŬ ŰŬ ŬɜŬɛŮɜɧɛŮɜŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ.  

 

ȾɩŭɘəŬɠ ɁɡɟŮɛɓɏɟɔɖɠ.  

Ƀ ȾɩŭɘəŬɠ Űɖɠ ɁɡɟŮɛɓɏɟɔɖɠ (ɔŮɟɛŬɜɘəɎ: N¿rnberger Kodex) ŮɑɜŬɘ ɏɜŬ ůɨɜɞɚɞ Ŭɟɢɩɜ ɏɟŮɡɜŬɠ ɧůɞɜ 

ŬűɞɟɎ ŰŬ ɕɖŰɐɛŬŰŬ ɖɗɘəɐɠ ˊɞɡ ɗɑɔɞɡɜ Űɞ ɗɏɛŬ Űɤɜ ŮˊɘůŰɖɛɞɜɘəɩɜ ˊŮɘɟŬɛɎŰɤɜ ɛŮ ɡˊɞəŮɑɛŮɜɞ Űɞ 

Ŭɜɗɟɩˊɘɜɞ Ůɑŭɞɠ. Ƀ "ȾɩŭɘəŬɠ Űɖɠ ɁɡɟŮɛɓɏɟɔɖɠ" ɏɢŮɘ ŭɏəŬ ůɖɛŮɑŬ əŬɘ ˊŬɟŬɛɏɜŮɘ ɏɜŬ ɞɟɧůɖɛɞ ɔɘŬ Űɖɜ 

ɘŬŰɟɘəɐ ɖɗɘəɐ əŬɘ ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ ɛŬəɟɞɢɟɧɜɘŬ ˊɟɞɥɧɜŰŬ Űɖɠ "ȹɑəɖɠ Űɤɜ ȽŬŰɟɩɜ" (Nuremberg Code 

1949).  

 

ɄȽɁȷȾȷɆ 2: ȾɩŭɘəŬɠ ɁɡɟŮɛɓɏɟɔɖɠ 

ȾɋȹȽȾȷɆ ɁȺɅȺɀȸȺɅũȼɆ 

1 ȼ ŮɗŮɚɞɜŰɘəɐ ůɡɜŬɑɜŮůɖ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ŮɑɜŬɘ ŬˊɞɚɨŰɤɠ ŬˊŬɟŬɑŰɖŰɖ. 

2 ɇɞ ˊŮɑɟŬɛŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŰɏŰɞɘɞ ɩůŰŮ ɜŬ ˊŬɟɎɔŮɘ əŬɟˊɞűɧɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɞ əŬɚɧ Űɖɠ əɞɘɜɤɜɑŬɠ, 

ŬˊɟɞůɏɔɔɘůŰɞ ɛɏůɤ Ɏɚɚɤɜ ɛŮɗɧŭɤɜ ɐ ɛɏůɤɜ ɛŮɚɏŰɖɠ əŬɘ ɧɢɘ ŰɡɢŬɑɞ əŬɘ ˊŮɟɘŰŰɧ. 
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3 ɇɞ ˊŮɑɟŬɛŬ ɗŬ ˊɟɏˊŮɘ ɜŬ ůɢŮŭɘŬůŰŮɑ əŬɘ ɜŬ ɓŬůɑɕŮŰŬɘ ůŮ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŮɘɟŬɛɎŰɤɜ ůŮ ɕɩŬ, ůŰɖɜ ɔɜɩůɖ 

Űɞɡ űɡůɘəɞɨ ɘůŰɞɟɘəɞɨ Űɖɠ ɜɧůɞɡ ɐ Ɏɚɚɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ɡˊɧ ɛŮɚɏŰɖ ɔɘŬ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ɧŰɘ ŰŬ 

ŬɜŬɛŮɜɧɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ ŭɘəŬɘɞɚɞɔɐůɞɡɜ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ. 

4 ɇɞ ˊŮɑɟŬɛŬ ˊɟɏˊŮɘ ɜŬ ŭɘŮɝɎɔŮŰŬɘ ɏŰůɘ ɩůŰŮ ɜŬ ŬˊɞűŮɨɔŮŰŬɘ əɎɗŮ ˊŮɟɘŰŰɐ ůɤɛŬŰɘəɐ əŬɘ ɣɡɢɘəɐ ɞŭɨɜɖ əŬɘ 

ŰɟŬɡɛŬŰɘůɛɧɠ. 

5 ȹŮɜ ˊɟɏˊŮɘ ɜŬ ŭɘŮɝɎɔŮŰŬɘ ˊŮɑɟŬɛŬ ɧŰŬɜ ɡˊɎɟɢŮɘ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɡˊɞɣɑŬ ɗŬɜɎŰɞɡ ɐ ŰɟŬɡɛŬŰɘůɛɞɨ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ. ȺəŰɧɠ, ɑůɤɠ, ůŮ ŮəŮɑɜŬ ŰŬ ˊŮɘɟɎɛŬŰŬ ɧˊɞɡ ɞɘ ˊŮɘɟŬɛŬŰɘəɞɑ ɔɘŬŰɟɞɑ ɢɟɖůɘɛŮɨɞɡɜ Ůˊɑůɖɠ ɤɠ 

ɡˊɞəŮɑɛŮɜŬ. 

6 Ƀ ɓŬɗɛɧɠ əɘɜŭɨɜɞɡ, ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɡˊŮɟɓŬɑɜŮɘ ŮəŮɑɜɞɜ ˊɞɡ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜɗɟɤˊɘůŰɘəɐ ůɖɛŬůɑŬ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɞɡ əŬɚŮɑŰŬɘ ɜŬ ŮˊɘɚɡɗŮɑ Ŭˊɧ Űɞ ˊŮɑɟŬɛŬ. 

7 ŪŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜɞɡɜ ɞɘ əŬŰɎɚɚɖɚŮɠ ˊɟɞŮŰɞɘɛŬůɑŮɠ əŬɘ ɜŬ ˊŬɟŬɢɗɞɨɜ ɞɘ əŬŰɎɚɚɖɚŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ ɔɘŬ 

Űɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ, Ŭəɧɛɖ əŬɘ Ŭˊɧ Űɘɠ ŮɚɎɢɘůŰŮɠ ˊɘɗŬɜɧŰɖŰŮɠ ŰɟŬɡɛŬŰɘůɛɞɨ, ŬɜŬˊɖɟɑŬɠ ɐ 

ɗŬɜɎŰɞɡ. 

8 ɇɞ ˊŮɑɟŬɛŬ ˊɟɏˊŮɘ ɜŬ ŭɘŮɝɎɔŮŰŬɘ ɛɧɜɞ Ŭˊɧ ŮˊɘůŰɖɛɞɜɘəɎ ŮɔəŮəɟɘɛɏɜŬ ˊɟɧůɤˊŬ. Ƀ ɡɣɖɚɧŰŮɟɞɠ ɓŬɗɛɧɠ 

ŮɛˊŮɘɟɑŬɠ əŬɘ űɟɞɜŰɑŭŬɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬˊŬɘŰŮɑŰŬɘ ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ Ŭˊɧ ŮəŮɑɜɞɡɠ ˊɞɡ 

ŭɘŮɝɎɔɞɡɜ ɐ ůɡɛɛŮŰɏɢɞɡɜ ůŮ ŬɡŰɧ. 

9 ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ ɞ ŮɝŮŰŬɕɧɛŮɜɞɠ ŮɑɜŬɘ ŮɚŮɨɗŮɟɞɠ ɜŬ ŰŮɟɛŬŰɑůŮɘ Űɞ ˊŮɑɟŬɛŬ ŮɎɜ ɏɢŮɘ 

űŰɎůŮɘ ůŰɖ űɡůɘəɐ ɐ ɣɡɢɘəɐ əŬŰɎůŰŬůɖ ɧˊɞɡ ɖ ůɡɜɏɢɘůɖ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ Űɞɡ űŬɑɜŮŰŬɘ ŬŭɨɜŬŰɖ. 

10 ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ, ɞ ɡˊŮɨɗɡɜɞɠ ŮˊɘůŰɐɛɞɜŬɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ˊɟɞŮŰɞɘɛŬůɛɏɜɞɠ ɜŬ 

ŰŮɟɛŬŰɑůŮɘ Űɞ ˊŮɑɟŬɛŬ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ůŰɎŭɘɞ, ŮɎɜ ɏɢŮɘ ˊɘɗŬɜɧ ɚɧɔɞ ɜŬ ˊɘůŰŮɨŮɘ əŬŰɎ Űɖɜ Ɏůəɖůɖ Űɖɠ 

əŬɚɐɠ ˊɑůŰɖɠ, Űɖɜ ŬɜɩŰŮɟɖ ɘəŬɜɧŰɖŰŬ əŬɘ Űɖɜ ˊɟɞůŮəŰɘəɐ əɟɑůɖ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ Ŭˊɧ ŬɡŰɧɜ, ɧŰɘ ɖ ůɡɜɏɢɘůɖ 

Űɞɡ ˊŮɘɟɎɛŬŰɞɠ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŰɟŬɡɛŬŰɘůɛɧ, ŬɜŬˊɖɟɑŬ ɐ ɗɎɜŬŰɞ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ. 

 

Ƀɘ ɛŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ ɏɟɢɞɜŰŬɘ ůŮ ůɨɔəɟɞɡůɖ ɛŮ Űɞɡɠ əŬɜɧɜŮɠ 4 əŬɘ 5 Űɞɡ ȾɩŭɘəŬ Űɖɠ ɁɡɟŮɛɓɏɟɔɖɠ, 

ŭɘɧŰɘ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣŮɘ ˊŮɟɘŰŰɧɠ ůɤɛŬŰɘəɧɠ ɐ əŬɘ ɣɡɢɘəɧɠ ŰɟŬɡɛŬŰɘůɛɧɠ Űɞɡ ŮɗŮɚɞɜŰɐ, ɞ ɞˊɞɑɞɠ ɗŬ 

ŮəŰŮɗŮɑ ůəɧˊɘɛŬ ůŮ ɏɜŬɜ Ůˊɘəɑɜŭɡɜɞ ɘɧ, Ŭűɞɨ ŮɛɓɞɚɘŬůŰŮɑ ɛŮ Űɞ ɡˊɞɣɐűɘɞ Ůɛɓɧɚɘɞ, əŬɗɩɠ əŬɘ ůɞɓŬɟɐ 

ŬůɗɏɜŮɘŬ ɐ əŬɘ ŬˊɟɧɓɚŮˊŰɞɠ ɗɎɜŬŰɞɠ Űɞɡ. Ⱥˊɑůɖɠ, ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɘůɢɨůɞɡɜ ɞɘ əŬɜɧɜŮɠ 9 əŬɘ 10 

Űɞɡ ȾɩŭɘəŬ Űɖɠ ɁɡɟŮɛɓɏɟɔɖɠ, ŮɘŭɘəɎ Ŭűɞɨ ŮəŰŮɗŮɑ ůŰɞɜ ɘɧ ɞ ŮɗŮɚɞɜŰɐɠ, Űɞ ˊŮɑɟŬɛŬ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ 

ɜŬ ůŰŬɛŬŰɐůŮɘ, ŮɑŰŮ Ŭˊɧ ŮəŮɑɜɞɜ, ŮɑŰŮ Ŭˊɧ Űɞɜ ɡˊŮɨɗɡɜɞ ŮˊɘůŰɐɛɞɜŬ. 

 

ɀŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ əŬɘ SARS-COV-2.  

ɆŰɘɠ 20 ɃəŰɤɓɟɑɞɡ 2020 ŬɜŬəɞɘɜɩɗɖəŮ ɧŰɘ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɛŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ ůŰɞ ȼɜɤɛɏɜɞ 

ȸŬůɑɚŮɘɞ Ŭˊɧ ɏɜŬɜ ɘŭɘɤŰɘəɧ ɞɟɔŬɜɘůɛɧ əɚɘɜɘəɐɠ ɏɟŮɡɜŬɠ ɛŮ ɏŭɟŬ Űɞ ȹɞɡɓɚɑɜɞ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ Open 

Orphan əŬɘ Űɖ ɗɡɔŬŰɟɘəɐ Űɞɡ hVIVO, ůŰɖ ɛɞɜɎŭŬ Ŭˊɞɛɧɜɤůɖɠ ɡɣɖɚɞɨ Ůˊɘˊɏŭɞɡ Űɞɡ Royal Free 

Hospital ůŰɞ ȸɧɟŮɘɞ ȿɞɜŭɑɜɞ əŬɘ ɖ Taskforce Űɖɠ ȸɟŮŰŬɜɘəɐɠ Ⱦɡɓɏɟɜɖůɖɠ ɔɘŬ Űɞ Ůɛɓɧɚɘɞ COVID-19, 

ůɡɛűɩɜɖůŮ ɜŬ ˊɚɖɟɩůŮɘ Űɖɜ ŮŰŬɘɟŮɑŬ ɏɤɠ əŬɘ 10 ŮəŬŰɞɛɛɨɟɘŬ ɚɑɟŮɠ (11,4 ŮəŬŰɞɛɛɨɟɘŬ Ůɡɟɩ). ȼ 

Ŭɟɢɘəɐ ŭɞəɘɛɐ ɗŬ ˊŮɟɘɚɎɛɓŬɜŮ 30-50 ɡɔɘŮɑɠ ůɡɛɛŮŰɏɢɞɜŰŮɠ ɛŮŰŬɝɨ 18-30 ŮŰɩɜ. ŪŬ ɔɘɜɧŰŬɜ ɛŮ ɢŬɛɖɚɐ 

ŭɧůɖ ˊɟɧəɚɖůɖɠ Űɞɡ ůŰŮɚɏɢɞɡɠ SARS-COV-2. ɇɞɜ ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2022, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖ 

ɀŮɚɏŰɖ ɉŬɟŬəŰɖɟɘůɛɞɨ ɏŭŮɘɝŬɜ ɧŰɘ ɖ ˊŬɟŬˊɎɜɤ ɛŮɚɏŰɖ ˊɟɧəɚɖůɖɠ ůŮ Ŭɜɗɟɩˊɞɡɠ ɔɘŬ Űɞ Ůɛɓɧɚɘɞ əŬŰɎ 

Űɞɡ SARS-CoV-2 ɐŰŬɜ ŬůűŬɚɐɠ ůŮ ɡɔɘŮɑɠ ɜŮŬɟɞɨɠ ŮɜɐɚɘəŮɠ əŬɘ ˊŬɟŮɑɢŮ ɚŮˊŰɞɛŮɟŮɑɠ ˊɚɖɟɞűɞɟɑŮɠ 

ůɢŮŰɘəɎ ɛŮ Űɖ ɚɞɑɛɤɝɖ COVID-19. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɛŮɚɏŰɖɠ, ɏɢɞɡɜ ůŰŬɚŮɑ ɔɘŬ ŭɖɛɞůɑŮɡůɖ əŬɘ 

ŬɜŬɛɏɜɞɡɜ ɏɔəɟɘůɖ (Ben Killingley et al. 2022). ɆŮ ŬɡŰɐ Űɖɜ ˊɟɩŰɖ ɀŮɚɏŰɖ Ʉɟɧəɚɖůɖɠ Űɞɡ SARS-

CoV-2 ɔɘŬ Űɞɜ Ɏɜɗɟɤˊɞ, ŭŮɜ ŬɜɘɢɜŮɨɗɖəŬɜ ůɞɓŬɟɎ ɕɖŰɐɛŬŰŬ ŬůűɎɚŮɘŬɠ əŬɘ ˊŬɟɞɡůɘɎůŰɖəŬɜ ŰŬ 

ɚŮˊŰɞɛŮɟɐ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊɟɩɘɛɖɠ ɛɧɚɡɜůɖɠ əŬɘ ɞɘ ŮˊɘˊŰɩůŮɘɠ Űɞɡɠ ůŰɖ ŭɖɛɧůɘŬ ɡɔŮɑŬ. ɇɩɟŬ ˊɞɡ 

ɞɚɞəɚɖɟɩɗɖəŮ ɖ ɀŮɚɏŰɖ ɉŬɟŬəŰɖɟɘůɛɞɨ, ŬɡŰɧ Űɞ ɛɞɜŰɏɚɞ ɛŮɚɏŰɖɠ Ŭɜɗɟɩˊɘɜɖɠ ˊɟɧəɚɖůɖɠ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ ɛŮɚɚɞɜŰɘəɩɜ ɛŮɚŮŰɩɜ Ŭɜɗɟɩˊɘɜɖɠ ˊɟɧəɚɖůɖɠ COVID-19, ˊɞɡ 

ɡˊɧəŮɘɜŰŬɘ ůŮ əŬɜɞɜɘůŰɘəɏɠ ŮɔəɟɑůŮɘɠ. 

 

ȺˊɘɢŮɘɟɐɛŬŰŬ ɈɄȺɅ- Ⱦȷɇȷ Űɤɜ ɛŮɚŮŰɩɜ ˊɟɧəɚɖůɖɠ 

ȰɜŬ ɗɏɛŬ Űɞ ɞˊɞɑɞ űŬɑɜŮŰŬɘ ŬɟɢɘəɎ ɤɠ ˊɘɗŬɜɧ ŮˊɘɢŮɑɟɖɛŬ ɡˊɏɟ Űɤɜ ɛŮɚŮŰɩɜ ˊɟɧəɚɖůɖɠ ŮɑɜŬɘ ɖ Ŭɛɞɘɓɐ 

ˊɞɡ ůɡɜɐɗɤɠ ŭɑŭŮŰŬɘ ůŰɞɡɠ ŮɗŮɚɞɜŰɏɠ. Ʉɤɠ ŬɝɘɞɚɞɔŮɑŰŬɘ ɧɛɤɠ ɖɗɘəɎ ɖ Ŭɛɞɘɓɐ ŬɡŰɐ; ɀɐˊɤɠ əɎˊɞɘɞɘ 
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ɔɑɜɞɡɜ ŮɗŮɚɞɜŰɏɠ ɛɧɜɞ ɔɘŬ Űɖɜ Ŭɛɞɘɓɐ; ɀɐˊɤɠ ŮɡɎɚɤŰŮɠ əɞɘɜɤɜɘəɎ ɞɛɎŭŮɠ, ɧˊɤɠ ˊ.ɢ. ɎɜŮɟɔɞɘ, 

ɞŭɖɔɖɗɞɨɜ ůŮ ɛɘŬ ŰɏŰɞɘŬ ŬˊɧűŬůɖ ɛɧɜɞ əŬɘ ɛɧɜɞ ɔɘŬ Űɖɜ Ŭɛɞɘɓɐ; ȳɚŬ ŰŬ ŮˊɘɢŮɘɟɐɛŬŰŬ ɡˊɏɟ Űɤɜ 

ɛŮɚŮŰɩɜ ˊɟɧəɚɖůɖɠ Ŭəɞɚɞɡɗɞɨɜ Űɖ ɗŮɤɟɑŬ Űɞɡ ɤűŮɚɘɛɘůɛɞɨ, ɧˊɞɡ ɔɘŬ ɢɎɟɖ Űɖɠ ŮˊɘŰɎɢɡɜůɖɠ əŬɘ Űɖɠ 

ɛŮɔɘůŰɞˊɞɑɖůɖɠ Űɖɠ ŬɜŬɛŮɜɧɛŮɜɖɠ ɤűɏɚŮɘŬɠ, ɛˊɞɟɞɨɜ ɜŬ ɗɡůɘŬůŰɞɨɜ əŬɘ əɎˊɞɘɞɘ ŮɗŮɚɞɜŰɏɠ, ŭŮŭɞɛɏɜɞɡ 

ɧŰɘ əɎˊɞɘɞɘ, ɛŮ ɓɎůɖ Űɘɠ ˊɘɗŬɜɧŰɖŰŮɠ, ɗŬ ŬɟɟɤůŰɐůɞɡɜ ůɞɓŬɟɎ əŬɘ ɑůɤɠ ˊŮɗɎɜɞɡɜ. ɆɨɛűɤɜŬ ɛŮ Űɖ 

ɆɨůŰŬůɖ Űɖɠ Ⱥɗɜɘəɐɠ ȺˊɘŰɟɞˊɐɠ ȸɘɞɖɗɘəɐɠ (Ⱥɗɜɘəɐ ȺˊɘŰɟɞˊɐ ȸɘɞɖɗɘəɐɠ 2020), çŰɞ əɟɘŰɐɟɘɞ Űɖɠ 

çŭɡɜɖŰɘəɐɠ ɤűŮɚɘɛɧŰɖŰŬɠè, Űɞ ɞˊɞɑɞ ŬɝɘɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞɡɠ ɡˊɞůŰɖɟɘəŰɏɠ Űɤɜ ɛŮɚŮŰɩɜ ˊɟɧəɚɖůɖɠ, 

ɡˊɞůŰɏɚɚŮŰŬɘ ŭŮɞɜŰɞɚɞɔɘəɎ Ůɜ ɧɣŮɘ ůɞɓŬɟɩɜ ŬɓŮɓŬɘɞŰɐŰɤɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŮ ůɢɏůɖ, Űɧůɞ ɛŮ Űɖɜ ŬůűɎɚŮɘŬ 

Űɤɜ ůɡɛɛŮŰŮɢɧɜŰɤɜ/ŮɗŮɚɞɜŰɩɜ, ɧůɞ əŬɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɞɟɗɐɠ ŮəŰɑɛɖůɖɠ əɘɜŭɨɜɤɜ ɔŮɜɘəɧŰŮɟŬ, ɚɧɔɤ 

ˊɞɚɚŬˊɚɩɜ ŮˊɘůŰɖɛɞɜɘəɩɜ ŬɓŮɓŬɘɞŰɐŰɤɜ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɜɏɞ əɞɟɤɜɞɥɧ. Ⱥˊɘˊɚɏɞɜ, ŮɝŬɘŰɑŬɠ Űɤɜ 

Ŭɡɝɖɛɏɜɤɜ ŬɓŮɓŬɘɞŰɐŰɤɜ, ɞɘ ŭɡɜɖŰɘəɞɑ ůɡɛɛŮŰɏɢɞɜŰŮɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ çˊɚɐɟɤɠ əŬɘ ŮˊŬɟəɩɠ 

ŮɜɖɛŮɟɤɛɏɜɞɘè ɔɘŬ Űɞɡɠ əɘɜŭɨɜɞɡɠ, ɩůŰŮ ɜŬ ˊŬɟɎůɢɞɡɜ ɔɜɐůɘŬ ůɡɜŬɑɜŮůɖ, ɧˊɤɠ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖ 

ůɡɛɛŮŰɞɢɐ ůŮ əɎɗŮ əɚɘɜɘəɐ ŭɞəɘɛɐ. ȼ ȺˊɘŰɟɞˊɐ ŮˊɘůɖɛŬɑɜŮɘ Ůˊɑůɖɠ Űɞɜ əɑɜŭɡɜɞ, ŮɝŬɘŰɑŬɠ Űɤɜ 

ˊŬɟŬˊɎɜɤ ˊɟɞɓɚɖɛɎŰɤɜ, ɜŬ ŬˊŮɘɚɖɗŮɑ ɖ ŭɖɛɧůɘŬ ŮɛˊɘůŰɞůɨɜɖ ůŰɘɠ əɚɘɜɘəɏɠ ŭɞəɘɛɏɠ ɔɘŬ Űɖ ɜɏŬ ɜɧůɞ, 

ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖɜ ŮɝŮɨɟŮůɖ ŬˊɞŰŮɚŮůɛŬŰɘəɞɨ Ůɛɓɞɚɑɞɡ, ŬɚɚɎ əŬɘ ɜŬ ŮɜŰŬɗŮɑ ɖ 

əŬɢɡˊɞɣɑŬ Űɤɜ ˊɞɚɘŰɩɜ ɔɘŬ Űɞɡɠ ŮɛɓɞɚɘŬůɛɞɨɠ.  

 

ɆɡɛˊŮɟɎůɛŬŰŬ ï ɆɡɕɐŰɖůɖ 

ɆɡɜɞɣɑɕɞɜŰŬɠ:  

V ɛˊɞɟŮɑ ɜŬ ˊɟɞəɚɖɗŮɑ ůɞɓŬɟɐ ŬůɗɏɜŮɘŬ ɐ ɗɎɜŬŰɞɠ ůŰɖɜ ɞɛɎŭŬ ŮɗŮɚɞɜŰɩɜ, ɖ ɞˊɞɑɞɘ ɜŬɘ ɛŮɜ ŮɑɜŬɘ 
ůɡɜɐɗɤɠ ɛŮŰŬɝɨ 18-30 ŮŰɩɜ ŬɚɚɎ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ɖɚɘəɘŬəɐ ɞɛɎŭŬ ɖ ɗɜɖůɘɛɧŰɖŰŬ ŮɑɜŬɘ  ˊŮɟɑˊɞɡ 

0,03%,  

V Űɘ ɗŬ ůɡɛɓŮɑ ůŰɞɡɠ ŮɗŮɚɞɜŰɏɠ ˊɞɡ ɗŬ ŭŮɢɗɞɨɜ Űɞ placebo əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɗŬ ɛɞɚɡɜɗɞɨɜ ɛŮ Űɞɜ 

SARS-CoV-2 ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɜɞůɐůɞɡɜ ɛŮ COVID-19; 

V ˊɟɧəŮɘŰŬɘ ɞɡůɘŬůŰɘəɎ ɔɘŬ ɏəɗŮůɖ ɡɔɘɩɜ ŮɗŮɚɞɜŰɩɜ ůŮ ůɢŮŰɘəɎ ɡɣɖɚɧ ɟɑůəɞ ɛŮ əɑɜŭɡɜɞ ɜŬ 
ɡˊɞűɏɟɞɡɜ ůŰɞ ɛɏɚɚɞɜ Ŭˊɧ ɛŬəɟɞɢɟɧɜɘŮɠ ɎɔɜɤůŰŮɠ ůɡɜɏˊŮɘŮɠ Űɖɠ ɜɧůɞɡ,  

V ŮɚɚɞɢŮɨŮɘ ɏɜŬɠ ŰŮɟɎůŰɘɞɠ əɑɜŭɡɜɞɠ ɜŬ əɚɞɜɘůŰŮɑ ɖ ŭɖɛɧůɘŬ ŮɛˊɘůŰɞůɨɜɖ ůŰɖɜ ɏɟŮɡɜŬ 

ȺɑɜŬɘ ůŬűɏɠ ɧŰɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮɚŮŰɩɜ ˊɟɧəɚɖůɖɠ əŬŰŬɟɟɑˊŰŮŰŬɘ ɖ Ŭɟɢɐ Űɞɡ çɤűŮɚŮɑɜè əŬɘ Űɞɡ 

çɛɖ ɓɚɎˊŰŮɘɜè (ɧɟəɞɠ Űɞɡ ȽˊˊɞəɟɎŰɖ) əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɞɡɠ ŮɗŮɚɞɜŰɏɠ ˊɞɡ ɗŬ ŬɟɟɤůŰɐůɞɡɜ ɐ ɗŬ 

ˊŮɗɎɜɞɡɜ Ŭˊɧ Űɖɜ ɏəɗŮůɐ Űɞɡɠ ůŰɞɜ ɘɧ. ȼ çɔɜɐůɘŬè ůɡɜŬɑɜŮůɖ əŬŰɧˊɘɜ Ůɜɖɛɏɟɤůɖɠ Űɞɡ ůɡɛɛŮŰɏɢɞɜŰŬ 

ŬɛűɘůɓɖŰŮɑŰŬɘ, ůŰɞ ˊɚŬɑůɘɞ ɛɘŬɠ ɛŮɚɏŰɖɠ ˊɟɧəɚɖůɖɠ ɛŮ Űɧůɞɡɠ ˊɘɗŬɜɞɨɠ əɘɜŭɨɜɞɡɠ ɔɘŬ Űɖɜ ɡɔŮɑŬ əŬɘ 

Űɖ ɕɤɐ Űɤɜ ůɡɛɛŮŰŮɢɧɜŰɤɜ. Ƀ ŮɛɓɞɚɘŬůɛɧɠ ɛŮ Űɞɜ çɎɔɟɘɞ Űɨˊɞè Űɞɡ ɘɞɨ (OôNeil 2020),  ůŰɘɠ ɛŮɚɏŰŮɠ 

ˊɟɧəɚɖůɖɠ ŮɑɜŬɘ ɖɗɘəɎ ŬˊŬɟɎŭŮəŰɞɠ ŮɑŰŮ ŬűɞɟɎ Űɞɡɠ ŮɗŮɚɞɜŰɏɠ ˊɞɡ ŮɛɓɞɚɘɎɕɞɜŰŬɘ ɛŮ Űɞ ɡˊɞɣɐűɘɞ 

Ůɛɓɧɚɘɞ, ŮɑŰŮ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ ŮəŮɑɜɞɡɠ ˊɞɡ ɗŬ ŮɛɓɞɚɘŬůŰɞɨɜ ɛŮ Űɞ placebo. ɆɡɜɞɣɑɕɞɜŰŬɠ, ɞɘ 

ɛŮɚɏŰŮɠ ˊɟɧəɚɖůɖɠ ɔɘŬ Űɖɜ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ Ůɛɓɞɚɑɤɜ, űɏɟɞɡɜ ˊɞɚɚɞɨɠ əɘɜŭɨɜɞɡɠ əŬɘ 
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ɄŮɟɑɚɖɣɖ 
Ƀ ɟɧɚɞɠ Űɤɜ SARS-CoV-2 Ůɘŭɘəɩɜ-ɇ-ɚŮɛűɞəɡŰŰɎɟɤɜ (CoV-2-STs) ŮɑɜŬɘ əŬŰŬɚɡŰɘəɧɠ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ 

COVID-19. ɋůŰɧůɞ ůŰɖ ůɞɓŬɟɐ COVID-19,ɖ ɚŮɛűɞˊŮɜɑŬ ŮɛˊɞŭɑɕŮɘ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ɚɞɑɛɤɝɖɠ. ɆŰɧɢɞɠ Űɖɠ 

ɛŮɚɏŰɖɠ, ɐŰŬɜ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ ŭɖɛɘɞɡɟɔɑŬɠ ŰɟɎˊŮɕŬɠ CoV-2-STs Ŭˊɧ ŬɜŬɟɟɩůŬɜŰŮɠ ŭɧŰŮɠ ɛŮ 

ŬˊɩŰŮɟɞ ůŰɧɢɞ Űɖɜ ŬɜɞůɞɗŮɟŬˊŮɑŬ COVID-19 ŬůɗŮɜɩɜ ɡɣɖɚɞɨ əɘɜŭɨɜɞɡ. ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ŰɟɎˊŮɕŬɠ 

ŮˊɘɚɏɢɗɖəŬɜ COVID-19 ŬɜŬɟɟɩůŬɜŰŮɠ ŭɧŰŮɠ ɛŮ ɘůɢɡɟɐ ɇ-əɡŰŰŬɟɘəɐ ŬɜɞůɑŬ əŬɘ ŮɡɟŮɑŬ HLA ŬɜŰɘˊɟɞůɩˊŮɡůɖ. 

Ɉˊɞ GMP ůɡɜɗɐəŮɠ,ɛɞɜɞˊɨɟɖɜŬ əɨŰŰŬɟŬ ˊŮɟɘűŮɟɘəɞɨ ŬɑɛŬŰɞɠ ŭɘŮɔɏɟɗɖəŬɜ ɛŮ ɛŮɑɔɛŬ ˊŮˊŰɘŭɑɤɜ ŬɜŰɘɔɧɜɤɜ Űɞɡ 

SARS-CoV-2,əŬɚɚɘŮɟɔɐɗɖəŬɜ əŬɘ əɟɡɞůɡɜŰɖɟɐɗɖəŬɜ. ɇŬ CoV-2-STs ŰɡˊɞˊɞɘɐɗɖəŬɜ əŬŰɎ HLA əŬɘ 

ŮɚɏɔɢɗɖəŬɜ űŬɘɜɞŰɡˊɘəɎ,ɚŮɘŰɞɡɟɔɘəɎ əŬɘ ɤɠ ˊɟɞɠ Űɖ ůŰŮɘɟɧŰɖŰɎ Űɞɡɠ. ɄɞɚɚŬˊɚɏɠ ŭɧůŮɘɠ əɡŰŰŬɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ 

ˊŬɟɐɢɗɖůŬɜ Ŭˊɧ 30 COVID-19 ŬɜŬɟɟɩůŬɜŰŮɠ ŭɧŰŮɠ. ɇŬ ˊɟɞɥɧɜŰŬ ŮɑɜŬɘ ˊɞɚɡəɚɤɜɘəɎ,ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ əɡɟɑɤɠ 

ɓɞɖɗɖŰɘəɎ ŬɚɚɎ əŬɘ əɡŰŰŬɟɞŰɞɝɘəɎ ɇ-ɚŮɛűɞəɨŰŰŬɟŬ,ŮɛűŬɜɑɕɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ ŭŮɑəŰŮɠ ɛɜɐɛɖɠ əŬɘ ɘůɢɡɟɐ 

SARS-CoV-2 ŮɘŭɘəɧŰɖŰŬ. ɆŰŬ 29/30 əɡŰŰŬɟɘəɎ ˊɟɞɥɧɜŰŬ ɢŬɟŬəŰɖɟɑůŰɖəŮ ŰɞɡɚɎɢɘůŰɞɜ 1 HLA ůŰɧɢŮɡůɖɠ Űɞɡ 

SARS-CoV-2. ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ˊɟɞŰŮɑɜɞɡɛŮ ɛɘŬ ɗŮɟŬˊŮɡŰɘəɐ ˊɟɞůɏɔɔɘůɖ T-əɡŰŰŬɟɘəɐɠ ŬɜɞůɞɗŮɟŬˊŮɑŬɠ Űɖɠ  

COVID-19 ɛŮ ɡɣɖɚɐ ŮɘŭɘəɧŰɖŰŬ əŬɘ ɘůɢɡɟɐ əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬ. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ 

əɞɟɞɜɞɥɧɠ SARS-2,ɡɘɞɗŮŰɞɨɛŮɜɖ ŬɜɞůɞɗŮɟŬˊŮɑŬ,SARS-COV-2 ŮɘŭɘəɎ ɇ-əɨŰŰŬɟŬ 

 

 

ȺɘůŬɔɤɔɐ 

ȹɨɞ ɢɟɧɜɘŬ ɛŮŰɎ Űɞ ɝɏůˊŬůɛŬ Űɖɠ ˊŬɜŭɖɛɑŬɠ COVID-19, ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɞɜ əɞɟɞɜɞɘɧ-2 Űɞɡ 

ůɞɓŬɟɞɨ ɞɝɏɞɠ ŬɜŬˊɜŮɡůŰɘəɞɨ ůɡɜŭɟɧɛɞɡ (SARS-CoV-2), ŰŬ ŮɛɓɧɚɘŬ ŬˊɞŰŮɚɞɨɜ ŬŭɘŬɛűɘůɓɐŰɖŰŬ Űɖɜ 

ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ  ˊɟɞůŰŬůɑŬ əŬŰɎ Űɞɡ ɘɞɨ. ɈˊɎɟɢɞɡɜ űɎɟɛŬəŬ ˊɞɡ ŮɚŬŰŰɩɜɞɡɜ ŰŬ ˊɞůɞůŰɎ 

ɜɞůɖɚŮɑŬɠ əŬɘ ɗɜɖŰɧŰɖŰŬɠ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ɐˊɘŬ-ɛɏŰɟɘŬ ɜɧůɞ (molnupiravir əŬɘ 

nirmatrelvir/ritonavir)(Hammond et al. 2022; Jayk Bernal et al. 2022; Owen et al. 2021) ɐ ŮɚŬŰŰɩɜɞɡɜ 

Űɞ ɢɟɧɜɞ ŬɜɎɟɟɤůɖɠ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ˊɟɞɢɤɟɖɛɏɜɖ ɜɧůɞ (remdesivir)(Beigel et al. 2020). ɋůŰɧůɞ, əŬɛɑŬ 

ɗŮɟŬˊŮɡŰɘəɐ Ůˊɘɚɞɔɐ ŭŮɜ ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ůŮ ŬůɗŮɜŮɑɠ ɛŮ ůɞɓŬɟɐ ɜɧůɞ.  

 

ȼ ɗŮɟŬˊŮɑŬ ɛŮ ŬɜŰɘɘəɎ ɇ-əɨŰŰŬɟŬ ŮɑɜŬɘ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜɖ ɏɜŬɜŰɘ Űɖɠ COVID-19. ȷɜŰɘɘəɎ ɇ-əɨŰŰŬɟŬ 

ˊɞɡ ůŰɞɢŮɨɞɡɜ Űɞɜ ɘɧ Epstein-Barr,Űɞɜ ŬŭŮɜɞɘɧ,Űɞɜ əɡŰŰŬɟɞɛŮɔŬɚɞɘɧ,Űɞɜ ɘɧ ȸȾ, əɡɟɑɤɠ ůŮ ŬůɗŮɜŮɑɠ 

ɛŮŰɎ Ŭˊɧ ɛŮŰŬɛɧůɢŮɡůɖ ůɡɛˊŬɔɩɜ ɞɟɔɎɜɤɜ ɐ ŬɘɛɞˊɞɘɖŰɘəɩɜ əɡŰŰɎɟɤɜ ɏɢɞɡɜ ŮűŬɟɛɞůŰŮɑ ɛŮ ŬůűɎɚŮɘŬ 

əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ. Ⱥˊɘˊɚɏɞɜ, ŮɛŮɑɠ əŬɘ Ɏɚɚɞɘ, ɏɢɞɡɛŮ ŭŮɑɝŮɘ Űɖ ůɖɛŬůɑŬ Űɤɜ ɇ-əɡŰŰɎɟɤɜ ůŰɞɜ 

ɏɚŮɔɢɞ Űɖɠ SARS-CoV-2 ɚɞɑɛɤɝɖɠ əŬɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɏəˊŰɡɝɖɠ SARS-CoV-2 ɇ-əɡŰŰɎɟɤɜ ɛɜɐɛɖɠ Ŭˊɧ 

ŬɜŬɟɟɩůŬɜŰŮɠ.  

 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŬɝɘɞɚɞɔɞɨɛŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŭɖɛɘɞɡɟɔɑŬɠ ɛɘŬɠ ŰɟɎˊŮɕŬɠ Ůɘŭɘəɩɜ SARS-CoV-2 

ɇ-əɡŰŰŬɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ Ŭˊɧ ŬɜŬɟɟɩůŬɜŰŮɠ ŭɧŰŮɠ, ŰŬ ɞˊɞɑŬ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɢɞɟɖɔɖɗɞɨɜ ɤɠ ɏɜŬ 

óɕɤɜŰŬɜɧ űɎɟɛŬəɞô ůŮ ɜɞůɖɚŮɡɧɛŮɜɞɡɠ ŬůɗŮɜŮɑɠ ɡɣɖɚɞɨ əɘɜŭɨɜɞɡ ɛŮ COVID-19.  

 

ɀɏɗɞŭɞɘ 

Ⱥˊɘɚɞɔɐ ŭɞŰɩɜ 

ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ŰɟɎˊŮɕŬɠ ŮˊɘɚɏɢɗɖəŬɜ 30 ŬɜŬɟɟɩůŬɜŰŮɠ ɡɔŮɘɞɜɞɛɘəɞɑ ɤɠ ŭɧŰŮɠ, ɛŮ ɘůɢɡɟɐ 

SARS-CoV-2 ɇ-əɡŰŰŬɟɘəɐ ŬɜɞůɑŬ. Ƀɘ ŭɧŰŮɠ ŮˊɘɚɏɢɗɖəŬɜ ɩůŰŮ ɜŬ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɞɜ ɔŮɜɘəɧ 

Ⱥɚɚɖɜɘəɧ ˊɚɖɗɡůɛɧ, ɤɠ ˊɟɞɠ ŰŬ ŬɜŰɘɔɧɜŬ ɘůŰɞůɡɛɓŬŰɧŰɖŰŬɠ -HLA.  

ɄŬɟŬɔɤɔɐ SARS-CoV-2-STs 

ɇŬ CoV-2-STs ˊŬɟɐɢɗɖůŬɜ ɛŮŰɎ Ŭˊɧ ɚɐɣɖ 35-40ml ŬɑɛŬŰɞɠ Ŭˊɧ Űɞɡɠ ŬɜŬɟɟɩůŬɜŰŮɠ ŭɧŰŮɠ. ɇŬ 

ɛɞɜɞˊɨɟɖɜŬ əɨŰŰŬɟŬ Űɞɡ ˊŮɟɘűŮɟɘəɞɨ ŬɑɛŬŰɞɠ (PBMCs) ŭɘŮɔɏɟɗɖəŬɜ ɛŮ ɛŮɑɔɛŬ ˊŮˊŰɘŭɑɤɜ 
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(ŬəɑŭŬɠ/ɛŮɛɓɟɎɜɖɠ/NCAP ) əŬɘ əŬɚɚɘŮɟɔɐɗɖəŬɜ ɔɘŬ 9-11 ɖɛɏɟŮɠ (Papadopoulou et al. 2014, 2019; 

Papayanni et al. 2021; Tzannou et al. 2017).  

ȹɞəɘɛŬůɑŬ ELIspot  

ɇŬ CoV-2-STs ŭɘŮɔɏɟɗɖəŬɜ ɛŮ ɏɜŬ ɛɑɔɛŬ ˊŮˊŰɘŭɘəɩɜ ŬɜŰɘɔɧɜɤɜ (ŬəɑŭŬɠ/ɛŮɛɓɟɎɜɖɠ/NCAP) ɐ ɛɧɜɞ ɛŮ 

ˊŮˊŰɑŭɘŬ ŬəɑŭŬɠ (ɛɖ ɛŮŰŬɚɚŬɔɛɏɜɖ, ɎɚűŬ, ɓɐŰŬ, ŭɏɚŰŬ ɐ ɧɛɘəɟɞɜ ɛŮŰɎɚɚŬɝɖ Űɖɠ ŬəɑŭŬɠ) ɐ 

ɛŮɛɞɜɤɛɏɜɞɡɠ ɐ ůɡɜɞɚɘəɞɨɠ (pooled) SARS-CoV-2 ŮˊɑŰɞˊɞɡɠ, ɔɜɤůŰɞɨɠ ɔɘŬ Űɖɜ HLA ůŰɧɢŮɡůɖ Űɞɡ 

CɞV-2. ȼ ŮɘŭɘəɧŰɖŰŬ ɛŮŰɟɐɗɖəŮ ɛŮ ɘɜŰŮɟűŮɟɧɜɖ-ɔ (IFN-ɔ) Elispot [Eli.Scan scanner 

(A.EL.VIS),Eli.Analyse software V6.2.SFC] əŬɘ ŮəűɟɎůŰɖəŮ ɤɠ əɨŰŰŬɟŬ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ əɖɚɑŭŮɠ 

(SFCs) ŬɜɎ Ŭɟɘɗɛɧ əɡŰŰɎɟɤɜ. ȼ Ŭˊɧəɟɘůɖ ɗŮɤɟɐɗɖəŮ ɗŮŰɘəɐ, Ůűɧůɞɜ ŰŬ ůɡɜɞɚɘəɎ SFC ɐŰŬɜ Ó30/2Ĭ105 

CoV-2-STs. 

ȷɜɞůɞűŬɘɜɧŰɡˊɞɠ ɛŮ ȾɡŰŰŬɟɞɛŮŰɟɑŬ Ʌɞɐɠ 

ɇŬ CoV-2-STs ŮˊɤɎůŰɖəŬɜ ɛŮ CD45,CD3,CD4,CD8,CD45RA əŬɘ CD62L. 

ɇɡˊɞˊɞɑɖůɖ əŬŰɎ HLA 

DNA ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɞɡɠ CoV-2-ST ŭɧŰŮɠ ŰɡˊɞˊɞɘɐɗɖəŬɜ ɛŮ ɡɣɖɚɐ ŬɜɎɚɡůɖ-2F ɤɠ ˊɟɞɠ HLA-A*, -

B*,-C*,-DRB1*,-DRB3*,DRB4*,DRB5*,-DQA1*,-DQB1*,-DPA1* əŬɘ -DPB1* ŮɑŰŮ ɛŮ PCR-SSP 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Ůɜɑůɢɡůɖ ɛɏůɤ PCR ɛŮ Ůɘŭɘəɞɨɠ ŮəəɘɜɖŰɏɠ (Micro SSP),ŮɑŰŮ ɛŮ Ŭɚɚɖɚɞɨɢɘůɖ 

ŮˊɧɛŮɜɖɠ ɔŮɜɘɎɠ (NGS). 

 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ɆɨůŰŬůɖ ŰɟɎˊŮɕŬɠ Cov-2-STs əɡŰŰŬɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ  
ɇɟɘɎɜŰŬ əɚɘɜɘəɐɠ ɓŬɗɛɑŭŬɠ CoV-2-ST,ˊŬɟɐɢɗɖůŬɜ ɡˊɧ GMP ůɡɜɗɐəŮɠ,Ŭˊɧ ŬɜŬɟɟɩůŬɜŰŮɠ COVID-19 

ŭɧŰŮɠ ɡɔŮɘɞɜɞɛɘəɞɨɠ,ŮˊɘɚŮɔɛɏɜɞɡɠ ɜŬ ŮəűɟɎɕɞɡɜ ŰŬ ůɡɢɜɧŰŮɟŬ HLA ŬɜŰɘɔɧɜŬ Űɞɡ Ůɚɚɖɜɘəɞɨ 

ˊɚɖɗɡůɛɞɨ. ȷˊɧ 3-10x107 PBMCs ˊŬɟɐɢɗɖůŬɜ 60.5x107(24.5-111.5x107) əɨŰŰŬɟŬ ŬɜɎ ˊɟɞɥɧɜ 

[ɏəˊŰɡɝɖ 12(6.6-32)űɞɟɏɠ],ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ˊɞɚɚŬˊɚɏɠ ŭɧůŮɘɠ). ɇŬ əɡŰŰŬɟɘəɎ ˊɟɞɥɧɜŰŬ ɐŰŬɜ 

ˊɞɚɡəɚɤɜɘəɎ,ůɢŮŭɧɜ ŬˊɞəɚŮɘůŰɘəɎ ɇ-əɨŰŰŬɟŬ [97%(81-99%)], əɡɟɑɤɠ CD4+ [78%(61-95%)] ŬɚɚɎ əŬɘ 

CD8+ [14%(3-33%)],Ůɜɩ ŮɝɏűɟŬɕŬɜ ŭŮɑəŰŮɠ əŮɜŰɟɘəɐɠ əŬɘ ŭɟŬůŰɘəɐɠ ɛɜɐɛɖɠ (central 

memory:CD45RA-CD62L+ /effector memory CD45RA-/CD62Lī). ȳɚŬ ŰŬ CoV-2-STs ˊŬɟɞɡůɑŬůŬɜ 

ɘůɢɡɟɐ ŮɘŭɘəɧŰɖŰŬ ŮɜɎɜŰɘŬ ůŰŬ 3 ŬɜŰɘɔɧɜŬ ůŰɧɢɞɡɠ Űɞɡ SARS-CoV-2 (NCAP-Spike-Membrane),əŬɘ 

ŮɘŭɘəɧŰŮɟŬ,ɧɢɘ ɛɧɜɞ əŬŰɎ Űɖɠ ŬɛŮŰɎɚɚŬəŰɖɠ ˊŬɟŬɚɚŬɔɐɠ ɎɚűŬ ŬɚɚɎ əŬɘ əŬŰɎ Űɘɠ ɛŮŰŬɚɚɎɝŮɘɠ Űɖɠ 

ŬəɑŭŬɠ ɓɐŰŬ,ŭɏɚŰŬ əŬɘ ɧɛɘəɟɞɜ. H ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ əŬŰɎ Űɞɡ SARS-CoV-2 ɢŬɟŰɞɔɟŬűɐɗɖəŮ ɔɘŬ əɎɗŮ 

ˊɟɞɥɧɜ, əŬɘ ŬɜɘɢɜŮɨɗɖəŮ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ HLA ˊɞɡ ŭɘŬɛŮůɞɚŬɓŮɑ Űɖɜ CoV-2-ST ŮɘŭɘəɧŰɖŰŬ ůŮ 29/30 

ˊɟɞɥɧɜŰŬ. 

 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ɄɟɧůűŬŰŬ, 2 Ŭˊɧ Űɞɡ ůŰɧɛŬŰɞɠ ŬɜŰɘɘəɎ űɎɟɛŬəŬ ŮɔəɟɑɗɖəŬɜ ɔɘŬ Űɖɜ ɐˊɘŬ ɐ ŮɜŭɘɎɛŮůɖɠ ɓŬɟɨŰɖŰŬɠ 

COVID-19, ɛŮɘɩɜɞɜŰŬɠ əŬŰɎ 89% (Paxlovid, nirmatrelvir/ritonavir) əŬɘ 26% (Molnupiravir) Űɞɜ 

əɑɜŭɡɜɞ ɜɞůɖɚŮɑŬɠ əŬɘ ɗŬɜɎŰɞɡ ůŮ ɛɖ ɜɞůɖɚŮɡɧɛŮɜɞɡɠ ŬůɗŮɜŮɑɠ ɢɤɟɑɠ ŬɜɎɔəŮɠ ɞɝɡɔɧɜɞɡ, ŬɚɚɎ 

ŮɛűŬɜɑɕɞɡɜ Ŭɡɝɖɛɏɜɞ əɑɜŭɡɜɞ Ůɝɏɚɘɝɖɠ ůŮ ůɞɓŬɟɐ COVID-19 ɚɞɑɛɤɝɖ(Hammond et al. 2022; Jayk 

Bernal et al. 2022; Owen et al. 2021). ɋůŰɧůɞ ɞɘ ɗŮɟŬˊŮɡŰɘəɏɠ Ůˊɘɚɞɔɏɠ ɔɘŬ Űɞɡɠ ɜɞůɖɚŮɡɧɛŮɜɞɡɠ 

ŬůɗŮɜŮɑɠ ɛŮ ůɞɓŬɟɐ COVID-19 ŮɑɜŬɘ ŭɟŬɛŬŰɘəɎ ˊŮɟɘɞɟɘůɛɏɜŮɠ. ɇɞ Remdesivir, ɛŮɘɩɜŮɘ Űɞɜ ɢɟɧɜɞ 

ŬɜɎɟɟɤůɖɠ ůŰɞɡɠ ŬůɗŮɜŮɑɠ ɛŮ ɛɏŰɟɘŬ-ůɞɓŬɟɐ COVID-19(Beigel et al. 2020), Ůɜɩ Űɞ Lobinavir-

Ritonavir ůŰɖɜ ůɞɓŬɟɐ Covid-19,ŭŮɜ əŬŰɎűŮɟŮ ɜŬ ŭŮɑɝŮɘ ɧűŮɚɞɠ ůŰɖɜ Ůˊɘɓɑɤůɖ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ 

ˊɟɧŰɡˊɖ űɟɞɜŰɑŭŬ.  

 

Ƀ ɟɧɚɞɠ Űɖɠ ɇ-əɡŰŰŬɟɘəɐɠ ŬɜɞůɑŬɠ ůŰɖɜ COVID-19 ŬɜŬɔɜɤɟɑůŰɖəŮ ˊɟɧůűŬŰŬ. ȾɡəɚɞűɞɟɞɨɜŰŬ CoV-

2-STs ŬɜɘɢɜŮɨɗɖəŬɜ ůŮ ŬɜŬɟɟɩůŬɜŰŮɠ ŭɧŰŮɠ əŬɘ ůɡůɢŮŰɑůŰɖəŬɜ ɛŮ ŬɜɎɟɟɤůɖ(Le Bert et al. 2021; 

Papayanni et al. 2021; Rydyznski Moderbacher et al. 2020),Ůɜɩ ɖ ɚŮɛűɞˊŮɜɑŬ, ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ 

ůɞɓŬɟɐɠ COVID-19, ɏɢŮɘ ůɡůɢŮŰɘůɗŮɑ ɛŮ ɢŮɘɟɧŰŮɟɖ ɏəɓŬůɖ(Chen et al. 2020; Yang et al. 2020; Zhou 

et al. 2020). ɀŮ ŭŮŭɞɛɏɜɞ Űɘɠ ŮɚɎɢɘůŰŮɠ ɗŮɟŬˊŮɡŰɘəɏɠ Ůˊɘɚɞɔɏɠ ůŰɖ ůɞɓŬɟɐ COVID-19,Űɞɜ ɟɧɚɞ Űɖɠ 

Ůɘŭɘəɐɠ ɇ-əɡŰŰŬɟɘəɐɠ ŬɜɞůɑŬɠ əŬɘ Űɞɜ ŮˊɘŰɡɢɐ ɏɚŮɔɢɞ Ɏɚɚɤɜ ɘɞɔŮɜɩɜ ɚɞɘɛɩɝŮɤɜ ůŮ ŬůɗŮɜŮɑɠ ˊɞɡ ɏɢɞɡɜ 

ɡ́ ɞɓɚɖɗŮɑ ůŮ ɛŮŰŬɛɧůɢŮɡůɖ, ɛŮ Űɖ ɢɟɐůɖ ŬɜŰɘɘəɩɜ ɇ-ɚŮɛűɞəɡŰŰɎɟɤɜ, ůŰɞɢŮɨůŬɛŮ ɜŬ ŬɝɘɞɚɞɔɐůɞɡɛŮ 

Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŭɖɛɘɞɡɟɔɑŬɠ ɛɑŬɠ ŰɟɎˊŮɕŬɠ CɞV-2-STs Ŭˊɧ ŬɜŬɟɟɩůŬɜŰŮɠ COVID-19 ŭɧŰŮɠ. 
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ȹɖɛɘɞɡɟɔɐůŬɛŮ ɚɞɘˊɧɜ ɛɘŬ ŰɟɎˊŮɕŬ ɎɛŮůŬ ŭɘŬɗɏůɘɛɤɜ çoff-the-shelfè CoV-2-STs Ŭˊɧ ŬɜŬɟɟɩůŬɜŰŮɠ 

ŭɧŰŮɠ,ɞɘ ɞˊɞɑɞɘ ŮˊɘɚɏɢɗɖəŬɜ ɜŬ ŮəűɟɎɕɞɡɜ ŰŬ ˊɚɏɞɜ əɞɘɜɎ HLA ůŰɞɜ Ůɚɚɖɜɘəɧ ˊɚɖɗɡůɛɧ. ɇŬ əɡŰŰŬɟɘəɎ 

ˊɟɞɥɧɜŰŬ ŮɛűɎɜɘɕŬɜ ɡɣɖɚɐ ŮɘŭɘəɧŰɖŰŬ ɏɜŬɜŰɘ Űɞɡ SARS-CɞV-2 əŬɘ Űɤɜ ɔɜɤůŰɩɜ ˊŬɟŬɚɚŬɔɩɜ Űɞɡ əŬɘ 

ɐŰŬɜ ˊɞɚɡəɚɤɜɘəɎ, ŮɛˊɚɞɡŰɘůɛɏɜŬ əɡɟɑɤɠ ůŮ CD4+ əɨŰŰŬɟŬ. 

 

ȼ ŮɛűɎɜɘůɖ ˊŬɟŬɚɚŬɔɩɜ Űɞɡ SARS-COV-2 ŮɔŮɑɟŮɘ ŬɜɖůɡɢɑŮɠ ŬɜɞůɘŬəɐɠ ŭɘŬűɡɔɐɠ ŮɎɜ ŰŬ SARS-COV-

2-STs ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭɧŰŮɠ ˊɞɡ ŮəŰɏɗɖəŬɜ ůŮ ŭɘŬűɞɟŮŰɘəɧ ůŰɏɚŮɢɞɠ. ɋůŰɧůɞ ŰŬ əɡŰŰŬɟɘəɎ ˊɟɞɥɧɜŰŬ 

ɛŬɠ, ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ Ŭˊɧ ŬɜŬɟɟɩůŬɜŰŮɠ ˊɞɡ ŮəŰɏɗɖəŬɜ ůŰɞ ˊɟɤŰŬɟɢɘəɧ ůŰɏɚŮɢɞɠ Űɞɡ ɘɞɨ, 

űɎɜɖəŬɜ ŭɟŬůŰɘəɎ ŮɜɎɜŰɘŬ ůŮ ɧɚŮɠ Űɘɠ ˊŬɟŬɚɚŬɔɏɠ. ȾŬɗɩɠ ŰŬ ˊŬɟŬɔɧɛŮɜŬ SARS-COV-2-STs 

əŬɚɨˊŰɞɡɜ ɞɚɧəɚɖɟɞ Űɞ ɘɘəɧ ɔɞɜɘŭɑɤɛŬ, ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɛɖɜ ŮˊɘŰɟɏɣɞɡɜ ŬɜɞůɘŬəɐ 

ŭɘŬűɡɔɐ Ůˊɑ ɜɏɤɜ ɛŮŰŬɚɚɎɝŮɤɜ, ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ɛɞɜɞəɚɤɜɘəɎ ŬɜŰɘůɩɛŬŰŬ ɐ ŰŬ ŮɛɓɧɚɘŬ.  

 

ȼ ɢɞɟɐɔɖůɖ SARS-COV-2-STs ŮɚɏɔɢɗɖəŮ ůŮ ŰɡɢŬɘɞˊɞɘɖɛɏɜɖ əɚɘɜɘəɐ ɛŮɚɏŰɖ űɎůɖɠ Ƚ-ȽȽ ɤɠ ɗŮɟŬˊŮɑŬ 

Űɖɠ ůɞɓŬɟɐɠ COVID-19 əŬɘ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŬˊɞŰŮɚɏůŮɘ ɏɜŬ ɘůɢɡɟɧ ɧˊɚɞ əŬŰɎ Űɖɠ ˊŬɜŭɖɛɑŬɠ. 

 

 

ȸɘɓɚɘɞɔɟŬűɑŬ 

Beigel, John H. et al. 2020. ñRemdesivir for the Treatment of Covid-19 ð Final Report.ò The New 

England Journal of Medicine 383(19): 1813ï26. 

Le Bert, Nina et al. 2021. ñHighly Functional Virus-Specific Cellular Immune Response in 

Asymptomatic SARS-CoV-2 Infection.ò The Journal of experimental medicine 218(5). 

Chen, Guang et al. 2020. ñClinical and Immunological Features of Severe and Moderate Coronavirus 

Disease 2019.ò The Journal of Clinical Investigation 130(5): 2620. 

Hammond, Jennifer et al. 2022. ñOral Nirmatrelvir for High-Risk, Nonhospitalized Adults with Covid-

19.ò The New England journal of medicine 386(15): 1397ï1408. 

Jayk Bernal, Ang®lica et al. 2022. ñMolnupiravir for Oral Treatment of Covid-19 in Nonhospitalized 

Patients.ò The New England journal of medicine 386(6): 509ï20. 

Owen, Dafydd R. et al. 2021. ñAn Oral SARS-CoV-2 Mpro Inhibitor Clinical Candidate for the 

Treatment of COVID-19.ò Science 374(6575): 1586ï93. 

Papadopoulou, A. et al. 2014. ñActivity of Broad-Spectrum T Cells as Treatment for AdV, EBV, 

CMV, BKV, and HHV6 Infections after HSCT.ò Science Translational Medicine 6(242): 

242ra83-242ra83. 

Papadopoulou A., Alvanou M., Koukoulias K. et al. 2019 ñClinical-Scale Production of Aspergillus-

Specific T Cells for the Treatment of Invasive Aspergillosis in the Immunocompromised Host.ò 

Bone Marrow Transplantation 54(12): 1963ï72. 

Papayanni, Penelope-Georgia et al. 2021. ñVaccinated and Convalescent DonorïDerived Severe Acute 

Respiratory Syndrome Coronavirus 2ïSpecific T Cells as Adoptive Immunotherapy for High-

Risk Coronavirus Disease 2019 Patients.ò Clinical Infectious Diseases 73(11): 2073ï82. 

Rydyznski Moderbacher, Carolyn et al. 2020. ñAntigen-Specific Adaptive Immunity to SARS-CoV-2 

in Acute COVID-19 and Associations with Age and Disease Severity.ò Cell 183(4): 996. 

Tzannou, I. et al. 2017. ñOff-the-Shelf Virus-Specific T Cells to Treat BK Virus, Human Herpesvirus 

6, Cytomegalovirus, Epstein-Barr Virus, and Adenovirus Infections after Allogeneic 

Hematopoietic Stem-Cell Transplantation.ò Journal of Clinical Oncology 35(31). 

Yang, Xiaobo et al. 2020. ñClinical Course and Outcomes of Critically Ill Patients with SARS-CoV-2 

Pneumonia in Wuhan, China: A Single-Centered, Retrospective, Observational Study.ò The 

Lancet. Respiratory medicine 8(5): 475ï81. 

Zhou, Runhong et al. 2020. ñAcute SARS-CoV-2 Infection Impairs Dendritic Cell and T Cell 

Responses.ò Immunity 53(4): 864-877.e5. 

 
  



 

 ȺəŭɧŰɖɠ : ɄŬɜŮɚɚɐɜɘŬ Ȱɜɤůɖ ȸɘɞŮˊɘůŰɖɛɧɜɤɜ             ȺˊɘɛɏɚŮɘŬ : Ʉɞɚɨɕɞɠ ȷɗ. 

ɄɅȷȾɇȽȾȷ 13ɞɡ ɄȷɁȺȿȿȼɁȽɃɈ ɆɈɁȺȹɅȽɃɈ çɀɘŬ ɜɏŬ Ůˊɞɢɐ ɔɘŬ Űɖ ȸɘɞɚɞɔɑŬ: ȺɡəŬɘɟɑŮɠ əŬɘ ˊɟɞəɚɐůŮɘɠ ůŰɖɜ ɛŮŰɎ COVID Ůˊɞɢɐè,  

9/12/2022 ï 11/12/2022, ŪŮůůŬɚɞɜɑəɖ 

211 

ɆɡůɢɏŰɘůɖ Űɖɠ HPV ɛɧɚɡɜůɖɠ ɛŮ əɡŰŰŬɟɞɚɞɔɘəɏɠ ŬɚɚɞɘɩůŮɘɠ ůŮ ŰŮůŰ ɄŬˊŬɜɘəɞɚɎɞɡ 
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ɄŮɟɑɚɖɣɖ 
Ƀ ɘɧɠ Űɤɜ Ŭɜɗɟɩˊɘɜɤɜ ɗɖɚɤɛɎŰɤɜ ɐ Human Papilloma Virus ɐ HPV ɏɢŮɘ ůɡůɢŮŰɘůŰŮɑ ɛŮ Űɞɜ əŬɟəɑɜɞ Űɞɡ 

ŰɟŬɢɐɚɞɡ Űɖɠ ɛɐŰɟŬɠ əŬɘ ŬɜɐəŮɘ ůŰɞɡɠ ˊɘɞ ůɡɢɜɎ ůŮɝɞɡŬɚɘəɩɠ ɛŮŰŬŭɘŭɧɛŮɜɞɡɠ ɘɞɨɠ. ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ 

ŮɟɔŬůɑŬɠ ůŮ ŭŮɑɔɛŬŰŬ thin prep, Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞɛɞɜɩɗɖəŮ ɞɚɘəɧ DNA  ɛŮ ŬɡŰɧɛŬŰɖ ɛɏɗɞŭɞ, ŮűŬɟɛɧůŰɖəŮ ɖ 

ŰŮɢɜɘəɐ Real Time PCR ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ DNA Űɞɡ ɘɞɨ HPV. ɆŮ ůɨɜɞɚɞ 2964 ŭŮɘɔɛɎŰɤɜ ŰŬ 544 (18.35%) 

ɓɟɏɗɖəŬɜ ɗŮŰɘəɎ ůŮ əɎˊɞɘɞɜ ɡɣɖɚɞɨ əɘɜŭɨɜɞɡ ɡˊɧŰɡˊɞ, Ŭˊɧ ŰŬ ɞˊɞɑŬ ɛɧɚɘɠ ŰŬ 36 (6.61%) ŮɛűɎɜɘɕŬɜ 

əɡŰŰŬɟɞɚɞɔɘəɏɠ ŬɚɚɞɘɩůŮɘɠ ˊɞɘəɑɚɖɠ ůɖɛŬɜŰɘəɧŰɖŰŬɠ. Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɜŬ ůɡůɢŮŰɘůŰŮɑ ɖ 

ɛɧɚɡɜůɖ Ŭˊɧ Űɞɜ HPV ɘɧ ɛŮ Űɖɜ ˊɘɗŬɜɩɠ ˊŬɗɞɚɞɔɘəɐ əɡŰŰŬɟɞɚɞɔɘəɐ ŮɘəɧɜŬ əɞɚˊɞŰɟŬɢɖɚɘəɩɜ ŮˊɘɗɖɚɘŬəɩɜ 

əɡŰŰɎɟɤɜ. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ 

HPV, TŮůŰ ɄŬˊŬɜɘəɞɚɎɞɡ, ŰɟŬɢɖɚɘəɏɠ ŬɚɚɞɘɩůŮɘɠ 

 

 

ȺɘůŬɔɤɔɐ 

Ƀ ɘɧɠ HPV ŬˊɞŰŮɚŮɑ ɛɏɚɞɠ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ Űɤɜ Papillomaviridae, ŮɑɜŬɘ ŭɘˊɚɧəɚɤɜɞɠ DNA ɘɧɠ əŬɘ ɏɢŮɘ 

ůɡůɢŮŰɘůŰŮɑ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ əŬɟəɑɜɞɡ Űɞɡ ŰɟŬɢɐɚɞɡ Űɖɠ ɛɐŰɟŬɠ, ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ɤɠ ɞ 3ɞɠ ůŮ 

ůɡɢɜɧŰɖŰŬ ůŰɘɠ ŬɜŬˊŰɡůůɧɛŮɜŮɠ ɢɩɟŮɠ, Ůɜɩ ŮɑɜŬɘ ɘəŬɜɧɠ  ɜŬ ɛɞɚɨɜŮɘ Űɧůɞ ŰŬ ɗɐɚŮŬ ɧůɞ əŬɘ ŰŬ ɎɟɟŮɜŬ 

ɎŰɞɛŬ (Doorbar  et al. 2012, Tsikouras et al. 2016, Zacharis et al. 2018).  ɆɡɔəŮəɟɘɛɏɜŬ ɔɘŬ ŰŬ ɗɐɚŮŬ 

ɎŰɞɛŬ, ɞ HPV ɘɧɠ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞ 99% Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ əŬɟəɑɜɞɡ Űɞɡ ŰɟŬɢɐɚɞɡ Űɖɠ ɛɐŰɟŬɠ. ɀɏɢɟɘ 

ůɐɛŮɟŬ, ɏɢɞɡɜ ŬɜŬɔɜɤɟɘůŰŮɑ ˊŮɟɘůůɧŰŮɟɞɘ Ŭˊɧ 200 ɡˊɧŰɡˊɞɘ Űɞɡ ɘɞɨ, ɛŮ Űɞɡɠ 15 Ŭˊɧ ŬɡŰɞɨɠ ɜŬ ɏɢɞɡɜ 

ůɡɜŭŮɗŮɑ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɟəɑɜɞɡ (ɡɣɖɚɞɨ əɘɜŭɨɜɞɡ ɐ ɞɔəɞɔɧɜɞɘ ɡˊɧŰɡˊɞɘ) (Okunade 2020). ɇŬ 

ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢɞɡɜ ŮűŬɟɛɞůŰŮɑ ˊɟɞɔɟɎɛɛŬŰŬ ˊɟɞɚɖˊŰɘəɞɨ Ůɚɏɔɢɞɡ, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞɜ 

ŮɛɓɞɚɘŬůɛɧ, Űɖɜ ɛɞɟɘŬəɐ ŬɜɑɢɜŮɡůɖ ɘɘəɞɨ DNA ɐ RNA əŬɘ Űɖɜ əɡŰŰŬɟɞɚɞɔɘəɐ ŮɝɏŰŬůɖ ŰɟŬɢɖɚɘəɩɜ 

əɡŰŰɎɟɤɜ, ɛŮ ůəɞˊɧ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɞɡ űŬɘɜɞɛɏɜɞɡ. Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɜŬ 

ŭɘŮɟŮɡɜɖɗŮɑ ɞ ɓŬɗɛɧɠ ůɡɜɎűŮɘŬɠ ɛɘŬɠ HPV ɚɞɑɛɤɝɖɠ Ŭˊɧ ɡɣɖɚɞɨ əɘɜŭɨɜɞɡ ɡˊɧŰɡˊɞ ɛŮ ˊŬɗɞɚɞɔɘəɎ 

ŮɡɟɐɛŬŰŬ ůŰŬ ŬɜŰɑůŰɞɘɢŬ əɞɚˊɞŰɟŬɢɖɚɘəɎ ŮˊɘɢɟɑůɛŬŰŬ ˊɞɡ ɡˊɞɓɚɐɗɖəŬɜ ůŮ ŰŮůŰ ɄŬˊŬɜɘəɞɚɎɞɡ. 

 

ɀɏɗɞŭɞɘ 

ȾŬŰɎ Űɞ 2021, ůɡɚɚɏɢɗɖəŬɜ əŬɘ ŬɜŬɚɨɗɖəŬɜ ůɡɜɞɚɘəɎ 2964 ŭŮɑɔɛŬŰŬ thin prep Ŭˊɧ ɗɐɚŮŬ ɎŰɞɛŬ, ɛŮ 

ůəɞˊɧ ɜŬ ɡˊɞɓɚɖɗɞɨɜ ůŮ ɛɞɟɘŬəɐ ŬɜɑɢɜŮɡůɖ ɘɘəɞɨ DNA Űɞɡ ɘɞɨ HPV əŬɘ ůŮ ŰŮůŰ ɄŬˊŬɜɘəɞɚɎɞɡ. ȼ 

ŬɜɑɢɜŮɡůɖ Űɞɡ HPV DNA ɏɔɘɜŮ ɛŮ Űɖɜ ɢɟɐůɖ Ůɛˊɞɟɘəɞɨ əɘŰ ɔɘŬ Űɖɜ ŭɘŮɜɏɟɔŮɘŬ Real Time PCR Űɖɠ 

ŮŰŬɘɟŮɑŬɠ Sacace, ɛŮ ɘəŬɜɧŰɖŰŬ ŭɘɎəɟɘůɖɠ Űɤɜ ɡˊɞŰɨˊɤɜ 16, 18 əŬɘ 45 əŬɘ ɘəŬɜɧŰɖŰŬ ŰŬɡŰɧɢɟɞɜɖɠ 

ŬɜɑɢɜŮɡůɖɠ Űɤɜ ɡˊɞŰɨˊɤɜ 31, 33, 35, 39, 51, 52, 56, 58, 59, 66, 68, ˊɞɡ ɗŮɤɟɞɨɜŰŬɘ ɞɘ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɞɘ 

ɞɔəɞɔɧɜɞɘ ɡˊɧŰɡˊɞɘ. ɆŮ əɎɗŮ ŬɜŰɑŭɟŬůɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɧůɞ ŬɟɜɖŰɘəɧɠ ɧůɞ əŬɘ ɗŮŰɘəɧɠ ɛɎɟŰɡɟŬɠ. 

ɄŬɟɎɚɚɖɚŬ, ŰŬ ŭŮɑɔɛŬŰŬ ɡˊɞɓɚɐɗɖəŬɜ ůŮ əɡŰŰŬɟɞɚɞɔɘəɐ ŮɝɏŰŬůɖ ɡɔɟɐɠ űɎůɖɠ, ŬɜŬɚɨɗɖəŬɜ əŬɘ 

əŬŰŬŰɎɢɗɖəŬɜ əŬŰɎ Űɖɜ əɚɑɛŬəŬ ɄŬˊŬɜɘəɞɚɎɞɡ əŬɘ əŬŰɎ Űɖɜ əɚɑɛŬəŬ Bethseda. 
 

ȷˊɞŰŮɚɏůɛŬŰŬ 

ɆŰɞ ůɨɜɞɚɞ Űɤɜ 2964 ŭŮɘɔɛɎŰɤɜ ŭɘŬűɧɟɤɜ ɖɚɘəɘŬəɩɜ ɞɛɎŭɤɜ, ŰŬ 544 ŭŮɑɔɛŬŰŬ ɓɟɏɗɖəŬɜ ɗŮŰɘəɎ 

(18.35%) ůŮ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬɜ ɡˊɧŰɡˊɞ Ŭˊɧ ŬɡŰɞɨɠ ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ ŭɨɜŬɜŰŬɘ ɜŬ ŬɜɘɢɜŮɡɗɞɨɜ ɛŮ 

ɓɎůɖ Űɖɜ ˊŬɟŬˊɎɜɤ ɛɏɗɞŭɞ. ȷəɧɛɖ, Ůˊɑ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ŭŮɘɔɛɎŰɤɜ, ŰŬ 71 (2.39%) ŮɛűɎɜɘɕŬɜ 

ˊŬɗɞɚɞɔɘəɧ ŰŮůŰ ɄŬˊŬɜɘəɞɚɎɞɡ. 
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ȷˊɧ ŰŬ 544 ɗŮŰɘəɎ ɔɘŬ HPV DNA ŭŮɑɔɛŬŰŬ, ŰŬ 36 (6.61%) ŮɛűɎɜɘɕŬɜ əɡŰŰŬɟɞɚɞɔɘəɏɠ ŬɚɚɞɘɩůŮɘɠ ůŰɞ 

ŰŮůŰ ɄŬˊŬɜɘəɞɚɎɞɡ, Ůɜɩ Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ŭŮɘɔɛɎŰɤɜ ɛŮ ɛɖ űɡůɘɞɚɞɔɘəɧ ŰŮůŰ ɄŬˊŬɜɘəɞɚɎɞɡ, ŰŬ 

36/71 (50.7%) ŮɑɢŬɜ ɗŮŰɘəɧ HPV DNA ŰŮůŰ. 

 

ɇɏɚɞɠ, ŰŬ ŭŮɑɔɛŬŰŬ ɛŮ ɛɖ űɡůɘɞɚɞɔɘəɎ ŰŮůŰ ɄŬˊŬɜɘəɞɚɎɞɡ, ůŰŬ ɞˊɞɑŬ ŭŮɜ ŬɜɘɢɜŮɨɗɖəŮ əɎˊɞɘɞɠ Ŭˊɧ 

Űɞɡɠ ˊŬɟŬˊɎɜɤ ɡˊɧŰɡˊɞɡɠ Űɞɡ ɘɞɨ, ɐŰŬɜ ɛɧɚɘɠ 35/2420 (1.44%). 
 

ɆɡɛˊŮɟɎůɛŬŰŬ 

ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ ůŰɞɘɢŮɑŬ űŬɑɜŮŰŬɘ ɧŰɘ Űɞ ˊɞůɞůŰɧ Űɤɜ HPV ɛɞɚɨɜůŮɤɜ ˊɞɡ űŰɎɜɞɡɜ ůŮ 

əɡŰŰŬɟɞɚɞɔɘəɐ Ŭɚɚɞɑɤůɖ ŮɑɜŬɘ 6.61% (36/544). ȷɜŰɑɗŮŰŬ, ŰŬ ŭŮɑɔɛŬŰŬ ŰŬ ɞˊɞɑŬ ŮɛűɎɜɘůŬɜ HPV 

ɛɧɚɡɜůɖ ɢɤɟɑɠ ŰŬɡŰɧɢɟɞɜɖ əɡŰŰŬɟɞɚɞɔɘəɐ Ŭɚɚɞɑɤůɖ ŬˊɞŰŮɚɞɨůŬɜ Űɖɜ ůɡɜŰɟɘˊŰɘəɐ ˊɚŮɘɞɣɖűɑŬ Űɤɜ 

ɗŮŰɘəɩɜ HPV ŭŮɘɔɛɎŰɤɜ (508/544  - 93.3%), ɔŮɔɞɜɧɠ ˊɞɡ ŮɜɘůɢɨŮɘ Űɖɜ Ɏˊɞɣɖ ɧŰɘ Űɞ 90% Űɤɜ 

ɛɞɚɨɜůŮɤɜ ɡˊɞůŰɟɏűŮɘ ɛŮŰɎ Ŭˊɧ ŬɜŰɘɛŮŰɩˊɘůɖ Ŭˊɧ Űɞ ŬɜɞůɞˊɞɘɖŰɘəɧ Űɞɡ ŬŰɧɛɞɡ əŬɘ ˊɟɘɜ ˊɟɞɚɎɓŮɘ 

ɜŬ ˊɟɞəŬɚɏůŮɘ əɡŰŰŬɟɞɚɞɔɘəɏɠ ŬɚɚɞɘɩůŮɘɠ (Elfgren et al. 2000). ɄŬɟɎɚɚɖɚŬ, ůŮ ŭŮɑɔɛŬŰŬ ůŰŬ ɞˊɞɑŬ 

ŭŮɜ ɏɢŮɘ ŬɜɘɢɜŮɡɗŮɑ DNA Űɞɡ ɘɞɨ, Űɞ ˊɞůɞůŰɧ Űɤɜ ɛɖ űɡůɘɞɚɞɔɘəɩɜ ŰŮůŰ ɄŬˊŬɜɘəɞɚɎɞɡ ɐŰŬɜ ɛɧɚɘɠ 

1.44%, Ůɜɩ ŬɜŰɑɗŮŰŬ Űɞ ˊɞůɞůŰɧ ŬɡŰɩɜ ůŮ ŭŮɑɔɛŬŰŬ ɗŮŰɘəɎ ɔɘŬ Űɞɜ ɘɧ ɐŰŬɜ 50.7% (36/71), ŭŮɑɢɜɞɜŰŬɠ 

ɧŰɘ ɖ ˊŬɟɞɡůɑŬ Űɞɡ ɘɞɨ ŮɜŰŮɑɜŮɘ Űɖɜ ˊŬɗɞɚɞɔɘəɧŰɖŰŬ Űɤɜ əɡŰŰŬɟɞɚɞɔɘəɩɜ ŬɚɚɞɘɩůŮɤɜ ˊɞɡ ŬɜɘɢɜŮɨɞɜŰŬɘ 

ůŮ ŰŮůŰ ɄŬˊŬɜɘəɞɚɎɞɡ. ɆɡɜɞɚɘəɎ, ɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ůɡɛɓɎɚɚŮɘ ůŰɞ ɜŬ ɝŮəɘɜɐůŮɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ 

ˊɘɗŬɜɧŰɖŰŬɠ ɜŬ ŭɘŮɝɎɔŮŰŬɘ ɖ ɛɞɟɘŬəɐ ŬɜɑɢɜŮɡůɖ DNA Űɞɡ ɘɞɨ HPV ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ əɡŰŰŬɟɞɚɞɔɘəɐ 

ŮɝɏŰŬůɖ ï ŰŮůŰ ɄŬˊŬɜɘəɞɚɎɞɡ ɔɘŬ əɎɗŮ ˊŮɟɘůŰŬŰɘəɧ ŬɜŮɝŬɟŰɐŰɤɠ ɘůŰɞɟɘəɞɨ ˊɟɞɖɔɞɨɛŮɜɖɠ HPV 

ɛɧɚɡɜůɖɠ ɐ ˊŬɗɞɚɞɔɘəɞɨ ŬˊɞŰŮɚɏůɛŬŰɞɠ Ŭˊɧ Űɖɜ əɡŰŰŬɟɞɚɞɔɘəɐ ŮɝɏŰŬůɖ.  
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ȷɚɚŬɔɏɠ ůŰŬ ŮˊɑˊŮŭŬ ɏəűɟŬůɖɠ ɛɞɟɑɤɜ ůɖɛŬŰɞŭɧŰɖůɖɠ ůŮ əɨŰŰŬɟŬ Űɞɡ 

ŬɜɞůɞˊɞɘɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůŰɖ ɜɧůɞ Űɞɡ ɄɎɟəɘɜůɞɜ 

 
1ɁɇȷȸȷɅɃɈȾȷɆ ɄŬɜŬɔɘɩŰɖɠ, 1ȷɁȹɅɃɈɇɆɃɄɃɈȿɃɈ ȷɜŬůŰŬůɑŬ, 2ūɃɈɆȽȾȷ ɁɎɜůɡ, 

2ɀȷɅɃũȽȷɁɁȼ ɉɟɡůɞɨɚŬ, 2Ⱦȷȿȷȿȷ ūŬɜɐ, 2ɆɄȺȿȺɇȷɆ ɀŬŰɗŬɑɞɠ, 2ɂȼɅɃɀȺɅȼɆȽɃɈ 

ũŮɤɟɔɑŬ, 1ɄȷɄɃɈɇɆɃɄɃɈȿɃɈ ɆŰŬɛŬŰɑŬ 

 
1ɇɛɐɛŬ ȸɘɞɢɖɛŮɑŬɠ əŬɘ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ, Ɇɢɞɚɐ ȺˊɘůŰɖɛɩɜ ɈɔŮɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ, ȿɎɟɘůŬ, ȸɘɧˊɞɚɘɠ, 

ɀŮɕɞɨɟɚɞ, 41500, ȺɚɚɎŭŬ 
2ɇɛɐɛŬ ȽŬŰɟɘəɐɠ, Ɇɢɞɚɐ ȺˊɘůŰɖɛɩɜ ɈɔŮɑŬɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ, ȿɎɟɘůŬ, ȸɘɧˊɞɚɘɠ, ɀŮɕɞɨɟɚɞ, 41500, 

ȺɚɚɎŭŬ 

 

 

ɄŮɟɑɚɖɣɖ 
ȷɜ əŬɘ ɖ ɜɧůɞɠ Űɞɡ ɄɎɟəɘɜůɞɜ ŬɟɢɘəɎ ɗŮɤɟɞɨɜŰŬɜ ŬˊɞəɚŮɘůŰɘəɎ əɘɜɖŰɘəɐ ŭɘŬŰŬɟŬɢɐ, ŮɑɜŬɘ ˊɚɏɞɜ ɔɜɤůŰɧ ɧŰɘ 

ŮɑɜŬɘ ɛɘŬ ˊɞɚɡˊŬɟŬɔɞɜŰɘəɐ ɜɧůɞɠ, ɖ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ˊŮɟɑˊɚɞəɖ ŬɘŰɘɞɚɞɔɑŬ əŬɘ ˊŬɗɞɔɏɜŮůɖ. 

ȷɝɘɞůɖɛŮɑɤŰɖ ŮɑɜŬɘ ɖ ˊŬɟɞɡůɑŬ űɚŮɔɛɞɜɐɠ Űɧůɞ ůŰɞ ɜŮɡɟɘəɧ ůɨůŰɖɛŬ ɧůɞ əŬɘ ůŰɖɜ ˊŮɟɘűɏɟŮɘŬ. ɆŮ ŬɡŰɐ Űɖ 

ɛŮɚɏŰɖ, ŭɘŮɟŮɡɜɐɗɖəŬɜ ɞɘ ŬɚɚŬɔɏɠ ůŰɞ ˊŮɟɘűŮɟɘəɧ ŬɜɞůɞˊɞɘɖŰɘəɧ ůɨůŰɖɛŬ ŬůɗŮɜɩɜ ɛŮ ɄɎɟəɘɜůɞɜ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ŮűŬɟɛɧůɗɖəŮ  əɡŰŰŬɟɞɛŮŰɟɑŬ ɟɞɐɠ ůŮ ˊŮɟɘűŮɟɘəɧ ŬɑɛŬ ŬůɗŮɜɩɜ (n=10) əŬɘ ɡɔɘɩɜ (n=11) ŭɞŰɩɜ 

ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɤɜ ˊɞůɞůŰɩɜ Űɤɜ ɛɞɜɞəɡŰŰɎɟɤɜ, Űɤɜ ɇ ɚŮɛűɞəɡŰŰɎɟɤɜ əŬɘ Űɤɜ ȸ ɚŮɛűɞəɡŰŰɎɟɤɜ. 

ɄŬɟɎɚɚɖɚŬ, ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ŰŬ ŮˊɑˊŮŭŬ ɏəűɟŬůɖɠ Űɞɡ ɡˊɞŭɞɢɏŬ ɆɞɟŰɘɚɑɜɖ, Űɞɡ ɡˊɞŭɞɢɏŬ CD40 əŬɘ ŰŬ 

ŮɜŭɞəɡŰŰŬɟɘəɎ ŮˊɑˊŮŭŬ Űɞɡ ɛŮŰŬɔɟŬűɘəɞɨ ˊŬɟɎɔɞɜŰŬ NF-əB/p65. ɆŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ɓɟɏɗɖəŬɜ 

ůŰŬ ˊɞůɞůŰɎ Űɤɜ ȸ ɚŮɛűɞəɡŰŰɎɟɤɜ əŬɘ Űɤɜ ɛɞɜɞəɡŰŰɎɟɤɜ ɛŮŰŬɝɨ ŬůɗŮɜɩɜ əŬɘ ɡɔŮɘɩɜ, əŬɗɩɠ əŬɘ ůŰŬ ŮˊɑˊŮŭŬ 

Űɖɠ ɆɞɟŰɘɚɑɜɖɠ əŬɘ Űɞɡ NF-əȸ ůŮ ůɡɔəŮəɟɘɛɏɜɞɡɠ əɡŰŰŬɟɘəɞɨɠ Űɨˊɞɡɠ.  

 

ȿɏɝŮɘɠ-əɚŮɘŭɘɎ  

Ɂɧůɞɠ Űɞɡ ɄɎɟəɘɜůɞɜ, ɁŮɡɟɞűɚŮɔɛɞɜɐ, ɀɞɜɞəɨŰŰŬɟŬ, ȿŮɛűɞəɨŰŰŬɟŬ 

 

 

ȺɘůŬɔɤɔɐ 

ȼ ɜɧůɞɠ Űɞɡ ɄɎɟəɘɜůɞɜ (ɁɄ) ŮɑɜŬɘ ɛɘŬ ɢɟɧɜɘŬ ˊɟɞɞŭŮɡŰɘəɐ ɜŮɡɟɞŮəűɡɚɘůŰɘəɐ ŭɘŬŰŬɟŬɢɐ, ɖ ɞˊɞɑŬ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Ůəűɡɚɘůɛɧ Űɤɜ ɜŰɞˊŬɛɘɜŮɟɔɘəɩɜ ɜŮɡɟɩɜɤɜ Űɖɠ ɛɏɚŬɘɜŬɠ ɞɡůɑŬɠ Űɞɡ 

ɛŮůŮɔəŮűɎɚɞɡ (Jankovic 2008). ȼ ɁɄ ˊŬɟɞɡůɘɎɕŮɘ ˊŮɟɑˊɚɞəɖ ŬɘŰɘɞˊŬɗɞɔɏɜŮůɖ, Űɖɠ ɞˊɞɑŬɠ ɓŬůɘəɎ 

ɞɟɧůɖɛŬ ŮɑɜŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ ůɤɛŬŰɑɤɜ Lewy, ɖ ŬŭɡɜŬɛɑŬ Ŭˊɞɘəɞŭɧɛɖůɖɠ əŬɘ ŬˊɞɛɎəɟɡɜůɖɠ 

ˊɟɤŰŮɥɜɩɜ əŬɘ ɖ ɜŮɡɟɞűɚŮɔɛɞɜɐ (Jankovic and Tan 2020). ɄɟɧůűŬŰŮɠ ɛŮɚɏŰŮɠ ɏŭŮɘɝŬɜ ɧŰɘ ɖ ɛɧɚɡɜůɖ 

Ŭˊɧ Űɞɜ ɘɧ SARS-CoV-2 ŮɜŮɟɔɞˊɞɘŮɑ ˊŬɟɧɛɞɘŬ ɛɞɟɘŬəɎ ɛɞɜɞˊɎŰɘŬ əŬɘ űɏɟŮɘ əɚɘɜɘəɎ ůɡɛˊŰɩɛŬŰŬ 

ˊŬɟɧɛɞɘŬ ɛŮ Űɖ ɁɄ (Mysiris, Vavougios et al. 2022). ɀŮůɞɚŬɓɖŰɏɠ ˊɞɡ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ˊɟɧəɚɖůɖ 

ɢɟɧɜɘŬɠ űɚŮɔɛɞɜɐɠ ůŰɖ ɁɄ ŭŮɑɢɜɞɡɜ əɞɘɜɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖ ɟɨɗɛɘůɖ Űɞɡɠ Ŭˊɧ Űɞɜ ɛŮŰŬɔɟŬűɘəɧ 

ˊŬɟɎɔɞɜŰŬ NF-əB (Bellucci, Bubacco et al. 2020). ɇɞ əŬɜɞɜɘəɧ ɛɞɜɞˊɎŰɘ Űɞɡ NF-əB űŬɑɜŮŰŬɘ ɜŬ 

ŮɚɏɔɢŮɘ Űɖɜ ɏəűɟŬůɖ ɛɘŬɠ ˊɚɖɗɩɟŬɠ ɔɞɜɘŭɑɤɜ ˊɞɡ Ůɚɏɔɢɞɡɜ Űɧůɞ Űɖ ɜŮɡɟɤɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ ɧůɞ əŬɘ Űɖ 

ɜŮɡɟɞűɚŮɔɛɞɜɐ. ȷɜɘůɞɟɟɞˊɑŮɠ ůŰɖɜ ŮɜŮɟɔɞˊɞɑɖůɐ Űɞɡ ˊɘɗŬɜɩɠ ɜŬ ůɡɛɓɎɚɚɞɡɜ ůɖɛŬɜŰɘəɎ ůŰɖɜ 

ˊŬɗɞɔɏɜŮůɖ Űɖɠ ɁɄ. ȺˊɘˊɟɧůɗŮŰŬ, ɞ ɡˊɞŭɞɢɏŬɠ ɜŮɡɟɞŰŮɜůɑɜɖɠ-3, ɔɜɤůŰɧɠ ɤɠ ɆɞɟŰɘɚɑɜɖ, ŮɑɜŬɘ ɛɏɚɞɠ 

Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ ɡˊɞŭɞɢɏɤɜ ɛŮ VPS10P (Vacuolar Protein Sorting 10 Protein) ŮˊɘəɟɎŰŮɘŬ əŬɘ ŮəűɟɎɕŮŰŬɘ 

Űɧůɞ ůŮ əɨŰŰŬɟŬ Űɞɡ əŮɜŰɟɘəɞɨ ɜŮɡɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ɧůɞ əŬɘ ůŮ əɨŰŰŬɟŬ Űɞɡ ŬɜɞůɞˊɞɘɖŰɘəɞɨ 

(Hermey 2009). ȹɟŬ ɤɠ ŮɜŭɞəɡŰŰŬɟɘəɧɠ ŭɘŬəɘɜɖŰɐɠ ůɖɛŬɜŰɘəɩɜ ɛɞɟɑɤɜ əŬɘ ɡˊɞəɘɜɖŰɐɠ ɛŮ əŬɑɟɘɞ ɟɧɚɞ 

ůŰɖɜ ŮˊŬɔɤɔɐ əŬɘ əŬŰŬůŰɞɚɐ ŭɘɎűɞɟɤɜ Ŭɜɞůɞɚɞɔɘəɩɜ ŬˊɞəɟɑůŮɤɜ, ŬɚɚɎ əŬɘ ůŰɖɜ ɜŮɡɟɞˊɟɞůŰŬůɑŬ 

(Talbot, Saada et al. 2018). ȼ Ůɛˊɚɞəɐ Űɞɡ ŬɜɞůɞˊɞɘɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůŰɖ ɜɧůɞ Űɞɡ ɄɎɟəɘɜůɞɜ ŮɑɜŬɘ 

ɏɜŬ ŬɝɘɞůɖɛŮɑɤŰɞ əɞɛɛɎŰɘ Űɖɠ ŬůɗɏɜŮɘŬɠ, Űɞ ɞˊɞɑɞ ɐɟɗŮ ˊɟɧůűŬŰŬ ůŰɞ ˊɟɞůəɐɜɘɞ ɢɤɟɑɠ ɜŬ ɏɢŮɘ 

ŭɘŮɟŮɡɜɖɗŮɑ ŮˊŬɟəɩɠ. ȼ ɛŮɚɏŰɖ Űɞɡ ɛŮŰŬɔɟŬűɘəɞɨ ˊŬɟɎɔɞɜŰŬ NF-əB, əŬɘ Űɞɡ ɡˊɞŭɞɢɏŬ ɆɞɟŰɘɚɑɜɖ ůŰŬ 

əɨŰŰŬɟŬ Űɞɡ ŬɜɞůɞˊɞɘɖŰɘəɞɨ ůŮ ůɢɏůɖ ɛŮ Űɖ ɁɄ ŬˊɞŰŮɚŮɑ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ŬɡŰɐɠ Űɖɠ ɛŮɚɏŰɖɠ, 

 

ɀɏɗɞŭɞɘ 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭŮɑɔɛŬŰŬ ˊŮɟɘűŮɟɘəɞɨ ŬɑɛŬŰɞɠ ɡɔŮɘɩɜ ŬŰɧɛɤɜ əŬɘ ŬůɗŮɜɩɜ ɛŮ ɄɎɟəɘɜůɞɜ, ŰŬ ɞˊɞɑŬ 
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ůɡɚɚɏɢɗɖəŬɜ əŬŰɎ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɐ Űɞɡɠ ůŰŬ ŮɝɤŰŮɟɘəɎ ɘŬŰɟŮɑŬ Űɖɠ ɁŮɡɟɞɚɞɔɘəɐɠ əɚɘɜɘəɐɠ Űɞɡ 

ɄŬɜŮˊɘůŰɖɛɘŬəɞɨ ɁɞůɞəɞɛŮɑɞɡ ȿɎɟɘůŬɠ. Ƀɘ ŬůɗŮɜŮɑɠ ɛŮ ɁɄ ɢɤɟɑůŰɖəŬɜ ůŮ ŭɨɞ ɞɛɎŭŮɠ, ůŮ ŬɡŰɞɨɠ 

ˊɞɡ ŮɑɢŬɜ ůˊɞɟŬŭɘəɐ ɜɧůɞ (PD/Sporadic, n=5) əŬɘ ůŮ ŬɡŰɞɨɠ ˊɞɡ ɏűŮɟŬɜ ɔŮɜŮŰɘəɐ ɛŮŰɎɚɚŬɝɖ 

ůɢŮŰɘɕɧɛŮɜɖ ɛŮ Űɖ ɜɧůɞ (PD/SNPs, n=5). ɇŬ ŭŮɑɔɛŬŰŬ ŮˊŮɝŮɟɔɎůŰɖəŬɜ ŮɜŰɧɠ 24 ɤɟɩɜ Ŭˊɧ Űɖ ůŰɘɔɛɐ 

Űɖɠ ůɡɚɚɞɔɐɠ Űɞɡɠ əŬɘ ŬɜŬɚɨɗɖəŬɜ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ əɡŰŰŬɟɞɛŮŰɟɑŬɠ ɟɞɐɠ. ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

ŭɘŬűɞɟŮŰɘəɩɜ əɡŰŰŬɟɘəɩɜ Űɨˊɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ŬɜŰɘůɩɛŬŰŬ (Beckman Coulter) anti-CD3, anti-

CD19, anti-CD14 ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɤɜ ɇ əŬɘ B ɚŮɛűɞəɡŰŰɎɟɤɜ əŬɘ Űɤɜ ɛɞɜɞəɡŰŰɎɟɤɜ, ŬɜŰɑůŰɞɘɢŬ. 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ Ůˊɘˊɏŭɤɜ ɏəűɟŬůɖɠ Űɖɠ ɆɞɟŰɘɚɑɜɖɠ, Űɞɡ CD40 əŬɘ Űɞɡ NF-əB/p65 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŰŬ ŬɜŰɘůɩɛŬŰŬ anti-human Sortilin unconjugated (Invitrogen) əŬɘ mouse F(ab2) IgG 

(H+L)-FITC (Invitrogen),  anti-human CD40-PE (Beckman Coulter), əŬɘ anti-human p65/NFkB-PE 

(R&D Systems), ŬɜŰɑůŰɞɘɢŬ. ɇŬ ŭŮŭɞɛɏɜŬ Űɖɠ ɏɟŮɡɜŬɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɤɠ ɛɏůɞɠ ɧɟɞɠ Ñ Űɡˊɘəɧ ůűɎɚɛŬ 

ɛɏůɖɠ Űɘɛɐɠ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɏɚŮɔɢɞɠ Űɖɠ ůɖɛŬɜŰɘəɧŰɖŰŬɠ Űɤɜ ɛɏůɤɜ ɧɟɤɜ ɛɏůɤ Űɤɜ ŭɞəɘɛŬůɘɩɜ 

Mann-Whitney əŬɘ Kruskal-Wallis, Ůɜɩ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ůɖɛŬɜŰɘəɧŰɖŰŬɠ Űɤɜ ůɡɔəɟɑůŮɤɜ ˊɞɡ 

ɏɔɘɜŬɜ ɡˊɞɚɞɔɑůŰɖəŮ ɖ Űɘɛɐ ůɖɛŬɜŰɘəɧŰɖŰŬɠ (p-value). ȼ ůŰŬŰɘůŰɘəɐ ůɖɛŬɜŰɘəɧŰɖŰŬ ˊɟɞůŭɘɞɟɑůŰɖəŮ 

ɤɠ p-value<0.05. ũɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɤɜ ɔɟŬűɖɛɎŰɤɜ ůɨɔəɟɘůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɚɞɔɘůɛɘəɧ GraphPad Prism 9.4.0. 

 

ȷˊɞŰŮɚɏůɛŬŰŬ  

ȼ ůŰɟŬŰɖɔɘəɐ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ əɡŰŰŬɟɞɛŮŰɟɑŬɠ ɛɏůɤ 

ůəɘəŰɞɔɟŬɛɛɎŰɤɜ əŬɘ ɘůŰɞɔɟŬɛɛɎŰɤɜ əŬŰŬɜɞɛɐɠ ůɡɢɜɞŰɐŰɤɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 1.  

 

 
ȺɘəɧɜŬ 2. ȺɜŭŮɘəŰɘəɐ ůŰɟŬŰɖɔɘəɐ ŬɜɎɚɡůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ əɡŰŰŬɟɞɛŮŰɟɑŬɠ ɟɞɐɠ.  

 

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2, ŰŬ ŮˊɑˊŮŭŬ Űɤɜ ȸ ɚŮɛűɞəɡŰŰɎɟɤɜ əŬɘ Űɤɜ ɛɞɜɞəɡŰŰɎɟɤɜ ˊŬɟɞɡůɘɎɕɞɡɜ 

ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ ůŰɞɡɠ ŬůɗŮɜŮɑɠ ɛŮ ɄɎɟəɘɜůɞɜ əŬɘ ɘŭɘŬɑŰŮɟŬ ůŮ ŬɡŰɞɨɠ ˊɞɡ 

ɛɞɜɞɜɞɡəɚŮɞŰɘŭɘəɞɨɠ ˊɞɚɡɛɞɟűɘůɛɞɨɠ (Single-nucleotide polymorphism, SNPs) ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ 

Űɖɜ ŬůɗɏɜŮɘŬ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɡɔɘŮɑɠ ŭɧŰŮɠ, Ůɜɩ ɞ ˊɚɖɗɡůɛɧɠ Űɤɜ ɇ ɚŮɛűɞəɡŰŰɎɟɤɜ ˊŬɟŬɛɏɜŮɘ 














































































































































































































































































































