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SUBJECT:  DNA Identification of Romanov Children Remains 

 
ʆʙʩʪʦʷʪʝʣʴʩʪʚʘ ʜʝʣʘ 

 
 1 ʦʢʪʷʙʨʷ 2007 ʛʦʜʘ ʚ  ʣʘʙʦʨʘʪʦʨʠʶ ɼʅʂ ʘʨʤʠʠ (AFDIL) ʦʙʨʘʪʠʣʩʷ ʩʪʘʨʰʠʡ 

ʩʣʝʜʦʚʘʪʝʣʴ ɺʣʘʜʠʤʠʨ ʉʦʣʦʚʴʸʚ   ʩ ʧʨʦʩʴʙʦʡ ʦ ʧʨʦʚʝʜʝʥʠʠ ʩʫʜʝʙʥʦ-

ʤʝʜʠʮʠʥʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ɼʅʂ ʥʝʩʢʦʣʴʢʠʭ ʩʢʝʣʝʪʠʨʦʚʘʥʥʳʭ ʦʩʪʘʥʢʦʚ, 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʚʙʣʠʟʠ ʉʪʘʨʦʡ ʂʦʧʪʷʢʦʚʩʢʦʡ ʜʦʨʦʛʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ɽʢʘʪʝʨʠʥʙʫʨʛʘ, 

ʈʦʩʩʠʷ. ʕʪʠ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʟʲʷʪʳ ʠʟ «ʚʪʦʨʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ», ʥʘʡʜʝʥʥʦʛʦ ʦʯʝʥʴ 

ʙʣʠʟʢʦ ʦʪ ʩʢʝʣʝʪʠʨʦʚʘʥʥʳʭ ʦʩʪʘʥʢʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ  ʨʘʥʝʝ ɻʠʣʣʦʤ ʠ ʜʨ. (1) ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʢ ʩʝʤʴʷ ʈʦʩʩʠʡʩʢʦʛʦ ʠʤʧʝʨʘʪʦʨʘ (ʚʢʣʶʯʘʷ ʯʝʪʳʨʸʭ ʩʣʫʛ). 

12 ʥʦʷʙʨʷ 2007 ʛʦʜʘ ʜ-ʨ ʄʘʡʢʣ ʂʦʙʙʣ,ʨʫʢʦʚʦʜʠʪʝʣʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʩʝʢʮʠʠ, 

AFDIL, ʧʨʠʙʳʣ ʚ ɽʢʘʪʝʨʠʥʙʫʨʛ ʜʣʷ ʦʩʤʦʪʨʘ ʠ ʦʪʙʦʨʘ ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʦʚ ʜʣʷ 

ɼʅʂ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʤʘʨʪʝ 2008 ʛʦʜʘ ʜʚʘ ʈʦʩʩʠʡʩʢʠʭ ʫʯʸʥʳʭ, ʊʘʤʘʨʘ 

ʅʠʢʦʣʘʝʚʥʘ ʎʠʪʦʚʠʯ ʠ ʅʘʪʘʣʴʷ ɸʥʘʪʦʣʴʝʚʥʘ ɹʘʥʜʫʨʝʥʢʦ, ʧʨʠʙʳʣʠ ʚ AFDIL ʜʣʷ 
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ʥʘʙʣʶʜʝʥʠʷ  ʟʘ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʩʪʘʥʢʦʚ. ʇʦ ʥʝʟʘʚʠʩʷʱʠʤ ʦʪ ʦʙʝʠʭ ʩʪʦʨʦʥ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤ ʄʘʡʢʣ ʂʦʙʙʣ ʚ ʘʧʨʝʣʝ 2008 ʛʦʜʘ ʧʦʝʭʘʣ ʚ ɽʢʘʪʝʨʠʥʙʫʨʛ ʜʣʷ 

ʦʪʙʦʨʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ  ʚ AFDIL  ʜʝʩʷʪʠ ʜʨʫʛʠʭ ʦʙʨʘʟʮʦʚ ʠʟ ʚʪʦʨʦʛʦ 

ʟʘʭʦʨʦʥʝʥʠʷ. ɺ ʤʘʝ 2008 ʛʦʜʘ ʜʚʘ ʈʦʩʩʠʡʩʢʠʭ ʫʯʸʥʳʭ ɽʣʝʥʘ ʊʨʳʥʦʚʘ ʠ ɽʣʝʥʘ 

ɺʳʣʝʛʞʘʥʠʥʘ ʧʨʠʙʳʣʠ ʚ ʠʥʩʪʠʪʫʪ ʤʝʜʠʮʠʥʳ (GMI, Innsbruck, Austria) ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ  ʟʘ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʩʪʘʥʢʦʚ ʚ ʵʪʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ɿʜʝʩʴ ʤ  r

ʧʨʝʜʩʪʘʚʣʷʝʤ ʦʙʱʠʡ ʦʪʯʸʪ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʠʭ ʣʘʙʦʨʘʪʦʨʠʡ - 

AFDIL ʠ GMI. 

 
ʇʨʝʜʳʜʫʱʠʝ ɼʅʂ ʠʩʩʣʝʜʦʚʘʥʠʷ 
 
 
 ɼʅʂ- ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʥʢʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ 1991 ʛʦʜʫ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʇʠʪʝʨʦʤ ɻʠʣʣʦʤ ʠ ʜʨ. ɺ ʣʘʙʦʨʘʪʦʨʠʠ Forensic Science Service (FSS) ʠ ʜ-ʨʦʤ 

ʇʘʚʣʦʤ ʀʚʘʥʦʚʳʤ, ʈʦʩʩʠʡʩʢʠʤ ʛʝʥʝʪʠʢʦʤ [1]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʷʜʝʨʥʦʡ ɼʅʂ ʧʦ ʧʷʪʠ 

STR-ʤʘʨʢʸʨʘʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʘ ʩʢʝʣʝʪʦʚ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ 

ʢʨʦʚʥʦʨʦʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʦʩʪʘʥʢʦʚ, ʠ ʚʦʟʤʦʞʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʠʭ ʮʘʨʶ, 

ʮʘʨʠʮʝ ʠ ʪʨʸʤ ʠʭ ʜʦʯʝʨʷʤ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʚ ʟʘʭʦʨʦʥʝʥʠʠ. ʇʨʝʜʳʜʫʱʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ  (Figure 1) ʧʦʜʪʚʝʨʜʠʣʠ ʢʨʦʚʥʦʨʦʜʩʪʚʝʥʥʫʶ 

ʩʚʷʟʴ ʧʦ ʤʘʪʝʨʠʥʩʢʦʡ ʣʠʥʠʠ HRH ʧʨʠʥʮʘ ʌʠʣʠʧʧʘ, ʛʝʨʮʦʛʘ ʕʜʠʥʙʫʨʛʩʢʦʛʦ, ʮʘʨʠʮʳ 

ʠ ʪʨʸʭ ʝʸ ʜʦʯʝʨʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ɼʅʂ ʛʝʨʮʦʛ ʌʘʡʬʘ ʠ ʧʨʠʥʮʝʩʩʳ ʂʩʝʥʠʠ 

ʐʝʨʝʤʝʪʴʝʚʦʡ- ʉʬʠʨʠ, ʢʨʦʚʥʳʭ ʨʦʜʩʪʚʝʥʥʠʢʦʚ ʅʠʢʦʣʘʷ ʧʦ ʤʘʪʝʨʠʥʩʢʦʡ ʣʠʥʠʠ, 

ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʩʪʘʥʢʦʚ ʮʘʨʶ. ʊʦʯʢʦʚʘʷ 

ʛʝʪʝʨʦʧʣʘʟʤʠʷ ʚ ʧʦʟʠʮʠʠ 16169 (C/T = ñYò) ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʮʘʨʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʝʛʦ ʨʦʜʩʪʚʝʥʥʠʢʦʚ ʧʦ ʤʘʪʝʨʠʥʩʢʦʡ 

ʣʠʥʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 16169 T. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʛʝʪʝʨʦʧʣʘʟʤʠʠ ɼʅʂ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʦʦʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʘʨʤʠʠ (AFDIL) 

ʩʨʘʚʥʠʣʠ ʩ ʤʠʪʭʦʥʜʨʠʘʣʴʥʳʤ ʛʘʧʣʦʪʠʧʦʤ ʦʩʪʘʥʢʦʚ ɺʝʣʠʢʦʛʦ ʢʥʷʟʷ ɻʝʦʨʛʠʷ 

ʈʦʤʘʥʦʚʘ (ʫʤ. 1899), ʙʨʘʪʘ ʮʘʨʷ ʅʠʢʦʣʘʷ II [2]. ʀ ʮʘʨʴ ʅʠʢʦʣʘʡ II, ʠ ɺʝʣʠʢʠʡ ʢʥʷʟʴ 

ɻʝʦʨʛʠʡ ʈʦʤʘʥʦʚ ʠʤʝʣʠ ʛʝʪʝʨʦʧʣʘʟʤʠʶ ʚ ʧʦʟʠʮʠʠ 16169 ï ʥʦ ʚ ʨʘʟʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ: ʫ ʮʘʨʷ ʙʳʣʦ C/t , ʪʦʛʜʘ ʢʘʢ ʫ ʝʛʦ ʙʨʘʪʘ ʙʳʣʦ T/c.    
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Figure 1. ʧʨʝʜʳʜʫʱʝʝ ʠ ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʪɼʅʂ ʩʝʤʴʠ ʈʦʤʘʥʦʚʳʭ. 

 ʅʝʩʤʦʪʨʷ ʥʘ ʫʙʝʜʠʪʝʣʴʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʩʫʜʝʙʥʦ-ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʪʘʣʠʩʴ ʩʦʤʥʝʥʠʷ ʚ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʩʪʘʥʢʦʚ. [3]. ʉʢʝʧʪʠʢʠ 

ʫʚʠʜʝʣʠ  ʚ ʪʦʤ, ʯʪʦ ʚ ʤʘʩʩʦʚʦʤ ʟʘʭʦʨʦʥʝʥʠʠ ʥʝ ʥʘʡʜʝʥʳ ʜʚʦʝ ʜʝʪʝʡ ï ɸʣʝʢʩʝʡ ʠ 

ʦʜʥʘ ʠʟ ʝʛʦ ʩʝʩʪʸʨ ï ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ ʚ ʤʘʩʩʦʚʦʤ ʟʘʭʦʨʦʥʝʥʠʠ 

ʪʝʣʘ ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ ʮʘʨʩʢʦʡ ʩʝʤʴʝ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝʥʘʡʜʝʥʥʦʡ ʢʥʷʞʥʳ  

ʚʳʟʚʘʣʘ ʙʦʣʴʰʠʝ ʨʘʟʥʦʛʣʘʩʠʷ  ʤʝʞʜʫ ʨʦʩʩʠʡʩʢʠʤʠ ʠ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʩʫʜʝʙʥʦ-

ʤʝʜʠʮʠʥʩʢʠʤʠ ʘʥʪʨʦʧʦʣʦʛʘʤʠ:  ʨʫʩʩʢʠʝ ʩʯʠʪʘʣʠ ʥʝʥʘʡʜʝʥʥʦʡ ʄʘʨʠʶ, ʪʦʛʜʘ ʢʘʢ 

ʘʤʝʨʠʢʘʥʩʢʠʝ ʵʢʩʧʝʨʪʳ ʩʯʠʪʘʣʠ ʥʝʥʘʡʜʝʥʥʦʡ ɸʥʘʩʪʘʩʠʶ[4]. ɺʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ, 

ʥʘʢʦʥʝʮ, ʧʨʠʦʪʢʨʳʪʴ ʧʦʯʪʠ ʩʝʤʠʜʝʩʷʪʠʣʝʪʥʶʶ ʩʫʜʴʙʳ ʈʦʤʘʥʦʚʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʪʦʣʴʢʦ ʧʷʪʠ ʠʟ ʩʝʤʠ ʯʣʝʥʦʚ ʩʝʤʴʠ ʈʦʤʘʥʦʚʳʭ ʧʨʦʜʦʣʞʘʣʦ ʧʦʜʦʛʨʝʚʘʪʴ ʩʣʫʭʠ ʠ 

ʜʦʛʘʜʢʠ ʦ ʪʦʤ, ʙʫʜʪʦ ʙʳ ʵʪʠ ʜʚʦʝ ʢʘʢʠʤ-ʪʦ ʯʫʜʝʩʥʳʤ ʦʙʨʘʟʦʤ ʠʟʙʝʞʘʣʠ ʧʫʣʴ ʚʦ 

ʚʨʝʤʷ ʫʙʠʡʩʪʚʘ ʠ ʫʝʭʘʣʠ ʠʟ ʈʦʩʩʠʠ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʙʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ 

ʥʝʩʢʦʣʴʢʦ ʧʦʧʳʪʦʢ ʥʘʡʪʠ «ʚʪʦʨʦʝ» ʟʘʭʦʨʦʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʣʦ ʙʳʪʴ 

ʥʝʧʦʜʘʣʸʢʫ ( ʇʸʪʨ ʉʘʨʘʥʜʠʥʘʢʠ, ʬʦʥʜ çʇʦʠʩʢè,ʣʠʯʥʦʝ ʦʙʱʝʥʠʝ). ʃʝʪʦʤ 2007 

ʛʦʜʘ ʛʨʫʧʧʘ ʘʨʭʝʦʣʦʛʦʚ-ʣʶʙʠʪʝʣʝʡ ʦʙʥʘʨʫʞʠʣʘ ʥʝʩʢʦʣʴʢʦ ʢʦʩʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 70 ʤʝʪʨʘʭ ʦʪ ʧʝʨʚʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ. ɺ ʧʦʩʣʝʜʩʪʚʠʠ ʦʬʠʮʠʘʣʴʥʘʷ 

ʘʨʭʝʦʣʦʛʠʯʝʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ-ʨʘ ʉʝʨʛʝʷ ʇʦʛʦʨʝʣʦʚʘ, 

ʠʩʧʦʣʥʷʶʱʝʛʦ ʦʙʷʟʘʥʥʦʩʪʠ ʜʠʨʝʢʪʦʨʘ ʉʚʝʨʜʣʦʚʩʢʦʛʦ ʦʙʣʘʩʪʥʦʛʦ 

ʘʨʭʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʦʙʥʘʨʫʞʠʣʘ ʚ ʵʪʦʤ ʤʝʩʪʝ 44 ʢʦʩʪʥʳʭ ʬʨʘʛʤʝʥʪʘ ʠ 

ʟʫʙʳ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʦʩʪʦʨʦʞʥʦ ʠʟʲʷʪʳ ʠʟ ʤʝʩʪʘ ʟʘʭʦʨʦʥʝʥʠʷ.  
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 ʇʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʪʘʥʢʦʚ ʨʦʩʩʠʡʩʢʠʝ ʠ 

ʘʤʝʨʠʢʘʥʩʢʠʝ ʘʥʪʨʦʧʦʣʦʛʠ ʧʨʠʰʣʠ ʢ ʩʣʝʜʫʶʱʠʤ ʥʘʫʯʥʳʤ ʚʳʚʦʜʘʤ:  

 ǐ ʇʦ ʘʥʘʪʦʤʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʧʘʨʥʳʭ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʪʘʢʠʭ 
ʢʘʢ ʣʦʧʘʪʢʠ ʠ ʩʝʜʘʣʠʱʥʳʝ ʢʦʩʪʠ ʤʦʞʥʦ ʙʳʣʦ ʛʦʚʦʨʠʪʴ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʭ ʥʝ 
ʤʝʥʝʝ (ʠʣʠ ʤʠʥʠʤʫʤ) ʜʚʫʤ ʣʶʜʷʤ 
 ǐ ʆʩʪʘʥʢʠ ʦʜʥʦʛʦ ʣʠʮʘ ʧʨʠʥʘʜʣʝʞʘʪ ʞʝʥʱʠʥʝ, ʯʪʦ ʯʸʪʢʦ ʚʠʜʥʦ ʧʦ ʨʘʟʤʝʨʫ 
ʩʝʜʘʣʠʱʥʦʡ ʚʳʨʝʟʢʠ, ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ ʢʦʪʦʨʦʡ ʦʢʦʣʦ 15-19     
 ǐ ʧʦʣ ʜʨʫʛʦʛʦ ʣʠʮʘ ʚʦʟʤʦʞʥʦ ʤʫʞʩʢʦʡ, ʩʫʜʷ ʧʦ ʥʘʯʘʣʴʥʦʡ ʰʠʨʠʥʝ 
ʩʝʜʘʣʠʱʥʦʡ ʚʳʨʝʟʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ ʣʠʮʘ ʚ ʧʨʝʜʝʣʘʭ 12-15  
           ǐʇʨʠ ʥʘʣʠʯʠʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 
ʦʪʩʫʪʩʪʚʠʝʤ ʷʚʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ 
ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʞʠʟʥʝʥʥʳʡ ʨʦʩʪ ʠ ʨʘʩʦʚʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʩʪʘʥʢʦʚ 
           ǐʊʨʠ ʩʝʨʝʙʨʷʥʳʭ ʧʣʦʤʙʳ, ʥʘʡʜʝʥʥʳʝ ʚ ʢʦʨʦʥʢʘʭ ʜʚʫʭ ʤʦʣʷʨʦʚ, 
ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʟʘʭʦʨʦʥʝʥʠʠ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʫ ʦʜʥʦʛʦ 
ʯʝʣʦʚʝʢʘ ʙʳʣ ʘʨʠʩʪʦʢʨʘʪʠʯʝʩʢʠʡ ʩʪʘʪʫʩ 
           ǐʆʙʱʠʡ ʚʦʟʨʘʩʪ ʟʘʭʦʨʦʥʝʥʠʷ ʩʢʦʨʝʝ ʚʩʝʛʦ ʙʦʣʝʝ 60 ʣʝʪ,ʝʩʣʠ ʦʩʥʦʚʳʚʘʪʴʩʷ 
ʥʘ ʢʫʣʴʪʫʨʥʦ-ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʥʘʡʜʝʥʥʳʭ ʩʨʝʜʠ ʦʩʪʘʥʢʦʚ 
  
  
 ɺ ʢʦʥʮʝ 2007 ʛʦʜʫ ʈʦʩʩʠʡʩʢʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʧʨʠʛʣʘʩʠʣʦ ʛʨʫʧʧʫ ʫʯʸʥʳʭ 

ʧʨʦʚʝʩʪʠ ʥʝʟʘʚʠʩʠʤʳʝ ɼʅʂ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʥʢʦʚ ʠʟ ʚʪʦʨʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ. ʄ  r

ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʪʦʭʦʥʜʠʘʣʴʥʦʡ ɼʅʂ, ʘʫʪʦʩʦʤʥʦʡ ʠ Y-

STR ʵʪʠʭ ʦʩʪʘʥʢʦʚ ʚ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʥʘ 

ʜʨʝʚʥʝʡ ɼʅʂ (aDNA): AFDIL ʠ GMI. ʄ  rʧʨʝʜʩʪʘʚʣʷʝʤ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʥʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʪʘʥʢʦʚ ʠʟ ʧʝʨʚʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʮʘʨʶ ʅʠʢʦʣʘʶ II, 

ʝʛʦ ʞʝʥʝ ɸʣʝʢʩʘʥʜʨʝ, ʪʨʸʤ ʝʛʦ ʜʦʯʝʨʷʤ ʆʣʴʛʝ, ʊʘʪʴʷʥʝ ʠ ʪʨʝʪʴʝʡ ʜʦʯʝʨʠ, ʢʦʪʦʨʦʡ  

ʤʦʛʣʠ ʙʳʪʴ ʣʠʙʦ ɸʥʘʩʪʘʩʠʷ, ʣʠʙʦ ʄʘʨʠʷ. ɼʅʂ ʘʥʘʣʠʟ  ʦʙʨʘʟʮʦʚ ʠʟ ʚʪʦʨʦʛʦ 

ʟʘʭʦʨʦʥʝʥʠʷ ʚʦ ʚʩʝʭ ʪʨʸʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʜʪʚʝʨʜʠʣ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʠʭ 

ʜʚʫʤ ʜʝʪʷʤ ʮʘʨʷ ʅʠʢʦʣʘʷ II ʠ ʮʘʨʠʮʳ ɸʣʝʢʩʘʥʜʨʳ ï ʦʜʥʦʛʦ ʨʝʙʸʥʢʘ ʞʝʥʩʢʦʛʦ 

ʧʦʣʘ, ʜʨʫʛʦʛʦ - ʤʫʞʩʢʦʛʦ ʧʦʣʘ, ʯʪʦ ʧʦʣʦʞʠʣʦ ʢʦʥʝʮ ʜʦʤʳʩʣʘʤ ʦ ʥʝʥʘʡʜʝʥʥʳʭ 

ʜʝʪʷʭ ʈʦʤʘʥʦʚʳʭ.  
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ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
 
* ʆʙʲʝʢʪʳ ʠʟ ʟʘʭʦʨʦʥʝʥʠʷ, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʚ 2007 ʛʦʜʫ  
 
 ʌʨʘʛʤʝʥʪʳ ʜʝʩʷʪʠ ʠʟ 44 ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʜʣʷ ɼʅʂ ʘʥʘʣʠʟʘ: ʜʝʚʷʪʴ 

ʢʦʩʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʯʝʨʝʧ, ʪʘʟ, ʣʦʧʘʪʢʘ, ʙʝʜʨʦ) ʠ ʧʦʣʦʚʠʥʘ ʢʦʨʦʥʢʠ ʤʦʣʷʨʘ. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʦʣʥʳʡ ʧʨʦʬʠʣʴ ɼʅʂ ʠʟ ʟʫʙʘ, ʦʜʥʘʢʦ ʤ  rʨʝʰʠʣʠ 

ʩʦʭʨʘʥʠʪʴ, ʘ ʥʝ ʨʘʟʨʫʰʘʪʴ ʤʘʪʝʨʠʘʣ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʚʘ ʠʟ ʜʝʚʷʪʠ 

ʦʙʨʘʟʮʦʚ (146.1 ʠ 147) ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ 3 ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʛʨʫʧʧʘʤʠ: AFDIL (ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʦʪʜʝʣ), AFDIL (ʦʪʜʝʣ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ) ʠ GMI ʣʘʙʦʨʘʪʦʨʠʷ. ʆʪʜʝʣ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʦʚʘʣ ʦʩʪʘʣʴʥʳʝ ʩʝʤʴ ʦʙʨʘʟʮʦʚ ʠ ʩʦʩʨʝʜʦʪʦʯʠʣʩʷ ʪʦʣʴʢʦ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʪɼʅʂ  ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʩʣʝʜʫʷ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʦʪʦʢʦʣʘʤ (Table 1). 

 
 
Table 1. Sequences of the samples recovered from ñGrave #2ò in August 2007 
and tested in this study.  
 

Bone 
Russian 

# Region Sequenced Sequence 

Right humerus 141 16024-16391 and 35-369  16111T, 16357C, 263G, 315.1C 

Occipital fragment 139 no results -- 

Occipital fragment 144.1 16024-576 16111T, 16357C, 16519C, 263G, 315.1C, 524.1A; 524.2C 

Right os coxae-ǀ 145 16024-16391 and 35-369  16111T, 16357C, 263G, 315.1C 

Left femur 146.1* 16024-576 16111T, 16357C, 16519C, 263G, 315.1C, 524.1A; 524.2C 

Right femur - ǀ 147* 16024-576 16111T, 16357C, 16519C, 263G, 315.1C, 524.1A; 524.2C 

Right scapula 140 16024-16391 and 35-369  16111T, 16357C, 263G, 315.1C 

Cranial fragment 143 16024-16391 and 35-369  16111T, 16357C, 263G, 315.1C 

Left ilium 142 no results -- 

 
ʆʙʨʘʟʮʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ (*) ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ AFDIL ʠ GMI. 
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*ʆʙʲʝʢʪʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʟʘʭʦʨʦʥʝʥʠʠ 1991 ʛʦʜʘ 
 
 ʆʩʪʘʥʢʠ ʮʘʨʷ ʠ ʝʛʦ ʩʝʤʴʠ ʙʳʣʠ ʧʦʭʦʨʦʥʝʥʳ ʚ ʂʘʬʝʜʨʘʣʴʥʦʤ ʇʝʪʨʦ-

ʇʘʚʣʦʚʩʢʦʤ  ʉʦʙʦʨʝ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2001 ʛʦʜ. ʂ ʩʯʘʩʪʴʶ, ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʉʚʝʨʜʣʦʚʩʢʦʛʦ ʦʙʣʘʩʪʥʦʛʦ ʙʶʨʦ ʩʫʜʝʙʥʦ-ʤʝʜʠʮʠʥʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ 

(ɽʢʘʪʝʨʠʥʙʫʨʛ) ʧʨʝʜʫʩʤʦʪʨʝʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʙʫʜʫʱʝʤ ʧʦʚʪʦʨʥʳʭ ɼʅʂ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦʭʨʘʥʠʣʠ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʦʚ ʦʪ ʚʩʝʭ 

ʩʢʝʣʝʪʦʚ. ʇʦ ʜʚʘ-ʪʨʠ ʦʙʨʘʟʮʘ ʦʪ ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʫʫʤʘ (ʢʦʩʪʴ ʠ (ʠʣʠ) ʟʫʙ) ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ AFDIL  ʠ  GMI ʣʘʙʦʨʘʪʦʨʠʠ ʜʣʷ ɼʅʂ ʘʥʘʣʠʟʦʚ. ɼʣ ̫ʫʜʦʙʩʪʚʘ ʤ  r

ʩʦʭʨʘʥʠʣʠ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʢʝʣʝʪʦʚ ʮʘʨʩʢʦʡ ʩʝʤʴʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʙʦʟʥʘʯʝʥʠʷʤʠ,  ʜʘʥʥʳʤʠ ʚ ʈʦʩʩʠʠ ʚʦ ʚʨʝʤʷ ʘʥʪʨʦʧʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʝʨʝʜʠʥʝ ʜʝʚʷʥʦʩʪʳʭ: ʩʢʝʣʝʪ ˉ3 = Oʣʴʛʘ; 

ʩʢʝʣʝʪ ˉ4 = ʮʘʨʴ ʅʠʢʦʣʘʡ II; ʩʢʝʣʝʪ ˉ5 = Taʪʴʷʥʘ; ʩʢʝʣʝʪ ˉ6 = Aʥʘʩʪʘʩʠʷ; and 

ʩʢʝʣʝʪ ˉ7 =ʮʘʨʠʮʘ ɸʣʝʢʩʘʥʜʨʘ (ʪʘʙʣʠʮʘ 2).      

Table 2. ʆʙʨʘʟʮʳ ʠʟ ñʟʘʭʦʨʦʥʝʥʠʷ ˉ1ò,ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʨʘʥʝʝ ʚ 1990ʝ ʛʦʜʳ ʠ 
ʠʟʫʯʝʥʥʳʝ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ.   
 
 

Skeleton Attribution Samples Bone/Teeth 

# 3 Olga 3.46* Fragment of a left femur 

    3.4 Partial tooth  

#4 Nicholas 4.29 Fragment of a rib 

    4.51* Fragment of a calcaneus 

    4a* Partial tooth 

    4.44 Fragment of a pelvis 

#5 Tatiana 5.21* Fragment of a left femur 

    5.29 Fragment calcaneus 

#6  Anastasia 6.14* Fragment of the diaphyse of a left femur 

    6.16* Fragment of the diaphyse of a left tibia 
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#7 Alexandra 7.48 Fragment of a pelvis 

    7.49* Fragment of the diaphyse of a left tibia 

    7a Partial tooth 

    7.40 Fragment of the diaphyse of a left femur 

 
ʆʙʨʘʟʮʳ,ʦʙʦʟʥʘʯʝʥʥʳʝ (*) ʙʳʣʠ ʧʦʩʣʘʥʳ ʚ ʦʙʝ ʣʘʙʦʨʘʪʦʨʠʠ: ʚ AFDIL ʠ GMI ʜʣʷ 
ʠʟʫʯʝʥʠʷ. ʆʙʨʘʟʮʳ, ʥʘʧʠʩʘʥʥʳʝ ʢʫʨʩʠʚʦʤ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʚ GMI. ɺʩʝ 
ʦʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ  AFDIL. 
 
 
Meʪʦʜʳ 
 
 ɺʳʜʝʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ɼʅʂ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʨʝʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʛʨʫʧʧʘʤʠ, 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʤʠʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʜʨʝʚʥʝʡ ɼʅʂ ʠ ʨʘʙʦʪʘʶʱʠʝ ʚ ʫʩʣʦʚʠʷʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  ʪʨʝʙʦʚʘʥʠʷʤ.  ʉʧʝʮʠʘʣʠʩʪʳ ʠʟ ʦʪʜʝʣʘ AFDIL ʧʦ ʨʘʙʦʪʝ ʩ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ (Mark J. Wadhams, Suni Edson, Kerry Maynard) ʨʘʙʦʪʘʣʠ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ American Society of Crime Lab Directors (ASCLD) ʠ ʧʨʦʚʦʜʠʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʣʴʢʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ, ʩʣʝʜʫʷ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʦʪʦʢʦʣʘʤ. 

ʆʜʠʥ ʩʧʝʮʠʘʣʠʩʪ ʠʟ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʩʝʢʮʠʠ (Odile Loreille) ʚ ʦʪʜʝʣʴʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʦʣʴʢʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʨʝʚʥʝʡ ɼʅʂ ʠ ʟʘʥʠʤʘʣʘʩʴ  STR 

-ʘʥʘʣʠʟʘʤʠ. ʅʘʢʦʥʝʮ, ʛʨʫʧʧʘ GMI (Harry Niederstätter, Cordula Berger, Burkhard 

Burger) ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʙʦʨʘʪʦʨʠʶ ISO 17025 ʜʣʷ ʨʝʧʣʠʢʘʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʤʪɼʅʂ ʠ  STR ʣʦʢʫʩʦʚ. ɺʦ ʚʩʝʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʣʩʷ ʢʦʥʪʨʦʣʴ ʥʘ ʢʦʥʪʘʤʠʥʘʮʠʶ ʚʦ ʚʨʝʤʷ ʧʨʝ-ʠ ʧʦʩʪ ʇʎʈ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ 10% ʨʘʩʪʚʦʨʦʤ 

ʦʪʙʝʣʠʚʘʪʝʣʷ ʠ ʦʙʣʫʯʘʣʠʩʴ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤʠ ʣʫʯʘʤʠ  254 nm ʦʪ 10 ʜʦ 45 

ʤʠʥʫʪ. 
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 ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʦ ʚʩʝʭ ʪʨʸʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʭ 

ʈʦʩʩʠʡʩʢʠʭ ʫʯʸʥʳʭ ʠʟ ʣʘʙʦʨʘʪʦʨʠʠ ʉʚʝʨʜʣʦʚʩʢʦʛʦ ʦʙʣʘʩʪʥʦʛʦ ʙʶʨʦ ʩʫʜʝʙʥʦ-

ʤʝʜʠʮʠʥʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ (ɽʢʘʪʝʨʠʥʙʫʨʛ): ʊʘʤʘʨʘ ʎʠʪʦʚʠʯ ʠ ʅʘʪʘʣʴʷ ɹʘʥʜʫʨʝʥʢʦ ʚ 

AFDIL; ʠ ɽʣʝʥʘ ʊʨʳʥʦʚʘ ʠ ɽʣʝʥʘ ɺʳʣʝʛʞʘʥʠʥʘ ʚ GMI.  

 

ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ 
 
 ɺ AFDIL, ʚʩʝ ʦʙʨʘʟʮ rʩʥʘʯʘʣʘ ʙʳʣʠ   ʦʯʠʱʝʥʳ ʩʥʘʨʫʞʠ ʘʣʶʤʠʥʠʝʚʳʤʠ 

ʥʘʞʜʘʯʥʳʤʠ ʥʘʩʘʜʢʘʤʠ  ʩ ʧʦʤʦʱʴʶ ʜʨʝʣʠ(Dremel, Racine, WI), ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʩʚʦʙʦʜʥʦʡ ʦʪ ɼʅʂ ʚʦʜʦʡ ʠ ʘʙʩʦʣʶʪʥʳʤ ʩʧʠʨʪʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʩʪʝʨʠʣʴʥʦʤ 

ʚʳʪʷʞʥʦʤ ʰʢʘʬʫ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʟʤʝʣʴʯʝʥʳ 

ʜʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʘʣʴʥʳʤʠ ʣʝʟʚʠʷʤʠ ʚ ʯʠʩʪʳʭ ʠ ʩʚʦʙʦʜʥʳʭ ʦʪ 

ɼʅʂ  ʯʘʰʢʘʭ Waring MC2 (Waring, Torrington, CT). 

 ɺ GMI, ʦʙʨʘʟʮʳ ʢʦʩʪʝʡ ʠ ʟʫʙʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʯʠʩʪʢʝ ʦʙʨʘʙʦʪʘʥʥʦʡ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʘʭ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʠ (ʠʣʠ) 

ʩʪʝʨʠʣʴʥʳʤʠ ʩʢʘʣʴʧʝʣʷʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʤʘʯʠʚʘʥʠʝʤ ʥʘ 20 ʤʠʥʫʪ ʚ ʨʘʩʪʚʦʨʝ 

ʛʠʧʦʭʣʦʨʠʪʘ (Ó 4% ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʠʥʘ) ʠ ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʦʪʤʳʚʘʥʠʝ 

ʩʪʝʨʠʣʴʥʦʡ ʚʦʜʦʡ ʠ ʘʙʩʦʣʶʪʥʳʤ ʩʧʠʨʪʦʤ. ʆʯʠʱʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʚ 

ʣʘʤʠʥʘʨʥʦʤ ʚʳʪʷʞʥʦʤ ʰʢʘʬʫ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʠ ʚ ʢʦʥʮʝ 15 ʤʠʥʫʪ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤʠ ʣʫʯʘʤʠ. ʉʫʭʠʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʟʤʝʣʴʯʝʥʳ ʩʪʝʨʠʣʴʥʦʡ ʟʫʙʥʦʡ 

ʜʨʝʣʴʶ.  
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ɺʳʜʝʣʝʥʠʝ ɼʅʂ 

ɺ GMI ʚʳʜʝʣʝʥʠʝ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʪʘʢʞʝ ʢʘʢ  ʚ ʩʝʢʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʤʪɼʅʂ  

(Loreille et al.) [5] , ʥʦ ʚ GMI ʜʦʙʘʚʠʣʠ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʦʯʠʩʪʢʫ ʢʦʣʦʥʢʘʤʠ 

QIAquick PCR purification kit (Qiagen, Hilden, Germany) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʥʩʪʨʫʢʮʠʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɺ  AFDIL ʫʯʸʥʳʝ ʩʣʝʛʢʘ ʠʟʤʝʥʠʣʠ ʧʨʦʪʦʢʦʣ ʠ 

ʠʩʢʣʶʯʠʣʠ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ. [6]. 100 ʠ 400mg ʤʝʣʢʦʛʦ ʢʦʩʪʥʦʛʦ ʧʦʨʦʰʢʘ 

ʢʘʢ ʩʢʘʟʘʥʦ ʚ ñʠʥʩʪʨʫʢʮʠʠ ʢ ʨʝʘʛʝʥʪʘʤò ʙʳʣʠ ʠʥʢʫʙʠʨʦʚʘʥʳ ʠ ʦʩʪʦʨʦʞʥʦ 

ʧʝʨʝʤʝʰʘʥʳ ʚ 3ʤʣ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʙʫʬʝʨʘ (EDTA 0.5 M,  

0,5 % ʣʘʫʨʠʣ-ʩʘʨʢʦʟʠʥʘʪ) ʠ 100 ʤʢʣ. ʧʨʦʪʝʠʥʘʟʳ ʂ (20 ʤʛ/ʤʣ.) ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ ʧʨʠ t 

56 . ʇʨʦʙʠʨʢʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 3 ʤʠʥ. ʇʨʠ 4 000 g, ʵʢʩʪʨʘʢʮʠʦʥʥʳʡ ʙʫʬʝʨ 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʎʝʥʪʨʠʢʦʥ 30 (Millipore Corp., Bedford, MA) ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ 

ʢʦʥʝʯʥʦʛʦ ʦʙʲʝʤʘ 100 ʤʢʣ. ʈʘʩʪʚʦʨ ʧʝʨʝʥʦʩʠʣʠ ʚ ʯʠʩʪʫʶ ʧʨʦʙʠʨʢʫ ʠ ʦʯʠʱʘʣʠ ʩ 

ʧʦʤʦʱʴʶ MinElute PSR Purification Kit (Qiagen, Valencia, ʉɸ). ʂʦʥʝʯʥʳʡ ʦʙʲʝʤ 

ʚʘʨʴʠʨʦʚʘʣ ʦʪ 25 ʤʢʣ. ʜʦ 100 ʤʢʣ. 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʂʆʃʀʏɽʉʊɺɸ ɼʅʂ 
 
               ʉʦʜʝʨʞʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ ʚ ʢʘʞʜʦʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʦʙʨʘʟʮʝ 

GMI ʦʧʨʝʜʝʣʷʣʦʩʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʨʝʘʢʮʠʝʡ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʩʣʝʜʫʷ 

ʧʦʜʨʦʙʥʦʤʫ ʧʨʦʪʦʢʦʣʫ (7). ʂʦʣʠʯʝʩʪʚʦ ʷʜʝʨʥʦʡ ɼʅʂ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ AluYb8, ʦʧʠʩʘʥʥʦʛʦ Walker (8), 

ʚʢʣʶʯʘʶʱʠʡ ʚʥʫʪʨʝʥʥʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ 

ʠʥʛʠʙʠʪʦʨʦʚ ʨʝʘʢʮʠʠ ʇʎʈ ʚ ʵʢʩʪʨʘʢʪʘʭ ɼʅʂ. 
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ɸʅɸʃʀɿ ʄʀʊʆʍʆʅɼʈʀɸʃʔʅʆʁ ɼʅʂ 
 
                 ɺ GMI, ʧʷʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʚʪʦʨʦʚ ʩʨʝʜʥʠʭ ʘʤʧʣʠʢʦʥʦʚ ʩʦʜʝʨʞʘʱʠʭ 

ʦʪ 285 ʜʦ 444 ʧʥ ʚ ʜʚʫʭ ʩʣʦʞʥʳʭ ʇʎʈ ʘʥʘʣʠʟʘʭ ʠ ʦʩʪʦʨʦʞʥʦ (ʚʥʠʤʘʪʝʣʴʥʦ) 

ʦʪʦʙʨʘʥʥʳʝ ʤʘʣʝʥʴʢʠʝ ʘʤʧʣʠʢʦʥʳ ʙʳʣʠ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʳ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʩ 

ʇʎʈ - ʧʨʘʡʤʝʨʘʤʠ ʜʦʩʪʠʛʥʫʪʳ ʦʜʠʥʘʢʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʩʦʛʣʘʩʠʝ) ï 

ʦʙʥʘʨʫʞʠʚʘʶʱʠʝ ʧʦʣʥʳʡ ʜʚʦʡʥʦʡ ʩʠʢʚʝʥʩ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʚʝʩʴ ʢʦʥʪʨʦʣʴʥʳʡ 

ʨʝʛʠʦʥ. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ Berger ʠ Parson (9) ʠ 

Eichmann ʠ Parson (10).  

                 ɻʨʫʧʧʘ AFDIL ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʘ ʤʪɼʅʂ ʜʨʫʛʦʡ ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʦʡ 

ʩʪʨʘʪʝʛʠʝʡ, ʦʧʠʩʘʥʥʦʡ Edson (11). ɻʠʧʝʨʚʘʨʠʘʙʝʣʴʥʳʡ ʨʝʛʠʦʥ 1 (HV1), 2 (HV11), ʠ 

3 (HV111) mini ï ʚʘʨʠʘʙʝʣʴʥʳʡ ʨʝʛʠʦʥ 1 (MVR1) ʙʳʣʠ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʳ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ, ʥʘʩʢʦʣʴʢʦ ʧʦʟʚʦʣʷʝʪ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ.  

            ʈʘʟʤʝʨ ʘʤʧʣʠʢʦʥʦʚ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 126 ʜʦ 440 ʧʥ. ɺʩʝ ʧʨʦʜʫʢʪʳ ʧʦʩʣʝ - 

ʇʎʈ, ʚʢʣʶʯʘʷ ʢʦʥʪʨʦʣʠ, ʙʳʣʠ ʦʯʠʱʝʥʳ ExoSAP ï IT (USB Co.,Cleveland, OH) ʠ 

ʦʯʠʱʝʥʳ ʦʙʳʯʥʳʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ Big Dye Tʝrminator Cycle 

sequencing kit (Applied Biosystems, Foster City, CA). ʇʨʦʜʫʢʪʳ ʩʠʢʚʝʥʩʘ ʙʳʣʠ 

ʦʯʠʱʝʥʳ ʩ ʧʦʤʦʱʴʶ Performa® DTR Ultra 96-well plates (Edge BioSystems, 

Gaithersburg, MD) ʠ ʦʩʘʜʦʢ ʚʳʩʫʰʝʥ ʚ ʚʘʢʫʫʤʥʦʤ ʢʦʥʮʝʥʪʨʘʪʦʨʝ.  

             ʆʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʤʝʩʠ ʬʦʨʤʘʤʠʜ/ ʕɼʊɸ (3:1) ʠ ʟʘʪʝʤ 

ʟʘʛʨʫʞʘʣʠ ʚ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ Applied Biosystems 3130xl Genetic Analyzer. 

ɹʳʣʘ ʧʦʣʫʯʝʥʘ ʣʠʥʠʷ ʩʣʦʞʥʦʛʦ (ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ) ʩʠʢʚʝʥʩʘ ʠ ʜʦʩʪʨʦʝʥʘ 
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(ʜʦʧʦʣʥʝʥʘ) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Sequencher software v4.7 (GeneCodes, Ann 

Arbor, Michigan).   

             ʈʘʩʭʦʞʜʝʥʠʷ (ʨʘʟʥʠʮʫ) ʧʨʦʚʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

Cambridge Reference Sequence [12, 13], ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʝʥʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʦʠʩʢʘ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʤʪɼʅʂ. 

 

 
 
ɸʋʊʆʉʆʄʅʓʁ ʀ Y ï STR ɸʅɸʃʀɿ 
 
             STR ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʠʤʝʶʱʠʤʠʩʷ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʥʘʙʦʨʘʤʠ.  ʂʘʢ GMI ʪʘʢ ʠ AFDIL ʠʩʧʦʣʴʟʦʚʘʣʠ 

AmpFlSTR Identifiler, AmpFlSTR MiniFiler ʠ AmpFlSTR Yfiler PCR amplification kits 

(Applied Biosystems). ɼʣʷ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ ʢʦʩʪʠ ˉ 147 ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

AmpFlSTR SEFiler amplification kit (Applied Biosystems). GMI ʩʣʝʜʦʚʘʣʠ ʧʨʦʪʦʢʦʣʫ 

ʠʟʛʦʪʦʚʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 34 ʮʠʢʣʘ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩ ʥʘʙʦʨʘʤʠ 

AmpFlSTR Identifiler and AmpFlSTR Yfiler. AFDIL ʠʩʧʦʣʴʟʦʚʘʣ ʥʠʟʢʦʢʦʧʠʡʥʳʡ 

ʧʦʜʭʦʜ ʩ ʥʘʙʦʨʘʤʠ AmpFlSTR Identifiler and AmpFlSTR Yfiler PCR amplification kits ʠ 

ʜʚʦʡʥʫʶ ʨʝʢʦʤʝʥʜʫʝʤʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ AmpliTaq ʠ 6 ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʇʎʈ 

ʮʠʢʣʦʚ. ʇʎʈ ʘʤʧʣʠʬʠʢʘʮʠʶ ʩ ʥʘʙʦʨʦʤ AmpFlSTR MiniFiler kit AFDIL ʩʣʝʜʦʚʘʣʠ  

ʧʨʦʪʦʢʦʣʫ ʠʟʛʦʪʦʚʠʪʝʣʝʡ. ʂʦʛʜʘ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ, ʠ GMI, ʠ AFDIL ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʚʦʠ ʦʧʨʦʙʠʨʦʚʘʥʥʳʝ (ʠʩʧʳʪʘʥʥʳʝ) miniSTR. ɺʩʝ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʝ STR ʠ Y ï 

STR ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʘʥʘʣʠʟʘʪʦʨʦʚ 3100 ʠʣʠ 3130xl Genetic Analyzer (Applied Biosystems). ɸʥʘʣʠʟ 
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       Pr (E | H1) 
 

       Pr (E | H2) 

ʜʘʥʥʳʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ GeneScan software v3.7 ʠ Genotyper 

v3.7NT ʠʣʠ Genemapper® v3.2. ʈʘʟʤʝʨ ʬʨʘʛʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʟʤʝʨʥʦʛʦ ʩʪʘʥʜʘʨʪʘ (GeneScan-500 LIZ), ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʦʙʦʟʥʘʯʝʥʠʷ ʘʣʣʝʣʝʡ ʘʤʧʣʠʢʦʥʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʘʣʣʝʣʴʥʳʤ 

ʣʵʜʜʝʨʦʤ (AmpFlSTR Identifiler, AmpFlSTR MiniFiler ʠ AmpFlSTR Yfiler allelic 

ladders). 

 

ɸʅɸʃʀɿ ɼɸʅʅʓʍ ʀ ʉʊɸʊʀʉʊʀʏɽʉʂʀɽ ʈɸʉʏɽʊʓ 
 
             ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʟʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ; ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʧʝʨʝʥʦʩʠʣʠʩʴ ʠʟ ʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʜʨʫʛʫʶ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʘʢ ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʝʨʰʠʣʠʩʴ ʠ ʚ 

GMI ʠ ʚ AFDIL, ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʳ 

ʠ ʦʪʧʨʘʚʣʝʥʳ ʥʝʟʘʚʠʩʠʤʦʤʫ ʫʯʝʥʦʤʫ (Peter Gill, University of Strathclyde). 

ʄʳ ʦʧʨʝʜʝʣʷʣʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʘʫʪʦʩʦʤʥʳʭ STR ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʦʪʥʦʰʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ, ʛʜʝ ʦʮʝʥʠʚʘʶʪʩʷ ʜʚʝ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʛʠʧʦʪʝʟʳ:  

 
         LR =      __________ 
  
 
 
ʆʮʝʥʠʚʘʶʪʩʷ ʜʚʘ ʩʮʝʥʘʨʠʷ. ɺ ʯʠʩʣʠʪʝʣʝ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ (Pr), 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʛʠʧʦʪʝʟʝ (H1), ʢʦʪʦʨʘʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ, ʯʪʦ ʵʪʦ ʦʩʪʘʥʢʠ 

ʥʝʜʦʩʪʘʶʱʠʭ ʜʝʪʝʡ ʈʦʤʘʥʦʚʳʭ. ɺ ʟʥʘʤʝʥʘʪʝʣʝ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ, ʥʫʣʝʚʦʡ ʛʠʧʦʪʝʟʳ (H2), ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʪʦʤ, ʯʪʦ ʵʪʠ ʦʩʪʘʥʢʠ ʥʝ 

ʧʨʠʥʘʜʣʝʞʘʪ ʜʝʪʷʤ ʈʦʤʘʥʦʚʳʭ ʠ ʧʨʦʠʩʭʦʜʷʪ ʦʪ ʜʚʫʭ ʥʝʨʦʜʩʪʚʝʥʥʳʭ 
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ʠʥʜʠʚʠʜʫʫʤʦʚ. LR ʘʫʪʦʩʦʤʥʳʭ STR ʧʦʜʩʯʠʪʘʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ DNAViewTM 

(Charles Brenner, Oakland, CA), ʚʳʧʦʣʥʝʥʥʦʡ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʟʘʢʘʟʫ ʜʣʷ 

AFDIL (Laboratory Information Systems Application, FTI Inc., Fairfax, VA).  

 
ʈɽɿʋʃʔʊɸʊʓ 
 

ʂʦʣʠʯʝʩʪʚʦ 
 
         ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ɼʅʂ ʚ ʦʙʲʝʤʝ ʙʦʣʝʝ 4000 ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʛʝʥʦʤʦʚ ʚ ʤʠʢʨʦʣʠʪʨʝ (mtGEs/µl) ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʮʠʬʨʳ 143 ʧ.ʥ. ʧʨʠʥʠʤʘʣʘʩʴ ʜʣʷ 

ʦʙʨʘʟʮʘ 4.44 ʦʙʳʯʥʦ ʤʝʥʝʝ 100 mtGEs/µl ʠ ʦʙʨʘʟʝʮ ʢʦʩʪʠ 5.21 ʩʪʘʥʜʘʨʪʥʦ 2923 

mtGEs/µl (ʜʝʪʘʣʠ ʚ ʪʘʙʣʠʮʝ 3). ʅʘʣʠʯʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʇʎʈ ʨʝʘʢʮʠʠ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. ʂʦʣʠʯʝʩʪʚʦ ʷʜʝʨʥʦʡ ɼʅʂ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʠʣʦʩʴ ʤʝʞʜʫ 11 ʠ 

615 pg/µl. ɺ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʢʦʥʪʨʦʣʷʭ ʄʪ ɼʅʂ ʠʣʠ ʷʜʝʨʥʦʡ ɼʅʂ ʥʝ ʦʙʥʘʨʫʞʝʥʦ 

ʢʘʢʦʝ-ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʦ ɼʅʂ. 

                   ʊʘʙʣʠʮʘ 3. ʂʦʣʠʯʝʩʪʚʦ ɼʅʂ ʚ ʦʙʨʘʟʮʘʭ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ GMI 
 

Samples grave 2 mtGE 143bp/ l Qty AluYb8 (pg/ l) 

146.1 (ʢʦʩʪʴ) 9,707 16 

147 (ʢʦʩʪʴ) 4,934 / 4,239 37/ 29 

Samples grave 1     

3.46 (ʢʦʩʪʴ) 60,291 186 

4a (ʟʫʙ) 11,279 615 

4.44 (ʢʦʩʪʴ) <100 12 

4.51 (ʢʦʩʪʴ) 5,261/ 5,562 45/ 11 

5.21 (ʢʦʩʪʴ) 2,923 11 

6.14 (ʢʦʩʪʴ)  9,396 11 

6.16 (ʢʦʩʪʴ) 17,794 136 

7.4 (ʢʦʩʪʴ) 11,773 19 

7.49 (ʢʦʩʪʴ) 16,806 49 
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ʄʪGE: ʵʢʚʠʚʘʣʝʥʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ. ʆʙʨʘʟʮʳ 147 ʠ 4.51 ʙʳʣʠ 
ʥʝʟʘʚʠʩʠʤʦ ʚʳʜʝʣʝʥʳ ʜʚʘʞʜʳ. ɺ ʪʘʙʣʠʮʝ ʧʦʢʘʟʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʞʜʦʛʦ 
ʦʙʨʘʟʮʘ. 
 
 
ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʀʊʆʍʆʅɼʈʀɸʃʔʅʆʁ  ɼʅʂ  
 
           ʉʥʘʯʘʣʘ ʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʦʩʪʘʥʢʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ 2007 ʛʦʜʫ (ʊʘʙʣʠʮʘ 

1). ʄʳ ʧʦʣʫʯʠʣʠ ʧʦʣʥʳʡ ʧʨʦʬʠʣʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʝʛʠʦʥʘ [16024-576] ʚ ʪʨʝʭ 

ʦʙʨʘʟʮʘʭ (144.1, 146.1 ʠ 147). ʉʠʢʚʝʥʩ ʚʩʝʭ ʪʨʝʭ ʦʙʨʘʟʮʦʚ ʤʝʞʜʫ 16024 ʠ 576 ʙʳʣ 

ʧʦʜʪʚʝʨʞʜʝʥ ʪʨʝʤ ̫ ʥʝʟʘʚʠʩʠʤʳʤʠ ʛʨʫʧʧʘʤʠ: 16111T, 16357C, 16519C, 263G, 

315.1C, 524.1A and 524.2C.   

 ʆʙʳʯʥʳʡ ʚʘʨʠʘʥʪ 16519 C ʠ AC ʢʦʧʠʷ ʚʩʪʘʚʢʠ ʚ HVIII ʨʝʛʠʦʥʝ AC ʧʦʚʪʦʨ 

ʚʥʦʚʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʥʝʰʥʠʡ ʚʘʨʠʘʥʪ HVI/HVII ʜʣʷ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʩʨʘʚʥʠʚʘʣʩʷ ʩ 

ʦʨʠʛʠʥʘʣʦʤ ʤʪɼʅʂ ʪʝʩʪʘ,[1] ʛʜʝ ʵʪʠ ʨʝʛʠʦʥʳ ʥʝ ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ. ɼʣ ̫

ʦʙʨʘʟʮʦʚ 140, 141, 143 ʠ 145, ʤ  rʘʥʘʣʠʟʠʨʦʚʘʣʠ HVI [16024-16391] ʠ HVII [35-369]. 

ʉʝʢʚʝʥʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʜʣʷ HVI ʠ HVII ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʜʣʷ 16111T, 

16357C, 263G ʠ 315.1C. ʀʟ ʜʚʫʭ ʦʙʨʘʟʮʦʚ (139 and 142) ʥʝ ʧʦʣʫʯʝʥʦ ʜʘʥʥʳʭ.  

            ɿʘʪʝʤ ʤʳ ʚʦʩʧʨʦʠʟʚʝʣʠ ʧʦʣʥʳʝ ʧʨʦʬʠʣʠ ʠʟ ʦʩʪʘʥʢʦʚ ʎʘʨʠʮʳ ʠ ʪʨʝʭ ʝʝ 

ʜʦʯʝʨʝʡ ʠʟ ʧʝʨʚʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ. ʋʩʧʝʰʥʦ ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʠʩʴ ʚʩʝ ʢʦʩʪʥʳʝ 

ʬʨʘʛʤʝʥʪʳ, ʩ ʘʤʧʣʠʢʦʥʘʤʠ ʪʘʢʦʛʦ ʨʘʟʤʝʨʘ  ʢʘʢ  444 ʧ.ʥ. (GMI) ʠʣʠ 440ʧ.ʥ. (AFDIL). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʩʝʭ ʠʥʜʠʚʠʜʫʫʤʦʚ, ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

HVI ʠ HVII ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʢʦʩʪʥʳʭ 

ʦʩʪʘʥʢʦʚ [1]. 

             ʏʪʦʙʳ ʦʮʝʥʠʚʘʪʴ ʯʘʩʪʦʪʫ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʤʳ ʩʥʘʯʘʣʘ 

ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ ʥʝʤʝʮʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ (n=513 ʦʙʨʘʟʮʳ) ʚ ʧʨʝʜʝʣʘʭ EDNAP 
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mtDNA ʇʦʧʫʣʷʮʠʦʥʥʘʷ ɹʘʟʘ ʜʘʥʥʳʭ (EMPOP; [18]), ʪʘʢ ʢʘʢ ʎʘʨʠʮʘ ɸʣʝʢʩʘʥʜʨʘ 

ʙʳʣʘ ʥʝʤʝʮʢʦʡ ʧʨʠʥʮʝʩʩʦʡ 

  ʄʳ ʥʝ ʥʘʰʣʠ ʥʠʢʘʢʠʭ ʪʦʯʥʳʭ ʩʦʚʧʘʜʝʥʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʠ ʚ 

ʥʝʤʝʮʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʥʠ ʚ ʧʨʝʜʝʣʘʭ 3 340 ɿʘʧʘʜʥʦʡ ɽʚʨʘʟʠʠ ʚ EMPOP. ʅʘʢʦʥʝʮ, 

ʤʳ ʦʪʩrʢʘʣʠ ʛʘʧʣʦʪʠʧ ʎʘʨʠʮʳ ʩ ʧʦʤʦʱʴʶ ʛʣʦʙʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ mtDNA, 

ʩʦʜʝʨʞʘʱʝʡ 23 627 ʣʶʜʝʡ (4 839 ʣʶʜʝʡ ʚ ʘʤʝʨʠʢʘʥʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ SWGDAM 

mtDNA ʠ 18 788 ʣʶʜʝʡ ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʙʘʟʳ ʜʘʥʥʳʭ ʉʝʢʮʠʠ ʀʩʩʣʝʜʦʚʘʥʠʷ AFDIL 

ʥʘ 02/26/09) ʠ ʥʝ ʥʘʰʣʠ ʥʠ ʦʜʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʜʢʦʡ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʝʛʠʦʥʘ 

[16024-576] ʦʩʪʘʥʢʦʚ ʎʘʨʷ ʅʠʢʦʣʘʷ II (ʟʫʙ ʦʪ ʩʢʝʣʝʪʘ #4) ʙʳʣʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʘ  

ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʠʟʜʘʥʥʳʤ ʜʘʥʥʳʤ HVI ʠ HVII ʦʪ Gill ʠ ʜʨ. [1] ʠ ʀʚʘʥʦʚʘ ʠ ʜʨ. [2]: 

16126C, 16169Y, 16294T, 16296T, 16519C, 73G, 263G, 315.1C ʩ ʛʝʪʝʨʦʧʣʘʟʤʠʝʡ ʚ 

ʧʦʟʠʮʠʠ 16519, ʭʘʨʘʢʪʝʨʥʳʤ ʚ ʧʦʣʫʯʝʥʥʦʤ ʥʝʜʘʚʥʦ ʢʦʥʪʨʦʣʴʥʦʤ ʨʝʛʠʦʥʝ. 

ʊʦʯʢʘ ʛʝʪʝʨʦʧʣʘʟʤʠʠ ʚ ʧʦʟʠʮʠʠ 16169 - ʧʨʠʩʫʪʩʪʚʠʝ  ʊ ʩ C ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ.                       (ʈʠʩʫʥʦʢ 2).   



AFIP-CME-DNA (40-31a) 
SUBJECT:  DNA Identification of Romanov Children Remains 
 

 17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ 2. ʉʢʨʠʥʰʦʪ 16169 C/T ʛʝʪʝʨʦʧʣʘʟʤʠʠ ʠʤʝʶʱʝʡʩʷ ʫ ʮʘʨʷ ʅʠʢʦʣʘʷ II, 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʯʝʙʥʠʢʘʭ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ. (A) ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 
AFDIL. (B) ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ GMI. 
 

 ʏʪʦʙʳ ʦʮʝʥʠʚʘʪʴ ʯʘʩʪʦʪʫ ʛʘʧʣʦʪʠʧʘ ʎʘʨʷ, ʤʳ ʩʥʘʯʘʣʘ ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ 

ʙʘʟʝ ʜʘʥʥʳʭ ɼʘʥʠʠ (n=209 ʦʙʨʘʟʮʳ) ʚ ʧʨʝʜʝʣʘʭ ʙʘʟʳ ʜʘʥʥʳʭ EMPOP, ʪʘʢ ʢʘʢ 

ʤʘʪʴ ʎʘʨʷ ʙʳʣʘ ʜʘʪʩʢʦʡ ʧʨʠʥʮʝʩʩʦʡ. ʄʳ ʥʝ ʥʘʰʣʠ ʥʠʢʘʢʠʭ ʪʦʯʥʳʭ ʩʦʚʧʘʜʝʥʠʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʜʘʪʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. ʂʦʛʜʘ ʧʨʠʥʠʤʘʣʘʩʴ ʚʦ ʚʥʠʤʘʥʠʝ 

16169C (ʩʦʦʪʚʝʪʩʪʚʠʝ rCRS) ʪʦ ʩʨʝʜʠ 3 340 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɿʘʧʘʜʥʦʡ 

ɽʚʨʘʟʠʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ EMPOP ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 3 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (0.09 %), 
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ʇʦʠʩʢ AFDIL + SWGDAM mtDNA ʙʘʟʘ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ 19 ʩʦʚʧʘʜʝʥʠʡ (19/23,627 = 

0.08 %) ʛʘʧʣʦʪʠʧʘ ʎʘʨʷ, ʢʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ 16169C. ʅʠʢʘʢʠʝ ʩʦʚʧʘʜʝʥʠʷ ʩ 

ʛʘʧʣʦʪʠʧʦʤ ʎʘʨʷ + 16169T ʥʝ ʙʳʣʠ ʥʘʡʜʝʥʳ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ mtDNA 

ʛʘʧʣʦʪʠʧʘ ʎʘʨʷ, ʢʘʢ ʧʦʣʘʛʘʣʠ, ʙʳʣʘ ʨʝʜʢʦʡ. 

 
ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʋʊʆʉʆʄʅʆʁ ɼʅʂ 
 
 ʅʘʠʙʦʣʝʝ ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʢʦʩʪʥʳʝ ʬʨʘʛʤʝʥʪʳ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʨʠ 

ʘʥʪʨʦʧʦʣʦʛʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʜʚʘ ʢʦʩʪʥʳʭ ʬʨʘʛʤʝʥʪʘ ʦʪ ʙʝʜʨʝʥʥʦʡ ʢʦʩʪʠ 

(146.1 and 147) ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʜʝʨʥʦʡ ɼʅʂ. ɸʥʪʨʦʧʦʣʦʛ 

(ʕʥʪʦʥʠ ʌʘʣʩʝʪʪʠ), ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʟʤʝʨʝ, ʬʦʨʤʝ ʛʦʣʦʚʢʠ ʙʝʜʨʝʥʥʦʡ ʢʦʩʪʠ ʠ 

ʫʛʣʘ ʰʝʡʢʠ ʨʝʰʠʣ, ʯʪʦ ʬʨʘʛʤʝʥʪ 147 ʚʝʨʦʷʪʥʦ ʧʨʠʥʘʜʣʝʞʘʣ ʞʝʥʱʠʥʝ.   

           ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʦʙʨʘʟʮʦʚ 146.1 ʠ 147 ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʂʘʞʜʘʷ ʘʣʣʝʣʴ 

ʙʳʣʘ  ʢʦʧʠʨʦʚʘʥʘ ʥʝ ʤʝʥʝʝ ʩʝʤʠ ʨʘʟ ʚ ʢʘʞʜʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʘʨʢʝʨʘ 

amelogenin ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʝʮ 146.1 ʧʨʠʥʘʜʣʝʞʠʪ ʤʫʞʯʠʥʝ ʠ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ 

ʦʙʨʘʟʝʮ 147 ʧʨʦʠʟʦʰʝʣ ʦʪ ʞʝʥʱʠʥʳ (ʠʣʣʶʩʪʘʮʠʠ 3 ʠ 4). ʄʳ ʥʝ ʥʘʰʣʠ ʥʠʢʘʢʦʡ 

ʢʦʥʪʘʤʠʥʘʮʠʠ ʩʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʬʠʣʝʡ STR. ʌʘʢʪʠʯʝʩʢʠ, ʩʨʝʜʠ 1458 ʘʣʣʝʣʝʡ 

ʚʩʝʭ ʘʫʪʦʩʦʤʥʳʭ ʠ Y-STR ʣʦʢʫʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ ʧʦʨʦʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ AFDIL (100 RFUs ʜʣʷ ʘʣʣʝʣʝʡ ʛʝʪʝʨʦʟʠʛʦʪ ʠ 200 RFUs ʜʣʷ 

ʘʣʣʝʣʝʡ ʛʦʤʦʟʠʛʦʪ) ʪʦʣʴʢʦ 6 ʘʣʣʝʣʝʡ (0.4 %) ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʣʦʞʥʳʝ ʠʣʠ 

ʘʨʪʝʬʘʢʪʳ.  

ʇʦʣʦʚʠʥʘ ʵʪʠʭ ʣʦʞʥʳʭ ʘʣʣʝʣʝʡ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʦʟʠʮʠʷʭ ʟʘʠʢʘʥʠʷ ʧʦʜʣʠʥʥʦʡ 

ʘʣʣʝʣʠ - ʫʢʘʟʳʚʘʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʦʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʨʘʥʥʠʭ ʮʠʢʣʘʭ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʇʎʈ.   
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Table 3. Autosomal STR Genotypes for the Romanov Family. 
 
 

 Sample 
4.3 

Sample 
7.4 

Sample 
3.46 

Sample 
5.21 

Sample 
6.14 

Sample 
147 

Sampl
e 

146.1 
 Tsar Tsarina      

Marker Nicholas 
II 

Alexand
ra 

Olga Tatiana Anastasi
a 

Maria Alexei 

Amelog X, Y X, X X, X X, X X, X X, X X, Y 

D3S1358 14, 17 16, 18 17, 18 17, 18 16, 17 17, 18 14, 18 

TH01 7, 9.3 8, 8 8, 9.3 7, 8 8, 9.3 7, 8 8, 9.3 

D21S11 32.2, 
33.2 

30, 32.2 30, 33.2 32.2, 
33.2 

30, 33.2 30, 33.2 32.2, 
33.2 

D18S51 12, 17 12, 13 12, 12 12, 12 13, 17 12, 17 12, 17 

D5S818 12, 12 12, 12 12, 12 12, 12 12, 12 12, 12 12, 12 

D13S317 11, 12 11, 11 11, 11 11, 11 11, 11 11, 11 11, 12 

D7S820 12, 12 10, 12 12, 12 10, 12 12, 12 10, 12 12, 12 

D16S539 11, 14 9, 11 11, 11 11, 11 11, 14 9, 11 11, 14 

CSF1PO 10, 12 11, 12 11, 12 11, 12 10, 11 10, 12 10, 12 

D2S1338 17, 25 19, 23 17, 19 23, 25 17, 19 17, 23 23, 25 

vWA 15, 16 15, 16 15, 16 15, 16 15, 16 15, 16 15, 16 

D8S1179 13, 15 16, 16 13, 16 15, 16 13, 16 15, 16 15, 16 

TPOX 8, 8 8, 8 8, 8 8, 8 8, 8 8, 8 8, 8 

FGA 20, 22 20, 20 20, 22 20, 20 20, 22 20, 22 20, 22 

D19S433 13, 13.2 13, 16.2 13.2, 
16.2 

13.2, 
16.2 

13, 16.2 13, 13 13, 
13.2 

 
           ɸʥʘʣʠʟ STR ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʜʚʫʭ ʯʝʣʦʚʝʢ ʠ ʩʨʝʜʠ ʜʚʫʭ ʧʨʦʬʠʣʝʡ ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʨʘʟʜʝʣʝʥʠʷ ʘʣʣʝʣʝʡ, ʧʦʜʪʚʝʨʞʜʘʷ, ʯʪʦ ʣʶʜʠ 

ʙʳʣʠ ʙʣʠʟʢʠʤʠ ʨʦʜʩʪʚʝʥʥʠʢʘʤʠ.  

           ʀʥʜʝʢʩ ʩʠʙʩʦʚ (ʉʀ) ʙʳʣ ʚʳʯʠʩʣʝʥ, ʦʧʨʝʜʝʣʷʷ ʦʪʥʦʰʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ (LR) 

ʛʠʧʦʪʝʟʳ (H1), ʜʦʢʘʟʳʚʘʶʱʝʡ, ʯʪʦ ʦʙʨʘʟʮʳ 146.1 ʠ 147 ʷʚʣʷʶʪʩʷ ʨʦʜʩʪʚʝʥʥʠʢʘʤʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʦʡ, ʫʪʚʝʨʞʜʘʶʱʝʡ, ʯʪʦ ʵʪʠ ʦʙʨʘʟʮʳ 
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ʧʨʠʥʘʜʣʝʞʘʪ ʜʚʫʤ ʥʝʨʦʜʩʪʚʝʥʥʳʤ ʣʶʜʷʤ (H2). ʀʥʜʝʢʩ ʩʠʙʩʦʚ (ʉʀ) ʙʳʣ ʧʦʣʫʯʝʥ 

5.6 ʤʠʣʣʠʦʥʦʚ ʚ ʧʦʣʴʟʫ ʛʠʧʦʪʝʟʳ H1. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʦʯʝʚʠʜʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ɼʅʂ 

ʚ ʦʙʨʘʟʮʘʭ 146.1 ʠ 147 ʧʨʠʥʘʜʣʝʞʠʪ ʨʦʜʩʪʚʝʥʥʠʢʘʤ ʚ 5.6 ʤʠʣʣʠʦʥʦʚ ʨʘʟ ʙʦʣʝʝ 

ʚʝʨʦʷʪʥʘ, ʯʝʤ ʵʪʠ ʦʙʨʘʟʮʳ ʧʨʦʠʟʦʰʣʠ ʦʪ ʜʚʫʭ ʣʶʜʝʡ, ʥʝ ʩʦʩʪʦʷʱʠʭ ʚ 

ʨʦʜʩʪʚʝʥʥʦʡ ʩʚʷʟʠ.  

 

 

  

ʈʠʩ. 3. STR ʧʨʦʬʠʣʴ ʜʣʷ ʦʙʨʘʟʮʘ 146.1 ï ʦʙʨʘʟʝʮ ʤʫʞʩʢʦʛʦ ʧʦʣʘ. 
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ʈʠʩʫʥʦʢ 4. STR-ʧʨʦʬʠʣʴ ʦʙʨʘʟʮʘ 147 ï ʞʝʥʩʢʠʡ ʦʙʨʘʟʝʮ. 

 

 ʏʪʦʙ  rʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ ʵʪʠ ʜʚʦʝ ʷʚʣʷʣʠʩʴ ʜʝʪʴʤʠ ʦʜʥʠʭ ʨʦʜʠʪʝʣʝʡ ʠ ʪʘʢʞʝ 

ʠʤʝʣʠ ʨʦʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʩ ʈʦʤʘʥʦʚʳʤʠ, ʯʴʠ ʦʩʪʘʥʢʠ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʠʟ ʧʝʨʚʦʛʦ 

ʤʘʩʩʦʚʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ, ʤʳ ʧʨʦʚʝʣʠ STR-ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ 

ʩʢʝʣʝʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʨʫʛʠʭ ʧʷʪʠ ʯʣʝʥʦʚ ʮʘʨʩʢʦʡ ʩʝʤʴʠ (ʊʘʙʣʠʮʘ 2). 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʇʨʦʬʠʣʠ ʜʣʷ ʣʦʢʫʩʘ vWA  ʩʦʚʧʘʣʠ ʩ ʜʘʥʥʳʤʠ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ Gill P. ʩ ʩʦʘʚʪʦʨʘʤʠ [1], ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʤʠ  

ʪʝʪʨʘʥʫʢʣʝʦʪʠʜʥʳʤʠ ʤʘʨʢʝʨʘʤʠ [19]. ɺ ʣʦʢʫʩʝ TH01 ʤ  rʧʦʣʫʯʠʣʠ ʘʣʣʝʣʠ 7 ʠ 9.3 ʫ 

ʮʘʨʷ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʘʢ ʛʝʥʦʪʠʧ 7/10 ʫ Gill P. ʩ ʩʦʘʚʪʦʨʘʤʠ [1]. ʊʘʢ ʞʝ ʠ ʫ 

ʦʜʥʦʡ ʠʟ ʜʦʯʝʨʝʡ ʛʝʥʦʪʠʧ TH01 ʙʳʣ ʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 8/10, ʘ ʩʝʡʯʘʩ ʢʘʢ 8/9.3. 

ɺʦ ʚʨʝʤʝʥʘ ʧʫʙʣʠʢʘʮʠʠ Gill ʈ. ʩ ʩʦʘʚʪʦʨʘʤʠ [1] ʩʫʱʝʩʪʚʦʚʘʣʘ ʧʨʘʢʪʠʢʘ  

ʦʙʲʝʜʠʥʷʪʴ ʘʣʣʝʣʠ  9.3 ʠ 10 ʚ ʣʦʢʫʩʝ TH01 ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʟʥʘʯʝʥʠʝ ó10ô ʢʘʢ 


