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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʋ ʙʦʣʝʝ ʯʝʤ 70% ʚʠʜʦʚ ʚʩʝʭ ʨʘʩʪʝʥʠʡ ʥʝ ʙʳʣʦ ʩʝʢʚʝʥʠʨʦʚʘʥʦ ʥʠ ʦʜʥʦʛʦ 

ʫʯʘʩʪʢʘ ɼʅʂ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʧʦʣʥʦʤ ʛʝʥʦʤʝ [1]. ʀʟ 1310 ʛʝʥʦʤʦʚ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ NCBI ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʩʝʥʪʷʙʨʴ 2023 ʛ., 1256 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤ, 24 ð ʢ ʛʦʣʦʩʝʤʝʥʥʳʤ, 20 ð ʢ ʤʭʘʤ, 4 ð ʢ 

ʧʘʧʦʨʦʪʥʠʢʘʤ ʠ 4 ð ʢ ʧʣʘʫʥʘʤ [2]. ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʙʣʠʯʥʦ 

ʜʦʩʪʫʧʥʳʭ ʛʝʥʦʤʦʚ ʨʘʩʪʝʥʠʡ ʜʦʚʦʣʴʥʦ ʩʤʝʱʝʥʦ ʚ ʩʪʦʨʦʥʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ [3]. ʄʥʦʛʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʛʝʥʦʤʳ, ʭʦʪʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʝ ʥʘ ʫʨʦʚʥʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʤʝʶʪ ʦʯʝʥʴ ʬʨʘʛʤʝʥʪʘʨʥʳʝ ʩʙʦʨʢʠ. ʆʙʠʣʠʝ ʧʩʝʚʜʦʛʝʥʦʚ, 

ʫʚʝʣʠʯʝʥʥʦʝ ʯʠʩʣʦ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ [4] ʠ ʧʨʦʣʠʬʝʨʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ [5,6] ʟʘʪʨʫʜʥʷʶʪ ʢʦʨʨʝʢʪʥʫʶ ʩʙʦʨʢʫ ʠ ʘʥʥʦʪʘʮʠʶ ʤʥʦʛʠʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʝʥʦʤʦʚ. 

ʍʚʦʡʥʳʝ ð ʜʨʝʚʥʷʷ ʛʨʫʧʧʘ ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ɹʦʣʝʝ 600 ʚʠʜʦʚ ʵʪʦʡ 

ʛʨʫʧʧʳ ʠʤʝʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʚ [7,8]. ʂ ʠʭ 

ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʦʪʥʦʩʷʪʩʷ ʢʨʘʡʥʝ ʙʦʣʴʰʠʝ 

ʨʘʟʤʝʨʳ ʛʝʥʦʤʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ɼʅʂ ʠ ʤʦʙʠʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʨʘʩʰʠʬʨʦʚʢʫ ʪʘʢʠʭ ʛʝʥʦʤʦʚ ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʦʡ ʠ ʟʘʪʨʘʪʥʦʡ 

ʧʦ ʚʨʝʤʝʥʠ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ. ʅʝʩʢʦʣʴʢʦ ʤʝʛʘʛʝʥʦʤʦʚ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʙʳʣʠ 

ʥʝʜʘʚʥʦ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʠ ʩʦʙʨʘʥʳ ʜʦ ʯʝʨʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ [9ï17], ʯʪʦ ʧʦʟʚʦʣʷʝʪ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʥʝʧʦʣʥʦʪʫ, ʫʞʝ ʩʝʡʯʘʩ ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʢʪʫʨʥʳʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʘʥʘʣʠʟ. ʅʝʧʦʣʥʳʡ ʛʝʥʦʤ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʮʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʛʝʥʦʤʘ. 

ʃʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ (Larix sibirica Ledeb.) ð ʣʠʩʪʦʧʘʜʥʦʝ ʭʚʦʡʥʦʝ ʜʝʨʝʚʦ, 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʭʚʦʡʥʳʭ ʣʝʩʦʚ, ʠ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 40% 

ʣʝʩʠʩʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ [18-19]. ʕʪʦʪ ʚʠʜ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʢ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʛʥʠʝʥʠʶ ʜʨʝʚʝʩʠʥ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ, ʯʪʦ ʜʝʣʘʝʪ 

ʝʛʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɻʝʥʦʤ ʣʠʩʪʚʝʥʥʠʮʳ 
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ʩʠʙʠʨʩʢʦʡ ʙʳʣ ʚʧʝʨʚʳʝ ʦʧʫʙʣʠʢʦʚʘʥ ʚ 2019 ʛʦʜʫ [12], ʘ ʝʸ ʘʥʥʦʪʘʮʠʷ ʧʦʣʫʯʝʥʘ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʟʜʝʩʴ ʠʩʩʣʝʜʦʚʘʥʠʠ [20]. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ 

ɹʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʪʝʭʥʦʣʦʛʠʷʤ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʛʝʥʦʤʳ ʜʣʷ ʦʜʠʥʥʘʜʮʘʪʠ 

ʚʠʜʦʚ ʭʚʦʡʥʳʭ ʚ ʩʝʤʝʡʩʪʚʝ Pinaceae, ʚʢʣʶʯʘʷ ʝʣʴ ʦʙʳʢʥʦʚʝʥʥʫʶ (Picea abies (L.) 

Karst.) [17], ʝʣʴ ʙʝʣʫʶ (P. glauca) [16], ʩʦʩʥʫ ʣʘʜʘʥʥʫʶ (Pinus taeda L.) [13,21,22], 

ʩʦʩʥʫ ʩʘʭʘʨʥʫʶ (Pinus lambertiana Douglas) [23], ʧʩʝʚʜʦʪʩʫʛʫ ʄʝʥʟʠʩʘ 

(Pseudotsuga menziesii (Mirb.) Franco) [14], ʧʠʭʪʫ ʙʝʣʫʶ (Abies alba Mill .) [11], 

ʣʠʩʪʚʝʥʥʠʮʫ ʩʠʙʠʨʩʢʫʶ (Larix sibirica), ʣʠʩʪʚʝʥʥʠʮʫ ʷʧʦʥʩʢʫʶ (Larix kaempferi 

(Lamb.) Carr.) [9], ʩʦʩʥʫ ʢʨʘʩʥʫʶ ʢʠʪʘʡʩʢʫʶ (Pinus tabuliformis Carr.) [10], ʝʣʴ 

ʕʥʛʝʣʴʤʘʥʘ (Picea engelmannii Parry ex Engelm.) (NCBI BioProject PRJNA504036) ʠ 

ʝʣʴ ʩʠʪʭʠʥʩʢʫʶ (Picea sitchensis (Bong.) Carr.) (NCBI BioProject PRJNA304257). 

ɺʘʞʥʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ 

ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʠʟʫʯʝʥʠʝ ʝʝ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ [24ï26] ʠ ʨʘʟʨʘʙʦʪʢʫ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ [27,28]. ʇʦʣʥʦʛʝʥʦʤʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ 

ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʝ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʝ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ ʤʘʨʢʝʨʳ (ʪ.ʥ. SSR-ʤʘʨʢʝʨʳ ʦʪ çsimple sequence repeatsè) 

L. sibirica [29,30], ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʮʝʣʝʡ, ʚʢʣʶʯʘʷ ʙʦʨʴʙʫ ʩ ʥʝʟʘʢʦʥʥʳʤʠ ʨʫʙʢʘʤʠ [31]. ʇʫʙʣʠʢʘʮʠʷ ʧʝʨʚʳʭ ʷʜʝʨʥʦʛʦ 

[12], ʭʣʦʨʦʧʣʘʩʪʥʦʛʦ [32] ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ [33] ʛʝʥʦʤʦʚ ʣʠʩʪʚʝʥʥʠʮʳ 

ʩʠʙʠʨʩʢʦʡ, ʘ ʥʝʜʘʚʥʦ ʠ ʣʠʩʪʚʝʥʥʠʮʳ ʂʝʤʧʬʝʨʘ [9] ʟʥʘʯʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʨʘʟʚʠʪʠʶ ʛʝʥʦʤʥʦʛʦ ʨʝʩʫʨʩʘ ʜʣʷ ʨʦʜʘ Larix. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʘʥʥʦʪʘʮʠʠ ʧʦʣʥʦʛʦ 

ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ Larix sibirica Ledeb., ʘ ʪʘʢʞʝ ʝʝ ʫʣʫʯʰʝʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʘʡʪʦʚ ʥʘʯʘʣʘ ʪʨʘʥʩʢʨʠʧʮʠʠ.  

ʀʩʭʦʜʷ ʠʟ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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1. ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʵʣʝʤʝʥʪʦʚ ʚ ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ; 

2. ʚʳʧʦʣʥʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʥʥʦʪʘʮʠʶ ʛʝʥʦʚ ʜʣʷ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʠ ʩʨʘʚʥʠʪʴ ʩ ʠʤʝʶʱʠʤʠʩʷ ʘʥʥʦʪʘʮʠʷʤʠ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʩʝʤʝʡʩʪʚʘ Pinaceae; 

3. ʧʨʝʜʩʢʘʟʘʪʴ de novo ʩʘʡʪʳ ʥʘʯʘʣʘ ʪʨʘʥʩʢʨʠʧʮʠʠ (transcription start sites, TSS) 

ʜʣʷ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ; 

4. ʨʘʟʨʘʙʦʪʘʪʴ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʝ SSR-ʤʘʨʢʝʨʳ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʜʨʦʙʥʘʷ ʘʥʥʦʪʘʮʠʷ ʛʝʥʦʚ ʠ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. ɼʘʥʥʘʷ ʘʥʥʦʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʫʙʣʠʯʥʦ 

ʜʦʩʪʫʧʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʨʦʜʘ Larix. ɹʳʣʘ ʧʦʣʫʯʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʚʠʜʦʩʧʝʮʠʬʠʯʥʘʷ 

ʙʠʙʣʠʦʪʝʢʘ ʧʦʚʪʦʨʦʚ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʠʩʢʘ ʤʦʙʠʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʛʝʥʦʤʘʭ ʜʨʫʛʠʭ ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʧʦʣʠʤʦʨʬʥʳʝ SSR-ʤʘʨʢʝʨʳ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, 

ʧʦʜʭʦʜʷʱʠʝ ʪʘʢʞʝ ʜʣʷ ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʠʩʪʚʝʥʥʠʮ 

ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ. ʉ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʦʞʠʜʘʥʠʷ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ, ʙʳʣʠ ʧʨʝʜʩʢʘʟʘʥʳ ʩʘʡʪʳ ʥʘʯʘʣʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʜʣʷ ʪʨʝʭ ʚʠʜʦʚ ʩʝʤʝʡʩʪʚʘ Pinaceae. ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ 

ʧʨʝʜʩʢʘʟʘʥʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʚʘʣʠʜʘʮʠʠ de novo, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʣʠʥ 5ǋ-ʥʝʪʨʘʥʩʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʧʨʦʬʠʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɼʅʂ ʜʫʧʣʝʢʩʦʚ ʠ ʧʦʟʠʮʠʦʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʘʡʪʦʚ 

ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʕʪʘ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ 

ʧʦʣʥʦʛʝʥʦʤʥʳʤ ʧʨʝʜʩʢʘʟʘʥʠʝʤ TSS ʚ ʛʝʥʦʤʘʭ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 10 ʤʣʨʜ. ʧ.ʥ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʯʝʨʥʦʚʳʝ ʩʙʦʨʢʠ ʠ 

ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʤʦʚ ʭʚʦʡʥʳʭ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʛʝʥʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʤʦʚ 

ʭʚʦʡʥʳʭ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʦʣʦʩʝʤʝʥʥʳʤʠ ʠ 
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ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤʠ ʚʠʜʘʤʠ ʥʘ ʫʨʦʚʥʝ ʛʝʥʦʤʘ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʨʘʟʣʠʯʥʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʛʝʥʦʚ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʝʛʦʨʠʷʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʠʤʦʨʬʥʳʝ SSR ʤʘʨʢʝʨʳ ʧʦʟʚʦʣʷʶʪ 

ʦʮʝʥʠʚʘʪʴ ʫʨʦʚʝʥʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦʧʫʣʷʮʠʡ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. ɼʘʥʥʳʝ ʤʘʨʢʝʨʳ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʪʘʢ ʞʝ ʣʠʩʪʚʝʥʥʠʮ ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ. ʆʥʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʦʩʥʦʚʝ 

ʜʣʠʥʥʳʭ ʪʨʠ-, ʪʝʪʨʘ- ʠ ʧʝʥʪʘʥʫʢʣʝʦʪʠʜʥʳʭ ʤʦʪʠʚʦʚ, ʠ ʧʦʵʪʦʤʫ ʤʦʛʫʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʩʪʦʛʦ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʣʘʙʦʨʘʪʦʨʠʷʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ TSS ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʤʦʪʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʠ ʧʦʥʠʤʘʥʠʷ ʨʝʛʫʣʷʮʠʠ ʛʝʥʦʚ, 

ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʛʦʣʦʩʝʤʝʥʥʳʤʠ ʠ 

ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʛʝʥʦʤʘ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʤʘ ʠ ʣʦʢʫʩʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ (QTL), 

ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʭʦʣʦʜʫ ʠ ʟʘʩʫʭʝ, ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ 

ʧʘʪʦʛʝʥʘʤ ʠ ʠʥʚʘʟʠʠ.  

ɺʩʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʚʢʣʶʯʘʷ ʬʘʡʣʳ ʘʥʥʦʪʘʮʠʠ ʠ 

ʢʦʤʧʣʝʢʩʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʧʦʚʪʦʨʦʚ, ʜʦʩʪʫʧʥʳ ʧʫʙʣʠʯʥʦ ʚ figshare 

(DOI 10.6084/m9.figshare.19785913) ʠ ʚ ʨʝʧʦʟʠʪʦʨʠʠ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʮʝʥʪʨʘ 

ʉʌʋ. ɻʝʥʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʨʝʢʠ ʩ ʛʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʧʨʝʜʩʢʘʟʘʥʠʷ 

TSS ʠ ʜʘʥʥʳʝ ʦ ʧʦʢʨʳʪʠʠ ʈʅʂ-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʥʳ ʚ ʛʝʥʦʤʥʦʤ ʙʨʘʫʟʝʨʝ 

Persephone (https://web.persephonesoft.com). 

ʇʦʣʦʞʝʥʠʷ ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʇʦʣʫʯʝʥʘ ʧʦʜʨʦʙʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ ʷʜʝʨʥʦʛʦ, 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʠ ʭʣʦʨʦʧʣʘʩʪʥʦʛʦ ʛʝʥʦʤʦʚ ʜʣʷ ʚʠʜʘ Larix sibirica. ʈʘʟʤʝʨ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ ʩʦʩʪʘʚʠʣ 11,7 ʤʣʥ.ʧ.ʥ., ʯʪʦ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʤʠʪʦʛʝʥʦʤʦʤ ʠʟ ʠʟʚʝʩʪʥʳʭ. 

https://web.persephonesoft.com/
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2. ʆʮʝʥʢʘ ʜʦʣʠ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 66%. 

ɺʝʨʦʷʪʥʳʡ ʧʝʨʠʦʜ ʤʘʩʩʠʨʦʚʘʥʥʦʛʦ ʚʩʪʨʘʠʚʘʥʠʷ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʚ ʛʝʥʦʤ 

ʣʠʩʪʚʝʥʥʠʮʳ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʧʦʨʷʜʢʘ 4ï5 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. 

3. 14 ʧʦʣʠʤʦʨʬʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, ʤʦʛʫʪ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʘʥʥʳʝ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʝʞʝʛʦʜʥʳʭ ʟʘʩʝʜʘʥʠʷʭ 

ʢʘʬʝʜʨʳ ʛʝʥʦʤʠʢʠ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʉʌʋ ʚ 2018ï20122 ʛ. ʄʘʪʝʨʠʘʣʳ 

ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 6 ʩʪʘʪʴʷʭ, ʚʢʣʶʯʘʷ 5 ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ Web of Science 

ʠ Scopus, ʘ ʪʘʢʞʝ ʚ 14 ʪʝʟʠʩʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ɼʦʢʣʘʜʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʝʞʝʛʦʜʥʳʭ ʟʘʩʝʜʘʥʠʷʭ ʢʘʬʝʜʨʳ 

ʛʝʥʦʤʠʢʠ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʀʌɹʠɹʊ ʉʌʋ ʚ 2018-2022 ʛ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʠ 

ʠʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: VII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɻʝʥʝʪʠʢʘ, ʛʝʥʦʤʠʢʘ, 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʘ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʷ ʨʘʩʪʝʥʠʡè («PlantGen2023», 10ï15 ʠʶʣʷ 2023 ʛ., 

ʂʘʟʘʥʴ), III ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʚ ʛʝʥʦʤʠʢʝè (19ï24 ʠʶʥʷ 2022 ʛ, ʅʦʚʦʩʠʙʠʨʩʢ), 6-ʘʷ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çPlant Genetics, Genomics, Bioinformatics, 

and Biotechnology («PlantGen2021», 14ï18 ʠʶʥʷ 2021 ʛ, ʅʦʚʦʩʠʙʠʨʩʢ), 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʤʝʨʠʢʘʥʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ RASA Global (2020, 

online), 12-ʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɹʠʦʠʥʬʦʨʤʘʪʠʢʘ ʨʝʛʫʣʷʮʠʠ ʠ 

ʩʪʨʫʢʪʫʨʳ ʛʝʥʦʤʘ\ʩʠʩʪʝʤʥʘʷ ʙʠʦʣʦʛʠʷ BGRSè (06-10 ʠʶʣʷ 2020 ʛ, ʅʦʚʦʩʠʙʠʨʩʢ), 

6-ʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ-ʩʦʚʝʱʘʥʠʝ çʉʦʭʨʘʥʝʥʠʝ ʣʝʩʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚè (16-20 ʩʝʥʪʷʙʨʷ 2019 ʛ, ʑʫʯʠʥʩʢ, ʂʘʟʘʭʩʪʘʥ), 11-ʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çɹʠʦʠʥʬʦʨʤʘʪʠʢʘ ʨʝʛʫʣʷʮʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʛʝʥʦʤʘ\ʩʠʩʪʝʤʥʘʷ 

ʙʠʦʣʦʛʠʷ BGRSè (2018 ʛ, ʅʦʚʦʩʠʙʠʨʩʢ). 
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largest known mitogenome / Y. A. Putintseva, E. I. Bondar, E. P. Simonov, V. V. 

Sharov, N. V. Oreshkova, D. A. Kuzmin, Y. M. Konstantinov, V.N. Shmakov, V.I. 

Belkov, M.G. Sadovsky, O. Keech, K. V. Krutovsky // BMC genomics. ï 2020. ï 

Vol. 21, Iss. 1. ï P. 1-12.  

4. Bondar, E. I. Siberian larch (Larix sibirica Ledeb.) chloroplast genome and 

development of polymorphic chloroplast markers / E. I. Bondar, Y. A. Putintseva, N. 

V. Oreshkova, K. V. Krutovsky // BMC bioinformatics. ï 2019. ï Vol. 20, Iss. 1. ï 

P. 47-52.  

5. ʆʨʝʰʢʦʚʘ, ʅ. ɺ. ʈʘʟʨʘʙʦʪʢʘ ʷʜʝʨʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ ʩ ʜʣʠʥʥʳʤʠ 

(ʪʨʝʭ-, ʯʝʪʳʨʝʭ-, ʧʷʪʠ- ʠ ʰʝʩʪʠʥʫʢʣʝʦʪʠʜʥʳʤʠ) ʤʦʪʠʚʘʤʠ ʜʣʷ ʪʨʝʭ ʚʠʜʦʚ 

ʣʠʩʪʚʝʥʥʠʮʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ de novo ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʣʠʩʪʚʝʥʥʠʮʳ 

ʩʠʙʠʨʩʢʦʡ (Larix sibirica Ledeb.) / ʅ. ɺ. ʆʨʝʰʢʦʚʘ, ɽ. ʀ. ɹʦʥʜʘʨ, ʖ. ɸ. 

ʇʫʪʠʥʮʝʚʘ, ɺ. ɺ. ʐʘʨʦʚ, ɼ. ɸ. ʂʫʟʴʤʠʥ, ʂ. ɺ. ʂʨʫʪʦʚʩʢʠʡ // ɻʝʥʝʪʠʢʘ. ï 2019. ï 

ʊ. 55, ˉ 4. ï ʉ. 418-425. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʚʪʦʨʦʤ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʣʠʯʥʦ: ʘʥʥʦʪʘʮʠʷ ʭʣʦʨʦʧʣʘʩʪʥʦʛʦ ʛʝʥʦʤʘ, 

ʧʨʦʚʝʨʢʘ ʩʙʦʨʢʠ ʠ ʘʥʘʣʠʟ ʧʦʚʪʦʨʦʚ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʛʝʥʦʤʝ, ʯʝʨʥʦʚʘʷ 

ʘʥʥʦʪʘʮʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʘʥʘʣʠʟ ʧʦʚʪʦʨʦʚ ʚ 
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ʷʜʝʨʥʦʤ ʛʝʥʦʤʝ, ʦʮʝʥʢʘ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʩʭʦʞʜʝʥʠʷ (ʜʠʚʝʨʛʝʥʮʠʠ) ʠʣʠ 

ʚʩʪʘʚʢʠ ʜʫʧʣʠʮʠʨʦʚʘʥʥʳʭ ʜʣʠʥʥʳʭ ʢʦʥʮʝʚʳʭ ʧʦʚʪʦʨʦʚ-ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ (LTR-

RT) ʚʥʫʪʨʠ ʚʠʜʘ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ ʷʜʝʨʥʦʛʦ ʛʝʥʦʤʘ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʢʘʪʝʛʦʨʠʡ ʛʝʥʥʦʡ ʦʥʪʦʣʦʛʠʠ, ʧʨʝʜʩʢʘʟʘʥʠʝ ʩʘʡʪʦʚ ʥʘʯʘʣʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʝʥʦʤʦʚ ʭʚʦʡʥʳʭ, ʧʦʜʛʦʪʦʚʢʘ 

ʜʘʥʥʳʭ ʢ ʧʫʙʣʠʢʘʮʠʠ ʠ ʥʘʧʠʩʘʥʠʝ ʨʫʢʦʧʠʩʝʡ ʩʪʘʪʝʡ. 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʣʝʩʥʦʡ ʛʝʥʦʤʠʢʠ ʉʌʋ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʌ (ʜʦʛʦʚʦʨ ˉ 14.Y26.31.0004). ʉʙʦʨʢʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥʘ 

ʩʦʪʨʫʜʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ ʣʝʩʥʦʡ ʛʝʥʦʤʠʢʠ ʉʌʋ ɹʠʨʶʢʦʚʳʤ ɺ.ɺ. 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʠ ʩʙʦʨʢʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 16-04-01400, ʚʳʜʝʣʝʥʠʝ ʠʥʪʘʢʪʥʳʭ 

ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʦʙʦʛʘʱʝʥʥʦʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʉʀʌʀɹʈ ʉʆ 

ʈɸʅ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ʨʘʩʪʝʥʠʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʂʦʥʩʪʘʥʪʠʥʦʚʘ ʖ.ʄ., ʨʘʙʦʪʳ ʧʦ ʘʥʥʦʪʘʮʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ ʚʳʧʦʣʥʝʥʳ 

ʩʦʚʤʝʩʪʥʦ ʩ ʇʫʪʠʥʮʝʚʦʡ ʖ.ɸ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʝʥʦʚ ʩ ʣʝʡʮʠʥ ʙʦʛʘʪʳʤʠ ʧʦʚʪʦʨʘʤʠ 

ʧʨʦʚʦʜʠʣʘʩʴ ʄʠʨʦʰʥʠʢʦʚʦʡ ʂ.ɸ. ʆʨʛʘʥʠʟʘʮʠʷ ʟʘʧʫʩʢʘ ʧʘʡʧʣʘʡʥʘ ʜʣʷ ʘʥʥʦʪʘʮʠʠ 

ʥʘ 448 ʷʜʝʨʥʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʉʌʋ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʉʌʋ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʂʫʟʴʤʠʥʘ ɼ.ɸ. ʠ ʌʝʨʘʥʯʫʢʘ ʀ.ʉ. ʆʙʨʘʟʮʳ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ 

ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʪʜʝʣʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʟʘʱʠʪʳ ʣʝʩʘ ʛ. 

ʂʨʘʩʥʦʷʨʩʢʘ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ, 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ ʠ 

ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ; ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (360 ʠʩʪʦʯʥʠʢʦʚ) ʠ 7 ʧʨʠʣʦʞʝʥʠʡ. 

ʆʙʱʠʡ ʦʙʲʸʤ ʩʦʩʪʘʚʣʷʝʪ 151 ʩʪʨʘʥʠʮʫ, ʩʦʜʝʨʞʠʪ 26 ʨʠʩʫʥʢʦʚ ʠ 13 ʪʘʙʣʠʮ. 
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ PhD 

ʊʘʪʘʨʠʥʦʚʦʡ ʊ.ɺ. ʠ ʨʫʢʦʚʦʜʠʪʝʣʶ ʣʘʙʦʨʘʪʦʨʠʠ ʣʝʩʥʦʡ ʛʝʥʦʤʠʢʠ ʢ.ʙ.ʥ. 

ʂʨʫʪʦʚʩʢʦʤʫ ʂ.ɺ. ʟʘ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ.  

ʆʪʜʝʣʴʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʟʘʚʝʜʫʶʱʝʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʛʝʥʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ ʢ.ʙ.ʥ. ʆʨʝʰʢʦʚʦʡ 

ʅ.ɺ. ʟʘ ʧʦʤʦʱʴ ʚ ʪʝʩʪʠʨʦʚʘʥʠʠ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ ʠ ʦʙʨʘʙʦʪʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ, ʟʘʚʝʜʫʶʱʝʤʫ ʢʘʬʝʜʨʦʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʢ.ʪ.ʥ. ʂʫʟʴʤʠʥʫ ɼ.ɸ., ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ 

ʐʘʨʦʚʫ ɺ.ɺ, ʠ ʢ.ʬ.-ʤ.ʥ. ʌʝʨʘʥʯʫʢʫ ʀ.ʉ. ʟʘ ʧʦʤʦʱʴ ʚ ʚʳʯʠʩʣʝʥʠʷʭ ʠ ʦʙʨʘʙʦʪʢʝ 

ʜʘʥʥʳʭ; ʇʫʪʠʥʮʝʚʦʡ ʖ.ɸ. ʟʘ ʧʦʤʦʱʴ ʚ ʩʙʦʨʢʝ ʠ ʘʥʥʦʪʘʮʠʠ ʭʣʦʨʦʧʣʘʩʪʥʦʛʦ 

ʛʝʥʦʤʘ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʩʦʪʨʫʜʥʠʢʘʤ ʦʪʜʝʣʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʟʘʱʠʪʳ ʣʝʩʘ ʛ. ʂʨʘʩʥʦʷʨʩʢʘ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ 

ʦʙʨʘʟʮʳ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʟʘʚʝʜʫʶʱʝʡ ʢʘʬʝʜʨʦʡ ʛʝʥʦʤʠʢʠ ʠ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʢ.ʙ.ʥ. ʗʤʩʢʠʭ ʀ.ɽ. ʠ ʚʝʜʫʱʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʀɺʄ ʉʆ 

ʈɸʅ ʜ.ʬ.-ʤ.ʥ. ʉʘʜʦʚʩʢʦʤʫ ʄ.ɻ. ʟʘ ʮʝʥʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ, ʘ ʪʘʢʞʝ ʩʪʘʨʰʝʤʫ 

ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʢ.ʙ.ʥ. ʂʣʝʧʠʢʦʚʦʡ ɸ.ɺ., ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʀʎʠɻ ʉʆ ʈɸʅ 

ʢ.ʙ.ʥ. ɼʦʨʦʰʢʦʚʫ ɸ.ɺ. ʠ ʟʘʚʝʜʫʶʱʝʤʫ ʣʘʙʦʨʘʪʦʨʠʝʡ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʛʝʥʝʪʠʢʠ 

ʀʆɻʝʥ ʈɸʅ ʜ.ʙ.ʥ. ʇʦʣʠʪʦʚʫ ɼ.ɺ. ʟʘ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ.  

ʊʘʢʞʝ ʘʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʄʠʨʦʰʥʠʢʦʚʦʡ ʂ.ɸ., ɹʠʨʶʢʦʚʫ ɺ.ɺ., ɸʢʫʣʦʚʦʡ 

ɺ.ʉ., ʅʦʚʠʢʦʚʦʡ ʉ.ɺ. ʠ ʊʘʨʘʥʝʥʢʦ ɽ.ɸ. ʟʘ ʧʦʥʠʤʘʥʠʝ ʠ ʧʦʜʜʝʨʞʢʫ ʚ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʙʘʟʝ ʢʘʬʝʜʨʳ ʛʝʥʦʤʠʢʠ ʠ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʣʝʩʥʦʡ ʛʝʥʦʤʠʢʠ ʉʌʋ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

çɻʝʥʦʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʙʦʨʝʘʣʴʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʠ 

ʠʭ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʧʘʪʦʛʝʥʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè, ʬʠʥʘʥʩʠʨʫʝʤʦʛʦ 

ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʌ (ʜʦʛʦʚʦʨ ˉ14.Y26.31.0004, ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ʧʨʦʬ. ʂ. ɺ. 

ʂʨʫʪʦʚʩʢʠʡ), ʘ ʪʘʢ ʞʝ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 16-04-01400 ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʧʨʦʬ. ʂ. ɺ. ʂʨʫʪʦʚʩʢʦʛʦ.  
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ɸʥʥʦʪʠʨʦʚʘʥʠʝ ʛʝʥʦʤʘ ð ʵʪʦ ʧʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ. ɸʥʥʦʪʘʮʠʷ ʧʨʠʜʘʝʪ ʩʤʳʩʣ ʛʝʥʦʤʫ, ʫʢʘʟʳʚʘʷ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʬʫʥʢʮʠʶ ʛʝʥʦʚ (ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʦʢ ʠʣʠ ʚʳʧʦʣʥʷʶʱʠʭ ʠʥʳʝ 

ʬʫʥʢʮʠʠ), ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʙʣʘʩʪʝʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʠ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʘʣʠʯʠʝ ʠʟʚʝʩʪʥʦʛʦ ʥʘʙʦʨʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʛʝʥʦʤʘ 

ʦʙʣʝʛʯʘʝʪ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ, ʪʘʢʦʡ ʢʘʢ ʧʦʠʩʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ ʛʝʥʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʣʦʢʫʩʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʦʠʩʢ 

ʘʩʩʦʮʠʘʮʠʠ ʤʝʞʜʫ ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʤʠ ʧʦʣʠʤʦʨʬʠʟʤʘʤʠ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴʶ 

ʦʪʜʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ [34]. 

1.1 ʆʙʟʦʨ ʧʫʙʣʠʯʥʦ ʜʦʩʪʫʧʥʳʭ ʛʝʥʦʤʦʚ ʠ ʘʥʥʦʪʘʮʠʡ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʢʣʘʜʳ ʚʳʩʰʠʭ (ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʠʣʠ ʟʝʣʝʥʳʭ) ʨʘʩʪʝʥʠʡ 

(Viridiplantae) ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʛʣʦʙʘʣʴʥʳʭ ʵʢʦʩʠʩʪʝʤ, 

ʚʥʦʩʷ ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʤʝʜʠʮʠʥʫ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ [35]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʯʠʩʣʝʥʥʦʩʪʴ ʚʠʜʦʚ ʚ ʵʪʦʡ 

ʛʨʫʧʧʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ ʧʦʣʤʠʣʣʠʦʥʘ [1,3]. ʇʦʩʢʦʣʴʢʫ ʧʨʦʙʣʝʤʳ ʨʘʟʨʫʰʝʥʠʷ 

ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʧʦʪʝʨʠ ʚʠʜʦʚ, ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʙʱʝʩʪʚ ʩʪʦʷʪ ʢʘʢ ʥʠʢʦʛʜʘ ʦʩʪʨʦ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʠ 

ʩʚʦʡʩʪʚʘʭ ʛʝʥʦʤʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ ʠʤʝʝʪ ʢʨʘʡʥʝ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ ʪʝʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ ʩʝʛʦʜʥʷ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʯʝʣʦʚʝʯʝʩʪʚʦ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʥʘʰʠ ʪʝʢʫʱʠʝ ʟʥʘʥʠʷ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʩʪʨʫʢʪʫʨʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʝʥʦʤʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʩʪʘʶʪ ʦʪ ʪʘʢʦʚʳʭ ʚ ʦʙʣʘʩʪʠ, ʥʘʧʨʠʤʝʨ, ʛʝʥʦʤʠʢʠ ʧʦʟʚʦʥʦʯʥʳʭ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʩʝʡʯʘʩ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʪʝʩʪʠʨʫʝʪʩʷ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʨʦʪʦʢʦʣʦʚ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ [1]. 

ɻʝʥʦʤʳ ʤʥʦʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʮʘʨʩʪʚʘ ʞʠʚʦʪʥʳʭ ʦʙʳʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʤʧʘʢʪʥʳ, ʥʦ ʠʭ ʨʘʟʤʝʨʳ ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʶʪ ʦʪ 19,6 ʤʣʥ. ʧ.ʥ. ʫ ʥʝʤʘʪʦʜʳ 

(Pratylenchus coffeae Goodey) ʜʦ 132,83 ʤʣʨʜ. ʧ.ʥ. ʫ ʜʚʦʷʢʦʜʳʰʘʱʝʡ ʨʳʙʳ 
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ʤʨʘʤʦʨʥʦʛʦ ʧʨʦʪʦʧʪʝʨʘ (Protopterus aethiopicus Heckel) [36,37]. ʉʭʦʞʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʷ ʥʘʟʝʤʥʳʭ ʨʘʩʪʝʥʠʡ ʨʘʟʤʝʨʳ ʛʝʥʦʤʘ ʚʘʨʴʠʨʫʶʪ ʦʪ Ḑ60ï64 ʤʣʥ. ʧ.ʥ. ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʦʜʘ Genlisea [38] ʜʦ 148,9 ʤʣʨʜ. ʧ.ʥ. ʫ ʧʘʨʠʩʘ ʷʧʦʥʩʢʦʛʦ (Paris 

japonica (Thunb.) D.Don ex G.Don) [39], ʦʙʣʘʜʘʪʝʣʷ ʩʘʤʦʛʦ ʙʦʣʴʰʦʛʦ ʠʟ ʠʟʚʝʩʪʥʳʭ 

ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʛʝʥʦʤʦʚ. ɿʘ ʪʘʢʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʨʘʟʤʝʨʘ ʛʝʥʦʤʘ ʫ ʨʘʩʪʝʥʠʡ ʯʘʱʝ 

ʚʩʝʛʦ ʦʪʚʝʪʩʪʚʝʥʥʳ ʜʚʘ ʤʝʭʘʥʠʟʤʘ: ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʵʧʠʟʦʜʳ ʧʦʣʥʦʛʝʥʦʤʥʦʡ 

ʜʫʧʣʠʢʘʮʠʠ (whole genome duplication ð WGD ʠʣʠ ʧʦʣʠʧʣʦʠʜʠʷ), 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʫ ʨʘʩʪʝʥʠʡ, ʠ ʜʠʥʘʤʠʢʘ ʚʩʪʨʘʠʚʘʥʠʷ-ʵʣʠʤʠʥʘʮʠʠ ʤʦʙʠʣʴʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ð ʪʨʘʥʩʧʦʟʦʥʦʚ ʠ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ (ʈʠʩʫʥʦʢ 1ɹ). 

ʂʦʣʠʯʝʩʪʚʦ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʝʥʦʤʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʙʠʣʴʥʦ ʠ ʧʦ ʥʝʢʦʪʦʨʳʤ ʦʮʝʥʢʘʤ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40 000 [40], ʦʜʥʘʢʦ ʪʘʢʞʝ 

ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 27 655 ʫ ʤʦʜʝʣʴʥʦʛʦ Arabidopsis thaliana (L.) Heynh. [41], ʜʦ 

50 894 ʫ ʪʝʪʨʘʧʣʦʠʜʥʦʡ ʣʶʮʝʨʥʳ (Medicago trunculata Gaertn.) [42], 74 350 ʫ 

ʪʝʪʨʘʧʣʦʠʜʥʦʛʦ ʭʣʦʧʯʘʪʥʠʢʘ (Gossypium hirsutum L.) [43] ʠ 80 495 ʫ ʢʠʪʘʡʩʢʦʡ 

ʢʨʘʩʥʦʡ ʩʦʩʥʳ (P. tabuliformis) [10] (ʈʠʩʫʥʦʢ 1ɸ). ʊʘʢʞʝ ʜʣʷ ʯʝʨʥʦʚʳʭ ʩʙʦʨʦʢ 

ʥʝʩʢʦʣʴʢʠʭ ʭʚʦʡʥʳʭ ʚʠʜʦʚ ʯʠʩʣʦ ʛʝʥʦʚ ʦʮʝʥʝʥʦ ʚ 94 205 ʜʣʷ A. alba [11], 102 915 

ʜʣʷ P. glauca [16] ʠ 118 906 ʜʣʷ Sequoia sempervirens (D.Don) Endl. [44]. 

ɼʣʷ ʙʦʣʝʝ ʯʝʤ 70% ʚʩʝʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʥʝ ʙʳʣʦ ʩʝʢʚʝʥʠʨʦʚʘʥʦ ʥʠ ʦʜʥʦʛʦ 

ʫʯʘʩʪʢʘ ɼʅʂ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʧʦʣʥʦʤ ʛʝʥʦʤʝ [1]. ʀʟ 1310 ʛʝʥʦʤʦʚ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ NCBI ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʩʝʥʪʷʙʨʴ 2023 ʛ., 1256 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤ, 24 ð ʢ ʛʦʣʦʩʝʤʝʥʥʳʤ (11 Pinacea, 7 Cupressaceae, 

2 Taxaceae, Cycas, Ginkgo, Gnetum, Welwitschia), 20 ð ʢ ʤʭʘʤ, 4 ð ʢ ʧʘʧʦʨʦʪʥʠʢʘʤ 

ʠ 4 ð ʢ ʧʣʘʫʥʘʤ [2]. ʊʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʩʪʫʧʥʳʭ ʛʝʥʦʤʦʚ ʜʦʚʦʣʴʥʦ 

ʘʩʠʤʤʝʪʨʠʯʥʦ ʠ, ʧʦ ʧʦʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ, ʩʤʝʱʝʥʦ ʚ ʩʪʦʨʦʥʫ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʘʤʳʤʠ ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 

ʩʝʤʝʡʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ Poaceae (114 ʚʠʜʦʚ), Brassicaceae (105 ʚʠʜ), Fabaceae (87 

ʚʠʜ) ʠ Solanaceae (77 ʚʠʜʦʚ). ʅʘʣʠʯʠʝ ʟʥʘʯʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʥʦʤʝ ʜʣʷ 1416 

ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ð ɻ ʪʦ ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʠʟ ʙʦʣʝʝ ʯʝʤ 412 000 ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʠʜʦʚ 

ʚʳʩʰʠʭ (ʟʝʣʝʥʳʭ) ʨʘʩʪʝʥʠʡ [3]. ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʘʨʭʠʚ NCBI ʩʦʜʝʨʞʠʪ ʧʦʨʷʜʢʘ 

247 376 ʚʠʜʦʚ ʚʳʩʰʠʭ (ʟʝʣʝʥʳʭ) ʨʘʩʪʝʥʠʡ (ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʩʝʥʪʷʙʨʴ 2023 ʛ.) [45], 
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ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. ɼʣʷ ʤʥʦʛʠʭ ʠʟ ʵʪʠʭ ʚʠʜʦʚ ʙʳʣʦ ʩʝʢʚʝʥʠʨʦʚʘʥʦ ʣʠʰʴ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʠʩʪʠʥʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʚʠʜʦʚ ʚʥʫʪʨʠ 

ʥʝʢʦʪʦʨʳʭ ʠʟ ʵʪʠʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʦʡ 

[1]. 

 

ʈʠʩʫʥʦʢ 1. ɻʝʥʦʤʳ ʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʠ ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʢ 2023 ʛʦʜʫ: ɸ ð 

ʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʛʝʥʦʤʘ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʛʝʥʦʚ; ɹ ð ʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʛʝʥʦʤʘ ʢ ʜʦʣʝ 

ʧʦʚʪʦʨʦʚ 

ɻʦʣʦʩʝʤʝʥʥʳʝ ʚʦʟʥʠʢʣʠ ʧʨʠʤʝʨʥʦ 360 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ, ʢʦʛʜʘ ʦʥʠ ʩʦʩʪʘʚʣʷʣʠ 

ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʯʘʩʪʴ ʥʘʟʝʤʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ɿʝʤʣʝ [7,46]. ʅʳʥʝ ʞʠʚʫʱʠʝ 

ʛʦʣʦʩʝʤʝʥʥʳʝ ʨʘʩʪʝʥʠʷ ʥʘʩʯʠʪʳʚʘʶʪ ʦʢʦʣʦ 1 000 ʚʠʜʦʚ [7], ʧʨʠʯʝʤ ʭʚʦʡʥʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʘʤʫʶ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʫʶ ʛʨʫʧʧʫ. ʗʚʣʷʷʩʴ 

ʦʜʥʠʤʠ ʠʟ ʜʨʝʚʥʝʡʰʠʭ ʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʚʷʟʫʶʱʝʝ 

ʟʚʝʥʦ ʤʝʞʜʫ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤʠ ʠ ʧʘʧʦʨʦʪʥʠʢʦʚʳʤʠ. ɹʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦ 
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ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʙʳʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʳ 

ʛʝʥʦʤʳ ʜʣʷ 24 ʚʠʜʦʚ ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʚʢʣʶʯʘʷ 11 ʚʠʜʦʚ ʚ ʩʝʤʝʡʩʪʚʝ 

Pinaceae, 7 ʚʠʜʦʚ ʚ ʩʝʤʝʡʩʪʚʝ Cupressaceae, 2 ʚʠʜʘ ʚ ʩʝʤʝʡʩʪʚʝ Taxaceae, ʘ ʪʘʢʞʝ 

ʛʝʥʦʤʳ Cycas panzhihuaensis L. Zhou & S. Y. Yang, Gnetum montanum Markgr., 

Welwitschia mirabilis Hook.f. ʠ Ginkgo biloba L. (ʊʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. ʉʪʘʪʠʩʪʠʢʘ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʛʝʥʦʤʦʚ ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ 

ʉʝʤʝʡʩʪʚʦ ɺʠʜ 

ʈʘʟʤʝʨ 

ʩʙʦʨʢʠ, 

ʤʣʨʜ. ʧ.ʥ. 

ʏʠʩʣʦ 

ʛʝʥʦʚ 

ʇʦʚʪʦʨʳ, 

% 
ʀʩʪʦʯʥʠʢ 

Welwitschiaceae Welwitschia mirabilis 6,8 26 990 87 Wan et al. (2021) 

Gnetaceae Gnetum montanum 4,1 27 491 86 Wan et al. (2018) 

Cycadaceae Cycas panzhihuaensis 10,5 32 353 76 Liu et al. (2022) 

Ginkgoaceae Ginkgo biloba 10,6 41 840 77 Guan et al. (2016) 

Cupressaceae 

Thuja plicata 9,1 39 659 ï DOE-JGI, Project ID: 1191975  

Sequoiadendron 

giganteum 
8,1 41 632 73 Scott et al. (2020) 

Sequoia sempervirens 26,5 118 906 70 Neale et al. (2022) 

Chamaecyparis obtusa 8,5 5 814 ï 

Shirasawaa et al. (2023) 
Cryptomeria japonica 9,2 34 468 ï 

Cunninghamia 

lanceolata 
11,7 53 750 ï 

Cupressus 

sempervirens 
10,0 ï ï 

NCBI PRJNA833966, WGS 

project JAPHAW01 

Taxaceae 
Taxus chinensis 10,2 42 746 76 Xiong et al. (2021) 

Taxus wallichiana 10,9 44 008 85 Cheng et al. (2021) 

Pinaceae 

Abies alba 18,2 94 205 78 Mosca et al. (2019) 

Larix kaempferi 10,9 45 828 67 Sun et al. (2022) 

Larix sibirica 12,3 39 370 66 Kuzmin et al. (2019) 

Picea abies 12,3 70 968 70 Nystedt et al. (2013) 

Picea glauca 
25,3 102 915 ï 

Birol et al. (2013);  

Warren et al. (2015) 

Picea engelmannii 24,9 ï ï NCBI PRJNA504036 

Picea sitchensis 20,5 ï ï NCBI PRJNA304257 

Pinus lambertiana 27,6 85 053 79 Gonzalez-Ibeas et al. (2016) 

Pinus tabuliformis 25,4 80 495 69 Niu S. et al. (2022) 

Pinus taeda 
22,1 50 172 82 

Neale et al. (2014);  

Zimin et al. (2017) 

Pseudotsuga menziesii 15,7 54 830 72 Neale et al. (2017) 

ɻʝʥʦʤʳ ʭʚʦʡʥʳʭ ʛʦʣʦʩʝʤʝʥʥʳʭ ʠʤʝʶʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʪʣʠʯʘʶʱʠʭ ʠʭ ʦʪ 

ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ, ʩʘʤʘʷ ʧʨʠʤʝʯʘʪʝʣʴʥʘʷ ʠʟ ʥʠʭ ð ʦʛʨʦʤʥʳʡ ʨʘʟʤʝʨ, ʥʝ 

ʷʚʣʷʶʱʠʡʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʣʠʧʣʦʠʜʠʟʘʮʠʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝʜʘʚʥʝʡ. ʆʥ 

ʚʘʨʴʠʨʫʝʪ ʩʨʝʜʠ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʚʠʜʦʚ ʦʪ 4 ʤʣʨʜ. ʧ.ʥ. ʫ G. montanum [47] ʜʦ 31 

ʤʣʨʜ. ʧ.ʥ. ʫ ʩʘʭʘʨʥʦʡ ʩʦʩʥʳ P. lambertiana [15,23], ʯʪʦ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʧʠʯʥʳʤʠ ʜʠʧʣʦʠʜʥʳʤʠ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ, 

135 ʤʣʥ. ʧ.ʥ. ʫ ʜʚʫʜʦʣʴʥʦʛʦ A. thaliana [48] ʠʣʠ 3,1 ʤʣʨʜ. ʧ.ʥ. ʫ ʜʚʫʜʦʣʴʥʦʛʦ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ (Helianthus annuus L.) [49], ʥʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʧʦʣʠʧʣʦʠʜʥʳʤʠ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤʠ, ʥʘʧʨʠʤʝʨ, 14,5 ʤʣʨʜ. ʧ.ʥ. ʫ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ 

(Triticum aestivum L.) [50] ʠʣʠ 150 ʤʣʨʜ. ʧ.ʥ. ʫ ʇʘʨʠʩʘ ʷʧʦʥʩʢʦʛʦ (P. japonica) [39]. 

ʋ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʭʚʦʡʥʳʭ ʪʘʢʞʝ, ʚʝʨʦʷʪʥʦ, ʨʘʟʣʠʯʘʝʪʩʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ, ʪʘʢ 

ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚʘʨʴʠʨʫʝʪ ʦʪ 26 990 ʫ W. mirabilis 

[51] ʠ 32 353 ʫ ʩʘʛʦʚʥʠʢʘ ʧʘʥʴʯʞʠʭʫʘʥʩʢʦʛʦ (C. panzhihuaensis) [52] ʜʦ 102 915 ʫ 

ʝʣʠ ʙʝʣʦʡ (P. glauca) [16] ʠ 118 906 ʫ ʩʝʢʚʦʡʠ ʚʝʯʥʦʟʝʣʸʥʦʡ (S. sempervirens) [44]. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʨʘʟʤʝʨʝ ʛʝʥʦʤʘ ʭʚʦʡʥʳʭ ʥʝ ʩʚʷʟʘʥʘ ʩ ʥʝʜʘʚʥʝʡ 

ʧʦʣʠʧʣʦʠʜʠʟʘʮʠʝʡ ʠʣʠ ʜʫʧʣʠʢʘʮʠʝʡ ʚʩʝʛʦ ʛʝʥʦʤʘ [53], ʦʜʥʘʢʦ ʯʠʩʣʦ ʢʦʧʠʡ ʛʝʥʦʚ 

ʫ ʛʦʣʦʩʝʤʝʥʥʳʭ ʚʳʰʝ, ʯʝʤ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʚʠʜʦʚ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ ʜʫʧʣʠʢʘʮʠʝʡ (çʢʦʧʠʨʦʚʘʥʠʝè ʛʝʥʘ ʠʟ ʠʩʭʦʜʥʦʛʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʥʦʚʦʝ, çʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʝè) ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʡ ʜʫʧʣʠʢʘʮʠʝʡ 

ʛʝʥʦʚ (ʩʦʟʜʘʥʠʝ ʜʚʫʭ ʢʦʧʠʡ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʥʠ ʩʦʩʝʜʥʠʤʠ, ʥʠ 

ʢʦʣʣʠʥʝʘʨʥʳʤʠ; ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʤʝʭʘʥʠʟʤ ʠʭ 

ʧʦʷʚʣʝʥʠʷ ʥʝʷʩʝʥ) [4]. ɽʱʝ ʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʛʝʥʦʤʦʚ ʭʚʦʡʥʳʭ ʷʚʣʷʝʪʩʷ 

ʙʦʣʴʰʘʷ ʜʦʣʷ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ɼʅʂ, ʩʦʩʪʘʚʣʷʶʱʘʷ, ʧʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ, 70ï82% ʦʪ 

ʨʘʟʤʝʨʘ ʛʝʥʦʤʘ [14,21,54,55]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ ʚʩʪʘʚʢʠ ʠ ʵʢʩʪʝʥʩʠʚʥʘʷ 

ʧʨʦʣʠʬʝʨʘʮʠʷ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʚ ʦʩʥʦʚʥʦʤ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʛʝʥʦʤʘ ʭʚʦʡʥʳʭ [5]. 

ʄʥʦʛʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʛʝʥʦʤʳ ʨʘʩʪʝʥʠʡ, ʭʦʪʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʝ ʥʘ ʫʨʦʚʥʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʤʝʶʪ ʦʯʝʥʴ ʬʨʘʛʤʝʥʪʘʨʥʳʝ ʩʙʦʨʢʠ. ʀʟ-ʟʘ ʦʙʠʣʠʷ 

ʧʩʝʚʜʦʛʝʥʦʚ, ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ ʠ ʧʨʦʣʠʬʝʨʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ 

ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʨʨʝʢʪʥʘʷ ʩʙʦʨʢʘ ʠ ʘʥʥʦʪʘʮʠʷ ʤʥʦʛʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʛʝʥʦʤʦʚ ʩʠʣʴʥʦ ʦʩʣʦʞʥʝʥʘ [6]. ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʤʝʨʦʤ ʛʝʥʦʤʘ 

ʨʘʩʪʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʧʣʦʠʜʥʦʩʪʠ [56], ʚʘʨʠʘʮʠʠ ʚ ʜʠʥʘʤʠʢʝ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʣʠʬʝʨʘʮʠʠ-ʵʣʠʤʠʥʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤ ʙʦʣʴʰʠʤ 

ʠʩʪʦʯʥʠʢʦʤ ʚʘʨʠʘʮʠʡ ʨʘʟʤʝʨʘ ʛʝʥʦʤʘ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʘʤʥʦʛʦ ʙʦʣʝʝ 
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ʩʣʦʞʥʳʤʠ, ʯʝʤ ʛʝʥʦʤʳ ʧʦʟʚʦʥʦʯʥʳʭ [1]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʦʜʥʘʢʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʠ 

ʧʦʣʥʦʪʘ ʩʙʦʨʦʢ ʥʘʯʠʥʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʪʴʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʘ ʩʯʸʪ 

ʙʦʣʴʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʠʥʥʳʭ ʧʨʦʯʪʝʥʠʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʦʚʳʤʠ ʤʝʪʦʜʘʤʠ 3D 

ʛʝʥʦʤʠʢʠ.  

1.2 ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʜʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ  

ʃʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ʙʳʣʘ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʘ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʚʠʜ ʚ 

1832 ʛ. ʂʘʨʣʦʤ ʌʨʠʜʨʠʭʦʤ ʃʝʜʝʙʫʨʦʤ (Carl Friedrich von Ledebour) ʚ ʝʛʦ çFlora 

altaicaè ʚ ʭʦʜʝ ʧʝʨʚʦʡ ʙʦʪʘʥʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ, ʦʙʩʣʝʜʦʚʘʚʰʝʡ ʚʝʩʴ ɸʣʪʘʡ. ɼʦ 

ʵʪʦʛʦ ʇʝʪʨʦʤ ʇʘʣʣʘʩʦʤ ʦʥʘ ʦʪʥʦʩʠʣʘʩʴ ʢ Pinus larix Pall., ʪ.ʝ. ʢ ʪʦʤʫ ʞʝ ʚʠʜʫ, ʢ 

ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʘʣʘ ʣʠʩʪʚʝʥʥʠʮʘ, ʨʘʩʪʫʱʘʷ ʚ ɽʚʨʦʧʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʜ ʠʤʝʥʝʤ Larix sibirica ʧʦʥʠʤʘʶʪ ʣʠʩʪʚʝʥʥʠʮʫ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʫʶ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ, ʥʘ ʋʨʘʣʝ, ʚ 

ɿʘʧʘʜʥʦʡ ʠ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ʥʘ ɸʣʪʘʝ, ʚ ʉʘʷʥʘʭ ʠ ʄʦʥʛʦʣʠʠ [57]. 

ʃʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ʵʪʦ ʚʳʩʦʢʦʝ, ʜʦ 35ï40 ʤ, ʜʝʨʝʚʦ, ʩ ʛʣʫʙʦʢʦ ʠʜʫʱʠʤ 

ʩʪʝʨʞʥʝʚʳʤ ʢʦʨʥʝʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʚʝʪʨʦʫʩʪʦʡʯʠʚʦʡ, ʩ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʤʠ 

ʙʦʢʦʚʳʤʠ ʢʦʨʥʷʤʠ. ʂʨʦʥʘ ʫ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʦʙʳʯʥʦ ʷʡʮʝʚʠʜʥʦ-

ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʂʦʨʘ ʫ ʚʟʨʦʩʣʳʭ ʜʝʨʝʚʴʝʚ ʪʦʣʩʪʘʷ, ʛʣʫʙʦʢʦ-ʙʦʨʦʟʜʯʘʪʘʷ, 

ʩʝʨʦʚʘʪʦ-ʙʫʨʘʷ, ʦʪʜʝʣʷʶʱʘʷʩʷ ʢʨʫʧʥʳʤʠ ʢʫʩʢʘʤʠ. ʍʚʦʷ ʤʷʛʢʘʷ, ʫʟʢʦʣʠʥʝʡʥʘʷ, 

ʷʨʢʦ-ʟʝʣʸʥʘʷ ʩ ʩʠʟʦʚʘʪʳʤ ʥʘʣʸʪʦʤ, ʦʜʠʥʦʯʥʘʷ ʥʘ ʫʜʣʠʥʝʥʥʳʭ ʧʦʙʝʛʘʭ ʠ ʩʠʜʷʱʘʷ 

ʧʫʯʢʘʤʠ ʥʘ ʫʢʦʨʦʯʝʥʥʳʭ, ʧʨʷʤʘʷ ʠʣʠ ʩʣʝʛʢʘ ʩʝʨʧʦʚʠʜʥʦ-ʠʟʦʛʥʫʪʘʷ. ʅʘ 

ʫʢʦʨʦʯʝʥʥʳʭ ʧʦʙʝʛʘʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʫʞʩʢʠʝ ʤʠʢʨʦʩʪʨʦʙʠʣʳ ʠ ʞʝʥʩʢʠʝ ʰʠʰʢʠ. 

ɾʝʥʩʢʠʝ ʰʠʰʢʠ 2,5ï4 ʩʤ ʜʣʠʥʦʡ, ʷʡʮʝʚʠʜʥʳʝ, ʩ ʣʦʞʢʦʦʙʨʘʟʥʳʤʠ ʦʧʫʰʸʥʥʳʤʠ 

ʩʝʤʝʥʥʳʤʠ ʯʝʰʫʷʤʠ (ʈʠʩʫʥʦʢ 2). ʆʧʳʣʝʥʠʝ ʫ L. sibirica ʥʘʯʠʥʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩ ʨʘʟʚʝʨʪʳʚʘʥʠʝʤ ʣʠʩʪʴʝʚ ʚ ʢʦʥʮʝ ʘʧʨʝʣʷ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʩʝʨʝʜʠʥʳ ʤʘʷ. ʉʝʤʝʥʘ 

ʫ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 6 ʤʤ ʚ ʜʣʠʥʫ, ʢʨʳʣʘʪʳʝ (ʢʨʳʣʦ 8ï17 

ʤʤ), ʩ ʪʚʝʨʜʦʡ ʦʙʦʣʦʯʢʦʡ, ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ɺ ʧʦʧʫʣʷʮʠʷʭ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʶʞʥʝʝ, ʚʨʝʤʷ ʨʘʩʩʝʠʚʘʥʠʷ ʩʝʤʷʥ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʩʝʥʴ; ʚ 

ʨʘʩʪʫʱʠʭ ʚ ʩʨʝʜʥʝʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʘʨʝʘʣʘ ð ʥʘ ʬʝʚʨʘʣʴïʤʘʨʪ. ʇʨʠ ʚʳʩʦʢʦʡ 

ʚʣʘʞʥʦʩʪʠ ʰʠʰʢʠ ʨʘʩʢʨʳʚʘʶʪʩʷ ʧʦʟʞʝ, ʚʧʣʦʪʴ ʜʦ ʣʝʪʘ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ. ʇʦʩʣʝ 
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ʚʳʧʘʜʝʥʠʷ ʩʝʤʷʥ ʰʠʰʢʠ ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʜʝʨʝʚʝ ʜʦ ʪʨʸʭ ʣʝʪ. ɾʠʚʝʪ 

ʣʠʩʪʚʝʥʥʠʮʘ ʦʢʦʣʦ 300ï450 ʣʝʪ, ʧʨʝʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʩʦʩʪʘʚʣʷʝʪ 900 ʣʝʪ [57]. 

 

ʈʠʩʫʥʦʢ 2. Larix sibirica [58]. 1 ð ʦʙʱʠʡ ʚʠʜ ʜʝʨʝʚʘ (ʦʩʝʥʷʷ ʦʢʨʘʩʢʘ); 2 ð ʨʦʩʪʦʚʦʡ 

ʧʦʙʝʛ; 3 ð ʚʝʪʚʴ ʩ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʪʨʦʙʠʣʘʤʠ; 4 ð ʚʝʪʚʴ ʩ ʤʠʢʨʦʩʪʨʦʙʠʣʘʤʠ; 5 ð 

ʩʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʰʠʰʢʘ; 6 ð ʟʨʝʣʘʷ ʰʠʰʢʘ; 7 ð ʩʝʤʷ ʩ ʢʨʳʣʦʤ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʩʚʦʝʛʦ ʦʙʰʠʨʥʦʛʦ ʘʨʝʘʣʘ ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ʜʘʣʝʢʦ 

ʥʝʦʜʥʦʨʦʜʥʘ, ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʨʠʟʥʘʢʦʚ. ɺʥʫʪʨʠ ʚʠʜʘ ʥʝʨʝʜʢʦ 

ʚʳʜʝʣʷʶʪ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʝʩʢʦʣʴʢʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʩ ʠʣʠ ʵʢʦʪʠʧʦʚ. ɸʨʝʘʣ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʩʝʚʝʨʘ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʚ 

ʉʠʙʠʨʠ. ʅʘ ʶʛʝ ʦʥʘ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʨʘʣʘ, ɸʣʪʘʷ ʠ ʉʘʷʥ, ʘ ʥʘ ʟʘʧʘʜʝ 

ʛʨʘʥʠʯʠʪ ʩ ʘʨʝʘʣʦʤ ʣʠʩʪʚʝʥʥʠʮʳ ʉʫʢʘʯʝʚʘ [59]. ɺ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʚʳʩʦʪʥʦʩʪʴ ʤʝʩʪ 

ʝʝ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 2100ï2500 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ [19]. 

ʃʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ʷʚʣʷʝʪʩʷ ʛʦʩʧʦʜʩʪʚʫʶʱʠʤ ʚʠʜʦʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʛʦ-
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ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ɸʣʪʘʷ, ʚ ʝʛʦ ʟʘʩʫʰʣʠʚʳʭ ʛʦʨʥʳʭ ʩʪʝʧʥʳʭ ʠ ʧʦʣʫʧʫʩʪʳʥʥʳʭ 

ʨʘʡʦʥʘʭ ʧʦʨʦʡ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʜʨʝʚʝʩʥʦʡ ʧʦʨʦʜʦʡ [60]. 

ʃʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ʠʤʝʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ 

ʘʜʘʧʪʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʝʡ ʚʳʞʠʚʘʪʴ ʚ ʩʫʨʦʚʳʭ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʩʝʚʝʨʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʧʦʩʦʙʥʦʩʪʴ ʩʙʨʘʩʳʚʘʪʴ ʭʚʦʶ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ (çʣʠʩʪʦʧʘʜʥʦʩʪʴè), ʯʪʦ ʩʨʝʜʠ 

ʩʝʤʝʡʩʪʚʘ ʩʦʩʥʦʚʳʭ Pinaceae ʭʘʨʘʢʪʝʨʥʦ ʪʦʣʴʢʦ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮ [61]. ʇʨʠ 

ʜʦʩʪʘʪʦʯʥʦʤ ʦʩʚʝʱʝʥʠʠ ʝʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʪʝʨʤʦʨʝʛʫʣʷʮʠʶ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʯʥʦʡ 

ʪʨʘʥʩʧʠʨʘʮʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʠ 

ʧʨʠʜʘʪʦʯʥʳʭ ʢʦʨʥʝʡ ð ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʧʨʦʠʟʨʘʩʪʘʥʠʶ ʥʘ ʤʝʨʟʣʳʭ ʧʦʯʚʘʭ ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʨʦʪʢʦʛʦ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ [60]. ʕʪʦʪ ʚʠʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʤʝʥʝʝ 

ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. ɺ ʧʨʝʜʝʣʘʭ ʘʨʝʘʣʘ ʣʠʩʪʚʝʥʥʠʮʘ 

ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʥʘ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʝ, ʪʘʢ ʠ ʥʘ ʙʦʣʦʪʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʃʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ʤʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʠʨʠʪʴʩʷ ʩ 

ʢʦʨʦʪʢʠʤ ʣʝʪʥʠʤ ʧʝʨʠʦʜʦʤ ʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʫʭʦʩʪʴʶ ʧʦʯʚʳ, ʦʜʥʘʢʦ ʠʟʙʝʛʘʝʪ 

ʙʝʜʥʳʭ ʧʝʩʯʘʥʳʭ ʧʦʯʚ, ʧʨʝʜʧʦʯʠʪʘʷ ʠʟʚʝʩʪʥʷʢʠ ʠ ʛʠʧʩʳ [19]. 

ʅʘ ʜʦʣʶ ʣʠʩʪʚʝʥʥʠʯʥʳʭ ʣʝʩʦʚ ʚ ʈʦʩʩʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʘʧʘʩʦʚ 

ʜʨʝʚʝʩʠʥʳ. ʇʦ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʠ ʢʘʯʝʩʪʚʫ ʜʨʝʚʝʩʠʥʘ 

ʣʠʩʪʚʝʥʥʠʮʳ ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʝʚʝʩʠʥʫ ʚʩʝʭ ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ 

ʭʚʦʡʥʳʭ ʚʠʜʦʚ. ʉʫʯʢʦʚʘʪʦʩʪʴ ʣʠʩʪʚʝʥʥʠʮʳ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ 

ʭʚʦʡʥʳʭ ʠ ʪʚʝʨʜʦʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ [62]. ʃʠʩʪʚʝʥʥʠʯʥʘʷ ʜʨʝʚʝʩʠʥʘ ʦʯʝʥʴ ʪʚʝʨʜʘʷ, 

ʧʣʦʪʥʘʷ ʠ ʪʷʞʝʣʘʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʝʝ ʦʙʨʘʙʦʪʢʝ. ʆʜʥʘʢʦ 

ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʩʤʦʣʳ ʦʥʘ ʭʦʨʦʰʦ ʧʨʦʪʠʚʦʩʪʦʠʪ ʛʥʠʝʥʠʶ ʠ 

ʦʪʣʠʯʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʚʦʜʝ, ʚʚʠʜʫ ʯʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʠ ʥʘ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʷʭ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʰʧʘʣ, ʩʪʦʣʙʦʚ, ʩʚʘʡ, 

ʚʦʜʦʩʧʫʩʢʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʪʜʝʣʢʠ. ɺ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʟ ʥʝʝ 

ʧʦʣʫʯʘʶʪ ʮʝʣʣʶʣʦʟʫ, ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ, ʢʘʤʝʜʴ [57]. 

ʆʧʨʝʜʝʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʨʘ ʣʠʩʪʚʝʥʥʠʮʳ, ʥʘ ʢʦʪʦʨʫʶ 

ʧʨʠʭʦʜʠʪʩʷ ʧʦʨʷʜʢʘ 30% ʦʪ ʦʙʲʝʤʘ ʟʘʛʦʪʦʚʣʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ. ɺ ʣʠʩʪʚʝʥʥʠʯʥʦʡ 

ʢʦʨʝ ʩʦʜʝʨʞʠʪʩʷ ʜʦ 20% ʮʝʣʣʶʣʦʟʳ, 47% ʣʠʛʥʠʥʘ, ʦʢʦʣʦ 7% ʧʝʥʪʦʟʘʥʦʚ [62]. ʂʦʨʘ 
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ʣʠʩʪʚʝʥʥʠʮʳ ʩʦʜʝʨʞʠʪ ʜʦ 13% ʪʘʥʥʠʜʦʚ (ʧʨʦʠʟʚʦʜʥʳʭ ʤʥʦʛʦʘʪʦʤʥʳʭ ʬʝʥʦʣʦʚ); 

ʵʢʩʪʨʘʢʪ ʢʦʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʫʙʠʪʝʣʷ ʠ ʢʨʘʩʠʪʝʣʷ, ʦʢʨʘʰʠʚʘʶʱʝʛʦ ʚ 

ʞʝʣʪʳʝ, ʨʦʟʦʚʘʪʳʝ ʠ ʢʦʨʠʯʥʝʚʳʝ ʪʦʥʘ. ʀʟ ʩʤʦʣʳ ʜʦʙʳʚʘʶʪ ʪʝʨʧʝʥʪʠʥ (ʩʢʠʧʠʜʘʨ). 

ʍʚʦʷ, ʢʦʨʥʠ ʠ ʚʝʪʚʠ ʣʠʩʪʚʝʥʥʠʮʳ ʩʯʠʪʘʶʪʩʷ ʮʝʥʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʵʬʠʨʥʳʭ ʤʘʩʝʣ ð ʚ ʚʝʪʚʷʭ ʩʦʜʝʨʞʠʪʩʷ 0,2ï0,32%, ʘ ʚ ʭʚʦʝ ð 0,40ï0,35% ʵʬʠʨʥʳʭ 

ʤʘʩʝʣ ʦʪ ʚʝʩʘ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʚʳʙʨʦʩʳ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʭʚʦʝ ʣʠʩʪʚʝʥʥʠʮʳ, 

ʦʜʥʘʢʦ ʣʠʩʪʦʧʘʜʥʦʩʪʴ ʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʜʳʤʦ- ʠ ʛʘʟʦʫʩʪʦʡʯʠʚʦʡ ʧʦʨʦʜʦʡ, ʯʝʤ ʜʨʫʛʠʝ 

ʭʚʦʡʥʳʝ ð ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʣʠʩʪʚʝʥʥʠʮʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʝʟʥʦʡ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʣʝʩʦʧʘʨʢʦʚʳʭ ʣʘʥʜʰʘʬʪʦʚ ʜʣʷ ʛʦʨʦʜʩʢʦʛʦ ʦʟʝʣʝʥʝʥʠʷ [19]. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʣʠʩʪʚʝʥʥʠʯʥʳʝ ʣʝʩʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʦʣʝʟʘʱʠʪʥʦʤ ʣʝʩʦʨʘʟʚʝʜʝʥʠʠ [62]. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʣʷ ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʨʘʟʨʘʙʦʪʘʥ ʥʘʙʦʨ ʠʟ 11 ʚʳʩʦʢʦʧʦʣʠʤʦʨʬʥʳʭ 

ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʭ ʜʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ. [63]. ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ SSR-ʤʘʨʢʝʨʦʚ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʢʦʪʦʨʳʤ ʨʘʩʧʦʣʘʛʘʶʪ ʥʝ ʚʩʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ. ʅʘ 

ʦʙʳʯʥʳʭ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘʭ ʢʨʘʡʥʝ ʪʨʫʜʥʦ ʨʘʙʦʪʘʪʴ ʩʦ ʩʪʦʣʴ ʢʦʨʦʪʢʠʤʠ 

ʤʦʪʠʚʘʤʠ ʧʨʠ ʨʘʟʣʠʯʠʠ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʜʣʠʥʝ ʚʩʝʛʦ ʥʘ ʧʘʨʫ ʥʫʢʣʝʦʪʠʜʦʚ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʤʥʦʛʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʧʨʦʬʠʣʴʥʳʭ ʠʥʩʪʠʪʫʪʦʚ, 

ʧʦʜʦʪʯʝʪʥʳʭ ʌʝʜʝʨʘʣʴʥʦʤʫ ʘʛʝʥʪʩʪʚʫ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʣʘʙʦʨʘʪʦʨʠʠ 

ʬʠʣʠʘʣʦʚ ʎʝʥʪʨʘ ʟʘʱʠʪʳ ʣʝʩʘ ʈʌ ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʠʥʩʪʠʪʫʪʦʚ ʈɸʅ, 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʝʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʣʝʩʦʚ, ʥʫʞʜʘʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢʘʭ ʦʮʝʥʢʠ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʜʨʝʚʝʩʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʦʙʲʝʢʪʠʚʥʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ ʩ ʙʦʣʝʝ 

ʜʣʠʥʥʳʤʠ ʤʦʪʠʚʘʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʫʜʦʙʥʦ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʦʙʳʯʥʦʡ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʦʛʦ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ. 

ʇʦʣʥʳʝ ʛʝʥʦʤʳ ʜʣʷ ʨʦʜʘ ʣʠʩʪʚʝʥʥʠʮʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ 

ʜʣʷ ʜʚʫʭ ʚʠʜʦʚ, Larix kaempferi ʠ Larix sibirica [9,12,32]. ʆʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʡ 

ʛʝʥʦʤʥʦʡ ʘʥʥʦʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʘʨʩʝʥʘʣʘ ʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ, 
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ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʘʩʩʦʮʠʘʪʠʚʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʘʨʢʝʨʦʚ ʜʣʷ ʛʝʥʦʤʥʦʡ ʩʝʣʝʢʮʠʠ. 

1.3 ʆʙʱʠʡ ʧʦʜʭʦʜ ʢ ʛʝʥʦʤʥʦʡ ʘʥʥʦʪʘʮʠʠ 

ɸʥʥʦʪʠʨʦʚʘʥʠʝ ʛʝʥʦʤʘ ʦʩʪʘʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʠ ʨʝʩʫʨʩʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ, 

ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʠʧʳ ʘʥʘʣʠʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ 

ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [64]. ʋʯʠʪʳʚʘʷ ʨʘʟʤʝʨ ʠ ʩʣʦʞʥʦʩʪʴ ʤʥʦʛʠʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʝʥʦʤʦʚ, ʧʝʨʚʳʤ ʰʘʛʦʤ ʢ ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʩʙʦʨʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʩ ʢʦʨʦʪʢʠʤʠ ʧʨʦʯʪʝʥʠʷʤʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʯʝʨʥʦʚʦʡ ʩʙʦʨʢʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ. ʌʘʢʪʠʯʝʩʢʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴʩʷ ʥʘ NGS ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ 

(Next Generation Sequencing, ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ), ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʩʙʦʨʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʕʪʦʪ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʯʝʨʥʦʚʫʶ ʩʙʦʨʢʫ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʦʮʝʥʢʠ ʯʠʩʣʘ ʛʝʥʦʚ 

ʠ ʩʦʜʝʨʞʘʥʠʷ ʧʦʚʪʦʨʦʚ, ʥʦ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʦʣʝʟʥʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʭʨʦʤʦʩʦʤʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʚ ʛʝʥʦʤʝ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʜʣʷ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʛʝʥʦʤʘ, ʪʘʢʠʝ 

ʯʝʨʥʦʚʳʝ ʩʙʦʨʢʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʣʫʯʝʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʚʳʷʚʣʷʷ 

ʩʣʦʞʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʝʥʥʦʡ ʢʦʧʠʡʥʦʩʪʠ ʛʝʥʥʳʭ ʩʝʤʝʡʩʪʚ 

ʠʣʠ ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʜʫʧʣʠʢʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʯʝʨʥʦʚʳʝ ʩʙʦʨʢʠ ʠʥʬʦʨʤʘʪʠʚʥʳ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʚʦʣʶʮʠʠ ʚʠʜʦʚ ð ʩʣʫʞʘ ʠʩʪʦʯʥʠʢʦʤ ʤʘʨʢʝʨʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʬʠʣʦʛʝʥʠʠ, ʦʥʠ ʧʦʤʦʛʘʶʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʛʠʧʦʪʝʟʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʠʜʦʚ ʠ ʩʣʫʞʘʪ ʚʘʞʥʳʤ ʧʝʨʚʳʤ ʰʘʛʦʤ ʢ ʙʦʣʝʝ ʮʝʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʛʝʥʦʤʘ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʚ ʧʨʝʜʩʢʘʟʘʥʠʠ ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʥʘʣʠʯʠʝ ʛʦʪʦʚʦʡ ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʠ, ʥʦ ʠ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠʟ 

ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʥʘʙʦʨʘ ʪʢʘʥʝʡ. ʕʪʠ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ çʜʦʢʘʟʘʪʝʣʴʩʪʚʘè ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ab initio 

(ʠʣʠ de novo) ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʦʚ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʦʪ ʪʦʛʦ 

ʞʝ ʩʘʤʦʛʦ ʚʠʜʘ. ʇʨʝʜʩʢʘʟʘʥʠʝ ʛʝʥʦʚ ab initio ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 
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ʛʝʥʦʚ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʠʭ ʢʘʢ ʛʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ.  

ʊʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʛʝʥʦʤʝ. ɸʢʪʠʚʥʳʝ ʪʨʘʥʩʧʦʟʦʥʳ ʠ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʳ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʩʦʜʝʨʞʘʪ 

ʦʪʢʨʳʪʳʝ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ ʠ ʫʯʘʩʪʢʠ, ʢʦʜʠʨʫʶʱʠʝ ʬʝʨʤʝʥʪʳ, ʦʧʦʩʨʝʜʫʶʱʠʝ ʠʭ 

ʨʘʟʤʥʦʞʝʥʠʝ ʠ ʚʩʪʨʘʠʚʘʥʠʝ ʚ ʜʨʫʛʠʝ ʤʝʩʪʘ ʛʝʥʦʤʘ, ʥʘʧʨʠʤʝʨ, ʛʝʥʳ ʢʘʧʩʠʜʘ, 

ʠʥʪʝʛʨʘʟʳ, ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ ʠ ʨʠʙʦʥʫʢʣʝʘʟʳ ʫ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʢʣʘʩʩʘ I 

ʩ ʜʣʠʥʥʳʤʠ ʢʦʥʮʝʚʳʤʠ ʧʦʚʪʦʨʘʤʠ. ɺ ʥʝʘʢʪʠʚʥʳʭ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʪʘʢʠʝ 

ʛʝʥʳ ʥʘʢʘʧʣʠʚʘʶʪ ʟʘʤʝʥʳ, ʚʩʪʘʚʢʠ ʠ ʜʝʣʝʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʰʠʙʦʯʥʦ ʧʨʠʥʷʪʳ ʟʘ 

ʨʝʘʣʴʥʳʝ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʝ ʛʝʥʳ ʭʦʟʷʠʥʘ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʚʳʧʦʣʥʷʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʦʠʩʢ ʧʦʚʪʦʨʦʚ ʠ ʠʭ ʤʘʩʢʠʨʦʚʢʫ ʚ ʛʝʥʦʤʝ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʤʘʩʢʠʨʦʚʢʘ ʧʦʚʪʦʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʧʠʩʠ ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ ʚ ʥʠʞʥʝʤ ʨʝʛʠʩʪʨʝ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʤʷʛʢʘʷè ʤʘʩʢʠʨʦʚʢʘ) ʠʣʠ 

ʟʘʤʝʥʝ ʠʭ ʥʘ ʩʠʤʚʦʣʳ çNè (çʞʝʩʪʢʘʷè ʤʘʩʢʠʨʦʚʢʘ). 

ɺʝʩʴ ʧʨʦʮʝʩʩ ʘʥʥʦʪʘʮʠʠ ʩʦʩʪʦʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

1) ʤʘʩʢʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʚ ʛʝʥʦʤʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʘʥʥʦʪʘʮʠʠ; 

2) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʚ ʠ ʙʝʣʢʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʠʣʠ ʨʦʜʩʪʚʝʥʥʦʛʦ 

ʚʠʜʘ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ab initio ʧʨʝʜʩʢʘʟʘʥʠʡ ʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ; 

3) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʛʝʥʦʚ ab initio ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʚʦʟʤʦʞʥʳʭ ʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ; 

4) ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʥʘʙʦʨʘ ʛʝʥʥʳʭ 

ʤʦʜʝʣʝʡ; 

5) ʬʠʣʴʪʨʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʢʘʯʝʩʪʚʫ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ 

ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʣʥʦʨʘʟʤʝʨʥʳʝ ʠʣʠ ʧʦʯʪʠ 

ʧʦʣʥʦʨʘʟʤʝʨʥʳʝ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʝ ʫʯʘʩʪʢʠ [34]. 

ʂ ʥʘʠʙʦʣʝʝ ʦʙʱʠʤ ʦʰʠʙʢʘʤ ʦʪʥʦʩʠʪʩʷ ʣʦʞʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʣʦʢʫʩʦʚ ʢʘʢ 

ʨʝʪʨʦʵʣʝʤʝʥʦʚ ʠʣʠ ʧʩʝʚʜʦʛʝʥʦʚ, ʧʦʷʚʣʝʥʠʝ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʢʦʦʨʜʠʥʘʪ ʛʝʥʥʳʭ 

ʤʦʜʝʣʝʡ, ʥʘʣʠʯʠʝ ʛʝʥʦʚ, ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʩʢʘʬʬʦʣʜʘʤʠ, 
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ʧʨʦʧʫʱʝʥʥʳʝ ʛʝʥʥʳʝ ʤʦʜʝʣʠ ʠ ʦʰʠʙʢʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʠʥʪʨʦʥ-ʵʢʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

[34]. ɼʣʠʥʥʳʝ ʠʥʪʨʦʥʳ (>100 ʪ.ʧ.ʥ.), ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʫ ʚʠʜʦʚ c ʙʦʣʴʰʠʤ 

ʛʝʥʦʤʦʤ, ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʨʦʙʣʝʤʫ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʪʘʢ 

ʢʘʢ ʥʝ ʚʩʝ ʛʝʥʥʳʝ ʧʨʝʜʠʢʪʦʨʳ ʫʯʠʪʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʣʠʯʠʷ ʪʘʢʠʭ ʙʦʣʴʰʠʭ 

ʠʥʪʨʦʥʦʚ; ʢʨʦʤʝ ʪʦʛʦ, ʜʣʠʥʥʳʝ ʠʥʪʨʦʥʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ 

ʩʙʦʨʢʦʡ ʧʦʚʳʰʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ çʨʘʟʨʳʚʘè ʛʝʥʥʦʡ ʤʦʜʝʣʠ ʤʝʞʜʫ ʩʢʘʬʬʦʣʜʘʤʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʯʥʦʡ ʠʥʪʨʦʥ-ʵʢʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʙʣʝʤʫ ʥʝ ʪʦʣʴʢʦ 

ʜʣʷ ʙʦʣʴʰʠʭ ʠ ʩʣʦʞʥʳʭ ʛʝʥʦʤʦʚ ʨʘʩʪʝʥʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʝʥʠʷ ʚʩʝʭ ʙʝʣʦʢ-

ʢʦʜʠʨʫʶʱʠʭ ʪʨʘʥʩʢʨʠʧʪʦʚ ʠ ʪʨʘʥʩʢʨʠʧʪʦʚ ʜʣʠʥʥʦʡ ʥʝʢʦʜʠʨʫʶʱʝʡ ʈʅʂ (lncRNA) 

ʚ ʙʘʟʘʭ RefSeq ʠ Gencode ʪʦʣʴʢʦ 27,5% ʪʨʘʥʩʢʨʠʧʪʦʚ Gencode ʠʤʝʣʠ ʪʦʯʥʦ ʪʘʢʠʝ 

ʞʝ ʠʥʪʨʦʥʳ, ʢʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʛʝʥʳ RefSeq [64,65]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ 

ʧʦʩʣʝ 20 ʣʝʪ ʫʩʠʣʠʡ ʪʦʯʥʘʷ ʠʥʪʨʦʥ-ʵʢʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʥʦʛʠʭ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ 

ʛʝʥʦʚ ʯʝʣʦʚʝʢʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ɸʥʥʦʪʘʮʠʠ ʞʝ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʵʫʢʘʨʠʦʪ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʚʦʟʤʦʞʥʦ ʥʝʙʦʣʴʰʠʭ, ʰʠʨʦʢʦ ʠʟʫʯʘʝʤʳʭ ʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʜʨʦʞʞʠ ʠʣʠ ʘʨʘʙʠʜʦʧʩʠʩ, ʥʘʭʦʜʷʪʩʷ ʚ ʝʱʝ ʙʦʣʝʝ ʥʝʟʘʚʝʨʰʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ [64]. 

1.3.1 ʇʦʠʩʢ ʠ ʤʘʩʢʠʨʦʚʢʘ ʚʳʩʦʢʦʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʛʝʥʦʤʘ 

ɺ ʪʝʯʝʥʠʝ ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ ʤʦʙʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚʩʪʨʘʠʚʘʣʠʩʴ ʚ ʛʝʥʦʤʳ 

ʵʫʢʘʨʠʦʪ, ʦʩʪʘʚʣʷʷ ʚ ʥʠʭ ʩʚʦʠ ʢʦʧʠʡ. ʕʪʠ ʢʦʧʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʨʝʜʥʳ ʠʣʠ 

ʙʝʩʧʦʣʝʟʥʳ ʜʣʷ ʩʚʦʠʭ ʭʦʟʷʝʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠ 

ʧʦʜʘʚʣʷʪʴʩʷ (ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʤʝʪʠʣʠʨʦʚʘʥʠʝ) ʠ ʩʦ ʚʨʝʤʝʥʝʤ ʫʜʘʣʷʪʴʩʷ ʠʟ ʛʝʥʦʤʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʩʪʨʘʠʚʘʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʤʦʙʠʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠʟ ʛʝʥʦʤʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʫʯʘʡʥʳʭ ʜʝʣʝʮʠʡ, ʯʘʩʪʴ ʛʝʥʦʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʚʩʪʨʦʠʚʰʠʭʩʷ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʧʦʚʪʦʨʦʚ, ʤʦʞʝʪ ʚʘʨʴʬʠʨʦʚʘʪʴ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ, 

ʟʘʥʠʤʘʷ ʜʦ 84% ʫ ʥʝʢʦʪʦʨʳʭ ʟʣʘʢʦʚ ʠ ʜʦ 81% ʫ ʩʦʩʥʳ ʣʘʜʘʥʥʦʡ P. taeda [13,55]. 

ɼʦʣʷ ʧʦʚʪʦʨʦʚ ʨʘʩʪʝʪ ʣʠʥʝʡʥʦ ʜʣʷ ʛʝʥʦʤʦʚ ʨʘʟʤʝʨʦʤ ʜʦ 10 ʤʣʨʜ. ʧ.ʥ., ʘ ʟʘʪʝʤ 

ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ [66] (ʈʠʩʫʥʦʢ 1ɹ). 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʚʪʦʨʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʩʪʨʦʝʥʠʝ 

ʢʦʥʩʝʥʩʫʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʠʩʭʦʜʥʳʡ ʤʦʙʠʣʴʥʳʡ 

ʵʣʝʤʝʥʪ, ʢʘʞʫʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɽʩʣʠ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʧʠʡ 
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ʧʦʚʪʦʨʘ ʜʝʛʨʘʜʠʨʫʶʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʥʘʢʦʧʣʝʥʠʝ ʟʘʤʝʥ ʠ ʚʩʪʘʚʦʢ ʜʦʣʞʥʦ 

ʙʳʪʴ ʩʣʫʯʘʡʥʳʤ, ʠ, ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʘʪʪʝʨʥʘʭ ʥʘʢʦʧʣʝʥʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʤʫʪʘʮʠʡ ʠ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʦʧʠʡ, ʧʦʠʩʢ ʠʩʭʦʜʥʦʛʦ 

ʤʦʙʠʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦʣʞʝʥ ʩʚʦʜʠʪʴʩʷ ʢ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʤʫʪʠʨʫʶʱʠʤʠ ʢʦʧʠʷʤʠ ʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ 

ʟʜʝʩʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʩʣʦʞʥʦʩʪʝʡ. 

ɽʩʣʠ ʢʦʧʠʠ ʤʦʙʠʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘʢʦʧʠʣʠ 20% ʟʘʤʝʥ ʩ ʤʦʤʝʥʪʘ ʩʚʦʝʡ 

ʚʩʪʘʚʢʠ ʚ ʛʝʥʦʤ ʭʦʟʷʠʥʘ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʢʦʧʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ 40%. ʆʙʥʘʨʫʞʝʥʠʝ ʩʭʦʞʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʪʘʢʠʤ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʩʭʦʜʩʪʚʘ ʪʨʝʙʫʝʪ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʨʫʛ ʧʨʦʪʠʚ ʜʨʫʛʘ (self-comparison), ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ 

ʥʝʧʨʘʢʪʠʯʥʦ ʤʝʜʣʝʥʥʳʤ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ, 

ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʤʝʥʴʰʠʤ ʦʙʲʝʤʦʤ ʜʘʥʥʳʭ, ʙʝʨʷ ʥʘ ʚʭʦʜ ʣʠʰʴ  ʧʦʨʮʠʶ 

ʛʝʥʦʤʘ, ʥʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʦʚʪʦʨʳ ʩ ʤʝʥʴʰʝʡ ʢʦʧʠʡʥʦʩʪʴʶ ʤʦʛʫʪ ʦʩʪʘʪʴʩʷ 

ʥʝʟʘʤʝʯʝʥʥʳʤʠ [67]. 

ʆʜʥʦʡ ʠʟ ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʢʦʥʮʝʚʳʭ ʫʯʘʩʪʢʦʚ ʧʦʚʪʦʨʘ 

ʷʚʣʷʝʪʩʷ ʦʙʰʠʨʥʘʷ ʬʨʘʛʤʝʥʪʘʮʠʷ. ʕʣʝʤʝʥʪʳ, ʚʩʪʨʦʠʚʰʠʝʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʚʥʦ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʣʴʥʦ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʳ ʣʠʙʦ ʠʟ-ʟʘ ʯʘʩʪʠʯʥʦʛʦ ʫʜʘʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ 

ʛʝʥʦʤʘ, ʣʠʙʦ ʠʟ-ʟʘ ʚʩʪʘʚʦʢ ʜʨʫʛʠʭ ʧʦʚʪʦʨʦʚ. ʋ ʤʥʦʛʠʭ ʚʠʜʦʚ ʢʦʧʠʠ ʤʦʙʠʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʥʦʚʥʦʤ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʝʪʝʨʦʭʨʦʤʘʪʠʥʦʚʳʭ, 

ʙʝʜʥʳʭ ʛʝʥʘʤʠ ʠʣʠ ʤʝʞʛʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʛʝʥʦʤʘ, ʦʪʯʘʩʪʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʵʪʠʭ 

ʦʙʣʘʩʪʷʭ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʛʝʥʦʤ ʭʦʟʷʠʥʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʷʚʣʷʝʪʩʷ ʥʝʡʪʨʘʣʴʥʳʤ. ɺ 

ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ ʦʙʱʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʚʪʦʨʦʚ ʤʦʞʝʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ 100%, ʠʟ-ʟʘ 

ʚʣʦʞʝʥʥʳʭ ʜʨʫʛ ʚ ʜʨʫʛʘ ʚʩʪʘʚʦʢ ʧʦʚʪʦʨʦʚ [68,69]. ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʨʦʪʢʠʭ 

ʦʜʠʥʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʣʥʳʭ ʢʦʧʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʚʳʩʦʢʠʤ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʜʣʠʥʥʦʛʦ ʧʦʚʪʦʨʘ. ʏʘʩʪʦ ʦʙ ʘʢʪʠʚʥʦʩʪʠ ɼʅʂ-ʪʨʘʥʩʧʦʟʦʥʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʥʝʙʦʣʴʰʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʢʦʥʮʝʚʳʤʠ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʤʠ ʧʦʚʪʦʨʘʤʠ (TIR) [67]. ʈʝʢʦʤʙʠʥʘʮʠʷ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤʠ 

ʤʦʙʠʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʷʚʣʝʥʠʝʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʝʨʥʦ 

ʜʣʷ ʜʣʠʥʥʳʭ ʢʦʥʮʝʚʳʭ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ (LTR), ʢʦʪʦʨʳʝ ʧʨʦʣʠʬʝʨʠʨʫʶʪ ʯʝʨʝʟ 
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ʈʅʂ-ʠʥʪʝʨʤʝʜʠʘʪʳ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʝʭʘʥʠʟʤʫ ʚʦʟʥʠʢʘʶʪ ʢʘʢ ʭʠʤʝʨʥʳʝ LTR, ʪʘʢ 

ʠ ʠʜʝʥʪʠʯʥʳʝ LTR, ʬʣʘʥʢʠʨʫʶʱʠʝ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ ʚʥʫʪʨʝʥʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [70]. 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʠʟʚʝʩʪʥʳʝ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʝ ʤʦʙʠʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʨʘʟʤʝʨ ʦʪ 80 ʧ.ʥ. ʜʦ 15 ʪʳʩ. ʧ.ʥ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ 

ʥʝʤʦʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʦʙʥʘʨʫʞʝʥʳ ʧʦʚʪʦʨʳ ʛʨʦʤʘʜʥʳʭ ʨʘʟʤʝʨʦʚ, ʯʘʱʝ ʚʩʝʛʦ 

ʵʪʦ LTR-ʵʣʝʤʝʥʪʳ ʨʘʟʤʝʨʦʤ ʜʦ 30 ʪʳʩ. ʧ.ʥ. ʫ ʨʘʩʪʝʥʠʡ [21,55], ʘ ʪʘʢʞʝ ʥʦʚʳʝ 

ʧʦʚʪʦʨʳ ʨʘʟʤʝʨʦʤ ʜʦ 180 ʪʳʩ. ʧ.ʥ. ʫ ʨʳʙ [71]. ʕʢʩʪʨʝʤʘʣʴʥʦ ʜʣʠʥʥʳʝ ʧʦʚʪʦʨʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʙʣʝʤʫ ʜʣʷ ʧʨʦʛʨʘʤʤ, ʩʧʝʮʠʬʠʯʥʳʭ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʘʩʩʦʚ ʧʦʚʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʩʦʜʝʨʞʘʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʨʘʟʤʝʨʳ ʧʨʠ ʧʦʠʩʢʝ ʧʦʚʪʦʨʦʚ de novo [67]. 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʚʪʦʨʦʚ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

1) ʤʝʪʦʜʳ de novo/ab initio, ʦʙʥʘʨʫʞʠʚʘʶʱʠʝ ʩʝʤʝʡʩʪʚʘ ʧʦʚʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʦʙʱʝʛʦ ʧʨʠʥʮʠʧʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ; 

2) ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʩʠʛʥʘʪʫʨ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʚʝʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʩʩʦʚ ʧʦʚʪʦʨʦʚ ʜʣʷ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ; 

3) ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʛʦʪʦʚʳʭ ʙʠʙʣʠʦʪʝʢ, ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʷʱʠʝ ʦʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʥʘʙʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʥʩʝʥʩʫʩʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʤʝʡʩʪʚ ʧʦʚʪʦʨʦʚ. 

ʄʝʪʦʜʳ de novo ʠ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʠʛʥʘʪʫʨʘʭ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʙʠʙʣʠʦʪʝʯʥʳʭ ʤʝʪʦʜʦʚ [67]. ʄʝʪʦʜʳ de novo ʠʤʝʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʤʝʪʦʜʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʩʠʛʥʘʪʫʨʘʭ, ʪʘʢ ʢʘʢ ʤʦʛʫʪ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʝʤʝʡʩʪʚʘ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʠʟʚʝʩʪʥʳʤ ʢʣʘʩʩʘʤ ʧʦʚʪʦʨʦʚ 

ʠʣʠ ʥʝ ʠʤʝʶʱʠʝ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʙʱʠʭ ʠʟʚʝʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʠʛʥʘʪʫʨ. ʆʥʠ ʨʘʙʦʪʘʶʪ, ʦʙʥʘʨʫʞʠʚʘʷ ʪʦʯʥʳʝ 

ʠʣʠ ʙʣʠʟʢʦ ʩʦʚʧʘʜʘʶʱʠʝ ʧʦʚʪʦʨʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʨʘʩʰʠʨʷʷ ʵʪʠ 

ʩʦʚʧʘʜʝʥʠʷ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʛʨʫʧʧʠʨʫʷ ʠʭ ʚ ʩʝʤʝʡʩʪʚʘ ʩʚʷʟʘʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʅʘ ʘʥʘʣʠʟ ʚʩʝʛʦ ʛʝʥʦʤʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʧʦʩʦʙʥʳ ʤʝʪʦʜʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʨʘʚʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʪʠʚ ʩʘʤʠʭ ʩʝʙʷ, ʟʘ ʢʦʪʦʨʳʤ 

ʩʣʝʜʫʝʪ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʩʝʤʝʡʩʪʚ ʧʦʚʪʦʨʦʚ ʠʟ ʜʘʥʥʳʭ ʧʦʧʘʨʥʦʛʦ 
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ʚʳʨʘʚʥʠʚʘʥʠʷ. ʊʘʢʠʝ ʧʦʜʭʦʜʳ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʊʦʯʥʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʚʳʨʘʚʥʠʚʘʥʠʡ ʧʨʠ ʵʪʦʤ ʙʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ ʤʦʟʘʠʯʥʦʩʪʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʝʤʝʡʩʪʚʘʭ ʧʦʚʪʦʨʦʚ. ʂ 

ʧʨʦʛʨʘʤʤʘʤ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʘʤʦʡ ʥʘ 

ʩʝʙʷ, ʦʪʥʦʩʷʪ RECON [72], RepeatFInder [73], RepeatScout [74] ʠ TE_finder [75]. 

ʄʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʠʛʥʘʪʫʨʘʭ, ʦʧʨʝʜʝʣʷʶʪ ʧʦʚʪʦʨʳ ʨʘʩʧʦʟʥʘʚʘʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ ʢʣʘʩʩʦʚ ʧʦʚʪʦʨʦʚ (ʢʦʥʮʝʚʳʝ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʝ ʧʦʚʪʦʨʳ, 

ʧʨʷʤʳʝ ʧʦʚʪʦʨʳ, ʙʝʣʢʦʚʳʝ ʤʦʪʠʚʳ ʠ ʪ. ʜ.), ʘ ʪʘʢʞʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ 

ʚʩʪʘʚʦʢ ʤʦʙʠʣʴʥʳʡ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʜʫʧʣʠʢʘʮʠʠ ʮʝʣʝʚʦʛʦ ʩʘʡʪʘ 

(target site duplication, TSD ð ʢʦʨʦʪʢʠʝ ʛʝʥʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʜʫʧʣʠʮʠʨʦʚʘʥʥʳʝ ʚʦ ʚʨʝʤʷ ʚʩʪʘʚʢʠ) [67]. ʏʘʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʚʤʝʩʪʥʦ, ʯʪʦʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʠʟʢʫʶ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʢʘʞʜʦʡ ʠʟ ʥʠʭ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʩʠʛʥʘʪʫʨ 

ʦʙʳʯʥʦ ʩʪʨʘʜʘʶʪ ʦʪ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. LTR-

ʵʣʝʤʝʥʪʳ ʠ ʥʝʘʚʪʦʥʦʤʥʳʝ ɼʅʂ-ʪʨʘʥʩʧʦʟʦʥʳ ʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦ ʧʦʜʭʦʜʷʱʝʡ 

ʮʝʣʴʶ ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʜʣʠʥʥʳʭ ʧʨʷʤʳʭ ʠ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʭ 

ʧʦʚʪʦʨʦʚ, ʬʣʘʥʢʠʨʫʶʱʠʭ ʠʥʪʘʢʪʥʳʝ ʢʦʧʠʠ. ɸʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ LTR ʠ MITE 

ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʩʠʛʥʘʪʫʨ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʦʚʧʘʜʝʥʠʡ-ʢʘʥʜʠʜʘʪʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʮʝʥʠʚʘʶʪʩʷ ʥʘ ʥʘʣʠʯʠʝ ʜʫʧʣʠʢʘʮʠʡ ʮʝʣʝʚʦʛʦ ʩʘʡʪʘ TSD, ʥʝʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʬʣʘʥʢʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʤʦʪʠʚʦʚ ʩʧʝʮʠʬʠʯʥʳʭ ʙʝʣʢʦʚʳʭ ʜʦʤʝʥʦʚ. 

ʂ ʧʨʦʛʨʘʤʤʘʤ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ LTR_Finder 

[76], LTRdigest [77], LTRharvest [78], MITE-Hunter [79]. 

1.3.2 Ab initio ʧʨʝʜʩʢʘʟʘʥʠʝ ʛʝʥʦʚ 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʠʭ ʠ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʛʝʥʦʚ ʚʢʣʶʯʘʝʪ 

ʩʪʘʨʪʦʚʳʝ (AUG) ʠ ʩʪʦʧ-ʢʦʜʦʥʳ (UAA/UAG/UGA), ʢʦʪʦʨʳʝ ʩʠʛʥʘʣʠʟʠʨʫʶʪ ʦʙ 

ʵʪʘʧʘʭ ʠʥʠʮʠʘʮʠʠ ʠ ʪʝʨʤʠʥʘʮʠʠ ʪʨʘʥʩʣʷʮʠʠ ʙʝʣʢʘ. ʕʪʠ ʢʦʜʦʥʳ ʚʤʝʩʪʝ ʩ 

ʥʝʢʦʪʦʨʳʤ ʥʫʢʣʝʦʪʠʜʥʳʤ ʢʦʥʪʝʢʩʪʦʤ ʚʦʢʨʫʛ ʥʠʭ ʦʧʨʝʜʝʣʷʶʪ ʢʦʜʠʨʫʶʱʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (CDS) ʵʢʟʦʥʘ ʠʣʠ ʵʢʟʦʥʦʚ ʚ ʛʝʥʝ. ɺ ʛʝʥʦʤʘʭ ʵʫʢʘʨʠʦʪ 

ʢʦʜʠʨʫʶʱʘʷ ʯʘʩʪʴ ʛʝʥʘ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ, ʥʦ ʥʘʧʨʦʪʠʚ, ʯʘʩʪʦ 
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ʧʨʝʨʳʚʘʝʪʩʷ ʠʥʪʨʦʥʘʤʠ ʜʣʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʠʣʠ ʪʳʩʷʯ ʥʫʢʣʝʦʪʠʜʦʚ [80], 

ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʳʨʝʟʘʶʪʩʷ ʚ ʭʦʜʝ ʩʧʣʘʡʩʠʥʛʘ ʧʨʠ ʧʨʦʮʝʩʩʠʥʛʝ ʤʈʅʂ. 

ɻʨʘʥʠʮʳ ʠʥʪʨʦʥʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʥʦʥʠʯʝʩʢʠʤʠ (GT-

AG, GT ʥʘ 5'-ʢʦʥʮʝ ʠ AG ʥʘ 3'-ʢʦʥʮʝ ʠʥʪʨʦʥʘ) ʠ ʥʝʢʘʥʦʥʠʯʝʩʢʠʤʠ (GC-AG ʠ AT-

AC) ʩʘʡʪʘʤʠ ʩʧʣʘʡʩʠʥʛʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʛʝʥʦʤʘʭ ʨʘʩʪʝʥʠʡ ʯʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʩʘʡʪʘ ʩʧʣʘʡʩʠʥʛʘ GT-AG ʩʦʩʪʘʚʣʷʝʪ 98,7%; ʜʦʣʷ 

ʥʝʢʘʥʦʥʠʯʝʩʢʠʭ 1,2% ʜʣʷ GC-AG, 0,06% ʜʣʷ AT-AC ʠ 0,09% ʜʣʷ ʜʨʫʛʠʭ 

ʢʦʤʙʠʥʘʮʠʡ ʥʫʢʣʝʦʪʠʜʦʚ [81,82]. ɺʳʨʦʞʜʝʥʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʦʜʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʝ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʠʥʦʥʠʤʠʯʥʳʭ 

ʢʦʜʦʥʦʚ. ɺ ʢʦʜʠʨʫʶʱʠʭ ʫʯʘʩʪʢʘʭ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʪʘʢʠʭ ʩʠʥʦʥʠʤʠʯʥʳʭ 

ʢʦʜʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʢʦʜʦʥʦʚ (codon usage bias). ʇʨʝʜʧʦʯʪʝʥʠʝ 

ʢʦʜʦʥʦʚ ʚʘʨʴʠʨʫʝʪ ʤʝʞʜʫ ʚʠʜʘʤʠ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ ʩʠʣʝ ʦʪʙʦʨʘ ʠ ʩʢʦʨʦʩʪʠ 

ʥʘʢʦʧʣʝʥʠʷ ʤʫʪʘʮʠʡ [83], ʧʦʟʚʦʣʷʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʦʜʠʨʫʶʱʠʝ ʯʘʩʪʠ ɼʅʂ ʚ 

ʛʝʥʦʤʝ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ. ʕʪʠ ʩʠʛʥʘʣʳ ð ʥʘʣʠʯʠʝ ʩʪʘʨʪ- ʠ ʩʪʦʧ-ʢʦʜʦʥʦʚ, 

ʥʫʢʣʝʦʪʠʜʥʳʡ ʢʦʥʪʝʢʩʪ, ʧʨʝʜʧʦʯʪʝʥʠʝ ʢʦʜʦʥʦʚ, ʥʘʣʠʯʠʝ ʩʘʡʪʦʚ ʩʧʣʘʡʩʠʥʛʘ ð 

ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʪʦʜʳ in silico ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʨʦʥ-ʵʢʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʝʥʦʚ [34]. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ ʧʝʨʚʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ab initio ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʦʚ, ʪʘʢʠʝ ʢʘʢ 

GeneMark [84] ʠ GLIMMER [85] ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʢʨʳʪʳʝ ʤʘʨʢʦʚʩʢʠʝ ʮʝʧʠ ð 

ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ, ʚ ʢʦʪʦʨʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ð ʜʣʷ 

ʬʠʢʩʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʥʫʢʣʝʦʪʠʜʘʤʠ ʠ ʧʦʟʠʮʠʷʤʠ 

ʢʦʜʦʥʦʚ, ʦʧʨʝʜʝʣʷʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʛʝʥʘ ʚ ʥʫʢʣʝʦʪʠʜʥʦʤ ʢʦʥʪʝʢʩʪʝ 

[34]. ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʦʚ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʷʪ ʤʘʨʢʦʚʩʢʠʝ ʮʝʧʠ ʧʷʪʦʛʦ 

ʧʦʨ̫ʜʢʘ, ʚ ʢʦʪʦʨʳʭ ʚʝʨʦʷʪʥʦʩʪʴ ʩʣʝʜʫʶʱʝʛʦ ʥʫʢʣʝʦʪʠʜʘ ʟʘʚʠʩʠʪ ʦʪ ʧʷʪʠ 

ʧʨʝʜʳʜʫʱʠʭ, ʪʘʢ ʢʘʢ ʦʥʠ ʬʠʢʩʠʨʫʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʚ ʙʝʣʢʘʭ [34]. ʇʦʩʣʝ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʛʝʥʘ. 
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ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʛʝʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ 

ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʫʩʠʣʠʡ ʠʟ-ʟʘ ʠʭ ʜʣʠʥʳ ʠ 

ʧʨʝʨʳʚʠʩʪʦʡ, ʠʥʪʨʦʥ-ʵʢʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʦʯʥʦʩʪʴ ʞʝ ʪʘʢʠʭ ʧʨʝʜʩʢʘʟʘʥʠʡ ʥʠʞʝ, 

ʯʝʤ ʚ ʧʨʦʢʘʨʠʦʪʠʯʝʩʢʠʭ ʛʝʥʦʤʘʭ [34]. ʇʨʠ ʧʨʝʜʩʢʘʟʘʥʠʠ ʛʝʥʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʙʣʶʜʘʪʴ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ (ʜʦʣʷ ʥʫʢʣʝʦʪʠʜʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʢ ʢʦʜʠʨʫʶʱʠʝ, ʩʨʝʜʠ ʚʩʝʭ ʢʦʜʠʨʫʶʱʠʭ), ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ (ʜʦʣʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʢʦʜʠʨʫʶʱʠʭ ʥʫʢʣʝʦʪʠʜʦʚ, ʩʨʝʜʠ ʚʩʝʭ ʧʨʝʜʩʢʘʟʘʥʥʳʭ). ʇʦʩʢʦʣʴʢʫ 

ʵʪʠ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʫʚʝʣʠʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʪʦ ʫʤʝʥʴʰʘʝʪ ʜʨʫʛʦʝ. 

ʆʪʩʫʪʩʪʚʠʝ ʧʨʘʚʠʣʴʥʦʛʦ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʵʢʟʦʥʘ ʩʥʠʞʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʘ ʥʘ ʫʨʦʚʥʝ ʵʢʟʦʥʘ. ʊʦʯʥʦʩʪʴ ʞʝ ʜʣʷ ʚʩʝʛʦ ʛʝʥʘ 

ʟʘʯʘʩʪʫʶ ʙʳʚʘʝʪ ʝʱʝ ʥʠʞʝ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʘʚʠʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʵʢʟʦʥʦʚ ʚ ʛʝʥʦʤʝ. ʇʨʠ ʵʪʦʤ ʤʦʥʦʵʢʟʦʥʥʳʝ ʠ ʢʦʨʦʪʢʠʝ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʤʘʣʳʝ 

ʙʝʣʢʠ [86], ʯʘʩʪʦ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʠʟ ʢʦʥʝʯʥʦʡ ʘʥʥʦʪʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʨʦʛ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ 

ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʝʜʩʢʘʟʘʥʠʡ. ʆʙʳʯʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʙʝʣʦʢ-

ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ ʠʩʧʳʪʳʚʘʶʪ ʩʣʦʞʥʦʩʪʠ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʠ ʚʝʨʠʬʠʢʘʮʠʝʡ ʛʝʥʦʚ 

ʤʘʣʳʭ ʙʝʣʢʦʚ, ʠ ʤʘʣʦ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʜʣʷ ʠʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ [86]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʚʝʩʪʥʳʝ ʧʨʦʙʣʝʤʳ ʩ ʪʦʯʥʦʩʪʴʶ, ab 

initio ʤʝʪʦʜʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʦʚ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʝʨʚʠʯʥʳʡ ʧʦʣʥʦʛʝʥʦʤʥʳʡ 

ʥʘʙʦʨ ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ ʫʪʦʯʥʠʪʴ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ 

ʩ ʧʦʤʦʱʴʶ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ. 

1.3.3 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʈʅʂ-ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʠ ʙʝʣʢʦʚʳʭ ʙʘʟ 

ʜʘʥʥʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʦʚ 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʤʈʅʂ ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʫʯʘʩʪʢʠ ʛʝʥʘ (expressed sequence tags, ESTs), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ 

ʙʘʟʳ ʠʟʚʝʩʪʥʳʭ ʙʝʣʢʦʚ ʚʠʜʘ, ʯʝʡ ʛʝʥʦʤ ʘʥʥʦʪʠʨʫʝʪʩʷ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ 

ʧʦʜʭʦʜʦʤ ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ab initio ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʚ. ɺʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦʣʘʛʘʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ 

ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʠʭ ʦʧʨʝʜʝʣʷʶʪ, ʧʨʷʤʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʳʭ ʠʣʠ 

ʪʨʘʥʩʣʠʨʫʝʤʳʭ ʠʟ ʛʝʥʦʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʨʘʪʴʩʷ ʥʘ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʪʨʫʢʪʫʨʳ ʛʝʥʘ. ʇʨʦʙʣʝʤʘ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʘʢʠʭ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʥʘ çʛʦʣʳʡè ʛʝʥʦʤ ʙʳʣʘ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʩʘʡʪʳ ʩʧʣʘʡʩʠʥʛʘ ʠ ʵʢʟʦʥ-

ʠʥʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʭ ʛʝʥʦʚ [34]. ʂ ʢʣʘʩʩʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʘʤ 

ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʥʘ ʛʝʥʦʤʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʥʦʩʷʪ TopHat 

[87], STAR [88] ʠ Hisat2 [89]. ʇʨʦʮʝʩʩ ʚʳʨʘʚʥʠʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʛʝʥʦʤ ʪʨʝʙʫʝʪ ʪʨʘʥʩʣʷʮʠʠ ʛʝʥʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ 

ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʩ ʨʘʟʥʦʡ ʨʘʤʢʦʡ ʩʯʠʪʳʚʘʥʠʷ ʠ ʩʪʨʵʥʜʘ ɼʅʂ, ʠ ʥʘʭʦʞʜʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʤʫʣʴʪʠʵʢʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʨʦʜʩʪʚʝʥʥʳʤ ʙʝʣʢʦʤ. 

ɺʳʨʘʚʥʠʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʛʝʥʦʚ ʚ 

ʙʦʣʴʰʠʭ ʛʝʥʦʤʘʭ ʤʦʞʝʪ ʙʳʪʴ ʯʨʝʟʚʳʯʘʡʥʦ ʚʨʝʤʷ- ʠ ʨʝʩʫʨʩʦʝʤʢʠʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʈʅʂ ʠ ʙʝʣʢʦʚʳʭ ʜʘʥʥʳʭ 

ʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ. 

ɺ ʦʩʥʦʚʝ ʩʙʦʨʢʠ ʚʩʝʛʜʘ ʣʝʞʘʪ ʨʠʜʳ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ, ʠ, ʭʦʪʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʝʢʚʝʥʘʪʦʨʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ 

ʫʨʦʚʝʥʴ ʦʰʠʙʦʢ, ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʨʦʠʟʚʦʜʷʪ, ʥʝ ʩʚʦʙʦʜʥʳ ʦʪ ʦʰʠʙʦʢ [90]. 

ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʘʥʠʥʦʚʳʭ ʠ 

ʮʠʪʦʟʠʥʦʚʳʭ ʥʫʢʣʝʦʪʠʜʦʚ, ʜʣʠʥʘ, ʩʦʩʪʘʚ k-ʤʝʨʦʚ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ 

ʩʙʦʨʢʠ. ʇʝʨʚʳʤ ʰʘʛʦʤ ʚ de novo ʩʙʦʨʢʝ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʬʠʣʴʪʨʘʮʠʶ ʠ ʦʙʨʝʟʢʫ ʧʨʦʯʪʝʥʠʡ ʧʦ ʫʨʦʚʥʶ 

ʢʘʯʝʩʪʚʘ ʠ ʫʜʘʣʝʥʠʝ ʘʜʘʧʪʝʨʦʚ. ɼʘʥʥʳʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʥʫʢʣʝʦʪʠʜʳ (ʦʙʦʟʥʘʯʘʝʤʳʝ ʩʠʤʚʦʣʦʤ N ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ). 

ʋʯʘʩʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ, 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʜʘʣʷʪʴ, ʪʘʢ ʢʘʢ ʠʭ ʥʘʣʠʯʠʝ ʤʝʰʘʝʪ ʢʦʨʨʝʢʪʥʦʡ ʩʙʦʨʢʝ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤʫ ʘʥʘʣʠʟʫ. ʊʦʯʥʦ ʪʘʢ ʞʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʬʠʣʴʪʨʦʚʘʥʳ, ʯʪʦʙʳ 

ʩʦʭʨʘʥʠʪʴ ʪʦʣʴʢʦ ʪʝ ʧʨʦʯʪʝʥʠʷ ʠʣʠ ʠʭ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʦʩʥʦʚʘʥʠʷ ʩ 

ʥʘʠʣʫʯʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ (Q). ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ [91] ʦʪʨʘʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʪʦʛʦ, ʯʪʦ ʢʦʥʢʨʝʪʥʳʡ ʥʫʢʣʝʦʪʠʜ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʚʝʨʥʦ. ʇʨʦʯʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʥʝʢʦʪʦʨʦʝ ʧʨʝʜʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʫʢʣʝʦʪʠʜʦʚ ʩ ʥʠʟʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ, 

ʤʦʛʫʪ ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʪʴʩʷ, ʣʠʙʦ ʦʙʨʝʟʘʪʴʩʷ, ʝʩʣʠ ʧʘʜʝʥʠʝ ʢʘʯʝʩʪʚʘ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʢʦʥʮʘʭ ʧʨʦʯʪʝʥʠʡ, ʯʪʦ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʠ, 

ʥʘʧʨʠʤʝʨ, Illumina. ʊʘʢ ʞʝ ʟʘʯʘʩʪʫʶ ʠʩʢʣʶʯʘʶʪʩʷ ʦʯʝʥʴ ʢʦʨʦʪʢʠʝ ʧʨʦʯʪʝʥʠʷ (<30 

ʧ.ʥ.) [92]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʈʅʂ-ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ ʛʝʥʝʨʠʨʫʶʪ ʩʦʪʥʠ 

ʤʠʣʣʠʦʥʦʚ ʧʨʦʯʪʝʥʠʡ ʩ ʮʝʣʴʶ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʩʝʭ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ 

ʪʨʘʥʩʢʨʠʧʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʬʝʨʝʥʩʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ. ʍʦʪʷ ʵʪʦ ʧʦʚʳʰʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʩ ʥʠʟʢʦʡ ʵʢʩʧʨʝʩʩʠʝʡ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʪʘʢʞʝ 

ʧʨʦʠʟʚʦʜʠʪ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʧʨʦʯʪʝʥʠʡ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʪʨʘʥʩʢʨʠʧʪʦʚ, ʩʦʟʜʘʚʘʷ ʧʝʨʝʠʟʙʳʪʦʢ ʧʨʦʯʪʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʝʥʦʚ, ʯʪʦ ʚʝʜʝʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ ʧʨʠ ʘʩʩʝʤʙʣʠʨʦʚʘʥʠʠ. ʏʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʵʪʦʛʦ, ʧʨʠʤʝʥʷʝʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʯʪʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ k-ʤʝʨʦʚ ʠ ʣʠʙʦ ʩʦʭʨʘʥʷʶʪʩʷ, ʣʠʙʦ 

ʫʜʘʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʨʦʛʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʘ ʧʨʦʯʪʝʥʠʡ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʦʣʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʦʜʘʚʣʷʶʱʝʛʦ 

ʙʦʣʴʰʠʥʩʪʚʘ ʪʨʘʥʩʢʨʠʧʪʦʚ, ʚʤʝʩʪʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʯʪʝʥʠʡ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʘʩʩʝʤʙʣʝʨ [92]. 

ɼʣʷ de novo ʩʙʦʨʢʠ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʜʦʩʪʫʧʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʩʩʝʤʙʣʝʨʦʚ, ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ð ʵʪʦ Trinity [93], SOAPdenovo-

Trans [94], ʠ rnaSPAdes [95]. Trinity ʠ rnaSPAdes ʧʨʠʤʝʥʷʶʪ ʩʪʨʘʪʝʛʠʶ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ k-ʤʝʨʦʚ, ʩʪʨʝʤʷʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʘʣʳʭ ʠ ʙʦʣʴʰʠʭ 

ʜʣʠʥ k-ʤʝʨʦʚ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʘʥʩʢʨʠʧʪʦʚ [92]. 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ ʠ ʧʦʣʥʦʪʳ ʧʦʣʫʯʝʥʥʦʡ 

ʩʙʦʨʢʠ. ɺ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʘʷ ʩʙʦʨʢʘ ʜʦʣʞʥʘ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʚ. ʆʜʥʠʤ ʠʟ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʪʦʜʦʚ 

ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʥʦʪʳ ʩʙʦʨʢʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʥʘ ʥʘʣʠʯʠʝ ʚ ʥʝʡ ʦʨʪʦʣʦʛʦʚ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ, ʧʦʩʪʦʷʥʥʦ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭʩʷ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʛʝʥʦʤʘʭ ʚʩʝʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʧʨʝʜʝʣʸʥʥʦʡ ʛʨʫʧʧʳ (ʧʦʟʚʦʥʦʯʥʳʝ, ʯʣʝʥʠʩʪʦʥʦʛʠʝ, 

ʚʳʩʰʠʝ ʨʘʩʪʝʥʠʷ ʠ ʪ.ʜ.). ʊʘʢʦʡ ʘʥʘʣʠʟ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ BUSCO (Benchmarking Universal Single-Copy Orthologs) [96], ʢʦʪʦʨʘʷ 
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ʠʩʧʦʣʴʟʫʝʪ ʦʙʥʦʚʣʷʝʤʳʝ ʢʫʨʠʨʫʝʤʳʝ ʥʘʙʦʨʳ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʦʜʥʦʢʦʧʠʡʥʳʭ ʛʝʥʦʚ 

ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʦʨʪʦʣʦʛʦʚ OrthoDB [97]. ʇʦʣʥʦʪʘ ʩʙʦʨʢʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʦʮʝʥʠʚʘʝʪʩʷ ʠʟ ʪʦʛʦ, ʩʢʦʣʴʢʦ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʛʝʥʦʚ ʠʤʝʶʪ ʩʦʚʧʘʜʝʥʠʷ ʚʦ 

ʧʨʦʚʝʨʷʝʤʦʤ ʪʨʘʥʩʢʨʠʧʪʦʤʝ ʠ ʷʚʣʷʶʪʩʷ ʣʠ ʵʪʠ ʩʦʚʧʘʜʝʥʠʷ ʜʫʙʣʠʨʦʚʘʥʥʳʤʠ, 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ʠʣʠ ʧʦʣʥʦʨʘʟʤʝʨʥʳʤʠ [92]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʈʅʂ-ʜʘʥʥʳʭ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʦʛʦʚʦʨʦʢ. ʈʅʂ-

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʥʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʛʝʥʳ ʚ ʛʝʥʦʤʝ, ʥʝʢʦʪʦʨʳʝ ʛʝʥʳ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ 

ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʠʣʠ ʪʦʣʴʢʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʢʘʥʷʭ, ʥʘ ʥʝʢʦʪʦʨʳʭ ʩʪʘʜʠʷʭ 

ʦʥʪʦʛʝʥʝʟʘ ʠʣʠ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʫʧʫʱʝʥʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʠʟ ʵʢʩʧʨʝʩʩʠʨʫʝʤʳʭ ʪʨʘʥʩʢʨʠʧʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʩʧʣʘʡʩʠʨʦʚʘʥʥʳʝ ʪʨʘʥʩʢʨʠʧʪʳ ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʩʪʦ ʘʨʪʝʬʘʢʪʦʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʘ ʥʝʟʘʚʠʩʠʤʘʷ ʧʨʦʚʝʨʢʘ, ʧʨʝʞʜʝ ʯʝʤ ʧʨʠʩʚʦʠʪʴ ʣʶʙʦʡ 

ʵʢʩʧʨʝʩʩʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ ʩʪʘʪʫʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʛʝʥʘ. ɼʘʞʝ ʜʣʷ ʛʝʥʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʳʚʘʶʪ ʥʝʦʜʥʦʢʨʘʪʥʫʶ ʚʳʩʦʢʫʶ ʵʢʩʧʨʝʩʩʠʶ, ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʛʦ, ʢʦʜʠʨʫʶʪ ʣʠ 

ʦʥʠ ʙʝʣʢʠ ʠʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʢʦʜʠʨʫʶʱʠʝ ʈʅʂ, ʦʩʪʘʝʪʩʷ ʯʘʩʪʦ ʪʨʫʜʥʦ 

ʨʝʰʘʝʤʦʡ ʧʨʦʙʣʝʤʦʡ [64]. 

1.3.4 ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʛʦʤʦʣʦʛʠʠ 

ʇʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʛʝʥʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʩʣʝʜʫʶʱʠʤ 

ʥʝʦʙʭʦʜʠʤʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʩʚʦʝʥʠʝ ʛʝʥʘʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ. 

ɺʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʵʪʘʧʘ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʦʙʰʠʨʥʳʭ ʟʥʘʥʠʡ ʦ ʬʫʥʢʮʠʠ ʛʝʥʦʚ ʚ ʤʦʜʝʣʴʥʳʭ ʠ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ 

ʚʠʜʘʭ. ɼʦ ʩʠʭ ʧʦʨ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʦʙʥʘʨʫʞʝʥʥʳʭ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ 

ʛʝʥʦʚ, ʬʫʥʢʮʠʷ ʢʦʪʦʨʳʭ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ [98]. ʉʨʝʜʠ ʚʩʝʭ ʨʘʩʪʝʥʠʡ A. thaliana ʧʦ 

ʩʝʡ ʜʝʥʴ ʦʩʪʘʝʪʩʷ ʵʪʘʣʦʥʥʳʤ, ʤʦʜʝʣʴʥʳʤ ʚʠʜʦʤ ʩ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʛʝʥʦʤʦʤ ʠ 

ʪʱʘʪʝʣʴʥʦ ʧʨʦʘʥʥʦʪʠʨʦʚʘʥʥʳʤʠ ʛʝʥʘʤʠ ð ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʦʛʨʦʤʥʳʤ 

ʫʩʠʣʠʷʤ ʨʝʩʫʨʩʦʚ The Arabidopsis Information Resource (TAIR) [48] ʠ AraPort 

[41,99], ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʘʥʥʦʪʘʮʠʠ, ʢʫʨʠʨʫʝʤʳʝ ʩʦʦʙʱʝʩʪʚʦʤ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, 

ʜʦʩʪʫʧʥʦʡ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʘʢʦʡ ʦʙʰʠʨʥʳʡ 

ʨʝʩʫʨʩ ʠ ʙʦʣʝʝ ʯʝʤ ʜʚʘʜʮʘʪʴ ʣʝʪ, ʧʨʦʰʝʜʰʠʭ ʧʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʧʝʨʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ ʘʨʘʙʠʜʦʧʩʠʩʘ ʚ 2000 ʛʦʜʫ [100], ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ 
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ʩʙʦʨʢʠ ʘʨʘʙʠʜʦʧʩʠʩʘ ʚʩʝ ʝʱʝ çʧʦʯʪʠ ʧʦʣʥʦʝè, ʪʘʢ ʢʘʢ ʚ ʛʝʥʦʤʝ ʚʩʝ ʝʱʝ ʦʩʪʘʶʪʩʷ 

ʥʝʨʘʟʨʝʰʝʥʥʳʝ ʧʨʦʙʝʣʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ð ʪʝʣʦʤʝʨʥʳʭ ʠ ʮʝʥʪʨʦʤʝʨʥʳʭ ʫʯʘʩʪʢʦʚ, ʢʣʘʩʪʝʨʦʚ 5S ʨɼʅʂ 

ʠ ʦʙʣʘʩʪʝʡ ʷʜʨʳʰʢʦʚʳʭ ʦʨʛʘʥʠʟʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 45S ʨɼʅʂ [98,101]. 

ʋʯʠʪʳʚʘʷ ʪʝʢʫʱʠʡ ʫʨʦʚʝʥʴ ʘʥʥʦʪʠʨʦʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʛʝʥʦʤʦʚ, 

ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʯʘʩʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʘʢʪʠʯʥʳʤ ʤʝʪʦʜʦʤ ʘʥʥʦʪʠʨʦʚʘʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʠʩʢ ʩʭʦʜʩʪʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʤʦʜʝʣʴʥʳʤ A. thaliana. ʅʘ 

ʧʨʘʢʪʠʢʝ, ʯʘʩʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʩʪʦʡ ʧʦʠʩʢ BLAST ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʝʥʦʤʘ/ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʦʪʝʦʤʘ A. thaliana ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʦʡ ʙʘʟʳ. ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʠʩʢ ʦʪʢʨʳʪʳʭ ʨʘʤʦʢ ʩʯʠʪʳʚʘʥʠʷ, ʢʦʜʠʨʫʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʜʦʤʝʥʳ, ʩ ʧʦʤʦʱʴʶ TransDecoder (https://github.com/TransDecoder). ʀʥʩʪʨʫʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʦʤʝʥʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʧʨʦʩʪʳʤ ʧʦʠʩʢʦʤ ʧʦ ʩʭʦʜʩʪʚʫ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʦʤʝʥʦʚ ʦʙʳʯʥʦ ʚʳʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳ ʤʝʞʜʫ ʛʝʥʘʤʠ. 

ɼʦʤʝʥʳ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʨʦʬʠʣʝʡ ʩʢʨʳʪʳʭ ʤʘʨʢʦʚʩʢʠʭ ʤʦʜʝʣʝʡ 

(HMM), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʚʳʨʘʚʥʠʚʘʥʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ð ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʠʢʩʠʨʫʝʪʩʷ ʪʠʧʠʯʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʦʪʜʝʣʴʥʳʭ ʩʘʡʪʘʭ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʙʣʝʤʝ ʘʥʥʦʪʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [98]. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ ʦʙʳʯʥʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʝʨʝʥʦʩ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʬʫʥʢʮʠʠ ʦʪ ʦʜʥʦʛʦ ʛʝʥʘ ʢ ʜʨʫʛʦʤʫ, ʧʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ ʚʝʨʥʘ. ʆʜʥʘʢʦ, ʜʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʝʨʝʥʦʩ 

ʘʥʥʦʪʘʮʠʠ ʙʳʣ ʫʩʧʝʰʝʥ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʚʦʧʨʦʩ ʦ ʝʝ ʢʘʯʝʩʪʚʝ. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʙʝʣʢʠ ʦʙʳʯʥʦ ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʪʜʝʣʴʥʳʭ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ 

ʜʦʤʝʥʦʚ, ʚʩʪʨʦʝʥʥʳʭ ʚ ʙʦʣʝʝ ʦʙʱʠʝ ʢʦʜʠʨʫʶʱʠʝ ʫʯʘʩʪʢʠ, ʤʝʪʦʜʳ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʪʦʣʴʢʦ ʩʭʦʜʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʥʦ ʥʝ ʫʯʠʪʳʚʘʶʱʠʝ, ʯʪʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʬʫʥʢʮʠʠ ʥʝʦʙʭʦʜʠʤʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦʤʝʥʳ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʘʥʥʦʪʘʮʠʠ. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʘʥʥʦʪʘʮʠʷʤ ʩʣʝʜʫʝʪ 

https://github.com/TransDecoder
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ʦʪʥʦʩʠʪʴʩʷ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʩʢʦʨʝʝ ʢʘʢ ʨʘʙʦʯʠʝ ʛʠʧʦʪʝʟʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʫʞʜʘʪʴʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʝ [98]. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʙʘʟʦʡ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʥʥʦʪʘʮʠʠ 

ʷʚʣʷʝʪʩʷ çGene Ontologyè (GO) ð ʦʥʪʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʛʝʥʥʳʝ 

ʧʨʦʜʫʢʪʳ ʪʨʝʤʷ ʦʪʜʝʣʴʥʳʤʠ ʢʘʪʝʛʦʨʠʷʤʠ (çʪʝʨʤʠʥʘʤʠè): çʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩè, çʢʣʝʪʦʯʥʳʡ ʢʦʤʧʦʥʝʥʪè ʠ çʤʦʣʝʢʫʣʷʨʥʘʷ ʬʫʥʢʮʠʷè. ʆʥʪʦʣʦʛʠʷ GO 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʘ ʢʘʢ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʘʮʠʢʣʠʯʝʩʢʠʡ ʛʨʘʬ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʚʝʩʪʠ 

ʙʦʣʝʝ ʦʙʱʠʝ ʪʝʨʤʠʥʳ ʠʟ ʢʦʥʢʨʝʪʥʦʛʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʛʨʫʧʧʠʨʦʚʘʪʴ 

ʜʘʥʥʳʝ [102,103]. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʚʳʧʦʣʥʷʶʱʠʭ 

ʧʨʠʩʚʦʝʥʠʝ ʬʫʥʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʧʫʣʷʨʥʳʭ ʦʥʪʦʣʦʛʠʡ, ʪʘʢʠʝ ʢʘʢ KEGG Automatic 

Annotation Server (KAAS) [104], Mercator [105], AHRD 

(https://github.com/groupschoof/AHRD) ʠʣʠ Blast2GO [106,107]. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʩʣʝʜʥʠʡ ʜʘʝʪ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʘʥʥʦʪʠʨʦʚʘʥʠʷ, ʥʦ ʠʤʝʝʪ ʩʘʤʦʝ ʙʦʣʴʰʝ 

ʚʨʝʤʷ ʨʘʙʦʪʳ [98]. 

1.4 ʉʪʨʫʢʪʫʨʘ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʠ ʪʠʧʠʯʥʳʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʤʦʪʠʚʳ ʚ 

ʛʝʥʦʤʝ ʨʘʩʪʝʥʠʡ 

ʊʨʘʥʩʢʨʠʧʮʠʷ ð ɻ ʪʦ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʛʝʥʘ ʢ ʤʘʪʨʠʯʥʦʡ ʈʅʂ, 

ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ II. ʈʝʛʫʣʷʮʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʚʷʟʳʚʘʥʠʶ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ (ʊʌ) ʩ ʛʝʥʦʤʥʳʤʠ 

ʩʘʡʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʨʝʛʫʣʷʪʦʨʥʳʝ ʥʫʢʣʝʦʪʠʜʥʳʝ ʤʦʪʠʚʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ, 1000 ʧ.ʥ. ʚʳʰʝ (ʣʝʚʝʝ) ʦʪ ʩʘʡʪʦʚ ʥʘʯʘʣʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ (transcription start site, TSS). ʇʦʣʦʞʝʥʠʝ TSS ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʚʦʤʫ 

ʥʫʢʣʝʦʪʠʜʫ, ʪʨʘʥʩʢʨʠʙʠʨʫʝʤʦʤʫ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ II. ʕʫʢʘʨʠʦʪʠʯʝʩʢʠʝ ʛʝʥʳ 

ʤʦʛʫʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ TSS [108,109]. 

ɹʘʟʦʚʳʡ ʧʨʦʤʦʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʯʘʩʪʦʢ ɼʅʂ ʜʣʠʥʦʡ ʜʦ 250 ʧ.ʥ., 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ TSS ʠ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʠʥʠʮʠʘʮʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʠʥʠʮʠʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ: ʩʬʦʢʫʩʠʨʦʚʘʥʥʘʷ, 

ʦʙʳʯʥʦ ʩʚʷʟʘʥʥʘʷ ʩ ʨʝʛʫʣʷʮʠʝʡ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʭ ʛʝʥʦʚ ʠ ʛʝʥʦʚ ʦʪʚʝʪʘ ʥʘ ʩʪʨʝʩʩ, 

ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʘʷ, ʦʙʳʯʥʦ ʚʩʪʨʝʯʘʶʱʘʷʩʷ ʚ ʛʝʥʘʭ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ ʧʨʠ 
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ʢʦʥʩʪʠʪʫʪʠʚʥʦʤ ʧʘʪʪʝʨʥʝ ʵʢʩʧʨʝʩʩʠʠ [110]. ɽʩʣʠ ʦʙʣʘʩʪʴ ʠʥʠʮʠʘʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ 

ʰʠʨʦʢʘʷ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʫʯʘʩʪʦʢ 

ʥʘʟʳʚʘʝʪʩʷ ʦʙʣʘʩʪʴʶ ʥʘʯʘʣʘ ʪʨʘʥʩʢʨʠʧʮʠʠ (transcription start region, TSR). ɺ 

ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʦʪʦʨʘ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʨʝʛʫʣʷʪʦʨʥʳʤ ʤʦʪʠʚʦʤ 

ʷʚʣʷʝʪʩʷ ʊɸʊɸ-ʙʦʢʩ (ʢʦʥʩʝʥʩʫʩ ʊɸʊɸ(ɸ/ʊ)ɸ(ɸ/ʊ)), ʢʦʪʦʨʳʡ ʨʘʩʧʦʟʥʘʝʪʩʷ TATA-

ʩʚʷʟʳʚʘʶʱʠʤ ʙʝʣʢʦʤ ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʜʦ 60% ʚʩʝʭ ʧʨʦʤʦʪʦʨʦʚ [109,111ï115]. ɽʱʝ 

ʦʜʥʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʦʪʠʚʦʤ ʷʚʣʷʝʪʩʷ Inr ʩ ʢʦʥʩʝʥʩʫʩʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ YYA+1NT/AYY, ʢʦʪʦʨʳʡ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʤʝʩʪʝ ʥʘʯʘʣʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ. Inr ʤʦʪʠʚ ʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ, ʯʝʤ ʣʶʙʦʡ ʜʨʫʛʦʡ ʤʦʪʠʚ 

ʵʢʩʧʨʝʩʩʠʠ [110], ʠ ʦʙʳʯʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʛʝʥʘʭ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʪʨʘʥʩʢʨʠʧʮʠʷ ʢʦʪʦʨʳʭ ʠʥʠʮʠʠʨʫʝʪʩʷ ʩʚʝʨʭʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʤʠ ʧʨʦʤʦʪʦʨʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ [116], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʤʦʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʦʪʠʚ ʊɸʊɸ, ʦʙʳʯʥʦ 

ʙʦʣʝʝ ʫʟʢʠʝ ʠ ʩʚʷʟʘʥʳ ʩ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʠʧʘ ʪʢʘʥʠ ʠʣʠ ʢʦʥʪʝʢʩʪʘ 

[117].  

ʇʦʠʩʢ ʧʨʦʤʦʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʤʘ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ [114]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʶʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʘʡʪʦʚ ʥʘʯʘʣʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʦ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʘʭ ʨʘʩʪʝʥʠʡ. 

ʊʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʠʤʤʫʥʦʧʨʝʮʠʧʠʪʘʮʠʷ ʭʨʦʤʘʪʠʥʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʥʘʣʠʟʦʤ ʥʘ 

ʤʠʢʨʦʯʠʧʘʭ ʠʣʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ (ChIP-chip ʠ ChIP-seq), ʦʧʨʝʜʝʣʝʥʠʝ 

ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ɼʅʂʘʟʝ I (DNase I-hypersensitive sites, DHS) ʠ ʢʵʧ-ʘʥʘʣʠʟ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ (cap analysis of gene expression, CAGE) ʧʦʟʚʦʣʠʣʠ ʥʘʢʦʧʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʦ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʘʭ ʨʘʩʪʝʥʠʡ [118,119]. 

ʆʜʥʘʢʦ, ʵʪʠ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʪʨʫʜʦʝʤʢʠʤʠ ʠ ʟʘʪʨʘʪʥʳʤʠ. ʇʦʵʪʦʤʫ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ TSS ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʦʪʠʚʦʚ ʚ ʤʘʩʰʪʘʙʝ ʚʩʝʛʦ 

ʛʝʥʦʤʘ. ʇʦʜʭʦʜʳ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʮʠʩ-ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʦʪʠʚʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʟʠʮʠʦʥʥʦ-ʚʝʩʦʚʳʭ ʤʘʪʨʠʮ (PWM) ʠ ʜʘʥʥʳʭ ʵʢʩʧʨʝʩʩʠʠ ʙʳʣʠ 

ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʜʣʷ ʨʠʩʘ ʠ ʘʨʘʙʠʜʦʧʩʠʩʘ [115,120], ʭʤʝʣʷ [121] ʠ 
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ʚʠʥʦʛʨʘʜʥʦʡ ʣʦʟʳ [122]. ʇʦʣʥʦʛʝʥʦʤʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʤʦʪʦʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PWM ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʨʪʦʣʦʛʦʚ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʦʜʥʦʜʦʣʴʥʳʭ ʠ ʜʚʫʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ [123]. 

ʌʦʨʤʘ ʤʦʣʝʢʫʣʳ ɼʅʂ ʦʧʨʝʜʝʣʷʝʪʩʷ çʢʨʠʚʠʟʥʦʡè (çʠʩʢʨʠʚʣʝʥʥʦʩʪʴʶè) ʠ 

çʠʟʛʠʙʘʝʤʦʩʪʴʶè (ʛʠʙʢʦʩʪʴʶ ʠʣʠ çʤʷʛʢʦʩʪʴʶè), ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʝʡ ʩʠʩʪʝʤʳ ʠʣʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʩʠʣʳ. ʅʘʙʦʨ ʬʦʨʤ, ʢʦʪʦʨʳʝ ɼʅʂ 

ʧʨʠʥʠʤʘʝʪ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ ʥʘʟʳʚʘʝʪʩʷ çʢʨʠʚʠʟʥʦʡè ɼʅʂ, ʪʦʛʜʘ ʢʘʢ 

ʩʧʦʩʦʙʥʦʩʪʴ ɼʅʂ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʩʠʣʳ, ʥʘʟʳʚʘʝʪʩʷ 

çʠʟʛʠʙʘʝʤʦʩʪʴʶè [124]. ʆʙʘ ʵʪʠ ʧʘʨʘʤʝʪʨʘ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ɼʅʂ. ʇʨʦʤʦʪʦʨʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ ʩʚʦʝʡ ʥʠʟʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ɼʅʂ, ʚʳʩʦʢʦʡ ʠʟʛʠʙʘʝʤʦʩʪʴʶ ʠ ʢʨʠʚʠʟʥʦʡ [113,125ï127]. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ TSS ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʠʟʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɼʅʂ ʜʫʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʤʦʪʦʨʦʚ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʵʫʢʘʨʠʦʪ [128]. ʀʟʛʠʙʘʝʤʦʩʪʴ ɼʅʂ ʚ 

ʦʙʣʘʩʪʠ ʧʝʨʝʜ TSS ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʠʤʠ ʙʝʣʢʘʤʠ [126,129ï131]. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʧʨʦʤʦʪʦʨʳ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ GC-ʘʩʠʤʤʝʪʨʠʝʡ ʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦʥʠʞʝʥʥʦʡ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ. [113,127,132]. ɼʣʷ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ 

ʞʠʚʦʪʥʳʭ ʙʳʣ ʦʪʤʝʯʝʥ ʠʟʙʳʪʦʢ ʮʠʪʦʟʠʥʦʚʳʭ ʥʫʢʣʝʦʪʠʜʦʚ ʥʘʜ ʛʫʘʥʠʥʦʚʳʤʠ (GC-

skew) ʚ ʩʤʳʩʣʦʚʦʤ ʩʪʨʵʥʜʝ ɼʅʂ ʚʦʢʨʫʛ TSS [133ï135]. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ GC-skew ʚʦʢʨʫʛ TSS ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʜʝʟʘʤʠʥʠʨʦʚʘʥʠʷ ʮʠʪʦʟʠʥʘ ʚʦ ʚʨʝʤʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʟ-ʟʘ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʟʘʱʠʪʳ ʈʅʂ-ʧʦʣʠʤʝʨʘʟʦʡ ʥʫʢʣʝʦʪʠʜʦʚ ʥʘ ʥʝʪʨʘʥʩʢʨʠʙʠʨʫʝʤʦʡ 

ʮʝʧʠ [135]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʢʦʜʠʨʫʶʱʝʡ ʠ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʝʡ 

ʠʤʝʶʪ ʚʟʘʠʤʦʩʚʷʟʴ. ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʢʦʜʠʨʫʶʱʠʭ ʦʙʣʘʩʪʝʡ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʛʫʘʥʠʥʦʚʳʭ ʠ ʮʠʪʦʟʠʥʦʚʳʭ ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʪʨʝʪʴʝʤ ʧʦʣʦʞʝʥʠʠ 

(GC3). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʫʢʣʝʦʪʠʜʳ ʚ ʪʨʝʪʴʝʤ ʧʦʣʦʞʝʥʠʠ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ 

ʦʪʙʦʨʫ, ʯʝʤ ʧʝʨʚʳʝ ʜʚʘ, ʠʟ-ʟʘ ʚʳʨʦʞʜʝʥʥʦʩʪʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʜʘ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, 

ʯʪʦ ʥʘ ʦʩʥʦʚʝ GC3-ʩʦʩʪʘʚʘ ʛʝʥʦʤʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʩ 
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ʫʥʠʤʦʜʘʣʴʥʳʤ ʠ ʙʠʤʦʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ GC3. ʊʘʢ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʝʥʦʤʦʚ ʪʨʘʚ ʠʤʝʶʪ ʙʠʤʦʜʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ GC3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʜʠʨʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʚʫʜʦʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʫʥʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ [136,137]. ʈʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

ʙʠʤʦʜʘʣʴʥʦʩʪʴ GC3 ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʥʦʤʦʚ ʪʨʘʚ. ʇʦʟʞʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ GC3-ʩʦʩʪʘʚ ʫ ʜʨʫʛʠʭ ʚʠʜʦʚ ʦʜʥʦʜʦʣʴʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʢʫʨʢʫʤʘ 

ʜʣʠʥʥʘʷ (Curcuma longa L.), ʠʤʙʠʨʴ ʣʝʢʘʨʩʪʚʝʥʥʳʡ (Zingiber officinale Roscoe), 

ʤʘʩʣʠʯʥʘʷ ʧʘʣʴʤʘ (Elaeis guineensis Jacq.) ʠ ʟʘʥʪʝʜʝʩʢʠʷ (Zantedeschia aethiopica 

(L.) Spreng.), ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ GC3 [138ï140]. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ GC3 ʪʘʢʞʝ ʠʤʝʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʊɸʊɸ-ʙʦʢʩʘ ʠ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʚʷʟʘʥʳ 

ʩʦ ʩʪʨʝʩʩʦʤ [137]. 

1.5 ʇʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʘʩʪʝʥʠʡ 

ɺʳʩʦʢʦʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʠʟʢʦʡ ʩʣʦʞʥʦʩʪʠ ʟʘʥʠʤʘʶʪ 

ʙʦʣʴʰʫʶ ʜʦʣʶ ʚ ʛʝʥʦʤʘʭ ʨʘʩʪʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʭ ʢʣʘʩʩʦʚ ʪʘʢʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ ʧʦʚʪʦʨʳ (simple sequence 

repeats, SSRs), ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʘʢ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʤʦʪʠʚʘ 

ʨʘʟʤʝʨʦʤ 1ï9 ʧ.ʥ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʧʦʚʪʦʨʦʚ ʥʘʭʦʜʷʪʩʷ ʚ 

ʥʝʢʦʜʠʨʫʶʱʠʭ ʫʯʘʩʪʢʘʭ ʛʝʥʦʤʘ [141] ʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʤʫʪʠʨʦʚʘʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʧʦʪʝʨʠ ʠʣʠ ʜʦʙʘʚʣʝʥʠʷ çʤʦʥʦʤʝʨʦʚè, ʚʳʟʚʘʥʥʳʭ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝʤ ʠʣʠ ʩʙʦʝʤ ʨʘʙʦʪʳ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʚʦ ʚʨʝʤʷ ʨʝʧʣʠʢʘʮʠʠ [142]. 

ʄʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ ʣʦʢʫʩʳ ʥʘʩʣʝʜʫʶʪʩʷ ʢʦʜʦʤʠʥʘʥʪʥʦ ʠ ʠʤʝʶʪ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʭʨʦʤʦʩʦʤʘʤ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʦʮʝʥʢʠ 

ʚʥʫʪʨʠ- ʠ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ [143]. ɽʱʝ 

ʦʜʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʦʛʦ ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʨʦʩʪʦʪʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʝ. SSR ʤʘʨʢʝʨʳ ʪʨʝʙʫʶʪ ʣʠʰʴ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ 

ʨʝʘʢʮʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʨʘʡʤʝʨʘʤʠ; ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ 

ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʧʦʤʦʱʴʶ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʦʙʳʯʥʦ ʚ 
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ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʡ ʘʥʘʣʠʟ ʜʣʷ 

ʤʘʨʢʝʨʥʦʡ ʩʝʣʝʢʮʠʠ ʠ ʘʥʘʣʠʟʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʳʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ, ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʦʩʥʘʱʝʥʠʝʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʚʥʫʪʨʠ ʨʦʜʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʜʝʨʝʚʴʝʚ [144,145]. 

ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ 

ʩʯʠʪʘʣʠʩʴ ʪʨʫʜʦʸʤʢʦʩʪʴ ʠ ʜʦʨʦʛʦʚʠʟʥʘ ʚ ʠʭ ʨʘʟʨʘʙʦʪʢʝ, ʪʨʝʙʦʚʘʚʰʝʡ ʧʦʣʫʯʝʥʠʷ 

ʛʝʥʦʤʥʳʭ ʙʠʙʣʠʦʪʝʢ, ʦʙʦʛʘʱʝʥʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʤʠ ʣʦʢʫʩʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʠʭ ʢʣʦʥʠʨʦʚʘʥʠʝʤ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ, ʯʪʦ ʦʩʣʦʞʥʷʣʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ. ʇʦʣʴʟʘ SSR, ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʜʣʷ ʜʨʝʚʝʩʥʳʭ 

ʚʠʜʦʚ ʪʘʢʞʝ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʥʘ ʪʝʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʘʡʤʝʨʳ ʯʘʩʪʦ ʥʝ ʤʦʛʣʠ 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʪʴ ʪʦʪ ʞʝ ʩʘʤʳʡ ʣʦʢʫʩ ʫ ʨʦʜʩʪʚʝʥʥʳʭ ʪʘʢʩʦʥʦʚ, ʝʩʣʠ ʜʘʥʥʳʡ 

ʧʦʚʪʦʨ ʥʝ ʬʣʘʥʢʠʨʦʚʘʥ ʚʳʩʦʢʦ-ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ. ɽʱʝ 

ʦʜʥʘ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ SSR-ʤʘʨʢʝʨʘʤʠ ʵʪʦ ʧʨʠʩʫʪʩʪʚʠʝ çʥʫʣʴè ʘʣʣʝʣʝʡ ð 

ʦʪʩʫʪʩʪʚʠʝ ʘʤʧʣʠʬʠʢʘʮʠʠ ʚʚʠʜʫ ʥʝʧʦʣʥʦʡ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʤʫʪʘʮʠʡ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. ʊʘʢʦʝ ʯʘʱʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʘʡʤʝʨʦʚ, ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʜʨʫʛʦʛʦ ʨʦʜʩʪʚʝʥʥʦʛʦ ʚʠʜʘ. ʅʘʣʠʯʠʝ 

ʥʫʣʴ-ʘʣʣʝʣʝʡ ʚʝʜʝʪ ʢ ʩʣʦʞʥʦʩʪʷʤ ʚ ʦʮʝʥʢʝ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ ʠ ʥʝʜʦʦʮʝʥʢʝ ʫʨʦʚʥʷ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ [146]. ʆʪʯʘʩʪʠ ʵʪʦ ʤʦʞʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴʩʷ ʚʳʷʚʣʝʥʠʝʤ ʠ 

ʘʥʘʣʠʟʦʤ ʥʫʣʴ-ʘʣʣʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʪʘʢʠʭ ʢʘʢ 

Micro-Checker [147]. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʦʧʫʣʷʮʠʡ ʧʨʠʤʝʥʷʶʪ ʥʝ ʪʦʣʴʢʦ ʷʜʝʨʥʳʝ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ 

ʤʘʨʢʝʨʳ, ʥʦ ʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʝ: ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ [141] ʠ ʭʣʦʨʦʧʣʘʩʪʥʳʝ 

[148,149]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʠʭ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʠʞʝ, ʯʝʤ ʫ 

ʷʜʝʨʥʳʭ, ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʝ ʤʘʨʢʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʚʠʜʫ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘʩʣʝʜʦʚʘʥʠʷ ʫ ʨʘʟʥʳʭ ʛʨʫʧʧ ʨʘʩʪʝʥʠʡ. ʋ ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʠʜʦʚ ʧʝʨʝʜʘʯʘ ʢʘʢ ʭʣʦʨʦʧʣʘʩʪʥʦʛʦ, ʪʘʢ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʘʪʝʨʠʥʩʢʦʡ ʣʠʥʠʠ. ʆʜʥʘʢʦ, ʥʘʧʨʠʤʝʨ, ʫ ʭʚʦʡʥʳʭ ʛʝʥʦʤ 

ʧʣʘʩʪʠʜ ʧʝʨʝʜʘʝʪʩʷ ʧʦʪʦʤʩʪʚʫ ʩ ʧʳʣʴʮʦʡ, ʘ ʛʝʥʦʤ ʤʠʪʦʭʦʥʜʨʠʡ ð ʩ ʩʝʤʝʥʘʤʠ 
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[150,151], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʥʘʩʣʝʜʦʚʘʥʠʝ ʧʦ ʨʘʟʥʳʤ ʣʠʥʠʷʤ ð ʤʘʪʝʨʠʥʩʢʦʡ 

ʠ ʦʪʮʦʚʩʢʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ Larix ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʘʥʥʳʝ 

ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮ ʷʧʦʥʩʢʦʡ [152], 

ʝʚʨʦʧʝʡʩʢʦʡ [153], ɻʤʝʣʠʥʘ [152], ʃʘʡʵʣʷ ʠ ʟʘʧʘʜʥʦʡ [154,155]. ɺ. ʃ. ʉʝʤʝʨʠʢʦʚ 

ʚʤʝʩʪʝ ʩ ʢʦʣʣʝʛʘʤʠ ʠʟʫʯʘʣʠ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʥʘ 

ʋʨʘʣʝ, ʠʩʧʦʣʴʟʫʷ ʧʦʣʠʤʦʨʬʠʟʤ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʠ ʯʘʩʪʠʯʥʦ ʷʜʝʨʥʳʭ 

ʛʝʥʦʚ [25,156,157]. ʅ.ɺ. ʆʨʝʰʢʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʚ 2013 ʛʦʜʫ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʠʣʠ 

ʜʣʷ ʦʮʝʥʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʥʘʙʦʨ 

ʠʟ ʩʝʤʠ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʟʥʘʯʘʣʴʥʦ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʣʠʩʪʚʝʥʥʠʮʳ [28]. ɸʚʪʦʨʳ ʫʪʦʯʥʷʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʥʘʙʣʶʜʘʝʤʦʡ ʛʦʤʦʟʠʛʦʪʥʦʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʞʠʜʘʝʤʦʡ, ʩʚʷʟʘʥʳ ʥʝ ʪʦʣʴʢʦ ʩ 

ʠʥʙʨʠʜʠʥʛʦʤ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʦʧʫʣʷʮʠʷʭ, ʥʦ ʩʢʦʨʝʝ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʢʨʳʪʳʭ 

ʥʫʣʴ-ʘʣʣʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʢʦʤʧʣʠʤʝʥʪʘʨʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʘʡʤʝʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ Larix. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʘʤʧʣʠʬʠʢʘʮʠʠ ʘʣʣʝʣʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʘʡʤʝʨ ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʩʦʚʧʘʜʘʝʪ ʩ ʩʘʡʪʦʤ ʦʪʞʠʛʘ, ʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʶ 

ʛʝʪʝʨʦʟʠʛʦʪ ʢʘʢ ʛʦʤʦʟʠʛʦʪ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʟʘʚʳʰʝʥʠʶ ʠʭ ʯʘʩʪʦʪʳ, ʩʦʟʜʘʚʘʷ ʧʨʠ 

ʵʪʦʤ ʣʦʞʥʫʶ ʚʠʜʠʤʦʩʪʴ ʠʥʙʨʠʜʠʥʛʘ. ɺ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʦʮʝʥʢʠ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ ʣʠʩʪʚʝʥʥʠʮʳ 

ʩʠʙʠʨʩʢʦʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦʩʝʤʴ ʧʦʣʠʤʦʨʬʥʳʭ ʷʜʝʨʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ 

ʣʦʢʫʩʦʚ, ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʣʠʩʪʚʝʥʥʠʮʳ [27]. ɸʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʠʤʦʨʬʥʳʭ ʤʘʨʢʝʨʦʚ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʦ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ, ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʠʩʢʘʞʝʥʥʦʡ ʦʮʝʥʢʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. 

1.5.1 ʄʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ 

ʆʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʥʘʙʦʨʘ ʧʦʣʠʤʦʨʬʥʳʭ SSR-ʤʘʨʢʝʨʦʚ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ: 

- ʧʦʠʩʢʝ ʚ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʧʦʜʭʦʜʷʱʠʭ ʣʦʢʫʩʦʚ ʩ 

ʜʦʩʪʘʪʦʯʥʳʤ ʯʠʩʣʦʤ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ, ʠʤʝʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʝ 
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ʬʣʘʥʢʠʨʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʚʳʙʦʨʘ ʩʘʡʪʦʚ ʦʪʞʠʛʘ ʠ ʜʠʟʘʡʥʘ ʇʎʈ 

ʧʨʘʡʤʝʨʦʚ, 

- ʧʦʜʙʦʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʘʡʤʝʨʦʚ, 

- ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʇʎʈ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ ʦʙʨʘʟʮʦʚ ɼʅʂ,  

- ʨʘʟʜʝʣʝʥʠʠ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʛʝʣʴ-

ʵʣʝʢʪʨʦʬʦʨʝʟʘ, 

- ʪʝʩʪʠʨʦʚʘʥʠʠ ʧʨʘʡʤʝʨʦʚ ʥʘ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ɼʅʂ.  

ɿʘʯʘʩʪʫʶ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʨʢʝʨʳ ʪʝʩʪʠʨʫʶʪ ʪʘʢ ʞʝ ʥʘ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ 

ʚʠʜʘʭ, ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʠʪʴ ʠʭ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʧʦʣʠʤʦʨʬʥʦʩʪʴ. ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʠʜʘ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ ʣʦʢʫʩʳ ʠʟʚʝʩʪʥʳʝ ʜʣʷ ʜʨʫʛʦʛʦ, 

ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʦʛʦ ʚʠʜʘ ʠʣʠ ʨʦʜʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʣʘʥʢʠʨʫʶʱʠʝ ʫʯʘʩʪʢʠ ʠʤʝʶʪ 

ʙʦʣʝʝ ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʤʫʪʘʮʠʠ, ʯʝʤ ʩʘʤʠ SSR-ʧʦʚʪʦʨʳ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 

ʢʨʦʩʩ-ʚʠʜʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʧʨʘʡʤʝʨʦʚ [158], ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʩʪʴ 

ʦʧʘʩʥʦʩʪʴ ʥʝʧʦʣʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʘʡʤʝʨʦʚ ʩʘʡʪʘʤ ʦʪʞʠʛʘ, ʯʪʦ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʧʦʷʚʣʝʥʠʶ ʥʫʣʴ-ʘʣʣʝʣʝʡ ʠ ʦʰʠʙʦʯʥʦʤʫ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʶ ʛʝʪʝʨʦʟʠʛʦʪ ʧʦ ʪʘʢʠʤ 

ʘʣʣʝʣʷʤʠ ʢʘʢ ʛʦʤʦʟʠʛʦʪ. 

1.5.2 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ ʠ ʧʦʜʙʦʨ ʧʨʘʡʤʝʨʦʚ ʜʣʷ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ 

ʇʦʠʩʢ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʧʨʠ ʧʦʤʦʱʠ 

ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢʦʛʦ ʢʘʢ Tandem Repeat Finder (TRF) 

[159] ʠ MISA [160], ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʦʠʩʢʘ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ. ɼʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ 

ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ GMATo [161]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʩʧʝʰʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʮʝʣʝʚʳʭ ʤʘʨʢʝʨʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʘʞʥʦ, ʯʪʦʙʳ ʧʨʘʡʤʝʨʳ ʢ ʥʠʤ ʙʳʣʠ ʩʧʝʮʠʬʠʯʥʳ ð ʪʦ ʝʩʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʨʢʝʨʘ ʜʦʣʞʥʳ ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʛʝʥʦʤʝ 

ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʤʝʩʪʝ. ɼʣʷ ʵʪʦʛʦ ʧʨʠ ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʛʝʥʦʤʝ 

ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʘʟʘ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʢ ʩʦʟʜʘʥʠʶ SSR-ʤʘʨʢʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ 
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ʧʨʘʡʤʝʨʦʚ ʠ ʠʭ ʧʨʦʚʝʨʢʘ ʩ ʧʦʤʦʱʴʶ ʇʎʈ ʘʤʧʣʠʬʠʢʘʮʠʠ. ɼʣʠʥʘ ʧʨʷʤʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʧʨʘʡʤʝʨʦʚ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 18 ʜʦ 30 ʧ.ʥ. ʆʜʥʘʢʦ, ʜʣʠʥʘ ʚ 21ï23 

ʧ.ʥ. ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ 

ʣʦʢʫʩʦʚ [162]. ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʧʨʘʡʤʝʨʳ ʠʤʝʣʠ 40ï60% GC-ʩʦʩʪʘʚ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʜʠʤʝʨʦʚ ʧʨʘʡʤʝʨʦʚ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʫʪʝʤ ʧʦʠʩʢʘ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ 

ʩʘʡʪʦʚ ʦʪʞʠʛʘ, ʧʨʘʡʤʝʨʳ ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʦʙʨʘʟʫʶʪ ʜʠʤʝʨʦʚ, ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦʡ ɼʅʂ ʧʦʣʠʤʝʨʘʟʳ (hot start Taq DNA polymerase) ʠ çʛʦʨʷʯʝʛʦè ʩʪʘʨʪʘ 

ʚ ʧʨʦʪʦʢʦʣʝ ʇʎʈ. 

1.5.3 ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʇʎʈ ʠ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ SSR-ʘʥʘʣʠʟʘ ʇʎʈ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ʩ ʧʦʤʦʱʴʶ ʧʦʜʦʙʨʘʥʥʳʭ ʧʨʘʡʤʝʨʦʚ ʢʦʤʧʣʠʤʝʥʪʘʨʥʳʭ 

ʩʘʡʪʘʤ ʦʪʞʠʛʘ ʬʣʘʥʢʠʨʫʶʱʠʤ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ ʣʦʢʫʩʳ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʜʣʠʥ ʬʨʘʛʤʝʥʪʦʚ. ʆʙʳʯʥʦ ʇʎʈ ʧʨʦʛʨʘʤʤʘ ʩʦʩʪʦʠʪ ʠʟ ʧʨʠʤʝʨʥʦ 35 

ʮʠʢʣʦʚ ʩʤʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʘʜʠʶ 

ʜʝʥʘʪʫʨʘʮʠʠ ʧʨʠ 95ÁC, ʦʪʞʠʛʘ ʧʨʘʡʤʝʨʦʚ ʧʨʠ 55ï65ÁC ʠ ʵʣʦʥʛʘʮʠʠ ʧʨʠ 72ÁC. ɼʣʷ 

ʫʩʧʝʰʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʤʘʨʢʝʨʥʳʭ ʣʦʢʫʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʦʙʨʘʟʦʤ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʇʎʈ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʦʩʣʦʞʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʦʪʩʫʪʩʪʚʠʝ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʥʠʟʢʠʡ ʚʳʭʦʜ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʧʝʮʠʬʠʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ ʦʰʠʙʦʢ ʚ ʩʚʷʟʳʚʘʥʠʠ ʧʨʘʡʤʝʨʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʘʡʤʝʨ-

ʜʠʤʝʨʦʚ. ʇʦʜʙʦʨ ʧʨʘʚʠʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʧʨʘʡʤʝʨʦʚ ʠʛʨʘʝʪ ʟʜʝʩʴ ʢʨʘʡʥʝ 

ʚʘʞʥʫʶ ʨʦʣʴ. ʇʨʠ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʧʨʦʠʟʦʡʜʝʪ ʩʚʷʟʳʚʘʥʠʝ 

ʧʨʘʡʤʝʨʘ ʩ ɼʅʂ-ʤʘʪʨʠʮʝʡ, ʘ ʧʨʠ ʩʣʠʰʢʦʤ ʥʠʟʢʦʡ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ. ʉʣʠʰʢʦʤ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʪʘʢʞʝ ʚʝʜʝʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʥʝʩʧʝʮʠʬʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɼʨʫʛʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʇʎʈ-ʧʨʦʛʨʘʤʤ ð ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʛʦʨʷʯʠʡ ʩʪʘʨʪè, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʤʝʨʦʚ, ʩʘʤʦʦʪʞʠʛʘ ʠ 

ʩʘʤʦʫʜʣʠʥʥʝʥʠʷ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ çʰʧʠʣʝʢè, ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʦʪʞʠʛʘ 

ʧʨʘʡʤʝʨʦʚ ʥʘ ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ ʇʎʈ. ʉ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʝʡ ʪʘʢ ʞʝ 
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ʤʦʞʥʦ ʙʦʨʦʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤ ʩ çtouchdownè. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʣʝʚʳʝ 

ʣʦʢʫʩʳ ʘʤʧʣʠʬʠʮʠʨʫʶʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ ʧʝʨʚʳʝ ʥʝʩʢʦʣʴʢʦ 

ʮʠʢʣʦʚ ʨʝʘʢʮʠʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 10ï15 

ʮʠʢʣʘʭ ʜʦ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʫʨʦʚʥʷ. 

ɼʣʷ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ SSR-ʣʦʢʫʩʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʣʠʥ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʪʠʧʘ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʠʟ ʥʠʭ ð 

ʵʣʝʢʪʨʦʬʦʨʝʟ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʦʢʨʘʰʠʚʘʥʠʝʤ ʚ ʨʘʩʪʚʦʨʝ 

ʙʨʦʤʠʩʪʦʛʦ ʵʪʠʜʠʷ [163]. ɺʪʦʨʦʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʳʡ ʛʝʣʴ, 

ʢʦʪʦʨʳʡ, ʭʦʪʷ ʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʦʨʦʛʠʤ ʠ ʩʣʦʞʥʳʤ ʚ ʧʨʠʛʦʪʦʚʣʝʥʠʠ, ʦʜʥʘʢʦ ʠʤʝʝʪ 

ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʯʝʤ ʘʛʘʨʦʟʥʳʡ. ʅʘʢʦʥʝʮ, ʩʘʤʳʤ 

ʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʤʦʨʬʠʟʤʘ ʜʣʠʥ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ 

ʷʚʣʷʝʪʩʷ ʢʘʧʠʣʣʷʨʥʳʡ ʵʣʝʢʪʨʦʬʦʨʝʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʢʚʝʥʘʪʦʨʦʚ ʪʠʧʘ ABI 

PRISM (Applied Biosystems). ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʢʘʟʳʚʘʝʪ ʢʨʘʡʥʝ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʫʣʴʪʠʧʣʝʢʩʥʳʝ ʧʘʥʝʣʠ, ʫʤʝʥʴʰʘʷ 

ʩʪʦʠʤʦʩʪʴ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ ʘʥʘʣʠʟʘ. ʄʠʥʫʩʦʤ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʠ 

ʥʝʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

2.1 ɸʥʥʦʪʘʮʠʷ ʷʜʝʨʥʦʛʦ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ 

ɼʣʷ ʘʥʥʦʪʘʮʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʙʦʨʢʘ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ v1.0 

(NCBI GCA_004151065.1) ʦʙʱʝʡ ʜʣʠʥʦʡ 12,34 ʤʣʨʜ. ʧ.ʥ. ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʦʡ 

ʢʦʥʪʠʛʘ 200 ʧ.ʥ. (ʊʘʙʣʠʮʘ 2), ʧʦʣʫʯʝʥʥʘʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʣʝʩʥʦʡ ʛʝʥʦʤʠʢʠ ʉʌʋ [12]. 

ʊʘʙʣʠʮʘ 2. ʉʪʘʪʠʩʪʠʢʘ ʩʙʦʨʢʠ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. 

ʉʙʦʨʢʘ ʂʦʣʠʯʝʩʪʚʦ, 

ʤʣʥ 

N50, ʧ.ʥ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʜʣʠʥʘ, ʧ.ʥ. 

ʉʫʤʤʘʨʥʘʷ ʜʣʠʥʘ, 

ʤʣʨʜ. ʧ.ʥ 

ʂʦʥʪʠʛʠ 12,40 1 074 128 642 7,99 

ʉʢʘʬʬʦʣʜʳ 11,33 6 443 354 326 12,34 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʜʝʨʞʢʦʡ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʬʝʨʝʥʩʥʳʝ ʪʨʘʥʩʢʨʠʧʪʦʤʳ ʧʷʪʠ ʪʢʘʥʝʡ ð ʧʦʯʢʠ, ʭʚʦʠ, ʢʘʤʙʠʷ, 

ʧʨʦʨʦʩʪʢʘ ʠ ʧʦʙʝʛʘ ʧʝʨʚʦʛʦ ʛʦʜʘ, ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʣʝʩʥʦʡ 

ʛʝʥʦʤʠʢʠ ʉʌʋ. ʇʨʦʯʪʝʥʠʷ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʜʦʩʪʫʧʥʳ ʚ NCBI SRA: SRX9464971, 

SRX14986114, SRX14997110, SRX14997111 ʠ SRX14997112. ʉʙʦʨʢʠ 

ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʜʦʩʪʫʧʥʳ ʚ NCBI: GIXH00000000, GJYD00000000, 

GJYL00000000, GJYN00000000 ʠ GJYW00000000 [20]. 

2.1.1 ɸʥʘʣʠʟ ʠ ʤʘʩʢʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ 

ɼʣʷ ʧʦʠʩʢʘ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ ʠ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

RepeatModeler v.1.0.11 [164], ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʨʦʛʨʘʤʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʚʪʦʨʦʚ de 

novo RepeatScout ʠ RECON [72,74]. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʚʨʝʤʝʥʠ RepeatScout ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝ ʚʩʝ ʩʢʘʬʬʦʣʜʳ ʠʣʠ ʢʦʥʪʠʛʠ, ʘ 

ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʫʶ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʫʶ ʠʭ ʯʘʩʪʴ, ʙʳʣʦ ʨʝʰʝʥʦ ʚʟʷʪʴ ʜʣʷ ʘʥʘʣʠʟʘ 

ʪʦʣʴʢʦ ʩʢʘʬʬʦʣʜʳ ʜʣʠʥʦʡ ʙʦʣʝʝ 100 ʂʙ (2869 ʩʢʘʬʬʦʣʜʦʚ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʦʡ 360 

ʤʣʥ. ʧ.ʥ.). RepeatMasker open-4.0.6 [165] ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʤʘʩʢʠʨʦʚʘʥʠʷ ʦʙʣʘʩʪʝʡ 

ʥʠʟʢʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʧʦʚʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʧʦʚʪʦʨʦʚ; 

ʙʘʟʘ RepBase RepeatMasker 2017.01.27 [166] ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʡ 

ʙʠʙʣʠʦʪʝʢʦʡ ʧʦʚʪʦʨʦʚ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ RepeatModeler 

open-1.0.8, ʢʦʪʦʨʳʡ ʙʳʣ ʟʘʧʫʱʝʥ ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʕʪʘ 
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ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʧʘʡʧʣʘʡʥʝ 

MAKER2 ʜʣʷ ʤʘʩʢʠʨʦʚʢʠ ʧʦʚʪʦʨʦʚ (ʈʠʩʫʥʦʢ 3) [20]. 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʤʘʩʢʠʨʦʚʢʠ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʝ 

ɼʣʷ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʠʟʚʝʩʪʥʳʭ ʩʝʤʝʡʩʪʚ ʧʦʚʪʦʨʦʚ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ RepeatMasker ʥʘ ʧʦʣʥʦʡ ʩʙʦʨʢʝ ʛʝʥʦʤʘ (12,34 ʤʣʨʜ. ʧ.ʥ.). ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʧʦʚʪʦʨʦʚ, ʙʠʙʣʠʦʪʝʢʘ de novo, ʩʦʟʜʘʥʥʘʷ 

RepeatModeler, ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ ʢʣʘʩʪʝʨʠʟʘʮʠʝʡ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʨʠʜʦʚ ʠʟ 

ʜʘʥʥʳʭ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʂʣʘʩʪʝʨʳ ʧʨʦʯʪʝʥʠʡ ʙʳʣʠ ʩʦʙʨʘʥʳ ʩ 

ʧʦʤʦʱʴʶ Inchworm ʠʟ TrinityRnaSeq v2.2.0, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʦʥʩʝʥʩʫʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʠʣʴʥʦ 

ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʫʯʘʩʪʢʠ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ. ʅʝʨʘʩʧʦʟʥʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟ 

ʙʠʙʣʠʦʪʝʢʠ ʧʦʚʪʦʨʦʚ de novo, ʩʦʟʜʘʥʥʦʡ RepeatModeler, ʠ ʢʣʘʩʪʝʨʳ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʧʨʦʯʪʝʥʠʡ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ TEclass v2.1.3, 

ʢʦʪʦʨʳʡ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʪʨʘʥʩʧʦʟʦʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ 

ʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ LVQ [167] (ʈʠʩʫʥʦʢ 4). 

 

ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʢʣʘʩʩʦʚ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʝ 

ɼʣʷ ʧʦʠʩʢʘ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʮʝʥʢʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʚ ʛʝʥʦʤʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʙʘʟʘ ʧʦʚʪʦʨʦʚ, 
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ʚʢʣʶʯʘʶʱʘʷ ʙʠʙʣʠʦʪʝʢʫ RepeatModeler, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʫʶ ʩ ʧʦʤʦʱʴʶ TEclass, 

ʙʠʙʣʠʦʪʝʢʫ RepBase (ʚʝʨʩʠʷ 2017.01.27), ʙʠʙʣʠʦʪʝʢʫ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʵʣʝʤʝʥʪʦʚ MIPS [168], ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ 

CPRD [169] ʠ ʙʠʙʣʠʦʪʝʢʫ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʧʦʚʪʦʨʦʚ ʩʦʩʥʳ PIER v1.0 [21,169] 

(ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.ʈʠʩʫʥʦʢ 4). ʏʘʩʪʴ ʜʣʠʥʥʳʭ ʧʨʦʯʪʝʥʠʡ O

xford Nanopore, ʜʦʩʪʫʧʥʘʷ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ 

ʦʮʝʥʢʠ ʜʦʣʠ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʝ. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ R-ʩʢʨʠʧʪ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ RepeatMasker ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ RepBase. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʥʦʚʣʝʥʠʝʤ 

Repbase [170]. ɼʣʷ ʧʦʠʩʢʘ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʛʨʘʤʤʳ 

GMATo [161] ʠ TRF [20,159]. 

2.1.2 ʆʮʝʥʢʘ ʚʨʝʤʝʥʠ ʚʩʪʘʚʢʠ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ LTR -RT 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʚʩʪʘʚʢʠ 

ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʩ ʜʣʠʥʥʳʤʠ ʢʦʥʮʝʚʳʤʠ ʧʦʚʪʦʨʘʤʠ (LTR-RT):  

1) ʠʟʤʝʨʝʥʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʝʞʜʫ ʜʚʫʤʷ ʬʣʘʥʢʠʨʫʶʱʠʤʠ 

LTR ʠ ʨʘʩʯʸʪ ʚʨʝʤʝʥʠ ʠʭ ʨʘʩʭʦʞʜʝʥʠʷ ʩ ʫʯʸʪʦʤ ʩʢʦʨʦʩʪʠ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʭ 

ʤʫʪʘʮʠʡ; 

2) ʘʥʘʣʠʟ ʧʦʧʘʨʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, 

ʢʦʜʠʨʫʶʱʠʤʠ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥ, ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʧʘʨʘʣʦʛʠʯʥʳʤ ʵʣʝʤʝʥʪʘʤ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʦʥʦʬʠʣʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳ. 

ʍʦʪʷ ʵʪʠ ʤʝʪʦʜʳ ʤʦʛʫʪ ʜʘʚʘʪʴ ʨʘʟʥʳʝ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʣʠʥʠʡ 

LTR, ʧʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʦʠʤʠ ʤʝʪʦʜʘʤʠ, ʘʥʘʣʦʛʠʯʥʳ 

[171]. 

ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ de novo ʧʦʠʩʢʘ ʵʣʝʤʝʥʪʦʚ LTR-RT ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

LTRharvest [78] ʩ ʧʘʨʘʤʝʪʨʘʤʠ ç-tis -suf -lcp -des -ssp -sds -dna». ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʝʜʩʢʘʟʘʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʩʪʨʦʛʦʛʦ 

ʥʘʙʦʨʘ LTR-RT, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ LTR_retriever [172], ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ 

ʨʝʟʫʣʴʪʘʪʳ LTRharvest, ʩ ʧʘʨʘʤʝʪʨʘʤʠ ç-u 1,57e-8 -missrate 0,4 -noanno» [20]. 

Zhou ʩ ʩʦʘʚʪʦʨʘʤʠ [173] ʩʦʟʜʘʣʠ ʙʠʙʣʠʦʪʝʢʫ LTR ɻ ʣʝʤʝʥʪʦʚ ʜʣʷ 301 ʨʘʩʪʝʥʠʷ, 

ʚʢʣʶʯʘʷ ʜʦʩʪʫʧʥʳʝ ʧʦʣʥʳʝ ʛʝʥʦʤʳ 10 ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ʀʥʪʘʢʪʥʳʝ 
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ʜʣʠʥʥʦ-ʢʦʥʮʝʚʳʝ ʧʦʚʪʦʨʳ (367 ʧʦʚʪʦʨʦʚ) ʠʟ ʙʠʙʣʠʦʪʝʢʠ Zhou ʩ ʩʦʘʚʪʦʨʘʤʠ [173] 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥ r ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʧʦʚʪʦʨʘʤʠ, ʥʘʡʜʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ 

LTRharvest ʠ LTR_retriever, ʧʨʠ ʧʦʤʦʱʠ blastn. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʟ 

ʩʦʚʧʘʜʝʥʠʡ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʚ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʙʘʟʫ ʜʣʠʥʥʦ-ʢʦʥʮʝʚʳʭ ʧʦʚʪʦʨʦʚ ʜʣʷ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. ʆʮʝʥʢʘ ʚʨʝʤʝʥʠ ʚʩʪʘʚʢʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʛʦʣʦʩʝʤʝʥʥʳʭ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʧʦʚʪʦʨʘʭ ʪʘʢʞʝ ʚʟʷʪʳʭ ʠʟ [173]. ʈʘʩʭʦʞʜʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʟʘʤʝʥ Jukes-

Cantor [172]: 

Ὕ ,  Ὠ ὰὲ ρ ὴ,     (1) 

ʛʜʝ d ð ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʦ Jukes-Cantor (ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ 

ʨʘʩʭʦʞʜʝʥʠʷ), ɛ ð ʯʘʩʪʦʪʘ ʤʫʪʘʮʠʡ ʠ p ð ʜʦʣʷ ʨʘʟʣʠʯʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (p 

= 1 ð ʠʜʝʥʪʠʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ blastn). ɺʨʝʤʷ ʚʩʪʘʚʢʠ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʤʠʣʣʠʦʥʳ ʣʝʪ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ ɛ = 1,57 × 10ï8 

ʥʘ ʩʘʡʪ ʚ ʛʦʜ [174]. 

2.1.3 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʝʥʦʚ ʩ ʣʝʡʮʠʥ ʙʦʛʘʪʳʤʠ ʧʦʚʪʦʨʘʤʠ (LRR) 

ʇʦʠʩʢ LRR ʧʨʦʚʦʜʠʣʩʷ ʚ ORF ʪʨʘʥʩʢʨʠʧʪʦʚ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ (NCBI 

SRA SRX9464971, SRX14986114, SRX14997110, SRX14997111 ʠ SRX14997112). 

ORF ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ Transdecoder v.5.5.0 

(https://github.com/TransDecoder). ORF ʪʨʘʥʩʢʨʠʧʪʦʚ ʙʳʣʠ ʧʨʦʩʢʘʥʠʨʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ HMMER 3.2.1 [175] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ Pfam [176]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʠʩʢ R-ʛʝʥʦʚ NBS (NB-ARC PF00931ʠʟ ʙʘʟʳ Pfam 

32.0) ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ LRR ʢ R-

ʛʝʥʘʤ [20]. 

2.1.4 ʊʨʝʥʠʨʦʚʢʘ ʧʨʦʛʨʘʤʤʳ AUGUSTUS ʜʣʷ de novo ʧʦʠʩʢʘ ʛʝʥʥʳʭ 

ʤʦʜʝʣʝʡ 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʛʝʥʥʦʡ ʘʥʥʦʪʘʮʠʠ ʩʙʦʨʢʠ ʛʝʥʦʤʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

MAKER2 [177]. MAKER2 ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʠʢʪʦʨʦʚ ʛʝʥʦʚ ab initio, 

ʚʢʣʶʯʘʷ SNAP [178], GeneMark [179] ʠ AUGUSTUS [180]. ɺʩʝ ʦʥʠ ʪʨʝʙʫʶʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʠʜʦʩʧʝʮʠʬʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

https://github.com/TransDecoder
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ʦʧʠʩʳʚʘʶʱʠʭ ʧʘʪʪʝʨʥʳ ʵʢʟʦʥ-ʠʥʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʠʩʢʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ AUGUSTUS v3.2.1 

[180,181]. 

ʆʙʫʯʝʥʠʝ AUGUSTUS ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ɺ ʥʘʯʘʣʝ ʧʨʝʜʠʢʪʦʨ 

ʟʘʧʫʩʢʘʣʩʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ Arabidopsis thaliana, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ 916 ʪʳʩ. ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʢʘʟʘʥʠʷ. ʏʪʦʙʳ ʩʦʙʨʘʪʴ ʥʘʯʘʣʴʥʳʡ ʦʙʫʯʘʶʱʠʡ ʥʘʙʦʨ ʛʝʥʦʚ, ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʈʅʂ. ʇʨʦʯʪʝʥʠʷ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʙʳʣʠ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʛʝʥʦʤʦʤ ʩ ʧʦʤʦʱʴʶ TopHat [87], ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩ Cufflinks ʜʣʷ ʘʥʥʦʪʠʨʦʚʘʥʠʷ ʢʦʜʠʨʫʶʱʠʭ ʦʙʣʘʩʪʝʡ [182]. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 16 ʪʳʩʷʯ ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʝʜʩʢʘʟʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ 

ʪʨʘʥʩʢʨʠʧʪʦʤʘ. ɿʘʪʝʤ ʜʚʘ ʥʘʙʦʨʘ ʛʝʥʦʚ ʦʪ AUGUSTUS ʠ Cufflinks ʙʳʣʠ 

ʦʙʲʝʜʠʥʝʥʳ ʚʤʝʩʪʝ, ʯʪʦʙʳ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʠʩʭʦʜʥʳʡ ʥʘʙʦʨ ʧʨʝʜʩʢʘʟʘʥʠʡ, ʠ 

ʚʳʙʨʘʪʴ ʛʝʥʳ ʩ ʙʦʣʝʝ ʯʝʤ ʦʜʥʠʤ ʵʢʟʦʥʦʤ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʘʧʫʩʢʘ AUGUSTUS ʩ 

ʥʘʙʦʨʦʤ ʛʝʥʦʚ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʘ, ʬʠʣʴʪʨʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʚʳʭʦʜʝ 

ʧʨʝʜʩʢʘʟʘʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ ʫʣʫʯʰʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʫʯʝʥʠʷ ʧʦʚʪʦʨʷʣʩʷ ʪʨʠ ʨʘʟʘ 

(ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.), ʧʦʢʘ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʝ ʩʪʘʣʘ ʩ

ʨʘʚʥʠʤʦʡ ʩʦ ʩʨʝʜʥʝʡ ʪʦʯʥʦʩʪʴʶ ʜʣʷ AUGUSTUS. ʆʢʦʥʯʘʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ MAKER2 [20]. 

 

ʈʠʩʫʥʦʢ 5. ʉʭʝʤʘ ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ 
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2.1.5 ɸʥʥʦʪʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ MAKER2  

MAKER2 ʚʝʨʩʠʠ 2.31.8 ʠʩʧʦʣʴʟʦʚʘʣʩ ̫ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʘʥʥʦʪʘʮʠʠ. 

ɼʣʷ BLAST ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʝʨʩʠʷ ncbi-blast-2.2.29+. ɺ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʘʥʩʢʨʠʧʪʦʤ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʠ ʦʙʱʝʜʦʩʪʫʧʥʳʝ 

ʩʙʦʨʢʠ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ, ʜʝʧʦʥʠʨʦʚʘʥʥʳʝ ʥʘ ʚʝʙ-

ʩʘʡʪʝ ʧʨʦʝʢʪʘ PlantGenIE (https://plantgenie.org). ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʦʡ ʙʘʟʳ 

ʜʘʥʥʳʭ ʙʝʣʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʘʟʘ Uniprot (https://www.uniprot.org/) [20]. 

ɸʥʥʦʪʠʨʦʚʘʥʠʝ ʛʝʥʦʤʘ ʩ ʧʦʤʦʱʴʶ MAKER2 ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ 448 ʷʜʝʨʥʦʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ʉʌʋ ʩ 56 ʩʝʨʚʝʨʘʤʠ IBM BladeCenter HS21 (16 ɻɹ ʆɿʋ 

ʥʘ ʩʝʨʚʝʨ). ʆʨʛʘʥʠʟʘʮʠʷ ʟʘʧʫʩʢʘ MAKER2 ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʤ ʢʣʘʩʪʝʨʝ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʉʌʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʪ.ʥ. ʂʫʟʴʤʠʥʘ ɼ.ɸ. ʠ ʢ.ʬ.-ʤ.ʥ. ʌʝʨʘʥʯʫʢʘ 

ʉ.ʀ. 

2.1.6 ʆʮʝʥʢʘ ʧʦʣʥʦʪʳ ʩʙʦʨʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ 

ʆʮʝʥʢʘ ʧʦʣʥʦʪʳ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ BUSCO v4.0.5 [96] ʥʘ ʦʩʥʦʚʝ 

ʨʝʬʝʨʝʥʩʥʦʡ ʙʘʟʳ Embryophyta ʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʘʥʥʦʪʘʮʠʠ MAKER2 ʜʣʷ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. ʅʘʙʦʨʳ 

ʙʝʣʢʦʚ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʛʦʣʦʩʝʤʝʥʥʳʭ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ treegenes 

(https://treegenesdb.org). 

ʇʦʩʢʦʣʴʢʫ ʚ ʨʝʬʝʨʝʥʩʥʦʡ ʙʘʟʝ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʪʜʘʣʝʥʥʳʭ ʛʦʤʦʣʦʛʦʚ ʚʳʰʝ [183], ʠʟ ʙʘʟʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ NCBI nr ʙʳʣʘ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʚʳʙʦʨʢʘ, ʧʫʪʝʤ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ ʪʘʢʩʦʥʦʤʠʠ ʥʘ 

ʫʨʦʚʥʝ Embryophyta. ʇʦʠʩʢ ʙʝʣʢʦʚʳʭ ʜʦʤʝʥʦʚ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ InterProScan 

[184,185] ʥʘ ʚʝʙ-ʩʝʨʚʝʨʝ EMBL-EBI. ʂʘʨʪʠʨʦʚʘʥʠʝ ʪʝʨʤʠʥʦʚ ʛʝʥʥʦʡ ʦʥʪʦʣʦʛʠʠ 

(GO) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Blast2GO, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ ʧʣʘʪʬʦʨʤʫ OmixBox [106,107]. ɺʩʝ ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʛʝʥʳ ʙʳʣʠ 

ʢʘʨʪʠʨʦʚʘʥʳ ʧʨʦʪʠʚ ʙʘʟʳ ʜʘʥʥʳʭ NCBI GenBank nr ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BLASTp. 

ʉʦʚʧʘʜʝʥʠʷ ʩ ʙʘʢʪʝʨʠʷʤʠ, ʛʨʠʙʘʤʠ ʠ ʘʨʭʝʷʤʠ (e-value < 1×10-5, ʧʨʦʮʝʥʪ ʩʦʚʧʘʜʝʥʠʡ 

https://plantgenie.org/
https://www.uniprot.org/
https://treegenesdb.org/
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> 20, ʜʦʣʷ ʧʦʢʨʳʪʳʭ high-scoring pair > 20) ʙʳʣʠ ʫʜʘʣʝʥʳ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʛʝʥʳ, 

ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʙʝʣʢʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʤʦʚ [20]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩ ʜʨʫʛʠʤʠ ʛʦʣʦʩʝʤʝʥʥʳʤʠ ʠ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤʠ 

ʚʠʜʘʤʠ, ʘʥʥʦʪʘʮʠʠ ʛʝʥʦʤʦʚ ʧʷʪʠ ʜʨʫʛʠʭ ʭʚʦʡʥʳʭ (P. glauca, P. abies, 

P. lambertiana, P. taeda ʠ P. menziesii) ʠ ʧʷʪʠ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ (Betula 

pendula, Fagus sylvatica L., Populus trichocarpa Torr. & A.Gray ex. Hook., Quercus 

robur L. ʠ Vitis vinifera L.) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʠʩʢʘ ʘʩʩʦʮʠʘʮʠʡ ʩ ʪʝʨʤʠʥʘʤʠ 

ʛʝʥʥʦʡ ʦʥʪʦʣʦʛʠʠ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʪʝʨʤʠʥʦʚ GO ʩʦ ʟʥʘʯʠʤʳʤ ʨʘʟʣʠʯʠʝʤ ʚ ʯʠʩʣʝ 

ʢʘʨʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʩʪ ʧʨʦʧʦʨʮʠʡ. ɼʣʷ ʢʦʨʨʝʢʮʠʠ p-value ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ FDR ʩʦʛʣʘʩʥʦ [186] ʠ [187]. 

2.2 ɸʥʥʦʪʘʮʠʷ ʦʨʛʘʥʝʣʴʥʳʭ ʛʝʥʦʤʦʚ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ 

2.2.1 ʉʙʦʨʢʘ ʠ ʘʥʥʦʪʘʮʠʷ ʭʣʦʨʦʧʣʘʩʪʥʦʛʦ ʛʝʥʦʤʘ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʙʦʨʢʠ ʛʝʥʦʤʘ ʭʣʦʨʦʧʣʘʩʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ 

ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʪʨʝʭ ʜʝʨʝʚʴʝʚ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʝʢʚʝʥʠʨʫʶʱʝʡ ʧʣʘʪʬʦʨʤʳ Illumina HiSeq 2000 [12]. 

ʆʙʨʘʟʮʳ ɼʅʂ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʭʚʦʠ ʠ ʛʘʧʣʦʠʜʥʦʛʦ ʢʘʣʣʫʩʘ ʪʨʝʭ ʜʝʨʝʚʴʝʚ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʨʘʟʥʳʝ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ ð ʋʨʘʣ, 

ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ ʠ ʈʝʩʧʫʙʣʠʢʫ ʍʘʢʘʩʠʷ. ɼʣʷ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʠʙʣʠʦʪʝʢʠ paired-end (PE) ʠ mate-pair (MP), ʩ ʨʘʟʤʝʨʘʤʠ 

ʬʨʘʛʤʝʥʪʦʚ 400ï500 ʧ.ʥ. (ʋʨʘʣʴʩʢʦʝ ʠ ʂʨʘʩʥʦʷʨʩʢʦʝ ʜʝʨʝʚʴʷ) ʠ 300ï400 ʧ.ʥ. 

(ʍʘʢʘʩʩʢʦʝ ʜʝʨʝʚʦ). ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʘ ʜʣʷ ʩʙʦʨʢʠ ʠ ʘʥʥʦʪʘʮʠʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʭʣʦʨʦʧʣʘʩʪʥʳʝ ʛʝʥʦʤʳ Larix decidua Mill.  [188] ʠ L. occidentalis Nutt. 

[189] (NCBI Genbank AB501189.1 ʠ FJ899578.1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦʣʫʯʝʥʥʳʝ 

ʧʨʦʯʪʝʥʠʷ ʙʳʣʠ ʢʘʨʪʠʨʦʚʘʥʳ ʥʘ ʨʝʬʝʨʝʥʩʥʳʝ ʛʝʥʦʤʳ ʭʣʦʨʦʧʣʘʩʪʦʚ L. decidua ʠ 

L. occidentalis ʩ ʧʦʤʦʱʴʶ Bowtie2 [190]. ɺʳʨʦʚʥʝʥʥʳʝ ʧʨʦʯʪʝʥʠʷ ʙʳʣʠ ʩʦʙʨʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʘʩʩʝʤʙʣʝʨʘ SPAdes [191]. ʇʦʣʫʯʝʥʥʳʝ ʢʦʥʪʠʛʠ ʩʥʦʚʘ ʢʘʨʪʠʨʦʚʘʣʠʩʴ ʥʘ 

ʨʝʬʝʨʝʥʩʥʳʡ ʛʝʥʦʤ L. decidua ʩ ʧʦʤʦʱʴʶ BLAST, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʢʦʥʪʠʛʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʦ ʩʦʙʨʘʥʥʳʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʫʯʘʩʪʢʠ 

ʛʝʥʦʤʘ. ʕʪʠ ʢʦʥʪʠʛʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʥʦʚʦʡ ʠʪʝʨʘʮʠʠ ʩʙʦʨʢʠ SPAdes ʧʦʜ 
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ʬʣʘʛʦʤ ç--trusted-contigsè, ʜʘʶʱʠʤ ʠʤ ʙʦʣʝ ʚʳʩʦʢʠʡ ʧʨʠʦʨʠʪʝʪ [32]. 

ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʩʙʦʨʢʠ ʙʳʣ ʩʢʘʬʬʦʣʜʠʥʛ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʢʦʥʪʠʛʦʚ ʠ MP-ʧʨʦʯʪʝʥʠʡ ʩ ʧʦʤʦʱʴʶ SSPACE 

[192]. 

ɼʣʷ ʘʥʥʦʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʝʨʚʠʩ Rapid Annotation with Subsystem 

Technology (RAST) [193]. ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʫʪʦʯʥʝʥʠʷ ʬʫʥʢʮʠʠ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ 

ʢʦʜʠʨʫʶʱʠʭ ʦʙʣʘʩʪʝʡ, ʧʦʣʫʯʝʥʥʫʶ ʘʥʥʦʪʘʮʠʶ ʩʨʘʚʥʠʚʘʣʠ ʩ ʘʥʥʦʪʘʮʠʷʤʠ 

ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ L. decidua ʠ L. occidentalis, ʥʝʢʦʪʦʨʳʝ ʬʨʘʛʤʝʥʪʳ ʪʘʢʞʝ ʙʳʣʠ 

ʧʨʦʚʝʨʝʥʳ ʚʨʫʯʥʫʶ ʩ ʧʦʤʦʱʴʶ BLAST. ʉʦʙʨʘʥʥʳʡ ʭʣʦʨʦʧʣʘʩʪʥʳʡ ʛʝʥʦʤ L. 

sibirica ʙʳʣ ʜʝʧʦʥʠʨʦʚʘʥ ʚ NCBI GenBank (NC_036811.1) [32]. 

2.2.2 ʉʙʦʨʢʘ ʠ ʘʥʥʦʪʘʮʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ 

ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʛʝʥʦʤ ʙʳʣ ʩʦʙʨʘʥ ʠʟ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʭʚʦʠ 

ʨʝʬʝʨʝʥʩʥʦʛʦ ʜʝʨʝʚʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ ʧʨʦʝʢʪʝ 

ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ de novo ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ [12]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʡ ʩʙʦʨʢʠ ʙʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʚʘ ʧʦʜʭʦʜʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʦʙʱʘʷ ʛʝʥʦʤʥʘʷ ɼʅʂ ʙʳʣʘ ʚʳʜʝʣʝʥʘ 

ʧʦʩʣʝ ʦʙʦʛʘʱʝʥʠʷ ʤʪɼʅʂ ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʤʠʪʦʭʦʥʜʨʠʡ. ɺʳʜʝʣʝʥʠʝ 

ʠʥʪʘʢʪʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʧʦʣʫʯʝʥʠʝ ʦʙʦʛʘʱʝʥʥʦʡ ʤʪɼʅʂ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ 

ʉʀʌʀɹʈ ʉʆ ʈɸʅ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʙ.ʥ. ʖʨʠʷ ʄʠʭʘʡʣʦʚʠʯʘ ʂʦʥʩʪʘʥʪʠʥʦʚʘ. 

ʕʪʘ ɼʅʂ, ʘ ʪʘʢʞʝ ʥʝʦʙʦʛʘʱʝʥʥʘʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʘʷ ɼʅʂ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ HiSeq 2000 (PE ʠ MP ʙʠʙʣʠʦʪʝʢʠ, 2 Ĭ100 

ʮʠʢʣʦʚ). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʪʦʪʘʣʴʥʘʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʘʷ ɼʅʂ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʣʠʥʥʳʭ ʧʨʦʯʪʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MinION ʩ R9 

FlowCells (FLO-MIN106, Oxford Nanopore Technologies, Inc., ʆʢʩʬʦʨʜ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ 

ʣʝʩʥʦʡ ʛʝʥʦʤʠʢʠ ʉʌʋ [33]. 

ʂʘʯʝʩʪʚʦ ʨʠʜʦʚ Illumina ʦʮʝʥʠʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ FastQC v.0.11.5 [194]. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʜʘʧʪʝʨʦʚ ʙʳʣʠ ʦʙʨʝʟʘʥʳ, ʘ ʢʦʨʦʪʢʠʝ ʧʨʦʯʪʝʥʠʷ 

ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ 19 ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʦʡ 35 ʧ.ʥ. ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Trimmomatic v.0.36 [195]. ʀʟ PE ʠ MP ʧʨʦʯʪʝʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʩʙʦʨʢʘ ʩ ʧʦʤʦʱʴʶ CLC Assembly Cell v.5.0.0 (QIAGEN 
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Bioinformatics, Hilden, Germany), BESST [196] ʠ Sealer 

(https://github.com/bcgsc/abyss/tree/master/Sealer). ɼʣʠʥʥʳʝ ʧʨʦʯʪʝʥʠʷ Oxford 

Nanopore ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʙʦʨʢʠ ʤʠʪʦʛʝʥʦʤʘ. ʆʙʨʘʙʦʪʢʘ 

ʩʳʨʳʭ ʜʘʥʥʳʭ ʠ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʨʦʯʪʝʥʠʡ MinION ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ 

Albacore (https://github.com/dvera/albacore). ɻʠʙʨʠʜʥʘʷ ʩʙʦʨʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʣʠʥʥʳʭ ʨʠʜʦʚ MinION ʠ ʢʦʨʦʪʢʠʭ ʨʠʜʦʚ PE Illumina ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

MaSuRCA v.3.2.8 [197], ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʣʝʩʥʦʡ ʛʝʥʦʤʠʢʠ ɺ. ʐʘʨʦʚʳʤ 

ʠ ʖ.ɸ. ʇʫʪʠʥʮʝʚʦʡ. ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʢʦʥʪʠʛʦʚ ʠʟ ʛʠʙʨʠʜʥʦʡ 

ʩʙʦʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʠʩʢ BLAST ʧʦ ʚʩʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʨʘʩʪʝʥʠʡ, ʜʦʩʪʫʧʥʳʤ ʚ NCBI GenBank. ʇʦʩʣʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʵʪʦʡ ʩʙʦʨʢʠ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ ʨʘʩʪʝʥʠʡ ʙʳʣʦ, ʩʦʙʨʘʥʦ 9 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʢʦʥʪʠʛʦʚ ʦʙʱʝʡ ʜʣʠʥʦʡ 11,7 ʤʣʥ. ʧ.ʥ. [33]. ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ 

ʛʠʙʨʠʜʥʦʡ ʩʙʦʨʢʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ REAPR v1.0.18 [198]. 

ɼʣʷ ʧʦʠʩʢʘ ʧʦʚʪʦʨʦʚ ʚ ʩʙʦʨʢʝ ʤʠʪʦʛʝʥʦʤʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ RepeatModeler 

v.1.0.11 [164]. ʅʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦʚʪʦʨʳ ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ TEclass [167]. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʙʠʙʣʠʦʪʝʢʘʤ de novo ʠ RepBase [166], ʜʣʷ 

ʟʘʧʫʩʢʘ RepeatMasker v. 4.0.6 [165] ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʙʠʙʣʠʦʪʝʢ ʧʦʚʪʦʨʦʚ: Repeat Element Database [168], Custom Plant Repeat Database 

[169] ʠ Pine Interspersed Repeats Resource library PIER v1.0 [21]. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

RepeatMasker ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʢʪʫʘʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ RepBase 

[166] ʩ ʧʦʤʦʱʴʶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ R-ʩʢʨʠʧʪʘ [33]. 

ʄʠʪʦʛʝʥʦʤ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʙʳʣ ʧʨʦʚʝʨʝʥ ʥʘ ʛʦʤʦʣʦʛʠʶ ʩ 

ʤʠʪʦʛʝʥʦʤʘʤʠ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ, ʠʤʝʚʰʠʤʠʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ NCBI GenBank, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BLAST. Mitofy [199] ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʘʥʥʦʪʘʮʠʠ ʤʠʪʦʛʝʥʦʤʘ. ɻʝʥʳ ʪʈʅʂ ʙʳʣʠ ʧʨʦʘʥʥʦʪʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ARAGORN 

[200] ʠ tRNAscan-SE [201]. ʈʠʙʦʩʦʤʘʣʴʥʳʝ ʈʅʂ (ʨʈʅʂ) ʙʳʣʠ ʧʨʦʘʥʥʦʪʠʨʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ RNAmmer [33,202]. 

https://github.com/bcgsc/abyss/tree/master/Sealer
https://github.com/dvera/albacore
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2.3 ʇʨʝʜʩʢʘʟʘʥʠʝ TSS 

2.3.1 ɻʝʥʦʤʥʳʝ ʜʘʥʥʳʝ ʠ ʬʠʣʴʪʨʘʮʠʷ ʛʝʥʦʚ 

ʉʙʦʨʢʘ ʛʝʥʦʤʘ Pinus taeda ʠ ʘʥʥʦʪʘʮʠʷ Pita_v2_01 [13,21,55] ʙʳʣʠ ʚʟʷʪʳ ʠʟ 

ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ https://treegenesdb.org/FTP/Genomes/Pita/v2.01. ʉʙʦʨʢʘ ʛʝʥʦʤʘ 

PG29_v3.0 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʘʥʥʦʪʘʮʠʷ ʜʣʷ Picea glauca [16,203] ʚʟʷʪʳ ʩ 

ftp://plantgenie.org/Data/ConGenIE/Picea_glauca/PG29/v3.0/. ʊʘʢʞʝ ʙʳʣʘ ʫʯʪʝʥʘ 

ʨʫʯʥʘʷ ʘʥʥʦʪʘʮʠʷ ʯʘʩʪʠ ʛʝʥʦʚ ʜʣʷ ʩʙʦʨʢʠ PG29_v4.0, ʢʦʪʦʨʘʷ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʢ 

ʘʥʥʦʪʘʮʠʠ ʚʝʨʩʠʠ 3.0. ɼʣʷ Picea abies [17] ʛʝʥʦʤ Pabies_v1.0 ʙʳʣ ʚʟʷʪ ʩ 

ftp://plantgenie.org/Data/ConGenIE/Picea_abies/v1.0. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʥʥʦʪʘʮʠʠ 

ʜʣʷ ʥʘʙʦʨʘ ʩ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ (ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʛʝʥʥʳʝ ʤʦʜʝʣʠ ʩ ʛʦʤʦʣʦʛʠʝʡ 

ʙʦʣʝʝ 70% ʢ ʨʝʬʝʨʝʥʩʥʳʤ ʙʝʣʢʘʤ) ʠ ʥʘʙʦʨʘ ʩʦ ʩʨʝʜʥʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ 

(ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʛʝʥʥʳʝ ʤʦʜʝʣʠ ʩ ʛʦʤʦʣʦʛʠʝʡ ʦʪ 30% ʜʦ 70% ʢ ʨʝʬʝʨʝʥʩʥʳʤ 

ʙʝʣʢʘʤ), ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʘʚʪʦʨʘʤʠ, ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʠʥ ʥʘʙʦʨ. ɼʣʷ L. sibirica 

[12] ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʙʦʨʢʘ ʛʝʥʦʤʘ ʚʝʨʩʠʠ v1.0 (NCBI GCA_004151065.1; [12]) ʠ 

ʜʘʥʥʳʝ ʘʥʥʦʪʘʮʠʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ [204]. 

ʏʪʦʙʳ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʧʩʝʚʜʦʛʝʥʳ ʠ ʦʪʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʝʥʳ, ʚʩʝ ʛʝʥʥʳʝ ʤʦʜʝʣʠ, ʠʟʚʣʝʯʝʥʥʳʝ ʩʦʛʣʘʩʥʦ ʛʝʥʦʤʥʳʤ 

ʘʥʥʦʪʘʮʠʷʤ, ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʈʅʂ, ʚʢʣʶʯʘʷ EST ʠ 

TSA ʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ HISAT2 [89], ʘ ʪʘʢʞʝ ʩ ʙʘʟʦʡ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʙʝʣʢʦʚ RefSeq ʩ ʧʦʤʦʱʴʶ BLASTp [204]. 

2.3.2 ʇʨʝʜʩʢʘʟʘʥʠʝ ʧʦʟʠʮʠʡ TSS ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ TSSPlant 

ʇʨʝʜʩʢʘʟʘʥʠʝ TSS ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʢ ʦʙʣʘʩʪʠ ï1000 ʠ +250 ʧ.ʥ. ʚʦʢʨʫʛ ʩʪʘʨʪʦʚʦʛʦ ʢʦʜʦʥʘ ʢʘʞʜʦʛʦ 

ʛʝʥʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ TSSPlant [205]. TSSPlant ʠʩʧʦʣʴʟʫʝʪ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ ʜʣʷ ʦʮʝʥʢʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʥʘʣʠʯʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʧʨʦʤʦʪʦʨʥʳʭ ʤʦʪʠʚʦʚ (TATA, INR, DPE, YP), ʚʘʨʠʘʮʠʠ ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʦʩʪʘʚʘ 

(CG-skew ʠ AT-skew), ʦʮʝʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʦʣʠʛʦʤʝʨʦʚ ʠ ʜʨ. ʇʦʩʢʦʣʴʢʫ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʢʘʟʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʦʟʤʦʞʥʳʭ ʩʘʡʪʦʚ ʩ 

ʣʫʯʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʯʪʦʙʳ 

https://treegenesdb.org/FTP/Genomes/Pita/v2.01
ftp://plantgenie.org/Data/ConGenIE/Picea_glauca/PG29/v3.0/
ftp://plantgenie.org/Data/ConGenIE/Picea_abies/v1.0
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ʦʧʨʝʜʝʣʠʪʴ ʦʜʠʥ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ TSS ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ 

ʜʣʠʥʘ 5'-UTR ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʛʘʤʤʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʧʫʣ ʜʣʠʥ 

5'-UTR ʥʘ ʦʩʥʦʚʝ ʘʥʥʦʪʘʮʠʡ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʝʥʠʡ (Arabidopsis thaliana, 

Oryza sativa L., Sorghum bicolor (L.) Moench ʠ Populus trichocarpa) ʠ ʚʳʯʠʩʣʝʥʳ 

ʧʘʨʘʤʝʪʨʳ k ʠ ɗ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʦʨʤʫ ʠ ʤʘʩʰʪʘʙ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ 5'-UTR 

[204]: 

Ū= v/m, k = m/ɗ      (2) 

ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʧʦʣʦʞʝʥʠʡ TSS ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʬʫʥʢʮʠʷ 

ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ [204]. 

2.3.3 ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʤʦʪʦʨʦʚ ʠ ʛʝʥʦʚ 

ɸʥʘʣʠʟ ʯʘʩʪʦʪ ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʧʨʦʤʦʪʦʨʘʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʧʦ ʧʦʟʠʮʠʠ ʧʨʝʜʩʢʘʟʘʥʥʦʛʦ TSS (ï1000, 

+1000 ʚʦʢʨʫʛ TSS). ʈʘʩʯʝʪ ʯʘʩʪʦʪ ʤʦʪʠʚʦʚ CA ʠ TATA ʚʳʧʦʣʥʝʥ ʚ ʩʢʦʣʴʟʷʱʝʤ 

ʦʢʥʝ (ʰʠʨʠʥʘ = 20 ʧ.ʥ., ʰʘʛ = 10 ʧ.ʥ.) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ stringr R. CG-skew 

ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ ʧʨʦʧʦʨʮʠʷ (C-G)/(C+G) ʠ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʚ ʩʢʦʣʴʟʷʱʝʤ ʦʢʥʝ 

(ʰʠʨʠʥʘ = 50 ʧ.ʥ., ʰʘʛ = 10 ʧ.ʥ.). GC3 ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʚ ʢʦʜʠʨʫʶʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʛʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ seqinr R. ʉʪʝʧʝʥʴ ʥʘʢʣʦʥʘ GC3-

ʛʨʘʜʠʝʥʪʘ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʤʝʞʜʫ GC3 ʠ 

ʧʦʣʦʞʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʢʦʜʠʨʫʶʱʝʛʦ ʥʫʢʣʝʦʪʠʜʘ (ATG) ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʚʳʭ 1000 ʧ.ʥ. ʩʧʣʘʡʩʠʨʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʢʨʠʧʪʘ. GC3-ʙʝʜʥʳʝ 

ʠ GC3-ʙʦʛʘʪʳʝ ʛʝʥʳ ʚʳʜʝʣʷʣʠʩʴ ʧʦ 10% ʠ 90% ʢʚʘʥʪʠʣʷʤ ʚʝʣʠʯʠʥʳ GC3. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ɼʅʂ-ʜʫʧʣʝʢʩʘ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ PromPredict [206] ʚ 

ʩʢʦʣʴʟʷʱʝʤ ʦʢʥʝ ʨʘʟʤʝʨʦʤ 15 ʧ.ʥ. ɺʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ bedtools ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʢʨʠʧʪʦʚ ʥʘ ʷʟʳʢʘʭ R ʠ C [204]. ʇʦʠʩʢ ʠʟʚʝʩʪʥʳʭ ʩʘʡʪʦʚ 

ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚʳʧʦʣʥʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ 

ʜʘʥʥʳʭ TRANSFAC ʠ ʧʨʦʛʨʘʤʤʳ MATCH [207].  
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2.4 ʈʘʟʨʘʙʦʪʢʘ ʠ ʘʧʨʦʙʘʮʠʷ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ  

2.4.1 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʚʪʦʨʦʚ ʠ ʜʠʟʘʡʥ ʧʨʘʡʤʝʨʦʚ 

ɼʣʷ ʧʦʠʩʢʘ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʙʦʨʢʘ ʧʦʣʥʦʛʦ ʛʝʥʦʤʘ 

L. sibirica (NCBI GCA_004151065.1; [12]). ʇʨʠ ʧʦʤʦʱʠ GMATo v1.2 [161] ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʦʪʙʦʨ ʢʦʥʪʠʛʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ ʧʦʚʪʦʨʳ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʘʥʜʝʤʥʳʝ ʧʦʚʪʦʨʳ ʩ ʜʣʠʥʦʡ ʤʦʪʠʚʘ ʦʪ 3 ʜʦ 6 ʧ.ʥ. ʠ 

ʤʠʥʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʧʦʚʪʦʨʝʥʠʡ ʤʦʪʠʚʘ 15 ʨʘʟ ʜʣʷ ʪʨʝʭʥʫʢʣʝʦʪʠʜʥʳʭ, 10 ʜʣʷ 

ʯʝʪʳʨʝʭʥʫʢʣʝʦʪʠʜʥʳʭ, 7 ʨʘʟ ʜʣʷ ʧʷʪʠ- ʠ ʰʝʩʪʠʥʫʢʣʝʦʪʠʜʥʳʭ ʤʦʪʠʚʦʚ. ɼʣʷ ʚʩʝʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ʙʳʣʦ ʟʘʜʘʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝ ʙʣʠʞʝ, ʯʝʤ 20 ʧ.ʥ. ʢ ʥʘʯʘʣʫ ʠ ʢʦʥʮʫ ʢʦʥʪʠʛʘ [30]. ɼʠʟʘʡʥ 

ʧʨʘʡʤʝʨʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʦʥʣʘʡʥ-ʩʝʨʚʠʩʝ WebSat 

(https://bioinfo.inf.ufg.br/websat/). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʬʨʘʛʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʚʩʝʛʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʥʫʢʣʝʦʪʠʜʦʚ, ʩ ʙʦʣʴʰʝʡ ʥʘʜʝʞʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝ, ʯʪʦ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʜʣʠʥʫ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʪʙʦʨʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʘʡʤʝʨʦʚ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʚʘʣʦʩʴ ʮʝʣʝʚʦʤʫ ʨʘʟʤʝʨʫ 

ʧʨʦʜʫʢʪʘ 140ï280 ʧ.ʥ. 

ʇʦʩʢʦʣʴʢʫ ʧʦʠʩʢ ʧʦʚʪʦʨʦʚ ʚʳʧʦʣʥʷʣʩʷ ʚ ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʩʙʦʨʢʝ, ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʥʘ ʥʘʣʠʯʠʝ ʩʨʝʜʠ ʚʳʷʚʣʝʥʥʳʭ ʧʦʚʪʦʨʦʚ ʪʝʭ, ʯʪʦ ʧʨʠʥʘʜʣʝʞʘʪ 

ʭʣʦʨʦʧʣʘʩʪʥʦʤʫ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤʫ ʛʝʥʦʤʘʤ. ɼʣʷ ʵʪʦʛʦ ʩ ʧʦʤʦʱʴʶ BLAST 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʳʨʘʚʥʠʚʘʥʠʝ ʢʦʥʪʠʛʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʚʪʦʨʳ ʩ ʧʦʜʦʙʨʘʥʥʳʤʠ 

ʧʨʘʡʤʝʨʘʤʠ, ʥʘ ʩʙʦʨʢʫ ʭʣʦʨʦʧʣʘʩʪʥʦʛʦ ʛʝʥʦʤʘ ʠ ʯʝʨʥʦʚʫʶ ʩʙʦʨʢʫ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. ɺʳʨʦʚʥʷʚʰʠʝʩʷ ʢʦʥʪʠʛʠ 

ʟʘʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʨʷʣʠʩʴ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʥʘ ʙʘʟʫ NCBI ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʠʭ 

ʩʭʦʜʩʪʚʘ ʩ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ [30]. 

ɼʣʷ ʦʪʙʦʨʘ ʩʧʝʮʠʬʠʯʥʳʭ ʧʨʘʡʤʝʨʦʚ (ʪ.ʝ. ʪʘʢʠʭ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʧʦʚʪʦʨʝʥʠʡ 

ʚ ʛʝʥʦʤʝ) ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʚʳʨʘʚʥʝʥʳ ʧʨʠ ʧʦʤʦʱʠ BLAST (task blastn, 

perc_identity 100) ʧʨʦʪʠʚ ʠʩʭʦʜʥʳʭ ʢʦʥʪʠʛʦʚ L. sibirica. ɺʩʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʠʤʝʚʰʠʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʪʦʯʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ, ʫʜʘʣʷʣʠʩʴ. ʇʨʦʰʝʜʰʠʝ ʬʠʣʴʪʨʘʮʠʶ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ɿɸʆ çɽʚʨʦʛʝʥè, ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ [30]. 

2.4.2 ʆʪʙʦʨ ʧʦʣʠʤʦʨʬʥʳʭ ʤʘʨʢʝʨʦʚ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʪʙʠʨʘʣʠʩʴ ʧʨʘʡʤʝʨʳ ʩ ʫʩʧʝʰʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʝʡ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʣʘʩʴ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʇʎʈ. ɹʠʦʣʦʛʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦʩʣʫʞʠʣʘ 

ʚʳʙʦʨʢʘ ʭʚʦʠ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, ʩʦʙʨʘʥʥʘʷ ʚ 2016 ʛ. ʙʣʠʟ ʧʦʩʝʣʢʘ ʊʫʠʤ 

ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ. ʉʧʦʩʦʙʥʦʩʪʴ ʧʨʘʡʤʝʨʦʚ ʜʘʚʘʪʴ ʘʤʧʣʠʬʠʢʘʪ ʧʨʦʚʝʨʷʣʘʩʴ ʥʘ 

ʦʙʨʘʟʮʘʭ ɼʅʂ ʯʝʪʳʨʝʭ ʜʝʨʝʚʴʝʚ L. sibirica, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʚʝʜʝʥʠʝʤ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʠ ʦʢʨʘʰʠʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʇʎʈ ʧʨʠ 

ʧʦʤʦʱʠ ʨʘʩʪʚʦʨʘ ʙʨʦʤʠʩʪʦʛʦ ʵʪʠʜʠʷ [30]. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ ʇʎʈ 

ʩ çtouchdownè (ʊʘʙʣʠʮʘ 3) ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ [30]. 

ʇʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʘʤʧʣʠʬʠʢʘʮʠʠ ʢʘʞʜʳʡ ʣʦʢʫʩ ʪʝʩʪʠʨʦʚʘʣʩʷ ʥʘ 8ï10 

ʦʙʨʘʟʮʘʭ ʠʟ ʦʜʥʦʡ ʚʳʙʦʨʢʠ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʧʦʣʠʤʦʨʬʠʟʤʘ ʠ ʥʘʣʠʯʠʷ ʥʫʣʴ-ʘʣʣʝʣʝʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʡ ʧʨʦʚʝʨʢʠ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʣʦʢʫʩʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ 

ʩʧʝʢʪʨʳ [30]. 

ʊʘʙʣʠʮʘ 3 ð ʇʨʦʛʨʘʤʤʘ ʇʎʈ ʘʤʧʣʠʬʠʢʘʮʠʠ 

 

ʇʦʩʢʦʣʴʢʫ ʠʥʦʛʜʘ ʣʦʢʫʩʳ, ʦʢʘʟʘʚʰʠʝʩʷ ʤʦʥʦʤʦʨʬʥʳʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 

ʚʳʙʦʨʢʠ, ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʧʦʣʠʤʦʨʬʥʳʤʠ ʜʣʷ ʜʨʫʛʦʛʦ ʚʠʜʘ, ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʩʝʭ 

ʦʪʦʙʨʘʥʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʦʢʫʩʦʚ ʧʨʦʚʝʨʷʣʠ ʜʘʣʝʝ ʥʘ ʚʦʩʴʤʠ ʦʙʨʘʟʮʘʭ ʦʪ ʪʨʝʭ 
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ʚʠʜʦʚ ʠʟ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʪʜʘʣʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ð L. sibirica, L. gmelinii ʠ L. 

cajanderi [30]. 

ʇʨʝʧʘʨʘʪʳ ʪʦʪʘʣʴʥʦʡ ɼʅʂ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʫʤʙʨʦʤʠʜʘ (CTAB) ʠʟ ʦʙʨʘʟʮʦʚ ʪʢʘʥʝʡ ʭʚʦʠ, 

ʚʳʩʫʰʝʥʥʦʡ ʧʨʠ ʧʦʤʦʱʠ ʩʠʣʠʢʘʛʝʣʷ (ʈʠʩʫʥʦʢ 6) [208]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʦʪʦʚʳʝ ʨʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ çGenePak PCR 

Coreè ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʃʘʙʦʨʘʪʦʨʠʷ ʀʟʦʛʝʥè (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ), ʩʦʜʝʨʞʘʱʠʝ 

ʠʥʛʠʙʠʨʦʚʘʥʥʫʶ ʜʣʷ çʛʦʨʷʯʝʛʦ ʩʪʘʨʪʘè Taq-ɼʅʂ-ʧʦʣʠʤʝʨʘʟʫ, 

ʜʠʟʦʢʩʠʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʳ ʠ ʭʣʦʨʠʜ ʤʘʛʥʠʷ [30]. ʇʨʦʜʫʢʪʳ ʘʤʧʣʠʬʠʢʘʮʠʠ 

ʨʘʟʜʝʣʷʣʠ ʧʫʪʝʤ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʚ 6%-ʦʤ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʠʩ-EDTA-ʙʦʨʘʪʥʦʛʦ ʵʣʝʢʪʨʦʜʥʦʛʦ ʙʫʬʝʨʘ ʚ ʢʘʤʝʨʘʭ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʬʦʨʝʟʘ. 

ʆʢʨʘʩʢʫ ʛʝʣʷ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʩʪʚʦʨʝ ʙʨʦʤʠʩʪʦʛʦ ʵʪʠʜʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ. ʄʘʨʢʝʨʦʤ ʩʪʘʥʜʘʨʪʥʳʭ ʜʣʠʥ ʩʣʫʞʠʣʘ 

ɼʅʂ ʧʣʘʟʤʠʜʳ pBR322 E. coli, ʦʙʨʘʙʦʪʘʥʥʘʷ ʨʝʩʪʨʠʢʪʘʟʦʡ HpaII (ʈʠʩʫʥʦʢ 6) [30]. 

 

ʈʠʩʫʥʦʢ 6. ʃʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʦʚʦʛʦ 

ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʩʪʚʝʥʥʠʮʳ: ɸ ð ʚʳʩʫʰʝʥʥʘʷ ʭʚʦʷ ʚ ʩʪʫʧʢʝ ʜʣʷ 

ʠʟʤʝʣʴʯʝʥʠʷ, ɹ ð ʘʤʧʣʠʬʠʢʘʪʦʨ ʠ ʩʪʨʠʧʳ ʩ ʦʙʨʘʟʮʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʇʎʈ, ɺ ð ʤʘʨʢʝʨ 

ʩʪʘʥʜʘʨʪʥʳʭ ʜʣʠʥ HpaII, ɻ ð ʚʝʨʪʠʢʘʣʴʥʳʡ ʵʣʝʢʪʨʦʬʦʨʝʟ ʚ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ (ʬʦʪʦ 

ʘʚʪʦʨʘ). 

ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʣʦʢʫʩʦʚ ʙʳʣʠ ʚʟʷʪʳ ʚʳʙʦʨʢʠ ʠʟ ʯʝʪʳʨʸʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʪʜʘʣʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʪʨʝʭ ʚʠʜʦʚ ʣʠʩʪʚʝʥʥʠʮʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 
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ʨʘʟʥʳʝ ʯʘʩʪʠ ʠʭ ʘʨʝʘʣʦʚ [30]. ʅʘʟʚʘʥʠʷ ʧʦʧʫʣʷʮʠʡ ʠ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 4.  

ʊʘʙʣʠʮʘ 4 ð ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʝʪʳʨʸʭ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʪʦʙʨʘʥʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ ʤʳ ʥʝ ʟʘʦʩʪʨʷʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʜʠʩʢʫʩʩʠʦʥʥʳʭ 

ʚʦʧʨʦʩʘʭ ʩʠʩʪʝʤʘʪʠʢʠ ʚʠʜʦʚ ʨʦʜʘ Larix ʠ ʧʨʠʜʝʨʞʠʚʘʝʤʩʷ ʚʟʛʣʷʜʦʚ ɸ.ʇ. ɸʙʘʠʤʦʚʘ 

ʠ ʀ.ʖ. ʂʦʨʦʧʘʯʠʥʩʢʦʛʦ, ʧʦ ʤʥʝʥʠʶ ʢʦʪʦʨʳʭ ʣʠʩʪʚʝʥʥʠʮʳ ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ ð 

ʜʚʘ ʨʘʟʥʳʭ ʚʠʜʘ [209,210]. ʆʙʲʝʤ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʚʳʙʦʨʦʢ ʚʩʝʭ ʚʠʜʦʚ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʦʩʪʘʚʠʣ 24 ʜʝʨʝʚʘ. 

2.4.3 ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʨʝʜʥʝʝ 

ʯʠʩʣʦ ʘʣʣʝʣʝʡ ʥʘ ʣʦʢʫʩ (A), ʩʨʝʜʥʷʷ ʥʘʙʣʶʜʘʝʤʘʷ (Ho) ʠ ʦʞʠʜʘʝʤʘʷ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ (He) ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ (NE). ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ 

ʥʘ ʣʦʢʫʩ (NA) ʦʮʝʥʠʚʘʣʦʩʴ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʙʥʘʨʫʞʝʥʥʳʭ ʘʣʣʝʣʝʡ ʥʘ 

ʯʠʩʣʦ ʠʩʩʣʝʜʫʝʤʳʭ ʣʦʢʫʩʦʚ [30]. ʅʘʙʣʶʜʘʝʤʘʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ (Ho) 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʛʝʪʝʨʦʟʠʛʦʪʥʳʭ ʦʙʨʘʟʮʦʚ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʜʘʥʥʦʤʫ ʣʦʢʫʩʫ ʦʙʨʘʟʮʦʚ. ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʷ ʦʞʠʜʘʝʤʦʡ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ὄ ρ ВὪȟ      (3) 

ʛʜʝ fk ð ʯʘʩʪʦʪʳ ʘʣʣʝʣʝʡ, ʚʳʷʚʣʝʥʥʳʭ ʜʣʷ k-ʛʦ ʣʦʢʫʩʘ.  
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ʕʬʬʝʢʪʠʚʥʦʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʬʦʨʤʫʣʝ: 

ὲ
ȟ
      (4) 

ʛʜʝ He ð ʫʨʦʚʝʥʴ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ ʧʦ ʚʩʝʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʣʦʢʫʩʘʤ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʪʝʧʝʥʠ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦʢʘʟʘʪʝʣʠ F-ʩʪʘʪʠʩʪʠʢ ʈʘʡʪʘ 

[211]. ʀʥʜʝʢʩ ʬʠʢʩʘʮʠʠ ʚ ʩʫʙʧʦʧʫʣʷʮʠʷʭ (FIS):  

Ὂ ρ
ǰ
       (5) 

ʛʜʝ Ho ð ʥʘʙʣʶʜʘʝʤʘʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ; Ὄǰ ð ʩʨʝʜʥʷʷ ʦʞʠʜʘʝʤʘʷ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ. ʀʥʜʝʢʩ ʬʠʢʩʘʮʠʠ ʦʩʦʙʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʠʜʘ (FIT) ʚʳʯʠʩʣʷʣʩʷ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ: 

Ὂ Ὂ ρ Ὂ Ὂ       (6) 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ (FST) ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʜʣʷ 

ʢʘʞʜʦʛʦ i-ʪʦʛʦ ʘʣʣʝʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʣʦʢʫʩʘ, ʠ ʜʘʣʝʝ ʫʩʨʝʜʥʷʣʩʷ ʜʣʷ ʚʩʝʛʦ ʣʦʢʫʩʘ: 

Ὂ
ǰ

 , ʚ ʢʦʪʦʨʦʡ Ὄ ρ Вὴǰ    (7) 

ʛʜʝ ὴǰð ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ i-ʛʦ ʘʣʣʝʣʷ. ɿʥʘʯʝʥʠʷ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʜʣʷ ʢʘʞʜʦʛʦ ʣʦʢʫʩʘ ʦʪʜʝʣʴʥʦ, ʜʘʣʝʝ ʫʩʨʝʜʥʷʣʠʩʴ ʧʦ ʚʩʝʤ ʣʦʢʫʩʘʤ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʜʠʚʝʨʛʝʥʮʠʠ ʤʝʞʜʫ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ 

ʧʦʧʫʣʷʮʠʷʤʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʄ. ʅʝʷ [212] ʧʦ ʬʦʨʤʫʣʝ: 

Ὀ ὰὲὍȟ ʚ ʢʦʪʦʨʦʡ Ὅ
ВВ

ВВ ВВ
,    (8) 

ʛʜʝ I ð ʧʦʢʘʟʘʪʝʣʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʭʦʜʩʪʚʘ; ὼ  ʠ ώ  ð ʯʘʩʪʦʪʳ j-ʛʦ ʘʣʣʝʣʷ k-ʛʦ 

ʣʦʢʫʩʘ ʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʧʦʧʫʣʷʮʠʷʭ. ɺʩʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ GenAlEx 6.5 [30,213]. ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ Micro-Checker [147]. ʉ ʝʝ ʧʦʤʦʱʴʶ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʯʘʩʪʦʪ ʚʦʟʤʦʞʥʳʭ ʥʫʣʴ-ʘʣʣʝʣʝʡ ʚ ʣʦʢʫʩʘʭ ʠ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʯʠʩʣʦ ʛʦʤʦʟʠʛʦʪʥʳʭ ʛʝʥʦʪʠʧʦʚ ʠ ʯʘʩʪʦʪʘ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʘʣʣʝʣʝʡ ʚ ʧʦʧʫʣʷʮʠʷʭ. ʏʘʩʪʦʪʳ ʩʢʨʳʪʳʭ ʥʫʣʴ-ʘʣʣʝʣʝʡ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʦʛʣʘʩʥʦ 

ʧʨʘʚʠʣʫ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛʘ.  
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

3.1 ʗʜʝʨʥʳʡ ʛʝʥʦʤ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ 

3.1.1 ɸʥʘʣʠʟ ʚʳʩʦʢʦʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʛʝʥʦʤʘ 

ʂ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʘʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʛʝʥʦʤʘ ʫ 

ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʧʦʣʠʧʣʦʠʜʠʷ ʠ ʧʨʦʣʠʬʝʨʘʮʠʷ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʶʪ ʨʘʟʤʝʨ ʛʝʥʦʤʘ, ʥʦ ʪʘʢʞʝ ʚʥʦʩʷʪ ʠʟʤʝʥʝʥʠʷ ʚ 

ʢʦʜʠʨʫʶʱʠʝ ʠ ʨʝʛʫʣʷʪʦʨʥʳʝ ʦʙʣʘʩʪʠ ʛʝʥʦʚ, ʧʦʚʳʰʘʷ ʩʢʦʨʦʩʪʴ ʤʫʪʘʮʠʡ ʠ ʠʟʤʝʥʷʷ 

ʧʘʪʪʝʨʥʳ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʙʩʫʞʜʘʝʪʩʷ ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʘʭ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʠ ʭʚʦʡʥʳʭ [5,17]. ʄʥʝʥʠʷ ʧʦ 

ʵʪʦʤʫ ʧʦʚʦʜʫ ʧʨʦʪʠʚʦʨʝʯʠʚʳ: ʦʜʥʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ ʵʪʦ ʨʝʟʫʣʴʪʘʪʦʤ 

ʨʝʟʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʧʨʦʣʠʬʝʨʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ [214ï218], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʨʫʛʠʝ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʧʦʚʪʦʨʦʚ ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʩʪʝʧʝʥʥʦ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʢʦʥʢʫʨʠʨʫʷ ʧʨʠ ʵʪʦ ʩ ʧʨʦʮʝʩʩʦʤ ʵʣʠʤʠʥʘʮʠʠ ʧʦʚʪʦʨʦʚ, ʯʪʦ 

ʤʦʛʣʦ ʪʘʢʞʝ ʩʦʢʨʘʱʘʪʴ ʨʘʟʤʝʨʘ ʛʝʥʦʤʘ [5,219,220]. 

ɺʠʜʦʩʧʝʮʠʬʠʯʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʧʦʚʪʦʨʦʚ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, 

ʩʦʟʜʘʥʥʘʷ de novo ʩ ʧʦʤʦʱʴʶ RepeatModeler, ʩʦʜʝʨʞʘʣʘ 1721 ʢʦʥʩʝʥʩʫʩʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʉ ʧʦʤʦʱʴʶ ʩʙʦʨʢʠ ʢʦʥʩʝʥʩʫʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʩʢʨʠʧʪʦʤ Inchworm ʠʟ ʧʘʢʝʪʘ TrinityRnaSeq ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ~31 000 

ʢʦʥʩʝʥʩʫʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ, ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʫʯʘʩʪʢʠ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. ʕʪʠ 

ʢʦʥʩʝʥʩʫʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʩʨʘʚʥʝʥʳ ʩ de novo ʙʠʙʣʠʦʪʝʢʦʡ 

RepeatModeler, ʘ ʪʘʢʞʝ ʩ ʙʠʙʣʠʦʪʝʢʦʡ ʧʦʚʪʦʨʦʚ PIER. ɻʦʤʦʣʦʛʠ ʙʳʣʠ ʥʘʡʜʝʥʳ ʜʣʷ 

~12 000 ʢʦʥʩʝʥʩʫʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʙʠʙʣʠʦʪʝʢʝ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ 

RepeatModeler, ʠ ʜʣʷ ~7 000 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ PIER. 

ʈʝʮʠʧʨʦʢʥʳʡ BLAST ʧʦʢʘʟʘʣ, ʯʪʦ 1045 ʠʟ 1721 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʩ ʧʦʤʦʱʴʶ RepeatModeler, ʠʤʝʣʠ ʙʣʠʟʢʫʶ ʛʦʤʦʣʦʛʠʶ ʩ ʢʦʥʩʝʥʩʫʩʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʪʝʨʠʟʘʮʠʠ [20]. ʆʪʜʝʣʴʥʘʷ 

ʙʠʙʣʠʦʪʝʢʘ RepeatModleler ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, ʘ ʪʘʢʞʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʙʠʙʣʠʦʪʝʢʘ ʧʦʚʪʦʨʦʚ, ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ figshare ʩ DOI 10.6084/m9.figshare.19785913, 
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ʠ ʨʘʟʤʝʱʝʥʳ ʚ ʦʙʣʘʯʥʦʤ ʭʨʘʥʠʣʠʱʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʉʌʋ ʧʦ ʘʜʨʝʩʫ 

https://hpccloud.sfu-kras.ru/owncloud/index.php/s/PMnkYcj8Lbb1X5R [20]. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʝʤʝʡʩʪʚ ʧʦʚʪʦʨʦʚ ʚ 

ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʘʥʘʣʦʛʠʯʥʘ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʤʫ ʜʣʷ ʜʨʫʛʠʭ ʭʚʦʡʥʳʭ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʙʦʨʢʝ ʛʝʥʦʤʘ ʩʦʩʪʘʚʠʣʦ 20,9 ʤʣʥ 

ʩ ʦʙʱʠʤ ʨʘʟʤʝʨʦʤ 4,8 ʤʣʨʜ. ʧ.ʥ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40% ʦʪ ʨʘʟʤʝʨʘ ʛʝʥʦʤʘ 

(ʇʨʠʣʦʞʝʥʠʝ ɸ). ɼʦʣʷ ʛʝʥʦʤʘ, ʧʦʢʨʳʪʘʷ ʧʦʚʪʦʨʘʤʠ ʚ ʯʘʩʪʠ ʜʣʠʥʥʳʭ ʨʠʜʦʚ Oxford 

Nanopore, ʧʦ ʦʮʝʥʢʝ RepeatMasker, ʩʦʩʪʘʚʠʣʘ 66% ʧ.ʥ. [20]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ TEclass ʧʦʟʚʦʣʠʣʦ ʣʫʯʰʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʛʨʫʧʧʳ ʠ 

ʩʝʤʝʡʩʪʚʘ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʛʝʥʦʤʘ. 

ʈʝʪʨʦʪʨʘʥʩʧʦʟʦʥʳ ʢʣʘʩʩʘ I ʥʘʜʩʝʤʝʡʩʪʚʘ LINE, I, Gypsy ʠ Copia ʦʢʘʟʘʣʠʩʴ ʥʘʠʙʦʣʝʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ, ʧʨʠʯʝʤ ʵʣʝʤʝʥʪʳ LINE ʪʘʢʞʝ ʠʤʝʶʪ ʩʘʤʳʡ ʜʣʠʥʥʳʡ ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʠ ʟʘʥʠʤʘʶʪ ʥʘʠʙʦʣʴʰʫʶ ʯʘʩʪʴ ʛʝʥʦʤʘ (ʇʨʠʣʦʞʝʥʠʝ ɸ, ʈʠʩʫʥʦʢ 7ɸ) [20]. 

ʂʣʘʩʩ I ɼʣʠʥʥʳʝ ʢʦʥʮʝʚʳʝ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʳ (LTR), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʦʩʥʦʚʥʦʤ ʵʣʝʤʝʥʪʘʤʠ Gypsy ʠ Copia, ʩʦʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʩʝʭ 

ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ LTR ʙʳʣʘ ʛʦʤʦʣʦʛʠʯʥʘ ʙʠʙʣʠʦʪʝʢʘʤ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʭʨʦʤʦʩʦʤ (BAC) ʩʦʩʥʳ ʣʘʜʘʥʥʦʡ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʬʦʩʤʠʜ [169,221]. ɹʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ PtTalladega 

(3 646 ʢʦʧʠʡ ʚ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ), PtOuachita (1025), IFG (990), 

PtAppalachian (773), PtConagree (731) ʠ ʝʱʝ ʚʦʩʝʤʴ ʩʝʤʝʡʩʪʚ ʧʦʚʪʦʨʦʚ 

ʛʦʤʦʣʦʛʠʯʥʳʭ ʧʦʚʪʦʨʘʤ ʩʦʩʥʳ ʣʘʜʘʥʥʦʡ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ LTR-

ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʥʝ ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʚ ʙʦʣʝʝ ʤʝʣʢʠʝ ʩʝʤʝʡʩʪʚʘ 

(çʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ LTRè ʚ ʇʨʠʣʦʞʝʥʠʠ 1) [20]. 

https://hpccloud.sfu-kras.ru/owncloud/index.php/s/PMnkYcj8Lbb1X5R
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ʈʠʩʫʥʦʢ 7. ʇʦʚʪʦʨʳ ʚ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ: ɸ ð ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʝʤʝʡʩʪʚ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ; ɹ ð ʧʣʦʪʥʦʩʪʴ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ 

ʣʦʢʫʩʦʚ (ʯʠʩʣʦ ʣʦʢʫʩʦʚ ʩ ʜʠ-, ʪʨʠ-, ʪʝʪʨʘ-, ʧʝʪʘ-, ʛʝʢʩʘ-, ʛʝʧʪʘ- ʠ ʦʢʪʦʥʫʢʣʝʦʪʠʜʥʳʤʠ ʤʦʪʠʚʘʤʠ 

ʥʘ 1 ʤʣʥ. ʧ.ʥ.) ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʚʠʜʦʚ, ʦʮʝʥʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 

GMATo; ɺ ð ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ʥʘʡʜʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GMATo ʠ 

TRF. 

ʉʨʝʜʠ non-LTR-ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ LINE/L1, I, Penelope ʠ SINE ʚʤʝʩʪʝ 

ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 98% ʚʩʝʭ non-LTR-ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʨʳʚʘʶʪ 12% 

ʜʣʠʥʳ ʩʙʦʨʢʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʚʪʦʨʦʚ ʩʨʝʜʠ ʨʘʟʥʳʭ ʩʝʤʝʡʩʪʚ ʧʦʚʪʦʨʦʚ ʙʳʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ ʧʦ ʜʣʠʥʝ, ʤʝʥʝʝ 1 ʪʳʩ. ʧ.ʥ. ʅʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʘʤʳʭ 

ʜʣʠʥʥʳʭ ʧʦʚʪʦʨʦʚ ʜʦʩʪʠʛʘʣʘ ʧʦʯʪʠ 15 ʪʳʩ. ʧ.ʥ.; ʦʥʠ ʧʨʠʥʘʜʣʝʞʘʪ ʵʣʝʤʝʥʪʘʤ LINE 

ʠ ʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʤ LTR. ʅʘʠʙʦʣʝʝ ʯʘʩʪʳʝ ʧʦʚʪʦʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʙʳʣʠ ʢʦʨʦʯʝ 1 ʪʳʩ. ʧ.ʥ. ʅʝʢʦʪʦʨʳʝ ʛʨʫʧʧʳ ʧʦʚʪʦʨʦʚ ʠʤʝʶʪ ʙʠʤʦʜʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥʳ (Gypsy, DIR, LINE/I, Helitron, Penelope), ʥʦ ʦʙʘ ʧʠʢʘ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʙʳʣʠ ʤʝʥʝʝ 1 ʪʳʩ. ʧ.ʥ. [20]. 

LTR ʩʦʩʪʘʚʠʣ ʥʘʠʙʦʣʴʰʫʶ ʜʦʣʶ ʚʩʝʭ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʩʝʤʝʡʩʪʚʘ Gypsy, ʯʪʦ ʪʘʢʞʝ ʰʠʨʦʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʜʨʫʛʠʭ ʭʚʦʡʥʳʭ 

[14,17,54,55,222] ʠ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ [223]. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ LINE ʠ SINE ʷʚʣʷʶʪʩʷ 
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ʦʙʱʠʤʠ ʜʣʷ ʛʝʥʦʤʦʚ ʨʘʩʪʝʥʠʡ, ʵʣʝʤʝʥʪʳ ʧʦʜʦʙʥʳʝ ʩʝʤʝʡʩʪʚʫ Penelope (PLE) 

ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʥʦʤʦʚ ʞʠʚʦʪʥʳʭ ʠ ʛʨʠʙʦʚ [224,225], ʧʦʢʘ 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ Penelope (EN(+) ʵʣʝʤʝʥʪʳ ʪʠʧʘ PLE ʠ Dryad ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʪʘʢʞʝ ʠ ʫ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ [226], ʘ ʵʣʝʤʝʥʪʳ ʪʠʧʘ RTE AdLINE3 ð ʫ ʨʷʜʘ ʚʠʜʦʚ 

ʮʚʝʪʢʦʚʳʭ ʨʘʩʪʝʥʠʡ [227]. ʆʧʠʩʘʥʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʩʝʤʝʡʩʪʚ Dryad ʠ AdLINE3 ʧʨʝʜʧʦʣʘʛʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʤʦʙʠʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʚʦʟʤʦʞʥʦ, ʤʝʞʜʫ ʯʣʝʥʠʩʪʦʥʦʛʠʤʠ ʠ ʧʨʝʜʢʦʤ ʭʚʦʡʥʳʭ ʧʨʠʤʝʨʥʦ 340 

ʤʣʥ ʣʝʪ ʥʘʟʘʜ [226,227]. 

DNA ʪʨʘʥʩʧʦʟʦʥʳ ʢʣʘʩʩʘ II ʧʦʢʨʳʚʘʶʪ ʦʢʦʣʦ 5% ʨʘʟʤʝʨʘ ʩʙʦʨʢʠ, ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ (4,5%) ʥʝ ʙʳʣʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ TE-class 

(çʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝè ʚ ʇʨʠʣʦʞʝʥʠʠ 1) [20]. ʉʨʝʜʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʪʨʘʥʩʧʦʟʦʥʦʚ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʪʝʨʤʠʥʘʣʴʥʳʝ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʝ ʧʦʚʪʦʨʳ 

(TIR, 0,16% DNA ʪʨʘʥʩʧʦʟʦʥʦʚ), Helitron (0,06%), EnSpm (0,02%), hAT (<0,01%). 

ɺʩʝʛʦ ʩ ʧʦʤʦʱʴʶ GMATo ʚ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

1 129 244 ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʘ ʩ ʨʘʟʤʝʨʦʤ ʤʦʪʠʚʘ 2-8 ʧ.ʥ. ʧʨʠ ʩʨʝʜʥʝʡ 

ʧʣʦʪʥʦʩʪʠ ʤʠʢʨʦʩʘʪʝʣʣʠʪʦʚ 268,7 ʣʦʢʫʩʦʚ ʥʘ ʤʠʣʣʠʦʥ ʧ.ʥ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ, ʩʙʦʨʢʘ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʪʘʢʞʝ ʠʤʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʤʠʢʨʦʩʘʪʝʣʣʠʪʦʚ, ʘʥʘʣʦʛʠʯʥʫʶ ʛʝʥʦʤʘʤ ʝʣʠ ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʪʦʧʦʣʷ 

ʯʝʨʥʦʛʦ (ʈʠʩʫʥʦʢ 7ɹ) [20]. ɺ ʨʘʙʦʪʘʭ [55] ʠ [21] ʩʦʦʙʱʘʣʦʩʴ ʦ ʧʣʦʪʥʦʩʪʠ SSR 10ï20 

ʣʦʢʫʩʦʚ/ʄbp ʜʣʷ ʩʦʩʥʳ ʣʘʜʘʥʥʦʡ, ʝʣʠ ʙʝʣʦʡ ʠ ʝʣʠ ʦʙʳʢʥʦʚʝʥʥʦʡ, ʧʨʠ ʦʮʝʥʢʝ ʩ 

ʧʦʤʦʱʴʶ TRF. ʅʘ ʪʝʭ ʞʝ ʛʝʥʦʤʥʳʭ ʩʙʦʨʢʘʭ TRF ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣ 17 145 ʣʦʢʫʩʦʚ 

ʩ ʪʝʤ ʞʝ ʨʘʟʤʝʨʦʤ ʤʦʪʠʚʘ ʠ ʩ ʦʙʱʝʡ ʧʣʦʪʥʦʩʪʴʶ 4,1 ʣʦʢʫʩʘ/ʄbp. ɺ ʩʨʝʜʥʝʤ 

GMATo ʦʙʥʘʨʫʞʠʣ ʚ ʜʝʚʷʪʴ ʨʘʟ ʙʦʣʴʰʝ ʣʦʢʫʩʦʚ SSR, ʯʝʤ TRF, ʥʘ ʦʩʥʦʚʝ ʩʝʤʠ 

ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ (ʈʠʩʫʥʦʢ 7ɺ; ʚ ʩʨʝʜʥʝʤ 197 ʠ 21 ʣʦʢʫʩ/ʄʙʧ ʜʣʷ GMATo ʠ TRF 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʛʝʥʦʤʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [20]. 

ʍʦʪʷ ʪʠʧʳ ʧʦʚʪʦʨʦʚ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʢʦʚʳʤ ʫ ʜʨʫʛʠʭ ʭʚʦʡʥʳʭ ʨʘʩʪʝʥʠʡ, ʪʦʣʴʢʦ 40% ʝʝ ʪʝʢʫʱʝʡ 

ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʠ ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʩʪʳʝ ʧʦʚʪʦʨʳ ʠ ʤʦʙʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʆʜʥʘʢʦ, 

ʦʮʝʥʢʘ RepeatMasker ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʦʣʷ ʛʝʥʦʤʘ, ʧʦʢʨʳʪʦʛʦ ʧʦʚʪʦʨʘʤʠ ʚ ʧʦʨʮʠʠ 
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ʜʣʠʥʥʳʭ ʧʨʦʯʪʝʥʠʡ Oxford Nanopore, ʩʦʩʪʘʚʣʷʝʪ 66% ʧ.ʥ. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʪʦ, ʯʪʦ ʨʝʧʠʪʦʤʥʘʷ ʯʘʩʪʴ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʙʳʣʘ ʩʣʠʰʢʦʤ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʘ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʝʝ ʚ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʩʙʦʨʢʫ [20]. ʕʪʘ ʦʮʝʥʢʘ ʪʝʤ 

ʥʝ ʤʝʥʝʝ ʥʠʞʝ, ʯʝʤ ʫ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ʇʦʭʦʞʠʝ ʜʘʥʥʳʝ 

ʙʳʣʠ ʚ 2021 ʛʦʜʫ ʧʦʣʫʯʝʥʳ ʜʣʷ ʜʚʫʭ ʜʨʫʛʠʭ ʚʠʜʦʚ ʣʠʩʪʚʝʥʥʠʮʳ, L. decidua ʠ L. 

kaempferi [228], ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʘʷ ʜʦʣʷ 

ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʠʜʦʚ ʨʦʜʘ Larix. 

3.1.2 ʆʮʝʥʢʘ ʚʨʝʤʝʥʠ ʚʩʪʘʚʢʠ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ LTR-RT 

ʈʝʪʨʦʪʨʘʥʩʧʦʟʦʥʳ ʢʣʘʩʩʘ I ʨʘʟʤʥʦʞʘʶʪʩʷ ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʮʠʠ ʩʚʦʝʡ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʈʅʂ ʚ ʛʝʥʦʤ ʭʦʟʷʠʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʪʨʦʪʨʘʥʩʢʨʠʧʮʠʠ ʚ ʢɼʅʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʪʨʘʥʩʢʨʠʧʮʠʠ ʭʦʟʷʠʥʘ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ. 

ʄʝʞʜʫ ʜʣʠʥʥʳʤʠ ʢʦʥʮʝʚʳʤʠ ʧʦʚʪʦʨʘʤʠ ʥʘʭʦʜʠʪʩʷ ʢʦʜʠʨʫʶʱʘʷ ʯʘʩʪʴ, 

ʩʦʜʝʨʞʘʱʘʷ ʛʝʥʳ gag ʠ pol. [229,230]. ʕʪʘ ʢʦʜʠʨʫʶʱʘʷ ʯʘʩʪʴ ʚʢʣʶʯʘʝʪ ʧʨʦʪʝʘʟʫ, 

ʦʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʪʘʟʫ, ʨʠʙʦʥʫʢʣʝʘʟʫ-H ʠ ʠʥʪʝʛʨʘʟʫ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ 

ʨʘʩʱʝʧʣʝʥʠʝ ʙʝʣʢʘ Pol ʠ ʈʅʂ, ʢʦʧʠʨʦʚʘʥʠʝ ʈʅʂ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʚ ʢɼʅʂ ʠ 

ʠʥʪʝʛʨʘʮʠʶ ʢɼʅʂ ʚ ʛʝʥʦʤ ʭʦʟʷʠʥʘ (ʈʠʩʫʥʦʢ 8ɸ) [231]. 

ʋ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʚʪʦʨʳ ʩ ʧʨʷʤʳʤʠ LTR [171,232]. 

ʌʣʘʥʢʠʨʫʶʱʠʝ LTR ʥʘ 5ô ʠ 3ô-ʢʦʥʮʘʭ ʧʦʚʪʦʨʦʚ ʠʜʝʥʪʠʯʥʳ ʚ ʤʦʤʝʥʪ ʚʩʪʘʚʢʠ, ʥʦ 

ʩʦ ʚʨʝʤʝʥʝʤ ʦʥʠ ʤʫʪʠʨʫʶʪ [233], ʧʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʠʭ ʤʫʪʘʮʠʡ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʚʳʰʝ, ʯʝʤ ʚ ʢʦʜʠʨʫʶʱʠʭ ʦʙʣʘʩʪʷʭ, ʧʦʩʢʦʣʴʢʫ ʧʦʚʪʦʨʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʝʥʦʚ ʥʝ 

ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʦʪʙʦʨʘ. ʂʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʜʚʫʤʷ 

ʬʣʘʥʢʠʨʫʶʱʠʤʠ LTR ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʚʩʪʘʚʢʠ ʵʣʝʤʝʥʪʘ 

ʚ ʛʝʥʦʤ. ʕʪʦ ʤʦʞʝʪ ʧʦʤʦʯʴ ʧʦʥʷʪʴ ʵʚʦʣʶʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ ʦʨʛʘʥʠʟʘʮʠʠ ʛʝʥʦʤʘ ʠ 

ʦʙʥʘʨʫʞʠʪʴ ʥʝʜʘʚʥʠʝ ʠ ʜʨʝʚʥʠʝ ʩʦʙʳʪʠʷ ʧʦʚʪʦʨʥʦʡ ʵʢʩʧʘʥʩʠʠ. 
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ʈʠʩʫʥʦʢ 8. LTR ʧʦʚʪʦʨʳ: ɸ ð ʩʪʨʫʢʪʫʨʘ Copy- ʠ Gypsy-ʧʦʜʦʙʥʳʭ LTR ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ; ɹ 

ð ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʚʩʪʘʚʢʠ LTR-RT ʵʣʝʤʝʥʪʦʚ ʚ ʛʝʥʦʤʝ ʜʝʚʷʪʠ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ; ɺ ð ʦʮʝʥʢʘ 

ʚʨʝʤʝʥʠ ʚʩʪʘʚʢʠ LTR-RT ʵʣʝʤʝʥʪʦʚ ʚ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ; ɻ ð ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ 

ʚʩʪʘʚʢʠ ʩʫʧʝʨʩʝʤʝʡʩʪʚ Copia ʠ Gypsy; ɼ ð ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʚʩʪʘʚʢʠ TGCA/non-TGCA LTR 

ʵʣʝʤʝʥʪʦʚ. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ð ʚʨʝʤʷ ʚʩʪʘʚʢʠ ʚ ʤʣʥ. ʣʝʪ. 

LTRharvest ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ LTR_retriever ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ 347 

LTR ʵʣʝʤʝʥʪʦʚ ʠ 36 ʠʥʪʘʢʪʥʳʭ LTR ʚ ʩʙʦʨʢʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. ʕʪʠ 36 

ʠʥʪʘʢʪʥʳʭ LTR ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʩ 367, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ [173]. ɺʦʟʤʦʞʥʦʝ 

ʧʝʨʝʢʨʳʪʠʝ ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ ʩ ʧʦʤʦʱʴʶ blastn ʧʨʦʪʠʚ LTR Larix ʠʟ [173]. ʆʮʝʥʢʘ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʤʝʥ ʚ ʢʦʥʮʝʚʳʭ ʧʦʚʪʦʨʘʭ 403 LTR ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʝʨʦʷʪʥʘʷ ʚʦʣʥʘ ʚʩʪʨʘʠʚʘʥʠʷ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʚ ʛʝʥʦʤ 

ʣʠʩʪʚʝʥʥʠʮʳ ʧʨʦʠʟʦʰʣʘ ʧʦʨʷʜʢʘ 4ï5 ʤʣʥ ʣʝʪ ʥʘʟʘʜ (ʈʠʩʫʥʦʢ 8ɺ) [20]. ʍʦʪʷ 

ʩʫʧʝʨʩʝʤʝʡʩʪʚʘ Copia (PR-INT-RT) ʠ Gypsy (PR-RT-INT) ʠʤʝʶʪ ʥʝʤʥʦʛʦ ʨʘʟʥʳʝ 

ʧʨʦʬʠʣʠ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʚʩʪʨʘʠʚʘʥʠʷ, ʠʭ ʩʨʝʜʥʠʝ ʠ ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ 

(ʩʨʝʜʥʝʝ = 3,16 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʠ ʤʝʜʠʘʥʘ = 3,03 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʜʣʷ Copia, ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ = 3,11 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʠ ʤʝʜʠʘʥʘ = 2,96 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʜʣʷ Gypsy) (ʈʠʩʫʥʦʢ 

8ɻ). LTR ʩ ʨʘʟʥʳʤʠ ʬʣʘʥʢʠʨʫʶʱʠʤʠ ʤʦʪʠʚʘʤʠ, ʪʠʧʠʯʥʳʤʠ 5'-TGéCA-3', ʠ 

ʜʨʫʛʠʤʠ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʤʳ ʪʘʢʞʝ ʩʨʘʚʥʠʚʘʣʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʨʝʤʝʥʠ ʠʭ ʚʩʪʘʚʢʠ. ʊʦʯʥʦ ʪʘʢ ʞʝ LTR ʩ ʬʣʘʥʢʠʨʫʶʱʠʤʠ ʤʦʪʠʚʘʤʠ 

TGéCA ʠʤʝʣʠ ʥʝʙʦʣʴʰʦʡ ʧʠʢ ʩ ʤʝʜʠʘʥʦʡ 2,56 ʤʣʥ ʣʝʪ ʥʘʟʘʜ, ʘ LTR ʩ ʜʨʫʛʠʤʠ 
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ʬʣʘʥʢʠʨʫʶʱʠʤʠ ʤʦʪʠʚʘʤʠ ʠʤʝʣʠ ʤʝʜʠʘʥʫ 2,60 ʤʣʥ ʣʝʪ ʥʘʟʘʜ (ʈʠʩʫʥʦʢ 8ɼ). ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʬʠʣʷʤʠ ʜʨʫʛʠʭ ʛʦʣʦʩʝʤʝʥʥʳʭ, ʣʠʩʪʚʝʥʥʠʮʘ ʧʦʢʘʟʘʣʘ ʩʘʤʳʡ 

ʜʨʝʚʥʠʡ ʚʩʧʣʝʩʢ LTR, ʜʘʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʥʝʪʫʤʦʤ ʠ ʛʠʥʛʢʦ (ʈʠʩʫʥʦʢ 8ɹ) [20]. 

ʉʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ɼʅʂ LTR ʙʳʣʦ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʩʦʜʝʨʞʘʥʠʝ 

ʠʥʪʘʢʪʥʳʭ LTR, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʤʘʩʩʠʚʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ 

ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʚ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʤʦʛʣʘ ʧʨʦʠʟʦʡʪʠ ʵʣʠʤʠʥʘʮʠʷ 

ʧʦʚʪʦʨʷʶʱʝʡʩʷ ɼʅʂ. ʊʠʧʠʯʥʳʝ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʚʩʪʘʚʢʠ ʚ ʛʝʥʦʤʳ ʨʘʩʪʝʥʠʡ 

ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 1 ʜʦ 2,5 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʜʣʷ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ [234ï238]. 

ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʫ ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚʨʝʤʷ ʚʥʝʜʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 10ï15 ʤʣʥ 

ʣʝʪ ʥʘʟʘʜ [51]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ LTR, ʧʨʦʚʝʜʝʥʥʦʡ [173] 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʵʢʩʧʘʥʩʠʠ LTR ʛʦʣʦʩʝʤʝʥʥʳʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚ 2ï4 ʤʣʥ 

ʣʝʪ ʥʘʟʘʜ. ʋ ʣʠʩʪʚʝʥʥʠʮʳ ʥʘ ʦʮʝʥʢʫ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʚʣʠʷʪʴ ʣʠʙʦ ʵʬʬʝʢʪʠʚʥʳʡ 

ʤʝʭʘʥʠʟʤ ʵʣʠʤʠʥʘʮʠʠ ʧʦʚʪʦʨʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʩʪʠʥʥʦʡ ʚʩʪʘʚʢʦʡ ʜʨʝʚʥʠʭ 

ʧʦʚʪʦʨʦʚ, ʣʠʙʦ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʯʝʨʥʦʚʦʡ ʩʙʦʨʢʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʣʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘʡʜʝʥʥʳʭ LTR. ʆʜʥʘʢʦ ʯʝʨʥʦʚʳʝ ʛʝʥʦʤʳ ʝʣʠ ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʧʠʭʪʳ 

ʙʝʣʦʡ ʠʤʝʶʪ ʩʨʘʚʥʠʤʫʶ ʩʪʝʧʝʥʴ ʮʝʣʴʥʦʩʪʠ ʩʙʦʨʢʠ (N50 = 6 443, 5 206 ʠ 14 051 ʧ.ʥ. 

ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, ʝʣʠ ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʧʠʭʪʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʟʘʤʝʪʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʯʠʩʣʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ LTR (403 ʫ 

ʣʠʩʪʚʝʥʥʠʮʳ, 31 016 ʫ ʝʣʠ ʝʚʨʦʧʝʡʩʢʦʡ ʠ 34 952 ʫ ʧʠʭʪʳ), ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ 

ʚʩʪʨʘʠʚʘʥʠʷ LTR ʜʣʷ ʥʠʭ ʪʘʢʞʝ ʩʭʦʜʥʳ. 

3.1.3 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʝʥʦʚ ʩ ʣʝʡʮʠʥ ʙʦʛʘʪʳʤʠ ʧʦʚʪʦʨʘʤʠ (LRR) 

ʄʥʦʛʠʝ ʙʝʣʢʠ ʩʦʜʝʨʞʘʪ ʙʦʛʘʪʳʝ ʣʝʡʮʠʥʦʤ ʧʦʚʪʦʨʳ (LRR), ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʧʦʜʢʦʚʦʦʙʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ. ʆʩʦʙʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʙʝʣʢʠ NBS-LRR, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʟʘʱʠʪʝ ʨʘʩʪʝʥʠʡ ʦʪ ʧʘʪʦʛʝʥʦʚ. ʋʯʘʩʪʢʠ LRR ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʣʝʢʫʣ ʧʘʪʦʛʝʥʦʚ, ʠ ʚʝʨʦʷʪʥʦ 

ʩʚʷʟʘʥʳ ʩ ʠʤʤʫʥʥʳʤ ʦʪʚʝʪʦʤ ʨʘʩʪʝʥʠʡ ʥʘ ʙʠʦʪʠʯʝʩʢʠʡ ʩʪʨʝʩʩ [239ï242].  

ʉʨʝʜʠ ʚʩʝʭ ʪʢʘʥʷʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 4 482 ʪʨʘʥʩʢʨʠʧʪʘ, ʩʦʜʝʨʞʘʱʠʭ LRR-

ʜʦʤʝʥ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ LRR-ʜʦʤʝʥʦʚ ʩʦʜʝʨʞʘʣʦʩʴ ʚ ʪʨʘʥʩʢʨʠʧʪʦʤʝ ʧʦʙʝʛʘ 

(1 846), ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʚ ʪʨʘʥʩʢʨʠʧʪʦʤʝ ʢʘʤʙʠʷ (1 599), ʥʦ ʠʭ ʜʦʣʠ ʚ ʦʙʱʝʤ 



66 

ʢʦʣʠʯʝʩʪʚʝ ʪʨʘʥʩʢʨʠʧʪʦʚ ʜʣʷ ʢʘʞʜʦʡ ʪʢʘʥʠ ʙʳʣʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʷ ʚʩʝʭ 

ʪʢʘʥʝʡ ʠ ʩʦʩʪʘʚʣʷʣʠ ʥʝ ʙʦʣʝʝ 2%. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ ʚ ʇʨʠʣʦʞʝʥʠʠ 2, 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʢʨʠʧʪʦʚ ʩʦʜʝʨʞʘʣʦ ʩʝʤʝʡʩʪʚʦ LRR-4 ʚʦ ʚʩʝʭ ʪʢʘʥʷʭ 

[20]. 

ɹʝʣʢʠ NBS-LRR ʠʤʝʶʪ ʜʣʠʥʫ ʦʪ  860 ʜʦ  1 900 ʘʤʠʥʦʢʠʩʣʦʪ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʪʨʘʥʩʢʨʠʧʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʦʤʝʥ LRR, ʙʳʣʠ ʢʦʨʦʯʝ ʥʘ 300ï400 ʘʤʠʥʦʢʠʩʣʦʪ 

(ʇʨʠʣʦʞʝʥʠʝ ɹ). ɺʩʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʨʦʯʝ 850 ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʠ ʩʨʝʜʠ 

ʥʠʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʠʩʢ ʜʦʤʝʥʘ NBS. ɺʩʝʛʦ ʚ ʪʨʘʥʩʢʨʠʧʪʦʤʝ ʧʦʙʝʛʘ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ 56 ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʙʝʣʢʦʚ NBS-LRR, 18 ʚ ʢʘʤʙʠʠ, 5 ʚ ʧʨʦʨʦʩʪʢʝ ʠ 2 ʚ 

ʦʩʝʥʥʝʡ ʧʦʯʢʝ. OmicsBox ʧʦʜʪʚʝʨʜʠʣ ʥʘʣʠʯʠʝ ʜʦʤʝʥʦʚ NB-ARC ʠ LRR ʚ 

ʪʨʘʥʩʢʨʠʧʪʘʭ, ʘ InterProScan ʥʝ ʦʙʥʘʨʫʞʠʣ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʤʝʥʦʚ ʚ ʵʪʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ. ɺʝʨʦʷʪʥʦ, ʵʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʜʝʨʞʘʪ ʛʝʥʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʟʘʙʦʣʝʚʘʥʠʷʤ ʠ ʩʪʨʝʩʩʫ, ʪʘʢ ʢʘʢ ʦʥʠ ʚʢʣʶʯʘʶʪ ʩʝʤʝʡʩʪʚʘ P-loop 

NTPase ʠ LRR [20]. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʜʦʤʝʥʳ LRR ʠ NB-ARC, ʨʘʟʤʝʱʝʥʳ ʚ figshare (DOI 10.6084/m9.figshare.19785913) 

ʠ ʚ ʦʙʣʘʯʥʦʤ ʭʨʘʥʠʣʠʱʝ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʣʘʩʪʝʨʘ ʉʌʋ https://hpccloud.sfu-

kras.ru/owncloud/index.php/s/PMnkYcj8Lbb1X5R. 

3.1.4 ʉʪʨʫʢʪʫʨʥʘʷ ʘʥʥʦʪʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ MAKER2 

ʈʘʙʦʪʘ ʩ ʪʘʢʠʤʠ ʙʦʣʴʰʠʤʠ ʛʝʥʦʤʘʤʠ, ʢʘʢ ʫ ʭʚʦʡʥʳʭ, ʯʘʩʪʦ ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʙʲʝʤ 

ʧʘʤʷʪʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ. ʉʪʨʫʢʪʫʨʥʘʷ ʘʥʥʦʪʘʮʠʷ 

ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʩʙʦʨʢʠ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʩ ʧʦʤʦʱʴʶ ʧʘʡʧʣʘʡʥʘ MAKER2 

ʥʘ ʢʣʘʩʪʝʨʝ ʠʟ 448 ʷʜʝʨ (ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 2,3 ɻɻʮ/ʷʜʨʦ ʠ 896 ɻɹ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ ʧʨʠ ʩʨʝʜʥʝʡ ʟʘʛʨʫʟʢʝ ʧʨʦʮʝʩʩʦʨʘ ʦʢʦʣʦ 61%) ʟʘʥʷʣʘ 22 ʜʥʷ, ʠʩʢʣʶʯʘʷ 

ʥʘʩʪʨʦʡʢʫ AUGUSTUS ʠ ʧʦʜʙʦʨ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦʚʪʦʨʦʚ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ BUSCO ʚʳʷʚʠʣ 317 ʧʦʣʥʳʭ ʠ 307 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʠʟ 1 614 ʦʜʥʦʢʦʧʠʡʥʳʭ ʦʨʪʦʣʦʛʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʘʷ ʜʦʣʷ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ (19% ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʧʨʦʪʠʚ 

38,6% ʚʩʝʛʦ ʥʘʡʜʝʥʥʳʭ) ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ 

ʩʢʘʬʬʦʣʜʦʚ ʚ ʩʙʦʨʢʝ. ʇʨʠ ʵʪʦʤ ʚ ʛʝʥʦʤʥʳʭ ʩʙʦʨʢʘʭ ʜʨʫʛʠʭ ʭʚʦʡʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

https://hpccloud.sfu-kras.ru/owncloud/index.php/s/PMnkYcj8Lbb1X5R
https://hpccloud.sfu-kras.ru/owncloud/index.php/s/PMnkYcj8Lbb1X5R
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ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʧʦ ʦʮʝʥʢʝ BUSCO ʚ ʩʨʝʜʥʝʤ ʥʠʞʝ (7,5% 

ʧʨʦʪʠʚ 80,9% ʜʣʷ Pinus lambertiana, 11,5% ʧʨʦʪʠʚ 32,6% ʜʣʷ Picea glauca, ʊʘʙʣʠʮʘ 

5) [20]. 

ʊʘʙʣʠʮʘ 5. ʆʮʝʥʢʘ ʧʦʣʥʦʪʳ ʛʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʛʨʫʧʧʳ ʭʚʦʡʥʳʭ ʩ 

ʧʦʤʦʱʴʶ BUSCO ʚ ʨʝʞʠʤʝ ʩʨʘʚʥʠʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ɺʠʜ ʇʦʣʥʳʝ, % ʏʘʩʪʠʯʥʳʝ, % ʇʦʣʥʳʝ ʠ ʯʘʩʪʠʯʥʳʝ, % 

Pinus lambertiana 73,4 7,5 80,9 

Pseudotsuga menziesii 68,5 11,8 80,3 

Pinus taeda  41,7 19,4 61,1 

Picea abies  28,1 27,3 55,4 

Larix sibirica  19,6 19,0 38,6 

Abies alba 15,8 17,9 33,7 

Picea glauca  21,1 11,5 32,6 

ʀʩʧʦʣʴʟʫʷ ʪʨʘʥʩʢʨʠʧʪʳ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʢʘʥʝʡ, ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʩʙʦʨʢʠ 

ʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ ʠ ʨʝʬʝʨʝʥʩʥʳʝ ʙʝʣʢʠ Uniprot ʚ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ 

ʪʦʯʢʠ ʜʣʷ ʘʥʥʦʪʘʮʠʡ MAKER2, ʙʳʣʦ ʧʦʣʫʯʝʥʦ 39 370 ʤʦʜʝʣʝʡ ʛʝʥʦʚ ʚ 37 206 

ʩʢʘʬʬʦʣʜʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ 134 271 ʵʢʟʦʥʘ ʠ 94 901 ʠʥʪʨʦʥʘ (ʊʘʙʣʠʮʘ 6). ʉʨʝʜʠ ʥʠʭ 

24 551 ʛʝʥʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ, ʘ 14 819 ð ʯʘʩʪʠʯʥʳʤʠ (6 476 

ʫʩʝʯʝʥʥʳʭ ʩ ʥʘʯʘʣʘ, 7 545 ʫʩʝʯʝʥʥʳʭ ʩ ʢʦʥʮʘ ʠ 798 ʫʩʝʯʝʥʥʳʭ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ). 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʛʝʥʦʚ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 1 841 ʧ.ʥ., ʦʜʠʥ ʛʝʥ ʩʦʜʝʨʞʘʣ ʚ ʩʨʝʜʥʝʤ 3,41 

ʵʢʟʦʥʘ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤ ʯʠʩʣʦʤ ʵʢʟʦʥʦʚ ʙʳʣʦ 2, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʧʨʦʛʥʦʟʦʤ ~4 ʵʢʟʦʥʘ ʥʘ ʛʝʥ ʜʣʷ Pinus taeda [243]. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ CDS 

ʩʦʩʪʘʚʠʣʘ 7 216 ʧ.ʥ., ʯʪʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʩʘʤʦʛʦ ʜʣʠʥʥʦʛʦ ʠʥʪʨʦʥʘ, 10 153 ʧ.ʥ. 

(ʊʘʙʣʠʮʘ 6) [20]. 

ʊʘʙʣʠʮʘ 6. ʉʪʘʪʠʩʪʠʢʘ ʛʝʥʦʤʥʦʡ ʩʙʦʨʢʠ ʠ ʘʥʥʦʪʘʮʠʠ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. 

ʇʨʠʤʝʯʘʥʠʝ: ʩʙʦʨʢʘ ʚ ʘ ʢʦʥʪʠʛʘʭ, ʙ ʩʢʘʬʬʦʣʜʘʭ 
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ʂʦʣʠʯʝʩʪʚʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʤʦʜʝʣʝʡ ʛʝʥʦʚ ʫ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ (39 370) 

ʧʨʠʤʝʨʥʦ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʫ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ (50 172) ʠ ʧʠʭʪʳ ɼʫʛʣʘʩʘ (54 830), 

ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʧʠʭʪʳ ʙʝʣʦʡ (94 205), ʩʦʩʥʳ ʩʘʭʘʨʥʦʡ (71 117), ʝʣʠ 

ʙʝʣʦʡ (102 915) ʠ ʝʣʠ ʝʚʨʦʧʝʡʩʢʦʡ (70 968) [20]. MAKER2 ʠʩʧʦʣʴʟʫʝʪ ʧʦʢʘʟʘʪʝʣʴ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʥʘʟʳʚʘʝʤʳʡ ʨʝʜʘʢʮʠʦʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʘʥʥʦʪʘʮʠʠ (AED), 

ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧʨʦʝʢʪʝ Sequence Ontology [245,246]. ʆʥ 

ʠʟʤʝʨʷʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʤʦʜʝʣʴʶ ʛʝʥʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʧʦʜʪʚʝʨʞʜʘʶʱʠʤʠ 

ʜʘʥʥʳʤʠ, ʚʤʝʩʪʦ ʦʮʝʥʢʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʥʥʦʪʘʮʠʷʤʠ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ 

ʧʨʦʝʢʪʝ Sequence Ontology [177]. ʇʦ ʦʮʝʥʢʝ MAKER2 AED, ʨʘʩʩʯʠʪʘʥʥʦʝ ʜʣʷ 

ʘʥʥʦʪʘʮʠʠ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, ʙʳʣʦ ʥʠʞʝ 0,5 ʜʣʷ 95% ʤʦʜʝʣʝʡ ʛʝʥʦʚ, ʯʪʦ 

ʩʨʘʚʥʠʤʦ ʩ ʪʘʢʦʚʳʤ ʜʣʷ ʛʝʥʦʤʘ ʤʳʰʠ GRCm37 [177]. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʤʘʣʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʝʜʩʢʘʟʘʥʠʠ ʛʝʥʦʚ ʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʵʪʘ ʦʮʝʥʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʚ ʥʝʢʦʪʦʨʦʡ ʤʝʨʝ ʟʘʚʳʰʝʥʘ. 

ɼʣʷ ʦʙʣʘʩʪʝʡ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ RepeatMasker ʢʘʢ ʧʦʚʪʦʨʳ, ʪʘʢʞʝ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʢʦʜʠʨʫʶʱʠʤʠ ʫʯʘʩʪʢʘʤʠ ʠʟ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʛʝʥʥʳʭ 

ʤʦʜʝʣʝʡ. ɺʩʝʛʦ 6 884 ʛʝʥʘ ʠʤʝʣʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 20% ʧʝʨʝʢʨʳʪʠʷ ʩ ʧʦʚʪʦʨʦʤ 

(ʇʨʠʣʦʞʝʥʠʝ ɺ). ʕʪʠ ʛʝʥʥʳʝ ʤʦʜʝʣʠ ʙʳʣʠ ʧʦʤʝʯʝʥʳ ʢʘʢ çʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʪʦʨʘʤʠè; 

2 247 (33%) ʠʟ ʥʠʭ ʧʝʨʝʩʝʢʘʣʠʩʴ ʩ ʩʝʤʝʡʩʪʚʦʤ Non-LTR I, 241 (3%) ʩ LINE, 571 

(8%) ʩ LTR Gypsy, 523 (8%) ʩ Copia ʠ 312 (5%) ʩ ʧʨʦʩʪʳʤʠ ʧʦʚʪʦʨʘʤʠ. ʅʘʠʙʦʣʝʝ 

ʯʘʩʪʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʘʥʥʦʪʘʮʠʷʤʠ ʜʣʷ ʛʝʥʦʚ ʩ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ 

ʧʦʚʪʦʨʘʤʠ ʙʳʣʠ ʨʝʮʝʧʪʦʨʦʧʦʜʦʙʥʳʝ ʧʨʦʪʝʠʥʢʠʥʘʟʳ, ʙʝʣʢʠ, ʙʦʛʘʪʳʝ ʣʝʡʮʠʥʦʤ, 

ʧʦʚʪʦʨʳ (LRR), ʬʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ, ɸʊʌ-ʩʚʷʟʳʚʘʶʱʠʝ ʧʝʨʝʥʦʩʯʠʢʠ, 

ʬʝʨʤʝʥʪʳ ʩʠʥʪʘʟʳ, ʨʝʜʫʢʪʘʟʳ, ʵʩʪʝʨʘʟʳ ʠ ʧʝʨʦʢʩʠʜʘʟʳ, ʬʝʨʤʝʥʪʳ ʮʠʪʦʭʨʦʤʘ ʉ, 

ʙʝʣʢʠ ʮʠʪʦʭʨʦʤʘ ʈ450 ʠ ʜʨʫʛʠʝ (ʇʨʠʣʦʞʝʥʠʝ ɺ) [20]. 

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʨʘʟʤʝʨʳ ʛʝʥʦʤʘ, ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʠʥʪʨʦʥʘ ʪʘʢʞʝ ʙʦʣʴʰʝ ʫ 

ʭʚʦʡʥʳʭ, ʯʝʤ ʫ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ [247]. ɺ ʘʥʥʦʪʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʩ 

ʧʦʤʦʱʴʶ MAKER2, 94 901 ʠʥʪʨʦʥ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʚ 

36 183 ʛʝʥʘʭ ʩʦ ʩʨʝʜʥʝʡ ʜʣʠʥʦʡ 361 ʧ.ʥ. ʠ ʩʘʤʳʤ ʜʣʠʥʥʳʤ ʠʥʪʨʦʥʦʤ 10 153 ʧ.ʥ., 

ʯʪʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ; 289 ʠʥʪʨʦʥʦʚ ʙʳʣʠ ʜʣʠʥʥʝʝ 5 ʪʳʩ. ʧ.ʥ. 
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[20]. ʇʨʠ ʩʨʘʚʥʝʥʠʠ 10% ʩʘʤʳʭ ʜʣʠʥʥʳʭ ʠʥʪʨʦʥʦʚ, ʠʥʪʨʦʥʳ ʣʠʩʪʚʝʥʥʠʮʳ ʙʳʣʠ 

ʩʦʧʦʩʪʘʚʠʤʳ ʧʦ ʜʣʠʥʝ ʩ ʪʘʢʦʚʳʤʠ ʫ A. thaliana ʠ P. taeda, ʭʦʪʷ ʩʘʤʳʝ ʜʣʠʥʥʳʝ 

ʠʥʪʨʦʥʳ ʣʠʩʪʚʝʥʥʠʮʳ ʙʳʣʠ ʥʘʤʥʦʛʦ ʢʦʨʦʯʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʚʠʜʦʚ ʝʣʠ P. abies ʠ 

P. glauca, ʠʣʠ ʚ ʙʦʛʘʪʳʭ ʧʦʚʪʦʨʘʤʠ ʛʝʥʦʤʘʭ Populus thicocarpa, Vitis vinifera ʠ Zea 

mays (ʈʠʩʫʥʦʢ 9).  

 

ʈʠʩʫʥʦʢ 9. 10% ʩʘʤʳʭ ʜʣʠʥʥʳʭ ʠʥʪʨʦʥʦʚ ʚ 11 ʚʠʜʘʭ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʠ ʭʚʦʡʥʳʭ ʨʘʩʪʝʥʠʷʭ 

ɺ ʩʫʤʤʝ ʠʥʪʨʦʥʳ ʩʦʩʪʘʚʣʷʣʠ ʜʦ 47 % (34,25 ʤʣʥ. ʧ.ʥ.) ʛʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

0,29 % ʩʙʦʨʢʠ ʛʝʥʦʤʘ. ʉʦʜʝʨʞʘʥʠʝ ʧʦʚʪʦʨʦʚ ʚ ʠʥʪʨʦʥʘʭ ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʚ ʛʝʥʦʤʝ 

ʚ ʮʝʣʦʤ, ʪʦʣʴʢʦ 4,59 ʤʣʥ. ʧ.ʥ. (13% ʠʥʪʨʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ) ʧʦʢʨʳʪʳ ʧʦʚʪʦʨʘʤʠ. 

ɺ ʠʥʪʨʦʥʘʭ ʣʠʩʪʚʝʥʥʠʮʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʦʢʘʟʘʣʠʩʴ 

ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʳ ʢʣʘʩʩʘ I LINE ʠ I (6 135 ʠ 2 195 ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʟʘ 

ʢʦʪʦʨʳʤʠ ʩʣʝʜʫʶʪ LTR Gypsy ʠ Copia (1 879 ʠ 1 214 ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʉʨʝʜʠ ɼʅʂ-ʪʨʘʥʩʧʦʟʦʥʦʚ ʢʣʘʩʩʘ II  ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʣʠʩʴ ʵʣʝʤʝʥʪʳ TIR ʠ 

EnSpm (362 ʠ 245 ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [20]. 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʠʥʪʨʦʥʘ ʚ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʙʳʣʘ ʚ 1,8ï3,2 ʨʘʟʘ ʢʦʨʦʯʝ, ʯʝʤ 

ʫ ʜʨʫʛʠʭ ʭʚʦʡʥʳʭ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʚʝʨʭʥʠʭ 10% ʩʘʤʳʭ ʜʣʠʥʥʳʭ ʠʥʪʨʦʥʦʚ, ʠʥʪʨʦʥʳ 

ʣʠʩʪʚʝʥʥʠʮʳ ʙʳʣʠ ʥʘʤʥʦʛʦ ʢʦʨʦʯʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ, ʪʘʢʠʭ ʢʘʢ P. abies, 

P. glauca ʠ P. taeda (ʈʠʩʫʥʦʢ 9). ʕʪʦ ʨʘʩʭʦʞʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ (1) 

ʥʝʜʦʦʮʝʥʢʦʡ ʨʘʟʤʝʨʘ ʠʥʪʨʦʥʘ ʧʘʡʧʣʘʡʥʦʤ MAKER2 [16], ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ 

ʚʩʪʨʦʝʥʥʳʝ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʵʢʟʦʥ-ʠʥʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʠʣʠ 
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(2) ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚʥʫʪʨʠ ʛʨʫʧʧʳ ʭʚʦʡʥʳʭ. ʎʝʣʴʥʦʩʪʴ ʩʙʦʨʦʢ ʫ L. 

sibirica ʠ P. abies ʙʣʠʟʢʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʭ N50 (ʊʘʙʣʠʮʘ 7), ʘ ʠʭ ʩʨʝʜʥʷʷ ʠ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʠʥʪʨʦʥʘ ʨʘʟʣʠʯʘʶʪʩʷ ʚ 2,8 ʠ 6,7 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʯʥʦ 

ʪʘʢ ʞʝ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʠʥʪʨʦʥʘ ʫ L. sibirica ʠ P. glauca ʙʳʣ ʙʣʠʟʢʠʤ, ʨʘʟʣʠʯʘʷʩʴ ʚ 

1,8 ʨʘʟʘ (ʊʘʙʣʠʮʘ 7), ʘ ʠʭ N50 ʨʘʟʣʠʯʘʣʠʩʴ ʚ 7,2 ʨʘʟʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦʟʤʦʞʥʦ, ʯʪʦ 

ʨʘʟʣʠʯʠʷ ʚ ʨʘʟʤʝʨʘʭ ʠʥʪʨʦʥʦʚ ʚ ʛʝʥʦʤʝ ʭʚʦʡʥʳʭ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʨʘʟʥʠʮʝʡ ʚ 

ʮʝʣʴʥʦʩʪʠ ʩʙʦʨʦʢ [20]. 

ʊʘʙʣʠʮʘ 7. ʉʪʘʪʠʩʪʠʢʘ ʛʝʥʦʤʥʳʭ ʩʙʦʨʦʢ ʠ ʛʝʥʥʳʭ ʘʥʥʦʪʘʮʠʡ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ ʠ 

ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ 

ʇʘʨʘʤʝʪʨ L. sibirica P. taeda P. abies P. glauca P. trichocarpaʘ 

ʈʘʟʤʝʨ ʛʝʥʦʤʘ, Gbp  12,03 20,15 19,57 15,79 0,48 

ʈʘʟʤʝʨ ʩʙʦʨʢʠ, Gbpʙ 12,34 22,10 12,30 25,47 0,42 

N50, bpʙ 6,443 110,557 7,747 46,559 ï 

ʂʦʣʠʯʝʩʪʚʦ ʭʨʦʤʦʩʦʤ 12 12 12 12 19 

GC ʩʦʩʪʘʚ (%) 35,41 38,06 38,81 37,08  

ʉʦʜʝʨʞʘʥʠʝ ʧʦʚʪʦʨʦʚ, % 65,98 81,8 70,0ʚ ï 41 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʝʜʩʢʘʟʘʥʥʳʭ 

ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ 
39,370 50,172  70,968  102,915  41,377 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʥʦ-ʜʣʠʥʥʳʭ 

ʛʝʥʥʳʭ ʤʦʜʝʣʝʡ 
24,551 ï ï ï ï 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ CDS, bp 244,29 419,81 287,21 283,56 233,05 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʠʥʪʨʦʥʘ, bp 360,93 1146,12 997,94 642,73 468,08 

ʄʘʢʩʠʤʘʣʴʥʳ ʜʣʠʥʘ 

ʠʥʪʨʦʥʘ, bp 
10,153 568 968 68 268 44 113 96 842 

ʇʨʠʤʝʯʘʥʠʝ: ʘ ʩʙʦʨʢʘ ʭʨʦʤʦʩʦʤʥʦʛʦ ʫʨʦʚʥʷ, ʙ ʩʢʘʬʬʦʣʜʳ, ʚ ʥʘ ʦʩʥʦʚʝ ʥʝʩʦʙʨʘʥʥʳʭ ʧʨʦʯʪʝʥʠʡ 

[17]. 

3.1.5 ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ 

87% ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʤʦʜʝʣʝʡ ʛʝʥʦʚ ʣʠʩʪʚʝʥʥʠʮʳ (34 358 ʠʟ 39 370) ʠʤʝʣʠ 

ʛʦʤʦʣʦʛʠʶ ʩ ʙʝʣʢʘʤʠ Arabidopsis thaliana ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʷʭ 

ʝ-value Ò 10ï5, ʧʦʢʨʳʪʠʝ Ó 20% ʠ ʠʜʝʥʪʠʯʥʦʩʪʴ Ó 20%) (ʈʠʩʫʥʦʢ 10). ɼʦʣʷ 

ʢʘʨʪʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ ʫ ʣʠʩʪʚʝʥʥʠʮʳ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ 

ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʩʦʩʥʳ ʢʠʪʘʡʩʢʦʡ P. tabuliformis ʠ 

ʥʝʢʦʪʦʨʳʭ ʤʦʜʝʣʴʥʳʭ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʪʦʧʦʣʴ ʯʝʨʥʳʡ, 

ʚʠʥʦʛʨʘʜ ʢʫʣʴʪʫʨʥʳʡ, ʜʫʙ ʦʙʳʢʥʦʚʝʥʥʳʡ ʠ ʙʫʢ ʝʚʨʦʧʝʡʩʢʠʡ (ʈʠʩʫʥʦʢ 10ɹ). ʇʨʠ 

ʵʪʦʤ, ʧʨʠ ʦʙʨʘʪʥʦʤ ʢʘʨʪʠʨʦʚʘʥʠʠ 72% ʙʝʣʢʦʚ ɸʨʘʙʠʜʦʧʩʠʩʘ (19 706 ʠʟ 27 416, ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʢʨʳʪʠʷ Ó 20% ʠ ʠʜʝʥʪʠʯʥʦʩʪʠ Ó 20) ʠʤʝʣʠ 

ʛʦʤʦʣʦʛʦʚ ʩʨʝʜʠ ʙʝʣʢʦʚ ʣʠʩʪʚʝʥʥʠʮʳ [20]. 
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ʈʠʩʫʥʦʢ 10. ɻʝʥʳ, ʠʤʝʶʱʠʝ ʩʭʦʜʩʪʚʦ ʩ ʙʝʣʢʘʤʠ ʘʨʘʙʠʜʦʧʩʠʩʘ (ʧʦʢʨʳʪʠʝ qcovhsp ʚʳʰʝ 

ʫʢʘʟʘʥʥʦʛʦ ʧʦʨʦʛʘ, ʤʠʥʠʤʘʣʴʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ 20%): ɸ ð ʢʫʤʫʣʷʪʠʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ, ɹ ð ʜʦʣʷ 

ʚ ʧʨʦʮʝʥʪʘʭ. ɻʦʣʦʩʝʤʝʥʥʳʝ ʦʪʤʝʯʝʥʳ ʰʪʨʠʭ-ʣʠʥʠʝʡ, ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʝ ð ʧʫʥʢʪʠʨʦʤ, 

ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ð ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ. 

ʇʨʠʩʚʦʝʥʠʝ ʢʘʪʝʛʦʨʠʠ GO ʙʳʣʦ ʦʩʥʦʚʘʥʦ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʦʤʝʥʦʚ ʩ 

ʧʦʤʦʱʴʶ InterProScan ʠ ʧʦʠʩʢʝ ʛʦʤʦʣʦʛʠʠ ʩ BLAST. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

30 512 ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʛʝʥʦʚ (78%), ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʩ ʦʜʥʠʤ 

ʧʨʠʩʚʦʝʥʥʳʤ ʪʝʨʤʠʥʦʤ GO. ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʩʝ ʛʝʥʳ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʥʘ 20 ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʝʛʦʨʠʡ. ʌʫʥʢʮʠʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʥʝʡ ʚʝʨʩʠʝʡ ʩʣʦʚʘʨʷ ʛʝʥʥʦʡ ʦʥʪʦʣʦʛʠʠ: 5 ʢʘʪʝʛʦʨʠʡ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, 6 ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʫʥʢʮʠʠ, 5 ʚ ʢʣʝʪʦʯʥʦʤ ʢʦʤʧʦʥʝʥʪʝ 

(ʈʠʩʫʥʦʢ 11ɸ). ɺʩʝ ʙʝʣʢʠ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʘʪʝʛʦʨʠʠ ʙʳʣʠ ʢʘʨʪʠʨʦʚʘʥʳ ʥʘ 

ʙʘʟʫ ʙʝʣʢʦʚ Arabidopsis ʩ ʧʦʤʦʱʴʶ blastp (e Ò 10ï5, pident> 50 ʠ qcovhsp> 50). ʆʪ 

50% (ʚ ʢʘʪʝʛʦʨʠʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ) ʜʦ 85% (ʚ ʢʘʪʝʛʦʨʠʷʭ 

ʪʨʘʥʩʧʦʨʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʤʠʪʦʭʦʥʜʨʠʷ ʠ ʭʣʦʨʦʧʣʘʩʪ) ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʦʢʘʟʘʣʠʩʴ ʛʦʤʦʣʦʛʘʤʠ ʙʝʣʢʦʚ ʘʨʘʙʠʜʦʧʩʠʩʘ (ʈʠʩʫʥʦʢ 11ɹ) 

[20]. 
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ʈʠʩʫʥʦʢ 11. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ ʛʝʥʦʚ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ: ɸ ð ʜʦʣʷ 

ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʛʝʥʦʚ ʚ ʪʨʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʝʛʦʨʠʷʭ (ɺʈ ð ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʄʌ ð 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʬʫʥʢʮʠʷ ʠ ʉʉ ð ʢʣʝʪʦʯʥʳʡ ʢʦʤʧʦʥʝʥʪ); ɹ ð ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ 

ʣʠʩʪʚʝʥʥʠʮʳ ʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʝʛʦʨʠʷʭ, ʢʘʨʪʠʨʦʚʘʥʥʳʭ ʥʘ ʙʝʣʢʠ ʘʨʘʙʠʜʦʧʩʠʩʘ 

(BLASTP e Ò 10ï5, pident > 20 and qcovhsp > 20). 

ʍʚʦʡʥʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʮʚʝʪʢʦʚʳʭ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʨʷʜʦʤ ʧʨʠʟʥʘʢʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʩʫʜʦʚ ʚ ʢʩʠʣʝʤʝ ʠ ʩʠʪʦʚʠʜʥʳʭ ʪʨʫʙʦʢ ʠ ʢʣʝʪʦʢ-ʩʧʫʪʥʠʢʦʚ 

ʚʦ ʬʣʦʵʤʝ, ʠʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʨʝʚʝʩʠʥʳ, ʛʘʧʣʦʠʜʥʳʤ ʤʝʛʘʛʘʤʝʪʦʬʠʪʦʤ (ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʪʨʠʧʣʦʠʜʥʦʛʦ ʵʥʜʦʩʧʝʨʤʘ ʫ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ), ʤʝʛʘʩʧʦʨʦʬʠʣʣʘʤʠ, 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʰʠʰʢʘʤʠ, ʘ ʥʝ ʮʚʝʪʢʘʤʠ. 

ʍʚʦʡʥʳʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ, ʚ ʦʩʥʦʚʥʦʤ ʚʝʯʥʦʟʝʣʝʥʳʝ ʨʘʩʪʝʥʠʷ, ʠ 

ʦʯʝʥʴ ʥʝʤʥʦʛʠʝ ʠʟ ʥʠʭ ʠʤʝʶʪ ʩʝʟʦʥʥʦʝ ʦʧʘʜʝʥʠʝ ʠʛʦʣʦʢ (ʩʝʟʦʥʥʦʝ ʩʪʘʨʝʥʠʝ), 

ʢʦʪʦʨʦʝ ʚʩʪʨʝʯʘʝʪʩʷ ʫ ʚʠʜʦʚ ʨʦʜʦʚ Glyptostrobus, Metasequoia, Taxodium, 

Pseudolarix ʠ Larix.  



73 

3.1.5.1. ʂʣʝʪʦʯʥʘʷ ʩʪʝʥʢʘ ʠ ʤʝʪʘʙʦʣʠʟʤ ʬʝʥʠʣʘʣʘʥʠʥʘ 

ʉʪʨʫʢʪʫʨʘ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʜʨʝʚʝʩʠʥʳ, 

ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʛʝʤʠʮʝʣʣʶʣʦʟʫ, ʧʝʢʪʠʥ (ʚ ʧʝʨʚʠʯʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʝ) ʠ 

ʣʠʛʥʠʥ (ʚʦ ʚʪʦʨʠʯʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʝ) [248]. ʋ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʜʨʝʚʝʩʥʳʭ 

ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚ ʣʠʛʥʠʥʘ ʚʪʦʨʠʯʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʭʚʦʡʥʳʭ, ʛʜʝ 

ʦʩʥʦʚʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʷʚʣʷʶʪʩʷ p-ʢʫʤʘʨʠʣʦʚʳʡ ʩʧʠʨʪ ʠ 

ʢʦʥʠʬʝʨʠʣʦʚʳʡ ʩʧʠʨʪ. [249ï252]. 

ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʭʚʦʡʥʳʤʠ ʠ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤʠ ʜʨʝʚʝʩʥʳʤʠ ʚʠʜʘʤʠ ʤʦʞʥʦ 

ʯʝʪʢʦ ʫʚʠʜʝʪʴ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʛʝʥʦʚ ʚ ʪʝʨʤʠʥʘʭ GO, ʩʚʷʟʘʥʥʳʭ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʠ ʢʘʪʘʙʦʣʠʟʤʦʤ ʣʠʛʥʠʥʘ (ʈʠʩʫʥʦʢ 12). ʌʝʨʤʝʥʪʳ ʢʣʝʪʦʯʥʦʡ 

ʩʪʝʥʢʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʙʠʦʩʠʥʪʝʟʝ ʣʠʛʥʠʥʘ ʠʟ p-ʢʫʤʘʨʠʣʦʚʦʛʦ ʠ ʢʦʥʠʬʝʨʠʣʦʚʦʛʦ 

ʩʧʠʨʪʦʚ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʫ ʚʩʝʭ ʰʝʩʪʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ 

[20].  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʙʠʦʩʠʥʪʝʟʘ ʣʠʛʥʠʥʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʷʚʣʷʝʪʩʷ ʬʝʥʠʣʘʣʘʥʠʥ. ʍʚʦʡʥʳʝ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʝ 

ʫʛʣʝʨʦʜʘ ʜʣʷ ʙʠʦʩʠʥʪʝʟʘ ʣʠʛʥʠʥʘ ʠ ʬʝʥʠʣʧʨʦʧʘʥʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʟʘʱʠʪʝ ʦʪ ʥʘʩʝʢʦʤʳʭ ʠ ʤʠʢʨʦʙʥʳʭ ʧʘʪʦʛʝʥʦʚ [253ï255].  

ɹʠʦʩʠʥʪʝʟ ʬʝʥʠʣʘʣʘʥʠʥʘ ʠ ʬʝʥʠʣʧʨʦʧʘʥʦʠʜʦʚ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʣʠʯʠʝ 

ʤʝʞʜʫ ʭʚʦʡʥʳʤʠ ʠ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ (ʈʠʩʫʥʦʢ 12) [20]. ʋ ʨʘʩʪʝʥʠʡ 

ʦʩʥʦʚʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʙʠʦʩʠʥʪʝʟʝ ʬʝʥʠʣʘʣʘʥʠʥʘ, ʷʚʣʷʶʪʩʷ 

ʧʨʝʬʝʥʘʪ-ʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʘ (PAT), ʢʦʪʦʨʘʷ ʧʨʝʚʨʘʱʘʝʪ ʧʨʝʬʝʥʘʪ ʚ ʘʨʦʛʝʥʘʪ, ʠ 

ʘʨʦʛʝʥʘʪʜʝʛʠʜʨʘʪʘʟʘ (ADT), ʢʦʪʦʨʘʷ ʧʨʝʚʨʘʱʘʝʪ ʘʨʦʛʝʥʘʪ ʚ ʬʝʥʠʣʘʣʘʥʠʥ, ʢʦʪʦʨʳʡ, 

ʥʘʢʦʥʝʮ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʬʝʥʠʣʘʣʘʥʠʥ-ʘʤʤʠʘʢ-ʣʠʘʟʦʡ (PAL) ʚ ʢʦʨʠʯʥʫʶ ʢʠʩʣʦʪʫ ʚ 

ʮʠʪʦʟʦʣʝ, ʧʝʨʚʳʡ ʢʦʤʧʦʥʝʥʪ ʬʝʥʠʣʧʨʦʧʘʥʦʠʜʥʦʛʦ ʧʫʪʠ [253,256]. ʈʘʥʝʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʚʦʡʥʳʝ ʠʤʝʶʪ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʝʤʝʡʩʪʚʘ ʛʝʥʦʚ ADT ʠ PAT ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤʠ [257,258]. 
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ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ: BP ð Betula pendula; FS ð Fagus sylvatica; PR ð Populus trichocarpa; QR 

ð Quercus robur; VV ð Vitis vinifera. ɻʦʣʦʩʝʤʝʥʥʳʝ: PM ð Pseudotsuga menziesii; PT ð Pinus 

taeda; PL ð Pinus lambertiana; PG ð Picea glauca; PA ð Picea abies; LS ð Larix sibirica. 

ʈʠʩʫʥʦʢ 12. ʇʨʦʮʝʥʪ ʛʝʥʦʚ, ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʪʝʨʤʠʥʘʤʠ GO, ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʘʟʚʠʪʠʝʤ ʠ 

ʩʪʨʦʝʥʠʝʤ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ. ʃʠʩʪʦʧʘʜʥʳʝ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʥʳʤʠ ʩʝʨʳʤʠ 

ʩʪʦʣʙʮʘʤʠ, ʚʝʯʥʦʟʝʣʝʥʳʝ ʛʦʣʦʩʝʤʝʥʥʳʝ ð ʙʝʣʳʤʠ, ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ð ʞʝʣʪʳʤ. 

ɼʠʘʛʨʘʤʤʳ ʨʘʟʤʘʭʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʥʠʮʫ ʚ ʢʦʣʠʯʝʩʪʚʝ ʛʝʥʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ: 

ʚʝʯʥʦʟʝʣʝʥʳʤʠ (ʙʝʣʳʡ) ʠ ʣʠʩʪʦʧʘʜʥʳʤʠ (ʩʝʨʳʡ). 

3.1.5.2. ɿʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʘʷ ʛʠʙʝʣʴ ʢʣʝʪʦʢ ʠ ʘʫʪʦʬʘʛʠʷ  

ʇʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʢʣʝʪʦʯʥʘʷ ʛʠʙʝʣʴ (PCD), ʪʘʢʞʝ ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʘʧʦʧʪʦʟ ʫ 

ʞʠʚʦʪʥʳʭ, ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʩʘʤʦʫʙʠʡʩʪʚʘ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠʣʠ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 



75 

ʧʨʠʯʠʥʘʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʢʣʝʪʢʠ ʠʤʝʶʪ ʞʝʩʪʢʫʶ 

ʢʣʝʪʦʯʥʫʶ ʩʪʝʥʢʫ, ʢʦʪʦʨʘʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʪʝʣʝʮ ʠ ʥʝ 

ʦʙʣʘʜʘʶʪ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʢʘʩʧʘʟʘʤʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʢʘʢ ʦʩʥʦʚʥʳʝ ʠʥʜʫʢʪʦʨʳ PCD, 

ʠʣʠ ʬʘʛʦʮʠʪʦʟʦʤ [259]. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʢʘʩʧʘʟʦʧʦʜʦʙʥʳʝ ʧʨʦʪʝʘʟʳ 

(ʤʝʪʘʢʘʩʧʘʟʳ) ʜʣʷ ʠʥʜʫʢʮʠʠ PCD [260] ʠ ʚʘʢʫʦʣʠ ʜʣʷ ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʩʦʜʝʨʞʠʤʦʛʦ 

ʩʚʦʠʭ ʢʣʝʪʦʢ [261,262]. PCD ʫ ʨʘʩʪʝʥʠʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ. 

ʇʝʨʚʳʡ ʪʠʧ ð ʚʘʢʫʦʣʷʨʥʘʷ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʘʫʪʦʣʠʪʠʯʝʩʢʘʷ ʠʣʠ 

ʘʧʦʧʪʦʟʦʧʦʜʦʙʥʘʷ PCD, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʧʦʛʣʦʱʝʥʠʝʤ ʮʠʪʦʧʣʘʟʤʳ 

ʣʠʪʠʯʝʩʢʠʤʠ ʚʘʢʫʦʣʷʤʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʚʘʢʫʦʣʷʨʥʳʭ ʛʠʜʨʦʣʘʟ 

ʚ ʮʠʪʦʟʦʣʴ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʳʚʘ ʪʦʥʦʧʣʘʩʪʘ. ɺʪʦʨʦʡ ʪʠʧ ð PCD 

ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʤʦʨʱʠʚʘʥʠʝʤ ʢʣʝʪʦʢ ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʘʫʪʦʬʘʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [259,263ï265]. ʇʝʨʚʳʡ ʪʠʧ ʦʙʳʯʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʵʣʝʤʝʥʪʦʚ ʢʩʠʣʝʤʳ, ʩʪʘʨʝʥʠʷ ʣʠʩʪʴʝʚ ʠ 

ʤʝʛʘʩʧʦʨʦʛʝʥʝʟʘ, ʘ ʚʪʦʨʦʡ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʠʥʚʘʟʠʶ ʧʘʪʦʛʝʥʘ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʝʢʮʠʠ [265]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ PCD ʠ ʘʫʪʦʬʘʛʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩʦ ʩʪʘʨʝʥʠʝʤ [266,267]. 

ɺ ʢʘʪʝʛʦʨʠʠ GO:0012501, ʩʚʷʟʘʥʥʦʡ ʩ PCD, ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ʠʤʝʝʪ 

ʯʠʩʣʦ ʛʝʥʦʚ, ʙʦʣʝʝ ʙʣʠʟʢʦʝ ʢ ʪʘʢʦʚʦʤʫ ʫ ʣʠʩʪʦʧʘʜʥʳʭ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʜʝʨʝʚʴʝʚ, 

ʯʝʤ ʫ ʚʝʯʥʦʟʝʣʝʥʳʭ ʭʚʦʡʥʳʭ. ʂʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʫʪʦʬʘʛʠʝʡ, ʪʘʢʞʝ 

ʚʳʰʝ ʫ ʣʠʩʪʦʧʘʜʥʳʭ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʠ ʣʠʩʪʚʝʥʥʠʮʳ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʭʚʦʡʥʳʭ 

(ʈʠʩʫʥʦʢ 13). ʆʜʥʘʢʦ ʛʝʥʳ ʛʨʫʧʧʳ GO:0012502 (ʠʥʜʫʢʮʠʷ PCD) ʙʳʣʠ ʘʥʥʦʪʠʨʦʚʘʥʳ 

ʪʦʣʴʢʦ ʜʣʷ ʭʚʦʡʥʳʭ ʚʠʜʦʚ (20 ʫ ʜʫʛʣʘʩʦʚʦʡ ʧʠʭʪʳ, 6 ʫ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ, 2 ʫ 

ʩʘʭʘʨʥʦʡ ʩʦʩʥʳ, 42 ʫ ʝʣʠ ʙʝʣʦʡ, 22 ʫ ʝʣʠ ʝʚʨʦʧʝʡʩʢʦʡ ʠ 12 ʫ ʩʠʙʠʨʩʢʦʡ) [20]. 
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ð Quercus robur; VV ð Vitis vinifera. ɻʦʣʦʩʝʤʝʥʥʳʝ: PM ð Pseudotsuga menziesii; PT ð Pinus 

taeda; PL ð Pinus lambertiana; PG ð Picea glauca; PA ð Picea abies; LS ð Larix sibirica. 

ʈʠʩʫʥʦʢ 13. ʇʨʦʮʝʥʪ ʛʝʥʦʚ, ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʪʝʨʤʠʥʘʤʠ GO, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʴʶ ʢʣʝʪʦʢ (PCD) ʠ ʘʫʪʦʬʘʛʠʝʡ. ʃʠʩʪʦʧʘʜʥʳʝ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʥʳʤʠ ʩʝʨʳʤʠ ʩʪʦʣʙʮʘʤʠ, ʚʝʯʥʦʟʝʣʝʥʳʝ ʛʦʣʦʩʝʤʝʥʥʳʝ ð ʙʝʣʳʤʠ, 

ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ð ʞʝʣʪʳʤ. ɼʠʘʛʨʘʤʤʳ ʨʘʟʤʘʭʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʥʠʮʫ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ʛʝʥʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ: ʚʝʯʥʦʟʝʣʝʥʳʤʠ (ʙʝʣʳʡ) ʠ ʣʠʩʪʦʧʘʜʥʳʤʠ (ʩʝʨʳʡ). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʵʪʠʣʝʥʦʤ ʟʘʧʫʩʢʘʝʪ PCD ʚ ʢʣʝʪʢʘʭ ʟʦʥʳ ʦʧʘʜʘʥʠʷ, ʘ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʛʣʦʪʠʪʝʣʝʡ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʟʘʤʝʜʣʷʝʪ ʦʧʘʜʘʥʠʝ [268]. 

ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ PCD ʨʝʛʫʣʠʨʫʝʪʩʷ ʯʝʨʝʟ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ 

ʵʪʠʣʝʥʘ, ʧʦʩʢʦʣʴʢʫ ʤʫʪʘʥʪʳ ʩ ʜʝʬʝʢʪʦʤ ʙʠʦʩʠʥʪʝʟʘ ʵʪʠʣʝʥʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʦʚʳʰʝʥʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʣʠʩʪʴʝʚ [269]. ɸʢʪʠʚʘʮʠʷ ʘʫʪʦʬʘʛʠʠ ʚ 

ʧʨʦʮʝʩʩʝ PCD ʠ ʩʪʘʨʝʥʠʷ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʥʘ ʤʫʪʘʥʪʘʭ ʘʨʘʙʠʜʦʧʩʠʩʘ ʩ ʜʝʬʠʮʠʪʦʤ 

ʘʫʪʦʬʘʛʠʠ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʩʢʦʨʝʥʥʦʝ ʩʪʘʨʝʥʠʝ ʠ PCD [270,271]. 

3.1.5.3. ɻʦʨʤʦʥʳ 

ɸʙʩʮʠʟʦʚʘʷ ʢʠʩʣʦʪʘ (ɸɹʂ), ʞʘʩʤʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (ɾɸʂ) ʠ ʵʪʠʣʝʥ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤʠ ʬʠʪʦʛʦʨʤʦʥʘʤʠ, ʠʛʨʘʶʱʠʤʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʪʚʝʪʝ ʥʘ ʘʙʠʦʪʠʯʝʩʢʠʡ ʠ 

ʙʠʦʪʠʯʝʩʢʠʡ ʩʪʨʝʩʩ ʠ ʩʪʘʨʝʥʠʠ ʣʠʩʪʴʝʚ. ɸɹʂ ʚʘʞʥʘ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʘʙʠʦʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩʘʤ ʠ ʟʘʨʘʞʝʥʠʶ ʧʘʪʦʛʝʥʘʤʠ; ʦʥʘ ʚʳʟʳʚʘʝʪ ʟʘʢʨʳʪʠʝ ʫʩʪʴʠʮ, 

ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʧʦʪʝʨʶ ʚʦʜʳ ʯʝʨʝʟ ʪʨʘʥʩʧʠʨʘʮʠʶ ʚ ʦʪʚʝʪ ʥʘ ʜʝʬʠʮʠʪ ʚʦʜʳ 

ʠʣʠ ʪʝʧʣʦʚʦʡ ʩʪʨʝʩʩ [272]. ʄʫʪʘʥʪʳ ʘʨʘʙʠʜʦʧʩʠʩʘ ʩ ʜʝʬʠʮʠʪʦʤ ɸɹʂ ʠʤʝʶʪ 

ʧʦʥʠʞʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʭʦʣʦʜʫ [273ï276]. ʅʘ ʧʨʠʤʝʨʝ ʤʥʦʛʠʭ ʨʘʩʪʝʥʠʡ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ɸɹʂ ʫʯʘʩʪʚʫʝʪ ʚ ʩʪʘʨʝʥʠʠ ʣʠʩʪʴʝʚ [277,278]. ʆʙʨʘʙʦʪʢʘ ʨʠʩʘ ʠ 
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ʘʨʘʙʠʜʦʧʩʠʩʘ ʵʢʟʦʛʝʥʥʦʡ ɸɹʂ ʫʩʢʦʨʷʝʪ ʧʦʞʝʣʪʝʥʠʝ ʠ ʩʪʘʨʝʥʠʝ ʣʠʩʪʴʝʚ [279,280], 

ʘ ʫʨʦʚʥʠ ʵʥʜʦʛʝʥʥʦʡ ɸɹʂ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚʦ ʚʨʝʤʷ ʩʪʘʨʝʥʠʷ ʣʠʩʪʴʝʚ ʫ ʢʫʢʫʨʫʟʳ ʠ 

ʘʨʘʙʠʜʦʧʩʠʩʘ [281,282]. 

ʃʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʘʢʮʠʝʡ ʥʘ ʛʦʨʤʦʥʳ, ʧʨʦʮʝʩʩʦʤ ʙʠʦʩʠʥʪʝʟʘ ɾɸʂ, ʩʠʛʥʘʣʴʥʳʤ ʧʫʪʝʤ, 

ʘʢʪʠʚʠʨʫʝʤʳʤ ɸɹʂ, ʠ ʩʚʷʟʳʚʘʥʠʝʤ ɸɹʂ (ʈʠʩʫʥʦʢ 14). ʅʘʧʨʦʪʠʚ, ʫ ʚʩʝʭ ʭʚʦʡʥʳʭ, 

ʚʢʣʶʯʘʷ ʣʠʩʪʚʝʥʥʠʮʫ ʩʠʙʠʨʩʢʫʶ, ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ ʩʚʷʟʳʚʘʥʠʷ ʵʪʠʣʝʥʘ, 

ʘʢʪʠʚʥʦʩʪʴ ʨʝʮʝʧʪʦʨʦʚ ʵʪʠʣʝʥʘ ʠ ʨʝʘʢʮʠʷ ʥʘ ʵʪʠʣʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ [20]. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʞʠʜʘʝʤʳʤ, 

ʫʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʢʦʤʧʦʥʝʥʪʳ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ ʵʪʠʣʝʥʘ 

ʧʦʷʚʠʣʠʩʴ ʫʞʝ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʦʪ ʛʦʣʦʩʝʤʝʥʥʳʭ [283,284]. 

ʇʦʢʨʳʪʦʩʝʤʝʥʥʳʝ: BP ð Betula pendula; FS ð Fagus sylvatica; PR ð Populus trichocarpa; QR 

ð Quercus robur; VV ð Vitis vinifera. ɻʦʣʦʩʝʤʝʥʥʳʝ: PM ð Pseudotsuga menziesii; PT ð Pinus 

taeda; PL ð Pinus lambertiana; PG ð Picea glauca; PA ð Picea abies; LS ð Larix sibirica. 

ʈʠʩʫʥʦʢ 14. ʇʨʦʮʝʥʪ ʛʝʥʦʚ, ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʪʝʨʤʠʥʘʤʠ GO, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʝʨʝʜʘʯʝʡ 

ʛʦʨʤʦʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʨʝʘʢʮʠʝʡ. ʃʠʩʪʦʧʘʜʥʳʝ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʥʳʤʠ 

ʩʝʨʳʤʠ ʩʪʦʣʙʮʘʤʠ, ʚʝʯʥʦʟʝʣʝʥʳʝ ʛʦʣʦʩʝʤʝʥʥʳʝ ð ʙʝʣʳʤʠ, ʣʠʩʪʚʝʥʥʠʮʘ ʩʠʙʠʨʩʢʘʷ ð ʞʝʣʪʳʤ. 

ɼʠʘʛʨʘʤʤʳ ʨʘʟʤʘʭʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʥʠʮʫ ʚ ʢʦʣʠʯʝʩʪʚʝ ʛʝʥʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ: 

ʚʝʯʥʦʟʝʣʝʥʳʤʠ (ʙʝʣʳʡ) ʠ ʣʠʩʪʦʧʘʜʥʳʤʠ (ʩʝʨʳʡ). 
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ɾɸʂ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʦʪʚʝʪ 

ʥʘ ʨʘʟʣʠʯʥʳʝ ʘʙʠʦʪʠʯʝʩʢʠʝ ʩʪʨʝʩʩʳ. ʇʨʦʮʝʩʩ ʟʘʧʫʩʢʘʝʪʩʷ ʘʙʠʦʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩʦʤ, 

ʚʳʟʳʚʘʶʱʠʤ ʥʘʢʦʧʣʝʥʠʝ ɾɸʂ ʚ ʮʠʪʦʧʣʘʟʤʝ ʩʪʨʝʩʩʠʨʦʚʘʥʥʳʭ ʣʠʩʪʴʝʚ [285ï287] 

ʠ ʘʢʪʠʚʠʨʫʶʱʠʤ ɾɸʂ-ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ɾɸʂ ʘʢʪʠʚʠʨʫʝʪ ʛʝʥʳ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʞʘʩʤʦʥʘʪʫ, ʢʦʪʦʨʳʝ ʚ ʥʦʨʤʝ ʧʦʜʘʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʨʝʧʨʝʩʩʠʠ 

ʪʨʘʥʩʢʨʠʧʮʠʠ [287]. ɾɸʂ ʩʤʷʛʯʘʝʪ ʧʦʩʣʝʜʩʪʚʠʷ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ ʠ ʟʘʩʦʣʝʥʠʷ 

ʧʦʯʚʳ [288ï290], ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [237,291], ʯʨʝʟʤʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʫʣʴʪʨʘʬʠʦʣʝʪʘ [292ï294] ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʤʝʭʘʥʠʟʤʘʭ ʟʘʱʠʪʳ ʦʪ ʧʘʪʦʛʝʥʦʚ ʫ 

ʛʦʣʦʩʝʤʝʥʥʳʭ [295,296]. 

3.2 ʆʨʛʘʥʝʣʴʥʳʝ ʛʝʥʦʤʳ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ 

3.2.1 ʍʣʦʨʦʧʣʘʩʪʥʳʡ ʛʝʥʦʤ 

ʆʙʱʘʷ ʜʣʠʥʘ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʙʦʨʢʠ ʭʣʦʨʦʧʣʘʩʪʥʦʛʦ ʛʝʥʦʤʘ ʩʦʩʪʘʚʠʣʘ 122 560 

ʧ.ʥ., ʯʪʦ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ 122 474 ʧ.ʥ. ʫ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʦʡ ʝʚʨʦʧʝʡʩʢʦʡ 

ʣʠʩʪʚʝʥʥʠʮʳ (L. decidua). ʇʦʣʫʯʝʥʥʘʷ ʩʙʦʨʢʘ ʙʳʣʘ ʜʝʧʦʥʠʨʦʚʘʥʘ ʚ GenBank NCBI 

(NC_036811.1). ɸʥʥʦʪʘʮʠʷ ʩ ʧʦʤʦʱʴʶ RAST ʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʠʤʝʶʱʠʤʠʩʷ 

ʘʥʥʦʪʘʮʠʷʤʠ ʜʣʷ L. decidua ʠ L. occidentalis ʧʦʟʚʦʣʠʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 110 

ʛʝʥʦʚ, ʠʟ ʢʦʪʦʨʳʭ 34 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʝʥʳ ʪʈʅʂ, 4 ð ʨʈʅʂ ʠ 72 ð ʙʝʣʦʢ-

ʢʦʜʠʨʫʶʱʠʝ ʛʝʥʳ (ʈʠʩʫʥʦʢ 15) [32].  

ɻʝʥʦʤ ʭʣʦʨʦʧʣʘʩʪʦʚ ʫ ʭʚʦʡʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʫ ʚʠʜʦʚ ʣʠʩʪʚʝʥʥʠʮ [297], ʠʤʝʝʪ 

ʫʥʠʢʘʣʴʥʦʝ ʩʪʨʦʛʦ ʦʪʮʦʚʩʢʦʝ ʥʘʩʣʝʜʦʚʘʥʠʝ ʯʝʨʝʟ ʧʳʣʴʮʫ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ, ʫ ʢʦʪʦʨʳʭ ʦʥ ʠʤʝʝʪ ʤʘʪʝʨʠʥʩʢʦʝ ʥʘʩʣʝʜʦʚʘʥʠʝ ʯʝʨʝʟ ʩʝʤʝʥʘ 

[298]. ʆʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʦʪʮʦʚʩʢʠʡ ʛʝʥʥʳʡ ʧʦʪʦʢ ʠ ʣʠʥʠʠ ʦʪʜʝʣʴʥʦ ʦʪ 

ʤʘʪʝʨʠʥʩʢʠʭ (ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʛʝʥʳ) ʠ ʜʚʫʨʦʜʠʪʝʣʴʩʢʠʭ (ʷʜʝʨʥʳʝ ʛʝʥʳ). 

ʇʦʵʪʦʤʫ ʭʣʦʨʦʧʣʘʩʪʥʘʷ ɼʅʂ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʘʨʢʝʨʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʮʦʚʩʢʠʭ ʛʝʥʦʚ ʠ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʪʮʦʚʩʪʚʝ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʫ ʭʚʦʡʥʳʭ. ʀʟʤʝʥʯʠʚʦʩʪʴ ʛʝʥʦʤʘ ʭʣʦʨʦʧʣʘʩʪʦʚ 

ʪʘʢʞʝ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʣʠʯʝʥʠʷ ʨʘʟʥʳʭ ʧʦʧʫʣʷʮʠʡ ʦʜʥʦʛʦ 

ʠ ʪʦʛʦ ʞʝ ʚʠʜʘ. ʅʘʧʨʠʤʝʨ, ɼʞ. ɹ. ʋʠʪʪʦʣ ʩ ʩʦʘʚʪʦʨʘʤʠ [299] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʩʠʣʴʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʤʝʞʜʫ ʤʘʪʝʨʠʢʦʚʦʡ ʠ ʦʩʪʨʦʚʥʦʡ ʧʦʧʫʣʷʮʠʷʤʠ ʩʦʩʥʳ 
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ʊʦʨʨʠ (Pinus torreyana) ʥʘ ʦʩʥʦʚʝ 5 SNPs, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚʦ ʚʩʝʤ ʭʣʦʨʦʧʣʘʩʪʥʦʤ 

ʛʝʥʦʤʝ ʨʘʟʤʝʨʦʤ 120 ʪ.ʧ.ʥ. ʆʜʥʘʢʦ ʧʨʠ ʩʨʝʜʥʝʡ ʜʣʠʥʝ 120ï160 ʪ.ʧ.ʥ. ʠ ʥʘʣʠʯʠʠ 

ʦʢʦʣʦ 130 ʛʝʥʦʚ ʭʣʦʨʦʧʣʘʩʪʥʳʝ ʛʝʥʦʤʳ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ ʠ ʩʣʦʞʥʳ, ʚʢʣʶʯʘʶʪ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʪʦʯʝʯʥʳʝ ʤʫʪʘʮʠʠ, ʦʪʨʘʞʘʶʱʠʝ ʧʦʧʫʣʷʮʠʦʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ 

ʠ ʵʚʦʣʶʮʠʦʥʥʫʶ ʜʠʚʝʨʛʝʥʮʠʶ [300]. 

 

ʈʠʩʫʥʦʢ 15. ʂʘʨʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʥʦʚ ʚ ʭʣʦʨʦʧʣʘʩʪʥʦʤ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. ɻʝʥʳ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʨʘʟʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ, ʦʪʤʝʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʮʚʝʪʘʤʠ. 

ʊʝʤʥʦ-ʩʝʨʳʤ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʤ ʮʚʝʪʘʤʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʢʨʫʛʝ ʠʟʦʙʨʘʞʝʥʳ GC- ʠ AT-ʩʦʩʪʘʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʟʤʝʥʯʠʚʦʩʪʴ ʛʝʥʦʤʘ ʭʣʦʨʦʧʣʘʩʪʦʚ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʪʝʥʠʡ ʯʘʩʪʦ ʦʛʨʘʥʠʯʝʥʘ 

ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ ʤʫʪʘʮʠʡ ʚ ʵʪʦʡ ʦʨʛʘʥʝʣʣʝ. ʅʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʴ 

ʤʫʪʘʮʠʡ ʭʣʦʨʦʧʣʘʩʪʥʦʛʦ ʛʝʥʦʤʘ ʫ ʩʦʩʝʥ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0,2ï0,4 Ĭ 10ï9 

ʩʠʥʦʥʠʤʠʯʥʳʭ ʟʘʤʝʥ ʥʘ ʥʫʢʣʝʦʪʠʜ ʚ ʛʦʜ [301,302]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ, ʭʣʦʨʦʧʣʘʩʪʥʘʷ ɼʅʂ (ʭʧɼʅʂ) ʭʚʦʡʥʳʭ ʥʝ 

ʠʤʝʝʪ ʙʦʣʴʰʠʭ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʧʦʚʪʦʨʦʚ (IR), ʥʦ ʩʦʜʝʨʞʠʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ 

ʧʦʚʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʝʨʝʩʪʨʦʡʢʘʤʠ. ʇʦʤʠʤʦ ʢʨʫʧʥʳʭ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʧʦʚʪʦʨʦʚ, ʭʧɼʅʂ ʭʚʦʡʥʳʭ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʤʝʣʢʠʭ 
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ʧʦʚʪʦʨʦʚ ð ʚʘʨʠʘʙʝʣʴʥʦʝ ʯʠʩʣʦ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ ʨʘʟʤʝʨʦʤ ʦʪ 124 ʜʦ 150  ʧ.ʥ., 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʦʙʣʘʩʪʴʶ ʧʦʣʠʤʦʨʬʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʚʙʣʠʟʠ trnK-psbA, ʛʜʝ 

ʠʤʝʝʪʩʷ ʜʫʧʣʠʢʘʮʠʷ ʛʝʥʘ psbA [303]. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟʤʝʥʯʠʚʦʩʪʠ ʛʝʥʦʤʘ ʭʣʦʨʦʧʣʘʩʪʦʚ ʩʚʷʟʘʥʘ ʩ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʤʠ ʣʦʢʫʩʘʤʠ [304,305]. ʆʜʥʘʢʦ ʵʪʠ ʤʘʨʢʝʨʳ ʠʤʝʶʪ ʩʣʠʰʢʦʤ 

ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʤʫʪʘʮʠʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʚʝʨʥʳʤ ʚʳʚʦʜʘʤ ʦ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʩʚʷʟʷʭ [306ï308]. SNP ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ 

ʤʘʨʢʝʨʘʤʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ, ʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʵʪʠʭ 

ʤʘʨʢʝʨʦʚ ʥʝʦʙʭʦʜʠʤʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʧʦʣʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʦʤʦʚ 

ʭʣʦʨʦʧʣʘʩʪʦʚ. 

3.2.2 ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʛʝʥʦʤ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ~19,7 ʤʠʣʣʠʦʥʦʚ ʧʘʨʥʦ-ʢʦʥʮʝʚʳʭ ʨʠʜʦʚ (PE), ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʩʝʢʚʝʥʘʪʦʨʘ Illumina HiSeq 2000 ʠʟ ʦʙʨʘʟʮʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ (ʤʪɼʅʂ), ʠ ~ 625,5 ʤʠʣʣʠʦʥʦʚ mate-pair ʨʠʜʦʚ (MP), 

ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʧʦʣʥʦʛʦ ʛʝʥʦʤʘ [12], ʩ ʧʦʤʦʱʴʶ CLC Assembly Cell ʠ BESST ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʯʝʨʥʦʚʘʷ ʩʙʦʨʢʘ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʢʘʨʪʠʨʦʚʘʥʠʷ ʥʘ 

ʤʠʪʦʛʝʥʦʤʳ ʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʬʠʣʴʪʨʘʮʠʠ ʷʜʝʨʥʳʭ ʠ ʧʣʘʩʪʠʜʥʳʭ ʢʦʥʪʠʛʦʚ, 

ʩʦʩʪʘʚʠʣʘ 53 ʩʢʘʬʬʦʣʜʘ ʦʙʱʝʡ ʜʣʠʥʦʡ 11,09 ʤʣʥ.ʧ.ʥ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʙʦʨʢʠ 

ʤʠʪʦʛʝʥʦʤʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝ ʞʝ PE ʨʠʜʳ Illumina, ʯʪʦ ʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʩʙʦʨʢʝ CLC, ʘ ʪʘʢʞʝ ʜʣʠʥʥʳʝ ʨʠʜʳ Oxford Nanopore. ʇʦʩʣʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʛʠʙʨʠʜʥʦʡ ʩʙʦʨʢʠ MaSuRCa ʩ ʙʘʟʦʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʨʘʩʪʝʥʠʡ ʙʳʣʦ ʩʦʙʨʘʥʦ ʜʝʚʷʪʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʢʦʥʪʠʛʦʚ ʦʙʱʝʡ ʜʣʠʥʦʡ 11,7 

ʤʣʥ.ʧ.ʥ. (ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʢʦʥʪʠʛʘ 4 008 762 ʧ.ʥ.). ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʵʪʦ 

ʩʘʤʳʡ ʜʣʠʥʥʳʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʛʝʥʦʤ ʠʟ ʠʟʚʝʩʪʥʳʭ [33]. ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʮʝʥʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʙʦʨʢʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ REAPR v1.0.18, ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʜʦʣʷ ʙʝʟʦʰʠʙʦʯʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ ʩʦʩʪʘʚʣʷʣʘ 92,13% ʦʪ 

ʩʙʦʨʢʠ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ 86% ʜʣʷ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ GRCh37 ʠʣʠ 

90,3% ʜʣʷ ʛʝʥʦʤʘ Caenorhabditis elegans [198]. ɺ ʭʦʜʝ ʘʥʥʦʪʘʮʠʠ ʚʩʝʛʦ ʙʳʣʦ 

ʧʨʝʜʩʢʘʟʘʥʦ ʠ ʘʥʥʦʪʠʨʦʚʘʥʦ 40 ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʘ, 3 ʛʝʥʘ ʨʈʅʂ ʠ 31 ʛʝʥ 

ʪʈʅʂ (ʈʠʩʫʥʦʢ 16, ʊʘʙʣʠʮʘ 8). ɼʣʷ ʛʝʥʘ atp8 ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʝ ʢʦʧʠʠ [33]. 
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ʈʠʩʫʥʦʢ 16. ʂʘʨʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʥʦʚ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. 9 

ʩʢʘʬʬʦʣʜʦʚ ʩʦʩʪʘʚʣʷʶʪ 11,7 ʤʣʥ.ʧ.ʥ. ɸ ð ʂʨʫʛʦʚʦʝ ʦʪʦʙʨʘʞʝʥʠʝ. ɺʥʝʰʥʠʡ ʢʨʫʛ: ʨʘʟʥʳʤ 

ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ 9 ʩʢʘʬʬʦʣʜʦʚ. ɺʥʫʪʨʝʥʥʠʝ ʢʨʫʛʠ: ʥʘ ʩʠʥʝʤ ʬʦʥʝ ʧʦʢʘʟʘʥʳ ʛʝʥʳ ʧʨʷʤʦʛʦ 

ʩʪʨʵʥʜʘ, ʥʘ ʦʨʘʥʞʝʚʦʤ ð ʛʝʥʳ ʦʙʨʘʪʥʦʛʦ ʩʪʨʵʥʜʘ, ʟʝʣʝʥʳʤ ð ʛʠʩʪʦʛʨʘʤʤʘ ʩʦʜʝʨʞʘʥʠʷ GC, 

ʯʝʨʥʳʤ/ ʢʨʘʩʥʳʤ ð skewed GC. ɹ ð ʃʠʥʝʡʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, ʩʝʨʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ 9 

ʩʢʘʬʬʦʣʜʦʚ.  
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ʊʘʙʣʠʮʘ 8 ð ɻʝʥʳ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʛʝʥʦʤʝ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. 

 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʯʘʩʪʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʦʙʨʘʥʥʳʭ ʩʢʘʬʬʦʣʜʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ RepeatModeler ʠ TEclass. 

RepeatModeler ʦʙʥʘʨʫʞʠʣ 122 ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ TEclass 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣ 27 ɼʅʂ-ʪʨʘʥʩʧʦʟʦʥʦʚ, 38 ʜʣʠʥʥʳʭ ʢʦʥʮʝʚʳʭ ʧʦʚʪʦʨʦʚ (LTR), 12 

ʜʣʠʥʥʳʭ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʷʜʝʨʥʳʭ ʵʣʝʤʝʥʪʦʚ (LINE) ʠ 9 ʢʦʨʦʪʢʠʭ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʷʜʝʨʥʳʭ ʵʣʝʤʝʥʪʦʚ (SINE). ɺʩʝʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʧʦʚʪʦʨʦʚ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ 7 691 ʧʦʚʪʦʨ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 11,14% ʦʪ 11,7 ʤʣʥ.ʧ.ʥ ʩʙʦʨʢʠ. LTR, LINE ʠ ʧʨʦʩʪʳʝ ʧʦʚʪʦʨʳ ʦʢʘʟʘʣʠʩʴ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʚʪʦʨʦʚ (4%, 2% ʠ 0,8% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʈʠʩʫʥʦʢ 17) [33]. ɼʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʧʦʚʪʦʨʳ ʩʫʤʤʘʨʥʦ ʩʦʩʪʘʚʣʷʶʪ 

7,9% ʦʪ ʨʘʟʤʝʨʘ ʤʠʪʦʛʝʥʦʤʘ. 

LTR ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩʝʤʝʡʩʪʚʘʤʠ Gypsy, Copia, DIRS ʠ Gymny. 

ʇʨʝʜʩʪʘʚʠʪʝʣʴ ʧʦʩʣʝʜʥʝʛʦ ʨʘʥʝʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʛʝʥʦʤʝ ʩʦʩʥʳ ʠ ʨʦʜʩʪʚʝʥʝʥ 

ʵʣʝʤʝʥʪʘʤ Athila ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ [309]. ʉʨʝʜʠ non-LTR ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ SINE, I 

ʠ Penelope ʚʤʝʩʪʝ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 20,56% non-LTR, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 0,53% ʚʩʝʛʦ 

ʤʠʪʦʛʝʥʦʤʘ. RepeatMasker ʦʙʥʘʨʫʞʠʣ ʪʨʠ ʵʣʝʤʝʥʪʘ Penelope, ʚʩʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʤ score ʠ ʜʣʠʥʦʡ ʦʪ 57 ʜʦ 813 ʧ.ʥ. [33]. Penelope-ʧʦʜʦʙʥʳʝ ʵʣʝʤʝʥʪʳ ʩʯʠʪʘʶʪʩʷ 

ʦʙʳʯʥʳʤʠ ʜʣʷ ʞʠʚʦʪʥʳʭ, ʥʦ ʥʝʜʘʚʥʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʫ ʭʚʦʡʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʚ ʛʝʥʦʤʝ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ [226]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʵʣʝʤʝʥʪʳ ʙʳʣʠ 

ʧʝʨʝʜʘʥʳ ʧʨʝʜʢʫ ʭʚʦʡʥʳʭ ʦʢʦʣʦ 340 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ. 
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ʈʠʩʫʥʦʢ 17. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ 

ʤʠʪʦʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. 

ɼʅʂ-ʪʨʘʥʩʧʦʟʦʥʳ ʢʣʘʩʩʘ II ʩʦʩʪʘʚʣʷʶʪ 0,7% ʩʙʦʨʢʠ ʤʠʪʦʛʝʥʦʤʘ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʤʝʡʩʪʚʘʤʠ ʧʦʚʪʦʨʦʚ EnSpm, Harbinger, hAT, Helitron, MuDR, 

TcMar ʠ Maverick (Polinton). ɺ ʩʙʦʨʢʝ ʤʠʪʦʛʝʥʦʤʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ ʦʜʠʥ 

ʵʣʝʤʝʥʪ Polinton ʜʣʠʥʦʡ 18 ʧ.ʥ. [33]. ʍʦʪʷ ʧʦʣʠʥʪʦʥʳ ʥʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʛʝʥʦʤʦʚ 

ʨʘʩʪʝʥʠʡ, ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ, ʨʦʜʩʪʚʝʥʥʳʝ Maverick, ʦʙʥʘʨʫʞʝʥʳ ʚ ʮʠʪʦʧʣʘʟʤʝ 

ʠ ʤʠʪʦʭʦʥʜʨʠʷʭ ʥʝʢʦʪʦʨʳʭ ʨʘʩʪʝʥʠʡ ʠ ʛʨʠʙʦʚ [310,311]. 

ʈʘʟʤʝʨ ʤʠʪʦʛʝʥʦʤʘ ʫ ʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚʘʨʴʠʨʫʝʪ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʘ ʦʜʠʥ 

ʧʦʨʷʜʦʢ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ~ 222 ʪ.ʧ.ʥ. ʫ Brassica napus [312] ʠ ~ 316 ʪ.ʧ.ʥ. ʫ Allium cepa 

[313] ʜʦ ~ 3,9 ʤʣʥ.ʧ.ʥ.ʫ Amborella trichopoda [314] ʠ ~ 11,3 ʤʣʥ.ʧ.ʥ.ʫ Silene conica 

[315]. ʄʠʪʦʛʝʥʦʤʳ ʨʘʩʪʝʥʠʡ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʤʠʪʦʛʝʥʦʤʦʚ ʞʠʚʦʪʥʳʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʣʦʞʥʦʩʪʴʶ ʠ ʨʘʟʤʝʨʦʤ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʠʥʪʨʦʥʦʚ, ʤʝʞʛʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʠ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ [316, 317]. ʇʨʠʯʠʥʳ ʯʨʝʟʚʳʯʘʡʥʦ 

ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʤʠʪʦʛʝʥʦʤʦʚ ʫ ʨʘʩʪʝʥʠʡ ʜʦ ʩʠʭ ʧʦʨ ʧʦʣʥʦʩʪʴʶ ʥʝ ʚʳʷʩʥʝʥʳ, ʥʦ 

ʤʦʛʫʪ ʙʳʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʝʥʳ ʧʝʨʝʤʝʥʥʳʤ ʯʠʩʣʦʤ ʤʦʙʠʣʴʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʥʪʨʦʥʦʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʧʣʘʟʤʠʜʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

[320], ʠ ʤʦʛʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʢ ʧʨʦʣʠʬʝʨʘʮʠʷ 

ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ, ʛʝʥʝʨʘʮʠʷ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ɼʅʂ ʧʫʪʝʤ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ 

ʧʝʨʝʥʦʩ ʯʫʞʝʨʦʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʟ ʧʣʘʩʪʠʜʥʳʭ ʠʣʠ ʷʜʝʨʥʳʭ ʛʝʥʦʤʦʚ 
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ʠʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʤʪɼʅʂ [33,321]. ʂʦʜʠʨʫʶʱʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʛʝʥʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳ [318,319]. 

ɼʘʥʥʘʷ ʩʙʦʨʢʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ ʥʝ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʙʳʣʦ ʥʘʟʚʘʪʴ ʤʘʩʪʝʨ-ʢʦʣʴʮʦʤ, ʥʦ ʚʦ ʤʥʦʛʠʭ 

ʥʝʜʘʚʥʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʠʪʦʛʝʥʦʤʘ ʨʘʩʪʝʥʠʡ ʚ ʚʠʜʝ 

ʝʜʠʥʦʡ ʢʦʣʴʮʝʚʦʡ ʤʦʣʝʢʫʣʳ ʥʝ ʚʩʝʛʜʘ ʪʦʯʥʦ ʠʟ-ʟʘ ʝʛʦ ʩʣʦʞʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʤʝʰʝʥʠʷ ʬʦʨʤ ʤʪɼʅʂ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʨʘʩʪʝʥʠʷ [33,322]. 

ʄʠʪʦʛʝʥʦʤʳ ʢʘʢ ʨʘʩʪʝʥʠʡ, ʪʘʢ ʠ ʞʠʚʦʪʥʳʭ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʜʥʘ 

ʢʦʣʴʮʝʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʠ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʵʪʘ ʤʦʜʝʣʴ ʧʨʝʦʙʣʘʜʘʣʘ 

ʧʨʠ ʩʙʦʨʢʝ ʤʠʪʦʛʝʥʦʤʦʚ. ʆʜʥʘʢʦ ʚʩʝ ʯʘʱʝ ʚʳʩʢʘʟʳʚʘʶʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, 

ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʛʝʥʦʤʳ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʅʘʧʨʠʤʝʨ, ʤʠʪʦʛʝʥʦʤ ʦʛʫʨʮʘ (Cucumis sativus) ʙʳʣ ʩʦʙʨʘʥ ʪʦʣʴʢʦ ʚ ʪʨʠ ʢʦʣʴʮʝʚʳʝ 

ʭʨʦʤʦʩʦʤʳ ʨʘʟʤʝʨʦʤ 1,6, 84 ʠ 45 ʪ.ʧ.ʥ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [323, 324], ʘ ʤʠʪʦʛʝʥʦʤ 

Silene noctiflora (6,7 ʤʣʥ.ʧ.ʥ.) ʬʨʘʛʤʝʥʪʠʨʦʚʘʥ ʙʦʣʝʝ ʯʝʤ ʥʘ 50 ʢʦʣʴʮʝʚʳʭ ʭʨʦʤʦʩʦʤ 

[315]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʤʠʪʦʛʝʥʦʤʘʭ ʤʥʦʛʠʭ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʯʫʞʝʨʦʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʙʦ ʧʫʪʝʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʛʝʥʦʚ ʠʟ ʧʣʘʩʪʠʜ [199,325], ʣʠʙʦ ʧʫʪʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʛʝʥʦʚ 

ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ ʜʨʫʛʠʭ ʚʠʜʦʚ [326]. ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʯʫʞʝʨʦʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʥʝʢʦʜʠʨʫʶʱʠʤʠ ʠʣʠ ʧʩʝʚʜʦʛʝʥʘʤʠ, ʭʦʪʷ ʠʥʦʛʜʘ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʢʦʜʠʨʫʶʱʠʭ ʦʙʣʘʩʪʷʭ [325]. ʅʘʧʨʦʪʠʚ, ʧʝʨʝʥʦʩ ʛʝʥʘ ʠʟ ʤʠʪʦʛʝʥʦʤʘ 

ʚ ʧʣʘʩʪʠʜʫ ʩʯʠʪʘʝʪʩʷ ʨʝʜʢʠʤ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʛʝʥʳ ʤʠʪʦʭʦʥʜʨʠʡ 

ʨʘʩʪʝʥʠʡ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʧʣʘʩʪʠʜʥʳʝ ʠʣʠ ʷʜʝʨʥʳʝ, ʘ ʯʘʩʪʦʪʘ 

ʤʫʪʘʮʠʡ ʚ ʢʦʜʠʨʫʶʱʠʭ ʦʙʣʘʩʪʷʭ ʤʠʪʦʛʝʥʦʤʦʚ ʨʘʩʪʝʥʠʡ ʧʨʠʤʝʨʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ 

ʥʠʞʝ, ʯʝʤ ʚ ʛʝʥʘʭ ʤʠʪʦʭʦʥʜʨʠʡ ʞʠʚʦʪʥʳʭ [327ï330].  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʥʘʠʣʫʯʰʝʤ ʚʦʟʤʦʞʥʦʤ ʧʨʦʪʦʢʦʣʝ ʦʙʦʛʘʱʝʥʠʷ 

ʤʪɼʅʂ ʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʪʘʢʪʥʳʭ ʤʦʣʝʢʫʣ ʤʪɼʅʂ ʚʩʝ ʨʘʚʥʦ 

ʙʫʜʝʪ ʦʯʝʥʴ ʩʣʦʞʥʦ ʧʨʦʚʝʨʠʪʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʠ ʢʦʥʢʨʝʪʥʘʷ ʙʦʣʴʰʘʷ ʩʙʦʨʢʘ 

ʤʠʪʦʛʝʥʦʤʘ ʨʘʩʪʝʥʠʷ ʝʜʠʥʫʶ ʢʦʣʴʮʝʚʫʶ ʤʦʣʝʢʫʣʫ ʠʣʠ ʥʝʪ. ɺʩʝ ʩʫʙʛʝʥʦʤʥʳʝ 

ʢʦʣʴʮʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ, ʝʩʣʠ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʦʯʝʥʴ ʜʣʠʥʥʳʝ 
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ʧʨʦʯʪʝʥʠʷ, ʩʨʘʚʥʠʤʳʝ ʩ ʨʘʟʤʝʨʘʤʠ ʵʪʠʭ ʩʫʙʛʝʥʦʤʥʳʭ ʢʦʣʝʮ, ʯʪʦ ʧʦʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ, ʫʯʠʪʳʚʘʷ ʦʛʨʦʤʥʫʶ ʜʣʠʥʫ ʤʠʪʦʛʝʥʦʤʘ ʭʚʦʡʥʳʭ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʟʥʘʯʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʙʦʨʦʢ ʜʣʠʥʘ ʧʨʦʯʪʝʥʠʡ ʜʦʣʞʥʘ 

ʩʦʩʪʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʤʣʥ.ʧ.ʥ. ʆʜʥʘʢʦ ʜʘʞʝ ʝʩʣʠ ʙʳ ʤʠʪʦʛʝʥʦʤ ʙʳʣ ʩʦʙʨʘʥ ʢʘʢ 

ʝʜʠʥʘʷ ʢʦʣʴʮʝʚʘʷ ʩʪʨʫʢʪʫʨʘ, ʵʪʦ ʥʝ ʛʘʨʘʥʪʠʨʦʚʘʣʦ ʙʳ ʝʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ 

ʢʦʣʴʮʝʚʦʡ ʧʨʠʨʦʜʳ. ɺ ʤʠʪʦʭʦʥʜʨʠʷʭ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝʢʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ 

ʢʦʥʢʘʪʘʤʝʨʳ çʛʦʣʦʚʘ ʢ ʭʚʦʩʪʫè ʠ ʣʠʥʝʡʥʳʝ ʤʦʣʝʢʫʣʳ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ [33,331]. 

3.3 ʇʨʝʜʩʢʘʟʘʥʠʝ ʩʘʡʪʦʚ ʥʘʯʘʣʘ ʪʨʘʥʩʢʨʠʧʮʠʠ (TSS) ʚ ʧʦʣʥʦʛʝʥʦʤʥʳʭ 

ʩʙʦʨʢʘʭ ʝʣʠ ʙʝʣʦʡ, ʝʣʠ ʥʦʨʚʝʞʩʢʦʡ, ʩʦʩʥʳ ʣʘʜʘʥʥʦʡ, ʩʦʩʥʳ ʩʘʭʘʨʥʦʡ ʠ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ 

3.3.1 ʇʨʝʜʩʢʘʟʘʥʠʝ TSS 

ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʘʡʪʦʚ ʥʘʯʘʣʘ ʪʨʘʥʩʢʨʠʧʮʠʠ (TSS) ʙʳʣʠ ʚʟʷʪʳ ʧʫʙʣʠʯʥʦ 

ʜʦʩʪʫʧʥʳʝ ʘʥʥʦʪʘʮʠʠ ʜʣʷ ʛʝʥʦʤʦʚ Pinus taeda, Picea glauca, Picea abies ʠ 

ʧʦʣʫʯʝʥʥʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʥʥʦʪʘʮʠʷ Larix sibirica. ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʨʦʤʦʪʦʨʦʚ 

ʙʳʣ ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ TSSPlant, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʦʮʝʥʢʠ ʜʦ 

17 ʧʨʠʟʥʘʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʘʣʠʯʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʪʠʚʦʚ, ʚʘʨʠʘʮʠʠ ʥʫʢʣʝʦʪʠʜʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʜʨʫʛʠʝ [205]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ TSSPlant ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʩʢʘʟʘʪʴ 22 633 

ʧʦʟʠʮʠʠ TSS ʫ P. taeda, 25 889 ʫ P. abies, 44 651 ʫ P. glauca ʠ 62 420 ʫ L. sibirica. 

ʆʪ 13,3% ʜʦ 14,3% ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʟʠʮʠʡ TSS ʥʘʭʦʜʠʣʠʩʴ ʚ ʢʦʜʠʨʫʶʱʠʭ 

ʯʘʩʪʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʛʝʥʦʚ ʠ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ [204]. 

ʏʪʦʙʳ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʫʶ ʧʦʟʠʮʠʶ TSS ʩʨʝʜʠ ʥʝʩʢʦʣʴʢʠʭ, 

ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʛʝʥʘ, ʤʳ ʩʨʘʚʥʠʣʠ ʜʣʠʥʫ ʢʘʞʜʦʡ 5'-UTR ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʣʠʥ 5'-UTR ʜʣʷ ʯʝʪʳʨʝʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʜʚʫʭ ʜʚʫʜʦʣʴʥʳʭ, 

A. thaliana ʠ P. trichocarpa, ʠ ʜʚʫʭ ʦʜʥʦʜʦʣʴʥʳʭ ʨʘʩʪʝʥʠʷ O. sativa ʠ S. bicolor 

(ʇʨʠʣʦʞʝʥʠʝ ɻ.1). ɼʚʘ ʧʘʨʘʤʝʪʨʘ k ʠ theta, ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʦʨʤʫ ʠ ʤʘʩʰʪʘʙ ʛʘʤʤʘ-

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: theta = v/m, k = m/theta. 

ʀʩʧʦʣʴʟʫʷ k = 0,62 ʠ theta = 238,99, ʙʳʣ ʚʳʙʨʘʥʳ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʢʦʪʦʨʳʝ ʣʫʯʰʝ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʜʣʠʥ 5'UTR. ʇʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ 

ʧʨʝʜʩʢʘʟʘʥʠʡ ʥʘ ʧʨʝʜʤʝʪ ʧʦʧʘʜʘʥʠʷ ʚ ʢʦʜʠʨʫʶʱʫʶ ʦʙʣʘʩʪʴ ʠ ʚʳʙʦʨʘ ʧʦʟʠʮʠʡ ʩ 

ʥʘʠʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, 10 367 

ʧʦʟʠʮʠʡ ʜʣʷ P. abies, 16 629 ʜʣʷ P. glauca, 9 149 ʜʣʷ P. taeda ʠ 23 016 ʜʣʷ L. sibirica 

ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ TSS [204]. ɺʩʝ ʤʦʜʝʣʠ ʛʝʥʦʚ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ TSS ʜʦʩʪʫʧʥʳ ʚ ʛʝʥʦʤʥʦʤ ʙʨʘʫʟʝʨʝ 

Persephone (https://web.persephonesoft.com/). 

ɸʥʥʦʪʘʮʠʠ ʛʝʥʦʤʦʚ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʠ ʝʣʠ ʙʝʣʦʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʧʘʡʧʣʘʡʥʘ MAKER ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʠ 

ʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ EST ʠ RNA-seq ʜʣʷ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʙʣʠʟʢʠʭ ʚʠʜʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʪʴ 13 228 UTR ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʠ 14 056 UTR 

ʜʣʷ ʝʣʠ ʙʝʣʦʡ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ EST. ʇʨʠ ʩʨʘʚʥʝʥʠʠ TSS, 

ʧʨʝʜʩʢʘʟʘʥʥʳʭ MAKER ʠ ʘʣʛʦʨʠʪʤʦʤ TSSPlant ʩ ʬʠʣʴʪʨʘʮʠʝʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʣʠʥ 5'-UTR ʤʦʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʟʠʮʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ TSS, ʧʨʝʜʩʢʘʟʘʥʥʦʝ ʤʝʪʦʜʦʤ de novo, ʧʦʭʦʞʝ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ TSS, ʧʨʝʜʩʢʘʟʘʥʥʦʝ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʜʝʨʞʢʠ ʈʅʂ 

(ʇʨʠʣʦʞʝʥʠʝ ɻ.2) [204]. 

ɺ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʨʦʤʦʪʦʨʘʭ ʧʦʷʚʣʝʥʠʝ ʤʦʪʠʚʘ ʊɸʊɸ(ɸ/ʊ)ɸ(ɸ/ʊ) 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ ʧʨʠʤʝʨʥʦ ʥʘ 20 ʧ.ʥ. ʚʳʰʝ ʧʨʝʜʩʢʘʟʘʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ TSS ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ ʚʠʜʦʚ (ʈʠʩʫʥʦʢ 18), ʯʪʦ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʊɸʊɸ-ʙʦʢʩʘ, ʧʦʩʢʦʣʴʢʫ ʵʫʢʘʨʠʦʪʠʯʝʩʢʠʝ 

ʧʨʦʤʦʪʦʨʳ ʩʦʜʝʨʞʘʪ ʊɸʊɸ-ʙʦʢʩ ʚ ʧʦʣʦʞʝʥʠʠ ʥʘ 40-15 ʧ.ʥ. ʚʳʰʝ TSS [204]. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʤʦʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʦʪʠʚ ʊɸʊɸ-ʙʦʢʩ ʠʣʠ 

ʤʦʪʠʚ ʉɸ, ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (46ï

53%) ʠʤʝʣʘ ʤʦʪʠʚ ʉɸ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ [ï2; +2] ʚʦʢʨʫʛ TSS, ʘ ʊɸʊɸ-ʙʦʢʩ 

ʦʙʥʘʨʫʞʝʥ ʫ 5ï8% ʧʨʦʤʦʪʦʨʦʚ ʚ ʦʙʣʘʩʪʠ [ï40; ï20] ʦʪʥʦʩʠʪʝʣʴʥʦ TSS. ʉʨʝʜʠ 

ʊɸʊɸ-ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʤʦʪʦʨʦʚ ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʘ ʠʟ ʥʠʭ ʩʦʜʝʨʞʘʣʘ ʤʦʪʠʚʳ ʢʘʢ 

ʊɸʊɸ, ʪʘʢ ʠ ʉɸ. ʈʘʩʪʝʥʠʷ ʧʦʣʘʛʘʶʪʩʷ ʥʘ ʊɸʊɸ-ʙʦʢʩ, ʯʪʦʙʳ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʥʦʚ. ʊɸʊɸ-ʙʦʢʩ ʨʘʩʧʦʣʦʞʝʥ ʧʨʠʤʝʨʥʦ ʥʘ 40 ʧ.ʥ. 

ʚʳʰʝ TSS ʫ ʭʚʦʡʥʳʭ. ʍʦʪʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʊɸʊɸ-ʙʦʢʩʘ 

https://web.persephonesoft.com/
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ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 20 ʜʦ 40 ʧ.ʥ. ʚʳʰʝ TSS, ʨʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʫ 

ʥʝʢʦʪʦʨʳʭ ʨʘʩʪʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ Vitis vinifera, ʊɸʊɸ-ʙʦʢʩ ʥʘʙʣʶʜʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ï

70 ʧ.ʥ. ʦʪʥʦʩʠʪʝʣʴʥʦ TSS [123]. ɺʳʩʦʪʘ ʧʠʢʘ ʯʘʩʪʦʪʳ TATA ʥʘʧʨʷʤʫʶ ʠʟʤʝʨʷʝʪ 

ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ TSS [204]. 

 

ʈʠʩʫʥʦʢ 18. ʏʘʩʪʦʪʘ ʤʦʪʠʚʘ TATA(A/T)A(A/T) ʚ TSS-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʧʨʦʤʦʪʦʨʘʭ ʜʣʷ ʯʝʪʳʨʝʭ 

ʚʠʜʘʭ ʭʚʦʡʥʳʭ ʠ ʘʨʘʙʠʜʦʧʩʠʩʘ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʊɸʊɸ-ʙʦʢʩʫ ʩʪʘʥʜʘʨʪʥʘʷ ʤʦʜʝʣʴ ʙʘʟʦʚʦʛʦ ʧʨʦʤʦʪʦʨʘ ʫ 

ʨʘʩʪʝʥʠʡ [332] ʚʢʣʶʯʘʝʪ ʥʘʣʠʯʠʝ ʠʥʠʮʠʘʪʦʨʥʦʛʦ ʤʦʪʠʚʘ ʚ ʦʙʣʘʩʪʠ TSS, AGGA-

ʙʦʢʩ (YA2-5KNGA2-4YY, ~ 80 ʧ.ʥ. ʚʳʰʝ TSS, [332,333]), ʠ ʥʠʞʥʠʡ ʧʨʦʤʦʪʦʨʥʳʡ 

ʵʣʝʤʝʥʪ, DPE (RGWYVT, ~ 28ï32 ʧ.ʥ. ʥʠʞʝ TSS, [332]). ʉʫʱʝʩʪʚʫʶʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʤʦʪʦʨʘ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ. 

ʇʨʦʤʦʪʦʨʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʦʙʳʯʥʦ ʠʤʝʶʪ CAAT-ʙʦʢʩ [334] ʚʤʝʩʪʦ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ AGGA. ʊɸʊɸ-ʙʦʢʩ ʧʦʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʯʝʤ ʚ 10% ʧʨʦʤʦʪʦʨʦʚ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʄʦʪʠʚ DPE ʦʙʳʯʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʦʤʦʪʦʨʘʭ ʙʝʟ ʊɸʊɸ; ʦʜʥʘʢʦ 

ʊɸʊɸ ʠ DPE ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ [332]. ʇʨʦʤʦʪʦʨʳ ʞʠʚʦʪʥʳʭ ʪʘʢʞʝ 

ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʵʣʝʤʝʥʪʳ BRE ʠ motif ten (MTE), ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʧʨʦʤʦʪʦʨʘʭ 

ʨʘʩʪʝʥʠʡ [334]. ʉʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʛʝʥʳ ʤʦʛʫʪ ʠʤʝʪʴ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ ʧʨʦʤʦʪʦʨʳ 

[335,336]; ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʙʳʣʘ ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʝʥʘ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʤʝʥʝʝ 

ʰʠʨʦʢʦ ʫ ʨʘʩʪʝʥʠʡ. ʄʦʨʪʦʥ ʠ ʩʦʘʚʪʦʨʳ [119] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʦʙʨʘʟʮʳ ʢʦʨʥʝʡ A. 

thaliana, ʯʪʦʙʳ ʥʘʡʪʠ ʪʦʯʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ TSS, ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʤʦʪʦʨʦʚ ʥʝ ʩʦʜʝʨʞʘʪ ʊɸʊɸ-ʙʦʢʩʘ, ʥʦ ʩʦʜʝʨʞʘʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ 
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ʢʦʤʙʠʥʘʮʠʶ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ. ʗʤʘʤʦʪʦ ʠ ʩʦʘʚʪʦʨʳ [337], ʠʟʫʯʘʚʰʠʝ ʙʘʟʦʚʳʝ ʧʨʦʤʦʪʦʨʳ ʚ 

ʛʝʥʦʤʝ A. thaliana, ʪʘʢʠʝ ʢʘʢ TATA ʠ GA, ʟʘʤʝʪʠʣʠ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʤʦʪʦʨʘ 

ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʛʝʥʘ. ɼʣʠʥʘ 5'-UTR ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʥʦʚ [137]. 

ʀʟʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɼʅʂ-ʜʫʧʣʝʢʩʘ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʧʨʦʤʦʪʦʨʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʨʦʤʦʪʦʨʘ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʦ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʜʣʷ ʧʨʦʤʦʪʦʨʦʚ, ʧʨʝʜʩʢʘʟʘʥʥʳʭ 

TSSPlant. ʇʨʦʬʠʣʴ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʦʢʘʟʳʚʘʝʪ ʧʠʢ ʦʢʦʣʦ ï40 ʧ.ʥ.. ʠ ʨʝʟʢʦʝ 

ʩʥʠʞʝʥʠʝ ʦʢʦʣʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ TSS (ʈʠʩʫʥʦʢ 19) [204]. 

 

ʈʠʩʫʥʦʢ 19. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɼʅʂ-ʜʫʧʣʝʢʩʦʚ ʚʦʢʨʫʛ ʧʦʟʠʮʠʠ TSS 

ʧʨʝʜʩʢʘʟʘʥʥʦʡ TSSPlant. 

ʅʝʩʢʦʣʴʢʦ ʢʫʨʠʨʫʝʤʳʭ ʙʘʟ ʜʘʥʥʳʭ ʩʦʜʝʨʞʘʪ ʢʦʣʣʝʢʮʠʠ PWM, ʪʘʢʠʝ ʢʘʢ 

JASPAR, PlantRegMap [338] ʠʣʠ TRANSFAC [339]. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʩʪʦʷʥʥʦʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ PWM, ʦʥʠ ʜʘʶʪ ʤʥʦʛʦ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʧʨʝʜʩʢʘʟʘʥʠʡ. ʂʦʨʦʪʢʘʷ ʜʣʠʥʘ ʠ ʚʳʩʦʢʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʬʘʢʪʠʯʝʩʢʠʭ ʤʦʪʠʚʦʚ 

ʩʚʷʟʳʚʘʥʠʷ ʊʌ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʧʘʜʝʥʠʡ ʩ ʤʘʪʨʠʮʝʡ 

ʧʨʦʧʫʩʢʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ, ʣʠʙʦ ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʩʘʡʪʳ ʠʤʝʶʪ 

ʥʠʟʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʳʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ [340]. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, PWM-ʩʢʘʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʣʝʟʥʳʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʜʣʷ 
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ʩʦʟʜʘʥʠʷ ʩʧʠʩʢʘ TFBS-ʢʘʥʜʠʜʘʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʬʠʣʴʪʨʦʚʘʪʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ. ʇʦʩʪʦʷʥʩʪʚʦ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ 

ʤʦʪʠʚʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʥʥʳʡ ʧʨʦʤʦʪʦʨ.  

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʦʟʠʮʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʦʦʥʳʭ ʬʘʢʪʦʨʦʚ (TFBS), ʤʳ ʧʨʦʩʢʘʥʠʨʦʚʘʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʧʨʦʤʦʪʦʨʥʳʝ ʦʙʣʘʩʪʠ ʥʘ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʠ ʩʪʨʝʩʩʦʤ 

TFBS, ʠʩʧʦʣʴʟʫʷ TRANSFAC ʠ MATCH. ʇʦʟʠʮʠʦʥʥʦ-ʚʟʚʝʰʝʥʥʳʝ ʤʘʪʨʠʮʳ 

(PWM), ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʤʦʪʠʚʘʤ ʛʦʤʝʦʜʦʤʝʥʘ (Homeodomain), ʙʝʣʢʘʤ ʪʝʧʣʦʚʦʛʦ 

ʰʦʢʘ ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʤ ʬʘʢʪʦʨʘʤ Myb, ʧʦʢʘʟʳʚʘʶʪ ʜʚʘ ʧʠʢʘ ʚ ʠʭ ʧʦʟʠʮʠʦʥʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ (ʈʠʩʫʥʦʢ 20bïd), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʪʠʚʳ ʩʚʷʟʳʚʘʥʠʷ ʬʘʢʪʦʨʦʚ 

AP2/EREBP ʠʤʝʶʪ ʷʚʥʦʝ ʩʥʠʞʝʥʠʝ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ TATA-ʙʦʢʩʘ (ʈʠʩʫʥʦʢ 20) [204]. 

ʅʘʜʩʝʤʝʡʩʪʚʦ AP2/EREBP ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʊʌ ʨʘʩʪʝʥʠʡ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʦ ʥʘ ʪʨʠ ʩʝʤʝʡʩʪʚʘ: ʩʝʤʝʡʩʪʚʘ AP2, RAV ʠ ERF (ʬʘʢʪʦʨ 

ʦʪʢʣʠʢʘ ʥʘ ʵʪʠʣʝʥ). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʩʝʤʝʡʩʪʚʦ ERF ʜʝʣʠʪʩʷ ʥʘ 

ʧʦʜʩʝʤʝʡʩʪʚʘ ERF ʠ DREB. ERF ʊʌ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʵʣʝʤʝʥʪʦʤ GCC-box 

(AGCCGCC) ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʧʫʪʷʭ ʧʝʨʝʜʘʯʠ ʛʦʨʤʦʥʦʚ ʠ ʨʝʛʫʣʷʮʠʠ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʧʘʪʦʛʝʥʝʟʦʤ. DREB ʊʌ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʵʣʝʤʝʥʪʦʤ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ 

ʦʙʝʟʚʦʞʠʚʘʥʠʶ (DRE) ʩ ʤʦʪʠʚʦʤ A/GCCGAC, ʠ ʨʝʛʫʣʠʨʫʶʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʩʪʨʝʩʩʫ [341,342].  

ɻʦʤʝʦʜʦʤʝʥʦʚʳʝ ʊʌ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʰʠʨʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʙʝʣʢʠ, 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʠʤʝʨʥʦ 15ï30% ʚʩʝʭ ʊʌ ʫ ʵʫʢʘʨʠʦʪ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪ 

ʪʨʘʥʩʢʨʠʧʮʠʝʡ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʢʣʝʪʦʯʥʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ, ʤʦʨʬʦʛʝʥʝʟ 

ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪʠ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ. ʆʥʠ ʦʙʣʘʜʘʶʪ ɼʅʂ-

ʩʚʷʟʳʚʘʶʱʠʤ ʜʦʤʝʥʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʩʪʨʫʢʪʫʨʫ ʩʧʠʨʘʣʴ-ʧʦʚʦʨʦʪ-ʩʧʠʨʘʣʴ (helix-

turn-helix, HTH), ʢʦʪʦʨʘʷ ʨʘʩʧʦʟʥʘʝʪ ʢʦʨʦʪʢʠʡ ʤʦʪʠʚ 5'-TAAT-3' ʩ ʦʯʝʥʴ ʫʤʝʨʝʥʥʦʡ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ [343,344].  
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ʈʠʩʫʥʦʢ 20. ʇʦʟʠʮʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ (TFBS) ʜʣʷ 

Larix sibirica, Picea abies, Picea glauca ʠ Pinus taeda ʥʘ ʦʩʥʦʚʝ PWM -ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TRANSFAC: (ʘ) ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ AP2/EREBP; (b) Homeodomain; (c) 

ʬʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ; (d) ʌʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ Myb. 

ʍʦʣʦʜ, ʩʦʣʝʥʦʩʪʴ, ʟʘʩʫʭʘ ʠ ʜʨʫʛʠʝ ʩʪʨʝʩʩʦʚʳʝ ʬʘʢʪʦʨʳ, ʧʦʚʨʝʞʜʘʶʱʠʝ ʙʝʣʢʠ, 

ʚʳʟʳʚʘʶʪ ʘʢʪʠʚʘʮʠʶ ʠ ʪʨʠʤʝʨʠʟʘʮʠʶ HSF, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʳʚʘʪʴ ʢʘʞʜʳʡ 

ʤʦʥʦʤʝʨ HSF ʩ ʵʣʝʤʝʥʪʦʤ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ (HSE). HSE ʨʘʩʧʦʣʦʞʝʥ ʚ TSS ʛʝʥʦʚ 

HSP ʠ ʚʢʣʶʯʘʝʪ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʚʘ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʭ ʧʦʚʪʦʨʘ ʩ ʢʦʥʩʝʥʩʫʩʥʳʤ 

ʤʦʪʠʚʦʤ 5'-nGAAn-3' (5'-nGAAnnTTCn-3') ʚʳʰʝ TATA-ʙʦʢʩʘ [345,346]. MYB-

ʧʦʜʦʙʥʳʝ ʙʝʣʢʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʤʝʪʘʙʦʣʠʟʤ ʨʘʩʪʝʥʠʡ, ʨʘʟʚʠʪʠʝ, ʩʫʜʴʙʫ ʢʣʝʪʦʢ ʠ 

ʨʝʘʢʮʠʶ ʥʘ ʩʪʨʝʩʩ. ʊʌ, ʩʦʜʝʨʞʘʱʠʝ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʨʘʩʪʝʥʠʡ ʜʦʤʝʥ MYB R2R3-

ʪʠʧʘ, ʦʙʳʯʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ AC-ʦʙʦʛʘʱʝʥʥʳʤ ʤʦʪʠʚʦʤ ɼʅʂ (AC-ʵʣʝʤʝʥʪʘʤʠ), 

ʪʘʢʠʤ ʢʘʢ 5'-ACC(A/T)A(A/C)-3' [347,348]. PWM, ʧʨʠʥʘʜʣʝʞʘʱʠʝ Homeodomain, 

Heat shock ʠ Myb ʊʌ, ʠʤʝʶʪ ʜʚʘ ʧʠʢʘ (ʈʠʩʫʥʦʢ 20bïd), ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ AT-

ʙʦʛʘʪʳʤ ʫʯʘʩʪʢʘʤ, ʥʘ ʧʦʟʠʮʠʷʭ 0 ʠ ï40 ʧ.ʥ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ TSS ʠ TATA-box 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʯʥʦ ʪʘʢ ʞʝ ʊʌ AP2 / EREBP ʩ ʠʭ GC- ʙʦʛʘʪʳʤʠ ʤʦʪʠʚʘʤʠ 

ʩʚʷʟʳʚʘʥʠʷ ʠʤʝʣʠ ʚʳʨʘʞʝʥʥʦʝ ʧʘʜʝʥʠʝ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ ʊɸʊɸ-ʙʦʢʩʘ (ʈʠʩʫʥʦʢ 20ʘ) 

[204]. 
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3.3.2 ɸʥʘʣʠʟ ʥʫʢʣʝʦʪʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʤʦʪʦʨʦʚ ʠ ʢʦʜʠʨʫʶʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ɹʦʣʴʰʠʥʩʪʚʦ ʛʝʥʦʤʦʚ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʠʤʝʶʪ ʦʪʯʝʪʣʠʚʳʡ ʫʤʝʥʴʰʘʶʱʠʡʩʷ 

ʦʪ 5' ʜʦ 3' ʛʨʘʜʠʝʥʪ ʩʦʜʝʨʞʘʥʠʷ GC ʚ ʢʦʜʠʨʫʶʱʠʭ ʦʙʣʘʩʪʷʭ. ʕʪʦʪ ʵʬʬʝʢʪ ʙʦʣʴʰʝ 

ʚʩʝʛʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʨʝʪʴʝʤ ʧʦʣʦʞʝʥʠʠ ʢʦʜʦʥʘ. ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʠ ʛʨʘʜʠʝʥʪʦʤ 5'-3' GC, ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʚʳʰʝ ʚʦʢʨʫʛ TSS, ʯʪʦ ʩʦʟʜʘʝʪ ʛʨʘʜʠʝʥʪ ʨʝʢʦʤʙʠʥʘʮʠʠ 5'-3' [349,350]. ɹʳʣʦ 

ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʛʨʘʜʠʝʥʪ 5'-3' GC ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʠʥʠʮʠʘʮʠʶ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʘ TSS [351]. 

ʄʳ ʨʘʩʩʯʠʪʘʣʠ GC3 ʜʣʷ ʚʩʝʭ ʢʦʜʠʨʫʶʱʠʭ ʦʙʣʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ 

ʧʦʜʜʝʨʞʢʫ RNA-seq. ʇʦʜʦʙʥʦ ʜʨʫʛʠʤ ʜʚʫʜʦʣʴʥʳʤ ʨʘʩʪʝʥʠʷʤ, ʭʚʦʡʥʳʝ ʦʙʣʘʜʘʶʪ 

ʫʥʠʤʦʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ GC3 ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 0,43 (sd = 0,087, ʈʠʩʫʥʦʢ 

21) [204]. ɸʥʘʣʠʟ ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ 

ʧʦʢʘʟʘʣ ʛʨʘʜʠʝʥʪ GC3 ʦʪ 5'-ʢʦʥʮʘ ʢ 3'-ʢʦʥʮʫ ʛʝʥʘ [137,352]. ɺʩʝ ʯʝʪʳʨʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʠʜʘ ʠʤʝʣʠ ʩʭʦʜʥʳʡ ʛʨʘʜʠʝʥʪ GC3, ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʣʩʷ ʥʘʯʠʥʘʷ ʩ 250 ʧ.ʥ. ʧʦʩʣʝ ʩʪʘʨʪʘ ʢʦʜʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

(ʈʠʩʫʥʦʢ 21ʘ).  

ʄʳ ʨʘʟʜʝʣʠʣʠ ʛʝʥʳ ʥʘ ʢʘʪʝʛʦʨʠʠ GC3-ʙʝʜʥʳʭ ʠ GC3-ʙʦʛʘʪʳʭ, ʠʩʧʦʣʴʟʫʷ 10% 

ʠ 90% ʢʚʘʥʪʠʣʠ GC3. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʝʤ ʢʦʜʦʥʘ ʚ ʢʦʜʠʨʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʝʤ GC3 ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʜʣʷ ʦʙʝʠʭ ʢʘʪʝʛʦʨʠʡ GC3, 

ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʥʘ ʧʝʨʚʳʭ 1000 ʥʫʢʣʝʦʪʠʜʘʭ ʢʦʜʠʨʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʈʠʩʫʥʦʢ 21b). ʋ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʠ ʨʠʩʘ ʥʘʢʣʦʥ ʣʠʥʠʠ 

ʨʝʛʨʝʩʩʠʠ ʚʳʨʘʞʝʥ ʩʠʣʴʥʝʝ, ʯʝʤ ʫ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʘʨʘʙʠʜʦʧʩʠʩʘ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʦʦʙʱʝʥʠʝʤ ʦ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ GC 

ʚ ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʷʭ [140]. 
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ʈʠʩʫʥʦʢ 21. ʅʝʢʦʪʦʨʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ GC ʜʣʷ ʯʝʪʳʨʝʭ ʚʠʜʦʚ 

ʭʚʦʡʥʳʭ, Larix sibirica, Picea abies, Picea glauca, Pinus taeda ʠ ʜʚʫʭ ʤʦʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, 

Arabidopsis thaliana ʠ Oryza sativa: ɸ ð ʛʨʘʜʠʝʥʪ GC3 ʚ ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ, ɹ 

ð ʥʘʢʣʦʥ ʛʨʘʜʠʝʥʪʘ GC3, ɺ ð ʈʘʩʧʨʝʜʝʣʝʥʠʝ GC3 ʧʦ ʚʩʝʤ CDS, ɻ ð CG-ʘʩʠʤʤʝʪʨʠʷ ʚʦʢʨʫʛ 

TSS. 

ʆʙʦʛʘʱʝʥʠʝ ɼʅʂ ʛʫʘʥʠʥʦʚʳʤʠ ʠ ʮʠʪʦʟʠʥʦʚʳʤʠ ʥʫʢʣʝʦʪʠʜʘʤʠ ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʤʧʘʢʪʥʦʩʪʴʶ ʠ ʧʣʦʪʥʦʩʪʴʶ ʛʝʥʦʚ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ 

ʨʝʢʦʤʙʠʥʘʮʠʠ, ʯʝʤ ʤʝʥʝʝ ʦʙʦʛʘʱʝʥʥʳʝ GC ʫʯʘʩʪʢʠ [351]. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʫ 

ʤʥʦʛʠʭ ʚʠʜʦʚ ʛʝʥʳ ʤʦʞʥʦ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʚ ʜʚʘ ʢʣʘʩʩʘ ʥʘ ʦʩʥʦʚʝ ʩʦʜʝʨʞʘʥʠʷ GC ʚ 

ʪʨʝʪʴʝʤ ʧʦʣʦʞʝʥʠʠ ʥʫʢʣʝʦʪʠʜʦʚ ʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [353ï355]. ʂʘʢ 

ʩʦʦʙʱʘʶʪ Serres-Giardi ʩ ʩʦʘʚʪʦʨʘʤʠ [140] ʠ ʊʘʪʘʨʠʥʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [137], ʫ 

ʥʝʢʦʪʦʨʳʭ ʨʘʩʪʝʥʠʡ GC3-ʙʝʜʥʳʝ ʠ GC3-ʙʦʛʘʪʳʝ ʛʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʜʣʠʥʝ, ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʢʦʜʠʨʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʯʘʩʪʦʪʫ ʥʫʢʣʝʦʪʠʜʦʚ G+C ʚ ʪʨʝʪʴʝʤ ʧʦʣʦʞʝʥʠʠ. ʊʘʢʞʝ 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʥʫʢʣʝʦʪʠʜʦʚ GC ʚ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʛʝʥʘʭ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʠʭ ʜʣʠʥʳ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ GC ʛʝʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʛʨʘʜʠʝʥʪʘ GC. ɹʦʣʝʝ ʢʦʨʦʪʢʠʝ GC-ʙʦʛʘʪʳʝ ʛʝʥʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʣʠʙʦ ʤʦʥʦʵʢʟʦʥʥʳ, ʣʠʙʦ ʠʤʝʶʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʟʦʥʦʚ ʠ ʠʥʪʨʦʥʦʚ 

ʚ ʮʝʣʦʤ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ GC, ʧʦʩʢʦʣʴʢʫ ʠʥʪʨʦʥʳ 
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ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ GC, ʯʝʤ ʵʢʟʦʥʳ. ʉʦʛʣʘʩʥʦ [351], ʫʥʠʤʦʜʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ GC3 ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʥʴʰʠʡ ʛʨʘʜʠʝʥʪ GC ʚʥʫʪʨʠ ʛʝʥʦʚ 

ʠ ʙʦʣʝʝ ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʊʘʢʞʝ ʨʘʥʝʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʛʝʥʳ, 

ʙʦʛʘʪʳʝ GC3, ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʙʦʣʝʝ ʚʘʨʠʘʙʝʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ, ʯʘʱʝ ʠʤʝʪʴ 

ʊɸʊɸ-ʟʘʚʠʩʠʤʳʝ ʧʨʦʤʦʪʦʨʳ ʠ ʦʙʳʯʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʧʫʪʷʭ ʦʪʚʝʪʘ ʥʘ ʩʪʨʝʩʩ. 

ʅʘʙʣʶʜʘʝʤʳʡ ʧʠʢ ʧʝʨʝʢʦʩʘ CG ʚʦʢʨʫʛ ʧʨʝʜʩʢʘʟʘʥʥʳʭ TSS (ʈʠʩʫʥʦʢ 21d) ʨʘʥʝʝ ʙʳʣ 

ʩʚʷʟʘʥ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʩʪʘʪʫʩʦʤ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʛʝʥʦʚ, ʙʦʛʘʪʳʭ 

GC3 [138]. 

ʇʦʜʦʙʥʦ A. thaliana ʠ O. sativa [134,135], GC-skew ʫ ʯʝʪʳʨʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʚʠʜʦʚ ʭʚʦʡʥʳʭ ʧʦʢʘʟʘʣ ʦʪʯʝʪʣʠʚʳʡ ʧʠʢ ʚʦʢʨʫʛ TSS (ʈʠʩʫʥʦʢ 21d). ɺʳʩʦʪʘ ʧʠʢʘ ʫ 

ʯʝʪʳʨʝʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ ʥʠʞʝ, ʯʝʤ ʫ ʘʨʘʙʠʜʦʧʩʠʩʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʟʣʠʯʠʷʤʠ ʠʣʠ ʙʦʣʝʝ ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ ʩʙʦʨʢʠ ʛʝʥʦʤʘ [204]. 

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ, ʤʦʞʥʦ ʣʠ ʥʘʙʣʶʜʘʪʴ ʨʘʟʥʠʮʫ ʚ ʜʣʠʥʝ ʛʝʥʦʚ ʤʝʞʜʫ GC3-

ʙʝʜʥʳʤʠ ʠ GC3-ʙʦʛʘʪʳʤʠ ʛʝʥʦʤʘʤʠ ʚ ʛʨʫʧʧʝ ʛʦʣʦʩʝʤʝʥʥʳʭ, ʤʳ ʩʨʘʚʥʠʣʠ ʵʪʠ ʜʚʘ 

ʢʣʘʩʩʘ ʛʝʥʦʚ (ʈʠʩʫʥʦʢ 22). U-ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ-ʋʠʪʥʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʠʥʘ CDS ʚ 

ʛʝʥʘʭ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ GC3 ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʛʝʥʘʭ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ GC3 (2,20 × 10ï16 <p <6,09 × 10ï12) [204]. 

ʄʝʞʜʫ ʜʚʫʤʷ ʢʣʘʩʩʘʤʠ ʛʝʥʦʚ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ʵʢʟʦʥʦʚ; ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʦʣʦʩʝʤʝʥʥʳʭ ʠ 

ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ʉʦʛʣʘʩʥʦ ʪʝʢʫʱʠʤ ʘʥʥʦʪʘʮʠʷʤ ʛʝʥʦʤʘ, GC3-ʙʦʛʘʪʳʝ 

ʛʝʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ ʵʢʟʦʥʦʚ ʫ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʠ 

ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ ʜʚʘ ʠʣʠ ʤʝʥʴʰʝ ʵʢʟʦʥʘ ʫ ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʙʝʣʦʡ ʝʣʠ (ʈʠʩʫʥʦʢ 

23) [204]. ɻʝʥʳ ʩ ʙʦʣʝʝ ʯʝʤ ʧʷʪʴʶ ʵʢʟʦʥʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ GC3-ʙʝʜʥʳʤʠ 

ʫ ʚʩʝʭ ʚʠʜʦʚ. 

 



94 

 

ʈʠʩʫʥʦʢ 22. ʈʘʟʥʠʮʘ ʚ ʜʣʠʥʝ ʢʦʜʠʨʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫ GC3-ʙʝʜʥʳʤʠ ʠ GC3-

ʙʦʛʘʪʳʤʠ ʛʝʥʘʤʠ. 10% ʠ 90% ʢʚʘʥʪʠʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʝʥʦʚ ʥʘ ʢʣʘʩʩʳ ʩ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ GC3 ʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ GC3 (ʩʠʥʠʡ ʠ ʢʨʘʩʥʳʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

CG-skew ʚ ʛʝʥʦʤʘʭ ʯʝʪʳʨʝʭ ʭʚʦʡʥʳʭ ʙʳʣʠ ʥʠʞʝ, ʯʝʤ ʫ A. thaliana, ʥʦ ʯʪʦʙʳ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʙʳʣʦ ʣʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʢʘʯʝʩʪʚʦʤ ʩʙʦʨʢʠ ʛʝʥʦʤʘ ʭʚʦʡʥʳʭ ʠʣʠ ʩ 

ʨʘʟʣʠʯʠʷʤʠ ʤʝʞʜʫ ʛʦʣʦʩʝʤʝʥʥʳʤʠ ʠ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤʠ (ʠʣʠ ʦʜʥʦʜʦʣʴʥʳʤʠ ʠ 

ʜʚʫʜʦʣʴʥʳʤʠ), ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʛʝʥʦʤʦʚ, ʯʪʦ 

ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [204]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʟʜʝʩʴ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠ ʵʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 



95 

 

ʈʠʩʫʥʦʢ 23. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʵʢʟʦʥʦʚ ʥʘ ʛʝʥ ʚ GC3-ʙʝʜʥʳʭ ʠ GC3-ʙʦʛʘʪʳʭ ʛʝʥʘʭ ʫ L. 

sibirica, P. abies, P. glauca ʠ P. taeda. ʂʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ ʚ ʢʘʪʝʛʦʨʠʷʭ GC3-ʙʝʜʥʳʭ ʠ GC3-

ʙʦʛʘʪʳʭ ʙʳʣʦ ʦʜʠʥʘʢʦʚʳʤ ʚ ʢʘʞʜʦʤ ʦʨʛʘʥʠʟʤʝ. 

3.4 ʈʘʟʨʘʙʦʪʢʘ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʣʠʩʪʚʝʥʥʠʮ ʩʠʙʠʨʩʢʦʡ, ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ 

3.4.1 ʆʪʙʦʨ ʧʦʚʪʦʨʦʚ ʠ ʜʠʟʘʡʥ ʧʨʘʡʤʝʨʦʚ 

ʇʦʩʣʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʦ ʧʦʠʩʢʫ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ GMATo ʙʳʣʦ 

ʥʘʡʜʝʥʦ 1015 ʨʝʛʠʦʥʦʚ ʩ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʪʨʝʭ-, ʯʝʪʳʨʝʭ-, ʧʷʪʠ- ʠ 

ʰʝʩʪʠʥʫʢʣʝʦʪʠʜʥʳʤʠ ʤʦʪʠʚʘʤʠ (ʊʘʙʣʠʮʘ 9). ʇʦʩʣʝ ʦʪʙʦʨʘ ʪʘʥʜʝʤʥʳʭ ʧʦʚʪʦʨʦʚ ʧʦ 

ʤʠʥʠʤʘʣʴʥʦʤʫ ʯʠʩʣʫ ʧʦʚʪʦʨʝʥʠʷ ʤʦʪʠʚʦʚ ʠ ʧʦʣʦʞʝʥʠʶ ʚ ʢʦʥʪʠʛʝ ʧʨʠ ʧʦʤʦʱʠ 

WebSat ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʠʟʘʡʥ ʧʨʘʡʤʝʨʦʚ ʜʣʷ ʚʳʙʨʘʥʥʳʭ 222 ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ 

ʣʦʢʫʩʦʚ (ʊʘʙʣʠʮʘ 9) [30]. 
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ʊʘʙʣʠʮʘ 9 ð ʄʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ ʤʘʨʢʝʨʳ ʜʣʷ ʷʜʨʝʥʦʛʦ ʛʝʥʦʤʘ L. sibirica, ʦʪʦʙʨʘʥʥʳʝ ʜʣʷ 

ʜʠʟʘʡʥʘ ʧʨʘʡʤʝʨʦʚ 

ʅʫʢʣʝʦʪʠʜʥʳʡ 

ʤʦʪʠʚ 

ʄʠʥʠʤʘʣʴʥʦ

ʝ ʯʠʩʣʦ 

ʧʦʚʪʦʨʘ 

ʤʦʪʠʚʘ 

ʏʠʩʣʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱ

ʠʭ SSR-

ʧʦʚʪʦʨʦʚ 

ʏʠʩʣʦ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʦ

ʚ ʩ ʧʨʘʡʤʝʨʘʤʠ 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʘʨ 

ʧʨʘʡʤʝʨʦʚ 

ʧʦʩʣʝ 

ʧʨʦʚʝʨʢʠ ʥʘ 

ʩʧʝʮʠʬʠʯʥʦʩʪ

 ɹ

ʊʨʝʭʥʫʢʣʝʦʪʠʜʥʳʝ 15 423 78 27 

ʏʝʪʳʨʝʭʥʫʢʣʝʦʪʠʜʥ

ʳʝ 
10 249 57 12 

ʇʷʪʠʥʫʢʣʝʦʪʠʜʥʳʝ 7 132 36 12 

ʐʝʩʪʠʥʫʢʣʝʦʪʠʜʥʳʝ 7 211 51 9 

 × = 1015 × = 222 × = 60 

ɺʳʨʘʚʥʠʚʘʥʠʝ ʢʦʥʪʠʛʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʪʦʙʨʘʥʥʳʝ ʧʦʚʪʦʨʳ, ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʨʘʩʪʝʥʠʡ ʚʳʷʚʠʣʦ ʥʘʣʠʯʠʝ ʩʨʝʜʠ ʦʪʦʙʨʘʥʥʳʭ 

ʢʦʥʪʠʛʦʚ ʦʜʥʦʛʦ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤʫ ʛʝʥʦʤʫ. 

ɼʘʥʥʳʡ ʢʦʥʪʠʛ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʝʤʫ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʤ ʧʦʚʪʦʨʦʤ ʠʟ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʠʩʢʣʶʯʝʥ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʦ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʮʝʥʥʳʡ ʤʘʨʢʝʨ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʥʩʢʠʡ ʣʠʥʠʡ. ʇʨʦʚʝʨʢʘ ʥʘ ʥʘʣʠʯʠʝ 

ʭʣʦʨʦʧʣʘʩʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʝ ʚʳʷʚʠʣʘ ʠʭ ʧʨʠʩʫʪʩʪʚʠʷ ʩʨʝʜʠ ʦʪʦʙʨʘʥʥʳʭ 

ʢʦʥʪʠʛʦʚ [30]. 

ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʘʡʤʝʨʦʚ ʥʘ 

ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʧʨʠ ʧʦʤʦʱʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʘ ʠʩʭʦʜʥʫʶ ʩʙʦʨʢʫ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 161 

ʧʘʨʘ ʧʨʘʡʤʝʨʦʚ, ʠʤʝʶʱʠʭ ʙʦʣʝʝ ʦʜʥʦʛʦ ʪʦʯʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ 

ʩʙʦʨʢʝ ʷʜʝʨʥʦʛʦ ʛʝʥʦʤʘ. ʕʪʠ ʧʨʘʡʤʝʨʳ ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʩʧʝʮʠʬʠʯʥʳʤʠ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʢʦʥʢʨʝʪʥʳʭ SSR-ʣʦʢʫʩʦʚ, ʠ ʫʜʘʣʝʥʳ ʠʟ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ʆʩʪʘʚʰʠʝʩʷ 60 ʧʘʨ ʧʨʘʡʤʝʨʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ (ʇʨʠʣʦʞʝʥʠʝ ɼ.1) [30].  

3.4.2 ʆʪʙʦʨ ʧʦʣʠʤʦʨʬʥʳʭ ʤʘʨʢʝʨʦʚ 

ʇʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʦʪʦʙʨʘʥʥʳʭ ʧʨʘʡʤʝʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ 60 ʧʘʨ ʧʨʘʡʤʝʨʦʚ 

14 ʦʙʥʘʨʫʞʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ 13 

ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ ʙʳʣ ʥʝ ʪʦʛʦ ʨʘʟʤʝʨʘ. ʆʩʪʘʣʴʥʳʝ 33 ʣʦʢʫʩʘ ʧʨʦʷʚʠʣʠ 

ʙʦʣʝʝ-ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʫʶ ʘʤʧʣʠʬʠʢʘʮʠʶ ʚ ʧʦʜʦʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʠ ʧʨʘʡʤʝʨʳ 
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ʜʘʣʝʝ ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʥʘ ʫʚʝʣʠʯʝʥʥʦʡ ʚʳʙʦʨʢʝ ʜʝʨʝʚʴʝʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʡ 

ʧʨʦʚʝʨʢʠ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 23 ʣʦʢʫʩʘ, ʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʭ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʩʧʝʢʪʨʳ [30]. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʣʠʤʦʨʬʥʦʩʪʠ ʤʘʨʢʝʨʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʚʩʝʭ 23 

ʤʘʨʢʝʨʦʚ ʥʘ ʚʳʙʦʨʢʘʭ ʦʪ ʪʨʝʭ ʚʠʜʦʚ ʠʟ ʪʨʝʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʪʜʘʣʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ 

ð L. sibirica, L. gmelinii ʠ L. cajanderi. ɼʚʘ ʣʦʢʫʩʘ, Ls_8778872 ʠ Ls_291006, ʙʳʣʠ 

ʧʨʠʟʥʘʥʳ ʤʦʥʦʤʦʨʬʥʳʤʠ ʜʣʷ ʪʨʝʭ ʚʠʜʦʚ ʣʠʩʪʚʝʥʥʠʮʳ ʠ ʠʩʢʣʶʯʝʥʳ ʠʟ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ɽʱʝ ʯʝʪʳʨʝ ʣʦʢʫʩʘ, Ls_2672894, Ls_4040657, Ls_980491 ʠ 

Ls_3542003, ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʥʘ 8 ʦʙʨʘʟʮʘʭ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʤʦʥʦʤʦʨʬʥʳʤʠ ʜʣʷ L. 

sibirica, ʥʦ ʧʦʣʠʤʦʨʬʥʳʤʠ ʜʣʷ L. gmelinii ʠ L. cajanderi. ɼʚʘ ʣʦʢʫʩʘ, Ls_3765334 ʠ 

Ls_254200, ʧʨʦʷʚʠʣʠ ʩʝʙʷ ʢʘʢ ʤʦʥʦʤʦʨʬʥʳʝ ʜʣʷ L. gmelinii ʠ L. cajanderi, ʥʦ 

ʧʦʣʠʤʦʨʬʥʳʝ ʜʣʷ L. sibirica (ʊʘʙʣʠʮʘ 10) [30]. 

ʊʘʙʣʠʮʘ 10 ð ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 23 ʷʜʝʨʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ʥʘ 8 ʦʙʨʘʟʮʘʭ.  

 
ʇʨʠʤʝʯʘʥʠʝ. ʇ ð ʧʦʣʠʤʦʨʬʥʳʡ, ʄ ð ʤʦʥʦʤʦʨʬʥʳʡ 
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ʊʝʩʪʠʨʦʚʘʥʠʝ ʦʪʦʙʨʘʥʥʦʛʦ 21 ʣʦʢʫʩʘ ʥʘ 24 ʦʙʨʘʟʮʘʭ ʠʟ ʯʝʪʳʨʝʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʦʪʜʘʣʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ 

ʚʳʙʦʨʢʠ ʣʦʢʫʩʳ Ls_1664757 ʠ Ls_3542003 ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʤʦʥʦʤʦʨʬʥʳʤʠ 

(ʈʠʩʫʥʦʢ 24). 

 

ʈʠʩʫʥʦʢ 24. ʏʠʩʣʦ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ ʧʨʦʚʝʨʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʧʨʘʡʤʝʨʦʚ. 

ʆʩʪʘʣʴʥʳʝ 14 ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʣʦʢʫʩʦʚ ʙʳʣʠ ʧʦʣʠʤʦʨʬʥʳʤʠ ʠ ʧʨʠʛʦʜʥʳʤʠ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʙʥʦʛʦ ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʇʨʠʣʦʞʝʥʠʝ ɼ.2). 

ʀʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʩʧʝʢʪʨʳ ʩ ʦʜʥʦʡ ʟʦʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʯʠʩʣʦʤ ʘʣʣʝʣʝʡ ʦʪ 3 

ʜʦ 5 ʧʦʢʘʟʘʣʠ ʩʝʤʴ ʣʦʢʫʩʦʚ (Ls_980491, Ls_2672894, Ls_4040657, Ls_1008427, 

Ls_417667, Ls_2552367 ʠ Ls_3765334). ʇʨʠʤʝʨʳ ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤ ʜʘʥʥʳʭ 

ʣʦʢʫʩʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 25. 

ʃʦʢʫʩ Ls_1524449 ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʧʦʣʠʤʦʨʬʥʳʤ ʜʣʷ L. sibirica, ʩ 9 

ʘʣʣʝʣʴʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ L. gmelinii ʠ L. cajanderi ʜʘʥʥʳʡ ʤʘʨʢʝʨ 

ʧʦʢʘʟʘʣ ʥʝʩʪʘʙʠʣʴʥʳʝ ʩʧʝʢʪʨʳ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʥʫʣʴ-ʘʣʣʝʣʝʡ, ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʘʤʧʣʠʬʠʢʘʮʠʠ, ʚʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʤʫʪʘʮʠʡ ʚ ʟʦʥʝ ʦʪʞʠʛʘ ʧʨʘʡʤʝʨʦʚ. ʃʦʢʫʩ 

Ls_951631 ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʩʝʙʷ ʧʦʣʠʤʦʨʬʥʳʤ ʜʣʷ L. sibirica, ʥʦ ʚ ʧʦʧʫʣʷʮʠʠ 

ʣʠʩʪʚʝʥʥʠʮʳ ʂʘʷʥʜʝʨʘ ʜʘʝʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʚ ʨʘʟʣʠʯʠʠ ʘʣʣʝʣʴʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʠ, ʚʝʨʦʷʪʥʦ, ʠʤʝʝʪ ʜʚʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʟʦʥʳ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʩʠʣʴʥʦ 

ʟʘʪʨʫʜʥʷʝʪ ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʝ. ʃʦʢʫʩ Ls_254200, ʧʨʠ ʧʝʨʚʠʯʥʦʡ ʧʨʦʚʝʨʢʝ 

ʚʳʛʣʷʜʝʚʰʠʡ ʤʦʥʦʤʦʨʬʥʳʤ ʥʘ ʣʠʩʪʚʝʥʥʠʮʘʭ ʂʘʷʥʜʝʨʘ ʠ ɻʤʝʣʠʥʘ, ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʦʷʚʠʣ ʩʣʘʙʫʶ ʧʦʣʠʤʦʨʬʥʦʩʪʴ ʜʣʷ ʵʪʠʭ ʚʠʜʦʚ, ʘ ʜʣʷ L. sibirica ʙʳʣ ʧʦʣʠʤʦʨʬʥʳʤ, 
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ʥʦ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʥʫʣʴ-ʘʣʣʝʣʝʡ ʠ ʥʝʩʪʘʙʠʣʴʥʦʡ ʘʤʧʣʠʬʠʢʘʮʠʝʡ. ɼʣʷ ʣʦʢʫʩʦʚ 

Ls_1898261 ʠ Ls_897755 ʦʙʥʘʨʫʞʝʥʦ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ [30]. 

  

ʈʠʩʫʥʦʢ 25. ʇʨʠʤʝʨʳ ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤ ʥʝʢʦʪʨʳʭ ʷʜʝʨʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ, 

ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʘʣʣʝʣʠ ʧʦ ʜʣʠʥʝ ʬʨʘʛʤʝʥʪʘ ɼʅʂ (ʣʠʩʪ 1 ʠʟ 2, ʬʦʪʦ ʘʚʪʦʨʘ). 
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ʈʠʩʫʥʦʢ 25 (ʣʠʩʪ 2 ʠʟ 2, ʬʦʪʦ ʘʚʪʦʨʘ). 

3.4.3 ʆʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʠʜʦʚ L. sibirica, 

L. gmelinii ʠ L. cajanderi 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 14 ʷʜʝʨʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ʚ ʯʝʪʳʨʝʭ 

ʧʦʧʫʣʷʮʠʷʭ ʣʠʩʪʚʝʥʥʠʮ ʩʠʙʠʨʩʢʦʡ, ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʦʚ ʠʭ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʚʳʷʚʣʝʥʦ 86 ʘʣʣʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ, 28 (32,5%) ʠʟ 

ʢʦʪʦʨʳʭ ʦʢʘʟʘʣʠʩʴ ʦʙʱʠʤʠ. ʊʘʢ ʞʝ ʜʣʷ 9 ʣʦʢʫʩʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʫʣʴ-ʘʣʣʝʣʠ.  ʋ 

ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʧʦʧʫʣʷʮʠʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ ʣʦʢʫʩʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʩʦʩʪʘʚʫ ʠ ʯʘʩʪʦʪʘʤ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʳʷʚʣʝʥʥʳʭ 

ʘʣʣʝʣʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʚʳʷʚʣʝʥʦ 57 ʘʣʣʝʣʝʡ, ʠʟ 

ʢʦʪʦʨʳʭ 11 ʦʢʘʟʘʣʠʩʴ ʩʧʝʮʠʬʠʯʥʳʤʠ. ʋ ʣʠʩʪʚʝʥʥʠʮʳ ɻʤʝʣʠʥʘ ʚʳʷʚʣʝʥʦ 62 

ʘʣʣʝʣʷ, ʠʟ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ 7 ʩʧʝʮʠʬʠʯʥʳʝ, ʘ ʫ ʣʠʩʪʚʝʥʥʠʮʳ ʂʘʷʥʜʝʨʘ ð 61 ʘʣʣʝʣʴ 

ʠ ʩʧʝʮʠʬʠʯʥʳʭ ʣʠʰʴ 5. ʃʦʢʫʩ Ls_980491 ʚ ʧʦʧʫʣʷʮʠʠ ʣʠʩʪʚʝʥʥʠʮʳ ʠʟ ɿʘʙʘʡʢʘʣʴʷ 

ʧʨʦʷʚʠʣ ʩʝʙʷ ʢʘʢ ʤʦʥʦʤʦʨʬʥʳʡ. ʊʘʢ ʞʝ ʤʦʥʦʤʦʨʬʥʳʤ ʩʝʙʷ ʧʦʢʘʟʘʣ ʠ ʣʦʢʫʩ 

Ls_4040657 ʜʣʷ ʦʙʝʠʭ ʚʳʙʦʨʦʢ ʣʠʩʪʚʝʥʥʠʮ ʩʠʙʠʨʩʢʠʭ (ʇʨʠʣʦʞʝʥʠʝ ɼ.3) [30]. 
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ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʣʣʝʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ 

ʣʠʩʪʚʝʥʥʠʮʳ ʠʤʝʶʪ ʣʦʢʫʩʳ Ls_752897, Ls_954234 Ls_3952800, ʚ ʢʦʪʦʨʳʭ 

ʚʳʷʚʣʝʥʦ 13, 11 ʠ 10 ʘʣʣʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʇʨʠʣʦʞʝʥʠʝ ɼ.3). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʣʣʝʣʴʥʳʭ ʯʘʩʪʦʪ 14 ʣʦʢʫʩʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʦʩʥʦʚʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮ 

ʩʠʙʠʨʩʢʦʡ, ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ (ʊʘʙʣʠʮʘ 11).  

ʊʘʙʣʠʮʘ 11 ð ʇʦʢʘʟʘʪʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʪʨʝʭ ʚʠʜʦʚ 

ʣʠʩʪʚʝʥʥʠʮ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ SSR-ʘʥʘʣʠʟʘ  

ʇʦʧʫʣʷʮʠʷ N NA NE HO HE F 

Larix sibirica 

ʃʉ-ʉɽ 24 4,07 ± 0,47 2,39 ± 0,25 0,56 ± 0,07 0,50 ± 0,06 ï0,12 ± 0,07 

ʃʉ-ʊʋ 24 3,29 ± 0,32 2,22 ± 0,22 0,56 ± 0,08 0,48 ± 0,06 ï0,16 ± 0,09 

ɺ ʩʨʝʜʥʝʤ ʜʣʷ ʚʠʜʘ 3,68 ± 0,29 2,31 ± 0,16 0,56 ± 0,05 0,49 ± 0,04 ï0,14 ± 0,06 

Larix gmelinii 

ʃɻ-ʏ 24 4,9 ± 0,7 2,7 ± 0,52 0,46 ± 0,08 0,47 ± 0,07 0,01 ± 0,03 

Larix cajanderi 

ʃʂ-ʗ 24 4,50 ± 0,61 2,35 ± 0,43 0,41 ± 0,07 0,43 ± 0,07 0,06 ± 0,05 

ɺ ʩʨʝʜʥʝʤ ʜʣʷ ʚʩʝʭ 

ʧʦʧʫʣʷʮʠʡ 4,19 ± 0,28 2,41 ± 0,18 0,49 ± 0,04 0,47 ± 0,03 ï0,05 ± 0,03 

ʇʨʠʤʝʯʘʥʠʝ. N ð ʯʠʩʣʦ ʜʝʨʝʚʴʝʚ ʚ ʚʳʙʦʨʢʝ, NA ð ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ ʥʘ ʣʦʢʫʩ, NE ð 

ʵʬʬʝʢʪʠʚʥʦʝ ʯʠʩʣʦ ʘʣʣʝʣʝʡ ʥʘ ʣʦʢʫʩ, HO ð ʥʘʙʣʶʜʘʝʤʘʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ, HE ð ʦʞʠʜʘʝʤʘʷ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ, Fð ʠʥʜʝʢʩ ʬʠʢʩʘʮʠʠ, Ñ ð ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʘʣʣʝʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚ ʧʦʧʫʣʷʮʠʷʭ ʣʠʩʪʚʝʥʥʠʮ 

ɻʤʝʣʠʥʘ (NA = 4,93 ʠ NE = 2,69) ʠ ʂʘʷʥʜʝʨʘ (NA = 4,50 ʠ NE = 2,35), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʜʢʠʭ ʘʣʣʝʣʝʡ, ʯʝʤ ʫ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. 

ʆʜʥʘʢʦ ʧʦ ʩʨʝʜʥʠʤ ʫʨʦʚʥʷʤ ʥʘʙʣʶʜʘʝʤʦʡ ʠ ʦʞʠʜʘʝʤʦʡ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ ʛʦʨʘʟʜʦ 

ʙʦʣʴʰʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʢʘʟʳʚʘʶʪ ʚʳʙʦʨʢʠ ʠʟ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮʳ 

ʩʠʙʠʨʩʢʦʡ (HO = 0,558 ʠ HE = 0,491) [30]. ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [28], ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʫʩʣʦʚʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʟʨʘʩʪʘʶʪ ʜʘʥʥʳʝ ʚʠʜʳ. 

ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʣʠʩʪʚʝʥʥʠʮ ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ ʚʳʷʚʣʝʥ ʜʝʬʠʮʠʪ 

ʛʝʪʝʨʦʟʠʛʦʪʥʳʭ ʛʝʥʦʪʠʧʦʚ, ʪʦʛʜʘ ʢʘʢ ʚ ʜʚʫʭ ʧʦʧʫʣʷʮʠʷʭ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, 

ʥʘʧʨʦʪʠʚ, ʦʙʥʘʨʫʞʝʥ ʥʝʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʛʝʪʝʨʦʟʠʛʦʪ (F = ï0,142). ɺʳʩʦʢʠʝ 

ʠʥʜʝʢʩʳ ʬʠʢʩʘʮʠʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʷʢʫʪʩʢʦʡ ʠ ʯʠʪʠʥʩʢʦʡ ʚʳʙʦʨʢʘʭ ʣʠʩʪʚʝʥʥʠʮ 
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ʂʘʷʥʜʝʨʘ (F = 0,061) ʠ ɻʤʝʣʠʥʘ (F = 0,009). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʥʙʨʠʜʠʥʛʦʤ 

ʠʣʠ ʧʦʜʨʘʟʜʝʣʸʥʥʦʩʪʴʶ ʧʦʧʫʣʷʮʠʡ. ʆʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʚʳʙʦʨʦʢ, ʧʨʠʚʝʜʰʠʝ ʢ 

ʪʘʢʦʤʫ ʚʳʩʦʢʦʤʫ ʟʥʘʯʝʥʠʶ ʠʥʜʝʢʩʘ ʬʠʢʩʘʮʠʠ (F), ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ 

ʨʝʛʠʦʥʳ ʨʝʛʫʣʷʨʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʠʣʴʥʳʤ ʧʦʞʘʨʘʤ. ʇʦʩʣʝʧʦʞʘʨʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʨʝʚʦʩʪʦʷ ʥʘ ʜʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʦʠʩʭʦʜʠʣʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ 

ʩʯʝʪ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ ʠʣʠ ʩʣʘʙʦ ʧʦʚʨʝʞʜʸʥʥʳʭ ʜʝʨʝʚʴʝʚ, ʯʪʦ 

ʤʦʞʝʪ ʚʝʩʪʠ ʢ ʠʥʙʨʠʜʠʥʛʫ. ʅʦ ʠʥʙʨʠʜʠʥʛ ʦʢʘʟʳʚʘʝʪ ʦʜʠʥʘʢʦʚʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʩʝ 

ʣʦʢʫʩʳ, ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʜʦʣʞʥʳ ʥʘʙʣʶʜʘʪʴʩʷ ʜʣʷ ʚʩʝʭ ʠʣʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʣʦʢʫʩʦʚ. ʆʜʥʘʢʦ ʦʥʠ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʣʦʢʫʩʦʚ, 

ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʥʝ ʠʥʙʨʠʜʠʥʛʦʤ, ʘ ʧʦʜʨʘʟʜʝʣʸʥʥʦʩʪʴʶ ʧʦʧʫʣʷʮʠʠ ʠʣʠ 

ʥʘʣʠʯʠʝʤ ʥʫʣʴ-ʘʣʣʝʣʝʡ ʚ ʜʘʥʥʳʭ ʣʦʢʫʩʘʭ [30]. ɺ ʮʝʣʦʤ, ʚ ʚʳʙʦʨʢʘʭ ʣʠʩʪʚʝʥʥʠʮʳ 

ʠʟ ʗʢʫʪʠʠ ʠ ʯʠʪʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʠʟʙʳʪʦʢ ʛʦʤʦʟʠʛʦʪ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʳʝ ʘʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʚ ʩʝʚʝʨʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʨʦʜʘ Larix [356]. ɺʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʠʥʙʨʠʜʠʥʛʘ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʚʠʜʦʚ ʨʦʜʘ Larix ʧʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 

ʩʘʤʦʦʧʳʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʳʣʴʮʘ ʣʠʩʪʚʝʥʥʠʮʳ ʥʝ ʠʤʝʝʪ ʚʦʟʜʫʰʥʳʭ ʤʝʰʢʦʚ, ʚ 

ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʥʝ ʣʝʪʠʪ ʦʪ ʢʨʦʥʳ ʥʘ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ [28,356ï358]. 

ʆʮʝʥʢʘ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ F-ʩʪʘʪʠʩʪʠʢ ʈʘʡʪʘ (ʊʘʙʣʠʮʘ 12) 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʥʜʝʢʩ ʬʠʢʩʘʮʠʠ ʦʩʦʙʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʧʫʣʷʮʠʠ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 8% (FIS = ï0,077), ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʠʜʘ 7% (FIʊ = 0,074) [211]. 

ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ 13% ʦʪ ʚʩʝʡ ʥʘʙʣʶʜʘʝʤʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ (FSʊ = 0,134) ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʫʶ. ɺʥʫʪʨʠ ʧʦʧʫʣʷʮʠʡ ʩʦʩʨʝʜʦʪʦʯʝʥʦ 86,6% ʚʩʝʛʦ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʠʟʫʯʝʥʥʳʭ 

ʧʦʧʫʣʷʮʠʡ ʚʥʦʩʷʪ ʣʦʢʫʩʳ Ls_980491, Ls_611965, Ls_840190 ʠ Ls_3765334 (ʊʘʙʣʠʮʘ 

12). ɼʘʥʥʳʝ ʣʦʢʫʩʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʤʘʨʢʠʨʦʚʢʠ ʚʳʙʦʨʦʢ ʠʟ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ [30]. ʇʨʠʚʝʜʝʥʥʳʝ ʦʮʝʥʢʠ 

ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʢʘʢ ʧʦ ʘʥʘʣʠʟʫ SSR-ʤʘʨʢʝʨʦʚ [28], ʪʘʢ ʠ ʧʦ ʘʥʘʣʠʟʫ ʘʣʣʦʟʠʤʥʳʭ 

ʤʘʨʢʝʨʦʚ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮ ʩʠʙʠʨʩʢʦʡ ʠ ɻʤʝʣʠʥʘ [19,356]. 
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ʊʘʙʣʠʮʘ 12 ð ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ F-ʩʪʘʪʠʩʪʠʢ ʈʘʡʪʘ 

ʃʦʢʫʩ ʏʠʩʣʦ ʘʣʣʝʣʝʡ F IS FIT  FST ɿʥʘʯʝʥʠʷ ɢ2 

Ls_1008427 5 0,17 0,26 0,10 76,11 (15) ***  

Ls_1247092(2) 7 -0,09 0,03 0,10 106,14 (28) ***  

Ls_2552367 4 -0,01 0,03 0,04 15,78 (6) * 

Ls_2672894 3 -0,08 -0,05 0,03 0,43 (3) ns 

Ls_305132 6 -0,02 0,12 0,14 28,85 (21) ns 

Ls_3765334 5 -0,11 0,08 0,17 27,71 (15) * 

Ls_3952800 9 -0,13 0,04 0,15 253,67 (45) ***  

Ls_4040657 3 0,14 0,22 0,09 65,23 (6) ***  

Ls_417667 5 -0,49 -0,26 0,16 11,94 (10) ns 

Ls_611965 7 0,08 0,32 0,26 38,87 (21) * 

Ls_752897 12 0,07 0,18 0,12 210,36 (78) ***  

Ls_840190  7 0,19 0,34 0,18 59,71 (28) ***  

Ls_954234 10 -0,07 -0,01 0,06 146,08 (55) ***  

Ls_980491 3 -0,74 -0,27 0,27 8,56 (3) * 

ʉʨʝʜʥʝʝ -0,077 ± 0,068 0,074 ± 0,050 0,134 ± 0,020  

ʇʨʠʤʝʯʘʥʠʝ: FIS ð ʠʥʜʝʢʩ ʬʠʢʩʘʮʠʠ ʦʩʦʙʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʧʫʣʷʮʠʠ, FIT ð ʠʥʜʝʢʩ 

ʬʠʢʩʘʮʠʠ ʦʩʦʙʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʠʜʘ, FST ð ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. 

ɢ2 ð ʪʝʩʪ ʥʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʘʣʣʝʣʴʥʳʭ ʯʘʩʪʦʪ; ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʦ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. 

ʋʨʦʚʥʠ ʟʥʘʯʠʤʦʩʪʠ: * ð P < 0,05; ** ð P < 0,01; *** ð P < 0,001, ns ð ʥʝ ʟʥʘʯʠʤʦ. 

ʋʨʦʚʝʥʴ ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʝʞʜʫ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ 

ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ (DN) ʅʝʷ 

[212], ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʘʩʪʦʪ ʘʣʣʝʣʝʡ 14 SSR-ʣʦʢʫʩʦʚ (ʊʘʙʣʠʮʘ 13). 

ʊʘʙʣʠʮʘ 13 ð ɻʝʥʝʪʠʯʝʩʢʠʝ ʨʘʩʩʪʦʷʥʠʷ DN ʤʝʞʜʫ ʠʟʫʯʝʥʥʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ ʣʠʩʪʚʝʥʥʠʮ. 

 ʃɻ-ʏ ʃʂ-ʗ ʃʉ-ʉɽ ʃʉ-ʊʋ 

ʃɻ-ʏ ï    

ʃʂ-ʗ 0,104 ï   

ʃʉ-ʉɽ 0,246 0,282 ï  

ʃʉ-ʊʋ 0,265 0,323 0,092 ï 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 13 ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ DN ʤʝʞʜʫ 

ʧʦʧʫʣʷʮʠʷʤʠ ʣʠʩʪʚʝʥʥʠʮʳ ʚʘʨʴʠʨʫʶʪ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ 0,09 ʜʦ 

0,32. ɸʥʘʣʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʝʥʦʪʠʧʦʚ (ʛʝʥʦʪʠʧʠʯʝʩʢʠʭ ʜʠʩʪʘʥʮʠʡ) [213] 

ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʣʠʩʪʚʝʥʥʠʮʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ (˾͙ͫͯͤͦ͟ 26) [30]. 
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ʈʠʩʫʥʦʢ 26. ʇʨʦʝʢʮʠʷ ʠʟʫʯʝʥʥʳʭ ʚʳʙʦʨʦʢ ʣʠʩʪʚʝʥʥʠʮʳ ʥʘ ʧʣʦʩʢʦʩʪʠ ʜʚʫʭ ʢʦʦʨʜʠʥʘʪ ʧʦ 

ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪ (PCoA) ʤʘʪʨʠʮʳ ʛʝʥʦʪʠʧʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʡ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʘʩʯʸʪʦʚ, ʥʘʠʙʦʣʝʝ ʛʝʥʝʪʠʯʝʩʢʠ ʫʜʘʣʸʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʷʚʣʷʶʪʩʷ ʚʳʙʦʨʢʠ ʣʠʩʪʚʝʥʥʠʮʳ ʂʘʷʥʜʝʨʘ ʠʟ ʗʢʫʪʠʠ ʠ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʠʟ 

ʍʘʢʘʩʠʠ (DN = 0,323). ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ ʚʳʙʦʨʢʘʤʠ ʦʜʥʦʛʦ ʚʠʜʘ ð ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ (DN = 

0,092), ʯʪʦ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʦ. ʉʪʦʠʪ ʪʘʢ ʞʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʟʥʘʯʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʅʝʷ ʤʝʞʜʫ ʚʳʙʦʨʢʘʤʠ ʠʟ ʣʠʩʪʚʝʥʥʠʮ ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ ʣʠʰʴ 

ʥʝʤʥʦʛʠʤ ʙʦʣʴʰʝ (DN = 0,104) [30]. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ ʚʠʜʳ L. gmelinii ʠ L. cajanderi ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʷʚʣʷʶʪʩʷ 

ʥʝ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ, ʘ, ʩʢʦʨʝʝ, ʜʚʫʤʷ ʨʘʩʘʤʠ ʦʜʥʦʛʦ ʚʠʜʘ [19,359]. ʋʩʪʘʥʦʚʣʝʥʥʳʡ 

ʫʨʦʚʝʥʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚʢʣʶʯʝʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʙʦʨʦʢ ʠʟ ʧʦʧʫʣʷʮʠʡ 

ʣʠʩʪʚʝʥʥʠʮʳ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʧʫʣʷʮʠʡ ʥʘ ʧʣʦʩʢʦʩʪʠ ʜʚʫʭ 

ʢʦʦʨʜʠʥʘʪ (˾͙ͫͯͤͦ͟ 26). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 14 ʷʜʝʨʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʜʣʷ ʚʳʙʦʨʦʢ ʠʟ ʧʦʧʫʣʷʮʠʡ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʣʠʩʪʚʝʥʥʠʮ ʩʠʙʠʨʩʢʦʡ, ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ ʠʟ ʨʘʟʥʳʭ 

ʯʘʩʪʝʡ ʠʭ ʘʨʝʘʣʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʥʝ ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SSR-ʤʘʨʢʝʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ 

ʜʨʫʛʠʭ ʚʠʜʦʚ ʣʠʩʪʚʝʥʥʠʮ [28,360], ʥʦ ʠ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʜʨʫʛʠʤ 

ʛʝʥʝʪʠʯʝʩʢʠʤ ʤʘʨʢʝʨʘʤ ʜʣʷ ʨʦʜʘ Larix [19,156,356,358,360].  
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ɿɸʂʃʖʏɽʅʀɽ 

ʈʘʙʦʪʘ ʩ ʧʦʣʥʳʤʠ ʛʝʥʦʤʘʤʠ ʭʚʦʡʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʪʨʠʚʠʘʣʴʥʫʶ 

ʟʘʜʘʯʫ, ʪʘʢ ʢʘʢ ʠʟ-ʟʘ ʦʛʨʦʤʥʳʭ ʨʘʟʤʝʨʦʚ ʪʨʝʙʫʝʪ ʩʝʨʴʝʟʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ (ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ, ʦʙʲʝʤ ʧʘʤʷʪʠ), ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ. ʉʪʨʫʢʪʫʨʥʘʷ ʘʥʥʦʪʘʮʠʷ ʧʦʣʥʦʛʝʥʦʤʥʦʡ ʩʙʦʨʢʠ ʣʠʩʪʚʝʥʥʠʮʳ 

ʩʠʙʠʨʩʢʦʡ ʥʘ 448 ʷʜʨʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʟʘʥʷʣʘ 22 ʜʥʷ, ʘ ʦʪʜʝʣʴʥʳʡ 

ʟʘʧʫʩʢ RepeatMasker ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʚʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʦʤʦʣʦʛʠʠ ʥʘ ʧʦʣʥʦʡ 

ʩʙʦʨʢʝ ʛʝʥʦʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 40 ʷʜʝʨ ʟʘʥʷʣ 20 ʜʥʝʡ.  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʧʦʜʨʦʙʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʥʥʦʪʘʮʠʷ ʛʝʥʦʚ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, ʘ ʪʘʢʞʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʙʦʨʢʠ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʥʝʩʢʦʣʴʢʠʭ ʪʢʘʥʝʡ. ʕʪʠ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʧʝʨʚʳʡ ʧʫʙʣʠʯʥʦ ʜʦʩʪʫʧʥʳʡ ʨʝʩʫʨʩ ʜʣʷ ʨʦʜʘ Larix. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʭʦʜʝ ʘʥʥʦʪʘʮʠʠ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ ʩ ʥʘʙʦʨʦʤ ʛʝʥʦʚ ʘʨʘʙʠʜʦʧʩʠʩʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʛʝʥʦʚ (72%) ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʫʶ ʘʥʥʦʪʘʮʠʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʩʫʨʩʘ ʠ ʦʩʥʦʚʥʦʛʦ ʨʝʬʝʨʝʥʩʘ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʛʝʥʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʦʜʘ Larix. ʅʝʩʤʦʪʨʷ ʥʘ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴ ʠ ʥʝʧʦʣʥʦʪʫ, ʩʙʦʨʢʠ ʠ ʘʥʥʦʪʘʮʠʠ 

ʛʝʥʦʤʦʚ ʭʚʦʡʥʳʭ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʥʥʳʡ ʨʝʩʫʨʩ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʛʝʥʦʤʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʛʝʥʦʤʥʳʭ 

ʘʥʥʦʪʘʮʠʡ ʭʚʦʡʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʚʠʜʘʤʠ ʛʦʣʦʩʝʤʝʥʥʳʭ ʠ 

ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʥʘ ʛʝʥʦʤʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʣʠʯʠʡ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʛʝʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʝʛʦʨʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʷ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʠ 

ʤʝʪʘʙʦʣʠʟʤ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʢʣʝʪʦʯʥʘʷ ʩʤʝʨʪʴ ʠ ʘʫʪʦʬʘʛʠʷ, ʙʠʦʩʠʥʪʝʟ ʛʦʨʤʦʥʦʚ 

ʩʪʨʝʩʩʘ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʥʦʤʦʚ ʭʚʦʡʥʳʭ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʚʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʨʘʥʩʧʦʟʦʥʦʚ ʠ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ. ʊʠʧʳ ʚʳʷʚʣʝʥʥʳʭ 

ʧʦʚʪʦʨʦʚ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʘʢʦʚʳʤ ʫ ʜʨʫʛʠʭ ʭʚʦʡʥʳʭ. ɼʦʣʷ ʛʝʥʦʤʘ, ʧʦʢʨʳʪʦʛʦ ʧʦʚʪʦʨʘʤʠ ʚ ʧʦʨʮʠʠ ʜʣʠʥʥʳʭ 

ʧʨʦʯʪʝʥʠʡ Oxford Nanopore, ʧʦ ʦʮʝʥʢʝ RepeatMasker, ʩʦʩʪʘʚʠʣʘ 66%, ʯʪʦ ʙʣʠʟʢʦ ʢ 
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ʪʘʢʦʚʳʤ ʦʮʝʥʢʘʤ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮ ʷʧʦʥʩʢʦʡ, ʦʜʥʘʢʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʯʘʩʪʴ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ ʙʳʣʘ ʩʣʠʰʢʦʤ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʘ, 

ʯʪʦʙʳ ʙʳʪʴ ʚʢʣʶʯʝʥʥʦʡ ʚ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʩʙʦʨʢʫ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʢʦʤʧʣʝʢʩʥʘʷ ʚʠʜʦʩʧʝʮʠʬʠʯʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʧʦʚʪʦʨʦʚ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʠʩʢʘ ʤʦʙʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʛʝʥʦʤʘʭ ʜʨʫʛʠʭ ʛʦʣʦʩʝʤʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ LTR, ʘ ʪʘʢʞʝ ʠʤʝʶʱʠʭʩʷ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʭ, ʚʝʨʦʷʪʥʳʡ ʧʝʨʠʦʜ ʤʘʩʩʠʨʦʚʘʥʥʦʛʦ ʚʩʪʨʘʠʚʘʥʠʷ 

ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʚ ʛʝʥʦʤ ʣʠʩʪʚʝʥʥʠʮʳ ʧʨʦʠʟʦʰʝʣ ʧʦʨʷʜʢʘ 4-5 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. 

ʊʠʧʠʯʥʳʝ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʚʩʪʨʘʠʚʘʥʠʷ LTR ʚ ʛʝʥʦʤʳ ʨʘʩʪʝʥʠʡ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 1 

ʜʦ 2,5 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʜʣʷ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠ 10ï15 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʜʣʷ 

ʛʦʣʦʩʝʤʝʥʥʳʭ. ʅʘ ʜʘʥʥʫʶ ʦʮʝʥʢʫ ʫ ʣʠʩʪʚʝʥʥʠʮʳ ʤʦʛʫʪ ʚʣʠʷʪʴ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ 

ʤʝʭʘʥʠʟʤ ʵʣʠʤʠʥʘʮʠʠ ʧʦʚʪʦʨʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʩʪʘʚʢʦʡ ʜʨʝʚʥʠʭ ʧʦʚʪʦʨʦʚ, ʪʘʢ ʠ 

ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʯʝʨʥʦʚʦʡ ʩʙʦʨʢʠ, ʧʨʠʚʝʜʰʠʡ ʢ ʤʘʣʦʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʥʘʡʜʝʥʥʳʭ LTR.  

ɼʣʷ ʪʨʸʭ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʝʤʝʡʩʪʚʘ Pinaceae ʙʳʣʠ ʧʨʝʜʩʢʘʟʘʥʳ ʩʘʡʪʳ ʥʘʯʘʣʘ 

ʪʨʘʥʩʢʨʠʧʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʝʪʦʜʝ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʦʞʠʜʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ. ɹʳʣ ʦʧʨʦʙʦʚʘʥ ʤʝʪʦʜ 

ʚʘʣʠʜʘʮʠʠ ʧʨʝʜʩʢʘʟʘʥʠʡ de novo ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ 5ǋ-

ʥʝʪʨʘʥʩʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʧʨʦʬʠʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɼʅʂ 

ʜʫʧʣʝʢʩʦʚ ʠ ʧʦʟʠʮʠʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ. ʕʪʘ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʦʣʥʦʛʝʥʦʤʥʳʤ ʧʨʝʜʩʢʘʟʘʥʠʝʤ TSS ʚ 

ʛʝʥʦʤʘʭ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 10 ʤʣʨʜ.ʧ.ʥ. ʇʨʝʜʩʢʘʟʘʥʥʳʝ TSS ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʧʨʦʤʦʪʦʨʥʳʝ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʩʥʦʚʫ ʜʣʷ ʙʫʜʫʱʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʥʥʳʡ ʨʝʩʫʨʩ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʨʝʛʫʣʷʮʠʠ 

ʛʝʥʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʛʦʣʦʩʝʤʝʥʥʳʤʠ ʠ 

ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʤʠ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ TSS ʤʦʞʝʪ ʥʘʡʪʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʛʝʥʦʤʘ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʛʝʥʦʤʘ ʠ ʣʦʢʫʩʘʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʜʘʧʪʠʚʥʳʤʠ ʯʝʨʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 
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ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʭʦʣʦʜʫ ʠ ʟʘʩʫʭʝ. ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʠʥʚʘʟʠʠ ʧʘʪʦʛʝʥʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʥʦʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʧʨʦʚʝʨʝʥʳ 14 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʪʘʢʞʝ ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦ-ʧʦʣʠʤʦʨʬʥʳʝ ʩʧʝʢʪʨʳ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮ 

ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʠʯʥʦʛʦ ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ SSR-ʤʘʨʢʝʨʦʚ, ʧʦʟʚʦʣʠʣʠ 

ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʯʝʪʳʨʝʭ 

ʚʳʙʦʨʦʢ ʠʟ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮ ʩʠʙʠʨʩʢʦʡ, ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʘʨʢʝʨʳ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ, ʥʦ ʪʘʢʞʝ ʣʠʩʪʚʝʥʥʠʮ ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ. ɼʘʣʴʥʝʡʰʠʡ 

ʘʥʘʣʠʟ ʫʨʦʚʥʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʘʨʢʝʨʦʚ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʪʘʢʠʭ ʢʘʢ 

ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʦʝ ʘʣʣʝʣʴʥʦʝ ʠ ʛʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʴ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʥʘ ʨʘʟʥʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ, ʩʪʝʧʝʥʴ 

ʠʥʙʨʠʜʠʥʛʘ ʠ ʜʨ.  
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ɺʓɺʆɼʓ 

1. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʧʦʜʨʦʙʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʘʥʥʦʪʘʮʠʷ ʷʜʝʨʥʦʛʦ, ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʠ ʭʣʦʨʦʧʣʘʩʪʥʦʛʦ ʛʝʥʦʤʦʚ, ʘ ʪʘʢʞʝ 

ʩʙʦʨʢʠ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʥʝʩʢʦʣʴʢʠʭ ʪʢʘʥʝʡ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ ʩʠʙʠʨʩʢʦʡ. ʕʪʠ 

ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʚʳʡ ʧʫʙʣʠʯʥʦ ʜʦʩʪʫʧʥʳʡ ʛʝʥʦʤʥʳʡ ʨʝʩʫʨʩ ʜʣʷ 

ʨʦʜʘ Larix. 

2. ʅʘ ʧʨʠʤʝʨʝ ʧʦʠʩʢʘ ʨʘʟʣʠʯʠʡ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʛʝʥʦʚ ʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʝʛʦʨʠʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʠ ʤʝʪʘʙʦʣʠʟʤʘ, 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʢʣʝʪʦʯʥʦʡ ʩʤʝʨʪʠ ʠ ʘʫʪʦʬʘʛʠʠ ʠ ʙʠʦʩʠʥʪʝʟʘ ʛʦʨʤʦʥʦʚ 

ʩʪʨʝʩʩʘ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʘʥʥʦʪʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʘʥʥʦʪʘʮʠʡ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʝʤʝʡʩʪʚʘ Pinaceae ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʨʝʬʝʨʝʥʩʘ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʛʝʥʦʤʥʦʛʦ ʘʥʘʣʠʟʘ. 

3. ʆʮʝʥʢʘ ʜʦʣʠ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʝ ʣʠʩʪʚʝʥʥʠʮʳ ʥʘ ʦʩʥʦʚʝ ʜʣʠʥʥʳʭ 

ʧʨʦʯʪʝʥʠʡ Oxford Nanopore ʩʦʩʪʘʚʠʣʘ 66%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʨʝʧʠʪʦʤʥʘʷ ʯʘʩʪʴ ʛʝʥʦʤʘ ʙʳʣʘ ʩʣʠʰʢʦʤ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʘ, ʯʪʦʙʳ ʙʳʪʴ 

ʚʢʣʶʯʝʥʥʦʡ ʚ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʩʙʦʨʢʫ. ʇʦʣʫʯʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʚʠʜʦʩʧʝʮʠʬʠʯʥʘʷ 

ʙʠʙʣʠʦʪʝʢʘ ʧʦʚʪʦʨʦʚ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʠʩʢʘ ʤʦʙʠʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʛʝʥʦʤʘʭ ʜʨʫʛʠʭ ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. 

4. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʥʪʘʢʪʥʳʭ ʜʣʠʥʥʳʭ ʢʦʥʮʝʚʳʭ 

ʧʦʚʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʠʤʝʶʱʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʭ, ʚʝʨʦʷʪʥʳʡ ʧʝʨʠʦʜ 

ʤʘʩʩʠʨʦʚʘʥʥʦʛʦ ʚʩʪʨʘʠʚʘʥʠʷ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʚ ʛʝʥʦʤ ʣʠʩʪʚʝʥʥʠʮʳ ʤʦʞʝʪ 

ʙʳʪʴ ʦʮʝʥʝʥ ʧʦʨʷʜʢʘ 4-5 ʤʣʥ ʣʝʪ ʥʘʟʘʜ. 

5. ɼʣʷ L. sibirica, ʘ ʪʘʢʞʝ ʜʣʷ ʪʨʝʭ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʝʤʝʡʩʪʚʘ Pinaceae ð 

P. abies, P. glauca ʠ P. taeda ð ʙʳʣʠ ʧʨʝʜʩʢʘʟʘʥʳ ʩʘʡʪʳ ʥʘʯʘʣʘ ʪʨʘʥʩʢʨʠʧʮʠʠ. 

ɹʳʣ ʦʧʨʦʙʦʚʘʥ ʤʝʪʦʜ ʚʘʣʠʜʘʮʠʠ ʧʨʝʜʩʢʘʟʘʥʠʡ de novo ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʣʠʥ 5ô-UTR, ʧʨʦʬʠʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɼʅʂ ʠ ʧʦʟʠʮʠʦʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʕʪʘ ʨʘʙʦʪʘ 

ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʦʣʥʦʛʝʥʦʤʥʳʤ ʧʨʝʜʩʢʘʟʘʥʠʝʤ TSS ʚ ʛʝʥʦʤʘʭ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 

10 ʤʣʨʜ.ʧ.ʥ. 
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6. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 14 ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ ʜʣʷ ʣʠʩʪʚʝʥʥʠʮʳ 

ʩʠʙʠʨʩʢʦʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʪʘʢʞʝ ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦ-ʧʦʣʠʤʦʨʬʥʳʝ ʩʧʝʢʪʨʳ 

ʜʣʷ ʣʠʩʪʚʝʥʥʠʮ ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ ʠ ʫʜʦʙʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʳʤ ʛʝʣʴ-

ʵʣʝʢʪʨʦʬʦʨʝʟʦʤ ʚ ʣʘʙʨʘʪʦʨʠʷʭ ʥʝ ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʧʨʠʙʦʨʘʤʠ 

ʜʣʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʠʯʥʦʛʦ ʧʦʧʫʣʷʮʠʦʥʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʘʨʢʝʨʦʚ, ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʯʝʪʳʨʝʭ ʚʳʙʦʨʦʢ ʠʟ ʧʦʧʫʣʷʮʠʡ ʣʠʩʪʚʝʥʥʠʮ ʩʠʙʠʨʩʢʦʡ, 

ɻʤʝʣʠʥʘ ʠ ʂʘʷʥʜʝʨʘ.  
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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

ɸɹʂ ð ʘʙʩʮʠʟʦʚʘʷ ʢʠʩʣʦʪʘ 

ɼʅʂ ð ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ɾɸʂ ð ʞʘʩʤʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʤʣʥ.ʣ.ʥ. ð ʤʠʣʣʠʦʥ ʣʝʪ ʥʘʟʘʜ  

ʤʣʥ.ʪ.ʧ. ð ʤʠʣʣʠʦʥʦʚ ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ  

ʤʣʨʜ.ʧ.ʥ. ð ʤʠʣʣʠʘʨʜʦʚ ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ  

ʧ.ʥ. ð ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ  

ʈʅʂ ð ʨʠʙʦʥʫʢʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʪ.ʧ.ʥ. ð ʪʳʩʷʯ ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ  

ʪʳʩ.ʣ.ʥ. ð ʪʳʩʷʯ ʣʝʪ ʥʘʟʘʜ  

ʊʌ ð ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 

BLAST ð basic local alignment search tool 

BUSCO ð benchmarking universal single-copy orthologs 

EST ð expressed sequence tag 

FDR ð false discovery rate 

GO ð gene ontology 

LRR ð leucine-rich repeat 

LTR ð long tandem repeat 

MITE ð miniature inverted-repeat transposable elements 

NCBI ð national center for biotechnology information 

NGS ð next generation sequencing 

PWM ð positional weight matrix 

UTR ð untranslated region 

SNP ð single-nucleotide polymorphism 

SSR ð simple sequence repeat 

TAIR ð the Arabidopsis Information Resource 

TE ð transposable element 

TFBS ð transcription factor binding site 

TIR ð terminal inverted repeat 

TSA ð transcriptome shotgun assembly 

TSD ð target site duplication 

TSS ð transcription start site 

WGD ð whole genome duplication  
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ʇʈʀʃʆɾɽʅʀʗ 

ʇʨʠʣʦʞʝʥʠʝ ɸ  
ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʤʝʡʩʪʚ ʠ ʢʣʘʩʩʦʚ ʧʦʚʪʦʨʦʚ ʚ ʩʙʦʨʢʝ ʛʝʥʦʤʘ ʣʠʩʪʚʝʥʥʠʮʳ 

ʩʠʙʠʨʩʢʦʡ, ʘʥʥʦʪʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʧʦʚʪʦʨʦʚ.

ʉʫʧʝʨʩʝʤʝʡʩʪʚʦ ɼʣʠʥʘ, ʧ.ʥ. ʂʦʣʠʯʝʩʪʚʦ ɼʦʣʷ ʦʪ ʜʣʠʥʳ 

ʛʝʥʦʤʘ, % 

Class I: LTR retrotransposon 

Gypsy 192527487 878785 1,60 

Gypsy/PtTalladega 1663158 3646 0,01 

Gypsy/IFG 254098 990 

<0,01 

Gypsy/PtAppalachian 208844 773 

Gypsy/PtOuachita 191626 1025 

Gypsy/Gymny 138565 476 

Gypsy/PtBastrop 94602 594 

Gypsy/RLG 62107 1004 

Gypsy/PtOzark 24665 234 

Gypsy/ALISEI 21741 209 

Gypsy/PsAppalachian 16203 108 

Gypsy/PtAngelina 497 4 

Total Gypsy 195203593 887848 1,63 

Copia 125043599 627489 1,04 

Copia/PtConagree 115681 731 

<0,01 
Copia/Silava_Pta 115133 581 

Copia/PtPineywoods 64007 401 

Copia/PtCumberland 32521 251 

Total Copia 125370941 629453 1,04 

DIR 7936310 51295 0,07 

ERV 444525 7717 

<0.01 

BEL 418006 7389 

DIRS 135235 2287 

ATGP 22493 272 

RNLTR 10324 197 

RMER 6732 110 

RIRE 6682 100 

Unclassified LTR 1703439143 6246018 14,19 

Total LTR  2032993984 7832686 16,94 

Class I: Non-LTR retrotransposon 

LINE 1124723825 4237879 9,37 

LINE/I 265525048 1577725 2,21 

LINE/L1 21091550 94925 0,18 

Total LINE  1411340423 5910529 11,76 

Penelope 15970080 79330 0,13 

Penelope/Poseidon 39219 411 <0,01 

Total Penelope 16009299 79741 0,13 
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ʇʨʦʜʦʣʞʝʥʠʝ ʊʘʙʣʠʮʳ ɸ 

ʉʫʧʝʨʩʝʤʝʡʩʪʚʦ ɼʣʠʥʘ, ʧ.ʥ. ʂʦʣʠʯʝʩʪʚʦ 
ɼʦʣʷ ʦʪ ʜʣʠʥʳ 

ʛʝʥʦʤʘ, % 

SINE 10566091 79177 0,09 

LOA 19191 275 

<0,01 

Jockey 15690 120 

TRAS 14525 228 

LIN#_SM 10491 169 

BovB 9128 155 

Outcast 6887 121 

Hero 6599 122 

Other non-LTR 22649056 133018 0,19 

Total non-LTR  1460647380 6203655 12,17 

Other retrotransposons 390376007 1771180 3,25 

Total Class I  3884017371 15807521 32,36 

Class II: DNA transposon 

TIR 19582568 105413 0,16 

Helitron 6739134 28439 0,06 

EnSpm 2142128 28885 0,02 

MuDR 587040 8191 

<0,01 

MuDR/Vandal 29783 546 

MuDR/Rehavkus 15474 220 

MuDR/Arnold 13638 151 

MuDR/ATMU 8652 143 

MuDR/OSMU 6609 85 

Total MuDR 661196 9336 <0,01 

Mariner 462692 7270 

<0,01 

REP 167449 1355 

Maverick 517499 5211 

hAT 1073811 15821 

Mite 32189 505 

TcMar 30674 446 

Harbinger 20160 316 

Stowaway 3957 72 

PiggyBac 1065 20 

Tourist 845 16 

Unclassified 539184594 2226370 4,49 

Total Class II 570619961 2429475 4,76 

Others 

Unclassified 262494312 1345055 2,19 

Simple repeats 46499317 983566 0,39 

Host 12847092 18499 0,11 

Low complexity 11560642 211886 0,09 

Other 1215941 76131 0.01 

tRNA 299376 4982 

<0,01 rRNA 189617 1947 

RNA 1325 16 

Caulimovirus 401990 3767 <0,01 

Grand Total 4790146944 20882845 39,91 
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ʇʨʠʣʦʞʝʥʠʝ ɹ 

LRR ʛʝʥʳ 

 
ɸïɼ ð ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʢʨʠʧʪʦʚ ʩʦʜʝʨʞʘʱʠʭ LRRs ʥʘʡʜʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʚʷʪʠ 

ʩʝʤʝʡʩʪʚ (lrr1-lrr9) ʚ ʪʨʘʥʩʢʨʠʧʪʦʤʘʭ ʧʷʪʠ ʪʢʘʥʝʡ (ʥʘʧʨʠʤʝʨ, ʚ ʪʢʘʥʠ ʧʦʯʢʠ 43 ʪʨʘʥʩʢʨʠʧʪʘ 

ʥʘʡʜʝʥʳ ʚ ʢʘʞʜʦʤ ʠʟ ʩʝʤʝʡʩʪʚ LRR-1, LRR-4 ʠ LRR-8), ɽ ð ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʠʥ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ R-ʛʝʥsʦʚ, LRR ð ʪʨʘʥʩʢʨʠʧʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ LRR domain (ʛʦʣʫʙʦʡ), LRR ʠ ARC ð ʪʨʘʥʩʢʨʠʧʪʳ, ʩʦʜʝʨʞʘʱʠʝ LRR ʠ ARC 

ʜʦʤʝʥʳ (ʢʨʘʩʥʳʡ). 
















