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Мɹɝɤɚɹ ɩɲɟɧɢɰɚ 
(Triticum aestivum)

• Ɉɞɧɨ ɢɡ ɫɚɦɵɯ ɜɚɠɧɵɯ 
ɪɚɫɬɟɧɢɣ

• Ɉɛɟɫɩɟɱɢɜɚɟɬ ɩɨɬɪɟɛɥɟɧɢɟ ɞɨ 
20% ɨɬ ɜɫɟɯ ɤɚɥɨɪɢɣ

• Ⱥɥɥɨɝɟɤɫɚɩɥɨɢɞ (AABBDD),      
42 ɯɪɨɦɨɫɨɦɵ, ~120 000 ɝɟɧɨɜ
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Эɜɨɥɸɰɢɹ ɝɟɧɨɦɚ ɩɲɟɧɢɰɵ

Triticum uratu

Aegilops speltoides

Aegilops tauschii

ɋɭɛɝɟɧɨɦɵ

A B D

Го̥еоло̐ϭ-А Го̥еоло̐ϭ-D

Го̥еоло̐ϭ-B

Го̥еоло̐ϭ-D

Triticum turgidum

Triticum aestivum
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ɂɡɭɱɟɧɢɟ ɬɪɚɧɫɤɪɢɩɬɨɦɚ 
ɩɪɢ ɩɨɦɨɳɢ RNA-seq

Ɏɪɚɝɦɟɧɬɚɰɢɹ ɢ 
ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ

ɋɛɨɪɤɚ de novo

ɬɪɚɧɫɤɪɢɩɬɵ

ɩɪɨɱɬɟɧɢɹ

ɤɨɧɬɢɝɢ

• ɉɨɞɯɨɞɢɬ ɞɥɹ ɪɚɛɨɬɵ ɫ ɥɸɛɵɦɢ 
ɨɪɝɚɧɢɡɦɚɦɢ

• ɉɨɡɜɨɥɹɟɬ ɧɚɯɨɞɢɬɶ ɧɨɜɵɟ 
ɬɪɚɧɫɤɪɢɩɬɵ ɢ ɢɡɨɮɨɪɦɵ ɝɟɧɨɜ

• ɋɨɛɪɚɧ ɪɟɮɟɪɟɧɫɧɵɣ ɝɟɧɨɦ ɢ 
ɬɪɚɧɫɤɪɢɩɬɨɦ ɦɨɞɟɥɶɧɨɝɨ  ɫɨɪɬɚ 
Chinese SprТnР ɜ ɯɨɞɟ ɪɚɛɨɬɵ 
ɤɨɧɫɨɪɰɢɭɦɚ IWGSC.

• Ɋɟɫɟɤɜɟɧɢɪɨɜɚɧɢɟ ɦɟɫɬɧɵɯ ɫɨɪɬɨɜ 
ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ
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Сɛɨɪɤɚ ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɩɲɟɧɢɰɵ –
ɧɟɬɪɢɜɢɚɥɶɧɚɹ ɡɚɞɚɱɚ

• Ɉɝɪɨɦɧɵɣ ɪɚɡɦɟɪ ɝɟɧɨɦɚ ɢ 
ɬɪɚɧɫɤɪɢɩɬɨɦɚ

• Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɫɨɤɨ 
ɝɨɦɨɥɨɝɢɱɧɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ

• Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɡɛɵɬɨɱɧɵɯ 
ɤɨɧɬɢɝɨɜ

97% иде̦тич̦о̭т̽

ϭϬϬ% пе̬ек̬̼̏а̦ие

ϭϮϬ т̼̭яч ̐е̦о̏
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ɐɟɥɶ ɪɚɛɨɬɵ – ɢɡɭɱɟɧɢɟ ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɚɥɥɨɝɟɤɫɚɩɥɨɢɞɧɨɣ ɩɲɟɧɢɰɵ 
ɫɨɪɬɚ ɋɚɪɚɬɨɜɫɤɚɹ 29 ɧɚ ɫɬɚɞɢɢ ɩɪɨɪɨɫɬɤɨɜ ɫ ɩɨɦɨɳɶɸ RNA-seq
ɚɧɚɥɢɡɚ.

Ɂɚɞɚɱɢ:
1. Ɋɚɡɪɚɛɨɬɚɬɶ ɤɨɧɜɟɣɟɪ ɞɥɹ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɩɲɟɧɢɰɵ;
2. ɋɨɛɪɚɬɶ de novo ɬɪɚɧɫɤɪɢɩɬɨɦ ɩɲɟɧɢɰɵ ɫɨɪɬɚ ɋɚɪɚɬɨɜɫɤɚɹ 29 ɧɚ 

ɫɬɚɞɢɢ ɩɪɨɪɨɫɬɤɨɜ;
3. Ɏɭɧɤɰɢɨɧɚɥɶɧɨ ɚɧɧɨɬɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɭɸ de novo ɫɛɨɪɤɭ 

ɬɪɚɧɫɤɪɢɩɬɨɦɚ;
4. Ɉɫɭɳɟɫɬɜɢɬɶ ɩɨɢɫɤ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɚɧɚɥɢɡ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ ɦɟɠɞɭ ɤɨɪɧɟɦ ɢ ɤɨɥɟɨɩɬɢɥɟ;
5. Ɉɰɟɧɢɬɶ ɪɨɥɶ ɫɭɛɝɟɧɨɦɨɜ ɩɲɟɧɢɰɵ ɜ ɪɚɡɜɢɬɢɢ ɤɨɪɧɹ ɢ ɤɨɥɟɨɩɬɢɥɟ.
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Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ

3 ɛɢɛɥɢɨɬɟɤɢ ɢɡ ɤɨɥɟɨɩɬɢɥɟ

3 ɛɢɛɥɢɨɬɟɤɢ ɢɡ ɤɨɪɧɟɣ

ɋɨɪɬ – ɋɚɪɚɬɨɜɫɤɚɹ 29 ɉɚɪɧɵɟ ɩɪɨɱɬɟɧɢɹ ɞɥɢɧɨɣ 75 ɩ.ɧ. 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɚ ɚɩɩɚɪɚɬɟ 

Illumina NextSeq 550

C1_S1, C2_S2, C3_S3

R1_S4, R2_S5, R3_S6



Ко̦ве̜е̬ для полу̸е̛̦я ̭̍о̬к̛ 
т̬̦̭̌к̛̬пто̥̌ п̹е̛̦цы

ɋɵɪɵɟ ɩɪɨɱɬɟɧɢɹ

Ɏɢɥɶɬɪɨɜɚɧɧɵɟ ɩɪɨɱɬɟɧɢɹ

Spades, Trinity, Velvet/Oases, 
Trinity-genome_guided

ɍɞɚɥɟɧɢɟ ɢɡɛɵɬɨɱɧɨɫɬɢ
Ɇɟɬɚ-ɫɛɨɪɤɚ

ɍɞɚɥɟɧɢɟ ɢɡɛɵɬɨɱɧɨɫɬɢ 
ɢɡ ɦɟɬɚ-ɫɛɨɪɤɢ

Кɚɪɬɢɪɨɜɚɧɢɟ ɧɚ ɝɟɧɨɦ

Кɥɚɫɬɟɪɢɡɚɰɢɹ

ɉɪɟɞɫɤɚɡɚɧɢɟ ɈɊɋ

Кɚɪɬɢɪɨɜɚɧɢɟ ɧɚ ɬɪɚɧɫɤɪɢɩɬɨɦ

ɉɨɥɭɱɟɧɢɟ ɫɛɨɪɤɢ

Ɏɢɥɶɬɪɚɰɢɹ ɫɛɨɪɤɢ

ɉɨɢɫɤ ɧɨɜɵɯ ɤɨɧɬɢɝɨɜ

Ⱥɧɧɨɬɚɰɢɹ ɧɟɝɨɦɨɥɨɝɢɱɧɵɯ 
ɪɟɮɟɪɟɧɫɧɵɦ ɤɨɧɬɢɝɨɜ ɜ 

ɛɚɡɟ ɞɚɧɧɵɯ NCBI nr

ɉɨɢɫɤ ɤɨɧɬɢɝɨɜ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɫɬɢɬɟɥɶɧɵɦ 

ɝɟɧɚɦ

Ⱥɧɧɨɬɚɰɢɹ ɫɛɨɪɤɢ

Ȼɚɡɵ ɞɚɧɧɵɯ:

NCBI nr, SwissProt, Pfam, 
PlantTFDB, TREP, AgriGO
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɪɚɧɫɤɪɢɩɬɨɦɚ

Spades Trinity Velvet/Oases Trinity-GG Мɟɬɚ-
ɫɛɨɪɤɚ

N50 2010 1542 1980 1530 1305
Ƚɐ-ɫɨɫɬɚɜ, % 48 49 49 51 53
Кɨɥɢɱɟɫɬɜɨ ɤɨɧɬɢɝɨɜ 196 343 331 095 708 744 217 574 585 991
Кɨɥɢɱɟɫɬɜɨ ɤɨɧɬɢɝɨɜ
ɤɨɪɨɱɟ 1000 ɩ.ɧ.

98 772 110 648 316 226 78 460 177 305

BUSCO, % 94.4 94.2 94.3 94.3 95.9
ɉɨɤɪɵɬɢɟ ɪɟɮɟɪɟɧɫɧɨɝɨ 
ɬɪɚɧɫɤɪɢɩɬɨɦɚ, %

18 16 17 30 53

Сɭɦɦɚ ɧɨɪɦɚɥɢɡɨɜɚɧɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

1.3588 1.0877 1.5642 2.7242 5

Ɉɰɟɧɤɚ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ de novo

9

Ɇɟɬɚ-ɫɛɨɪɤɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɣ

Ɏɨɪɦɭɥɚ ɞɥɹ ɧɨɪɦɚɥɢɡɚɰɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ:

Holzner, Marz, 2018
 �௜௝ =  �௜௝ − ݉�݊ሺ�௜ሻ݉��ሺ�௜ሻ − ݉�݊ሺ�௜ሻ



ɉɨɥɭɱɟɧɢɟ ɮɢɧɚɥɶɧɨɣ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ

Ƚɟɧɨɦ
ɩɲɟɧɢɰɵ

Ƚɟɧ ɇɟɚɧɧɨɬɢɪɨɜɚɜɧɧɵɟ ɭɱɚɫɬɤɢ

ɋɨɛɪɚɧɧɵɟ de novo ɤɨɧɬɢɝɢ

???

70 641 ɤɨɧɬɢɝ

44 908 ɤɨɧɬɢɝɨɜ 1282 ɤɨɧɬɢɝɚ
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ɉɨɥɭɱɟɧɢɟ ɮɢɧɚɥɶɧɨɣ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ

Ƚɟɧ ɇɟɚɧɧɨɬɢɪɨɜɚɜɧɧɵɟ ɭɱɚɫɬɤɢ

ɋɨɛɪɚɧɧɵɟ de novo ɤɨɧɬɢɝɢ

???

70 641 ɤɨɧɬɢɝ

44 908 ɤɨɧɬɢɝɨɜ 1282 ɤɨɧɬɢɝɚ

Ɏɢɧɚɥɶɧɚɹ ɫɛɨɪɤɚ

Ƚɟɧɨɦ
ɩɲɟɧɢɰɵ
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ɉɨɥɭɱɟɧɢɟ ɮɢɧɚɥɶɧɨɣ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ

Ƚɟɧ ɇɟɚɧɧɨɬɢɪɨɜɚɜɧɧɵɟ ɭɱɚɫɬɤɢ

ɋɨɛɪɚɧɧɵɟ de novo ɤɨɧɬɢɝɢ

???

70 641 ɤɨɧɬɢɝ

44 908 ɤɨɧɬɢɝɨɜ 1282 ɤɨɧɬɢɝɚ

4380 ɧɨɜɵɯ ɤɨɧɬɢɝɨɜ

Ɏɢɧɚɥɶɧɚɹ ɫɛɨɪɤɚ

Ƚɟɧɨɦ
ɩɲɟɧɢɰɵ
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ɉɨɥɭɱɟɧɢɟ ɮɢɧɚɥɶɧɨɣ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ

Ƚɟɧ ɇɟɚɧɧɨɬɢɪɨɜɚɜɧɧɵɟ ɭɱɚɫɬɤɢ

ɋɨɛɪɚɧɧɵɟ de novo ɤɨɧɬɢɝɢ

???

70 641 ɤɨɧɬɢɝ

44 908 ɤɨɧɬɢɝɨɜ 1282 ɤɨɧɬɢɝɚ

4380 ɧɨɜɵɯ ɤɨɧɬɢɝɨɜ

Ɏɢɧɚɥɶɧɚɹ ɫɛɨɪɤɚ
75 021 ɤɨɧɬɢɝ

Ƚɟɧɨɦ
ɩɲɟɧɢɰɵ
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Ⱥɧɧɨɬɚɰɢɹ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ

75 021 ɤɨɧɬɢɝ

Ɏɢɧɚɥɶɧɚɹ ɫɛɨɪɤɚ

68 433 ɤɨɧɬɢɝɚ

Ⱥɧɧɨɬɢɪɨɜɚɧɧɵɟ ɤɨɧɬɢɝɢ

3 628 ɤɨɧɬɢɝɨɜ

ɇɟɤɨɞɢɪɭɸɳɢɟ ɤɨɧɬɢɝɢ

1 073 ɤɨɧɬɢɝɚ

Ɇɨɛɢɥɶɧɵɟ ɷɥɟɦɟɧɬɵ

64 805 ɤɨɧɬɢɝɨɜ

Кɨɞɢɪɭɸɳɢɟ ɤɨɧɬɢɝɢ

2 158 ɤɨɧɬɢɝɨɜ

ɋɬɪɭɤɬɭɪɧɵɟ ɛɟɥɤɢ

4 320 ɤɨɧɬɢɝɨɜ

Ɍɪɚɧɫɩɨɪɬɟɪɵ

26 848 ɤɨɧɬɢɝɨɜ

Ɏɟɪɦɟɧɬɵ

36 338 ɤɨɧɬɢɝɨɜ

ɋɜɹɡɵɜɚɸɳɢɟ ɛɟɥɤɢ

Gene ontology, AgriGO 14
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Ⱥɧɚɥɢɡ ɞɢɮ. ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ

6887 ɝɟɧɨɜ ɫ ɩɨɜɵɲɟɧɧɨɣ 
ɷɤɫɩɪɟɫɫɢɟɣ ɜ ɤɨɪɧɟ

9118 ɝɟɧɨɜ ɫ ɩɨɜɵɲɟɧɧɨɣ 
ɷɤɫɩɪɟɫɫɢɟɣ ɜ ɤɨɥɟɨɩɬɢɥɟ

EnhancedVolcanoИɡɦɟɧɟɧɢɟ ɷɤɫɩɪɟɫɫɢɢ, ɥɨɝɚɪɢɮɦ

p-
va

lu
e,

 ɥ
ɨɝ

ɚɪ
ɢɮ

ɦ



Ⱥɧɧɨɬɚɰɢɹ ȾЭȽ ɫ ɩɨɜɵɲɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ ɜ ɤɨɪɧɟ

ɋɪɟɞɢ ɝɟɧɨɜ, ɜɨɜɥɟɱɟɧɧɵɯ ɜ ɨɬɜɟɬ ɧɚ ɫɬɪɟɫɫ ɢ ɪɚɡɜɢɬɢɟ ɤɨɪɧɟɣ, ɦɨɝɭɬ ɛɵɬɶ 
ɧɚɣɞɟɧɵ ɜɚɠɧɵɟ ɦɚɪɤɟɪɵ ɞɥɹ ɫɟɥɟɤɰɢɢ

2704, p=10-80

724, p=10-42

368, p=10-33

347, p=10-29

296, p=10-62
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Ⱥɧɧɨɬɚɰɢɹ ȾЭȽ ɫ ɩɨɜɵɲɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ ɜ ɤɨɥɟɨɩɬɢɥɟ

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɝɟɧɨɜ ɨɬɧɨɫɢɬɫɹ ɤ ɮɨɬɨɫɢɧɬɟɡɭ

2810, p=0981, p= 10-295

717, p= 10-288

376, p= 10-132

439, p= 10-38
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Ⱥɧɚɥɢɡ ɞɢɮ. ɷɤɫɩɪɟɫɫɢɢ ɝɨɦɟɨɥɨɝɨɜ

Ƚɨɦɟɨɥɨɝɢ ɢɡ ɪɚɡɧɵɯ ɫɭɛɝɟɧɨɦɨɜ ɷɤɫɩɪɟɫɫɢɪɭɸɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨ

ɉɨɜɵɲɟɧɧɚɹ ɷɤɫɩɪɟɫɫɢɹ ɜ ɤɨɪɧɟ ɉɨɜɵɲɟɧɧɚɹ ɷɤɫɩɪɟɫɫɢɹ ɜ ɤɨɥɟɨɩɬɢɥɟ

χ2: p < 0.01



21

Ⱥɧɧɨɬɚɰɢɹ ɫɭɛɝɟɧɨɦ-ɫɩɟɰɢɮɢɱɧɵɯ ȾЭȽ

Ȼɵɥɢ ɜɵɹɜɥɟɧɵ ɬɟɪɦɢɧɵ ȽɈ, ɨɛɨɝɚɳёɧɧɵɟ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɫɭɛɝɟɧɨɦɨɜ

ɉɨɜɵɲɟɧɧɚɹ ɷɤɫɩɪɟɫɫɢɹ ɜ ɤɨɪɧɟ ɉɨɜɵɲɟɧɧɚɹ ɷɤɫɩɪɟɫɫɢɹ ɜ ɤɨɥɟɨɩɬɢɥɟ



ɋɭɛɝɟɧɨɦ Ⱥ ɋɭɛɝɟɧɨɦ ȼ ɋɭɛɝɟɧɨɦ D

Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡ ɫɭɛɝɟɧɨɦɨɜ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɬɟɪɦɢɧɵ, 
ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɡɜɢɬɢɟɦ ɤɨɪɧɹ

Ⱥɧɧɨɬɚɰɢɹ ɫɭɛɝɟɧɨɦ-ɫɩɟɰɢɮɢɱɧɵɯ ȾЭȽ ɫ ɩɨɜɵɲɟɧɧɨɣ 
ɷɤɫɩɪɟɫɫɢɟɣ ɜ ɤɨɪɧɟ
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ȼɵɜɨɞɵ:
1. Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɤɨɧɜɟɣɟɪ ɞɥɹ ɫɛɨɪɤɢ de novo ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɩɲɟɧɢɰɵ, ɜɤɥɸɱɚɸɳɢɣ

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɛɨɪɳɢɤɨɜ, ɨɛɴɟɞɢɧɟɧɢɟ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɛɨɪɨɤ ɢ ɭɞɚɥɟɧɢɟ
ɢɡɛɵɬɨɱɧɨɫɬɢ. ɉɨɥɭɱɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɫɛɨɪɤɚ ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɩɪɟɜɨɫɯɨɞɢɬ
ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɫɛɨɪɤɢ ɩɨ ɤɚɱɟɫɬɜɭ ɢ ɩɨɥɧɨɬɟ;

2. Ȼɵɥɚ ɩɨɥɭɱɟɧɚ ɫɛɨɪɤɚ ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɩɲɟɧɢɰɵ ɫɨɪɬɚ ɋɚɪɚɬɨɜɫɤɚɹ 29 ɧɚ ɫɬɚɞɢɢ ɩɪɨɪɨɫɬɤɨɜ,
ɫɨɫɬɨɹɳɚɹ ɢɡ 75 021 ɤɨɧɬɢɝɚ, ɢɡ ɤɨɬɨɪɵɯ 4380 (5.8%) ɧɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɟɮɟɪɟɧɫɧɨɣ ɫɛɨɪɤɟ
ɬɪɚɧɫɤɪɢɩɬɨɦɚ ɩɲɟɧɢɰɵ ɫɨɪɬɚ Chinese spring;

3. Ȼɵɥɨ ɚɧɧɨɬɢɪɨɜɚɧɨ 68 433 ɫɨɛɪɚɧɧɵɯ de novo ɤɨɧɬɢɝɚ, ɢɡ ɤɨɬɨɪɵɯ ɛɟɥɨɤ-ɤɨɞɢɪɭɸɳɢɦɢ ɹɜɥɹɸɬɫɹ
64 805 (94,7 %) ɤɨɧɬɢɝɨɜ, ɚ 3 628 (5,3 %) – ɧɟɤɨɞɢɪɭɸɳɢɦɢ ɤɨɧɬɢɝɚɦɢ;

4. Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ 6887 ɝɟɧɨɜ ɫ ɩɨɜɵɲɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ ɜ ɤɨɪɧɟ ɢ 9118 ɝɟɧɨɜ ɫ ɩɨɜɵɲɟɧɧɨɣ
ɷɤɫɩɪɟɫɫɢɟɣ ɜ ɤɨɥɟɨɩɬɢɥɟ. ɋɪɟɞɢ ɝɟɧɨɜ ɫ ɩɨɜɵɲɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ ɜ ɤɨɪɧɟ ɩɪɟɨɛɥɚɞɚɸɬ ɝɟɧɵ,
ɜɨɜɥɟɱɟɧɧɵɟ ɜɨ ɜɬɨɪɢɱɧɵɣ ɦɟɬɚɛɨɥɢɡɦ ɢ ɜ ɨɬɜɟɬ ɧɚ ɮɚɤɬɨɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɚ ɫɪɟɞɢ ɝɟɧɨɜ ɫ
ɩɨɜɵɲɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ ɜ ɤɨɥɟɨɩɬɢɥɟ ɩɪɟɨɛɥɚɞɚɸɬ ɝɟɧɵ, ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ ɮɨɬɨɫɢɧɬɟɡ;

5. Ȼɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɩɟɰɢɚɥɢɡɚɰɢɹ ɫɭɛɝɟɧɨɦɨɜ ɜ ɯɨɞɟ ɪɚɡɜɢɬɢɹ ɤɨɪɧɹ ɩɲɟɧɢɰɵ ɧɚ
ɫɬɚɞɢɢ ɩɪɨɪɨɫɬɤɚ: ɫɭɛɝɟɧɨɦ A ɨɬɜɟɱɚɟɬ ɡɚ ɷɥɨɧɝɚɰɢɸ ɤɨɪɧɟɜɵɯ ɜɨɥɨɫɤɨɜ, ɫɭɛɝɟɧɨɦ B ɨɬɜɟɱɚɟɬ ɡɚ
ɦɨɪɮɨɝɟɧɟɡ ɜɟɬɜɹɳɢɯɫɹ ɫɬɪɭɤɬɭɪ, ɚ ɫɭɛɝɟɧɨɦ D ɨɬɜɟɱɚɟɬ ɡɚ ɪɟɝɭɥɹɰɢɸ ɪɚɡɜɢɬɢɹ ɤɨɪɧɟɣ. ɇɟ ɛɵɥɨ
ɜɵɹɜɥɟɧɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɩɟɰɢɚɥɢɡɚɰɢɢ ɫɭɛɝɟɧɨɦɨɜ ɜ ɪɚɡɜɢɬɢɢ ɤɨɥɟɨɩɬɢɥɟ.
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Ȼɥɚɝɨɞɚɪɧɨɫɬɢ:

• Шɦɚɤɨɜ ɇɢɤɨɥɚɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ
• Ƚɥɚɝɨɥɟɜɚ Ⱥɧɚɫɬɚɫɢɹ Юɪɶɟɜɧɚ
• ȼɚɫɢɥɶɟɜ Ƚɟɧɧɚɞɢɣ ȼɥɚɞɢɦɢɪɨɜɢɱ





Ɉɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɞɚɧɧɵɯ

GC, % Q20, % Q30, % Кɨɥ-ɜɨ ɩ.ɧ., Gb Кɨɥ-ɜɨ ɪɢɞɨɜ, M

C1_S1_R1 51.5481 89.868 86.001 3.9744 52.2986

C2_S2_R1 53.1476 89.6397 85.772 12.4686 164.0737

C3_S3_R1 51.7196 89.8057 85.93 3.2590 42.8847

R1_S4_R1 51.5059 90.0609 86.2494 3.8455 50.6028

R2_S5_R1 51.0072 90.2337 86.4458 4.3988 57.8842

R3_S6_R1 51.0977 90.4154 86.657 3.5325 46.4841

Ⱦɨ ɩɪɟɞɨɛɪɚɛɨɬɤɢ

ɋɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɱɬɟɧɢɣ ɫ ɤɚɱɟɫɬɜɨɦ Q20 ɛɨɥɶɲɟ 90%
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ɉɨɫɥɟ ɩɪɟɞɨɛɪɚɛɨɬɤɢ

GC, % Q20, % Q30, %
Кɨɥ-ɜɨ 
ɩ.ɧ., Gb

Кɨɥ-ɜɨ 
ɪɢɞɨɜ, Mb

ɤɨɥ-ɜɨ 
ɩɪɨɲɟɞɲɢɯ

C1_S1_R1 51.4075 91.6044 87.7964 3.8173 50.6783 0.9690

C2_S2_R1 53.009 91.5056 87.7066 11.933 158.4755 0.9659

C3_S3_R1 51.6372 91.4668 87.6542 3.1390 41.6893 0.9721

R1_S4_R1 51.3585 91.7454 87.9949 3.6986 49.0999 0.9703

R2_S5_R1 50.9244 91.8109 88.0807 4.2442 56.3409 0.9733

R3_S6_R1 50.9616 92.0035 88.2963 3.4039 45.1636 0.9716

ɉɪɟɞɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ

27

97% ɩɪɨɱɬɟɧɢɣ ɩɪɨɲɥɢ ɩɪɟɞɨɛɪɚɛɨɬɤɭ



Trinity

Ⱥɧɚɥɢɡ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɛɢɛɥɢɨɬɟɤɚɦɢ

Ȼɢɛɥɢɨɬɟɤɢ ɢɡ ɨɞɧɢɯ ɨɪɝɚɧɨɜ ɤɨɪɪɟɥɢɪɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, 
ɡɧɚɱɢɬ ɨɧɢ ɩɨɞɯɨɞɹɬ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ.

28



Ⱥɧɧɨɬɚɰɢɹ ɧɟɝɨɦɨɥɨɝɢɱɧɵɯ ɪɟɮɟɪɟɧɫɧɵɦ ɤɨɧɬɢɝɨɜ

4380 ɤɨɧɬɢɝɨɜ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɰɜɟɬɤɨɜɵɦ ɪɚɫɬɟɧɢɹɦ, 
ɛɵɥɢ ɜɤɥɸɱɟɧɵ ɜ ɮɢɧɚɥɶɧɭɸ ɫɛɨɪɤɭ
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Ⱥɧɧɨɬɚɰɢɹ ɫɛɨɪɤɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚ

1073 ɤɨɧɬɢɝɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɨɛɢɥɶɧɵɦ 
ɝɟɧɟɬɢɱɟɫɤɢɦ ɷɥɟɦɟɧɬɚɦ

3358 ɤɨɧɬɢɝɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɝɟɧɚɦ 
ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ

ȼ ɛɚɡɚɯ ɞɚɧɧɵɯ NCBI nr, SwissProt ɢ Pfam ɛɵɥɨ 
ɚɧɧɨɬɢɪɨɜɚɧɨ 91% ɫɨɛɪɚɧɧɵɯ ɤɨɧɬɢɝɨɜ



31

Ⱥɧɧɨɬɚɰɢɹ ȾЭȽ ɫ ɩɨɜɵɲɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ ɜ ɤɨɪɧɟ

Ɉɬɜɟɬ ɧɚ 
ɫɬɢɦɭɥɵ ɢ 

ɫɬɪɟɫɫ

ReviGO
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Ⱥɧɧɨɬɚɰɢɹ ȾЭȽ ɫ ɩɨɜɵɲɟɧɧɨɣ ɷɤɫɩɪɟɫɫɢɟɣ ɜ ɤɨɥɟɨɩɬɢɥɟ

Ɏɨɬɨɫɢɧɬɟɡ

ReviGO



Ⱥɧɚɥɢɡ ɞɢɮ. ɷɤɫɩɪɟɫɫɢɢ ɝɨɦɟɨɥɨɝɨɜ

Ƚɨɦɟɨɥɨɝ1 Ⱥ

Ƚɨɦɟɨɥɨɝ1 ȼ

Ƚɨɦɟɨɥɨɝ1 D

Кɨɪɟɧɶ Кɨɥɟɨɩɬɢɥɟ

Ƚɨɦɟɨɥɨɝɢɱɧɚɹ ɝɪɭɩɩɚ 1
Кɨɪɟɧɶ Кɨɥɟɨɩɬɢɥɟ

ɋɭɛɝɟɧɨɦ Ⱥ

Кɨɪɟɧɶ Кɨɥɟɨɩɬɢɥɟ

ɋɭɛɝɟɧɨɦ B

Кɨɪɟɧɶ Кɨɥɟɨɩɬɢɥɟ

ɋɭɛɝɟɧɨɦ D

Ƚɨɦɟɨɥɨɝɢɱɧɚɹ ɝɪɭɩɩɚ 2

Ƚɨɦɟɨɥɨɝɢɱɧɚɹ ɝɪɭɩɩɚ 3

33

Ƚɨɦɟɨɥɨɝɢɱɧɵɟ ɝɟɧɵ ɛɵɥɢ ɨɛɴɟɞɢɧɟɧɵ ɜ ɝɨɦɟɨɥɨɝɢɱɧɭɸ ɝɪɭɩɩɭ 
ɢ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɬɚɛɥɢɰɚ ɢɯ ɷɤɫɩɪɟɫɫɢɢ ɜ ɫɭɛɝɟɧɨɦɚɯ A, B ɢ D



Ⱥɧɚɥɢɡ ɞɢɮ. ɷɤɫɩɪɟɫɫɢɢ ɝɨɦɟɨɥɨɝɨɜ

Ƚɨɦɟɨɥɨɝɢɱɧɚɹ ɝɪɭɩɩɚ 1
Кɨɪɟɧɶ Кɨɥɟɨɩɬɢɥɟ

ɋɭɛɝɟɧɨɦ Ⱥ

Кɨɪɟɧɶ Кɨɥɟɨɩɬɢɥɟ

ɋɭɛɝɟɧɨɦ B

Кɨɪɟɧɶ Кɨɥɟɨɩɬɢɥɟ

ɋɭɛɝɟɧɨɦ D

Ƚɨɦɟɨɥɨɝɢɱɧɚɹ ɝɪɭɩɩɚ 2

Ƚɨɦɟɨɥɨɝɢɱɧɚɹ ɝɪɭɩɩɚ 3
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Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɷɤɫɩɪɟɫɫɢɹ ɛɵɥɚ ɩɨɫɱɢɬɚɧɚ ɦɟɠɞɭ ɤɨɪɧɟɦ ɢ 
ɤɨɥɟɨɩɬɢɥɟ ɞɥɹ ɝɨɦɟɨɥɨɝɢɱɧɨɣ ɝɪɭɩɩɵ ɜɧɭɬɪɢ ɤɚɠɞɨɝɨ ɫɭɛɝɟɧɨɦɚ


