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ˀе̶епто̬̼ ̦е̭пе̶̴̸̛̛е̭ко̐о ̛̥̥у̛̦тет̌

Ɉɫɧɨɜɧɵɦɢ ɭɱɚɫɬɧɢɤɚɦɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫɬɟɧɢɣ ɢ 
ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɹɜɥɹɸɬɫɹ ɪɟɰɟɩɬɨɪɵ 
ɪɚɫɬɟɧɢɣ ɢ ɛɚɤɬɟɪɢɚɥɶɧɵɟ ɥɢɝɚɧɞɵ.

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ 
ɪɟɰɟɩɬɨɪɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫɨ ɫɜɨɢɦɢ ɥɢɝɚɧɞɚɦɢ.

ȼɫɟ ɪɟɰɟɩɬɨɪɵ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ RLK 
(receptor-like kinase) ɢ RLP (receptor-like
protein).

1Bentham et al., 2020



ˀе̶епто̬̼ ̦е̭пе̶̴̸̛̛е̭ко̐о ̛̥̥у̛̦тет̌

ȼ ɧɚɲɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɡɭɱɚɸɬɫɹ LвsM 
ɪɟɰɟɩɬɨɪɵ, ɮɭɧɤɰɢɢ ɤɨɬɨɪɵɯ ɜɵɯɨɞɹɬ 
ɡɚ ɪɚɦɤɢ ɚɤɬɢɜɚɰɢɢ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɝɨ 
ɢɦɦɭɧɢɬɟɬɚ.

2Bentham et al., 2020

Ɉɫɧɨɜɧɵɦɢ ɭɱɚɫɬɧɢɤɚɦɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫɬɟɧɢɣ ɢ 
ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɹɜɥɹɸɬɫɹ ɪɟɰɟɩɬɨɪɵ 
ɪɚɫɬɟɧɢɣ ɢ ɛɚɤɬɟɪɢɚɥɶɧɵɟ ɥɢɝɚɧɞɵ.

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ 
ɪɟɰɟɩɬɨɪɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫɨ ɫɜɨɢɦɢ ɥɢɝɚɧɞɚɦɢ.

ȼɫɟ ɪɟɰɟɩɬɨɪɵ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ RLK 
(receptor-like kinase) ɢ RLP (receptor-like
protein).



Кл̴̛̛̭̭̌к̶̛̌́ LysM ̬е̶епто̬о̏

LysM-RLK ɫɨɫɬɨɹɬ ɢɡ ɜɧɟɤɥɟɬɨɱɧɨɝɨ 
ɞɨɦɟɧɚ (LвsM), ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ 
(ɤɢɧɚɡɧɵɣ ɞɨɦɟɧ) ɢ ɬɪɚɧɫɦɟɦɛɪɚɧɧɨɝɨ 
ɞɨɦɟɧɚ.

3Buendia et al., 2018



LysM-RLK ɫɨɫɬɨɹɬ ɢɡ ɜɧɟɤɥɟɬɨɱɧɨɝɨ 
ɞɨɦɟɧɚ (LвsM), ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ 
(ɤɢɧɚɡɧɵɣ ɞɨɦɟɧ) ɢ ɬɪɚɧɫɦɟɦɛɪɚɧɧɨɝɨ 
ɞɨɦɟɧɚ.

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɩɨɞɬɢɩɚ LвsM-RLK: 
LВK ɢ LВR.

Кл̴̛̛̭̭̌к̶̛̌́ LysM ̬е̶епто̬о̏

4Buendia et al., 2018



LysM-RLK ɫɨɫɬɨɹɬ ɢɡ ɜɧɟɤɥɟɬɨɱɧɨɝɨ 
ɞɨɦɟɧɚ (LвsM), ɜɧɭɬɪɢɤɥɟɬɨɱɧɨɝɨ 
(ɤɢɧɚɡɧɵɣ ɞɨɦɟɧ) ɢ ɬɪɚɧɫɦɟɦɛɪɚɧɧɨɝɨ 
ɞɨɦɟɧɚ.

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɩɨɞɬɢɩɚ LвsM-RLK: 
LВK ɢ LВR.

LysM-RLP ɢɦɟɸɬ ɬɨɥɶɤɨ ɜɧɟɤɥɟɬɨɱɧɵɣ 
LвsM ɞɨɦɟɧ ɢ ɹɤɨɪɶ-ɝɥɢɤɨɥɢɩɢɞ.

Кл̴̛̛̭̭̌к̶̛̌́ LysM ̬е̶епто̬о̏

5Buendia et al., 2018



Ɏɭɧɤɰɢɢ LвsM ɛɟɥɤɨɜ ɪɚɡɥɢɱɧɵ:
• Ⱥɤɬɢɜɚɰɢɹ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɝɨ 

ɢɦɦɭɧɢɬɟɬɚ

Фу̦к̶̛̛ LysM ̬е̶епто̬о̏

6Kirienko et al., 2018

ɇɨɞɭɥяɰɢя Ɇɢɤɨɪɢɡɚɰɢя
Гɪɢɛɤɨɜɚя
ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ

Ȼɚɤɬɟɪɢɚɥɶɧɚя
ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ



Фу̦к̶̛̛ LysM ̬е̶епто̬о̏

Ɏɭɧɤɰɢɢ LвsM ɛɟɥɤɨɜ ɪɚɡɥɢɱɧɵ:
• Ⱥɤɬɢɜɚɰɢɹ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɝɨ 

ɢɦɦɭɧɢɬɟɬɚ

• ɋɢɦɛɢɨɡ ɫ ɛɚɤɬɟɪɢɹɦɢ, 
ɮɢɤɫɢɪɭɸɳɢɦɢ ɚɬɦɨɫɮɟɪɧɵɣ ɚɡɨɬ 
(ɨɛɪɚɡɨɜɚɧɢɟ ɤɥɭɛɟɧɶɤɨɜ)

7Kirienko et al., 2018

ɇɨɞɭɥяɰɢя Ɇɢɤɨɪɢɡɚɰɢя
Гɪɢɛɤɨɜɚя
ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ

Ȼɚɤɬɟɪɢɚɥɶɧɚя
ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ



Фу̦к̶̛̛ LysM ̬е̶епто̬о̏

Ɏɭɧɤɰɢɢ LвsM ɛɟɥɤɨɜ ɪɚɡɥɢɱɧɵ:
• Ⱥɤɬɢɜɚɰɢɹ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɝɨ 

ɢɦɦɭɧɢɬɟɬɚ

• ɋɢɦɛɢɨɡ ɫ ɛɚɤɬɟɪɢɹɦɢ, 
ɮɢɤɫɢɪɭɸɳɢɦɢ ɚɬɦɨɫɮɟɪɧɵɣ ɚɡɨɬ 
(ɨɛɪɚɡɨɜɚɧɢɟ ɤɥɭɛɟɧɶɤɨɜ)

• ɋɢɦɛɢɨɡ ɫ ɝɪɢɛɚɦɢ Glomeromycota
(ɨɛɪɚɡɨɜɚɧɢɟ ɚɪɛɭɫɤɭɥɹɪɧɨɣ 
ɦɢɤɨɪɢɡɵ)

8Kirienko et al., 2018

ɇɨɞɭɥяɰɢя Ɇɢɤɨɪɢɡɚɰɢя
Гɪɢɛɤɨɜɚя
ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ

Ȼɚɤɬɟɪɢɚɥɶɧɚя
ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ



Vavilovia formosa

Кɪɚɬɤɚя ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ:

ɋɟɦɟɣɫɬɜɨ: FКЛКМОКО (ɛɨɛɨɜɵɟ)
Ɍɪɢɛɚ: Fabeae (ɛɨɛɨɜɵɟ)
Ɋɨɞ: Vavilovia
ȼɢɞ: Vavilovia formosa

• Эɧɞɟɦɢɤ Ʉɚɜɤɚɡɚ ɢ ɉɟɪɟɞɧɟɣ Ⱥɡɢɢ
• ɉɪɨɢɡɪɚɫɬɚɟɬ ɧɚ ɜɵɫɨɬɟ 2200 ɦ. ɢ 

ɛɨɥɟɟ ɧɚɞ ɭɪɨɜɧɟɦ ɦɨɪɹ
• Ɂɚɧɟɫɟɧɚ ɜ Ʉɪɚɫɧɭɸ ɤɧɢɝɭ Ɋɨɫɫɢɢ
• əɜɥɹɟɬɫɹ ɫɬɟɧɨɛɢɨɧɬɨɦ (ɫɥɨɠɧɨ 

ɜɵɪɚɫɬɢɬɶ ɩɪɢ ɧɟɩɨɞɯɨɞɹɳɢɯ 
ɭɫɥɨɜɢɹɯ ɫɪɟɞɵ)

• ɋɩɨɫɨɛɧɚ ɨɛɪɚɡɨɜɵɜɚɬɶ ɤɥɭɛɟɧɶɤɢ

9MikiР et al., 2013



Цел̛ ̛ ̌̚д̸̛̌

ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɚɧɚɥɢɡɟ ɫɬɪɭɤɬɭɪɵ ɢ ɷɜɨɥɸɰɢɢ ɝɟɧɨɜ, ɤɨɞɢɪɭɸɳɢɯ 
LвsM ɪɟɰɟɩɬɨɪɵ, ɜ ɝɟɧɨɦɟ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɨɪɝɚɧɢɡɦɚ ɫɟɦɟɣɫɬɜɚ Fabaceae V. formosa. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:

1. Ⱥɧɧɨɬɚɰɢɹ ɫɛɨɪɤɢ ɝɟɧɨɦɚ V. formosa;

2. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɟɩɟɪɬɭɚɪɚ LysM ɝɟɧɨɜ V. formosa ɧɚ ɨɫɧɨɜɟ ɟɝɨ ɝɟɧɨɦɧɨɣ ɚɧɧɨɬɚɰɢɢ;

3. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɛɟɥɤɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ LysM ɭ V. formosa ɫ ɩɨɦɨɳɶɸ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ 
ɩɪɟɞɫɤɚɡɚɧɢɟ ɮɭɧɤɰɢɣ ɛɟɥɤɨɜ ɧɚ ɨɫɧɨɜɟ ɝɨɦɨɥɨɝɢɢ; ɜɟɪɢɮɢɤɚɰɢɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 
ɨɪɬɨɥɨɝɢɢ ɝɟɧɨɜ ɫɟɦɢ ɪɨɞɫɬɜɟɧɧɵɯ ɨɪɝɚɧɢɡɦɨɜ;

4. Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɟɧɨɜ LysM ɜ ɝɟɧɨɦɟ V. formosa ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 
ɨɪɬɨɥɨɝɢɱɟɫɤɢɯ ɝɪɭɩɩ ɢ ɫɢɧɬɟɧɢɢ ɝɟɧɨɦɨɜ.
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ʺ̌те̛̬̌л̼

11

ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ:

1. Ʉɨɧɬɢɝɢ ɝɟɧɨɦɚ Vavilovia formosa, ɫɨɛɪɚɧɧɵɟ ɫɨɬɪɭɞɧɢɤɨɦ ɂɐɢȽ ɋɈ ɊȺɇ Ƚɟɧɚɟɜɵɦ Ɇ.Ⱥ. ɢɡ ɩɪɨɱɬɟɧɢɣ
ɬɟɯɧɨɥɨɝɢɣ HiSeq ɢ PacBio, ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɯ ɫɨɬɪɭɞɧɢɤɚɦɢ ɎȽȻɇɍ “ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɦɢɤɪɨɛɢɨɥɨɝɢɢ”;

2. ɏɨɪɨɲɨ ɚɧɧɨɬɢɪɨɜɚɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ LysM, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɚɛɨɬɚɯ Buendia et al., 2018 ɢ Zhang
et al., 2009, ɢ ɝɟɧɨɦɵ Pisum sativum ɢ Trifolium pratense;

3. Ⱦɜɚ ɛɟɥɤɚ ɜɨɞɨɪɨɫɥɟɣ, ɝɨɦɨɥɨɝɢɱɧɵɯ ɯɢɬɢɧɚɡɟ Chlamydomonas: KAF6263818.1 ɢ KAF5843657.1.



ʺетод̼
1. Иɞɟɧɬɢɮɢɤɚɰɢя ɝɨɦɨɥɨɝɨɜ LвsM-ɪɟɰɟɩɬɨɪɨɜ ɜ ɝɟɧɨɦɟ Vavilovia formosa

1. Ɇɚɫɤɢɪɨɜɚɧɢɟ ɤɨɧɬɢɝɨɜ ɩɨɫɪɟɞɫɬɜɨɦ RepeatMasker [Smit et al., 2013]
2. Ⱥɧɧɨɬɚɰɢɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Augustus [Stanke et al., 2004]
3. ȼɵɞɟɥɟɧɢɟ ɛɟɥɤɨɜ, ɧɟ ɩɪɟɞɫɤɚɡɚɧɧɵɯ Augustus
4. ɉɨɢɫɤ ɛɟɥɤɨɜ, ɫɨɞɟɪɠɚɳɢɯ LвsM ɢ/ɢɥɢ ɞɨɦɟɧ ɩɪɨɬɟɢɧɤɢɧɚɡɵ
5. ɉɟɪɟɩɪɨɜɟɪɤɚ ɩɪɟɞɫɤɚɡɚɧɧɵɯ ɛɟɥɤɨɜ ɫ ɩɨɦɨɳɶɸ InterPro [Blum et al. 2021]
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ʺетод̼
2. Фɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ LвsM ɛɟɥɤɨɜ 3. Ⱥɧɚɥɢɡ ɤɚɪɬɢɪɨɜɚɧɢя ɝɟɧɨɦɨɜ

13

1 2 ȺɭɬɝɪɭɩɩɵP. sativum 
LysM ɛɟɥɤɢ

T. pratense 
LysM ɛɟɥɤɢ

LysM ɛɟɥɤɢ 
(Zhang)

LysM ɛɟɥɤɢ 
(Buendia)

V. formosa 
LysM ɛɟɥɤɢ



ʿ̬ед̭к̛̦̌̌̚е ̐е̦о̏ ̏ ̐е̦о̥е Vavilovia formosa ̛ 
̭̬̦̌̏е̛̦е ̭ ̐е̦о̛̥̥̌ ̐о̬о̵̌ ̛ кле̏е̬̌

ɋɬɚɬɢɫɬɢɤɚ ɩɨ Vavilovia formosa

ɋɬɚɬɢɫɬɢɤɚ ɩɨ Pisum sativum

ɋɬɚɬɢɫɬɢɤɚ ɩɨ Trifolium pratense

14

ɂɫɫɥɟɞɨɜɚɧɧɵɟ ɝɟɧɨɦɵ ɨɤɚɡɚɥɢɫɶ ɛɥɢɡɤɢ ɩɨ 
ɤɨɥɢɱɟɫɬɜɭ ɛɟɥɤɨɜ LвsM: ɱɢɫɥɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 
ɫɨɞɟɪɠɚɳɢɯ LвsM ɞɨɦɟɧɵ ɜɚɪɶɢɪɭɟɬ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 24 
ɞɨ 39.

Ʉɨɥɢɱɟɫɬɜɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɭ ɤɨɬɨɪɵɯ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɫɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɞɨɦɟɧɵ, 
ɫɨɫɬɚɜɥɹɟɬ 18.

Ʉɨɥɢɱɟɫɬɜɨ ɤɨɧɬɢɝɨɜ 52880
Ʉɨɥɢɱɟɫɬɜɨ ɛɟɥɤɨɜ ɩɨɫɥɟ ɩɪɟɞɫɤɚɡɚɧɢɹ (Augustus) 35990
Ʉɨɥɢɱɟɫɬɜɨ ɛɟɥɤɨɜ ɩɨɫɥɟ ɩɪɟɞɫɤɚɡɚɧɢɹ (FGENESH) 102
Ʉɨɥɢɱɟɫɬɜɨ ɩɨɥɭɱɟɧɧɵɯ ɛɟɥɤɨɜ LysM 24
Ʉɨɥɢɱɟɫɬɜɨ ɛɟɥɤɨɜ LвsM ɩɨɫɥɟ ɩɟɪɟɩɪɨɜɟɪɤɢ (IntОrPro) 18

Ʉɨɥɢɱɟɫɬɜɨ ɛɟɥɤɨɜ ɜ ɩɪɨɬɟɨɦɟ 57835
Ʉɨɥɢɱɟɫɬɜɨ ɩɪɟɞɫɤɚɡɚɧɧɵɯ ɛɟɥɤɨɜ LysM 32
Ʉɨɥɢɱɟɫɬɜɨ ɛɟɥɤɨɜ LвsM ɩɨɫɥɟ ɩɟɪɟɩɪɨɜɟɪɤɢ (InterPro) 18

Ʉɨɥɢɱɟɫɬɜɨ ɛɟɥɤɨɜ ɜ ɩɪɨɬɟɨɦɟ 41270
Ʉɨɥɢɱɟɫɬɜɨ ɩɪɟɞɫɤɚɡɚɧɧɵɯ ɛɟɥɤɨɜ LysM 39
Ʉɨɥɢɱɟɫɬɜɨ ɛɟɥɤɨɜ LвsM ɩɨɫɥɟ ɩɟɪɟɩɪɨɜɟɪɤɢ (InterPro) 18



ʿ̬ед̭т̌̏ле̦̦о̭т̽ ̍елко̏ LysM ̏ ̛̬̭̹̬̌е̦̦о̥ 
̦̌̍о̬е о̛̬̦̥̐̌̚о̏

15

ȼɫɟɝɨ ɜ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ 
15 ɨɪɝɚɧɢɡɦɨɜ. ɂɡ ɧɢɯ 12 – ɜɵɫɲɢɟ ɪɚɫɬɟɧɢɹ.

Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɞɥɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɫɨɫɬɚɜɥɹɟɬ 201.

Ⱦɚɧɧɵɣ ɩɭɥ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɨɫɥɭɠɢɥ ɧɚɦ 
ɯɨɪɨɲɟɣ ɨɫɧɨɜɨɣ ɞɥɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɮɢɥɨɝɟɧɢɢ ɢ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ LysM ɛɟɥɤɨɜ V. formosa.



Ф̛ло̐е̦ет̸̛е̭кое де̬е̏о LysM ̍елко̏

ȼɵɞɟɥɹɟɬɫɹ ɱɟɬɵɪɟ ɨɫɧɨɜɧɵɯ ɤɥɚɫɬɟɪɚ:

Кɥɚɫɬɟɪ 1 – LВM ɛɟɥɤɢ

Кɥɚɫɬɟɪ 2 – LВK ɛɟɥɤɢ

Кɥɚɫɬɟɪ 3 – LВR ɛɟɥɤɢ

Кɥɚɫɬɟɪ 4 – LВK ɛɟɥɤɢ

16

Ʉɥɚɫɬɟɪ 1

Ʉɥɚɫɬɟɪ 2

Ʉɥɚɫɬɟɪ 3

Ʉɥɚɫɬɟɪ 4

Ⱥɭɬɝɪɭɩɩɚ

Ⱦɟɪɟɜɨ IQ-TREE
Ɇɟɬɨɞ: Maximum Likelihood
Ɇɨɞɟɥɶ: АAG+G4



Кл̴̛̛̭̭̌к̶̛̌́ LysM ̍елко̏ Vavilovia formosa

Backbone_25452
Backbone_34753
Backbone_47846
Backbone_13532
Backbone_27730
Backbone_13118

Backbone_18015
Backbone_12825

Backbone_13030
Backbone_42091
Backbone_1833
Backbone_17738
Backbone_46421
Backbone_8237.1
Backbone_8237.2
Backbone_17943

LYK LYM LYR

6 ɛɟɥɤɨɜ

2 ɛɟɥɤɚ

8 ɛɟɥɤɨɜ
17



Кл̴̛̛̭̭̌к̶̛̌́ LysM ̍елко̏ Vavilovia formosa

Backbone_25452
Backbone_34753
Backbone_47846
Backbone_13532
Backbone_27730
Backbone_13118

Backbone_18015
Backbone_12825

Backbone_13030
Backbone_42091
Backbone_1833
Backbone_17738
Backbone_46421
Backbone_8237.1
Backbone_8237.2
Backbone_17943

LYK LYM LYR

6 ɛɟɥɤɨɜ

2 ɛɟɥɤɚ

8 ɛɟɥɤɨɜ
17

Ȼɟɥɤɢ ɫ ɞɚɧɧɵɦɢ ɢɞɟɧɬɢɮɢɤɚɬɨɪɚɦɢ 
ɧɟ ɛɵɥɢ ɨɬɧɟɫɟɧɵ ɤ ɤɚɤɨɦɭ-ɥɢɛɨ 
ɤɥɚɫɫɭ LysM ɪɟɰɟɩɬɨɪɨɜ

Backbone_22243.1
Backbone_22243.2



О̬толо̸̛̐е̭к̛е ̬̐упп̼ кле̏е̵̬̦̼ ̛ 
̍о̍о̵̼̏

OrthoFinder

TransDecoder

18

Lens culinaris
Vicia faba
Cicer arietinum

Vavilovia formosa
Medicago truncatula
Trifolium pratense
Glycine max
Pisum sativum

Ɍɪɚɧɫɤɪɢɩɬɨɦɵɉɪɨɬɟɨɦɵ



О̬толо̸̛̐е̭к̛е ̬̐упп̼ кле̏е̵̬̦̼ ̛ 
̍о̍о̵̼̏

19

ɋɬɚɬɢɫɬɢɤɚ ɩɨ ɩɪɨɬɟɨɦɚɦ ɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚɦ

Ɉɪɝɚɧɢɡɦ Иɡɧɚɱɚɥɶɧɵɟ 
ɞɚɧɧɵɟ

Кɨɥ-ɜɨ ɩɨɫɥ.
ɞɨ 

ɩɪɟɞɫɤɚɡɚɧɢя

Кɨɥ-ɜɨ ɩɨɫɥ.
ɩɨɫɥɟ 

ɩɪɟɞɫɤɚɡɚɧɢя

Ɋɚɡɦɟɪ 
ɩɪɨɬɟɨɦɚ,

Ɇɛ
Ȼɚɡɚ ɞɚɧɧɵɯ

Medicago 
truncatula

ɉɪɨɬɟɨɦ 41939 41939 23.0
NCBI 

(MedtrA17_4.0)

Trifolium 
pratense

ɉɪɨɬɟɨɦ 41270 41270 22.6 Ensembl

Glycine 
max

ɉɪɨɬɟɨɦ 71219 71219 37.7
NCBI 

(Glycine_max_v2.1)
Cicer 

arietinum
Ɍɪɚɧɫɤɪɢɩɬɨɦ 56176 59890 28.5 Pulse Crop Database

Vicia
faba

Ɍɪɚɧɫɤɪɢɩɬɨɦ 37378 43617 20.4 Pulse Crop Database

Pisum 
sativum

ɉɪɨɬɟɨɦ 57835 57835 20.4 URGI

Lens 
culinaris

Ɍɪɚɧɫɤɪɢɩɬɨɦ 33613 38644 17.7 Pulse Crop Database

Vavilovia 
formosa

Ƚɟɧɨɦ 52880 35990 11.8 -

OrthoFinder

TransDecoder

Lens culinaris
Vicia faba
Cicer arietinum

Vavilovia formosa
Medicago truncatula
Trifolium pratense
Glycine max
Pisum sativum

ɉɪɨɬɟɨɦɵ Ɍɪɚɧɫɤɪɢɩɬɨɦɵ



О̬толо̸̛̐е̭к̛е ̬̐упп̼ кле̏е̵̬̦̼ ̛ 
̍о̍о̵̼̏

Нɟɭɤɨɪɟɧɟɧɧɨɟ ɞɟɪɟɜɨ, ɩɨɫɬɪɨɟɧɧɨɟ ɧа ɨɫɧɨɜɟ 217 ɭɧиɤаɥɶɧɵх ɨɪɬɨɝɪɭɩɩ (-m MSA)

20

ТȞȖȏȎ ȘșеȐеȞțȩȣ

ЧȎȟȠȪ ȠȞȖȏȩ ȏȜȏȜȐȩȣ

Ⱦɚɧɧɚɹ ɬɨɩɨɥɨɝɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɢɧɹɬɨɣ ɬɨɩɨɥɨɝɢɢ 
ɜ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ, ɝɞɟ:

• Ȼɨɛɨɜɵɟ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɬɪɢɛɭ ɤɥɟɜɟɪɧɵɯ 
(Trifolieae) ɢ ɛɨɛɨɜɵɯ (Fabeae)

• ɍɤɨɪɟɧɹɟɬ ɞɜɟ ɬɪɢɛɵ G. max ɢ C. arietinum

• V. formosa ɹɜɥɹɟɬɫɹ ɫɟɫɬɪɢɧɫɤɢɦ ɨɪɝɚɧɢɡɦɨɦ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ P. sativum



О̬толо̸̛̐е̭к̛е ̬̐упп̼ кле̏е̵̬̦̼ ̛ 
̍о̍о̼̏

Ɉ̵ɪɬɨɝɪɭɩɩɚ Vavilovia formosa Pisum sativum Medicgo truncatula Кɥɚɞɚ

OG0010100 Backbone_18015 Psat7g088120.1 MTR_4g094730 LYMII

OG0010030 Backbone_12825 Psat5g132320.1 MTR_3g072410 LYMI

OG0004500
Backbone_17738
Backbone_46421

Psat3g105440.1
Psat0s1633g0040.1

MTR_7g079320
MTR_7g079350

LYRIV

OG0008386 Backbone_42091
Psat4g090800.1
Psat2g162600.1

MTR_8g078300
MTR_5g019040

LYRI A

OG0019933 Backbone_1833 Psat3g176480.1 MTR_7g029650 LYRII A

OG0012903 Backbone_17943 Psat6g010960.1 MTR_1g021845 LYRIII B

OG0000465

Backbone_34753
Backbone_27730
Backbone_25452
Backbone_47846
Backbone_13532

Psat0s1360g0040.1 
Psat1g177920.1
Psat2g024320.1 
Psat5g112080.1

MTR_3g080050
MTR_5g086030
MTR_2g024290
MTR_5g086310

LYKI

OG0004453 Backbone_13118 Psat4g197320.1 MTR_8g014500 LYKIII

OG0008082
Backbone_22243.1
Backbone_22243.2

MTR_5g086660 LYKI

OG0010518
Backbone_8237.1
Backbone_8237.2

Psat2g024920.1
Psat2g024880.1

MTR_5g085790 LYRIII C

OG0017145 Backbone_13030 Psat6g102960.1 MTR_5g042440 LYRI B

OG0034034 MTR_3g080170 LYRIII C

OG0015210 Psat0s744g0040.1 MTR_4g058570 LYRII B

OG0013118 Psat2g162560.1 MTR_5g019050 LYRIII A
OG0013229 Backbone_47588 Psat2g094040.1 MTR_5g033490 LYKII

OG0023994 MTR_5g086040 LYKI

OG0017671

MTR_5g086540
MTR_5g086090
MTR_5g086110
MTR_5g086120
MTR_5g086130

LYKI
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ȼ ɬɚɛɥɢɰɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɫɟ ɛɟɥɤɢ LysM V.
formosa ɢ T. pratense, ɨɩɪɟɞɟɥɟɧɧɵɟ ɪɚɧɟɟ ОȞȠȜșȜȑȖчȓȟȘȖȓ ȑȞȡȝȝȩб ȟȜȒȓȞȔȎщȖȓ ȏȓșȘȖ LysM, 

ȝȜșȡчȓțțȩȓ ȟ ȝȜȚȜщȪю OrthoFinder



ʿоте̶̛̦̌л̦̽ое ̬̭̌поло̙е̛̦е ̐е̦о̏ LysM ̏ 
̐е̦о̥е Vavilovia formosa

Ɋɟɡɭɥɶɬɚɬɵ ɨɫɧɨɜɚɧɵ ɧɚ:
• Ɋɟɡɭɥɶɬɚɬɚɯ ɚɧɚɥɢɡɚ ɨɪɬɨɝɪɭɩɩ
• Ɋɟɡɭɥɶɬɚɬɚɯ ɤɚɪɬɢɪɨɜɚɧɢɹ CDS ɢ 

ɤɨɧɬɢɝɨɜ ɜɚɜɢɥɨɜɢɢ ɢ CDS ɝɨɪɨɯɚ ɧɚ 
ɪɟɮɟɪɟɧɫɧɵɣ ɝɟɧɨɦ Medicago truncatula

• Ɋɟɡɭɥɶɬɚɬɚɯ ɤɚɪɬɢɪɨɜɚɧɢɹ CDS ɢ 
ɤɨɧɬɢɝɨɜ ɜɚɜɢɥɨɜɢɢ ɧɚ ɪɟɮɟɪɟɧɫɧɵɣ 
ɝɟɧɨɦ Pisum sativum

• Ʌɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɨ ɤɨɥɢɱɟɫɬɜɟ 
ɯɪɨɦɨɫɨɦ

• Ʌɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɫ ɦɟɬɚɮɚɡɧɨɣ 
ɩɥɚɫɬɢɧɤɨɣ (ɞɥɹ ɩɪɢɦɟɪɧɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɪɚɡɦɟɪɨɜ)

22

ǾȎȟȝȜșȜȔȓțȖȓ ȑȓțȜȐ LysM țȎ хȞȜȚȜȟȜȚȎх V. formosaг ǿȐȓȞхȡ ȝȜȘȎȕȎțȩ țȜȚȓȞȎ 
хȞȜȚȜȟȜȚ V. formosaб ȟțȖȕȡ – țȜȚȓȞȎ хȞȜȚȜȟȜȚ P. sativum



Э̏ол̶̛̀́ ̛̭̦те̦̦о̐о ̍лок̌ LysM ̐е̦о̏

Medicago truncatulaPisum sativumVavilovia formosa
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Фу̦к̶̛̛ ̍елко̏ Vavilovia formosa, 

п̬ед̭к̦̦̼̌̌̚е ̦̌ о̭̦о̏е ̐о̥оло̛̛̐

24



ʦ̼̏од̼

1. ɇɚ ɨɫɧɨɜɟ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɧɧɨɬɚɰɢɢ ɫɛɨɪɤɢ ɝɟɧɨɦɚ V. formosa ɜɵɹɜɥɟɧɨ 35990 ɝɟɧɨɜ, ɤɨɞɢɪɭɸɳɢɯ 
ɛɟɥɤɢ;

2. ȼɩɟɪɜɵɟ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɪɟɩɟɪɬɭɚɪ LysM ɝɟɧɨɜ V. formosa, ɜɤɥɸɱɚɸɳɢɣ 18 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ;

3. ɇɚ ɨɫɧɨɜɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɪɨɜɟɞɟɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɛɟɥɤɨɜɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 
LysM ɝɟɧɨɜ V. formosa ɢ ɜɵɹɜɥɟɧɨ ɬɪɢ ɢɯ ɫɟɦɟɣɫɬɜɚ: LYK (6 ɛɟɥɤɨɜ), LYR (8 ɛɟɥɤɨɜ), LYM (2 
ɛɟɥɤɚ); ɞɚɧɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɧɚ ɨɫɧɨɜɟ ɩɨɢɫɤɚ ɨɪɬɨɥɨɝɢɱɟɫɤɢɯ ɝɪɭɩɩ ɛɟɥɤɨɜ 
ɜ ɩɪɨɬɟɨɦɚɯ ɢ ɬɪɚɧɫɤɪɢɩɬɨɦɚɯ ɛɨɛɨɜɵɯ; ɨɬɞɟɥɶɧɨ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɞɜɚ ɛɟɥɤɚ V. formosa ɫ 
ɞɨɦɟɧɚɦɢ LysM, ɨɬɧɟɫɬɢ ɤɨɬɨɪɵɟ ɤ ɫɟɦɟɣɫɬɜɚɦ LysM ɧɟ ɩɪɟɞɫɬɚɜɢɥɨɫɶ ɜɨɡɦɨɠɧɵɦ;

4. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɨɪɬɨɥɨɝɢɱɟɫɤɢɯ ɝɪɭɩɩ ɢ ɚɧɚɥɢɡɚ ɫɢɧɬɟɧɢɢ ɝɟɧɨɦɨɜ ɛɵɥɚ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ 
ɝɢɩɨɬɟɡɚ ɨ ɪɚɫɩɨɥɨɠɟɧɢɢ ɝɟɧɨɜ LysM ɧɚ ɯɪɨɦɨɫɨɦɚɯ V. formosa.
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ʥл̌̐од̬̌̀ ̌̚ ̛̛̦̥̦̏̌е!

Ко̦т̌кт̼:
К̬̌ет̛̦ко̏ ʪ̛̥т̛̬̜ И̐о̬е̛̏ч
karetnikovmit@bionet.nsc.ru



ˀе̚ул̽т̌т̼ к̬̌т̛̬о̛̦̏̌́



https://core.ac.uk/download/pdf/8680542.pdf



Ф̛ло̐е̦ет̸̛е̭к̛е от̦о̹е̛̦́ ̏ ̍елк̵̌ 
̭е̥е̜̭т̏ LYM



Ф̛ло̐е̦ет̸̛е̭к̛е оп̛̛̭̦̌е ̍елко̏ 
̭е̥е̜̭т̏̌ LYK


