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АAABF4F<O. �4D4;<I4 >G@E>4S (Orobanche 

cumana Wallr.) – B5?<74FAO= C4D4;<F, ECBEB5AO= 
6O;64FP ;A4K<F9?PAB9 EA<:9A<9 GDB:4S CB8EB?-
A9KA<>4. �4<5B?99 D4ECDBEFD4A9AAB= < 6<DG?9AF-
AB= D4EB= ;4D4;<I< 6  BEE<=E>B= $989D4J<< 
S6?S9FES D4E4 G. Э>B?B7<KAO@ < Q>BAB@<K9E>< 
6O7B8AO@ ECBEB5B@ 5BDP5O E A9= S6?S9FES 6OD4-
M<64A<9 79A9F<K9E>< GEFB=K<6OI EBDFB6 < 7<5D<-
8B6 CB8EB?A9KA<>4. �D<@9A9A<9 ��К-@4D>9DB6 
CD< BF5BD9 GEFB=K<6OI D4EF9A<= ;A4K<F9?PAB CB-
6OL49F QHH9>F<6ABEFP E9?9>J<BAAB7B CDBJ9EE4. 
�?S @4D><DB64A<S GEFB=K<6BEF< CB8EB?A9KA<>4 > 
D4E9 G ;4D4;<I< E CB@BMPR 5<B<AHBD@4F<K9E><I 
CB8IB8B6 5O?< D4;D45BF4AO AB6O9 ��К-@4D>9DO – 

K9FOD9 SCAR (sequence characterized amplified 

region) < 10 SSR (simple sequence repeat). �4D>9DO 
5O?< CDB69D9AO A4 20 ?<A<SI < 7<5D<84I CB8EB?-
A9KA<>4. �B D9;G?PF4F4@ CDB69D>< 5O?< CBQF4CAB 
<E>?RK9AO <; <EE?98B64A<S 6E9 SSR- < 864 SCAR-

@4D>9D4. SCAR-@4D>9D RORS1 I4D4>F9D<;B64?ES 
A4?<K<9@ 4@C?<H<J<DB64AAB7B HD47@9AF4 ��К 
8?<AB= ≈ 168 C.A. < CB>4;4? 4EEBJ<4J<R E CD<;A4-
>B@ GEFB=K<6BEF<, 4 SORS1 E 8?<AB= HD47@9AF4    

≈ 322 C.A. – E6S;P E 6BECD<<@K<6O@ H9ABF<CB@. 
�; A<I 5O?4 EBEF46?9A4 @4D>9DA4S E<EF9@4 8?S 
@G?PF<C?9>EAB= �& , >BFBD4S CB;6B?<?4 D4;?<-
K4FP GEFB=K<6O9 < 6BECD<<@K<6O9 ?<A<< < 7<-
5D<8O, >DB@9 ?<A<< �К678 < 7<5D<8B6 F1, 

CB?GK9AAOI E <ECB?P;B64A<9@ 99 6 >4K9EF69 DB8<-
F9?PE>B=. �?S GEFD4A9A<S A98BEF4F>B6 @4D>9DAB= 
E<EF9@O 5O?< E>BAEFDG<DB64AO E9@P SCAR-

@4D>9DB6, 4A4?B7<KAOI SORS1. �B D9;G?PF4F4@ 
BJ9A>< 5O? BFB5D4A @4D>9D SORS9, I4D4>F9D<;G-
RM<=ES A4?<K<9@ 4@C?<H<J<DB64AAB7B HD47@9AF4 
��К 8?<AB= ≈ 217 C.A. G 6BECD<<@K<6OI 79ABF<-

CB6. �B64S E<EF9@4 @4D>9DB6 RORS1/SORS9 8?S 
@G?PF<C?9>EAB= �&  5O?4 64?<8<DB64A4 A4 70 
?<A<SI < 7<5D<84I CB8EB?A9KA<>4. �BECD<<@K<-
6O9 ?<A<< < 7<5D<8O I4D4>F9D<;B64?<EP 4@C?<-
H<>4J<9= FB?P>B @4D>9D4 SORS9, GEFB=K<6O9 
?<A<< – FB?P>B @4D>9D4 RORS1, 4 GEFB=K<6O9 
7<5D<8O – B5B<I @4D>9DB6.  4;D45BF4AA4S @4D-
>9DA4S E<EF9@4 CB;6B?<?4 BF?<K<FP 6E9 6BECD<-
<@K<6O9 ?<A<< < 7<5D<8O BF GEFB=K<6OI 
79ABF<CB6 CB8EB?A9KA<>4. 
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Abstract. Broomrape (Orobanche cumana Wallr.) 

is an obligatory parasite which is able to decrease 

significantly sunflower yields. The race G is the most 

spread and virulence broomrape race in the Russian 

Federation. Cultivation of genetically resistance sun-

flower varieties and hybrids is the most ecologic and 

economically efficient method to control this parasite 

plant. Usage of DNA-markers when selecting the 

resistant plants increases significantly the effective-

ness of a breeding process. To mark the sunflower 

resistance to broomrape race G, using bioinformative 

approaches, we developed new DNA-markers: four 

SCAR (sequence characterized amplified region) and 

ten SSR (simple sequence repeat). These markers 

were tested on 20 lines and hybrids of sunflower. Due 

to the results of this testing, all SSR- and two SCAR-

markers were eliminated by steps. SCAR-marker 

RORS1 was characterized with the presence of an 

amplified DNA fragment with a length ≈ 168 bps and 

showed association with a trait of resistance, and 

SORS1 with a fragment length ≈ 322 bps had a rela-

tion with a susceptible phenotype. These markers 

composed a marker system for a multiplex PCR, 
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which allowed distinguishing resistant and susceptible 

lines and hybrids, except a line VK678 and F1 hybrids 

developed using this line as parental one. To elimi-

nate faults of the marker system, seven SCAR-

markers analogous to SORS1 were created. Due to 

estimation result, we selected a marker SORS9 char-

acterized with the presence an amplified DNA frag-

ment with a length ≈ 217 bps in susceptible 

phenotypes. The new system of markers 

RORS1/SORS9 for a multiplex PCR was validated on 

70 sunflower lines and hybrids. The susceptible lines 

and hybrids were characterized with amplification of 

only marker SORS9, resistant lines – only marker 

RORS1, and resistant hybrids – both markers. The 

developed marker system allowed distinguishing all 

susceptible lines and hybrids from the resistant sun-

flower genotypes.      

 

Key words: sunflower, broomrape, Orobanche 

cumana, DNA-marker, marker-associated breeding, 
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�6989A<9: �B8EB?A9KA<> S6?S9FES 
64:AB= @4E?<KAB= < >BA8<F9DE>B= >G?P-
FGDB=, K9F69DFB= CB CBCG?SDABEF< 6 @<D9 
CBE?9 C4?P@O, EB< < D4CE4. �7B @4E?B EB-
89D:<F A9A4EOM9AAO9 :<DAO9 ><E?BFO, 
H<FBEF9DB?O < 6<F4@<A �, >BFBDO=, >4> 
<;69EFAB, EA<:49F GDB69AP ?<C<8B6 A<;-
>B= C?BFABEF<, CB6OL49F <@@GA<F9F < 
;4M<M49F BF E9D89KAB-EBEG8<EFOI ;45B-
?964A<= [1]. !GM9EF6GRF 5<BF<K9E><9 
H4>FBDO, B7D4A<K<64RM<9 6OD4M<64A<9 
CB8EB?A9KA<>4, < B8A<@ <; A<I S6?S9FES 
B5?<74FAO= C4D4;<F – ;4D4;<I4 >G@E>4S 
(Orobanche cumana Wallr.). !<?PAB9 CB-
D4:9A<9 QF<@ C4D4;<FB@ ECBEB5AB CB?AB-
EFPR GA<KFB:<FP GDB:4=. �BCG?SJ<< 
;4D4;<I< B5OKAB CB8D4;89?SRF A4 D4EO 6 
;46<E<@BEF< BF <I 6<DG?9AFABEF<. К 
A4EFBSM9@G 6D9@9A< 6 @<D9 <;69EFAB B 
6BEP@< D4E4I (�, B, !, D, E, F, G < H) [2]. 
�EE?98B64A<S D4EB6B7B EBEF464 ;4D4;<I< 
E 25 CB?9= L9EF< D97<BAB6  BEE<=E>B= 
$989D4J<< (!4@4DE>4S, �D9A5GD7E>4S, 
�BDBA9:E>4S, �9?7BDB8E>4S B5?4EF<, 
!F46DBCB?PE><= < КD4EAB84DE><= >D4S) 
CB>4;4?<, KFB A4 5B?PL<AEF69 CB?9= 8B-
@<A<DG9F D4E4 G ;4D4;<I<, A4 A9>BFBDOI 
CD9B5?484RF @9A99 6<DG?9AFAO9 – � < F. 
� A4<5B?99 6<DG?9AFAO= 5<BF<C (�) 6O-
S6?9A A4 CB?SI CD4>F<K9E>< 6E9I <EE?9-

8B64AAOI D97<BAB6 [3]. �?S EA<:9A<S 
A974F<6AOI CBE?98EF6<=, 6O;O649@OI 
C4D4;<FB@, CD<@9ASRFES D4;?<KAO9 8BDB-
7BEFBSM<9 47DBF9IAB?B7<K9E><9 CD<9@O, 
6 BEB59AABEF< B5D45BF>4 CBE96B6 79D5<-
J<84@< [4]. �B;89?O64A<9 :9 GEFB=K<6OI 
EBDFB6 < 7<5D<8B6 CB8EB?A9KA<>4 BF9K9-
EF69AAB7B CDB<EIB:89A<S CB;6B?<F 5B?99 
Q>BAB@AB < Q>B?B7<K9E>< 59;BC4EAB CDB-
F<6B89=EF6B64FP ;4D4;<I9. �4 84AAO= 
@B@9AF BF5BD 79ABF<CB6 CB8EB?A9KA<>4 
CB CD<;A4>G GEFB=K<6BEF< > ;4D4;<I9 
CDB6B8<FES FB?P>B CB D9;G?PF4F4@ H9AB-
F<C<K9E>B= BJ9A>< A4 <AH9>J<BAAB@ 
HBA9 [5]. ЭFBF CDBJ9EE I4D4>F9D<;G9FES 
6OEB>B= FDG8B;4FD4FABEFPR < A98BEF4-
FBKAB 6OEB>B= CDBCGE>AB= ECBEB5AB-
EFPR. �ECB?P;B64A<9 @B?9>G?SDAOI 
@4D>9DB6 CB;6B?<F BEGM9EF6?SFP BF5BD 
79ABF<CB6, EB89D:4M<I 79A GEFB=K<6B-
EF<, 6 FB@ K<E?9 CD< >B@5<A<DB64A<< 
D4;AOI 79AB6 < <AFDB7D9EE<< 6 8DG7B= 
E9?9>J<BAAO= @4F9D<4?, 59; B5S;4F9?P-
AB= @4EEB6B= H<FBC4FB?B7<K9E>B= BJ9A-
><.  4;D45BF>4 < 84?PA9=L99 <ECB?P-
;B64A<9 @4D>9DAOI E<EF9@ 8?S GE>BD9A-
AB= E9?9>J<< CB8EB?A9KA<>4 4>F<6AB 
CD<@9AS9FES 6B @AB7<I EFD4A4I [6; 7; 8; 

9]. �?S D4;D45BF>< @B?9>G?SDAOI @4D>9-
DB6 GEFB=K<6BEF< > ;4D4;<I9 ;4DG59:AO-
@< GK9AO@< 6OCB?A9A DS8 <EE?98B64A<= 
CB CB<E>G @9EFBCB?B:9A<S 79AB6 GEFB=-
K<6BEF< CB8EB?A9KA<>4 > D4;AO@ 99 D4-
E4@.  4EBEC9J<H<KAO= 79A, >BAFDB-
?<DGRM<= GEFB=K<6BEFP > D4E9 E – Or5, 
>4DF<DB64A 6 F9?B@9DAB= B5?4EF< IDB@B-
EB@O 3 A4 7,5 E� 6OL9 @4D>9D4 ORS1036 
[10]. � FB= :9 IDB@BEB@9 CB;:9 5O? ?B-
>4?<;B64A 79A GEFB=K<6BEF< > D4E9 6OL9 
F – orab-vl-8 [11]. �9E@BFDS A4 5?<;>B9 D4E-
CB?B:9A<9 > 79AG Or5, 8B>4;4AB, KFB QF< 
79AO D4;?<KAO. �B;:9 I. Imerovski et al.  
>4DF<DB64?< 8B 23 ;A4K<@OI QTL 
(Quantitative trait loci) GEFB=K<6BEF< 6 79-
AB@9 CB8EB?A9KA<>4. �64 BEAB6AOI QTL 
– or3.1 < or3.2 – D4ECB?474?<EP 6 IDB@B-
EB@9 3. QTL or3.1 5O? D4ECB?B:9A 6 79-
AB@AB= B5?4EF<, 789 5O? >4DF<DB64A 
CD98L9EF6GRM<= 79A GEFB=K<6BEF< > ;4-
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D4;<I9 Or5, 6 FB 6D9@S >4> QTL or3.2 
6C9D6O9 5O? <89AF<H<J<DB64A 6 A<:A9= 
B5?4EF< FB= :9 IDB@BEB@O [12]. "4>:9 
B8<A 79A GEFB=K<6BEF< > D4E9 F HaOr7 
>4DF<DB64A A4 IDB@BEB@9 7 [13]. �B A9>B-
FBDO@ 84AAO@, QFBF 79A F4>:9 @B:9F 
>BAFDB?<DB64FP GEFB=K<6BEFP > D4E4@ 
6OL9 F [14]. �9A GEFB=K<6BEF< > D4E9 G 
OrDeb2, <AFDB7D9EE<DB64AAO= 6 >G?PFGD-
AO= CB8EB?A9KA<> BF H. debilis subsp. 

tardiflorus, >4DF<DB64A 6 69DIA9= CB?B-
6<A9 IDB@BEB@O 4 [15]. �4 84AAO= @B-
@9AF A9<;69EFA4 ?B>4?<;4J<S < A9 
@4D><DB64AB 5B?PL<AEF6B 79AB6 GEFB=-
K<6BEF< > D4E4@ ;4D4;<I< G CB8EB?A9KA<-
>4, 6B;89?O649@B7B A4 F9DD<FBD<<  $. 
�6FBD4@< 84AAB= D45BFO 5O?B <E>?RK9-
AB D4ECB?B:9A<9 79A4, >BAFDB?<DGRM97B 
GEFB=K<6BEFP > D4E9 G ;4D4;<I< CB8EB?-
A9KA<>4 G GEFB=K<6OI ?<A<= �����К, 6 
A9CBED98EF69AAB= 5?<;BEF< > 79AG orab-vl-8 
A4 IDB@BEB@9 3 [16]. �BE>B?P>G A4 CB?SI 
 $ 6E9 9M9 CD9B5?4849F D4E4 G ;4D4;<I<, 
4>FG4?PA4 D4;D45BF>4 E<EF9@O @4D>9DB6 
CD<;A4>4 GEFB=K<6BEF< CB8EB?A9KA<>4 > 
QFB= D4E9 8?S BEGM9EF6?9A<S @4D>9D-

6ECB@B74F9?PAB= E9?9>J<<. 
 4F9D<4?O < @9FB8O. �4F9D<4? <E-

E?98B64A<S – 66 <;69EFAOI GEFB=K<6OI < 
6BECD<<@K<6OI > D4E9 G ;4D4;<I< ?<A<= 
< 7<5D<8B6 E9?9>J<< �����К, 869 ?<-
A<<-8<HH9D9AJ<4FBD4 > D4E9 F ;4D4;<I< 
LC1093 < P96 < 864 GEFB=K<6OI >B@@9D-
K9E><I 7<5D<84 <ABEFD4AAB= E9?9>J<< 
!� '9EF9D (Syngenta, (69=J4D<S) < 
P64LC108 (Pioneer Hi-Bred International, 
Inc., !(�) (D<E. 1). 

�?S D4;D45BF>< ��К-@4D>9DB6 <ECB?P-
;B64?<EP AG>?9BF<8AO9 CBE?98B64F9?PAB-
EF< <; 54; 79A9F<K9E><I 84AAOI RefSeq 
(Reference Sequence) < GenBank® [17]. 
�B<E> @<>DBE4F9??<FAOI ?B>GEB6 5O? 
CDB6989A E CB@BMPR CDB7D4@@AB7B B59E-
C9K9A<S GMATA [18]. �<;4=A C4D CD4=-
@9DB6 CDB6B8<?ES E CB@BMPR BA?4=A-
D9EGDE4 Primer-BLAST [19; 20] E in silico 
CDB69D>B= EC9J<H<KABEF< BF:<74 A4 D9-
CD9;9AF4F<6AB@ 79AB@9 CB8EB?A9KA<>4 
HanXRQr2.0-SUNRISE [21; 22]. �?S 4A4-
?<;4 5<B<AHBD@4F<K9E><I 84AAOI <E-
CB?P;B64?BEP CDB7D4@@AB9 B59EC9K9A<9 

UGENE (#A<CDB,  $) [23]. �<;G4?<;4J<S 
D9;G?PF4FB6 <EE?98B64A<S CDB6B8<?4EP E 
CB@BMPR C4>9F4 R ggplot2 [24] E <ECB?P-
;B64A<9@ CDB7D4@@AB7B B59EC9K9A<S R 
69DE<< 4.2.2 [25].  

�O89?9A<9 < BK<EF>4 ��К <; D4EF<-
F9?PAB7B @4F9D<4?4 CDB6B8<?4EP @9FB8B@ 
!"�� E A9>BFBDO@< @B8<H<>4J<S@< 
[26], Diamond DNA Plant kit (�?F4=5<B-
F9I,  $) 4 F4>:9 A45BDB@ �47AB�D4=@® 
$�"� (�9>EF�<B,  $) CD< CB@BM< 46FB-
@4F<K9E>B= EF4AJ<< Q>EFD4>J<< < BK<EF-
>< AG>?9<AB6OI ><E?BF Auto-pure 96 
(Allsheng, К� ). К4K9EF6B 6O89?9AAB= 
��К BCD989?S?< E CB@BMPR @<>DBEC9>-
FDBHBFB@9FD4 Nano-300 (Allsheng, К� ). 

�?S CDB6989A<S CB?<@9D4;AB= J9CAB= 
D94>J<< (�& ) <ECB?P;B64?< 25 @>? D94>-
J<BAAB= E@9E< E?98GRM97B EBEF464:     
2,5 @>? 10x�& -�GH9D-� 8?S Taq ��К-
CB?<@9D4;O; 2,5 @M MgCl2; 0,2 @M >4:-
8B7B 89;B>E<D<5BAG>?9B;<8HBEH4F4; CB 
10 C� >4:8B7B CD4=@9D4; 10–30 A7 @4F-
D<KAB= ��К < 1 98. SynTaq ��К-CB?<-
@9D4;O (!<AFB?,  $). �&  CDB6B8<?4EP 6 
4@C?<H<>4FBD9 AG>?9<AB6OI ><E?BF 
MiniAmp™  (Thermo Fisher Scientific, 
!(�). #E?B6<S 4@C?<H<>4J<<: A4K4?P-
A4S 89A4FGD4J<S – 3 @<A 94 °!, ;4F9@     
35 J<>?B6: 89A4FGD4J<S 94 °! – 30 E9>, 
BF:<7 CD< 60 °! 6 F9K9A<9 40 E9>, Q?BA74-
J<S – 40 E9> CD< 72 °!, H<A4?PA4S Q?BA74-
J<S – 5 @<A. �?S �&  4A4?<;4 
<ECB?P;B64?< 864 F<C4 CD4=@9DB6: SCAR 
(sequence characterized amplified region) < 
SSR (simple sequence repeat).  

Э?9>FDBHBD9; CDB8G>FB6 4@C?<H<>4-
J<< CDB6B8<?< 6 474DB;AB@ 79?9 (1,5 % 
474DB;4, 1ISB-5GH9D) E <ECB?P;B64A<9@ 
>4@9DO 8?S 7BD<;BAF4?PAB7B Q?9>FDBHB-
D9;4 SE.2 (%9?<>BA,  $) 6 F9K9A<9 1 K CD< 
E<?9 FB>4 50–58 mA < A4CDS:9A<< 80– 
100 V. �>D4L<64A<9 CDB8G>FB6 �&  
BEGM9EF6?S?< 5DB@<EFO@ QF<8<9@.  9-
;G?PF4FO Q?9>FDBHBD9;4 8B>G@9AF<DB64?< 
CD< CB@BM< 79?P-8B>G@9AF<DGRM9= 6<-
89BE<EF9@O GenoSens 2200 (Clinx, К� ). 
 4;@9D HD47@9AFB6 ��К BCD989?S?< E 
<ECB?P;B64A<9@ CDB7D4@@AB7B B59EC9K9-
A<S Image Lab Software (Bio-Rad, !(�) 
BFABE<F9?PAB @4D>9D4 @B?9>G?SDAB7B 69-
E4 100–1000 C.A. (!<AFB?,  $).  
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Рису=>к 1 – Р47ABB5D4789 79ABF8CB6 CB8EB?A9чA8>4, 8ECB?P7G9@Oх 6 8EE?98B64A88 
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$9;G?PF4FO < B5EG:89A<9. � A4L<I 
CD98O8GM<I <EE?98B64A<SI CB @4D><DB-
64A<R 79A4 GEFB=K<6BEF< CB8EB?A9KA<>4 
> D4E9 G ;4D4;<I< 5O?B E89?4AB CD98CB-
?B:9A<9 B D4ECB?B:9A<< QFB7B 79A4 6 
A<:A9= K4EF< FD9FP9= 7DGCCO EJ9C?9A<S 
[16]. �?S CDB69D>< 84AAB7B CD98CB?B:9-
A<S 5O?< D4;D45BF4AO AB6O9 ��К-@4D-

>9DO @<>DBE4F9??<FAOI ?B>GEB6 QFB7B 
D97<BA4 79AB@4 CB8EB?A9KA<>4. "4>:9 
8?S CDB69D>< E6S;< 79A4 HaOr7 [13] E 
GEFB=K<6BEFPR > D4E9 G ( $) ;4D4;<I< 
A4@< 5O?< D4;D45BF4AO SCAR-@4D>9DO 
A4 BEAB69 CBE?98B64F9?PABEF9= Genbank®: 
MN219479, MN219480, MF374791, 

MF374792 [17]. � B5M9= E?B:ABEF< E>BA-
EFDG<DB64AB 10 SSR- < K9FOD9 SCAR-
@4D>9D4. 

�?S 4A4?<;4 4EEBJ<4J<< @4D>9DB6 E 
CD<;A4>B@ GEFB=K<6BEF< <ECB?P;B64?<  
20 79ABF<CB6 CB8EB?A9KA<>4: B8<A GEFB=-
K<6O= >B@@9DK9E><= 7<5D<8, 10 GEFB=K<-
6OI < 896SFP 6BECD<<@K<6OI ?<A<= 
E9?9>J<< �����К (F45?. 1).  

 
"45?<J4 1 

  

 е7G?PF4FO �&  E D47D45BF4AAO@8  
ДНК-@4D>еD4@8 
 

$9ABF<C 
�4;64-
A<9 

B5D4;J4 

�4D>9D 

SSR11 SSR27 RORS1 SORS1 SORS2 

#EFB=K<-
6O= 

!� 
'9EF9D 

247* 179/191 +** + + 

RGP1 253 191 + -*** - 

RGB 247 191 + - - 

RGP2 253 179 + - - 

2RGNV 253 179 + - - 

RGA 247 179 + - - 

RGL1 253 197 + - - 

RG 253 197 + - - 

RGN 247 191 + - - 

RGM 247 191 + - - 

RGL2 253 179 + - - 

�BECD<<@- 
K<6O= 

�К680 247 191 - + + 

КG586 247 191 - + + 
��760 253 191 - + + 

КG593 253 179 - + + 

�К585 247 197 - + + 

�К508 253 191 - + + 

�К551 253 191 - + + 

�К580 247 179 - + + 

�К678 253 179 - + + 

*8?<A4 4@C?<H<J<DB64AAB7B HD47@9AF4 ��К 
**A4?<K<9 EC9J<H<KAB7B �& -CDB8G>F4 
***BFEGFEF6<9 �& -CDB8G>F4 

� IB89 4A4?<;4 @4D>9DO BJ9A<64?< A4 
ECBEB5ABEFP > EF45<?PAB= 4@C?<H<>4J<<, 
BFEGFEF6<9 A9EC9J<H<KAB= 7<5D<8<;4J<< 
E ��К-@4FD<J9= < 4@C?<H<>4J<< A9J9-
?96B7B CDB8G>F4 �& , < 4EEBJ<4J<R E 
CD<;A4>B@. �B D9;G?PF4F4@ 4A4?<;4 89ES-
F< SSR-@4D>9DB6 L9EFP 5O?< <E>?RK9AO 
<; <EE?98B64A<S CB CD<K<A9 BFEGFEF6<S 
J9?96B7B �&  CDB8G>F4, 864 – <;-;4 BF-
EGFEF6<S CB?<@BDH<;@4 8?<A HD47@9A-
FB6. "4><@ B5D4;B@, <; 10 SSR-@4D>9DB6 
8?S 84?PA9=L<I <EE?98B64A<= 5O?B BFB-
5D4AB 864 – SSR11 < SSR27. �; K9FOD9I 
SCAR @4D>9DB6 B8<A CB>4;4? BFEGFEF6<9 
4@C?<H<>4J<< < 5O? ;45D4>B64A. 

�4D>9D SSR11 CB>4;4? A4?<K<9 86GI 
4??9?9= @<>DBE4F9??<FAB7B ?B>GE4, CB>4-
;46L<I E?GK4=AB9 D4ECD989?9A<9 A4 6O-
5BD>9 <; 20 D4;?<K4RM<IES CB 
GEFB=K<6BEF< 79ABF<CB6 CB8EB?A9KA<>4. 
�4D>9D SSR27 I4D4>F9D<;B64?ES A4?<K<-
9@ FD9I 4??9?9=, F4>:9 CB>4;46L<I E?G-
K4=AB9 D4ECD989?9A<9. "4><@ B5D4;B@, 
B54 @4D>9D4 A9 CB>4;4?< 4EEBJ<4J<< E 
CD<;A4>B@ GEFB=K<6BEF< > D4E9 G ;4D4;<-
I<.  

SCAR-@4D>9D SORS2 89@BAEFD<DB64? 
4EEBJ<4J<R E CD<;A4>B@ A4 <;GK49@OI 
79ABF<C4I, B8A4>B B>4;4?ES A9CD<7B89A 
8?S 84?PA9=L9= D45BFO <;-;4 4@C?<H<>4-
J<< A9EC9J<H<KAB7B �& -CDB8G>F4 CD< 
4A4?<;9 GEFB=K<6OI ?<A<=. �4D>9D 
SORS1 CB>4;4? BFEGFEF6<9 CDB8G>FB6 4@-
C?<H<>4J<< G 6E9I GEFB=K<6OI 79ABF<-
CB6, >DB@9 7<5D<84 F1, G >BFBDB7B 
A45?R84?BEP A4?<K<9 4@C?<H<J<DB64A-
AB7B HD47@9AF4 ��К, >4> < G 6E9I 6BE-
CD<<@K<6OI ?<A<=. �4D>9D RORS1 
89@BAEFD<DB64? A4?<K<9 �& -CDB8G>F4 G 
6E9I GEFB=K<6OI < 97B BFEGFEF6<9 G 6BE-
CD<<@K<6OI 79ABF<CB6 CB8EB?A9KA<>4 
(F45?. 1). �?<AO 4@C?<H<J<DB64AAOI 
HD47@9AFB6 8?S @4D>9D4 SORS1 EBBF69F-
EF6B64?< B:<849@O@ < EBEF46<?< ≈ 322 C.A., 
4 8?S RORS1 ≈ 168 C.A., KFB CB;6B?S9F 
QHH9>F<6AB D4;89?SFP <I 6 474DB;AB@ 79?9.  

�4DO CD4=@9DB6 5O?< CDB69D9AO in 
silico [27] < CB>4;4?< EB6@9EF<@BEFP CB 
F9@C9D4FGDAB@G D9:<@G, 4 F4>:9 BFEGF-
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EF6<R 6FBD<KAOI EFDG>FGD, KFB CB;6B?<-
?B EB;84FP <; A<I @4D>9DAGR E<EF9@G 8?S 
@G?PF<C?9>EAB= �& . �4AA4S E<EF9@4 
5O?4 CDB69D9A4 A4 29 79ABF<C4I CB8EB?-
A9KA<>4 (D<E. 2). 

 

 
 

 8EGAB> 2 – Э?9>FDBHBD9F<K9E><9  
EC9>FDO 4@C?<H<J<DB64AAOI HD47@9AFB6 
��К @G?PF<C?9>EAB= �&  E @4D>9D4@< 

RORS1/SORS1.  
�BDB:><: 1 – !� '9EF9D; 2 – �К680; 3 – КG586;   

4 – RGP1; 5 – RGB; 6 – RGP2; 7 – 2RGNV;  

8 – RGA; 9 – RGL1; 10 – RG; 11 – RGN;  

12 – RGM; 13 – RGL2; 14 – 2RGB; 15 – 2RGA;  

16 – F1 �К678 × RGM; 17 – F1 �К680 × RGP1;  

18 – F1 �К680 × RGM; 19 – F1 �К680 × RGL2;  

20 – F1 �К680 × RGL1; 21 – ��760; 22 – КG593;  
23 – �К585; 24 – �К508; 25 – �К551; 26 – �К304; 
27 – �К580; 28 – ��389; 29 – ��568; � – @4D>9D 
@B?9>G?SDAB7B 69E4; К- – BFD<J4F9?PAO= >BAFDB?P; 
� – 7<5D<8AB9 D4EF9A<9; # – GEFB=K<64S ?<A<S; 

� – 6BECD<<@K<64S ?<A<S 

 
 4;D45BF4AA4S E<EF9@4 @4D>9DB6 

RORS1 < SORS1 8?S @G?PF<C?9>EAB= 
�&  CDB89@BAEFD<DB64?4 >B8B@<A4AF-
AO= I4D4>F9D A4E?98B64A<S < CB?AGR 4E-
EBJ<4J<R E J9?96O@ CD<;A4>B@. 
�E>?RK9A<9 EBEF46<? 7<5D<8 @4F9D<A-
E>B= 6BECD<<@K<6B= ?<A<< �К678 < 
GEFB=K<6B= ?<A<< RGM (D<E. 2, № 16). # 
QFB7B 7<5D<84 A4 Q?9>FDBHBD97D4@@9 BF-
EGFEF6B64? HD47@9AF ��К, I4D4>F9DAO= 
8?S 6BECD<<@K<6B7B H9ABF<C4. �?S CB-
E?98GRM97B 4A4?<;4 5O?< 6;SFO E?98GR-
M<9 79ABF<CO: ?<A<S �К678 < 864 
7<5D<84 – F1 (�К678 × RGB) < F1 (�К678 
× RGP2). � >4K9EF69 CB?B:<F9?PAB7B 
>BAFDB?S <ECB?P;B64?< 7<5D<8AGR >B@-
5<A4J<R F1 (�К680 × RGP1). �DB6989AO 

869 �& : BF89?PAB E @4D>9DB@ SORS1 < 
@G?PF<C?9>EB@ RORS1/SORS1 (D<E. 3). 

 

 
 

 8EGAB> 3 – Э?9>FDBHBD9F<K9E><9 EC9>FDO 

4@C?<H<J<DB64AAOI HD47@9AFB6 ��К:  
1 EF4DF – E @4D>9DB@ SORS1; 2 EF4DF – c @4D>9D4@< 

RORS1/SORS1.   

�BDB:><: 1 – F1 (�К680 × RGP1);  

� – @4D>9D @B?9>G?SDAB7B 69E4; 2–4 – �К678;  

5 – F1 (�К678 × RGB); 6 – F1 (�К678 × RGP1) 

 
� IB89 B59<I D94>J<= >BAFDB?PA4S 7<-

5D<8A4S >B@5<A4J<S F1 (�К678 × RGP1) 
CB6FBDAB CB>4;4?4 B:<849@O9 D9;G?PF4-
FO: E @4D>9DB@ SORS1 CB?GK9A B8<A �&  
CDB8G>F 8?<AB= ≈ 322 C.A., 4 6 @G?PF<-
C?9>EAB= D94>J<< RORS1/SORS1 CB?GK9-
AO 864 HD47@9AF4 ��К D4;@9DB@ ≈ 168 < 
322 C.A. EBBF69FEF69AAB. # ?<A<< �К678 
<ECB?P;B64A<9 @4D>9D4 SORS1 CD<69?B > 
B5D4;B64A<R 86GI A9EC9J<H<KAOI CDB8G>-
FB6 8?<AB= ≈ 300 < 200 C.A. �4AAO= QH-
H9>F A45?R84?ES 6 B59<I �&  E 
@4D>9DB@ SORS1 FB?P>B G ?<A<< �К678 < 
7<5D<8B6 F1 (�К678 × RGB) < F1 (�К678 
× RGP1). � @G?PF<C?9>EAB= �&  G QF<I 
7<5D<8B6 4@C?<H<J<DB64?<EP HD47@9AFO 
��К 8?<AB= ≈ 168 C.A., EBBF69FEF6GRM<9 
EC9J<H<KAB@G �& -CDB8G>FG @4D>9D4 
RORS1 < I4D4>F9D<;GRM<9 DB8<F9?PE><9 
?<A<< RGB < RGP2, 4 F4>:9 BFEGFEF6B64-
?< A9EC9J<H<KAO9 CDB8G>FO �& . "4><@ 
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B5D4;B@, CBS6?9A<9 A9EC9J<H<KAOI CDB-
8G>FB6 �&  A45?R84?BEP G ?<A<< �К678 
< G 7<5D<8B6, 789 BA4 S6?S?4EP DB8<F9?P-
E>B= HBD@B=, FB?P>B CD< BFEGFEF6<< EC9-
J<H<KAB= 7<5D<8<;4J<< CD4=@9DB6 
@4D>9D4 RORS1 E ��К-@4FD<J9=. ЭFB 
B7D4A<K<?B <ECB?P;B64A<9 D4;D45BF4AAB= 
@G?PF<C?9>EAB= E<EF9@O RORS1/SORS1 
CD< 4A4?<;9 7<5D<8B6 E ?<A<9= �К678.  

�?S GEFD4A9A<S 84AAB7B A98BEF4F>4 
5O?< in silico D4;D45BF4AO E9@P SCAR-

@4D>9DB6 4??9?S 8<>B7B F<C4, 4?PF9DA4-
F<6AOI @4D>9DG SORS1, E GK9FB@ EB6@9-
EF<@BEF< E @4D>9DB@ RORS1 8?S 
CBEF4AB6>< @G?PF<C?9>EAB= �& . �B6O9 
@4D>9DO 5O?< CDB69D9AO A4 30 ?<A<SI < 
7<5D<84I CB8EB?A9KA<>4 E9?9>J<< 
�����К, 6>?RK4S �К678. � D9;G?PF4F9 
5O? BFB5D4A @4D>9D SORS9. �A CDB89-
@BAEFD<DB64? EF45<?PAGR 4@C?<H<>4-
J<R HD47@9AF4 ��К E B:<849@O@ 
D4;@9DB@ ≈ 217 C.A. G 6BECD<<@K<6OI 79-
ABF<CB6 < BFEGFEF6<9 A9EC9J<H<KAB7B 
�& -CDB8G>F4 6 D94>J<SI E GEFB=K<6O@< 
?<A<S@<. �B;@B:ABEFP CBEF4AB6>< @G?P-
F<C?9>EAB= �&  E @4D>9D4@< 
RORS1/SORS9 5O?4 CDB69D9A4 A4 13 ?<A<-
SI < 7<5D<84I E9?9>J<< �����К (D<E. 4). 

  

 
 

 8EGAB> 4 – Э?9>FDBHBD9F<K9E><9 EC9>FDO 
4@C?<H<J<DB64AAOI HD47@9AFB6 ��К 
@G?PF<C?9>EAB= �&  E @4D>9D4@< 
RORS1/SORS9. �BDB:><: 1 – RGM;  

2 – F1 (�К680 × RGM); 3 – F1 (�К680 × RGP1);  

4 – �К678; 5 – RGB; 6 – F1 (�К678 × RGP1);  

7 – RG; 8 – �К304; 9 – �К551; 10 – ��389;  

11 – ��568; 12 – �К508; 13 – F1 (�К678 × RGM);  

� – @4D>9D @B?9>G?SDAB7B 69E4;  
К- – BFD<J4F9?PAO= >BAFDB?P 

 

 9;G?PF4FO 4A4?<;4 13 79ABF<CB6 CB8-
EB?A9KA<>4 E CB@BMPR @G?PF<C?9>EAB= 

�&  E @4D>9D4@< RORS1/SORS9 CB>4;4-
?< CB?AB9 EBBF69FEF6<9 B:<849@OI in 

silico < CB?GK9AAOI �& -CDB8G>FB6 – 

RORS1 ≈ 168 C.A. < SORS9 ≈ 217 C.A. �<-
5D<8AO9 D4EF9A<S CB8EB?A9KA<>4, CB?G-
K9AAO9 BF E>D9M<64A<S 6BECD<<@K<6B7B 
< GEFB=K<6B7B D4EF9A<=, I4D4>F9D<;B64-
?<EP A4?<K<9@ B5B<I HD47@9AFB6. 

�?S CBE?98GRM9= 64?<84J<< D4;D45B-
F4AAB= E<EF9@O @4D>9DB6 5O? CDB6989A 
4A4?<; CB A4?<K<R/BFEGFEF6<R �& -CDB-

8G>FB6 >4:8B7B @4D>9D4 @G?PF<C?9>EAB= 
E<EF9@O A4 70 79ABF<C4I CB8EB?A9KA<>4: 
57 GEFB=K<6OI < 6BECD<<@K<6OI > D4E9 G 
;4D4;<I< ?<A<=, 6 FB@ K<E?9 86GI ?<A<SI-
8<HH9D9AJ<4FBD4I > D4E9 F ;4D4;<I<,       
CSF< GEFB=K<6OI < 10 6BECD<<@K<6OI 
7<5D<8B6 (D<E. 5). 

�E9 GEFB=K<6O9 > D4E9 G ;4D4;<I< ?<-
A<< CB8EB?A9KA<>4 I4D4>F9D<;B64?<EP 
A4?<K<9@ �& -CDB8G>F4 8?<AB= ≈ 168 C.A., 
EC9J<H<KAB7B @4D>9DG RORS1, < BFEGF-
EF6<9@ HD47@9AF4 ��К 8?<AB= ≈ 217 C.A., 
EC9J<H<KAB7B @4D>9DG SORS9. �E9 6BE-
CD<<@K<6O9 ?<A<<, 6 FB@ K<E?9 869 ?<-
A<<-8<HH9D9AJ<4FBD4 > D4E9 F, 4 F4>:9 
6BECD<<@K<6O9 7<5D<8O CB>4;4?< A4?<-
K<9 EC9J<H<KAB7B �& -CDB8G>F4 FB?P>B 
@4D>9D4 SORS9. #EFB=K<6O9 7<5D<8O I4-
D4>F9D<;B64?<EP A4?<K<9@ B5B<I HD47-
@9AFB6 ��К @4D>9DB6 RORS1 < SORS9.  

%4D4>F9D<EF<>4 D4;D45BF4AAOI @4D>9-
DB6 RORS1 < SORS9 CD98EF46?9A4 6 F45-
?<J9 2. 

 

"45?<J4 2  
 

%4D4>FеD8EF8>4 D47D45BF4AAOE @4D>еDB6 
RORS1 8 SORS9 
 

�4;64A<9 
@4D>9D4 

�4;64A<9 
CD4=@9D4 

�G>?9BF<8A4S 
CBE?98B64F9?P-
ABEFP 5'-3' 

�?<A4 4@C?<H<-
J<DG9@B7B  

HD47@9AF4 ��К, 
C.A. 

RORS1 

RORS1 F 
ACCATCTTTGCT

TCCTATGGCA 
168 

RORS1 R 
CGTCACCCTTCT
ATGTCGCT  

SORS9 
SORS9 F 

AGTGCATTCGC
AATCTTCGC 

217 

SORS9 R 
TGCCATCCTCAT
CATTAAGGG 
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Рису=>к 5 – Р57C;PBаBO а=а;87а аAA>F8аF88 <а@:5@=>9 A8AB5<O 
RORS1/SORS9 A ?@87=а:>< CAB>9G8в>AB8 ?>4A>;=5G=8:а : @аA5 G 7а@а78E8 
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 9;G?PF4FO A4L<I <EE?98B64A<= CB;-
6B?SRF E89?4FP 6O6B8, KFB 79A GEFB=K<-
6BEF< > D4E9 G ;4D4;<I< G CB8EB?A9KA<>4, 
6B;89?O649@B7B A4 F9DD<FBD<<  $, ?B>4-
?<;G9FES A4 IDB@BEB@9 7 < S6?S9FES <89A-
F<KAO@ 79AG GEFB=K<6BEF< > D4E9 F 
HaOr7, BC<E4AAB@G Duriez et al. [13]. �8-
A4>B A4 84AAO= @B@9AF A9 5O?< BCG5?<-
>B64AO ��К-@4D>9DO 84AAB7B 79A4, KFB 
6C9D6O9 6 @<D9 5O?B E89?4AB 6 A4L9= D4-
5BF9. � <EE?98B64A<< Martín‐Sanz et al. 
EBB5M4?BEP, KFB QFBF 79A F4>:9 @B:9F 
>BAFDB?<DB64FP GEFB=K<6BEFP > D4E4@ 
6OL9 F [14], KFB < 5O?B CB8F69D:89AB E 
CB@BMPR D4;D45BF4AAOI A4@< @4D>9DB6. 
�?S 84?PA9=L9= 64?<84J<< @4D>9DAB= 
E<EF9@O CB?GK9AO E9@9A4 E4@BBCO?9A-
AOI 7<5D<8B6, >BFBDO9 GK4EF6B64?< 6 
84AAB@ <EE?98B64A<<. �G89F CDB6989A 
4A4?<; EJ9C?9A<S @4D>9DAOI HD47@9AFB6 
��К E J9?96O@ CD<;A4>B@ 6 D4EM9C?SR-
M<IES CBCG?SJ<SI F2. 
З4>?NG9A<9.  4;D45BF4AO A489:AO9 

SCAR @4D>9DO RORS1 < SORS9 < EB;84-
A4 @4D>9DA4S E<EF9@4 8?S @G?PF<C?9>E-
AB= �&  A4 A4?<K<9/BFEGFEF6<9 CD<;A4>4 
GEFB=K<6BEF< > D4E9 G ;4D4;<I< 6 D4EF9-
A<SI CB8EB?A9KA<>4. �B D9;G?PF4F4@ 4A4-
?<;4 70 79ABF<CB6 CB8EB?A9KA<>4, 
BF?<K4RM<IES CB GEFB=K<6BEF< > D4E9 G 
;4D4;<I<, GEF4AB6?9AB, KFB D4;D45BF4AA4S 
@4D>9DA4S E<EF9@4 CB;6B?S9F D4;?<K4FP 
GEFB=K<6O9 < 6BECD<<@K<6O9 ?<A<< CB8-
EB?A9KA<>4, 4 F4>:9 7<5D<8O F1. �?S 
84?PA9=L9= 64?<84J<< @4D>9DAB= E<EF9-
@O 5G89F CDB6989A 4A4?<; D4EM9C?SR-
M<IES CBCG?SJ<= F2.  
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