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. +,-./0123-45 ,-67380105 *)3-973:,4)-;-4-0'<-/9)= '.-40'>'91?'' ;-4)2 7/-

0)=<'2)/0' :@3)4' 9 A1,B- Vf ' Vm ' *7<4'/0)= ,)/- Pl1 ' Pl2 7 /),0)2 :@3)4' '6 9)33-9?'= ;--

4-0'<-/9'C ,-/7,/)2 $,5*1. (5:23-4 .)*'414045= 133-38 ;-41 Vf 7 /),0)2 /)2,-*-44)= /-3-9-

?'' �*73-0 ' D12),'0. E0/70/02'- '/9)*5C ;-4)2 7/0)=<'2)/0' 7 1@),';-445C /),0)2, .3: 9)0)-

,5C >-4)0'A'<-/9' 7/014)23-41 7/0)=<'2)/08 9 .1445* A10);-41*, *)F-0 /2'.-0-38/02)2108 ) 

413'<'' 4)25C ;-4-0'<-/9'C .-0-,*'4140 7/0)=<'2)/0'. 
 

 : :@3)4:, 7/0)=<'2)/08 9 A1,B- ' *7<4'/0)= ,)/-, 1@),';-445= ;-4)>)4., 

"�$-*1,9-,45= 1413'6 
 

Summary. The results of molecular-genetic identification of Vf and Vm genes of apple resistant to 

scab and Pl1 and Pl2 genes resistant to powdery mildew of apple varieties from the collections of genetic 

resources of the Crimea is presented. Dominant allele of the Vf gene was identified in the varieties of 

modern breeding: Amulet and Favorite. The absence of the desired resistance genes in native varieties, for 

which resistance to these pathogens was phenotypically confirmed, may indicate the presence of new ge-

netic determinants of resistance. 
 

Key words: apple, scab and powdery mildew resistance, indigenous genetic resources, DNA-

markers analysis 

 

. +1,B1 ' *7<4'/01: ,)/1 )04)/:0/: 9 ).4'* '6 41'@)3-- 2,-.)4)/45C 61-

@)3-214'= :@3)4'. ()6@7.'0-3:*' .1445C @)3-64-= :23:G0/: ;,'@45- A10);-45 Venturia 

inequalis (Cke.) ' Podosphaera leucotricha Salm., /))02-0/02-44). "3: A,-.)02,1H-4': ,16-

2'0': 61@)3-214'= B',)9) '/A)3867G0/: C'*'<-/9'- /,-./021 61H'05 ,1/0-4'=, /7H-/0-

2-44) /4'F1GH'- I9)3);'<4)/08 A3).)2)./021 ' @')3);'<-/97G @-6)A1/4)/08 A,).79-

?''. �1'@)3-- )A0'*13845= A708 ,-B-4': .144)= A,)@3-*5 – /)6.14'- 7/0)=<'25C /),-

0)2. �1 /)2,-*-44)* I01A- ,162'0': /-3-9?')445C 0-C4)3);'= A,' /)6.14'' 7/0)=<'25C 

/),0)2 *)F-0 @508 I>>-90'24) '/A)386)214 *-0). "�$-*1,9',)214':, A)62)3:GH'= 

'.-40'>'?',)2108 413'<'- ;-4)2 7/0)=<'2)/0' @-6 )?-49' ;'@,'.45C ,1/0-4'= 41 '4-

>-9?')44)* >)4-. E/)@1: ?-44)/08 .144);) *-0).1 6193G<1-0/: 2 0)*, <0) )4 A)62)3:-0 

25:23:08 2 1413'6',7-*)* )@,16?- ).4)2,-*-44)- A,'/70/02'- 4-/9)389'C ;-4)2 7/0)=-

<'2)/0' 919 9 ).4)*7, 019 ' 9 ,1645* 61@)3-214':*. 

� :@3)4' 41 41/0):H'= *)*-40 '.-40'>'?',)214) ' 91,0',)214) )9)3) 15 ;-4)2 

7/0)=<'2)/0' 9 A1,B- [1, 2] ' 7 ;-4)2 7/0)=<'2)/0' 9 *7<4'/0)= ,)/- [3].  

                                                 
* !1@)01 25A)34-41 2 ,1*91C ;)/7.1,/02-44);) 61.14': D��E ' A,' A)..-,F9-  !DD& ' 1.*'4'/0,1?'' 

$,1/4).1,/9);) 9,1: ;,1401 !DD& J 14-34-50931 *)3_4,. 
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"+, -)+./'01234 '5 '53612078 960)3 :12);<'3)12' ,-+)0' = >4?/6 ' *:<0'12); ?)-

16 '*6@21, "�$-*4?=6?7, +)=4+'5)340076 04 ?45+'<078 >)5'A',8 )2 9604 ' >)53)+,@-

B'6 3612' '8 'C602'D'=4A'@ 1 ?45+'<07* :?)306* C)12)36?0)12', 543'1,B'* )2 C'1240-

A'' "�$-*4?=6? – 960.  

"+, 9604 /'?)=)9) 1>6=2?4 :12);<'3)12' = >4?/6 Vf, +)=4+'5)3400)9) 04 8?)*)1)*6 

1, 04 169)C0,/0'; C60. 1)5C407 04'-)+66 «04C6E076» "�$-*4?=6?7, )10)340076 04 >)-

1+6C)3426+.0)12', 38)C,B6; 06>)1?6C123600) 3 12?:=2:?: 9604 [4].  

"+, 9604 :12);<'3)12' = >4?/6 Vm, +)=4+'5)3400)9) 04 8?)*)1)*6 17, 24=E6 'C60-

2'D'A'?)340 "�$-*4?=6?, 1)041+6C:6*7; 1 0'* ' >6?1>6=2'307; = '1>)+.5)340'@ C+, 

*4?=6?-31>)*)9426+.0)9) )2-)?4 [5].  

�6)-8)C'*) )2*62'2., <2) C+, 960)3 :12);<'3)12' ,-+)0' = >4?/6 3 0412),B66 3?6-

*, >?'0,2) 0)3)6 0)*60=+42:?0)6 )-)504<60'6 – Rvi. ( 1))2362123'' 1 F2'* 9607 Vf ' Vm 

'*6@2 045340'6 Rvi6 ' Rvi5 [2]. "40076 9607, 04?,C: 1 960)* Va, )20)1,21, = 04'-)+66 

<412) '1>)+.5:6*7* 3 16+6=A')0078 >?)9?4**48. $ 9604* :12);<'3)12' ,-+)0' = *:<0'-

12); ?)16 Pl1 ' Pl2, =4?2'?)34007* 04 8?)*)1)*48 12 ' 11 1))2362123600), 24=E6 'C602'-

D'A'?)3407 "�$-*4?=6?7, =)2)?76 3 0412),B66 3?6*, '1>)+.5:@21, 3 >?)9?4**48 >) 

*4?=6?0); 16+6=A'' 04 :12);<'3)12. = *:<0'12); ?)16 [6-8]. 

GC0'* '5 34E078 04>?43+60'; 3 '1>)+.5)340'' "�$-*4?=6?)3 = 9604* :12);<'3)-

12' = >42)9604*, 04?,C: 1 '1>)+.5)340'6* C+, )2-)?4 16+6=A')0078 D)?*, 061:B'8 A6+6-

376 9607, ,3+,621, 24=E6 37>)+060'6 1=?'0'094 =)++6=A'; 96062'<61='8 ?61:?1)3 C+, 

'5:<60', >?'?)C7 :12);<'3)12' ' 37,3+60', C)0)?)3 '1=)*78 960)3. 

( 54C4<' 04/69) '11+6C)340', 38)C'+) 37>)+060'6 'C602'D'=4A'' 960)3 :12);<'-

3)12' ,-+)0' = *:<0'12); ?)16 Pl1 ' Pl2 ' >4?/6 Vf ' Vm : 1)?2)3 ,-+)0' '5 =)++6=A'; 

96062'<61='8 ?61:?1)3 $?7*1=)9) >)+:)12?)34. 

 

   . H426?'4+)* C+, '11+6C)340', >)1+:E'+'        

23 1)?24 ,-+)0' '5 =)++6=A'' 96062'<61='8 ?61:?1)3 �'='21=)9) I)240'<61=)9) 14C4      

(9. J+24): 

– 1)3?6*60076 1)?24 16+6=A'' $?7*1=); )>720); 1240A'' 14C)3)C1234 – K43)?'2, 

$'**6?',, �6*>')0 '**:0'26207;, I6+)106E=4, I4+4=+431=)6, !:*,0=4 =?7*-

1=4,, $?7*1=)6 5'*066; 16+6=A'' &012'2:24 >+)C)3)C1234 �=?4'01=); �=4C6*'' 

49?4?078 04:= – �*:+62; $45481=)9) �&& >+)C)3)C1234 ' 3'0)9?4C4?1234 – #'-

04> 4+*4-42'01=';; 

– 4-)?'960076 $?7*1='6 1)?24: #4+9'?1=)6, �6+6-', #'04> 1:C4=1=';, L41>', ")+-

=?40, #'04> -6+7;, $4?4 #'04>, $40C'+. #'04>, "6*'? �+*4, M:+.>6*-6,  424?-

1=)6 5'*066, J+2'01=)6 >?610)6.  
 

#)?24 *'?)3); 16+6=A'': H4=D?', L'-6?2', K+)?'04. "+, F=12?4=A'' "�$ '1>)+.-

5)34+' *62)C N �I 3 *)C'D'=4A'' S.O. Rogers & A.J. Bendich [2]. "+, 'C602'D'=4A'' 

960)3 :12);<'3)12' = >4?/6 Vf ' Vm '1>)+.5)34+' '53612076 04 169)C0,/0'; C60. "�$ 

*4?=6?7 = 0'*: VfC1 (960 Vf) – SCAR "�$-*4?=6?, 1)5C4007; 04 )10)36 >)+'*)?D'5*4 

0:=+6)2'C078 >)1+6C)3426+.0)126; 4++6+6; 9604 [4] ' Hi07h02 (960 Vm) – SSR-+)=:1, =)-

169?69'?:@B'; 1 960)* [5]. "+, 'C602'D'=4A'' 960)3 :12);<'3)12' = *:<0'12); ?)16 Pl1 

' Pl2 '1>)+.5)34+' "�$-*4?=6?7 AT20-450 ' OPU02 SCAR, 1))2362123600)[6-8]. 

O)1240)3=: ON! >?)3)C'+' >) 1+6C:@B6; >?)9?4**6: 04<4+.04, C6042:?4A', 3 *'0 

>?' 95 °#, C4+66 35 A'=+)3: 10 16=:0C >?' 94 °# C6042:?4A',, 45 16=:0C >?' )2E'96 >?4;-

*6?)3 >?' N °#, 45 16=:0C >?' 72 °# – F+)094A',; 5436?/4@B'; A'=+ F+)094A'' – 5 *'-

0:2 >?' 72 °#; N= 60 °# C+, "�$-*4?=6?4 VfC1 (960 Vf ); 58 °# C+, SSR-*4?=6?4 Hi07h02 

(960 Vm); 62 °# C+, *4?=6?)3 AT20-450 (Pl1) ' OPU02 SCAR (Pl2). "+, *4?=6?)3 AT20-

450 ' OPU02 SCAR -7+) :36+'<60) =)+'<6123) A'=+)3 ?64=A'' C) 40. 
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)*% +,'( %-.'/01'23/% -/45678%4 9':;4:,*3;%% 9'(.':4:,'2 *439;%'::'< -(4-%: 

0,05 (= 541'9-%:69/4',%5,*%>'->3,'2, 0,3 (9M 93?5'@' .*3<(4*3, 2,5 (9/ )A�-B6>4*3 

% 1 45. Taq �#!-.'/%(4*31C (DDD « %BE:1%(»), 50 :@ �#!. )A� .*'2'5%/% 2 'B84( 

'BF4(4 25 (9/. G:3/%1 .'/%('*>%1(3 3(./%>%;%*'23::CH >*3@(4:,'2 SSR-(3*94*3 @4:3 

Vm .*'2'5%/% - %-.'/01'23:%4( >*3@(4:,:'@' 3:3/%13 :3 32,'(3,%I4-9'( @4:4,%I4-9'( 

3:3/%13,'*4 ABI prism 3130. �416/0,3,C 'B*3B3,C23/% 2 .*'@*3((4 GeneMapper 4.1. 

E/49,*'>'*41 .*'569,'2 3(./%>%93;%% (3*94*'2 VfC1, AT20-450 % OPU02 SCAR 

24/% 2 1,5% 3@3*'1:'( @4/4 .*% :3.*J?4:%% 10V/-( 2 ,4I4:%4 40 (%:6,. K4/% '9*3L%23/% 

B*'(%-,C( +,%5%4( % >','@*3>%*'23/% 2 �M--.49,*4. 

 

 . )*% .*'2454:%% 3(./%>%93;%% - �#!-(3*94*'( @4:3 

6-,'<I%2'-,% JB/':% 9 (6I:%-,'< *'-4 Pl1 2CJ2/J4,-J 523 ,%.3 )A�-.*'569,'2: 450 % 

500 .3* :69/4',%5'2 (..:.). M*3@(4:, 450 .. :. -.4;%>%I4: 5/J 5'(%:3:,:'@' 3//4/J,  

500 .. :. – 5/J *4;4--%2:'@'. 

& H'54 2C.'/:4:%J )A�-%54:,%>%93;%% 53::CH @4:'2 .' �#!-(3*94*6 AT20-450 

(Pl1) 6 2-4H %16I4::CH @4:',%.'2 BC/ %54:,%>%;%*'23: ,'/09' >*3@(4:, *31(4*'(  

500 .3* :69/4',%5'2 (*%-. 1-G), -2%54,4/0-,2678%< ' :3/%I%% *4;4--%2:'@' 3//4/J. #% 6 

'5:'@' 'B*31;3 %1 %16I4::'< 2CB'*9% :4 BC/' %54:,%>%;%*'23:' >*3@(4:,3 *31(4*'( 

450 .. :., -.4;%>%I:'@' 5/J 5'(%:3:,:'@' 3//4/J. 

 

 
        M    1     2     3     4     5     6     7     8     =          M    1     2     3     4     5     6     7     8   = 
 

�%-. 1. �416/0,3,C +/49,*'>'*4,%I4-9'@' 3:3/%13 .*'569,'2 3(./%>%93;%%  

�#!-(3*94*'2 AT20-450 (G) % OPU02 SCAR(N), 9'-4@*4@%*678%H  

- @4:3(% 6-,'<I%2'-,% JB/':% 9 (6I:%-,'< *'-4 Pl1 % Pl2 
 

= – (3*94* ('/496/J*:'< (3--C �#! («L3@» (3*94*3 100 .. :.) 

1 – 8 -'*,3 JB/':%: 1 – M32'*%,, 2 – !%((4*%J, 3 – O4(.%':, 4 – N3/39/32-9'4,  

5 – N4/'-:4?93, 6 –  3/@%*-9'4 , 7 – P3-.% , 8 – �6(J:93 9*C(-93J 

 

)*% .*'2454:%% )A�-3:3/%13 .' (3*94*6 @4:3 Pl2 OPU02 SCAR 6 -'*,3 M32'*%, 

BC/ 2CJ2/4: .*'569, *31(4*'( '9'/' 1500 .. :. (*%-. 1N). D5:39', 5/J 5'(%:3:,:'@' 3/-

/4/J @4:3 Pl2 -.4;%>%I4: >*3@(4:, *31(4*'( 1700 .. :. & ,' ?4 2*4(J .' /%,4*3,6*:C( 

53::C( %124-,:', I,' (3*94* OPU02 SCAR, 534, 3(./%>%93;%7 >*3@(4:,3 *31(4*'( 

2000 .. : .*% :3/%I%% @4:3 6-,'<I%2'-,% 9 (6I:%-,'< *'-4 Plmis.  

#3/%I%4 -3<,'2 ',?%@3 5/J (3*94*3 OPU02 SCAR 2 @4:'(4 -'*,3 M32'*%, ('?4, 

-2%54,4/0-,2'23,0 ' .*%-6,-,2%% 6 +,'@' -'*,3 :4%124-,:CH 3//4/4< 53::CH @4:'2 %/% 

:'2'@' @4:3 6-,'<I%2'-,%. & .'/016 +,'@' ,39?4 -2%54,4/0-,267, 53::C4 'B 6-,'<I%2'-,% 

-'*,3 M32'*%, 9 (6I:%-,'< *'-4 2CL4 -*45:4@' 6*'2:J. � 2-4H '-,3/0:CH -'*,'2 %1 %16-

I4::'< 2CB'*9% .*'569,'2 3(./%>%93;%% 2CJ2/4:' :4 BC/', I,' -2%54,4/0-,264, ' :3/%-

I%% *4;4--%2:'@' 3//4/J 6 :%H. 
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( +),- ./0)12-2'3 45!-',-26'7'89:'' ,922/+ ;-2). 0) "�$-*9<8-<= VFC1 (;-2 

Vf) = >)<6).-c692,9<6). ?1)<'29, @'A-<6' ' B987<', ,13 8)6)</+ 291'C'- ,922);) ;-29 

=>6)DC'.)>6' 'E.->62) 'E 1'6-<96=<2/+ '>6)C2'8)., 9 698F- . >))6.-6>6.'' > '+ 0<)'>-

+)F,-2'-*, A/1 ./3.1-2 7<9;*-26 9*01'7'89:'' <9E*-<)* )8)1) 286 0. 2., C6) >))6.-6-

>6.=-6 ,)*'29262)*= 911-1G. �9<3,= > >)<69*'->692,9<69*', ,922/D ;-2 A/1 ',-26'7'-

:'<).92 = ,.=+ >)<6). – �*=1-6 ' ?9.)<'6. �9 <'>. 2 0<-,>69.1-2/ <-E=1H696/ I1-86<)-

7)<-6'C->8);) <9E,-1-2'3 7<9;*-26). 9*01'7'89:'' > "�$-*9<8-<)* ;-29 Vf. (',2), 

C6) = )A<9E:). J1 (>)<6 ?9.)<'6) ' J11 (>)<6 B987<') 9*01'7':'<=-6>3 7<9;*-26 <9E-

*-<)* )8)1) 286 0. 2., )6>=6>6.=GK'D = )>691H2/+ 0<-,>69.1-22/+ >)<6).. L6) >.',--

6-1H>6.=-6 ) 291'C'' = 2'+ ,)*'29262);) 911-13. 

 

 
                           M    1      2      3      4      5      6     7     8      B      M    9     10   11   
 

!'>. 2. !-E=1H696/ I1-86<)7)<-6'C->8);) 9291'E9 0<),=86). 9*01'7'89:''  

"�$-*9<8-<9 VFC1 – ;-2 =>6)DC'.)>6' 3A1)2' 09<M- Vf 
 

B – *9<8-< *)1-8=13<2)D *9>>/ "�$ («M9;» *9<8-<9 100  0. 2.) 

1 – 11 >)<69 3A1)2': 1 – ?9.)<'6, 2 – $'**-<'3, 3 – �-*0')2, 4 – N919819.>8)-,  

5 – N-1)>2-F89, 6 – #91;'<>8)-, 7 – @9>0' , 8 – !=*3289 8</*>893, 9 – "F->6-<,  

10 – $</*>8)- E'*2--, 11 – B987<' 

 

"13 >)<6). �*=1-6 ' ?9.)<'6 ,922/- ) 291'C'' ;-29 Vf >);19>=G6>3 > *2);)1-62'-

*' ,922/*' ) ./>)8)D >6-0-2' '+ =>6)DC'.)>6' 8 09<M-, 9 698F- > '+ 0<)'>+)F,-2'-*: 

>)<6 �*=1-6 A/1 0)1=C-2 . <),'6-1H>8)D 09<- !=A'2 + 4<'>:'119. #)<6 4<'>:'119 2->-6 

,)*'29262/D 911-1H '>8)*);) ;-29. #)<6 ?9.)<'6 A/1 0)1=C-2 'E ;'A<',2)D 8)*A'29-

:''  <9D,-26/!-,7<', ;,- >)<6 !-,7<' 698F- 2->-6 ,)*'29262/D 911-1H ;-29 Vf.  98'* 

)A<9E)*, "�$-*9<8-<2/D 9291'E 0),6.-<,'1 291'C'- ,)*'29262);) 911-13 ;-29 Vf = ,92-

2/+ >)<6).. 

4<' ./0)12-2'' 7<9;*-262);) 9291'E9 29 9.6)*96'C->8)* ;-2-6'C->8)* ABI prism 

3130 0) SSR *9<8-<= ;-29 Vm – Hi07h02 = 'E=C-22/+ >)<6). A/1' ./3.1-2/ 911-1' >) 

>1-,=GK'* <9E*-<)* 7<9;*-26).: 245, 247, 249, 255, 258, 262 ' 266. �11-1H SSR-*9<8-<9 

Hi07h02 > <9E*-<)* 227 09< 2=81-)6',)., 8)6)</D >0-:'7'C-2 ,13 ,)*'29262);) 911-13 

;-29 Vm, 2- A/1 ./3.1-2 2' = ),2);) >)<69. 

 

. ( <-E=1H696- '>>1-,).92'D A/1) ./3.1-2) 291'C'- ,)*'29262);) 911-13 

;-29 =>6)DC'.)>6' 3A1)2' 8 09<M- = >)<6). �*=1-6 ' ?9.)<'6. L6) >);19>=-6>3 > 0<)'>-

+)F,-2'-* >)<6)., 9 698F- > *2);)1-62'*' ,922/*' )A '+ =>6)DC'.)>6' 8 ,922)*= 096)-

;-2=. 4<' 'E=C-2'' 911-1H2);) 0)1'*)<7'E*9 SSR-1)8=>9 Hi07h02, 911-13 <9E*-<)*  

227 0. 2., 8)>-;<-;'<=GK-;) > ,)*'29262/* 911-1-*, ,922);) ;-29 2- A/1) ./3.1-2) 2' = 

),2);) 'E 'E=C-22/+ >)<6).. B)1-8=13<2)-;-2-6'C->8'D 9291'E > '>0)1HE).92'-* "�$-

*9<8-<). ;-2). =>6)DC'.)>6' 3A1)2' 8 *=C2'>6)D <)>- Pl1 ' Pl2 2- ./3.'1 291'C'3 ,)-

*'29262/+ 911-1-D ,922/+ ;-2). 2' = ),2);) 'E 'E=C-22/+ >)<6).. 4<' I6)* = 3A1)2' 
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)*+',%- ./0 %123-%4%5%,'+*3 4,*6(23- ,*7(2,'( 1500 8. 3., 9-' :+%12-20;:-+<2- ' 3*-

0%9%% :*=-'+ '->%6* 10? 8,*=(2,'+, 40*3@%,<AB%C (*,@2,3/= <9*:-'@ 623* Pl2 % ('>2- 

:+%12-20;:-+'+*-; ' 3*0%9%% 3'+'6' *0020? 1*33'6' 623*. �0? 8'1-+2,>123%? 1*33'= 6%-

8'-27/ 32'.C'1%(* '523@* 6%.,%13'6' 8'-'(:-+* 1*33'6' :',-* 3* <:-'=9%+':-; @ (<9-

3%:-'= ,':2 3* %342@5%'33'( 4'32 : '13'+,2(233/( *3*0%7'( 3*:021'+*3%? *(80%4%-

5%,'+*33'6' 4,*6(23-* ,*7(2,'( 1500 8. 3. < 6%.,%1'+. 

D-:<-:-+%2 623'+ <:-'=9%+':-% @ 8*,E2 % (<93%:-'= ,':2 < *.',%6233/C :',-'+ ?.-

0'3% !,/(*, 10? ,?1* @'-',/C %7+2:-3* +/:'@*? :-2823; <:-'=9%+':-% @ 1*33/( 8*-'62-

3*(, ('>2- :+%12-20;:-+'+*-; @*@ ' 3*0%9%% 1,<6%C %7+2:-3/C 623'+ <:-'=9%+':-%, -*@ % 

' 3*0%9%% 3'+/C 6232-%92:@%C 12-2,(%3*3- <:-'=9%+':-% (623/, 0'@<:/ @'0%92:-+233/C 

8,%73*@'+ - QTL). & 8'0;7< F-'6' :+%12-20;:-+<2- -'- 4*@-, 9-' ':3'+3*? 9*:-; 623'+ <:-

-'=9%+':-% ?.0'3% @ 8*,E2 % (<93%:-'= ,':2 %123-%4%5%,'+*3* < 1%@',*:-<B%C +%1'+ 

%0% :',-'+, 8,21:-*+0?AB%C 2+,'82=:@%= 623'4'31. & :+?7% : F-%( 82,:82@-%+3/( 8,21-

:-*+0?2-:? +/8'0323%2 <60<.0233'6' %7<923%? + 1*33'( 3*8,*+023%%.  
 

�*33'2 %::021'+*3%2 ('>2- +@0A9*-; :021<AB%2 F-*8/:  

– %123-%4%@*5%? %7+2:-3/C 3* :26'13?E3%= 123; 623'+ <:-'=9%+':-% @ 8*,E2 % 

(<93%:-'= ,':2, 3*%.'022 ,*:8,':-,*3233/C + (%,'+'( 623'4'312 ?.0'3%;  

– +/8'0323%2 4%-'8*-'0'6%92:@'= '523@% :',-'+ 3* <:-'=9%+':-; @ 5202+/( 8*-'-

623*(;  

– 8,% 8'1-+2,>123%% +/:'@'= :-2823% <:-'=9%+':-% *.',%6233/C :',-'+ !,/(:@'-

6' 8'0<':-,'+* % 8,% '-:<-:-+%% %7+2:-3/C 623'+ <:-'=9%+':-% < 3%C (F-*8 1) 

+'7('>3' +/8'0323%2 %::021'+*3%? 8' @*,-%,'+*3%A 3'+/C 623'+/QTL'+, '8,2-

120?AB%C <:-'=9%+':-; @ 8*,E2 % (<93%:-'= ,':2. 
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