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L’étude de 90 souches de Rhizobium medicae issues de plantsde 4 espèces de luzerne du groupe
des Intertextae a montré l’existence d’une grande diversité à différents niveaux d’analyse : sol et
plante hôte d’origine mais également la provenance de cette dernière (indigène ou introduite).

L’analyse des caractéristiques phénotypiques de ces souches indique que celles piégées par
Medicago granadensis et M. muricoleptis se différencient de celles issues de M. ciliaris et M.
intertexta par :

Leurs relatifs faibles niveaux de tolérance aux différents stress

L’expression de voies de métabolisation différentes chez les deux groupes de souches,
malgré leurs larges spectres d’utilisation des substrats carbonés et azotés, par une nature plus
acidifiante des rejets cellulaires.

Une relative facilitée dans l’utilisation des substrats azotés simples et de certains acides
aminés.

Les souches, présentent dans l’ensemble, des caractères de résistance aux stress
physiochimiques et présentent un potentiel à solubiliser les phosphates organiques très
intéressants.

Les résultats obtenus sont en accord avec les données biomoléculaires établies sur le même
souchier.

Mots clés: Rhizobium medicae, caractérisation phénétique, diversité, Taxonomie numérique,
Medicago du groupe des Intertextae.
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We performed a study on 90 Rhizobia strains associated with plants 2 indigenous (Medicago
ciliaris & M. intertexta) and 2 introduced (M. granadensis & M. muricoleptis) species of inter
group Medics.

The 90 strains examinated showed a big diversity by respect to several traits:

-Soil provenance and characterisation

-Initial host plant and status of the host plant (indigenous or introduced).

Analysis of the phenetic patterns of the 90 strains showed that the strains associated with
Granadensis and Muricoleptis can be distinguished from the other ones by:

-A lower tolerance level to salinity and drought stress.

-The expression of different metabolic pathways as expressed by higher proportion of acid
reaction recorded with the majority of the carbohydrates and nitrogen sources tested.

The strains showed overall a good tolerance versus the physico-chemicals stress and are
high phosphatases producers witch are two interesting traits.

Our results and analyses are consistent with the biomolecular recorded by other authors with
the same strains.

Key words: Rhizobium medicae, phenetic characterisation, diversity, numeric taxonomy,
Medicago of Intertextae group.
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2>&(5,$*((&'&(%G I&%%& J*$'& 4>#3$,0=2%=$& &+% 4!+,3(!& +*=+ 2& %&$'& f4>#3$,0=2%=$&
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5#2*$,+#%,*( 4& 0& 3$*="& 4& "2#(%&+b '#,+ 2& 4&=Y,e'& "$*%#3*(,+%& #++*0,! d 2# $&2#%,*(
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$&++*=$0&+ 4= ',2,&= &+% $=4&G I&+ *$3#(,+'&+ $&"$!+&(%!+ &++&(%,&22&'&(% "#$ 2&+
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5$!*'0%$*!+b 0*2*(,+&(% 2# $1,j*+"1e$&b 2& $1,j*"2#( 5*,$& 'k'& 2&+ %,++=+ $#0,(#,$&+b
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2&+ B0%,(*'W0e%&+b 4= 3&($& ;+%)<#%= #++*0,!&+ d 4&+ "2#(%&+ 4,%&+ #0%,(*$1,j,&((&+
4= 3&($& 6%71%+#)% &% 53)17G

2&+ >.#/'0#%b 4= 3&($& >.#/'0#12= #++*0,!+ #=Y "2#(%&+ 4& 2# J#',22& 4&+
2!3=',(&=+&+G 2# +W'?,*+& :1,j*?,='N2!3=',(&=+&+ +&$#,% d &22& +&=2& $&+"*(+#?2& 4& 2#
J,Y#%,*( 4& [`T ',22,*(+ 4& %*((&+ 4>#j*%& "#$ #( i /$*=31%*( &% <&$$&% K[SSSM 2#
0*(+,4e$&(% 0*''& 2& +W+%e'& +W'?,*%,C=& 2& "2=+ !5*2=!b 0#$ 01#0=( 4&+ #0%&=$+ 4&
0&%%& #++*0,#%,*( # 4!5&2*""! =(& 5*,& 4& '!%#?*2,+#%,*( 0#"#?2& 4& 0#"%&$ =(&
+=?+%#(0& ,(*$3#(,C=& "$!+&(%& 4#(+ 2>#%'*+"1e$&b &% 4& 2# %$#(+J*$'&$ &( !2!'&(%+
#++,',2#?2&+b +=?5&(#(% d 4&+ ?&+*,(+ 0*'"2!'&(%#,$&+ .

2# ?#0%!$,&b "#$ 2# 5*,& 4,#j*%$*"1&b #++=$& 2# 0*=5&$%=$& '=%=&22& 4&+ ?&+*,(+ &(
'#%,e$&+ #j*%!&+ i

&% 2# "2#(%&b "#$ 2# "1*%*+W(%1e+&b #++=$& 2# 0*=5&$%=$& 4&+ ?&+*,(+ !(&$3!%,C=&+G

I>&+% 2& +W+%e'& 2& "2=+ ,(%!$&++#(% 0#$ &( "2=+ 4= (,5&#= 4& J,Y#%,*( C=, &+% %$e+
!2&5!b ,2 0*(0&$(& =( 3$*="& 4& "2#(%&+ %$e+ ,'"*$%#(% "*=$ 2>1*''&b 2&+ 2!3=',(&=+&+G
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;#&4 ? @ A!7 7B7*C2!7 "! D#,%*#') "E%/'*! F%$*G+#!H93%)*!7 IA1**&! !* %34= JKKJL

C=H= 8' "A-:$("/ ,4$G(:$'1)?+%-$!/%"/"

I>&+% 2# $&2#%,*( &(%$& 2&+ 2!3=',(&=+&+ &% 2&+ $1,j*?,# C=, +& %$#4=,% "#$ =(& ,(J&0%,*( 4&
2# "2#(%& 1@%& K2# 2!3=',(&=+&M "#$ 2# ?#0%!$,& K2& >.#/'0#12Mb 0& C=, ,(4=,% 2# J*$'#%,*(
4>=( !(;%)/b C=, &% 2& +,e3& 4& 2# +W'?,*+&G

C=H=C= 0#':)$""/-/!# ;/ )' "A-:$("/

D# +W'?,*+& +& %$#4=,% "#$ 2# J*$'#%,*( 4>=( *$3#(&b +,e3& 4&+ ,(%&$#0%,*(+ &(%$& 2#
?#0%!$,& &% 2# "2#(%& 1@%&b 0&% *$3#(& +"!0,J,C=& &+% #""&2! (*4=2&G

D&+ >.#/'0#127 +& %$*=5&(% (#%=$&22&'&(% d 2>!%#% 2,?$& 4#(+ 2# $1,j*+"1e$&b
2>!%#?2,++&'&(% 4& 2# +W'?,*+& &(%$& 2&+ 4&=Y "#$%&(#,$&+ "#++& "#$ =(& "1#+& 4&
$#""$*01&'&(% 4& $&0*((#,++#(0& &% 4>!01#(3& 4& +,3(#=Y 01,',C=&+ +"!0,J,C=&+b

D# "2#(%& !Y=4& 4,JJ!$&(%&+ +=?+%#(0&+ (=%$,%,5&+b (*%#''&(% 4&+ J2#5*(*o4&+b
+%,'=2#(% 2# 0$*,++#(0& 4&+ ?#0%!$,&+ C=, $!"*(4&(% "#$ =(& #%%$#0%,*( 5&$+ 2& +W+%e'&
$#0,(#,$& 4& 2# 2!3=',(&=+&b 0>&+% 2& 01,',*%#0%,+'&G

D&+ ?#0%!$,&+ +%,'=2!&+ "$*4=,+&(% 4&+ 2,"*N*2,3*+#001#$,4,C=&+ KDI-M #""&2!+
7'3#/%, &(; K),+1&$b [SS^M i 0&+ +=?+%#(0&+ +*(% +"!0,J,C=&+b &% $!+=2%&(% 4& 2>&Y"$&++,*(
4>=(& ?#%%&$,& 4& 3e(&+ 4,%+ 3e(&+ )'"= ,2+ +& +=?4,5,+&(% &( %$*,+ 3$*="&+ .

D&+ 3e(&+ !(; 3(--%!" . I& +*(% 2&+ 3e(&+ )'" %= 0 !* $b 0*''=(+ 01&j %*=+ 2&+
>.#/'0#127 KP$=01&% !* %34b [SS\M i ,2+ +*(% $&+"*(+#?2&+ 4& 2# J*$'#%,*( 4= +C=&2&%%&

@A!#4<"/ 5$:)$(+,'B4$.%/
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LN#0!%W2 32=0*+#',(& 4= )#0%&=$ L- K/2#4&$(3$*&( !* %34b[SS̀ M i

D&+ 3e(&+ !(; "B?3$D$.%/" . 3e(&+ C=, 0*4&(% "*=$ 2# J*$'#%,*( 4&+
2,"*N*2,3*+#001#$,4,C=&+ K6#( 4& A#(4& &% /,++&2,(3b [SS̀ M 4*(% 2# +%$=0%=$& 4!%&$',(& 2&
+"&0%$& 4& 2>1@%& d ,(J&0%&$b 4*(0 4& 2# 0*'"#%,?,2,%! &(%$& 2&+ 4&=Y "$*%#3*(,+%&+
K4&=Y,e'& (,5&#= 4& +"!0,J,0,%!M KP$,"2&%% &% A#4*p+nWb [SSRM i

D&+ 3e(&+ !(; ,?+%)'#/%," . 0&+ 3e(&+ 0*4&(% "*=$ =(& "$*%!,(&b 2& J#0%&=$ )'" "b
$&+"*(+#?2& 4& 2# $!3=2#%,*( 4&+ #=%$&+ 3e(&+ )'" K6#( 4& A#(4& &% /,++&2,(3b [SS̀ Mb
!2!'&(% 0*(+%,%=%,J 4& 2# 0&22=2& ?#0%!$,&((&b ,2 V*=& 2& $@2& 4& $!0&"%&=$ 4& J2#5*(*o4&+b
4*(% 2# 0*'"#%,?,2,%! 0*(J,$'& 2& "$&',&$ (,5&#= 4& +"!0,J,0,%!b

D# J*$'#%,*( 4= (*4=2& "#++& "#$ "2=+,&=$+ "1#+&+

D# 0*2*(,+#%,*( 4& 2# +=$J#0& 4= "*,2 #?+*$?#(% &% 2>!01#(3& 4& +,3(#=Yb 0& +*(% 4&+
J#0%&=$+ 01,',C=&+ +"!0,J,C=&+ d 01#C=& &+"e0&b &% 4*(% 4!"&(4 2# +"!0,J,0,%!
+W'?,*%,C=& 4&+ 4&=Y "$*%#3*(,+%&+b "*=$ 2# "2#(%&b 0& +*(% 2&+ J2#5*(*o4&+b %#(4,+ C=&
"*=$ 2& >.#/'0#12b 0& +*(% 2&+ J#0%&=$+ L*4 i

D>,(J&0%,*( 4= +W+%e'& $#0,(#,$& "#$ 2&+ ?#0%!$,&+ #= (,5&#= 4& 2# 0*=$?=$& J*$'!&
"#$ 2& "*,2 #?+*$?#(% d +*( &Y%$!',%! #""&2!& f 0$*++& 4& ?&$3&$ gb d 0& (,5&#= 2db 4&+
&(jW'&+ 1W4$*2W%,C=&+ 5!3!%#2&+ J$#3,2,+&(% 2# "#$*, "*=$ J#0,2,%&$ 2# "!(!%$#%,*(b =(
J,2#'&(% ,(J&0%,&=Y "$*3$&++& 5&$+ 2& ?#+ 4& 2# 0&22=2& i

D& J#0%&=$ L*4 ,(4=,% 2# 4,JJ!$&(%,#%,*( 4& C=&2C=&+ 0&22=2&+ 0*$%,0#2&+ &% 2&+ +%,'=2& i
&22&+ +& 4,5,+&(% #0%,5&'&(% &% 4*((&(% (#,++#(0& #= "$,'*$4,=' (*4=2#,$& KE&=$%+ &%
)$#(++&(b [SS_M C=, $&q*,% 2&+ ?#0%!$*o4&+ d #01&',(&$ "#$ 2& 0*$4*( ,(J&0%,&=Y i 2&+
?#0%!$,&+ "!(e%$&(% 2&+ 0&22=2&+ 5!3!%#2&+ "#$ &(4*0W%*+& K6&$'#b [SSR i -n& &% D*(3b
[SSS i I&$'*2# !* %34b RTTTMb =( 02*,+*((&'&(% +& J*$'& #=%*=$ 4&+ ?#0%!$,&+ 4!$,5#(%
4&+ "#$*,+ 0&22=2#,$&+ 4& 2# "2#(%&b 0&%%& +%$=0%=$& &+% #""&2!& f +W'?,*+*'& gb 2,&=b #"$e+
'#%=$#%,*( 4= (*4=2&b *r +>&JJ&0%=& 2# +W'?,*+&G

C=H=H=  -B(,#'!3/ '+,(!(-$.%/ ;/ )' "A-:$("/

>4$G(:$%-1)?+%-$!/%"/

;( "2=+ 4& 2# J,Y#%,*( 4>#j*%&b 2&+ $1,j*?,# "$!+&(%&(% 4>#=%$&+ 0#$#0%e$&+ ,(%!$&++#(%+ +=$
2& "2#( #3$*(*',C=& .

s +*2=?,2,+#%,*( 4= "1*+"1*$& ,(*$3#(,C=& K"1*+"1*$& 4&+ +*2+ '#V*$,%#,$&'&(% +*=+
J*$'& ,(+*2=?2& (*( =%,2,+#?2& "#$ 2# "2#(%&M i 2& "1*+"1*$& &+%b #5&0 2>#j*%&b 2& J#0%&=$
C=, 2,',%& 2& "2=+ 2# "$*4=0%,*( 4&+ #3$*+W+%e'&+ i

s ',(!$#2,+#%,*( 4= "1*+"1*$& *$3#(,C=& i P=$( *5&$ 4= "1*+"1*$& i

s 01!2#%,*( 4= J&$ i

s "$*4=0%,*( 4& "1W%*1*$'*(&+ i

s #'!2,*$#%,*( 4& 2# %&Y%=$& 4= +*2 "#$ 2>&Y+=4#%,*( 4& "*2W+#001#$,4&+G

s P*=%&+ 0&+ 0#$#0%!$,+%,C=&+ 4&+ $1,j*?,# J*(% C=>,2+ +*,&(% 2&+ "2=+ !%=4,!+ "#$', 2&+
?#0%!$,&+ 4= +*2G
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D&+ $1,j*?,# +*(% 02#++,C=&'&(% 4!J,(,+ 0*''& !%#(% 4&+ ?#0%!$,&+ +W'?,*%,C=&+b
0#"#?2&+ 4>&(5#1,$ 2&+ %,++=+ $#0,(#,$&+b J*$'#(% 4&+ (*4=2&+ 01&j 2&+ 2!3=',(&=+&+b *r
&22&+ &(%$&"$&((&(% =(& J,Y#%,*( ?,*2*3,C=& 4& 2>#j*%& K7#(5,n# !* %34b RTT\M i 0& +*(% 4&+
;=?#0%&$,&+ #""#$%&(#(% d 2# 02#++& 4&+ #2"1#N"$*%!*?#0%!$,&+ Kt#n1,# &%  & D#V=4,&b
RTT[M d E$#' (!3#%,Jb 0& %$*=5#(% d 2>!%#% 2,?$& 4#(+ 2& +*2 +*=+ J*$'& 4& ?u%*((&% 0*=$% d
?*=% #$$*(4,b #!$*?,& +%$,0%&b 01,',*%$*"1&+ &% 1!%!$*%$*"1&+ K5,(0&(% [SUT i[S̀ [ i
V*$4#(b[S̀ ^ i &2n#( [SSR i +*'#+&3#$#( &% 1*??&(b [SS^ i t#n1,# &%  & D#V=4,&b RTT[MG

8/" )%G/,!/"N )/ +/!,/ 9./&#!4(

D&+ "2#(%&+ 0*''& 2& 1#$,0*%b 2& "&%,% "*,+b 2# Je5&b 2& "*,+ 01,01&b 2# 2&(%,22&b 2#
2=j&$(&b 2&+ #0#0,#+b 2& 0#$*=?,&$b "*=$ (& 0,%&$ C=& 2&+ "2=+ J#',2,e$&+b J*(% "#$%,& 4& 2#
J#',22& 4&+ 2!3=',(&=+&+G I&%%& J#',22& 0*(+%,%=& 2v=( 4&+ 3$*="&+ 4& "2#(%&+ 2&+ "2=+
,'"*$%#(%+ "*=$ 2v1*''&G D&+ 2!3=',(&=+&+ +*(% =%,2,+!&+ "*=$ "$*4=,$& 4&+ 3$#,(&+b 4=
J*=$$#3& *= 4& 2>&(3$#,+ 5&$%G ;22&+ +W(%1!%,+&(% !3#2&'&(% =(& 2#$3& 3#''& 4& "$*4=,%+
(#%=$&2+ 0*''& 4&+ #$@'&+b 4&+ "$,(0,"&+ #0%,J+ '!4,0#'&(%&=Yb 4&+ "*,+*(+b 4&+
0*2*$#(%+b 4&+ %#((,(+b 4&+ 3*''&+l&%0G

D&+ 2!3=',(&=+&+ +*(% =(& 0*'"*+#(%& ,'"*$%#(%& 4& %*=+ 2&+ ?,*%*"&+ %&$$&+%$&+b
+=$ %*=+ 2&+ 0*(%,(&(%+b &Y0&"%! 2vB(%#$0%,C=&G D&=$ "$,(0,"#2& 0#$#0%!$,+%,C=& &+% 2&=$ J$=,%
#""&2! 2!3='& *= 3*=++&G

B5&0 "2=+ 4& [`GTTT &+"e0&+ $!"#$%,&+ +=$ U]T 3&($&+ K<*21,22 &% :#5&(b [S̀ [Mb 0&
C=, $&"$!+&(%& "$&+C=& [O[R 4&+ "2#(%&+ d J2&=$+ 0*((=&+b 2# J#',22& 4&+ 2!3=',(&=+&+
$&"$!+&(%& 2v=(& 4&+ "2=+ 3$#(4&+ J#',22&+ 4&+ "2#(%&+ d J2&=$+G

D# J#',22& 4&+ 2!3=',(&=+&+ &+% 3!(!$#2&'&(% +=?4,5,+!& &( \ +*=+NJ#',22&+ .

;!*&<&()(&/.!. b

 !.'!<*&)&(&/.!. b

9&3('(&/.!.

I&+ +*=+NJ#',22&+ +*(% "#$J*,+ 0*(+,4!$!&+ 0*''& 4&+ J#',22&+ +!"#$!&+.
M%9#3#')%$!%!b 6%!7%39#)#%$!%! &%  #2'7%$!%!G

D&+ C=#%$& &+"e0&+ 1@%&+ #++*0,!&+ d (*+ +*=01&+ #""#$%,&((&(% #= 3&($&
9./&#!4( b ,2 &+% $&"$!+&(%! "#$ \U &+"e0&+ #23!$,&((&+ &%O*= '!4,%&$$#(!&((&+ Kw=&j&2
&% A#(%#b [S_RM

I&+ C=#%$& &+"e0&+ +*(% .

s 7&4,0#3* ,(%&$%&Y%#b

s 7&4,0#3* 0,2,#$,+b

s 7&4,0#3* '=$,0*2&"%,+b

s 7&4,0#3* 3$#(#4&(+,+G

B 2>*$,3,(& 2& %&$'& 3!(!$,C=& 4& >.#/'0#12 4!+,3(#,% %*=%& ?#0%!$,& 0#"#?2& 4& J*$'&$
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4&+ (*4=2&+ J,Y#(% 2>#j*%& #5&0 #= '*,(+ =(& 2!3=',(&=+&G

<$*3$&++,5&'&(% 2# 4,5&$+,%! 4&+ ?#0%!$,&+ ,'"2,C=!&+ # #'&(! d 4,+%,(3=&$ 01&j 0&+
?#0%!$,&+ +W'?,*%,C=&+b 4&+ 3&($&+ 4,JJ!$&(%+ F+%"B+.#/'0#12b 5/'+.#/'0#12b
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#2"1#N"$*%&*?#0%!$,&+G -( # 0*(5&(= #2*$+ 4>#""&2&$ 0&+ ?#0%!$,&+ +*=+ 2& %&$'& 32*?#2
4& $1,j*?,#G

I&+ 4&$(,e$&+ #((!&+ *( # '*(%$! C=& 4&+ ?#0%!$,&+ 4>#=%$&+ 3$*="&+ C=& 2&+
B2"1#"$*%!*?#0%!$,&+ +*(% &22&+ #=++, 0#"#?2&+ 4& (*4=2&$ 0&$%#,(&+ 2!3=',(&=+&+ i ,2
+>#3,% 4& .

s /=$n1*24&$,#

s 7&%1W2*?#0%&$,='

s :#2+%*(,#

s ;(+,J&$

s K/$=0&22#lM

I&%%& 4,5&$+,%! 2#,++& ,(4,C=&$ C=& 2# 0#"#0,%! 4& (*4=2&$ &% 4& J,Y&$ 2>#j*%& &+% #""#$=& #=
0*=$+ 4& 2>!5*2=%,*( 01&j "2=+,&=$+ 3$*="&+ ?#0%!$,&(+G

 #(+ 2& 0#+ C=, (*=+ ,(%!$&++&b ?#0%!$,&+ (*4=2#(% 2&+ 2=j&$(&+b 2&+ ?#0%!$,&+
$&0&(+!&+ d 0& V*=$ J*(% "#$%,& 4= 3&($& -#)'+.#/'0#12 C=, &+% 4!J,(, &% C=, 0*'"*$%&
#=V*=$4>1=, [R &+"e0&+ d +#5*,$ .

s -4 %0+#

s -4 %2!+#$%)17

s -4 %+0'+#7

s -4 D+!"#

s -4 #)"#%!)7!

s -4 <'7*#!)7!

s -4 <122!+'N#%!

s -4 2!3#3'*#

s -4 2!"#$%!

s -4 2'+!3!)7!

s -4 7%.!3!)7!

s -4 *!+%)&%!

C=H=J= K)'""$D$3'#$(! ;/" ,4$G(:$'

7,+& d "#$% 2&=$ 0#"#0,%! d !%#?2,$ =(& +W'?,*+& #5&0 2&+ 2!3=',(&=+&+b #=0=( 0#$#0%e$&
0=2%=$#2b '*$"1*2*3,C=&b "1W+,*2*3,C=& *= ?,*01,',C=&b (& "&=% 4,+%,(3=&$ 2&+ $1,j*?,# 4&+
#=%$&+ ?#0%!$,&+ 4= +*2G
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D# 02#++,J,0#%,*( 4&+ $1,j*?,# # 2*(3%&'"+ !%! ?#+!& +=$ 2&=$ +"!0,J,0,%! +W'?,*%,C=&
KV*$4#(b [S̀ ^ i t#n1,# &% 4& D#V=4,&b RTT[ i 7#(5,n# !* %34b RTT\MG a*$4#( K[S̀ ^M # 4>#?*$4
4!J,(, 4&+ 3$*="&+ 4>,(*0=2#%,*( 0$*,+!& +=?4,5,+!& &( 4&=Y 3&($&+ #W#(% 4&+
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RTT\M .
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$!3!(!$#%,*( &+% ,(J!$,&=$ d ] 1&=$&+b +*(% #0,4,J,#(%&+b &% 3!(!$#2&'&(% #++*0,!&+ #=Y
2!3=',(&=+&+ 4&+ $!3,*(+ %&'"!$!&+ K:*'&$*b RTTTMG

N D&+ 0 +%"#+.#/'0#12 ,(02=#(% =(& +&=2& &+"e0&b F4 O%9')#$12b +"!0,J,C=& #= +*V#
KP3B$#)! 2%,Mb C=, &+% =(& &+"e0& d 0$*,++#(0& 2&(%& K%&'"+ 4& $!3!(!$#%,*( +="!$,&=$ d
] 1&=$&+Mb &% C=, 0*(%$#,$&'&(% #= "$&',&$ 3$*="&b ,(4=,% =(& ?#+,J,0#%,*( 4= ',2,&=G

7#,+ 2# %#Y*(*',& ?#+!& =(,C=&'&(% +=$ 2>,(*0=2#%,*( 0$*,+!& &% 2& "$*J,2
"1!(*%W",C=& +&=2+b (& $&J2e%& "#+ 2# "1W2*3!(,& 4&+ 3$*="&+b 0#$ *( %$*=5& =( 3$#(4
(*'?$& 4>&Y0&"%,*( Kt#n1,# &%  & D#V=4,&b RTT[ i 7#(5,n# !* %34b RTT\M i d %,%$& 4>&Y&'"2&
2& +*V# KP4 2%,Lb 4>*r *(% !%! ,+*2!+ &( 'k'& %&'"+ 4&+ $1,j*?,# d 0$*,++#(0& $#",4& &% d
0$*,++#(0& 2&(%& KA01*22# &% ;2n#(b [S̀ ^MG  & "2=+ 4&+ 2!3=',(&=+&+ 4&+ $!3,*(+
%&'"!$!&+b %&2 C=& 6'+')#33% &% A19#)17 KB22&(b [S̀ [M +*(% ,(J&0%!&+ "#$ 4&+ $1,j*?,# d
0$*,++#(0& 2&(%&b &% *( %$*=5& 4&+ &Y0&"%,*(+ 4#(+ 2& +&(+ ,(5&$+& K & D#V=4,& !* %34b
[SS^ i E&*$3& !* %34b [SS^MG

D>=%,2,+#%,*( 4&+ %&01(,C=&+ '*2!0=2#,$&+ 0&+ 5,(3% 4&$(,e$&+ #((!&+b %&22& 2#
0*'"#$#,+*( 4&+ +!C=&(0&+ 4&+ 3e(&+ 4= [_A B:L$ &% 2>1W?$,4#%,*( B LOB Lb # "&$',+
2>!'&$3&(0& 4& (*=5&22&+ &+"e0&+b &% 4&+ 01#(3&'&(%+ 0*(+,4!$#?2&+ 4#(+ 2#
02#++,J,0#%,*( R9':= CSG

01#C=& %&01(,C=& =%,2,+!& &( %#Y*(*',&b W 0*'"$,+ 2# 0#$#0%!$,+#%,*( 4& %W"&
"1!(*%W",C=& &% ?,*01,',C=&b # +*( "$*"$& "*=5*,$ 4,+0$,',(#(% i 2&=$ J,#?,2,%! 4!"&(4 4&
4,JJ!$&(%+ J#0%&=$+ %&2+ C=& 2&+ 5#$,#?2&+ !%=4,!&+b 2&+ 0*(4,%,*(+ "#$%,0=2,e$&+
4>&Y"!$,'&(%#%,*(b (*'?$& &% %W"& 4& +*=01&+ !%=4,!&+l&%0G i 2>=%,2,+#%,*( 4& "2=+,&=$+
%&01(,C=&+ 0*'"2!'&(%#,$&+b #5&0 4,JJ!$&(%+ (,5&#=Y 4& 4,+0$,',(#%,*(b &+% C=#2,J,!&
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