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*@A:&"$=$B$&45+,60752,4$8$39$%2,(.33C$
$

!" #$%&'()*$+$
$

)9$7.3303.$+.D+E/.45.$3C0425E$/5+0750+93.$.5$-,4752,44.33.$6.$5,0/$3./$F5+./$G2G945/H$

> ,-,.$/011210%$694/$3C,+I942/J.$$
> ,-,3$4&/56*)0%$K4,4$D95L,IM4./N$$

$

!!" 7(5)(8%$ 9:(*;&8)%&5)(8<$ 9:6'(125)(8<$ 90$ =*(;*&>>&5)(8$ 9:280$
/011210$02/&*?(50"$

$
' ,"$@*(/&*?(50%$A$B2/&*?(50%$
$

<&77+,'='!"#$%&"'()'*$'>'8+',-?@A';+%4',-?<A6'!"#+,&)'*$'>'8+',-?<A';+%4',+4'7%$#B):+4'
'

@*(/&*?(50%$
C=*(D&'&85E$

B2/&*?(50%$C02$D$=*(=*0E$CD:BE$'='F-,G'>':$H&"I'

./01231456/711
!$:+960752,4$/(F
5*&8%/*)=5)(880110$

*+E/.47.$6C04$4,O90$!$:+960752,4$=(%5F
5*&8%/*)=5)(880110$K)C@APJ$./5$/O45LE52/E./$694/$3.$
4,O90Q$5+96025$.4$D+,5E24.$694/$3.$7O5,/,3$D9+$3./$

+2R,/,J./NH$

./012859:/4;!30'' *+E/.47.$6C,+I9425./H$*+E/.47.$6C04$4,O90$6E32J25E$D9+$

04.$6,0R3.$J.JR+94.H$

(.3303./$6.$D.525.$59233.$$ (.3303./$6.$I+946.$59233.$$

$ $

' G"$H*;&8)%&5)(8$90$1&$/011210$02/&*?(50$+$
$

I?%5J>0$089(>0>4*&8&)*0$+$ H*;&8)50%$)%(16%$+$
AE527030J$.46,D39/J2S0.$KKBNQ$9DD9+.23$6.$L(1;)Q$
M?%(%(>0%Q$B89(%(>0%Q$7(?&2$CJ")'+4#'":'
$%5&:)#+'C4+,$:'K),4$:I'9&%'),'7$44L8+'":+'8$"M,+'
E+EM%&:+IH$

T25,7L,46+2./Q$D.+,UO/,J./H$

$

I?%5J>0$
B89(>0>4*&8&)
*0$

&3$7,++./D,46$8$04$08%0>410$90$/&')56%Q$32J25E./$D9+$04.$
>0>4*&80$S02$G,45$/(>>28)N20*$.45+./$.33./$05$9G.7$39$
J.JR+94.$D39/J2S0.H$(.55.$7,JJ0427952,4$/.$-92/945$6.$

J942M+.$5+94/25,2+.$.5$05232/945$6./$D.525./$GE/2703./V794932703./$

J.JR+9492+./H$

KB$+$K65)/212>$
B89(=1&%>)N20$

).$A"$.--.750.$39$D+.J2M+.$>(9)O)/&5)(8$90%$=*(56)80%H$

P==&*0)1$90$
L(1;)$

&3$W,0.$04$+X3.$J9W.0+$694/$3.$D+,7.//0/$9Q0R(/?5(%0$K-92+.$
/,+52+$S0.3S0.$7L,/.$6.$39$7.3303.NQ$D02/S0Y23$-925$3Y245.+JE6292+.$

.45+.$3.$+E527030J$.46,D39/J2S0.$.5$39$J.JR+94.$D39/J2S0.H$&3$

*6;210$10$5*&8%=(*5$'6%)/21&)*0$.5$/.$7L9+I.$6.$J,62-2.+$3./$
D+,5E24./$D9+$I3O7,/O3952,4Q$/03-95952,4Z$&3$4CO$.4$9$S0C04$/.03$

D9+$7.3303.H$

M?%(%(>0%$ &3/$,45$D,0+$-,4752,4$6Y.--.750.+$39$9);0%5)(8$)85*&F/01121&)*0"$$

S)5(/T(89*)0$ "33.$./5$39$/,0+7.$D+2472D93.$6Q680*;)0$D,0+$39$7.3303.$02/&*?(50$
K"33.$D+,6025$3CPU@NH$"33.$7,452.45$04.$D9+52.$6.$3C24-,+J952,4$
IE4E52S0.$K@[P$J25,7L,46+293NH$

@0*(R?%(>0$ &3/$/,45$7L9+IE/$6.$39$965(R)O)/&5)(8$6.$39$7.3303.$

V?5(%N2010550$
C=&%$28$
(*;&8)50E$

)Y.4/.JR3.$./5$,+I942/E$D9+$6./$D,3OJM+./$R2,3,I2S0./$S02$

7,4-M+.45$3Y.//.452.3$6./$D+,D+2E5E/$JE7942S0./$6.$39$7.3303.H$

V?5(%(1$C=&%$28$
(*;&8)50E$

@$3Y245E+2.0+$6Y04.$7.3303.Q$39$=T&%0$1)N2)90$694/$39S0.33.$
R92I4.45$3./$,+I9425./$7O5,D39/J2S0./H$

$

' W"$B'(125)(8$/01121&)*0N'

''''''' '
$

$



!"#$%&'("))$

*+,-.//.0+$123/,4$ &45+,60752,4$8$39$%2,7.33$ :05,+95$42;,2/$#<=#>#<=?$

$

!"#$%&#'()$*+,,-'./0.1./02'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''3+'!"#$%&#'+4#'5%&#")#6'#$"#+'%+7%$8"9#)$:'$"';+:#+'+4#'):#+%8)#+' #$

Par traduction (invention des prot)  

Monde RNP (ARN polymérase) 

Par transcription inverse (invention de l’ADN) 

Monde ADN (ADN polymérase) 

MONDE ARN (ribozyme) 

$
H8$=&*10$90$W$;*&89%$;*(2=0%$90$/011210%$+$10%$02F4&/56*)0%<$10%$&*/T&0CF
4&/56*)0%E$05$10%$02/&*?(50%<$&?&85$5(2%$28$&8/X5*0$/(>>28$T?=(5T65)N20$

&==016$MYVP$<=#%)17$'>-"%#?1@*AA,$1/$&-%)*"B"$
$$

$

$

."$M0%$T?=(5TJ%0%$%2*$1:(*);)80$90%$/011210%$$
$

F UT6(*)0$90$ 1:089(%?>4)(850$ +$ 39$7.3303.$.079+O,5.$/.+925$9DD9+0.$D9+$3C089(/?5(%0$
6.$39$R975E+2.$D9+$3C9+7L9.Q$K)9$R975E+2.$/.+925$8$3C,+2I24.$6./$J25,7L,46+2./NH$

F UT6(*)0$92$>(890$Z$PK7$+$
@0$6ED9+5Q$90$L9/9+6Q$,4$9$6.$3C@AP$.5$

6,47$ 6./$ +2R,\OJ./$ K.4\OJ./$

-,+JE./$ 6C@APNH$ *9+$ 5+960752,4Q$ ,4$

24G.45.$ 3./$D+,5E24./$.5$,4$9++2G.$90$

J,46.$ AP*H$ "4-24$ 3C9DD9+252,4$ 6.$ 39$

5+94/7+2D59/.$ +.G.+/.$ K39$ JFJ.$ S0.$

694/$ 3./$ G2+0/N$ D.+J.5$ 6C933.+$ 6C@AP$ 8$

3C@[P$D,0+$9++2G.+$90$S(890$P[7"$
$$

$

$

' 3"$M&$9)')%)(8$90%$/011210%"$$
$

).$7O73.$7.330392+.$./5$04.$935.+4947.$6.$>)5(%0$
C=T&%0$SE$05$9:)850*=T&%0$CL,$\$LG$\$IE"$
F L,$K19D=N$05$LG$%(85$90%$=T&%0%$90$/*()%%&8/0"$$
F I$0%5$280$=T&%0$90$%?85TJ%0$(2$*6=1)/&5)(8$90$
1:P[7"$

F S$$./5$39$DL9/.$6.$/&*?(/?8J%0$C9)')%)(8$92$
8(?&2E$05$/?5(/?8J%0$C9)')%)(8$92$/?5(=1&%>0"E$$

$

)9$5*&8%/*)=5)(8$05$1&$5*&92/5)(8$%0$O(85$=089&85$
L,<$I$05$LG<$79+$.4$DL9/.$TQ$5,05.$3CE4.+I2.$6.$39$7.3303.$/.$7,47.45+.$/0+$39$62G2/2,4H$$
)9$5*&8%)5)(8$L,FI$7,++./D,46$90$=()85$I5&*5$K6ED9+5$60$7O73.$2++EG.+/2R3.NH$$

),+/S0.$ 3.$ 7O73.$ 7.330392+.$ /C9++F5.$ K]02./7.47.$ K+EG.+/2R3.N$ .5$ ^.4./7.47.$

K&++EG.+/2R3.NN$39$7.3303.$D9//.$.4$L-Q$7C./5$04$/5,D$694/$3.$7O73.$7.330392+.$S02$/.$-925$8$39$
-24$6.$39$DL9/.$1=H$

$

!!!" 7(5)(8%$9:T(>6(%5&%)0$05$90$/011210$%(2/T0$
$
,"$M:T(>6(%5&%)0$

$

(C./5$04$6N2)1)4*0$S02$D.+J.5$6.$J9245.42+$7,4/5945$3.$4,JR+.$6.$7.3303./$6.$
3C,+I942/J.H$@24/2Q$04.$+0D50+.$6.$3CL,JE,/59/2.$D.05$F5+.$60.$8$G$=T68(>J80%$B$/,25$
280$&2;>085&5)(8$90$1&$/&=&/)56$90$9)')%)(8$90%$/011210%$C/&8/0*%$]E<$%()5$280$
9)>)825)(8$90%$=*(/0%%2%$9:&=(=5(%0<$90$%680%/08/0<$05$90$9)OO6*08/)&5)(8$]$

$
$
G" [6O)8)5)(8$9:280$/011210$%(2/T0$CVIB1='

'
> B%5$8(8$9)OO6*08/)60$
> B%5$/&=&410$90$%0$9)')%0*$
> B%5$/&=&410$9:&25($*08(2'0110>085$C8);)4)$:'&4HEB#%)J"+IN$
> I0$9)OO6*08/)0$Z$1&$90>&890$C&7%L4'%B9+7#)$:'8+'4)5:&"OI$
$

W"$M0%$/011210%$%(2/T0%$0>4*?(88&)*0%$CVIBE$='
$

)./$/011210%$%(2/T0%$0>4*?(88&)*0%$CVIBE$/,45$3./$7.3303./$=12*)=(50850%$60$/596.$
R39/5,7O/5.H$

"33./$,45$04.$DL9/.$L,$7,0+5.H$
$

P'&85&;0%$ !8/(8'68)085%$
>$"33./$D.0G.45$6,44.+$6./$7.3303./$6./$?$

-.0233.5/H$

>$).0+$05232/952,4$.4$+.7L.+7L.$D,/.$6./$

D+,R3MJ./$E5L2S0./$.4$_+947.$79+$,4$./5$

,R32IE$6.$D9//.+$D9+$39$7+E952,4$6C04$

.JR+O,4H$

$

!$*,0+$7,45+.+$7.$D+,R3MJ.$E5L2S0.Q$,4$D.05$90//2$D9//.+$D9+$3./$!@I$C/011210%$
%(2/T0%$=12*)=(50850%$)892)50%E<$,4$05232/.$6./$7.3303./$96035./$62--E+.472E./$
90US0.33./$,4$9W,05.$?$,0$`$IM4./$/DE72-2S0./$S02$-,45$+.G.42+$39$7.3303.$90$/596.$

D30+2D,5.45H$*9/$6.$7+E952,4$6C.JR+O,4$a$=&%$90$=*(41J>0$65T)N20H$
!$M:25)1)%&5)(8$90$VIB$05$!@I$08$5T6*&=025)N20$=0*>05$90$80$=&%$&'()*$90$*0^05%H$
$

$

$

$

M:&*/T&0$
> $"33.$./5$0R5*X>(=T)10$K7,46252,4/$.U5+FJ./N$$
> "33.$./5$05232/E.$.4$+.7L.+7L.$JE62793.$KIE4E52S0.NH$$

> "33.$./5$D+,79+O,5.$J92/$/.$*&==*(/T0$=12%$90$1&$/011210$02/&*?(50$

Division asymétrique :  
   
   CS                    CS                    CS                                     
      CD                CD 
CD = cellule différenciée 



!"#$%&'("))$
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@PKU!B$G$+$MP$S!VKHIVH@!B$
'4$62/524I0.$39$J27+,/7,D2.$,D52S0.$6.$39$J27+,/7,D2.$E3.75+,42S0.H$

!$)9$J27+,/7,D2.$(=5)N20$9$04.$+E/,3052,4$J9U2J93.$6.$#<<$4J$K<Q#bJN$.33.$
./5$6,47$969D5E.$8$3C,R/.+G952,4$6./$/011210%"$

!$)9$J27+,/7,D2.$610/5*(8)N20$9$04.$+E/,3052,4$J9U2J93.$6.$<Q#$4J$.33.$./5$
969D5E.$8$3C,R/.+G952,4$6./$>(16/210%$K8$39$32J25.$6.$3C,R/.+G952,4$6C04$95,J.NH$$
1
$FF!!"!!"#$%&#%'"(!!"#$%&'!!"!!"#$#%&'()!FF$"$
*,0+$,R/.+G.+$04.$7.3303.Q$3./$7,3,+945/$4.$/,45$D9/$04.$R,44.$/,3052,4$79+$23/$

6E4950+.45$Kc50.45c-2U.45N$39$7.3303.H$

'
!"$$M&$>)/*(%/(=)0$08$/(85*&%50$90$=T&%0$
)9$J27+,/7,D2.$.4$/(85*&%50$90$=T&%0Q$D.+J.5$6.$G2/0932/.+$3./$7.3303./$.4$90IJ.45945$
3.$6EDL9/9I.$.45+.$39$30J2M+.$24726.45.$.5$39$30J2M+.$EJ2/.Q$,4$05232/.$3./$-,4752,4/$6.$

+E-+9752,4$6.$39$7.3303.H$K*G'49PBE&'G&)#'+:'9$"%4I'
! !8/(8'68)085$+$D.+5.$6.$R+233947.$.5$6.$30J24,/25E$$
" P'&85&;0$+$2J9I.$7,45+9/5E.Q$,R/.+G952,4$6.$7.3303./$G2G945./H$'4$D.05$D9+$

.U.JD3.$,R/.+G.+$04.$7.3303.$.4$62G2/2,4Q$04$6ED397.J.45$7.330392+.$B$

T27+,/7,D2.$52J.$39D/.$KJ27+,>724EJ9H$)9$7.3303.$4C./5$D9/$6E4950+E.NH$

$

!!"$$M&$O12(*0%/08/0$
_30,+./7.47.$B$79D9725E$245+24/MS0.$S0C,45$7.+5924./$J,3E703./$8$9R/,+R.+$6.$39$30J2M+.$

.5$8$39$+E>EJ.55+.$%=(85&86>085$.5$5+M/$+9D26.J.45H$(./$J,3E703./$-30,+./7.45./$/,45$
9DD.3E./$O12(*(/T*(>0%"$
&3$G9$O$9G,2+$9R/,+D52,4$6C04.$30J2M+.$8$04.$E4.+I2.$6,44E.$.5$04.$3,4I0.0+$6C,46.$

6,44E.Q$.5$EJ2//2,4$6C04.$30J2M+.$9G.7$04.$B7BKL!B$!7_BK!BYKBQ$04.$MH7LYBYK$
[:H7[B$IY@BK!BYKB"$$

$

)9$30J2M+.$39$D30/$E4.+IE52S0.$./5$39$30J2M+.$6C&4%(*=5)(8$(2$9:0R/)5&5)(8Q$$
$

)9$30J2M+.$39$J,24/$E4.+IE52S0.$./5$39$30J2M+.$6C6>)%%)(8"$
$

,"$M0%$O12(*(/T*(>0%$
'

> )9$L_@$./5$04.$J,3E703.$7PUYKBMMB$05$@KHUB!`YB$$
> VT*(>(=T(*0$a$5+296.$6C9726./$9J24E/$
> Y7!aBKIBMMB$+$0110$;&*90$%0%$=*(=*)656%$90$O12(*0%/08/0$9&8%$

5(250%$10%$/011210%$(b$0110$0%5$)8/(*=(*60"$
> "33.$./5$.U725E.$D9+$3.$cMBY$.5$EJ.5$694/$3.$aBKU"$'4$D.05$7L94I.+$3./$

9726./$9J24E/$60$/T*(>(=T(*0$.5$7+E.+$6./$-30,+,7L+,J./$9+52-272.3/$.5$D.+J.55+.$
04.$I9JJ.$6CEJ2//2,4$.5$6C9R/,+D52,4$694/$5,05$3.$/D.75+.H$$

$

>$KT(9&>)80$+$9R/,+R.$694/$3.$a0*5$.5$EJ.5$694/$3.$*(2;0"$$
$
F$M&$_!UV$D$O12(*0%/6)80$9$6./$D+,D+2E5E/$7,JD9+9R3./$8$39$1_*$79+$.33.$9R/,+R.$694/$3.$
4102$.5$EJ.5$694/$3.$'0*5"$
$

$

G"$!85*(92)*0$1&$L_@$%0210$9&8%$1&$/011210$
'

(,JJ.45$245+,602+.$39$1_*$694/$4,/$7.3303./$d$

$

&"$M&$>)/*(F)8^0/5)(8$
$

(C./5$04.$JE5L,6.$1(8;20$05$O&%5)9)02%0$S02$7,4/2/5.$8$24W.75.+$62+.75.J.45$3.$
-30,+,7L+,J.$694/$39$7.3303.$8$3C926.$6C04.$J27+,>D2D.55.H$(L9S0.$7.3303.$./5$5+925E.$

2462G260.33.J.45H$$

$

4"$M:610/5*(=(*&5)(8$
$

'4$G9$J.55+.$39$7.3303.$.4$D+E/.47.$6C04$/T&>=$610/5*)N20$S02$G9$e$D.+7.+$f$39$
J.JR+94.$6C04.$J0352506.$6.$D.525/$5+,0/$S02$G,45$D.+J.55+.$6.$392//.+$.45+.+$3.$

-30,+,7L+,J.H$)./$5+,0/$G,45$/.$*0O0*>0*$5*J%$')50H$$'4$G9$D,0G,2+$5*&)50*$28$;*&89$
8(>4*0$90$/011210%$Z$1&$O()%H$(.55.$5.7L42S0.$./5$5*&2>&5)%&850$D,0+$39$7.3303.$/94/$
+.J.55+.$.4$790/.$/9$4950+.$G2G945.H$

$

/"$M&$'0/5(*)%&5)(8$=&*$'6%)/210%$
$

(C./5$39$JE5L,6.$1&$=12%$9(2/0$.5$39$D30/$8&52*0110H$"33.$G9$7,4/2/5.+$8$.479D/03.+$3./$
-30,+,7L+,J./$694/$6./$'6%)/210%$1)=)9)N20%Q$S02$G,45$G.42+$-0/2,44.+$9G.7$39$7.3303.$.5$
6EG.+/.+$3.0+$7,45.40$694/$3.$7O5,D39/J.H$

=H )9$30J2M+.$D,3O7L+,J952S0.$D9//.$D9+$04$

-235+.$S02$/E3.752,44.$39$12>)J*0$
9:0R/)5&5)(8"$$

#H )9$30J2M+.$6C.U725952,4$./5$+E-3E7L2.$D9+$3.$

J2+,2+$627L+,gS0.$(.$J2+,2+$G9$*6O16/T)*$
/0*5&)80%$3,4I0.0+$6C,46.$.5$.4$
5*&8%>055*0$9:&25*0%H$$

?H ).$R3.0$K30J2M+.$6C.U725952,4N$.U725.$3.$

-30,+,7L+,J.$S02$G9$EJ.55+.$694/$3.$G.+5$

K30J2M+.$6YEJ2//2,4NH$$

`H )9$30J2M+.$G.+5.$D9//.$3.$J2+,2+$627L+,gS0.H$

).$6.0U2MJ.$-235+.$4.$G9$392//.+$D9//.+$S0.$39$

30J2M+.$G.+5.Q$,0$30J2M+.$6CEJ2//2,4Q$23$

E32J24.$3./$2JD0+.5E/H$H8$'&$=(2'()*$
1(/&1)%0*$10%$089*()5%$90$1&$/011210$(b$)1$?$&$
02$O12(*0%/08/0"$



!"#$%&'("))$
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$

!"#$%&#'()$*+,,-'./0.1./02'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''3+'!"#$%&#'+4#'5%&#")#6'#$"#+'%+7%$8"9#)$:'$"';+:#+'+4#'):#+%8)#+' `$

$$

!$).$D+,R3MJ.$6.$7./$5+,2/$5.7L42S0./Q$7C./5$S0C,4$245+,6025$6./$4,0G.33./$J,3E703./$

694/$39$7.3303.Q$.5$,4$4.$/90+9$D9/$/2$3.$7,JD,+5.J.45$6.$39$7.3303.$4C./5$D9/$R292/E$D9+$
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