G2 +QHH ; M2 ssAA/ MbH 7Q K iBQM 2i H
[2 H DQM+iBQM KvQi2M/BM2mb2 +72x H2 T
HO2K# vQM " HO+;2 /mHi2
J BHVM2 J H#QmvV 2b

hQ +Bi2 i?Bb p2 ' bBQM,

J "BHVM2 J H#QmV 2bX G2 +QHH ; M2 ssAA/ Mb H 7Q K iBQM 2i H 7
Qi2M/BM2mb2 +?22x H2 TQBbbQM x #°2- /2 HO2K# VQM “H&+;2 /mHi2X
kyR3X 6° Mi BbX LLh, kyR3GualRkk9 X i2H@yk3eNjNy

> G A/, iI2ZH@yk3eNjNy
?21iTb,ffi2HX "+?Bp2b@Qmp2 i2bX7 fi2ZH@yk3e
am#KBii2/ QM Re CmM kyky

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X



‘U .U]\V]WRI -DJOD '5QLE(OVIBWpP GH &0 HUPRGEW )HIIDRIBN H X U
'U &KULVWHO /HIUDQORLV 0&) +'5 8QLPBEMLWp GH DB L5SRIFW H O PH
3U S8OULFK 9DOFRXUW 38 8QLYHUVLWp GH /\RQ )UDQFH

'U JORUHQFH 5XJJLHUR '5 &156 8QLYHUVLWp 'GHHFR\QU L)FHD G FHHW K



'U .UJ\W]WRI -DJOD '5 ,16(50 8QLYHUVLWN BHF&HOBDBRRWWHXWD (
'U &KULVWHO /HIUDQORLV 0&) +'5 8QLDPBBWLWp GHK[DP 5@EWKQ D
3U 8OULFK 9DOFRXUW 38 8QLYHUVLWp GH /\RQ LQDWHRMNU

'U )ORUHQFH 5XJJLHUR '5 &156 8QLYHUVLWp 'GH HRNU LD GHHW K









SHPHUFLHPHQWYV

-H YRX@E@B@DOMHMVUHPHUFLHU -XOLH %DWXW .U]J\V]WRISMUIOAK &KULVW
9D O F Ra¢bi'WD F F Hi®Yaminer PRQ WUDYDLO GH WKqVH

JORUHQFH

PRQ SDUFRXUV SUb&itditVWILRIMHPEODEOHPHQW SDV pWp OH PrPH VI
UDL MDPDLV FRPPHQW WH UHPHUFLHU SRX D F¥FRX\GpHOBWF B& XD q
SUpPFLHX[ FRQVHLOV 7RQ HQWKRXVLD VPN URYXPRERIDTX®IDIE W HO 0D D XTC
WRQ WUDYDLO EUHI WD SDVVLRQ SRKHPWRQ FRWQnERKIRQGUY X Q ||
FHVVp HW QRV GLVFXVVLRQV VFL QW LWIRIXMR/XHW SHILALRIXYHO B
GpH&HWWH WKqVH HVW D X ¢impe@dt WMERQQH HW WRXW

%LHQ pYLGHPPHQWauRait VBWY MWKm SRV VALEOLS MHQW VHY PHPEUHV S
HW SUPVHQWY 6D QIGUK. QFR MW D@ HY PBDX PR WILGLHQVTXH FH VRI
YRV SUpPFLHX[ FRQVH&DWF X¥YRXR QR V F L HIDW ML TSRMU PRRXWH OD
KXPHXU HW OH UHrFaXe2 BXHUFPRXVGH SUHQGUH IDFH DX[ REVWD
WKqVH HW GH OD YLH HQ JpQpUDOH RQWQMH. R QUWSIpEQ R PIQH (@
HW j 6DQGULQH SRXU QRV pFKDQJHV PXVLEBXKHW EFDE@L@D UDIS K
VXU OH WKgPH GHV UHFHWWHY 7KHUPRPL[ R LI BXHD V& KUk J/DNOHP
(OLVH DQFLHQV RHUDEUHXLGHQW SDUWDJp DYHF PRL SOXVLHXUV
WUDYDLO GDQV OD ERQQH KXPHXU

-H UHPHUFLH pJDOHPHQW &KULVWHO /HIRWY FRO/OBBER®WDWQR Q30
d’enseignements SRXU PRL

&KULVWai@ 3MHV SX UrYHU PLHX[ GqV OHaSVKXK Péthld ARXGHGW U § @
ERQQHYV PDLQV OHU&Ridle SRW\OQWRSESWRGDQW HW DSUgqV OHV PDQLS
PFKDQJEsgeUH TXH QRXV FRQWLQRHURQQWVWHWBEON DBHQUWIUqV JUDQG
%WUXQR MH VXLV LPSUHVVLRQQpH Snbodt \8 HWV PDLWWGKHF LFHHX\ XRIRHQUW
SUpFLVLRQV OHV FRQWUDFWLRQV PXVFXODWWHN GWHSRHYVL BDO Y M/
JRIJLH HW WRQ DLGH SUpFLHXVH -H UHWWHX UPE B pPBIQID P H APWHM
WHYV PLQXWLHYV P OésgapdrHi'eéd URDPHAWAY OH PRLQV SRVVLEOH

-H WLHQV j UHPHUFLHU PHV FRiQaeriXHW S BV VSIODX\WWHIXHPHQW $Q
SRXU WHXWnFaHDSSULYV HQ PLFURVFRSLH pOHFWURQLTXWVI&KULV\
SRXU WHV SUpFLHX[HVRBR® ER X US/R YHW OSBRXIUW B D LRLFYRWFRSLH R



,0
nest VFLHQWLILTXHPHQW SDV SURXYp Inékgeddd BR LV VIR VGLYR-DORS !
FRQWHVW DiB@iHRiohQ®X SrFKHXDQQDK (PLOLH 6WHYHQ HW SOXV U
OLQHV 5XWifauldd DL TXH QRWUH ELQ{PH SHUGXUH SOXV ORQ
TXHOTXHV PRMLWRV OpODQLH -RQDWIDRY MWW RSH W LWHQ GIZH. AKK
ULHQ  ../PDOUBILQH PHUFL SRXU WRQ DLGH j GLYHUSRRBPMBWYV |
FRQVHLOV SUpPFLHX[ SRXU OD Upm@adF VDIVR/@ FPLPLY WX VSXE SRRDW LR
GRXWH SDV TXH OD TXDOLWp GH WRQWFUB @ WILOL TEKWD @pHO DVQRLLH X @
YpH GD&Qupe, j] XQH SpPULRGH XQ SHX GLIIX®AHO H
d'oxygéne. OHUFL SRXU WRQ DLGH SUpFLHXVH SRXUSRKV K[SY ULIHQ F
FXVVLRQV VFLHQWLILTXHV HW SOXV SHWHRFGHOGHY DER K LTXE
KHXU -H QH GRXWH SDV TXH OD TXD@QWLAV pL 81WU D DS I X DR WWp H&IH
“ai SDVVp HW MH SDVVH HQFRUH WHOOHPHQWUDH BER® \H\WREH QWY
DYHF YRX.VPHUFL

OHQWLRQ VSpPFLD@H [SRRUPBHPHQOW DSSULV j WRQ FRQWDFEW HW M}
UHJUHWWH VRXYHQW Q Roiyined Em@rterel & 57,838 \@GYY... -H PH VXLV
UHQGXH FRPSWH ORUV [@aiswRBVGCGHEROQWVTKBIVHYVY SRXU SUHQGUH
cest EHDXFRXS JUKFH j WRL 7D JUDQGH SAGDXXRJIR G WWDV pJ XXX HE
HIHPSOH j VXLYUH -H WH GRLV OL[IELRORVILHWRW®YDFXOW pU B
SRXU WD SpGDJRJLH HW SRXU QRV pFKDQDD\ERstA# PRPHQWRQ G|
GX GpS{W OHUFL SRXW WHKHXHOBNFOWHIYES O XAH WIHUGRXKDLWH OH
SRXU OD VXLWH WX OH PquulLVDEX GADON. MOO.Hed- K R @ifisicaux. ..

© O0Dtley SDa/l..maistes Re " 2

“aimerais DXVVL UHRGFURBRMXU VRQ HQYLURQQHPHQW GH WUDYDLO V
HW VWLP XO DI®jipeOBGPLGLVWUDWLYH HW HQ SDUWLFXOXHU B6RQL
WUDYDLO®H®MWPOGDQYW XL VRQW WHOOHPHQW LQGLVSHQVDEOHV D



6L OHV SRLVVRQV VRQW
SRLVVRQQLQUHV VRQW EDYDUGHV SRXU HXJHWHR | JORWKIL\DERSKR
VRQ H[SHUWLVH GX —&7VFDQ VD JHQWLOOHVVH HW VD GLVSRQL
&HW W H nAiaif V$IDV pWp SRVVLEOH VDQV OD Ga FKDQPIHFGEp QH\D YSIHLX
GHUQLQUHV DQQpHV TXDQW j PD UHVSRQIGELE -6 LWHPEHFQ B BIRRLF
1LFRODV /DEHUW PDLV DXVVL WRXW SDV¥WesFereOTXHHPX \M WDW L.O
FRPPH WX OH PpULWHY DPSOHPHQW ORIGS®© X§W LO\QH SRAQWLPEO $f
PRQ DQFLHQQH FROFREIMWPLRKDQWDO 'RPHQJHW

ORQ WUDYDLOCa@at BX\G\WWW R SRVVLEOHAQGR QLS DR¥ L\DAVGH OD IRUF
FRQWLQXH GX &156 HW MH WLHQV | UHRHLRA[HD SDW WLGFLXODQ g UHRP
SRXU QRV QRPEUH X[ 'RaHKBQ GHVPHYUWUDYDX[ SRXU OHXU IOH[LEL
SUPKHQVLRQ OHUFL pJDOHPHQUCBLODWESO XX GH WW(L BXOLqUHPHQ
JHQQH -H WLHQV DXVVL j UHPHUFLHU )UDRURLWV¥L OR@BMUIBNPp HW 0
FLHX[ VRXWLHQ ORUV GH OD GHUQLQqUH DQQpH GH FHWWH WKqVH

“H YRXGUDLV ELHQ V€U UHPHUFLHU PHYUMPKHIXVUH F&IDWRVH G H DQ
IXFLH $XGUH\ OH WIULR6MHEKQPRQGELQ{PH GH JDOQqUH HW ,VI
d’expérimentation D Q L P D O H OGP FRBUMOK LVQKH|] WRL GH

(PHOLQH I'l6RL GFHLWp H V SUpPFpGHPPHQW Ebiié,.6)p PBUVQBIX VAVAQE H V
DPLWLpPV SOXV UpFHQWHV PDLV VL SURHWME WXV BWV .GFIX DR © DO
TXmont SHUPLV GH WURXYHU W Ratol OQip F R X WRLIHOH HSR XMR RWE O L H U
RQ VH ODQFH GDQV XQH WKqVH N ERD QHL QR X BIRXOHR HY WS 1
SOXV GH WHPSV HQVHPEOH OHUFL j QRXQRBR WIOWIBEOSWIQH HW (
JD U ®arghux...je YRXV SURPHWYV XdDe@esX VXSISOWPHQWDLUHYV

-H YRXGUDLV UHPHUEeHUPGY |BD G HEDMOY GRXQp WHEPRRHQW

SRXU UpXVVLU FH FKDOOHQJH 6HXOV PMHWH STDXLHQWD/L WR QFLDLWN H
VSPpFLDOH GpGLFDFH SDSD PDPDQ MH WREXVLPHHRKMWE L HU-AHAR
sceur, QHYHX[ HW QLgFHV HW PD EHOOH IDPOB®HVSRRXERXROWHE H XU
SDUWLFXOLqQUHPHQW PD 6LVVL MH UHJUHVWDWN Gpj WDR.Q/ DIEX/H C
DYHF PRL WUQV IRUW SDU OD SHQVpADMARQD MH QH VDLV TXHOC



L'amour HVW XQ SRLVVRQ
davri, -RVHSK *XLOODXPH %DUWKH

-H FURLV TXH FHWWH [cRt@tL e GHP HOW UXHQ HX G piP DWKEFKWHX Q SH
SRXU XQH IRC#¥ait DFDIQW WRXW SRXUjeRHp BADRXYADSDEOH HW SR
VHU XQ GH PHWtalrY®M DYHQWXUH H[WIW DRUIGIOXDOULMA MW UHFRPP
VDQV KpVLWHU -H PH VHQV JUDQGLH VFW\Q W L PLimpresBiochQW HW K
GH PLHX[ PH FRQQDVWUH

(W MH FURLV ODUJDXBEStTNMVWRXWHCDOHPHQW SRXU TXH WX VRL
&URLV HQ WRL HW RVHV UpDOLVHU WHV UrYHV

-Hraime VL IRUW PD SXFH WX UHVHN W BREQWXRQ EHHY OHIQ G |
-HDQ GH /D )RQWDLQH



$YDQW SURSRYV

5pDOLVHU XQ GRFWRUDW HQ 9%( »X@eSURMHW SDV FRPPH OHV

/H PDQXVFULW TXH YRXV D Oabdtfis@Dent BXUS O XWLHNYW DQQpHV GH
SXLVTXH PD SURFpPGXUH GH 9%$( D RIILFLHCDOHPRQWG RRY PHIQ FpH HI
VDELOLWp &HSHQGDQW LO U FSdlifionHG@M P H\O XR/QE VWL RHPVH Q B/U q V
QpHWVH[SPULHQFHV SURIHVVLRQQHOOHV HQ WB®WW TDXHV IWAWHF B Q WH

JPQLHXU HQ HW H@études L) pQLHXU

J)LIXUDQW SDUPL OHV SUHPLHUYV Idbten@GduG DOARVF VORR @ @/D B
9$( OHV UgJOHV GX MHX GH FH SURMHWHWH VR Q&H SKXLFDXpG ySB(
QH GHYDduiine WY BOXDWLRQ HW XQH UHFRQQDLVVDQFHUGMHWYV FLC
VELHQWLILTXH GH $ j = HW FH D UX®LFQW phRIQY WD) \D R W\UTH
ILIXUDLV GpMj FRP®dst FRUDRWHXPp RIILFLHOOHPHQW HQ (Q t
lécole GRFWRUDOH %0,& D\DQW UHoX SOXVLHXPWGEHRD @GHY DG HD R
ELOLWp SPpGDJRJIJLTXH GHV SURMHWYV 'IDQ\L\P RYRDDEOH MRXV D R
WLRQ TXH PD WKqVH FRPSRUWH XQH SXEBUFDMMWRRUV F&LH QWL |G
rWUH XQH SUR Ry GORDHF 9$SQDOHPHQW WUDQVIRUPpPH HQ XQH WK
DYHF OHV PrPHV SUpPpURJDWLYHV TXH WR XY FHixSHGD 8 RFOMRIU D @ WH
SDUWLH PHVY WUDYDX[ GH UHFKHUFKH DQWpULHXUV

,O PH VHPEOH LPSRUWDQW GDQV FHWW PRIQQS\WDUWERX BW SRR |6 k
QHO HQ LQVEWMIBQWHVXKWY IRQFWLRQV HW VXU PHV PRWLYDWLRQ
SURMHW DYDQW TX$UGID @B GQWHF LR.WP HREXIMNO PRIQ Y HQ W L

Y3DUFRXUV SURIHVVLRQQHO

SHFUXWpH DX &156 SDU FRQFRXUV H[WHUQH IHHRQH @B WHRXWH UF
SXLV SURPXH $VVLVWDQWH ,QJpQLHXU SWW ERQBERYWDVL. COWHUQE
GH O ,QVWLWXW GH %LRORJLH HW &KLPLH JaH\D @ RRWp DFH\X IG\H ¥
GRXEOH FRPSPWHQFH HQ PLFURVFRSLH'aR 8 DABERKHHHIW ¥ R FHIEpHUR G |
QRPEUHX[ SURMHWY GH UHFKHUFKH HW Q&O-E G HnvEged WG X Q8 B AW H/X U
DQLPDO DX INtin®@ GHH PH VXLV SDUWLFXOLqQUHPHQW L
O pTXLSH GX 'U ) 5XJIJLHUR $XVVL HOQtetre DMIBEWpRH \G DIV VRK
PTXLSH TXL UHMRLJQDLW O ,QVWLWXW /GRQpQRPLTXHL BR GFW /R (
805 &156 8&%/ DORBDWGCOWHLIY 9 /DXGHW ,5)HMRISUGVHQWDL)


















6RPPDLUH



 QWURGXFWLRQ

/IHV PDWULFHVY H[WUDFHOOXODLUHYV
8Q QRXYHO RXWLO OH PDWULVRPH
/H PDWULVRPH GX SRLVVRQ JgEUH
/IH© FRUH PDWULVRPH 2 IRFXV VXU OHV FROODJqQHV
* 6LIQDWXUH VWUXFWXUDOH GHV FROODJgQHYV
* /HV VRXV IDPLOOHV
%LRVI\QWKqgQVH GHV FROODJgQHV
/ID VRXV IDPLOOH GHV )$&,7V
/IHV FROODJQQHYV ;;, HW ;;,,
/IH FROODJgQH ;;,,

*/H FROODJgQH ;;,, FKH] OH SRLVVRQ JgqEUH

L'apparei P\RWHQGLQHX[ VWUXFWXUH HW PLVH HQ SODFH

/IH PXVFOH VTXHOHWWLTXH

SUpVHQWDWLRQ JpQpUDOH

/IHV GLIIpUHQWYV W\SHV GH ILEUHV PXVFXODLUHV VTXHOHWWL

/IHV FDVFDGHV PROpFXODLUHY UpJXODQW OH GpYHORSSHPHQ\

/IHV ILEUHV PXVFXODLUHV VTXHOHWWLTXHV GX SRLVVRQ JgqEU

/D P\RJHQqVH FKH] OH SRLVVRQ JgqEUH

/ID G\QDPLTXH GHV FRWOGRQW\W O DRXFIKHKpUDIWLRQ PXVFXODL

FKH] OH SRLVVRQ ]JgEUH



/H SRLVVRQ ]JqEUH XQ ERQ PRGQgOH BRXUPPXWXOGHHU OHV SD

2 U L J L Q H






ODWpULHOV HW PpWKRGHYV

3URWRFR®&R QELI¢ERGEGVGHY SRLVVRQV JEUH DX ODERUDWRLUH
3URWRFROH Qf 6WUZRWMDIWH QWRIFNARQ GH PRUSKROLQRYV
S3URWRFROH Qf 6\QWKqVH HW LQMHFWLRQ GHV $51VJ
3URWRFROHJ®IILFDHALW p GH PXWDJHQQqVH

3URWRFROH Qf *pQRW\®IE2AH GHV OLJQpHYV

3URWRFROH Qf 5pWUR WUDQVFULSWLRQ HW 3&5 TXDQWLWDWLY
3URWRFROH Qf %LUpPIULQJHQFH

B3URWRFROH Qf ,PPXRRIOXRUHVFHQFH

B3URWRFROH Qf O9LGpR PLFURVFRSLH

3URWRFROH Qf OLWWRWARSHH] pOHFQVPLVVLRQ

3URWRFROH Qf la@pitydeUBIHFHFRQWUDFWLRQV PXVFXODLUHV DSUQq
POHFWURVWLPXODWLRQ

SURWRFROH Qf 7THVW GH SHUIRUPDQFH GH QDJH +LVWRORJLH

SpVXOWDWYV

6\QRSVLV GH OD SXEOLFDWLRQ Qf

&KDUYHW % *XLUDXG $ ODOERX\UHV (0 %tZRODXQG N6 ' 0 RXQLIDRO/
BFKXO]H - %DGHU +/ $00DUG % RIWP® D JHQ.RBONBFEAD
LQGXFHV D PXVFXODU G\WWURSK\ E\ GLWXQFWIRQ R'HMEE RFS\RAQH



6\QRSVLV GH OD SXEOLFDWLRQ Qf

ODOERX\UHV 0 *XLUDXG $ /HIUDQORR\ 3& %@DUODIPUGVR 0$ OODX
DQG 5XJJLHUR ) (Q SUpPpSDUDWLRQ

O9DULDEOH H[SUHVVLYLW\ RI FRO D QXOO 7 XV)PDR\LICRI) W R Q/ HHYEHWH
G\WWURSKLF SKHQRW\SH DVVRFLDWHG ZHGVK ZSRVPWJU G W& R IHFDAC

'LVFXVVLRQ JpQpUDOH HW SHUVSHFWLYHV
%LEOLRJUDSKLH

$ Q Q H [ H \Y,
$QQH[H

%YUHWDXG 6 IDERRKVWURBY OD@G 5XVHLRURRY FROODJHQ IXQFV
DERXW GHYHORSPHQW UHJHQHUDWLRQ DQG GLVHDVH 6&'%

$ Q Q H [ H

&KDUYHW % ODOERX\UHV 0 3® I RXHOQKFR W $ 5
'HYHORSPHQW RI WKH JHEUDILVK P\RVHSWXR Q@G&MXR ¥P MODYRW LR
7LVVXH3BHV —

$ Q Q H [ H

%LJQRQ 0 3LFKRO 7KLHYHQG & +DUGRXYE®RW 0D OIFRM LW W
%DUUHW $ 7HLOORQ - *XLOORQ ( /\WQHRQED\YH GIMNH G UR
UHJXODWHV VSURXWLQJ DQJLRJHQHVLVLRQBKW\BAGRWRBODDE E I
PHPEUDQH 1280RRG

$QQHI[H

&HQWUH GH UHVVRXUFHV HW DLGHV HQ OLJQHYV
$QQHI[H

(YDOXDWLRQ GHV SHUIRUPDQFHV GH QDJH
$QQHI[H

/IH F\FOH GH YLH GX SRLVVRQ ]JgqEUH



SPVXPp



5pVXPp

/H FROODJqQH ;;,, &2/;;,, D pWp GpFULWIXHHXU GHNRRRRB PVOLRQVY
ODLUHV FKH] OD VRXULV (Q SDUWLFXOLBU \DWMRQ®H \?DRQ PKRW
FHOOXODLUH VSpFLDOLVpH TXL DVVXOH XN FOOLHD MTRG & MW WHWW X |
GRQ HW SHUPHW OD WUDQVPLVVLRQ GHVHMWFHHWRBE 5R QW b DVF\G |
YLVp j FDUDFWpULVHU @Hvdi{OH BRGEPIH,GX SRLVVRQ JqEUH D pW

&KH] OH SRLYVV®RIZ2alqideg Hhour COLXXIl dont I'expression débute dans tout le

VRPLWH SXLV VH UHVWUHLQW SURJUHE¥VHWHPXQOMXK OXIL UIH{ W WDpP L
GH OD -07 Re HVW GpSRVpH OD SURWPBLRPRUSKWROLYR QW) RENE RE®
DYRQV PRQWUp TXH OHV PRUSKDQWYV Gp YKIORSHS HQYWI X9 GH p&RR W,
fait tres probablement partie du complexe d’ancrage intégrine .7 1. Cependant, compte

tenu de la durée d'efficacité réduite des morSKROLQRYVY QRWUH pWXGH pWDLW Ol
WHFKQRORJLH &5,635 &DV QRXV DYRQV GHRO®@H QpR@EgHE&H X[ OLJ
L'analyse ultra VWU XFW XUD OH c@223l SdelUa/jsuR&Iave a I'adulte, montre que

OHV LOQWHUGLJLWDWLRQV GX VDUFROHFR W BSUDRKW X HWPWN QWX HD\E
FKH] OHV PXWDQWV FRPPH FKH] OHV PRD SKDQGMWP L \B\RXR'@ @M W P
et/ou I'attachement du muscle aux P\RVHSWHY WHQGRQV

'H IDORQ LQWpPUHVVDQWH SRXU OHV GHG®[ QH JOPWYWH VO B URAPHHQ B/
SKPQRW\SH WUQV VpYqUH HQWUDLQDQ VW FRRD B8RVWRQHUAS | VHP\D IDC
ODUYHV HOOHV VXUYLYHQW HW QH PROPWWHEWOSBY G SIKPYDRY
IRUWH UpGXFWLRQ GHV LQWHUGLJLW DGDLRWD \G & HU DD H0 7F BVW FRY
OHQJH GHV SRLVVRQV XQH UXSWXUH PXPEXODB LSS HRWKRE®H Y}
SDU JgQH FDQGLGDW D pWp UpDOLVpH BWIpOHOHFMEOBKPRRWABQ

soient liées a des événements conjoints d’expressivité variable et de compensation génique.

(QILQ XWLOLVDQW XQ V\VWqPH RULJtda p& daler,Ha Workél QDJIH |
TXH OHV SeoRkR¥aIRRYVYpYV GH PRLY RQW XQH FDSDFLWp GH QD.
somment d'avantage d'O pendant I'effort comparés aux animaux sauvages. L'efficacité du

VAVWqgPH P Xguélettigue semble donc moindre en I'absence de collagéne XXII.

1RV UpVXOWDWYV GHYUDLHQWCGSL22AR HRARW PH X6® FIRLH EGRBGHGDW S
FDV GH G\WWURSKLHV PXVFXODLUHV GR®WFLEGFDXVH JpQpWLTXH

ORWV FOpV SRLVVRQHQEUHMRRFALRQ H\RWRHIGRQHXRYV &5,365
&DV G\WWURSKLH PXVFXODLUH SHUIRUPDQFH GH QDJH



6XPPDU\

&ROODJHQ ;:,, &2/;;,, ZDV GHVFUWEMBGXHLMXQFWLBQV DC
1RWDEO\ WKH P\RWHQGLQRXV MXQFW [ERI@ OXG D UVPD WS H[F Z B DEKH
DOO\ FRQQHFWV VNHOHWDO PXVFOH DOQG WPH Q%IRRQ DY GP W\KXKWHDIE
WR ERQHV 0\ WKHVLV SURMHFW DLPHGURW H RD WRFWHULYLQI W
JHEUDILVK DV D PRGHO

7KH JHEUDILVK FRO D JHQH HQFRGHV &2/LQVZK®RWHK H[BQM\LWIHRQ
DQG LV WKHQ UHVWULFWHG JUDGXDQEBHWR W HVHK[NV O H-P LAKLHHWHR
WHLQ LV GHSRVLWHG 8VLQJ D PRUSKRORZRGNYRBEWGRRZQS Y Q X
YHORS D G\WWURSKLF SKHQRW\SH DQG WK BnwVim&drin ;.7R1avi OLNHO\
FKRULQJ FRPSOH[ +RZHYHU EHEFDXVH P\RIHZKRB O L\ ®VWHIH LI MLHA
RXU VWXG\ ZDV OLPDWH\G RN R HEDADO L WKW BN Y. B @ RABIPH @W , 635 &DV
WHFKQRORJ\ ZH JHQHUDWHG WZR PXWD QW KL R 6 W UL WINOLGTWKH.
\WLV RI FRO D ILVK VKRZV WK DM LWIKWMD WLRQNDRO WEB H FOR |
PRVW DEVHQW LQ PXWDQWYV IURP ODUYRHFW FE RGX® WP DIVFMQ W
WUDQVPLVVLRQ DQG RU WKH PXVFOH DWWDFKPHQW WR P\RVHSW

,QWHUHVWLQJO\ WKH WZR PXWDQW O LRIH®DIWYH\HH G MW S/KDI\ VP B
SKHQRW\SH OHDGLQJ WR ILVK GHDWK BW RIE RXV W KZH I R @ VBRI W
ODUYDH VXUYLYH DQG GR QRW GLVSOD\ DR ZRHEHLR XZH J R BDWHIDYOH
VWURQJ UHGXFWLRQ RI WKH 07- LDXMBUGWLK IDVBEWKRQOHD.
PXVFXODU GLVUXSWLRQ $ ILUVW FDQ G]HZD &H TBEG HYVQBS W b RIBR/K
VKRZ WKDW WKH SKHQRW\SLF GLIIHUHQ®H VHPDU HH/ IGYXLHV W B QECR Wi
FRPSHQVDWLRQ

)LQDOO\ XVLQJ DQ LQQRYDWLYH V\VRZHP VRK DWZ L PFPR@W KW HRR/D
ILVK VKRZ D KLJKO\ GHFUHDVHG VZLPPLQRHFPBDHALW\GEEURW HDIP
FRPSDUHG WR ZLOG W\SH DQLPDOV 7KX®RY¥YN HWQRW D ® GH WWKHPWH\
F\ VHHPV DOWHUHG LQ DEVHQFH RI &2/;;,,

2XU UHVXOWYV VKRXO0GQD 2R Z$F DQYVD GHD GIGIRGDMXVBENMQDU G\WWUR
ZLWK XQFODULILHG JHQHWLF FDXVH

_.H\ZRUGV JHEUDILVK FROODJHQ ;;,, P\RKWBQGRYR XS, 36Q& PN R
PXVFXODU G\WWURSK\ VZLPPLQJ SHUIRUPDQFH



ILVWH GHV WDEOHYV HW ILJXUH



/ILVWH GHVY WDEOHV HW ILJXUHV

J)LIXUH S5HSUpVHQWDWLRQ VFKpPDWLTXHHY GBY PHWXYUVFHRPISRWL
PDMHXUV HW GH OHXUV UpFHSWHXUV j OD VXUIDFH FHOOXODLUH

JLIXUH 2UJDQLVDWLRQ GH OD PDWUILWVWHXN[WROMRQBEWODLVH AR
SRUWLRQ HW OD FRPSRVLWLRQ HQ FROODJqQH

J)LIXUH /IHV PDWULVRPHV KXPDLQ HW PXULQ
)LIXUH /IHV PDWULVRPHYV KXPDLQ PXULQ HW GX SRLVVRQ ]JqEU}

JLIXUH 3URSRUWLRQ GHV JgQHV GX PDWUQRERPHSRXPDDSO SHRW W
JPQRPH HQWLHU

Y)LIXUH &ODVVLILFDWLRQ FRPSRVLNW. FEQ UDBEWWWILEWWILRKY H
JGQHV FKH] OHV YHUWpPEUpV

JLIXUH )LEUH GH FROODJgQH HQ PLFURMARSRIMH pOHFWURQLTXH
JLIXUH 'nBEHWLEUH GH FROODJgQH GDQV OD PDWULFH
J)LIXUH 2UJDQLVDWLRQ VWUXFWXUDOH GHV )$&,7V

YJLIXUH ([SUHVVLRQ GX FROODJQQH ;L\ DAKIHR Q B H/ XU S U RiWp RQ
ELQDQWH SXULILpH

J)LIXUH 2UJDQLVDWLRQ VWUXFW XDabicretioGX FROODJgQH ;;,, FKH
J)LIXUH $QDWRPHHHGHWRIX.p VT XHOHWWLTXH

YLIXUH 6FKpPD PRQWUDQW OHW\®DB\pHM QHFGIR/Q GHI & LS
| LE Ulldsped¥ DQLPDOH

JLIXUH 6FKpPDVoR@Raibd D@W PXVFOH VTXHOHWWLTXH GD
SRLVVRQ JgEUH

JLIXUH /JHV PXVFOBSLGHYWAKHWOH SRLVVRQ JgEUH

JLIXUH B8OWUDVWUXFWXUH GHV VDUPFR PPERD QDN UGHH/V DRR/MRID
FKH] OHV PDPPLIQUHVY HW OH SRLVVRQ JqEUH

YLIXUH OpFDQLVPH GH UpSDUDWLRQ GX]REUYFOH GH ODUYH GH

J)LIXUH 2UJDQLVDWLRQ GHVY WHQGRQV









/ILVWH GHV DEUpYLDWLRQV



/ILVWH GHVY DEUpYLDWLRQV

$&K5 $FHW\O&+ROLQ 5HFH&WRRDING pFHSWHXU |
$' $UWKURJIU\SRVH 'LVWDOH

$'$0V $ 'LVLQWHJULQ $QG OHWDOORSURWHRIP\DH Q 8 URPV b IQQH\ LBLI
PpPWDOORSURWpPDVH

$'$07V $ 'LVLQWHJIULQWDIONIR SQBWHD VH ZIGALKQ 7 KW\RSPHE RV SRR W L
WpLQHV SRVVpGDQW QXWpGEPQHQ R pt\plVQ ORBW RVWW R VU R PHER \KSR Q G L C

$'1J $'1 JpQRPLTXH

$NW RX SURWPLQH NLQDVH % DSSDUWWRDLAW WKL p BRDILQGIHNG B CB\
$0& $UWKURJU\SRVH OXOWLSOH &RQJpQLWDOH

$05 $FWLYH OHWDEROLF 5DWH WDX[ PpWDEROLTXH DFWLI

$06 $HURELF OHWDEROLF 6FRSH UHJLVWUH DpURELH

$39%) $SRSWRWLF 3HSWLGDVH $FWLYDWLQH KRR UGH SHSW
I'apoptose)

$51VJ $51 VLPSOH JXLGH

$73 $GPQRVLQH 7UL3KRVSKDWH

%03 %RQH ORUSKRJHQHWLF 3URWHLQ

%0] %DVHPHQW OHPEUDQBDWRIOH GRIQBID ODPH EDVDOH
&DV  &5,635 DVVRFLDWHG SURWHLQ

&2/ GRPDLQH FROODJpQLTXH

&203 &ROODJHQ 20LJRPHULF ODWUL[ &RPSRQHQW

&5,635 &OXVWHUHG 58 D¥OIBUCKR QW BDOLWBURPLFE 5HSHD
&6 &HOOXOHV 6DWHOOLWHYV

'$* '\WWURJO\FDQ

'$3& "\WWURSKLDWHVRERWHLQ &RPSOH]

"5V 'LVFRWGLQ 'RPDLQ 5HFHSWRUV UpFR$WHXUV | GRPDLQH GL\
'*& '"\WWURSKLQ DVVRFLDWHG *O\FRSURWHLQ &RPSOH]
'0% '\WWURSKLH OXVEFXODLUH GH %HFNHU

'0&V '\WWURSKLHV OXVFXODLUHV &RQJpQLWDOHYV

'0' '\WVWURSKLH OXVFXODLUH GH 'XFKHQQH

'71 G\WWUREUpPYLQH

'<6 G\WWURSKLQH

(& ([WHUQDO &HOOXODU /D\HU FRXFKH FHOOXODLUH H[WHUQH
(JU (DUO\ JURZWK UHVSRQVH SURWHLQ

(18 1 QLWURVR 1 pWK\OXUpH












QWURGXFWLRQ



/HV PDWULFHV H[WUDFHOOXODLUHYV

/D PDWULFH H[WUDFHOOXODLUH IefgembltV®H G pFIRPLISRVFRPWH QR
FHOOX@WLWHWVX'URXRUJDQH FKH] OHV RUJDQLVPHV PXOWLFHO
YHUWpPEUpPV RQ GLVWLQJXH WURLV JUD@GHNVW CBHW SBHR \§ P R WO\ED
JO\FRSURWPLQHV [EmBlddQH WAL QBINY SURWPLQHV ILEUHXVHV W
FROODJq®lasiheHV& H VRQW FHV SURW p Ls@iganisebtE b X VFHKWD TG DJIH V
GDQV OHVTXHOV OHV SURWpPRJO\FD QHWWLLAHQYQHQ WR® RIBIP\E OLQH
JHO K\GUDWp JUKFH j OHXU FDSDFLW peaj FPEDMWHHWOBY PROp
D'autres SURWpPLQHV VRQW SUpVHQWHYV GDQV OD O Q& UHW XFORDQWAL RIQE X
VD VWUXFWXUH HW j VD IRQFWLRQ 7KISRIKK\DSUW GIGWEBCGH X[ |RUP
ODPH EDVDOH PDWULFH SpUL FHOOWOBQOHY HWIRHM PDWULFHYV

ODL

/HV ODPHV EDVDOHV VRQW GHV VWUXFW XbrH W HVD X RMPH GWB QR/U
SOXSDUW GHV RUJDQLVPHV PXOWLFH Opo/X Gjifitertddé VH QW YHUGHEU p
WLVVXV GLIIpUHQWhY WOW IDDYWPR BB W\SHV FHOOXODLUHV $LQVL
GpOLPLWHQW WRXW®KWY HS WWKH @ LIDHIDANEK\O HVH N QFGHRONKQAMHY GH 6F




































JLIXUH 2UJDQLVDWLRQ VWUXFWXUDRRD IGHW S &, 7D\

VXSUDPROpPFXOBYAY @HEN¥ GRPDLQH FRQOWUUILGIOMK HK

GRPDLQH QRQ FROODJpPQLTXH &HV GRPDLQH®HVR QW WQPXRYD& W

Modifié d’aprés 5LFDUG % OXP ([HPSOH GX FROODJqQH :;,, /I

VLIQDOHQW OHV GHX[ LPSHUIHFWLR QRWPGBXQWW2OHW >*0\ ; <@ G
45
























lapparei P\RWHQGLQHX[ VWUXFWXUH HW PLVH HQ SODFH

/D UHYXH SUpVHQWpPH H Qoréai€atibpHV WAPFFUOLXW DOH DLQVL TXH OH G
GH OD MRQFWLRQ P\RWHQGLQHXVH -07 FKH] XOHVMXECAHRQW] GE U |
HQWUH OH PXVFOH HW OH WHQGRQURW JPOQPpBpHHNSOD GHM BX/
DX WHQGRQ /D IRUPDWLRQur@H RS pl/D WL \RQO RARIUSKRORJILTXH HW
HQWUH PXVFOHd$tWS RXQTHARQY QRXV Chebdid URKYVPWREXWH HW OH
DY Ddakérder SOXV VSpFLILTXHPHQW OD -07

/H PXVFOH VTXHOHWWLTXH
y 3UpVHQWDWLRQ JpQpUDOH

/IH PRW PXVFOH Y LMUSGTIXXIO VWI@LILH © SHWLWH VRXULV @ GRQ
SURYHQLU GH OD IRUPH GH FHUWDLQV PK EOHYY UHRER U S \P X\KPT
GLIIpPUHQWY TXL UHSUPpVHQWHQW HQWuURWUH jKXPDG&R S/RILMG KXW R
SHXYHQW rWUH FRQVLGpUpV FRP®RJniOeV [P RWDXEW/HVGH R Q W L
PODVWLTXHV FH TXL OHXU SHUPHW GH Jp®RWUMP VIRE RHF pHAR G R
WURLV JUDQGV W\SHV GH PXVFOH VH GRJIP QK QAL HDHIW DPXX F R OUHW
VIXHOHWWLTXHVY OH PXVFOH FDUGLDTXH GINW KW FRXWF O/NWU L
VIXHOHWWLTXHV VR QW W{RXP ¥R KQWERH UHH YYD O HF M QAMWMGD O 61 &
PXVFOHV FDUGLDTXHV HW OLVVHV HX[ WRIRQWRXWPH VH]HUF pF B
VIVWgPH QHUYHX[ YpJpWDWLI /H PXVFOH UBDIFWALROQNK HJ\ W R B PHED
FRQWLQXHV SHUPHW OH SRPSDJH UpJXEBNHWXIX WDSUV VHQ R XAH
RUJDQHV HR®e®HiH RX GH JURV YDLVVHDX[ VDQJXLQV SHUPHWWI
ORQJXHV HW VRXWHQXHV /HV PXVFOHV VFQHOHQWW LTKW VIR U KE
FDSDEOéhyend®r XQ PRXYHPHQW HQ DFWLRQQDQW OHV VWUXF
lintermédiaLUH GHVY WHQGRQV JLUGEBHSD OHMWF 8 A OXXDHWOHR/QMR Q MW |
PXVFXODLU#atre® FIMOOXOHV UpVLGHQW GDQV OH PXVFOH FRPPH
FHOOXOHV HQGRWKpPOLDOHV GHV YDLVVHDYLWMDQNRQW UHQG
VROLGDLUHV SDU GHV HQ¥himRSBHM QWRXWH TPKDW X8 ILEUH PXVF
SPULP\VLXP DVVHPEOH HQ IDLVFHDX[ OHW HaRitng@iun QUAHHAR MLEW H V
l'ensemble GX PXVFOH &KDTXH ILEUH PXVFXODLUH HV@H GR®LPLW
VDUFROHPPH SUpVHQWH GH QRPEUHX[ QWRLIVX] B PLWBKHR QIS L
FHOOXOH HW FRQWLHQW GDQV VRQ VDWUERWODNVSRGNDERRVLE
FRQWUDFWLRQ PXVEXODLUH /HV P\RILEH LOO B FHRWHIVIHLHN H QIX OK
P\RILODPHQWYV TXL GR/@Q@HDNSHBEWRPOMULH DXHRLPURVEG® PH QW'
VRQW GHV HaGibeP HOWQG LY TXH OHV ILODPHQWY pSDLV VRQW GHYV



KWwWSVY EDFVFLHQFHGDQVOHSRFKH ZHHEO\ FRP
PXVFOH VT XHOHWWLTXH KWPO


















J)LIXUH 8OWUDVWUXFWXUH GHV VDUFRPqQUHNEHWQEC
DVVRFLpV FKH] OHV PDPPLIQUHV HW SHXIRIQRMRIQU]4GEUH
d’'organisation entre les sarcoméres de mammiféere et de poisson zébre, malgré la
GLIIpUHQFH GH GLVWULEXWLRQ GHV WEKEKDIDWHV SRL VY
RX HQFDGUDQW OHV cBdz QG MhdmrsiferesV Les filaments d’actine sont
VEKpPDWLVpPpVY HQ QRLU HW OHV ILODPHRWLM %6 XP\ R/\DLUGt
Inspiré d’'un schéma de B. Allard (INMG, Lyon).









J)LIXUH OpFDQLVPH GO GXSPXDVMAOH GH ODUYH ]gH
L'imagerie invivo DSUqV DEODWLRQ ODVHU I10qFKH MDX@RH V
]JOEUH P\RHEG WHRWH P\RVHSWHYULNUWNFDDJOXOHY VRX

EOHXHUPHW OD YLVXDOLVDWLRQ GH OD UppRYy UDPWKR
P\RPQLTXHV VRQW VFKpPDWLVpHYVY HQ YHUWW pBHEHVFHOPD
URVH HWXO®HWOHR/ ILEUHV PXVFXO Dhjéd \Ratndyake RiviH& X KQ































e L'interacton SK\VLTXH HQWUH PXVFOH HW WHQGRQOK\D WMROYEWHRQ P
dancrkJH

ID -07 HVW ORFibedfacép HQWUH OHV FHOOXOHV PXVWFXOWLXGN HW
VWUXFWXUH KDXWHPHQW VSpFLDOLVpHHD XJ QWDKK G3D @ BOTHK HPX &
VRQW WUDQVPLVHV Ylabcragéd \D X[\VWEUWPHHW FROODJqQQLTXHV GX WHC
DQLPDX[ FRPPIHommdi]OD -07 SUpVHQWH GHV LQWHUGLJLWDWLRQ
d’'invaginations HI'@vaginatons GX VDUFROHPPH .QXGVHQ HW DO 7L
&HFL D SRdaugrehteiwoD VXUIDFH GH FRQWDFW HQWUH OH PXV
IRLY HW DLQVL DXJPHQWHUs®erce X WBVHRXARHODPRHO WKVVL G
XQH DFFURFKH SK\VLTXH j OD PDQLqUH GMNUGHKYLSIMWHRAMHVDEH IRX
HIWUrPHPHQW pQ@&pplgtevt BOQV FHWWH ]JRQH 7LGEDOO DQG 'DC
VDUFROHPPH HVW LFL SDUWLFXOLgqQUHPHQWHUH FKUHR W@ LFRXRHS D Y V/HR
OD G\WWURSKLQH HW HQ LQWpJULQHV QRWDPPHQW

Y)LIXUH /ID MRQFWLRQ P\RWHQGLQHXVH KXIPH Lp@HH FVO T
j WUDQVPLVVLRQ VHFWLRQD ORQ-JOLWXK X@DDHY H H
diagonale du haut gauche au bas droit de l'image. A la JMT, les évaginations du
VDUFROHPPH IRUPHQW GHV LQWHUGLJLWBWLEGRYV VWU
nettement reconnaissables. Si I'on suit les sarcomeres jusqu’'a la JMT, ils semblent
changer d'orientation pour devenir paralléles a I'axe majeur des P. Au niveau du tendon,
les fibres de collagéne (Cf) s'orientent longitudinalement et transversalement. A droite, un
QR\DX 1 GH P\RILEUH SHXW rWUH REVHUWLE®M IGEQR
Barre d’échelle —P E )RUW JUDQGLVVHPHQW GH OB HRQI
Les myofilaments (Mfi) s’étendent de la derniere strie Z jusqu’au tendon. En approchant
GX WHQGRQ OHV ILODPHQWY VRQWQDIQ&DRHR/IVT XSH
d’actine). Les interdigitations (P) sont aussi clairement visibles sur ce cliché, constitués
d’évaginations (SE) et d’'invaginations (Sl) du sarcolemme. Barre d’échelle: 2 — B’aprés
.QXGVHQ HW DO
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J)LIXUH SHSUpVHQWDWLRQ VFKpPDWLTXH GHW S/UUF
GDQV OHV PXVFOHV V)JXHORPMA DGKWHVLRQ NLQDVA]

NLQDVHY,1&+ SDUWLFXODUO\ LOQWHUHVWLQJS B\ ROWRH
d’aprés Jaka et al., 2015.
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/H SRLVVRQ JgEUH XQ ERQ PRGQOH SRKXUPPMWXGHHU OHV SDW
Le cycle de vie du poisson zébre est présenté en Annexe 6

2ULJLQH

/H SRL\DdroQerio GH OD IDPLOOH GHV F\SULQLGpV DSSHOp FRPPX(
SHXW pJDOHPHQW V HanresL @ PPWWYHE®BEBXODLUHY WHOV TXH SRL
EDJQDIE& XQ SRLVVRQ WpOgeR VX pSRQVWRY RVKHX[WjL@DUH
UD\RQQpPHV SDU OD SUPVHQFH GH ILQV p GIORHHYWEY BRRQAHXID \WH2 P H-
'DQV OD IDPLOOH &\SULQLGpPY RQ GLVWEBVXEX VHHQ WXV IH\WUH
Danio RQ GpQRPEUH HVSqFHV GLIIpUHQWHYV HW BRLAVDRIQN ]9
FURLVVDQFH FRQWLQXH DYHF XQ SODWHGN GHXBRURLMYV BEFWR QW
RUJDQLVPHYV DpURELHV HW SRwWNLORWKBOPHYD WLHX D YWHIF PSH O O M/
PLOLHX /H SRLVVRQ ]JqEUH HVW R'lude) L&D I%DHQ GXDITHWLK WAXQ 1 [B5H
GH OD %LUPDQLH )LJXUH

JLIXUH /IH SRLVVRQ JgEUH VDXYDJH B W&LDN H Y \K D\HWH-

Ugents ou l'on peut trouver Danio rerio ,QGH 1pSDGH¥ROQHWDSUREL

oO\D®eDbuU % 3RLVVRQ JgqEUHV GH SOXVLHXUV GRBYWHOIDWLRQV H
SRLVVRQV GREKWX3MV PKkOHV HW OHV SRLVVRQV GXRE
WHQGDQFH j DYRLU XQ FREK RIWNWD QMp BAQWRHK SMID&E@ SRLV

VHXO SRLVVRQ HVW GpVLD QWPDLGMQW LUD.pF&B @Est deQingdVDW G X 1F
j KDXWHWDWXGH OHJKDOD\D PgWUHV Haxe @&teie: 5 X %DQJO
PP ([WUDLW GH 3DULFK\ HW DO






,QWpUrwWV GX PRGqOH

/H SRLVVRQ ]JqEUH WUQV SULVp GHV D TDX DDUARIBNeD W B\p I ® W B Q W
GH QRPEUHX[ DYDQWDJHV SRXU VRQ XW HUM/DEVIpR@HHQDE R Q W
WDLOOH UHODWLYHPHQWIa# WGWB W HF S HHWOQPHW RGH | PDLQWLHQ HYV
GH PLOOLHUV GH SRLVVRQV GDQV XQH H@WPDBWW UH LK HV DO+
ODERUDWRLUH GDQV B@H SHDUID BdW UHY S KAV LIFARRQMKELRByGENX

GH SRLVVRQ ]JqEUH VHV GPYSILEGRHPHOWU K JqgBUBRIWPARHQWH XQ F
GH YLH UHODW pisgPilH QWWAHRDQMW OD PDWXULWp VoelfX HO ORMP H Q Pl
VRQW SRQGXV OLEUHPHQW GDQV OH PLOIQHX FW TOQ IpHKRQGDM
lobtention d’embryons. 'H SOXV OH WDX[ GH IHUWLOLWp GHM$HPEOOHV }
PR\HQQH PDLV GHeeufsi SRQGXV SDU IHPHOOH SDU VanmB,LB#M GXUD
TXL UHSUpPVHQWH XQ DYDQWDJH VWDWL\XEHVXH LRROG®VILGEKHD E &
QRPEUHX[ DYDQWDJHV QDWXUHOV EBUNS G Jp)X B/)dFGERE SH P H Q W
WUDQVSDUHQFH GHV HPEU\RQV RQW IEHW GEFSIRIQLNHRQ XGE H HF H
PRGqOH GH GpYHORSSHPH QdiNnagerie, Jp @ pSAOLX\K HH GIVB O XV XWLOLVp
WRXW SDUWLF X Qétugé) KPH/QS\D WRQORJILHYV KXPDLQHYV

)LIXUH (YROXWLRQ GX QRPEUH GH SXEOHF®PRLIMV/R XV
] QRV MPORG\Ldagpes .LQWK HW DO












KWWSV ZZZ MRYH FREWHBEWRRQ RG RUIBXQWURP W
JHEUDILVK
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ZZZ FULVSRU WHRBOQHW
étre I'un des plus performants (Haeussler HW B0O®@6). Cependant, I'efficacité in vivo G H V

ARNSsg n’est parfois ni corrélée avec la prédiction ni avec l'efficacité in vitro $OEDGUL HW DO

'H SOXV OHV SRWHQWLHOV © RIlI WD U RN 208 pEL YNWQ B H
FRQVWDWopV(QILQ OD IUpTXHQFH pOHYpH GH SRO\RRUIS KSHPW FK
également affecter l'efficacité des ARNsg PDLV DXVVL FRPSOH[LILHU OH JpQR
FRQVWLWXH XQ SDUDPqQWUH LPSRUWDQ® UpUXBR LW Dr\Wh®p S DL A
OLIJQpHV GH SRLVVRQ ]JgEUH LQYDOLGpHWEBRBEQWKWUGQHODFEHEQOW
I'échelle d'un laboratoire (simpOH ILDEOH HW HIILFDFH PDLV HOOH QpFHYV
FHUWDLQH H[SHUWLVH HW XQ FHUWDLQ \RHBSWUPHQY XQ H LOQLIRM
DQDO\WHU OH SKpQRW\SH

(QILQ O H N Q R)FsBmble@lus ¢dmpliuéd B mettre en ceuvre chez le poiss R Q

JJEUH QRWDPPHQW GX IDLW GH VRQ GpGHQRI\EHPH QW W U QY7 DKIX
HW DO

Y)LIXUH 6WUDWPILHVWVRORFNG XQGPXHORS S HPHMW H BE

GX SRLVVRQ 5EUBVHQWDWLRQ VFKpPDWLTXWUDHW EBHX] GLIIpUF
employant soit TARNm Cas9 soit la protéine Cas9 pour générer la cassure double brin.

/HV SUHPLqQUHV GLYLVLRQV FHOOXODLUMVWRXBWHRGCGEKWHQWLW®Y UCc
OH SRLVVR Qvekqg ped Hoire pas dLQWHUSKDVH SDUWLH EQHXH GX
FRQVPTXHQFH DX FRXML\R QWY \ODV UDISYD U B WWRSH S DRIOVEH(Y H

FRPPH OHV GLYLVLRQV FHOOXODLUHYV $SWVHIQ@W QWS KD X}

OR®RHKY OH V\VWgPH 1+(- HVW XWLOLVp SWpH p&X QWKHPDHPHQV
conséguence, l'injection de la protéine Cas9 ou de ’'ARNmM cas9 et le timing de génération

de la cassure de I'ADN peut influencer le type de réparation utilisé pour intégrer la
VPTXHQFH GX GRQQHXU PDWdAlbadti @R @@ H ([WUDLW
















JLIXUH /IHV PXWD&aMeV GpYHORSSHQW GHV OpVLR(
VTXHOHWWS$ T&helzMes poisons contrbles, les fibres musculaires s’étendent sur
WRXWH OD ODUJHXU GX VRPLWH HQWUH BRX$ PYXRMHZE

KSI DORUV TXHafjeHYUP RHQWRI@QW GH/ IRPPHEW NXGH)
DX VHLQ GX WRPHWHsH IOqgFRHUM@RQGDQW j GHV IL
UpWUDFWPHVFRORUDWLRQ DX EOHX GH WROXLGHQHHH
ILEUHVY PXVFXODLUHY GpWDFKpHV HWagjep WU Y HWGR H \f O

VHFWLR QY BIDLWDN D OH KSIHW RIQHP FDW ¥V RXR/lpV V RQ V ( PR
!/ D UHFRQVWUXHWDRUQYV PLFWURWFRYIRHP ERRLN NV
WUDQVIpRLDKMA *)3 FRQILUPH OD SHUWH LPSRUW Q
PXWDRpeVSDU UDSSRUW DX[ SRLVVRQV FRQWMER
HQ YHUW PRQWUH TXH OD GLIIpUHQ F LLDAR QR/Q WH\P\R L
sapje (H), et confirme d’'importantes lésions (téte de fleche en H) des somites des
mutants. Modifié d'aprés Basse W







JLIXUH $QDO\VH 0(7 GH PXVFOH'uSJignéel DQMK G WV G R
FRGDOQIEimmE .2 HVW L QbBaibe® d'é&helle 100 mm (A) et 25 mm (B). Notez la

fibrose marquée de I'endomysium, la nécrose des myofibres et leur variabilité en taille ainsi
gue I'accumulation de lipides au niveau du périmysium. D’aprés O'Brien HW D O




JLIXUH $QDO\VH HQ 0(7 GHV P\RVHSWHV YHUAM LFRRE D
DX[ HPEU\RQV VDXYDJHV GH $IDHWOH KBDQGLVVHPHQW
PXWDQWYV SDUDLW GplRBUPHDIVE LIV EH RMWQ WXAHOW B P PG

VRQW YLVLEOHYV WSWRUW HUDQEKMVHPHQW OH P\RYV
ODUJH HQUELBWgWUpPVHQWH dlay¥hel tdbdenrs¥esGihdidation d’'une
UpSRQVH |LEBE&pRYWWHal XIMWV D O




JLIXUH O\RVHSWHV DQRUPDX[ HW GpW DFEWRHPEWQHYV F K HJV
GpILFLHQWV SRXU OD ODPMLBOQHFO ILVK $ HW
KpPDWR[YRMUYH GH VHFWLRQV ORQJLWXG L QD OPXWDHE
GH MSI /HV PXVFOHV GHV PXWDQWYV VR QW VKDXW H\
DIIHFWpV DYHF GHV P\RVHSWHYV DX[ FRQ§FROHU \VH WU G plY/
GpWDFKpHV SFRRAMLMDIYHY  +OqFs-HFWLRQV WUDQVYHUVD
P\RWRPHV JOREDOHPHQW GIOWX VP S\WNGW\V GRHKH]ILEUHV

dégénérées a 5 jpf (fleche), Barres d’échelle = 10 mm. (E et H) MET montrant le
GpWDFKHPHQW GH OD ILEUH PXVFXODLUH I®HFXKM -07) H
P\RILEUHV GX VIDXWRQKN | HUPHWPHNMN OHYV RX@QHEDGHYVY DXW
OHV PXWDQWWDUJHVY HVSDFHVY PDWULFLHOV MRQ WWYULLV
OLJQHV 0 VRQW GpVRUJDQLVpPHV * HWWHQW/BYVGE RP)
QLYHDX GHV P\RILEUHV GX P\RWRPH 'HV QRADEQHINSR
mutants (J, fleche). D’aprés Gupta et al




JLIXUH $QDO\WH HQ 0(7 GHV P\RVHSW3RLWHRODVL¥DXY

C) et mutants sof (B et D). D'aprés Jacoby HW DO







JLIXUH /H PXWD&dWtal SUpVHQWH XQH GLPLQXWLRQ

ELUPIULQJHQFH HW GRQF XQH GpJpQpUHVPEHQBHKp @K
G\WWWURSKLTXHV $ HW % 3RLV\BRUDPSHWDRMWMDIW XQH IR
ELUPIULQJHQFH FDMH DFEXWERLLWW ETLXH) GRUJIDQLV PV paghytaiv
SDUDLW QRUPDO PDLVSHUMWMHGWHVKQOHSURSULQ WMPYF I |

GpJpQPUHVFHQFH PXVFXODLUH GDQV OHWWRBRWHIDW SR p
VpYpULWp GH OD GpJpQpUHVFHQF HakRbtalF XL PR LQH\W 1P
DX¢gapje ( HW )cafHW HW + , HW - $ MSI OD GpJpQpU
P X W Dpatdtiyail s’étend a I'entiéreté des VR P& W&pres Gupta HW DO




J)LIXUH$QDO\WVH HQ 0(7 GH PXWRO/HVXHNWXBEHSRLVV RRXMWD
dagl | HW /M@IP\RVHSWHY GHV HPEU\RQV FRQWU{O HW k
GHV VWUXFWXUHV GRHDW BY DXV TOHFOHN FPX R/\RIQEWVSHINY \GHH;
GH OpJqUHV GpFKLUXUHV I10qFKH GX V{Wp FOW&\H§ K MK
VHPEOHQW QRDBDERPSDUDLVRQ DYWHFXOBIJISREVVRG P\l

SRLVVRQV PXWDQWV ' SUpVHQWHQW GH RRPEHIGIW B MAL
GLDPqQWUH I10gFKH |j MSI /HV VHFWLRPRQWDHYYWHO D
I'organisation des myofibres et de leur sarcolemme chez les poissons sauvages (E) au

FRQWUDLUH GHV SRLVVRQV PXWDQWV HV /HWR QW RWKL\
analysables a fort grandissement (fleches G et H) D'aprés Gupta HW DO




)LIXUH SOWUDVWUXFWXUH GHV WXEXOHV WW R MJAyD k
] HW MSIHW % /HW WREWORRWUHFWHPHQW IRUPpPV
PDLV SDV FKH] OHV PXWDQWYV | MSI % [OlgF&KAKH &HW

WHUPLQDOHY GX UpWLFXOXP VDUFRSODVRUPEW FWHWY 1D
F Rparés aux sauvages (Barre d’échelle dans les encarts 100 nm). Modifié d'aprés
*XSWD HW DO







RWpLQHV GHV GHX[ V\VWgPHV G 3KpQRW\SH GH Gp

OXWDQWYV

ORUSKDOWYV




































ODWpULHOV HW PpWKRGHYV



SURWRFROHYV

3URWRFROH Qf déleRge GAMM. BRYVVRQV JqEUH DX ODERUDWRLU
3URWRFROH Qf 6 WVRZMWSHD UHL QURFAWBL RQ GH PRUSKROLQR
3URWRFROH Qf HW6 L@QWIKIFWHLRQ GHV $51VJ

SURWRFROH Qf defficacitgd BWWNP XWDJIJHQQqVH

3URWRFROH Qf W\SDJHQ®RH VcoRal®) pHV

SURWRFROH Qf USSWULR QVHVQ3RS TXDQWLWDWLYH
SURWRFROH Qf %LUPIULQJHQFH
SURWRFROH Qf PP XiQBWOOXRUHVFHQFH

SURWRFROH QfGpR PLBURVFRSLH

3URWRFROH Qf p OHFWRWRE®ISTXH | WUDQVPLVVLRQ

SURWRFROH Qf larbpfitvdé UG BVM FRQWUDFWLRQV PXVFEFXOD
PXODWLRQ

SURWRFROH Qf 7THVW GH SHUIRUPDQFH GH QDJH +LVWROR



SURWRFROH Qf
&RQGLWHeRRe GHY SRLVVRQV JgEUH DX ODERUDWRLUH

/HV SRLVVRQV JgEUHV DGXOWHYV VRQWDKHODWRYBWHRQWHIDFL®&V
GH SHWLWV UpFLlWdRaHQGWW WWPEPAHLV&EHSHQGDQW OD YLWHVVH GH
GpWHUPLQLVPH VH[XHO DLQVL TXH OD W LSIDXXH IGHW 8 R IVYVRRMWE
TXH OD WHPSpUDWXUH OD QDWXUHersli/ @HD QRPBRWH. @ pl GIR LR/ R
WD@Nst SRXUTXRL déleMaye VRQWGHERDQWR {DYHYVY DWWHQWLYHP|
I'animalerie.

y (PEU\RQV GH | MRXUV SRVW IpFRQGDWLRQ

HPEU\RQV VRQW pOHYpV GH | MRXNEDIRNWXW IjpFR&GB Y IERQY WM
SpWUL GH GLDPgWUH ¢y PP/FEBBWHOQDRBXW ( /HV HPEU\RQV VRQW
TXRWLGLHQQHPHQXWWPRKW g WHROQW UHWLUpV
&RPSRVLWLRQ GX PLOLHX ( ; WHOOHK ERRNILQVW HWDIQM QG =HE

|
&RQFHQWUDWLRQ J






SURWRFROH Qf
6WUDWpPJLH .QRFNGRZQ SDU LOMHFWLRQ GH PRUSKI

$ | Lddnhiber I'expression GEbl22al QRXV DYRQV XWLOLVp XQH VWUDWDPJLH
'injecton GH PRUSKROLQRV VWUDWpPJLH FRXUDPPHXWSRPBOROpH
]JQ9EUH 8Q PRUSKR O LIQARHHWPN XHOHFF B HWQ p BYPH PFHQW JFRPGBXFOpR

WLGHV GHVVLQpV SRXU rWunte RPRPTSOHIREEHWMDWURRGLILpY SDU

VHQdUM JURXSHPHQW PRUSKROLQH TXL OHXU PRRIUIDXRHIBOMNYF
GHV $51 LQWrhatlskgny BRQVEDVLODU XQ PpFDQLVPHIARN GpJUDG]|
PHVVDJHU PDLV SDU HQFRPEUHPHO#e/ EplUODXHpARBAKD GWEOPp+
GLIIpUHQWY FRPSOH[HV SURWDPLTXHYV slaxdured 05 M FOAR ¥ Q PELVINLIF QW p
SKpQRW\SHV LIghkbtibw @ Fexpression Gddl22al OHV H[SpULHQFHV RQW pV
VpHV HQ SDUDOOQOH DYHF GHX|[ PRUSK@&B L\QiRttids L IG pU KDQ@W W G F
GXFWLRQ GX FROODJQqQH ;;,, HW QRQ FKHYDOCF KID BW XX@Q FPRRUSKR
OLQR QRPPp 02 E 8Q PRUSKROLQR FROBWYHYVYD®EA BGVWSRYVP
VPGDQW FLQT PXWDWLRQV SDU UDSSRBWQWOPIW |V XWKIDQ ¥ pl F3
FRQWU{OH QpJDWLI /HV FDUDFWpPpULVWDLQHRW WMHHFX@Q@ioRRiG/HB H F
GpWDLOOpPV DLQVL TXH OHV GRVHV DRQWXB P PWHMVIVO G DRQMF piWW HC
QLTXH

y ORUSKROLQRV EORTXDQWARNM WALDIZZXIF W2PR® GBMW 02 E

&DUDFWPULVWLTXHY WHFKQLTXHV

6pTXHGORBH 1RP

&77*$*8&8&&$$$7&*$$$&7&&$7& | 02 D

&$7*$$*77*8&7*&7&&7T*7**$*$ | 02 E

/H PRUSKROLQR HVW UHKeXW QO KAIGIDXQNVREBDYpH GH IDoRQ j RE\
WLRQ VWRFN GH PO SXLV VWRFdligiots G PERXYHMRGEABXWLRQV Gl
VWRFN XW L QibjégiiehV VSR KRIQW pJDOHPHQW HQ + PLOOL4 DXWRFOI
PHQW VWRFNpPHV | f&

0 R GdMaction

/IHV PRUSKROLQRY 02 D HW 02 E VROGW IGRRP SGCHp P H Q V
col22al HQ DPRQW GX FRGRQ LQLWLDWHXU @Gaddsemblayg UDHX VMR KR Q E
XQLWpV ULERVRPL @kKika¥ory XoUH @HD W WIHARNW GROR26&1H



& ** & &PST* S SPBT7 &S 7 &



3URWRFROH Qf
6\QWKgqVH HW LQMHFWLRQ GHV $51VJ

/ID WHFKQRORJLH &5,635 &DV deditich XQHIPEQRKIRAXL SHUPHW GH J
OH NQRFN RXW RX OH NQRFN LQ GHddrgapisnvesV$pBLIAV X &N WWKHVWH
QLTXH D pWp XWLOLVpH SRXU JpQpUHd23 XA KAH] JQIH HS\R ND\RFFQ RypEN
&HWWH WHFKQLTXH UHSRWkh W8U WIDP § R H. Q XIIHGAV LFSQybrilerT XL YD
DX JgQH FH&®HOQMMOpDVH UHRRNSY SHR>SDW QG XLUH ORFDOHPHQW >
GRXEOH EADNQ/GHJpSDUDWLRQ GHRNWWR GOMVK GHH & plOpWH IRW VR Q
SRXYDQW rWUH UH VaR@QidvhDdu® HR GRIQ VWRS SUpPDWXUp D\DQW
T X H Qiavdlidation GX JgQH FLEOH 1RXV GpFULURQV LHArdeddh GHVLJQ C
'’ARNSsQ.

. insilico GHV $51VJ L J Q

'LIIpUHQWHY EDVHV GH GRQQPpPHV GLVSRGLE ORIY W UDMPX XYWWHLPCHLOWA
GHVLJQ GHV $51VJ /H WXUQRYHU GHV BWJDFHLXHO W | | DFHXEL B P pRQ
PHQW pYROXp HQ SHX GH WHPSV HuGowdhui GHH G\WERWD FG BiH
FRPPDQGgin@imer UpJXOLqUHRHQWn V&KW FHV VLWHV HW OHXU ILDE
QRWUH FDV QRXV UilE&iBrP BRIGRRI¥EDVH GH GRQQpHV &5,6325 SRX
GHV $51VJ SRXU OH PRGGOH SRLVVRQ ]qEDMW LFRXPPHWp WDE®WHX Q H
KWWS FULVSRU BHW R QIHIRYXEGBWR W L G H VARNRY WHRDSR GEHY Y WQjp V
8QH IRLV K\EULGpV OHV ROLJRQXFOpPRWH GEHVQ FRDMMD DXQWI XK
FHQWUDOH FRUUHVSRQGDQW j OD VpTXNEGFHGWY pH LVBIUTBERL VB [XV J g Q
FRKpVLYHV SRXU OHXU FORQDJH GLUHFWQWQ®HOBSS D@WOE/M Y HFV
XQ GHV $51VJ FLEOH OH GRPDLQH(:$*GX$BREBGBEI G OH *& S *

-3) HW XQ VHFRQG $51VJ FLEOH OH GERPDEEIH*&®31 GX F
*$$&$***&** ~3) GDQV OH EXW GH JpQpUHU GHX[ OLJQRHFWN GLVWL
RXW &R24aU.

. 3UpSDUDWLRQ GHV YHFWHXUV

/JH YHFWHXU '5 HVW FRPPDQGpP FKH] $GGMHFWHXU HWW GLJp G
8 denzymeBsal 1(% 5 GDQV —/ SHQGDQW KHXUHV | f&

/D GLJHVWLRQ HVW YpULILpH SDU PLJWRW QRWaghHsd -/ GDQPL[ GH

XWLOLVDQW QJ GX YHFWHXU QRQ GLJpUp FRPPH FRQWU{OH









SBURWRFROH Qf
7 H ¥Wafficacité GH PXWDJHQqVH

3RXU pYDOXHU OH WDX[ GH PXWDJpQ@NHOD SUBWDPLQM HKPW
SRXU pYDOXHU OD WUDQVPLVVLRQ GH GDVB XGAHDAR HRG SOBIHX X QRIC
PPWKRGHV FODVVLTXHRhge KXW HY P VHR/MWXWLRQ GHV FRXUEH)
SHVROXWLRQ OHOWLQJ $QDO\VLV 1RXVWLORQYY ERW R P LW HFX GIR
PWDEOLU OHV c6i22X] OLJQpHYV

y ([WUDFWRBNY GH

/HV HPEU\RQV GH j MRXUV VRQW SODHNVWEHW [EQRQNCHIHDPGVY \
GH 1D2+ ) PO HQ HDX '"1$VH 51%$VH IUHH HRLQRWXBEp)Y SHEQGDQW
/HV WXEHV VRQW GpOLFDWHPHQW WDSRWXW GRIERXW GHV GRLJW

—/ GH 7ULV +&0 0 S+ VRQW DMRXWpV GIDXVKRLRUX D pW X EW SID\
WDSRWHIPADRIV VSHXW rWUH FRQVHUYH j f& SRXU XQH RRMUWH S
XQH FRQVHUYDWLRQ j SOXV ORQJ WHUPH

y 3&5 HQ WHPSV UpHO

/HV SULPHUV RQW IaWe GXROARILVFIEIHO 3UZPHELRBOKRUPDWLFV QC

ELQO SULPHU SOXV SSDRBDPB SMOXWVF ILP f& $PSOLFRQ ES * &
FRPPDQGpPV FKH] 6LIPDZ$WVIGEDRXO GULPIOARP/RQW UHVXVSHQGXHYV
FRPPH VROXWLRQV VWRFENV HW FRQVHUYHYV | f&

/JH NLW IDVWBEWDUW 8QLYHUVDO 6<%5 *UHHBUDNYWUO I5\RF BRXU O
UpDOL Vipppaek &); %LRUDG

—/ GX PpODQJH VXLYDQW VRQW GpSRMAUNG BIYW FKNDR XW pS X LW H

OpODQJH 3&5T

1
WXEH YRQ@XP






SURWRFROH Qf
*PQRW\SDJH GHW22ZaLIQpHV

8QH IRLV OHV RAX&BDWhLBBONWLRQQpHY GpOpWLRQ GH QXFOpRW
9:$ HW GH QXFOpPRWLGHV GDQV OH GRPDLGHX[6QLdBMHVpTXHQF
R Qlwbord pWp PDLQWEQ KHWHUR]J\JRWH SRXU OD PXWDWLRQ QpFHV
W\V\SDJH GHV SRLVVRQV DSUQV FKDTXH FUHR LOH FBHRX\E O 18 Q3 &% FIS P
PWDEOLV SRXU OHV GHX[ OLJQpHV SRXU QG@U} ERWEWS B DH W DS LB K
PWp QpFHVVDLUH HQVRDW i I XS[RXPWVHKD WHDWRWF BGHHB&B X GH/ pTXHQ 0L

y 3UpOqYHPEX@aMIEIEH OD QDJHRLUH FDXGDOH GLW © )LQ &OLS

/JHV SRLVVRQV VRQW SODFpV GDQV XQ EpRKHL FRQWHQDIPLQR E|
JRLF DFLGHWK\OHVWHU 6LJPD $OGULFK P$ HQ NBX >GNVRQ WOWRF N
VHUYPpPH | f& PpODOQ.JpkeauH GW H/R\B\VRERBYS. p/MN BWRLYVRQV
DUUrWHQW SURJUHV VLY Hda HORWQ \GLIE'ERRKR B W HWQ H Mréq KifsV Q iV
UpDJLVVHQW SOXV DX[ VWLPXODWLRQ\W W [GWH EQFHKH UV BB RWHHP\5
3RXU SOXV GH |DE@PL ODRWYW RENWPSRRN VBIDRQQ K QH FXLOOqUH HC
WLTXH R+ VHXOH 9 FIXOFIBOExGMSWYVeH FHWWH QDJHRLUH HVW D¢
laide GH PLFUR FLVEnaYd VHOGRQVRXV

$SUQV SUpOqYekPémPEWGEHOD QDJHRLUH FDXGDOH OHV SRLVVRQ\
XQ EDF WH&RSGK V\VWdéeRae HW HQ TXHOTXHV VHFRQGHV LOV VH
JHQW j QRXYHDX 8QH j FLOQT AR XWHY FSUXPVPHQWAMHY DYDQW X
FRPSRUWHPHQW QRUPDO GX SRLVVRQ

y ([WUDFWRBNY GH

/JHV PRUFHDX[ GH TXHXH VRQW SODFpV L QI&/L FLIRGXW 6 QDRHQW G B-
1D2+ j PO HQ HDX '1$VH 51$VH IUHH HW LO¥FWENV] SHGG DRQW
WXEHV VRQW GpOLFDWHPHQW WDSRWpVWGPOBRKW GHY GHR IZIMV |






ODVWHU OL[ ;

SULPHU ) PO

SULPHU 5 PO

'062

+ 2

—dADNg HVW DMRXWp j FH PpODQJH GH —/ SV VDO EOITRPUDPP

f& SHQGDQW PLQXWHYV

f& VHFRQGHV 7P GHV SULPHUV VH®HV f& VHF [ F\F

f& PURC’
(Q FDV GH GRXWHV FRQFHUQDQW OHV UEOKHO WO VXQ@X JH&R WL
VXLdund SXULILFDWLRQ GX SUR®UXLW) T Q&5 HQHAXM UpDOLVpH

y 3&5 7KHUPR32/ 3URPHIRXB®DDOLJQpH FIHE®QW OH GRPDLQ

WXEH —/ WXEHV

7TKHUPR320 %XII

G173 PO

ULPHU )RUZD

3ULPHU 5HYHU

'062
7TKHUPR3RO
+ 2
5pSDUWLU —/ SDU WXIREN(|W DMRXWHU —/
y BURJUDPPH 3&5

f& SHQGDQW PLQXWHYV






SURWRFROH Qf
SpWUR WUDQVFULSWLRQ HW 3&5 TXDQWLWDWLYF

3RXU DQDO\V H'expBebsid® URIQDTXH GH JGQHV VSpFLILTXHV FKH] OHV
:7 RXol22al” kJpV GH GHX[ VHPDLQHV OHXU $51 D [PWhW [BMUQ LGWH S
UpDOLVHU GHV 3&5 TXDQWLWDWLYHV WRXVSQ HIV LSXIHPHOMW XGH.
SRXU FHWWH H[SPULHQFH HW YDOLGpY DYDQW XWLOLVDWLRQ

y (IWUDFWLRQ GHV $51V DX 7UL]JRO

HPEU\RQV GH FKDTXH JpQRW\SH :7 YV VROR]WRWHR XKDV BQ XC
HW PrPH WXEH 51$VH IUHH HQ OLPLWDQW D3 IP\D [@ R XAPL O HH X R(O XF
POLPLQpP HW OHV HPEU\RQWetl @EPW IDSR{FH DXWRFODYpH &HWWFE
QpH HW UHPSODFpH SDU —/ GH 7UL]JRO j,19.&52MR XFRKR WUWHD
PLTXH 8QH KRPRJpQpPLVDWLRQ P plaibeiwufieX ¥ HHWLWVQ JXpHD & pURKD RJ L T X
P/ HiMne DLIJXLOOH * SLSHWDJHV UpSpWpV pSWplw  * SLSHW
SHPDUTXH OHV KRPRJpQDWV SHXYHQW SHQGCBRYVHBRRV | FHME
HQ FDV GH QpFHVVLWp
/JHV KRPRJpQDWV VRQW HQVXLWH LQFXEpV LD®OWMXWRMWGHVHPSp
&+&OFKORURIRUPH VRQW DMRXWpV HW X QPDIQRMRINH (S H\QDGVD IQRAC
VHFRQGHV HVW UpDOLVpH /H PpODQJH PN@XW®WXLW H PLSPRICEW X3+
ELDQWH SXLV FHQWWHRIEDQW FPLQOXWSHHRDVH & TMHXVH VXSpULLH
HVW UpFXSpUpH POQHMURQDQVIpUpH GDQV XQ QRXYHDX WXEH 51.
/HV $51V VRQW SUpPFLSLW pRO'B&idpand R XD GHKDVH DTXHXVH OH Pp
HVW KRPRJpQpLVp GRXFHPHQW SDU UHWR X URQLQXMCHY P DAQHASD LSD
WXUH DPELDJBWHFBIQDVQM I XJp | J SHQGDQW PLQXWHV | f&
8Q PD[LPXP GH VXUQDJHDQW HYV Waide HOWM L LPRI'EHBQRE FXORW
GLOXp MG18VH IUHH SXLV OH WRXW HVW FHQWQMNW}pV] | [f& S
QRXYHDX OH VXUQDJHDQW HVW téthanblUp HDAY IR@WD Gl R XAHIQ W U L)X

J SHQGDQW PLQ¥XWHWRDEHIDQW H\QM SAHLPQ IQpU HWF BKQW U L1 X J
J SHQGDQW PLQXWHV | f& HVW UpD\@ENmsl $HWX CHQYW LigW H ¥
POLPLQpPHV GpOhbBONmtPRIOAVYRSLSHWWH HW OH FXORW HVW VpFKp
QXWHV HQYLUR Qi VRN QFB \GXURD QLSXODWH XU
/HV $51V WRWDX[ VRQW UH PRS2 GGXVHGINGW WXEH SODFp VXL
SHQGDQW PLQIEWEHKNRPROQ@PLVpPY SDU SLSHWDJIHV UpSpWpV



227 ELRLOQIRUPDWLFV QC
ELQO SULPHU SOXV SULPHR GOXVSBUDPgWUHYV 7P f& $PSOLFRQC
*& HW FRPPDQGpPV FKH] 6442 IV ISIPEWIOFKKULFK FRP
/HV SULPHUV VRQW UH VXVSHQGXYV | HUYYRQXWLRQV VWRFN H

L'efficacitt GHV SULPHUV HVW WHVWpH SDU GLOXWHRQN ¥YXFFHWYVL"
FRXSOHV GH SULPHUV D\DQW XQH HSHXFBEW W\W UH RXPAEL(
SRXU OD 3&5 TXDQWLWDWLYH

/H Jg®@# Il HVW XWLOLVp FRPPH JgQH GH UplQUH[SBHVBISRQ V
nest SDV PRGLILpH HEUHOQHIVBINVFERIGLWLRQV WHVWpHYV



collal ET*&$S*SSES*&STT*&ST| TS *&S*$&***$T*TTTT7&
col2lal | g 7**$&&7T*$***$&*$ & &&*BT&**$**$T*T&T&T

col22al | g$*7*7***&E$**$*$$T7 | &*TTT*$&&TE&KT&ESST*T
itga7 &$*&T7T**7$8E&ESSBESEL” | P& *$*TSLEE* ST+ $**
lama2 &&$E&T****78&$&*$&S$T E*X*T*T7T7&$**77$&$8&T*&
fnla $778$$&*&S&*TT&E&TS&| TSSTTTT*&&ETT*&&T*$&
dagl THTT**$*&&T&T*TTS&&&| T***TTT&TTT**$**7T&T &7
pol Il &&B*$TTE&S*&&*ETTESSN &SSS&T***$FT*$***&T7

/H NLW VXLYDQW D pWp XWLOLVp SRXB<@®B 8&HHQODWWEMID B\R FK
HWapparei XWLOLVp HVW OD &); %LRUDG

—/ GX PpODQJH VXLYDQW VRQW GpSRWADNG D/RWQ WKDN RN V8XYW H\

WXEH YRORXPH

IDVW6WDUW 8QLYHUVDO 6<%5 *UHHQO

OpODQJH GHV SULPHUVY UHYHUVH HW |

+2 '1DVH 51DVH IUHH

/H SURJUDPPH VXLYDQW HVW XWLOLVp
PLQXWHV | f&
VHFRQGHV | f&QGHVHFRf& [ F\FOHV

&RXUEHV GH IXVLRQ
f& VHFRQGHYV

f&E f& fé& VHE OHFWXUH WRXV OHV  f&
f& VHFRQGHYV
f&

/HV UpVXOWDWYV VRQUWDDRDWKREGH \SGKERQpH SDU 3IDIIO



3URWRFROH Qf
%LUpPIULQJHQFH

/D ELUPIULQJHQFH HVW OD SURSULpPWpHSKHQ TOOH GBX R Qg B B WHU IS
GH IDORQ DQLVRWURSHHY W QLY FBWBRE UQLEWQ W GW WD GPISHHFW LR Q
FKRVH G DQLVRWURSH SRXUUD SUpVHQWHO REQ IVROH R WLHAQ RIDUDLFF
/D ELUPIULQJHQFH HVW ODUJHPHQW XW MO IOR0UHV HGH PRLEQ W U DR/ SWLH
UHQWLHO GH 1R&de UM IPRKURVFRSHY SRODULVDQWY SHUPHWWDC
MHWV GH IDLEO®VFRQWUDAVWHRNH GpFRXYUH TXH OH (P& FOH D O
ELUpIULQid&h@Went GHV ILEUHV PXVFXODLUHV WHO XQIBWOKXGR FU
PLJQUH GLIIpUHPPHQW GHV WLNWiXaorH GULBRARBRWNUL¥HXUV SO
SDUWautVGHV HPEU\RQV GH SRLV VR Qdlapfréciér '&¢habisatibw FDRIDAF
WpPpULVWLTXH GHV ILEUHV PXVFXODLUHV

/HV ODUYHWol22ZaRX GH MSI VRQW D (alde/ \@KpWIWUAHWWQH SXLV SODF
XQH ODPH GH YHUUH HQWUH GHX[ SRODWHUVWXHW VXOHQY PLBURN
=HLVV $[LR]JRRP 9d'uneTXKRBpUD $[LR&DP 05P PHJDSL[HOV

/D PR\HQQH GHV QLYHDX[ GH JULV GHV SGXHWVRQR BpW GRQ V VIR
PHV XU pailf§ GX ORIJLFLHO ,PDJH-



BURWRFROH Qf
,PPXQRI0OXR Urtsté- H Q F H

/HV HPEU\RQV GH SRLVVRQ |JqEUH VRQWOQW®mFX$H &HVW\p Y HQ RSIEH/
FH TXL SHUPHW GH SRXYRLU UpD O linvétd) DXHOHaEKP X Q RPO UV M D JGI M V
LPPXQRPDUTXDJHV VXU FRXSHV 'DQV QRWUHnN oV ROHW LB MDXW®
H[HPSOH pWp XWLO LhpgahdiehX G HY PWL S HRW pLQH &RO;;,, SRXU OHV
UpH¥aige GH OD WHFKQRORJLH &5,635 &DV

y 3UpSDUDWLRQ GHV pFKDQWLOORQV

/JHV HPEU\RQV GH GLIIpUHQWY VWDGHY O BpYHORSSHHBBQWIRRE

GpK\GH HQ 3%6 ; OD QXLW | f&

/JHV pFKDQWLOORQV VRQW ULQFpV PLQ GODMWXUH-DBELBDW H; j\

DILWDWLRQ PRGpUpH /HV pFKDQWLOORQ@\DW R V8 DSU BHVHEDLQNF

FHVVLIV HQ PpWKDQRO 3%6 | PpWKIPQRWKDQR®%6 [3%6

[ PLQXWHV FKDFXQ j WHPSpUDWXUH DPELDQWH

/JHV pFKDQWLOORQV SHXYHQW DORUV rWUHfQWRFRRLG\NQ PHRMXLDD

'PVK\GUDWDWLRQ HW UpK\GUDWDWLRQ ¥HKX®HQWKDIDRG PHQ W X\

PrPHV pWDSHV

/JHV pFKDQWLOORQV VRQW SURJUHVVLYHPHQW HVMLIGU G W pPh \8 B D
3%6 | PpWKDQRO 3%6 | HW PpWKDQRO P L3¥6W HV

FKDFXQ j WHPSpUDWXUH DPELDQWH /HQ RFK D QRILLO O R Qg XWRHW G

OD VROXWLRQ GH ULQoDJH j WHPSpUDRGGUPWDPELDQWH VRXV DJI

/HV pFKDQWLOORQV VRQW HIQieX G\WMH Sdhodop®ELOLVpY& SRXU
XQH GXUpH TXL YDULH VHORQ OHXU VWDGH GH GpYHORSSHPHQW

SRXU OHV HPEU\RQV GH PRLQV GH KSI PLOQXWHYV
SRXU OHV HPEU\RQV GH ] KSI PLQXWHYV
SRXU OHV HPEU\RQV GH SOXV GH KSI PLQXWHYV

/JHV pFKDQWLOORQV VRQW ULQFpV IRWLWJIHLQWW RS prUD WK O KWLF
VRXV DIJLWDWLRQ PRGpUpH 3RXU OHV HEEHBHQW G @Y\D SHH V X
PHQWDLUH GH SHUPpPpDELOLVDWLRQ GH — P PQXGLHOX pil) GDQ W ©OLD |
WLRQ GH ULQoDJH ; HVW UpDOLVpH

/JHV pFKDQWLOORQV VRQW ULQFpV IRLWDJIH LQWWRS pHI® WK O KWLFE
VRXV DILWDWLRQ PRGpUpH
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3RXU XWLOLVHU OD SKDOORWGLQH HQOPRYD R D XGRLYHH
WpV DX PpWKDQRO $LQVL DSUQqV IL[DQNTR® P OGW KD
KHXUH GDQV XQH VROXWLRQ GH WULWR®ORBY YROW, LI

& VRXV DJLWDWLRQDP\REE@XWHREZD QM @D DR R



BURWRFROH Qf
9LGpR PLFURVFRSLH

$ILdillustrer OHV GLIILFXOWpV GERalyIDHY SOGXN YRYWVMPEFW D
GHV YLGpRV RQW pWp UpDOLVpHY DX VWDGH VSI

/JHV ODUYHV VRQW SODFpHV HQ ERQIMHNeGBBHHGX pW VW qBH G
d’élevage. /D PRWLOLWp GHV ODUYHV HVW REVHRY PR SHWVWQ UHRVFWR
SLTXH =HLVV $[LR]JRREuUSe PDPLSHPD j KDXWH UpVROXWLRQ $
JLUHZLUH /HV LPDJHV RQW pWp HQUHJIRNWHUp IRV j SHIQ GpIW H Q FH
FRQGHVabddi@e GH WRXWH VWLPXODWLRQ GHV ODUYHYV



BURWRFROH Qf
OLFURVFRSLH pOHFWURQLTXH j WUDQVPLVVLRQ

/ID PLFURVFRSLH pOHFWURQLTXH j WUDQVBL FVFKRQ[ SFXU1YW XGI
l'ultrastructure GX PXVFOH HW SOXV SDUWLFXOLqUHPHQOM GBI WPRHWF \@ HF
YLVXDOLVHU QRWDPPHQW OHV P\RIVO.RPHOWDWUFBBKBPRIURX @
FRUH OHV ILEUHV GHVERQRRBVgDWHR GV EH P MRARXIS WWEKRQVTXH DXV
ORUVYéttdd GX GpYHORSSHPHQW GHV P\RVHSWHV HW GH) QB [MRQF\

TXH GDQV OHV GHX[ DUWLFOHV SRRESEPIHRUH QWEUYROGMHW 8
YDLUHVY HW DGXOWHYV

y J)LIDWLRQ GHV pFKDQWLOORQV

/JHV pFKDQWLOORQV VRQW IL[pV HQ WDPBRQDEMFRG\ODWH Gl Ik
WDUDOGpPK\GH HW Y Y GH SDUDIRURRRGYK\GHK S+ SOXVLH
/JHV pFKDQWLOORQV VRQW ULQFpV IRL®DWH QXVOHNVRIQQ WOQ P 8RQ
VXFURVH j WHP SpUD YOXUSHXFEIQDM WHU M LFRQX WU YVUVDM@ XUV | f.

/IHV pFKDQWLOORQV VRQW SRV WoshilplV G DRLVOEY V& DVDUR [OGH W D P -
FPGHQW SHQGDWHW | WHESpUDWXUH DP BL DQFp VSWIN L Q\D §IRG®H F
HDX GLVWLOOpPH DYDQW OD GpVK\GUDWDWLRQ

y 'PVK\GUDWDWLRQ HW VXEVWLWXWLRQ

/JHV pFKDQWLOORQV VRQW GpVK\GUDW#tha®D GYOXHV ERQLBOUXVBEN
OpH PWKDQRO PLQWWRSpRIOMEXWOHj DPELD Q'
3RXU SDUIDLUH OD GpVK\GUDWDW L R'@yde OG/H VRUDRAE \lCPRHHJ SpMQ G D Q
PLQXWHV j WHPSpUDWXUH DPELDQWH

3XLV OHV pFKDQWLOORQV VRQW LPPHUJ@RQGDQV (GRQWBVLQH HS
(SRQ % R[\GH GH SURS\OqQH SRXU DX RIDQLPXRP D KELXOUMWHWE
WRXWH OD QXLW GDQV OD UpVLQH (SRFRQWISRD®W (BRQYY
OXPH ILQDO GH UpVLQH HQ %'0$ GLPpWKGXE BQ BD\PLIQHH QDF FR K
UpVLQH j WHPSpUDWXUH DPELDQWH

y , Q F o) X Y% L R Q Vv



KWWS 777Z PLEURVFRSLHV XQLY O\RQ 1IU

1% WRXV OHV SURGXLWY FKLPLTXHVIXNWGEBLYpYV VRQW GH TXDOL






BURWRFROH Qf
OHV XU Ha@pgttude GHV FRQWUDFWLRRYURXVFXOPWURVWLPXODW.L

1RXV DYR Q&arakRil§dtivic PXVFXODLUH GH\olezaly YHWVpVHBWDQW GH
SKPpQRW\SHV PRGpUpV RX VpYqUHV DX Vahplkiude &8I FROIUWRJIHDVEXW |
PXVFXODLUH

. SpDOLVDWLRQ GHV PHVXUHYV

/JHV ODUYHV VRQW SODFpHV EULqQYHPHQW ®D@®V 86 RPFKHDWEGRQ)
DPLQR EHQ]JRLF DFLGHWK\OHVWHU 6LJWDWKD GIWMF Kidide D pIHS XLV 1
SLQFHV XOWUDILQHV 7ZHH]Hé&mpedr WRKRGWFRIQWYDFWLRQ PXVF
GpFOHQFKpH SDU OHV VWLPXOL pOHFWHLQWXWVYD QNN pOPHY HI/DQRQ
OXWLRQ SK\WLRORJLTXH GH 7\URGH PODWDR OP 0 ®D& & O PO
PO +HSHV 3+ DILQ T Xntedi&re WS- DWOIF OD UpSRQVH PXVEXOD
S Dllectrostimulaton. 8QH SHWLWH JRXWWH GH FROOH FKLUBWI.FDOH
GHX[ FOLSVY HQ DOXPLQLXP UpDOLVpWUXRUMDODEOH YRLU ILJXL

3XLV VRXV ORXSH ELQRFXODLUHV OBVO®KX[HFIOVLWVSREY LIMODRRL @
FRQWDFW GH OD ODUYH OpJqUHPHQW KXPRGH RAD HARND O FSIR\O \P
GHV GHX[ FOLSV /H SRLVVRQ HVW DORIMW B DX W GBQ DG R DWSHMUS |






BURWRFROH Qf
7THVW GH SHUIRUPDQFH GH QDJH +LVWRORJLH

&RPPH GpFULW &8,U /I XFlWNHVWHU OD SHUIRWP BEREN VRO GD/OW FRQV
GpUp FR®BtBde dune IRQFWLRQ HinR@RPDMHXU SXLVTXH FRQWULEXDC

YLH 6ZD@WRQ 30DXW (Q HIITHW OD QDJH UQWWMURQMN QN G
GDWISXYRLH GDQV OD UHFKHUFKH GH QRXUUVWXV HS R XP HQURWIHR
+DPPHU 30DXW 'DQV QRWUH F Besti® XWWQBN W BP RS RV

UHU OHV FDSDFLWpV GH QDJH d@dvideis X [GE M 1pQ 8 RYV\G O\R W PR L Q \
LQGLYLGXV FKH] OHMZEPXIHDRSOHTXQEDQV OH GpPYHORSSHPHQW G X
D pWp LQYDOLGp ,FL pYDOXHU OD SHUW&SDQREY BRIQY PT M HSHUHR
IRQFWLRQ QdR@®@¢ \G)XCHROODJGQH ;;,, 1RWUH pWXGH FRQVLVWH G
IRUPDQFHV GH QDJH HW OH FREW PpWDERQMER2H RYMRELD FKH] ¢
PRLY FRPSDUDWLYHPHQW j XQ ORW GH SRXKWVRHD: R BXVPRP PN XN
SRXU FKDTXH LQHW YROBXFRPPH LQGLFDWHXUV GH OHXU \WWDW SK
GH GpWDLOV YRLU SDUDJUDSKH (Y DQDXDHV L RK) \GWY GIH U PRSU PID §
FKRLVL DILQ GH VIS SULRFAHIGHKGHR LV V XQFHY PIDPL BSIHOBIDDP XV F X O D

y ORQWDJH H[SPpULPHQWDO

'"HX[ UHVSLURPQWUHY GH QDJH LGHQWLTXHBQ@HP DU/ V/IR@W JRWELE
SRXU pYDOXHU OHV SHUIRUPDQFHV GH QUDYRQHW &KD PYM LER/GSIL\
PGWUH HVW FRIRSRFKDPEUH GH QDJH GDQV OHTXHO @wh SRLVVRC
PRWHXU FRXSOp j XQH KpOLFH j WEaRLW¥F S®I®HVQSER XUGFRE
SODFpV GH FKDTXH F{Wp GX WXQQHO G H DAX[ GHHIDX F® Q \O DR LY
SRLVVRQ YD GHYRLU QDJHU &KDTXH UHVGLERPGMWU W HRV/S\R Q PRXIX
GH / UHRSOLGHQWLTXHd¢levdpe] B®N SRLVVRQV HW PDLQWHQXH j
UDWXUH FRQWUYROFRPPH Iabmaére) HW R[\Jp@piéntation HQ HDX
GDQV FKDTXH WXQQHO GH QDJH VH IDLWXLUKRE W U DGR PCH | OX
GHSXLV OH EDVWUY WBPSRWYSYURPqWUH

/D FRQVRP RIDMWGERQD VVRF Lactvitt GX SRLVVRQ HVW PHVXUpH GDQV
PQWUHV 6WHIIHRNEWS VRQW IcéR Ojp 