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Parents (n=368) Sibs (n=246) 

Latent : no symptoms MI-MII  1  5  

Silent : no symptoms , MIII 8  12  

Symptomatic MII-MIII 8  7  

Total 17 24 

• 
'�(*164	)P(Y¬����d¥ ���@����� ��§�©*/6¬g(_4RÔC/�,"ªm)P,���¦�,+1�3+«�,�.�,-.Z4	«��%©_4	«g(*1

x ��I <y8	I �V@CI+U�J-c :*< I+O+J+�¿J+:*UVQT8	:*f�K���¡��P�ÍK������ �HONMHfE:_QycrMHI By\�M*8	IV\wI?U�Q;I+XßB�UÂQT��I°Q;O�ÌHfgI ��=�iW:*8�I+O+JN�
�*ONMHfE:_QRcrMHIpQT�*I�J-:Y8m8wIV\mM�:YU�XYBEU_D�K��¾O+fgf�I+fgI�BÍ\j8	INMH:*8ÍQ;I+XH=

• 
��«g.Z4	)P« ��¦64	«�(*1#(_ª �JI �LK «�1�/�)P(���©*1Ï2�.

�����M�-�ONP6Q,�.�$-&<,�DR3*EBS5D-,1$UTVSR4O0%&<4BW�)54B.5XB -4H"
Y!,1$#EC$Z -,�. �![
\�]C^-�![O_`]a3+ECSRD-,1$bTVSR4 �
cdE1D�D-4BD-4 e2&<4BWV)R4B.5X?T
f�] �![
\�]1gHh5i/^5�![O_`]1g1h+j*hk] �
c7l h�mZ]*]
f
j �![
\�]1gHh*jn^5�![O_`]1g1h+j*h+j �
c�o h�mZ]pj
f!l �![
\�]1g1hRi/^q�![O_�]rgHh5l �
c7i h�m lVh
f
s �![
\�]1gHh5l�h=]8t/�![O_`]1gHh5l�h*j �
c�s h�m h*s
f!i uO$�354B&?" �
cQv h�m s5l

H
A

L author m
anuscript    inserm

-00138185, version 1
H

A
L author m

anuscript    inserm
-00138185, version 1



|

xvO�ÌHfgI�u�DHBa`CIV\vQT��I�:_Ì�\	IN8m`HI-X�U�@6S�ÌCIN8�O+U�X�<y8	I �V@CI?UHJ+BgIV\×:Y<9QT��I�D6I+U�:VQyc_MCI�Ö�� Ö,�9<T:Y8ËQT�*I�u9�*��M*8	:_ÌHOPU*X6\�O+UHX
QT�*I�I���MHI+J�Q;I+X�<y8	I �V@CI+UHJ+BgIV\ËBEU�QT�*I"DHI+U*IP8	O+f*MH:YM_@CfEO�Q;BE:*U6=

������������Y7)5;!'54B&=EB.5@ 0:&<4BW�)54F.RXC �41" ,10=f�� f��+ -.nl2]*]8S+&<,B'5E1.+@5" EC.�@!$-35474��VSR4BXp$Z4C@!0%&<4BW�)54 .5XB -4H"8 >.!$-354�A+4B.54F&<EBD*SR,1S*)RD-EC$� -,�.
�![9A+4B.5,1$bT�S54r" 6 ,�&:&<4H" SR,�.5@+ >.5A
�
cdA*4 .5,1$�TVSR41" �O4B.5,1$�TVSR -X7A*&<,1)+S 	2&<,B'5E1.R@5" 
 �VSR4BXp$Z4C@` >./XB,�.*$�&<,�DSR,1S+)5D-EB$# -,H.

f�]���f ] �
cal�-�
cal
f�]���f j �
cal�-�
c o

�n] o+s���j+s���� s��

f
j���f l �
cai�-�
c o �Oj ]*]Fo��%l������ o��
f�]���f l �
cal�-�
cai
f�]���f s �
cal�-�
c s
f�]���f i �
cal�-�
c vng

�
l o�����jRi���� ]Fo��

f
j���f j �
c o��-�
c o
f
j���f s �
c o��-�
c s
f
s���f s �
c s��-�
c s

�Os ]Bl���s���� l��

uO$�354B&?" uO$�354B&?" �
i j���������� �����
gCv! @+ >0#0:4C&<4B.*$R0%&<,�; l�"Vs�"Ri�"Vo

• 
��«g.&��ª;(F)�©*1%«g1Ï2�«$#C«�2�¦�©_¬F4	(L2�,�#C,N¬g(*/�4	§�,"2�«�.¤,+©*.0,�©*3-3+(*)N2�«g1 
�4	(L§�«�. 
*,+1�(_4RÔH/�«�3 
*)P(*¦�/

x ��I�8	B�\;Ø�<T:Y8ONU�BEUHX*Ba`6BgXV@CO+f �LBbQT�LDHI+U*:_QycrMHI�Ö�� Ö(�ÏBEU�QT�*I�kRQ;O+f�BgO+ULMH:YM_@Hf[O�QmB[:YU�BÍ\ËDHBa`CI?U�BEU�xËONÌHfgI�~�=ViÏ:Y8I+O+JN�
D*8	:�@HM#QT�*I#J+:Y8;8	IV\mM�:YU�XYBEUrD��*ONMHfE:_QRcrMHI#J+:FS�ÌHBEUHO�QTBE:*U6\LONU�X QT�*I#J+:*8m8	IV\;M*:*U*X*BEU_D�K���DHI+U*:_QycrMHI_\�yÌHO_\	I+XÎ:YU
Qyc_MHBEU*D��ËON8	I�O+f�\w:�\m��:!��U6=

�����M�-��%'&'�O4B.5,1$bT�S5 �XOA+&<,1)*S`&% #"�(q"8 >.
$�354aSR,1S*)RD-EF$# -,H.
�![9A+4B.5,1$bT�S54r" 6 ,�&:&<4H" SR,�.5@+ >.5A
�
cdA*4 .5,1$�TVSR41" �O4B.5,1$�TVSR -X7A*&<,1)+S e)� �

f�]���f ] �
cal�-�
cal
f�]���f j �
cal�-�
c o

�n] hMm jk]

f
j���f l �
cai�-�
c o �Oj hMm#]Fo
f�]���f l �
cal�-�
cai
f�]���f s �
cal�-�
c s
f�]���f i �
cal�-�
c vng

�
l hMm h��

f
j���f j �
c o��-�
c o
f
j���f s �
c o��-�
c s
f
s���f s �
c s��-�
c s

�Os hMm hRi

uO$�354B&?" uO$�354B&?" �
i hMm h+h��
gCv! @+ >0#0:4C&<4B.*$R0%&<,�; l�"Vs�"Ri�"Vo

H
A

L author m
anuscript    inserm

-00138185, version 1
H

A
L author m

anuscript    inserm
-00138185, version 1



s

• 
�p§�,"ª;©��%«�¬g«g©Y¬C3+(H)+)N,+¬g©_4	«g(*1���1�(V4j2Ï¦�,"4	(�4	§�,p4	)P©*1�.&��«g.0.0«g(*1%(_ªW4	§�, ��� ¥¿§�©*/6¬g(_4RÔC/�,+. � «

G�Ba`HI+U%� mt6=}t*{Fs+�	]ÏÖ � <y8	I �V@CI+U�J?BgI_\�O?U�X%i � � �dI�J+O+U�J�:*S�M_@*Q;I .�]ÏQT�*I�<TO+S�Bgf�BgO+f�J+:*8m8	IPfEO�Q;BE:YU U*:_Q�XV@CIdQÍ:�QT�*I
QT8	ONUF\	SLBy\&\	BE:FUd:Y<6ÖLBH�*ONMHfE:_QRcrMHIV\��

. ����= ~

• 
��«g.&��ª;(F)�©l.¤« �#(_ªA©L/�)N(���©*1�2#©*3+3+(*)P2Ï«g1 
d4w§Ï, ��� 
*,P1�(_4RÔC/�,�(_ª94	§�,"/�)P(���©*1Ï2

xvO�ÌHfgI�q�DFBa`HI�\"<T:*8�I+O+JN��MH:6\0\	BaÌCf�I�K�� DHINU�:�QycrMHI_\�:Y<×OdM*8;:_ÌHO+U*X�QT�*I�8mBy\mØ�QT:�ÌHILON<T<mI+J&Q;I+X%<T:*8"O�\;B[Ì :*<AQT�*BÍ\
M*8	:�ÌYONU*X6=+��IV\R@CfbQ	\ËOP8	I�J+fEO_\0\	I-XdÌ*c�D6I+U*:VQycrMHBgJ"D*8	:�@HM�=

�a���M�>���
c� #"�(q" 0:,�&8E "  ('n,10=EOS+&<,B'5EH.5@
E1XBXB,�&<@+ >.5A
$�354a�![ A+4B.5,C$bT�SM4O,�0 $Z354QS+&<,B'5E1.5@
S5&<,B'5EH.5@�A�&<,1)+S �n] �n] �Oj �
l �
l �
l �Os �Os �Os �
i �
i �
i �
i �
i �
i

SR&<,B'5E1.R@�A+4F.5,1$bT�SM4 f���f�� f���f�� f��%f	� f���f�� f���f	
 f���f�� f��%f	� f��%f�
 f�
%f	
 f��%f�� f��%f	� f��%f�
 f��%f	� f�
%f�� f��%f	�
c � � hMm#]Fs h�mZ]Fs hMm#]+] h�m h+o hMm h+o h�m h�� hMm h�� h�m h�� hMm h+s h�m h+s hMm hRl h�m hRl hMm hRl h�m h+j hMm h+j

_�Db)547 #" 0:,�& c � �� h5m h5i�"�A�&<4C4 . 0:,�& h5m(i�� c � � � h�m�]QEB.5@
&<4B@�0:,�& c � ��� hMmZ]

• 
��«g.&��ª;(F)�©l.¤« �#(_ªA©L/�)N(���©*1�2#©*3+3+(*)P2Ï«g1 
d4w§Ï, ��� 
*,P1�(_4RÔC/�,�(_ªA/�©*)N,-1®4w.

¡l\�\	�*:���U B�U�Q;O�ÌHfgI�qr]AO-J+J+:_8	X_BEU_D#Q;:�QT��IdÖ�>�¡ K���:_<vQT�*ILM*8	:_ÌHO+U*X*]ÏQT��Il8mB�\;Ø�<T:Y8�Ol<�@*Qy@H8	I�ÌHO�Ì*c�By\ �V@6B}Q;I
XYBE<T<mIN8wI?U�Q¤= Ö�>�¡�QTc_MHBEU*D S�ONc¾O+fy\	:�ÌCI�M*8	:*MH:6\	I+X�QT:�QT�*I�MHON8	IPUVQ	\�B�<�QT��I-c �dO?U�Q�QÍ:�ÌHI�ÌHI�QyQ;IP8lBEU*<T:*8	SLI+X6=
i9BED_@H8	I���DHB[`YI_\ �L��O�Q�S�ONc%ÌCI�J+:*U*J+fa@CX*I+X �LBbQ;��QT�*IlMHOP8	INUVQ;O+f�QRcrMHB�U*D�=6k;U�J+:*fE:*8	I+X�\	B}Qy@CO�QTBE:*U6\	]ÏQT�*IL8	B�\mØ�<T:*8
QT�*IlÌHONÌ*cÎS�ONc�ÌYI�UHIPDFfEBEDFBaÌCfgI ;ÌHfa@CI �w]vSL:HX*IN8	O�Q;I RDr8	I+INU ��:Y8��*B DF� T8	I+X��&=�kÍQ�8	IPM*8	IV\	IPUVQ	\�u*t�� :*<�J+OV\	I_\�=ÏkmU
J+:YU�QT8	OV\yQ;]FQT�*IN8wIlOP8	I�\	BbQy@CO�QTBE:*U6\ Í@CU*J+:Ff[:Y8	I-X�ÌY:��YIV\���B�U ���*BgJ+�%MHOP8	I+UVQ;O+f6QRcrMHB�UrD�S�ONc fgI+O+X�Q;:�`HIN8mc�`CON8	BEONÌHf I
8ZBg\mØ�<T:*8ÏQT��IpÌHONÌ*c m<y8	:*S U�INDHf�BEDFBaÌCfgIpQT:l�*B DF� �&=Vk;U�\R@CJN�dO�J+OV\	I-]�QycrMHB�UrD�QT�*I"ÌHONÌ*c*�dB�f�f*ÌCI�INUHJ+:_@H8	ONDHI-X6=
iW:Y8×I��HO+S�MHfgI+]�OdSd:�QT��IN8vÖ��_Ö�� ÍK���|�%�K���|�� ����:%O+fa8wI+O+X_c��*O_\×O�J+�*B�fgX#�LB}Qm���K �*O_\�O��H{�� 8mBy\mØ�QT:��*O&`CI
ONU*:_QT�*IN8 :YU�I BE<�QT�*I <;O�QT�*IN8�By\%Ö �0Ö � ÍK���u�%gK���u��	]�Ì_@*Q :*U*f[c�O |�� :F<�8	By\mØ¿BE<�QT��I <mO�QT��IN8�By\�Ö��_Ö��
ÍK���|�%gK���|��&=
¢FBESLB�fgON8	f�c�O�<;O�QT�*IN89Ö��_Ö�q�yK���|�%�K����*� �d�*:�O+fa8wI+O+X_c���O_\ËO�J+�*B�fgX*�LBbQ;�L�vK¿�*O_\ËO"`HIN8mc�\	S�O+f�f R�����A8mBy\;ØdQÍ:
�*ON`HI�O+U�:�QT��IN8��vK�JP�*B�fgX�BE<AQT�*I�SL:_QT�*IN8�B�\ËÖ��_Ö�q ÍK���|�%gK������	]FÌ_@*QO��*BaDH�*IP8 N�&������8;B�\mØ#BE< QT��IdSd:�QT��IN8�BÍ\
ÖLuVÖdu�ÍK���q	%gK���q+�&=
i9BED_@H8	I#��O?fy\w:�\	�*:�� QT��O�Q9QT��I�X*I+J+By\	BE:FU#:*<vDHI+U�:�QycrMHB�UHD#O�U*I ��ÌY:Y8mU�ÌYONÌ*c#X*INMHI+U*X6\�SL:*8	I�:*U�QT�*I�MH:6\0\	BaÌCfgI
`HON8	BgONÌHB�f�B}QRc :F<�QT�*IÂ8	B�\;Ø$<T:*8�QT�*IßJP�*B�fgX QT�*O+U�:*U Qy��I�S�I+O+U�IN�*MHI-J�Q;O�QTBE:*U�:_Ì_Q;O+BEU*I+X�<y8	:FS QT�*IÂMHOP8	INUVQ
DHINU*:_QycrMHI�\�=ViW:*8�I&�HO+S�MHf�I-]®BE<AMHON8wI?U�Q	\ON8	I"Ö��0Ö �&%�Ö �0Ö��P]*Ö��_Ö�~�%�Ö��_Ö�~�:*8 ÖduVÖ�q	%�Ö�~_Ö�q�QT�*IP8	I�By\U*:�X_:_@*Ì_Q
:YULQT�*I�8mBy\;Ø%<T:*8 QT��I�J+�*BEf�X�O+U�XlQT�*I�J+�*B�fgX�DHI+U*:_QycrMFBEU*D�By\v@CU*U*I�J+I�\&\	ON8mcC=*kZ<AMHOP8	I+UVQ	\�OP8	I�Ö��_Ö�~�%gÖ��0Ödu�O�U*I �
JN�*B�fgX°��OV\�O�S�I+O+U�8ZBy\;Ø :*<%�+q+� Ì_@*Q��*By\L8ZBy\;Ø S�O-c�`YON8mc <y8w:FS ��Q;:��H{���=AkmU�QT�*B�\#\	BbQy@CO�QTBE:*U�QT�*I�J+�*B�f X
DHINU*:_QycrMFBEU*D�By\AU�I�J+IV\&\	OP8wcdB�<��LI �dO+UVQ6QÍ:l8	IP<RBEUHIpQT�*I"8;BÍ\	Ø�=

• 
��«g.&��ª;(F)�©l.¤« �#(_ªA©L/�)N(���©*1�2#©*3+3+(*)P2Ï«g1 
d4w(l§�«g.�(VÕ�1 ��� 
*,+1�(�4RÔC/�,

i9BED_@H8	IÂ��DHBa`CI�\ÎQT�*IßM*8	:�ÌYO�ÌHB�fgBbQTc mB�U BbQ;O+f�BgJ_\���<T:Y8�O \	BaÌ :F< OÂM*8	:�ÌYO+U*X Q;: ÌYI?f[:YUrD Q;:$G�B O?U�X QT�HI
J+:Y8T8	IV\;MH:YU�XYBEUrD�8ZBy\;Ø wBEUH\	B�X*I�QT�*I�ÌHON8 �	]9\m�*:��LBEU_D�QT��O�QËBaQËB�\�IN��MHI+J�Q;I+XlQT��O�QONM*M*8;:���B�S�O�Q;I+fac�~Ht�� :Y<�\	BaÌ�\��LBEfyf
ÌHI+fE:FUrD Q;:ÎGdq ONU�X�J+:YUH\	I �V@CI+U�Qmfac �LB�fgf��*ON`HI�O�UHINDHfEB�DHB[ÌHfgI�8	By\mØ mfE:��LIN8"QT��ONU �"����=®Öd:!�dI�`YIN8�O�ÌH:_@*Q�u*t��
�LBEf�f*ÌHI+fE:FUrDdQ;:LG���:_8ËG���OPU*X*��BEfgfYÌCI"M*8	I-XYBEJ&Q;I+XLO"8mB�\	ØL�*BaDH�HIN89QT�*ONU��Ht���=

H
A

L author m
anuscript    inserm

-00138185, version 1
H

A
L author m

anuscript    inserm
-00138185, version 1



{

������� �J	 ��� ���	����
�
 � � � 	 �/��� ��

G�IPU*I�Q;BEJßJ+:_@HU6\	I+f�BEU*D B�U�<TO+S�Bgf�BgI_\��LBbQT� OÂM*8	:�ÌYONU*X ON<T<mI+J&Q;I+X Ì*c O�S�@6fbQ;BE<mO�J�Q;:_8;BEO+f�X*By\	I�OV\	IßBR\
DHINU*IN8wO?fgf�c�BEUHONM*M*8	:*M*8mBgO�Q;I+]"XV@CI%QÍ: QT��I�fEON8;DHI @CU*J�IN8TQ;O�BEUVQTc�ON8	:_@HU*X�QT�*I�I+SLMFBE8	BgJ+O+f"8	By\mØ�:F<�8	I+J�@H8m8wI?U�J+I_=ËkZU
J+:FIPf�BgO�JLXYBy\¤I+O�\	I+]�M*8	I+U*O�Q;O+f9DHI+U�I�QmB[J�J+:_@HUF\wI?fgBEU*D�By\�UHI+B�QT�*IP8p8wI �V@6B 8	I+X%U�:Y8�\R@HD*DHI�\RQ;I+X*]6Ì_@*QËQT�*:6\	I*�L�*: �L:*8mØ
�LBbQT��J+:FI+fEBgO�J�<mO+S�BgfEB�I_\#OP8	I�:*<�Q;I+U O_\mØHI-X ONÌH:_@*Q�QT��I�8	I+J�@H8m8wINU*J+I�8	BÍ\;ØÂ<T:*8�O�MH:®\¤\	B[ÌHfgI�<Í@*Qy@H8wI�JN�*Bgf�X6=�� I
ONU6\ �dIN8%QT��O�Q�QT��I°8mBy\mØ¿:*<�8	I+J�@H8;8	INUHJ+I By\�ONM*M*8w:��HBES�O&Q;INfac��Pt���]�Ì_@*Q Xr:�U�:VQ#D*Ba`HI O+U_cßSd:Y8	I�O+J+J�@H8	O&Q;I
B�UH<T:*8ZSdO�QmB[:YUC=liW:*8 SLO+U_c�MHON8wI?U�Q	\�O �Pt�� 8	B�\mØ :F<�8	I+J�@H8;8	INU*J-I By\¾B�U�Q;:YfgIN8wO�ÌHf�c �*B�DH�*] O?U�X QT��I-c <mI�I�f
XYB�\¤J-:�@H8	OPDHI+X�QT:�M*fEO+UL<y@H8RQT�*IN8AM*8wIND*U*O+U*J+BgIV\�=

kmU�QT�*By\p\TQy@CX�c �LI�\	�*:��ßQT�*O�Q Od\;BaÌ�:H<AO�J+:FI+fEBgO+J�M*8	:�ÌYO+U*X��*O�\�O+U�ON`CIN8	ONDHI�8	I+J&@H8m8	INU�J+I�8	By\mØ�:F<"�Pt�� ]
Ì_@*Q�QT�*B�\dO-`YIN8	ONDHI���O�\�Q;:�ÌHI�Ì�8	:*ØHINU�X*:���U O�J+J+:*8	X_BEU_D�Q;:�QT�*I�Ö�>Ë¡$K�� BEUF<T:*8	S�O�QTBE:*U�:*U�QT�*I#M*8	:�ÌYO+U*X6=
¡�J+J+:*8	XYBEUrDlQ;:�QT�*I"Ö�>¡ K��ß:*<ÏQT�*I�M*8	:_ÌHONU�XdQT��I�8	By\mØ#IV\TQTBES�O&Q;I�<T:Y89QT��Id\	BaÌ�8	O+U_DHI�\�<y8	:FS¿����QT:��&~�� =VkyQAB�\
MH:®\¤\	B[ÌHfgI�QT:�M*8m:_`*B[XFI�ÌHI�QyQ;IN8�BaU*<T:*8ZS�O�Q;BE:*U�QÍ:�MHO�8	IPUVQ	\�Ì*c�MHIN8	<T:*8	SlBEUrD%QT�*I+BE8�:���U�Ö�>�¡ QycrMHBEU*D�=6kmU�u*t�� :*<
J+OV\	I�\	]_QT�*IpÖ�>¡¾MHON8	I+UVQ;O+f_QTc_MHBEU*D��LB�fgfFÌHI�\R@C<R<;B�J+BgI+UVQ�QT:LD*Ba`HI�O+U�O+J+J�@H8	O&Q;I�IV\RQTBES�O�Q;I�:*<®QT�HI+Ba8AÌHONÌ*c��R\Ë8ZBy\;Ø�=VkmU
:VQT�*IN8�J-OV\	IV\w]Ï<T:*8�I��YO?SLMHfgI �d�*I+U�MHON8wI?U�Q	\�ON8wI�Ö��_Ö�~#ONU�XlÖ��0Ödu*]ÏBbQS�ONc�ÌHI�O+X_`HBy\¤ONÌHf�I�Q;:�DHINU�:VQycrMHI+]�O?<�Q;IP8
�*BÍ\AÌHBa8TQT�*]_QT�*IpÌHONÌ*c�BEUL:*8	X*IN8ÏQÍ:lMr8	I+J+B�\	I��*By\A8	By\mØ�=+�"8w:FOPXYfac�]FBbQjBy\ËI��*MCI+J�Q;I-X�QT�*O�QjONM*M*8;:_�HB�S�O�Q;I+fac�~Ht�� :Y<A\	BaÌ9\
:Y<jO�J+:HINfEBgO+J�M*8	:�ÌYO+U*X��dB�fgf��*ON`HI�O�U�INDHf�BEDFBaÌCfgI�8	By\mØ wf[:!�dIN89QT�*O+U��"�$QT:�X*I&`HI+fE:*M�:*U*I�<T:Y8mS :*<ÏQT�*I�X*BÍ\wI+O_\	I ��=
�p:*UF\wI �V@CI+UVQ;fac�ONÌH:_@*Q�~Ht�� :Y<6QT�*I�<TO+S�Bgf�BgIV\Ë:F<WO�J+:HINfEByO-J"M*8	:�ÌYONU*X*�LBEfgfF8	I-J+I+B[`CI�Op`CIP8wc�8	I+O�\&\R@H8	BEU_D�S�I_\0\wONDCI
Ì*c%QT�*By\�M*8	:FJ-I+XV@H8	I_=*��:_8	IP:�`YIN8	]Au*t�� :*<"\	BaÌ�\�ON8	I�IN��M6I+J&Q;I+X�QÍ:%�*ON`YI�Ol8	B�\;Ø�fE:!�dIN8�QT�*ONU��Pt�� ONU�X%D*8	I+O&Q;IN8
QT�*ONU��"� ]®\w:dB}Q9By\AMH:6\0\	BaÌHfgI¾O+fÍ\w:���BbQT��QT��I?SÂQ;:�\;�*ON8	I�O¾M*:6\mBbQ;Ba`HI�O�QyQTB}Qy@CX*I�O�ÌH:_@_Q6QT��I+Ba8A8	I+J�@H8;8	INU*J-I"8ZBg\mØ�=

�¾I �dB�f�fHÌHI�f�I+<�Q �LBbQT�dO-ÌY:�@rQ��&%Tu�' (A:*<®QT��I"<TO+S�B�fgBgI�\ËBEU����*BgJ+��QT��I"8ZBy\;Ø�:*<�8	I+J�@H8;8	INU*J�I�By\A�*BEDF�L:*89`HIP8Zc
�*B�DH��mONÌY:�`YI��Ht�����=VkmU�QT�*IV\wI�J+O_\wIV\,�LI�X*:LM*8	:YM�:®\wIpQT:�\	�*OP8	IpQT�*I�BEU*<T:*8	S�O&QmBE:*U*�LB}Qm��QT��I�<TO+S�Bgf�c�BEU�:*8	X*IN89QÍ:
\	I�Q�@HM�OpM*fEO+U�Q;:LX*I+OPf��LBbQ;��QT�*By\A8	B�\mØW�

��=���8	I+O�\RQ�<TI+I-XYBEU*D�\	�*:_@6f[XdÌHI�\TQT8	:*U_DHf[c�\R@HM*MH:*8ÍQ;I+X*] 	���t��AONfbQT�*:_@HD*�LBbQABy\ �dI+f�f*ØHU*:��ÂQT��O�QWBbQjX_:HIV\AU*:_Q
M*8	I�`HI+U�Q6QT�*I�X*B�\¤I+OV\wI_\	]_Ì_@*QWBbQjON<T<mI+J&Q	\Ë:YU*fac�QT��I"M*�*I+U*:_Qyc*MHI-]�Ì*cdX*I+f�ONcHBEU*D�QT�*I�:*UF\wI�QW:*< \mc�SLM_Q;:YS�\&=�	��A���

��=*G�fb@*Q;IPU�J-:YU�Q;O?BEU*BEU*D�<T:H:FXF\�\	�*:_@CfEXlÌHI�BEU�QT8	:FXV@CJ-I+X�ONQ �dI+ONU*BEUrD#O+J+J+:*8	X*B�UrDlQ;:�QT�*I"@�\R@CO+f6M*8	O+J&QmBEJ-I�\
O+X*:YM�Q;I+X <T:*8�BEU*<TO?U�Q	\�<y8	:FS @6U�O+<m<mI-J�Q;I+X�<TO+S�B�fgBgIV\	]%\	BEUHJ+I QT�*IN8	IÂBy\�U*:�I�`HBgX*I+U*J�I QT�*O�Q�QTBES�IÂ:*<�DHfa@*Q;I?U
B�U�QT8	:HXV@CJ�QTBE:*U�S�ONc�IN`HIP8ËO?<T<;IVJ&QÏQT��I�BEU�J?BgX*I+U*J�I�:*<ÏQT��I�XYBy\¤I+OV\wI_=�kRQAB�\ O?fy\w:�X*I_\	Ba8	ONÌHfgI�QÍ:d@HS�OV\;ØdQT��I�X*By\	I+O_\wI�O�\
\	:*:*U�O�\�MH:6\0\	BaÌHfgI�O+U*X�U�:VQ�X*INf[O-cHBEU*D�Q;:�fEO�Q;IN8�ONDHIV\w] ����I+U 8	BÍ\;Ø�:*<�J+:HS�MFfgBgJVO&QTBE:YU6\�BEUHJN8	I+OV\wI To�I+UVQy@H8wO%I
G�8	I-J+:�G�OV\yQT8;:FIPUVQ;IN8;:Yf[:YD*c �&= kyQ���OV\�ÌCI-I?U�\R@HD*DHI�\RQ;I�X QT��O�Q#QT�*IN8	I¾By\�O�� �LBEUHX*:����#:*<%QTBES�IÂ:F<�DHfb@*Q;INU
B�U�QT8	:HXV@CJ�QTBE:*U R~�QT:��lSL:*UVQT�H\�� �L��I?U�QT�HI�J?�*BgfgXlBy\���M*8	:_Q;I+J0Q;I+X��YÌ*clXFIN`HI+fE:*MHB�U*D�QT��I�XYBy\¤I+OV\wI+]YÌr@*QAOPDHO?BEU�]lQT�*BÍ\
BÍ\�f�BEØHI+f�c�QÍ:�ON<T<mI-J�Q:YU*fac�QT��IdMH�*I+U�:�QycrMHIL:Y<AQT�*By\"��I+ON`HB�fEc#DHI?U�I�Q;BEJLX*I�Q;IN8mSLBEUHI+X#XYBy\¤I+OV\wI_=
	g�*���px ��B�U�\TQy@CXYB[I�\
�*ON`HI�B�U�XFI-I+X�8	I+J+I+U�Qmfac¾\R@HD*DHI�\RQ;I+X�QT��O�Q�@HUF\	��ON8	I+X�I+U_`HB�8w:YU*S�I+UVQ���OV\�fEBbQyQ;fEI�:*8�U�:°I+<T<mI+J&Q�BEU�QT��I�:YUH\	I�Q�:*<
J+:FIPf�BgO�J�X*B�\¤I+OV\wI_= 	g�Hu��ßG�INU�I�Q;BEJ <TO�J�QÍ:Y8¤\¿X_: M*fEONcÐQT�*I�SLOmÑ	:*8ß8	:Yf[I_=�G�fb@*Q;INU ON`H:HBEX*O+U*J�I+]����*BgJ+� BÍ\
INU_`HBE8	:YU*S�I+UVQ;O+fE]�SLONc�\RQ;:*M�JP:YS�MHfgI�Q;I+fac�QT�HI�MHO�QT��:YDHINU�I_\	BÍ\�:F<�QT�*I#XYBy\¤I+O�\¤I+] Ì_@*Q�QT�*By\�By\�U�:�Q�QT�*I�8	I+O+f�fEB�<;I_=
�¾�*:H]vBEUÎ:�@H8�JN:*SLS�@6U*BbQ;BgIV\	],�LBEf�f�BEUHX*I�I+X�O-J+J+INM_Q�QT:�DH:*]v<T:*8�fEBE<mI-]�:YUÎO�DFf}@*Q;INU�<y8	I-I%X*BEI�Q�ÌHI+J+O&@9\wI%:*<pQT��I
DHINU*I�Q;BEJ"8	By\mØ�:*<9X*IN`YI?f[:YMHBEU*DdQT��I�XYBg\	I+O_\	I�O&Q6QT�*I"M*8	I�\	INU_QWI�\RQTBES�O�Q;IV\�RU�IN`HIN8A�*BEDH�*IN89QT��ONULu*t������

u6=�x ��I�I+O_\mc ON`HO+B�fgONÌHB�fgBbQRc :F<�O+U�QmBE�yQT8	ONUF\;DFfa@*Q;O+SLBEUHOV\	I#ONUVQ;BaÌH:HXYB[IV\"Q;IV\TQ;]AONfy\	:�O�Q�M�:YBEUVQ;�;:Y<T�mJ-ON8	I+]AX*:HIV\
DFBa`HI�QT�*ILMH:®\¤\	B[ÌCB�fgBbQTc%QÍ: \T@�\mMHI+J&QvQT��I�:*UF\	I&Q�:Y<ËQT�*I�X*By\¤I+OV\wI+]jÌ*c S�I-OV\R@H8	BEU*D%QT�*I�O+UVQ;B[ÌY:FX*BEIV\�Q;BbQ;IN8	]9S�@CJ+��BgU
O+XV`HO+UHJ+I�:F<jJ+f�BEUHBgJVO+f�\mcHSLM_Q;:YS�\&=�	��*~��9¡¿\¤I+J+:*U*X*ON8mcLMH8	I�`YI?U�QmB[:YULS�ONclÌCI�M_@*QABEU�MHfgO�J+I�<T:*8°\T@FÌPÑ¤I+J&Q	\ �LBbQ;��O
\	BaDFU*Bg<mBgJ+O+UVQW8	B�\mØ I�\TQTBES�O&Q;I*�?QT�*I"`HO_\TQASLOmÑ	:*8	BbQRcl:Y<ABEU*<;OVUVQ	\ �L�*:��LBEf�fCI-`CI+U�Qy@CO?fEfac�X*IN`HI+fE:*MdQT��I�X*By\	I+O_\wI�S�B�DH�VQ
ÌHI�X*B�OPDFU�:®\wI+X�ÌHI+<T:Y8wIpQT�*I�X*B�\	I+O_\wI�ÌYI+J+:FSdI�J?fgBEUFBgJ+O+f�fEc�S�O+U*BE<;I�\TQ¤=

kmU�J+:*U*J+fa@�\	BE:FU�<T:Y8�QT��IV\	I�B�U*<;O+UVQ	\�O�Q��*BaDH��8	B�\mØ�:F<�8	I+J�@H8m8wINU*J+I�BEU J+:HI+fEB�O-J�<TO+S�Bgf�BgI_\	]×QT��I�X*:FJ0QT:_80\
\m�*:_@CfEX I+U*J+:_@H8	ONDHI%Ì�8	I+O_\RQL<TI-I+XYBEU*DH]�:Y8	X_BEU�ON8mc ��I+O+U*B�UrD �LB}Qm��DHfa@*Q;INU O+U�X°O+U�O+J+J�@H8	O&Q;I�<T:FfEfE:��Ð@HM¾O+<�Q;IN8

H
A

L author m
anuscript    inserm

-00138185, version 1
H

A
L author m

anuscript    inserm
-00138185, version 1



�Pt

DFfb@*Q;IPU�BEUVQT8	:HXV@CJ�QTB[:YUC=Ï¡�D*8wI+O�Q�O+SL:_@HUVQ×:Y<�\R@C<m<mIP8ZBEUrDH]vONU_�HBgI�Q;BEI_\�O?U�X��*I+O+fbQ;��J-ON8	Il8wIV\	:_@H8	J+IV\�J+:*UF\T@6SLM_Q;BE:YU
�L:_@HfEX�8	I+O+fEf�cLÌHI"M*8wI�`HI+UVQ;I-X6=

��`YIN8ËO+U*XLONÌH:_`HIpQT��I�BEUVQ;I+U�QmBE:*UL:*<6QT�*I�O�@*QT��:Y80\w]FI&QT�*BEJ+O+f6By\&\R@CI �LBEfgf6ON8	By\¤I�<y8	:FSÂQT�*I�BEUVQ;IN8;M*8	I�Q;O0QTBE:YUd:F<
QT�*I�DHINU*I&QmBEJ�8	By\mØ�Q;O�ÌHfgIV\&=Cxv:�8	I+XV@CJ-I�QT�*By\�8ZBy\;Ø �dILO�`H:*BgX*I+X�Q;:#OV\¤\	BaDFU�Q;: I+O+JN�#JN8w:®\¤\�:*<viWB�D_@H8wI ��ONU#IN�HO-J�Q
MH:YBEUVQjIV\TQTBES�O&Q;I+]�Ìr@*Q�MHIP:YM*fEI�BEU�QT�*I"8wI+XLON8	I+O�SLONc�<TIVI+f*QT�*IpÌr@H8	X*INUL:F<6QT��I"B�UHJP8	I+OV\wI+X�8ZBy\;Ø�I�\RQ;B�S�O�Q;Ir=

�¾I�ON8	I�U*:_QjX_By\	J+:_`HIN8	BEU_D�U�I �¿S�ON8mØHIN8¤\P���LI�OP8	IvÑR@W\RQjB�SLM*8	:_`HBEU_DLQT�*I"8	:_@HD*��8	By\mØ�I�\RQ;B�S�O�Q;I ���*BgJ+��BR\
O+J�Qy@CONfEf�c�BEUdQT��I�X*O+Bgf�c�@W\	I_=�x ��I�S�OwÑw:Y8	BbQTc�:*<A<TO?S�B�fgB�I_\ËS�ONc�<TI�I+fF8	I-O�\¤\R@H8	I-XdÌ*cLQT�*By\�BEU*<T:Y8	S�O�Q;BE:*U6=V��@*QËO"<TI �
B�U�QT�*I�8	I+XÎON8	I+O%S�BEDF��Q�<TI+I+f�X*INM*8	I_\0\wI+X6= �¾I#X*:�U*:_Q��*ON`HI�Ñ0I&Q�O+UÎI-�YO+J�Q�IV\RQ;BES�O&Q;I%:*<pQT��I%I+<T<mI�J�Q	\�:*<pQT�*BR\
B�UH<T:*8ZSdO�QmB[:YU�BEU�QT�HI�<mO+S�B�fgBgI�\����dI���O-`YI�Ñw@W\RQL\TQ;ON8yQ;I+X�O�<T:_@H8dcYI+ON80\��v@H8w:YMHI+OPU�Sd@CfbQ;BgJ+I+UVQT8mBgJ%M*8	:6\mMHI-J�QTBa`CI
\RQy@CXVc QÍ: DHO+BEU°QT�*By\%ØHU*:��LfEI-X_DHI_="�"@H8#O+U*I+J&Q;:FX_BEJ-O?fLM*8	:*<TIV\¤\	BE:FU*O+fLIN��MHIN8	B�I+U�J+I \T@HD*DHIV\RQ	\�QT�*O�Q�<TO?S�B�fEc X*:
M*8	IN<;IN8	IpQT:L�*O�`YIpQT�*I"ÌHI_\RQjIV\TQTBES�O&Q;I�:Y<6QT�*I+Ba8Ë:���U�8	BÍ\;Ø�:Y<�8	I+J&@H8m8	INU�J+I_=�� I�X*:l��:YMHI�QT�*O�QWU*:VQÏ:YU�I�JN�*B�fgXdÌHB 8RQm�
BÍ\jM*8	IN`HI+UVQ;I+X�Ìr@*QAOPULINU*�*O+U�J+I+S�I+U�QA:*<WJN�*B�fgX_ÌHBa8RQT�6\ËBy\AM*8	:*SL:VQ;I+X6=

G�Ba`HBEU*DlQT�*By\"\w:FfEB�XlÌYO_\	I�:F<98	By\mØ#IV\TQmBES�O�Q;BE:*UlM*8w:�`HBgX*I+XlÌ*cLÖ�>¡ÂDCI+U*:VQycrMFBEU*DH]6BbQ �LB�fgf®ÌYI�MH:6\0\	BaÌHfgI�Q;:
B�SLM*8	:_`HI"QT�*I�8ZBy\;Ø�I_\RQTBES�O�Q;I�Ì*c�O+X*X*BEU*D�:_QT�*IN8ËDHINU*I&QmBEJ�B�UH<T:*8ZSdO�QmB[:YUC=*�v@H8m8	INU�QmfacH]C:�QT��IN8p\T@�\	J+IPM_QmBaÌHB�fEBbQTc�D6I+U�I�\
<T:Y8��vK��*ON`YIdÌHI-I?U#S�ONM*MHI+X#I+BbQm��IN8�Ì*c�fgBEU*ØHONDHIL:Y8�Ì*c OV\¤\	:HJ?B[O�QmB[:YU�\TQy@CXYBEI�\	] 	g�6qr�R�6s��vÌ_@*QAQT�_By\�BEU*<T:Y8	S�O�QTBE:FU
J+ONU*U*:_QAÌHI�@�\	I+X�BEU�QT�*I�8	BÍ\;Ø#IV\RQ;BES�O�QmB[:YUL@6U�QmBEfA\R@W\	J+IPM_QTB[ÌCB�fgBbQTc�`HON8	BEO+UVQ	\×ON8	I�J+fgI+ON8	fEc#B�X*I+U�QmBE<TB�I�X6=H�"@H8��*:*MHI�BÍ\
QT�*O�QË\	:*SLI�:*<6QT�*I�M*8	I+X*BÍ\;MH:®\	BEUrDl`HOP8ZBgO+UVQ	\ �LBEf�fFÌCI�\	��:Y8RQTfac�BgX*I+UVQ;B�<TBgI+X��*O�S�@CfbQ;B[`YON8	BgO�Q;I�J+:*SdÌHBEUHO�Q;BE:*UL:F<6QT�*I_\wI
B�UH<T:*8ZSdO�QmB[:YU �LB�fgf9QT�*I+U#8	I+O+f�fEc�B�SLM*8	:_`HI�QT�*Il8	By\mØÎIV\TQmBES�O�Q;I+]AO+fbQT��:�@HD*� BbQ�BÍ\�MH:6\0\	BaÌ6fgI�QT�*O�Q�QT��I�BEU*<T:Y8	S�O�Q;BE:YU
�LBEf�f�U*:_QABES�S�I+X*BgO�Q;I+fac�M*8	:_`HBEX*I�ÌHI�QyQ;I&8IV\RQTBES�O�Q;IV\ËÌHI+J�ON@�\	I�:F<ÏQT��I�J+:*S�MHf�IN�HBbQTc�:F<9QT�*I�DHI+U*I�Q;BEJ�J-:YU�QT8mBaÌ_@*Q;BE:YU
:Y<WI+O+J+�LfE:HJ�@�\&=

H
A

L author m
anuscript    inserm

-00138185, version 1
H

A
L author m

anuscript    inserm
-00138185, version 1



�*�

� ' Ó%� ��� � � ��� ��� � � ���

�¾I �d:�@CfEXLf�BEØHIpQ;:�QT��ONU_Ø�QT��I"MHO�QTBEI+UVQ	\ËO+U�X�QT��I+Ba8v<TO+S�B�f�BgI_\&=
x �*By\ �d:Y8;Ø��dOV\�\T@HM*M*:*8ÍQ;I-X�Ì*c®�

• 
iC�"� ÍiÏ:YU�X*O�QmB[:YULX*I�fEOp��I+J+�*IP8	J+�*Ip��Ò-XYBgJ�O+f�I��A<T:*8ÏQT��I�X*:FJ0QT:_8wONfF<y@CU*X*B�UrD�:F<6�¾=+��:_@H8mDHI�c $

• 
�Ë>Ai�kRK Í�v@�8m:*MHI+ONU�>O-ÌY:Y8wO�QT:_8Rcd<T:Y89QT��I"kmUV`YI�\TQTBaDCO�QTBE:*UL:Y<6iW:H:HX*�RkmU*XV@CJ-I+X�KLB�\	I-O�\wI_\��&$

• 
�v�kye�G��×]V��INDFB[:YU�I��pO+SLMHO+U*BgO��p:*U_`HI+U��VB[:FU*I+�ÏKdI+fHG�=+��=+�H|�%��&��%y�Ht*t_��e�=r�_�H|*� $

• 
��INDHBE:*UHI���O+SLMHO+U*B�O RM*8	:*DHI�QgQT:�<TB�UHO+fEB ����O�Q;:l��BEJ�IN8	J+OL¢6OPU*BbQ;ON8	BgO+]YK�=bG$�Pt�X*I+f%�A�&%Ít9�&%TtFqr]Ï\	By\RQ;I+SLO��
fgBEUHI+O�XYB*8	BgJ+IN8wJ+O����&$

• 
� kR^�� RkyQ;ONfEBgO+U���BEUFBy\RQ;IP8	:�X*INfEf �Ek0\RQT8R@���BE:*U*I-]FX*I+fEf ��^LU*Ba`�IP80\	BbQ���I�X*I+fEf�Op��BgJ+IN8	J+O �&=

�p:*S�MHI�Q;BEU_D�B�U�Q;IN8	IV\TQ	\P�VU�:YU�I�X*I+J+fgON8	I+X6=

H
A

L author m
anuscript    inserm

-00138185, version 1
H

A
L author m

anuscript    inserm
-00138185, version 1



�&�

� ��� � � � � ' � �
� G�8	I+INU�7ÏÖd]*�&O�Ì�8ZB_��=r��:FINfEBgO+J�X*By\	I+O_\	Ir=�¹A¯*±HÉ+¸�»H�Ht*t*u $������W�}uFsru*�m{9��=
� ¢F:*fEf�BgXl>Ë��]F��ON8;Ø_@�\0\¤I+U�G�]F� �¿��]®¸?»®¯HÚm=_�Ë`HBgX*I?U�J�Il<T:*8�O�M*8mBES�ON8mc#O_\0\w:FJ+BEO&QmBE:*U�:H<ËJ+:FI+fEBgO+J�X*By\¤I+O_\	I�Q;:#O
MHON8RQTBEJ�@CfgON89Ö�>�¡��ÍK��

α
%
β
�*I&Q;IN8m:HX_BES�IN8 *	��³�
R·� ¸P²��&{Fsr{ $ � �����bu_~6qr�;uFqrt6=

u�¢H:*fEf�BgX >A��]�x ��:Y80\TÌ*c ��="xA�*I�M*8	BES�ON8mc O_\0\	:HJ+BEO�Q;Bg:YU¾:*<�J+:HI?fEBgO+J�X*By\	I�OV\	I�Q;: O�D*Ba`HI+U°Ö�>¡��ÍK��
α
%
β

�*I�Q;IN8w:FX_BES�IN8I-��MFfgO+BEU6\AQT�*I�XYBa`CIN8mDHI+U�Q9Ö�>�¡��ÍK�� O_\0\w:FJ+BEO&QmBE:*U�:�Ì�\wIN8R`CI+X�BEUL`CON8	BE:�@�\��O�@CJ�OV\	BgO+ULMH:YM_@CfEO�Q;BE:*U6=
� ÅEÄ0Ä�´*¸���±C»EÅbÆ�¸N±*ÄL�P{*{*t $������y�Pu*�*�m|6=
~�7jfE:®\;ØYc���]���Ø��&]�x ��:Y80\TÌ*c���]�¢H:FfEf�BgX >Ë�¾=��U�QT�*I�Ö�>¡��ÍK�� OV\0\w:FJ+BgO�Q;I+X \R@�\wJ+INM_Q;B[ÌHBgf�BbQTc�B�U���:FI+fEBgO�J
KLB�\¤I+OV\wI*�_O"MH:6\0\	BaÌHfgI"DHI+U*I�X*:6\	ONDHI�I+<T<mI+J&QW:Y<6K��������t*�Ht9� * � ÅEÄ0Ä&´*¸��"±C»�Å}Æ�¸N±*ÄL�P{*{*u $�� � �Í�P|*u*�;|6=
qL�pfgIN8;DHI�Q;�ÍKdON8mM*:_@*��iÏ]Y��:�@HD_@CIN8;8	O�iÏ]���O_\TQ;ONfEf�c���]F¸?»Ï¯HÚm=VÖLB DF�L8	By\mØ�DHI+U*:_QycrMHI�\<T:Y8��:FI+fEBgO+J�KLBy\¤I+O�\	I_=�� �

��ÉN¯*²��HÉ+Å���¯*µ&Å�ÄjÁmÁmÁ��P{*{_~�$�� �	� �}{*u9�P�m�6=
����ON8mDHON8	BbQgQ;I+�R��I+ONU*U*BEU�7A]_��O�Ì*8w:YU�����]���:_@H8mDHI�c���]*¸_»*¯HÚm=NÖ�>Ë¡��ÍK��¾8	I+fgO�QTBa`CIV\A8	By\mØ�<T:*8ËJP:FINfEBgO�J�XYBy\wI+OV\¤I�B�U
�v@H8;:YMHI-ONU%MH:*M_@HfgO�QTBE:*U���O%\RQy@CX_c :Y<ËQT�*Id�Ë@H8	:*MHI+ONU G�I+U�I�QmB[J�J+fa@9\TQ;IN8�:YU ��:FI+fEBgO+JdKLBy\¤I+O�\¤I_= � Å�Ä0Ä�´*¸��"±C»�Å}Æ�¸N±
�Ht*t_~�$����W�aqr�_�H�m|6=
|�Öd:_@Hf�\RQ;:*U���¢H]ViW:Y8wX�K�=�G�INU�I�QmB[JV\Ë:F<W��:FIPf�BgO�JpKLBy\	I-O�\wI * Ü ��� ¸N² �P{*{*� $������}|*u*|*�R~Hu6=
s%��:YU�O+SlBgJ+:���] ��OP8ZB[O?U*BË7A]A��O"� ��BEf�fgBv����]v¸�»v¯HÚm=6i�8	I �V@CI?U�JNc�O+U�X�J+f�BEU*BgJ�O?fËMCO�Q�Q;IN8;U�:*<�J-:FI+fEBgO+J%X*By\	I+O_\wI
O?Sd:YUrD�\	BaÌCf�BEU*D6\Ë:*<WJ+:FI+fEBgO+J�J+�*B�fgX_8	I+U6=�����¸N²HÅ�¯C»aµ �"¯*ÄP»[µ�¶*¸N±C»�¸Pµ&¶*Ú�!�´H»[µd�P{*{*� $����W�Í�+qr{*�;�*u6=
{�iWON8m8#"���]ÏÖ�@CS�ÌCIN8RQ�7j]9o�BEf�OP8p7j]9¸�»9¯HÚm=A¢HIN8	:*fE:*DFBEJ-O?f SLON8mØHIP80\�O+U*X�Ö�>�¡��ÍK�������ONMHfE:�QTcrMHI�O+SL:FUrD�<mBa8&\RQ;�
X*IND*8	I+I"8	IPf�O&QTB[`CI�\Ë:Y<WJ+:HI+fEB�O-J"MHO�QmB[I?U�Q¤= Ê ÅbÆ Ê ÅEÄ��HÉ+Å��P{*{r{ $������ �Hu_~*~H�m{6=
�Pt ��:*8mM*:*U*ONc��0¢���ONÌH:�k	]
��:_`CO+JV\��&]6>:Y8;B�U�J ����]�¸�»®¯HÚ;=�iÏO?S�B�fgB�I_\��LBbQ;��Sd@CfbQ;BEMFfgILJ+OV\¤IV\�:*<ËDFfa@*Q;INU��Z\	I+UF\	B}QmBa`®I
INUVQ;IN8w:YMHO0QT�_cC=%$&��¯*Ä�»[µ�¶*¸N±C»�¸Nµ�¶*Ú��P{*{Fs�$������[q*qru*�ZsH=
�*�"xA8mBEIP8A�+¢�=_�:FI+fEBgO+J�¢*M*8R@CI_='!�³p±�Æ�Ú��(� ¸N²Î�P{*{9�	$�����)�R�*~��P�y�P|*t*{*�N�P{F=
�&��ÖL:*D_ÌHIN8;D�>]CiÏO?f}QT�*�Í��ONDFU�@9\¤\	:*U���]�G�8	:HX��+BEUF\;ØYc���]A¢VQ;INUr�*O+S�S�ON8v>�=_iWO+S�B�f�BgO+f�M*8	IN`HO+fgI+U*J+I�:H<��p:HI+fEB�O-J
KLB�\¤I+OV\wI*�_OpQ �dINUVQTc�c�I+ON8Ë<T:FfEfE:��L�y@HM�\TQy@CX�c *��HÉN¯*±*²*�+�p¯*ÄP»aµ&¶*¸N±C»E¸?µ�¶*Ú6�Ht*t*u $������b�9�P�Zq *
�Pu�7WBbQyQ	\m�*BgI+fgIN8 ��]�G�I+UVQTBEf�B">]�e�BgI+X*IP8Z��:Y<;IN8LÖ�=���UF\¤I�Qd:*<LJ+:HINfEB�O�JÎXYBy\	I-O�\wI*��O�M*8	:6\mMHI+J&QTBb`CI�fE:*U_DHBbQy@CXYBEUHO�f
\RQy@CXVc *,��É�»a¯-��¯H¸P²HÅ�¯C»[µ×�Ht*t*u $����W�y�*�&~H{*�Zq��
�&~ � O+fEØHIN8	�0¢HSlB}Qm� �&¡�]�G"@CONU*XHO+f�BEUHB�¢H]L¢HJN�*S�BbQ8����]�¸?»�¯HÚm=���I�`HBy\	I+X¾JN8	BbQ;IN8	BEO�<T:*8#X_BEONDHU*:6\	BÍ\�:F<��p:HI+fEB�O-J
KLB�\¤I+OV\wI_=_��INMH:Y8TQA:*<9QT�*I*� :Y8;Ø*B�UrD#G�8w:�@HM�:Y<9QT��I��v@H8;:*MHI+ONU�¢H:HJNBEI�QTc�:Y<97jO+I-XYBgO�QT8	BEJ�G�OV\TQT8	:FIPUVQ;IN8;:Yf[:YD_c�O+UHX
ed@*QT8mB[J?B[:FU6=.��µ�ÉNÀ Ê ÅEÄ �vÀHÅ�ÚE²��P{*{*t $���)��}{*t*{*�N�*��=
�+q�7jONMHON8w: iW]�7jI�QT8;:YU�I%��]�xA:®\wJN:°¡�]�¸�»p¯HÚ+*���f�BEUHBgJ+O+fE]×Ö�>¡�]"OPU*X \	S�O+f�f�ÌH:��LI+f"BgS�S�@CU*:*�*BÍ\TQ;:FJP�*I+SLB�J�O�f
<mI+O&Qy@H8	IV\#:*<�J+�*BEfgX_8	I+U �dBbQm��MH:®\	BbQ;Ba`HI \	IN8T@6S O+UVQ;BEI+U*XH:YS�c6\	Ba@CS O+UVQTBaÌH:HX*BEI_\#O+U*XÂOP8	J+�*BbQ;I+J�Qy@H8	O+fEfac U*:*8ZS�O�f
\	S�O+fEf6BEUVQ;I�\RQ;B�U�O+f6S�@®J+:®\wO_=.��Ù/�+�"¯*ÄP»[µ�¶*¸N±C»�¸Pµ&¶*Ú6�Ht*tFq�$ �	0�0 � �*�H{_~H�m{FsH=
�P�liWO_\	O+U*:�¡L=H�pf�BEUHBgJ+O+f9M*8	IV\wI+UVQ;O�QTBE:*U�:H<ËJ+:FI+fEBgO�J�XYBy\¤I�OV\wIdBEU�QT��IdMHI-XYBgO�QT8mBgJ�MH:*M_@CfEO�Q;BE:YUC=���¯*Ä�»[µ&¶*¸P±C»�¸Nµ&¶*Úg¶+Æ+¼
�Ht*tFq�$ � �����E¢H�Fsr�0¢H|*u *

H
A

L author m
anuscript    inserm

-00138185, version 1
H

A
L author m

anuscript    inserm
-00138185, version 1



�Pu

�P| �"ÌHIP8Z��@FÌYIN8#G"ÛLG�8	O+U*X*BbQ	\	J+� G�]�o�:YDHIPfÍ\wO+U_D Ö�=�x ��I��*By\RQ;:*MHO0QT�*:*fE:YD*c :F<�J+:FI+fEBgO�J�XYBy\	I�OV\wI*�×Q;BES�I�<T:*8
\RQ;ONU�X*ON8	X*B �rI+X�8	INMH:*8ÍQA\wJN�*I+S�I�<T:Y8AMHO0QT�*:*fE:*DFB�\TQ	\&=&³"´_µ ���"¯*ÄP»[µ�¶*¸N±C»�¸+µ�¶*Ú � ¸g·�¯C»�¶*Ú��P{*{*{ $ � � �Í�*�+s*qr�;{_~�=
�+s#¢FO-J+J+�*I�QyQTBF>]�xvBEU�Q;:le#=H�pO+fgJ+ONDHU*:#G�]®¸?»®¯HÚm=_�Î@6fbQ;BEMFf[I-��7Ë�v�¾QRcrMHBEU*D#:F<9QT�*I�QT�_8wI+I�SL:®\TQ�<y8wI �V@CI+UVQAÖ�>�¡
O?fEfgI+fgI�\ËBEULJ+:HI+fEB�O-J�XYBy\	I-O�\wI_=��×ÚgÅ�± �vÀHÅ�Ù ��É�»a¯��Ht*t9�	$�� � 0 R���P� �HtFqr�m|F=
�P{�x ��:YS�\	:*U�GL=_��ONM*MHBEU*D#XYBy\wI+O_\	I�DHI+U*I_\��F<TO?S�B�fEc���O�\	I+X�¡�\&\	:HJ+BEO�Q;BE:YU#\RQy@CX*BEIV\�*��"Ù � � ´_Ù ��¸N±H¸�»p�P{*{Fq $
) � � ~6sr|*�R~H{FsH=
�Ht%kR`HOP80\0\w:YU�¡�]ÏÖdIN8mU�I+f�fË��]�¢�Q;IPU*fb@6U�X�Öd]Ï7AIP80\0\w:YU�¡�=F��8	I+OV\TQ;�R<TI+I+X*BEU*D�M*8	:VQ;I+J0Q	\�ONDHO+B�UH\RQ�J-:FINfEBgO+J�XYBy\¤I+OV\wI_=
��Ù �+�×ÚgÅ�±�!�´H»aµ��Ht*t_��$ � )��_{9�&~H�R�A��=
�A�LG�8wI+J+:%>]9¡"@H8	BEJ+J+�*BE:�¢H]Ï��ONcHIN8���]AG�8	B�S�O+fgXYBA�¾=���OV\wI�J+:*UVQT8w:YfË\RQy@CX_c :YU�U�@*QT8	BbQTBE:*UHO?fW8	BÍ\;Ø�<mO+J&Q;:Y80\�B�U
J+:FIPf�BgO�J�X*B�\¤I+OV\wI_= ����¸P²HÅ�¯C» �"¯*ÄP»aµ&¶*¸N±C»E¸?µ�¶*Ú�!�´H»[µL�P{Fs*s�$[|��bu*{Fqr�mu*{*{6=
�*��e�:Y8m8;B�\��	��]F��ON8m8	BaDHO���]YÖd:Y<T<mI+U_ÌYIN8mDl��&]6¸�»F¯HÚ;=V��BT\mØ�:H<AJ+:HI+f�BgO+J�XYBy\	I�OV\wI�O�@*Q;:*BESlS�@CU*BbQTc#O+U*X�QmBES�BEU*D�:F<
DFfb@*Q;IPUlBEU�QT8	:FXV@CJ0QTBE:*ULB�U�QT�*I�X*BEI�Qj:Y<WBEU*<mO+UVQ	\ O�Q�BEU*JN8wI+O_\	I�X�8mB�\mØ�:F<WX*B�\¤I+OV\wI_='� � �&� �Ht*tFq�$}�H{*u�� �Hu9�Pt*�R��=
�Hu�e�B�\TQmB[J+:l>]YiWONDHU*O+U*B���]6��:_QT:�k;]F¸�»F¯HÚT=*��:YU�J+:_8	X*ONUHJ-I+]6X*B�\	I+O_\wI�M*8	:*D*8	IV\¤\	BE:*U*]6O+U*X���IN8	BbQ;ONÌHBEf�BbQTc�:F<AJ+:HI+fEB�O-J
XYB�\¤I-OV\	I�BEUlB}Q;O?fgBgO?U�Q �LBEUF\&=���´H»F�Ht*t*���Z@HU $Eq*q m�����[srt*u*�ZsH=
�*~ ��:*8mM�:YU�O-c��0¢���ONÌY:lk9��]���ONBa`HBE:�xv]_>O�@H8	BEfgO ��]*¸�»Y¯HÚ;=��p:HINfEBgO+J�X*BÍ\¤I-OV\	I�J+O_\wI�<TBEUHXYBEU*D�O+U*XLXYBgI�QWSL:*U*BbQ;:*8	B�UrD
Ì*c�MH:FBEU�Q;�m:Y<T�;J+ON8	IpQ;IV\yQTBEU_D�=.��Ú�Å�Ù�¸N±C» ��À*¯*µ¤Ù�¯HÉ-¶*Ú � ÀH¸Nµ��Ht*tFq�$���� Zs+�P�}|_�H{*�m|*u*|6=
�6q�G�8	I+J-:d>]_��O&Ì*8	:*U�����]H��:Y8	O�� ��O�G"��]*¸�»Y¯HÚ��_�v�HBg\RQ;INU�JVI�:*<WO"DHI+U*I�Q;BEJ"8	By\mØ�<;O+J�Q;:_8j:YUdJN�_8	:HSL:®\w:YSdI�q �lB�U
kRQ;ONfEBgO?UdJ+:FIPf�BgO�J�X*BÍ\wI+OV\¤I�<TO+S�B�fEBgI_\&=.��±*± � ´_Ù ��¸N±H¸�»F�Htrt9���&ONU�$ ��)�Í7�Q��"�P�}uFqr�R~A�+=
�H��¡�S�@6U�XF\	I+U�¢�¢F]���:*UF\T@*@H8�¡��&]#� ONMHI+U*O-ON8����"]l¸?»l¯HÚm=�¡�\0\w:FJ+BgO�Q;BE:YU¿O+U�O?fEc6\	By\Î:F<�������{_� DHI+U�I
MH:YfacHSL:*8mM*�*By\0S�\ �dBbQm�dJ+:FI+fEBgO+J�X*BÍ\wI+O_\	I�BEU�O�¢��dI+X*BÍ\	�+%ge�:*8 �dIND*BEO+ULJ+:*�*:*8RQw= � ´_Ù�Á0Ù�Ù�´_±H¶*Ú6�Ht*t*��¡�M*8	�Í��ONc�$
� � R~H�Zq+�P�}u_~A�&�ZqH=
�H|%e�O?f}@�O+B�¡�xv]We�BEfÍ\&\w:YU�¢H]"¢HO+S�@CI?fy\¤\	:*U�>]v¸�»v¯HÚ;=vxA�*I#��xj>¡��R~�%Í�K��6s�DHI+U*I�8	INDHBE:FUÎ:*U�J+�_8	:*SL:6\	:FSdI
� ��%Tu*uLJ+:*U*<TIN80\�\T@9\wJ+INM_Q;B[ÌHBgf�BbQTc�Q;:�JN:HINfEBgO+J�XYBy\¤I+O�\	I�BEU�O �dONc�MH:6\0\	BaÌCf�c�X*By\RQ;BEU*J�Qj<y8	:YSÂQT��O�Qj:Y<6QTcrMHI��"X*BgONÌHI�Q;IV\
ONU*XL:_QT�*IN8ËJN�r8	:*U*BEJ�BEU*<mBgO+S�S�O�Q;:_8TcLX*By\	:*8	X*IN80\�= � Å�Ä¤Ä&´*¸ ��±C»EÅbÆ�¸N±*Ä��Ht*t*t $�)����}uFqrt*�muFq*qH=
�6s ��BEU_D�¡">]v��:H:FX_B[I�¢H�&] i�8wO�\wIN8��+¢H]v¸�»�¯HÚm=A��x9>�¡��R~�%T�vK��6s�DHI+U*I�8	INDHBE:FUÎBy\LO_\0\w:FJ+BEO�Q;I-X �LBbQ;��DHI+UHI�QTBgJ
\R@�\	J-INM_QmBaÌHBgf�BbQTc�Q;:LJ+:HINfEBgO+J�X*BÍ\wI+O_\	I�BEU�^��ß<TO+S�B�f�BgI_\&=���� ¸P² * ��¸N±H¸�»F�Ht*t_��$������aq��P�Zq�~�=

H
A

L author m
anuscript    inserm

-00138185, version 1
H

A
L author m

anuscript    inserm
-00138185, version 1



�&~

����� � � 
 ���
kmU�QT�*B�\\¤I+J�QTBE:*U*]��LI�X*I&Q;ONBEf6<T:Y8	S�@CfgO+Ip@�\	I-XlBEU�QT�*I�S�I�QT�H:HXl\	I+J&QTBE:YUC=

�¾Ip@�\¤IpQT��I"<T:FfEfE:!�dB�U*DLU�:�Q;O0QTBE:*U6\P�
¢����	� �?QT:�ÌHI�ONUdO?<T<;I+J�Q;I+X�\	BaÌ
7 ���	� �?QT�*I"M*8;:_ÌHO+U*XLB�\ËO+<R<;I�J�Q;I+X
7 � � �?QT��I"M*8m:_ÌHONU�Xl��OV\ËO"DHI+U*:VQycrMCIpÖ � Ö �
��� � ���[�VMHON8	INU�Q	\A�*ON`YI"DHI?U�:�QycrMHI_\9Ö�� Ö � ONU*X�Ö,�[ÖL�
¡�<T<&�?Q;:�ÌYI�ONULO+<R<;I+J�Q;I-XlBEU*X*Ba`6BgXV@CO+f
.®�_<TO?S�B�fgB�O+fCJ+:*8m8	I+fEO�Q;BE:*UlU�:�QjXV@CIpQÍ:dÖ�>Ë¡ÂO_\¤\R@CS�BEU*D�QT�HO�QWBbQABy\ËO�S�@CfbQ;BaMFfgBgJ+O�Q;B[`YI�<TO�J�Q;:_8ABEU*XHINMHI+U*X*I+UVQ
:*<6QT�*IpÖ�>Ë¡ K��¾DHI?U�:�QycrMHIV\

�ÂBy\AQT�*I�M*8	:_ÌHONÌHBEf�BbQTcLQ;:��*O�`CI�O+U�O?<T<;IVJ&Q;I+X�\	BaÌ�:F<AO+U�B�U*X*Ba`6BgXV@CO+fF7ÎJ-:YU�XYBbQ;BE:FU�O+f�facLQT�HO�Q97�By\O+<R<;I�J�Q;I+X Í7�By\O
M*8	:�ÌYONU*X����

[ ]
�

���


� 
��
�
�
�
�
� ��� ���� � ���� ���� �

��� � ��� ���� ���� ���� � ��
����

�� ������� ���
= ====

[ ]��
������ 

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

**+,.-�-*/ 0�0 0�0
= = = =

123456
=

λ

[ ]78
798:798::798:78 ;=<>;?< ;@<A;B<

C�D DE&F GIH E G F)HE FE G F)HC�D DE FC�D D JJ
KL.M�MJJKJJJJJJN O�O O�O

= = = =

PQRSTU
=

λ

VWV V�V
= = = =

XYZ[\] XYZ[\] +++= ^�_`^@_ ^@_a^B_ bcde fdbcdbcdbc bcddhg&i jlk jmkj ig kg ikjigg i nnnnopopq.r�rp oopn
s

λ

¡l\ �dI�J+O+ULI_\RQ;BES�O�Q;Ip��]�iut v6O+U*X�QT�*I�O+fEf�I+fgB�J�<T8	I �V@CI+U*J+ByI�\Ë:Y<6Öwt���ONMFf[:�QTcrMHIV\Ë:*U�QT�*I�\	O+SLMFfgI+]HBbQABy\AMH:6\0\	BaÌHfgI�QÍ:
IV\RQTBES�O�Q;I .�QT��I"<TO?S�B�fgB�O+fCJ+:*8m8	INfEO&QmBE:*U�U�:�QjXV@CIvQT:�Ö�>Ë¡¾�*OPMFfE:_QTc_MHI_\��

x�x xyx
= = = =

z{|}~� z{|}~� +++
= �

�
�
�

�
�
�
� ���� ��������

�� ���
��� �I� �m�� �� �� ������ � �������������� ���� �λ

�¾BbQ;���

���
= =

= �����@� ����� �&� ��� � �����.����
G�Ba`HI+U .*]_iu  ¡6O+U*X�QT�*I�O+fEfgIVfEBgJ�<T8	I �V@CI+U*J+BgI_\Ë:*<®Ö¢ +�HONMHfE:_Q�c�MHI�\ËBbQjB�\AMH:6\0\	BaÌHfgIpQ;:�J+OPfEJ�@Cf�O&Q;I+X��£  ¡YQT�*I"M*8w:�ÌYO�ÌHBEf�BbQmc
<T:Y8ËO�\	BaÌ�:*<�M*8	:�ÌYONU*X�Q;:�ÌHI�O+<T<mI-J�Q;I+XLJN:*U*X*BbQ;BE:*U*O+f�fEc�QT�*O�QCQT�*I"M*8;:�ÌYONU*X��HOV\ËO"DHIPU*:_Qyc_MCIpÖ   Ö ¡ �

H
A

L author m
anuscript    inserm

-00138185, version 1
H

A
L author m

anuscript    inserm
-00138185, version 1



�+q

���
������

��� ��������
�
�
�
� � �	�
 
�� � �	�
 
� � � 

� �	�
 
 � �	�
 
	�
 
� �	�
 
	�
 
� � ���
���������

��� ��������� ���
= ====

λ

[ ]������
��������������� ��� �!�

"�# #$ %"�# #'& (
$ & % ($ %$ & % ("�# #$ %"�# #$ % )))))
*+�,�,))*))))))- ./.

= ==
λ

[ ]0�0
= =

= 1�2 1!2 3456345687�9 : 7 ;<9: ;: 7 ;<9: ; =>�?�?@@=@A λ

B�B
= = CDEFGH +++= I�J I!J KLMN OMKLMKLM8P�Q PRQP ST QT SQPT S UUUUVWVWX λ

Y[Z�\^]`_aZb\dce\f]bgb_�hjie\lkmgonpieqsrt\^]u_tkvqsrt\dc�w<xe\^]byzw{_|w�k}ieg~k�k�w<����\8_�g�rt\snaw�]e\8_aZ�w�k}rtw�k�����h���qf�R�����Rq�_�\^�`_aZ�\8��� �R���^r�w�k��� Z�wR�^Z�w�k|_aZ�\di�rtg��eq��ewR��w{_ah�_aZ�q�_�q`k�w<��gen�qdi�r�g��eq^]���w�kvq^n!n�\u��_�\^����go]b�ow{_�w�g�]�q^����h�_aZ�q�_�ieq�rt\s]l_tk�Z�q�xo\dce\f]bgb_�hjie\lk��� �`� qs]b�`�¡�<���£¢ ¤¥¥¥¦¥§ ¨¥¤©¦¥¤©¦ ªR«ª ¬ « ¬ ª ¬<« ª ¬<«®�¯ ¯ ª ¬<« °°°°±²o³�³´±µ´¶
λλ ===

H
A

L author m
anuscript    inserm

-00138185, version 1
H

A
L author m

anuscript    inserm
-00138185, version 1



�
�

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

�	�

� �

�	 

� �

�	 

� �

�	 

� �

�	�

� �

�	 

� �

��
��

�� 

� �

�	�

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�	 

�� �

�� 

�� �

�� 

�� �

��
��

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

��
��

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

��
��

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

��
��

�� 

�� �

�� 

�� �

�� 

�� �

��
��

�� 

�� �

�� 

�� �

�� 

�� �

�� 

�� �

�� 

�� �

�� 

�� �

��
��

�� 

�� �

�� 

�� �

�� 

�� �

��
��

�� 

�� �

�� 

�� �

�� 

�� �

��
��

��
��

��
��

��
��

��
��

��
��

R
is

k 
st

ill 
un

ce
rta

in

R
is

k 
> 

20
 %

1 
%

 <
 R

is
k 

< 
10

 %

R
is

k 
< 

1 
%

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

����
�� �

�� �
�� �

�� �
�� �

�� �
�� �

�� �
�� �

�� �
�� �

��
��

�� �
�� �

����
�� �

�� �
�� �

� �
�� �

�� �
�� �

�� �
�� �

�� �
�� �

� �
�� �

����
�! �

�� �
�! �

� �
�! �

��
��

� �
�� �

� �
�� �

� �
�� �

� �
�� �

� �
�� �

� �
�� �

��
��

�� �
�� �

� �
�� �

�� �
�� �

� �
�� �

�� �
�� �

� �
�� �

��
��

� �
�� �

� �
�� �

� �
�� �

� �
�� �

� �
�� �

��
��

�� �
�! �

�� �
�! �

� �
�! �

��
��

� �
�! �

� �
�! �

� �
�! �

� �
�! �

� �
�! �

� �
�! �

��
��

� �
�! �

� �
�! �

� �
�! �

��
��

� �
�! �

� �
�! �

� �
�! �

��
��

��
��

��
��

��
��

��
��

��
��

R
is

k 
> 

20
 %

1 
%

 <
 R

is
k 

< 
10

 %

R
is

k 
< 

1 
%

Es
tim

at
e

of
ris

k
gi

ve
n

pa
re

nt
al

 g
en

ot
yp

es

15
 %

 <
 R

is
k 

< 
20

 %

10
 %

 <
 R

is
k 

< 
15

 %

C
hi

ld
 ri

sk

A
ll 

th
e 

ch
ild

re
n 

ar
e 

at
 th

e 
sa

m
e 

ris
k

R
an

ge
 (p

er
ce

nt
) o

f t
he

 
ch

ild
re

n 
ris

ks
[x

;y
]

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

�	�

� �

�	 

� �

�	 

� �

�	 

� �

�	�

� �

�	 

� �

��
��

�� 

� �

�	�

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�	 

�� �

�� 

�� �

�� 

�� �

��
��

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

��
��

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

��
��

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

��
��

�� 

�� �

�� 

�� �

�� 

�� �

��
��

�� 

�� �

�� 

�� �

�� 

�� �

�� 

�� �

�� 

�� �

�� 

�� �

��
��

�� 

�� �

�� 

�� �

�� 

�� �

��
��

�� 

�� �

�� 

�� �

�� 

�� �

��
��

��
��

��
��

��
��

��
��

��
��

R
is

k 
st

ill 
un

ce
rta

in

R
is

k 
> 

20
 %

1 
%

 <
 R

is
k 

< 
10

 %

R
is

k 
< 

1 
%

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

�	�

� �

�	 

� �

�	 

� �

�	 

� �

�	�

� �

�	 

� �

��
��

�� 

� �

�	�

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�	 

�� �

�� 

�� �

�� 

�� �

��
��

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

��
��

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

��
��

�� 

� �

�� 

� �

�� 

� �

�� 

� �

�� 

� �

��
��

�� 

�� �

�� 

�� �

�� 

�� �

��
��

�� 

�� �

�� 

�� �

�� 

�� �

�� 

�� �

�� 

�� �

�� 

�� �

��
��

�� 

�� �

�� 

�� �

�� 

�� �

��
��

�� 

�� �

�� 

�� �

�� 

�� �

��
��

��
��

��
��

��
��

��
��

��
��

R
is

k 
st

ill 
un

ce
rta

in

R
is

k 
> 

20
 %

1 
%

 <
 R

is
k 

< 
10

 %

R
is

k 
< 

1 
%

R
is

k 
st

ill 
un

ce
rta

in

R
is

k 
> 

20
 %

1 
%

 <
 R

is
k 

< 
10

 %

R
is

k 
< 

1 
%

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

����
�� �

�� �
�� �

�� �
�� �

�� �
�� �

�� �
�� �

�� �
�� �

��
��

�� �
�� �

����
�� �

�� �
�� �

� �
�� �

�� �
�� �

�� �
�� �

�� �
�� �

� �
�� �

����
�! �

�� �
�! �

� �
�! �

��
��

� �
�� �

� �
�� �

� �
�� �

� �
�� �

� �
�� �

� �
�� �

��
��

�� �
�� �

� �
�� �

�� �
�� �

� �
�� �

�� �
�� �

� �
�� �

��
��

� �
�� �

� �
�� �

� �
�� �

� �
�� �

� �
�� �

��
��

�� �
�! �

�� �
�! �

� �
�! �

��
��

� �
�! �

� �
�! �

� �
�! �

� �
�! �

� �
�! �

� �
�! �

��
��

� �
�! �

� �
�! �

� �
�! �

��
��

� �
�! �

� �
�! �

� �
�! �

��
��

��
��

��
��

��
��

��
��

��
��

R
is

k 
> 

20
 %

1 
%

 <
 R

is
k 

< 
10

 %

R
is

k 
< 

1 
%

Es
tim

at
e

of
ris

k
gi

ve
n

pa
re

nt
al

 g
en

ot
yp

es

15
 %

 <
 R

is
k 

< 
20

 %

10
 %

 <
 R

is
k 

< 
15

 %

R
is

k 
> 

20
 %

1 
%

 <
 R

is
k 

< 
10

 %

R
is

k 
< 

1 
%

Es
tim

at
e

of
ris

k
gi

ve
n

pa
re

nt
al

 g
en

ot
yp

es

15
 %

 <
 R

is
k 

< 
20

 %

10
 %

 <
 R

is
k 

< 
15

 %

C
hi

ld
 ri

sk

A
ll 

th
e 

ch
ild

re
n 

ar
e 

at
 th

e 
sa

m
e 

ris
k

R
an

ge
 (p

er
ce

nt
) o

f t
he

 
ch

ild
re

n 
ris

ks
[x

;y
]

"#%$
&'(
)+*
,-�.
/0
12
3.

-4
10
35
2
14
36

7
388
12

7- 6
9:

;�<
=
>
9<6
1: ?
5
<
10
:;�<
5
32<
6
: .

H
A

L author m
anuscript    inserm

-00138185, version 1
H

A
L author m

anuscript    inserm
-00138185, version 1



���

0.12

0.17

0.24

0.05

0. 42Risk < 1%

1% < Risk < 10%

Risk > 20%

0.12

0.17

0.24

0.05

0. 42

0.12

0.17

0.24

0.05

0. 42Risk < 1%

1% < Risk < 10%

Risk > 20%

Risk < 1%

1% < Risk < 10%

Risk > 20%

�����	��
��������������������� �"! #%$��	�&��'��(�)�*$+�-,.�/�����10.23!4�3�65� �	0879!��;:<�.�10.2>=��	���?5�'@,.�	0.2��"0�7;�A� '�B8C

H
A

L author m
anuscript    inserm

-00138185, version 1
H

A
L author m

anuscript    inserm
-00138185, version 1


