
HAL Id: hal-00261486
https://hal.science/hal-00261486

Submitted on 7 Mar 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Recent advances in plant cell wall proteomics.
Elisabeth Jamet, Cécile Albenne, Georges Boudart, Muhammad Irshad, Hervé

Canut, Rafael Pont-Lezica

To cite this version:
Elisabeth Jamet, Cécile Albenne, Georges Boudart, Muhammad Irshad, Hervé Canut, et
al.. Recent advances in plant cell wall proteomics.. Proteomics, 2008, 8 (4), pp.893-908.
�10.1002/pmic.200700938�. �hal-00261486�

https://hal.science/hal-00261486
https://hal.archives-ouvertes.fr


�

Published In: Proteomics 8, 893–908 (2008) 

���������	��
����
��������������	��
���������������
����� �"!#�$�%!�&'�����

(�)+*-,/.�02143+5�687%9:(<;�=?>�@�AB*C)C1D7DEGF%(<HIHI(�=BJI1LKNMPOQ1L,RFTSDUIV#7DWX;<=Y9[Z$5$.�\]\].Y^`_-W#a$b#7DVc=db1�Mfe2@
>�7%HIU;�=�Wg.ihj.L1B)?klSDH;�mnEl("oG_p>�7

qsr	tvuLuLwBxTy{zgt�|~}nq��B���B�8�j�����C�����i�B�����Q�P�<�f�f�f���$�B���G�B�<�G���L�+�8�8�L�B�B���B�L�C�R�%���Y�8�f�8���i�4�BwIyR�B�/�#���T�B�"�G�i�j�L�"tG�i�N�Y���
�G�IwB�Bx{�/ �¡��B¢i�£�~�����C���B¤¥�/¤L�BxTyG���p�+�8�B�£�¦}f�{�L���B�§�£�$��¨N�§�£�~�8�

©#ª¬«�«¬n«¬®�¯j-¯�°²±¥³8kl)n.i´$3¬AL1B)n)$µI.Y)-)N¶$MjK?3j1iKN\�*CAL,

·I¸2¹i¹ ±Lº¼» ¸ «¬½{n«¬®�¾$ª¥¯f¿ ¸$¹ ³ (%)C*+,£.i0$143+5�6�.i\]143
F%k	À$Á$Â{�YÃ$=L7gZ2ÄL1�e2*+)C)n1
ÅÆmfÇ��iÇ?Á2ÂIÈ�>�.i,£3-.i´2143pmf;GK$)nK~,£.i´
kl5$K?´21~³�Ç2ÇNÉËÊ`Â?Á	�YÌ�ÇÍÊXÇNÎ
Ål7DÏ�³ÐÇ2ÇNÉËÊ`Ç?Á	�YÌ�ÇÍÊXÎ?Á
(%m-\].B*C)�³fÑ�.i\Ò1�3jÓÔ,/AB,Õe×Ö Z$¶2,8m-3j)�,�1?ÖØh-M

Ù�±4Ú$Û ¸$¹ ½{ºi³PÜIÝ£Þ¬ßNà�áQâ/ãåä�àCä æ�ç~Þ2è-à�Þ$é~Þ¬=?02*CK$*�´$hjKNMf\�.i3f*+AL,8=BAL1Y)-)NµI.B)C)-=L\].B,¼,",8¶Q1�A�3+M�KB\�1Y3+MfêQ=?¶2)�.L´N3j=L¶$M§K?3¦1�K$\�*�AL,

ëì¬ì�¹ ±4í¬�¾$¯j ¸ «îº�³ ëï =Ô.iMP.L02*C´$KNO$.Y)n.iA�3+.�´{ð ëïñ =Ô.iMP.i02*n´QKÍO~.L)C.LA43¦.�´ò¶¥MjKN3+1B*�´×ð ·�óõôÐö�÷ =ÐAi1B)C)øµI.d)n)
\�K~^¥*�h-êQ*n´$O�1�´NÄ�êQ\�1�*�´$52*�02*�3+KÍM�ð ·�óùñ =2A?1Y)n){µI.B)C)¥¶2MfKN3+1B*�´×ðNúIû#ü<=2^NKN\].B*�´�KNhGZN´$ýN´QKNµg´	hfZ$´QAY3¦*�KN´{ð ïëIñ =
OQ)²êQABK$,£êQ)²¶~5$K2,�¶N52.43p*�^QêQ)þ*�´2K$,8*�3¦K$)-m-.L´QA�5$KNM§1i^ÿ¶$MfKN3+1B*�´�ð ï�� =ÐOQ)²êQALK$,�*�^$1 5NêÍ^NM�K$)C.L,/1Nð ï © ñ =ÐJI)�ê$mfM§*nAL5
¶$M§K?3¦1L*�´{ð ï�� =$O$)�ê$AYKN,ÕêÍ)¥3fMf.L´2,/hj1�MP.Y,�1?ð ���+ñ © ñ =ÍbIê~¶��-k×M§K$mpMj*+A45�¶¥MjKN3+1B*�´×ð � © ï�ñ =QbIêQ¶2m-M�*+A�5	O~)²êQABK?¶$MjK?3¦1L*�´{ð
��©I©= )+14ZQAB*�´21LmfMj*-A�5 M�1�¶21�.�3jð	� ��ñ = )C*�¶2*n^ 3fMf.L´Q,8hj1LM ¶$M§K?3f1Y*²´{ð ñ�ï = ¶$K$)²ê~O$.Y)n.YA43+Z$M�KB´¥.Y,/1Nð ñ%ï#÷£ñ =
¶QK¥)�êQON.B)�.BA43+Z$MjKN´$.Y,81#*�´N52*�02*²3¦KNMG¶$MjK?3¦1L*�´{ð ñ<ôÔö =$¶$1LA43p*�´Ò\�1�3C5NêÍ)�1i,£3¦1�Mj.L,¼1Qð ñGô�ö�÷ =$¶$1YA43j*�´	\c1Y3²5ÍêQ)×1L,Õ3¦1�Mj.Y,81
*C´N52*�02*²3¦KNM/ðÐ©
�%Ù	= M�1YA�1�¶N3¦KNM )C1LA43p*�´ ý$*�´$.i,�1?ð��� ñ =þ,8KNê~0$1L.�´ ¶21�MjK��Í*n^N.d,£1Nð�� öIï�÷/ñ =��NêÍ)CKNO2)²Z2Ai.�´
1i´$^NK$O$)�ZQA�.�´$.Y,81T*n´~52*²0Q*²3¦*�´$O�¶2MfKN3+1B*�´×Ö



Á

���������
	��
�

;R5Q1 ¶¬)².i´N3 1 �N3¦Mf.BA�1B)C)�Z2)n.iMÿ\].�3fMj* � ALKN´?3¦.L*�´2, 3+êN¶¬*�AL.Y) ¶QK$)²êQ,8.LAYA45$.LMj*+^N1B, ,ÕZ2A�5 .B, AL1L)C)�Z2)nK$,¼1L=
5Q1L\Ò*�AL1L)-)�Z2)CKN,¼1L,�.�´2^�¶Q1�A�3¦*�´2,�3+5$.�3�*²´N3¦1�Mj.YA43×3+K�hjKNMj\ ^21�´$,�1#*�´Í3n1dMfµ#KNeQ14´]´2143¦µIKNMjý$,�ÖLkl)C.�´N3ÆAi1B)n)2µI.B)C)n,�¶¬)�.�ê
ALMfZQA?*�.B)#MfK2)�1B,v^?Z$M§*�´$O ^N14eÍ1L)CK?¶$\]1i´N3].�´2^�ALKB´{,P3j*�3+ZN3¦1�3+521:hj*nMj,£3]0$.iMPMj*+1LMÒK$h�^N1�hj1i´{,/1Ô.�O$.Y*�´$,£3�*�´$e$.i^2*�´2O
¶$.i3-5QKNO$1�´2,�Ö$>%1L)C)×µI.B)C)�¶$M§K?3+1LKN\�*CA�,%5¥.Y,gONMj1�.i3f)�ê�AiKN´N3fMj*C0NZN3¦1L^�3¦K�3+521�^$1L,/ALMj*n¶N3p*�KN´	KNhR3¦521�¶$MjK?3j1i*�´�A�KN´N3¦1�´N3
KNh]. ABKN\�¶$.LM-3¦\�14´N3�,/¶$1LAY*nhf*+A[3¦K�¶2)n.�´$3+,�Ö%7IMjK$ZN´Q^øÀQÎ$Î�AB1�)+)�µI.Y)-)�¶$MjK?3¦1L*�´2,�P>��Ôkl,��	KNh%Ü#Ý£Þ2ß$à�á2âÕãÆäià�ä
M§1�¶$M§1�,¼14´$3¦*�´$O�.i0$KBZÍ3îK?´21IhfKNZ2M-3f5�KNhl*²3p,%1�,£3¦*n\].�3¦1�^]AB1�)+)ÍµI.Y)-)2¶¥MjKN3+1LKN\]1Y=N5$.4e¬1g0Q1�1�´�^~1?,/A�M§*n0Q1�^{ÖB;R521I\].L*�´
¶QK¥*�´Í3+,�3¦KË´QKQ3+1	.LMj1Ò3+5$.43Õ³�P*��D3¦521	^$*²eQ1LMj,�*²3Cê KNhg1L´~Ädê~\�1L,�.dA43¦*�´¥O K?´ ¶$K$)�ê$,8.iABA�5$.LMj*C^N1B,�,�Z$O$O~1B,Õ3¦,�.ÒONMj1L.�3
¶2)C.B,P3j*�AB*�3-ê KNh�AY1?)C)gµI.Y)-)C,�ð�f*-*��]>��ÔkG,	,�Z2A�5 .Y,�¶$M§K?3f1�.B,¼1�,�="¶QK¥)�êÍ,£.BAiA452.iM�*C^$1	5ÍêQ^NM§K$)²êB3j*+Av1�´NÄLê~\�1�,�=<.�´2^
)+*�¶¥.i,�1i, \].�ê A�KN´N3¦Mj*�0NZ$3+1 3¦K�3+521vO$1�´21dMf.i3f*CKB´�KNh,�*�O$´N.B)C,�ð�f*+*-*���¶$M§K?3j1i*�´2,	KÍh#ZN´$ý~´$KNµg´ hfZN´2A43¦*CK?´¬,�µ1�Mj1
*+^N1�´N3¦*Chj*n1B^$=~,£Z$ONO21i,£3¦*�´$O�´21�µ MjK$)C1L,�h¦KÍMÆAL1B)�)¥µ#.L)+)n,�ÖLWD1�AL1�´$3f)�êQ=Q3+521#A45$.LMf.dA43¦1�M�*�ÄB.�3j*�KN´]KNh{kl;G9 ,g,�Z$Ai5Ò.i,��m
.Y´$^��ImfO$)�êQA?K~,£êQ)n.�3j*CKN´$,þ*²\¶$MjK?e21i^ K?Z$MÔýB´2KNµ#)C1i^NO21 KÍh[>��Ôk ,Õ3¦MPZQA43+Z$M�1BÖ�;R521 ¶2Mj1�,¼14´¬A�1 KNh \].�´$ê
OQ)²êQABK$,8*�^21	5Nê$^NMjK$)C.L,¼1�,].L´$^ ¶$M�KL3j1�.i,¼1L,],£Z$O~O21�,£3+,].vAYK?\]¶2)C1 �ÔM§1�OBZ{)�.�3¦*CK?´[KNhI>��ÔkG,]*�´Ne2K$)�e2*�´$O�eQ.LMj*-KBZ$,
3+ê~¶21?,]KNhI¶2K$,�3jmn3fMj.i´2,�)².i3j*�KN´$.Y)%1YeQ1�´Í3n,�ÖG;R521Ëhj*CMj,£3#Ç?Vmj,P3fMfZ¬A43+Z$Mj1L,�3+K�021�M�1L,¼KN)�e21L^ O$.4eÍ1vAB)�Z21�,Ò.�02KBZN3I3C5$1
*C´N3¦1�MP.YA�3¦*nKB´$,�0$1�3fµI1Y1�´�>�� kî,8=$KNMR021�3fµI1i1�´	>��Ðkî,D.�´Q^�¶2K$)²êQ,£.YALA�5$.iM�*C^$1i,�ÖLÅ{Z$3CZ2Mj1`µXKÍMfý�,/5$K?Z¬)�^]*�´$AB)�Z2^~1N³
1 �~3fMf.YAY3p*�´$O�.�´2^�*C^N1�´N3p*�h-ê$*C´$O >��ÔkG, ,£3¦*-)+)vMj1LA�.Y)-AL*�3fMf.Y´N3:3+K ¶$MjK?3¦1iKN\Ò*CAL,�=�^N1B,/A�M§*�02*²´$O 3+5$1 Ai1B)n) µI.B)C)
*C´N3¦1�MP.YA�3+KN\]1B=B*n\]¶$MjK?e2*�´$O��NZ$.�´Í3¦*Chj*nAL.�3j*�KN´2=L.L´2^IZN´2Mf.�eÍ1L)C*n´$OI3-5Q1DM§K$)C1L,"KNhî1�.LAi5]KNhÍ3¦521g>�� kl,4Ö

� ÷ «¥¯ ¹�¸ ½¥ª �L¯j ¸ «

k�)n.i´Í3�AY1L)C)cµI.d)n)+,�.iM�1 ALKN\�¶QK$,8*�3+1�,£3+MPZQA�3CZ¥Mj1Y,8=I\ÒK~,£3¦)�êþ\].Y^$1ÐZN¶ KNhÒ¶¬K$)²êQ,£.BAiA�5$.iM�*+^N1L,�=I¶$MjK?3¦1L*�´2,�.�´2^
)+*�O$´2*²´Q,�=Q3²521�)�.�3C3f1iMG0$1L*�´$OÒhjKBZ$´$^�K?´2)²ê�*�´	,�¶Q1?Ai*nh¦*-A�AY1L)-)Í3CêQ¶21�,�ÖBklK$)�ê2,/.BA�Ai5$.�M§*C^$1�,%M�1�¶¥M¦1B,£1�´$3×ZN¶]3fK�ÌÍÊ"! KNh
AY1L)-)gµI.Y)-)g\].Y,�,ÒµI5$1�M§1�.B,	>��ÔkÆ,	K?´2)�ê .LALAYK?ZN´$3#hfK$MÒÊ 3¦Kù�iÎ"! #P�%$PÖG9 K~^$1L)C,ËKNhAL1B)C)gµI.B)-)I,�3fM-Z2A�3-Z$M§1
^~1B,£ALMj*�021D3+5$1g.LMfMj.i´¥OQ1�\]1�´N3¬K$h¥3f521Y*nMlALKN\�¶QK?´21�´Í3¦,�*�´N3¦K�^N1i´2,£1I*�´N3¦1�Mjµ#K?e21�´�´2143¦µIKNMfý2,�KNh{¶¬K$)²êQ,8.YA�Ai5$.�M§*C^$1�,
.Y´$^�¶$MjK?3¦1L*�´2,&#nÁ2=~Ç'$PÖ~>%1L)+)�Z¬)�K$,/1g\Ò*+A�MjKNhj*�0¥Mj*+)C,s.i´$^�521�\c*-Ai1L)-)�Z2)CKN,¼1L,�AiKN´$,£3¦*²3CZ$3+1g.T´2143fµXKNMPýQ=?.L´2K?3+5$1LMlK?´21I*C,
hjKNMj\�1L^	0Nê�,£3+MPZ2A�3CZ$MP.Y)R¶$M§K?3+1B*²´2,¼=)(+* ,)*î1 �~3j1�´$,�*�´2,¼=¥02K?3+5�1�\]0$1L^~^N1L^�*�´�.�¶¬1�A43p*�´Ë\�.i3fMj* �¬ÖNkÆ)�.L´N3<AL1Y)-)�µI.Y)-)C,
.YMj1Ò^?ê$´$.i\�*-A],Õ3¦MPZQA43+Z$M�1i,#1L,8,¼14´N3p*n.Y)�´2K?3�K?´2)�ê hjKNM%AB1L)-)G^$*�e2*C,8*CKB´{=×1�´{)�.LMfOQ1d\c14´$3¦=î.Y´$^v^~*nhjhf1?Mj1i´Í3¦*n.�3¦*CK?´2=�0~ZN3
.d)n,�K#hfK$M{Mj1B,£¶2K?´2,¼1s3+K1�´Ne2*CMjK?´$\]1�´N3¦.L)$AYK?´2,Õ3¦Mf.B*�´N3¦,-#CÀ2=ÍÊ.$PÖ

>%1i)-)IµI.L)+)I^?ê$´$.i\Ò*CAL,�*-,�*C)-)�Z2,Õ3¦MP.�3¦1�^ 0Nê *�\]\]Z$´$KN^$1�3f1iA43p*nKB´ KNh�eQ.LMj*-KNZ¬,ËAi.�Mf0QKN5Nê$^$Mf.�3¦1:1�¶¬*�3¦KB¶21L,Ë*�´
^~1�e$1B)�KN¶2*�´$OÔMjK$K?3¦,ÒK$hGÜIÝ�Þ¬ßNà�á$â/ã"ä�à�ä æ�ç$Þ2è+à�Þ$éNÞ/*�;G5$1L,¼1v14¶2*�3¦K?¶$1B,Ò.iM�1	Z$´$1�e¬14´¬)�ê ^$*C,Õ3¦M�*�0$Z?3p1�^Ô.i\]K?´2O�3+5$1
µI.d)n)+,%KNhR.#O2*�e¬1i´	AL1L)+)¥.�´2^c3+5Q1?*�M�)�K2A�.43p*CK?´Ò.iM§K?Z$´$^�A�1B)C)C,g*+,sMj1LOBZ2)n.�3¦1�^�^NZ$M�*�´¥O�^N1�e¬1�)CK?¶$\�1�´B3�#-Â
$�ÖËa~Z$Ai5Ò.
AYK?´N3fMjK2)2KNh�3+521`hj*C´21I,£3+MPZQA43+Z$M�1IKNhÆAL1L)-)2µI.B)C)n,�\].�ê]0{1g¶Q1�MjhjKNMf\Ò1B^�0Nê].B^$^$*�3¦*CK?´�KÍh×´21Lµ AL1L)+)¥µI.Y)-)¥\].�3+1LMj*C.L)
.Y´$^��¦KNM�\]K$^$*Chf*-Ai.�3¦*-K?´ KNh�1 �Í*-,�3j*�´$O�A�K$\�¶QK?´21�´N3f,g0Nê AY1�)+)RµI.L)+)G14´$Ä�êQ\]1B,4Ö$9 .L´Nê 1i,�,£1i´N3j*�.B)RMjK$)�1B,IKNh�,8Z$A�5
AY1L)-)$µI.L)+)N¶¥M¦K?3¦1?*�´2,�f>��Ðkl,0�î^?Z2Mj*n´$O^N1�eQ1?)�KN¶$\]14´$3¬KNMl*�´�M§1i,£¶$KB´2,81�3fK14´Ne¬*�M§K?´2\]14´N3¦.L)2AiK?´2,Õ3¦Mf.B*�´Í3n,sµ#*C)+)?021
*+)C)nZ$,£3+Mj.43p1�^*²´#3f52*C,åMj1�eÍ*n1iµ�Ö

;R5$Mj1L1	3-êB¶21L,]KNhX>�� kl,�A�.�´ 0$1�^$*-,�3j*�´$OBZ2*n,/5$1i^:KN´ 3-5Q1 0$.d,8*C,]KNhD3f521B*�M#*n´B3j1�Mj.YAY3n*nKB´{,]µ#*�3-5[A�1Y)-)�µI.B)C)
AYKN\�¶$KN´Q14´$3¦,1#CÃ/$PÖ E<KNK2,/1L)²ê 02K?Z~´2^ >�� kl, 5$.�e¬1')-*�3+3f)C1'K$M ´2K *�´N3¦1LMf.BA43¦*CK?´2,�µ#*�3+5 AY1L)-) µI.d)n)
¶QK¥)�êÍ,£.BAiA452.iM�*C^$1i,Ë.�´2^ 3+5NZ2,	\]K?e21 hPMj1B1L)�ê *�´ø3²521Ô*�´?3¦1LMjAL1L)+)�Z2)n.LMc,£¶$.YA�1NÖ�7X)�3j1�Mj´$.�3¦*²eQ1B)�ê2=g>��ÔkÆ,�A�.�´�021
µ#1L.iý$)�ê�0QKNZN´$^I3fK�3+5$1g\].�3fM§* ��0Nê32�.i´^$1dM)� .�.Y)-,<*�´N3¦14Mj.LA�3¦*-KB´2,8=L5$ê$^NM§KNO$1�´�0QKN´$^N,�=L5NêÍ^NM�KB¶N52K?02*CATKNMG*�KN´2*CA
*C´N3¦1�MP.YA�3¦*nKB´$,�Ö�(GeÍ1�´ 3C52KBZ$ON5 \�KN,£3cKNh�3f521 A�1B)C)�µI.B)C)�¶2K$)�ê$,/.BAiA�5$.�M§*-^~1L,v.LMj1Ô´$1�ZN3¦Mf.B)C=g¶{1iA43j*�´Q,�AiKN´N3+.B*�´
¶QK¥)�êQON.B)�.BA43+Z$MjKN´2*CA�.YAB*�^ÒM�1i,�*�^NZQ1L,s3+5$.�3l¶$MjK?e¬*�^~1�´21�O$.�3j*�e¬1�A�5$.LMfO21i,DhjKNM<*C´N3j1�Mj.LA�3j*CK?´2,%µ�*�3+5Ò0$.Y,�*CA�¶$MfKN3+1B*�´¬,4Ö
aQZ2A45�*�´N3j1iMP.YA 3p*CK?´2,gAYK?Z2)�^Ò0Q1c\cK$^?Z2)n.�3¦1�^]0Íê�¶Nb=¥^$1iO?M§1L1�K$hG¶$1iA�3¦*²´�1i,£3¦1�M§*nhj*CAL.43p*nKN´2=2>�.+465#AiK?´¬Ai14´$3+MP.�3j*CK?´2=



Ç

.d,Ëµ#1B)n)#.L,Ë3C521:\]KN02*+)C*²3-ê .L´Q^ ^$*ChfhfZ2,�*CKN´ ALKN1ihPhj*CAB*C1�´?3p,ËK$h�3-5¬1�¶21iA�3¦*²´2, #CÇ
$PÖ%Ål*�´¥.Y)-)�êÍ=I>�� kl, A�.i´�021
,£3+M§K?´$O2)�êÔ02KBZN´2^�3¦K A�1B)�)%µI.B)C)gALKN\�¶QKN´$1�´Í3¦,Ò.i´$^:0Q1?AiKN\]1vM§1L,8*C,£3+.�´N3T3¦KÐ,/.L)�3jm-1 �~3fMf.BA43p*�KN´{ÖRÅlK$M*�´{,�3f.�´QAL1L=
1 �~3f1�´2,�*�´2,G.�M§1gAiM�K~,�,8mj)n*�´$ýQ1�^�0NêABK?eQ.B)C14´N3î)C*²´$ý~,&#�� $�Ö

V1L,/¶2*�3f1�3+521�^$*ChPhj*+A�Z2)²3¦*C1L,I,�¶{1iAL*Chj*nA�3¦K 3C521]1 �N3¦MP.YA43p*nKB´Ë.i´2^	.�´$.B)�êÍ,8*-,IKNh�>��Ðk�,�=�Ai1B)C)åµI.Y)-){¶$M§K?3f1iKN\�*CAL,
5$.d,D0$1YA�KN\]1�.i´Ë.iA�3¦*²eQ1�hj*C1B)n^	^NZ$Mj*�´$OÒ3+5$1])C.i,£3RêQ1L.�M§,4Ö2;<KN^N.iê$=2.LMjKÍZ~´$^ÒÀ2Î~Î	>�� kî,D5$.�eÍ1`021L1�´�^N1Y,8ALMj*�0$1L^
*C´:Ü#Ý�Þ2ßNà�á2âÕãåäià�äÔ3+5$.�´$ý~,�3¦K AL1Y)-)�µI.L)+)�¶$M�K?3¦1iKN\Ò*CAÐ.i´$.B)�ê2,¼1L,4ÖX;R5214ê Mj1d¶$Mj1Y,81�´N3	.i0$K?Z$3�KB´$1�hjKNZ$Mp3²5õKNh
1 �~¶$1BA83j1i^ Ai1L)-)	µI.L)+) ¶$M§K?3¦1L*�´$, #CÃ/$PÖ�WX1B,�Z{)�3¦,Ð5$.�e21�\].B*�´{)�ê 0$1B1�´ K?0N3¦.L*�´$1Y^ µ#*²3+5 3+5$1 \]K~^$1L) ¶2)C.�´N3
ÜIÝ/Þ2ßNà�á$â¼ãRäià�ä #+Ì$mfÁ$Ç
$�ÖËaQKN\]1�,£3+Z$^~*-1i,�5¥.�eQ1�.B)C,8K�021L1�´]¶$1LMfhjKNMP\�1L^�K?´�� (�áQà���Þ",{â]ä£Þ¬æCà��4Þ #�Á~À/$P=	��(�Þ�
TÞ�¥ä
#CÁ{Ê $j=D.i´2^��Dà��+(iÝ ÞQÝ�à�(~æ²à�é���
 #�ÁQÂ
$ÕÖs;R5$1 M�1L,/Z2)�3f*�´$O A�1B)C)Iµ�.Y)-)%¶$MjKQ3+1YKN\]1L,	µI1LMj1:^2*�hPh¦1dMj1L´N3,/5$KNµ#*�´$O�*�´
.Y´$K?3+5$1LM×µI.4ê#3f5$.i3×Ai1B)n)2µI.L)+)$,Õ3fMjZ$A�3-Z$M§1D.i´2^�AiKN\�¶2KN,�*�3p*�KN´].�M§1gMj1LO?ZQ)n.�3j1L^#^NZ$M§*�´¥O^N1�e21L)CK?¶$\c1�´N3�ÖY;R5214ê.L)+,�K
.d)n)+KNµ AiKN\�¶2.�M§*C,8KB´	0$1�3+µ�1i14´ AL1L)C)×µI.L)+)�¶$M§K?3f1iK$\]1L,gKNhs^$*nhfhj1LM�1i´N3<KNMfO$.i´2,I*²´�M§1L)n.�3j*�KN´	3+KÒ3f5Q1L*nM<hfZ$´2A�3+*CK?´¬,4Ö
;R521TA45$.YMf.BA43¦1�M§*²ÄB.�3j*CK?´cKNh¥3f5Q1���*�
gÞ��îä �NêÍ)C1d\õ,8.�¶¶$MjK?3f1iK$\]1I,�52K?Z$)C^�0Q1g\]1�´N3p*�KN´$1i^�,�*�´¬A�1T*²3¬.B)C,8K�Mj1�eÍ1�.B)�,
,�1iA�M§143¦1�^�¶¥M¦KQ3+1B*�´¬, #�Á$Ã/$PÖ{Ål*�´¥.Y)-)�ê2={3f5Q1�¶2)n.i,8\].�\]1�\�0~MP.i´{1]¶$MfKN3¦1LK?\�1�¶$M�K?e¬*�^$1L,�*�´$h¦KÍMf\].�3¦*-KB´ KN´ >�� kl,
*C´N3¦1�MP.YA�3¦*²´$O#µ#*²3²5�¶{)�.Y,£\].%\�1d\0$MP.i´$1L,�#�Á�� $�Ö

;R5Q*-,ËMj1�e2*C1�µ hjK$AdZQ,/1?,�K?´ ÜIÝ�Þ¬ß?à�áQâ/ã"ä�à�ä Ai1L)-)IµI.B)C)`¶$MjK?3p1�K$\]*CAL,Ëµ#*�3+5þ,�¶21LAL*n.Y)I1L\�¶N5$.d,8*C,vK?´ø>�� k
,£3+MjZ$A�3CZ2Mj1�.i´$^Òh-Z2´$A�3j*CK?´{Ö{a~3-Mj.�3j1�OQ*n1Y,Dµ#*-)C)¥021#^$*C,/A�Z2,8,/1i^�02.L,¼1�^�K?´	,/¶$1iAB*²hj*+A�¶$M§K?¶$1LM-3p*�1B,DKNhÆAB1L)C)îµI.d)n)+,D.�´2^
>�� kl,�ÖËFX14êQKN´Q^ ¶2MjKN3+1B*�´'*�^$1�´N3j*Chf*+A�.�3¦*-KB´{= �NZ$1i,£3j*�KN´Q, ALK?´QAB1�Mf´2*�´$O ¶$M¦KQ3n1?*�´',Õ3¦MPZQA43+Z$M�1i,�= ("* , *Ô¶QK$,Õ3¦m
3¦Mf.L´2,�)�.�3¦*CK?´2.L)$\]K$^$*�hj*-A�.�3j*CKB´2,-nkî;R9 ,0�×.�´2^]*�´$3+1LMf.BA43p*�KN´$,"µ#*�3+5]A�1Y)-)$µI.B)C)¥AiKN\�¶2K?´Q1�´N3¦,8=Bµ�*C)-)N0Q1g.L^~^ÍMj1B,/,/1L^¥Ö
Å�*n´$.B)C)²êQ=¥3+521�\�.B*n´	hj1i.�3+Z¥M¦1?,T1�\]1LMfO$*C´$O	hfMjKÍ\ AB1L)C)�µI.Y)-)×¶¥MjK?3¦1iKÍ\�*�AY,gµ#*-)C){021c5Q*nOB52)-*COB5N3f1i^2=¥à�*�("*{¶2)n.Y,£3¦*nAY*�3+ê
KNhlAL1Y)-)$µI.B)C)-,�=N,¼*nO~´¥.Y)-*�´2O��Là�Þ	Ai1L)+)ÍµI.B)C)+,�=?.i´2^�*�^$14´N3p*nhf*+A�.�3¦*-KB´]KNhR\].i´Nê�¶2MjKN3f1B*�´2,<µ#*�3+5].i´�.d,åêQ1Y3¬ZN´2ýB´$K$µg´
hfZ$´2A�3¦*CK?´×Ö
Ö
�����2»{±+�Y��j6�Tº£¯ ¹ ¾N¯j±Y®$n±Yº�� ¸$¹ »î°²¾N«{¯��L±L°�°$Û¾N°-°Q» ¹L¸ ¯§± ¸�� 6�Lº

;R521iM�1Ë.YMj1:,81�e$1LMf.B)IAiKN´$,�3fMj.L*C´N3¦,Ë*�´Ô¶21LMfhjKNMj\�*²´2OÔAY1L)-)%µI.L)+)g¶$MjK?3f1iK$\Ò*�A?,i³�P*���3f5Q1:)n.iALý[KÍh#. ^21L)C*²\�*�3j*�´2O
\�1L\#0¥Mf.L´Q1Ë\].4ê[M�1Y,£Z2)²3`*�´:3+5$1 )�K$,¼,�K$h#>��ÔkÆ,Ò^?Z$M§*�´2O�3C5¬1�*n,¼K$)�.�3j*�KB´Ô¶¥MjK~AL1i^NZ$M�1L=�P*C* �I¶QK¥)�êÍ,£.YALA452.iM�*C^N1
´Q1�3fµIKNMfý2,#KNh�A?1Y)-)�Z¬)�K$,/1L=�5Q1�\�*CA�1B)C)�Z2)nK$,¼1�,�={.i´2^Ë¶$1iA�3¦*²´Q,`hjKNMj\ ¶¬K?3¦14´N3p*n.Y)�3fMf.L¶2,IhjKNM%*C´N3fMf.BAL1Y)n)�Z2)C.�M�¶2MjK?3¦1L*�´2,
3¦5$.�3îA�KN´N3+.L\�*�´2.43¦1I>�� k 1 �B3¦MP.YA43j,¼='f*+*-*��G>��ÔkÆ,s.iM§1I1�\�0$1Y^N^N1Y^Ò*�´�.g¶2K$)²êQ,8.YA�Ai5$.�M§*-^~1`\].�3fM§* ��.L´Q^]*²´N3¦1�Mf.dA43
*C´ ^2*²hjhj1�M§1�´N3]µI.�êQ,vµ#*²3+5 K?3-5Q1LMÒAB1L)+)�µI.Y)-)�AiKÍ\¶$K?´21�´N3¦,8=I\�.LýQ*n´$O�3+521Ô1 �N3¦Mf.BA43j*CKB´ KNh�,8K$\]1:K$h�3+5¬14\
Ai5$.L)+)n1�´$O2*�´2O$=)j*�e/��,¼1�¶$.iMP.�3j*+K?´	KNh<>��ÔkÆ,D0Nê	Á2m-VI( *C,D´2K?3le$1LM-ê 1dhfhj*+AL*-1i´N3G,�*�´QA�1�\cK¥,�3lKÍhR3+5¬1�\ .�M§1�0$.Y,�*�A
OQ)²êQABK?¶2MjK?3¦1L*�´$,�= -e
�Æ*-^$1�´N3p*�hj*nAL.�3j*CK?´�KNh{5¬1�.�e¬*C)²ê �ImpOQ)nê$AYK$,Õê2)�.�3¦1B^�>��ÔkÆ,�*C,"e$1iMpê5$.LMj^�Z2,�*�´$O�¶21�¶B3j*�^21g\].L,/,
\].L¶~¶2*�´$OI0Nê�9 a×ÖBa$¶21LAL*Chj*nAT,£3+MP.�3j1�O2*C1L,G5$.�eQ1D0Q1L1�´�^$1�eQ1B)�KN¶$1i^`3jK#K?e21iM�AiKN\]1s3¦5$1L,/1T^¥*�hjhf*-AiZ{)�3j*C1L,�Ö

 
*�!"*#"%$QænÝ£Þ��BænàCâBé&
 (Bæ�çQâNá$ä

ÅlK$MR3+5$1�Mj1L.i,¼K?´2,%,£3f.�3¦1�^Ò.�02K?eQ1B=Í.#AYKN\�¶2)C143¦1�Ai1B)n){µ#.L)+)¥¶$MjK?3¦1�KN\c1�AL.�´$´$K?3î021�KB0N3f.Y*²´Q1L^Òµ#*�3+5Ò.,8*�´2O$)C1
1 �~3fMf.YAY3p*�K?´	¶2MjK$Ai1�^NZ$M§1?ÖN(<\]¶2)�KNêQ*n´$O�)-*�eÍ*²´$O�AY1L)-)C,I*C,g¶$MjK?02.�02)²ê�3f521�0Q1?,�3ÆA�5$K$*CAL1�3¦K .�e¬KN*C^�A�KB´Í3+.L\�*�´2.�3j*�KN´
µ#*�3+5	*�´N3fMj.LAi1B)C)²Z2)C.�MG¶$MjKN3+1B*�´2, #CÃ2=NÁ$Ì/$PÖ?Ål*�O{Ö{�`,85$KNµI,"3+5NM§1L1I^2*�hPh¦1dMj1L´N3×´2KB´2mf^$1L,Õ3¦MfZ2A43j*�eÍ1`\]1�3-5QKN^$,�hfK$MG>���k
1 �~3fMf.YAY3p*�KN´{Ö�FDK?3-5 )nK~K¥,/1B)�ê2mË.Y´2^ µX1�.iý2)�êÍm-0{KBZN´2^ > �Ðkl, A�.�´ 021 M§1L)C1�.L,¼1L^ Z2,8*�´$O 3+521�,¼1 1 �N3¦Mf.BA43p*�KN´
\�1�3C5QK$^N,�Ö×_f´ AB1�M-3f.d*�´ÔA�.d,£1B,¼="*�3T*-,�´$KL3%¶2K$,8,¼*�02)n1Ò3¦K:.�¶$¶2)²êv3¦5$1Ë.i0$K?eÍ1Ë\]143+5QKN^$,8=G.L´Q^:^N1i,£3fMfZQA�3f*�eQ1ËKN´Q1�,
,/5$KBZ{)�^#021g1�\�¶2)CK?êÍ1�^ #CÃ$=?Á2Ì
$�-Ål*nO2Ö$�+��Öd;å5Q1gON1i´$1LMf.B)$¶NMj.LA43p*-Ai1I*C,å3+5$1D¶~Z¥Mj*Chf*+A�.�3j*CKB´]KÍhîA�1B)C)¥µI.Y)-)�,�hfK$)+)CKNµ#1L^
0Nêc1 �N3¦Mf.BA43j*�KN´�KNh¥3¦521�¶¥MjKN3+1B*�´2,"µ#*�3+5],8.Y)²3¦,�Ö�b`KNµI1�eQ1dMj=L3f52*C,".i¶N¶$M§KN.LA�5�*n\�¶2)C*C1L,�)�K$,8*�´$O�\]K~,£3¬KNhî3+521I)�K$K~,81L)�ê
0QKNZN´Q^�>�� k×,�=×.L´$^Ë3+521	AiK?´N3+.L\�*�´2.43p*�KN´vµ#*²3¦5 *�´Í3+Mj.LAY1�)+)²Z¬)�.LM%¶$M�KL3¦1?*�´Q,�,Õ3p*nAiý$*�´$OË´QKN´2mP,�¶¬1�AY*nhj*CAL.L)+)�ê�3jKË3+521
AY1L)-)NµI.Y)-)+,"*C,�AiK?´2,¼*n^~1�Mj.�0¬)�ê*n´2ALMf1L.Y,81i^ #Õ�4Â
$ÕÖ



À

� 52.43¦14eÍ1LM�3C521 ,£3f.iMp3¦*n´$O \].�3f1iM�*�.B)C=#)n*�e2*�´$O AL1Y)n)+,vKNM]¶NZ2Mj*nh¦*-1L^ AL1L)+)�µI.Y)-)C,�=D3C521:AYKN\�¶2KN,¼*²3j*�KN´ KÍh�3+5$1
1 �~3fMf.YAY3p*�K?´�0$Z$hjhf1LM%*C,�ALMj*�3j*�AL.Y)R.�´Q^Ë^~1Y3¦1LMf\�*�´$1L,IµI5$*+A45	3Cê$¶21]KNh�¶$MjKN3+1B*�´2,IA�.i´	021�Mj1B)�1L.L,¼1�^�hfMjKN\ 3f5$1]Ai1B)n)
µI.d)n)+,4ÖB9[K$,Õ3l)+KNK$,/1B)�êc0{KBZN´2^]>��ÔkG,�.iM�1#^$*C,/,8K$)²eÍ1�^]µ#*�3f5Ò.#)CK$µþ*nKB´2*CA�,£3+M§14´2O?3+5�,8K$)�ZN3¦*CK?´	KNMÆ,�*�\�¶{)�ê]µ#*�3f5
Î¥Ö Ç`9 \].�´~´{*�3¦K$)¥*�´¥h¦*-)�3fMj.43p1L^�*C´])C*²e2*�´$OI3j*C,8,�Z21L,<,£ZQA45.B,G)-1�.�e21Y,-#��iÇ/$PÖ � 1L.iý$)²ê02KNZN´Q^�>�� kl,".iM�1

ü<�®$ª ¹ ± � � ���������
	���
	�������������	�������� �!��"� #$�%�&��'(�����
	)�+*,"�!� ÖÍ;åµXKÒý$*�´$^~,gKNhR¶$M§K$AL1i^?Z2Mj1�AL.�´	0Q1`Z2,/1L^
hjKNMÆ,8.�\]¶2)+1g¶$M�1�¶¥.iMj.43p*nKN´]¶$M§*�KNMR3¦KÒ>�� k 1 �$3+MP.YA�3f*CKB´Ò.i´$^�.�´2.Y)²êQ,�*C,�ÖLHK?´¬mf^$1�,�3fMjZ$A43p*²eQ1`\c143+5$K$^N,%ALKB´$,�*C,Õ3�KNh
*C´].�´$.B)²êQ,8*+,"KNh×¶$M§K?3¦1L*�´$,�,¼1�A�M§143¦1i^�*�´]A�Z¬)�3+Z$M§1g\]1i^¥*�. #P�~�B=¥� À)$�f7&�/=BµI.B,£52*C´$O$,<KNh×AB1L)-)C,"µ#*�3+5],£.d)�3�,£K2)�ZN3¦*CK?´2,
#��$�Y=î� � $�nF �lKÍM{eQ.BA4Z~Z¥\õ*�´$hj*+)�3¦Mf.�3¦*-KN´]K$h×KNMjON.L´2,<µ#*²3C5],8.Y)²3î,8K$)�ZN3¦*CK?´2,&#P�YÇ$=LÁ{Ê $�j> �/Ö�V1Y,£3-MjZ$A�3¦*²eQ1g\]1�3C52K~^$,
M§1+�BZ{*�M§1gONM§*n´$^$*�´$O�3+5Q1g¶2)n.i´N3×\].43¦1�M§*n.Y)¥1B*�3+5$1LM�3¦K�¶NZ$M§*�hpê�Ai1B)n){µI.Y)-)�, #��iÎ2=î�YÊ$={�iÂ/$�KNM×3¦KÒ,/1B)�1LA43l>��Ôkl,<Z$,�*�´2O
.,8¶$1iAB*�hj*-A�¶$MjKN¶Q1dM-3+ê�#�Á2Á/$PÖ$_f´	.B)C)×AL.L,�1L,�=21L*�3-5Q1�MG.B)C)R>�� kl,gAi.�´	0Q1�A�KN´Q,8*C^N1LMj1L^Òh¦KÍM<h-Z2M-3f521LMG.i´$.B)²êQ,¼*-,gKNM<.
,/ZN02mf¶$M�K?3¦1iKN\]1gAL.�´#021g,¼1L)C1LA43¦1�^I3-5$M§K?Z$O~5�.T,£¶Q1LAL*nh¦*-A

1 �~3fMf.YAY3¦1i^ 0Nêþ,/.B)�3j, ,�Z$A�5 .B,ËH#.Y>%)-=DE�*->�)�KNM	>�.B>%) 4 Ö � 5¬*C)-1:E�*�>g)Iµ#.L,vZ$,¼1�^�3¦K 1 �$3-Mj.YAY3bIêN¶2mfM§*nAL5
OQ)²êQABK?¶2MjK?3¦1L*�´$, -bIWXJDk×,�� hjMjK$\ 3C521 O2)�ê2AiK?¶2MjK?3¦1B*�´�\].43¦Mj* � KÍhÔ3f5Q1 ONM§1�1�´ò.L)CON. �åç2è�Þ�
 �2á$â	
IâNé~ÞNä
Ý (Yà²é~çNÞ2Ý�á2à-à3#+ÇNÎ
$j=Æ3¦5$1Ë\cKN,£3T1�hjhj*-AY*-1�´Í3T,/.B)�3ThjKNMg3f521�1 �B3¦Mf.BA43j*CKN´ K$hg52*nOB521LMg¶2)C.�´N3#>��Ôkl,�*n,]>�.B>%) 4 #Õ�4Ç'$PÖbK$µI1�e21LMj=×,£3fMfKN´$OQ)²êQmf02K?Z$´$^�>��Ðkî,I.�M§1],Õ3j*C)C)GMj1L,8*+,§3¦.�´B3G3+K�,8.L)�3fmj1 �$3+Mj.LA�3¦*CK?´×Ö¥7T´v1 �$.L\�¶2)C1]*C,g¶¥M¦KQeÍ*C^N1i^ 0$ê
¶Q1LMjK �Í*n^N.i,�1i,�=<)n.iA�ý2*�´2OÔ*�´:3-5Q1 MjK2,/1�3n3¦1Ò¶$M§K?3¦1�KN\]1�µg521�M�1�.Y,�¶21�M§K��2*C^N.B,/1 .YA�3¦*²eQ*²3p*�1B,c5$.�e21	0$1i1�´Ôh¦KNZN´$^Ô*�´
M§K$,81�3-3+1�)C1�.ie$1Y, #P�iÇ/$PÖ2;R5Q1`ZQ,81#KNhG,�14eÍ1�MP.Y)×,8.L)�3l,/K¥)�ZÍ3¦*CK?´2,�3+KÒM�1i)-1i.L,¼1�>�� k×,�0$ê�eQ.LAiZNZ2\]mP*�´$hj*C)²3+Mj.43p*-KN´	µI.Y,
¶$M§K?02.�02)²ê ´$K?3�1Lhfh�*CAB*C1�´N3Ò3¦K 1B)�ZN3¦1Ð¶Q1dMjK��2*C^N.i,¼1L,�3+5$.43�AL.�´ 0Q1�0$KNZN´Q^ 3¦K >�. 465 ¶21LA43¦.43¦1L, #+Çî� $�ÖI7X)n,�K$=
,£3+MjZ$A�3CZ2Mf.L)2¶$MjK?3f1Y*²´2,<.LMj1�Z$´$^$1LMjmpMj1L¶$M§1�,/1�´N3¦1i^]*²´].Y)-)$AL1Y)-)NµI.Y)-)$¶¥MjKL3j1LKN\]1i,�Ö�(�*�3C521�M{3+521�ê�µ#1�M§1D´QKd3î1 �$3+MP.YA�3+1L^
hjMjK$\�AL1B)C)�µI.L)+)C,�^NZ$1Ò3+K 3¦5$1B*�MIALK?eQ.B)�1�´N3DAdM¦K¥,/,�mf)+*²´2ý$*�´~O:*�´ ´2143fµXKNMPýQ, #��.$gKNM%3f5Q14ê µ#1LMj1 ´2K?3D*n^~14´$3¦*nhj*C1B^
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Cell Wall Proteins 

Direct analysis Fractionation 

Tryptic digestion 

2D-LC-MS/MS 

2-DE for 
acidic proteins 

1-DE for 
basic proteins 

Tryptic digestion 

MALDI-TOF MS or LC-MS/MS 

Bioinformatic analysis & 
Identification of proteins 
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Predicted non-classical secretory proteins 
 

At2g39050  Homologous to lectin (ricin-type)  0.903 

At3g03060  Homologous to ATPase (AAA family)  0.843 

At3g26060  Peroxiredoxin Q  0.837 

At1g67880  Glycosyl transferase family 17 0.836 

At2g43710  Homologous to fatty acid desaturase  0.819 

At1g43800  Homologous to fatty acid desaturase 0.813 

At3g02630  Homologous to fatty acid desaturase 0.750 

At1g72730  Homologous to RNA helicase  0.746 

At1g15390  Homologous to polypeptide deformylase 0.729 

At2g21170 Homologous to triose phosphate isomerase 0.655 

At3g52960 Homologous to peroxiredoxin  0.648 

At2g44350   Citrate synthase 4 (ATCS) 0.622 

At4g36530 Homologous to hydrolase (alpha/beta fold family protein) 0.621 

At3g16640 Homologous to translationally controlled tumor protein (TCTP) 0.608 

Predicted intracellular proteins 
 

At2g38870 Homologous to proteinase inhibitor 0.584 

At5g20080  
Unknown function (oxido-reductase NAD- and FAD-binding 
domains) 0.576 

At1g72560 Homologous to yeast exportin (PSD1) 0.555 

 At2g17190  Ubiquitin family 0.552 

At3g15360 Thioredoxin M type 4 (ATHM4) 0.551 

At2g36530 Homologous to enolase  0.547 

At4g30690 Homologous to translation initiation factor IF-3 0.536 

At5g42980 Thioredoxin H type 3 (ATTRX3) 0.530 
At4g17260 Homologous to lactate/malate dehydrogenase 0.525 
At3g16400 Homologous to jacalin (ATMLP-470) 0.509 
At5g49190  Glycosyl transferase family 1  0.509 
At1g03675 Homologous to thioredoxin M 0.499 
At2g01520 Homologous to pathogenesis-related protein Bet v I 0.497 
 At3g15730  Homologous to phospholipase D 0.495 
At3g14440  Homologous to carotenoid oxygenase  0.468 
At3g04600 Amino acid tRNA synthetase class I (W and Y) 0.458 
At3g04120 Glyceraldehyde-3-phosphate dehydrogenase C subunit (GAPC) 0.456 
At5g38420 RuBisCO small subunit 2B (ATS2B) 0.449 
At1g56070  Translation elongation factor (LOS1) 0.411 



�iÎ

At2g25630 Glycosyl hydrolase family 1   0.399 
At5g26710 Amino acid tRNA synthetase class I (E and Q) 0.397 
At3g03060  Homologous to ATPase (AAA family) 0.391 
At1g69290 Unknown function (PPR repeats) 0.386 
At5g55990 Homologous to calcineurin B  0.365 
At1g24360 Homologous to dehydrogenase/reductase 0.364 
At3g30810 Unknown function (DUF1633) 0.346 
At5g08740 NAD(P)H dehydrogenase C1 0.338 
At4g31180   Amino acid tRNA synthetase class II (D, K and N) 0.337 
At1g30580  Unknown function (GTPase domain, DUF933) 0.324 
At5g41550   Unknown function (TIR domain, LRR domains) 0.317 
At4g37870 Homologous to phospho enol pyruvate carboxykinase 0.300 
At3g16420 Homologous to jacalin (PBP1) 0.289 
At4g22410 Homologous to ubiquitin carboxyl-terminal hydrolase 0.288 
At3g58480  Unknown function (calmodulin-binding domain)  0.187 
At5g46550 Unknown function (bromodomain) 0.183 

At3g16857 

7%WI7DFT_fVSDkGa$_/a�W%(%aNkÆSDH]aN(vW%(�JDUTE<7I;�SDW �
 (ARR1 (myb-like 

DNA-binding domain) 0.177 
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kîM�K Mj1?,¼*C^?Z21i,�K$ALA�Z$M�,]*�´v3-5Q1	1�´$^~KN¶2)n.Y,£\�*CA M§143p*�A�Z2)�ZN\]=GAYKN´$ALKN\�*�3f.i´N3¦)²ê µ#*�3-5 ¶$MjK?3¦1L*�´�3+Mj.�´2,¼)n.�3j*�KN´{Öî;å52*C,
AL.�´v0Q1ÒhjK$)-)�K$µ#1i^ 0Nê����pb#ê~¶ O$)²êQALK$,�ê2)�.�3¦*-KB´Ë0$ê�O2)�ê2ALK$,�êQ)Æ3¦MP.i´2,8hf1LMf.B,¼1?,�fJg; �I*�´v3+5$1�JIKN)nOQ*pÖ2bKNµ#14eQ1dMj=
kîM�K$mfÀ2mp5NêQ^$MfK��NêQ)n.Y,�1g^~K$1L,G´$KN325Nê2^NM§K��Nê2)�.�3¦1g.B)C)ÍkîMjK�M�1Y,8*-^BZ$1B,�*�´�bTWIJgkî,�KNM{b �Ck{W%kl,�Ö$a2*�\Ò*+)n.iM�)�êÍ=?.Y)-)Nb�êQ¶
M§1L,�*�^NZQ1L,�.LMj1g´2K?3×O2)�ê2AYKN,£êQ)n.�3j1i^�0Nê�J#;G,4ÖL_f3Æ*+,s´QKÍµ .B,/,/Z$\Ò1i^c3+5$.�3¬bIWIJ�kv¶QK¥)�êQ¶$1�¶Í3¦*C^N1L,"3+521�\Ò,¼1L)²eQ1L,%.�M§1
3¦5$1Ë¶$M§*�\].LM-ê ^2143¦1�Mj\]*�´$.�´N3p,�KNhgbIWXJDk 5NêÍ^NM�K��~ê2)�.�3¦*-KB´Ð.�´2^ O2)�ê2AiK¥,�ê$)C.43p*-KB´{ÖR_j´$^21�1i^2="1 �$3n1�´2,8*�´2,�=<7IJDkl,
.Y´$^�b �-k2W%k×,<AL.�´#021I^N*C,£3j*�´¥OBZ2*C,�521�^�0NêcA�5$.LMf.dA43¦1�M�*C,£3¦*CADM§1�¶$1�3¦*²3p*�e21D\cK?3f*Chj,�*�´�3-5Q1B*²M×¶$M§*�\�.YMpêc,�1 �BZ214´2AY1?ÖB7g´
KNM§*nOQ*�´$.L)×.�¶N¶2MjKÍ.YA45]Z¬,8*�´$O�,£ê~´N3-5Q1�3f*CA�O~1�´Q1L,�µI.B,%A�.LMfM§*-1L^�K?Z$3{3+K]¶¥MjK$^BZ$AL1�.#Mf.L´$O~1#KÍhlMj1d¶Q143j*�3¦*²eQ1`¶21�¶N3j*C^~1L,



��Á

AL.iMPMfêQ*n´$O ¶NZN3¦.�3¦*²eQ1 O$)�ê$AiK$,ÕêÍ)�.�3¦*-K?´ò\]K?3p*�hj,8=�µI52*CA�5�µ#1�M§1 ,£ZN0¬,/1 �NZQ1�´N3¦)²ê A45$.YMf.BA43¦1�M§*²Äd1�^�AiKN\�0¬*�´2*�´2O
02*CK~A�5$1L\�*�AL.L)R\c1Y3²52KN^N,#)-*�ýQ1�AY*nMjA�Z2)C.�M�^¥*�A�5$M�K$*�,8\Ò=×,/Z$O?.YM�.�´¬^Ò.L\�*�´2KË.iAY*n^�.�´¥.Y)²êQ,�1i,IKNM"HI9 W #nÀ�� $P= #+ÇÍÊ~=
ÀQÌ'$PÖî;R5$1L,¼1�M§1�,�Z¬)�3f,¼=RAiKN\�¶¬)�1�3+1L^	0Nê ,Õ3fZQ^¥*�1L,�KB´v,�¶21LAB*�h§*CAcbIWXJgkl,�*�,8K$)n.�3¦1�^�hPMjK$\ ¶2)C.�´N3+, #fÊBÎ2mPÊBÁ/$�)-1i^ 3¦K
3¦5$1�¶$M§K?¶2KN,/.B)RKNh<3-521],¼K$mPA�.d)n)C1i^ bIê$¶2m �ImfO$)nêQABKN,£êQ)�.�3p*nKB´vAYKN^N1]K$h�>�� kl,I.�´2^ 3²521�AiK?´¬Ai14¶$3<KNh�hfZ$´2A�3j*�KN´$.Y)
OQ)²êQABKN\]KN^NZ2)C1i,�=%*²´2AY)²ZQ^$*�´$O k×M§KÔ5Nê$^$MjK��NêQ)n.�3j*+K?´�.i´$^ÔO$)�ê$ABK$,£êQ)n.�3j*�KN´{ÖåbIê~¶¬m ��mfO$)nêQABKN,�ê2)�.�3¦*-KB´ KNAYA4Z$M§,Ë*�´
3¦µ#K µI.�ê2,¼=¥´2.�\]1Y)²ê	.iMj.�0¬*�´2KN,ÕêÍ)�.�3¦*-K?´�.i´$^	ON.B)�.BA83¦K$,Õê2)�.�3p*CK?´×Ö2SD´	3+5$1�KB´21�5$.�´2^$=ÍbIê$¶2m �Im-.BMf.L02*�´2KN,£êQ)n.�3j*CKN´
*+,%A�K$MfM�1Y)n.�3j1i^�µ#*²3²5ÒbIê$¶	AiK?´$3¦*nOBZ2*�3-ê�*n´�,¼1 �NZQ14´2AL1Y,D,�Z2A�5	.i,sÏ#.L.Ym-bIêN¶��§=NÏ#.L.�021B*�´$O�ALKN\]\]KB´2)�êËa¬1�M§=$7I)-.
KNM�;R5$M§=¥.�´¬^Ò´��¬Á{Ö$bIê~¶2m �Imf.LMj.�02*C´$K$,ÕêQ)C.43p*-K?´�M§1L,�Z{)�3p,I*�´�,Õ5QKÍM-3p=¥´21�ZN3¦Mf.B)C=�)C*C´$1L.�M<.LMf.L02*C´$K$mfK$)+*²OQK$,£.YA�Ai5$.�M§*-^~1�,
j7gMj.+�


����
Ö a$Z2A�5òO2)�ê2AiKN\]K$^?Z2)C1L, .iM�1�1i´2A�KNZ~´?3j1iMj1�^�*²´�1 �$3n1�´2,8*�´$,�Ö[SD´ò3+5$1 K?3-5Q1�M 5$.i´$^$=:bIê~¶{m �Im

O~.B)n.YA43¦K$,£êQ)n.�3j*CKN´ *-,Ð3C52KBZ$ON5N3v3+K KNALA�Z$M KN´ AL)�Z2,£3¦1�Mj1L^ ´2KB´2mfA�KN´N3p*²O~Z$KBZ{, bIêQ¶ M§1�,�*�^NZ$1L, -Ï#.�.Bmnb#ê~¶'� �
3+ê~¶2*-A�.B)+)�êvhjKNZ~´2^Ë*�´v7XJDkl,�=¥Ï#.�.]021L*�´$O A�K$\�\]KB´2)²ê a21�M§=�7X)n.�KNM%;G5$M�Ö×;R5Q1L,81]ON)�êQA?KN\cKN^NZ$)+1�,I^$*CM�1iA43<3C521
.d^N^$*²3¦*CK?´ KNh )C.�MjO$1 .iMP.i0¬*²´2KNO~.B)�.LA�3f.i´ ¶QK$)²êQ,8.LAYA45$.LMj*+^N1B,8=]AiKN´$,�*C,£3+*�´$O *�´õ.

β
m£�Y=�Ç$mfON.Y)n.YA�3+.�´õ0¥.iAiýN0$KN´Q1L=

,/ZN02,£3¦*²3+ZB3j1i^�.�3l>�Â]KNMG>%Ç�0Íê�,8*C^N1#A452.Y*²´Q,�ALKB´N3f.Y*²´2*�´$O�O$.Y)n.YA43¦K$,81Y=Í.iMP.i02*n´QK$,/1?=NMf52.i\�´$K2,/1?=N.i´2^�OQ)�Z$A�Z¥MjKN´2*CA
.dAL*C^�Mj1L,¼*n^BZ21L,4Ö~;R5Q1L*nMÆ)-1�´¥OB3+5Ò*C,�^2*�e21�M§,/1L=$Mf.L´$O$*�´$O]hfMjKÍ\ Ç$Î],�Z$O$.�M§, �+bIêN¶�*�´ÒOBZ$\ .iMP.i0{*�A`7XJDkG=NZ~¶�3¦KË�LÊ~Î
,/Z$ON.LMj, �CbIêQ¶]*�´�.%MP.Y^¥*C,/5])C1d.ih×7#JDk #-Ê~Ç'$PÖ

U#´2)+*²ýQ1ËbgW#JDk�,8=�hj1�µ b �Ck×W%k×,	µI1�M§1 A452.iMP.YA43¦1�M§*nÄY1�^2=�hfM�KN\'. ,£3¦MfZ$A�3+Z$Mf.B)g.i´2^:hfZ$´2A43j*�KN´$.Y)D¶2K$*�´N3`KNh
eÍ*-1Lµ�Ö�WD14¶2143p*�3j*²eQ1%02)nK~ALýN,<K$h¥EGêQ,�mnkGMjK$m-k×M�K$m62#.Y)-mf;åêQM ¦E<ê2,���.BMj1IK$hn3p1�´�hjKNZN´2^]*�´�b �+k¥W%kl,�ÖL;G5$1%¶$M�1i,�1�´2A�1TKNh
.]EGê2,�¶$Mj1YA�1L^$*�´$OËkîM�K$m-k×MjK *C,`3C52K?Z$O~5N3"3¦KvMf1Y^?Z2AL1ÒOQ)²êQA�K2,ÕêÍ)�.�3¦*nKB´ µ#*²3C5 .LMf.L02*�´QK$mPK$)+*²OQKN,8.iALAi5$.LMj*C^$1�, #fÊBÎ/$PÖ
bK$µI1�e21LMj=î3+521Ò)+*n\�*�3¦1�^Ë´~Z¥\0$1�MTKNh%,�3fMjZ2A43+Z$MP.Y)",�3+Z$^$*-1i,I¶21�M�hfKNMj\�1�^ KN´Ë3+5$1L,¼1c¶2MjK?3¦1L*�´$,#^$KN1B,I´$Kd3<¶21iMP\�*�3
3¦5$1�1 �$3+1�´Q,�*�KN´ KÍh%3+521ËAiK?´2AL1�¶$3%KNhIhfZ$´2A43p*�KN´$.Y)sO2)�êÍA�KB\ÒK$^BZ2)C1�,]1B,Õ3¦.�0{)C*C,�521�^:h¦KÍM#K?3+5$1iM`bIWXJDkî,4ÖG7 ´2*CAL1
,£3+MjZ$A�3CZ2Mf.L)T,Õ3+Z$^?ê 5¥.Y,�021L1�´ÔA�.YMfM�*C1L^ K?ZN3sKN´Ô.�02.Y,�*�A�b �+k{W%k×,]AL1Y)-)�µI.L)+)"O$)�êQALK?¶2MjK?3¦1L*�´Ô1 �$3+Mj.LA�3+1L^vhjM�KN\
,£3CêÍ)n1B, KÍh ��à��Lâ2ænà�Þ$éNÞ Þ¬è�Þîæ�Þ×=Ò.þO$.L)C.LA�3fK~,81LmfMj*-Ai5 ,�3-êQ)-1 O$)�êQA�KN¶$M§K?3¦1L*�´�jJg.�W�a¬JDk�� #-ÊBÀ/$PÖ	a$V]a2mnkG7XJD(
.Y´$.L)�ê$,�*C,#KÍh<3-5¬1�¶~Z$M�*Chf*+1L^vO$)²êQABK?¶$MjK?3p1�*�´ ,�52KNµI1i^v.	,£\�1�.iM%MP.i´2O$*n´$O h-M§KN\ À2Ê 3¦K �iÁQÎvý?V#.B=×M�14eÍ1L.L)+*�´¥O�.
M§1�\].iMPý~.L02)-1v5$1�3f1iM�KNOQ14´Q1?*�3+ê *²´ø*�3¦,	O2)�ê2AiKN,£êQ)n.�3j*CKN´ ¶$.43C3j1iMf´�Ö<7Ih-3¦1LM]ALK?´2,/1LAiZN3f*�e¬1 ^N1iO2)�êÍA�K~,£êQ)n.�3j*-KB´ ,P3j1�¶$,
ZQ,�*�´$OË.i´$5NêQ^ÍMjKBZ2,XbIÅ[.�´Q^ � �POQ)²êQALK$,8*C^N.Y,/1?=¥3¦5$1�¶$MjK?3¦1i*n´vµI.Y,IK?0¬,/1LM-e21L^	0Nê 1L)-1iA�3+M�KB¶$5$KNMj1L,�*�,I.B,#^N*+,Õ3j*�´QA43
0$.i´$^2,I.43ÆÇ��.L´$^ÒÁQÌËýNV#.L={M§1L,£¶Q1LA43¦*²eÍ1L)�ê2=×*n´2^$*CA�.i3f*�´$OÒ3+5$1�¶$M§1�,�1�´2Ai1�KNh�0$K?3+5�����.i´2^ � �j)+*²´2ý~1�^�O$)�ê2A�.i´2,4Ö
Jg.iW�aÍJDk�µI.L,�,�5QKÍµT´�3+K�ALKB´$,�*+,§3¬K$h{.i¶$¶$MjK �Í*n\].�3f1Y)²ê#Á$Î$mfÁ¥Ê"! ¶¥M¦K?3j1L*�´].i´$^�Ã$Ê$m �BÎ
! AL.�Mf0QK?5$êQ^NMP.�3j1L,�ÖdJg>%m
9 a�.�´2.L)�êQ,£1B,TKNhR3jM�*�\�143f5NêÍ)C,�*n)�êQ)-mj^N1�M§*²eQ.43p1�Ai.LM-02KB5Nê2^NMj.43p1L,g.�´2^ .YAi1Y3+.�3¦1�.Y)n^$*�3+K$)-,TK?0$3+.B*�´21i^ hjMjKÍ\ ¶~Z¥Mj*Chj*n1B^
OQ)²êQABK?¶2MjK?3¦1L*�´ 1�´$.i02)-1i^ ON.d)².YA43¦K$,81�3¦K 0$1 *�^$14´N3p*nh¦*-1L^�.Y, 3¦5$1Ô¶$Mj1�^$KN\�*�´$.�´$3]\]K?´QK¥,/.iABA452.�M§*�^$1:µ#*�3f5 �~Ç
\�K$)�! KNh¥3jK?3¦.L)2AL.�Mj0$KB5ÍêQ^NMj.43p1�,�.�´Q^3+5$.�3î*²3¬µI.Y,�,�5$K$µg´�3+52.43î*²3¬AL.�´�0Q1D3f1iMP\�*n´$.Y)2KNMR)+*�´2ýN1Y^3²5$M�KBZ¥OB5Ë�Y=�Ç�KNM
�Y=�Â KNM��B=�Ç¥=ØÂ )+*²´$ý~.LO$1i,�Ö×;R5Q1ÒM�1i\�.d*�´{*�´¥OÔ�iÃv\�K$)�!ÿA�.LMf0¬K?5NêÍ^NMP.�3j1i,�AiKN´$,�*C,£3<´$K?3¦.�02)�ê KÍh%À�!ò\�.i´$´$K$,¼1L=
1i´$AiKNZN´N3¦1�M§1�^�KN´2)�ê *n´ � �jO$)�ê2A�.i´2,8=l,�Z$O$ON1B,P3j*�´¥O	3C5$.�3����jO$)nêQALK$,�ê$)C.�3¦*-KB´ *C,X3C5¬1�\].jÑ¼KNM�O$)�ê$AYK$,£ê$)C.43p1�^�hfK$Mf\ Ö
;R521 .L\�*�´2KÐ.BAY*n^ A�KN\�¶2K~,8*�3j*�KN´ KÍhcJ`.�W#a{JDkù,£5QKNµ#1L^Ð3C5$.�3#bIêN¶þ*+,�3¦5$1:\]K$,�3�.i0$ZN´Q^Í.�´N3M�1Y,�*n^BZ$1 jÌ
\�K$)�! �£Ö�bKNµ#1�e21�M§=L0{*�K$A4521�\�*�AL.Y)$1�e2*C^N1�´2Ai1DhjKNM ��fO$)nêÍALK$,£êQ)n.�3j*�KN´]KB´N3¦K`bIê~¶�M�1Y,�*�^NZ$1L,<*-,<,Õ3¦*+)-)N\�*-,/,8*�´$O{Ö

SD3+521�M�¶$K2,Õ3pmn3fMf.L´Q,�)².i3f*CKB´¥.Y)-)�ê \�K~^$*nhj*C1B^ ¶2MjKQ3+1B*�´2, AL.�´ 021øh¦KÍZ~´$^õ*�´ ¶¬)².i´N3�Ai1B)C)�µI.B)C)C,4Ö#JI7Dk�,:.LM�1
3¦.�MjO$1�3j1L^v3fK�3+521	¶2)n.Y,£\].�\]1L\�0$Mf.L´$1NÖ×bKNµ#1�e$1iM�=<,8*C´$AL1 3+521vJDk¬_§mp.i´{A�5$K$M#A�.i´:021vAY)n1i.4eÍ1�^:0Nê[,£¶21iAB*�hj*-A
¶~52KN,/¶N5$K2)C*�¶$.B,/1L,8={3f5$1]¶$MjK?3¦1L*�´2,�AL.�´ 1 �¬*�,£3�*²´ 0$K?3+5 ,/K$)�ZN0¬)�1Ò.�´Q^v\]1�\�02Mf.L´$1Ymp.Y,8,/K2AL*n.�3¦1�^vhfK$Mf\�,�Ö{7 )�.LMfO21
´~Z¥\0$1LM<KNh$ÜIÝ8Þ2ßNà�á$â¼ãRäià�äJg7DkÆ,%5$.L,%021�1�´�*C^~1�´N3j*�hj*-1i^	KNMG¶2Mj1L^$*CA43¦1�^Ò0Nê ALKN\�02*�´2*�´$O�¶2MjK?3¦1�K$\�*�A�.�´Q^Ò02*CK$m
*C´$hjKNMP\].�3j*CAg.L´$.Y)²êQ,�1i,&#Õ� Á)$PÖB7ø,8Z$02mp¶$MjK?3¦1iKN\]1g5¥.i,<021�1�´]KN0N3f.Y*�´21L^�hfM§KN\ Ai.L)+)nZ$,�A�1B)C)C,"Z2,8*�´$O;åM§*�3jK?´�Ïm8�N�iÀ
¶~5¥.Y,81�¶2.�Mf3¦*²3p*nKN´Q*�´2O .L´Q^ ,£1i´2,£*�3j*�e¬*�3-ê 3pK ¶~5$K$,�¶N52.�3j*�^NêQ)-*�´2KN,�*�3¦K$)-mf,/¶$1LAL*Chf*+A ¶$5$K$,/¶N52K$)+*�¶$.L,/1 >gÖ];R521 Ç$Î
¶$M§K?3¦1L*�´$,�*C^N1�´$3f*Chf*+1L^ µX1�M§1 ,/5$KNµI´ÿ3¦K 0Q1?)�KN´$O 3¦K �$� hfZ$´QAY3¦*CK?´2.Y) Ai.43¦1�OQKNM�*C1L,¼=�,�Z2A45 .L, 7#JDkl,8=
.YMf.L02*�´2KNON.B)C.iA43f.�´ p7XJ �§mp¶21i¶N3f*C^~1L,8=

β
m£�d=ØÇ¥m-OQ)nZ$AL.�´2.L,/1B,8=�E%*�¶2*n^ ;GMP.i´$,8h¦1LM�k×M§K?3¦1?*�´{,�nE<;Rkl,��ÒK$M�>gSDF�WT7

¶$M§K?3¦1L*�´{ÖNkî;�9 ,%KNhG7#J�m-¶21i¶N3j*�^$1L,%µI1LMj1�\�KNMj1�¶$M§1�AB*�,¼1L)�ê�A�5¥.iMj.LA43p1�M§*nÄY1�^×³d3¦5214ê�.LMj1�¶2MjK$AL1L,¼,£1Y^Òà²é �Là��LâÒhjK$M
.d^N^$*²3¦*CK?´ K$h�. JDkl_§mp.i´¬A45QKÍMj=%AB)�1L.4eQ.LO$1 KNh,�*�O$´$.L)g¶Q14¶$3¦*n^~1�.�´2^ JXk¬_jmf.�´¬A�5$K$Mj="klMjK 5NêÍ^NMjK �~ê$)C.43p*CK?´�.�´2^



�iÇ

,/ZN02,¼1 �NZQ14´$3]O$)�êQA�K$,�ê$)C.�3¦*-KB´ KNh�b#ê~¶ M§1L,8*�^NZ21i, #�Á�� $�ÖT;GKd3¦.L)�7#JDk�, µ#1iM�1v¶$Z$M§*nhj*-1Y^øhfM§KN\ ÜIÝÕÞÍßÍà�á2â/ãåä�à�ä
,�1i1i^¥)C*�´$O$,�0Nê

β
m��I.iM�*�e[¶$M�1iAB*�¶{*�3¦.43p*nKB´Ô.�´2^ ^$1�O$)�ê$AYK$,£ê$)C.43p1�^ Z2,�*�´2O�.i´N5NêÍ^NMjK?Z2,�bIÅ"Ö×9 7gEGVI_§mP;<SDÅ�9 a

.Y´$^ 3+.L´Q^N1L\ 9�a �-9 a:.i´$.B)�ê2,¼1L,�K$h�3f521	^N1iO2)�êÍA�K$,£êQ)C.43p1�^ 1 �~3fMf.BA�3%1�´¥.�0¬)�1L^Ë3¦5$1�*n^~1�´N3j*�hj*CAL.43p*CKN´:KNh��YÎ2m£�YÃ
.Y\Ò*�´QKø.YAL*C^$mj)�KN´$O�7IJIm-¶¬1�¶N3j*C^N1L,	µ#*²3²52K?ZN3#3fMfêN¶N3p*CA�^2*�O21L,£3n*nKB´{Ö�9 a ^N.�3+. AB)�1L.�M§)�ê ,/52KNµI1L^ 3+5$.�3#.Y)-)gk×MjK
M§1L,�*�^NZQ1L,gAL.�´	0Q1c5$ê~^NM§K��$êQ)n.�3j1i^$=�^~1�\]KN´Q,Õ3fMj.�3j*�´¥OÒ3²5¥.�3×k×M�KÒ5NêÍ^NMjK �~êQ)n.�3j*-KB´v*C,%¶$K$,8,¼*�02)n114e¬14´ *�´Ò3+5$1]JI)²êQm
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�jm
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,£3+M§1L,8,/1B,4Ö

7 O~M�1�.i3:¶2MjK$¶$KNMf3f*CKB´ KNh 3¦521ù¶2MjKQ3n1?*�´2, *-^~1�´N3j*�hj*C1L^ 0$ê A?1Y)-)vµI.B)C)�¶2MfK?3¦1LKN\�*�A .i´¥.Y)²êQ,�1i, .LA43[KN´
AL.iMP0QK?5$êQ^NMP.�3j1i,�Ö�kl)�.�´N3�JDb .YMj1 ,ÕZ$¶~¶$K$,/1L^ 3¦Kù¶¬)�.�ê e2.iM�*CKNZ2,Ðh+Z¥´QA43j*CKB´$, *�´ AL1L)+)Òµ�.Y)-)	\]1�3+.�0QK$)-*C,£\�=
M§1�O~Z{)�.�3¦*CK?´ K$hTAL1L)+)åµI.B)C)<1 �N¶$.i´2,�*�KN´ .�´$^ \]KN^2*�hj*-A�.�3j*CKB´:^BZ$M�*�´$O ^~1�e$1Y)nKB¶¥\c14´N3p=R^N1Lh¦1d´Q,�1L=R,�*�O~´$.L)+*²´$O .�´2^
\�KB0{*C)-*�ÄL.�3j*CKB´�KNh ,Õ3pKNMP.iO$1 Mj1?,/1LM-e¬1L, #CÂ$Ç$m-Â$Â
$�Öva¬*�´{Ai1 ¶Q)n.i´N3 AL1L)+)�µI.B)C):¶QK¥)�ê2,/.BAiA452.�M§*�^21�, .iM�1 e¬1�Mfê
5Q1�3f1iMjKÍO~1�´Q1�KNZ2,�AiK$\�¶2)C1 ��¶$K2)�êQ\�1�M�,¼=$,£¶21LA�3fMf.#K$hRJDbõ.dA43j*�e¬*�3j*C1i,s\]Z2,�3×021XeÍ1�Mfê�^$*²eÍ1dMj,¼1?Ö$a¬14eQ1�´N3-êQmj,8* �	KNZB3
KNhlÇ$Ã~Ì�JDb,<5$.4eÍ1g.L)CMj1d.i^?êê2143¬021�1i´Ò*�^$14´N3p*nhf*+1L^�0Nê¶¥MjKN3+1LKN\�*CAi,4ÖB7 hj*-Mj,£3{O~M�KNZ$¶cKNh×JDb,�jJDbõh-.L\�*C)-*C1B,`�Y=
Ç$=×Ì$=R�YÎ$=å�YÂ$=¥ÁQÃ¥=$Á �Q={Çî�d=2ÇÍÊ~=RÊ¥�.LAYA�KNMj^$*�´$OÒ3¦KÒ5N3-3C¶l³ � �f.Lhf\]0{Ö�A�´$M�,¼mp\]Mj,�Ö�hfM �f>�7%o � � ��A?KN\]¶$M§*-,/1i,�1�´NÄLê~\�1�,
3¦5$.�3�ALKBZ{)�^ 0$1 *�´$e$K$)�eQ1L^ *�´ù3C521 M�1iKÍMfO$.i´2*�ÄL.�3¦*CK?´õKNh�AL1Y)-)�µI.Y)-)]A�.iMj0$KN5NêQ^ÍMf.i3f1B, ^NZ$M§*�´¥OþO$MjKÍµg3²5 .�´2^
^~1�e$1B)�KN¶$\c14´$3 #CÂ$Ê
$PÖÔÅlKNM 3+5Q1 \].�Ñ¼KÍMj*�3nê KNhù3+5¬1�,¼1�1�´$Ä�ê$\�1i,8= ,£Z~0$,£3+MP.�3j1Y, .�M§1�AL1L)+)�Z¬)�K$,/1?= �$ê$)C.�´2=



�LÊ

�~ê2)CK$O$)nZQA�.i´2,�=R.�´2^Ë¶21iA�3¦*²´2, f5$KB\]KÍO~.L)C.LA�3CZ2MfKN´$.i´:.i´$^vMf52.�\]´QKÍO~.L)C.LA43+Z$MjKN´$.i´v_ ��Ö<;R5Q1B,£1	Mj1B,�Z{)�3p,],ÕZ2ONO~1L,�3
3¦5$.�3 �~ê$)+KNO2)�Z2A�.L´Q,�.�´2^�¶$1YA43¦*²´2,�\�*nOB5$3{Z~´2^$1�MjONK�*n\]¶$KNM-3¦.�´N3Æ,�3fM-Z¬A43+Z$Mj.L){Ai5$.�´¥O~1L,%.�h-3¦1LM�3+5¬1L*nMÆ^$1�¶$K~,�*�3p*CK?´	*�´
AY1L)-)GµI.L)+)C,�ÖRa2*�´$AY1	,£KN\c1	JDb hf.i\�*-)C*-1Y,`52.4eÍ1Ò.]0$M�KN.Y^v,£Z~02,Õ3¦Mf.�3¦1ÒMP.i´¥O~1L=G*�3�µI.B,I5Nê$¶$K?3+5Q1?,¼*�ÄL1i^Ë3-5$.i3"3C5¬*�,
.d)n)+KNµ#,Ô1�hjhj1LA43j*�e21 \]KN^~*nhf*+A�.�3¦*-KB´ KNh ABKN\�¶2)C1 � A�1B)C)�µI.B)C)	AL.iMP0QK?5$ê$^NMj.�3j1L,Ôµ#*²3C52KBZN3�M�1 �?Z2*�M§*n´$Oõ.�52*�ON5
´~Z¥\0$1LMTKNh%14´2Ä�ê~\�1L, #CÂ$Â$=×Â$Ã
$�Ö×;R5$1�,81iA�KN´Q^ )n.iMPOQ1L,£3GO~M�KNZ$¶ KÍhs*n^$1�´N3j*Chf*+1L^ JDb#,#ALK?Z2)C^Ë0Q1	*²´NeQK2)�e21i^�*�´
^~1Lhf1L´$,�1	.�O~.B*�´¬,Õ3�¶¥.�3+5$KNO21�´$,�Öl>"52*�3j*�´2.Y,81i, fJgb	� �~=<Jsb	�YÌ �I.i´$^

β
m£�Y=�Ç$m-O2)�Z2A�.�´$.Y,81Y, jJDb	�iÃ �T5¥.�e¬1�021Y1�´

,/5$KNµI´�3+K ¶$K2,/,81L,/, .L´N3n*nhfZ$´$O$.Y)�.YAY3¦*�e2*�3-ê #+Â � $ÕÖ�7 3+5{*�Mj^�ONMjKNZ~¶�KNh JDb,þA?KBZ2)C^ 0$1 *C´Ne2KN)�e21i^ *�´
OQ)²êQABK?¶2MjK?3¦1L*�´ k×;�9 ,4ÖX;å5Q1L,81�1�´NÄLê~\�1L,:.LMj1

α
m-E�m-.LMP.Y02*²´QKNhfZ$MP.i´¬KN,8*C^N.B,/1L, PJDbÇ �§=�A�5{*�3p*²´$.Y,81i, fJgb	� �~=

JDb	�YÌ �j=
β
m¦Vm-O$.Y)n.YA�3¦K$,8*C^N.L,¼1�, fJDbÇîÊ"�§=

α
m-V]mf\�.L´$´2K~,8*C^N.B,/1B, jJDbÇ��"�§= .L´Q^

β
mnVmpOQ)nZ2A�Z$M¦KN´2*C^N.B,/1�,

jJDbÃ$Ì �/Ö2;R521�MjK¥)�1]K$h<JDb,I*�´Ë5$êQ^NM�K$)�ê$,�*C,TKÍh�A�.LMf02KN5Bê$^$Mf.�3¦1�\�K¥*�1�3¦*C1L,gK$h<7#JDkl,g5¥.Y,D021Y14´	¶$.LM-3p*-A�Z2)n.iM�)�ê
,£3²Z2^$*n1i^¥ÖT7ÿ0$.Y,�*-A:02143¦.LmfON.Y)n.YA�3+K¥,¼*C^N.L,/1Ðµ#*�3+5 5$*CO?5õ,�¶21iAL*nhj*CAB*�3-ê 3¦KNµ�.iMj^

β
m8�Y=�Ç$mÒ.Y´$^

β
m��B=�Â¥m-O$.Y)n.YA43¦KN,£êQ)

M§1L,�*�^NZQ1L,ÔµI.L,Ô,/5$KNµg´õ3fK 0¬1 *�´?e2K$)�e21i^ *�´ù3+5Q*-,Ô\]1�A�52.�´2*-,£\ #�Â$Ì
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¶$M§K?3¦1�K$\]*CAL,�AiK?Z2)�^ 021	*�´Ne2K$)²eQ1L^ *²´v3+521Ò\]KB02*-)-*�Ä?.�3j*�KN´ KNh%,Õ3pKNMP.iO21ÒMj1B,/1�MpeÍ1B,4Ö¥_j´ 52*CO?5Q1LMD¶2)C.�´Í3¦,�=l,ÕZ2AiM�K~,81
AL.�´[,£1LM-e¬1]´2K?3%KN´Q)²ê .B,�.�´[*²´N3¦1�Mj\�1�^$*C.43¦1	,�3fKNMj.iO21	,£ê$,£3¦1�\ .B)�3j1iMf´$.�3¦*²eQ1�3¦K ,§3¦.�M§A�52=å0~ZN3%.B)�,¼K�.Y,c.	\].jÑ¼KNM
AL.iMP0QK?5$êQ^NMP.�3j1 3+Mj.�´2,�)CK~A�.�3+K$Mj=�K$,£\cK?3j*CA4Z$\�=�M§1�O~Z2)².i3fKNM�KNh	OQ1�´$1 1 �$¶$Mj1L,¼,�*�KN´ .i´$^ ,¼*nOB´2.L)]\]K$)C1�A�Z2)C1?ÖT_j´
¶2)C.�´N3n,�=?3f5$1IAB)�1L.�e$.LO~1IK$hl,£Z2A�M§KN,¼1I*²´N3¦K]O$)�Z$ALK$,/1I.�´Q^�hfMjZ2A43¦K$,81I*C,"¶21�MjhfKNMj\�1L^�0Íê�*�´ÍeÍ1�Mf3f.Y,£1Y,-jJDbÇ?Á
��#-Ã~Î'$PÖ
>%1L)C)¥µI.Y)-)2*�´NeQ1dM-3¦.L,�1i,".LMj1D3+5~Z2,�A�KB´2,8*C^N1LMj1L^�.Y,"ý~1�ê]1�´$Ä4ê~\�1B,�*�´],£ZQALMjK$,£1%ZN´¬)�K$.i^$*²´$O2=~AL1L)+)$^$*nhfhj1�M§1�´$3f*C.43p*CK?´2=
.Y´$^�Mj1B,�¶2K?´Q,�1s3¦K�µ#K?Z~´2^N*�´$OKNM{¶¥.�3+5$KNOQ14´¬,4Ö

a21�e21�Mj.L)�¶$M§Kd3p1�*�´2,�ý~´$KNµT´ÔhjKNMg3f5$1Y*nMI.i0{*C)-*�3Cê�3¦K *²´~5{*�0{*�3XAL1Y)-)�µI.L)+)�\]K$^$*�h-ê$*C´$OÔ1�´$Äiê$\�1�, f> �Ô9 (G_§, �
5$.ie$1]021�1�´ *C^N1�´N3¦*nhj*C1B^	0Nêv¶$MjK?3¦1iKN\Ò*CAL,#*�´]ÜgÝ£ÞÍßNà�á$â¼ãÆä à�äLÖl>��Ð9 ("_p,�M�1i¶$Mj1L,81�´Í3�.�´ 1 �Q¶$.�´2^$*�´$OËhf.i\�*-)²ê KNh
¶2)C.�´N32¶$M§K?3¦1L*�´$,"µI52*CA�5]¶$Mj1L,£Z$\].�0¬)�ê.BA43î*�´]^$1Lhf1�´2,¼1D0Nêc)-*�\�*²3¦*�´$O�3+521gMP.�3j1TKNhl^$1�O$Mf.B^N.�3f*CKB´ÒKNh{3+5$1#Ai1L)-)$µI.B)C)
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1i´$^NK$O$)�ZQA�.�´$.Y,81Y,�Ö
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kl1iA�3¦*²´[*�,�^$1�\c143+5Nê2)�.�3¦1L^ 3nKË¶2K$)�ê$ON.d)².dA43fZ$MjKB´2*nA	.iAB*�^v0?êvk¬9:(�,�=�3+5NZQ,chf.�e¬KNM§*²´$O hfZ$Mf3+5{1�MTAB)�1L.�e$.LOQ1	KNh
¶QK¥)�êQON.B)�.BA43+Z$MjKN´2*CA	A�5$.B*�´2,�0Nêvk�JI,�Ö{k{9:(å,�AL.�´�0Q1Ë*�´~52*²02*�3¦1�^v0Nê .�,�¶21iAL*nhj*CA�*n´N5Q*�02*²3¦KNM£Ö{U#´2)+*�ý$1ÒklJD_fkl,8=
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