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cell walls

virtual grains

687:9<;�=>;@?BA�C@DFEHG�GJILKJMONQP�R>DSEUT:P�IWV>EHXWCYKZT�[YCYXWXW\�XLEHP]KJC^T`_aRbP�c
R>KZT�RdEHKeEbf:f:C^Dhg�Xji�RbN
MHPkEbIWK�f�\�K�lJC^PmConpT�CoP�KqEbXpXWRrEblJIWK�Mp;�?BA�CsRbP�IWMbIWt
KqEHXu[YCYXWXW\�XLEHPvKJC^T`_aRbP�cwIWfsf:AJRx_vKyIWKyl�Ebf:AJCzlFXLIWKJCYfY;�?BA�C{DeI|lpGuR>IWKZT�f
RbN�T�A�C}[YCYXWX~_BEbXWXWf]EHP�C��`R>IWK�CYl�T�R�N�RHP�D�T:P�ILEbKJM>XWCYf]EHP�Rb\�K�l�CYEb[kA
VrC^P:T�Con���gJXLEb[kc�[YIjP�[YXWCx�o;�?BA�CeMHPkEbIWK�f�RbNsT�AJCwCz�Z\�IWVbEbXWCYKZT�MbPkEHK�\�XLEHP
Ebf:f:C^Dhg�XjiFExP�C~[YCYKZT�C^P�CYlyRbKyT�AJC{VrCoP:T�IL[^CYfa_vIjT�A�T�AJC{[YRHP�K�C^P�fsRHN�T�AJC
T:P�ILEbKJM>XWCYfwP�CYGpP�CYf:CYKZT�IWK�M}[YR>KZTkEb[oT�feguC^T`_aCYCYK�K�CYIWMbApguRHP�IWK�M@MHPkEbIWK�fY;
?a_BR�f:\�[kA�VpIjP:T�\�EbXsMbPkEHIWK�feIWK�[^R>KZTkEb[^TeEHP�C�f:AJRz_vK�;U��Eb[kA�MHPkEbIWK
IWf~IWK�[^R>KZTkEb[^T�_vIWT�A}C^nJEb[oT�XWi�T�AJP�CYC<K�CYIWM>A�guRHP�fdEbK�l�T�AJC^P�C^NQRbP�ChT�AJC
MbPkEHK�\�XLEHP{Ebf:f:C^Dhg�Xji�IWf�Con�EH[^T�Xji�EHTvT�A�C~DFExP�M>IWKqEHX�P�IWM>ILlpIWT�i�f�TkExT�C>;
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687:9<;�²�;�?BAJChVrC^[^T�RbP�f�³´zµ`¶ EbK�l·³¸�µ`¶ f:AqEHP�CYl}guC^T�_BCYC^K�VrCoP:T�C^n�¹
EbK�l�[YCYXWX�ºb;h³´ µ`¶ [YRbK�KJCY[^T�fsT`_aReK�CYIWM>A�guRHP�ILKJMw_sEHXLX�DeI|lpGuR>IWKZT�fvEbK�l
IWf{RbK�C�CzlJMbC�ILK]Ew[^XLRZ[kcZ_vIWf:C^t�lJIjP�CY[^T�Czl�T:P�ILEbKJM>XWChExP�R>\JKql»VrC^P:T�Con�¹q;
?BA�C�VrCY[^T�RHP�³¸�µ�¶ GuR>IWKZT�fBNQP�R>D¼V>C^P:T�C^ny¹wT�R<T�AJC~[YCYKZT:P�R>ILlyRbN½[YC^XLX¾ºb;
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687:9<;�Ùp;»?BA�C]GqExPkEbDeC^T�C^P�IWÚzExT�IWR>KÛRbN�T�AJC»_sEbXWX�NQRbP�[YC^f»EHP�Rb\�K�l
VrC^P:T�Cond¹ZÜJIWK�T�C^P�Def8RHNqIjT�f½K�CYIWMbApguRHP�IWK�M�[^CYXWX�NQRbP�[YC^fY; ³Ý ¶o¶^Þ8ß ³Ýxàoá ³Ýxâ
IWf<T�AJCyNQRbP�[YCyT�AqEHT<T:P�ILEbK�MbXWC�¹@ConJCoP:T�f<RbK�T:P�ILEHK�M>XWC�¹ Ü ;@?BA�Cyf:ILMbK
[YRbKpV>CYKZT�ILRbKãIWfFT�AqEHT ³Ýxà ILfFGuRbf:IWT�IWVrC]guCY[YEb\�f:C�T�AJC]lJIjP�CY[^T�Czl�XLRZRbG
N�RHP�DeCzlOgZiäT�A�CyVrCY[^T�RHP�fä³´ EHP�Rb\�KqlO[YC^XLX�åvIWf»æèçbéëêbì:í�T:P�ILEHK�M>XWC»¹ZÜ
EbK�l�V�IW[YCdVrC^P�f�E�N�RbP�[YC^XLX�î�;
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687:9<;��p;e?BAJCFN|P�\�f�T:PkExT�ILRbK�EHP�Rb\�KqlOE»[^CYXWXa_vIjT�A�EbKOR�l�l�Kp\JDwt

guC^P�RbNëCzlJMbCYfh��AJILMbA�XWIWM>AZT�Czl�gZi�T�AJC<IWK�KJC^P{[YIjP�[YXWCx�{f:\JP:P�Rb\�K�lJCzl»gZi
CYVrC^KJtèCzlJMbCzl�[YC^XLXWfY;���EHguCYXWIWK�MeT�A�C�VrC^P:T�IW[YC^f�ExP�R>\�K�l»IjTdEbXjT�C^P�K�EHT�CYXji
gZi��ÛEHKql<t�XLCYE>lJfmT�R~T`_aRdK�CYIWMbApguRHP�IWK�M�� NQP�\Jf�T:PkEHT�Czl��ZVrC^P:T�IW[YCYf�AqEzVZt
IWK�M�T�AJCef�EbDeCwf:IWMbKÛ��A�IWM>AJXLIjT�Czl�g�i�EHKäCYXWIWG�f:Cx�o;
	�TkExP:T�ILKJM�NQP�RbD E
K�C^ILMbA�guRbPsVrCoP:T�C^neRbN�R>KJC�RHN�T�AJC{NQP�\Jf�T:PkEHT�CzlFVrC^P:T�IW[YC^fsEbK�lFXLEHguCYXWILKJM
T�A�C�K�C^n�Thf:A�CYXWX���[YR>K��qKJCzl�_vIjT�AJILK�T�A�C�R>\pT�C^PF[YIjP�[YXWCx��
aP�C^f:\�XjT�feIWK
EbKJRbT�AJC^PvNQP�\�f�T:PkExT�Czl»GqEHIjP�XjipIWK�MeEblH�:EH[YCYKZT�T�RhT�A�C��JP�f�T{RbK�CF��A�IWMbAJt
XWIWM>AZT�Czl�gZiFEHK�RHT�A�C^PsC^XLIWGJf:Cx�o;��aR>KZT�IWKp\JIWK�M<T�AJIWfBGJP�RZ[YCYlJ\JP�C{P�CYf:\�XjT�f
IWKäEyXLIWKJCwRbNsf:\J[oA}NQP�\Jf�T:PkEHT�Czl}GqEbIjP�fdCYDFEHKqExT�ILKJM�N|P�R>D T�A�C��~����

T�A�C���P�f�T{T�AJP�CYC<RbN�_vA�IW[kA@ExP�Chf:A�Rz_vK¾;�?BA�IWf~XWIWK�C<[zEbK}guC<[YEbG�GuCYl
R>KJXji�gZiFCYKJ[YR>\JK�T�CoP�ILKJMeEbKJRbT�AJC^P��~���{;
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687:9<;'&�;~?BA�C�DFEbG�GJIWK�MwNQP�RbD EHK�EHf:f:CYDhgJXji�RbN�f:DeRZRbT�A]MHPkEbIWK�f
IWKZT�R�E�P�R>\JM>A�R>KJCy_vIjT�A�EbK�Cz�Z\�IWVbEbXWCYKZTwMbCYR>DeCoT:P:iZ;ä?BAJC�MHPkEbIWK�f
EHP�Cy[YRbK�f:ILlJC^P�CYlOT�R]guCF[YCYKZT�C^P�CYl�RbKäT�A�CF[YCYXWXWfh_vIjT�AOT�A�CFVrCY[oT�RbP�f
³´ [YRbK�KJCY[^T�IWK�M�T�A�CF[YRbKZTkEb[^T�f<GuR>IWKZT�fwEHP�Rb\�K�läCzEb[kAOR>KJC�RHN�T�AJCYD»;
(»Ebc�IWK�M�EHXWXJT�A�CaMbPkEbIWKJf�P�Rb\�M>AwEbKql<ILKJf:C^P:T�IWK�M�E�VbEbKJIWf:A�IWK�MbXWi<f:DFEbXWX
gqEHXWX~guCzEHP�IWKJM ��_vAJIjT�C�[YIjP�[YXWCx�FguC^T`_aCYCYK T�Rb\�[kA�IWK�M�MbPkEHIWK�f»ExT�T�AJC
[YRbK�TkEH[^T�DFEbIWKZTkEbIWK�fBT�AJCdRbP�IWM>IWK�EbX�IWKZT�C^P�MHPkEbK�\�XLEHPvNQRbP�[YCYfY;

)


