
University of Huddersfield Repository

Omelia, Emma J., Uchimoto, M.L. and Williams, Graham

Quantitative PCR analysis of blood and saliva specific microRNA markers following DNA 
extraction

Original Citation

Omelia, Emma J., Uchimoto, M.L. and Williams, Graham (2013) Quantitative PCR analysis of 
blood and saliva specific microRNA markers following DNA extraction. Analytical Biochemistry, 
435. pp. 120-122. ISSN 0003-2697 

This version is available at http://eprints.hud.ac.uk/id/eprint/16502/

The University Repository is a digital collection of the research output of the
University, available on Open Access. Copyright and Moral Rights for the items
on this site are retained by the individual author and/or other copyright owners.
Users may access full items free of charge; copies of full text items generally
can be reproduced, displayed or performed and given to third parties in any
format or medium for personal research or study, educational or not-for-profit
purposes without prior permission or charge, provided:

• The authors, title and full bibliographic details is credited in any copy;
• A hyperlink and/or URL is included for the original metadata page; and
• The content is not changed in any way.

For more information, including our policy and submission procedure, please
contact the Repository Team at: E.mailbox@hud.ac.uk.

http://eprints.hud.ac.uk/





� � � � � � � � � � 	 
 � � � �  � � � � � � � � � � � � � � �  � �� � � � � � � �  � � � � � 	 	 � � � � � � � 	� � � � � � � �  �� � 	 	 � � � � � � � 	� � �  � � � � � � � � �� � � � � �� � � � � 	 �  � � � � � � � � � � � 	 � � � !
submission to the journal ‘


 � � � �  � � � � " � � � � � # � �  � �
’ entitled ‘ $ % & ' ( ) ( & ( ) * + , - .& ' & / 0 1 ) 1 2 3 4 / 2 2 5 & ' 5 1 & / ) * & 1 6 + 7 ) 3 ) 7 8 ) 7 9 2 . : ; 8 & 9 < + 9 1 3 2 / / 2 = ) ' > 1 2 / ) 5 6 ? & 1 + @ : ; + A ( 9 & 7 ( ) 2 ' ’ BC � � � � � � � � � � � � D # � � � � � � � � � D � � � � � � � �  � � � � # D � � 
 " E F ! � G ! H � � I

Although you advised that it could be reduced in size for the ‘Hints and Tips’ section; the basis of that 	 � � � � � � � � � � # � 	  � D � D � � � 	 � �  � � � � � � # J  � � �  � �  � � � �  K � � � # J � � � K � � � � � � 	 L K � � � � � � � � � � � � � �  IC � � � � � � � � � E � � � � � � � � D # �   � 	  � � � � � � � � � � � �  � � � � L K �  �  � � � � � � � � � � � � # J � � � � � � � �  � � � � # J � � � � # D � � IE � � � � �  � � � � � � �  � �   � � � � � � � � � � � � � � � �  L  � � � E � � � � � � � 	 � � � � � �  � � � 	 � � � �  � � � � M � � � � � � � � � � � � � � �  �  � �
‘Hints and tips’ section.E � � J �  � �   � � � � � � � � � � � � � �  � � � � � � �  � � � � �  � � � I� � � � � � � � � � � � � �

� � N � � � � # � � � � � � # � O � P P � �P � � � � � Q � �  � � � � � � � � � � � � � � P � � � � � � R � � � � � �  � �  � � � � � � � � " � � � � � � � 

S T U V W X V Y Y V W



Z [ \ ] ^ _ \ [ ` ^ Z [ a b [ c [ d e \ f ^ g g [ _ ` \h i j k l m n o p n q m n o q r s t u j k v u p p n q r w s k q u x s u y s k z t m j q r s { | u }~ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   ¡ � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¢ � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � £ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � �� � � � � � � � � � � � � � � � � � � ¤ � � � ¥ ¡ ~ � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �¦ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � ¥ � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � § ¨ § © ª « ¬  ® ¯ ª ® ° ± ² ³ § ª ° §  ª § ¨ § © ª ® ´ ® µ ¶ · ¸ ¹ º � ¸ ° µ ¶ © ² ¨ ° » § ¸º ¼ © ¸ ¸ ° ® ½ ° ³ ® © ¨ ¯ ® ³ ¾ ª ¿ ¨ ¶ ¨ ¿ »� À � � � Á � � � Â À � � � Ã � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Ä �� � � � � � Å � � � � � � � � � � � � � � � � � � � � � � � � � �

Æ Ç V È É T Ê È V Y T Ç V U Ë V Ì È



Í Î Î Ï Ð Ñ Ò Î Ó Ô Õ Ï Ö × Ø Ï Ù Õ Ú Ñ Û Ü Ý Õ Î Þ ß Þ Ö × à Ù Ï Ý Ï Î á Õ Ô Ô Õ Ï Î â Ö ãÖ ä å Þ Ù Ó æ â Õ Ü Ï æ ç è æ Ï Ô é ß Õ Ü Ï Ô ê Ó â Ó Ï Ù Ü Ý ë Ó æ ß Ù Ó ì Û æ Õ í Ó Ù â Õ ß é Þ î ï ð ç ç Ó Ù â î Õ Ó Ô ç ì ñ ð Ó Ó æ â ò Ï ß Ó ì ï ð ç ç Ó Ù â î Õ Ó Ô ç ìá Ó â ß ó Þ Ù ô â Ý Õ Ù Ó ì ï õ ö ÷ õ ï ì Û æ Õ ß Ó ç ø Õ æ ò ç Þ Îã ä ë Þ Ù Ù Ó â ù Þ æ ç Õ æ ò Ï ð ß Ý Þ Ù
–

ò Ñ Ï Ñ ú Õ Ô Ô Õ Ï Î â û Ý ð ç Ñ Ï Ü Ñ ð ô ü ý Ó Ô þ ÿ � � ü � � ö � � � � � � ö � � �� � 	 
 � �  � � � � �  � 
 	 � � � � � � � � �  � � 
 	 � � � � � � � 
 � � � �

Æ Ç V U Ë È Ë T Ê � � Ê  ! W " V # $S % Ë & " ' V W V Y T U Ë V Ì % Ë Ê " V # Ç V ( V W V Ê & V È



` N T O P Q T K N L R I K S X Y [ I S H X V N O P Q ^ X V U H X K Y I I V K H L ] V S L Y I U T M M I R I V S T X [ [ ZI a \ R I K K I U T V Y L U Z M [ J T U K ` P L K S J U T I K H X b I Z I S S L Y I K H L ] V T V b L [ b T V _ N T O P Q X V X [ Z K T K M R L N\ R I b T L J K [ Z I a S R X W S I U c P Q K X N \ [ I K `G H I X T N L M S H T K I a \ I R T N I V S ] X K S L U I S I R N T V I T M T S ] X K \ L K K T Y [ I S L W L V U J W S N T O P QX V X [ Z K T K L V K X N \ [ I K S H X S H X b I Y I I V \ R I b T L J K [ Z I a S R X W S I U J K T V _ K S X V U X R U c P Q I a S R X W S T L V `d [ L L U X V U K X [ T b X K X N \ [ I K ] I R I I a S R X W S I U J K T V _ c P Q X V U O P Q e T S K ^ M L [ [ L ] I U Y Z W c P QK Z V S H I K T K ^ X V U S H I V J V U I R _ L T V _ f J X V S T S X S T b I g h O X V X [ Z K T K `
A direct comparison of ΔCt values shows 

X [ X R _ I R X Y J V U X V W I L M N T O P Q M L [ [ L ] T V _c P Q I a S R X W S T L V X K L \ \ L K I U S L S L S X [ O P Q I a S R X W S T L V M L R Y L S H Y [ L L U X V U K X [ T b X K \ I W T M T WN X R e I R K ` d Z W X R R Z T V _ L J S S H I W L N \ X R T K L V Y I S ] I I V S H I X N L J V S K L M K X T U N X R e I R K ^ T S W L J [ U Y IK I I V S H X S S H I I a \ R I K K T L V L M X Y [ L L U K \ I W T M T W N X R e I R T K H T _ H I R T V Y [ L L U S H X V T V K X [ T b X ^ X V U b T W Ib I R K X M L R S H I K X [ T b X K \ I W T M T W N X R e I R ` G H I R I K J [ S K L Y S X T V I U W L J [ U H X b I X \ R L M L J V U T N \ X W S] T S H T V W X K I K ] H I R I S H I K X N \ [ I H X K X [ R I X U Z J V U I R _ L V I c P Q I a S R X W S T L V ^ K J W H X K T V W L [ U W X K I K `i � � j 	 
 k � � l 	 
 � � �  � m � � � �  � � n o 	 k � � � p  k  k � � �  �  � � �  	 � n �  � 
 	 � � � n � � � � � � 
 � � �  	 � n o � 	 	 k n� � �  q �



� � � p � � 	 � � � � � 	 
 � � �  k � � �  �  � � �  	 � 	 � � 	 
 � � �  � � � � � 
 � � � q � � � o 	 k � � � p  k � � � k � � �  

 � � r � � �  q � � � �  � � � � � o � � � r 
 	 �  � � � � 	 q � 
 � � � � � � � � � j � � � 
 � s j  � � � � � � 	 k � o �  � m k � q � � 	 r � kp �  � m � � � � t u n v n w n x y z � �  � � 
 � � 	 �  � � � 
 � � �  � r � 
 �  � p � � 
 � �  � r 	 
 � � � � j  � �  � � 	 
 � � �  � � q � � �  m � �  	 � � z { 	 j � q � 
 s  � � 	 
 � 
 � � � � � 
 � r 	 
 � � s  �  � o � � 	 �  � m  � � 
 � � �  � m � � � r r � 
 � � � � � � � � � �� � � � � � � � � | � 	 j � � � �  � 
 	 � � � � } �  � � � � ~ � 	 p � k o � � 	 � � � 	 
 � r 
 � k 	 �  � � � �  � � �  � � 
 � � 	 �
 � � � � 
 � � s � �  � � � � o � � � j � � � � � � � o �  � � � k � � � � �  � � � � � 
 � � r � �  �  � � � � � � � r 
 � � � � k j  � �  �� 	 
 � � �  � � � � � 
 � � � q � � � o 	 k � � � p  k � s � p � � � � o � 	 	 k � � k � � �  q � t � n � n � n � y z�  � 
 	 � � � � � 
 � � � � � � � 	 � � � � � � s � 	 � � � 	 k  � m 
  o 	 � p � � �  � � �  k � j  � �  � � � � � p � � �m � � 	 � � z � � � � � � 	 � � � p � � � � 
 � r 	 � � � � 
 � � � � 
  r �  	 � � � 
 � m p � � � 	 
 � � � � � o  � k � 	 � 	 � r �  � � � � � 
 �� � � p � � � � � 	 � � � 
 m � � � � � � � � m � 
 � � � j  � �  � � � � � � � � t � y z � � �  
 � � � � � �  � � 	 � o � � j � � � u � � v v o rm  q � � � � � � m 
 � � � � 
 � � � o  �  � � t u � y z � �  � � �  � � � � o  �  � � � � � � r p � � �  � � � � � � k  � �  � � � � k q � � � � m �j  � �  � � 	 
 � � �  � � � � � j 	 
 | � � 	 r r 	 � � k � 	 � � � � s j �  � �  � � 	 � �  k � 
 � k � � � � � � � o � � � � k � 	 
 �� p � � � r �  o � � � 	 k � m 
 � k � �  	 � t u � y z� 
 � q  	 p � j 	 
 | � � � o � � � o � � � k p r 	 � 
 � � 
  � q � � 	 � �  � � � � � 
 	 p m � � � � � k � 
 k � � �� � � 
 � � �  	 � r 
 	 � � � � � � s 	 
 � 	 � � 
 	 p �  � � r 
 	 � � k p 
 � � t x n � n � n u u y z � 	 �  � 	 � � �  	 � 	 � � � � � � k � � �� � � � � � 	 o � � � k � q � � 	 r � k  � 	 
 k � 
 � 	 �  �  �  � � � � � � � q � � 	 � � � � r � � o �  � m p � � k t � y z � p 
 
 � � � � � s� � � 
 � � r r � � 
 � � 	 o � � 	 
 � � � � 
 � � � � 
 
  � k 	 p � 	 � j � � � � � 
 � p � � � � � o � � � k o 	 k � � � p  k k � � �  �  � � �  	 � � � � � � � � � o � � � 
 
  � k 	 p � 	 � � � � r � � � � � � � � � q � � � 
 � � k � p � k � 
 m 	 � � � � �� � � 
 � � �  	 � s  z � z � 	 � k � � � � � z� � � � � � i s � � � 
 �  � � 
 � � p  
 � � � � � � � � � � � � j � � � � � s � p r � 
 � � � � � � � s � � k � � � 
 � � � � � 
 �
 � � �  � � k p � k � 
 � 
 	 j � � 
 	 � � � p �  	 � � � 
 q  � � m p  k � �  � � � z � 	 � � � � p � � � � � s � � � �  � 	 � � �  � � � p k �  �� 	 k � � � 
 �  � � j � � � � � 
 	 
 � 	 �  � j � � r 	 � �  o � � � 	 � � 
 
 � 	 p � �  � 
 	 � � � � � � � � �  � p r 	 � � � �� � � 
 � � � � z � � � � � � � � k � 
 k � � � � � � 
 � � �  	 �  � r � 
 � 	 
 � � k s � p � � � � � � � � 	 � � � 
 �  � � � � � q �  � � o � �� 	 �  k r � � � � � � � 
 � � �  	 � o � � � k � � � � � r � � � �  �  |  � } �  � m � � s � i ~ s  �  � 
 � � � 	 � � o � � � 	 � � r � � �� � � � � � � � � � � p � �  � � j  � �  � � � � � � � 
 � � � j 	 p � k o � �  m � z � � � 
 � � 	 
 � � � � � � 
 � � j � � � � � � r �



 � q 	 � q � k  � � � � � � � 
 � � �  	 � r 
 	 � � � � j � 
 � � � � 	 � � � � � � � k s � � r 	 � � � �  �  � m � � � � � � � � � � � 	 � � � � � s� � k � � p � �  � � � s j 	 p � k o � r 
 � � � � �  � � � � � � � � 	 � � 	 � � � � j � � � � � z � p � � � � 	 p � � 	 � � j 	 p � k� � � � � � � � � � � �  � � � o � � � k � l � � � � � � � 	 p � k o � � � 
 
  � k 	 p � 	 � � � � r � � � r 
 � q  	 p � � � � � � 
 � � � � kp �  � m � � � � k � 
 k � � � � � � 
 � � �  	 � � � � � 	 k � z� 0 - D 7 : 6 + , : � + - 0 > . + 4 6� X R e I R � I [ I W S T L V�  � � � � � � 
 � � � �  q � � � � o  �  � � � � k � � � 
 � � 	 
 � s � 	 
 � �  � � � p k � s 	 � � � � 
 | � 
 j � � � � � � � � � k � 	 
� � � � 	 � � � � � j 	 o 	 k � � � p  k � p � � k � o � 	 	 k � � k � � �  q � z � � 
 | � 
 � �  � � x � u � j � � � � 	 � � � � 	 
 o � 	 	 k� � k �  � � v � � � 	 
 � � �  q � z � � � � � � � 
 | � 
 � j � 
 �  �  �  � � � � � � � � � � � k o � � 	 � �  k � 
  � m � � � �  � k  � m � 	 �{ � � � 	 � v � � � t � y s � � k � p o � | 	 q v � u � t u v y � � � � �  
 � � p �  �  � � k 
 � � � � �  � � � � � j �  � � � � � � � � � � 
 p � � k�  � 
 	 � 
 
 � � � � 
 � � �  � m � 	 k � � � 
 �  � � � � � � � �  q  � � 	 � � � � � � � 
 | � 
 z� X N \ [ I O I W L b I R Z� � 	 	 k � � k � � �  q � � � � r � � � j � 
 � � 	 � � � � � � k � 
 	 � �  � q 	 � p � � � � 
 � j  � � � � �  
 � 	 � � � � � � � k� � �  � � � � r r 
 	 q � � � 
 	 � � � � � r r �  � k � �  � � � � � � � �  � � � � � � � z � j 	 o p � � � � � j � o � j � 
 � p � � k � 		 o � �  � � � �  q � � � � r � � � � 
 	 � � � � � q 	 � p � � � � 
 s j �  � � � o � 	 	 k j � � 	 o � �  � � k p �  � m � � � �  � m � 
 r 
  � |� � � � 	 k z � �  � �  � � � � � � � � j � 
 � p � � k � 	 r 
  � | � � � �  � m � 
 � � k � � � o � 	 	 k j � � � � � � � r 	 � � � k 	 � � 	� � � 
  � � �  � � � 
 r � r � 
 � � k r � � � � k  � � 	 � � � � � � k r � � � �  � o � m z � � � � k 
  � k s � � � � � � k 	 � � � � o p � � � �� j � o j � � 
 � � 	 q � k p �  � m � � � 
  � � � � � � r � � � � � k r � � � � k  � � 	 �  � 
 	 � � � 
  � p m � � p o � � � 	 
 � � � �q 	 � p � � � � 
 z � j 	 � � � � � � � p � 
 � � 	 � o � 	 	 k � � � �  � � k �  � � � 
 r � r � 
 � � � z � � � � j � 
 � � p � 	 p � � � k r � � � � k � � 	 �  � 
 	 � � � � 
  � p m � � p o � � z � u � � 	 � � � 	 � k o � 	 	 k � � �  � s j �  � � � � k o � � � � � 	 
 � k � � x � � s j � �� � � 	 
 � � 	 q � 
 � k z



c P Q X V U S L S X [ O P Q � a S R X W S T L V� � � 	 � � � � � 	 � � � � � r �  
 � 	 � o � 	 	 k � � � r � � � � � k r �  
 � 	 � � � �  q � � � � r � � � � � � �p � k � 
 j � � � � � � � � � 
 � � �  	 � j  � � � � � 	 � � � 
 p � k � 
 m 	  � m � � � � � � 
 � � �  	 � z� � r 
 � q  	 p � � � k � � 	 � � � 
 � � � k s � � � � � � � � r � � � �  �  i  � } �  � m � � � i ~ r 
 	 q  k � � �  m ��  � � k � 	 � � � � � � k �  � 
 	 � � � t � y s � � � 
 � � 	 
 � � � |  � m � �  � � r 
 � � � 
 
 � k � � � � �  � p � z � �  � m � r  �� 	 � p � � � � � � � 	 � 	 m � s � � � � � � p � � � � p 
 � 

’

� r 
 	 � 	 � 	 � j � � � 	 � � 	 j � k p �  � m � � � o p � � � � r 
 	 � 	 � 	 � � 	 
o 	 � � o � 	 	 k � � k � � �  q � s m  q � � � � � � � � �  k � � �  � � 	 � � � � o 	 k � � � p  k � � � �  � � � � m � j 	 p � k o �p � | � 	 j � z � � � � � 
 � � � � k  � � � 
 k  � m � � � � 	 � � � � �  	 � � p o � � � k � � 	 j � � � 
 	 p m � s � � � � � j � 
 � � 
 � � � � � 
 
 � k � � 	 � �  � 
 	 � � � � 
  � p m � � p o � � 	 
 � � 	 
 � m � � � � v � � � z� � � � 	 � � � � � � � � � 
 � � �  	 � p �  � m � � � � � � �  �  i  � } �  � m � � � i ~ j � � � � � 	 p � � k z � � j  � �� � � � � � � � � 
 � � �  	 � s
the manufacturer’s guidelines were followed

j  � � � � � � k k  �  	 � � � � � � r � 	 �
 � � �  �  � m � � � � � 
 � � j � � � � � � � 
 	 p m � 	 p � � � � � � � 
 � � �  	 � r 
 	 � � � �  � � 	 �  � 
 	 � � � � 
  � p m � � p o � � s j  � �� � � � j � � � o �  � m 
 � � �  � � k � � r � 
 � � � � � zW c P Q � Z V S H I K T K� � � � � � �  � 	 � � � � � � 
 	 � �  � � � j � � � � 
 
  � k 	 p � p �  � m � � � � � 	 	 r 
 � q � 
 � � � 
 � � � � 
  r �  	 �t u w y z �  � 
 	 � � � � � q � 
 � � � 
 � � � � 
  r �  	 � |  � � � � k � � � � � 	 	 r r 
  � � 
 � j � 
 � p � � k } �  � �� � � � � 	 � 	 m  � � s � i ~ p �  � m � v � v � � � � 
 � � � � � � � � 
 } � r r �  � k �  	 � � � � � � � s � i ~ � � r � 

manufacturer’s instructions

z � � q � 
 � � � 
 � � � � 
  r �  	 � � � m � �  q � � 	 � � 
 	 � � j � 
 �  � � � p k � k n o �r 
 � r � 
  � m � � � � � � � 
 � � � �  	 � �  � s o p � j  � � � � � 
 � q � 
 � � � 
 � � � � 
  r � � � � 	 �  � � � k z� J X V S T S X S T b I g h O � f g h O �� � � � � �  � � � � � j � � r � 
 � 	 
 � � k 	 � � � � � � � � � � � l � � �  � � � 
 p � � � � } � r r �  � k �  	 � � � � � � � s� i ~ p �  � m � � � � � � � � � � l � � � � �  q � 
 � � � � � � � � � � � 
 �  � } �  � � � � � � � 	 � 	 m  � � s � i ~ � � 	 � m j  � �� � � � � � � � � o � � � � k r 
 	 o � �
(Life Technologies, UK) as per manufacturer’s instructions.



� � q � 
 � � � 
 � � � � 
  r �  	 � � � m � �  q � � 	 � � 
 	 � � j � 
 � � � � 	  � � � p k � k � � 	 � m j  � � � � � � � m � �  q �� 	 � � 
 	 � � n j � � 
 � � � � � � � r � � j � � 
 � r � � � � k j  � � � � � 
  � � � � � � � � � 
 � � { � � z� � � � � � � � � � 
 � � � 	 � k } � �
) was automatically detected using the SDS Software. ΔC �q � � p � � j � 
 � 	 o � �  � � k � 	 
 � � � � � �  � p �  � m � � � � � p � �  	 � � � � �  

–
� � z l 	 
 � �  � � � p k � � � � � � � �   j � �x � z � � � 
 � � m � � � � p � � k  � � �  � � � p k � j � 
 � � � � 
  � � � � k � � � � � � � k � � � � � � 
 � � zc X S X X V X [ Z K T K

The ΔCt value was used for comparison purposes and for statistical analysis. Paired � � � r � � � � � � � � � j � 
 � p � � k � 	 k � � � 
 �  � � �  m �  �  � � � � k  � � � 
 � � � � } ¡ � z � � ~ z3 0 6 * 4 - 6l � ¢ � � � ul � ¢ � � � v� � � 
 � � p � � � � � 	 j �  � l  m p 
 � � u � � k v  � k  � � � � � �  m � � � r 
 � � �  	 � 	 � � � � � �  � � x � u �  �o � 	 	 k � � k � 	 j � � r 
 � � �  	 �  � � � �  q � z � � � � � � � 	  � k  � � � � �  m � � � r 
 � � �  	 � 	 � � � � � �  � � v � �  �� � �  q � o p � � 	 � o � 	 	 k s � � k � � � 
 � � 	 
 � � p m m � � � � r � �  �  �  � � j � � 
 � � � � � j 	 o 	 k � � � p  k � � 
 �� 	 � � � 
 � � k z � � � 
 �  � � �  m �  �  � � � � k  � � � 
 � � � �  � � � r 
 � � �  	 � } r £ � z � � ~ � � k � 	 � � � � p � � � � � s � � � � �
 � � p � � �  � k  � � � � � � � � � � � � � � j 	 � � 
 | � 
 � � 
 � � 	 
 � � � � � � p � �  �  � � � � 	 k  � �  � m p  � � o � � j � � � o � 	 	 k� � k � � �  q � s j  � � � � � � q � � p � 	 � � � z� � � �  m p 
 � � � � � 	 
 � � � � � � 	 o � 	 	 k � � k � � �  q � � � � r � � � � � � � j � 
 � � � � 
 � � � � k p �  � m o 	 � �� � � � � k � 	 � � � � � � � � � � 	 k � r 
 � q  	 p � � � � � � �  	 � � k z � � � � m � q � � � � � � 
 
 � � p � � s  � � � � � � � �� � � � � � 
 � � �  	 � r 
 	 � � � � m � � � 
 � � � � � m 
 � � � � 
 �  � 
 	 � � � r 
 	 k p � � � � � � � � � � 	 � � � � � � �� � � 
 � � �  	 � r 
 	 � � � � z � � � 
 �  � � �  m �  �  � � � � k  � � � 
 � � � �  � � � � � j 	 � � � 
 � � �  	 � � � � � 	 k � } r £ � z � � ~ s � k  � � �  � m � � � � � � � � � � � � r � � � �  �  i  � r 
 	 q  k � � �  m � � 
 � 	 � � � � � 
 � �  	 � � 	 � �  � � � � � � � � � �� 	 � � � � � � � � � � � � �  �  i  � z



l � ¢ � � � wl � ¢ � � � x� � 
 	 p m � 	 p � � � � � � � 
 � � �  	 � r 
 	 � � � � s � � � j � � � � � � � k �  � � � � � � 
 � � � � j � 
 � � 	 � � � � � � k � 	 
 � � �� � � r � � � � � k � � | � � � � 
 	 p m � � � � r 
 	 � � � � � 	 � � � � z � � � 
 � � p � � � � � � 
 � � � � 	 j � � � � � j � � � p �  � m � � �� � � � � r � � � �  �  i  � s � � � �  � � � � � � 
 � � � � 	 � k � � � � � � ¤ 	 
  � � 	 � �  � � � } r £ � z � ~ z� � � � � � � 	 � m � � k � 
 � r p � � �  	 � � 	 
  � �  � � � � o  �  � � n � 	 j � q � 
 s 
 � � � � � r p o �  � � �  	 � � � � q �� � 	 j � � � � � � � � � � � � � p 
 q  q �  � o � 	 	 k � � �  � � p r � 	 v w � � � 
 � 	 � k t u x y z � � �  � � �  �� � � 	 
 � �  � � � � � � 	 
 � � � � o � � � � � � � � � � s � � � o  �  � �  � � 	 � � 	 � �  k � 
 � k � 	 o � � �  � � p � z � � q � 
 � � � � � � � s� � � �  � � � � l � � � � � � j � � � � 
 
  � k 	 p � 	 � � 
 � � � �  q � � � 	 � k � � �  � s j �  � � j � � � u � � 	 � � � 	 � ko � 	 	 k � � �  � � � 	 
 � k � � x � � z � �  � �  �  � � k � � � r � � � � � } � � � 
 � � 	 
 � k � � � � 	 � � � 	 j � ~  � k  � � � � k � 	�  m �  �  � � � � k  � � � 
 � � � � o � � j � � � � � � � � r 
 � � �  	 � 	 � � � � � �  � � x � u �  � � 
 � � � o � 	 	 k � � k  � u � � 	 � � �	 � k o � 	 	 k z � �  � � � � � � � � 	  � k  � � � � k � � � � � � � 
 � j � � �  m �  �  � � � � � � � 	 
 � � � � � �  � � x � u �  � � � � u �� 	 � � � 	 � k o � 	 	 k � � �  � � � � �  � � 
 � � � � � �  q � } r £ � z � ~ zE . 6 < * 6 6 . 7 ,� � � �  � 	 � � �  � � � p k � j � � � 	 � � � � o �  � � j � � � � � 
 	 
 � 	 � � �  � � � o � � � k o 	 k � � � p  k k � � �  �  � � �  	 � � � � � � �  � � 	 p � k o � � 	 � k p � � � k 	 � r 
 � q  	 p � � � � � � 
 � � � � k � � � � � � r � � � s p �  � m� � � � k � 
 k � 	 �  k r � � � � � � � 
 � � �  	 � � � � � 	 k � z � �  � j � � � � �  � q � k o � � � 
 
 �  � m 	 p � o 	 � � � � � � � k� 	 � � � � � � � � � 
 � � �  	 � s � 	 � � 	 j � k o � � � � � � � 	 	 r 
 � q � 
 � � � 
 � � � � 
  r �  	 � � � k � p � � �  � � �  q � � � �� � � � � �  � � � 
 m � �  � m � � � o � 	 	 k � � 
 | � 
 � � � � �  � � x � u � s � � k � � �  q � � � 
 | � 
 � � � � �  � � v � � z� � � � 
 
 �  � m 	 p � � � � � 	 � r � 
  � 	 � o � � j � � � � � � � � 	 p � � 	 � o � 	 	 k � � k � � �  q � � r � �  �  �� � 
 | � 
 � s  � � 	 p � k o � � � � � � � � � � � � � � r 
 � � �  	 � 	 � � � � � �  � � x � u �  � �  m � � 
  � o � 	 	 k � � � �  �� � �  q � s � � k q  � � q � 
 � � � 	 
 � � � � � �  q � � r � �  �  � � � 
 | � 
 � � � � �  � � v � � s � � p � k � � 	 � � � 
 � �  � m � � � � � � �� � � � k � q � � 	 r � k  � � � 	 p � �  � � � r � o � � 	 � k  � �  � m p  � �  � m o � � j � � � o � 	 	 k � � k � � �  q � z



� � � � � k � � � � � � 
 � � �  	 � � j � 
 � � � 
 
  � k 	 p �  � 	 
 k � 
 � 	 r 
 	 q  k � � k  
 � � � � 	 � r � 
  � 	 � 	 ��  � � � r 
 	 k p � � 
 � � �  � � k � 	 � � 	 j  � m � � � � r r �  � � �  	 � 	 � � � � � j 	 � 	 � � � 
 �  � � � � � q �  � � o � � |  � � z� 
  	 
 � 	 � � � � � r � 
  � � � � s  � j � � � � r � � � � k � � � � � � � � � � � � � � � � 
 � � �  	 � |  � j 	 p � k r 
 	 q  k � � � ��  m � � 
 � � 	 p � � 	 � �  � � � s � � 	 r r 	 � � k � 	 � � � � � � �  �  � � � 
 � � �  	 � |  � z � k  
 � � � � 	 � r � 
  � 	 � 	 �
the Δ

� � q � � p � � 	 o � �  � � k � � 	 j � k � � � � �  m �  �  � � � � � � � 	 
 � � � r �  �  � � �  	 � j � � 	 o � � 
 q � k � 	 � � 	 j  � m� � � � � � 
 � � �  	 � � � � � � � � 
 � j � � � 	 � � 	 j  � m � 	 � � � � � � � � � 
 � � �  	 � � 	 
 o 	 � � o � 	 	 k � � k � � �  q �� r � �  �  � � � 
 | � 
 � z � � � � 	 p m � � � � 
 � � � �  q � � � �  m � � 	 r � � p � o � 
 	 � �  � � � � � � 	 p � � � � 	 
 j � �  �� � � r � 
 �  � � � � 
 	 p m � � � � r p 
  �  � � �  	 � r 
 	 � � � � s  � k 	 � � � 	 � � � r � �  � j � � � 	 
 � �  � � � � � � � 
  � �j � � r 
 � � � � � r 	 � � � � � � � � 
 � � �  	 � � � � � r 	 � � � � � � � � 
 � � �  	 � z� 	 
 |  � m 	 � � � � � � r 	 � � � �  � � � � � s � � 
 	 p m � 	 p � � � � � � � 
 � � �  	 � r 
 	 � � � � �  � � � j 	 p � k o �� � r � � � � k j  � �  � 	 � � 	 � � � � � � 
 � � j � � � � � � m � � s � � � j � � � � � j � 
 � 
 � � �  � � k � 	 
 � � � � � �  � z � �  � j � �� r r �  � k � 	 � � � � � � r � � � � � � 
 � � � � k s p �  � m o 	 � � � � � � � � � � k � � � � � � 
 � � �  	 � |  � � z { 	 j � q � 
 s � � �
 � � p � � � � � 	 j � k � � � � s j  � � 	 p � � � � � r �  	 � s �  � � � j � � r 
 � k 	 �  � � � � � � r 
 � � � � � j  � �  � � � � �  � � �� � � 
 � � �  	 � r 
 	 k p � � 
 � � � � 
 � � � � � � � 
 � � �  � � k j � � � � � z� � � 
 � j � � � �  m �  �  � � � � k  � � � 
 � � � � } r £ ¡ � z � � ~ � 	 
 � q � 
 � � � r � 
  � � � � � � 
 
  � k 	 p � 	 �� � � r � � � � 	 � � 	 j  � m o 	 � � � � � � � k � � � � � � 
 � � �  	 � s � � p �  � k  � � �  � m � � � � � �  � � � o 	 k � � � p  k k � � �  �  � � �  	 � � � � � � � � o � � p � � � � � � p � � � � r r �  � k � 	 � � � r � � � � � � � � � q � � � 
 � � k � p � k � 
 m 	 � � � � �� � � 
 � � �  	 � s � � p � k � � 	 � � � 
 � �  � m � � � � � p � � � �  � � � o � � � k o 	 k � � � p  k  k � � �  �  � � �  	 � � � � � � � � o �� r r �  � k 
 � � 
 	 � r � � �  q � � � s � 	 
 � � � � r � � s  � � 	 � k � � � � � � � r � � � z¥ * = = + > 5� �  � � � � l � � � � � � j � � k � q � � 	 r � k � � � �  � � � r � o � � 	 � k  � �  � m p  � �  � m o � � j � � � o � 	 	 k� � k � � �  q � s � 	 � 	 � � � 	 � � � � r � � � � � � � � � q � p � k � 
 m 	 � � � 	 � � � � � � � � � 
 � � �  	 � s o p � � � � 	 	 �� � � r � � � � � � � � � q � p � k � 
 m 	 � � � � � � � � 
 � � �  	 � z� 
 � �  �  � � 
 � k � � � j � � � � � 	 
 � r 	 
 � � k � � � � � p m m � � � � k � � � � � � � �  � � � � l � � � � � � � 	 p � k� � � 	 o � � � 
 
  � k 	 p � 	 � 
 � � � �  q � � � 	 � k � � � r � � � � � � � � � q � p � k � 
 m 	 � � � � � � � � 
 � � �  	 � s � p r r 	 
 �  � m



� � � q  � j � � � � � � � �  � � � � l � � � � � � � � � o � � r r �  � k � 	 � 	 � k � � � � � s � � p � 	 r � �  � m p r � � � � p � o � 
	 � � � � � � � � � � � 	 p � k o � � � �  � � 
 	 � � 	 
 � � �  � � � � � � � � � �  � z3 0 8 0 > 0 , < 0 6t u y � z �  � k � � o � 
 m � s � z k � � � m � � 
 s ¢ z � � � k � � � � s � z ¦  � � � 
 s � z � p o � | 	 q s � z i � � � � 
 s � � k � z�  ¤ � � s � � p � �  r � � � } � ~ � � � � r 
 	 �  �  � m � � � � � � � 	 
 � � � � 	 
 � � �  �  k � � �  �  � � �  	 � 	 � o 	 k �� � p  k � � � k � 	 � � � � � � 
 � � � � z l 	 
 � � �  � � �  � � � � � � � � 
 � � �  	 � � � � ¢ � � � �  � � � } v � u v ~ � � � � � � � zt v y § z � z � 	 � � 	 � � � s � � k ¢ z �  � �  � � � s � q � � p � �  � m � � � � � � o � � � k o 	 k � � � p  k  k � � �  �  � � �  	 � � � � �p �  � m � � o 
 m 
 � � � � � p 	 
 � � � � � � k � � � � k 
 � � � � �  � � � � � z � � � � 
 � � �  	 � � � § 	 p 
 � � � 	 � � 
  �  � � �� � q � � �  m � �  	 � u } v � u u ~ u � � � u � � zt w y i z � � | p 
 � k � s { z � | � m � � � s { z l p | p � �  � � s � z � | p � � p s i z � � � � � � o � s � � k � z ¨ 	 � �  � 	 s� q � � p � �  	 � 	 � � � � � � o � � � k � r r 
 	 � � � � 	 
  k � � �  �  � � �  	 � 	 � � � �  q � � � k � � � � � z � � m � �� � k  �  � � u u } v � � � ~ u v � � u v � zt x y � z { � � � s � z { � � � 	 � s � z i 
 � � � � 
 s � z � © ª 
 s � � k § z � � � � � � � � � � s � � � � � �  	 � 	 � �  m � � � � r � �  �  �� � k � � � �  �  q � � � � � o  	 � � 
 | � 
 � � 	 
 � � �  k � � �  �  � � �  	 � 	 � o � 	 	 k z l 	 
 � � �  � � �  � � � �� � � � 
 � � �  	 � � � � ¢ � � � �  � � � } v � u u ~ x x � � x � � zt � y � z i z { � � � 	 � s { z � p o � � 	 j s � � k § z � � � � � � � � � � s � k � � �  �  � � �  	 � 	 � � 	 
 � � �  � � � � � 
 � � � q � � � o 	 k �� � p  k � p �  � m � r � � � � 	 � k  � � � 
 � � �  � � � � � � r 
 � � � � k �  � 
 	 � � � � z � � � � � �  � � � �  	 � � � �  � � 
 �w � � } v � � � ~ w � w � w u x z



t � y � z � z q � � k � 
 � � � 
 s � � z �  � �  � � � s ¢ � z s �  � p � � � � � 	 p � � � � � � �  � 	 � �  � 
 	 � � � � � k � � �� 	 
 k � � � 
 �  �  � m � � � o 	 k � � � p  k 	 
  m  � 	 � � � � r 
 	 �  � � � z § 	 p 
 � � � 	 � l 	 
 � � �  � � �  � � � � � � �� 
 	 	 � } v � u w ~ zt � y � z � � � m s { z � p 	 s « z � � � s � z �  � 	 s � � k ¨ z { 	 p s � � 	 k � � � 	 
 k � � � � � � � � �  � 	 � �  � 
 	 � � �� � r 
 � � �  	 �  � � 	 
 � � �  � o 	 k � � � p  k  k � � �  �  � � �  	 � z l 	 
 � � �  � � �  � � � � � � � � 
 � � �  	 � � � �¢ � � � �  � � � } v � u v ~ x u � � x v w zt � y � z � z � 
  � � � � 
 k s { z { z � � � � m s � � k � z � � j � 
  s �  � 
 	 � � � r 
 	 �  �  � m � � r r 
 	 � � � � � � � k� 	 � �  k � 
 � �  	 � � z � � � p 
 � � � q  � j � ¢ � � � �  � � u w } v � u v ~ w � � � w � � zt � y � z { � s � � k ¢ z § z { � � � 	 � s �  � 
 	 � � � � � � � � � � � � � � j  � � � o  m 
 	 � �  � m � � � 
 � m p � � �  	 � z � � �� � q ¢ � � � � � } v � � x ~ � v v � � w u zt u � y � z � 	 p 
 � � s � � k � z � � k � � s �  � 
 	 � � � � � � r 	 � � � �  � � � 	 
 � 	 
 � � �  � � �  � � � � ¬ l 	 
 � � �  �� �  � � � � � � � � 
 � � �  	 � � � v � w } v � u � ~ u � � � u u u zt u u y � z i z � � � � �  | s � z � � � �  � | s � � k � z ¨ � � k � � p 
  s � � � � � �  	 � 	 � �  � 
 	 � � � �  � k 
  � k � � 
 p �o � 	 � � z � � � � � �  � � � �  	 � � � �  � � 
 � x � � } v � u � ~ u x � � u x � zt u v y � z � p o � | 	 q s � z � z � z � 	 � 
 � � � s ¨ z � � 	  s � z l z ¦ � � i p  ¤ | s � z � z � z �  � � � 
 s � � k � zi � � � � 
 s �  � 
 	 � � � � � 
 | � 
 � � 	 
 � 	 
 � � �  � o 	 k � � � p  k  k � � �  �  � � �  	 � 	 o � �  � � k � 
 	 ��  � 
 	 � 
 
 � � � � 
 � � �  � m � � k � p � � �  � � �  q � � � � � � � � 	 � �  
 � � �  	 � z � � � � 
 � � �  	 � � � ¤ 	 p 
 � � � 	 �� � m � � � � k  �  � � u v x } v � u � ~ v u � � v v � z



t u w y � z � � � � s � z � z �  k � 	 � s � z § z � 
 	 	 � � 
 s � z � � 	 p s � z { z � � � s § z � z � m p � � � s � z � � 
 o  �  � s � z � z« p s ¦ z � z � � � p q � | � 
 s � � k � z � z � � k � 
 � � � s � � � � � �  � � � p � � �  �  � � �  	 � 	 � �  � 
 	 � � � � o �� � � �
–

� 	 	 r � �
–

� � � z � p � � �  � � �  k � 
 � � � � 
 � � w w } v � � � ~ � u � � zt u x y l z i 	 � � � �  � 
 s � � k � z � z � � � � �  k � 
 s � p � � � � � � p � � � � � r 
 	 �  �  � m 	 � v w � � � 
 � 	 � k o � 	 	 k� � �  � � z l 	 
 � � �  � � �  � � � � � � � � 
 � � �  	 � � � � ¢ � � � �  � � � } v � u v ~ v � x � v � � z



l � ¢ � � � u

 ® ¯ ° ± ² ³ ´ è µ Ï Ù Ü Ý Ï Ù ß Õ æ ç Õ Ü Ï ß Õ æ ò ß Ý Ó Ó ¶ ù Ù Ó â â Õ Þ æ Þ î Ý â Ï ´ Î Õ ê ´ � � ö Õ æ µ Ô Þ Þ ç Ï æ ç â Ï Ô Õ í Ï Ï æ ç ú Ý Ó æÓ ¶ ß Ù Ï Ü ß Ó ç ú Õ ß Ý ß Ý Ó ñ · è Ï Î ù õ ¸ è Ø Õ æ Õ Ï æ ç ê ¸ Ó Ï â é Ø Õ æ Õ ø Õ ß â Ñ è Ô Ô Ó Ù Ù Þ Ù µ Ï Ù â Ù Ó ù Ù Ó â Ó æ ß â ö â ß Ï æ ç Ï Ù çç Ó í Õ Ï ß Õ Þ æ Ñl � ¢ � � � v

 ® ¯ ° ± ² ¹ ´ è µ Ï Ù Ü Ý Ï Ù ß Õ æ ç Õ Ü Ï ß Õ æ ò ß Ý Ó Ó ¶ ù Ù Ó â â Õ Þ æ Þ î Ý â Ï ´ Î Õ ê ´ � � � Õ æ µ Ô Þ Þ ç Ï æ ç â Ï Ô Õ í Ï Ï æ ç ú Ý Ó æÓ ¶ ß Ù Ï Ü ß Ó ç ú Õ ß Ý ß Ý Ó ñ · è Ï Î ù õ ¸ è Ø Õ æ Õ Ï æ ç ê ¸ Ó Ï â é Ø Õ æ Õ ø Õ ß â

º »¼ ½¾¿ º¿ »¿ ¼¿ À¿ ¾» º

Á Â Ã Ä Å Æ Æ Ç È Â Ã Ä Å Æ Æ Ç Á Â Ã É Ê Å Ë Ì Ê È Â Ã É Ê Å Ë Ì ÊÍ ÎÏÐÑÒÏÓÔÕ ÑÖ ×ÓÔ
Ø Ù Ú Û Ü Ý Ù Þ ß à á â ã Ù ä â å Ý â æ ç ß

º »¼ À¾¿ º¿ »è é¿ À¿ ¾

Á Â Ã Ä Å Æ Æ Ç È Â Ã Ä Å Æ Æ Ç Á Â Ã É Ê Å Ë Ì Ê È Â Ã É Ê Å Ë Ì ÊÍ ÎÏÐÑÒÏÓÔÕ ÑÖ ×ÓÔ
É Ê ê ë Å ì Ê í Ç î ï ð ñ Ê ò ð ó ì ð ô Æ Ç



l � ¢ � � � w

 ® ¯ ° ± ² õ ´ è µ Ï Ù Ü Ý Ï Ù ß Õ æ ç Õ Ü Ï ß Õ æ ò ß Ý Ó Ó ¶ ù Ù Ó â â Õ Þ æ Þ î Ý â Ï ´ Î Õ ê ´ � � ö Õ æ µ Ô Þ Þ ç ú Ý Ó æ Ó ¶ ß Ù Ï Ü ß Ó ç ú Õ ß Ý ß Ý Óñ · è Ï Î ù õ ¸ è Ø Õ æ Õ ø Õ ß Ü Þ Ô Ô Ó Ü ß Õ æ ò ß Ý Ó ú Ï â Ý â ß Ó ù â Ï æ ç î Õ æ Ï Ô Ó ¶ ß Ù Ï Ü ß Ñl � ¢ � � � x

 ® ¯ ° ± ² ö ´ è µ Ï Ù Ü Ý Ï Ù ß Õ æ ç Õ Ü Ï ß Õ æ ò ß Ý Ó Ó ¶ ù Ù Ó â â Õ Þ æ Þ î Ý â Ï ´ Î Õ ê ´ � � � Õ æ â Ï Ô Õ í Ï ú Ý Ó æ Ó ¶ ß Ù Ï Ü ß Ó ç ú Õ ß Ý ß Ý Óñ · è Ï Î ù õ ¸ è Ø Õ æ Õ ø Õ ß Ü Þ Ô Ô Ó Ü ß Õ æ ò ß Ý Ó ß Ý Ù Ó Ó ú Ï â Ý â ß Ó ù â Ï æ ç î Õ æ Ï Ô Ó ¶ ß Ù Ï Ü ß Ñå · Ú Í · ¸ ÷ Í ¸ ý Ò ê ó

º »¼ À¾¿ º¿ »¿ ¼¿ À¿ ¾» º

Á Â Ã î ï ð ñ Ê ò ð ø Ê ù ô ¿ ø Ê ù ô » ø Ê ù ô ú
ÓÔÕ ÑÖ ×ÓÔû Ñü ýÏ

þÿ��
�� �� �� �� �� �

� 	 
 � �  � � �  � � � � � � � � � � � � � � �
ÓÔÕ ÑÖ ×ÓÔû Ñü ýÏ



 ® ¯ ° ± ² ³ ´ è µ Ï Ù Ü Ý Ï Ù ß Õ æ ç Õ Ü Ï ß Õ æ ò ß Ý Ó Ó ¶ ù Ù Ó â â Õ Þ æ Þ î Ý â Ï ´ Î Õ ê ´ � � ö Õ æ µ Ô Þ Þ ç Ï æ ç â Ï Ô Õ í Ï Ï æ ç ú Ý Ó æÓ ¶ ß Ù Ï Ü ß Ó ç ú Õ ß Ý ß Ý Ó ñ · è Ï Î ù õ ¸ è Ø Õ æ Õ Ï æ ç ê ¸ Ó Ï â é Ø Õ æ Õ ø Õ ß â Ñ è Ô Ô Ó Ù Ù Þ Ù µ Ï Ù â Ù Ó ù Ù Ó â Ó æ ß â ö â ß Ï æ ç Ï Ù çç Ó í Õ Ï ß Õ Þ æ Ñ ® ¯ ° ± ² ¹ ´ è µ Ï Ù Ü Ý Ï Ù ß Õ æ ç Õ Ü Ï ß Õ æ ò ß Ý Ó Ó ¶ ù Ù Ó â â Õ Þ æ Þ î Ý â Ï ´ Î Õ ê ´ � � � Õ æ µ Ô Þ Þ ç Ï æ ç â Ï Ô Õ í Ï Ï æ ç ú Ý Ó æÓ ¶ ß Ù Ï Ü ß Ó ç ú Õ ß Ý ß Ý Ó ñ · è Ï Î ù õ ¸ è Ø Õ æ Õ Ï æ ç ê ¸ Ó Ï â é Ø Õ æ Õ ø Õ ß â Ñ ® ¯ ° ± ² õ ´ è µ Ï Ù Ü Ý Ï Ù ß Õ æ ç Õ Ü Ï ß Õ æ ò ß Ý Ó Ó ¶ ù Ù Ó â â Õ Þ æ Þ î Ý â Ï ´ Î Õ ê ´ � � ö Õ æ µ Ô Þ Þ ç ú Ý Ó æ Ó ¶ ß Ù Ï Ü ß Ó ç ú Õ ß Ý ß Ý Óñ · è Ï Î ù õ ¸ è Ø Õ æ Õ ø Õ ß Ü Þ Ô Ô Ó Ü ß Õ æ ò ß Ý Ó ú Ï â Ý â ß Ó ù â Ï æ ç î Õ æ Ï Ô Ó ¶ ß Ù Ï Ü ß Ñ ® ¯ ° ± ² ö ´ è µ Ï Ù Ü Ý Ï Ù ß Õ æ ç Õ Ü Ï ß Õ æ ò ß Ý Ó Ó ¶ ù Ù Ó â â Õ Þ æ Þ î Ý â Ï ´ Î Õ ê ´ � � � Õ æ â Ï Ô Õ í Ï ú Ý Ó æ Ó ¶ ß Ù Ï Ü ß Ó ç ú Õ ß Ý ß Ý Óñ · è Ï Î ù õ ¸ è Ø Õ æ Õ ø Õ ß Ü Þ Ô Ô Ó Ü ß Õ æ ò ß Ý Ó ß Ý Ù Ó Ó ú Ï â Ý â ß Ó ù â Ï æ ç î Õ æ Ï Ô Ó ¶ ß Ù Ï Ü ß Ñ



� � � � � � � � � � � � � �  � ! � " � # $ % � � & ' & � � ( ! � % � � ) � � � � � � * � +� , - & ! � . * � $ � . / 0 . � � 1 ' � $ � � 2 � * � � ! $ % 3 � . ' ! � 4 # . � 5 � ! * � ' 1 & 6 7 8 / / � ! * 6 � � � / 4 9 8 � � . * : � ' � 4 7 8 / / � ! * 6 � � � / 4) � * ' ; & ! < * % � ! � 4 7 = > ? = 7 4 # . � ' � / @ � . : / & �+ , 3 & ! ! � * A & . / � . : � 8 ' % & !
–

: � � � B � � � � � � * C % 8 / � � $ � 8 < D E � � F G H H D I J > H K H H L M > N K JO P Q R S T U S V W X Y U Z R Q [ \ ] ^ _ ^ V ` a U a b R Q c d \ ] W e S R ^ Z S a

Æ f ! W " V # Ç V U Ë È Ë T Ê � f ! Ê � È & W Ë É Y $S % Ë & " ' V W V Y T U Ë V Ì % Ë Ê " V # Ç V ( V W V Ê & V È



g h i j k l k i k l m n o p q i j i r s t l t u v w r u u x i j x t i r l m i t y n z l v l z { l z | u q } ~ { i | � n | t v u r r u � l j �t u r l x y � i t n � } ~ n � k | i z k l u j~ w t k | i z k� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � �   � �   � � � � � � � � � � � � � � � � � � � �� � �   � � � � � � � � � � � � � � � ¡ � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¡ � � � � � � � � � � � � �¢ � � � � � � � � � � �   � � � � � � � � � � � � � � � � � � � � � � � � � � ¡ � � � � � � � � £ � � � � � � � � � � � � � � � ¡ � �� � � � � � � � � � � � � � � � � � � � � � � � � � � ¤ � � � � � � � � �   � ¥ ¦ � � � � � � � � � �
A direct comparison of ΔCt values shows 

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �¡ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � �� � � £ � � � � ¢ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � £ � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � £ � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � �   � � �  � � � � � � � � � � � � � �   � � � � � � � � � � � � £ � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ¡ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �§ W ` ¨ Q R © a X ª Q R W _ a U Z « W _ W S U Z a ¬  Q © ` b V ® U © U © W _ S U b U Z ^ S U Q _ ¬ c U Z R Q [ \ ] ¬ d \ ] W e S R ^ Z S U Q _ ¬  V Q Q © ¬a ^ V U ¯ ^



T P W ® a W Q b [ \ ] b Q R S P W U © W _ S U b U Z ^ S U Q _ Q b b Q R W _ a U Z ^ V V ` R W V W ¯ ^ _ S  Q © ` b V ® U © a ^ _ © S P W U RR W a ° W Z S U ¯ W a S ^ U _ a P ^ a  W W _ ° R Q c U _ W _ S Q ¯ W R S P W V ^ a S b W ¨ ` W ^ R a ± ¨ U S P c W S P Q © a  W U _ « © W ¯ W V Q ° W ©® a U _ « c [ \ ] ² ³ ¬ ´ ¬ µ ¬ ¶ · ¸ T P U a ^ R W ^ Q b U _ S W R W a S U a ° ^ R S U Z ® V ^ R V ` U c ° Q R S ^ _ S ¨ U S P U _ b Q R W _ a U ZU _ ¯ W a S U « ^ S U Q _ a ¸ ¹ Q ¨ W ¯ W R ± U _ c Q R W R W Z W _ S R W ° Q R S a ± U S U a  W Z Q c U _ « U _ Z R W ^ a U _ « V ` ^ ° ° ^ R W _ S S P ^ S S P Wa c ^ V V [ \ ] a º _ Q ¨ _ ^ a c U Z R Q [ \ ] a » c U [ \ ] a ¼ Z Q ® V ©  W Z Q c W c Q R W ° R W © Q c U _ ^ _ S U _ S P U a ^ R W ^ Q bR W a W ^ R Z P ± ^ a U S P ^ a  W W _ ¨ W V V W a S ^  V U a P W © S P ^ S c U [ \ ] a ^ R W a ° W Z U b U Z ^ V V ` W e ° R W a a W © ¨ U S P U _b Q R W _ a U Z ^ V V ` R W V W ¯ ^ _ S  Q © ` b V ® U © a ± a ® Z P ^ a  V Q Q © ^ _ © a ^ V U ¯ ^ ² ½ ¬ ¾ ¬ ¿ ¬ À · ¸Y U Z R Q [ \ ] a ^ R W ^ Z V ^ a a Q b a c ^ V V ± _ Q _ Á Z Q © U _ « R U  Q _ ® Z V W U Z ^ Z U © a ¨ U S P U _ S P W P ® c ^ _« W _ Q c W ¸ T P W a W c Q V W Z ® V W a ^ R W ° Q a S Á S R ^ _ a Z R U ° S U Q _ ^ V R W « ® V ^ S Q R a S P ^ S  U _ © S Q Z Q c ° V U c W _ S ^ R `a W Â ® W _ Z W a Q _ S ^ R « W S c W a a W _ « W R [ \ ] ¨ U S P U _ S P W Z W V V ² Ã · ¸ T P W U R a c ^ V V a U Ä W Q b  W S ¨ W W _ ³ À Á ´ ´  °« U ¯ W a S P W c « R W ^ S W R a S ^  U V U S ` ² ³ Å · ¸ Æ S U a S P U a a S ^  U V U S ` S P ^ S ° ® S a c U [ \ ] ^ S ^ © U a S U _ Z S ^ © ¯ ^ _ S ^ « W¨ U S P U _ b Q R W _ a U Z Z ^ a W ¨ Q R º ^ a Q ° ° Q a W © S Q c [ \ ] ± ¨ P U Z P U a Z Q _ a U © W R W © V W a a a S ^  V W ^ _ © c Q R Wa ® a Z W ° S U  V W S Q © W « R ^ © ^ S U Q _ ² ³ Å · ¸Ç R W ¯ U Q ® a ¨ Q R º P ^ a  W W _  ^ a W © ® ° Q _ R W S R U W ¯ ^ V Q b c U [ \ ] S P R Q ® « P a S ^ _ © ^ R © [ \ ]W e S R ^ Z S U Q _ ° R Q Z W a a W a ± Q R _ Q _ Á R Q ® S U _ W ° R Q Z W © ® R W a ² ¶ ¬ ¾ ¬ À ¬ ³ ³ · ¸ È Q Á U a Q V ^ S U Q _ Q b d \ ] ^ _ © [ \ ]P ^ a ^ V a Q  W W _ © W ¯ W V Q ° W © U _ Q R © W R S Q c U _ U c U a W S P W V W ¯ W V Q b a ^ c ° V W  W U _ « ® a W © ² ¾ · ¸ È ® R R W _ S V ` ±S P W R W ^ ° ° W ^ R a S Q  W _ Q R W a W ^ R Z P Z ^ R R U W © Q ® S Q _ ¨ P W S P W R a ® Z P [ \ ]  ^ a W ©  Q © ` b V ® U ©U © W _ S U b U Z ^ S U Q _ S W a S a Z ^ _  W Z ^ R R U W © Q ® S Q _ a ^ c ° V W a S P ^ S P ^ ¯ W ^ V R W ^ © ` ® _ © W R « Q _ W d \ ]W e S R ^ Z S U Q _ ± U ¸ W ¸ Z Q V © Z ^ a W a ¸Æ _ S P W É § ± S P W R W U a ^ R W Â ® U R W c W _ S S P ^ S ^ V V ¨ ^ a P W a ± a ® ° W R _ ^ S ^ _ S a ± ^ _ © W e S R ^ Z S a ^ R WR W S ^ U _ W © ® _ © W R È R Q ¨ _ Ç R Q a W Z ® S U Q _ O W R ¯ U Z W « ® U © W V U _ W a ¸ È Q _ a W Â ® W _ S V ` ± S P W ^ U c Q b S P U a a S ® © ` U aS Q © W S W R c U _ W ¨ P W S P W R Q R _ Q S U S ¨ ^ a ° Q a a U  V W S Q Z ^ R R ` Q ® S c U Z R Q [ \ ] ^ _ ^ V ` a U a ® ° Q _ d \ ]W e S R ^ Z S a ¸ Ê P W _ a S ^ _ © ^ R © d \ ] W e S R ^ Z S U Q _ U a ° W R b Q R c W © ± a ® Z P ^ a S P W Z Q c c W R Z U ^ V V ` ^ ¯ ^ U V ^  V Wa Q V U © ° P ^ a W W e S R ^ Z S U Q _  ^ a W © Ë Æ ] ^ c ° d \ ] c U _ U º U S » Ë U ^ « W _ ± É § ¼ ± U S U a R W ^ a Q _ ^  V W S Q W e ° W Z SS P ^ S S P W d \ ] Â ® ^ V U S ` ¨ U S P U _ S P W W e S R ^ Z S ¨ Q ® V ©  W P U « P ¸ T P W R W b Q R W S P W S P R W W ¨ ^ a P a S W ° a



U _ ¯ Q V ¯ W © U _ S P W W e S R ^ Z S U Q _ ° R Q Z W a a ¨ W R W ^ V a Q ^ _ ^ V ` a W © ± P ` ° Q S P W a U a U _ « S P ^ S S P W [ \ ] Z Q _ S W _ S ±^ _ © S P ® a c U [ \ ] ± ¨ Q ® V ©  W ° R W a W _ S U _ ^ S V W ^ a S Q _ W Q b S P W ¨ ^ a P W a ¸ O ® Z P ^ _ Q ® S Z Q c W ¨ Q ® V ©c W ^ _ S P ^ S S P W c U [ \ ]  ^ a W © Ì ª Æ d S W a S Z Q ® V ©  W Z ^ R R U W © Q ® S Q _ a ^ c ° V W a ° R W ¯ U Q ® a V ` W e S R ^ Z S W ©® a U _ « a S ^ _ © ^ R © d \ ] W e S R ^ Z S U Q _ c W S P Q © a ¸Í n k � u x t i j x Í i k n | l i r tÎ � � £ � � Ï � � � � � � � �c U [ \ ] P ^ a R W V ^ S U ¯ W a S ^  U V U S ` ^ _ © S P W R W b Q R W ± b Q R S P U a a S ® © ` ± Q _ W c ^ R º W R ¨ ^ a a W V W Z S W © b Q RW ^ Z P Q b S P W S ¨ Q  Q © ` b V ® U © a ® a W © X  V Q Q © ^ _ © a ^ V U ¯ ^ ¸ Y ^ R º W R a c U [ Á ¶ ½ ³ ^ ¨ ^ a Z P Q a W _ b Q R  V Q Q ©^ _ © c U [ Á ´ Å ½ b Q R a ^ V U ¯ ^ ¸ T P W a W c ^ R º W R a ¨ W R W U _ U S U ^ V V ` a W V W Z S W ©  ` Z Q _ a U © W R U _ « S P W b U _ © U _ « a Q b¹ ^ _ a Q _ ´ Å Å Ã ² ½ · ± ^ _ © Ð ®  ^ º Q ¯ ´ Å ³ Å ² ³ ´ · X S P W b U R a S ® S U V U a W © R W ^ V Á S U c W Ç È [ ¨ P U V W S P W V ^ S S W R ® a W ©c U Z R Q ^ R R ^ ` a Z R W W _ U _ « S Q © W S W R c U _ W a W V W Z S U ¯ U S ` Q b W ^ Z P c ^ R º W R ¸Ï � � � � � � � � �   � � �Ì V Q Q © ^ _ © a ^ V U ¯ ^ a ^ c ° V W a ¨ W R W Z Q V V W Z S W © b R Q c a U e ¯ Q V ® _ S W W R a ¨ U S P S P W U R Z Q _ a W _ S ^ _ ©W S P U Z ^ V ^ ° ° R Q ¯ ^ V b R Q c S P W ] ° ° V U W © O Z U W _ Z W a Ñ S P U Z a Ç ^ _ W V ¸ T ¨ Q  ® Z Z ^ V a ¨ ^  a ¨ W R W ® a W © S QQ  S ^ U _ a ^ V U ¯ ^ a ^ c ° V W a b R Q c W ^ Z P ¯ Q V ® _ S W W R ± ¨ P U V a S  V Q Q © ¨ ^ a Q  S ^ U _ W © ® a U _ « S P W b U _ « W R ° R U Z ºc W S P Q © ¸ É _ U a S U e V ^ _ Z W S a ¨ W R W ® a W © S Q ° R U Z º S P W b U _ « W R ^ _ © S P W  V Q Q © ¨ ^ a S P W _ a ° Q S S W © Q _ S Qa S W R U V W b U V S W R ° ^ ° W R ^ _ © ° V ^ Z W © U _ S Q ^ a W ^ V W © ° V ^ a S U Z  ^ « ¸ Ò _ Z W © R U W © ± S P W P W ^ © Q b S P W  ® Z Z ^ Va ¨ ^  ¨ ^ a R W c Q ¯ W © ® a U _ « a S W R U V W a Z ^ V ° W V a ^ _ © ° V ^ Z W © U _ S Q c U Z R Q Z W S R U b ® « W S ®  W a b Q R W ^ Z P¯ Q V ® _ S W W R ¸ T ¨ Q a c ^ V V a Â ® ^ R W a Q b  V Q Q © Á a S ^ U _ W © b U V S W R ° ^ ° W R ^ S Å ¸ ½ Z c Ó ¨ W R W Z ® S Q ® S ^ _ © ° V ^ Z W ©U _ S Q c U Z R Q Z W _ S R U b ® « W S ®  W a ¸ ] ³ Å c Q _ S P Q V ©  V Q Q © a S ^ U _ ± ¨ P U Z P P ^ ©  W W _ a S Q R W © ^ S ¶ Ô È ± ¨ ^ a^ V a Q R W Z Q ¯ W R W © ¸



¡ � � � � � � � � � � � � � Õ � � � � � � � � �Ò _ W Q b W ^ Z P Q b S P W ¾ ° ^ U R a Q b  V Q Q © a ^ c ° V W a ^ _ © ° ^ U R a Q b a ^ V U ¯ ^ a ^ c ° V W a S P W _® _ © W R ¨ W _ S d \ ] W e S R ^ Z S U Q _ ¨ U S P S P W Q S P W R ® _ © W R « Q U _ « [ \ ] W e S R ^ Z S U Q _ ¸] a ° R W ¯ U Q ® a V ` © W c Q _ a S R ^ S W © ± S P W Ë Æ ] ^ c ° d \ ] Y U _ U § U S » Ë U ^ « W _ É § ¼ ° R Q ¯ U © W a P U « P` U W V © a Q b d \ ] ^ _ © c U Z R Q [ \ ] ² ¾ · ± S P W R W b Q R W c ^ º U _ « S P U a ^ ° R W b W R R W © S W Z P _ U Â ® W ¸ É a U _ « a ° U _Z Q V ® c _ S W Z P _ Q V Q « ` ± S P W c ^ _ ® b ^ Z S ® R W R
’

a ° R Q S Q Z Q V ¨ ^ a b Q V V Q ¨ W © ® a U _ « S P W  ® Z Z ^ V ° R Q S Q Z Q V b Q R Q S P  V Q Q © ^ _ © a ^ V U ¯ ^ ± « U ¯ W _ S P ^ S S P W U © W _ S U S ` Q b S P W  Q © ` b V ® U © ^ S S P U a a S ^ « W ¨ Q ® V ©  W® _ º _ Q ¨ _ ¸ [ ^ S P W R S P ^ _ © U a Z ^ R © U _ « S P W Z Q V V W Z S U Q _ S ®  W ^ _ © b V Q ¨ Á S P R Q ® « P ± S P W a W ¨ W R W S R ^ _ a b W R R W ©U _ S Q ^ c U Z R Q Z W _ S R U b ® « W S ®  W b Q R a S Q R ^ « W ^ S Á ´ Å Ô È ¸T P W S Q S ^ V [ \ ] W e S R ^ Z S U Q _ ® a U _ « [ \ W ^ a ` Y U _ U § U S » Ë U ^ « W _ É § ¼ ¨ ^ a ^ V a Q ® a W © ¸ ] a ¨ U S PS P W d \ ] W e S R ^ Z S U Q _ ±
the manufacturer’s guidelines were followed

¨ U S P S P W ^ © © U S U Q _ ^ V a S W ° a Q bR W S ^ U _ U _ « S P W S P R W W ¨ ^ a P W a S P R Q ® « P Q ® S S P W W e S R ^ Z S U Q _ ° R Q Z W a a U _ S Q c U Z R Q Z W _ S R U b ® « W S ®  W a ± ¨ U S PW ^ Z P ¨ ^ a P  W U _ « R W S ^ U _ W © a W ° ^ R ^ S W V ` ¸� ¡ � � Ï � � � � � � � �O ` _ S P W a U a Q b Z d \ ] b R Q c c U [ \ ] ¨ ^ a Z ^ R R U W © Q ® S ® a U _ « a S W c V Q Q ° R W ¯ W R a W S R ^ _ a Z R U ° S U Q _² ³ µ · ¸ Y U Z R Q [ \ ] [ W ¯ W R a W S R ^ _ a Z R U ° S U Q _ º U S a ^ _ © a S W c V Q Q ° ° R U c W R a ¨ W R W ® a W © » Ö U b WT W Z P _ Q V Q « U W a ± É § ¼ ® a U _ « ^ ´ ¿ ´ Å T P W R c ^ V È ` Z V W R » ] ° ° V U W © Ì U Q a ` a S W c a ± É § ¼ ^ a ° W R
manufacturer’s instructions.

[ W ¯ W R a W S R ^ _ a Z R U ° S U Q _ _ W « ^ S U ¯ W Z Q _ S R Q V a ¨ W R W U _ Z V ® © W © ¬  `° R W ° ^ R U _ « S P W a ^ c W R W ^ Z S U Q _ c U e ±  ® S ¨ U S P S P W R W ¯ W R a W S R ^ _ a Z R U ° S ^ a W Q c U S S W © ¸× � � � � � � � � �   � ¥ ¦ � Ø ¤ ¥ ¦ � Ù[ W ^ V Á S U c W Ç È [ ¨ ^ a ° W R b Q R c W © Q _ S P W ] Ì Æ ¿ ½ Å Å ª ^ a S U _ a S R ® c W _ S » ] ° ° V U W © Ì U Q a ` a S W c a ±É § ¼ ® a U _ « S P W T ^ Â c ^ _ Ú ª ^ a S É _ U ¯ W R a ^ V Ç È [ Y ^ a S W R Y U e » Ö U b W T W Z P _ Q V Q « U W a ± É § ¼ ^ V Q _ « ¨ U S PT ^ Â c ^ _ Ú V ^  W V V W © ° R Q  W a
(Life Technologies, UK) as per manufacturer’s instructions.



[ W ¯ W R a W S R ^ _ a Z R U ° S U Q _ _ W « ^ S U ¯ W Z Q _ S R Q V a ¨ W R W ^ V a Q U _ Z V ® © W © ^ V Q _ « ¨ U S P Ç È [ _ W « ^ S U ¯ WZ Q _ S R Q V a ¬ ¨ P W R W S P W a ^ c ° V W ¨ ^ a R W ° V ^ Z W © ¨ U S P a S W R U V W [ \ ^ a W Á b R W W ¹ Ó Ò ¸T P W Z ` Z V W S P R W a P Q V © » È S
) was automatically detected using the SDS Software. ΔC Û¯ ^ V ® W a ¨ W R W Q  S ^ U _ W © b Q R ^ _ ^ V ` a U a ® a U _ « S P W W Â ® ^ S U Q _ È S Ü Ý Þ

–
È S ¸ ª Q R S P U a a S ® © ` S P W È S Ü Ý Þ ¨ ^ a¶ Å ¸ ] V V R W ^ « W _ S a ® a W © U _ S P U a a S ® © ` ¨ W R W a S W R U V W ^ _ © d \ ^ a W ^ _ © [ \ ^ a W b R W W ¸¡ � � � � � � � � � � �

The ΔCt value was used for comparison purposes and for statistical analysis. Paired a ^ c ° V W T Á S W a S a ¨ W R W ® a W © S Q © W S W R c U _ W a U « _ U b U Z ^ _ S © U b b W R W _ Z W » ß Å ¸ Å ½ ¼ ¸q n t h r k tª Æ à É [ Ñ ³ª Æ à É [ Ñ ´T P W R W a ® V S a a P Q ¨ _ U _ ª U « ® R W a ³ ^ _ © ´ U _ © U Z ^ S W ^ P U « P W e ° R W a a U Q _ Q b P a ^ Á c U [ Á ¶ ½ ³ ^ U _ V Q Q © ^ _ © V Q ¨ W e ° R W a a U Q _ U _ a ^ V U ¯ ^ ¸ T P W ` ^ V a Q U _ © U Z ^ S W P U « P W e ° R W a a U Q _ Q b P a ^ Á c U [ Á ´ Å ½ U _a ^ V U ¯ ^  ® S _ Q S  V Q Q © ± ^ _ © S P W R W b Q R W a ® « « W a S a ° W Z U b U Z U S ` ¨ P W R W S P W S ¨ Q  Q © ` b V ® U © a ^ R WZ Q _ Z W R _ W © ¸ T P W R W U a ^ a U « _ U b U Z ^ _ S © U b b W R W _ Z W U _ W e ° R W a a U Q _ » ° á Å ¸ Å Å ¼ ^ _ © Z Q _ a W Â ® W _ S V ` ± S P W a WR W a ® V S a U _ © U Z ^ S W S P ^ S S P W a W S ¨ Q c ^ R º W R a ^ R W c Q R W S P ^ _ a ® b b U Z U W _ S S Q © U a S U _ « ® U a P  W S ¨ W W _  V Q Q ©^ _ © a ^ V U ¯ ^ ± ¨ U S P ^ _ _ Á ¯ ^ V ® W Q b Ã Å ¸T P W b U « ® R W a ^ V a Q R W V ^ S W S Q  V Q Q © ^ _ © a ^ V U ¯ ^ a ^ c ° V W a S P ^ S ¨ W R W W e S R ^ Z S W © ® a U _ «  Q S Pd \ ] ^ _ © S Q S ^ V [ \ ] c W S P Q © a ° R W ¯ U Q ® a V ` c W _ S U Q _ W © ¸ T P W ` « ^ ¯ W ^ Z V W ^ R R W a ® V S ± U _ S P ^ S S P Wd \ ] W e S R ^ Z S U Q _ ° R Q Z W a a « W _ W R ^ S W a ^ « R W ^ S W R c U Z R Q [ \ ] ° R Q © ® Z S S P ^ _ S P ^ S Q b S P W [ \ ]W e S R ^ Z S U Q _ ° R Q Z W a a ¸ T P W R W U a ^ a U « _ U b U Z ^ _ S © U b b W R W _ Z W U _ S P W S ¨ Q W e S R ^ Z S U Q _ c W S P Q © a » ° á Å ¸ Å Å ¼ ±U _ © U Z ^ S U _ « S P ^ S S P W Ë Æ ] ^ c ° d \ ] Y U _ U § U S ° R Q ¯ U © W a P U « P W R Z Q _ Z W _ S R ^ S U Q _ a Q b c U [ \ ] S P ^ _ S P WS Q S ^ V [ \ ] [ \ W ^ a ` Y U _ U § U S ¸



ª Æ à É [ Ñ µª Æ à É [ Ñ ¶T P R Q ® « P Q ® S S P W W e S R ^ Z S U Q _ ° R Q Z W a a ± S P W ¨ ^ a P W a ^ _ © b U _ ^ V W e S R ^ Z S a ¨ W R W Z Q V V W Z S W © b Q R ^ V Va ^ c ° V W a ^ _ © S ^ º W _ S P R Q ® « P S P W ° R Q Z W a a S Q Â Ç È [ ¸ T P W R W a ® V S Z V W ^ R V ` a P Q ¨ a S P ^ S ¨ P W _ ® a U _ « S P WË Æ ] ^ c ° d \ ] Y U _ U § U S ± S P W b U _ ^ V W e S R ^ Z S P Q V © a S P W c ^ â Q R U S ` Q b c U [ \ ] » ° á Å ¸ Å ¼ ¸[ \ ] P ^ a V Q _ « P ^ © ^ R W ° ® S ^ S U Q _ b Q R U S a U _ a S ^  U V U S ` ¬ P Q ¨ W ¯ W R ± R W Z W _ S ° ®  V U Z ^ S U Q _ a P ^ ¯ Wa P Q ¨ _ S P ^ S c [ \ ] Z ^ _ a ® R ¯ U ¯ W U _  V Q Q © a S ^ U _ a ® ° S Q ´ µ ` W ^ R a Q V © ² ³ ¶ · ¸ ] a c U [ \ ] U aS P W Q R W S U Z ^ V V ` c Q R W a S ^  V W S P ^ _ c [ \ ] ± a S ^  U V U S ` U a _ Q S Z Q _ a U © W R W © S Q  W ^ _ U a a ® W ¸ \ W ¯ W R S P W V W a a ±S P W c U [ \ ] Ì ª Æ d S W a S ¨ ^ a Z ^ R R U W © Q ® S Q _ ^ R W V ^ S U ¯ W V ` Q V © a S ^ U _ ± ¨ P U Z P ¨ ^ a ^ ³ Å c Q _ S P Q V © V Q Q © a S ^ U _ a S Q R W © ^ S ¶ Ô È ¸ T P U a V U c U S W © a ^ c ° V W a W S » S P W R W b Q R W © ^ S ^ _ Q S a P Q ¨ _ ¼ U _ © U Z ^ S W © _ Qa U « _ U b U Z ^ _ S © U b b W R W _ Z W  W S ¨ W W _ S P W W e ° R W a a U Q _ Q b P a ^ Á c U [ Á ¶ ½ ³ ^ U _ b R W a P  V Q Q © ^ _ © U _ ³ Å c Q _ S PQ V ©  V Q Q © ¸ T P U a S W a S ^ V a Q U _ © U Z ^ S W © S P ^ S S P W R W ¨ ^ a a U « _ U b U Z ^ _ S V ` c Q R W P a ^ Á c U [ Á ¶ ½ ³ ^ U _ S P W ³ Åc Q _ S P Q V ©  V Q Q © a S ^ U _ S P ^ _ U _ b R W a P a ^ V U ¯ ^ » ° á Å ¸ Å ¼ ¸� l t z h t t l u jT P W ^ U c Q b S P U a a S ® © ` ¨ ^ a S Q W a S ^  V U a P ¨ P W S P W R Q R _ Q S ^ c U [ \ ]  ^ a W ©  Q © ` b V ® U ©U © W _ S U b U Z ^ S U Q _ ^ _ ^ V ` a U a Z Q ® V ©  W Z Q _ © ® Z S W © Q _ ° R W ¯ U Q ® a V ` W e S R ^ Z S W © d \ ] a ^ c ° V W a ± ® a U _ «a S ^ _ © ^ R © a Q V U © ° P ^ a W W e S R ^ Z S U Q _ c W S P Q © a ¸ T P U a ¨ ^ a ^ Z P U W ¯ W ©  ` Z ^ R R ` U _ « Q ® S  Q S P d \ ] ^ _ ©S Q S ^ V [ \ ] W e S R ^ Z S U Q _ ± b Q V V Q ¨ W ©  ` a S W c Á V Q Q ° R W ¯ W R a W S R ^ _ a Z R U ° S U Q _ ^ _ © Â ® ^ _ S U S ^ S U ¯ W Ç È [^ _ ^ V ` a U a S ^ R « W S U _ « S P W  V Q Q © c ^ R º W R P a ^ Á c U [ Á ¶ ½ ³ ^ ± ^ _ © a ^ V U ¯ ^ c ^ R º W R P a ^ Á c U [ Á ´ Å ½ ¸Ì ` Z ^ R R ` U _ « Q ® S S P W Z Q c ° ^ R U a Q _  W S ¨ W W _ S P W ^ c Q ® _ S Q b  V Q Q © ^ _ © a ^ V U ¯ ^ a ° W Z U b U Zc ^ R º W R a ± U S Z Q ® V ©  W a W W _ S P ^ S S P W W e ° R W a a U Q _ Q b P a ^ Á c U [ Á ¶ ½ ³ ^ U a P U « P W R U _  V Q Q © S P ^ _ U _a ^ V U ¯ ^ ± ^ _ © ¯ U Z W ¯ W R a ^ b Q R S P W a ^ V U ¯ ^ a ° W Z U b U Z c ^ R º W R P a ^ Á c U [ Á ´ Å ½ ± S P ® a © W c Q _ a S R ^ S U _ « S P ^ S S P WS W a S © W ¯ W V Q ° W © U _ Á P Q ® a W U a Z ^ ° ^  V W Q b © U a S U _ « ® U a P U _ «  W S ¨ W W _  V Q Q © ^ _ © a ^ V U ¯ ^ ¸



d \ ] ^ _ © [ \ ] W e S R ^ Z S U Q _ a ¨ W R W Z ^ R R U W © Q ® S U _ Q R © W R S Q ° R Q ¯ U © W ^ © U R W Z S Z Q c ° ^ R U a Q _ Q bc U [ \ ] ° R Q © ® Z S R W S ^ U _ W © b Q V V Q ¨ U _ « S P W ^ ° ° V U Z ^ S U Q _ Q b S P W S ¨ Q Z Q c c W R Z U ^ V V ` ^ ¯ ^ U V ^  V W º U S a ¸Ç R U Q R S Q S P W W e ° W R U c W _ S ± U S ¨ ^ a W e ° W Z S W © S P ^ S S P W [ \ W ^ a ` W e S R ^ Z S U Q _ º U S ¨ Q ® V © ° R Q ¯ U © W S P WP U « P W R ^ c Q ® _ S Q b c U [ \ ] ± ^ a Q ° ° Q a W © S Q S P W d \ ] c U _ U W e S R ^ Z S U Q _ º U S ¸ ] © U R W Z S Z Q c ° ^ R U a Q _ Q b
the Δ

È S ¯ ^ V ® W a Q  S ^ U _ W © a P Q ¨ W © S P ^ S a U « _ U b U Z ^ _ S V ` c Q R W ^ c ° V U b U Z ^ S U Q _ ¨ ^ a Q  a W R ¯ W © b Q V V Q ¨ U _ «d \ ] W e S R ^ Z S U Q _ S P ^ _ S P W R W ¨ ^ a b Q V V Q ¨ U _ « S Q S ^ V [ \ ] W e S R ^ Z S U Q _ b Q R  Q S P  V Q Q © ^ _ © a ^ V U ¯ ^a ° W Z U b U Z c ^ R º W R a ¸ ] V S P Q ® « P S P W R W V ^ S U ¯ W V ` P U « P Z Q ° ` _ ® c  W R Q b c U [ \ ] ^ Z Z Q ® _ S a b Q R ¨ P ` U Sc ^ ` ° W R a U a S S P R Q ® « P S P W ° ® R U b U Z ^ S U Q _ ° R Q Z W a a ± U S © Q W a _ Q S W e ° V ^ U _ ¨ P ` c Q R W c U [ \ ] c ^ S W R U ^ V¨ ^ a ° R W a W _ S ° Q a S d \ ] W e S R ^ Z S U Q _ S P ^ _ ° Q a S [ \ ] W e S R ^ Z S U Q _ ¸Ê Q R º U _ « Q _ S P W P ` ° Q S P W a U a S P ^ S ± S P R Q ® « P Q ® S S P W W e S R ^ Z S U Q _ ° R Q Z W a a c U [ \ ] ¨ Q ® V ©  WW e ° W V V W © ¨ U S P U _ Q _ W Q b S P W S P R W W ¨ ^ a P a S ^ « W a ± S P W ¨ ^ a P W a ¨ W R W R W S ^ U _ W © b Q R ^ _ ^ V ` a U a ¸ T P U a ¨ ^ a^ ° ° V U W © S Q ^ V V a ^ c ° V W a W e S R ^ Z S W © ± ® a U _ «  Q S P S P W d \ ] ^ _ © [ \ ] W e S R ^ Z S U Q _ º U S a ¸ ¹ Q ¨ W ¯ W R ± S P WR W a ® V S a a P Q ¨ W © S P ^ S ± ¨ U S P Q ® S W e Z W ° S U Q _ ± c U [ \ ] ¨ ^ a ° R W © Q c U _ ^ _ S V ` ° R W a W _ S ¨ U S P U _ S P W b U _ ^ VW e S R ^ Z S U Q _ ° R Q © ® Z S R ^ S P W R S P ^ _ S P W R W S ^ U _ W © ¨ ^ a P W a ¸T P W R W ¨ ^ a ^ a U « _ U b U Z ^ _ S © U b b W R W _ Z W » ° á ß Å ¸ Å ½ ¼ b Q R W ¯ W R ` W e ° W R U c W _ S Z ^ R R U W © Q ® S Q _a ^ c ° V W a b Q V V Q ¨ U _ «  Q S P d \ ] ^ _ © [ \ ] W e S R ^ Z S U Q _ ± S P ® a U _ © U Z ^ S U _ « S P ^ S ^ c U [ \ ]  Q © ` b V ® U ©U © W _ S U b U Z ^ S U Q _ S W a S Z ^ _  W a ® Z Z W a a b ® V V ` ^ ° ° V U W © S Q a ^ c ° V W a S P ^ S P ^ ¯ W ^ V R W ^ © ` ® _ © W R « Q _ W d \ ]W e S R ^ Z S U Q _ ± S P ® a © W c Q _ a S R ^ S U _ « S P ^ S a ® Z P ^ c U [ \ ]  ^ a W ©  Q © ` b V ® U © U © W _ S U b U Z ^ S U Q _ S W a S Z ^ _  W^ ° ° V U W © R W S R Q a ° W Z S U ¯ W V ` ± b Q R W e ^ c ° V W ± U _ Z Q V © Z ^ a W a ^ c ° V W a ¸ã h { { i | s] c U [ \ ] Ì ª Æ d S W a S ¨ ^ a © W ¯ W V Q ° W © S P ^ S U a Z ^ ° ^  V W Q b © U a S U _ « ® U a P U _ «  W S ¨ W W _  V Q Q ©^ _ © a ^ V U ¯ ^ ± _ Q S Q _ V ` Q _ a ^ c ° V W a S P ^ S P ^ ¯ W ® _ © W R « Q _ W S Q S ^ V [ \ ] W e S R ^ Z S U Q _ ±  ® S ^ V a Q Q _a ^ c ° V W a S P ^ S P ^ ¯ W ® _ © W R « Q _ W d \ ] W e S R ^ Z S U Q _ ¸Ç R W V U c U _ ^ R ` © ^ S ^ ¨ ^ a ^ V a Q R W ° Q R S W © S P ^ S a ® « « W a S W © S P ^ S S P W c U [ \ ] Ì ª Æ d S W a S Z Q ® V ©^ V a Q  W Z ^ R R U W © Q ® S Q _ R W V ^ S U ¯ W V ` Q V © a ^ c ° V W a S P ^ S P ^ ¯ W ® _ © W R « Q _ W d \ ] W e S R ^ Z S U Q _ ± a ® ° ° Q R S U _ «



S P W ¯ U W ¨ S P ^ S S P W c U [ \ ] Ì ª Æ d S W a S Z ^ _  W ^ ° ° V U W © S Q Z Q V © Z ^ a W a ± S P ® a Q ° W _ U _ « ® ° S P W _ ® c  W RQ b Z ^ a W a S P ^ S Z Q ® V ©  W _ W b U S b R Q c b Q R W _ a U Z [ \ ] ^ _ ^ V ` a U a ¸q n v n | n j z n t² ³ · ] ¸ Ö U _ © W _  W R « P ± Y ¸ © W Ç ^ « S W R ± à ¸ [ ^ c © ^ ` ^ V ± Y ¸ ä U a a W R ± d ¸ Ð ®  ^ º Q ¯ ± Y ¸ § ^ ` a W R ± ^ _ © T ¸O U â W _ ± ] c ® V S U ° V W e » c ¼ [ \ ] Á ° R Q b U V U _ « a ` a S W c b Q R S P W b Q R W _ a U Z U © W _ S U b U Z ^ S U Q _ Q b  Q © `b V ® U © a ^ _ © Z Q _ S ^ Z S S R ^ Z W a ¸ ª Q R W _ a U Z O Z U W _ Z W Æ _ S W R _ ^ S U Q _ ^ V X à W _ W S U Z a ¾ » ´ Å ³ ´ ¼ ½ ¾ ½ Á ½ ¿ ¿ ¸² ´ · å ¸ ] ¸ È Q _ _ Q V V ` ± ^ _ © à ¸ Ê U V V U ^ c a ± Ñ ¯ ^ V ® ^ S U _ « ^ _ Y [ \ ]  ^ a W ©  Q © ` b V ® U © U © W _ S U b U Z ^ S U Q _ S W a S® a U _ « a `  R « R W W _ b V ® Q R W a Z W _ S © ` W ^ _ © R W ^ V Á S U c W Ç È [ ¸ Æ _ S W R _ ^ S U Q _ ^ V å Q ® R _ ^ V Q b È R U c U _ ^ VÆ _ ¯ W a S U « ^ S U Q _ ³ » ´ Å ³ ³ ¼ ³ ¿ ¿ Á ³ À ½ ¸² µ · § ¸ O ^ º ® R ^ © ^ ± ¹ ¸ Æ º W « ^ ` ^ ± ¹ ¸ ª ® º ® a P U c ^ ± T ¸ ] º ® S a ® ± § ¸ Ê ^ S ^ _ ^  W ± ^ _ © Y ¸ æ Q a P U _ Q ±Ñ ¯ ^ V ® ^ S U Q _ Q b c [ \ ] Á  ^ a W © ^ ° ° R Q ^ Z P b Q R U © W _ S U b U Z ^ S U Q _ Q b a ^ V U ¯ ^ ^ _ © a W c W _ ¸ Ö W « ^ VY W © U Z U _ W ³ ³ » ´ Å Å Ã ¼ ³ ´ ½ Á ³ ´ À ¸² ¶ · È ¸ ¹ ^ ^ a ± Ñ ¸ ¹ ^ _ a Q _ ± ] ¸ § R ^ S Ä W R ± Ê ¸ Ì ç è R ± ^ _ © å ¸ Ì ^ V V ^ _ S ` _ W ± O W V W Z S U Q _ Q b P U « P V ` a ° W Z U b U Z^ _ © a W _ a U S U ¯ W c [ \ ]  U Q c ^ R º W R a b Q R S P W U © W _ S U b U Z ^ S U Q _ Q b  V Q Q © ¸ ª Q R W _ a U Z O Z U W _ Z WÆ _ S W R _ ^ S U Q _ ^ V X à W _ W S U Z a ½ » ´ Å ³ ³ ¼ ¶ ¶ Ã Á ¶ ½ À ¸² ½ · Ñ ¸ § ¸ ¹ ^ _ a Q _ ± ¹ ¸ Ö ®  W _ Q ¨ ± ^ _ © å ¸ Ì ^ V V ^ _ S ` _ W ± Æ © W _ S U b U Z ^ S U Q _ Q b b Q R W _ a U Z ^ V V ` R W V W ¯ ^ _ S  Q © `b V ® U © a ® a U _ « ^ ° ^ _ W V Q b © U b b W R W _ S U ^ V V ` W e ° R W a a W © c U Z R Q [ \ ] a ¸ ] _ ^ V ` S U Z ^ V Ì U Q Z P W c U a S R `µ À ¿ » ´ Å Å Ã ¼ µ Å µ Á µ ³ ¶ ¸



² ¾ · d ¸ É ¸ ¯ ^ _ © W R Y W W R ± Y Ö ¸ Ê U V V U ^ c a ± à ] ¸ ± O U c ® V S ^ _ W Q ® a ^ _ ^ V ` a U a Q b c U Z R Q [ \ ] ^ _ © d \ ]b Q R © W S W R c U _ U _ « S P W  Q © ` b V ® U © Q R U « U _ Q b d \ ] ° R Q b U V W a ¸ å Q ® R _ ^ V Q b ª Q R W _ a U Z O Z U W _ Z W a Æ _Ç R Q Q b » ´ Å ³ µ ¼ ¸² ¿ · Ð ¸ Ê ^ _ « ± ¹ ¸ Ö ® Q ± é ¸ Ç ^ _ ± Y ¸ Ö U ^ Q ± ^ _ © æ ¸ ¹ Q ® ± ] c Q © W V b Q R © ^ S ^ ^ _ ^ V ` a U a Q b c U Z R Q [ \ ]W e ° R W a a U Q _ U _ b Q R W _ a U Z  Q © ` b V ® U © U © W _ S U b U Z ^ S U Q _ ¸ ª Q R W _ a U Z O Z U W _ Z W Æ _ S W R _ ^ S U Q _ ^ V Xà W _ W S U Z a ¾ » ´ Å ³ ´ ¼ ¶ ³ Ã Á ¶ ´ µ ¸² À · È ¸ È ¸ Ç R U S Z P ^ R © ± ¹ ¸ ¹ ¸ È P W _ « ± ^ _ © Y ¸ T W ¨ ^ R U ± Y U Z R Q [ \ ] ° R Q b U V U _ « X ^ ° ° R Q ^ Z P W a ^ _ ©Z Q _ a U © W R ^ S U Q _ a ¸ \ ^ S ® R W [ W ¯ U W ¨ a à W _ W S U Z a ³ µ » ´ Å ³ ´ ¼ µ ½ À Á µ ¾ Ã ¸² Ã · Ö ¸ ¹ W ± ^ _ © à ¸ å ¸ ¹ ^ _ _ Q _ ± Y U Z R Q [ \ ] a X a c ^ V V [ \ ] a ¨ U S P ^  U « R Q V W U _ « W _ W R W « ® V ^ S U Q _ ¸ \ ^ S[ W ¯ à W _ W S ½ » ´ Å Å ¶ ¼ ½ ´ ´ Á ½ µ ³ ¸² ³ Å · È ¸ È Q ® R S a ± ^ _ © Ì ¸ Y ^ © W ^ ± Y U Z R Q Á [ \ ] Á ] ° Q S W _ S U ^ V b Q R b Q R W _ a U Z a Z U W _ Z W ê ª Q R W _ a U ZO Z U W _ Z W Æ _ S W R _ ^ S U Q _ ^ V ´ Å µ » ´ Å ³ Å ¼ ³ Å ¾ Á ³ ³ ³ ¸² ³ ³ · O ¸ § ¸ Ç ^ S _ ^ U º ± [ ¸ Y ^ V V U Z º ± ^ _ © O ¸ æ W _ © ^ c ® R U ± d W S W Z S U Q _ Q b c U Z R Q [ \ ] a U _ © R U W © a W R ® c V Q S a ¸ ] _ ^ V ` S U Z ^ V Ì U Q Z P W c U a S R ` ¶ Å ¿ » ´ Å ³ Å ¼ ³ ¶ ¿ Á ³ ¶ Ã ¸² ³ ´ · d ¸ Ð ®  ^ º Q ¯ ± ] ¸ Ê ¸ Y ¸ Ì Q W R a c ^ ± æ ¸ È P Q U ± Ç ¸ ª ¸ ä ^ _ § ® U â º ± Ñ ¸ ] ¸ È ¸ Ê U W c W R ± ^ _ © Y ¸§ ^ ` a W R ± Y U Z R Q [ \ ] c ^ R º W R a b Q R b Q R W _ a U Z  Q © ` b V ® U © U © W _ S U b U Z ^ S U Q _ Q  S ^ U _ W © b R Q cc U Z R Q ^ R R ^ ` a Z R W W _ U _ « ^ _ © Â ® ^ _ S U S ^ S U ¯ W [ T Á Ç È [ Z Q _ b U R c ^ S U Q _ ¸ Æ _ S W R _ ^ S U Q _ ^ V â Q ® R _ ^ V Q bV W « ^ V c W © U Z U _ W ³ ´ ¶ » ´ Å ³ Å ¼ ´ ³ ¿ Á ´ ´ ¾ ¸



² ³ µ · È ¸ È P W _ ± d ¸ ] ¸ [ U © Ä Q _ ± ] ¸ å ¸ Ì R Q Q c W R ± Ð ¸ Ð P Q ® ± d ¸ ¹ ¸ Ö W W ± å ¸ T ¸ \ « ® ` W _ ± Y ¸ Ì ^ R  U a U _ ± \ ¸ Ö ¸é ® ± ä ¸ [ ¸ Y ^ P ® ¯ ^ º ^ R ± ^ _ © Y ¸ [ ¸ ] _ © W R a W _ ± [ W ^ V Á S U c W Â ® ^ _ S U b U Z ^ S U Q _ Q b c U Z R Q [ \ ] a  `a S W c
–

V Q Q ° [ T
–

Ç È [ ¸ \ ® Z V W U Z ^ Z U © a R W a W ^ R Z P µ µ » ´ Å Å ½ ¼ W ³ ¿ Ã ¸² ³ ¶ · ª ¸ § Q P V c W U W R ± ^ _ © Ç ¸ Y ¸ O Z P _ W U © W R ± O ® Z Z W a a b ® V c [ \ ] ° R Q b U V U _ « Q b ´ µ ` W ^ R a Q V ©  V Q Q ©a S ^ U _ a ¸ ª Q R W _ a U Z O Z U W _ Z W Æ _ S W R _ ^ S U Q _ ^ V X à W _ W S U Z a ¾ » ´ Å ³ ´ ¼ ´ ¿ ¶ Á ´ ¿ ¾ ¸



ª Æ à É [ Ñ ³

ë ì í î ï ð ñ ò 0 ó � ! $ % � ! ' � . / � $ � ' � . : ' % � � ô A ! � * * � & . & 6 % * � ò � � 2 ò H N > � . ó � & & / � . / * � � � 5 � � . / B % � .� ô ' ! � $ ' � / B � ' % ' % � 9 õ 0 � � A = ö 0  � . � � . / 2 ö � � * 1  � . � @ � ' * � � 0 � � � ! ! & ! ó � ! * ! � A ! � * � . ' * > * ' � . / � ! // � 5 � � ' � & . �ª Æ à É [ Ñ ´

ë ì í î ï ð ÷ ò 0 ó � ! $ % � ! ' � . / � $ � ' � . : ' % � � ô A ! � * * � & . & 6 % * � ò � � 2 ò M I N � . ó � & & / � . / * � � � 5 � � . / B % � .� ô ' ! � $ ' � / B � ' % ' % � 9 õ 0 � � A = ö 0  � . � � . / 2 ö � � * 1  � . � @ � ' *

ø ùú ûüý øý ùý úý þý üù ø

ÿ � � � � � � � � � � � � � � � ÿ � � � � � 	 
 � � � � � � � 	 
 �� ������� �� ���
� � � � � � � � � � �  ! � "  # �  $ % �

ø ùú þüý øý ù& 'ý þý ü

ÿ � � � � � � � � � � � � � � � ÿ � � � � � 	 
 � � � � � � � 	 
 �� ������� �� ���
� � ( ) � * � + � , - . / � 0 . 1 * . 2 � �



ª Æ à É [ Ñ µ

ë ì í î ï ð 3 ò 0 ó � ! $ % � ! ' � . / � $ � ' � . : ' % � � ô A ! � * * � & . & 6 % * � ò � � 2 ò H N > � . ó � & & / B % � . � ô ' ! � $ ' � / B � ' % ' % �9 õ 0 � � A = ö 0  � . � @ � ' $ & � � � $ ' � . : ' % � B � * % * ' � A * � . / 6 � . � � � ô ' ! � $ ' �ª Æ à É [ Ñ ¶

ë ì í î ï ð 4 ò 0 ó � ! $ % � ! ' � . / � $ � ' � . : ' % � � ô A ! � * * � & . & 6 % * � ò � � 2 ò M I N � . * � � � 5 � B % � . � ô ' ! � $ ' � / B � ' % ' % �9 õ 0 � � A = ö 0  � . � @ � ' $ & � � � $ ' � . : ' % � ' % ! � � B � * % * ' � A * � . / 6 � . � � � ô ' ! � $ ' �- õ " � õ ö 5 � ö E � 2 ;

ø ùú þüý øý ùý úý þý üù ø

ÿ � � , - . / � 0 . 6 � 7 2 ý 6 � 7 2 ù 6 � 7 2 8
��� �� ���9 �: ;

<=>?
@A BC DC >C ?A E

F G H I J K L M N K O M P Q C O M P Q D O M P Q R
��� �� ���9 �: ;



ë ì í î ï ð ñ ò 0 ó � ! $ % � ! ' � . / � $ � ' � . : ' % � � ô A ! � * * � & . & 6 % * � ò � � 2 ò H N > � . ó � & & / � . / * � � � 5 � � . / B % � .� ô ' ! � $ ' � / B � ' % ' % � 9 õ 0 � � A = ö 0  � . � � . / 2 ö � � * 1  � . � @ � ' * � 0 � � � ! ! & ! ó � ! * ! � A ! � * � . ' * > * ' � . / � ! // � 5 � � ' � & . �ë ì í î ï ð ÷ ò 0 ó � ! $ % � ! ' � . / � $ � ' � . : ' % � � ô A ! � * * � & . & 6 % * � ò � � 2 ò M I N � . ó � & & / � . / * � � � 5 � � . / B % � .� ô ' ! � $ ' � / B � ' % ' % � 9 õ 0 � � A = ö 0  � . � � . / 2 ö � � * 1  � . � @ � ' * �ë ì í î ï ð 3 ò 0 ó � ! $ % � ! ' � . / � $ � ' � . : ' % � � ô A ! � * * � & . & 6 % * � ò � � 2 ò H N > � . ó � & & / B % � . � ô ' ! � $ ' � / B � ' % ' % �9 õ 0 � � A = ö 0  � . � @ � ' $ & � � � $ ' � . : ' % � B � * % * ' � A * � . / 6 � . � � � ô ' ! � $ ' �ë ì í î ï ð 4 ò 0 ó � ! $ % � ! ' � . / � $ � ' � . : ' % � � ô A ! � * * � & . & 6 % * � ò � � 2 ò M I N � . * � � � 5 � B % � . � ô ' ! � $ ' � / B � ' % ' % �9 õ 0 � � A = ö 0  � . � @ � ' $ & � � � $ ' � . : ' % � ' % ! � � B � * % * ' � A * � . / 6 � . � � � ô ' ! � $ ' �



ST UVWXY Z[T \]̂ XWX_ `a b̀c[ d̀âT U^ WXè[ V_T c̀T fdUX
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ST UVWXh Z[T \]̂ XWX_ `a b̀c[ d̀âT U^ WXè[ V_T c̀T fdUX
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