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bȏ( ȅ̼�

ĨʿǖŴ�Ȟ˦ ŀ�Ɏ��ȧĪȷ˦�˴ɤv�uȷɤ�˛̠�v��ɧ̜�
ȷ̦ƆȒ�ǖĽʚʸȲ ˠ̙w�j�v‒�ʻȷá¹Ú�ɿŖ�Ǚʟ����
ȷx~ʈ̎�ĺş˰Ĕ�mr�ʛɂ�½¥Ùæ°�ȷ˦oƲɱƈ�ÌÐ©yØ
æ¸ ˎŅy�Ȕ�Ǹ̠�３ı Ě~w�j��Ɵl���j��;aZWdfk�SCV�
BSk�,*+*#v���ruǙ̕�õʳy�‒�o�p�j×̪Ć̡Ȳ�Ȟ˦���
�uĦģ�ǖĽș˷�ŉɅ˰Ĕ ķɾw�ƴ˺uɑȠãÓâ�ȷ̦čʭ�Ź��
r�ș˷ʡɵŰ̺�Ɖɨ�Ǭ�ȷɤ�mj�Ŧ��Ǹ̠�ò̀ Ǖ��j��
Ȭƻv��v�
�
ĨʿǖŴ�˧ǈǡɨ�
,*** ˅�Ɏ²ÉÚoĠʺv��íƢuÜÂâȞ˦¶ä¥äÅ¹Å�mr�Ĩ
ʿǖŴ�˧ǈŇƝ�ľ��ſŗ�̌ĭ�wjȩʝ Ȯs�m�uŲ̈̌ȤʳȲ�
ƭĶ �yʆȣȤʳɨ Ɲȳy�ɧq�ǖŴľ̹øʡǈoʴʗv�~v‒��
�øʡǈ�ɧq� DkT Ŭʟǣþǈ�::8+&�C?P#ubeWgVa Ŭã¸×æ¸ã®Ý
ãy½y�KF:+&�GII/&�1&�3#u!8IGŬʟǣþǈ�CLO)G:C+#�|�ɗƍƹ̞
þǈ��C=-&�.#��uǬx�ʟǣþǈ ³yáw�m��?S_>AfaC�SCV�BSk�,**2&�
DU:AgCY�,**2&�?Sd_Wd�,**3&�DU:AgCY�,*++&�ES@S_>UZ>�,*++#ɗƍ�ʟǣ Ȱ
ƏwƤk˥Ƽ�Ð¤yáéÀ¯âyÒ ŭȳy�‒��４,.ǖĽǰņ�Ĩʿá
¹Ú ŭȳw�j��Ɵl���j��Ga@Z>A@a�Wf�SA(�,*+*&�Ga@Z>A@a�Wf�SA(�,*+,#v�
�
ƔǰȲěȳȰƏ�˧ǈŇƝ�
ĨʿǖŴ�mr�á¹Úŭȳ�˧ǈŇƝ�ɩy�̦Ġ�ȩʝ�ˬƠw�Ĩʿ
ǖŴ�Ǭx�ȷ̦ƆȒ Ź��r�ṉ̀Ű̺��̦Ġ�ȩ�u,**. ˅��¶ä
¥äÅ¹Å�ʿʏðɤʚ�ěȳʎɅ�ƔǰȲěȳȰƏ# Ɇ̆y�˧ǈŇƝŏ
�n�v�~v‒�ȳĚ� +30* ˅ɰ� G>ffWCVd>YZ ����ʘȈv�~uĦʚ
ˢƤ��jfWdCSA�:a>CU>VWCUW#ÜÂâ�ĨʿǖŴ����ˎƆoȰƏv��þǈ�u
Ɣ���Ħʚ¶°Åâoüʁw~ǖ�８ʵ¶°Åâoˎ{����jkÜÂâ
�JSiS�Wf�SA(�,**1##�ǡȐ̴�。y����i�uʫǖ̗ƀv�~Ɣðɤʚn�
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ǖĽʸôʚ�ĳȲĔy��ĕʗv�~þǈ�:FEJK8EJ�:F#�̅̄v�~#�
ɤƶ�|�ʲpŏĬ���~v�
ũɨʚ�:F�ȲǠ�Ňˆ�w��íē�cʠ�i�v́ :F�_IE8�ʟǣ�
ĨʿǖŴ����ȰƏv�uʿ ǰȲ�á¹Ú Ǖ�ˎƆÌ½yæ ǘyvɺʿȚ
Ż�mr�:F�_IE8�ˎƆ�ìņ��x�n�８ʵv�uìņƎˑ��Ʊʥ
̢Ȱv��~�ŭ ņ�mj����µ�Žǹv��jvü˸�uʏʿȚŻ�m
j��:F�_IE8�ˎƆ�̆ņ�Ǝˑn�８ʵv��v͂:F� l>CU�X>CYWd ̜
�;E8ŹƤáÛ¥æ Ǖ�ʟǣþǈ ³yáw�m�u:F½æÌ¯Ǡ�Ɣș
˷ʡɵŰ̺�ē̫�ï・wuƔðɤʚ�ĳȲĔy�‒��Ðäá²æ ³yá
y� =K øʡǈ�ʟǣ ȵ�ȰƏy�vǵ�� :F �ɺʿȚŻ��üʿ 々w
�ĳȲĔ�p�jouʏʿȚŻ��̆ņ�Ǝˑ�ʸôʚ�ĳȲĔwu=K�_IE8
�ʟǣ ８ʵy�v‒�ƃ̦ Ł˖�w�ʿʏȚŻʸôʚ�ƔǰȲěȷŰ̺�
ĳȲĔ Ɇ̆y�‒���p�˧ǈŇƝoʘȈv�~�JSAa_W� SCV�DU:AgCY�
,**.&�#_S>lg_>�SCV�BSk�,**0#v�
�
ƔǰȲŭɬȰƏ�˧ǈŇƝ�
Ȕǻw~�k�ĨʿǖŴ�ðɤw~ʿʏķɾŇƝ�ěȳ８ʵ�r��qǬx
�ȷ̦čʭ��ŝ々�̥̞v��j��Ɵl���vĆ̡ȳʏņ�mr�Ȟ˦
�ŭɬ��~ʿʏ����˰Ĕy�ǒoɾ���j�ouŨ˅uƔǰȲ�ŭɬŭ
ȳȰƏ�˧ǈŇƝoěȳȰƏ�mr�˧ǈŇƝ�Ŧ��ɩȎʚ�Ɲɛ Ǖ��
j�‒�oȂɢſŗǟ�ɇƠſŗn�̆�n����p~v�
Ć̡ȳʏņ�¶ä¥äÅ¹Å��ʿʏ�čʭw~̀ǝ�˼̟�mr�̟˫�
Ȣʏu̟ Ȩ�ŭȜ˰Ĕoļƻv��v‒���Ȣʏčʭ�ɧq�ĨʿǖŴľ̹ø
ʡǈ�ŷɥ˰ôĴ�ƀ��uěȳȰƏ�ˬµ�ĨʿǖŴ�ľ���ȦjƆȒ�
w�ʅ̌v��p~v‒��k�Ȣʏčʭ�˧ǈŇƝ��~uĦʚˢƤÜÂâ�
���Ɇ̆�p�‒�oǘv�uěȳȰƏ�mr� :F �ʴ̜�Ɣðɤʚn�
ǖĽʸôʚ�ĳȲĔy�ȲǠ ��þǈ�w� G?PKF:?IFD��
#EK�I8:K#E!�=8:KFI��G#=#Ð¢Ùáy�ɢy� T?C? Ŭʟǣþǈ G#=.&�
G#=/ oʴʗv��j��9dWfaC� SCV�BSk� ,**1&�EalgW� Wf� SA(� ,**1&�E>iS� Wf� SA(�
,**3#v�
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¶ä¥äÅ¹Å� G#= Ð¢Ùáyþǈ� +332 ˅� G#=- o bZk9 �ɗƍƹ̞
þǈ�w�ȁ��ʴʗv�uˉ̶�ɗʴȲn�ɧq�þǈn�ȳ�øʡǈÐ¢
Ùáy ŭȳw�j�‒�ŏ�n���~vȷĔİʚ�ĠȾ��� bZk8m�
� bZk9 �ɓ˸�ɗƍƹ̞y� G#=+&� - � bZk9 ���ɗƍƹ̞y� G#=.&� /&�0
��ɱ˯v�u‒�k�G#=+&�- �Ǫ�ˎĞ�ìŭɬŭȳn�̆ŭɬŭȳ��ʟ
Ĺ�mj�Ǹ̠�３ı Ě~w�m�uG#=.&�/ �Ǫ�ɁȡƔȚŻ�ðɤw~̀
ǝȢʏ�ǈ̟�ŭɬȰƏ�ľ̙w�j�‒�oǘƮv��j�v�~u‒���
þǈ�ŝ々w�Ɣ����ĳȲĔv�~bZk8œ�bZk9��ɗƍƹ̞����
˧ĠȰƏ ǭr�‒�oǘv��j��?Sc�SCV�HgS>A�,**,&�BZSCCS�Wf�SA(�,**.#v
G#= Ð¢Ùáyþǈ�ʆ� G#=.&� ~ ʸʍˠr��k����ȲǠ�w�uø
ʡǈˎƆoĨʿǖŴ����ȰƏv��ʿǰȲ�á¹Ú Ǖ�ǒŏ�n��
��j��=>Y(+#vǖŴ����ȰƏv��G#=.&�/ �ʟǣ�ʏʿȚŻ�mj��
̆ņ�ƈʗv��j�ouɺʿȚŻ�mj��ìņ�ǳ��n�ļƻv��
�E>iS�Wf�SA(�,**3#v‒���ʠn�G#=.&�/ �ĦʚˢƤÜÂâ�mr�Ɣðɤʚ
n�ǖĽʸôʚ�ĳȲĔv��þǈ�w��ʸȲ ˿~wuʏʿȚŻ�ʸôʚ
�ěȳȰƏ�mr� :F ��ɩȍ�ɺʿȚŻ�ʸôʚ�Ȣʏčʭ ȰƏy�­
yþǈ�i�‒�oǘƮv��v�~uƔǰȲ�ŭɬȰƏoĦʚˢƤÜÂâ��
��Ɇ̆v��‒�� G?P9�ǖŴľ̹øʡǈ GII3�GII1�GII/ �ŷɥ˰ô
Ĵ�mj�Ȣʌčʭ�ɺʿȚŻʸôȲoǞ���j�‒�n��ǌǕv��
�=>Y(,#v�
‒��k�ĦʚˢƤ���ȷ̦čʭŇƝ�Ġ̆�u‒���ȸµ�ſŗv��
p~ĨʿǖŴ�˧ǈŇƝ�ǡƵ�ȷ̦ƆȒ ̆Ĭ�Ź��r�ſŗ̴�w�Ǹ
̠�òŐ Ǖ��m�uƫƎ�ĨʿǖŴſŗ�mj��‒��k�ȷ̦ƆȒ 
Ɇ̆y�˧ǈŇƝ�Ġ̆oʆȣʚ�ľȣǒ���‒�o̗ɕv��v�
�
ʿʏ�čʭw~ŭɬŭȳȰƏ�ľ��Ǭx�þǈoʴʗv�~‒��u‒�ů
oƔǰȲ�ěȳȰƏ�˙Ș�ɩȎʚ�˧ǈÛ«Æ¹Ú����ȰƏv��j�
‒�o�n��p~ou‒���ěȳȰƏ�mr�=K�ɗʫy��k�ē̫þ
ǈ��j����µ�̆�n����j�n�~v‒��ľw�ƲŨuZa_Wa

Taj Ŭʟǣþǈ ³yáy� 8K?9,)?8K. øʡǈo G#=. �ē̫þǈ�w�
‒��k�ȰƏ�ľ��‒�o˷Ʀv�~�BgC>Z>da�Wf�SA(�,*++&�=>Y-#v�
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wnw�o� SfZT, ŷɥ˰ôĴoƁʊ�˝ƆŬ ǘv�j‒�uƔǰȲ�ŭɬ
ŭȳȰƏ�mr�˝ƆŬo˙Ș�ɧŃ�ʣ�‒�n�u=K�jkü��øʡǈ
����ȰƏv��ěȳ��ô��u˥ ȯ�þǈoG#=. �ē̫þǈ�w�Ȣʏ
čʭ ȰƏw�j�‒�oǘƮv�~�=>Y(.#v|‒�˼̼˨ɲcȏ�mj��u
‒��k�Ȣʏčʭ�ľ�� G#=. ē̫þǈ�ɧ̜Ȳ Ġ̆y�‒� ̌ʚ�
w�ſŗ Ơ�~vũɨʚ��‒���ɧq�ſŗǦn�ƕ˝v��j�Ǭx
�Ãàæ¸¯áÒÃyÚÂy½�ƱĠȾ Ơk‒�� G#=. ē̫�ȥŊƓ˵ø
ʡǈ�ʇǹ Ơju˰ôɨ ̞j~_IE8ˎƆĠȾ����Ɠ˵øʡǈ�ƞ�
Ʃ� ȩ�~vȢʏčʭ ǆ��y�Ȟ˦�ŭɬ˰Ĕ�ü˓�Ǭx�Ȟ˦óâ
Üæ����ȰƏv��ǒoǘƮv��j��MSCVWCTgeeUZW�Wf�SA(�,**/&�EalgW�
SCV�DSAaaX�,**0&�8ASTSV>�SCV�9AplcgWl�,**3#ǒn�u˼ſŗ�mj��ʸ�Ȟ
˦óâÜæ�ľ̹y�øʡǈœ�ƴ˺Ȣʏ�ľ��øʡǈ�ʅ̌w�Ɠ˵�ɋ
ʗ Ơ�~v�
Ȟ˦�ŭɬŭȳ�mj�Ɣ�ˬ�Ǹ̠�ĺş̠þ�w�˂ǜv��Ēʥ�ɩ
y�čʭ��j��‒����ɧq�ſŗ˷Ʀo�v��p~ouţ̀Ȧj‒
��jq�n�ſŗ�mj�ĒʥčʭȲ�ŭɬȰƏ�mj�� G#=. øʡǈo
Ǹ̠�３ı Ě~y‒�oǘƮv��j��Ba>C>� Wf� SA(� ,**3&� =dSC@A>C� Wf� SA(�
,*++#vGZkfaUZda_W �ɯ˝v��ĩǬ�Ɣǭ̛ɨ½æÌ¯Ǡoˎƀv�~‒�
�ǆ��uɌǻw~ƔǰȲěȳ�Ȣʏčʭ��uȞ˦�ƔčʭȰƏ�˧ǈŇƝ�
ľy�ſŗ�̌ĭ�wjȩʝ Ȯs�p~ouɩw�Ēʥ�ķɾŇƝu���r
˙¸Ãã¸˔ñ�mr�Ēʥčʭ�˧ǈŇƝ��j��ȑƴ���µ��n�
�j�jvǙɍģ�mj�ʿʏ�ňĒ�˰Ĕ����ŉɅ �n�Ǹ̠�¶°
Åâ�i�u‒�c��¶°Åâ�ŉɅu��́Ƀ�ľ̹w�o�˰ʳw�j
�‒�n�Ȟ˦�‒���¶°Åâ ʮƤʚ�Ȁ̦w�ŭɬ ȰƏy�Û«Æ
¹Ú Ǖ��j�‒�oǘƮv��p~v‒�̍ɳ�ľw�uʿ ʏčʭ�Ħʚˢ
ƤŇƝ�ʆȣþǈ�i�����Ēʥčʭ�mj��Ǹ̠�ł̙ Ě~yG#=.
�‒���¶°Åâ ʮƤy�­yþǈ�i�ǒoŠqǘƮv�~v|‒�˼
̼˨ɲdȏ�mj�ʿʏčʭ�ĦʚˢƤŇƝ�ɩy�ĦˤňĒ�ĄŤ ĠȾwu
G#=.  ʆȣ�w~ʿʏuĒʥ�ʮƤʚķɾŇƝ ̦Ġy�‒� ̌ʚ�w�ſ
ŗ ȩ�~vũɨʚ�ǡƂ˸˹�w�uĒʥ˰Ĕ���G#=. �Űǖʚ�_IE8
œ�½æÌ¯Ǡ�ʃɀ̯�˰Ĕ ʎ������uɲcȏ�̆�n�w~˥ȯ
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� G#=. ē̫øʡǈ� _IE8 ˎƆ˰Ĕ�ȍ�wƤ�{�‒��Ēʥ˰Ĕ�¶°
Åâoj�u���k�̜Ǜ�G#=. ��~�p ˰Ĕv{�nu�jkʠ�ʅ
̌w�ǡƂ ȩ�~v�
˼̼˨ɲeȏ�mj��uɲdȏ�ʷ��~zĒʥ¶°Åâ� G#=. �ʟǣá
¹Ú�ïɗ ˰Ĕv{�‒��Ɣ¶°Åâ�ʮƤv��ŭɬŭȳ ȰƏy�^
�jkŹĚ ���uG#=. ʟǣá¹Úŭȳ�ľ��ĨʿǖŴþǈ�ŇˆĠȾ 
Ơju‒���ȩ��p~G#=.  ʆȣ�w~ĦʚˢƤŇƝ�Ɏɨəuy���
Ēʥ¶°Åâ�ˁ̱n�Ɣ¶°Åâ��ʮƤuē̫þǈ�ˎƆȰƏ���˧ǈ
Û«Æ¹Ú ̆�n�y�‒� ̌ʚ�w�ſŗ ȩ�~v�
ɲ~ȏ�mj��‒����ʷ��~ŹĚ ���uǙɍģ�mj�Ȟ˦ov
�v��ǡƵ�ĺş˰Ĕ��ɩ˗uƣʬȞ˦�mr�ʴÛ«Æ¹Ú�ˡ˳Ȳ�
�j�Ɵƻ m‒��~v�~uǡƂ ȩ���n�ɦ�°âyÒn�ˎ˝v�
~ȥ~�ɾƀ ���ƆƶƟl��� G#=e ʆȣ�w~ŭɬŭȳȰƏ�˧ǈ
Û«Æ¹Ú�Ɏɨə Ɵƻw~v�
�
� �
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�
=>Y(+� ̆ì´¥¯âē�Ȟ˦�ŭɬ ȰƏy� G#=.�
G#= Ð¢ÙáyøʡǈŪ�ŀ���G#=. � bZk9�ɗƍƹ̞y�8G9áÛ¥
æœ� ;E8 ŹƤ�ľ�� T?C? áÛ¥æ ��ʟǣþǈ ³yáw�j�v
G#=. ĝȖˎƆĴ� bZk9 ŷɥ˰ôĴ��qǓ~ʏ̀ǝuʏ̟˫�˝ƆŬ ǘw
�ȫʆƯē#uɖƸp�jkʠ��ŝ々w�j�v̆ì´¥¯âȚŻē�mr�
G#=. � _IE8 ˎƆ�ĨʿǖŴ����ȰƏv��ʿǰȲ�á¹Ú Ǖ�‒�
oɾ���j��ȫʆĂē#v� �

bHLHAPBPIF4

phyB

Red light

Degradation DNA binding

PIF = Phytochrome Interacting Factor
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�
=>Y(,� ʿʏ˰Ĕ�ɩy�̀ǝu̟˫�Ȣʏčʭ�
１ȷĴ�:aA
*#œ�� b>X.�b>X/ Ĵ�ȫʆ��͆./ �˝ŋ#&�bZk9Ĵ&�bdd3�bdd1�bdd/
Ĵ�ȫʆ��͆31/ �˝ŋ#  ,,`ˌȡƔ C;�+0 ǖĽʠʪu2 ǖĽȌʪ#�~�
J;�2 ǖĽʠʪu+0ǖĽȌʪ#ȚŻ� 2ʿĽȷûẁǝ�ʏv ˗įw~�8#v�
１ȷĴ�:aA
*#œ�� b>X.�b>X/ Ĵ�ȫʆ��͆./ �˝ŋ#ubZk9Ĵ&�bdd3�bdd1�bdd/
Ĵ�ȫʆ��͆31/ �˝ŋ#  ,,`ˌȡƔ C;�+0 ǖĽʠʪu2 ǖĽȌʪ#�~�
J;�2 ǖĽʠʪu+0 ǖĽȌʪ#ȚŻ� ,+ ʿĽȷûw~Ȟ˦�˼̟ɲü̟�mr
�̟˫�ʏvu̟Ȩ�ŭɬ ˗įw~�9#� v�
� �

Col            D45          phyB          D975

LDs     SDs

LDs     SDs

LDs     SDs LDs     SDs

LDs     SDs
LDs     SDs LDs     SDs

Col            D45 phyB        D975

LDs     SDs

A

B
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�
=>Y(-�?a_Wa
Taj Ŭʟǣþǈ 8K?9, �ʟǣ� G#=.&�G#=/ �ʑɃȰƏv�ù
ǝȢʏȰƏ�ľ���BgC>Z>da�Wf�SA(�,*++#�
�8#�b>X.�b>X/ ʾǸ˰ôĴœ� G#=/
?8 ĝȖˎƆĴ ˌȡƔ J;�gǖĽʠʪu
+0ǖĽȌʪ#ȚŻē� +ǴĽȷûwuQK*�mr�8K?9, �_IE8ˎƆ̯ 
˗įw~ŹĚu8K?9, �ʟǣ� G#=.&�G#=/ �ðɤʚ�i�‒�oǘv�~v
�9#8K?9, ˽̔Ĥǆʠn�Ȕ̫� 8
D ���Òà¥ØyºÀÃ ɄŴwu
G#=/
?8 ĝȖˎƆĴ ̞j� :Z#G
cG:I ĠȾ Ơ�~v#C�h>ha � G#=/
?8
½æÌ¯Ǡ� 8K?9, Ȕ̫ú��ťƶoĬ˂v�~v‒���ǡƂ���
8K?9,�ƔǰȲ�ȢʏȷʏȰƏ�mr�G#=.&�/ �ē̫þǈ�w�ʑɃȰƏv
��j�‒�oǘƮv�~v�:#� １ȷŬu8K?9, ĝȖˎƆĴ ˌȡƔ C;�+0
ǖĽʠʪu2ǖĽȌʪ#m��CC�̹ɣƔ#ȚŻē� +ǴĽȷûwùǝʏ ɟʗ
w˗įw~v8K?9,ĝȖˎƆĴ�CCœ� C;�jz��ȚŻ�mj��１ȷ
Ŭ�˗��ʏ̀ǝ�˝ƆŬ ǘyv�
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�
=>Y(.� ʿǰȲȳʏȰƏ�mr�ĦʚˢƤŇƝ�

ĨʿǖŴ����ȰƏv��ʿǰȲ�ˎƆá¹Ú�̎Ľ���ëʗ�ʃɀy�
ȲǠ ˩{Ǖ�ʟǣþǈ G#=.� �ƔǰȲ�̀ǝȢʏčʭ ȰƏy�ĦʚˢƤŇ
Ɲ�mj�ʆȣʚ�３ı Ě~w�j�vǖŴuƔ�bZk9#G#=. œ�ē̫þǈ
8K?9,n���ĦʚˢƤŇƝ ̉Ǜʚ�ǘy�ȫē#v|�}�ʏʿœ�ɺʿȚ
Ż�mr�G#=. �_IE8̯�ɁuȻɊ#uˎ Ɔw~G#=. ½æÌ¯ǠɎɨ�ʟǣ
þǈ�w��ĳȲ�Šv�ƨɊ#uē̫þǈ 8K?9, � _IE8 ̯�íæ¯Ɋ#�ü
ʿ�Ȭõ ǘw�m�uďȡ℃Ů�Ɣoʠʪw�j�ǖĽɪ ǘyv�
� �
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cȏ( Ȟ˦óâÜæľ̹øʡǈ�ʅ̌w~ G#=.&�/� ȥŊē̫þǈ�

ʴʗ�

ȃƇ�
Ũ˅u¶ä¥äÅ¹Å�ʿʏčʭ ȰƏy� G#=.&�/ �ē̫þǈ�w�Ȃɢſ
ŗǟ�ɇƠſŗn�ʴʗv�~ 8K?9,)?8K. �óÛªÖÀ¯¸Ŭʟǣþǈ�
ɢwuǪ�̀ǝȢʏȰƏ�ľ��þǈ�i�‒�oǘƮv�~�BgC>Z>da� Wf� SA�
,*++#vwnw�o� SfZT, ˰ôĴoƁʊ�˝ƆŬ ǘv�j‒�uG#=.&�/ �
��ʿʏčʭȲ�ŭɬŭȳȰƏ�̀ǝ�r��q˼̟�mr�̟˫�Ȣʏ�̟
Ȩ�ŭɬ��ɧŃ�ʣ�ʠn�u‒���ȷ̦čʭ ɷü�ʟǣþǈ8K?9,�
r�Ɇ̆y�‒��ʽwjvǵ��ƔǰȲ�ŭɬŭȳȰƏ�mj��ɷü�Ø
¸½yþǈ=K����ȰƏv��ƔǰȲěŰ̺��ô��uɧȯ�þǈoʴǖ
�ľ���j�‒�oǘƮv�~v�
|‒�Ǘ�ſŗʝĤ�w�uG#=.&�/  ʆȣ�w~ĦʚˢƤŇƝ�ē̫þǈ�
ɧ̜Ȳ ǘy~�u8K?9,�ʴ̜�ȰƏv��ȥŊē̫øʡǈ�ɹƺ Ơk‒
��w~vſŗ ǆ���ʫ~�uȞ˦óâÜæ�¶°ÅâʡɵŰ̺oĨʿǖŴ
���ƔŭɬŭȳȰƏ�ľ��‒� ǘw~ ,��ɇƠſŗ�ʅ̌w~v�
́ � :Zadk ��°âyÒ�Ø¥¯ä£ã¥ ̞j~Ãàæ¸¯áÒÃyÚĠȾ
n�uƔ８ʵȲ�óâÜæľ̹øʡǈ�ˎƆoĨʿǖŴ����ʸʗ�ǖĽ
ɪ�²yÁ¤æ°v��‒��uǬx�óâÜæ¶°ÅâŰ̺�ɗƍƹ̞ 
˴ȓwuŉɅ�ʿȍ˰Ĕ�ɩy�čʭ Š��ǁɑ� Ǖ��j�‒� ǘ
w~�DaU@AWd�Wf�SA�(�,**1&�D>UZSWA�Wf�SA(�,**2S&�D>UZSWA�Wf�SA(�,**2T#v�

͂ � DSAaaX ��°âyÒ�ĨʿǖŴuƔčʭuȷʏȰƏ�ľ��øʡǈ�ǖĽ
ʸôʚˎƆʸȲ�ʅ̌w~Ãàæ¸¯áÒÃyÚĠȾn�uG#=.&�/ oȞ˦
óâÜæªy­¶æ�¶°ÅâŰ̺�mr�ʎɅþǈ�w�ʲq‒��ǰ
ņʚ�̀ǝȢʏȰƏ�ł̙w�j�‒� ǘw~�EalgW�Wf�SA(�,*++#v�

‒���ſŗŹĚn�ƔǰȲ�ŭɬŭȳ�mj�Ȟ˦óâÜæ�¶°ÅâŰ
̺�ʎɅoǸ̠�ò̀ Ǖ��m�uDSAaaX �oǘw~ªy­¶æŰ̺��ľ
̙����zuG#=.&�/ oǬx�Ȟ˦óâÜæčʭ ʸʗ�ǖĽ�ìņ�Ǝˑ#�
üȽ�ȰƏy�‒�oȞ˦�ŭɬ ɧ̈ʚ�˰Ĕy�˧ǈŁ˖����j�ǒ
oȬɟv�~v�
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‒��k�℃Ů���u˼ȏ�mj��Ɍǻw~c̴ ŀ�u‒����ɧq
�ſŗǦn�ƕĤv�~Ãàæ¸¯áÒÃyÚÂy½ ̥̞y�‒��uƔǰ
Ȳ�ŭɬŭȳ�mr�óâÜæ¶°ÅâŰ̺�ľ�� ̆Ĭ�y�‒� ̌˜
�w�ſŗ ȩ�~vªy­¶æuÑà¶É¸Áä¥áu·Óãáæü ¿ãæu
´¥Ã«¥Ææ�j�~ɯ˝ʚ�Ȟ˦óâÜæ�ľ��øʡǈŪ�ʅ̌w�
Ɖx�Ãàæ¸¯áÒÃyÚÂy½ ȑƴ�ĠȾy�ǒ�uƔǰȲ�ŭɬŭȳ
ȰƏ�ľ��G#=.&�/ �ȥŊē̫þǈ�ʴʗ ǐ������u‒��k�ʿǰ
Ȳ�Ȣʏčʭ�mr�ĩóâÜæ�３ı��j�Ɵƻ Ơ�~v�
� �



� ���

ŹĚ�
G#=.&�/ ē̫þǈ 8K?9, �_IE8ˎƆʸȲ�
G#=.&�/ ē̫ȥŊøʡǈ�ʴʗ ǐ���ʫ~�uƧƙ�����ʿʏčʭ�
mr� G#=.&�/ ē̫þǈ�w�ʴʗv�~ 8K?9, � _IE8ˎƆʸȲ�ĠȾ 
Ơ�~v8K?9, � J; ȚŻʸôʚ�u�~̆r˸ʸôʚ�ˎƆíy¯ Ǖ�
�=>Y(/�:&�;#uʴȚŻē�mr�G#=. �_IE8ˎƆ̯�˗įy�� G#=. �ˎ
Ɔoìņ�ƀ���ǖĽɪ� 8K?9, �ˎƆíy¯�üʁw�j��=>Y(/�8
;#v
�~uJ; ȚŻ�mj� b>X.�b>X/ ŷɥĴ�mr� 8K?9, �ˎƆ １ȷĴ�˗
įy��ub>X.�b>X/ Ĵ�mj��‒��k� J; ȚŻʸôʚ�ˎƆíy¯�Ȍ
Ǟw�j~�=>Y(/�=#vǗ�uC;ȚŻ�mj� bZk9ŷɥĴubdd3�bdd1�bdd/� ŷ
ɥĴœ�� WAX- ŷɥĴ� 8K?9, ˎƆ̯ |�}�１ȷĴ�˗įy��uǖŴ�
Ňˆ�~�Ɣʸôʚ�˧ĠȰƏ ŷq‒���˰ôĴ�mj��u１ȷĴ��
üʿ 々w�̢Ȱv�� 8K?9, �ˎƆo̎Ľ�ɶ̢Ȱv��j�‒�o�n
�~�=>Y(/��&�=>Y(0�8&�9#vĩŷɥĴ�mr�8K?9,�ˎƆÌ½yæ�ʴȚŻ
ē�mr�̀ǝȢʏ�˝ƆŬ�=>Y(,#��qƤʁw�m�uǖŴ&�bZk9&�G#=.&�/�
����ȰƏv��ĦʚˢƤŇƝ�E>iS�Wf�SA(�,**3&�BgC>Z>da�Wf�SA(�,*++#�ē̫
þǈ�̗ɟv�~ʜŬʚˎƆ̜Ǜ ǘw~v�
�
ƕĤØ¥¯ä£ã¥Ây½Óy¸ ̞j~ G#=.&�/ ē̫Ɠ˵øʡǈ�ʇǹ�
ƔǰȲ�ŭɬŭȳȰƏ�ľ��Ȟ˦óâÜæľ̹øʡǈ ʇǹy��i~�u
‒�ƆȒ�ʴ̜� bZk9
G#= Ü·Ýyâ����ȰƏv��˘Āčʭ�ľy�
ſŗŹĚ�ʅ̌w~vȞ˦oʿĀn�」��~��ō‒yŕŶ�Ȣʏ˒č�w
�Ɗqn�ſŗv��p~˘Āčʭ�mj�uȞ˦�Ɣ�ŀ���ɁȡƔ�ċ
ɁȡƔ�˗̩ ķɾw�j��Ɵl���m��IgTWdf>�Wf�SA(�,*++&�:SeSA�,*+,#
‒�čʭŇƝ�mj�� bZk9���� G#=. œ� 8K?9,oľ̙y�‒�o˷
Ʀv��j��JfW>CVAWd�Wf�SA(�+333&�CaddS>C�Wf�SA(�,**2#vǡƂʚ��8K?9,� �
_IE8 ˎƆ�ċɁȡƔ�ȍǤ���� G#=.&�/ �ðɤʚ�ɺǖĽ��８ʵoĬ
˂�p~�=>Y(1�9#ǒn�uʿ ʏčʭ�ľ��G#=. ē̫øʡǈ��~ċɁȡƔ�
��_IE8ˎƆ８ʵ ǭr��ĕʗw~v‒�ĕʗ�Ł�puƕĤv��j�
Ãàæ¸¯áÒÃyÚÂy½�ʆn�uɧȯ�˷Ʀoi�ĩǬ�ċɁȡƔȍǤ
ȚŻ�JWeeS�Wf�SA(�,**/&�:SdSTWAA>�Wf�SA(�,**1&�Balg@S�Wf�SA(�,*+*&�C>C�Wf�SA(�,*+,#
œ� G#= Ð¢Ùáyþǈ�ŷɥ˰ôĴ ̞j~Ãàæ¸¯áÒÃyÚÂy½
�CW>hSd�Wf�SA(�,**3&�CW>hSd�Wf�SA(�,*+,&� � ?adC>feUZW@�Wf�SA(�,*+,# ƾȍw~vĩ
Ây½Óy¸n�ƣjčʭȲ ǘyøʡǈá¸Ã ǫʷwuɩȍ�w~8K?9,
oy���á¸Ã�ŀ���‒� Ĭ˂w~Ȕ�uȞ˦óâÜæ�¶°Åâʡ
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ɵ�ľ��øʡǈ ʇǹw~ŹĚuªy­¶æ�ľ��øʡǈŪn� !?-(/&�
#88+3&�#88,3 � -øʡǈuÑà¶É¸Áä¥á�ľ��øʡǈŪn�9I0aj,&�
98J+&�9#D+ � - øʡǈu·Óãáæ�ľ��!8#u¨¿ãæ�ľ�� 8:J2u
´¥Ã«¥Ææ�ľ�� :BO/ oʷ��~�KSTAW(+#vʷ��~Ɠ˵øʡǈ�ĩ
Ȟ˦óâÜæ�ȷƤȳu˧Ġœ�¶°Åâʡɵ��|�}��óâÜæ¶°Å
âŰ̺�mr�̜x�Ňˆ�ľ�����i�~v‒�ŹĚ ���uíƢ�ǡ
Ƃ�mj�Ɖx�øʡǈˎƆÌ½yæ�ȑƴ�ĠȾ Ơjuʿʏčʭ�mr�
G#=.&�/ ē̫þǈ�w��ȲǠ ˿~y���i�nŽ「 ȩ�~v�
�
Ɠ˵øʡǈ�ċɁȡƔ８ʵȲˎƆ�
íƢ�ǡƂ�mr� G#=.&�/ ē̫þǈ�ˎƆʸȲ�mr�×·Á¤Ñ³æÃä
yâ�w� 8K?9,  uÈ¬Á¤Ñ³æÃäyâ�w�Ɠ˵þǈ�ŀ��zu
�~ G#=. ˙ðɤʚ�˘Āčʭ�ľ̙y�ǒo˷Ʀv��j�ªy­¶æȷƤ
ȳøʡǈK88+�KSa�Wf�SA(�,**2# ̞j~vƓ˵øʡǈ�ċɁȡƔ８ʵȲ Ĭ˂
y�óuc
G:I˹ ̞j�１ȷĴœ� b>X.�b>X/� ŷɥĴ ̞jCCȚŻ� 2ʿĽ
ȷûw~Ȟ˦�mr�ċɁȡƔȍǤƎ0ǖĽ���ĩƓ˵øʡǈ�_IE8ˎƆ
̯�˰Ĕ ļƻw~vŹĚ�w�１ȷĴ�mj�y���Ɠ˵øʡǈ�mj�
ċɁȡƔȍǤƎ +ǖĽ��_IE8ˎƆ̯�ɚėoĬ˂v�~v�~u98J+  
ȆqƓ˵þǈ�mr�ˎƆ８ʵ�G#=.&�/ �ðɤʚ�i�~�=>Y(1�;
C#v�
�
ʿʏ˰Ĕ�ɩy�Ɠ˵øʡǈ�ˎƆʸȲ�
Ɠ˵øʡǈ�ʿʏ�ɩy�ˎƆʸôȲ ʎ��~�u,,`ˌȡƔ C; �~�
J; ȚŻ� 2 ʿĽȷûw~Ȟ˦  - ǖĽ˾�´æÒáæ°wuc
G:I ˹ ̞j
�ĩƓ˵øʡǈ�_IE8ˎƆ̯ĠȾ Ơ�~vŹĚ�w�98J+ ȆqƓ˵ø
ʡǈ�mj� 8K?9, �ʴ̜� J; ȚŻ�ìņƎˑ�ʸôʚ�íy¯ Ǖ�ˎ
ƆoĬ˂v�~�=>Y2�;
C#vǗ�u=>Y(2 �ļƻv�~ĩƓ˵øʡǈ� J;ȚŻ
ʸôʚ�ˎƆíy¯oG#=.&�/ �ðɤy�‒� Ĭ˂y�~� b>X.�b>X/� Ĵ ̞
j� J;ȚŻ�mr�ˎƆ ˗įy��uy���Ɠ˵øʡǈ��j� b>X.�b>X/
Ĵ��ˎƆíy¯�ʊwjƅȋoļƻv�~�=>Y(3�;
C#v�~u=>Y(3 �ŹĚ 
˵ɠy�ǡƂ�w�１ȷĴ�:aA
*#ub>X.�b>X/ Ĵ&�G#=. ĝȖˎƆĴ�.
aj#  ,,`
J; ȚŻ� 2 ʿĽȷûwuʠʪ�ʑɌ�QK*#�´æÒáæ°w�ĩøʡǈ�
_IE8 ˎƆ̯ ˗įw~vŹĚ�w� G#=. �ˎƆ̯�ĩƓ˵øʡǈ�ˎƆ̯
�Ľ�̆Ĭ�ȵ�ɗľoĬ˂v�~�=>Y(+*�;
C#v‒����ˎƆĠȾŹĚn�u
Ɠ˵�w�řs��~óâÜæľ̹øʡǈ�k� 98J+  Ȇj~�� ʿǰȲ
�ŭɬŭȳ�ŭɬŭȳȰƏ�mr� G#=.&�/ �ē̫þǈ�w��ȲǠ ˿~y
���i��Ź̼ˠr~v�
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�
Ɣˁ̱uǖŴ�ŇˆŷɥĴ�mr�˝ƆŬ�ȥŊē̫þǈ�ˎƆ�
+ ȏ�mj�ǻ�~�k�uĦʚˢƤÜÂâ�ƭĶ �yƔˁ̱uǖŴ�Ňˆ
ŷɥ�Ȣʏčʭ�mr� J;ȚŻʸôȲ�ȌǞ�Ź��q‒�o�n��j�v
‒��k�˝ƆŬ�uȥ~�ʴʗv�~ē̫þǈoł̙y�‒� ̆ǘy�~
�uƔǰȲ�ŭɬȰƏ�mr�Ɣˁ̱ů�Ňˆ ɸk G?P9 �ŷɥ˰ôĴ ̞
j�ȥŊē̫øʡǈ� C; ȚŻ�� _IE8 ˎƆ̯  c
G:I ˹���１ȷŬ�
˗įw~vbZk9Ĵ�mr�G#=. �_IE8ˎƆ̯�C;ȚŻ�i���ìņ�
Ǝˑn�ɚėw�m�u‒��ː�� 8K?9, �ˎƆ� J; ȚŻʸôȲõq
���j~v�~ubZk9Ĵ��̆ņ�mj��ʕjãÓâ�o�8K?9,�ˎ
Ɔoļƻv�uG#=. �ʟǣo�q��̆ņ�Ǝˑ��űɣw~�=>Y(++�8&�9#v
ȥ~�ē̫þǈ�w�ʴʗv�~ĩóâÜæľ̹øʡǈ�ˎƆ� 8K?9, �ʴ
̜� bZk9Ĵ�mj�C;�mj��ìņƎˑ�ˎƆíy¯oƀ��ŭ ņ�m
j��ǩjˎƆoļƻv��ʠ�ŝ々w�j~v‒�‒�� bZk9oĨʿǖŴ�
mr�ƔʴʎŇƝ�̆ņ�mr� G#=.&�/ ĳȲʎɅ�̭̈�ł̙y�‒� ǘ
w�j�vǗ�ŭ ìǰņē�mj��Ĩʿá¹ÚoŷǞw�j� bdd3�bdd1�bdd/
ŷɥĴ ̞j�ȥŊē̫øʡǈ� C; ȚŻ��hIE8 ˎƆ̯  c
G:I ˹��
�１ȷŬ�˗įw~vbdd3�bdd1�bdd/ Ĵ�mr�G#=. �_IE8ˎƆ̯�１ȷĴ
�ɩw�Ș�˙Ș�ƣj。 ǘwu‒� ˒ąw�ɧq�óâÜæľ̹øʡǈ
�mj� 8K?9, �ʴ̜� C; ȚŻ�ìņɎɨ�ƣjˎƆoļƻv�~�=>Y(+,�
8
C#vbZk9Ĵ&�bdd3�bdd1�bdd/Ĵ�mr�G#=.&�/ē̫øʡǈ�˙ʸôʚ�_IE8
ˎƆ� C; ȚŻ�mr�ʏ̀ǝ�˝ƆŬ�=>Y(,#��qƤʁw�m�u�~|�
ˎƆ８ʵv��½¥Ùæ°�÷joĦʚˢƤŇƝ�mr� bZk9&� ǖŴ�３ı 
˒ąy����i�~‒��u8K?9,�r��q‒���Ȟ˦óâÜæľ̹ø
ʡǈŪoĦʚˢƤŇƝ�����������ˎƆy�‒��Ć̡ȳʏņ�m
r�̜x�ŭɬŭȳ�˰Ĕ ȰƏw�j�‒� ŠqǌǕy����i�~v�
�
G#=.&�/ ē̫�˙óâÜæľ̹Ɠ˵øʡǈ�
‒����ǡƂŹĚ��uƔǰȲ�ŭɬȰƏ�mj�ɧq�Ȟ˦óâÜæľ̹
øʡǈ�ˎƆoĦʚˢƤŇƝ����ȰƏv��j�‒� ǘw�p~vwn
w�o�ʴʗv�~øʡǈŪ��Ȣʏčʭ ȵ�ȰƏy��Ɵl�����u
ˣ�ȰƏy��Ɵl������̭˸ ŀ�u‒���Ȟ˦óâÜæș˷ʡɵ
ůo���k�ɗƍƹ̞w�Ȟ˦�ŭɬŭȳ ȰƏw�j�n�jkʠ�ľw
��˟̆�ʠoɧqǀv��m�uƫƎ�Ɯ��ſŗ�ȩʝoɫ~��vü˸�
Ãàæ¸¯áÒÃyÚĠȾn�ʷ��~ G#=.&�/ ē̫Ɠ˵øʡǈ�ʆ��óâ
Üæ¶°ÅâŰ̺��ʑɃľ���j���uȢʏčʭ�˛̠�ƴ˺ˮƤȳ�
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ľ��˥ȯ�øʡǈoŀ���j~v̀ǝȢʏ�Ǫ�̀ǝ Ɲȳy�Ɖx�ƴ
˺�Čʑ˸Ƙ��ƴ˺Ȣʏ����ÿpō‒v��ƆȒ�i�u‒�ǖȥŊ�
ƴ˺ˮ Ƥȳy�ƴ˺ˮƤȳơɐ�ǱȝơɐoǸ̠�３ı Ě~w�j�ǒo
ɾ���j�v‒���øʡǈ��~uG#=.&�/ �ʑɃʚ�ȰƏv��j�Ęˆ
Ȳ Ž「y�~�uƴ˺Ȣʏ�ľ��øʡǈŪ�ʅ̌w�Ây½Óy¸ Ʊʥ
ŽȐw~�‒�uOK?+/&��OG82&�CE!,&�CKG-�jke��Ɠ˵øʡǈ ʇǹ
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É¸Áä¥áu·Óãáæü ¿ãæú ¥Ã«¥Ææ�j�~̜x�Ȟ˦óâ
Üæ�¶°Åâʡɵů Ɲȳy�øʡǈoŀ���j~ouƠ�~jq�n�
ǡƂȚŻ�mj��ɦ��ô��řʳ ǘy��oi�~�=>Y(2�?&�+,�##v‒�



� �
�

ǒn�uȞ˦�ƔǰȲŭɬȰƏ�mj�uĦʚˢƤŇƝ���ʿʏķɾ�uĩ¶
°ÅâŰ̺�mr�Ɖ˯�ȰƏ� ɑ�Ƥ�{�‒��u��˥Ƽ�ŭɬ˰Ĕ
 Ęˆ�w�j�ǒoǂl�v�
ē̫þǈ�w�ʴʗv�~óâÜæľ̹øʡǈ�jz��ɱp�Ð¢Ùáy
�ɢy����i�~vü̴�w�!?-(/ � #88£ÙáƤȳơɐ ³yáy�
!?-øʡǈÐ¢Ùáy�ɢw�m�uʴÐ¢Ùáy�ɢy�!?-(+&�!?-(, ʬ
�óÜä°øʡǈoʴ̜�ˎƆʸȲ ǘynu�jkʠ�ţ̀ȦjvØ¥¯ä£
ã ¥ Â y ½ Ó y ¸
;#LIE8C�Zffb4))V>gdCSA(_aU@AWdAST(adY)V>gdCSARVSfSRX>CVWde)CWi#  ̞j�
ŽȐ Ơ�~�‒�u!?-(/ �Ð¢Ùáy�ɦ�øʡǈ�˗įw�ɺʿȚŻ�
ìņƎˑ�ʸôʚ�ˎƆíy¯ ǘyou!?-(,&�!?-(- ��j��ǩj�o�
�Ǔ~�k�ʸʍoƀ��~�=>Y(+0�8#vʴ̜� #88,3�=>Y+0�9#u9I0aj, œ�
9#D�=>Y(J+1�8#u!8#�=>Y(+1�9#u8:J2�=>Y(+2�8#u:BO/�=>Y(+29#�óÜä°
øʡǈ��j�Ž「 Ơ�~ŹĚu‒��k�ìņƎˑ�íy¯ Ǖ�ˎƆ̜
Ǜ�|�}��Ð¢Ùáy�ʆ��˙Ș�ʸʍʚ����i�‒�o˧n�~v
‒�ŹĚ�Ȟ˦óâÜæ�¶°Åâʡɵů�mj�‒���øʡǈoƔǰȲč
ʭ�~��Ð¢Ùáy�ʆ��ʸôʚ�Ňˆ ɸ��j�‒� ǘw�j�v�
ʴʗv�~ē̫þǈ�¶ä¥äÅ¹Å�ŭɬŭȳ��ľ����j�u‒��
��˷Ʀv�~ɾƀ�üˤ íē�ǘyv!?-(/ ĝȖˎƆĴ�ɺ̀ǝ�˝ƆŬ
 ǘw�GSd@�Wf�SA(�,**1#u>SS+3 ŷɥĴ��̀ǝȢʏ�mj�ªy­¶æ˙ķǭ
Ȳ����KSfW_Sfeg�Wf�SA(�,**.#vYS> ŷɥĴ�ɺ̀ǝ�˝ƆŬ ǘy�CWW�Wf�SA(�
,**0#v�~u!8# �;�CC8½æÌ¯Ǡ�ü��i�uʑɃʚ�ɗƍƹ̞��
��G#=. �Ňˆ ɒħy��VW�CgUSe�Wf�SA(�,**2#v98J+�ĝȖˎƆ� bZk9ŷ
ɥ���ʏ̀ǝ�˝ƆŬ ̢Ȱy��EWXX�Wf�SA&�+333#v‒���ɾƀ�ªy­¶
æuÑà¶É¸Áä¥áu·ÓãáæoȞ˦�ȷʏ ȰƏy�óâÜæ�w��
qɾ���j��jkǒǡ��Ƥʁy��DaU@S>f>e� SCV��efWAAW� ,**2&�CSg� SCV�
;WCY�,*+*&�!gVWeTASf�SCV�Igee>CahS�,*++#v�
˼ȏ�mr�ţ̀Ȧjˎƀ�w�uü˓�Ȣʏčʭ�Ź�ˠr���‒��ȋ
�j¨¿ãæ�´¥Ã«¥Ææ�¶°ÅâŰ̺ Ɲȳy� 8:J2&�:BO/ ��~
G#=.&�/ �ē̫þǈ�w�ʴʗv�~ʠořs���v‒�‒��‒���óâ
Üæľ̹øʡǈ��j��¶ä¥äÅ¹Å�mr�ƔčʭȲ�ŭɬȰƏ�ľ�
��jkjq�n�˷Ʀ��üʁw�j��!aASC�Wf�SA(�+330&�QZaCY�Wf�SA(�,**3#v
ɘĲ�w�uʴʗv�~óâÜæľ̹øʡǈ�Ė�n�ŭ�̀ǝȢʏ�ľ��
�j����uȢʏȷʏ ȵ�ȰƏy����Ð¤yáéÀ¯ȰƏ�ľ���
Ɵl���̢Ȱʚƹ̞ ǘy��oʴǖ�ŀ���j�‒�o�n�v‒�ǒ



� ���

n��ŭɬȰƏ�mr�‒���øʡǈ�Şʎʚ�ʲp üòʚ���l�‒
��ʽwquƫƎ�Ɯ��ſŗo˛̠�i�kv�
˼ȏ�mj�ʴʗv�~ G#=.&�/ ē̫øʡǈŪoʑɃ�˜ʚ�i�n�jkʠ
�ľw��Ž「�̘ɿoǀv��j�v‒��ľw��uƧƙ��Ơ�~ſŗ�
��G#=/½æÌ¯Ǡo8K?9,�ÒäÜy½̰ú�ŹƤy�‒�o˷Ʀv��
j�v�~ =SC@ZSgeWd ��°âyÒ��� :Z#G
eWcgWCUW ĠȾ���� G#=/
½æÌ¯Ǡo #88,3 øʡǈ ŀ�ü̹�ªy­¶æƤȳ�¶°Åâʡɵ�ľ�
�øʡǈŪ�ÒäÜy½̰ú�ŹƤy�‒�oǘv��j��?adC>feUZW@�Wf�SA(�
,*+,#vuqƲŨuȥ~�G#=.  ̞j~:Z#G
eWcgWCUW ĠȾ�Ơ���m��9S>�
Wf�SA(�,*+,&�FZ�Wf�SA(�,*+,#uG#=. �ʑɃʚ�˜ʚøʡǈọ̋ʚ�̆�n��
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=>Y(+-� ƴ˺ˮƤȳ�ľ�� G#=. ē̫Ɠ˵øʡǈ�ˎƆʸȲ�
�8
;#� １ȷĴ�:aA
*#œ� b>X.�b>X/ Ĵ�ȫʆ��͆./�˝ŋ#  ,,`ˌȡƔ
CC�̹ɣƔ#ȚŻē� 2ʿĽȷûw~ƎuċɁȡƔ ȍǤw� +&�,&�- œ� 0ǖ
ĽƎ�ĩʞ�mj�´æÒáæ° Ơ�~vʗ̯IK
G:I˹ ̞j�Ɠ˵øʡ
ǈOK?+/&��OG82&�CE!,&�CKG- �_IE8ˎƆ̯ ʎ�~v�
��&�=#� １ȷĴ�:aA
*#  ,,`ˌȡƔC;�~� J;ȚŻē� 2ʿĽȷûwu-
ǖĽmp�´æÒáæ°w~vʗ̯IK
G:I ˹ ̞j�OK?+/ �_IE8ˎ
Ɔ̯ ʎ�~v�
�!&�?#� １ȷĴœ� bZk9Ĵ&�bdd3�bdd1�bdd/ Ĵ�͆31/#  ,,`ˌȡƔC;ȚŻē
� 2ʿĽȷûwu-ǖĽmp�´æÒáæ° Ơ�~vʗ̯IK
G:I˹ ̞j
�OK?+/ �_IE8ˎƆ̯ ʎ�~v�
- ̹�Ơ�~ʗ̯�˪ŧ。 8GO-øʡǈ�ˎƆ̯�˵ȵw~�� ĩʠ�。
�w�ǘwu˜ǾƑư�J;# ¨àyéy�ǘyvȷûȚŻ�mj�ʠʪw�j
~ǖĽɪ ˌuȌʪw�j~ǖĽɪ °ãy�℃Ů�ǘyv� �
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=>Y(+.� ʿʏ��� G#=. ½æÌ¯Ǡʃɀ̯�˰Ĕ�
G#=.
?8)b>X. Ĵ  ,,`ˌȡƔ C;�+0 ǖĽʠʪ 2 ǖĽȌʪ#�~� J;�2 ǖĽ
ʠʪ +0 ǖĽȌʪ#ȚŻ� +* ʿĽȷûwu-ǖĽmp�´æÒáæ°w~vɏʇ
ǹĈ  J;J
G8!� ����˧̧wu:99 ɉȡ����Ɏ½æÌ¯ Žǹw~
Ǝ GM;= ÛæÑãæ�ʟǣw~vÔâª­¶¾y»˜ǜv�~ 8Cf>
?8� ÜÉ
¯äyÅâƛɨ�-=+*# ̞j G#=.
?8 ½æÌ¯Ǡ�ʃɀ̯�˰Ĕ ļƻw~v
ȷûȚŻ�mj�ďȡjÖÀ¯¸�ǘw~ˤ˧�ƔȍǤw�j�ǖĽɪuƨ�
ǘw~ˤ˧�Ȍʪw�j�ǖĽɪ ǘyv�
� �
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=>Y(+/� G#=. ���ˎƆȰƏ ǭr�óâÜæľ̹øʡǈ�
/ ��Ȟ˦óâÜæ�ȷƤȳœ�ș˷ʡɵ�ľ��øʡǈŪ�k�uʿʏčʭ
�mr�G#=. ē̫þǈ�w�ʴʗv�~�� Ɂǔ�ǘyv¶°Åâ˧ǈ�w
�� #88
:B �Ȕ̫�mj�ƯƘp�２ý�˧Ġů��~�˟ĳȲĔ#uĂƘp
�２ý�Ƥȳů��~�ĳȲĔ#�ƹ̞ ǘwuē̫�mr�２ý�|�ē̫þǈ
��~�p ȵ�uKéy�ˣ�ȰƏy�ƹ̞ ǘyv�
�
� �
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=>Y(+0� !?-(/&�#88+3&�,3 óÜä°øʡǈŪ�ˎƆʸȲ�
Ø¥¯ä£ã¥Ây½Óy¸ ;#LIE8C  ̞j�ɺʿȚŻ�mr� !?-(/ œ
�|�óÜä°øʡǈ!?-(+&�-(+1&�-(,&�-(-&�-(.&�-(0(�-(3 � _IE8ˎƆ̯�Â
y½ǫʷw~�8#v�
ʴ̜� #88+3&,3 œ�óÜä°øʡǈ #88-&� 0&�/ � _IE8 ˎƆ̯Ây½ ǫ
ʷw~�9#v�
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=>Y(+1� 9I0aj,&�9#D+&�!8# óÜä°øʡǈŪ�ˎƆʸȲ�
Ø¥¯ä£ã¥Ây½Óy¸;#LIE8C ̞j�ɺʿȚŻ�mr�9#D+œ
�|�óÜä°øʡǈ9#D,&�9I.aj, œ�|�óÜä°øʡǈ9I0aj+ �
_IE8ˎƆ̯Ây½ ǫʷw~�8#v�
ʴ̜�!8# œ�óÜä°øʡǈI!8+&�I!C+&�,&�- � _IE8ˎƆ̯�˰Ĕ 
ǫʷw~�9#v�
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=>Y(+2� 8:J2&�:BO/ óÜä°øʡǈŪ�ˎƆʸȲ�
Ø¥¯ä£ã¥Ây½Óy¸;#LIE8C ̞j�ɺʿȚŻ�mr�8:J2œ
�|�óÜä°øʡǈ8:J+&�,&�.&�/&�0&�1&�+*&�++&�+, � _IE8ˎƆ̯Ây½ 
ǫʷw~�8#v�
ʴ̜�:BO/œ�óÜä°øʡǈ:BO+&�,&�-&�.&�0 � _IE8ˎƆ̯�˰Ĕ 
ǫʷw~�9#v�
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dȏ( Ēʥ���̀ǝȢʏȰƏÛ«Æ¹Ú�ĠȾ�

ȃƇ�
, ȏ�mj�ƔǰȲ�ŭɬŭȳȰƏŇƝ�ľw�ǻ��p~ouȞ˦oĺş�
˰Ĕ �n�¶°Åâ�w�u�~ĨʿǖŴ�á¹Úŭȳ�mj�Ɣ�ʴʬ�
Ǹ̠�̠ɐoĒʥ�i�vĒʥ���Ȟ˦�ŭɬȰƏ�ľw��Ũ˅����
jq�n�ſŗ°âyÒn��˷Ʀo�v��j�vü̹�ſŗ˷Ʀn�G#=.&�
/ �Ňˆ�Ɣ�Ēʥ ʮƤʚ�ķɾy�‒��́ìŭɬŭȳn�̆ŭɬŭȳ�
�ʟĹ�CaddS>C�Wf�SA(�,**3&�CW>hSd�SCV�HgS>A�,*++#u͂˘Āčʭ�CaddS>C�Wf�SA(�
,**3&�?adC>feUZW@�Wf�SA(�,*+,#u̓ȻȡƔŠʥ�ɩy�ŭɬŭȳ�˰Ĕ�BWAAWd�Wf�
SA(� ,*++#ǘƣĒ�čʭw~ŭɬŭȳ�˰Ĕ�Ba>C>� Wf� SA(� ,**3&� =dSC@A>C� Wf� SA(�
,*++#uƜ��ͅɺʿȚŻ�mr�ƣĒðɤʚ�ěȳ８ʵ�Bg_Sd�Wf�SA(�,*+,#ʬu
˙Ș�ɧŃ�ʣ�ĺş˰Ĕ��ʛččʭ�ľ���j�ǒoǘƮv��j�v�
‒���˷Ʀn�u, ȏ�mj�ǻ��p~ G#=.&�/  ʆȣ�y�ƔǰȲ�ŭ
ɬȰƏŇƝ Ȥ�˲��ǘ�ſŗ˷Ʀ�mj�ʏʿȚŻ�i���ȷûĒʥ
�˰Ĕ�,,`n� ,2`#����̀ǝȢʏo８ʵv���=>Y(+3�8&�9#�jkŹĚ
�˙Ș�ţ̀Ȧjvʿ ʏ ˰Ĕv{~ǖ�G#=. œ�ē̫þǈ�ˎƆÌ½yæ�
ĠȾŹĚ��uʏʿȚŻ�mr�G#=.&�/ ½æÌ¯Ǡ� bZk9 �;�CC8ʬ�ƹ
̞����Šƌ�˟ĳȲĔv��j�‒�o˧n��j��=>Y(.#v|‒�˼ȏ
�mj��u‒���ǻ��p~G#=.&�/  ʆȣ�y�ĦʚˢƤŇƝ�ɩw�Ē
ʥo���k�ƹ̞y�‒��ʏʿȚŻ�mr�̀ǝȢʏčʭ Ęˆ�w�j
��n�jk̍ɳ ĠŸy�‒��uǖŴ�G#=.&�/ ���ĦʚˢƤŇƝ�ȷ̦
ʚ�òŐ�ƱŽ「 ƠjuƜ��Ȟ˦oƔ�Ēʥ�jk , ��ô��ĺş¶°
Åâ ���k�ʮƤw�ŭɬȰƏ Ơ��j�n�jkŏ̍�ɩy�ġʭ 
ʷ�������jn�Ɵl~v�~˼ȏ�mj��ƣĒ�r��qʕĒ��
�̀ǝȢʏčʭ��ĄŤ Ž「wu+0`n� ,2`�jk˙¸Ãã¸˔ñ��Ē
ʥ˰Ĕ�ɩy�Ȟ˦�ŭɬŭȳȰƏ G#=.&�/ œ�ē̫þǈ�_IE8ˎƆĠȾ
����̆�n�y�‒� ǐ�~v�

� �
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ŹĚ�
ʿʏœ�Ēʥ�čʭw~ŭɬȰƏ�
ĝŘ�˷Ʀv�~˝ƆŬ Ĭ˂y�~�１ȷĴ�:aA
*#œ�� b>X.�b>X/ ŷɥĴ 
̞j�ʿʏ�Ēʥ |�}�˰Ĕw~ǖ�̀ǝȢʌ�˝ƆŬ ʎ�~vˌȡƔu
J;,,`���� 1 ʿĽȷûw~Ȟ˦ɨ�uC;,,`�ȚŻ�ȷûw~���˗
įw�ʏ̀ǝ�˝ƆŬ ǘw~v�~uJ;ȚŻ�mr�̀ǝȢʌ� b>X.�b>X/ Ĵ
�mj�Ɓʊ�̢Ȱv�~�=>Y(+38&�9#vţ̀Ȧj‒��u‒��k�̀ǝȢʌ
�˝ƆŬ�ȷûĒʥ���ĄŤ ǭr�j~vˌȡƔuC;,2`�ȚŻ�ȷûw
~Ȟ˦ɨ�C;,,`�ȷûw~���˗įw�ʏ̀ǝ�˝ƆŬ ǘyvĒʥ��
�̀ǝȢʌ��~ b>X.�b>X/ Ĵ�mj�Ɓʊ�̢Ȱv��j~v�~uʴȚŻ�
,* ʿĽȷûw~Ȟ˦ɨ ˗įy��uʿʏ�˰Ĕ�ɩy�čʭ�ʴ̜�uˌȡ
ƔuC;,,`�ȷûw~���˗�� C;,2`�ȷûw~Ȟ˦��Ɓʊ�̟˫�
Ȣʌoļƻv�~�=>Y(+3�:#v‒��k�̟˫Ȣʏ�˝ƆŬ��~ b>X.�b>X/ Ĵ
����Ɓʊ�̢Ȱv��j~v‒���ŹĚ�ĝŘ�˷Ʀv�~ƣĒ���
̀ǝu̟˫Ȣʌ�˝ƆŬ��qüʁw�j~�Ba>C>� Wf� SA(� ,**3&� JfShSCY� Wf� SA(�
,**3#v�~uƣĒȚŻ�mr�˝ƆŬ� J;ȚŻ�mr�˝ƆŬ�̳Ǔw�j
~v�
�
ƣĒȚŻ�mr� G#=. œ�ē̫þǈ�ˎƆĠȾ�
G#=. ���ĦʚˢƤŇƝ�mr�ƣĒȚŻ�ĄŤ��j�ʑɃʚ�ɾƀ ʷ
�~�uc
G:I˹ ̞j�ˌȡƔC;,,`œ� ,2`ȚŻ�mr�G#=.&�G#=/ �
_IE8 ˎƆ̯ ʎ�~vC;,2`�ȚŻ�� C;,,`��ɖj½¥Ùæ°n�
�ìņ�ǳ��n�̆ņ�nr�#G#=. � _IE8 ˎƆoļƻv�~v|��ɩ
wuG#=/ �mj��‒�̜�ˎƆïɗ�˰Ĕ�ļƻv��n�~�=>Y(,*�8&�9#v
C;,2`�mr� G#=. �ˎƆou,ȏ�ǻ�~ J;,,`ȚŻ�mr� G#=. �ˎ
ƆÌ½yæ�=>Y(/�9#�ʴ̜�uìņ�ǳ��n�ļƻv�~‒�n�uC;,2`
�ȚŻ�mj��ìņƎˑ�mr� G#=. ½æÌ¯Ǡ�ĳȲĔoō‒��j�
�Ɵl���v�~uƣĒȚŻ�ɩw� G#=/ � _IE8 ˎƆïɗ�˰Ĕoƀ�
��n�~‒�n�Ēʥ�ɩy�ŭɬȰƏ�mj��Ǫ� G#=. oǸ̠�３ı
 Ě~w�j��Ɵl���v|‒�Ǘ�uƣĒȚŻ�mr�ˎƆïɗ�˰Ĕ�
���C;ȚŻ�mj��ǡƵ�G#=.½æÌ¯Ǡ�ĳȲĔoō‒��j�‒�
 Ĭ˂y�óuc
G:I ˹���ē̫þǈ 8K?9,  Øy«y�w�ʴȚŻē�
mr� _IE8 ˎƆĠȾ Ơjuʿʏ�ɩy�˰Ĕ�˗įw~vC;,2`ȚŻ�
mr� 8K?9, �ˎƆ� C;,,`��ƀ���jìņƎˑ�ʸôʚ�íy¯ 
Ǖ��m�uJ;,,`�ȚŻē��ˎƆÌ½yæ��qüʁw�j~�=>Y(,*�:&�
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;#v‒��k�ƣĒðɤʚ�ìņƎˑ�ˎƆíy¯� b>X.�b>X/ Ĵ�ƀ���q
��~�=>Y(,*��&�=#‒�n�C;,2`ȚŻ�mj�G#=. �ˎƆïɗ�˰Ĕ��
�ìņƎˑʸôʚ� G#=. ½æÌ¯Ǡ�ĳȲoō‒��j��Ɵl�‒�o�
p�vǗ�uĒʥ�ʿʏ˰Ĕ�ɩy�čʭ�ŝ々Ȳ�ľw�Ɯ�Ž「y�óu,
ȏ�mj� G#=. �ē̫þǈ�w�ʴʗw~ü̹�óâÜæľ̹øʡǈ�üˤ
��j��ʴ̜�ˎƆĠȾ Ơ�~v|�ŹĚu#88,3  ǆ��w~ƔǰȲ�
ŭɬȰƏ�mr�G#=.ē̫óâÜæľ̹øʡǈ�ɧqoC;ȚŻ�mj��Ē
ʥ˰Ĕ�ɩw�ìņƎˑʸôʚ�ˎƆ８ʵv��‒�ŏ�n���~
�=>Y(,+#v‒���ŹĚn�uĒʥ˰Ĕ�ɩy�ŭɬȰƏčʭ�ʿʏ˰Ĕ���
ŭɬȰƏčʭ�ŝ々�˜ʚøʡǈˎƆ�˰Ĕ����ȰƏv��j�‒�oǘ
Ʈv�~v�
�
bZk9 ŷɥĴ ̞j~ĠȾ�
, ȏ�mj�ǻ�~�k�ubZk9�Ɣðɤʚ�G#=. ½æÌ¯Ǡ ˧Ġů��
８ʵy�ƹ̞����̆ņ�mr� G#=. ĳȲʎɅþǈ�w�ʲj�j�
�9dWfaC�SCV�BSk�,**1#v‒�ʲp�ƔǰȲ�ŭɬȰƏ�mr�Ɣ¶°Åâ�ˁ
�Ɨ�w�ɞl��uǖŴ���G#=. �ʟǣȰƏ�ˬµ�ĦʚˢƤŇƝ�ƭĶ
 ȳw�j�v|‒�Ǘ�ubZk9 ��� G#=. ĳȲʎɅ�ɩy�Ēʥ˰Ĕ�Ą
Ť Ž「y�~�ubZk9ŷɥĴ ̞j�ˌȡƔuC;,,`�~� ,2`�ȚŻ�
1 ʿĽȷûw~Ȟ˦�̀ǝʏ ˗įw~v|�ŹĚubZk9 ŷɥĴ��１ȷĴ�
ʴ̜�Ēʥ���̀ǝȢʏ�˝ƆŬoƀ��~�=>Y(,,#v�~u‒��p�� G#=.
œ�ē̫þǈ 8K?9,&� #88+3&� #88,3 �ˎƆ ʎ�~ŹĚubZk9 Ĵ�mj�
C;,,`�ȚŻ�ìņƎˑn�ƀ���G#=.�ˎƆïɗo,2`�ȚŻ��Ɯ�
Ɍȩw�j~�=>Y(,-�8#vG#=. ē̫þǈ�̎Ľ�ˎƆ̯�Ɓʊ�ɚėw�j~
�=>Y(,-�9
;#v‒���ŹĚ�Ēʥo bZk9 � G#=. ½æÌ¯Ǡ�ĳȲʎɅƹ̞
��×̪� G#=. �ʟǣá¹Ú�ïɗ ˰Ĕv{uìņ�ˎƆw~ G#=. ½æÌ
¯Ǡ�ĳȲĔ����ē̫þǈ�ˎƆ ��Šq８ʵy�‒� ǘƮw�m�u
bZk9 ˰ôĴ�mr�̀ǝȢʏ�˝ƆŬ �qɆ̆�p�ŹĚ�i�~�Ɵl
���vü̹�hIE8 ˎƆ˰Ĕ� bZk9 Ĵ�̀ǝȢʏ�mr�˝ƆŬ �qɆ
̆w�j�v�~‒��ľ̹w�uĝŘ�˯�°âyÒn�G#=. ½æÌ¯Ǡ�
̆ȚŻē�mr�ëʗȲ�˧Ġɡʥo ,,`u,2`�ȚŻĽ�˰Ĕw�j‒�
�JfShSCY�Wf�SA(�,**3&�Bg_Sd�Wf�SA(�,*+,#o˷Ʀv��j�v‒�� ɘƤʚ�Ɵ
̬wŭņ�mr� bZk9 � G#=. ½æÌ¯Ǡ�ĳȲʎɅ���quG#=e�ʟ
ǣá¹Ú�ïɗ˰ĔoĒʥ�ɩy�ŭɬ˰Ĕ�Ǫ̠þ����j��Ɵl��
�v�
�
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��ƙj˔ñ�mr�ĒʥčʭȲ�ȢʏȰƏ�
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ƤŇƝoł̙w�j�‒� ǘy~�úC;,2`u͂C;,,`u̓J;,,`ǘ
J;+0`� . ��ȚŻ�mr� G#=. œ�ē̫þǈ� _IE8 ˎƆ̯ ˗įw~v
ţ̀Ȧj‒��uJ;,,`�ȚŻ��ìņƎˑn�ƀ���G#=. �hIE8ˎƆ
ïɗo J;+0`�ȚŻ��ƎɮwuJ; ȚŻ�i���nn��z̆ņ�ƈʗv
��j~�=>Y(,/�;#v�~uJ;,,`ȚŻ�ƀ��~ìņƎˑʸôʚ�ē̫þǈ
#88,3 �ˎƆ� J;+0`ȚŻ��ƀ���n�~�=>Y(,/�?#v‒���ŹĚ�̀
ǝȢʏ�mr� J;+0`�˝ƆŬ��~uG#=. �ʟǣá¹Ú�ïɗ˰Ĕ���
ĦʚˢƤŇƝ����Ɇ̆�p�‒� ǘƮw�j�vʿ ʏuĒʥȚŻ�mr�
G#=. �ˎƆ˰Ĕ�Ɏɨə ｍ̿y��uĦˤňĒ�¶°Åâ� +0`n� ,2`
�nr�、ĥʚ�G#=. �ˎƆïɗ ˰Ĕv{�m�ŭ ìǰņ�mr�ìņ�
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ûw~��� ,,`&�J; �~� +0`&�J; � ,ȚŻ�|�}�˧r�Ɯ� .ʿĽ
ȷûẁǝʏ ˗įw~v�
� �
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�
=>Y(,/� ƙjĒʥ˔ñ�mr� G#=. œ�ē̫þǈ #88,3 �ˎƆʸȲ�
１ȷĴ�:aA
*#  ,,`ˌȡƔC;�~� J;ȚŻ� -ʿĽȷûwuC;ȚŻ�ȷ
ûw~���́,,`&�C;�~�͂,2`&�C;� ,ȚŻ�uJ;ȚŻ�ȷûw~�
��̓,,`&J;�~�̈́+0`&�J;� ,ȚŻ�|�}�˧r�Ɯ� .ʿĽȷûw
- ǖĽmp�´æÒáæ°w~vʗ̯ IK
G:I ˹��� G#=. œ�ē̫þǈ
#88,3 � _IE8ˎƆ̯ ʎ�~vĩȚŻ�mr� G#=. ˎƆ̯�ɟʗ。 Ȼu
#88,3 ˎƆ̯�ɟʗ。 Ɂʠ�ǘwu,2`œ� +0`�mr�ˎƆ̯�˗įy�
óuĩʿʏȚŻ��,,`�mr�ˎƆ̯ ˌʠ�°àÐ�ˠŋw~�8&;&�&?#v
- ̹�Ơ�~ʗ̯�˪ŧ。  8GO- øʡǈ�ˎƆ̯�˵ȵw~�� ĩʠ�。
�w�ǘwu˜ǾƑư�J;# ¨àyéy�ǘyvȷûȚŻ�mj�Ȍʪw�j
~ǖĽɪ °ãy�℃Ů�ǘyv�
� �
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�
=>Y(�,0� Ēʥ��� G#=. ½æÌ¯Ǡʃɀ̯�˰Ĕ�
G#=.
?8)b>X.� Ĵ ˌȡƔ C;�+0 ǖĽʠʪ 2ǖĽȌʪ#,,`ȚŻ� -ʿĽȷû
w~Ǝu,,`œ� ,2`ȚŻ�˧r�Ɯ� / ʿĽȷûwu- ǖĽmp�´æÒá
æ°w~vɏʇǹĈ  J;J
G8!� ����˧̧wu:99 ɉȡ����Ɏ½æ
Ì¯ Žǹw~Ǝ GM;= ÛæÑãæ�ʟǣw~vÔâª­¶¾y»˜ǜv�~
8Cf>
?8� ÜÉ¯äyÅâƛɨ�-=+*# ̞j G#=.
?8 ½æÌ¯Ǡ�ʃɀ̯�˰
Ĕ ļƻw~vȷûȚŻ�mj�ďȡ�~�íæ¯�ÖÀ¯¸�ǘw~ˤ˧�
ʠʪw�j�ǖĽɪuƨ�ǘw~ˤ˧�Ȍʪw�j�ǖĽɪ ǘyv�
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=>Y(,1� ̀ǝȢʏčʭ�mr�Ēʥ�ʿʏ�ɗėʚ�ĄŤ�
�8&�9#� ɺʿȚŻ�mj��ìņ�ʏv����G#=. �_IE8ˎƆo̎�Ǝ
ˑ�ō‒�‒��̀ǝȢʏ ȰƏy�‒� ǘyÜÂâvȻɊ�G#=. �
_IE8ˎƆ̯uƨɊ�G#=. ½æÌ¯Ǡ�ĳȲuɁɊ�ē̫þǈ�_IE8ˎ
Ɔ̯ |�}�ǘyvȷûȚŻ�mr�̆ņ ďuìņ °ãy�℃Ů�ǘ
yv�
�8&�:#� ƣĒȚŻ�mj��G#=. �ʟǣá¹Ú�˰Ĕ����G#=. �
_IE8ˎƆo̎�Ǝˑ�ō‒�‒��̀ǝȢʏ ȰƏy�‒� ǘyÜÂâv
ȻɊ�G#=. �_IE8ˎƆ̯uƨɊ�G#=. ½æÌ¯Ǡ�ĳȲuɁɊ�ē̫þ
ǈ�_IE8ˎƆ̯ |�}�ǘyvȷûȚŻ�mr�̆ņ Ɂuìņ °ã
y�℃Ů�ǘyv�
�;&�=#� １ȷĴ�:aA
*#  ,,`ˌȡƔ J;ȚŻ� -ʿĽȷûw~ƎuJ;,,`u
J;,2`� ,ȚŻ�˧r�Ɯ� .ʿĽȷûw -ǖĽmp�´æÒáæ°w~v
ʗ̯IK
G:I˹ ̞j�G#=. œ� #88,3 øʡǈ��j�_IE8ˎƆ̯ ʎ
�~v-̹�Ơ�~ʗ̯�˪ŧ。 8GO-øʡǈ�ˎƆ̯�˵ȵw~�� ĩ
ʠ�。�w�ǘwu˜ǾƑư�J;# ¨àyéy�ǘyvȷûȚŻ�mj�ʠʪ
w�j~ǖĽɪ ˌuȌʪw�j~ǖĽɪ °ãy�℃Ů�ǘyv�
��#� １ȷĴ�:aA
*#œ� b>X.&�b>X/ Ĵ  ,,`ˌȡƔ J;ȚŻ� -ʿĽȷûw~
ƎuJ;,,`uJ;,2`� ,ȚŻ�˧r�Ɯ� .ʿĽȷûẁǝʏ ˗įw~v�
� �
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=>Y(,2� ʿʏ�Ēʥ ʮƤʚ�ķɾy�ĦʚˢƤÜÂâ�
Ēʥ�Ď˸Ƙ#�ʿʏ�Ƿ˸Ƙ#o、ĥʚ�˰Ĕy�ǖ� G#=. � _IE8 ˎƆ̯
�ȻɊ#uG#=. �ʟǣþǈĳȲ�ɁɊ#uē̫þǈŪ�_IE8ˎƆ̯�̲Ɋ# ̉Ǜ
ʚ�ǘyvȫ�Ȕ、�ʏʿȚŻuē、�ɺʿȚŻ�mr�˰Ĕ ǘyv�
� �
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eȏ( G#=. ʟǣá¹Úŭȳ�mr�ĨʿǖŴľ̹þǈ�ŇˆĠȾ�

ȃƇ�
ĒʥčʭȲ�ȢʏȷʏȰƏo G#=. �ʟǣá¹Ú�ïɗ˰Ĕ�u|��ːk
G#=. �ìņƎˑ�mr�ĳȲĔ����ō‒�ĦʚˢƤŇƝ����Ɇ̆v�
�‒�uG#=. �ē̫��˥ȯ�Ȟ˦óâÜæľ̹øʡǈŪ�ƴ˺Ȣʌ�ľ��
ƴ˺ˮǱȝơɐʬɧȯ�øʡǈoi�u‒���ƹ̞����̜x�čʭ Ȱ
Əw�j�ǒ� ,udȏ�ǻ�~�m��i�v|‒�˼ȏ�mj��uǀv�
~G#=.�Ȕ̫�mr�ȰƏu���Ēʥ¶°Åâo���k�ǭ̛v��G#=.
�ʟǣá¹Ú�ïɗ ˰Ĕv{�n�jkʠ��j� G#=. �ʟǣȰƏ�Ȧq
ľ̙y�‒�oǘƮv��j�ĨʿǖŴ�ʸȲ�ʅ̌w�Ž「 ȩ�~v�
ĨʿǖŴ�Ł˼ʚȲǠ�w��úĦʚ�¶°Åâo�q��Ų̈̌Ȥʳoüʗ
ņĽűɣy��Ǚ̕űɣȲ#u͂ Ɣ�œ�Ēʥ#���Ħʚ¶°Åâ�ʴʎw�ïɗ
 áºÀÃy�ǒo�p��ĦˤʴʎȲ#u̓ üʗ�Ēʥ˔ñ�mj�Ų̈̌Ȥʳ 
üʗǰņ�öǕy�ǒo�p��Ēʥ˵ȇȲ#�d�ořs���ou‒�k�͂
�Ħˤʴʎ�jkʸȲ�uʸʗ�ǖŴľ̹þǈ�ˎƆ�½yæªyéyoǬx
�¶°Åâǭ̛˧ǈ����ȰƏv��‒��ʟǣÐ¤yáéÀ¯ ğw�ǖ
ŴɎɨ�ïɗ ˰Ĕv{�j��̦Ġv��j�vĨʿǖŴ�ʴʎŇƝ�ľ�
�¶°Åâ˧ǈ�w�‒����uɁȡƔǭ̛ɨ GZkfaUZda_WuȻȡƔǭ̛ɨ
:dkbfaUZda_W œ� Q�#KCLG��QKC#Ð¢Ùáyþǈoʴʗv��j�v‒�k
� GZkfaUZda_W � :dkbfaUZda_W �ŷɥ˰ôĴ�ƚ̆ȚŻē�ʏǰņ�˝ƆŬ
 ǘy‒�n�ĨʿǖŴ�mr�Ɣˁ̱Ű̺�ľ���v���Ja_Wde� Wf� SA(�
+332&�;WhA>C�SCV�BSk�,***#��ɩwulfA �ŷɥ˰ô�ƚ̆m��ƚìȚŻē�
ʏǰņ�˝ƆŬ ǘy‒�n�ɷǿ�Ɣˁ̱Ű̺�r��quʆȣȤʳɨ�m
r�Ų̈̌Ȥʳǰņ öǕy�Ȕ��Ǹ̠�３ı Ǖ��j�ǒoǘƮv��j
��Ja_Wde�Wf�SA(�,**.#v�~u‒��k�˥ȯ�¶°Åâˁ̱Ű̺oɤƶy�‒
��ĨʿǖŴ�¶°Åâoˁ̱v�~ǖĽɪ�čx�ïɗ�ɌȩuƎɮ�j�
~ô��čʭ����Ħģ�˰Ĕ�Ƕʼ�ʴʎy�‒�o�p��Ɵl���v
ü˸�Ēʥ¶°Åâ�ǭ̛˧ǈ�‒����ʴʗv��m�zuĒʥ���Ĩ
ʿǖŴ�ʴʎ�mr�˧ǈÛ«Æ¹Ú���µ��n��j�jvG#=. �ˎƆ
ïɗ�˰Ĕ�ĨʿǖŴ�mr�‒�Ħˤʴʎ�mr�ǖŴľ̹øʡǈ�ˎƆï
ɗ�˰Ĕ�Ŧ��̳Ǔw�m�uĨʿǖŴ�mr�Ēʥ�ɩy�ʴʎȰƏoʴ
ǖ�ṉ̀Ű̺�ˎƆȰƏ�̥̞v��j�ǒoȬƻv��v�
‒��k�℃Ůn�uĒʥčʭȲ�̀ǝȢʏ�mr�Ēʥ¶°Åâ�ĨʿǖŴ
�mr�ĒʥʴʎŇƝ�üˤ ğw� G#=. �ʟǣá¹Ú�ïɗ˰Ĕ ÿpō
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‒w�j��ĕʗwuG#=. �ˎƆïɗ�˰Ĕ�ɩy�Ǭx�ĨʿǖŴľ̹þǈ
�ĄŤ ʎ��‒��ĒʥčʭȲ�ȢʏȰƏ�mr�Ēʥ�ˁ̱ŇƝ�jk�
r��qu‒���˟̆�i�~ĨʿǖŴ�mr�Ēʥ¶°Åâo���k�
ˁ̱v��nu�jkʠ��j��ɾƀoʷ���‒� ņɫw�ſŗ ȩ�
~v�
�
� �
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ŹĚ�
Ēʥčʭ�ɩy�ĨʿǖŴ�²yÃƖĚ�
Ēʥ˰Ĕ�ɩy� G#=. �ʟǣá¹Ú�ïɗ˰ĔoĨʿǖŴ ğw�Ơ���
j�‒� ǘy~�uĒʥ���G#=. ˎƆȰƏ�ǖĽʸôȲ ʎ�~vũɨʚ
�ǡƂ˸˹�w�uC;,,`ȚŻ� 1ʿĽȷûw~１ȷĴ ̞j�u,��ô�
�ǖĽɪQK+3�ìņ�ˁ��n� -ǖĽƎ#uQK-�̆ņ�ˁ��n� -ǖĽƎ#
�Ēʥ  ,2`�˰Ĕwu/ǖĽƎ���G#=. �ē̫þǈ8K?9,�ˎƆ̯�˰
Ĕ ļƻw~�=>Y(,3�9&�:#v� QK+3 �ȷûĒʥ ˰Ĕy��� G#=.� � _IE8ˎ
Ɔ̯� , ǖĽíʻ�Ɓʊ�ɚėw~ouQK- �ȷûĒʥ ˰Ĕw~ȚŻ��
G#=. ˎƆ̯�˰Ĕ�ƀ���n�~v8K?9, �ˎƆ̯�˰Ĕ�‒���qü
ʁw�m�uQK+3 �Ēʥ ˰Ĕy�� - ǖĽíʻ�Ɓʊ�ɚėoƀ��~ou
QK-�Ēʥ ˰Ĕw~ȚŻ��‒��k�čʭ�ļƻv��n�~v��~uɦ
�G#=. ē̫øʡǈ��j��ʴ̜�ǡƂ Ơ�~ŹĚu:BO/ Ȇq��µ�
�óâÜæľ̹øʡǈ�mj� QK+3 ��Ēʥ˰Ĕ�ɩw� 8K?9, �ʴ̜�
ˎƆ８ʵv��‒�o�n�~�=>Y(,3�;
!#v‒���ŹĚn�uĒʥčʭȲ�
G#=. ʟǣá¹Ú�˰Ĕ�ìņƎˑ�ʸôʚ�ĒʥķǭȲ�˰Ĕ�ōþw�j�
�Ɵl�‒�o�p�v�~u‒��k�ǖĽʸôʚ�čʭȲ�˰Ĕ�ü˓�²
yÃƖĚ�Ƌ���m�uĨʿǖŴ����ȰƏv��čʭ��qƀ���Ɔ
Ȓ�i�v‒�‒�n��Ēʥ�ɩy�G#=. ˎƆïɗ�˰Ĕ��ĨʿǖŴoȦ
qľ���j�ǒoǘƮv�~v�
�
ĨʿǖŴľ̹øʡǈŷɥ˰ô���ĒʥčʭȲ�˰Ĕ�
G#=. �_IE8ˎƆ�mr�̎Ľ�ʸôʚ�čʭȲ�ľ��ǖŴľ̹øʡǈ 
̆�n�y�~�uü̹�ǖŴľ̹øʡǈŷɥĴ ̞j~ˎƆĠȾ Ơ�~v１
ȷĴ�:aA
*#uWAX-&�WAX.&�bUA+&�UUS+�AZk&�bdd3�bdd1&�faU+ Ĵ D;,,`�ȚŻ� 1ʿ
Ľȷûw~Ǝu1ʿ̌�QK+2�mj� ,,`u,2`� ,ȚŻ�˧r�n� *&�,&�
.&�0 ǖĽƎ�ĩʠ�´æÒáæ° Ơ�~vʗ̯ IK
G:I ˹���� G#=. �
_IE8  ʎ�~vɌɅ�mr�ŹĚ�ʴ̜�u１ȷĴ�mj�� QK+2 �ȷû
Ēʥ  ,2`�˰Ĕw�n� ,ǖĽƎ��G#=.�_IE8ˎƆ�Ɓʊ�８ʵoļƻ
v���=>Y(-*�8#vĩŷɥĴ�mr� G#=. �ˎƆ̯�˰Ĕ ƀ��uy���
Ĵ�mj�Ēʥ�ɩy�čʭȲoʕēw�j~�=>Y(-*�9
!#vʆ��Ʋ�Ɓʊ�
ĄŤoƀ��~�� WAX-&�WAX. Ĵ�i�u‒���Ĵ���ìņ�mr�G#=. �
ˎƆ� ,,`�mj��ƣquĒʥ�ɩy�čʭȲ���µ�ƀ���n�~
�=>Y(-*�9&�:#v�



� ���

�C=-&� �C=. ����ĨʿǖŴ�ʆȣȤʳɨ�w�̎Ľ�ˎƆwu�hWC>CY�
:a_bAWj��:#�Ƌ���˥Ƥɨ ŭȳy�‒��ʟǣ̢ȰȲþǈ�w�ʲq‒
�oɾ���j��?WAXWd�Wf�SA(�,*++&�Ege>Cai�Wf�SA&�,*++#v‒�ǒn�uG#=. �
mr�ĒʥčʭȲ�ˎƆ８ʵ�� �: �ŇˆoȦqľ���j��Ɵl���v
ǖŴľ̹þǈ CLO)G:C+ ��~ �: �Ɲȳþǈ�w�ʴʗv��j�oubUA+
ŷɥ˰ô���ĄŤ��C=-&��C=. �˗��Ȋvn�~�=>Y(-*�;#v‒�ʠ��
j�� CLO)G:C+ øʡǈ�óÜä°�i� EFO øʡǈ�ƹ̞���� bUA+
ŷɥ���˝ƆŬoāv��w��~ó���jn�Ɵl���v�
�
�C=-&�CLO ½æÌ¯Ǡ� G#=. ÒäÜy½��ťƶ�Ĭ˂�
�: o̎Ľ�mr� G#=. �ĒʥčʭȲˎƆ８ʵ�ľ���jkĕɆ ǌǕy
�ǒǡ�w�uŨ˅�����:o G#=. �ÒäÜy½�ŹƤw�ʟǣ̢Ȱ�ʲ
q�jk˷Ʀo�v�~�Ege>Cai�Wf�SA(�,*++#v|‒�Ǘ�u¯äØ¿æ̇ĉʒ
Ƣ˹ ̞j�‒�ŹĚ�ƱƆȲ Ĭ˂y�‒��w~v�: Ɲȳy�½æÌ¯
Ǡ�k�u;E8 ŹƤ�ʑɃľ̙v��j��Ɵl���j��� !8IG Ŭʟ
ǣþǈ CLO �i�v;E8 ŹƤ�mj� CLO o˂ǜy�ˉ̶�w� CLO�
T>CV>CY�e>fW�C9J#o˷Ʀv��m��?WAXWd�Wf�SA(�,*++#uG#=. ÒäÜy½Ȕ̫�
�‒�C9Jœ� +Tb÷j� C9Jo˥ȯĬ˂�p��=>Y(-+�8#v‒���C9Jˉ
̶ š��k�ɄŴv�~Òà¥Øy ̞j� �C=-&�CLO ½æÌ¯Ǡ� G#=.
ÒäÜy½��ťƶ̯ ʎ�~ŹĚuG#=. �ʟǣĤǆʠ�Ȕ̫ /20Tb n�
.,/Tb�ï・�ɄŴv�~Òà¥Øy�mj�Ɓʊ�CLO
!=G&��C=-
P=G½
æÌ¯�ťƶoļƻv�~�=>Y(-+�9&�:#v‒���ŹĚn�u�: o G#=. Òä
Üy½�ʑɃŹƤy�ǒoĬ˂�p~v�
�
WAX- ŷɥ˰ôĴ�mr�ĒʥčʭȲ�̀ǝȢʏ�
ĒʥčʭȲ�̀ǝȢʏȰƏ�mr� �: �ĄŤ Ž「y�óu�: �Ɲȳþǈ
�k�Ʋ�Šj˝ƆŬ ǘy WAX- ŷɥĴ ̞j�Ēʥ���̀ǝȢʏčʭ ļ
ƻw~vWAX- Ĵ�mj� C;,,`u,2`�̀ǝ�ʏv ˗įy��uC;,,`�
ȚŻē��Ɓʊ�ʏ̀ǝ�˝ƆŬ ǘw�m�u１ȷĴ��k�Ēʥ˰Ĕ�ɩ
y�̀ǝȢʏ�Ɓʊ�čʭȲoƀ���n�~�=>Y(-,�8#vɹ ̜� WAX- Ĵ�mr
�Ēʥ˰Ĕ�ɩy� G#=.&�8K?9,&� #88,3 � _IE8ˎƆ̯�˰Ĕ ʎ���u
WAX- Ĵ�mj�� C;,,`�mr� G#=. �ˎƆïɗo１ȷĴ�˗��Ɓʊ�Ɍ
ȩw�m�uìņ 々w� G#=. �ˎƆoƀ��~�=>Y(-,��#vĒʥ˰Ĕ�ɩy
�G#=. �ˎƆïɗ�čʭȲ�１ȷŬ�˗��ʕquē̫øʡǈ8K?9,&�#88,3
�ˎƆ�‒���Ēʥɪ��ɱpq˰Ĕw�n�~�=>Y(-,�=&�!#v‒���ŹĚ
n�uĒʥčʭȲ�̀ǝȢʏ�mr� G#=. �ʟǣá¹Úŭȳ�mj� �C=-&�
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�C=.&�CLOn�Ɲȳv���hWC>CY�:a_bAWj oǸ̠�３ı w�j��Ź̼ˠ
r��~v� �
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Ɵƻ�
Ēʥ���̀ǝȢʏčʭ�uʟǣþǈ G#=. �ˎƆïɗ�˰Ĕ�̆ìǰņ�m
r�ìņ�ïɗ�Ǹ������Ɇ̆v��ouG#=. �ʟǣá¹Úŭȳ�mr
�Ēʥ�ǭ̛u|��ːkG#=. �ˎƆȰƏ�˧ǈÛ«Æ¹Ú��j����µ
��n��j�n�~v˼ ȏ�mj�uĨʿǖŴ�ʅ̌w�̣̋ʚ�ĠȾ Ơk
‒��uĨʿǖŴ�mr�ʆȣȤʳɨ Ɲȳy��C=-&��C=.&�CLO)G:C+n�
�� �hWC>CY�:a_bAWj o‒��k�ĒʥčʭȲ� G#=. ˎƆȰƏ�ʑɃʚ�ľ
̙w�j�‒� ̆�n�w~v�
�hWC>CY�:a_bAWj � G#=. �r��quGII1  ǆ��w~˥ȯ�ĨʿǖŴľ
̹øʡǈ�ˎƆȰƏ��ľ���j�ǒo˷Ʀv��m��;>jaC�Wf�SA(�,*++#u
ĨʿǖŴ�ĦˤʴʎŇƝ�Ēʥ˵ȇȲ�öǕ�mj��Ǹ̠�３ı Ě~w�
j��Ɵl���v‒��ľ̹w�GII3&�GII1&�!# øʡǈ���ľw���:
Ɲȳþǈ�ŷɥ����Ēʥ�ɩy�čʭȲoǞ���‒� Ĭ˂w�j�
�=>Y(--#v‒��k�ʠn�Ɵl��u˼ȏ�mr�ŹĚ�ĦʚˢƤ���ŭɬ
ȰƏ�ƈ�zuȞ˦�˙¸Ãã¸˔ñ�mr�Ēʥ˰Ĕ�ɩy�ȷ̦ʚčʭɎ
˓�ɩy�˧ǈÛ«Æ¹Ú�̦Ġ���o�Ǹ̠�ò̀ Ǖ��j��Ƈl�v
ǖŴľ̹øʡǈ�ŷɥĴ ̞j~̎Ľ�Ēʥ˰Ĕ�ɩy�čʭȲ ʎ��ǡƂ
��u̞j~y���ŷɥĴ�mj�１ȷĴ�˗��ʕjčʭȲ ǘw~
�=>Y(-*#ou‒��ǖŴľ̹øʡǈoʟǣÐ¤yáéÀ¯âyÒ ŭȳwuɗƍ
�́Ƀ�ˎƆȰƏ Ơ��j�ǒ�ōþy��Ɵl���vǖŴľ̹øʡǈ�
ŷɥ�uG#=. �ʟǣ ȰƏy� �: Ɲȳþǈ�ˎƆïɗ�ĄŤ ̙luŹĚ�
w�̎Ľ�ĒʥčʭȲoʕēw~�̳Ȭ�p�v‒�ʠ�mj�ĨʿǖŴ�ʛ
ɂ�Ňˆ öǕy�‒��Ȟ˦�ĒʥčʭȲ�ŭɬȰƏ�mj�˟Ęŷ�i�u
�:  Ȇr�ʑɃʚ�ľ̙w�j�j�Ɵl���y���ǖŴľ̹øʡǈ�
�~u‒�ȰƏ�mr�Ǹ̠�Ɲȳ̠ɐ�ü��i��ɞl�‒�o�p�v�
�: �ŇˆoĒʥȚŻ�˰Ĕ�������k�ĄŤ ǭr�nu�jkʠ�
�j��˟̆�ʠoɧqǀv��j�ou˼ſŗ�mj�Ĭ˂�p~ǒǡ�w
�u�C=-&��C=. ǙȨ�ˎƆ�‒��k�Ēʥ˰Ĕ�ɩw�˙ķǭȲ�i�‒�
o˧n��j�vCLO �ˎƆ� G#=. � GII1 �ʴ̜�uìņƎˑ�Ēʥķǭ
Ȳ�i�o�=>Y-.�8#u‒���j�� CLOǙȨo �: �˜ʚ�i��?WAXWd�Wf�
SA�,*++#‒�n�uÐ¤yáéÀ¯ȰƏ�ľ��čʭ�i��Ɵl���v‒�
ǒn� �: �˙ʟǣȰƏ����Ēʥ ǭ̛w�j�ǒoŠqǘƮv��m�u
ȷĔİʚ�£Òäy¿����Ēʥ�ɩy�čʭ Ž「w�jq˛̠oi��
Ɵl���v�
� �
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=>Y(,3� Ēʥ��� G#=. œ�ē̫øʡǈ�üĝʚˎƆ８ʵȲ�
�8#� １ȷĴ ˌȡƔ�ēC;,,`�ȚŻ� 1ʿĽȷûw -ǖĽmp�´æÒá
æ°w~vʗ̯IK
G:I˹ ̞j�G#=. � _IE8ˎƆ̯ ʎ�~vȫʆ�２
ý�|�}��9
!#�ǡƂ�mr�Ēʥ˰Ĕn�´æÒáæ°�ǖĽ˔ñ ǘ
yv�
�9
!#� １ȷĴ ˌȡƔ�ē C;,,`�ȚŻ� 1ʿĽȷûwu1ʿ̌� QK+3 �
~� 2ʿ̌�QK-�mj�|�}� ,,`&�,2`� ,ȚŻ�˧r�n� *&�,&�-&�.&�
/ ǖĽƎ�ĩʠ�´æÒáæ° Ơ�~vʗ̯ IK
G:I ˹���� G#=.&�
8K?9,&�#88,3&�!8#&�8:J2&�:BO/�ĩøʡǈ��j�_IE8̯ ʎ�~v�
ĩ°àÐ�mj�ȷûĒʥ  ,2`�˰Ĕw~Ȟ˦�mr�ˎƆ̯ ƨuĒʥ 
˰lz�ȷûw~Ȟ˦�mr�ˎƆ̯ ˌ�ʠ�ǘyvĩʠ�。� - ̹�ɟʗ
。�˪ŧ。  8GO- øʡǈ�ˎƆ̯����˵ȵw~。 ǘwu˜ǾƑư ¨
àyéy�w�ǘyv�
ȷûȚŻ�mj�ʠʪw�j~ǖĽɪ ˌuȌʪw�j~ǖĽɪ °ãy�℃
Ů����ǘyv�
� �
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�
=>Y(� -*� ǖŴľ̹øʡǈŷɥĴ�mr�̎Ľ�Ēʥ˰Ĕ�ɩy� G#=. ˎƆč
ʭȲ�˰Ĕ�
１ȷĴ�:aA
* œ� WAX-&�WAX.&�Agj�bUA+#&�UUS+�AZk&�bdd3�bdd1&�faU+ Ĵ D;,,`�
ȚŻ� +ǴĽȷûw~Ǝu1ʿ̌�QK+2�mj� ,,`u,2`� ,ȚŻ�˧ru
*&�,&�.&�0 ǖĽƎ�ĩʠ�´æÒáæ°w~vʗ̯IK
G:I˹ ̞j�G#=. �
_IE8̯ ʎ�~v１ȷĴ�mr� ,,`ȚŻ��ˎƆ̯ ̲Ŀu,2`ȚŻ��
ˎƆ̯ ɁĿuĩŷɥ˰ôĴ�mr� ,,`ȚŻ��ˎƆ̯ ̲�ǄĮu,2`Ț
Ż��ˎƆ̯ Ɂ�ǄĮ�|�}�ǘyvĩʠ�。� - ̹�ɟʗ。�˪ŧ。 
8GO-øʡǈ�ˎƆ̯����˵ȵw~。 ǘwũ ǾƑư ¨àyéy�w�
ǘyv°ãy℃Ů�ȷûȚŻ�mj�Ȍʪw�j~ǖĽɪ ǘyv�
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�
=>Y(-+� G#=. ÒäÜy½�� CLO œ� �C=- ½æÌ¯Ǡ�ťƶ̯�
�8#�G#=. ÒäÜy½̰ú�mr� C9J ˉ̶�ï・ ƨ�ƽĮu+Tb ÷j�˟
ĵɎ�C9J�ï・ ˌ�ƽĮuŽǹ�̞j~Òà¥Øy8
;m��:J�UaV>CY�
eWcgWCUW#�ɄŴï・ ̭２ý�ǘyvĩȯǔ� G#=. �˽̔Ĥǆʠn��Ş́
�Tb# ǘyv�
�9&�:#� １ȷĴœ�CLO4CLO
!=G&��C=-4�C=-
P=GĴ D;,,`�ȚŻ� ,
ǴĽȷûwuQK,*�´æÒáæ°w~v̄ äØ¿æ̇ĉʒƢ˹ ̞j�ʷ��
~ ;E8 ɻ˱�ŀ��� G#=. ÒäÜy½Ȕ�ˉ̶ ʗ̯ G:I ˹����ʎ�
~vĩ°àÐ�mj�u１ȷĴ�mr�ɟʗ。 ˌuCLO
!=GĴ�mr�ɟʗ
。 ̲u�C=-
P=GĴ�mr�ɟʗ。 Ȼ�ǘyv°àÐ�ĩ。�̇ĉʒƢƎ�
´æÒâ�mr�ʗ̯。 #Cbgf ´æÒâ�ʗ̯。�ı�~。 ǘwu˜ǾƑư
 ¨àyéy�ǘyv�
� �
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=>Y(-,� WAX- Ĵ�mr�ĒʥčʭȲ�̀ǝȢʏȰƏ�
�8#� １ȷĴ�:aA
*#œ� WAX- Ĵ ˌȡƔ�ēuC;,,`�~� C;,2`�ȚŻ�
1ʿĽȷûẁǝʏ ˗įw~v�
�9
!#� ʴ̜�ȚŻ� 1 ʿĽȷûw~Ȟ˦  - ǖĽmp�´æÒáæ°wuʗ
̯IK
G:I˹����G#=.œ�8K?9,&�#88,3øʡǈ�_IE8̯ ʎ�~v
ĩ°àÐ�mj� ,,`ȚŻ��ɟʗ。 ˌu,2`ȚŻ��ɟʗ。 ƨ�ʠ�ǘ
wyvĩʠ�。� - ̹�ɟʗ。�˪ŧ。  8GO- øʡǈ�ˎƆ̯����˵ȵ
w~。 ǘwũ ǾƑư ¨àyéy�w�ǘyvȷûȚŻ�mj�ʠʪw�j
~ǖĽɪ ˌuȌʪw�j~ǖĽɪ °ãy�℃Ů�ǘyv�
�
� �
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=>Y(--�WAX-&�.&�Agj�bUA+#ŷɥĴ�mr�̎Ľ�Ēʥ�ɩy�ǖŴľ̹øʡǈ�ˎ
ƆčʭȲ�˰Ĕ�
１ȷĴ�:aA
*#œ� WAX-&�WAX.&� Agj�bUA+#Ĵ  D;,,`�ȚŻ� + ǴĽȷûw~
Ǝu1ʿ̌�QK+2�mj� ,,`u,2`� ,ȚŻ�˧ru*&�,&�.&�0 ǖĽƎ�ĩ
ʠ�´æÒáæ°w~vʗ̯ IK
G:I ˹ ̞j�ĨʿǖŴľ̹øʡǈ GII3&�
GII1&�!# � _IE8 ̯ ʎ�~v１ȷĴ�mr� ,,`ȚŻ��ˎƆ̯ ̲u
,2`ȚŻ��ˎƆ̯ Ɂ�Ŀ�8&�;&�!#uĩŷɥ˰ôĴ�mr� ,,`ȚŻ��ˎ
Ɔ̯ ̲u,2`ȚŻ��ˎƆ̯ Ɂ�ǄĮ�|�}�ǘyvĩʠ�。� - ̹�
ɟʗ。�˪ŧ。  8GO- øʡǈ�ˎƆ̯����˵ȵw~。 ǘwu˜ǾƑư
 ¨àyéy�w�ǘyv°ãy℃Ů�ȷûȚŻ�mj�Ȍʪw�j~ǖĽɪ
 ǘyv�
� �
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=>Y(-.� �C=-&�.&�CLO)G:C+ �Ēʥ˰Ĕ�ɩy�üĝʚ�ˎƆčʭȲ�
１ȷĴ�:aA
*# D;,,`�ȚŻ� +ǴĽȷûw~Ǝu1ʿ̌�QK+0�~�
QK-�mj� ,,`u,2`� ,ȚŻ�˧ru*&�,&�-&�.&�/ ǖĽƎ�ĩʠ�´æÒ
áæ°w~vʗ̯IK
G:I˹ ̞j��C=-&�.&�CLO�_IE8̯ ʎ�~v
,,`ȚŻ��ˎƆ̯ ̲u,2`ȚŻ��ˎƆ̯ Ɂ�ʠ�ǘyvĩʠ�。� -
̹�ɟʗ。�˪ŧ。 8GO-øʡǈ�ˎƆ̯����˵ȵw~。 ǘwu˜Ǿ
Ƒư ¨àyéy�w�ǘyv°ãy℃Ů�ȷûȚŻ�mj�Ȍʪw�j~ǖ
Ľɪ ǘyv�
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Ɣ���Ȟ˦�ŭɬŭȳ�ľy�ſŗ�̵ǃ�ʏquìŭɬŭȳn�̆ŭɬŭ
ȳ��ʟĹ�˘Āčʭ ǆ��w~̜x�ƆȒ�mj�ɧq�ɾƀoʃɀw�
j�vʿ ʏ�ɩy�čʭ��~uƔ���ŭɬŭȳ�ü̴�i�ou‒�ƆȒ�
ɩy�̦Ġ�ĨʿǖŴ�˧ǈÛ«Æ¹Úſŗ�ŝ�Ũ˅����ŕɡ�ȩʝw
�p~vʿ ʏčʭȲ�ŭɬȰƏ�mj�ʆȣʚ３ı Ě~yG#=.&�/ øʡǈoĨ
ʿǖŴ�ȰƏv��ʿǰȲ�ˎƆá¹Ú Ǖ�‒�o˷Ʀv��PS_SeZ>Ca�Wf�SA(�
,**.#u‒���øʡǈ�ˎƆïɗ�̆ìǰņ�mr�ìņ�ïɗ��Ǹ���
���Ȣʏȷʏ�˝ƆŬ Ɇ̆y�ĦʚˢƤÜÂâoʘȈv�~�E>iS� Wf� SA(�
,**3#v�~ué¥ª¥æÐ©ØÁ¤¯¸ŎǺ�ȩʝ����uɧq�ſŗǦ�
����ʃɀv�~Ãàæ¸¯áÒÃyÚș˷ ̥̞y�‒��uĦʚˢƤÜ
Ââ�mr� G#=.&�/ �ē̫þǈ�w� 8K?9, øʡǈoʴʗv�~�BgC>Z>da�
Wf�SA(�,*+*#v‒���ſŗ ȩʝv{�ŭ�˼̼˨ɲ ,ȏ�mj��uG#=.&�/
�ē̫þǈ�w�ªy­¶æu·ÓãáæuÑà¶É¸Áä¥áü ¿ãæú
¥Ã«¥Ææ�jkɧq�Ȟ˦óâÜæ�ľ��øʡǈŪ�!?-(/&� #88+3&�
#88,3&�9I0aj,&�9#D+&�!8#&�8:J2&�:BO/# ʴʗw~v‒�ŹĚ�ĝŘ�ſŗ
�mj�ǘƮv��j~ƔǰȲ�ŭɬŭȳ�Ȟ˦óâÜæș˷ʡɵ�ľ�� 
̆Ĭ�wu‒�ů�mr�Ȟ˦�ɧŃ�ʣ�˝ƆŬ Ɇ̆y�����Ġʭ�
��ʠ�òŐȦj���i�~vwnw�o�ʴʗv�~˥ȯ�ē̫þǈ�
Ɖx�Ňˆ üòʚ�ɞl�ǒ�ʽwqu‒�ʠ�˼̼˨�mj�ǀv�~ɱ
p�Ĝɳ�ü��i��jl�v‒� ĠŸy�ǎƗ�w�Ũ˅uȞ˦óâÜæ
ș˷ʡɵŰ̺�mr�¯ä¸Ãy¯�ľw�ɧq�ſŗǦ�n��˷Ʀo�v
��j�v‒���ſŗ�ȩʝ���G#=. ē̫øʡǈ�mr�ɗƍľūŏĬ
Ĕv�uŨjȉ̤G#=. ���ƔǰȲ�ŭɬȰƏ�mr�ē̫þǈ�ɘɨ�w�
�Ňˆ ɞl�‒�oĘˆ���‒�oņɫv��v�
ȷûĒʥ�Ȟ˦�̜x�ȷ̦čʭ�ȰƏ̠þ�w�Ɣ�ˬµ�ʅ̌v��Ħ
ʚ¶°Åâ�i�vĒʥ���Ȟ˦�ŭɬȰƏ�ľ��ſŗ�Ɗqn�Ơ��
�p~ou|�˧ǈŇƝ�ľw��˟̆�ʠoɧqǀv��j�vŨ˅����
ƣĒčʭȲ�ŭɬȰƏ�G#=.øʡǈoľ̙w�j�‒�o˷Ʀv�~�Ba>C>�Wf�
SA(�,**3&�=dSC@A>C�Wf�SA(�,*++#v‒� ǭr˼̼˨ɲ -ȏ��uƣĒčʭȲ�ŭ
ɬȰƏo G#=. ʟǣá¹Ú�ïɗ˰Ĕ�ōþy�ĦʚˢƤ�˰Ĕ����Ɇ̆
�p�‒� ̆�n�w~v�~uĒʥ˰Ĕ�ɩy� G#=. ʟǣá¹Ú�ïɗ˰
Ĕ� +0`n� ,2`�jkƙjĒʥɪ��~��、ĥʚ����i�u¶ä¥ä
Å¹Åoȷûy�ƙjĒʥ˔ñ�mr�ŭɬȰƏ Ɇ̆wʷ�‒� ǘw~v
‒���ſŗŹĚ�‒���˟̆�i�~Ȟ˦�ŭɬȰƏ�mr�ʿʏuĒʥ
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�jk , ��Ħʚ¶°Åâ�ľū ̆ĬĔ�ʿʏuĒʥ� G#=.  ʆȣ�w~Ħ
ʚˢƤŇƝ����ʮƤv�uŝ々w~ē̫þǈ ８ʵy�‒��Ȟ˦�ŭɬ
 ɧ̈ʚ�ȰƏy�#w~�jkʠ�mj��òŐȦj���i�~v�
‒��k�Ɉ̸v�~ȰƏŇƝoǙɍģ�mj����k�Ňˆw�j�nu
�jkʠ Ɵƻy�~�uȞ˦�ȷûĺş�ü̴�w�̄Ɗđǉ�mr�˪ŧ
ňĒœ�ʿʏ�˅Ľ 々w~˰Ĕ ǘy�=>Y(-/#v̄ Ɗđǉ�mr�˪ŧʿȍǖ
Ľ�˅Ľ 々w�４ /ǖĽu˪ŧňĒ�４ ,*`�ɱp�˰Ĕoƀ���v‒�
��˰ʳ��ɗľoi����uïɗ�z�����ŉɅu��̜x�ĺşȚ
Żoȷ���‒�o�n�vȞ˦�‒��k�̜x�˰Ĕy�ĺş�ʛčwu˟
ëʗ�Ć̡ȳʏņ ȷpˏq~��ʿʏ�Ēʥ�jk , ��Ħʚ¶°Åâ ʮ
Ƥʚ�Ȁ̦y�ȰƏŇƝ īʷw�p~�Ɵl�‒�o�p�v�
˼ſŗ�mj��¶ä¥äÅ¹Å ̞j�ǡƂ ȩ��p~ouŨ˅����
ɦ�Ȟ˦Ǭ�mr�ŭɬȰƏŇƝ�ˡ˳Ȳ ǘƮy�ţ̀Ȧj˷Ʀo�v��
j�vɷǈ̟Ȟ˦�i�¥È�mj�¶ä¥äÅ¹Å�G#=- ��qǓ~ˉ̶ 
��G#CʟǣþǈŪoʴʗv��j�o�ES@S_gdS�Wf�SA(�,**0#u‒�ʆ�¶ä
¥äÅ¹Å�G#=.�ªâ¼ä°�Ɵl���j�FeG#C+øʡǈ�ˎƆ�ʿǰ
Ȳ�ˎƆá¹Ú Ǖ�u�~‒�ˎƆ�ĒʥķǭȲ ǘyvƜ�FeG#C+ øʡǈ
�ĝȖˎƆĴ��˶ȕ�Ȣʏȷʏoɜȩv��˝ƆŬ ǘy�KaVS@S�Wf�SA(�,*+,&�
=>Y(-0#v‒���ȲǠ�¶ä¥äÅ¹Å�mr� G#=. �ʟǣȰƏ�˙Ș�Ǔ
々��m�u‒���ǻ��p~ʿʏuĒʥ ʮƤʚ�ȰƏy�ĦʚˢƤŇƝo
¥È�mj��ŝ々�ɤƶw�j�ǒoņɫv��vč̞�ļʠn�Ɵl��u
¥È�ƀ����k�˶ȕ�Ȣʏȷʏ�é¥ªØ¸�ɚė�ʑŹy�˝ƆŬ�
i�uƫƎ�y�yɚl�jq�Ɵl���˙ÜÂâȞ˦�ſŗ�mj�u‒�
�k�ʿʏuĒʥčʭȲ�ŭɬȰƏŇƝ�ˡ˳Ȳ Ž「w�jq‒��Ǹ̠�
ÁyØ���ʷ���kv�
˼̼˨ɲ . ȏ��Ēʥ���ŭɬŭȳȰƏ�mr� G#=. ʟǣá¹Úŭȳ�˧
ǈŇƝ Ġ̆y�‒� ̌ʚ�wuǖŴľ̹øʡǈ�ʅ̌w�ſŗ ȩ��‒
�� �C=-&��C=.&�CLO)G:C+ n�Ɲȳv��˥Ƥɨ �hWC>CY�:a_bAWj��:#o
ʑɃʚ�ľ̙w�j�‒� ̆�n�w~vwnw�o� �: �ɩw�Ēʥ¶
°Åâoƹ̞y�˧ǈÛ«Æ¹Ú�ȑƴ��j����µ��n��m�zu
˼̼˨�mj�ǀv�~Ʋ�Ǹ̠�Ĝɳ�i��Ɵl���v‒�̍ɳ��j
�uŨ˅����˷Ʀv�~ȥwjǒǡ ƒl�Ɵƻw�jp~jv˼ ̼˨ɲe
ȏ�mj�uWAX-&�WAX. Ĵ�mr�ĒʥķǭȲ�Ɓʊ�ʕē�uG#=. ÒäÜy½
�� �C=-&�CLO ½æÌ¯Ǡ��ťƶĠȾ���� �: o G#=. �Ēʥ�ɩy�
ʟǣȰƏ�mj�ʑɃʚ�ĄŤ ̙l�ǒ ǘw~ou‒� ǌǕy�ǒǡ�
w� ,,`�ƀ��� G#=. ÒäÜy½�� �C=- ½æÌ¯Ǡ�ťƶoƣĒȚŻ
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ē�ƅȋy�ǒo˷Ʀv��j��9aj�Wf�SA(�,*+/#v�~uƣĒ�ʟǣ８ʵv�
� 9
9FO Ð¢Ùáy½æÌ¯Ǡ 99O+2&�99O,- o �- ÞÎ­¿æá¬y»
:FG+ ðɤʚ� �C=- ½æÌ¯Ǡ�ʃɀ̯ ƅȋv{�ǒoǘƮv��j�
�;>CY�Wf�SA(�,*+2#vɦ˸�˙Ș�ţ̀Ȧjǒǡ�w�ɁȡƔǭ̛ɨGZkfaUZda_W
o̎Ľ�ĒʥķǭȲ˧ǈ�i�‒�o˷Ʀv�~v̆ì´¥¯âȚŻē�mr
� GZkfaUZda_W �̆ņ�� GXd Ŭ�w�ɤƶwuìņ�Ļ�n� Gd Ŭ�˰Ĕ
y�v‒�Ɣ˙ðɤʚ� GXd Ŭn� Gd Ŭ��˰Ĕɡʥ�ˑƅņ#�Ēʥoƣq�
���ɖq���AgCY�Wf�SA(�,*+0#v���GZkfaUZda_W �Ēʥ ʑɃķɾy�
‒��̎Ľ� G#= ½æÌ¯ǠoëʗĔ�p�ǖĽ˔ñ ƈʗw�m�uƣĒȚ
Ż��̎�ɖj、ĥn� G#= �̢Ȱ ĠȆy�‒��Ȣʏȳʏ�ľ���j�
�Ɵl���v‒��k�Ɔƶ��uĒʥčʭȲ�ȢʏȳʏȰƏ��̎Ľ�G#=.
�ʟǣãÓâ�r��quĳȲʎɅ��̭̈���Şʎʚ�ƹ̞oǸ̠�３ı
 Ě~w�j�‒�o�n��p�j��=>Y(-1#vwnw�o�Ɔƶ�mj��
G#=. �ʟǣȰƏ�ľ�� �: �ĳȲʎɅ�mr�ĒʥķɾÛ«Æ¹Ú�ȑƴ�
Ġ̆v��m�zuȞ˦�ĺşʛč�jkſŗ̰ú�mj�ƫƎƲ�ʉ̌v�
�ſŗĜɳ�ü����‒�o̗ɕv��v�~u˼ ſŗ�mj��ȢʏčʭȰ
Ə�ľ�� G#=.  ʆȣ�w�ĒʥčʭȰƏ Ɵƻw�p~ouG#=. �ʟǣȰ
Ə�ľ�� �: �ĨʿǖŴ�ʆȣȤʳɨ�w�̜x�˜ʚ�øʡǈˎƆȰƏ�
ľ��ǒoɾ���j�vǵ��ʴÛ«Æ¹Ú�Ġ̆�Ȟ˦�ŭɬȰƏ�r�
����zuȞ˦�mr�ĒʥčʭȲ�ɧq�ȷ̦ƆȒ ĠŸy�ǎƗ���
‒�oņɫv��v�
� �
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=>Y(-/� ʿʏuňĒ�ŉɅ˰Ĕ�
̄Ɗđǉ�mr�˅Ľ 々w~ňƓ˰Ĕvʿʏ�˰Ĕ ȻɊu˪ŧňĒ�˰Ĕ
 Ɂɇ�°àÐ�ǘyvʿ ʏ˰Ĕ�°àÐ�mj�Ǽ˧uǲ˧ ̲�ǄĮuęǏ
 ɁuʧǏ Ȼ�ǄĮ�ǘyv�~uü˓ʚ�¶ä¥äÅ¹Å�ȷû˔ñ ̲�
℃Ů�ǘyv�
� �

vernal 
equinox

summer 
solstice

winter 
solstice

autumnal 
equinox
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=>Y(-0� ¥È�ȷʏȰƏ�ľ��FeG#C+ øʡǈ�
ɷǈ̟Ȟ˦�i�¥È�mj�� G#= ��qǓ~ˉ̶ Ǖ�øʡǈŪoʴʗ
v��j�v|�ü��i� FeG#C+ øʡǈ�̆ìǰņē�ʿǰȲ�ˎƆá¹
Ú ��u�~ĒʥķǭȲ�ˎƆȰƏ ǭr�j�ǒoǘƮv��j��KaVS@S�
Wf�SA(�,*+,#vʴøʡǈ�ĝȖˎƆĴ��ɩȍ�˗��˶ȕ�Ȣʏȷʏoɜȩv
��j�v�
� �
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�
=>Y(-1� G#=.  ʆȣ�w~ƔuĒʥ���ȢʏčʭȰƏ�
Ɔƶ̆�n����j� G#=.  ʆȣ�w~ĒʥuƔ���ȢʏčʭȰƏÛ«
Æ¹Ú�Ɏɨə ̉Ǜʚ�ǘyv˼ ſŗ�̆�n�w~ȰƏŰ̺ ƨɊu|�Ǝ
�ſŗ����̆�n����p~ȰƏŰ̺ ɁɊ�ǘyv�

� �

PIF4

LUXELF4

ELF3

Temperature

PhyBCOP1

BBX18
/23

Transcriptional regulation

Light

DELLA

Degradation/Inhibiton

CKX5
ACS8

ATHB2

IAA29

XTH15

Hormone signaling

Cell wall modification

Transcriptional regulation

Cell elongation
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̞j~Òà¥Øy�
for qPCR  

Primer name sequence 
APX3-F CTCCGTTCTCTCATCGC 
APX3-R CAGAGATCGAGAGCGATC 
PIF5-F GCGGGAAATCAGACCGTGCAACAA 
PIF5-R CGCCGGAGATCCAAATCCCAACAT 
PIF4-F ATCATCTCCGACCGGTTTGC 
PIF4-R AGTGGCTCACCAACCTAGTG 
ATHB2-F GAGGTAGACTGCGAGTTCTTAC 
ATHB2-R GCATGTAGAACTGAGGAGAGAGC 
TAA1-F GCATTGACCTTTAGATAAGCAAGCG 
TAA1-R TGTTCACCTTCATATTTCACATAGG 
GH3.5-F AAGTCCATAGGCCCGC 
GH3.5-R CACGTTCCACATTCCATC 
IAA19-F GAGCATGGATGGTGTGCCTTAT 
IAA19-R TTCGCAGTTGTCACCATCTT 
IAA29-F ATCACCATCATTGCCCGTAT 
IAA29-R ATTGCCACACCATCCATCTT 
BR6ox2-F GACCTGACGAACCGCTCAC 
BR6ox2-R GAAGGAAGCTTGAGACTTCCG 
BAS1-F TCCGGCACTCAAAAGAGACC 
BAS1-R GAAGAAATGATAAGGAGGACCTCG 
GAI-F CAATCAGTTCGCTATCGATTCG 
GAI-R CTTTCTGAACAGCTTCAGCGC 
ACS8-F GTGGTAGCGTAATGGAAGTCC 
ACS8-R TCTAGACCCGAGACGAGC 
CKX5-F GACAAGTGGGATCGGTTCAG 
CKX5-R CCTGTGTCACCATGAAGCC 
XTH15-F CTTATGGCAGGAGGAGACTC 
XTH15-R CCAGGAATGCTTTATTGATCTTGAC 
EXPA8-F CCAAGGTGGTCAGTTCTGATC 
EXPA8-R CCTTGCTTTTTTGTAGGCACAATG 
LTP3-F CCACTGCGAAGAGCATTTCTG 
LTP3-R CTGGTAAACCATACTCTTAACGC 
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LNG2-F CTTCACTCAGCAGCAGCAG 
LNG2-R GGACAACTCGATCTCGCAG 
CCA1sygF GGTGGACTGAGGAAGAAC 
CCA1sygR GGAGAAAAATTTCTGAGCGTGAC 
LHYsygF CAATGCAACTACTGATTCGTGGAA 
LHYsygR GCTATACGACCCTCTTCGGAGAC 
TOC1sygF CTCTCCTTTCAGAGTGTTCTTATC 
TOC1sygR CACAGGGATTCTGCGAAG 
PRR5sygF ATTCCGAATGAAGCGAAAGGA 
PRR5sygR TCGTAACGAACCTTTTTCTCATAACAT 
PRR7sygF GAATGTGCTGAGGCGTTCAGA 
PRR7sygR GGCTGGATTATACCTTGAGAAAGC 
PRR9sygF GTTGAAGAGGAAAGATCGATGCTT 
PRR9sygR CTGCTCTGGTACCGAACCTTTT 
ELF3-sygF GCACAGACTGATTAAGGTTCAAAAAC 
ELF3-sygR CTTCACTGGATAGCTTTTAGCAG 
ELF4sygF CGATGTGGGAGAATCTTGAC 
ELF4sygR TGTCGTTGACTTGTTGAATCAGTG 
LUXsygF TAACGTGGAGGAGGAAGATCGA 
LUXsygR TCCATCACCGTTTGATGTCTTT 
GI-sygF ACTAGCAGTGGTCGACGGTTTATC 
GI-sygR GCTGGTAGACGACACTTCAATAGATT 
�
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