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2016 �� 224 38 5 73 108
2017 �� 310 44 47 144 75
2018 �� 91 10 26 45 10

�� 60 7 5 8 40
2019 �� 171 17 22 121 11
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(1) 2019 �ĐĆÐxy 

½��n���C2-1 rx#¬��æ#ÉÈæÂ$ 55.7ć��®æ$ 13.6ć�ÉÈ¬Â 1.0ć��

ÉÅ©Y#ôą�!��Ĉì 9ĉ��#.�!©YO��îçi#k¬4ó_�1�+��®æ�

#ÉÅÁº4*1��A6-4 rxĈ&3ĉ�$�ąn��¾n�,"ÉÈ�*/2��¬�,ÉÈ�

�
!����ç�,*/2!����B5-1 rxĈ&3ĉ�$�ąn�ÉÈæÂ 0.4ć��¾n�

2.1ć�	���¬�$�¾n� 1.3ćÉÅ�*/2��B5-1 rxĈÃ«ĉ�$�ąn�ÉÈæÂ 2.6ć�

�¾n� 4.3ć�	���¬��$�ąn� 1.3ć��¾n� 4.0ć*/2��ç�$*/2!����

B12-1Ĕ3 rxĈ&3ĉ�$�ąn�ÉÈæÂ 0.6ć��¾n� 0.7ć�	���¬��$ÉÈ�*/

2!����ç�$*/2!���� 

(2) 2019 �Đè�xy 

¨xy�$½��n4ñà��!
#���ąn��¾n#*#õ­Þ¬4Ó��Ĉì 10ĉ��

îçi#k¬4ó_�1�+��®æ�#ÉÅÁº4*1��F7 rxĈ&3ĉ�$�ąn�ÉÈæ

Â 0.4ć��¾n� 2.0ć�	���¬�$�ąn�ÉÈ¬Â 0.3ć��¾n� 1.3ć�	���F7 r

xĈÃ«ĉ�$�ąn�ÉÈæÂ 2.3ć��¾n� 2.8ć�	���¬��$�ąn�ÉÈ¬Â 2.7ć�

�¾n� 6.7ć*/2��ç�$*/2!���� 

(3) 2019 �ĐW�xy 

½��n���C-1 rx#�®æ#ÉÈæÂ$ 0.8ć�ÉÈ¬Â 0ć�²�ÉÅ©Y#ôą�!�

�Ĉì 11ĉ��ąn��¾n�,"ÉÅ$*/2��ÿĀk¬$ /��!����ç�$*/2

!���� 

(4) 2020 �ĐĆÐxy 

½��n���C2-1 rx#¬��æ#ÉÈæÂ$ 21.1ć��®æ� 23.4ć�QÉÅ©Y�!0�

¬��$ 91.0ć�ÄÉÅ©Y�!��Ĉì 12ĉ�E?G6È�� 5�È$ÉÅ�*/2!����

�#.�!©YO�A6-4 rxĈ&3ĉ�$�ąn��¾n�,"ÉÈ�*/2��ç�,*/2!

���� 

 

ì 9� ĆÐxy#sn"
�1sÖÈ�#ÉÅÁºĈ2019ĉ 

 

���

����
:�;

�
� 0581�
����

:�;
�
� 0581�

����
:�;

�
� 0581�

��� *("& # # $',"& # # $## # # 62

��� **"# #"& # $('"& # # $## # # 62

��� *)"& #"& # $(&"* #"' # $## # # 62

��� *("# +"& # $(+"& %"$ # $## $"& # 62

��� *+"* *"% # $(#"# %") # $## $"& # 62

��� *+"# ("# # $&'"& '"& # $## '"# # 62

��� *("* # # $()"& #") # $## # # 62

��� **"# # # $(*"# #"* # $## # # 62
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ì 11� W�xy#sn"
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ì 12� ĆÐxy#sn"
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95'1 
2019 �$�ÉÅ©Y�	����D7K 20 AJ6BHĈNF-180 AJ6BHĉ4�åãÌ��"

ûà����\Û$�ê���'(tÙ#k¬4Ó���N��2020 �$QÉÅ©Y�	����
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æ 1 )Ï�B9-3 s|*JN?²9^í9$�æ 2 )�"$��á 1 óú�ă�35�àÞ 20 ��ă�

/%��¹�*^íâh)�ÊhĈG<JDO10,000 aĉ9jÁ9�lizā³%��9!
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e�`
�� !
a 1 1 3 4b7 8b9 7b2
f�`��a 1 6 5 8b7 9b1: 7b1:
g�`��	a c c c c c c c c c c c c

���� ���
 ��'&�
 ��(&�

�#�

��d��
 ���	

�a10TRY^��(+$'%&&&�<60HMY?N"����'%+&&�<70K@QLCR\=SZ+&&�<30AOWR\=SZ)%&&&�<
;;50@ZR>^R\=SZ*%&&&�<40VB]R\=SZ*%&&&�<80XPLCH"����(%&&&�<90GU^J?I^���,&&�<
;;1:0T^[_M���)%&&&�<20EODF"����*%&&&�

0

10

20

30

40
�
�
�(

�)

022



Ĉ±�ċĉ 
 
850�&� 

º��&9!�o%+Ć Â*ÄÂá¾+ª 0á%��
ć��¬á%�� ć�ª�%2���ć&�

Ä¿¨Y&("!Ĉæ�ĉ
0':7Â*ÄÂá¾+ª 0á% ć��¬á%����	ć�ª�%� �
ć

&RÄ¿¨Y&("!
ICJ;Â+Ä¿4058(3"!
7*40(¨YP%��üþ\×9ýĀ

g)��9!�oq,ýĀ�)��9!�o+��ä��*čou±��8*Â�2.&:'Ä¿40

58(3"!
â�2058(3"!
�

 

æ 3� to)267tÒÂ�*Ä¿½· 
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(1) 2019 � 

��#�$�[m!	-�YÚ¥"N!)\Ð2N�!ìtÏÐ�',/�
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��Ð��y!

�)Ñz��1/.+� µ¯#Û(,/ ���� 

(2) 2020 � 

YÚ��oÄ#
�/"Ü��!

�)���Ð���Ð��y
�/)Ñz"¶±#'

,/ ���� 
 

Õ 5� lqr!
�.Ñz"¶±¯¨î2019ï 

 

Õ 6� Ñz"¶±¯¨î2020ï 

�<9! ��! �<9! ��! �<9! ��!

?; L L L L L L L

=:@ L L L L L L L

?; L L L L L L L

�� L L L L L L L

=:@ L L L L L L L

X^T[W^U]Z^ L L L L L L L

&
 L L L L L L L

�� L L L L L L L

?; L L L L L L L

�� L L L L L L L

=:@ L L L L L L L

X^T[W^U]Z^ L L L L L L L

DC L L L L L L L
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�' L L L L L L L

��GBE L L L L L L L
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.�'/M.9/SXM� �± 

ęĞĚĄĔn�Ġ 

� ĄĔĝ� ôõ/+ötpÐ 

3 ® 26 ¨ęØñsĚ*�ôõ*���7Âót¥�ę�ûĒpÐĚ 

� �ç 50 lę200ml/^Ě�� OY[B=ISC 2,000 lę250ml/^Ě� 

�  Ë¥�(ÓÄ:200ml/^¥�)  

ĄĔĞ� ĎðÜs�4-ôðÜ�¥�*47|âöt+ďĐvµ 

� ĎðÜsę5 ® 2 ¨Ě�4-ôðÜ�ę5 ® 14 ¨Ě+öt¥� 

�?JTOY;PX 4,000 l��>XO<[OY;PX 4,000 l� 

  
NF-180 OY;PX 2,000 l��>[W]Z[OY;PX 2,000 l 

ĄĔğ 

� `ĂĄĔĝěĞ+è1}9 iæďĐĄĔ 

 

)��|ĄĔ(3* 4 ® 14 (̈�õ°)*nOV[Èt25 1,000 l�4 ® 22 ¨*NCo]H

ēåÄ�t1,000 l:¥��#-Ñî°pÐIË¥�:Đ��E>LF@OY;PX 500 l:

uÓ�#- 
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UKW;×ę¸ï8ĚĠ6 ® 9 ¨*|x 2~3 ¿�1 ¿�#6 30 µ!1*%�&Ø×+¯Ë 

þ¦×Ġ8 ® 4 ¨*|x 2~3 ¿�1 ¿�#6 30 §¹*%�&Ø×+¯Ë�

�  
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=>@?C;?FB #"" "!" '" "!"

<B?9E?C;?FB #"" "!" '" "!"

+*#("?C;?FB #"" "!" '" "!"

<EA:DE?C;?FB #"" "!" '" $!"

��� #"" %&!" '" #)!"
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?CE<9=F4;>@?C8?FB !   � !   � 
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���2�34;>@?C8?FB !   � !   � 
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� � � � ȡ(,� āȱɴñmR;c�¢vɶŷǔoǗǌǆƨɸYěʎɹ�

 
 
 

 
 
 

� � � � � ƪɹȡ­oÉSʁ[cSʂ£ŚoĻĘÉ 

�

,( 0 
� � ʐʔʓåfÂǎ?l2I1c2SÂǎĐŪfƳa?cɚɝÀǳožëő7ǡȴL8c-[cI

Ĵȗʠɘȑä[LoɚɝmR;cëƆǘlɚɝ~j�¢t7ŵaSmlIc-ʐʔʓå¸ŻåM

?KžſlʗʐʒʓåoŮȧåo�×� h��øTŮȧǳǼo�r¡ʁɿ� h��ǪmJ2

KIɶŷǔmİAcÁǎőɸƧǖëƆoǥɯMëƆoǤľɹIȺŷǔmİAcɚɝëƆ7ŵaSm

lbIµŉoɚɝÀǳƕǯo¨êmlcƌş7Ŋadc- 
� � ŹļľoǻƆĄƖI
(ŽºɜoȖȗSaSIɶŷǔȕoĤo3ȌĤoɱũɔ7ĳl2<M7ǡ

ȴ>dc7IǉĖĔěLĪŰ?c¯ǎȔÝbƙm`cäļ
(ŽoȖȗÙǊLSIɶŷǔoǗǌŝ

âëƆSàǁM?lSIc-�

 

-(���%D 

� � ʐʔʓå¸ŻåoȺŷǔmİAcëƆIÁǎőɸƧǖëƆoǤľ_ƮɆǣȟɹIɚɝɋƀmJ2

K>amƑȫfǦ\ɒncōȦ71c-[cIĨÓȖȗäɸɜɤäɹoȖȗÙǊm`cǗǌŝâ

ëƆmJ2KƑȯAcōȦ71c-�

�

.(#� 

� � ʐʔʓåfÂǎ?l2I1c2SÂǎĐŪfƳa?cɚɝÀǳSIɶŷǔfS@]M?cŸĦ

®ȦǔĬmİAcɚɝëƆ7ɵWIĪǎő7ɵ2Mȇ4adc-ʐʔʓå¸ŻåM?KžſlŮ
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ȧʗʐʒʓåoo�×� h��IŮȧǳǼo�r¡ʁɿ� h��SIɶŷǔoœƉŉoÙǊ

LǔŭńřfɛĬAcƧǖëƆ7ȴ]adc7Iǔŭ©oȌĤńřfɛĬAcëƆSlSIc-

[cIo�×� h��SȺŷǔmİ?K^ƧǖëƆfžAcMȇ4adIȖȑƀo
ĐÙǊL

ĪǎǘlɚɝëƆ7Ŋadc-�

� � ɗɓǜmR2KI
(ŽºɜoȖȗSaSɶŷǔȕMȥŭǔȕoĤo3ȌĤɱũɔ7ĳlSIc-

¯ǎȔÝbƙm`cȣĬȖȗoǱǠÙǊSIɶŷǔȕoĤo3ȌĤoɱũɔfʇæǤľŝâ?c

7IĔěLoǗǔSɮȘlĶ7ȴ]adlSIc-�

 
L(25��"�,�$ 

� � ǌǍǉětoɚɝšımƬǎAc-�
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ă¯ī(�úąŏőr�(|ğ©Ĵjä 

Þ�T`K?ŞšDMI�Å�Äpfħ°Ĕ8hċ%��]aBŚÖăŏőrę(čĒŢ 

 

�� �������	
�5�"+�3
�M��I�%& 
 

ì� ��  
q�Ú� �ª*bŕµ� ñd 

Ê� ²� �ČŜĽČéåßèĦäČđłŌ]aBČđŖ� 
ş)020-0123� ´ËĊĆ³¸f�¶«ŉ±Ñ 92-24Š 

 
762�*��$#�  

Ŀº	œâĊ8)�.%�4]aBüý��'.�#]aBŚÖă�¦Ą�	§�&�ŗ%&!

#�4
¦Ąı�(d"%�#	DMI �'°�4Å�Ä�pf��]aBŚÖăħ�üý��'»

�3""
4�%�Í3254
�2'DMI �'��	QoI �'°�4Å�Ä/pf��İ�pÅ

�Äħ(Ąü/ĸ.25#�4
 

�5+$'	]aBŚÖăħ( DMI �çąŁmª$
4 CYP51A1 ( 133 āć(;YQŅġÏ

8n�£ ġÏ(Y133F)� DMI �Å�Ä(pf'Ŏ74�%�Õ2�'&!#�4
+�	QoI �

'.�#)	çąŁmªDN?`cZb(Cytb)(143āć(;YQŅġÏ8n�1£ ġÏ(G143A)

�Å�Äpf'Ŏ74�%�¡��5#�4
�52(£ ġÏ(Ùö8Ļ��4ŁmªĵÓî)	

CYP51A1 $)Yaegashi et al. (2020)'14;]^øĂąPCR	CytbG143A '"�#)Fontaine 

et al. (2008)'14U\=Xc8þ��PCR-RFLP 8Ĭ75#�4
�52(Łmª8ã~�4'

)ĢăĞĠ
4�)�ř��ħr�2(DNA(Ì~�Âı$
4
+�CytbG143A)�2'PCR

¿(�Őńě}û�Âı$Ëō%AFN���4
��$ÛĹŗ$)	CYP51A1 (Y133F .1*

Cytb (G143A 8Ģăı0ß®	�ř��A`Pc�2ħ(DNA (Ì~8Ĭ7�PCR (,$ã~

�41�'Ëî8ėw��4
 

 
862��  

1ŜPrepMan™ Ultra Sample Preparation Reagent (ThermoFischer Scientific)śkfPrepManŜ 8

LaU_cNtÈ'uþ�	Ül8ãĳ��
 

2ŜPCR �Ã)KOD FX NeośTOYOBOŜ8uþ�	U\=Xc	Ül'"�#ãĳ��
WEL

<TAaN`c^ (PC) %�#) ARI16Vi7(CYP51A1: Ňü�	 Cytb: Ňü� ) 	

ARI16Vi9(CYP51A1:¥Ă�	Cytb: ¥Ă�)(ħĘ8þ��
 

962�(� 

1Ŝĩ
4�)ß®(ăÒ8LaU_cN%�4¢�) PCR J[cT' PrepMan20µl 8
2��

.�ï�	���2 7µl ď¼8JKU$�!#ăÒe$s¼���3&�2RVKL<a@�#

ħĘ0�üª8Çõ�	J[cT'É��%$ĺį$��
ĩ(Åà�
+3&�¢�0	ăÒ
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���¢�)	ăÒ8®rŘÁŊ$čĸ�&�2ħ8����
PDA ē$�ř��A`Pc(

¢�)īRa$ħ87��'���3	20µl PrepMan 8�ï�� PCR J[cT'Ĩ%�ľ9

 
A`Pc�2���4ħ(ň)·�
!#/�ŗ)&�!�śMcHĉĀŜ
�528XP

[;^ŀ3PCR Įġ$99�10 ��÷��/(8LaU_cN%�#uþ�ĥ$
!�
 
�ŜCYP51A1 $)Yaegashi et al. (2020)(U\=Xc8�(++þ��
Cytb G143A $)Fontaine 

et al. (2008)�åĖ��¥Ă�Łmªã~U\=Xc'��	Ňü�Łmª8ã~�4U\=X

c8åĖ���	Ňü�(Ń��(++$)¥Ă�%/�Ã�#�+!��%�2	/%/%(

Ń � ( 3 � y � 2 2 ā ć ( Ń � 8 T ' ¥ Ø � � U \ = X c G143MMT

śGGTTTGTGATGACAGTTGCTCŞ;aIc\=a�¥Øł	¨«�Ňü�%¥Ă�$·(


4£ Ŝ8tÈ��
PCR �Ã)KOD FX Neo 8uþ�	XP[;^ŀ3(ĞÈ$10µl (ę

$Ĭ!�śĭ 1Ŝ
PCR Ül);Pc]a@ô¼�CYP51A1 $) 58�	Cytb $) 62�	oŋ

�Ã×ō)gŁmª%/'30 Ď	C=?^Ð)30 �$Ĭ!�śĭ 2Ŝ
�(Ôî$	CYP51A1

)ăÒ	A`Pc�2Łmª(ĈÎã~��ĥ$
!�
Cytb )ăÒ'"�#)ã~8Ĭ!#

�&��	A`Pc�2ĈÎã~��ĥ$
!�ś� 1	2Ŝ
ăÒ�2(ã~$D@O^�¾�

¢�) PCR (C=?^Ð8 35 �+$¤0�#ã~$�4�	�(¢� PC (Ňü�%¥Ă�

gÔ��Ã�#�+�($	PC LaU_cN(¹ņ�Âı$
!�
&.	Ûî)ăÒ�2DNA

8Ì~��LaU_cNś]aB(DNA 8�-ùÆŜ$)ŔøĂ�¦2uþ$�&�!�
 

���AFN(Ĳĕ8Ĭ!�%�6śU\=Xc%Œíð�Ŏx){ŀ&($AFN'z5�'ĲĕŜ	

ÀÝî(MagExtractor Plant Genome $Ì~�	EXtaqś20µl (ęŜ$ã~��¢�	1 CaU

^
�3Ě¥360	PrepMan $Ì~�	KOD FX Neoś10µl (ęŜ$ã~��¢�	1 CaU^


�3Ě¥98  !�śĭ3Ŝ
�

 
:6)� 

Ûî)ÀÝ13/¬v$
3	DNA (Ì~0�Őńě}û'��4AFN%×ō�ĉĀ$�

4
ø'A`Pc(¢�)	òror G`S:ae$DNA Ì~þ(ħ8�ř�4×ō�ĉĀ$�

4
øê&Įġ0ĶĪ)Âı&�($	æ�&éŎ$�þ�ĥ$
4
 

 
;6���14 

ăÒ�2ĈÎQoI �ĤÄħ(ã~8Ĭ�
 

 
<6.D 

]aBŚÖăħ( DMI �% QoI �Å�Äpf'Ŏ74 CYP51A1 Łmª.1* Cytb Łmª

(£ ġÏ(Ùö8 DNA (Ì~8��ăÒ0A`Pce(ħ8LaU_cN%�# PCR $ã

­$�4ę8tÈ��
 

 
=6����-��!/ 
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&�
 
�U`E>?N�ÿéŎ(ō$�ó(ķĜU`NA^8{Ù�4
 
 
ĭ 1. PCR �Ãò(ĞÈ 
LaU_cNśPrepMan+ħŜ 1μℓ �ï U\=Xc)�

CYP51A1�D;� 

FW: AJ250�SH7����AJ251�R-7� 

RV: VIcyp1242(	) 

Cytb�D;� 

FW: PS1 

RV:G143MMT�SH7����G143AMM1

�R-7� 

2×PCR Buffer for KOD FX Neo 5μℓ 

dNTP Mixture 2μℓ 

10pmol/μℓ� FW� 0.3μℓ 

10pmol/μℓ� RV� 0.3μℓ 

KOD FX Neo 0.2μℓ 

D.W. 1.2μℓ 

�Ĳ 10μℓ 

�ģŞPS1: GTTACAGCCTTCCTGGGTTAT	G143AMM1: GGTTTGTGATGACAGTTGCTG 

 

ĭ 2. PCR �ÃC=?  ̂

¥Ä 94℃ 2min  �K. �%�(,�1M� 
CYP51A1�D;�58� 

Cytb�D;�62� 
¥Ä 98℃ 10sec  

;Pc]a@ �℃ 30sec ×30 

oŋ 68℃ 30sec  

ĝi 20℃ ∞  

 

ĭ 3.� AFNëļśvá)Đľ,Ŝ 

#,&*�$=G PCR�SH7�R-7�23Q� 8 

PrepMan� ¥20,790�20ml 

1!,&)�20µl?V����1,0003Q  

T¥21/ 1!,&) 

KOD FX Neo� ¥38,500�:I200µl 

1P0�0.2µl?V����1,0003Q  

¥38,5/ 1P0
2=¥77/ 1!,&) 

¥98 

Mag Extractor Plant Genome 

U2/�40ml��?VW��5>����4
R&+$ )�B
�OQ�6A��1!,
&)N��250µl?V���3203Q  

¥96.2/ 1!,&) 

Ex Taq ¥33,000�:I50µl 

1P0�0.2µl?V����2503Q  

¥132/ 1P0
2=¥264/ 1!,&) ¥360 
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E 1.DMI<JF.L@�9CX 
#,&*�$� +%��?V *�, 8�10�12�14�R-7 WP�SH7'" ,�MP

�R-7'" ,  
 

 
E 2.QoI<JF.L@�9CX 
#,&*�$� +%��?V *�,12�13�R-7 WP�SH7'" ,�MP�R-7
'" ,  
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