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2015Ȭȵ� ƀˬѱʪ¸�°�±¾ 

 
Attempt to create overall embryonic structure 

by the combination of artificially induced blastula centers 

 

�ÁÔà¥ÙºÍϏІϱ�ͣupЅŊğ˰қ}˰μ�}ʂɭ 

 

͠ǕɜǏǴҭ 4Ȭ� ˨ˏĹǠ 

 

щʴ  

� ҒȬԋȮϏІ�ͣupŐ͡żͷ]ӠȨ{̛΂�̥�vx�ԋϜЕ�Аzy}͕Ǻ}Йƹæϒϫ}ŘŹ

�Ȼ^Ҁdjdx]ƗЇ{z±vu�ԍhyhԋˍqЅ}Ŋğ˰қ�Ģцj�{~М±vuzuԍnd

wԋΝ~�Ëß£»×¤ à}ŜˋЅ{xuvŘŹêЇɖ�ʀt�ÁÔà¥ÙºÍ(AC)ϏІϱ�ͣuvԋ

d}ѭӯ{ʂɭj�dx{hpԍ 

� ACϏІϱy�ĆȠͼzЅ}Ŋğ˰қ�Ȋ`p�{~ԋ2t}ІЅˋ¯¨Àà³ä·ç}Ģц]ɑщî

Ɨ˸wt�xŝʭhpԍĈƻԋБĺŵ͔˭}1Ū͞�}Wnt8 mRNA}Ƃ̛͗ŉ{�±vBCNE (blastula 

Chordin- and Noggin-expressing)³ä·ç�ԋ�vèŪ͞�}Wnt8 mRNAxVegT mRNA}ŌӱɎ̛

ŉ{�±vNieuwkoop³ä·ç�Ƀɪw^�xɞǺf��AC�Ģцhpԍd}ʜěІЅˋ³ä·ç�

Ƥ�AC͓xˏ˕}AC͓}­ä¿��º¹ǋӹ�л±pxd�ԋҢŵЇ�ˉj�ǋӹ͓�Ģцj�dx

{ɪŭhpԍf�{ԋϒϫǴͼђ˗y�ԋЊύ]Εѥf�ԋn}Њύ]BCNE³ä·ç{ͥ˕j�dx

]ʷ�y{z±pԍ 

� ˻ȨЅxƟγ}ǉx~�qΥҦu͖ɢw~t�]ԋȌz`x�¢ç¤À�®ç{ͥ˕j�ӫǉ�Ңŵ

Ї�ˉjǋӹ͓]ɋ��pdx~ԋÒ½�ÍÞä}Ŋğŀ�͟ђj�ìw˭�vҴщzɠϲ��txє

w�q�vԍ 

 

Keywords: �ÁÔà¥ÙºÍ, BCNE³ä·ç, Nieuwkoop³ä·ç, β-Cat, VegT 

 

1. ȳѱ  

� 1ϏІwt�ƒρƈ~ƟѮͼ{Řс�ǫ�èǺʦ�wϏІʦ�ǖ�hԋŎƼͼ{Íâ¨ÞÖf�pɜ

Ǐ�ǌ{ϏІ�ŘŹflԋчӘwt�tt�΢ȳӽuϏІӂÃº¾ãç§�˰ɪhz]�ԋèt}ǝϏ

І͡ƪğ�μ^ìcvл`ԍd}ƒρƈ{Ρ���p͡ƪ}ūқ×£Á²Ö�ђʷj�p�ԋĐѫ˰μ

x˫ѝ�Ϭ�ғhԋѧȊ͝ѷ�~i�xj�ǝ`}Ø½à]ʐƲf�vu�ԍĈw~ԋŅӺⅰpr}ʐ

ƲhpǺɖͼzØ½à�҆�wԋҒȬ͹Ȕ}аhu͔͡Ǵͼɯ̘�ͣu�dxwϜϯͼðtǺҶͼ{͹

͡ңΥ}ѣϏ]ʷ�y{z±v^vu�ԍu�u�ɫp~ԋd��w}͹͔͡͡Ǵ}Ɠˁ�ӗϔflvԋ

Њ˪ŵ͔áÏà}ǝϏІ͡ƪğ�ĆȠͼ{ū�ŗjdx�΂ʁhv�РûӐ{Ϋŉhvu�xu±

v�ңєw~zy�vԍ 
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� ˏΒΩw~ԋ�Ëß£»×¤ à}ŜˋЅ{ǲǄj�AC�ͣuvԋЅ}Ŋğ˰қ}ĆȠͼz˰μ�

΂ʁhvu`ԍĆȠͼ{Ѕ}Ŋğ˰қ�қ�ŗjp�{~ԋϏІҢƪ�̒Ǻj�¯¨ÀàŘǰ�Ř̗j

�ӫǉwt�¯ÚÐçÔä¢ç¤À�®ç]ɑщwt�(Spemann and Mangold, 1924)ԍ̄ ÚÐçÔä

¢ç¤À�®ç}Ƀɪ{~BCNE(blastula Chordin- and Noggin-expressing)³ä·çxNieuwkoop³

ä·ç]îƗ˸xz�ԋn��~ІЅˋ{ǲǄj�(Kuroda et al., 2004)ԍACϏІ�ͣuvĆȠЅ�Ƀ

ɪfl�p�{~ԋŘŹêЇɖ�ʀtϏІϱ~ІЅˋ(È¾wєvЅ΁Іˋ){ǲǄj�dxy�Ϸw�

{ԋAC�d��}óІЅˋ³ä·ç�xŘŹfl�hyzuԍȭuԋn}ɯ̘~ʲ{Εέf�vu�ԍ

β-Catenin}ˠȐǄ�Wnt8/β-Catenin¯¨Àà}̡ɖŹ{�±vĆȠͼ{ѧȊw^�dxy�

(Christian and Moon, 1993)ԋWnt8 mRNA�ӱɎ̛ŉhpЅy�BCNE³ä·ç�˳ĶhpAC�ԋn

hvWnt8 mRNAxVegT mRNA�Ơ̄ŉhpЅy�Nieuwkoop³ä·ç�˳ĶhpAC�Ģцw^�

(Ishibashi et al., 2008)ԍndwԋ8ϏІˋБĺŵ͔˭}1Ū͞{Wnt8 mRNA�ӱɎ̛ŉhԋ�vèʯ

}Бĺŵ͔˭Ū͞{Wnt8 mRNAxVegT mRNA�ŌӱɎ̛ŉj�dxwԋèt}ACŎ{BCNE³ä·

çxNieuwkoop³ä·çóʯ}ɖѾ�Ƥ�AC�ɋ�dx]w^�~kwt�ԍˏѱʪw~ԋd}

B-N-AC (BCNE and Nieuwkoop centers-contained AC)�ͣuvĆȠͼzЅ}Ŋğ˰қĢц{ʂɭh

vu`ԍ 

 

2. ʯ̘  

2.1. ĆȠʇρ  

� ˏǼӻw~�Ëß£»×¤ à}ĆȠʇρwɋ��pЅ�ĥͣhpԍ×±}�Ëß£»×¤ à{È

¾ϕ̇ɖ¬À¿¾âÊä(#HCG10000, ȃǙцеȠˬ)�;íx��δϼ{ѕ600 ƯȈhԋĆȠͼ{ƈ

ɪ͐�Ȋupìԋʈƈflpԍ¢±}�Ëß£»×¤ ày�ʗŗhpρȟ�ͣuvĢцhpρǰɩ̈́

̪�ˍƒρƈ{ʦ̭̾mƝ�lĆȠʇρ�л±pԍɋ��pƒρƈ~0.1x ±·�äÆç¨̻̪̈õw

22 ˚C}̴ȵ˔Ēíwǋӹhpԍ�pԋ´ßçȖ~1%¹¢¨ß«çàҲ̻̪(100 ml}0.1x ±·�äÆ

ç¨̻̪̈{1 ml}¹¢¨ß«çàҲ[#208-01026, ƫņψеȠˬ]x5N NaOH�3 mḽmp�})�ͣ

uvƑ�Ӌupԍ 

 

2.2. B-N-ACx­ä¿��º¹̘  

� 8ϏІˋБĺŵ͔˭}1Ū͞{Wnt8 mRNA�1 pgԋ�vèʯ}Бĺŵ͔˭}1Ū͞{VegT mRNA�

160 pgӱɎ̛ŉhp(ǀ2A)ԍӱɎ̛ŉ~1x ±·�äÆç¨̻̪̈õwлuԋ̛ŉy�1ʼӂɉ{Ѕ�

0.1x ±·�äÆç¨̻̪̈{ΤhԋSt. 9�wǋӹhpԍ̛ ŉ�л±pSt. 9}Ѕ�1x ±·�äÆç¨̈

̻̪{Τhԋ0.3 mmƺʯ­�²xz�AC�ř�ŗjdxwBCNE³ä·çƍ�Nieuwkoop³ä·çó

ʯ}ѧȊЇ�˳ĶhpB-N-AC�ɋpԍɋ��pB-N-ACxԋˍŖ͟}Ѕy�ř�ŗhpAC�ԋn�o

�}AC}Ŏĺӡ]ơyuƝv�v{hvҴ|pԍ 

 

2.4. HE˛С  

� ­ä¿��º¹͓}vrҢŵЇ�ˉhvupǋӹ͓~PBSFA̻̪(10x PBSԋÑàÔßäԋҁψ̋�



 

 90 

1:1:8w̭mƝ�lp�})wǁǺhpԍǁǺЅ~70% EtOHԋ100% EtOHԋ¥¯áä}ө{Ⅵʑhpɉԋ

ÇÞË�äŎ{ŸǈhpԍŸǈhpЅ~Õ§â¾çÖ�ͣuvƉf8 µm{řʭhԋÍáÇÞç¾ì}̴

̋}оӡ{ 

ҌlvĚȔflpԍÍáÇÞç¾~èʾü͒flpìwԋáØ¶çàԋ100% EtOHԋ70% EtOHԋ̋

}ө{ⅥʑhpɉԋÎÔ¾¥¯ßä̻̪{1Řӂ̧hpԍn}ɉ̢̋x̶w̟̣hԋ ¢¯ä̻̪{1Ř

ӂ̧bԋ̋ԋ70% EtOHԋ100% EtOHԋáØ¶çà}ө{Ⅵʑhpԍ˛Сhpϒϫř͓}Ҍ±pÍá

ÇÞç¾~ԋ£À¸Æà­Ö(038-01045ԋƫņψеȠˬ)�1/10Ҷ}¥¯áäwȼϥflp̻̪�ͣu

vȇŉhpԍ 

 

2.5. BDA˛С  

� HE˛СxƟ˱{ϒϫř͓�ÍáÇÞç¾{Ҍlԋ¥¯áäԋ100% EtOHԋ70% EtOHԋ̋}ө{Ⅵ

ʑhpԍÇÞË�äӋƋ�л±pÍáÇÞç¾�1x wash buffer (1M Tris-HClԋ1.5M NaClԋpH 7.5 �

10Ĳȧҳhp�})w̟̣hԋStreptavidin-AP solution (1x wash buffer 150 mlԋStreptavidin-AP 7.5 

µl){ǽ̴í{3ʼӂ̧hpԍnhvԋ1x wash bufferw̟̣hpɉԋAP buffer (1M Tris-HCl 50 mlԋ

0.5M MgCl2 50 mlԋDW 400 ml)w5Ř̟uԋBM purple̻̪ 7 mlxAP buffer 140 ml �̭mƝ�lp

̻̪{̧hԋ˂ɮ4˚C˔Ēíw1ʳӟⅥhpԍ 

 

3. ϔ˘  

3.1. AC}­ä¿��º¹{��ǜ˩͓}ǋӹ  

� ĆȠЅ}Ģц{�bvԋІЅˋ{ǲǄj�BCNE³ä·çxNieuwkoop³ä·ç]�kɑщ{z�x

Ϸwpԍd}Āt}ІЅˋ³ä·ç�ˉj�B-N-AC�Ģцj�p�ԋ8ϏІˋ}Бĺŵ͔˭}1Ū͞{

Wnt8 mRNA�1 pgӱɎ̛ŉhԋ�vèʯ}Бĺŵ͔˭Ū͞{Wnt8 mRNA�1 pgxVegT mRNA�160 

pgŌӱɎ̛ŉhpԍɋ��pB-N-ACxˍŖ͟Ѕy�ř�ŗhpAC�ϒ�Ɲ�lvĢцhp­ä¿��

º¹͓�ǋӹhԋϓңѐΜ�л±p(n = 138)ԍ�pԋˍŖ͟Ѕy�ř�ŗhp2t}AC�ϒ�Ɲ�lv

ǋӹhp�}�«ä¾âçàxhp(ǀ1A, n = 30)ԍĢцhpǋӹ͓}vr29.7% (41/138)~«ä¾âç

àxƟ˱{ϏІĚӀ�ҀdfkԋîʧɃо;�xŘŹhp]ԋ70.2% (97/138)~20ʼӂɉ{ϏІĚӀ�

Ҁdhvup(ǀ1B)ԍǋӹy�72ʼӂɉ{~ԋèҭ}ǋӹ͓w~ȋţ�zҢŵЇ�ˉhԋ³×ä¾В�

А˱˰қ�Εѥj�dx]w^p(ǀ1C, D, ČҼŵͩ)ԍ 

 
ǀ1ԍB-N-ACxˍŖ͟Ѕͥ˕}ACw}­ä¿��º¹͓  

(A) ˍŖ͟Ѕͥ˕}ACƟǙw}­ä¿��º¹͓ԍîʧɃо;]Ƀɪf�pԍ(B) B-N-ACxˍŖ͟ЅAC}

­ä¿��º¹͓�32ʼӂǋӹhp�}ԍǋӹ͓~ӽΕ͛wϏІĚӀ�Ҁdhpԍ(C, D) B-N-ACxˍŖ͟
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ЅAC}­ä¿��º¹͓�72ʼӂǋӹhp�}ԍC~ȋţ�zҢŵЇ�ˉhvupԍD~³×ä¾ВxА˱

˰қ(ΎӬ)]Εѥw^�ԍcg, cement glandԍ±©çàÆç~1 mmԍ 

 

3.2. HE˛СæBDA˛С�ͣupǋӹ͓}ϒϫǴͼђ˗  

� ˹{ԋ72ʼӂ}ǋӹ�л±pǋӹ͓{Ȇhvԋϒϫř͓�ĢцhHE˛С�лvdxwǋӹ͓}Ŏҭ

˰қ�ϒϫǴͼ{ђ˗hpԍ�pn�xƟʼ{ԋWnt8 mRNA}��ӱɎ̛ŉj�Ū͞ԋ�h`~Wnt8 

mRNAxVegT mRNA�ŌӱɎ̛ŉj�Ū͞{ȆhvBDA (biotin dextran-amine)�̛ŉhԋ±¾áÍ

¾�É°äæ�à£ßË¡±Ë�·ç´{��˛С�лvdxwԋBCNE³ä·ç�˳Ķhpӫǉ�p

~Nieuwkoop³ä·ç�˳Ķhpӫǉ}þǺҢƪҕ҄�л±pԍn}ϔ˘HE˛С{��ԋǋӹ͓{x

uvА˰қԋЊύԋδϒϫԋӂŃϫԋnhvğЎŎì;]Εѥf�p(ǀ2B-F, H-L)ԍ�pԋΕѥf�p

А˰қ~ƂȖέʯì;{��Ƀɪf�vu��}xԋƂȖŏ˜ì;{��Ƀɪf�vu��}]t�ԋ

ϏІɃɢŘŹ�Ҁdhvup(ǀ2B)ԍf�{ԋBDA˛С}ϔ˘y�ԋА˰қ~Nieuwkoop³ä·ç�˳

ĶhpWnt8 mRNAxVegT mRNA�ŌӱɎ̛ŉhpŪ͞{ͥ˕j�ϏІy�˰ɪf�vu�dx]Ε

ѥf�p(ǀ2B’)ԍèʯԋδϒϫxӂŃϫԋnhvğЎŎì;~ԋWnt8 mRNA}��ӱɎ̛ŉhpŪ͞

{ͥ˕j�ϏІxWnt8 mRNAxVegT mRNA�ŌӱɎ̛ŉhpŪ͞{ͥ˕j�ϏІԋuk�}ϏІϱ

y��˰ɪf��ϒϫwt±p(ǀ2D’, F’, H’, K’, L’)ԍΪІŹhpЊύ~ԋWnt8 mRNA�ӱɎ̛ŉhp

Ū͞{ͥ˕j�ϏІwɃɪf�vup(ǀ2C’-E’)ԍ 

 
ǀ2ԍ72ʼӂǋӹhp­ä¿��º¹͓xn}ϒϫř͓  

(A, G) B-N-ACxˍŖ͟Ѕͥ˕}ACw}­ä¿��º¹͓ԍǋӹ͓Aw~Wnt8 mRNA}��ӱɎ̛ŉj�

Ū͞{BDA�Ɵʼ{ӱɎ̛ŉhpԍǋӹ͓Gw~Wnt8 mRNAԋVegT mRNA�ӱɎ̛ŉj�Ū͞{BDA�

Ɵʼ{ӱɎ̛ŉhpԍ(B-F, B’-F’) ǋӹ͓A}ϒϫř͓{Ȇhvл±pHE˛Сx��BDA˛Сϔ˘ԍHE˛С

y�ԋА˰қԋδϼԋЊύԋğЎŎì;}Ƀɪ]Εѥw^ԋBDA˛Сy�δϼxЊύ]Ӟ`˛�±vupԍ

(H-L, H’-L’) ǋӹ͓G}ϒϫř͓{Ȇhvл±pHE˛Сx��BDA˛Сϔ˘ԍHE˛Сy�А˰қԋδϼԋ
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ӂŃϫ]Εѥw^ԋBDA˛Сy�АxδϼԋӂŃϫ]Ӟ`˛�±vupԍsi, small intestine; mu, muscle; no, 

notochord; mt, mesothelium; me, mesenchymeԍ±©çàÆç~1 mmԍ 

 

4. ѵѱ  

� ˏΒΩw~ԋŜˋ͹͡{xuvˇ�Ҵщz¯¨Àà³ä·çwt�BCNE³ä·çxNieuwkoop³ä

·çԋd}óʯ}ɖѾ��tAC�ͣuvĆȠͼ{Ѕ}Ŋğ˰қ�Ȋ`dx{ʂɭhpԍn}ϔ˘ԋЌ

�Ήϒϫzy}ʷΕzӬҭ˰қ�ѧȊj�dx~w^zy±p]ԋĢцhpǋӹ͓~ԋ҉ĚӀ�ęuԋ

Аθ�ΪІŹЊύ˰қ�Ƀɪhԋnhvδϒϫ{��ҢŵЇ}͚ɋ�Ȋ`dx]w^pԍd}dxy�ԋ

ƊǫͼzЅ˱ğ�Ŝˋ͹͡}×£Á²Ö{Ť±vĆȠͼ{ūқj�dx{ɪŭhpxuw�vԍddw

~ԋ1) ǋӹ͓}ϒϫǴͼђ˗{��ʷ�y{z±pϒϫɃɪ×£Á²Öԋ2) Ӭҭ˰қ�Ƥ�ĆȠЅĢ

ц{�bv}˫іԋnhv3) ȮϏІ�ͣupŐ͡żͷ{xb�ѹ͘ԋ{tuvѵѱhvu`ԍ 

 

4.1. ǋӹ͓}ϒϫǴͼђ˗{��ʷ�y{z±pϒϫɃɪ×£Á²Ö  

� B-N-ACxˍŖ͟Ѕy�ř�ŗhpACx}­ä¿��º¹ǋӹ͓~ԋАθԋЊύԋδϒϫԋӂŃϫԋ

nhvğЎŎì;]Ƀɪf�vupԍõЅЯ{ͥ˕j�δϒϫxӂŃϫԋğЎŎì;~ԋBDA˛С}ϔ

˘y�ԋNieuwkoop³ä·çqbwz`ԋBCNE³ä·çͥ˕}ϏІϱy��ŘŹj�dx]Εѥf�

p(ǀ2F’ԋH’, K’)ԍFGF�̡ɖŹflpACϏІϱ}ǋӹ͓{~ӂŃϫ�ğЎŎì;]Ƀɪf��dx]

Ώ��vu�dxy�(Kimelman, 1991; Faas et al., 2013)ԋd�~Nieuwkoop³ä·çy�}õЅЯ

ѧȊ͔Ѿwt�Nodal}Ř̗xn�{ęvFGF¯¨Àà}̡ɖŹ{�±vɃɪf�p}wt�vԍ�pԋ

ŎЅЯϒϫwt�Аθ~�x�y}ϏІ]Nieuwkoop³ä·çͥ˕}ϏІϱwt±p]ԋe`èҭ{

BCNE³ä·ç{ͥ˕j�ϏІ}˛С]Εѥw^p(ǀ2C’ΎӬ)ԍАθ~ƹǹɃɪ}ңΥwАθΚϓŦӺ

ϏІ�Κϓǎͥ˕}ⅡϚУϏІ{ƿ���ԍn�ʡԋBCNE³ä·çy�ΚϓϏІ�xŘŹhpϏІϱ

]ϏІ̧́�Ȼ^ҀdhԋАθì;}Ƨƿ�ƿ�qxϷw���ԍnhvԋʷΕzЊύ˰қw~zu�

}}ΪІŹhpЊύ]Εѥf�p]ԋd�~BCNE³ä·ç{ͥ˕hvup(ǀ2C’-E’)ԍd��wԋ

BCNE³ä·çӫǉ}Τ˩Ǽӻ{�±vԋõ҉õЅЯwt�Њύ~BCNE³ä·ç{ͥ˕j�dx]Ζ

ưf�vup](Kuroda et al., 2004)ԋĈƻ}ACǋӹ͓{��ϔ˘y�ԋЊύ]Nodal{��õЅЯѧ

Ȋ�ƒbpBCNE³ä·çy�ŘŹhpӫǉwt�dx�Ɂ`Ζưhvu�ԍ 

 

4.2. Ӭҭ˰қ�Ƥ�ĆȠЅĢц{�bv}˫і  

� ĈƻԋWnt8 mRNA}��ӱɎ̛ŉj�dxwBCNE³ä·ç�˳ĶhԋWnt8 mRNAxVegT mRNA

�ŌӱɎ̛ŉj�dxwNieuwkoop³ä·ç�˳ĶhpԍWnt8 mRNA�8~32ϏІˋ}ŜˋЅБĺӫ

ǉ{ӱɎ̛ŉj�xԋӱɎ̛ŉhpϏІӫǉ�õɐ{ͯɮͼzĀ˹҉]Ƀɪf��(Christian and 

Moon, 1993)ԍd�~ԋWnt8]Wnt8/β-Catenin¯¨Àà�̡ɖŹflβ-Catenin�ˠȐǄŹj�dxwԋ

BMP�ä·¬Á±¾wt�Chordin�Noggin}͹͝]ìʶhԋӬҭ˰қ]Ƀɪf��(De Robertis and 

Kuroda, 2004)ԍhyhԋŎǄɖWnt8~St. 9~10ďӈ{xuvԋWnt8/β-Catenin¯¨Àà}̡ɖŹ{�

±võЅЯ}БĺŹ�Ȋ`(Hoppler and Moon, 1998; Ramel and Lekven, 2004)ԍt��ԋЄБ҉}̒
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Ǻ{xuv~Wnt8]Єĺ̒ǺƼǰ�˳Ķj�]ԋŎǄɖWnt8~БĺŹ�ѧȊj�p�ԋBCNE³ä·

ç}˳Ķ{ͣupWnt8 mRNA]Ѕ}ɉʯŹ�ĬҞj�dx{�±vԋǋӹ͓{xb�Ӭҭ˰қ]˸ʕ

hpƗЇɖ]t�ԍndwԋƟi`Ā˹҉ѧȊЇ��tdnGSK3�ͣuvԋβ-Catenin}Řђ�ɴšhԋ

Wnt8/β-Catenin¯¨Àà�̡ɖŹhvBCNE³ä·ç�˳Ķj�dx]ˉͣqxϷw���ԍ 

 

4.3. ȮϏІ�ͣupŐ͡żͷ{xb�ѹ͘  

� ȉ˕;Д{ŘŹj�ϏІwt�z]��ԋŘŹêЇɖ�ˉj�AC�ͣuvЅ}Ŋğ˰қ�Ć͌ͼ{

Ģцj�ԍd}΂˲{ȆhvԋҢŵЇԋnhvЊύ�ˉj�ǋӹ͓�Ģцj�dx{ɪŭhpˏǼӻυ

~Ǩɂz�}xuw�ԍʻĈԋŐ͡żͷ}͑]ӽ�±vx�ԋϜЕŐ͡żͷ}КȲџӻȊŉ�΄�±v

iPSϏІ�ͣupЙƹŐ͡}ΒΩ]̡͹Źhvu�(Kuroda et al., 2015)ԍйθ˰қ�Ƥ�q˷ЇͼzÈ

¾ϽЙ}Ģц{ɪŭhp}�n}èĦwt�(Takebe et al., 2013)ԍhyhԋЙƹ~чʦΦӳ}ϏІw

˰ɪf�ԋf�{n}ϏІ]ьŤ˻huΪӂͼҮⅥ�x�dxwŜ�v˷Ї�͹ʓj�p�ԋiPSϏІ

�ͣuv�ĆȠͼ{Йƹ�Ģцj�dx{~ˍqХɭ�Ɂu��vu�ԍf�{ԋЙƹӂ΄āĢͣ�ҿ

���ԋ÷̢wt�Ƃè}Йƹ{Ί΂hp�Íâç¹w~Ӊͪ]t�vԍĈɉ~Ŋğ˰қ}˰μ�΋�

q¾ºÍ¸�ä�Íâç¹�лvdx]ɑщ{z±v`�}~ӂҥuz`ԋˏΒΩ~n}Ő͡żͷ�}

ɒͣ}҂]y�xz�wt�vԍ 

 

5. ѳҏ  

� ˏΒΩ�ҟлj�{tp±vԋΒΩʯҸ�ǫ�ԋϏy`ͼΕzeʁȊeӣʙ�Ӧ^�hpԂͤф˵Ŕ

ʤʇ{ɐ��ɡѳͧhìc�jԍnhvԋǝ`}ůє�`qf±p©âÞÒ×äÆç}ͽ˱{d}ǐw

ɡѳ�ͧhìc�jԍˇɉ{ԋϋˀ�huΒΩ}ǐ�ʐħhv`qf±pŒͤŶʤʇ{ɡѳНh�jԍ 
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