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IH���	 
ČśŔ&Ĕĳ%2� Ǣî�ĹŔ¤ǂ&žƃ!'Ǟ�2	$Ý¸Ʈ� �5��&|�"� Ǣ

ĹŔ&ĸ%ïś�5ĹŔïśĐƁƔ`JgQyVr>ƨõ�5�üàżƊ�1ǢMO[QyVr>

ƨõ�5�ÃƊ��&ćĖğ�365 (Ó1)��63&ƁƔ%2� ƨõ�6ćĖ�65žƃ'Ǣ

ĸ&¤ǂ%ćĖ�65�/ǢÞǂ�3ơò�5�"'Ǖþ%Ǔ��Ǣ�6,!&ũŴ!'�%¨œ9

Ŝ��ơòƗ86 ������Ǣ�&ćĕ1ćĖoC^Pn9Ƨż%Śƣ�5�/%'ǢĔĳž

ƃ&ĪǋŢǢŵǋŢ$Ē×ĎƝ�ÁĿ!�5����$3ǢĹŔżƊ&ćŖ&ƾ�%25�&ø

Ĝ1Ĥ�Ǣ,�µƮ�1ƕ�9ǀ5ļ�$¤ÕĐ¸ÃŔ&çÕ$#%24ǢĹŔ&Ōǂ9ơò�5&

'Ǖþ%ÑǓ!�5�ƴāǢĹŔžƃ%īƿ¸��ƷĨ¸ƦƓ ClearSee1 TOMEI&Ǌš%24ǢĹ
ŔŌǂ=o{NyG'àÿ%ƻł� �5 (Kurihara et al. 2015, Hasegawa et al. 2016)��3%ǢĹŔ&

Ōǂơò9Ɨ	�/%Ǣ�ŊƜĐ1Ōǂ¬ƽĐ"���ś�=o{NyG%ƿ��ŕč9Ğ�Ǣ2 �

åµƮǚČǈŉŜ�6 �5�Įű!'ǢīĦǇ&ĹŔŌǂ=o{NyGęƘ9ǝ���ǢĹŔï
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śĐƁƔƨõ�5üàżƊ1ÃƊ�&j{vl>y[=o{NyG1t=g=o{NyG%�� 

Ž����� 

 

JH48(:-@C.3?A
36%��#�"� 
J�IH����"����E)�+'>B
36%��#�"� 
`JgQyVr>ƨõ�5üàżƊ'Ǣ3�10 �&ĴżƊżƊƬ§ƚ9�8$�ķ§ƚ9ƛĥ

ÏƮ���"%24ćĖ�65ǢżƊƬ%ñ:�ßķ&à�$żƊ!�5 (Bird 1961)��6,!%Ǣ

Ĕĳžƃ&¨œơò%2� `JgQyVr>&üàżƊ%'Ǣ;o{cŖ%Ɖà¸��ķßĥç

Õ�5�"Ǣ,�ķ§ƚ9�8�% DNA ÙÿƮ�5@y\wZrhuH{MsyǙƂ%Ʈ�5

�"Ĩ3�%$� �5 (Bird 1961, de Almeida Engler et al. 2012)��6,!%ǢMx=_]P] 

(Arabidopsis thaliana) %�� Ǣ@y\wZrhuH{Msy&@ybyK{9J{\�5 CCS52&

aWFU>yǢ,�'KhwWK{9J{\�5 KRP4&Ƽ±šř'ǢKXl=p`JgQyVr> 

(Meloidogyne incognita) ƨõ�5üàżƊ&Ɖà¸9Ǎì�5�"Ũ36 �4ǢüàżƊ&żƊ

�Ų&Ù´%'@y\wZrhuH{Msy&2	$ DNA ÙÿľĻǌ�� �5�"ŬÍ�6
 �5 (de Almeida Engler et al. 2012, Vieira et al. 2011, Vieira et al. 2012)� 

�6,!%, j{vl>y[mRNAb=guU=R{Msy&ęƘ9ďŜ��=o{NyGęƘ%

2� ǢüàżƊ&ķ"�69ƨõ�5`JgQyVr>&ư�9Ġ
3652	%$4Ǣ�6,!

¨œơò!'Ǔ����Â�&üàżƊ9ƨõ� �5`JgQyVr>&ĖǉOY{N9íĩ%Ä

ê�5�"ÁƋ%$� �5 (Vieira et al. 2012)� �3%, ƴāǢƷĨ¸ƦƓTOMEI9Ŝ� ǢK

Xl=p`JgQyVr>&Ĕĳ%2� Mx=_]P]&ĸ%ƨõ�6�ǢüàżƊ&żƊƍ�2

(ķ&j{vl>y[=o{NyGƗ86� (Hasegawa et al. 2016)�TOMEI'ǢÔê��žƃ9ǟ

øĜŘ90� 2,2’-VBN@Ta{v%24žƃ9ƄĢ�ǢƷĨ¸�5ĘŇ!�5�żƊƍ"ķ&j{

vl>y[=o{NyG%2� , 3ŀ�!üàżƊ¤Ļƹ9ơò�5�"!�5�/ǢDNAÇǅ"
żƊ�Ų&êǅƣı9Ɨ	�"ÁƋ"$4Ǣķ¤& DNA ÇĬǅżƊ&�Ų"Ł&ťǌǌ�%�

5"�	�"©/ ĺƥ�6� (Hasegawa et al. 2016)�Mx=_]P]%�� Ǣ§ƚżƊ'�%ż

ƊƬǅ&Ù´9�� żƊ�ǉƮ�5Ǣ§¸��żƊ!'ŋƊíŲ&Ù´9�� żƊ�ǉ�

5�"Ũ36 �5 (Sablowski & Carnier Dornelas 2014)��6,!&¨œơò&ſĲ�3Ǣšƽ��

合胞体 

���������

���������

5�B!�

B!�

a. "�FH�

b. �H��

�&4�

�&4�

5� �Qk�oFH��

�a1 "�FHs�H� 
a. ��������w, ��v6u	m�
s 3FHuFHT�M���td5�M�
N,�Vjkn,	"�FHv#(�R�m�. 
"�FHuw"��lo5h�,�y��. 
b. ��������w, ��v6u	m�
s B!{�&4�YvFHvFH��Y
�Au�Qkn,	\�eFH���FHL�
kn�jsu|pq,	�H�v#(�R�m� 
�5v"�tFHrc�a . �H�uz"�
�lo5h�,�y��.�
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üàżƊ!'Ǣà��šƽ��ŋƊ'ƞ36�Ǣö��ŋƊĤÕ� �4Ǣǔåðă&ǟ�żƊƬ

ß�&²Ã9»/5�"Ĩ3�%$� �5 (Bird 1961)�Ċį&¨œơò"3ŀ�=o{NyG

9ž-Ã8�5�"%2� Ǣ̀ JgQyVr>'Zyhy$#&ǜ§9¶Ř2�ƫƑ!�52	%Ǣ

ŋƊ9Ǝą��5&!'$�ǢżƊƬ9Ù´��5@y\wZrhuH{Msy%2� żƊ�Ų9

Ù´��5ÁƋĐŬÍ�6�� 
 

J�JH����"����E)��!��"<75>B&
36%��#�"� 
|�&żƊšƽ� ćĖ�65üàżƊ"'ƾ�ǢMO[QyVr>ƨõ�5ÃƊ�'Ǣî�

ĸ&żƊÚǂ§Ţ%§ƣ�6Ǣǒ4Ã	żƊÄÜżƊƖÃ�5�"%2� ćĖ�65Ǣßķ&

üà$żƊ!�5 (Golinowski et al. 1996)��6,!%ǢÃƊ�&żƊÚ§åĻƹ9Śƣ�5�/Ǣż

ƊÚĖ§9Ľƪ�5ƛĥ&ě�9Ŝ��ÃƊ�¨œ& ŠĳƏƗ86 �4ǢYyK=MO[Qy

Vr> (Heterodera schachtii) Mx=_]P]&ĸ%ƨõ�5ÃƊ�&żƊÚ%'ǢoVv¸�6�
iFVy1;teaDtFTyTydFƬ$#Ƹþ&żƊÚ"'ş$5Ė§Ç,65�"1Ǣ�ŀ

żƊÚ&Ė§!�5EMtyÇ,6$��"$#Ĩ3�%$� �5 (Davies et al. 2012)����

$3ǢżƊÚ&ǂ§Ţ$§ƣ%24ćĖ�6�ÃƊ�żƊÚ&}ŀ�Ļƹ%�� 'Ǣ+":#Ĩ

3�"$� �$���� 

Ɛƈ3'īƴǢMO[QyVr>%24ǂ§Ţ%§ƣ�6�żƊÚ&}ŀ�Ļƹ9Ʃ*5�/ǢĹ

ŔŜ&ƷĨ¸ƦƓ!�5ClearSee (Kurihara et al. 2015) "Ōǂ=o{NyG%ƿ��2�åµƮǚČǈ
9Ŝ� ǢƧż$ǚČǈơò9Ɨ���2 �åµƮǚČǈ'Ǣ�Ŏ"� žƃƷƼĐ&ǟ�ƴƭÞw

{L{9Ŝ�5�/ǢŌǂơò%�6 �5�,�ǢClearSee'Ôê��žƃ9ǢŞǖŉĐ°z÷Żz

EMu[{v�3$5ōÃŋ%ƄĢ�5�"%2� ǢFxxf<v9¾4ǐ�ǢƷĨ¸�5ĘŇ!

�5��639ž-Ã8�5�"%2� ǢMx=_]P]!' 400 μm 9Ư
5/�*&2	$Î

é!0��"&ơòÁƋ!�5 (Kurihara et al., 2015, Ķ½ 2016)�U=PMO[QyVr> 

(Heterodera glycines) î�"$5wyI (Astragalus sinicus) %Ĕĳ��ĸ9ClearSee%24ƷĨ¸�Ǣ
ƨõ�6�ÃƊ�&żƊÚ9 2�åµƮǚČǈ%24}ŀ�Ţ%ƣı��"�7ǢÃƊ�9ĻĖ�5

żƊ'Ɖ¼��ĵŖ&żƊÚ%¾4Ò,6 �4ǢdvYayŭń&2	$ćĕ!�5�"Ŭ�6

� (Ó 2)�,�ǢÃƊ�&
żƊÚ9ļ�$Ƣă�3ơ

ò��"�7Ǣ�&ĵŖ&

żƊÚ'ǢĹŔ&śǉħÆ

%ó� ĀƗ$żƊÚ%'

ƞ365ǢĹŔ&śǉħ

Æ%ó� ÖŤ$żƊÚ%

'ƞ36$��"�3ǢM

O[QyVr>'|ê&d

T{y!żƊÚ&§ƣ"¥

a�

b�

b

x�
z�

y�

�a2 �����������u|~R�k�o4=FH�v
�9������� 
a. ������������GJ�'26f|x]'26v
FH�vz����?
. Fluorescent Brightener 28rK�
8Sk�oFH�h���rDk�qd�. @d;G (N) 
wGJ�, `Iv;GwaGJu|pqR�k�o�H��
Dm. b. (a)v�H�z����?
vU1rDk�oY�
v�9�?
. �������a�w50µm, �b�w20µm. 
(Ohtsu et al. 2017a|~+�lqWX)�

GJ]'26�GJ'26�
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ÃĖ9ƨõ�ǢĵŖ&żƊÚ%�4Ý
5�"©/ Ĩ3�"$�� (Ohtsu et al. 2017a)�ÃƊ�&

żƊÚ}ŀ�=o{NyG%2� Ġ
36�ĵŖ&żƊÚĻƹ'ǢõŸƝŻ%ŕčŢ$żƊÚ&d

T{y%�Ƹ� �5ǠÓ2ǡ�ĹŔ&õŸƝŻ&ƀţŖ1uyGŖ&ŗŕ$dT{y'ǢƙúČöŸ
%2� Ņê�6 �5 (Paredez et al. 2006)�ëǑ%Ǣ�6,!%ČöŸǌƺǁ�åÃƊ�&ÉƲ!

ǟšř� �5�"1ǢČöŸ&ǄÃǍì°!�5TES{v¦Ś%2� ǢÃƊ�&ĝàĚ�

65�"×È�6 �4 (de Almeida Engler et al. 2004)ǢĵŖ&żƊÚ&ćĖ%'ǢõŸƝŻ"Äļ
%ƙúČöŸ&ǃÆǌ��5ÁƋĐƇ
365����$3Ǣ�ú&żƊÚ%&-ĵŖżƊÚ

çÕ�5�"Ǣ,�ÃƊ�&żƊÚ%'ǢõŸƝŻ&żƊÚ%ß�Ç,65�ŀżƊÚ&ƝŻ!�

5EMty$#Ç,6$��"Ŭ�6 �5 (Davies et al. 2012)��3%Ǣźǂ%ćĖ�65źæ
"Äļ%Ǣ©ĭ&ÃƊ�!'htPpZOl{TĂ5�"!żƊÚ%ųś�ǢżƊÄÜƖÃ

�5"ŬÍ�6 �5 (Golinowski et al. 1996)��~&�"�3ǢMO[QyVr>'ÃƊ�9ćĖ�

5�/%ǢõŸƝŻ1źǂ&dT{yćĖoC^Pn9ǂ§Ţ%b=NqWF�5�"!ǢÃƊ�ć

Ė%ĎǗ$żƊÚ&ǂ§Ţ$§ƣǢ�� żƊƖÃ9ƨõ�5ÁƋĐŬÍ�6�� 
 

KH48(:-@C
.3F=
 ����#�"� 
~Ƥ!ƶ* ��ƷĨ¸ƦƓ%25 3ŀ�=o{NyG'ǢÔêžƃ9Ŝ��ơò!�4Ǣǟ�ŵ
ǋ§ƣƋ9Ĭ� �5ǢĪǋĒ×9â� �,� �5��&�/Ǣî�ĹŔĔĳĪ&ĹŔïśĐ

ƁƔ&ĔĳƗ·1î�žƃ&U=]mWF$Ý¸9u;vT=n%Ġ
5�/%ǢĹŔžƃŌǂ&t

=g=o{NyGƦ-36 ��� 
ĹŔïśĐƁƔ'ƕ�ƏŻ9�¤%¾Ƴ.ŕĐ�5�/Ǣś�&żƊƬ�!ƕ�9š�5ƕ�Ə

ŻFDA9Ŝ� ĳƏ��ƁƔ9Ĕĳ�� Ǣĸ&¤ǂ%�¡��ƁƔ&ÁƟ¸Ɨ86 �5 (Goto 
et al. 2010)��3%ǢĹŔïśĐƁƔ9ƌƬƠËĐ&ƕ�ƏŻ PKH26!Ľƪ�ǢŕŃ$Vqyc{¤

&Mx=_]P]&ĸ%Ĕĳ��Ǣ�&ĔĳƗ·9ơò!�5ǕŪÛ=o{NyGMOYnūŷ�

6 �5 (Dinh et al. 2014)��&ħŇ%24Ǣ3 ŰǛ&ĹŔïśĐƁƔǢET`GKwQyVr> 
(Pratylenchus penetrans)ǢJxye;`JgQyVr> (Meloidogyne chitwoodi) �2(YyK=MO[

QyVr>&î�ĸ¤ǂ!&ĔĳƗ·ơò�6ǢƁƔ&ǉĭ%8�5ǕŪÛŢ$ơò%Ė³� �

5 (Dinh et al. 2014)����$3ǢpZvĹŔ&�ƙ"�
5Mx=_]P]&ż�ĸ%�� 0,
£őŏǚČǈ!'ĸ&Ōǂ&ƁƔ9Ĩŧ%ơò�5�"'íĩ!'$�� 

ĹŔïśĐƁƔ&ĔĳƼů924Ĩŧ%t=g=o{NyG�5�/%'Ǣ,�ĹŔïśĐƁƔ9

Ć�ƕ�Ľƪ!�5ƕ�ƏŻĎƝ!�5��¯�3Ŝ�36 �5FDA1PKH26'ǢĹŔïśĐ
ƁƔ9ĳƏ�5�"'ÁƋ� (Goto et al. 2010, Dilh et al. 2014)ǢƁƔ&ư�OkW[Ŗ%ĳƏ�6

5�Ɛƈ3'īƴǢżƊƍĳƏƏŻFM4-64�2(DNAĳƏƏŻSYBR Green I9Ŝ�5�"!ǢU

=PMO[QyVr>&¢ư0��'ǘǂĆ�ƕ�Ľƪ!�5�"9ƞ���� (Ohtsu et al. 
2017b)�`JgQyVr>1MO[QyVr>'Ǣǘǂ%�5¿ǆ9żƊ%Ŷ�®� ĔĳžƃćĖ

9Ǌä�5�/ (Bird 1961ǢWyss & Zunke 1986)ǢüàżƊ1ÃƊ�'MO[QyVr>&ǘǂ�ƴ�

3ćĖ�65"Ƈ
365�,�ǢĹŔ&ľƋ9����5@f?FT{Ðå'¿ǆ9�� §ņ�

65�/ (Haegeman et al. 2012, Hewezi & Baum 2013)ǢĹŔïśĐƁƔ&ǘǂ9ơò�5�"'Ǖþ%
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ǄƝ!�5� 

ĹŔžƃŌǂ&t=g=o{NyG!'ǢŌǂ&ƕ�MG]vČĄ$�/ǢµƮ�9ǉĭǋŒô

�5ĎƝ�4ǢĹŔïśĐƁƔ%ǄŹ$Uo{N9�
 �,	đ6�5�ß�åµƮMOYn

"ƴƭÞdvOw{L{9�Ŝ�5 2�åµƮǚČǈ'ǢĹŔžƃ%�� 0��Ɯ!Ōǂ=o{N

yGÁƋ$�/ (Mizuta et al., 2015, Ķ½ 2016)ǢĹŔïśĐƁƔ)&ģ�9īöǎ%Ě
ǢĹŔžƃ

&Ōǂ=o{NyG%ƿ� �5"Ƈ
36��ƕ�Ľƪ��U=PMO[QyVr>9wyI%Ĕ

ĳ�� 2�åµƮǚČǈ!ơò��ſĲǢMx=_]P]24á�wyI&ĸ&Ōǂ%Ĕĳ�5MO

[QyVr>9u;vT=n!Ĩŧ%ơò!�5�"Ĩ3�"$�� (Ohtsu et al. 2017b, Ó3)�M

x=_]P]%�� ǢMO[QyVr>ƨõ�5ÃƊ�!ǟšř�5ǁ�å&hxp{T{%2

4ƕ�TydFƬ9šř��5ǢÃƊ�wk{T{9Ŝ��ƣıƗ86 �5��&ƣıŇ'Ǣś

��ĸ%��5ÃƊ�&�Ƅ&ŕê1ÃƊ�&ĬŐ&ª«�5�/%Ŝ�36 �4ǢżƊÚ&ǂ§

Ţ$§ƣ$#ÃƊ�¤ǂ&ĻƹÝ¸'ơò!� �$� (Juergensen et al. 2003, Siddique et al. 2015)��
ĉ'ǢÃƊ�wk{T{9šř

���ĹŔ�%ƕ�Ľƪ��M

O[QyVr>9Ĕĳ��Ǣ2
�åµƮǚČǈ9Ŝ� ơò�

5�"%2� ǢĔĳǂ�&Ä

ê��!$�ǢMO[QyVr

>%2� ƨõ�65ķ1żƊ

Ú&ćĕŢÝ¸9u;vT=n

%ơò�5�"ÁƋ%$5"

Ƈ
365� 
 

LH*2 
ĹŔïśĐƁƔ"ĹŔ&ť��Ŝ%ǎ3�ǢĹŔ"ČśŔ&ť��Ŝ9Śƣ�5�/%'ǢĔĳƼ

ů9u;vT=n%Ġ
5t=g=o{NyGǢ�2(Ĕĳǂ�9¢�Ţ%Ġ
365j{vl>y

[=o{NyGǢ�$8�ĪŵǋŢ=o{NyGMOYnĎƝ�ÁĿ!�5����$3ǢČś

Ŕ&Ĕĳǂ�'ĹŔ¤ǂ!�5�"ß�ǢĪŵǋŢ=o{NyG9Ɨ	�"'Ǖþ%Ǔ��� 

Įű!Ž��� 2�åµƮǚČǈ1ƷĨ¸ƦƓ9Ŝ�5Ōǂ=o{NyGęƘ'ǢĹŔ—ČśŔǋ

ť��Ŝ&řØ9Ōǂ=o{NyG%24ÁƟ¸�5ĘŇ9ġŬ��pZvH{O"$5ũŴ!�5�

�63&=o{NyGęƘ9ǝ��5�"!Ǣƒú¨œ9Ŝ��ƣı!'Ǔ����`JgQyVr

>&Ɖà¸��ķ&}ŀ�ĻƹĨ3�%$���,�ǢMO[QyVr>ƨõ�5ÃƊ�&żƊ

Ú& 3ŀ�Ţ$Ļƹ9Ġ
5�"!ǢÃƊ�&Ğ�ćĕŢŕč�3ÃƊ�ćĖoC^Pn%Ƶ5�"
ÁƋ%$����3%Ǣ2 �åµƮǚČǈ"ƕ�ƏŻ9Ŝ�5�"!loŮĹŔ&ĸ&Ōǂ%ïś

�5ĹŔïśĐƁƔ9ś��,,ǉĪǋơò�5�"%Ė³� �5��63&=o{NyGęƘ9

ǝ��5�"!ǢĹŔïśĐƁƔ"ĹŔ"&ť��Ŝ&-$3�Ǣ�&ļ�$śŔ"ĹŔ"&ť��

Ŝ%��5Ĕĳžƃ& 3ŀ�Ļƹ1ǢĔĳƼů&U=]mWF$Ý¸%ǌ�5Ħ�$Ũƞċ365

�a3 ���v6ufi�1��_%[
s2��_%[
 
�����������(GJ)�, SYTOX Orangeyow, SYBR Green I�>dq
0)r�/2Ilo$b���v6u*Elo. *Eg}2-$, ���v6v:
Yu'2loGJ�1��_%[f|x2��_%[�>dqP�lo.`Id;
GwGJ�Dlqd�. `IdC�wGJv^Y�, @dC�w Y�Dlqd
�. ������w, 50 µm. (Ohtsu et al. 2017b |~+�lqWX)�

2���1���
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