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LMEFG"#$,NO%PQRST,U,BNO&?,VWX%YZ[\7]&7^_`,aMbcBde`F

GHfghi"#$%jklmnop,Vqrstuvw$xyvz{|b}~|�v<=>UCD4��>tGH

�F`��bIJ^r��G"#$W�r%&"#$W����B��O��=>tG�<B�`F>tGH
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fluorescence in situ hybridization (FISH) �%&���W�4� r¡¢£¤¥¦�r§MK�G�<_`IJ^,�W

�,¨©rªt`F>tGH�«¬, rRNA 4��<G FISH �,§M®¯%&°±�W�, rRNA ²r¡¢r

G�<B�`F>tGH=_=&³´ µKW¶GIJ^,"#$W����%·¸lKdG¹ºBNO&=»

=»§MB¼½rbG 1)H��%��=g¾¿r°=&À®¯§Mop,Á6KdG catalyzed reporter deposition

(CARD) -FISH�rÂD=?,Ãªlr6t>§Ä=>�gHCARD-FISH�%&horseradish peroxidase (HRP) Å+,

Å+ÆÇÈÉr�GÊËÌ|ÍÎ�KdG CARD ÈÉ4ªtG�<K�«¬rÏÐ�ÑÒ{ÓÔ4�ÕrÖÂE£&

ÏÐ×¯4À�G�<BØÙKdGH=_=&À��KdG HRP �ÑÚÛvÜ4�«¬rÝÞE£Gg�,Ãßb

�«àmnBáâKd�&Efãfb�«àäå4æG"#$W����r��G�«àmnr�G�ç%è

=t,BéêKdGH��%�FfKr&�ë� EFg 12 ìí,"#$W����r°=&��bîY�ïÅ+

4ªtg�«àmn4ð= CARD-FISH �BÃªØÙ_§Ä=>�gH?=>&ñòó_`ô�=gÊyvÔõö÷

$îY�ïÅ+ (.µ PeiW) 4ªtG�<K�ó,øïBùObO&Efãfb"#$W����r°=dGú¯

,23BÁ�rû`FG�<4üý=g 2)H

!?�Kþÿ!K%&�, PeiW mn4IJ^,"#$W����r°=ªtg¹º,æ2lr6t>§Ä=gH"

$Ú|r%&^0 UASB #,Ë{xyv|$%4ªt&?,æ2l,&'%&PeiW mn,æ(r�G FISH �<

CARD-FISH �,"#$W����,§M)4*+G�<K,-gHfg&?F`.3_` PeiW mn,23<¾

¿/r6t>01=gH

2. xy;- G

2.1 z{|)}~��

G23rªtgË{xyv|$%%&{w;4v|K56G^0 UASB (35˚C) _`78=gH$%"$Ú|%&3%

9{:|õ;|<=ÔK>©?&PBSr@AE£BÕ,}#Cv|KDE=-20˚CKF¢=gH

2.2 ���(��)�5��}~ PeiW,�26789:

!>©=g"$Ú|%&;{÷ÔË{;r·G/;:Ûv;H|KIJ=&}#Cv|KKY?LME£gH�«

àmn%&ñòó_`ô�=gÊyvÔõö÷$îY�ïÅ+ (PeiW; 16 U/ml in 50 mM HEPES [pH 7.0]. 5 mM

dithiothreitol. 21 mMNa2S) 4Nµ=&60˚CK 15�OÈÉE£gH?,? PBSX (0.05% Triton X-100 in PBS) r 5�O&

PQY 1�O&96%}#Cv|r 1�OÝ=LME£gH

2.3 FISH-��~ CARD-FISH-

!FISH �%&Sekiguchi `,R� 3)rST=gHÚÛvÜr% Cy3 4�Ñ=g ARC915 (Archea 4��)&MX825

(Methanosaeta U4��)&MB1174 (Methanobacteriaceae V4��) 4?FWFªtgHCARD-FISH �%&Kubota `

,R� 2)rST=gHÚÛvÜr% HRP 4�Ñ=g ARC915 ÚÛvÜ4ªt&CARD ÈÉr% FITC �ÑÒ{ÓÔ

4ªtØ¥)=gH"$Ú|% DAPI r�Gù�XY4,-g?Z�[\1r]=&DAPI XY�«<ÏÐ�«4u

^$zG�<K§M)4_M=gHfg&t§©r�G`amnr��ab.34*+=gH

3. ��u��

!^0Ë{xyv|$%r°= PeiW mn4ð=&?,æ2l4§c=gHf¤&PeiW mn4,��<K�óBø

dvevÔfCARD-FISH�&�«àmn&"#$W����&jklmn
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�G_4 DAPI XY�ó,§M)K*+

=g<�v&mn,æ(r�G�ó,ø�

%w`Fb_-gH

!xr&PeiW mn,æ(r�G FISH �<

CARD-FISH �,§M),*+4,-gH

?,.34 table 1r&?,y,z{4 Fig.1

r|Hf¤&Arc915ÚÛvÜ4ªt FISH

�4,-g<�v&Ë{xyv|¬,

Archea ,§M)% 41.9}5.0%Kd-gHx

r&PeiW mn4,-g<�v§M),~

/%ç`Fb_-g (39.7}2.7%, P > 0.05)H

�,�<%&Cy3 �ÑÚÛvÜKdF»9

{:|õ;|<=Ô>©,wK�«¬rÝ

ÞØÙKdG�<4|=>tGHxr HRP

4�Ñ=g Arc915r�G CARD-FISH�4

,-g<�v&(mn,¹º 8.0}2.8%K

d-g§M)%&PeiW mn4,��<K

17.4%fK~/=&mn234��K�gH

=_=bB`&PeiW mn,ÈÉ�O4�

n=>U§M),~/%w`F¤&FISH

�Kû`Fg§M)4��G�<%K�

b_-gH

!�,��4ï�Gg�r&Ë{xyv|¬,"#$W����,��r6t>��=gHFISH ï�r���"

#$W����,¢�)4��=g<�v&��%�r Metanosaeta U< Methanobacteriaceae VrUG���Kä

�EF>tG�<B�_-g (MX825: 20.5}1.3%&MB1174: 20.3}3.2%)HMetanosaeta UrUG���,NO%

sheath <�»FG�«àäå4æ=>��&��% Metanosaeta Ur°=> PeiW mn,23B��ÁKdG�<4

üý=>tG 2)Hfg&Methanobacteriaceae VrUG���BQY��KW�G���IJ^KW�G¹º,

RB�«àB�ObG<t�üý 4)Ud�&PeiW mnr�G23B·µ=gØÙlU0�`FGHE`r PeiW ,

ÆÇÈÉr����lBdG�<Uüý 5)EF>��&��=g�<U PeiW ,mn23B���Kd-g��Kd

G<��FGH

!fg&"$Ú|4n�OF¢G�<K§M)B~/G�<U��EFg (Table 1)Hn�F¢"$Ú|r°=

(mn,¹ºr% FISH �< CARD-FISH �,§M),~/r?F�c��b23%w`Fb_-gB&PeiW mn

4,-gyr%� �r§M)B~/= (20.5%,/¡)&FISH �<¨B,§M)4��=g (P > 0.05)H�F%&n

�F¢r�->¢`_,£¤4¥�g�«àr°=&PeiW ,Ø¦lB~/=g�<bcB0�`FGH"$Ú|,

n�F¢r�GÚÛvÜ,ÝÞl,~/%&alphaproteobacteria r��G FISH ï�KUüýEF>tG 5)H=_=b

B`&?,§är6t>,¨�%��KdGH

4. �u4

!þÿ!r��&PeiW mnB^0Ë{xyv|$%^,"#$W����r CARD-FISH �4ÃªGg�,�«

àmnR�<=>æ2KdG�<B�_-gHPeiW mnr�t>�ó,£©Bbt�<%�Mª�/KdGH=

_=&ª>,"#$W����r°= CARD-FSH �4ÃªØÙrGmnR�K%btH�«àmn,éêr�

=>%&��Õ,��t��4ªtG?,«,À®¯§Mop (in situ PCR �, RING-FISH �bc) r�t>U¾¿

<b->��&¬?E`bG§ÄBáâKdGH
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