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� ĩĥºĲÒď�ħĐĒ%ØĩĥŕƒĂŹŧú7ş	Ƒ$ 16S rRNA Žq¸/ćŘŽq¸#"7T`=`Žq¸!��
PCR-cloningđơDenaturing Gradient Gel Electrophoresisđ/Terminal Restriction Fragment Length Polymorphismđ#"
ī�14
���Ƣ���#
1ơbũ%áđ &Žq¸ŧúęÑ
Ė�k/�Žq¸ƀ�
ĵéÖ14#�#"ØĩĥŕƒĂŹ7ħŧ

�3$&d�� ���ƢŷÎơĉfnDNAD`@;_C`!�'43ųg�DNAD`@;_C`%Ɗı$02ơÒď�ħ
ĐĒ%ØĩĥŕƒĂŹ7ħŧ�3�-$��#ęÑ ŧú7ş	�!
�Ř!#�� 1)Ƣaï ơųg� 16S rRNAŽq¸D
`@;_D_A$02Òď�ħĐĒ$&õ�ì³�%Ɯĉõªƚŉő�Ɨŕ
¹¦�3�!
ò1�!#��ƢÒď�ħĐĒ

h$¹¦�3Ɯĉõªƚŉő�Ɨŕ7ħŧ�3�!&ơÒď�ħâŠıÂ%�-%«ĳí|7ş	�-$ƄŤ �3Ƣöĺł

 &ơ�ŀÒď�ħĐĒh$¹¦�3Ɯĉõªƚŉő�Ɨŕ%ĩÞãë7ĴĲ!��ơ17ŀƗ%�ŀÒď�ħĄ�1 54x%
Òď�ħĐĒ7è��ơ16S rRNAŽq¸7¿ů!��ųg�DNAD`@;_Eŧú7ş��ƢÖ14� 16S rRNAŽq¸ƀ
�I`G7ŧú�ơÒď�ħĐĒh$���ƜƖÑ$Ā��43Ɯĉõªƚŉő�Ɨŕ$ƌ�3«ļĲĹť%�ƒ7ş��Ƣ 
 
;9�7�%�

� ŧú$ī���ŀĐĒ&1-1 $Ľ�Òď�ħĄ�1è���Ƣè���ĐĒ&Ĕĕ�ơDNA ä�* −20ºC  w¹��Ƣ
DNAä�&ơFastDNA Spin Kit for Soil (MP Biomedicalsľ) 7ī��ş��Ƣä�DNA7Ƈ©!�ơ�þĩĥ% 16S rRNAŽ
q¸7ąĲ!�� Univ515F–Univ806R%RY:T`FHJ PCR�Ú7ş��ƢÖ14� PCR±ËĪĥ&ơQIAquick PCR 
Purification Kit (QIAGENľ) 7ī��ŇŢ��Ƣųg�DNAD`@;_D_A$&MiSeq reagent Kit v2 (500C:@[ơillumina
ľ) 7ī�ơCaporaso 1%ïđ 1)$Õ��ƢÖ14���% 16S rRNA Žq¸ƀ�%I`Gŧú$& Quantitative Insight Into 
Microbial Ecology (QIIME) ver. 1.7.0 2)%N:RY:_7ī��Ƣ 
 
<9�7- �	�0���

(1)  �+�#�)$&��*'/4!32�-  
� öĺł &ơ17ŀƗ%�ŀÒď�ħĄ�1 54C_R[%ĐĒ7è��ơ16S rRNAŽq¸7¿ů!��ųg�DNAD`@
;_Eŧú7ş��Ƣ�%ŏûơÍ¨ƈ 251 bp% 16S rRNAŽq¸ƀ�7 1,041,539Z`KÖ�Ƣ�Òď�ħĐĒ��2% 16S 
rRNA Žq¸ƀ�ì&Ŋ 9,500–32,000 Z`K ��� (1-1)ƢÖ14�Žq¸ƀ�&Ķ�Û 97%ob7�a% operational 
taxonomic unit (OTU) !�A[`Q_A7ş��ŏûơ�ŀÒď�ħĐĒ��2%Ö14�OTUì&Ŋ 771–6534 ���Ƣ
���#
1ơChao1 Index7ŨŅ��ŏûơ�Òď�ħĐĒh$&öĺł Ö14�OTUì%Ŋ 3–5y%OTU
¹¦�3

1-1� öĺł ŧú$uī��ĐĒC_R[!�³ăÛŧúŏû 
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�!
Ľ¡�4�Ƣ*�ơĢ�Ĝcď�ħUASBĐĒ (C_R[ 1–16) o²%Good’s coverage& 0.92ob%z7Ľ�ơöĺ
ł Ö� 16S rRNAŽq¸ƀ�ì&�Òď�ħĐĒ%ØĩĥŕƒĂŹ7ŧú�3�-$�� �3�!
Ľ¡�4�ƢC_R
[ 1–16$���ť3!ơChao1ơShannonơPD%z
�4�4 30917ơ9.82ơ435!�ĐĒC_R[h ó.Ɯ�ơSimpson Index
%z. 0.98!Ɯ� evenness7Ľ��ƢðÓ%ĺł$02ơcď�ħĐĒ&čŶĲƜ�³ăÛ7Ľ��!
­��4��3 3)Ƣ

öĺł%C_R[ 1–16&cď�ħĐĒ �3�-³ăÛ
Ɯ���.%!Ŗ
14�ƢaïơƜĜWG_ıƂĐĒ �3C_
R[ 24ơ25&m%ĐĒC_R[!čŶ��s�³ăÛ7Ľ��Ƣ�%�¥%a�!��ơƜĜøpc &ơWG_ĩà�ōŜ
ń%ŀ
Ǝ143�!
ç�143Ƣöĺł$���.ơC_R[ 24, 25 $¹¦�3WG_ĩà�ōŜ%	� 90%ob7
MethanothermobacterÃ$ŷœ#Øĩĥ
�-��2ơ�%ŏû&m%ƜĜÛWG_ĩà�ÚĄ Ö14�ŏû!�� ���
4)Ƣ  
(2)  8"��6,.�5/���
��� 
� �ŀÒď�ħĐĒh$ƜƖÑ$¹¦�3Ɖ\S[ õªƚ#ŉő�Ɨŕ%¹¦�É7�-1AơQIIME 7ī���ŀÒď�ħ
ĐĒh$ƜƖÑ$¹¦�3Ɖ\S[ õªƚ#ŉő�Ɨŕ (WWE1, GN04, WS3, GN02, FCPU426, OD1, Hyd24-12, OP8, OP9, 
unclassified phylum) 7Ã\S[ �Ɨ�ơ�ŀŉő�Ɨŕ%¹¦��7O`JTHR š��.%7�-1B$Ľ�Ƣ  
a)� Candidate phylum WWE1 
� WWE1&ơņČ7«Ų!��hĜCSTRĐĒ (C_R[ 17–20)ơňŞÒď7�ħ�3hĜUASBĐĒ (C_R[ 26) $��
��4�4Ŋ 6.5%ơ8.2%!ƜƖÑ$Ā��4� (�-1A)ƢðÓ%­�$���.ơWWE1&hĜWG_Ę�ĐĒ$���ƜƖ
Ñ$Ā��4��2ơ�ă%ŏû
Ö14� 5)ƢÃ\S[%ŧú$���ơ’Candidatus Cloacamonas’ Ã 6)$Ã�3ŉő�Ɨŕ

&hĜCSTRĐĒ (C_R[ 18)  %+ 2.0%obĀ��4ơm%·ĎÛÒď�ħĐĒ &)!8"Ā��4#���ƢŷÎ%
BMVŧú$02ơ’Candidatus Cloacamonas’ Ã$Ã�3ŉő�Ɨŕ&R]Q<_ƃƃ�ŎŴ7æ��! 6)
ò1�!#���

2ơÒď�ħĐĒh ďŋű�ÛØĩĥŕ!�ĩ��ôćƃƃ�7ş���3�ŘÛ
Ľ¡�4�ƢBHB21A[`R$Ã�3
ŉő�Ɨŕ&ơņČ7«Ų!��hĜCSTRĐĒ (C_R[ 17–20)  Ŋ 5.5%!ƜƖÑ$Ā��4� (�-1B)ƢöA[`R%Ø
ĩĥ&ŻŵƊ¶ĵÔ Ŋ 7.8%¹¦����
�Żŵ 65ñĴ Ŋ 2.8%* ěÁ��Ƣö�ÚĄ$&Ƙ Ç®Òď7�ħ�3h
ĜÛ·ĎÛAYLX`[ĐĒ7ÿŀĐĒ!��ī���3�!�1ơBHB21A[`R$Ã�3ŉő�Ɨŕ&Ƙ Ç®Òďĭù
%«Ų7µ,Øĩĥŕ �3�ŘÛ
Ŗ
14�ƢaïơWWE1$Ã�3m%õªƚA[`R&ƜğÑģƁŝįÒď7�ħ�
3ƜĜMS-UASBĐĒ (C_R[24) $W22A[`Rơėēĩĥƙŗď7�ħ�3hĜUSBĐĒ (C_R[44) $Unclassified 
CloacamonalesơĪāÒď7�ħ�3 UASB Ą%Ôċ$ŪŔ��hĜ DHS ĐĒ (C_R[ 52–54) !ňŞÒď7�ħ�3hĜ
UASBĐĒ (C_R[ 26) $ WƤA[`R
��4�4 3.5%ơ2.0%ơŊ 2.6%ơ8.0%!čŶĲ³�Ā��4� (�-1A, B)Ƣ�
4* ơWWE1&i$hĜ·ĎÛÒď�ħĐĒ�1Ā��4��2 5)ơƜĜMS-UASBĐĒ (C_R[ 24)ơhĜUSBĐĒ (C
_R[ 44)ơhĜDHSĐĒ (C_R[ 52–54)  Ā��4�WWE1$Ã�3ŉő�Ɨŕ&·ĎÛÒď�ħĐĒ Ā��4�ŉ

 
�-1� �ŀÒď�ħĐĒ$���ƜƖÑ$Ā��4�Ɯĉõªƚŉő�Ɨŕ%O`JTHR (A: Ɖ\S[ơB: Ã\S[) 
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ő�Ɨŕ!İ#3ĩŗøp7æ��ŘÛ
Ŗ
14�ƢWWE1$Ã�3m%õªƚA[`R
Ā��4�ĩÞNG`_$ĸĴ
�3!ơW22A[`R$Ã�3ŉő�Ɨŕ&·ĎÛ��ƜĜøpc ĩŗ�Ř#Øĩĥŕ �3�ŘÛ
Ŗ
14�ƢW5A
[`R$Ã�3ŉő�Ɨŕ&·ĎÛơhĜÛ ĩŗ�Ř��ňğÑ%Ɯ�Òďŀ$ĩŗ�3�ŘÛ
Ŗ
14�Ƣ 
b)� Candidate phylum GN04 
� GN04&P`[Ç®Òď7�ħ�3¼ŦĆhĜUASBĐĒ (C_R[ 27–28)ơ�ć%WG_ĩàřŃĐĒ (C_R[ 29–30) 
$����4�4Ŋ 4.0%ơŊ 6.9%!ƜƖÑ$Ā��4� (�-1A)ƢĦ$GN15A[`R$Ã�3ŉő�Ɨŕ&WG_ĩàřŃ
ĐĒ (C_R[ 29, 30) $���Í¨Ŋ 6.0%!ƜƖÑ$Ā��4�
�ŸÊ%WG_ĩàĐĒ (C_R[ 27, 28) $���&ơ
Í¨Ŋ 3.5% ���Ƣ�41%ŏû�1ơGN04Ɖ%GN15A[`R$Ã�3ŉő�Ɨŕ&hĜÛ ĩŗ�ơ�ħĄ� Ńŋ
Ə�$ƌe���3�ŘÛ
Ŗ
14�Ƣ�4* ơGN04 $Ã�3ŉő�Ɨŕ&ƜğÑ¯�ôØĩĥTHJơęėÐWG_
£��¬Łĥ#" Ā��4��3 7), 8)
ơĨ°h ~���Ā��4�v&Ģ�ơ�1$BMVŧú#"$03nŭćŘê

»%Ý­.l%!�5Ģ�ƢƜğÑ¯�ôØĩĥTHJ &ơGN15A[`R$Ã�3ŉő�Ɨ
čŶĲ³�Ā� (ó´Ŋ 2%)
�4��2ơØĩĥTHJ%ę� 49 mm (Ʀę� 1–49 mm%Ƌ 10§ġ7è�) %§ġ ó´%¹¦��7Ľ�� 8)Ƣę� 49 
mm §ġ&Ļƃž�Ô%Ļ�ĥ
¹¦�3Ĩ° �3�!�1ơGN15 A[`R$Ã�3ŉő�Ɨŕ&·ĎÛØĩĥ �3�
ŘÛ
Ľ¡�4��� 8)Ƣ 
c)� Candidate phylum WS3 
� WS3&P`[Ç®Òď7�ħ�3¼ŦĆhĜUASBĐĒ (C_R[ 27–28)ơ�ć%WG_ĩàřŃĐĒ (C_R[ 29–30)ơ
ėēĩĥƙŗď7�ħ�3hĜUSBĐĒ (C_R[ 44–45)ơƆ7Ɣ¸�½t!��Ě���WG_ƃ�ĐĒ (C_R[ 50)ơ
ĪāÒď7�ħ�3µĎÛDHSĐĒ (C_R[ 51) $���Ï�Ā��4� (�-1A)Ƣ*�BMVŧú$02ơWS3$Ã�3
ŉő�Ɨŕ&ňƗ/9UMƃ7Ï��ī �3�!
ò1�$�4��3 9)Ƣ�%�-ơWS3$Ã�3ŉő�Ɨŕ&µĎƣĢ
ƃŋƣ·ĎÛøp7¢6�Ï�¹¦��ň/9UMƃ#"%�ŧ7å���3�ŘÛ
Ŗ
14�ƢÃ\S[%ŧúŏû$�

��ơGN03A[`R$Ã�3ŉő�Ɨŕ&ėēĩĥƙŗď7�ħ�3hĜ USBĐĒ (C_R[ 44)ơƆ7Ɣ¸�½t!��
Ě���WG_ƃ�ĐĒ (C_R[ 50) $����4�4 2.7%ơ3.2%!čŶĲ³�Ā��4� (�-1B)ƢKSB4A[`R$Ã
�3ŉő�Ɨŕ&ėēĩĥƙŗď7�ħ�3hĜUSBĐĒ (C_R[45)ơĪāÒď7�ħ�3µĎÛDHSĐĒ (C_R[51) 
$����4�4 1.7%ơ3.4%!čŶĲ³�Ā��4�ƢGN03�0(KSB4A[`R$Ã�3ŉő�Ɨŕ&·ĎÛøpc &
)!8"Ā��4�ơĢƃŋ.��&µĎÛÒď�ħĄ$���Ā��4��3�!�1ơµĎÛ.��&ĢƃŋÛ%Øĩĥ

ŕ �3�ŘÛ
Ľ¡�4�ƢGN03 A[`R$Ã�3ŉő�Ɨŕ&Ɔ7Ɣ¸�½t!��Ě���WG_ƃ�ĐĒ (C_R
[ 50) $���ƜƖÑ$Ā��4���ƢSSS58A A[`R$Ã�3ŉő�Ɨŕ&P`[Ç®Òď�ħWG_ĩàĐĒ (C_
R[ 27, 28) $���Ŋ 1.9%!čŶĲ³�Ā��4�Ƣ�ħď×ĨÔ%WG_ĩàřŃĐĒ (C_R[ 29, 30)  &Ŋ 0.8%!
¹¦��
ěÁ���3�!�1ơSSS58A A[`R$Ã�3ŉő�Ɨŕ&ơ·ĎÛ7µ,Øĩĥŕ �3�ŘÛ
Ŗ
14
�Ƣ  
d)� Candidate phylum GN02 and OD1 
� GN02!OD1&Ģ�cď�ħDHSĄ%Ôċ$ŪŔ��A2SBRĐĒ (C_R[ 31–36) $���ƜƖÑ$Ā��4ơĦ$C
_R[ 35! 36 �4�4Ŋ 8.1% (GN02)ơŊ 2.6% (OD1) !ƜƖÑ$Ā��4� (�-1A)ƢGN02!OD1&A2SBR%Żŵñ
ì
ƈ�#3$�4ơ¹¦��
±����3�!�1ơ�%Ɖ$Ã�3ŉő�Ɨŕ&Ńŋ.��&Z_Ə�$ƌe���3

�ŘÛ
Ŗ
14�ƢŷÎ%ĺł$02ơGN02!OD1%D_A[F[BMVŧú
ş64ơnŭćŘ
ê»�4� 9), 10)ƢGN02
% BD1-5A[`R$Ã�3ŉő�Ɨŕ& 24%oc%s GC�ƅ ����-ơŃŋ>E7�ī �#��!
Ľ¡�4� 9)Ƣ

*�ơBD1-5A[`R!OD1$Ã�3ŉő�Ɨŕ&TCA¤Ŵ#"%)!8"%Ɣ¸qżŉţ�t7Ĉ���3�!�1ơ{
Û·ĎÛØĩĥŕ �3�ŘÛ
Ľ¡�4� 10)ƢaïơBMVŧú/Ā��43Ĩ° (ĻƝ/Ļ�ĥ
Ů¾#ĢƃŋĨ°) �
1ơOD1$Ã�3ŉő�Ɨŕ&ĻƝ×Ĩ$ƌe���3!jĝ�4��3 10)Ƣ�%�-ơGN02! OD1&Òďh%ôćĥ%
ıƂ.��&ĻƝ×Ĩ$ƌe���3�ŘÛ
Ŗ
14�Ƣ 
e)� Candidate phyla FCPU426 and Hyd24-12 
� FCPU426&ơņČ7«Ų!��hĜ CSTRĐĒ (C_R[ 17–20) $���ơÍ¨Ŋ 4.2%!ƜƖÑ$Ā��4� (�-1A)Ƣ
���#
1ơŻŵƊ¶ĵÔ$��� 10%ob¹¦����FCPU426$Ã�3ŉő�Ɨŕ%¹¦��&Żŵ 65ñĴ Ŋ 2.3%
* ěÁ��Ƣö�ÚĄ$&Ƙ Ç®Òď7�ħ�3hĜÛ·ĎÛAYLX`[ĐĒ7ÿŀĐĒ!��ī���3�!�1ơ

FCPU426$Ã�3ŉő�Ɨŕ&hĜÛơ·ĎÛ��Ƙ Ç®Òďĭù%«Ų7µ,Øĩĥŕ �3�ŘÛ
Ŗ
14�Ƣ�4
* ơFCPU426$Ã�3ŉő�Ɨŕ&ĒĠÄ$���ƜƖÑ$Ā��4�­�
�3 11)
ơ�%nŭćŘ#"$���&õ�

ŧò�4��#�Ƣ 
� Hyd24-12&WG_ĩàĐĒơ¯�ôďh%ŃŋƏ�ĐĒơµĎÛDHSĐĒ$���Ï�Ā��4�
ơĦ$¯�ôďh%
ŃŋƏ�ĐĒ (C_R[ 43) $��� 4.0%!ƜƖÑ$Ā��4� (�-1A)Ƣ�4* ơHyd24-12&ƜğÑ¯�ôØĩĥTHJ
/ėŒ#"�1Ā��4��2 9), 12)ơ¯ğÑ%Ɯ�Ĩ°c ĩŗ �3�ŘÛ
Ľ¡�4�Ƣ���#
1ơHyd24-12%ćŘ
ê»#"$ƌ�3Ý­&l%!�5­��4��#�Ƣ 
f)� Candidate phyla OP8 and OP9 
� OP8ơOP9 $Ã�3ŉő�Ɨŕ&WG_ĩàĐĒ$���Ï�Ā��4ơĦ$ģƁŝįÒď7�ħ�3ƜĜWG_ĩàĐĒ
h (C_R[ 24)  �4�4 2.2%ơ3.4%!ƜƖÑ$Ā��4� (�-1A)ƢOP8$Ã�3ŉő�Ɨŕ&hĜ.��&ƜĜÛWG
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_ĩàĐĒ$���Ï�Ā��4ơƜĜÛơƜŰś%·ĎÛÒď�ħĐĒ$���čŶĲƜƖÑ$Ā��43�!
­��4

��3 13)Ƣöĺł$���ơOP8
čŶĲ³�Ā��4�ĐĒ&ƜğÑ%ģƁŝįÒď�ħĐĒ �3�!�1ơöĺł %
ĩÞŧúŏû&ðÓ%­�!�ă%}� ���Ƣ*�ơOP8%D_A[F[BMVŧú$02ơOP8_1A[`R$Ã�3ŉ
ő�Ɨŕ&³ŀ%9UMƃ/ňƗ7�ī �3�!
ò1�!#2ơ�1$µĎÛøpc Śƛ��ĥ%�ŧ
�Ř �3�

!
Ľ¡�4� 9)ƢOP9 $Ã�3ŉő�Ɨŕ$���.ơ³ŀ%9UMƃ/ňƗ7�ī �3�!
ò1�!#�� 9)Ƣ�%

�-ơöĺł Ā��4�OP8ơOP9$Ã�3ŉő�Ɨŕ&Òďh%9UMƃ/ňƗ%�ŧ$ƌe���3�ŘÛ
Ŗ
14
�Ƣ  

g)� Unclassified phylum 
� Greengenes ver. 13_5$«��ŉő�Ɨ7ş��ŏûơ"%Ɖ$.Ã�#�ŉő�Ɨŕ
ƜĜMS-UASBĐĒ (C_R[ 24)ơ
ėēĩĥƙŗď7�ħ�3hĜUSBĐĒ (C_R[ 40)  �4�4 8.4%ơ4.0%!ƜƖÑ$Ā��4� (�-1A)ƢÃ\S[ %
ŧú%ŏûơUnclassified phylum !��Ā��4�õªƚŉő�Ɨŕ&ơ2 ŀ%ŉő$�Ɨ �3�!
6��� (�-1B)Ƣ
Unclassified phylum 1&ƜĜMS-UASBĐĒ (C_R[ 24)  %+ 7.1%!ƜƖÑ$Ā��4�ƢBLAST$03 16S rRNAŽq
¸%Ķ�ÛĀŌ%ŏûơ�%ŉő�Ɨŕ&DictyoglomiƉ$Ã�3Dictyoglomus turgidum DSM 6724 (NR_043385) !Ķ�Û

84% (215/257 bp)  ���ƢDictyoglomusÃōŜ&ƜĜÛơ{Û·ĎÛ���ºôćýƚÛ#"%ĦÙ7æ��!
Ĺ14��
3 14)ƢUnclassified phylum 1
Ā��4�ĐĒ&ƜĜ·ĎÛģƁŝįÒď�ħĐĒ �2ơƜĜÛơ·ĎÛ��ģƁŝįÒďĭ
ù%«Ų7�ħ���3ĐĒ �3Ƣ�%Ĩ°øp&DictyoglomusÃōŜ%ĦÙ!rŸ���2�Unclassified phylum 1& 16S 
rRNAŽq¸%Ķ�Û&s�.%%�DictyoglomusÃōŜ!Ɨr��ÛŲ7æ�% &#��!Ŗ
14�ƢUnclassified phylum 
2&ėēĩĥƙŗď7�ħ�3hĜUSBĐĒ (C_R[ 39ơ40ơ44)  ơ�4�4 1.6%ơ3.9%ơ1.5%!ƜƖÑ$Ā��4�Ƣ
BLAST$0316S rRNAŽq¸%Ķ�ÛĀŌ%ŏûơ�%ŉő�Ɨŕ&FirmicutesƉ$Ã�3Caldicoprobacter guelmensis D2C22 
(NR_109614) !Ķ�Û
 87% (220/254 bp)  ���ƢCaldicoprobacterÃōŜ&ƜĜÛ.��&ƜÑµĤÛơ·ĎÛ��?DY
_�ŧÛ �3�!
­��4��3 15)
ơUnclassified phylum 2
Ā��4�Ĩ°&ėēĩĥƙŗď7�ħ�3hĜUSBĐ
Ē �2ơ�%ŉő�Ɨŕ&�4* $�Ɠ�4��3óŷœŀ!&ĩŗøp
İ#3�ŘÛ
Ŗ
14�Ƣ 
 
=9��
���

� öĺł &ơ·ĎÛơĢƃŋÛ.��&µĎÛ%ă�#Òď�ħĐĒ7è��ơųg� 16S rRNAŽq¸D`@;_D_A
$03ƜĉõªƚØĩĥŕ%ĩÞãë7ū+�Ƣ�³ăÛŧú%ŏûơöĺł ī��ųg� DNA D`@;_D_A%ŧú
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