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ǽ�ǻ ĵɗ 

� � ȨŽ 

� � �  yqȭËȍȸ<�j`v�ɋƋ 

yq<ȭȀË;=ĕ#<ȍȸ!ǔň)6�M5.Oi!Ʉʔ;ǩ ²ǖ+N'8;K36ȭ

ËȍȸêQĻŔ)6�N[1]6ȭËȍȸ<ĕ#=Ėȭ;ǔň)6�M5ɹɻJɺɻǾ<Ǭʁ

ȫȥɻJ5a��ɻ(Cholate)JpZyda��ɻ(Deoxycholic acid; DCA)Ǿ<ȧƪɻQǔ

Ŕ+N'875Ġ�78Nyq<ÆǞ<ØŁJǠâŇłǔǋ;ģ+NʈŁQŞ36�N

[2]6ȭËȍȸJ.Oi!ǔŔ+N§ɘǕǋ=5Ėȭ!RJǅǡŇȭǟŉǾ<ƙ7:ǟŉ8

ʆ�)6�N'8!Čö(O6�N[3,4]6 

ȭËȍȸ<ĕ#=5.<ǔŎ!źi ;(O6�:�0H5ƅ1àʕ�Ċʥ+N'

8!Ăʖ78N[5,6]6.<0H5ȭËȍȸ<ƞȪJǌŃ5(i;=5ȭËȍȸêQźi 

;+N'8IĂʖ78306'OiQźi ;+N0H;5ǌĞ<ǓĐǘƉ<ųǊÞ)0

DNA Qd�_�d�^+N whole-genome shotgun d�_�d�^;K365àʕ�Ċʥ

Q¤(,;.<ǓĐ�<ĎċɸÓ(�j`v���r)Qɋɕ+N�j`v�ɋƋ<ŖƯ!

2000 ĳ;ǱǺ)0[7]6�j`v�ɋƋ=5.<ǓĐ;ěĆ+NȭËȍȸ<ȇȔȐŔ1B7

=:#5ȭËȍȸ<ɶ¬ĚȐŔQźi ;+N'8!ëȪ78N6ȭËȍȸ<ȇȔȐŔ<ǿ

Ð;=5ȇȔ��[�ɶ¬Ě<ĎċɸÓ;ģ)6�j`v���rQ�m{�^+NŖƯ!

K#ǖ�iO6�N[8,9]6ȭËȍȸ<ɶ¬ĚȐŔ<ǿÐ;=5yqȭËȍȸ<ɶ¬Ě[j

�^78N IGC(Integrated Gene Catalog)[10];çʀ(O6�Nɶ¬Ě<ĎċɸÓ;ģ)6

�j`v���rQ�m{�^+NŖƯ!K#ǖ�iO6�N[9]6äǉɸÓ;ģ)6�j

`v���rQ�m{�^+N'87ȭËȍȸJ.<ɶ¬ĚQĞɽ+NŖƯ=5�j`v�

c�~�;ěĆ)5äǉɸÓ;ěĆ):�ȭËȍȸJ.<ɶ¬ĚQƔÐ+N'8!7":

�6.<0H5äǉɸÓ8:NȭËȍȸ<ɶ¬ĚJ`v�Qçʀ)6[j�^Þ+N'8!

ɼɆ78N8ȡ�iON6 

ɧĳ5whole-genome shotgun d�_�d�^;K36ŀiO0�j`v���r

 i5.<ǓĐ;ěĆ+Nȍȸ<`v�QÌƘȃ+Nzt�^<ŗȾ!ǣɰ)0[11–13]6

.<ŗȾ<ǣɰ;KM5ŷ;Éʄ(O6�N�j`v���r iȰĖ:Ű<yqȭËȍȸ

<`v�!ÌƘȃ(O0[14–17]6.O;KM5ƅ1àʕ�Ċʥ+N'8!7"6�:�y

qȭËȍȸ<ƞȪJǌŃQŧĞ+N'8!ëȪ;:M448N6 
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� � �  Ėȭ!R8ȭËȍȸ<ʆ¹Ň 

Ėȭ!R=5!RŘØɶ¬ĚJ!Rɶ¬Ě;ēǝ!ȹǸ+N'8;KMǣǡ�ɭȽ+Nǟŉ

78N[18–20]6Ėȭ!R<ǣǡ�ɭȽ;ʆ+Nɶ¬Ě<ēǝ<�[tg�8)65ĕƥʏ

ǣ!Rɔ!Ũü(O6�N6ĕƥʏǣ!Rɔ7=5!RŘØɶ¬Ě78N

APC(Adenomatous polyposis coli);ēǝ!ǔ*N'87Ėȭ!R<Ù!RǠē78NȮȬ

!ǣǔ)0ľ;5ɄŰ<!RŘØɶ¬ĚJ!Rɶ¬Ě;ēǝ!ȹǸ+N'87Ėȭ!R!ǣ

ǡ+N8ȡ�iO6�N[18,19]6ÄȽǭǹ;��65Ėȭ!R<ĕ#=5ĕƥʏǣ!RQ

ȑ6ǣǡ+N'8!Čö(O6�N[20]6 

Ėȭ!R<ǣǡ;ʆ�)6�N�f]āĚQʃĳɖƎ)0Ȓƌ5ÄėŇ<ɶ¬Ěē

ǝ7=:#ǓĐāĚ!5ĕ#<Ėȭ!R<ǣǡ;ʆ�)6�N'8!źi ;:30[21]6

.<ǓĐāĚ8)65Ûʪ5ɝȣ<ūèǾ<ʣǔƲ<ƠȄÞJþǈJS�a��<ūèǾ<

ǔƲȠŏ<�O!ŢCiON[22,23]6ȭËȍȸ='Oi<ǓĐāĚ8ʆ�)6�N'8!

Čö(O6�N[24]6 

ɧĳ5ȭËȍȸJȭËȍȸ!ǔŔ+N§ɘǕǋ!Ėȭ!R<ǣǡ�ɭȽ;ʆ�)6

�N8��Čö!ĕŰǣȿ(O6�N6) ):!i5Ėȭ!R<ǣǡ�ɭȽ;­36ȭË

ǓĐIēÞ+N0H.<ʆ¹Ň=Ʉʔ78N[25]6b,5Ėȭ!RŉȢ;�BNȭËȍȸJ

§ɘǕǋ<ēÞ!Ėȭ!R;ɞā+N´QŢCN6ÄȽǭǹ;��65Fusobacterium 

nucleatum <ǩģěĆɽJŧĞ(O0ǔȦɪĶ=Ėȭ!R<ɭȽ;Ŀ36ʧ#:N'8!

Čö(O6�N[4]6b05ǔƔƔ±Qǖ�0ñ�ŉȢ;�BNĖȭ!RȐț8ȅȯȐț;

ěĆ+N§ɘǕǋ<ɽQƧɤ)0Ȓƌ5Ėȭ!RȐț7h��(Serine; Ser)Ǿ<�ɷ<S�

vɻ<ɽ!ĕ�'8IČö(O6�N[26,27]6'Oi<ȭËȍȸJ§ɘǕǋ=5Ėȭ!R

<ěĆJ.O;­�ȭË<ǓĐ(ǅǡJąŪǾ;ɞā+NǓĐ)QæŻ)6�M5.<ǓĐ!

ǌĞ<ȭËȍȸJ§ɘǕǋ<(i:NǂȚQĹ"ɞ')6�NëȪŇ!ȡ�iON6Ɵ;5

ȭËȍȸ!ǔŔ+N§ɘǕǋ!Ėȭ!R<ǣǡ;ʆɬ)6�N´QŢCN6ÄȽǭǹ;��

65Bilophila wadsworthia J Desulfovibrio !ǔŔ+NǰÞƩȊ=5Ġ�78Nyq<

DNA ;k��eQ��N'8!Čö(O6�N[28–30]6b05Clostridium scindens J

Clostridium hiranonis !ǔŔ+NpZyda��ɻ=ǣ!RŇQƂ+N'8!Čö(O6

�M[31]5Ėȭ!R<ǣǡ;ʆ�)6�NëȪŇ!8N[32]6.<0H5ȭËȍȸJ§ɘǕ

ǋ8Ėȭ!R<ǣǡ�ɭȽ8<ʆ¹ŇQźi ;+N'8=5ȭËȍȸ;ǘƉ+NĖȭ!R

<�f]QƹĦ(-N0H;IɼɆ78N8ȡ�iON6 

Ėȭ!R8ȭËȍȸ<ʆɬŇ!źi ;:36"0Ȓƌ5Ėȭ!RQɐų+Nn�

�8)6ȭËȍȸQ×ǖ7"NëȪŇIČö(O6�N6ÄȽǭǹ;��655 [Ą7ğŶ
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(O0�j`v�ɋƋQǖ�0Ėȭ!R<a��qǭǹQģə8)0�jSs�df;K

M5a��qʅ7Êɩ)0Ėȭ!R<wrZ��[�;:MŀNȭËȍȸ!ñĞ(O0

[8,9]6'Oi<ȭËȍȸ=5¸<ǀȼƔƎ<K�;5Ėȭ!RQƔÐ+N0H<f]��

t�^;ǖ�iONëȪŇ!8N!5Ėȭ!R<Ù!RǠē78NȮȬJŹƄ<Ėȭ!R7

8N Stage 0 <Ėȭ!RǾ5Ėȭ!R<�f]!ʧ�ǍŎQƔÐ+N'8!7"N< ;4

�6=źi ;(O6�:�6 

Ėȭ!R<Ù!RǠē78NȮȬJŹƄ<Ėȭ!R78N Stage 0 <Ėȭ!RQƔ

Ð+NŖƯ=5Ėȭ!R<�f]QʃƄǥ;ƹĦ(-N0H<¤Ç+Nƞ«;:MŀN

[33]6Ėȭ!R!ɭȽ+NÙ;5ȮȬJ Stage 0 <Ėȭ!RQƔÐ+N'8!7"0čð5

·Ʌǥ:ĔǳǥÒʌ7=:#5ËɉʂQǖ�0ʘ·Ʌǥ:ŵƯ7Ėȭ!RQèMʌ#'8!

7"N[34]6.<0H5'OiQƔÐ+N0H<Ėȭ!R<�f]QŧĞ+NŖƯQǱǺ+

N'8=5ŉȢ<ɚŞQƹi+0H;IɼɆ78N8ȡ�iON6 

 

� � �  Ⱦľ<Ėȭ!R8ȭËǓĐ<ʆ¹Ň 

Ėȭ!R<ĔǳǥƮǢ=5Ėȭ!RŉȢ<ǔěǐQʧHN0H<ƑƮƮǢ<ɵŜȤ< 1 4

78N[35]6ŸƇ7=5Ėȭ!R<ȝŉŰ<đÛ;­36Ėȭ!R<ĔǳǥŖȾ<ğŶŰI

đÛÁó;8N[36]6.<0H5Ėȭ!RĔǳǥƮǢľ<ȌɌŉȢŰIđÛÁó;8N'8

!�ŋ(ON6 

Ėȭ!RĔǳǥƮǢľ<ŉȢ=5Ėȭ!R<ħŕÌǣJ5ƣě)6�NĖȭ;âǣ

<Ėȭ!R8=ǝ:NĖȭ!R78NǝżŇĖȭ!RQǣǡ+N�f]!ʧ�'8!Čö(

O6�N[37–40]6.<0H5Ėȭ!RŉȢ<ĔǳǥƮǢľ<Ėȭ!R<�f]QĞɽǥ;

ɑ¶+N'8!ɼɆ78N8ȡ�iON6 

Ėȭ!R<ǣǡ�ɭȽ;�BNȭËǓĐ<ĽÚ!źi ;:M448N;IʆPi

,5Ėȭ!RĔǳǥƮǢÙľ<ŉȢQģə8)0ȭËǓĐ<ēÞ;ʆ+NÄȽǭǹ=Ħ:�

[41,42]6Ohigashi et al.<ǭǹ7=581 ¢<Ėȭ!RŉȢQģə;5ĔǳǥƮǢÙ8ƮǢ

 i 7 Ÿľ;¸Qèŀ)5¸;ôbO6�N�#4 <ȭËȍȸJ§ɘǕǋQ5Ğɽǥ

PCR Jʧɪƶ±]��q^�|T�Qǖ�6.O/OĞɽ)0!5ĔǳǥƮǢÙľʅ<ʅ

ʐ!Ǭ�0H5ȭËǓĐ;ģ+NĔǳǥƮǢ<ʃƄǥ:ļʚ=źi ;(O6�:�[41]6

Sze et al.<ǭǹ7=526 ¢<Ėȭ!RŉȢ<ĔǳǥƮǢÙ8ƮǢ i<Ȉ 1 ĳľ<¸Qè

ŀ)5¸;ôbO6�NȭËȍȸêQɋƋ)0!5ȭËȍȸ<ɶ¬ĚJ§ɘǕǋQģə;)

6�:�0H5.Oi;ģ+NĔǳǥƮǢ<ļʚ=źi ;(O6�:�[42]6 
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� � ǧǥ 

Ėȭ!RĔǳǥƮǢľ<ŉȢ=ƮǢ;KMĖȭ!R<Ǡē!Òʌ(ON!5Ėȭ!R<�f

]!ʧ�'8!Čö(O6�N6b05�#4 <ȭËȍȸJ.<§ɘǕǋ=Ėȭ!R<ǣ

ǡA<ʆ�)6�N'8!Čö(O6�N!5ȭËȍȸJ§ɘǕǋ;ģ+NĔǳǥƮǢ<ļ

ʚ=źi ;(O6�:�6 

Ƈǭǹ=5�j`v�ɋƋJ5§ɘǕǋQȖȞǥ;ƺĞ+N�j����ɋƋ;K

365ĔǳǥƮǢľ<Ėȭ!R;ʆ�)6�NȭËȍȸJ§ɘǕǋQǌĞ+N'8Qǧǥ8

)6�N6Ėȭ!RŉȢ<ĔǳǥƮǢÙ8ƮǢ iȈ 1 ĳľ<¸Qèŀ)5.<¸;ôb

O6�NȭËȍȸJ§ɘǕǋQȔɌĜǥ;Ƨɤ+N'8;KMĔǳǥƮǢ!ȭËǓĐAåa

+ļʚQźi ;+N'85(i;=5ĔǳǥƮǢľ<Ėȭ!R<�f]QŧĞ+NŖƯQ

ǱǺ+N'8Qǧš)06 

 

� � ƘŔ 

Ƈǭǹ=58 4<ǻ7ƘŔ(O6�N6ƇȂ7=5ƇǻQʌ#.O/O<ǻ<ƗɆ;4�6

ɨBN6 

 

ǽ 2 ǻ ɋƋ;ǖ�0p�j<èŀ 

Ƈǭǹ=5ĄǺ!Rǭǹh�j�8őŒȟďĖĜ8<Êñǭǹ;KMğŶ)06ǽ 2 ǻ7

=5ÊñǭǹÄ iŨµ)6ʛ�05ËɉʂƔƎ<ȒƌJ¸�<§ɘǕǋ<Ğɽp�j5

whole-genome shotgun d�_�d�^;K36ŀiON�j`v���r<èŀŵƯ;4

�6ɨBN6b05ĔǳǥƮǢ i 5 ĳ©Ë;5Ėȭ!RJĖȭ!R<Ù!RǠē78N

ĕǣŇȮȬQǣǡ)0 9� Ùó"a��qQğŶ+N'875Ėȭ!RŉȢ<ĔǳǥƮ

Ǣľ<Ėȭ!R<�f]QĞɽÞ7"00H5.<ɒȍ:Ȓƌ;4�6IɨBN6 

 

ǽ 3 ǻ yqȭËȍȸ<�j`v�ɋƋ 

ǽ 3 ǻ7=5ǽ 2 ǻ7èŀ)0�j`v���rQǖ�6�j`v�ɋƋ;KM5ȭËȍ

ȸ<ȇȔ�ɶ¬ĚȐŔQèŀ+NŖƯ;4�6ɨB6�#6ǌ;5ɶ¬Ě<¯Ȝʆ¹QȡŐ



11 

)65ǧǥ<ɶ¬ĚQĞɽ+N'8!7"NŴ0:ɶ¬ĚȐŔ<ǿÐŖƯQƘȃ)00H5

.<ɒȍ:ŖƯ;4�6ɨBN6 

 

ǽ 4 ǻ ĔǳǥƮǢÙľ;�BNȭËǓĐ<È±ÂƧɤ 

ǽ 4 ǻ7=5ǽ 2 ǻ8ǽ 3 ǻ7èŀ)0§ɘǕǋJȭËȍȸ<ȇȔ�ɶ¬ĚȐŔp�jQ

ǖ�65ĔǳǥƮǢÙľ<ȭËǓĐ<È±Â<ēÞQɖƎ)0ŖƯJȒƌ;4�6ɨBN6 

 

ǽ 5 ǻ ĔǳǥƮǢÙľ;�BNȭËǓĐQƘŔ+NǌŃɽ<ēÜƧɤ 

ǽ 5 ǻ7=5ĔǳǥƮǢÙľ7ēÞ)0ȭËȍȸJɶ¬Ě�§ɘǕǋQȔɌĜǥ;Ƨɤ+

NŖƯ8.<Ȓƌ;4�6ɨBN6 

 

ǽ 6 ǻ Ėȭ<ÌķƯ8ʆɬ+NȭËǓĐ<ǌŃɽ 

ǽ 5 ǻ;65ȧƪɻ< 1 Ƿ78M5ǣ!RŇ!Čö(O6�NpZyda��ɻJ.<ǔ

Ŕ;ʆ�)6�Nɶ¬ĚJǔŔȸ!ĔǳǥƮǢľ;đÛ)0'8!Ǳɓ(O06ì¿Ėȭ!

RŉȢ<Ėȭ<ÌķƯ=ȧƪɻ§ɘ;ʆɬ)6�N'8!Čö(O6�00H5ǽ 6 ǻ7

=5Ėȭ<ÌķƯ<ɱ�!ȧƪɻ§ɘAåa+ļʚQɖƎ)5.<Ȓƌ;4�6ɨBN6 

 

ǽ 7 ǻ ĔǳǥƮǢľ<Ėȭ!R<�f]ŧĞŖƯ<ǱǺ 

ǽ 2 ǻ;65Ėȭ!RŉȢ<ĔǳǥƮǢľ<Ėȭ!R<�f]QĞɽÞ+N'8!7"

06ǽ 7 ǻ7=5ĔǳǥƮǢľ<Ėȭ!R<�f]QŧĞ+NŖƯQƘȃ)5.<ŖƯ7

ŧĞ(O0Ėȭ!R<�f]8ǽ 2 ǻ;6ĞɽÞ(O0Ėȭ!R<�f]Qǉð+N'8

75ŧĞŖƯQɑ¶)0Ȓƌ;4�6ɨBN6 

 

ǽ 8 ǻ ȗŠ 

ǽ 8 ǻ7=5©�<ȒƌQȔð)6ȗŠ)5£ľ<ĨƃQɨBN6 
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ǽ�ǻ ɋƋ;ǖ�0p�j<èŀ 

� � ĵɗ 

Ƈǻ7=5Ƈǭǹ<ɋƋ;ǖ�0p�j<èŀŵƯ;4�6ɨBN6Ƈǭǹ=5ĄǺ!Rǭ

ǹh�j�8őŒȟďĖĜ8<Êñǭǹ;KMğŶ(O06.O/O<ǭǹƞʆ;��6ğ

Ŷ(O0ʜǧ<Ëɏ=ă 2-1 ;ǲ)06Ƈǭǹ7=5ĄǺ!Rǭǹh�j�;6596 ¢<

Ėȭ!RŉȢ<ËɉʂƮǢb0=ĔǳǥƮǢÙ8ƮǢ iȈ 1 ĳľ<¸Qèŀ)5Ĕǳǥ

ƮǢľ<Ėȭ!R;ʆ�)6�NȭËȍȸJ§ɘǕǋQǌĞ+N'8Qǧš)0(2.2.1 Ȃ5

2.2.2 Ȃ52.2.3 Ȃ)6§ɘǕǋ<ȐŔp�j=5397 »<§ɘǕǋQ CE-TOF MS(Capillary 

Electrophoresis Time-of-Flight Mass Spectrometry)Qǖ�6Ğɽ+N'87èŀ)0

(2.2.4 Ȃ)6�j`v�c�~�<�j`v���r=5¸ iŝÐ(O0 DNA Q HiSeq 

2500 Qǖ�6 whole-genome shotgun d�_�d�^+N'87èŀ)0(2.2.5 Ȃ52.2.6

Ȃ)6Ƈǭǹ7=51 c�~�80MȈ 4.71x107Ƈ<�j`v���r(�Ę½)Qèŀ)6

�M5whole-genome shotgun d�_�d�^Qǖ�0�#4 <Ėȭ!R<a��qǭǹ

[8,9,43–46]7èŀ(O0�j`v���rŰ8Ƨɤ)6Iɲȵ!:�'8!Ǳɓ(O06 

 

 

 

 
ă 2-1 Ƈǭǹ;ǖ�0p�j<èŀŵƯ<ƗǛă 
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ĄǺ!Rǭǹh�j�75ËɉʂƔƎQéBNɀʦȢ i¸Qèŀ)06őŒȟďĖĜ;

65¸;ôbO6�N 397 »<§ɘǕǋQ CE-TOF MS Qǖ�6Ğɽ)06�j`v��

�r=5¸ iŝÐ(O0 DNA Q whole-genome shotgun d�_�d�^+N'87èŀ

)06ǽ 3 ǻ75�j`v�ɋƋ<ɒȍ:ŖƯ;4�6ɨBN6ǽ 4 ǻ©ʉ75ËɉʂƔ

Ǝ<Ȓƌ5§ɘǕǋ<ȐŔp�j5�j`v�ɋƋ;K36ŀiO0ȭËȍȸê<ȇȔȐŔ

p�jJɶ¬ĚȐŔp�jQȔð)0ȔɌɋƋ<ŖƯJȒƌ;4�6ɨBN6�

 

� � ƈŲ�ŖƯ 

� � �  ¸<èŀ 

ƇȂ<Ŭ²=ÊñǭǹÄ78NĄǺ!Rǭǹh�j�7ğŶ(O06ĄǺ!Rǭǹh�j�

7Ėȭ<ËɉʂƔƎQéBN 620 ¢<ɀʦȢ i 716 »<¸Q5ÄȽǭǹ[4]8Ƈǭǹ;6

èŀ)06 

b,5ÄȽǭǹ8Ƈǭǹ7ģə8)0ɀʦȢŰ8.<ɀʦȢ iŀiO0¸<Ű;

4�6.O/OɨBN(ă 2-2)6ÄȽǭǹ7=5576 ¢<Ėȭ!R<ƮǢƢ!:�ɀʦȢ 

i 604 »<¸Qèŀ)06ÄȽǭǹ7=5576 ¢<ɀʦȢQËɉʂƔƎ<ȒƌQċ; 5 4

<^��~(^��~<ɒȍ= 2.2.2 Ȃ7ľɨ+N);Ñʢ)5ĕƥʏǣ!R;�BNȭËȍ

ȸJ§ɘǕǋ<ēÞQźi ;)06(i;5258 ¢<Ėȭ!RŉȢ<�2 28 ¢<ŉȢ 

iĔǳǥƮǢ iȈ 1 ĳľ;¸Qèŀ+N'875ĥɈƛ:p�jhmq7=8N!5Ĕ

ǳǥƮǢ!ȭËȍȸAåa+ļʚQźi ;)06Ƈǭǹ7=568 ¢<Ėȭ!RŉȢ i

112 »<¸QŴ0;èŀ+N'875ĔǳǥƮǢ!ȭËȍȸ1B7:#§ɘǕǋAåa+ļ

ʚQKMɒȍ;źi ;+N'8Qǧš)06Ƈǭǹ7=5ÄȽǭǹ7ģə8)0 258 ¢

<Ėȭ!RŉȢ<�2524 ¢<ŉȢ<ƮǢ iȈ 1 ĳľ<¸QŴ0;èŀ)06b0544

¢<Ėȭ!RŉȢ<ƮǢÙ8ƮǢ iȈ 1 ĳľ<¸IŴ0;èŀ)06 

Ɵ;5ɀʦȢ<¸<èŀŵƯ;4�6ɨBN6620 ¢<ɀʦȢ=5ȭȀƱƴƶQʤ

ǖľ5ƁÔ<¸QŨµ)06ɒȍ= 2.2.2 Ȃ7ľɨ+N!5ËɉʂƔƎ<Ȓƌ5Ėȭ!R8

ɐų(O0 302 ¢<ŉȢ<�2 96 ¢<ŉȢI5ƮǢ iȈ 1 ĳľ;ȭȀƱƴƶQʤǖľ5

ƁÔ<¸QŨµ)06Ũµ)6ʛ�0¸=+$;r�rSrf7ÍȒ)5.<ľ-804;6

ºȀ)06 
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ă 2-2 Ƈǭǹ8ÄȽǭǹ7ŀiO0¸<Ű 

ÄȽǭǹ7ŀiO0¸=Ǆȵ7ǲ)5Ƈǭǹ7Ŵ0;èŀ)0¸=Ǥȵ7ǲ)06 

 

� � �  ËɉʂƔƎ 

ƇȂ<Ŭ²=ÊñǭǹÄ78NĄǺ!Rǭǹh�j�7ğŶ(O06¸QŨµ)0ɀʦȢ=

ËɉʂƔƎQéB06.<Ȓƌ5TNM(Tumor-Nodes-Metastasis)Ñʢ;Ŀ365620 ¢<

Ėȭ!R<ƮǢƢ<:�ɀʦȢQ©�< 5 4<^��~;Ñʢ)06ȮȬ!ƔÐ(O: 

30ɀʦȢ5I)#=ȮȬ!ƔÐ(O0!5.<Ű! 2 »©�7830ɀʦȢ=5¾ıȢ 

(Healthy controls; H)8)6Ğȟ)06ȮȬ! 3 »©�ƔÐ(O0ŉȢ=5ĕǣŇȮȬ<ŉ

Ȣ(Multiple polypoid adenomas with low-grade dysplasia; MP)8)6Ğȟ)06Ėȭ<ȅ

ȯË;ǚb36�NĖȭ!R!ƔÐ(O0ŉȢ= Stage 0 <Ėȭ!RŉȢ(ȅȯË<Ėȭ!

RŉȢ)8)6Ğȟ)06ȅȯKM�Ī;Ėȭ!R!ƔÐ(O0!5Ėȭ!R!��xȂA

ɢǵ)6�:�ŉȢ=5Stage I/II <Ėȭ!RŉȢ8)6Ğȟ)06ȅȯKM�Ī;Ėȭ!

R!ƔÐ(O5Ėȭ!R!��xȂAɢǵ)6�NŉȢ=5Stage III/IV <Ėȭ!RŉȢ

(ɭȽŇĖȭ!RŉȢ)8)6Ğȟ)06 

96 ¢<ŉȢ=5ƮǢ iȈ 1 ĳľ;ËɉʂƔƎQéB5.<ȒƌQċ;53 4<^

��~;Ñʢ(O0(ă 2-3)6ȮȬ!ƔÐ(O: 30ŉȢ5I)#=ȮȬ!ƔÐ(O0

!5.<Ű! 2 »©�7830ŉȢQ5ƮǢƢ<8N¾ıȢ(Postoperative Healthy 
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controls; PH)8)6Ğȟ)06ƮǢľ;5ȮȬ! 3 »©�ƔÐ(O0ŉȢ=5ƮǢƢ<8

NĕǣŇȮȬ<ŉȢ(Postoperative multiple polypoid adenomas with low-grade 

dysplasia; MP)8)6Ğȟ)06ƮǢľ;Ėȭ<ȅȯË;ǚb36�NĖȭ!R!ƔÐ(O

0ŉȢ=5ƮǢƢ<8N Stage 0 <Ėȭ!RŉȢ(ǝżŇĖȭ!RŉȢ, Postoperative 

Stage 0; PS0)8)6Ğȟ)06 

ƮǢľ<ŉȢ<Ėȭ!R<�f]QĞɽÞ+N0H;Ùó"a��qQğŶ)0(ă

2-3)696 ¢<Ėȭ!RŉȢ<�2578 ¢<ŉȢ=5ƮǢ iȈ 5 ĳʅ5ĄǺ!Rǭǹh�

j�;6ĞƄǥ;ËɉʂƔƎQéB6�M5ƮǢ iȈ 1 ĳľ iȈ 5 ĳľ< 4 ĳʅ<Ë

ɉʂƔƎ<ȒƌQċ;5ƮǢƢ<8N¾ıȢ(PH)5ƮǢƢ<8NĕǣŇȮȬ<ŉȢ(PMP)

;Ñʢ(O06Ɓȏǥ;5ƮǢ iȈ 5 ĳʅ<ËɉʂƔƎ<Ȓƌ5�Ķ7IĕǣŇȮȬ

(PMP)b0=Ėȭ!R(PS0)8ɐų(O0 9� Qċƽ;5ŉȢQĖȭ!R<�f]!°

�ŉȢ8ʧ�ŉȢ;Ñʢ)06 

 

 
ă 2-3 Ⱦľ<ŉȢ<Ėȭ!R<�f]<ĞɽÞ 
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� � �  Ėȭ!R<ƮǢ 

ƇȂ<Ŭ²=ÊñǭǹÄ78NĄǺ!Rǭǹh�j�7ğŶ(O0696 ¢<Ėȭ!RŉȢ

=ƮǢ;K36Ėȭ!R<ǠēQÒʌ)06.<�2511 ò< Stage 0 <Ėȭ!RŉȢ=

ËɉʂƮǢ;KMĖȭ!R<ǠēQÒʌ)0685 ¢<Ėȭ!RŉȢ=5ȱĴĜǥ;Ëɉʂ

ƮǢ!7": 300H5ĔǳǥƮǢ;KMĖȭ!R<ǠēQÒʌ)06ĔǳǥƮǢ7=5

ŖȾ;KNǠâŇȍȸ<ōƍQ�ʈ+N0H;5ŖȾÙ8ŖȾľ 2 Ÿ©Ë;ŚǔǋɜQř

�)06 

ĔǳǥƮǢ;KNĖȭ<ÌķƯ=5Ėȭ!R<Ǡē!ěĆ+Nčŕ;K36ǝ:3

06.<ɒȍ:ɱ�Qă 2-4 ;ǲ)06Ėȭ!R!Ėȭ<ì¿;ěĆ+Nčð5ȼƳ<ʆ¹

�5Ėȭ<ì¿QC8R9Òʌ)6ĖȭQÌķ)06Ėȭ!R!Ėȭ<ĭ¿(Ǩȭ�Ȓȭ);

ěĆ+Nčð5Ėȭ!R<Ǡē<FQÒʌ)6ĖȭQÌķ)06 

 

 
ă 2-4 Ėȭ!RĔǳǥƮǢ;KNĖȭ<ÌķƯ�

Ⱥ�{�]ȵ=ĥȭ5ǂ�{�]ȵ=ĖȭQȿ)6�N6ʨ��=Ėȭ!R<¯ȜQǲ)6

�N6 

 

� � �  §ɘǕǋ<Ğɽ 

ƇȂ<Ŭ²=ÊñǭǹÄ78NőŒȟďĖĜ7ğŶ(O06CE-TOF MS Qǖ�6¸;ôb

O6�N§ɘǕǋQĞɽ)0[47–49]6CE-TOF MS =5y�{���ʗƨưÜ(Capillary 

Electrophoresis)8ɜɽÑƋɌ(Mass Spectrometry)QȐFðP-0ÑƋŖƯ78N6y�

{���ʗƨưÜ=5§ɘǕǋ<ʗȷJÑĚɽǾ<ɱ�Q×ǖ)65¸;ôbO6�N§ɘ
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ǕǋQÑʕ+NĽÚQŞ36�N6ɜɽÑƋɌ=5Ñʕ)0.O/O<§ɘǕǋQĞɽ+N

ĽÚQŞ36�N6©�< 6 4<Ŗʝ7§ɘǕǋQĞɽ)06 

 

1. ËɷƚƽǋɜQôGɟȉƩ; 50%<�jv�� 400µl QÛ�06Ëɷƚƽǋɜ=

methionine sulfone 8 D-camphor-10-sulfonic acid å@ 2-

morpholinoethanesulfonic acid Qǖ�06 

2. ¸Q 10mg Ťè)51 ;Û�0ľ53mm e�atSz�g(BioSpec Products, 

Bartlesville, OK, USA)8 0.1mm e�atS/d�[z�g(BioSpec Products, 

Bartlesville, OK, USA)Q 100mg Û�6�r]�f�md�(TOMU, Nerima, 

Tokyo, Japan)Qǖ�6 3 ÑʅǯǮ)06 

3. ǯǮľ5œǁƶQ 4600xg 7 15 Ñʅɳń)06 

4. ɳńľ55-kDa <ʊǙǃɯ|T�j�(Ultrafree MC-PLHCC 250/pk, Metabolome 

Analysis, Human Metabolome Technologies, Tsuruoka, Yamagata, Japan)Qǖ�

6�Ƹ<j�x]ɜ<ʌã)5ǃƶQɟȉƩ;ƾɋ)06 

5. CE-TOF MS(Agilent Technologies, Santa Clara, CA, USA)<ʎrZ�8ʍrZ�

��rǖ�654 ;ôbO6�N§ɘǕǋQĞɽ)06 

6. CE-TOFMS ;K36ŀiO0ǔp�j i5ɋƋi|qstS78N Master 

Hands Qǖ�65§ɘǕǋQĞɽ)06ï§ɘǕǋ<ǂĶ(nmole)=5.Oi<ǩģ

{�]ʙǸ8ƚƽ§ɘǕǋ<ǂĶ;ċ5�6Ɍǿ)5¸ɼɽQǖ�6ơɈÞ)65

c�~�< 1 ^��;ôbON§ɘǕǋ<ɽ(nmol/g)QǿÐ)06 

 

� � 	  DNA <ŝÐ 

ƇȂ<Ŭ²=Ĕɷƞʆ7ğŶ(O06ÍȒ)0¸QȻɋľ5GNOME® DNA Isolation 

Kit(MP Biomedicals, Santa Ana, California, USA)Qǖ�6 DNA QŝÐ)06DNA <õ

ÅĶ(230nm, 260nm, 280nm)=54200 TapeStation(Aglient technology, Santa Clara, CA)

Qǖ�6ƺĞ)06DNA <ȆĶ�K@ǂĶ=5ƺĞ)0õÅĶ<Ƨ (260nm/280nm, 

260nm/230nm)Q.O/OɌǿ+N'87ǿÐ)06ƖǼ; DNA <ȆĶJǂĶ!°�c�

~�=ôbO6�: 300H5È6<c�~�Q-804;6ºȀ)06 
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� � 
  d�_�d�^ 

ƇȂ<Ŭ²=Ĕɷƞʆ7ğŶ(O06ÍȒ)0 DNA =Ȼɋľ5Nextra XT DNA Library 

Preparation Index Kit(Illumina)�K@5Nextra XT DNA Library Preparation 

kit(Illumina)Qǖ�6j^��o�d��(O064200 TapeStation(Aglient technology, 

Santa Clara, CA)Qǖ�6j^��o�d��ľ< DNA <{�]crgQɑ¶)06j^

��o�d��ľ< DNA Q5d�_�c�(HiSeq 2500, Illumina)Qǖ�6 150 bp <�S

u�rd�_�d�^+N'875�j`v���rQèŀ)06 

 

� � �  Éʄ(O6�N�j`v���r8§ɘǕǋp�j<èŀ 

Ƈǭǹ7=¾ıȢ<żȇÓp�jQèŀ)6�:�0H52 4<a��qǭǹǘƉ<Éʄ(

O6�N¾ıȢ<żȇÓp�jQks���r)0[50,51](¦ʀ 1)6'<Éʄp�j=5Ĕ

ǳǥƮǢÙľʅ7<ȭËȍȸJ.<ɶ¬Ě5§ɘǕǋ<ȐŔ<ēÞQĞɽÞ+N0H<a�

q���;ǖ�06ɒȍ:ŖƯ�Ȓƌ;4�6=ǽ 4 ǻ7ɨBN6 

�j`v���r=5Voigt et al.<a��q<p�jQ ENA(European Nucleotide 

Archive) iks���r)0(PRJEB8347) [50]6Voigt et al.< DNA ŝÐŵƯ

(G’NOMEs kit, MP Biomedicals, Illkirch, France)å@d�_�d�^~�mq|Y�� 

(HiSeq 2000/2500, Illumina)=Ƈǭǹ<.Oi8Cañ*78N0H5Ƈǭǹ<p�j8

Ƨɤ+Nʑ;'Oi<ŖƯ;KNwrSf!ĥ(�ëȪŇ!8N6Voigt et al.<a��q

<p�j;ôbO6�N5ŚǔǋɜQ³ǖ)0 1 ¢<äÛȢ(alien);ǘƉ+N�j`v��

�r85Ƈǭǹ<�j`v�ɋƋ<ŖƯ7ɋƋ+N'8!7": 30 1 4<�j`v�

c�~�(bugkiller-11-7-0)Q5Ƈǭǹ<ɋƋģə ièMʌ�06Voigt et al.<a��q

< 6 ¢ǘƉ< 29 c�~�<�j`v���rQƇȂ©ʉ<ɋƋ;ǖ�06 

§ɘǕǋ<ȐŔp�j=5Nagata et al.<a��q<p�jQǖ�0[51]6Nagata 

et al.<§ɘǕǋ<ĞɽŵƯI5Ƈǭǹ8ñ*ŖƯ(2.2.4 ȂQäǉ)78N0H5Ƈǭǹ<p

�j8Ƨɤ+Nʑ;'Oi<ŖƯ;KNwrSf!ĥ(�ëȪŇ!8N6Nagata et al.<§

ɘǕǋ<ȐŔp�j=5.<ĞɽQŞĺ)0ÊñǭǹÄ iŨµ)6ʛ�06Nagata et al.

< 8 ¢ǘƉ< 16 c�~�<§ɘǕǋ<ȐŔp�jQƇȂ©ʉ<ɋƋ;ǖ�06 

 



19 

� � �  ɀʦȢ<ǞĜp�j<èŀ 

ƇȂ<Ŭ²=ÊñǭǹÄ78NĄǺ!Rǭǹh�j�7ğŶ(O06ËɉʂƔƎQéB0

620 ¢<ɀʦȢ<ĳʪ5ŇÖ5BMI(Body Mass Index, Kg/m2)Ǿ<ǞĜp�jQèŀ)06

Ėȭ!R<ƮǢÙ8ƮǢľ;¸QŨµ)0 96 ¢<ŉȢ<ƮǢľ<'Oi<p�j=èŀ+

N'8!7": 306ǽ 6 ǻ;6ɒȍ;ľɨ+N!5ĔǳǥƮǢľ;¸�<ȗȧƪɻ(Ğ

ɽ7"0 4 4<ȧƪɻ<ɽ<ȗù)!đÛ)0�[tg�Qźi ;+N0H;5Ėȭ!R

<ƮǢÙ8ƮǢľ;¸QŨµ)0 96 ¢<ƮǢÙľ<ȼ�<ȗa�fo���QĞɽ)06 

 

� � Ȓƌ�ȡĢ 

� � �  ËɉʂƔƎ<Ȓƌ 

ÄȽǭǹ[4]8Ƈǭǹ7=5ĄǺ!Rǭǹh�j�7ËɉʂƔƎQéBN 620 ¢<ɀʦȢ 

i5ȭȀƱƴƶʤǖľ<ƁÔ<¸Q 716 »èŀ)06620 ¢<ɀʦȢ=5ËɉʂƔƎ<Ȓ

ƌ5251 ¢<¾ıȢ567 ¢<ĕǣŇȮȬ<ŉȢ573 ¢< Stage 0 <Ėȭ!RŉȢ5143 ¢

< Stage I/II <Ėȭ!RŉȢ586 ¢< Stage III/IV <Ėȭ!RŉȢ;Ñʢ)0(ȿ 2-1)6Ä

Ƚǭǹ7ģə8)0ŉȢJ.<ŉȢ<¸IôH65Ƈǭǹ7=5ËɉʂƔƎ<ȒƌĖȭ!R

8ɐų(O0 302 ¢<ŉȢ<�2596 ¢<Ėȭ!RŉȢ iƮǢÙ8ƮǢ iȈ 1 ĳľ;

¸Qèŀ)06Ėȭ!R<Ė"(JɭȽĶ;K36ƮǢŵƯ!ǝ:30(ȿ 2-2)6Stage 0

<Ėȭ!RŉȢ 11 ¢=5Ėȭ!R!ĥ( 300HËɉʂƮǢ;KMĖȭ!R<ǠēQÒ

ʌ)06Stage 0 <Ėȭ!RŉȢ 2 ¢=5ȱĴĜǥ;ËɉʂƮǢ!ʖ) 300H5Ĕǳǥ

ƮǢ;KMĖȭ!R<ǠēQÒʌ)0657 ¢< Stage I/II <Ėȭ!RŉȢ8 26 ¢< Stage 

III/IV <Ėȭ!RŉȢIȱĴĜǥ;ËɉʂƮǢ!ʖ) 300H5ĔǳǥƮǢ;K36Ėȭ

!R<ǠēQÒʌ)06 

85 ¢<Ėȭ!RĔǳǥƮǢľ<ŉȢ=5ƮǢ iȈ 1 ĳľ<ËɉʂƔƎ<ȒƌQċ

;573 ¢<ƮǢƢ<8N¾ıȢ(PH)511 ¢<ƮǢƢ<8NĕǣŇȮȬ<ŉȢ(PMP)51 ¢

<ƮǢƢ<8N Stage 0 <Ėȭ!RŉȢ(ǝżŇĖȭ!RŉȢ, PS0);Ñʢ(O0(ȿ 2-2)6

b0585 ¢<Ėȭ!RĔǳǥƮǢľ<ŉȢ<�2576 ¢<ŉȢ=ĄǺ!Rǭǹh�j�;

6ĞƄǥ;ËɉʂƔƎQéB6�M5ƮǢ i 1 ĳ iȈʮĳb7< 4 ĳʅ<ËɉʂƔƎ

<Ȓƌ;ċ5�6565 ¢<ƮǢƢ<8N¾ıȢ(PH)511 ¢<ƮǢƢ<8NĕǣŇȮȬ<ŉ

Ȣ(PMP);IÑʢ(O06Ɓȏǥ;5ƮǢ iȈ 5 ĳʅ<ËɉʂƔƎ<Ȓƌ5�Ķ7Iĕǣ
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ŇȮȬb0=Ėȭ!R8ɐų(O0 9� Qċƽ; 76 ¢<ŉȢQ557 ¢<Ėȭ!R<�

f]!°�ŉȢ8 19 ¢<Ėȭ!R<�f]!ʧ�ŉȢ;Ñʢ)06ƮǢ iȈ 5 ĳʅ7Ė

ȭ!RQħŕÌǣ)0ŉȢ=�: 306 

ĔǳǥƮǢ7=5Ėȭ!R!ěĆ+Nčŕ;K36Òʌ+NĖȭ<ʟĉ!ǝ:3

0620 ¢<ì¿Ėȭ!RŉȢ=Ėȭ<ì¿QÒʌ)0(ȿ 2-3)665 ¢<ĭ¿Ėȭ!RŉȢ

(Ǩȭ�Ȓȭ!R)=5Ėȭ!R!ěĆ+NǠē÷ɦ<FQÒʌ)0(ȿ 2-3)6ÄȽǭǹ;��

65¸<ǀȼƔƎǾ<f]��t�^Ǿ7ǣɇ(O0Ėȭ!RŉȢ< 27%!ì¿Ėȭ!R

ŉȢ78N[52]'8 iI5Ƈǭǹ<Ėȭ!RŉȢQɵś+NɯǶ;��6wrSf!:�

'8!ǲû(O0。 

ÄȽǭǹ;��65ȭȀƱƴƶQʤǖ-,;ơı:ţ¸;K36èŀ)0¸;ôb

ONȭËȍȸê85ȭȀƱƴƶʤǖľ<ƁÔ<ţ¸;K36èŀ)0¸;ôbONȭËȍȸ

êQƧɤ)0Ȓƌ5'Oi;Ė":Į!Ǳɓ(O: 30'8!Čö(O6�N[53]6b

05ȭȀƱƴƶQ³ǖ-,;ơı:ţ¸;K36èŀ)0¸;ôbON§ɘǕǋ<ɽ85ȭ

ȀƱƴƶQʤǖ)0ɀʦȢ<ƁÔ<ţ¸;K36èŀ)0¸;ôbON§ɘǕǋ<ɽQƧɤ

)0Ȓƌ5w��5�rd�5ri�rd�Ǿ<S�vɻQôG 32 »<§ɘǕǋ<ɽ!ǝ

:N'8!Čö(O6�N!5ɒȍ=ľɨ+N!Ƈǭǹ7Ǫǧ+NÈ6<ȧƪɻ5S�vɻ

< 1 Ƿ78Nh��JS�vɻʆɬ§ɘǕǋ(Gly-Leu, Urocanate, N,N-Dimethylglycine)

;4�6=Ė"#ǝ:i:�'8IČö(O6�N[51]6.<0H5ȭȀƱƴƶQʤǖľ<

ƁÔ<¸;ôbO6�NȭËȍȸJ§ɘǕǋ=5ơı:ţ¸;K36ŀiON¸8ñƙ;5

.<ɀʦȢ<ȭËǓĐQæŻ)6�N8ȡ�iON6 

 

ȿ 2-1�ËɉʂƔƎQéB0 620 ¢<ɀʦȢ<ǞĜp�j<ƗɆ 
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ȿ 2-2 Ėȭ!RŉȢ<ƮǢÙľ<ǞĜp�j<ƗɆ 
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� � �  §ɘǕǋ��j`v���r<èŀ 

ÄȽǭǹ[4]8Ƈǭǹ7=5620 ¢<ɀʦȢ i 716 »<¸Qèŀ)06716 »<¸ iŝ

Ð(O0 DNA Q whole-genome shotgun d�_�d�^+N'8751 c�~�80M5

4.71x107Ƈ(�Ę½)<�j`v���rQèŀ)06604 »<¸ǘƉ<�j`v���r=

ÄȽǭǹ7ŷ;èŀ)6�M5112 »<¸ǘƉ<�j`v���rQƇǭǹ7Ŵ0;èŀ)

06Ƈǭǹ7èŀ)0�j`v���rŰ=5�#4 <Ėȭ!R<a��qǭǹ[8,9,43–

46]7èŀ(O0�j`v���rŰ(�Ę½, Ȉ 4x107 iȈ 7x107)8Ƨɤ)6Iɲȵ!:

�'8!Ǳɓ(O06 

ÄȽǭǹ[4]8Ƈǭǹ7ŀiO0 716 »<¸<�25694 »<¸;ôbO6�N 397

»<§ɘǕǋQ CE-TOF MS Qǖ�6Ğɽ)0p�jQèŀ)06317 »<¸;ôbO6

�N§ɘǕǋ=ŷ;ÄȽǭǹ7ƺĞ)6�M5377 »<¸;ôbO6�N§ɘǕǋQƇǭǹ

7Ŵ0;ƺĞ)0622 »<¸=.<ɽ!Ħ: 300H5.Oi<¸;ôbO6�N§ɘ

ǕǋQĞɽ+N'8!7": 306 

 

  



23 

ǽ�ǻ yqȭËȍȸ<�j`v�ɋƋ 

� � ĵɗ 

Ƈǻ7=5d�_�c� iŀiO0�j`v���rQǖ�0�j`v�ɋƋ;KM5

716 c�~�<ȭËȍȸ<ȇȔJɶ¬Ě�ƞȪȐŔp�jQǿÐ)0ŖƯ;4�6ɨBN6

b05�j`v���rQǖ�6ǌĞ<ȭËȍȸ<ǔȦɪĶQŧĞ)00H5.<ŖƯ;4

�6IɨB6�#(3.2.4 Ȃ)6(i;5�j`v���rQǖ�6pZyda��ɻQǔŔ

+N bai Z���QĞɽ)00H5.<ŖƯ;4�6IɨBN(3.2.5 Ȃ)6�j`v�ɋƋ

=5�; 3 4<ĬǶ7ƘŔ(O6�N(ă 3-1)6b,5d�_�c� iŀiO0�j`v

���r;ôbON]Z�oT<°���rJĠ�78NyqǘƉ<��rǾQèMʌ#'

87ʧȆĶ:��rQèŀ)0(3.2.1 Ȃ)6ȭËȍȸ<ȇȔȐŔ=5mOTU2 profiler Qǖ�

6ǿÐ)0(3.2.3 Ȃ)6ȭËȍȸ<ɶ¬ĚȐŔ8ɶ¬ĚƞȪȐŔ=5�j`v���r i

ȭËȍȸ<`v�QÌƘȃľ5.<`v�;ǘƉ+Nɶ¬Ě[j�^Q×ǖ)6ɶ¬ĚQĞ

ɽ+NŖƯQƘȃ)5.OQǖ�6ǿÐ)0(3.2.2 Ȃ)6Ƈǭǹ7Ƙȃ)0ɶ¬Ě[j�^

;çʀ(O6�Nɶ¬Ě<ĎċɸÓ;ģ+N 1 c�~�80M<�j`v���r<�m

{�^ǐ= 73.0%(�Ę½)78N'8!Ǳɓ(O0(3.2.6 Ȃ)6.<0H5Ƈǭǹ7Ƙȃ)0

ŖƯ;K36�j`v���r;ôbO6�NȭËȍȸ<ɶ¬ĚQßÑ;ƔÐ+N'8!7

"0ëȪŇ!ǲû(O06 
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ă 3-1 �j`v�ɋƋ<ƗǛă 

Whole-genome shotgun d�_�d�^;K36ŀiO0�j`v���rQǖ�6�j`

v�ɋƋQğŶ)0Ȓƌ5ȭËȍȸ<ȇȔȐŔJɶ¬Ě5ɶ¬ĚƞȪȐŔQèŀ)06 

 

� � ƈŲ�ŖƯ 

� � �  ʧȆĶ:��r<èŀ 

©�<Ŭ²=�j`v�c�~�Ʀ;ǎǺ)6ğŶ(O062.2.6 Ȃ;6èŀ)0d�_�

c� iŀiO0�j`v���rQǖ�65©�< 7 4<Ïǒ7ʧȆĶ:��rQèŀ

)0(ă 3-1)6 

 

1. d�_�c� iŀiO0��r i5N Q 1 Ďċ7IôG��rQʌã)06 

2. �m{�^n��78N Bowtie2 (version 2.2.9)[54]Qǖ�6 PhiX <ĎċɸÓ;ģ)

6��rQ�m{�^)5�m{�^(O0 PhiX ǘƉ<��rQʌã)06PhiX <

ĎċɸÓ=52017 ĳ; NCBI <p�j��eq�� iks���r)0 (GI: 

9626372)6x���j=--fast-local Qǖ�06 
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3. .O/O<��r;¦Û(O6�NSk~j�ɸÓQ cutadapt (version 1.9.1)[55]Q

ǖ�6ʌã)06b05��r< 3’ƆǼ¿=]Z�oT!°#:NÁó!8N0H5

3’ƆǼ¿ iɬȕ)6]Z�oT½! 17 ©�<ĎċɸÓQʌã)06Forward ¿ 

id�_�d�^(O0��r;ģ)6<x���j= -a 

CTGTCTCTTATACACATCTCCGAGCCCACGAGAC -O 33 -q 17 Qǖ�06

Reverse ¿ id�_�d�^(O0��r;ģ)6<x���j= -a 

CTGTCTCTTATACACATCTGACGCTGCCGACGA -O 32 -q 17 Qǖ�06 

4. 50 bp ƅƻ<��rQʌã)06 

5. ��r<]Z�oT<Ĳć½! 25 ƅƻ<��rQʌã)06 

6. Bowtie2 Qǖ�6��rQyq`v�<ĎċɸÓ;ģ)6�m{�^)5�m{�^

(O0yqǘƉ<��rQʌã)06yq`v�<ĎċɸÓ=52017 ĳ; NCBI <

p�j��eq�� iks���r)0 (GI: 568336000  i 568336023 b7<

24 »)6x���j=--fast-local Qǖ�06 

7. �Su�rd�_�d�^)0��r<�25Ǌŵ7<FěĆ+N��rQʌã)

06 

 

.O/O<Ïǒľ<��rŰ=5seqkit(version  v0.5.5)[56]< stats ��rQǖ�

6ǿÐ)06b05.O/O<ÏǒÙľ<��rŰQd�_�c� iŀiO0��rŰ7

ÚN'875.O/O<Ïǒ7èMʌ O0��rŰ<ÚðQǿÐ)06 

 

� � �  ȭËȍȸ<ɶ¬ĚȐŔ8ɶ¬ĚƞȪȐŔ<ǿÐ 

ƇȂ7=5yqȭËȍȸ<ǭǹ;�BNɶ¬ĚȐŔ8ɶ¬ĚƞȪȐŔ<ǿÐŖƯ<ƗɆ85

Ƈǭǹ;�BN.<ŖƯ;4�6ɔź+N(ă 3-1)6 

yqȭËȍȸ<ǭǹ;�BNɶ¬Ě�ƞȪȐŔ<ǿÐŖƯ=�;ʭ4;Ñʢ(O

N6äǉɸÓ;:MŀNɶ¬Ě<ĎċɸÓ!:�čð5Sh�}�;K36ŀiO0a�o

T^;ģ)6��rQ�m{�^)5a�oT^;ěĆ+Nɶ¬ĚQĞɽ+NŖƯ!K#ǖ

�iON[4]6'<ŖƯ=5a�oT^!äǉɸÓ<§ƀ;:36�N0H5a�oT^<

ǔŔ!ɼɆ78N6a�oT^QǔŔ+N'875äǉɸÓ;ěĆ):��j`v�c�~

�ǘƉ<ɶ¬ĚQĞɽ7"NëȪŇ!8N6) ):!i5ǩģěĆɽ!Ħ:�ȭËȍȸǘ

Ɖ<a�oT^Qèŀ+N'8!ʖ)�0H5.Oi<ɶ¬ĚQĞɽ+N'8!7":�'

8!ýʡ8:36�N6 
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äǉɸÓ8:Nɶ¬Ě<ĎċɸÓ!8Nčð5.<äǉɸÓ;ģ)6��rQ�m

{�^)6ɶ¬ĚQĞɽ+NŖƯ!K#ǖ�iON[9]62016 ĳ;5yqȭËȍȸ<ɶ¬Ě

[j�^78N IGC(Integrated Gene Catalog)!Ƙȃ(O[10]5äǉɸÓ8)6ƁIK#×

ǖ(O6�N6'<ɶ¬Ě[j�^=51267 ¢<ƠȄJ�Ą¢<�j`v���r;ǘƉ

+NȈ 1000 �»<ɶ¬Ě<ĎċɸÓJS�vɻɸÓ!çʀ(O6�N!5çʀ(O6�N

ɶ¬Ě<ǘƉ8:30ȭËȍȸJɶ¬Ě<¯Ȝʆ¹Qźi ;+N'8!7":�6 

�ɍ<ýʡQɋƭ+N0H;5Ƈǭǹ7=5�j`v���r i5ȭËȍȸ<`

v�QÌƘȃ)5.<`v�;ěĆ+Nɶ¬Ě<ĎċɸÓQäǉɸÓ8)6×ǖ+N'87

ɶ¬ĚQĞɽ+NŴ0:ŖƯQƘȃ)0(ă 3-1)6ȭËȍȸ<ǩģěĆɽ=»¢Į!Ė"�

0H5ǩģěĆɽ!È±ǥ;Ħ:�ȭËȍȸ7IǌĞ<»¢7=ǩģěĆɽ!ĕ�'8!8

N6.<0H5�j`v�c�~�Ʀ;Sh�}��zt�^+N'87ÌƘȃ)0`v�

<ɶ¬ĚQÈ6<c�~�7ÊƂľ5.OQäǉɸÓ8+N'875È±ǥ;ǩģěĆɽ!

Ħ:�ȭËȍȸ<ɶ¬ĚIĞɽ+N'8!ëȪ78N6b05ÌƘȃ)0`v�<ȇȔQŧ

Ğ+N'875.O/O<`v�;ěĆ+Nɶ¬Ě8ȭËȍȸ<ȇȔQģņ(-5ɶ¬Ě<

ǘƉ8:NȭËȍȸQɖBN'8IëȪ78N6(i;5äǉɸÓ8:30ɶ¬Ě=Sh�

}�;K36ŀiO6�N0H5ɶ¬Ě<¯Ȝʆ¹QȡŐ)65ơǱ;ǧǥ<ɶ¬ĚQĞɽ

+N'8IëȪ78N6Ƈǭǹ7Ŵ0;Ƙȃ)0ɶ¬ĚQĞɽ+N0H<ŖƯ=5©�< 4

4<ĬǶ7ƘŔ(O6�N6 

  



27 

1. `v�<ÌƘȃ 

2. ÌƘȃ)0`v�QċǦ8)0ɶ¬Ě[j�^<Ƙȃ 

3. ɶ¬ĚȐŔ<ǿÐ 

4. ɶ¬ĚƞȪȐŔ<ǿÐ 

 

1. `v�<ÌƘȃ 

©�<Ŭ²=�j`v�c�~�Ʀ;ǎǺ)6ğŶ(O063.2.1 Ȃ7èŀ)0 610 »<�

j`v�c�~�ǘƉ<ʧȆĶ:��rQ5metaSPAdes(version 3.12.0)[57]Qǖ�6Sh

�}�)06x���j=--meta -t 4 Qǖ�06ɌǿƞɛƼ<ýʡ�5metaSPAdes Qǖ

�0Sh�}�=5900G <���QǱº)54 f�mr7 24 żʅğŶ(O06

metaSPAdes Qǖ�6Sh�}�+N'8!7": 30 106 »<�j`v�c�~�ǘ

Ɖ<ʧȆĶ:��rQ MEGAHIT(version 1.1.3)[58]Qǖ�6Sh�}�)06x���j

=--min-contig-len 1500 Qǖ�06ÄȽǭǹ;��65MEGAHIT 8Ƨɤ)6

metaSPAdes <ŵ!yqȭËȍȸǘƉ<�j`v���rQǖ�0Sh�}�<ŇȪ!ȴ

�'8!Čö(O6�N0H[14]5metaSPAdes Qǖ�6ĕ#<�j`v�c�~�QSh

�}�)0 6Sh�}�;K36ŀiO0a�oT^<�251500bp ©�<a�oT^

Q seqkit < seq ��rQǖ�6èMʌ�06x���j=-m 1500 Qǖ�06 

Sh�}�;K36ŀiO0a�oT^8ʧȆĶ:��rQǖ�6zt�^)5`

v�QÌƘȃ)06zt�^+N0H<n��=�#4 ěĆ+N!5ĕ#<n��7=5

a�oT^< k-mer <ÐǑʠĶJĎċ<ÐǑʠĶ78Noq�u]�ZlrʠĶ5Sh�

}�;ǖ�0�j`v���rQa�oT^;�m{�^+N'8;K36ŀiON5ïa

�oT^<[w�me<ŊČQȔð)5a�oT^QȍȸǷƦ;Ñʢ+N'87`v�QÌ

Ƙȃ+N6zt�^;K36ÌƘȃ(O0`v�=5.<zt�^+Nn��Ʀ;5.<Ȓ

ƌ!ĕĦǝ:N'8!�ŋ(ON6Ƈǭǹ7=53 4<zt�^n��Qǖ�6`v�QÌ

Ƙȃ)06.<ľ5.O/O<n�� iÌƘȃ(O0`v�<� iƁI]Z�oT<ȴ

�`v�Qɵś+N`v�<ȆɃIğŶ)06©�<Ŭ²I5�j`v�c�~�Ʀ;ǎǺ

)6ğŶ(O06b,5metaWRAP(version 1.2.1)[59]< binning ��rQ×ǖ)65zt

�^n��78N MaxBin2(version 2.2.6)[12]5MetaBAT2(version 2.2.6)[13]5

CONCOCT(version 1.0.0)[11]Qǖ�6zt�^)06x���j=5-l 1500, --metabat2, 

--maxbin2, --concoct Qǖ�06Ɵ;5metaWRAP < bin_refinement ��rQ×ǖ)65

MaxBin25MetaBAT25CONCOCT ;K36ÌƘȃ)0`v�QȆɃ)06x���j

=5-c 50 -x 10 --quick Qǖ�06`v�QȆɃ+N0H;5b,5bin_refiner[60]Qǖ�
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652 4<ǝ:Nzt�^n�� iƘȃ(O0`v� iŴ0:`v�QƘȃ)06.<

ľ53 4<zt�^n��Qǖ�6Ƙȃ(O0`v�85bin_refiner Qǖ�6Ƙȃ(O0 4

4<`v� iƁI]Z�oT<ȴ�`v�Qɵś)06`v�<]Z�oT=5

CheckM(version 1.0.12)[61]Q5lineage_wf ��r7x���j=--quick Qǖ�6ğŶ+

N'8;K36èŀ(ON`v�<ĝŔǐ(completeness)8`v�<Ƭƍǐ

(contamination)Qǖ�0©�<ĸ;K36Ğȟ(O06 

Score	=	completeness	–	5	x	contamination 
CheckM =5��iO0`v�<ȇȔQŧĞ)5��iO0`v�;ôbO6�N

ȇȔǌǝǥ:��[�ɶ¬Ě<ƂǇQɖBN'875`v�<ĝŔǐ8ƬƍǐQŧĞ+Nn

��78N6CheckM ;ǖ�iO6�NȇȔǌǝǥ:��[�ɶ¬Ě=5`v��7<.

<ɶ¬Ě<¯ȜIºě(O6�N0H5��iO0`v�;�BN.<ɶ¬Ě<ºƂǐQɖ

BN'87`v�<ĝŔǐQŧĞ+N'8!7"N6b05ȇȔǌǝǥ:��[�ɶ¬Ě

=5.O/O<ȇȔ7 1 a{�) ěĆ):�0H5��iO0`v��7.<ɶ¬Ě<

a{�ŰQɖBN'87`v�<ƬƍǐQŧĞ+N'8!7"N6 

`v�<ĝŔǐ! 50%ƅƻb0=`v�<Ƭƍǐ! 10%©�78N`v�=.<]

Z�oT!°�0H5ɋƋ<ģə iʌĔ)06ÌƘȃ)0`v�=5MIMAG(Minimum 

Information about a Metagenome-Assembled Genome)[62];ċ5�6 2 4<^��~;Ñ

ʢ(O06`v�<ĝŔǐ! 90%©� 4`v�<Ƭƍǐ! 5%ƅƻ78N`v�=]Z�

oT!ʧ�`v�(HQ; High-quality)5`v�<ĝŔǐ! 90%ƅƻb0=`v�<Ƭƍǐ!

5%©�78N`v�=]Z�oT<°�`v�(LQ; Low-quality);Ñʢ(O06 

 

2. ÌƘȃ)0`v�QċǦ8)0ɶ¬Ě[j�^<Ƙȃ 

1 7ÌƘȃ)0`v�Ʀ;5Prokka(version 1.14.0)[63]Qǖ�65`v� iɶ¬Ě<Ďċ

ɸÓQ�ƺ)06x���j=ēſ-,p|Y�qQǖ�06ÌƘȃ)0`v� i�ƺ(

O0È6<ɶ¬Ě<ĎċɸÓQ CD-HIT EST(version 4.7)[64]Qǖ�65identity=95%5

coverage=90%<ʇ½7]�fj��^)06x���j=5ÄȽǭǹ;��6yqȭËȍ

ȸ<ɶ¬Ě[j�^78N IGC[10]QƘȃ)0x���j8ñ*x���j78N-c 0.95 -

G 0 -aS 0.9 -g 1 -r 1 -d -M 0 Qǖ�06]�fj��^;K36ŀiO0§ȿɸÓQäǉɸ

Ó8)06©�<Ŭ²75ɶ¬Ě[j�^QƘȃ+N'8!7"06 

äǉɸÓ:30ɶ¬Ě<ǘƉ8:NȭËȍȸQǌĞ+N0H;=5È6<ÌƘȃ)

0`v�<ȇȔQŧĞ+NŅɆ!8N6) ):!i5.O;=ȰĖ:Ɍǿżʅ!Ɇƫ(O
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N0H5ɌǿɽQƹi+0H;5dRep(version 2.2.3)[65]Qǖ�6`v�<ʢ®Ň;ċ5�

0]�fj��^QȽ�5.O/O<]�fj�7§ȿ8:30`v�<ȇȔQŧĞ)06 

dRep =52 Ƿʢ<]�fj��^7ƘŔ(O6�N6b,5��iO0`v�hm

q;�BNÈ6<`v�ʅ<ʢ®ŇQ Mash(version 2.2)[66]Qǖ�6ǿÐľ590ʬ<ʢ®

Ň7]�fj��^)06Mash =5MinHash ƯQǖ�6 2 4<`v�QƘŔ+N k-mer

<ƂǇQƧɤ+N'87 2 4<`v�<ʢ®ŇQǿÐ+Nn��78N6Mash =5Ɍǿɪ

Ķ=ɪ�!5.<ơǱŇ=5`v�QS�r���qǾ)6Ƨɤ)6�:�0Hľɨ+N

ANI(Average Nucleotide Identity)8Ƨɤ)6°�'8!ǫiO6�N6.<0H5Mash

Qǖ�0]�fj��^;K36ŀiO0]�fj�QƘŔ+NÈ6<`v�ʅ<ʢ®ŇQ

MUMmer(version 3.1)[67]Qǖ�6ǿÐ)595%<ʢ®Ň7ÌĶ]�fj��^)06

MUMmer =52 4<`v�QS�r���q+N'8752 4<`v�ʅ< ANI QǿÐ+

Nn��78N6MUMmer Qǖ�0]�fj��^<Ȓƌ5.O/O<]�fj�7ƁI

]Z�oT<ȴ�`v�Qɵś)5§ȿ`v�8)06`v�<]Z�oT<ǿÐŵƯ=©

�<ĸ;KMǿÐ)06 

Score	=	completeness – 5 x contamination + 0.5 x log (N50) 
.O/O<`v�< completeness 8 contamination =5Ùɨ)0 CheckM Qǖ�

6ǿÐ)06 

ɌǿƞɛƼ<ýʡ�5ÌƘȃ)0 22,547 »<ȭËȍȸ<`v�hmqQ55,000 »

<`v�hmqƦ;��k�;ÑÚ)5dRep Qǖ�6]�fj��^)06x���j

=5--S_ani 0.95 Qǖ�06��k�;ÑÚ)0`v�hmqQ]�fj��^)6ŀiO

0È6<`v�Q5dRep Qǖ�6ÌĶ]�fj��^)5§ȿ`v�Qèŀ)06 

§ȿ`v�<ȇȔ=5GTDB-Tk(version 1.3.0)[68]< classify_wf ��rQǖ�6ŧ

Ğ)06x���j=ǌ;ēſ-,p|Y�qQǖ�6 GTDB-Tk QğȽ)5DB =

version 95 Qǖ�06GTDB-Tk =5ĕ#<ȍȸ!ºƂ)5.O/O<ȍȸ7 1 a{�) 

ěĆ):�ɶ¬Ě<ɸÓQ��iO0`v� i�ƺ)5.OiQǖ�65äǉ8:N`v

�<ȇȔƝ;�BNȇȔQŧĞ+Nn��78N6ȇȔŧĞ)0Ȓƌ5��iO0`v�

85ƁIɧ�ȇȔ78Näǉ8:N`v�<ʢ®ŇQ5MinHash ƯQċǦ8)0

FastANI(version 1.31)[69]Qǖ�6ǿÐ)5.<ʢ®Ň;K365.<ȍȸ<ǷJĩǾ<

ȇȔ<���QŧĞ+N'8!ëȪ78N6´�>5��iO0`v�8äǉ8:30`v

�<ʢ®Ň! 95%©�7830čð5��iO0`v�=äǉ8:30ȍȸ8ñ*Ƿ78

N6GTDB-Tk ;K36ŧĞ(O0ȇȔ=5GTDB-Tk < github 

(https://github.com/Ecogenomics/GTDBTk/);çʀ(O6�N
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gtdb_to_ncbi_majority_vote.py Qǖ�65NCBI Taxonomy ;ēũ)06©�<Ŭ²75

`v�;ěĆ+Nɶ¬Ě8.<`v�<ȇȔQģņ(-N'8!7"06 

 

3. ɶ¬ĚȐŔ<ǿÐ 

©�<Ŭ²=�j`v�c�~�Ʀ;ǎǺ)6ğŶ(O062 7Ƙȃ)0ɶ¬Ě[j�^;

çʀ(O6�Nɶ¬Ě<ĎċɸÓ;ģ)653.2.1 Ȃ7èŀ)0ʧȆĶ:��rQ

BWA(version 0.7.17-r1188)[70]Qǖ�6�Su�r�m{�^)06BWA <x���j=

p|Y�q75mem S�b�g�Q³ǖ)06�m{�^)0Ȓƌ5äǉɸÓ8:30ɶ

¬Ě<ĎċɸÓ8�j`v���r<�Ȳǐ! 95%ƅƻ7830ȒƌQèMʌ�0ľ;5

äǉɸÓ8:30ɶ¬ĚƦ;5�m{�^(O0�j`v���rŰQǿÐ)06äǉɸÓ

8:30ɶ¬Ě;�m{�^(O0�j`v���rŰQäǉɸÓ8:30ɶ¬Ěʃ7ÚN

'87ɶ¬Ě<ɽQǿÐ)06ɶ¬Ě<ǩģěĆɽ=5ǿÐ)0ɶ¬Ě<ɽ<ȗù75.O

/O<ɶ¬Ě<ɽQÚN'87ǿÐ)06 

 

4. ɶ¬ĚƞȪȐŔ<ǿÐ 

2 7Ƙȃ)0ɶ¬Ě[j�^;çʀ(O6�Nɶ¬Ě<ĎċɸÓQS�vɻɸÓ;ēũ)

06.<S�vɻɸÓQ5DIAMOND(version 0.9.14.115)[71]Qǖ�65ɶ¬ĚƞȪp�j

��f78N KEGG(Kyoto Encyclopedia of Genes and Genomes; 2017 ĳ;èŀ)[72];ç

ʀ(O6�NâƐǔǋ<ɶ¬Ě<S�vɻɸÓ;ģ)65ɸÓ<ǩñŇƔȋQğŶ)06

DIAMOND <x���j=5blastp --sensitive Qǖ�06ɸÓ<ǩñŇƔȋ<Ȓƌ5

KEGG ;çʀ(O6�Nɶ¬Ě;ģ)6 identity < 40%b0= bit Score < 70 b0=

Coverage < 80 ƅƻ<ƔȋȒƌQèMʌ"5ɶ¬Ě[j�^;çʀ(O6�Nɶ¬Ě8

KEGG ;çʀ(O6�Nɶ¬ĚQģņ(-06 

3 7ǿÐ)0ɶ¬Ě<ǩģěĆɽ8.<ɶ¬ĚQ KEGG ;çʀ(O6�Nɶ¬ĚQ

ģņ(-65KEGG ;çʀ(O6�Nɶ¬ĚƦ;ɶ¬Ě<ǩģěĆɽQɠ)ðP-N'8

75KEGG ;çʀ(O6�Nɶ¬ĚȐŔQǿÐ)06ɶ¬Ě[j�^;çʀ(O6�Nɶ

¬Ě!ɄŰ< KEGG ;çʀ(O6�Nɶ¬Ě;ģņ)0čð5.<ɶ¬Ě<ǩģěĆɽQ

.<ģņ)0Ű7ÚN'87ɂơ)06 

KEGG ;çʀ(O6�Nɶ¬Ě8 KEGG ORTHOLOGY(KO)Qģņ(-N'8

75KO ���<ɶ¬ĚƞȪȐŔQǿÐ)06KO 8=5KEGG ;çʀ(O6�Nɶ¬Ě<

ƞȪ;ċ5�6Ğȟ(O0Z�i�^78N6ɶ¬ĚƞȪȐŔQƘŔ+NǌĞ< KO <ǩ
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ģěĆɽQɖBN'875ǌĞ<æņQŞ�ɶ¬Ě<ǩģěĆɽQźi ;+N'8!7"

N6 

 

� � �  ȭËȍȸ<ȇȔȐŔ<ǿÐ 

Whole-genome shotgun d�_�d�^;K36ŀiO0�j`v���rQǖ�65.<

ǓĐ;�BNȍȸ<ȇȔȐŔQǿÐ+Nn��!'Ob7;�#4 ʄǣ(O6"06.O

i<n��<ŇȪQɑ¶)0Ȓƌ5�j`v���rQ k-mer ;Ñɋ)5äǉɸÓ8:N

`v�;ģ)6S�r���q+N Kraken 2[73]!ƁIŇȪ!ȴ�'8!Čö(O6�N

[74]6) ):!i5Ùɨ)05�j`v�ɋƋQǖ�0Ėȭ!R<a��qǭǹ< 1 4

[9]=5mOTU2 profiler(version 2.0.0)[75]Qǖ�6ȭËȍȸ<ȇȔȐŔQǿÐ)00H5Ƈ

ǭǹ7I5Kraken 2 7=:# mOTU2 profiler(version 2.0.0)Qǖ�65ĩå@Ƿ���<

ȭËȍȸ<ȇȔȐŔp�jQèŀ)0(ă 3-1)6Ƈǭǹ7³ǖ)0n��QÄȽǭǹ7³ǖ

)0n��;Ȕ�+N'875ÄȽǭǹ7źi ;:30Ȓƌ8Ƈǭǹ7źi ;:30Ȓ

ƌQƧɤ+Nʑ;ǣǔ+Nn��ʅ<ʩʫQɋƵ+N'8!7"N6 

mOTU2 profiler =5ĕ#<ȍȸ!ºƂ)5.O/O<ȍȸ7 1 a{�) ěĆ):

� 10 »<ȇȔ��[�ɶ¬Ě<ĎċɸÓ;ģ)6�j`v���rQ�m{�^+N'8

75.<ǓĐ;�BNȍȸ<ȇȔȐŔQǿÐ+Nn��78N6ȇȔ��[�ɶ¬Ě=5

25,000 ©�<ȍȸ<`v�8 3,100 ©�<�j`v�c�~�<a�oT^ iǔŔ(O

6�N0H5�j`v�c�~�;ôbO6�6`v�!źi ;(O6�:�ȍȸQƔÐ

+N'8!ëȪ78N6´�>5unknown Dialister J unknown Peptostreptococcaceae

=5`v�!źi ;(O6�:�ȭËȍȸ78M5ĕ#<Ėȭ!R<a��q;��65

¾ıȢ8Ƨɤ)6Ėȭ!RŉȢ7.<ǩģěĆɽ!ĕ�'8!Čö(O6�N[9]6 

©�<Ŭ²=�j`v�c�~�Ʀ;ǎǺ)6ğŶ(O06mOTU2 profiler <

map_tax ��r<p|Y�qx���jQǖ�6510 »<ȇȔ��[�ɶ¬Ě<ĎċɸÓ

;ģ)6 3.2.1 Ȃ7èŀ)0ʧȆĶ:��rQ�m{�^ľ5mOTU2 profiler < calc_mgc

��r<p|Y�qx���jQǖ�65.O/O<ȇȔ��[�ɶ¬Ě;ģ)6�m{�

^(O0��rŰQǿÐ)5calc_motu ��r< k <x���jQ mOTU b0= genus ;

.O/OɎĞ)65Ƿ���5ĩ���<ȭËȍȸ<ȇȔȐŔQǿÐ)06 
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� � �  ȭËȍȸ<ǔȦɪĶ<ŧĞ 

ǽ 5 ǻ;65ɒȍ:ŖƯJȒƌ;4�6ľɨ+N!5Ėȭ!RĔǳǥƮǢÙľ7ēÞ+N

ȭËȍȸQǌĞ+N0H;5Ėȭ!RŉȢ<ĔǳǥƮǢÙľ<ȭËȍȸ<ǩģěĆɽQȔɌ

Ĝǥ:ŖƯQǖ�6Ƨɤ)06.<Ȓƌ5ŉȢ<ĔǳǥƮǢľ; 24 Ƿ<ȭËȍȸ<ǩģě

Ćɽ!ƂŌ;đÛ)0'8!Ǳɓ(O0(P < 0.005)6ƇȂ7=5ǔȦɪĶQŧĞ+NŌȟ8

.<ŖƯ<âǒ5ĔǳǥƮǢľ;ǩģěĆɽ!đÛ)0ȭËȍȸ<ǔȦɪĶ<ŧĞŖƯ5ȭ

Ëȍȸ<ŧĞ(O0ǔȦɪĶ8.<ǩģěĆɽ<ʆ¹ŇQɖƎ)0ŖƯ;4�6ɔź+N6 

 

1. ǔȦɪĶQŧĞ+NŌȟ8.<ŖƯ<âǒ 

ǩģěĆɽ<ƧɤɋƋ;��658Nȍȸ<ǩģěĆɽ<ēÞ!¥<ȍȸ<ǩģěĆɽ<ē

Þ;K36Ĺ"ɞ'(ONëȪŇ!8M5.O;K3658Nȍȸ<ȸŰ!ēÞ)6�:�

;IʆPi,5ǩģěĆɽ8)6=ēÞ)6�NK�;ɊĢ(O6)b�ÀʎŇ!ǔ*Në

ȪŇ!8N[76]6.<0H5ǩģěĆɽQȔɌĜǥ;Ƨɤ+N'87ǌĞ)0ȍȸ<ȸŰQ

Ğɽǥ PCR +N'87Ğɽ+N'875.<ȍȸ<ȸŰIǝ:N'8QǱɓ+N'8!ɼ

Ɇ78N[4,8,9]6) ):!i51 Ā<Ğɽǥ PCR 7 1 4<c�~�< 1 4<ȍȸ<ȸŰ

) Ğɽ7",51 Ā<Ğɽǥ PCR ;ŅɆ:ɾɿǥ:afq!ʧ�0H5ĕ#<ȍȸ<ȸ

ŰQĞɽ+N'8!7":�'8!ýʡ8:36�N6 

'Oi<ýʡQɋƭ+N 1 4ŵƯ8)65ȍȸ<`v�85.<ȍȸ< DNA Q

whole-genome shotgun d�_�d�^+N'87ŀiON��rQǖ�65.<ȍȸ<`

v��<��r<ÑįQźi ;+N'87ȍȸ<ǔȦɪĶQŧĞ+NŖƯ! 2015 ĳ;Ǳ

Ǻ(O0[77]6'<ŖƯ7=5ȍȸ<`v�!ǓǍ78M5ɄɃʄęǆ78N ori  iɄɃ

<ȏǆ78N ter b7�ŵó i`v�!ɄɃ(ON8��ªĞ;ċ5�6ǔȦɪĶQŧĞ

+N6�ȳǥ;5ȍȩ<`v�!ɄɃ(O0ľ;5ȍȩ!ÑɁ+N0H5`v�<ɄɃǐ=

.<ȍȩ<ǔȦɪĶQæŻ)6�N8ȡ�iO6�N6ǔȦɪĶ!ʧ�ȍȸ< DNA Q

whole-genome shotgun d�_�d�^)0čð5.<ȍȸ<`v�<ɄɃ<ɪĶ;ņ*6

ŷ;`v�!ɄɃ(O6�Nʟĉ!b1ɄɃ(O6�:�ʟĉKMIĕ#d�_�d�^(

ON0H5`v��<��r<Ñį;Ýɸ!ǔ*N(ă 3-2a)6�ŵ75ǔȦɪĶ!°�ȍȸ

< DNA Q whole-genome shotgun d�_�d�^)0čð5ɄɃ(O6�N`v�<ʟĉ

!Ħ:�0H5`v�È±<ʟĉ!CaćǾ;d�_�d�^(ON(ă 3-2a)6ȍȸ<ǔȦ

ɪĶ=5`v��<ʟĉƦ;��r!9O#i��m{�^(O0< Qȿ+[w�meQ

ǿÐľ5șĻĀİQċǦ8)0ŖƯ;KMɄɃ<ȏǆ÷ɦ<[w�me;ģ+NɄɃʄęǆ

÷ɦ<[w�me<Ƨǐ(PTR; peak-to-trough ratio)QǿÐ+N'87ŧĞ(ON6à�<
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ȍȸ<Ċʥȇ;�BNȍȸ<đƤ<ŧǵ=5.<Ċʥȇ;�BNŧĞ(O0ǔȦɪĶ<ŧǵ

8ģņ)6�N'8IČö(O6�N[77]6'<ŖƯ=5à�<ȍȸ<Ċʥȇ1B7=:

#5ĕ#<ȍȸ!ƷĆ+NǓĐ7Iɴǖ+N'8!7"N!5ȍȸ<ǓǍ<`v�8.<ȍ

ȸǘƉ<ĕ#<��r!ŅɆ78N6'Oi<ýʡQɋƭ+N0H;5�#4 <ǔȦɪĶ

QŧĞ+Nn��!ʄǣ(O6"0[78–80]!5Ƈǭǹ7=5ǓǍ<`v�7=:�r�|

q`v�Qǖ�6°[w�me7IǔȦɪĶQŧĞ7"Nn��78N GRiD(version 

1.2)[81]Qǖ�6ȍȸ<ǔȦɪĶQŧĞ)06 

GRiD =5ǌĞ<ȍȸ<r�|q`v�;ģ)6�j`v���rQ�m{�^

)5r�|q`v�QƘŔ+N.O/O<a�oT^Ʀ;[w�meQǿÐľ5.<[w�

me<ŊČ;ċ5�6a�oT^Q�@ƀ�0ľ;5ĲƿÞžșQċǦ8)0ŖƯ;KM5

ɄɃ<ȏǆ÷ɦ<[w�me;ģ+NɄɃʄęǆ÷ɦ<[w�me<ƧǐQǿÐ+N'87

ǔȦɪĶQŧĞ+Nn��78N(ă 3-2b)6a�oT^<�@ƀ�=5[w�me!ƁĖ8

:Na�oT^!ƁÔ8Ɓľ;¯Ȝ)5[w�me!Ɓĥ8:Na�oT^!�ń;¯Ȝ+

NK�;ģǴ;�@ƀ�iON0H5`v��<��r<Ñį<ÝɸQɖBN'8!7"

N6 

  



34 

 
ă 3-2 ǔȦɪĶ<ŧĞŖƯ 

a =ǔȦɪĶ!ɪ�ȍȸ8ɮ�ȍȸ< DNA Q whole-genome shotgun d�_�d�^+N

'8;K36ŀiON��rQ.<ȍȸ<`v�;�m{�^)5`v��<��r<Ñį

Qǲ)0ă78N6b = GRiD Qǖ�0ǔȦɪĶ<ŧĞŖʝ;4�6ǲ)0ă78N6 

 

2. ĔǳǥƮǢľ;ǩģěĆɽ!đÛ)0ȭËȍȸ<ǔȦɪĶ<ŧĞŖƯ 

©�<Ŭ²=.O/O<ȭËȍȸ;ģ)6�j`v�c�~�Ʀ;ǎǺ)6ğŶ(O06

GRiD < single ��r<p|Y�qx���jQǖ�65ĔǳǥƮǢľ;ǩģěĆɽ!đ

Û)0ȭËȍȸ<ǔȦɪĶQŧĞ)0(ă 3-3)6GRiD Qǖ�0ǔȦɪĶ<ŧĞ;=5ǩģ

ěĆɽ!đÛ)0 24 Ƿ<ȭËȍȸ<`v�!ŅɆ78N6ǩģěĆɽ!đÛ)0ȭËȍȸ

<`v�=5ÌƘȃ)0ȭËȍȸ<Ƿò8 mOTU2 profiler ;�BN 24 Ƿ<ȭËȍȸ<Ƿ
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òQ NCBI Taxonomy Qǖ�6ǉð+N'87èŀ)0624 Ƿ<ȭËȍȸ<�257 Ƿ<

ȭËȍȸ;4�6=5`v�J mOTU2 profiler ;�BN NCBI Taxonomy !źi ;(

O6�:�Ǿ<ǒǘ7ÌƘȃ)0`v�8ǉð+N'8!7": 306 

ǔȦɪĶ<ŧĞ;=5.<ȭËȍȸǘƉ<ĕ#<�j`v���r!ŅɆ78N6

�j`v�c�~�Ʀ;ȭËȍȸ<`v�;ģ)6 3.2.1 Ȃ7èŀ)0ʧȆĶ:��rQ�

m{�^)0Ȓƌ5�ɷ<�j`v�c�~�7=5`v�<[w�me! 0.2 ƅƻ783

00H5.<ȭËȍȸ<ǔȦɪĶQŧĞ+N'8!7": 306ǔȦɪĶQŧĞ+N'8

!7": 30�j`v�c�~�=5.<ȭËȍȸ<ȔɌɋƋ ièMʌ�06 
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ă 3-3 ǔȦɪĶ<ŧĞŖʝ<ƗǛă 

ȨŽ<ȵ=ğŶ(O0ǻJȂƦ;ǝ:N'8Qǲ)6�N6Ʃȵ=53.2.2 Ȃ5Șȵ= 3.2.3

Ȃ5ǂ�Ǆȵ= 5.3.1 Ȃ5Ⱥ�Ǆȵ= 3.2.4 Ȃ;6ğŶ(O0'8Qǲ)6�N6 

 

3. ȭËȍȸ<ǔȦɪĶ8ǩģěĆɽ<ʆ¹Ň 

ȭËȍȸ<ǩģěĆɽ8ŧĞ(O0ǔȦɪĶ<ʆ¹ŇQźi ;+N0H;5Ėȭ!RĔǳ

ǥƮǢÙ<ŉȢ8Ėȭ!RĔǳǥƮǢľ<ŉȢ;�BN5ȭËȍȸ<ǩģěĆɽ8ȭËȍȸ

<ŧĞ(O0ǔȦɪĶ< spearman <ǩʆ¹ŰQ5R < cor Qǖ�6.O/OǿÐ)06

Method <x���j= spearman Qǖ�06b05'Oi!ȔɌĜǥ;ǩʆʆ¹;8N<

 QɖBN0H; R < cor.test Qǖ�6ǇǩʆƔĞ) P ½Q.O/Oèŀ)06Method

<x���j= spearman Qǖ�06.O/O<ȭËȍȸ;��65ǔȦɪĶQŧĞ+N

'8!7": 30ŉȢQèMʌ�6ǩʆ¹ŰJ P ½QǿÐ)06 
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� � 	  Bai Z���<Ğɽ 

ǽ 6 ǻ;6ɒȍ;ľɨ+N!5Ėȭ!RŉȢ<ĔǳǥƮǢÙľ<¸;ôbO6�N§ɘǕ

ǋ<ɽQƧɤ)0Ȓƌ5a��ɻ8ǣ!RŇ!Čö(O6�NpZyda��ɻ<ɽ!Ĕǳ

ǥƮǢľ;đÛ)0'8!Ǳɓ(O06a��ɻ ipZyda��ɻA<ēũ=5a��

ɻ<fo�rrƐ< C-7 ¯;¦Û(O6�N αyr�ydċQĔ+æņ78N6'<æņ

=Ʉʔ78N0H5ǌĞ< 1 4<ɶ¬Ě7=:#5ʓŦ)0 8 4< bai ɶ¬Ě(baiB, 

baiCD, baiE, baiA, baiF, baiG, baiH, baiI) iƘŔ(ON bai Z���;K36.<æņ

!ØŁ(O6�N62019 ĳ;5bai Z���QƘŔ+N 8 4< bai ɶ¬Ě<�256 4<

bai ɶ¬Ě(baiB, baiCD, baiE, baiF, baiA, baiH)!a��ɻ ipZyda��ɻ;ēũ+

Næņ;Ņʞ78N'8!Čö(O6�N[82]6 

Bai Z���QƘŔ+N 8 4< bai ɶ¬Ě<ɸÓ=5NCBI Ǿ<ÉÊp�j��f7

Éʄ(O6�N!5.<Ű!ʘı;Ħ:�0H5�j`v���r i'Oi<ɶ¬ĚQĞ

ɽ+N<=Ăʖ783062019 ĳ;5ʒO��a|�p�(Hidden Markov Model; HMM)

JɸÓ<ǩñŇƔȋQċǦ8)0ŖƯ;K365yqȭËȍȸ<ɶ¬Ě[j�^78N

IGC[10];çʀ(O6�Nɶ¬ĚɸÓ8.<ɶ¬ĚȐŔ i5'Oi<ɶ¬ĚJZ���Q

ǌĞ)5.OiQĞɽ+NŖƯ!ǱǺ(O0[9]6'<ŖƯ7=5ɶ¬Ě<ǩģěĆɽ<Ê

ɞʆ¹Qċ;Z���QĞȟ)5.OQĞɽ)6�N!5ɶ¬Ě<¯Ȝʆ¹Qźi ;)6

�:�0H5pZyda��ɻ<ǔŔ;Ņʞ78NÈ6<ɶ¬Ě!ôbO6�:�Z���

QĞɽ)6�NëȪŇ!8N6 

Ƈǭǹ7=5'<ŖƯQŭȴ)5©�< 3 4<ĬǶ75ʓŦ+N 6 4< bai ɶ¬Ě

(baiB, baiCD, baiE, baiF, baiA, baiH)QºƂ+NȭËȍȸ<`v�QÌƘȃ)5.<ɶ¬

Ě8ɶ¬Ě[j�^;çʀ(O6�Nɶ¬ĚQģņ(-6 bai Z���QĞɽ)0(ă 3-

4)6 

 

1. ʒO��a|�p�<Ƙȃ 

2. ʒO��a|�p�Qǖ�0pZyda��ɻǔŔȸ<ťȋ 

3. ɶ¬Ě[j�^;çʀ(O6�N bai Z���<Ğɽ 
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ă 3-4�
�. Z���<ĞɽŖʝ<ƗǛă 

ȨŽ<ȵ=ğŶ(O0ǻJȂƦ;ǝ:N'8Qǲ)6�N6Ʃȵ=53.2.2 Ȃ5Șȵ= 3.2.5

Ȃ< 15Ⱥ�Ǆȵ= 3.2.5 Ȃ< 2 8 3 ;6ğŶ(O0'8Qǲ)6�N6 

 

1. ʒO��a|�p�<Ƙȃ 

©�<Ŭ²= bai Z���QƘŔ+N 8 4<ɶ¬ĚƦ;ǎǺ)6ğŶ(O06b,5bai Z

���QƘŔ+Nɶ¬Ě<S�vɻɸÓQ UniProt  i 2020 ĳ;ks���r)0(¦ʀ

2)6ks���r)0ɶ¬Ě iųǊÞ(O6�Nɶ¬ĚQèMʌ�0ľ5mafft(version 

7.427)[83]Qǖ�6��l~�S�r���q)06x���j=--auto Qǖ�06��l

~�S�r���q)0ɶ¬Ě<S�vɻɸÓQ trimAI(version1.2rev59)[84]Qǖ�65

ĕ#<ɶ¬Ě7ºě(O6�NS�vɻɸÓ©Ĕ<S�vɻɸÓQèMʌ�06x���j

=-gt 0.9 -cons 60 Qǖ�06HMMER software(version 3.2)[85]< hmmbuild ��rǖ�

65hmm profile QƘȃ)06 

 

2. pZyda��ɻ<ǔŔȸ<ťȋ 

©�<Ŭ²= 3.2.2 Ȃ< 1 7ÌƘȃ)0 22,547 »<ȭËȍȸ<`v�Ʀ;ǎǺ)6ğŶ(

O06`v�;ôbO6�NÈ6<ɶ¬Ě<S�vɻɸÓ;ģ)651 7Ƙȃ)0 8 4<
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hmm profile Q HMMER software < hmm scan ��rQǖ�6.O/Oɴǖ+N'8

75bai Z���QƘŔ+N bai ɶ¬Ě<¼ɂQťȋ)06x���j=-E 1x10-10Qǖ�

06Ɵ;5.<¼ɂ8:30ɶ¬ĚQ 1 7ks���r)0ɶ¬Ěģ)6 BLAST+(version 

2.2.30)[86]< BLASTP ��rQǖ�6ɸÓ<ǩñŇƔȋQğŶ)06x���j=p|Y

�qx���jQǖ�06ɸÓǩñŇƔȋ<Ȓƌ51 7ks���r)0ɶ¬Ě;ģ)6

identity < 70%ƅƻ<ƔȋȒƌQèMʌ"5bai Z���QƘŔ+N bai ɶ¬ĚQǌĞ)

06Ɓľ;5'Oi< bai ɶ¬Ě<¯Ȝʆ¹QɖBN'875`v��7 6 4< bai ɶ¬Ě

(baiB, baiCD, baiE, baiF, baiA, baiH)!ʓŦ)6�N 9� QɖƎ)06'Oi 6 4<

bai ɶ¬ĚQºƂ+NȭËȍȸQ5pZyda��ɻǔŔȸ8)6Ğȟ)06 

 

3. ɶ¬Ě[j�^;çʀ(O6�N bai Z���<Ğɽ 

pZyda��ɻǔŔȸ< bai Z���QƘŔ+N 8 4< bai ɶ¬Ě(baiB, baiCD, baiE, 

baiA, baiF, baiG, baiH, baiI)853.2.2 Ȃ< 2 7Ƙȃ)0ɶ¬Ě[j�^;çʀ(O6�N

ɶ¬ĚQ.O/Oģņ(-06ɶ¬Ě[j�^;çʀ(O6�Nɶ¬Ě<ǩģěĆɽQ

3.2.2 Ȃ< 3 7ǿÐ)0ɶ¬ĚȐŔ iŝÐľ5.O/O<ǔŔȸ< 8 4< bai ɶ¬Ě<ǩ

ģěĆɽQɶ¬ĚƦ;ɠ)ðP-N'8758 4< bai ɶ¬Ě<ȐŔQǿÐ)06'< bai

ɶ¬Ě<ȐŔ;ôbO6�N 8 4<ɶ¬Ě<ǩģěĆɽ<ȗùQ�j`v�c�~�Ʀ;

ǿÐ+N'875bai Z���<ȐŔQèŀ)06 

 

� � 
  ɶ¬Ě[j�^<ɑ¶ 

Ƈǭǹ7Ƙȃ)0ɶ¬Ě[j�^8ŷě<yqȭËȍȸ<ɶ¬Ě[j�^78N IGC[10];

çʀ(O6�Nɶ¬Ě<ɼɄǐ85.Oi;ģ+N�j`v���r<�m{�^ǐQɑ¶

)06 

 

ɶ¬Ě<ɼɄǐ<ɑ¶ 

b,5ŷě<yqȭËȍȸ<ɶ¬Ě[j�^78N IGC ;çʀ(O6�Nɶ¬Ě<Ďċɸ

ÓQ©�< url�

(ftp://climb.genomics.cn/pub/10.5524/100001_101000/100064/1.GeneCatalogs/IGC.fa.gz)
 iks���r)06IGC ;çʀ(O6�Nɶ¬Ě;ģ+N5Ƈǭǹ;K36ŀiO0

ɶ¬Ě[j�^;çʀ(O6�Nɶ¬Ě<ÚðQźi ;+N0H;5IGC ;çʀ(O6

�Nɶ¬Ě<ĎċɸÓ853.2.2 Ȃ< 2 7Ƙȃ)0ɶ¬Ě<ĎċɸÓQȔðľ5CD-HIT 
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EST Qǖ�6 identity=95%5coverage=90%<ʇ½7]�fj��^)06]�fj��

^<x���j=5-c 0.95 -G 0 -aS 0.9 -g 1 -r 1 -d -M 0 Qǖ�06ɶ¬Ě<ɼɄǐ<ëɉ

Þ=5R < VennDiagram(version 1.6.20)xm_�e< venn.diagram Qǖ�06 

 

ɶ¬Ě[j�^;ģ+N�j`v���r<�m{�^ǐ<ɑ¶ 

ƇȂ<Ŭ²=�j`v�c�~�Ʀ;ğŶ(O06b,53.2.2 Ȃ< 2 7Ƙȃ)0ɶ¬Ě[

j�^;çʀ(O6�Nɶ¬Ě<ĎċɸÓ;ģ)653.2.1 Ȃ7èŀ)0ʧȆĶ:��r

Q5BWA Qǖ�6�Su�r�m{�^)06Ɵ;5IGC ;çʀ(O6�Nɶ¬Ě<Ďċ

ɸÓ;ģ)653.2.1 Ȃ7èŀ)0ʧȆĶ:��rQ5BWA Qǖ�6�Su�r�m{�

^)06Ɓľ;5IGC 8Ƈǭǹ7Ƙȃ)0ɶ¬Ě[j�^QȔð)0ɶ¬Ě[j�^;ç

ʀ(O6�Nɶ¬Ě<ĎċɸÓ;ģ)653.2.1 Ȃ7èŀ)0ʧȆĶ:��rQ5BWA Q

ǖ�6�Su�r�m{�^)06BWA <x���j=p|Y�q75mem S�b�g

�Q³ǖ)06�m{�^)0Ȓƌ5äǉɸÓ8:30ɶ¬Ě<ĎċɸÓ8�j`v���

r<�Ȳǐ! 95%ƅƻ7830ȒƌQèMʌ"5.O/O<ɶ¬Ě[j�^;çʀ(O6

�Nɶ¬Ě<ĎċɸÓ;�m{�^(O0��rŰQǿÐ)06.O/O<ɶ¬Ě[j�^

;çʀ(O6�Nɶ¬Ě<ĎċɸÓ;�m{�^(O0��rŰQʧȆĶ:��rŰ7ÚN

'875.O/O<ɶ¬Ě[j�^;ģ+N�j`v���r<�m{�^ǐQǿÐ)06 

 

� � �  Éʄ(O6�N�j`v���rQǖ�0�j`v�ɋƋ 

2.2.7 Ȃ7èŀ)0 Voigt et al.ǘƉ< 29 c�~�<�j`v���r=53.2.1 Ȃ7Ùɨ)

0ʧȆĶ:��r<èŀ8ñ*ŖƯ7ʧȆĶ:��rQèŀ)06ʧȆĶ:��rQǖ�0

Sh�}��zt�^ǾQğŶ-,;53.2.2 Ȃ< 3 8 4 7Ùɨ)0ɶ¬ĚȐŔå@ɶ¬Ě

ƞȪȐŔ<ǿÐ8ñ*ŖƯ75ʧȆĶ:��rQ 3.2.2 Ȃ< 2 7Ƙȃ)0ɶ¬Ě[j�^;

çʀ(O6�Nɶ¬Ě<ĎċɸÓ;ģ)6�m{�^+N'875ɶ¬ĚȐŔ8ɶ¬ĚƞȪ

ȐŔQǿÐ)06 
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� � Ȓƌ�ȡĢ 

� � �  ʧȆĶ:��r<èŀ 

d�_�c� i51 c�~�80M 4.71x107Ƈ(�Ę½)<�j`v���rQèŀ)06

.O;ôbO6�N]Z�oT<°���rJ5Ġ�78NyqǘƉ<��rǾQèMʌ#

'8751 c�~�80M 4.30x107Ƈ(�Ę½)<ʧȆĶ:��rQèŀ)06d�_�c�

 iŀiO0�j`v���r< 6.55%(�Ę½)!5ʧȆĶ:��rQèŀ+NɯǶ7èM

ʌ O0'8!Ǳɓ(O0(ă 3-5a)6b05ʧȆĶ:��rQèŀ+NɯǶ;��65yq

ǘƉ<��rQʌã+NĬǶ7ƁIĕ#<�j`v���r!ʌã(O0'8IǱɓ(O0

(ă 3-5b)6(i;5yqǘƉ<��r<Úð=5ǌĞ<�j`v�c�~�7<Fĕ�'8

IǱɓ(O0(ă 3-5b)6'Oi<Ȓƌ=5ǌĞ<�j`v�c�~�;��6¸;ĕ#<y

qǘƉ< DNA !ƷÇ)0'8QæŻ)6�NëȪŇ!ȡ�iON6ÄȽǭǹ;��65ǅ

ǡŇȭǟŉ<ŉȢ<¸;=yq< DNA !ĕ#ƷÇ)6�M5ǅǡǾ;KNÐȼ!yq`v

�<µȓƼ78NëȪŇ!Čö(O6�N[87]6b05¸<ǀȼƔƎ=Ėȭ!RQǣɇ+N

0H<f]��t�^;ƁIǖ�iO6�N'8IČö(O6�N[33]6©�<'8 i5

yq`v�<ƷÇɽ=Ėȭ!R8ʆ¹)5.<µȓƼ=Ėȭ!R;ɞā+NÐȼ78NëȪ

Ň!ǲû(O06 
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ă 3-5 ʧȆĶ:��rQèŀ+NɯǶ;�BN��rŰ<ŧǵ�

Ɯɣ<ǜí=5ʧȆĶ:��rQèŀ+NɯǶ75.O/O<ÏǒQğŶ)0ʝǜ;ģņ)

6�N(Î´äǉ)6Ǆȵ<ș=5ñ�<�j`v�c�~�78N'8Qǲ)6�N6 

 

� � �  ÌƘȃ)0`v�<]Z�oT<ɑ¶ 

�j`v�c�~�Ʀ;.<�j`v�c�~�<ʧȆĶ:��rQSh�}�)5a�o

T^Qèŀ)06'Oi<a�oT^<�251500bp ©�<a�oT^QèMʌ�0Ȓ

ƌ51 c�~�80M521,109 Ƈ(�Ę½)<a�oT^Qèŀ)061 c�~�80M<a

�oT^< N50 =513150.5(�Ę½)78306 

ʧȆĶ:��r8.O iŀiO0a�oT^Qǖ�65�j`v�c�~�Ʀ

;5`v�QÌƘȃ)06.Oi<`v�<]Z�oTQɑ¶)0Ȓƌ51 c�~�80

M514 »<]Z�oT!°�`v�(�Ę½)8517 »<]Z�oT!ʧ�`v�(�Ę½)

QÌƘȃ+N'8!7"06ï�j`v�c�~� iÌƘȃ)0`v�QȔð)0Ȓƌ5

716 »<�j`v�c�~� i 10,148 »<]Z�oT!°�`v�8512,399 »<]Z

�oT!ʧ�`v�QÌƘȃ+N'8!7"0(ă 3-6b)6yqȭËȍȸ=5ñ*Ƿ7IƏƦ

;ºƂ)6�Nɶ¬Ě!ǝ:N'8!8N0H5�j`v���r iÌƘȃ)0ȭËȍȸ
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<`v�I[j�^Þ+N'8!Ũƒ(O6�N[14–17]6.<0H5Ƈǭǹ7ÌƘȃ)0

`v�I5yqȭËȍȸ<`v�<�i�f8)6×ǖ7"NëȪŇ!ǲû(O06 

 

 
ă 3-6 ÌƘȃ)0ȭËȍȸ<`v�<]Z�oT 

a =ÌƘȃ)0 22,547 »<ȭËȍȸ<`v�<ĝŔǐ8`v�<ƬƍǐQǲ)0ůįă7

8N6b <Ɠ^�|=.O/O<^��~;ĩ+N`v�ŰQǲ)6�N6ȵ=`v�<]

Z�oT;K36Ñʢ)0^��~Qȿ)6�N(Î´äǉ)6 

 

� � �  ɶ¬Ě[j�^<Ƙȃ8.<ɑ¶ 

ÌƘȃ)0 22,547 »<`v� i 50,485,540 »<ɶ¬Ě!�ƺ(O06'Oi<ɶ¬Ě

Q5.<ĎċɸÓ<ʢ®Ň;ċ5�6]�fj��^)0Ȓƌ54,105,853 »<ɶ¬Ě!ç

ʀ(O6�Nɶ¬Ě[j�^QƘȃ+N'8!7"06 

b,5Ƈǭǹ7Ƙȃ)0ɶ¬Ě[j�^8ŷě<yq<ȭËȍȸ<ɶ¬Ě[j�^

78N IGC ;çʀ(O6�Nɶ¬Ě<ɼɄǐQɖƎ)06.<Ȓƌ5Ƈǭǹ7Ƙȃ)0ɶ

¬Ě[j�^= IGC < 29.4%) ȖȞ7"6�:�'8!Ǳɓ(O0(ă 3-7a)6�ŵ75

Ƈǭǹ7Ƙȃ)0ɶ¬Ě[j�^< 32.1%<ɶ¬Ě=5IGC ;çʀ(O6�Nɶ¬Ě8ɼ

Ʉ):�'8IǱɓ(O0(ă 3-7a)6 
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Ɵ;5ɶ¬Ě[j�^;çʀ(O6�Nɶ¬Ě<ĎċɸÓ;ģ+N�j`v���

r<�m{�^ǐQɖƎ)06Ƈǭǹ7Ƙȃ)0ɶ¬Ě[j�^;ģ+N 1 c�~�80

M<�j`v���r<�m{�^ǐ= 73.0%(�Ę½)78N'8!Ǳɓ(O0(ă 3-7b)6

IGC J5IGC 8Ƈǭǹ7Ƙȃ)0ɶ¬Ě[j�^QȔð)0ɶ¬Ě[j�^;ģ+N 1 c

�~�80M<�j`v���r<�m{�^ǐ=5.O/O 74.9%(�Ę½)576.9%(�Ę

½)78N'8!Ǳɓ(O0(ă 3-7b)6Ƈǭǹ7Ƙȃ)0ɶ¬Ě[j�^<ɶ¬Ě=5IGC

;çʀ(O6�Nɶ¬Ě< 29.4%) ȖȞ7"6�:�;IʆPi,5Ƈǭǹ7Ƙȃ(O0

ɶ¬Ě[j�^8 IGC ;ģ+N 1 c�~�80M<�j`v���r<�m{�^ǐ<Į

Ñ=P, 1.9%78306©�<Ȓƌ i5Ƈǭǹ7Ƙȃ)0ɶ¬Ě[j�^Qǖ�0ɶ

¬ĚȐŔ<ǿÐŖƯ;K365�j`v���r;ôbO6�NȭËȍȸ<ɶ¬ĚQßÑ;

ƔÐ+N'8!7"0ëȪŇ!ǲû(O06 
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ă 3-7 ɶ¬Ě[j�^<ɑ¶ 

a =ŷě<ɶ¬Ě[j�^78N IGC ;çʀ(O6�Nɶ¬Ě8Ƈǭǹ7èŀ)0ɶ¬Ě

[j�^;çʀ(O6�Nɶ¬Ě<ɼɄ)0ŰQȿ)0��ă78N6b =5.O/O<ɶ

¬Ě[j�^;ģ+N�j`v���r<�m{�^ǐQǲ)0ȁ?Că78N6Șȵ!

IGC5ɝȵ!Ƈǭǹ7èŀ)0ɶ¬Ě[j�^5ȶȵ!.OiQȔð)0ɶ¬Ě[j�^;

ģ+N�m{�^ǐQǲ)6�N6 

 

� � �  ɶ¬ĚƞȪȐŔ<ǿÐ 

ɶ¬Ě[j�^;çʀ(O6�NȈ 4.11x106(4,105,853)»<ɶ¬Ě<ĎċɸÓQS�vɻ

ɸÓ;ēũľ5ɶ¬ĚƞȪp�j��f78N KEGG ;çʀ(O6�NâƐǔǋ<ɶ¬Ě

<S�vɻɸÓ;ģ)6ɸÓ<ǩñŇƔȋQğŶ)06.<Ȓƌ5Ȉ 2.72x106(2,718,565)

»<ɶ¬Ě!5KEGG ;çʀ(O6�Nɶ¬Ě8ģņ)0'8!Ǳɓ(O06b05Ȉ

1.46x106(1,460,503)»<ɶ¬Ě!5KO 8ģņ)0'8IǱɓ(O06ɶ¬Ě[j�^;ç

ʀ(O6�Nɶ¬Ě<ĎċɸÓ;ģ)6�j`v���rQ�m{�^+N'87ǿÐ)0

ɶ¬ĚȐŔ85.<ɶ¬Ě[j�^<ɶ¬Ě8ģņ+N KO Qģņ(-N'8756081 »

< KO QǌŃɽ8)0ɶ¬ĚƞȪȐŔQǿÐ+N'8!7"06 
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� � 	  ǔȦɪĶ<ŧĞ 

ĔǳǥƮǢľ;ǩģěĆɽ!đÛ)0 17 Ƿ<ȭËȍȸ<ǔȦɪĶQŧĞ)06ǔȦɪĶ<

ŧĞ;=5.<ȭËȍȸǘƉ<ĕ#<��r!ŅɆ78N0H5�ɷ<�j`v�c�~�

;��65ǌĞ<ȭËȍȸ<ǔȦɪĶQŧĞ+N'8!7": 306.O/O<ȭËȍȸ

;��6ǔȦɪĶQŧĞ+N'8!7"0c�~�ŰQȿ 3-1 ;ǲ)06 

Ėȭ!RĔǳǥƮǢÙ<ŉȢ8Ėȭ!RĔǳǥƮǢľ<ŉȢ;��65ǩģěĆɽ

8.<ǔȦɪĶ;ơ<ǩʆʆ¹!8NȭËȍȸQťȋ)06.<Ȓƌ5.O/O<ŉȢ75

4 Ƿ<ȭËȍȸ(Parabacteroides merdae, Bifidobacterium longum, C. scindens, 

Ruminococcus gnavus)<ǩģěĆɽ8.<ǔȦɪĶ;ơ<ǩʆʆ¹!8N'8!Ǳɓ(O0

(ǩʆ¹Ű > 0.4)6.<0H5'Oi< 4 Ƿ;4�6=5Ėȭ!RĔǳǥƮǢÙ<ŉȢ8Ƨ

ɤ)65Ėȭ!RĔǳǥƮǢľ<ŉȢ7ǔȦɪĶ!ʧ�ëȪŇ!ǲû(O06 
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� 3-1 ��������	�
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�����  @35<9iI´�r©#t� 

%3�22,547X#Z���68BF�+�@35<9iI´#�r"o¹�	- 6�#

bai³Re(baiB, baiCD, baiE, baiF, baiA, baiH)/W|�-8BF/t��6��#¡��

6�# bai³Re/W|�-8BF/ 11X�i�6(ª 3-2)��"�.# 11X#8BF#

6�# bai³Re#T£·V/±��6�T£·V/±��6¡��7X#8BF"



��6�# bai³Re�]�9K?17"ga��
-.���°�.6�.# 7X#8B

F$�baiI³ReQd# 7X# bai³Re/W|�-.�(�°�.6(` 3-8)� 

�"�.# 7X#8BF#�¢/vi�6��#¡��5X#8BF$ C. scindes�

2X#8BF$ C. hiranonis"0;2KGKA�.6�.# 2�$@35<9iI´/�

r�-.��b^�.�
-6'[88]�~���t��6@35<9iI´�r©$x��

$!
.���°�.6� 

{m"�Z���6Y�# C. scindens� C. hiranonis#8BF"�6�# bai³R

e�¸u��ga�-#� ��/±��6(ª 3-2)�C. hiranonis"�
�$�Z���

6Y�#8BF��6�# bai³Re�¸u��ga�6.���°�.6�My��C. 

scindens"�
�$�Z���6 13X#8BF#���4�#8BF"$ 6�# bai³R

e�ga�!
.���°�.6�%6��# 4�#8BF# 1�

(HGKY7ADXX_PG0662_183A0202_H1_L002.bin.24)$��#63H?1�»
.�(�

°�.6(8BF#hr�=95.02%, 8BF#���=0.765%)�.#¡�$�0=KCI�

�!��66' bai³Re�ga�!��6\§p�U
.�/�_��
-�QN#.�

�+�C. scindens#@35<9iI´#�r§$��"�!-\§p��_�.6�C. 

scindens#�jga¶�c[�6.�$�o3�( bai3bJK#�jga¶�c[�6

.�/W­��!
6'�³Re/i¶�-.��µ«�	-�¤�+.-� 

d����m"@35<9iI´�c[�6.�"S
�C. scindens) C. 

hiranonis�d����m" bai3bJK/�n�6\§p(¤�+.6��#6'�]M

q¥��#Z���6 C. scindens� C. hiranonis#8BF# bai3bJK#|�/±��

-.�/®&6��]Mq¥� C. scindens� C. hiranonis#8BF/Z���-.���

�!��6�Pm�Oxford nanopore/�
6 long-reads/�
6G>8BF¬�"*�

��C. scindens� C. hiranonis#8BF/Z����]M#q¥��C. scindens) C. 

hiranonis�d����m" bai3bJK/�n�6� ���­�-.���¦�´�

bai3bJK#�n#·Vp/*,¯ "z+�"�-.��}l�.-� 
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` 3-8 @35<9iI´�r©# ��� 3bJK/�r�-³Re#�² 

�.�.#¨$³Re#�º/ª��
-�sk#O#wf$G>8BF;KaI��#G

>8BF;KaI#4?:Hi/ª��
-� 
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 3-2 ����� Clostridium scindens� Clostridium hiranonis�����
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Ǟ�Ǜ ĆǓǀƕƽÏĺ:�$JȊÂƮā;¿

¦»Əȼ 

� � ĮȰ 

ŶǛ6<485 �;ĈȊ Nńȃ;ĆǓǀƕƽÏĺ:�$JȊÂƮā;¿¦»;ƏȼōƘF

.;ǲź:485Ɂ@J5B,4ĈȊ Nńȃ;ȊÂǮȓ;ǨǴǰŋF4.KH;Ɏ¡ċƈ

Ȉǰŋ4�ȱưƦ;ǰŋ ĆǓǀƕƽÏĺ6Ʒ9J;�8��MūH�:+J0a:4

Bray-Curtis ȹɡMüǁ7)0y�v�ɚ;ɪ£łM.K/K;ǰŋƎ:ǡÈ)4³�ɚ;

ėŀ;98ǴȣĎǀ9ōƘ7³�ɚ;ėŀ;7JǴȣĎǀ9ōƘMƱ854ĆǓǀƕƽÏ;

ńȃ7ĆǓǀƕƽĺ;ńȃ;y�v�ɚ;ɪ£łM.K/KƏȼ)05űĺ:4ĈȊ N7

ɛ¯)58JâȈł 7JqjYn};Ɯ¾ɖ(]�u�y��HļHK0~dYn}��

k:ëBK58JqjƳŷ;��k;Ñè) 4ĆǓǀƕƽÏĺ68;G�:ĄÖ)0;�

Mȯż)05ǴȣȢŹ;ǲź4ĆǓǀƕƽĺ;ńȃ;ȊÂƮā<4ĆǓǀƕƽÏ;ńȃ;Ȋ

ÂƮā7Əȼ)5Ųņ:Ʒ9JC7 ǍȬ(K0(P < 0.005)5B04qjYn};Ɯ¾ɖ<

ĈȊ N;ɇȗ:Ļ35.;ɖ ć"9I4ĆǓǀƕƽĺ:.;ɖ Ųņ:ƝĚ)0C7E

ǍȬ(K0(P < 0.005)5��;ǲź�H4ĈȊ N;ĆǓǀƕƽ<4ĈȊ NMÊɟ+J1

$69"ȊÂƮāMĈ!"ĄÖ(-JâȈł Ǐï(K05 

 

� � ōƘ 

� � �  ǰŋi�d:ė+JćƉ¼øǻƘ;ɌƱ 

ŶǤ6<4ćƉ¼øǻƘ:Ʊ80i�d;ßļŨƘ7.KMƱ80ćƉ¼øǻƘ:485Ȯ

ū+J5 

B,4ćƉ¼øǻƘ:Ʊ80i�d;ßļŨƘ:485Ȯū+J5çȚɬȃ;ƸĎ

i�d4ĝ�w�;ȊÂǮȓá;ǨǴǰŋi�d4ȊÂǮȓ;Ɏ¡ċƈȈǰŋi�d4�ȱ

ưƦ;ǰŋi�dM42.2.8 Ǥ43.2.3 Ǥ43.2.2 Ǥ42.2.4 Ǥ:5.K/Kßļ)05�ȱư

Ʀ;ǰŋi�d:485<4ȚɬȃƎ:�ȱưƦ;Đɖµ;ǶîMǡÈĺ4.;Ƕî6.K

/K;�ȱưƦ;ĐɖµMÑJC764.K/K;�ȱưƦ;ĐɖµMǃėµ:țƊ)05 
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Ɖ:4ćƉ¼øǻƘ:485Ȯū+J5ćƉ¼øǻƘ<4ǰŋi�dǠ:Ƴŷ+J

y�v�ɚ;ɪ£łǠMβ)0ȹɡȗËM 2 Ɖ¼B0< 3 Ɖ¼;Ǚɚ:øǻ+JōƘ67

J5C;ōƘ:GI4.K/K;Ɖ¼:�$Jy�v�ɚ;ɪ£łMÝŬ)0çy�v�;

İƅMßļ+JC7 6!J5Ŷǋǘ6<4.K/K;ǰŋi�d:�$J4ĈȊ Nńȃ

;ĆǓǀƕƽÏĺ;ɪ£łMâȠÖ+J0a:4.K/K;ǰŋi�d:Ƴŷ+Jy�v�

ɚ;ȹɡȗË:ė)5ćƉ¼øǻƘMɌƱ)42 Ɖ¼�:y�v�ɚ;ɪ£łMâȠÖ)

05R ; vegan pgu�^(version 2.5-3); metaMDS MƱ854.K/K;ǰŋ:�$J

y�v�ɚ;ȹɡȗË;ǡÈ)4.KMćƉ¼øǻ+JC76çȚɬȃ; 2 Ɖ¼Ǚɚ�;

İƅMßļ)05p�~�d< k=24trymax=204distance=’bray’MƱ8052 4;y�v

�ɚ;ȹɡ<4Bray-Curtis ȹɡ:G35ǡÈ)05 

 

� � �  ǰŋi�d;ĄÖ;ǴȣĎǀ9ƏȼŨƘ 

B,4ǰŋi�d;ǴȣĎǀ9Əȼ:Ʊ80i�d;ßļŨƘ:485Ȯū+J5çȚɬȃ

;ƸĎi�d4ĝ�w�;ȊÂǮȓá;ǨǴǰŋi�d4ȊÂǮȓ;Ɏ¡ċƈȈǰŋi�

d4�ȱưƦ;ǰŋi�dM42.2.8 Ǥ43.2.3 Ǥ43.2.2 Ǥ42.2.4 Ǥ:5.K/Kßļ)

05Ŷǋǘ6<4·Ĩȃ;ŭǨËi�dMßļ)58980a4Àə(K58JZy�j;

·Ĩȃ;ŭǨËi�dMǴȣĎǀ9Əȼ:Ʊ805Voigt et al.;·Ĩȃ;ȊÂǮȓá;Ǩ

Ǵǰŋi�d7Ɏ¡ċƈȈǰŋi�d4Nagata et al.;·Ĩȃ;�ȱưƦ;ǰŋi�dM

3.2.7 Ǥ43.2.7 Ǥ42.2.7 Ǥ:5.K/Kßļ)05�ȱưƦ;ǰŋi�d:485<4Ț

ɬȃƎ:�ȱưƦ;Đɖµ;ǶîMǡÈĺ4.;Ƕî6.K/K;�ȱưƦ;ĐɖµMÑJ

C764.K/K;�ȱưƦ;ĐɖµMǃėµ:țƊ)05³�ɚ;ėŀ;98ōƘ7³�

ɚ;ėŀ;7JōƘMƱ854ǰŋi�d;ĄÖMǴȣĎǀ:ȩ­)05 

 

³�ɚ;ėŀ;98ǴȣĎǀ9ƏȼōƘ 

ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;.K/K;ǰŋi�dM4³�ɚ;ėŀ;98

PERMANOVA(Permutational multivariate analysis of variance)ſĐMƱ85Əȼ)05

PERMANOVA ſĐ<4R ; vegan pgu�^; adonis MƱ85đũ)4P µMßļ)

05p�~�d<4method=’bray’4permutation=9999 MƱ805PERMANOVA ſĐ6

<4ńȃ;�w�(ĆǓǀƕƽÏ4ĆǓǀƕƽĺ)M��e}:�>Ű�07!;�w�ɚ;

Éš 4�>Ű�987!;Éš7Əȼ)58K"H8Ʒ9J;�Mȩ­)58J5C;ſ

Đ:G35ļHK0 P µ;ŲņƑơ< 0.005 7)05 
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³�ɚ;ėŀ;7JǴȣĎǀ9ƏȼōƘ 

B,4³�ɚ;ėŀ;7JǴȣĎǀ9ƏȼōƘ;ȩ­ŕƅ67J Bray-Curtis ȹɡ;ǡÈŨ

Ƙ:485Ȯū+J5ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;.K/K;ǰŋMƱ854ĆǓǀƕ

ƽÏĺɚ; Bray-Curtis ȹɡMńȃƎ:ǡÈ)05B04ĈȊ Nńȃ;ÂȠɘƕƽÏĺ;

.K/K;ǰŋMƱ854ÂȠɘƕƽÏĺɚ; Bray-Curtis ȹɡEńȃƎ:ǡÈ)05(H

:4Àə(K58JZy�j67J Voigt et al.;·Ĩȃ;ȊÂǮȓá;ǨǴǰŋi�d7

Ɏ¡ċƈȈǰŋi�d:ė)54Țɬȃ;Ʒ9Jŭƣ6ßļ(K0y�v�ɚ; Bray-

Curtis ȹɡEȚɬȃƎ:ǡÈ)05Voigt et al.;Zy�j6<4çȚɬȃ;Ʒ9Jŭƣ6

ßļ(K0i�d 3 4��čù)00a4çȚɬȃ;Ʒ9Jŭƣ6ßļ(K0y�v�

;ǰCèi- ȜŢčù)05.;0a4.;¿5;ǰCèi-; Bray-Curtis ȹɡMǡÈ

)05Àə(K58JZy�j67J Nagata et al.;·Ĩȃ;�ȱưƦ;ǰŋ:ė)5

E4Țɬȃ;Ʒ9Jŭƣ6ßļ(K0y�v�ɚ; Bray-Curtis ȹɡMȚɬȃƎ:ǡÈ)

05CKH;ōƘ:G35ǡÈ)0 Bray-Curtis ȹɡM��;ǴȣĎǀ9Əȼ:Ʊ805 

ĆǓǀƕƽÏĺ;ńȃƎ:ǡÈ(K0 Bray-Curtis ȹɡ7ÂȠɘƕƽÏĺ;ńȃƎ

:ǡÈ(K0 Bray-Curtis ȹɡ74Àə(K58J·Ĩȃ;ŭǨËi�d�HǡÈ(K0

Bray-Curtis ȹɡMRP�Zsc�;ɩ¤îſĐMƱ85.K/KƏȼ)05RP�Zsc

�;ɩ¤îſĐ<ƥ¸ſĐ6đũ)4R ; coin pgu�^; wilcox_test MƱ85 P µM

ßļ)05alternative ;p�~�d< less B0< greater MƱ805C;ſĐ:G35ļ

HK0 P µ;ŲņƑơ< 0.005 7)05 

 

� � �  qjYn};Ɯ¾ɖ;ǴȣĎǀ9ƏȼŨƘ 

ŶǤ6<4qjYn};Ɯ¾ɖ;ßļŨƘ74.KH;Əȼ:Ʊ80ǴȣĎǀ9ōƘ:48

5Ȯū+J5 

B,4qjYn};Ɯ¾ɖ;ßļŨƘ:485Ȯū+J53.2.1 Ǥ:54]�u�y

��HļHK0~dYn}��k�Hɭǧį9��kßļ+JɊǕ64çȚɬȃ;qjYn

};Ɯ¾ɖ(]�u�y��HļHK0~dYn}��kė+JqjƳŷ;��k;Ñè)M

ǡÈ)05çȚɬȃ;qjYn};Ɯ¾ɖ74.K:ëBK58JçȚɬȃ;�w�(·Ĩ

ȃ4ćƾłȋȉ4Stage 0 ;ĈȊ N4Stage I/II ;ĈȊ N4Stage III/IV ;ĈȊ N4

ĈȊ NĆǓǀƕƽÏ;ńȃ4ĈȊ NĆǓǀƕƽĺ;ńȃ)Mėŀ(-54C;i�dM

��;ǴȣĎǀ9Əȼ:Ʊ805 
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·Ĩȃ7ćƍɠƾ N;.K/K;ƨň;ńȃ(ćƾłȋȉ;ńȃ4Stage 0 ;ĈȊ

 N;ńȃ4Stage I/II ;ĈȊ N;ńȃ4Stage III/IV ;ĈȊ N;ńȃ);qjYn};

Ɯ¾ɖM4RP�Zsc�;ɩ¤îſĐMƱ85.K/KƏȼ)05RP�Zsc�;ɩ¤

îſĐ<ƥ¸ſĐ6đũ)4R ; coin pgu�^; wilcox_test MƱ85 P µMßļ)

05alternative ;p�~�d< less B0< greater MƱ805Ɖ:4ĈȊ Nńȃ;ĆǓ

ǀƕƽÏĺ;qjYn};Ɯ¾ɖM³�ɚ;ėŀ;7JſĐ67JRP�Zsc�;ǝåɩ

¤ſĐMƱ85Əȼ)05RP�Zsc�;ǝåɩ¤ſĐ<ƥ¸ſĐ6đũ)4R ; coin

pgu�^; wilcoxsign_test MƱ85 P µMßļ)05distribution ;p�~�d<4

exact4alternative ;p�~�d<4less B0< greater MƱ805CKH;ſĐ:G35

ļHK0 P µ;ŲņƑơ< 0.005 7)05 

 

� � ǲź�ȂĖ 

� � �  ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;ǰŋi�d;ĄÖ 

ĈȊ Nńȃ;ȊÂǮȓ;ǨǴǰŋ4.KH;Ɏ¡ċƈȈǰŋ4�ȱưƦ;ǰŋ ĆǓǀƕ

ƽÏĺ6Ʒ9J;�8��MūH�:+J0a:4³�ɚ;ėŀ;98ǴȣĎǀ9ōƘ7³

�ɚ;ėŀ;7JǴȣĎǀ9ōƘ:G354ńȃ;ĆǓǀƕƽÏĺ;ǰŋM.K/KƏȼ)

05 

B,4³�ɚ;ėŀ;98ǴȣĎǀ9ōƘ:G35ńȃ;ĆǓǀƕƽÏĺ;.K/

K;ǰŋMƏȼ)0ǲź:Ǉǂ)05ĆǓǀƕƽÏ;ńȃ;ȊÂǮȓ;ǨǴǰŋ4Ɏ¡ċƈ

Ȉǰŋ4�ȱưƦ;ǰŋM4ĆǓǀƕƽĺ;ńȃ;.KH7Əȼ)0ǲź4¿5;ǰŋ:�

854ĆǓǀƕƽÏ;ńȃ7ĆǓǀƕƽĺ;ńȃ<Ʒ9JC7 ǍȬ(K0(P=1.0x10-4, 

P=1.0x10-4, P=2.0x10-4, õ 4-1a, õ 4-1b, õ 4-1c)5Ɖ:4ȊÂǮȓ;ǨǴǰŋ4Ɏ¡ċƈ

Ȉǰŋ4�ȱưƦ;ǰŋ:�$Jy�v�ɚ;ɪ£łMćƉ¼øǻ)5âȠÖ)0ǲź:Ǉ

ǂ)05¿5;ǰŋi�d:�854ĆǓǀƕƽÏ;ńȃ;İƅ;ÉĤ7ĆǓǀƕƽĺ;ń

ȃ;İƅ;ÉĤ<Ʒ9JC7 ǍȬ(K0(õ 4-1a, õ 4-1b, õ 4-1c)5�Ũ64ĆǓǀƕƽ

ĺ;�ɏ;ńȃ<4ĆǓǀƕƽÏ;ńȃ7é*¤Ǿ:âȠÖ(KJC7EǍȬ(K00a4

³�ɚ;ėŀ;7JǴȣĎǀ9ōƘMƱ85ȩ­+JC7 ɕȝ67J7Ȃ�HKJ5 

űĺ:4³�ɚ;ėŀ;7JǴȣĎǀ9ōƘ:G35ĈȊ Nńȃ;ĆǓǀƕƽÏ

ĺ;ȊÂǮȓ;ǨǴǰŋ4Ɏ¡ċƈȈǰŋ4�ȱưƦ;ǰŋMƏȼ)0ǲź:Ǉǂ)05Ȋ

ÂǮȓ;ǨǴǰŋ4.KH;Ɏ¡ċƈȈǰŋ4�ȱưƦ;ǰŋ:�$JĈȊ Nńȃ;ĆǓ
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ǀƕƽÏĺ; Bray-Curtis ȹɡ<4Àə(K58J·Ĩȃ; Bray-Curtis ȹɡ7Əȼ)5

Ųņ:ɭ8C7 ǍȬ(K0(P=1.42x10-15, P=1.25x10-8, P=1.48x10-5, õ 4-2a, õ 4-2b, õ

4-3c)5B04ȊÂǮȓ;ǨǴǰŋ:�$J4ĈȊ Nńȃ;ĆǓǀƕƽÏĺ; Bray-Curtis

ȹɡ<4ĈȊ Nńȃ;ÂȠɘƕƽÏĺ; Bray-Curtis ȹɡGIEɭ8C7 ǍȬ(K0

(P=0.0263, õ 4-2a)5��;ǲź�H4ĈȊ N;ĆǓǀƕƽ<4ĈȊ NMÊɟ+J1$

69"ȊÂƮāMĈ!"ĄÖ(-JâȈł Ǐï(K05 

 

 

 
õ 4-1 ǰŋi�d:�$JĈȊ Nńȃ;ĆǓƕƽÏĺ;ɪ£łMβ)0šĤõ 

.K/K;�<.K/K;ǰŋ:�$Jy�v�ɚ;ɪ£łMÝŬ)58J(a: ȊÂǮȓ;

ǨǴǰŋi�d; b: ȊÂǮȓ;Ɏ¡ċƈȈǰŋi�d; c: �ȱưƦ;ǰŋi�d)5ƀÃ;Ǹ

<ĆǓǀƕƽÏ;ńȃ7ĆǓǀƕƽĺ;ńȃ;İƅ;ÉĤMβ)58J(S��^ȑ: ĆǓ

ǀƕƽÏ;ńȃ; ƿȑ: ĆǓǀƕƽĺ;ńȃ)5ĆǓǀƕƽÏ;ńȃ7ĆǓǀƕƽĺ;ńȃ;

.K/K;ǰŋM PERMANOVA ſĐ:G35Əȼ)5 P µMßļ)05 
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õ 4-2 ĈȊ NĆǓǀƕƽÏĺ;ńȃ; 
.�2��1.0-� ȹɡMβ)0ǣ=Bõ 

.K/K;oQS��õ7ǣ=Bõ<4.K/K;ȚɬȃƎ:ǡÈ(K0 Bray-Curtis ȹɡ

MǏ)58J(a: ȊÂǮȓ;ǨǴǰŋi�d; b: ȊÂǮȓ;Ɏ¡ċƈȈǰŋi�d; c: �ȱ

ưƦ;ǰŋi�d)5ȑ<Țɬȃ;t��vMÝŬ)58J(Ƣȑ: Àə(K58JZy�j

;·Ĩȃ; ɣȑ: ÂȠɘƕƽÏĺ;ńȃ; S��^ȑ: ĆǓǀƕƽÏĺ;ńȃ)5.K/K;

Țɬȃ;t��v;y�v�Ţ(N)Mǣ=Bõ;�:Ǐ)58J5.K/K;oQS��õ

7ǣ=Bõ;ĆKµMǅƵ)5âȠÖ)58J5ǴȣĎǀ: Bray-Curtis ȹɡ ɭ�30C

7 ǍȬ(K0ÿè4��;G�:βȥ)58J(P < 0.005: +++; P < 0.01: ++; P < 0.05: 

+)5 
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� � �  ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;qjYn};Ɯ¾ɖ;ĄÖ 

ĈȊ N7ɛ¯)58JâȈł 7JqjYn};Ɯ¾ɖ 4ĈȊ Nńȃ;ĆǓǀƕƽÏ

ĺ68;G�:ĄÖ+J;�Mȯż)05B,4·Ĩȃ;qjYn};Ɯ¾ɖ7ćƍɠƾ 

N;8,K�;ƨň;ńȃ(ćƾłȋȉ;ńȃ4Stage 0 ;ĈȊ Nńȃ4Stage I/II ;ĈȊ

 Nńȃ4Stage III/IV ;ĈȊ Nńȃ);qjYn};Ɯ¾ɖM.K/KƏȼ)0ǲź:

Ǉǂ)05qjYn};Ɯ¾ɖ<4·Ĩȃ7Əȼ)54Stage 0 ;ĈȊ Nńȃ4Stage 

I/II ;ĈȊ Nńȃ4Stage III/IV ;ĈȊ Nńȃ6Ųņ:ɭ8C7 ǍȬ(K0

(P=1.75x10-3, P=1.63x10-5, P=2.90x10-7, õ 4-3 ;Ģ¸;ǣ=Bõ)5B04qjYn};Ɯ

¾ɖ<4ĈȊ N;ɇȗ:Ļ35.;ɖ ć"9Jºê:7JC7EǍȬ(K05CKH;

ǲź�H4qjYn};Ɯ¾ɖ<ĈȊ N;ɇȗ:Ļ35ĄÖ+JȊÂƮāMÝŬ)58J

âȈł Ǐï(K05Ɖ:4ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;qjYn};Ɯ¾ɖMƏȼ)

0ǲź:Ǉǂ)05qjYn};Ɯ¾ɖ<4ĆǓǀƕƽĺ:Ųņ:ƝĚ)0C7 ǍȬ(K

0(P=2.47x10-4, õ 4-3 ;ä¸;ǣ=Bõ)5C;ǲź<4ĈȊ N;ĆǓǀƕƽ:GI4Ĉ

Ȋ N;ɇȗ:ȷô+JȊÂƮā şð(K0C7MÝŬ)58JâȈł 7J7Ȃ�HK

J5 

  



57 

 

 
õ 4-3 ĈȊ NĆǓǀƕƽÏĺ;ńȃ;qjYn};Ɯ¾ɖMǏ)0ǣ=Bõ�

Ģ¸;ǣ=Bõ<4·Ĩȃ7ćƍɠƾ N;8,K�;ƨň;ńȃ;qjYn};Ɯ¾ɖM

Ǐ)58J5ä¸;ǣ=Bõ<4ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;qjYn};Ɯ¾ɖMǏ

)58J5Ģ¸;ǣ=Bõ<ĆKµMǅƵ)58J5ä¸;ǣ=Bõ;�;Ĉ!(<4ĆǓ

ǀƕƽÏĺ;.K/K;ńȃ:�$J.KH;ÉĤMÝŬ)58J5ä¸;ǣ=Bõ;Ǹ;

ȑ<4é�ńȃ;ĆǓǀƕƽÏĺ;ĄÖMβ)5�I4ĆǓǀƕƽĺ:ĂÓ)0ÿè<ȶ

ȑ4ĆǓǀƕƽĺ:ƝĚ)0ÿè<ɣȑ4ĆǓǀƕƽÏĺ6ĂÓEƝĚEǍȬ(K9�30

ÿè<Ƿȑ6âȠÖ)58J5Ģ¸;ǣ=Bõ7ä¸;ǣ=Bõ<4�ɞµ��;y�v�

;CMâȠÖ)58J5ǴȣĎǀ:ĂÓB0<.;ɖ ɭ�30C7ÿè4��;G�:β

ȥ)58J(P < 0.005: +++; P < 0.01: ++; P < 0.05: +)5ǴȣĎǀ:ƝĚB0<.;ɖ Ě9

�30C7 ǍȬ(K0ÿè4��;G�:βȥ)58J(P < 0.005: ---; P < 0.01: --; P < 

0.05: -)5 
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Ǟ	Ǜ ĆǓǀƕƽÏĺ:�$JȊÂƮāMƃ

ŋ+JƧĽɖ;ĄÕƏȼ 

	 � ĮȰ 

ŶǛ6<4ĈȊ Nńȃ;ĆǓǀƕƽÏĺ6ĄÖ+JȊÂǮȓF.KH;Ɏ¡ċ4�ȱưƦ

MƧĐ+JōƘF.;ǲź:485Ɂ@J5B,4ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;ȊÂǮ

ȓF.;Ɏ¡ċ;ǃėčùɖ7�ȱưƦ;ɖM4³�ɚ;ėŀ;7JRP�Zsc�;ǝå

ɩ¤ſĐMƱ85ǴȣĎǀ:Əȼ)05Ɖ:4·Ĩȃ;.KH74ćƾłȋȉ;ńȃ4

Stage 0 ;ĈȊ Nńȃ4Stage I/II ;ĈȊ Nńȃ4Stage III/IV ;ĈȊ Nńȃ;.K

HMRP�Zsc�;ɩ¤îſĐMƱ85.K/KƏȼ)4ĈȊ NĆǓǀƕƽÏĺ6ĄÖ

)0.KH ĈȊ N7ɛ¯)58J;�Mȯż)05CKH;ǴȣȢŹ;ǲź4Stage 

III/IV ;ńȃ7·Ĩȃ;Éɪ:ĕ�)58JoQS{�T�67J F. nucleatum F

Parvimonas micra Ǡ;ȊÂǮȓ;ǃėčùɖF4O|nɒ; 1 ǖ67Ja��Ǡ;�ȱư

Ʀ;ɖ<ĆǓǀƕƽĺ:Ųņ:ƝĚ)0C7 ǍȬ(K0(P < 0.005)5�Ũ64Z��ɒF

ƾ Nł þí(K58JiSr]Z��ɒǠ;Ȇƒɒ;ɖF4Z��ɒ�HiSr]Z�

�ɒ:Ąś+JɎ¡ċ(bai Sx��)74.;ĄśMő�ȊÂǮȓ(C. scindens);ǃėčù

ɖ<4ĆǓǀƕƽĺ:Ųņ:ĂÓ)0C7 ǍȬ(K0(õ 5-1, P < 0.005)5B04C. 

scindens ;řĐ(K0ƯȅɅįEĆǓǀƕƽĺ;ńȃ6ɭ8C7EǍȬ(K0(P < 0.05)5

��;ǲź�H4ĈȊ N;ɇȗ:ȷô+JȊÂƮā<ĆǓǀƕƽ:GIşð(K0 4Ȋ

ÂǮȓ:Ƴŷ+JĈȊ N;�_s ĆǓǀƕƽĺEɭ8âȈł Ǐï(K05.;0a4

ĆǓǀƕƽĺ;ńȃ;ȊÂƮāMėȴ7)0�¾;Ŀȝł Ǐï(K05 
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õ 5-1 ĈȊ NĆǓǀƕƽÏĺ;ńȃ;Ȇƒɒ�ȱ;ĄÖ;ƂƵõ 

õ�;�ȱưƦ<.;Ưŋ(K0¤Ǿ:ɐǾ(K58J5Z��ɒ<Ȅȍ6Ưŋ(KJ 4

+#:t�]�E)"<dR��7ǲè)4t�ZZ��ɒ(Glycocholate)4dR�Z��

ɒ(Taurocholate):.K/KĄś(KJ0a4ęȊ:ɐǾ(K58J5ɯȑ;ǉÙ<4ȊÂ

Ǯȓ:GJĄśMβ)58J5ȶ8ǉÙ<Ȇƒɒ;ÄìÞ;ƚKMβ)58J5ǴȣĎǀ:

Ųņ:ĂÓ)0ÿè(P < 0.005)4+++7Ǐ)05 

 

	 � ōƘ 

	 � �  ĈȊ NĆǓǀƕƽÏĺ6ĄÖ+JƧĽɖ;ƧĐ 

ŶǤ6<4ǴȣĎǀ9Əȼ:Ʊ80i�d;ßļŨƘ74.;Əȼ:Ʊ80ōƘ:485Ȯ

ū+J5 

B,4ǴȣȢŹ+J0a;i�d;ßļŨƘ:485Ȯū+J5ĈȊ Nńȃ;Ć

ǓǀƕƽÏĺ;ƸĎi�d4ǖ�w�;ȊÂǮȓá;ǨǴǰŋi�d4ȊÂǮȓ;řĐ(K

0ƯȅɅį;i�d4ȊÂǮȓ;Ɏ¡ċƈȈǰŋi�d4bai Sx��;ǰŋi�d4�ȱ

ưƦ;ǰŋi�dM42.2.8 Ǥ43.2.3 Ǥ43.2.4 Ǥ43.2.2 Ǥ43.2.5 Ǥ42.2.4 Ǥ:5.K/
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Kßļ)05.K/K;i�d7.;i�d:ëBK58Jçńȃ;�w�(ĆǓǀƕƽ

Ï4ĆǓǀƕƽĺ)Mėŀ(-54CKH;i�dM��;ǴȣĎǀ9Əȼ:Ʊ805 

ĈȊ NĆǓǀƕƽÏĺ6ĄÖ+JȊÂǮȓF.;Ɏ¡ċ4�ȱưƦMƧĐ+J0

a:4³�ɚ;ėŀ;7JſĐ67JRP�Zsc�;ǝåɩ¤ſĐMƱ854ĈȊ Nń

ȃ;ĆǓǀƕƽÏĺ;.KH;ǃėčùɖFɖMƏȼ)05B04ĈȊ Nńȃ;ĆǓǀƕ

ƽÏĺ;®�;ǶȆƒɒ;ɖMRP�Zsc�;ǝåɩ¤ſĐMƱ85Əȼ)05RP�Z

sc�;ǝåɩ¤ſĐ<ƥ¸ſĐ6đũ)4R ; coin pgu�^; wilcoxsign_test MƱ8

5 P µMßļ)05distribution ;p�~�d<4exact4alternative ;p�~�d<4

less B0< greater MƱ805ƯȅɅį;řĐ:<4.;ȊÂǮȓƳŷ;~dYn}��k

 Ŀȝ67J0a4ƧĐ;y�v�6ǃėčùɖ Ě98ȊÂǮȓ;ƯȅɅįMřĐ+JC

7 6!9�305.;0a4řĐ(K0ƯȅɅį<4³�ɚ;ėŀ;98RP�Zsc�

;ɩ¤îſĐMƱ85ĆǓǀƕƽÏ;ńȃ7ĆǓǀƕƽĺ;ńȃMƏȼ)05RP�Zsc

�;ɩ¤îſĐ<ƥ¸ſĐ6đũ)4R ; coin pgu�^; wilcox_test MƱ85 P µM

ßļ)05alternative ;p�~�d< less B0< greater MƱ805CKH;ſĐ:G3

5ļHK0 P µ;ŲņƑơ< 0.005 7)05 

.K/K;ȊÂǮȓF�ȱưƦ ĆǓǀƕƽÏĺ68;ǕįĄÖ)0;�MâȠÖ

+J0a: fold change MǡÈ)05Fold change <ńȃƎ:4ĆǓǀƕƽĺ;ȊÂǮȓ;

ǃėčùɖF�ȱưƦ;ɖM4ĆǓǀƕƽÏ;.KH;ǃėčùɖFɖ6ÑJC76ǡÈ)

05ńȃ;ĆǓǀƕƽÏB0<ĆǓǀƕƽĺ;.KH;ǃėčùɖFɖ 0 6730ÿè

<4fold change MǡÈ+JC7 6!9�305.;0a4.;ńȃ; fold change < 0

7)5 fold change ;ĪúµMǡÈ)05 

 

	 � �  ĈȊ N7ɛ¯+JƧĽɖ;ƧĐ 

ŶǤ6<4ǴȣĎǀ9Əȼ:Ʊ80i�d;ßļŨƘ74.;Əȼ:Ʊ80ōƘ:485Ȯ

ū+J5 

B,4ǴȣȢŹ+J0a;i�d;ßļŨƘ:485Ȯū+J5·Ĩȃ7ćƍɠƾ

 N;8,K�;ƨň;ńȃ(ćƾłȋȉ;ńȃ4Stage 0 ;ĈȊ Nńȃ4Stage I/II ;Ĉ

Ȋ Nńȃ4Stage III/IV ;ĈȊ Nńȃ);ƸĎi�d4ǖ�w�;ȊÂǮȓá;ǨǴǰ

ŋi�d4ȊÂǮȓ;řĐ(K0ƯȅɅį;i�d4ȊÂǮȓ;Ɏ¡ċƈȈǰŋi�d4

bai Sx��;ǰŋi�d4�ȱưƦ;ǰŋi�dM42.2.8 Ǥ43.2.3 Ǥ43.2.4 Ǥ43.2.2
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Ǥ43.2.5 Ǥ42.2.4 Ǥ:5.K/Kßļ)05.K/K;i�d7.;i�d:ëBK58

JçȚɬȃ;�w�Mėŀ(-54��;ǴȣĎǀ9Əȼ:Ʊ805 

ĈȊ N7ɛ¯+JȊÂǮȓF.;Ɏ¡ċ4�ȱưƦMƧĐ+J0a:4RP�Z

sc�;ɩ¤îſĐMƱ854·Ĩȃ;.KH7ćƍɠƾ N;8,K�;ƨň;ńȃ;.

KHM.K/KƏȼ)05RP�Zsc�;ɩ¤ſîſ<ƥ¸ſĐ6đũ)4R ; coin p

gu�^; wilcox_test MƱ85 P µMßļ)05alternative ;p�~�d< less B0<

greater MƱ805CKH;ſĐ:G35ļHK0 P µ;ŲņƑơ< 0.005 7)05 

 

	 � ǲź�ȂĖ 

	 � �  ȊÂǮȓ;ǨǴǰŋ;Əȼ 

ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;ȊÂǮȓ;ǃėčùɖM4³�ɚ;ėŀ;7JRP�Zs

c�;ǝåɩ¤ſĐMƱ85Əȼ)05.;ǲź4ĆǓǀƕƽĺ:Ųņ:ƝĚ)0 90 ǖ;

ȊÂǮȓ74ĆǓǀƕƽĺ:Ųņ:ĂÓ)0 24 ǖ;ȊÂǮȓMƧĐ)0(P < 0.005, õ 5-

2)5 

B,4ĆǓǀƕƽĺ:.;ǃėčùɖ Ųņ:ƝĚ)0 90 ǖ;ȊÂǮȓ:Ǉǂ)0

(�ɗ 3)5qjYn};Ɯ¾ɖ<4ĈȊ N;ɇȗ:Ļ35.;ɖ ć"9I4ĆǓǀƕƽ

Ï7Əȼ)5ĆǓǀƕƽĺ:.;ɖ Ųņ:ƝĚ)0C7 ǍȬ(K00a4ĈȊ N;ɇ

ȗ:ɛ�)58JȊÂǮȓ;ǃėčùɖEĆǓǀƕƽÏ7Əȼ)5ĆǓǀƕƽĺ:ƝĚ+J

âȈł 7J7�ȮMǚ505.;�ȮMſȨ+J0a:4ǃėčùɖ ƝĚ)0ȊÂǮȓ

7ĈȊ N;ɛɆłMȯż)05ȊÂǮȓ7ĈȊ N;ɛɆłMūH�:+J0a:4·Ĩ

ȃ;ȊÂǮȓ;ǃėčùɖ7ćƍɠƾ N;8,K�;ƨň;ńȃ(ćƾłȋȉ;ńȃ4

Stage 0 ;ĈȊ Nńȃ4Stage I/II ;ĈȊ Nńȃ4Stage III/IV ;ĈȊ Nńȃ);ȊÂ

Ǯȓ;ǃėčùɖM.K/KƏȼ)05.;ǲź490 ǖ;ȊÂǮȓ ·Ĩȃ7Əȼ)5.

;ɖ Ųņ:ć8C7 ǍȬ(K05ćƍɠƾ N;8,K�;ƨň;ńȃ6·Ĩȃ7Əȼ

)5.;ǃėčùɖ ć"4ĆǓǀƕƽÏ;ńȃ7Əȼ)5ĆǓǀƕƽĺ;ńȃ6.;ǃė

čùɖ ƝĚ)0ȊÂǮȓ< 14 ǖ67305C; 14 ǖ;ȊÂǮȓ;�247 ǖ;ȊÂǮȓ

(Parvimonas micra [ref_mOTU_v2_1145], Gemella morbillorum [ref_mOTU_v2_4513], 
Fusobacterium nucleatum subsp. animalis [ref_mOTU_v2_0776], Peptostreptococcus 
stomatis [ref_mOTU_v2_4614], unknown Dialister [meta_mOTU_v2_5867], unknown 
Peptostreptococcaceae [meta_mOTU_v2_5742], Solobacterium moorei 
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[ref_mOTU_v2_0531])<48"4�;Zy�jɚ6ÁɄ)0ĈȊ N;oQS{�T�7

)5þí(K58J[9]5C; 7 ǖ;ȊÂǮȓ<4·Ĩȃ7Əȼ)5 Stage I/II 7 Stage 

III/IV ;ĈȊ Nńȃ6.;ǃėčùɖ Ųņ:ć"4ĆǓǀƕƽÏ7Əȼ)5ĆǓǀƕƽ

ĺ:.;ǃėčùɖ Ųņ:ƝĚ)0C7 ǍȬ(K0(P < 0.005, õ 5-3a-g)5½ȗǋǘ:

�8544 ǖ;ȊÂǮȓ(P. micra, G. morbillorum, F. nucleatum, P. stomatis)<4Stage 

III/IV ;ĈȊ Nńȃ7·Ĩȃ;Éɪ:ĕ�)58JoQS{�T�7)5þí(K58J

[4]5B04F. nucleatum <4ĈȊ NǰǼ:ć"čù)[89]4ĈȊ N;Ǯȇ;ĂƌM°

ɇ+JC7[90] þí(K58J5��;C7�H4CKH;ȊÂǮȓ;ǃėčùɖ ĆǓ

ǀƕƽĺ:ƝĚ)0C7EĈȊ N;ĆǓǀƕƽ:GIĈȊ N;ɇȗ:ȷô+JȊÂƮā

 şð(K0C7MÝŬ)58J78��ȮMŞŔ)58J7Ȃ�HKJ5 

Ɖ:4ĆǓǀƕƽĺ:.;ǃėčùɖ Ųņ:ĂÓ)0 24 ǖ;ȊÂǮȓ:Ǉǂ)0

(�ɗ 4)5C; 24 ǖ;ȊÂǮȓ7Ȋƹń;ɛ¯ł:485ȯż)0ǲź4R. gnavus4B. 

wadsworthia4C. scindens  ĈȊ N;ƾƻ7ɛ¯)58JâȈł 7J�ȱưƦ;Ưŋ

:ɛ�)58JC7 ǍȬ(K0(õ 5-3h ;ä¸;ǣ=Bõ, õ 5-3i ;ä¸;ǣ=Bõ, õ

5-3j ;ä¸;ǣ=Bõ)5½ȗǋǘ:�854C. scindens <4Z��ɒMƾ Nł þí(

K58JiSr]Z��ɒ:Ąś+JƈȈMő�C7 þí(K58J[88]5B. 

wadsworthia <ƾ Nł þí(K58JǌÖƑǬ;Ưŋȓ67I4Ȇƒɒ; 1 ǖ67J

dR�Z��ɒ�HƯŋ(KJdR��MŽɫƠ7)5Ưȅ+JC7 þí(K58J

[91]5R. gnavus <4iSr]Z��ɒM 33-qk�r]iSr]Z��ɒ:Ąś+JƈȈ

Mő�C7Eþí(K58J[92]5��;C7�H4CKH;ȊÂǮȓ;ĄÖ<ĆǓǀƕƽ

:G35Ȇƒɒ�ȱ ĄÖ)0C7MÝŬ)58JâȈł Ǐï(K05 
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õ 5-2 ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;ȊÂǮȓ;ǃėčùɖMƏȼ)0ǲź 

ǺȻ<4ƥ¸;RP�Zsc�;ǝåɩ¤ſĐMƱ85ßļ)0 P µM-log106Ąś)0µ

MǏ)58J5ƇȻ<485 �;ĈȊ NńȃƎ:ǡÈ)0ĆǓǀƕƽÏĺ; fold change

;ĪúµMǏ)58J5Ƈ;ƣǸ<4P µ;ǴȣĎǀ9ŲņƑơ67J 0.005 M-log106Ą

ś)0µMǏ)58J5.K/K;�;Ĉ!(<ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;ȊÂǮȓ

;ǃėčùɖ;ĪúµMÝŬ)58J(ÆªÛƤ)5ȶȑ;�<4·Ĩȃ7Əȼ)5ćƍɠƾ

 N;8,K�;ƨň;ńȃ6.;ǃėčùɖ Ųņ:ć8C7MǏ)58J(P < 0.005)5

ɣȑ;�<4·Ĩȃ7Əȼ)5ćƍɠƾ N;8,K�;ƨň;ńȃ6.;ǃėčùɖ Ų

ņ:Ě98C7MǏ)58J(P < 0.005)5.K/K;ȊÂǮȓ;œĵ;�;ƶå< mOTU2 

profiler ; OTU ;ƶåMǏ)58J5 
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õ 5-3 ĈȊ NĆǓǀƕƽÏĺ;ńȃ;ȊÂǮȓ;ǃėčùɖMǏ)0ǣ=Bõ 

Ģ¸;ǣ=Bõ<4·Ĩȃ7ćƍɠƾ N;8,K�;ƨň;ńȃ;ȊÂǮȓ;ǃėčùɖ

MǏ)58J5ä¸;ǣ=Bõ<4ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;ȊÂǮȓ;ǃėčùɖ

MǏ)58J5.K/K;ǣ=Bõ;ǺȻ<4-log106Ąś)0ȊÂǮȓ;ǃėčùɖMǏ

)58J5ȊÂǮȓ;ǃėčùɖ 0 6730ÿè<4.;ǃėčùɖM 1x10-6:Ǿś

ĺ4-log106Ąś)5âȠÖ)05ä¸;ǣ=Bõ;Ǹ;ȑ<é�ńȃ6;ĆǓǀƕƽÏĺ

;ĄÖMβ)5�I4ĆǓǀƕƽĺ:ĂÓ)0ÿè<ȶȑ4ĆǓǀƕƽĺ:ƝĚ)0ÿè<

ɣȑ4ĆǓǀƕƽÏĺ6ĂÓEƝĚEǍȬ(K9�30ÿè<Ƿȑ6âȠÖ)58J5ä¸

;ǣ=Bõ;�;Ĉ!(<4ĆǓǀƕƽÏĺ;.K/K;ńȃ:�$J.KH;ÉĤMÝŬ

)58J5ǴȣĎǀ:ĂÓB0<.;ɖ ć�30C7 ǍȬ(K0ÿè4��;G�:β

ȥ)58J(P < 0.005: +++; P < 0.01: ++; P < 0.05: +)5ǴȣĎǀ:ƝĚB0<.;ɖ Ě9

�30C7 ǍȬ(K0ÿè4��;G�:βȥ)58J(P < 0.005: ---; P < 0.01: --; P < 

0.05: -)5.K/K;ȊÂǮȓ;œĵ;�;ƶå< mOTU2 profiler ; OTU ;ƶåMǏ)5

8J5 
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	 � �  ȊÂǮȓ;ƯȅɅį;Əȼ 

ĈȊ NĆǓǀƕƽĺ:ǃėčùɖ ĂÓ)0 17 ǖ;ȊÂǮȓ;ƯȅɅįMřĐ)05Ć

ǓǀƕƽÏ;ńȃ7ĆǓǀƕƽĺ;ńȃ; 17 ǖ;ȊÂǮȓ;řĐ(K0ƯȅɅįMRP�

Zsc�;ɩ¤îſĐMƱ85Əȼ)05.;ǲź4ĆǓǀƕƽÏ;ńȃ7Əȼ)5ĆǓǀ

ƕƽĺ;ńȃ6řĐ(K0ƯȅɅį ɭ8 4 4;ȊÂǮȓMƧĐ)0(P < 0.05, õ 5-4 ;ǣ

=Bõ)5C; 4 4;ȊÂǮȓ;�24ĈȊ NĆǓǀƕƽÏĺ;ńȃ:�854C. 

scindens 7 R. gnavus ;řĐ(K0ƯȅɅį7.KH;ǃėčùɖ<Ɗ;ǃɛɛ¯:7J

C7 ǍȬ(K0(ȫǮ9ǲź< 3.3.5 ǤMÛƤ)5CKH;ǲź�H4ĈȊ NĆǓǀƕƽ

Ï;ńȃ7Əȼ)5ĈȊ NĆǓǀƕƽĺ;ńȃ64C. scindens 7 R. gnavus ;ǮȓŢE

ĂÓ)0âȈł Ǐï(K05Ǯȓ;ƯȅɅį<.;Ǯȓ;ƙłMÝŬ)58JâȈł 7

J[78] 4�Ƃ:.�7<ɞH980a4.;Ǯȓ;Ɏ¡ċ;ƾƬF.;Ǯȓ Ưŋ+J�

ȱưƦEĐɖ+JC7 ɕȝ67J7Ȃ�HKJ5  
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õ 5-4 ĈȊ NĆǓǀƕƽÏĺ;ńȃ;ȊÂǮȓ;ƯȅɅįMǏ)0ǣ=Bõ 

Ģ¸;ǣ=Bõ<4·Ĩȃ7ćƍɠƾ N;8,K�;ƨň;ńȃ;ȊÂǮȓ;řĐ(K0

ƯȅɅįMǏ)58J5ä¸;ǣ=Bõ<4ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;ȊÂǮȓ;ř

Đ(K0ƯȅɅįMǏ)58J5Ģ¸;ǣ=Bõ<ĆKµMǅƵ)58J5ä¸;ǣ=Bõ

;�;Ĉ!(<4ĆǓǀƕƽÏĺ;.K/K;ńȃ:�$J.KH;ÉĤMÝŬ)58J5

ä¸;ǣ=Bõ;Ǹ;ȑ<4é�ńȃ6;ĆǓǀƕƽÏĺ;ĄÖMβ)5�I4ĆǓǀƕƽ

ĺ:ĂÓ)0ÿè<ȶȑ4ĆǓǀƕƽĺ:ƝĚ)0ÿè<ɣȑ4ĆǓǀƕƽÏĺ6ĂÓEƝ

ĚEǍȬ(K9�30ÿè<Ƿȑ6âȠÖ)58J5Ģ¸;ǣ=Bõ7ä¸;ǣ=Bõ<4

�ɞµ��;y�v�;CMâȠÖ)58J5ǴȣĎǀ:řĐ(K0ƯȅɅį ɭ8C7 

ǍȬ(K0ÿè4��;G�:βȥ)58J(P < 0.005: +++; P < 0.01: ++; P < 0.05: +)5Ư

ȅɅįMřĐ+JC7 6!0y�v�Ţ(N)Mǣ=Bõ;�:Ǐ)58J5 
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	 � �  ȊÂǮȓ;�ȱưƦ;Əȼ 

ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;�ȱưƦ;ɖM4³�ɚ;ėŀ;7JRP�Zsc�;ǝ

åɩ¤ſĐMƱ85Əȼ)05.;ǲź4ĆǓǀƕƽĺ:Ųņ:ƝĚ)0 43 ³;�ȱưƦ

7ĆǓǀƕƽĺ:Ųņ:ĂÓ)0 17 ³;�ȱưƦMƧĐ)0(P < 0.005, õ 5-5)5 

B,4ĆǓǀƕƽĺ:.;ɖ Ųņ:ƝĚ)0 43 ³;�ȱưƦ:Ǉǂ)0(�ɗ

5)5O|nɒ; 1 ǖ67Ja��FO|nɒɛɆ�ȱưƦ67J Gly-Leu F Urocanate4

N,N-Dimethylglycine <4·Ĩȃ7Əȼ)5 Stage I/II 7 Stage III/IV ;ĈȊ Nńȃ6.

;ɖ Ųņ:ć"4ĆǓǀƕƽÏ7Əȼ)5ĆǓǀƕƽĺ6.;ɖ Ųņ:ƝĚ)0C7 

ǍȬ(K0(P < 0.005, õ 5-6a, õ 5-6b, õ 5-6c, õ 5-6d)5CKH;�ȱưƦ<4Stage 

III/IV ;ĈȊ Nńȃ7·Ĩȃ;Éɪ:ĕ�)58JoQS{�T�7)5þí(K58J

[4]5B04a��<ĈȊ N;ǮȇĂƌM°+s�r�ɒMƯŋ+J0a;«ǳƠ67I

[93]4ǦȌǰǼ7Əȼ)5ĈȊ NǰǼ6.;ɖ ć8C7Eþí(K58J[26,27]5��

;C7�H4CKH;�ȱưƦ ĆǓǀƕƽĺ:ƝĚ)0C7EĈȊ N;ĆǓǀƕƽ:G

IĈȊ N;ɇȗ:ȷô+JȊÂƮā şð(K0C7MÝŬ)58J78��ȮMŞŔ)

58J7Ȃ�HKJ5 

Ɖ:4ĆǓǀƕƽĺ:.;ɖ Ųņ:ĂÓ)0 17 ³;�ȱưƦ:Ǉǂ)0(�ɗ

6)5Z��ɒFiSr]Z��ɒǠ;Ȇƒɒ;ɖ<4ĆǓǀƕƽÏ7Əȼ)5ĆǓǀƕƽĺ

:Ųņ:ĂÓ)0C7 ǍȬ(K0(P=4.71x10-7, P=2.00x10-5, õ 5-6e ;ǣ=Bõ, õ 5-6f

;ǣ=Bõ)5½ȗǋǘ:�854iSr]Z��ɒ<ƾ NłMŲ+JC7 þí(K5

�I[31]4ĈȊ N;ƾƻ:ɛ�)58JâȈł 7JC7 þí(K58J[32]5Úƾ;

ĈȊ N7<Ʒ9JĈȊ N67JƷŭłĈȊ N;ƾƻ~Tm`}<4ćƍɠƾ N:�

$JĈȊ N;ƾƻ~Tm`}7Ʒ9JâȈł 7J 4ĆǓǀƕƽĺ;ńȃ:�85iS

r]Z��ɒ;ɖ ć8C7<4ĆǓǀƕƽĺ;ńȃ<ĈȊ N;�_s ɭ878�Ȏĭ

Ďǀ9ǊȞ[37,38]7ţèł 7JC7 ǍȬ(K05ȊÂǮȓ iSr]Z��ɒMƯŋ

+J0a4ĈȊ NĆǓǀƕƽĺ;ńȃ<ȊÂǮȓ:Ƴŷ+JĈȊ N;ƾƻ�_s ɭ8

âȈł Ǐï(K05.;0a4ȊÂƮāMėȴ7)0�¾;Ŀȝł Ǐï(K05 

űĺ:4ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;dR�Z��ɒ4t�ZZ��ɒ4ǶȆ

ƒɒ;ɖ7Ȗ�;ǶZ�_h���µM.K/KƏȼ)0ǲź:Ǉǂ)05ĈȊ Nńȃ;

ĆǓǀƕƽÏĺ;Ȗ�;ǶZ�_h���µMƏȼ)0ǲź4.KH:ǴȣĎǀ9Ųņ9ģ

<ǍȬ(K9�30(P=0.128)5½ȗǋǘ:�854Z�_h���<�:Ȅȍ6Ưŋ(

K4dR�Z��ɒFt�ZZ��ɒǠ;Ȇƒɒ;Ưŋ:Ʊ8HKJC7 þí(K58J

[94]5��;C7�H4ĈȊ NĆǓǀƕƽĺ;ńȃ;Ȅȍ:�$J4dR�Z��ɒFt
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�ZZ��ɒǠ;Ȇƒɒ;Ưŋɖ<ĆǓǀƕƽÏ7Əȼ)5ĄÖ)5898C7 Ǐï(K

05�Ũ64ǶȆƒɒ;ɖ<4ĆǓǀƕƽÏ7Əȼ)5ĆǓǀƕƽĺ:Ųņ:ĂÓ)0C7

 ǍȬ(K0(P=1.86x10-7, õ 5-6g ;ǣ=Bõ)5½ȗǋǘ:�854Ȅȍ6Ưŋ(K0d

R�Z��ɒFt�ZZ��ɒǠ;Ȇƒɒ<×�ŕȊ:ȽɃ(K0ĺ4CKH;Ȇƒɒ;

95ɰ<óȊŵǜ6ÄìÞ(K4ÄìÞ(K9�30ƋI; 5%;Ȇƒɒ<ĈȊ:ƚ¾ĺ4®

7)5ŗÈ(KJC7 þí(K58J[95]5��;C7�H4ĈȊ NĆǓǀƕƽĺ;ń

ȃ;Ȅȍ:�$JȆƒɒ;Ưŋɖ<ĄÖ)5898âȈł ɭ8 4®�HŗÈ(KJǶȆ

ƒɒ;ɖ ĂÓ)00a4CKH;ńȃ:�85Ȇƒɒ;ÄìÞɝē Ư*0âȈł Ǐï

(K05½ȗǋǘ:�854ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ<ĆǓǀƕƽ:GJĈȊ;Ä

ı:GIȆƒɒ;ÄìÞɝē Ư*JâȈł 7JC7 þí(K58J[96]0a4ĈȊ 

NńȃMĈȊ;ÄıƘƎ:ĞÍÖ)4Ȇƒɒ ĄÖ)0~Tm`}MȢū+JC7 ɕȝ6

7J7Ȃ�HKJ5ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;dR�Z��ɒ7t�ZZ��ɒ;ɖ

MƏȼ)0ǲź4.KH:ǴȣĎǀ9Ųņ9ģ<ǍȬ(K9�30(P=0.284, P=0.101, õ

5-5h ;ǣ=Bõ, õ 5-6i ;ǣ=Bõ)5Z��ɒFiSr]Z��ɒǠ;ȊÂǮȓ;�ȱ:

ɛ¯+JȆƒɒ;ɖ<ĆǓǀƕƽÏ7Əȼ)54ĆǓǀƕƽĺ:ĂÓ)0 4qj;Ȅȍ6

Ưŋ(KJdR�Z��ɒFt�ZZ��ɒǠ;Ȇƒɒ;ɖ<ĈȊ Nńȃ;ĆǓǀƕƽÏ

ĺ6ĄÖ)589�300a4CKH;Ȇƒɒ�ȱMő�ȊÂǮȓ;Ɏ¡ċ;ɖMȫǮ:ȯ

ż+JĿȝ 7J7Ȃ�HKJ5 
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õ 5-5 ĈȊ NĆǓǀƕƽÏĺ;ńȃ;�ȱưƦ;ɖMƏȼ)0ǲź 

ǺȻ<4ƥ¸;RP�Zsc�;ǝåɩ¤ſĐ:G35ßļ)0 P µM-log106Ąś)0µ

MǏ)58J5ƇȻ<483 �;ĈȊ NńȃƎ:ǡÈ)0ĆǓǀƕƽÏĺ; fold change

;ĪúµMǏ)58J5Ƈ;ƣǸ<4P µ;ǴȣĎǀ9ŲņƑơ67J 0.005 M-log106Ą

ś)0µMǏ)58J5.K/K;�;Ĉ!(<ĈȊ NĆǓǀƕƽÏĺ;ńȃ;�ȱưƦ

;ɖ;ĪúµMÝŬ)58J(ÆªÛƤ)5ȶȑ;�<4·Ĩȃ7Əȼ)5ćƍɠƾ N;8

,K�;ƨň;ńȃ6.;ɖ Ųņ:ć8C7MǏ)58J5ɣȑ;�<4·Ĩȃ7Əȼ)

5ćƍɠƾ N;8,K�;ƨň;ńȃ6.;ɖ Ųņ:Ě98C7MǏ)58J5 
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õ 5-6 ĈȊ NĆǓǀƕƽÏĺ;ńȃ;�ȱưƦ;ǣ=Bõ 

Ģ¸;ǣ=Bõ<4·Ĩȃ7ćƍɠƾ N;8,K�;ƨň;ńȃ;�ȱưƦ;ɖMǏ)5

8J5ä¸;ǣ=Bõ<4ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;�ȱưƦ;ɖMǏ)58J5ä

¸;ǣ=Bõ;�;Ĉ!(<4ĆǓǀƕƽÏĺ;.K/K;ńȃ:�$J.KH;ÉĤMÝ

Ŭ)58J5Ģ¸;ǣ=Bõ<ĆKµMǅƵ)58J5ä¸;ǣ=Bõ;Ǹ;ȑ<4é�ń

ȃ;ĆǓǀƕƽÏĺ;ĄÖMβ)5�I4ĆǓǀƕƽĺ:ĂÓ)0ÿè<ȶȑ4ĆǓǀƕƽ

ĺ:ƝĚ)0ÿè<ɣȑ4ĆǓǀƕƽÏĺ6ĂÓEƝĚEǍȬ(K9�30ÿè<Ƿȑ6â

ȠÖ)58J5Ģ¸;ǣ=Bõ7ä¸;ǣ=Bõ<4�ɞµ��;y�v�;CMâȠÖ)

58J5ǴȣĎǀ:ĂÓB0<.;ɖ ć�30C7 ǍȬ(K0ÿè4��;G�:βȥ

)58J(P < 0.005: +++; P < 0.01: ++; P < 0.05: +)5ǴȣĎǀ:ƝĚB0<.;ɖ Ě9�

30C7 ǍȬ(K0ÿè4��;G�:βȥ)58J(P < 0.005: ---; P < 0.01: --; P < 

0.05: -)5  
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	 � �  ȊÂǮȓ;Ɏ¡ċ;Əȼ 

ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;�ȱưƦ;ɖMƏȼ)0ǲź4iSr]Z��ɒFZ��

ɒǠ;Ȇƒɒ;ɖ ĆǓǀƕƽĺ:ĂÓ)00a4.KH;Ưŋ:ɛ�+JɎ¡ċ;ǃėč

ùɖMȯż)05 

B,4ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;dR�Z��ɒB0<t�ZZ��ɒMZ

��ɒ:Ąś+JɎ¡ċ67J bile salt hydrolase(K01442);ǃėčùɖMƏȼ)0ǲź:

Ǉǂ)05dR�Z��ɒ7t�ZZ��ɒ;ɖ<ĆǓǀƕƽÏĺ6ĄÖ)5898 4Z

��ɒ;ɖ<ĆǓǀƕƽĺ:ĂÓ)00a4bile salt hydrolase ;ǃėčùɖEĂÓ)58

JC7 �Ņ(K05)�)9 H4ńȃ;ĆǓǀƕƽÏĺ; bile salt hydrolase ;ǃėč

ùɖ<4ǴȣĎǀ:ĄÖ)5898C7 ǍȬ(K0(P=0.288, õ 5-7a ;ǣ=Bõ)5Ɏ¡

ċ;ǃėčùɖ �ȱưƦ;ĄÖMÝŬ)5898ƭƳ7)54C;Ɏ¡ċM±Ų)58J

 4Ýŀ:<ĕ�)5898ȊÂǮȓ čù+JâȈł Ȃ�HKJ5.;0a4C;Ɏ¡

ċ;ƾƬɖMĐɖ+JC764C;ÝŀMő�ȊÂǮȓMƧĐ+Jǋǘ ɕȝ67J5 

Ɖ:4ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;Z��ɒ�HiSr]Z��ɒ:Ąś+J

bai Sx��;ǃėčùɖMƏȼ)0ǲź:Ǉǂ)05Z��ɒ7iSr]Z��ɒ;ɖ<

ĆǓǀƕƽĺ:ĂÓ)00a4bai Sx��;ǃėčùɖEĂÓ)58JC7 �Ņ(K

05bai Sx��;ǃėčùɖ<4ĆǓǀƕƽĺ:Ųņ:ĂÓ)0C7 ǍȬ(K0

(P=4.88x10-3, õ 5-7b ;ǣ=Bõ)5C;Sx��M±Ų+J C. scindens ;ǃėčùɖE

ĆǓǀƕƽĺ:ĂÓ)0C7EǍȬ(K00a4C;Sx��;ő8ōMȯż+JC764

ȊÂǮȓ7.;ƈȈMő�Ɏ¡ċ;ĄÖ:ţèł 7J�8��MǍȬ+JC7 ɕȝ67

J7Ȃ�HKJ5 

űĺ:4CKH;Ɏ¡ċ7Sx��;ő8ōMȯż)05Ɏ¡ċ;ő8ō7.;Ñ

è<4.;Ɏ¡ċMő�ȊÂǮȓ;ǃėčùɖMü:ǡÈ)0(Ɏ¡ċ7.;Ɏ¡ċ;ǨǴ

;ėŀ< 3.2.2 ǤMÛƤ)5.;ǲź4bile salt hydrolase <ć";ȊÂǮȓ ±Ų)5�

I4.;�6EƧ: Bacteroides ĝ űE.;ƈȈMő358JC7 ǍȬ(K0(õ

5.7c)5�Ũ64bai Sx��< C. scindens  �:.;ƈȈMő358JC7 ǍȬ(K0

(õ 5-7d)5C;ǲź�H4C. scindens 7 bai Sx��;ǃėčùɖ;ĄÖ:ţèł 7J

C7 ǍȬ(K05 
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õ 5-7 Ȇƒɒ�ȱ:ɛ¯)58JɎ¡ċ7Sx��;ǣ=Bõ7.KH;ĕ�ƫ�

Ȇƒɒ�ȱ:ɛɆ)58J bile salt hydrolase(a)7 bai Sx��(b);ǃėčùɖMǏ)5

8J5Ģ¸;ǣ=Bõ<4·Ĩȃ7ćƍɠƾ N;8,K�;ƨň;ńȃ;.KH;ǃėč

ùɖMǏ)58J5ä¸;ǣ=Bõ<4ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;.KH;ǃėčù

ɖMǏ)58J5b ;ǺȻ<4-log106Ąś)0 bai Sx��;ǃėčùɖMǏ)58J5

Bai Sx��;ǃėčùɖ 0 6730ÿè<4.;ǃėčùɖM 1x10-8:Ǿśĺ4-log10

6Ąś)05ä¸;ǣ=Bõ;Ǹ;ȑ<4é�ńȃ6;ĆǓǀƕƽÏĺ;ĄÖMβ)5�

I4ĆǓǀƕƽĺ:ĂÓ)0ÿè<ȶȑ4ĆǓǀƕƽĺ:ƝĚ)0ÿè<ɣȑ4ĆǓǀƕƽ

Ïĺ6ĂÓEƝĚEǍȬ(K9�30ÿè<Ƿȑ6âȠÖ)58J5ä¸;ǣ=Bõ;�;

Ĉ!(<4ĆǓǀƕƽÏĺ;.K/K;ńȃ:�$J.KH;ÉĤMÝŬ)58J5ǴȣĎ

ǀ:ĂÓB0<.;ɖ ć�30C7 ǍȬ(K0ÿè4��;G�:βȥ)58J(P < 

0.005: +++; P < 0.01: ++; P < 0.05: +)5Ãt�t(c, d)<4Ɏ¡ċFSx��;ő8ō79J

ȊÂǮȓ;ÑèMǏ)58J5Ãt�t;ɥǗ<.;ÑèMÝŬ)5�I4œĵ;�;ŢČ

<.;ÑèMǏ)58J5 
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Ǟ
Ǜ ĈȊ;ÄıƘ7ɛɆ+JȊÂƮā;Ƨ

Ľɖ 


 � ĮȰ 

Ǟ 5 Ǜ64Z��ɒFƾ Nł þí(K58JiSr]Z��ɒǠ;Ȇƒɒ;ɖ ĆǓ

ǀƕƽĺ:ĂÓ)0C7 ǍȬ(K05½ȗǋǘ:�854ä¸ĈȊ NĆǓǀƕƽĺ;ń

ȃ<ĆǓǀƕƽ:GJĈȊ;Äı:GI4ä¸ĈȊ1$69"4Ȇƒɒ;ÄìÞMő�óȊ

;�ɏEßIɟ�KJ0a4.;Ĺɧ6Ȇƒɒ;ÄìÞɝē Ư*JâȈł þí(K58

J[96]5.;0a4ŶǛ6<4ä¸ĈȊ Nńȃ7Ģ¸ĈȊ Nńȃ4.K/K;ĆǓǀƕ

ƽÏĺ6ĄÖ+JȆƒɒ�ȱ:ɛ�+JȊÂǮȓF.KH;Ɏ¡ċ4�ȱưƦMƧĐ+Jō

ƘF.;ǲź:485Ɂ@J5ä¸ĈȊ Nńȃ:�$JĆǓǀƕƽÏĺ;.KHMƏȼ)

0ǲź4Ŷǋǘ:�85Đɖ+JC7 6!0¿5;Ȇƒɒ(dR�Z��ɒ4t�ZZ�

�ɒ4Z��ɒ4iSr]Z��ɒ);ɖ ĆǓǀƕƽĺ:ĂÓ)0C7 ǍȬ(K0(P < 

0.05, õ 6-1a)5�Ũ64Ģ¸ĈȊ Nńȃ:�$JĆǓǀƕƽÏĺ;.KHMƏȼ)0ǲ

ź4Z��ɒFiSr]Z��ɒ;ɖ4Z��ɒ�HiSr]Z��ɒ:Ąś+JɎ¡ċ

(bai Sx��)F.KMő�ȊÂǮȓ(C. scindens);ǃėčùɖ ĆǓǀƕƽĺ:Ųņ:Ă

Ó)0C7 ǍȬ(K0(P < 0.005, õ 6-1b)5B04Ģ¸ĈȊ Nńȃ4ä¸ĈȊ Nń

ȃ4.K/K64Ȗ�;ǶZ�_h���µ ĆǓǀƕƽĺ:ĂÓ)5898:EɛiH

,4Z�_h����HƯŋ(KJǶȆƒɒ;ɖ ĆǓǀƕƽĺ:Ųņ:ĂÓ)0C7EǍ

Ȭ(K0(P < 0.005)5��;ǲź�H4ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ6<4Ȇƒɒ;Ä

ìÞMő�óȊŵǜ;�ɏMÊɟ)0C7:GIć";Ȇƒɒ óȊŵǜ6ÄìÞ(K,:

ĈȊÂ:ƚ¾)00a4Đɖ6!0¿5;Ȇƒɒ;ɖ ĂÓ)0C7 Ǐï(K05�Ũ

64Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ:�85®�;ǶȆƒɒFZ��ɒ;ɖ ĂÓ)0~

Tm`}MūH�:+JC7 6!9�30 4Z��ɒ;ɖ ć"9300a C. 

scindens ;ƙł ɭ"930ǲź4iSr]Z��ɒ;ɖ ĂÓ)0âȈł Ǐï(K

05.;0a4ĈȊÂ6Z��ɒMƝĚ(-JC7<ĈȊÂ;iSr]Z��ɒMƝĚ(-

J0a;�¾;d�Ygj; 1 4:9IļJC7 Ǐï(K05  
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õ 6-1 ä¸ĈȊ Nńȃ7Ģ¸ĈȊ Nńȃ;Ȇƒɒ�ȱ;ĄÖ;ƂƵõ 

õ�;�ȱưƦ<.;Ưŋ(K0¤Ǿ:ɐǾ(K58J5Z��ɒ<Ȅȍ6Ưŋ(KJ 4

+#:t�]�E)"<dR��7ǲè)4t�ZZ��ɒ4dR�Z��ɒ:.K/KĄ

ś(KJ0a4ęȊ:ɐǾ(K58J5ɯȑ;ǉÙ<4ȊÂǮȓ:GJĄśMβ)58J5

ȶ8ǉÙ<Ȇƒɒ;ÄìÞ;ƚKMβ)58J5ǴȣĎǀ:ĂÓ)0C7 ǍȬ(K0ÿ

è4��;G�:βȥ)58J(P < 0.005: +++; P < 0.01: ++; P < 0.05: +)5ǴȣĎǀ:ƝĚ

)0C7 ǍȬ(K0ÿè4��;G�:βȥ)58J(P < 0.005: ---; P < 0.01: --; P < 

0.05: -)5 

 


 � ōƘ 

ŶǤ6<4ǴȣĎǀ9Əȼ:Ʊ80i�d;ßļŨƘ7.;Əȼ:Ʊ80ōƘ:485Ȯū

+J5 

B,4ǴȣĎǀ9Əȼ:Ʊ80i�d;ßļŨƘ:485Ȯū+J5ĈȊ Nńȃ

;ĆǓǀƕƽÏĺ;ƸĎi�d4ǖ�w�;ȊÂǮȓá;ǨǴǰŋi�d4ȊÂǮȓ;řĐ

(K0ƯȅɅį;i�d4ȊÂǮȓ;Ɏ¡ċƈȈǰŋi�d4bai Sx��;ǰŋi�d4

�ȱưƦ;ǰŋi�dM42.2.8 Ǥ43.2.3 Ǥ43.2.4 Ǥ43.2.2 Ǥ43.2.5 Ǥ42.2.4 Ǥ:5.

K/Kßļ)05CKH;i�d�H4Ȗ�;ǶZ�_h���µ7Ȇƒɒ�ȱ:ɛ¯)5

8J 4 4;�ȱưƦ(dR�Z��ɒ4t�ZZ��ɒ4Z��ɒ4iSr]Z��ɒ);
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ɖ4.KH 4 4;Ȇƒɒ;Ƕî67JǶȆƒɒ;ɖ4Z��ɒ;ɖ:ė+JiSr]Z�

�ɒ;ɖ;Ə4bile salt hydrolase F bai Sx��;ǃėčùɖ4ȊÂǮȓ(C. scindens);

ǃėčùɖ7.;řĐ(K0ƯȅɅįMǴȣĎǀ9Əȼ:Ʊ805.K/K;i�d7.;

i�d:ëBK58Jçńȃ;�w�(ĆǓǀƕƽÏ4ĆǓǀƕƽĺ4ä¸ĈȊ N4Ģ¸

ĈȊ N)Mėŀ(-JC764.K/K;i�dMĞÍÖ)05CKH;i�dM��;

ǴȣĎǀ9Əȼ:Ʊ805 

Ɖ:4ǴȣĎǀ9Əȼ:Ʊ80ōƘ:485Ȯū+J5ä¸ĈȊ Nńȃ4Ģ¸Ĉ

Ȋ Nńȃ4.K/K;ĆǓǀƕƽÏĺ6ĄÖ+JȆƒɒ:ɛɆ+JƧĽɖMƧĐ+J0a

:4³�ɚ;ėŀ;7JſĐ67JRP�Zsc�;ǝåɩ¤ſĐMƱ85.KH;ɖMƏ

ȼ)05Z��ɒ;ɖ:ė+JiSr]Z��ɒ;ɖ;Ə<4ńȃƎ:iSr]Z��ɒ;

ɖMZ��ɒ;ɖ6ÑJC76ǡÈ)0 4.K/K;ńȃ;Z��ɒ;ɖB0<iSr]

Z��ɒ;ɖ 0 6730ÿè<.;ƏMǡÈ+JC7 6!9�305.;0a4CK

H;ńȃMßIɟ854RP�Zsc�;ǝåɩ¤ſĐMƱ85ĆǓǀƕƽÏĺ;.;ƏM

Əȼ)05RP�Zsc�;ǝåɩ¤ſĐ<ƥ¸ſĐ6đũ)4R ; coin pgu�^;

wilcoxsign_test MƱ85 P µMßļ)05distribution ;p�~�d<4exact4

alternative ;p�~�d<4less B0< greater MƱ805ƯȅɅį;řĐ:<.;ȊÂ

ǮȓƳŷ;~dYn}��k Ŀȝ67J0a4ƧĐ;y�v�6ǃėčùɖ Ě98ȊÂ

Ǯȓ;ƯȅɅįMřĐ+JC7 6!9�305.;0a4řĐ(K0ƯȅɅį<4³�ɚ

;ėŀ;98RP�Zsc�;ɩ¤îſĐMƱ85.K/K;ĆǓǀƕƽÏ;ńȃ7ĆǓǀ

ƕƽĺ;ńȃMƏȼ)05ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ7Ģ¸ĈȊ NĆǓǀƕƽĺ;

ńȃ6.;ɖ Ʒ9JȆƒɒ:ɛɆ+JƧĽɖMƧĐ+J0a:4RP�Zsc�;ɩ¤î

ſĐMƱ85Əȼ)05RP�Zsc�;ɩ¤îſĐ<ƥ¸ſĐ6đũ)4R ; coin pg

u�^; wilcox_test MƱ85 P µMßļ)05alternative ;p�~�d< less B0<

greater MƱ805CKH;ſĐ:G35ļHK0 P µ;ŲņƑơ< 0.005 7)05 

 


 � ǲź�ȂĖ 


 � �  ä¸ĈȊ N;ÄıƘ Ȇƒɒ�ȱ?ÜA+Ĺɧ 

ä¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;Ȗ�Z�_h���µ74Ȇƒɒ�ȱ:ɛɆ+J�ȱ

ưƦ;ɖ4ȊÂǮȓ;ǃėčùɖF.;řĐ(K0ƯȅɅįMǴȣĎǀ:Əȼ)05B,4

ä¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;Ȗ�;ǶZ�_h���;µMǴȣĎǀ:Əȼ)0ǲ
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ź:Ǉǂ)05ä¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;Ȗ�;ǶZ�_h���;µMƏȼ)

0ǲź4.KH:ǴȣĎǀ9Ųņģ<ǍȬ(K9�30(P=0.327, õ 6-2)5½ȗǋǘ:�8

54Z�_h���<�:Ȅȍ6Ưŋ(K4dR�Z��ɒFt�ZZ��ɒǠ;Ȇƒɒ;

Ưŋ:Ʊ8HKJC7 þí(K58J[94]5��;C7�H4ä¸ĈȊ Nńȃ;Ȅȍ:

�$J4dR�Z��ɒFt�ZZ��ɒǠ;Ȇƒɒ;Ưŋɖ<ĆǓǀƕƽÏĺ6ĄÖ)5

898C7 Ǐï(K05 

Ɖ:4ä¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;�ȱưƦ;ɖMǴȣĎǀ:Əȼ)0ǲ

ź:Ǉǂ)05ä¸ĈȊ Nńȃ;dR�Z��ɒ7t�ZZ��ɒ;ɖ<4ĆǓǀƕƽĺ

:ĂÓ)0C7 ǍȬ(K0(P=0.0327, P=1.54x10-3, õ 6-3a, õ 6-3b)5B04ä¸ĈȊ

 Nńȃ;dR�Z��ɒB0<t�ZZ��ɒ�HĄś(KJZ��ɒ;ɖ74Z��ɒ

�HĄś(KJiSr]Z��ɒ;ɖEĆǓǀƕƽĺ:ĂÓ)0C7 ǍȬ(K0

(P=1.68x10-4, P=0.0301, õ 6-3c, õ 6-3d)5(H:4ä¸ĈȊ Nńȃ;ǶȆƒɒ;ɖEĆ

Ǔǀƕƽĺ:Ųņ:ĂÓ)0C7 ǍȬ(K0(P=3.62x10-5, õ 6-3e)5½ȗǋǘ:�8

54Ȅȍ6Ưŋ(K0dR�Z��ɒFt�ZZ��ɒǠ;Ȇƒɒ<×�ŕȊ:ȽɃ(K0

ĺ4CKH;Ȇƒɒ; 95ɰ<óȊŵǜ6ÄìÞ(K4ÄìÞ(K9�30ƋI; 5%;Ȇƒ

ɒ<ĈȊ:ƚ¾ĺ4®7)5ŗÈ(KJC7 þí(K58J[95]5B04ä¸ĈȊ NĆ

Ǔǀƕƽĺ;ńȃ<ĆǓǀƕƽ:GJĈȊ;Äı:GI4ä¸ĈȊ1$69"4Ȇƒɒ;Ä

ìÞMő�óȊ;�ɏEßIɟ�KJ0a4.;Ĺɧ6Ȇƒɒ;ÄìÞɝē Ư*JâȈł

 7JC7Eþí(K58J[96]5��;C7�H4Ŷǋǘ:�854ä¸ĈȊ NĆǓǀ

ƕƽĺ;ńȃ6CKH;Ȇƒɒ;ɖ ĂÓ)0C7<4CKH;ńȃ6Ȇƒɒ;ÄìÞɝē

 Ư*JâȈł 7J78�½ȗǋǘ;ǲź7ţèł 7JC7 ǍȬ(K05½ȗǋǘ:

�854ĈȊÂ6Ȇƒɒ;ɖ ć8C7<4ĈȊ;ȕÕɉÕFƑÉ;ÉƗM°ɇ)�ƼMȭ

Ę+JâȈł þí(K58J[97]5B04ƑÉ;ìÞ;�9ɏ¤67Jä¸;ĈȊMÊɟ

+JC7<4®;ǹC7ɛɆ)58JâȈł þí(K58J[98]5CKH;½ȗǋǘ;ǲ

ź<4ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ;�Ƽ;Ųƺƫ ɭ8C77ɛɆ)58JâȈł 

Ǐï(K58J[99]5.;0a4Ŷǋǘ:�$Jä¸ĈȊ NĆǓǀƕƽĺ;ńȃ;�Ƽ;

ŲƺƫMȯ@JC76C;�ȮMſȨ+Jǋǘ Ŀȝ67J7Ȃ�HKJ5 

Ɖ:4ä¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;Ȇƒɒ�ȱMő�ȊÂǮȓFɎ¡ċ;

ǃėčùɖ4C. scindens ;řĐ(K0ƯȅɅįMǴȣĎǀ:Əȼ)0ǲź:Ǉǂ)05ä

¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;dR�Z��ɒB0<t�ZZ��ɒMZ��ɒ:Ąś

+JɎ¡ċ67J bile salt hydrolase ;ǃėčùɖMƏȼ)0ǲź4.KH:ǴȣĎǀ9Ų

ņ9ģ<ǍȬ(K9�30(P=0.478, õ 6-4a)5ä¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;Z�
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�ɒ�HiSr]Z��ɒ:Ąś+JɎ¡ċ67J bai Sx��;ǃėčùɖMƏȼ)0ǲ

ź4.KH:ǴȣĎǀ9Ųņģ<ǍȬ(K9�30 4ĆǓǀƕƽĺ:ƝĚ+Jºê:73

0C7 ǍȬ(K0(P=0.301, õ 6-4b)5ä¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ; bai Sx�

�;ő8ō67J C. scindens ;ǃėčùɖMƏȼ)0ǲź4.KH:ǴȣĎǀ9Ųņģ<

ǍȬ(K9�30 4ĆǓǀƕƽĺ:ƝĚ+Jºê:730C7EǍȬ(K0(P=0.445, õ

6-4c)5�Ũ64ä¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ; C. scindens ;řĐ(K0ƯȅɅįM

Əȼ)0ǲź4.KH:ǴȣĎǀ9Ųņģ<ǍȬ(K9�30 4ĆǓǀƕƽĺ:.K ɭ

8C7 ǍȬ(K0(P=0.237, õ 6-4d)5½ȗǋǘ:�854iSr]Z��ɒ<ĈȊ;ä

¸6Z��ɒ�HĄś(KJC7 þí(K5�I[100]4iSr]Z��ɒƯŋȓ67J

C. scindens EĈȊ;ä¸:ƯŃ)58J7�Đ+J74ĈȊ;ä¸MÊɟ+JC7:GI

C. scindens ;ƯŃ:Ɍ)0Ʈā ĄÖ)00a4ä¸ĈȊ Nńȃ; C. scindens ;ǃė

čùɖ<ĆǓǀƕƽĺ:ƝĚ+Jºê:730C7 Ǐï(K05B04ä¸ĈȊ NĆǓ

ǀƕƽĺ;ńȃ; C. scindens ;ǃėčùɖ<ƝĚ)0:EɛiH,4C. scindens ;řĐ

(K0ƯȅɅį ɭ8ºê:730C7:485<46.3.2 Ǥ6ĺɁ+J 4Z��ɒ;ɖ

 ĂÓ)00a4C. scindens ;ƙł ɭ"93078��Ȯ7ǈǄ)58987Ȃ�HK

J5 

űĺ:4ä¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;Z��ɒ;ɖ:ė+JiSr]Z�

�ɒ;ɖ;ƏMǴȣĎǀ:Əȼ)0ǲź:Ǉǂ)05ä¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;

Z��ɒ;ɖ:ė+JiSr]Z��ɒ;ɖ;ƏMƏȼ)0ǲź4ǴȣĎǀ9Ųņģ<ǍȬ

(K9�30 4ĆǓǀƕƽĺ:.;Ə ¥8ºê:7JC7 ǍȬ(K0(P=0.106, õ 6-

3f)5C;ǲź�H4ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ;ĈȊ:�854Z��ɒ;ɖ<ć

8 Z��ɒ�HiSr]Z��ɒ?;Ąśƫ ¥8ºê:7JâȈł Ǐï(K05B

04ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ:�854Z��ɒ;ɖ:ė+JiSr]Z��ɒ;

ɖ;Ə ¥8ºê:7JC7<4Z��ɒ�HiSr]Z��ɒ:Ąś+J bai Sx��7

.;ő8ō67J C. scindens ;ǃėčùɖ ƝĚ)0ºê:730C7 Úô67JâȈ

ł Ǐï(K05 
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õ 6-2 ä¸ĈȊ Nńȃ7Ģ¸ĈȊ Nńȃ;Ȗ�;ǶZ�_h���;ǣ=Bõ 

�;Ĉ!(<4ĆǓǀƕƽÏĺ;.K/K;ńȃ:�$JȖ�ǶZ�_h���µ;ÉĤM

ÝŬ)58J5ǣ=Bõ;ȑ<4ä¸ĈȊ Nńȃ(Ƿȑ)4Ģ¸ĈȊ Nńȃ(ɮȑ)67J

C7Mβ)58J5Ǹ;ȑ<é�ńȃ6;ĆǓǀƕƽÏĺ;ĄÖMβ)5�I4ĆǓǀƕƽ

ĺ:ĂÓ)0ÿè<ȶȑ4ĆǓǀƕƽĺ:ƝĚ)0ÿè<ɣȑ4ĆǓǀƕƽÏĺ6ĂÓEƝ

ĚEǍȬ(K9�30ÿè<Ƿȑ6âȠÖ)58J5 
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õ 6-3 ä¸ĈȊ Nńȃ7Ģ¸ĈȊ Nńȃ;�ȱưƦ;ǣ=Bõ�

ǣ=Bõ<�ɞµ��;y�v�;CMâȠÖ)58J5�;Ĉ!(<4ĆǓǀƕƽÏĺ;

.K/K;ńȃ:�$J.KH;ÉĤMÝŬ)58J5ǣ=Bõ;ȑ<4ä¸ĈȊ Nńȃ

(Ƿȑ)4Ģ¸ĈȊ Nńȃ(ɮȑ)67JC7Mβ)58J5Ǹ;ȑ<é�ńȃ6;ĆǓǀƕ

ƽÏĺ;ĄÖMβ)5�I4ĆǓǀƕƽĺ:ĂÓ)0ÿè<ȶȑ4ĆǓǀƕƽĺ:ƝĚ)0

ÿè<ɣȑ4ĆǓǀƕƽÏĺ6ĂÓEƝĚEǍȬ(K9�30ÿè<Ƿȑ6âȠÖ)58

J5ǴȣĎǀ:ĂÓB0<.;ɖ ć�30C7 ǍȬ(K0ÿè4��;G�:βȥ)5

8J(P < 0.005: +++; P < 0.01: ++; P < 0.05: +)5ǴȣĎǀ:ƝĚB0<.;ɖ Ě9�30

C7 ǍȬ(K0ÿè4��;G�:βȥ)58J(P < 0.005: ---; P < 0.01: --; P < 0.05: 

-)5Z��ɒ;ɖ:ė+JiSr]Z��ɒ;ɖ;Ə(f)MǡÈ+JC7 6!0y�v�Ţ

(N)Mǣ=Bõ;�:Ǐ)58J5 
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õ 6-4 ä¸ĈȊ Nńȃ7Ģ¸ĈȊ Nńȃ;ȊÂǮȓF.;Ɏ¡ċ;ǣ=Bõ�

d <�ɞµ��;y�v�;CMâȠÖ)58J5�;Ĉ!(<4ĆǓǀƕƽÏĺ;.K/

K;ńȃ:�$J.KH;ÉĤMÝŬ)58J5ǣ=Bõ;ȑ<4ä¸ĈȊ Nńȃ(Ƿ

ȑ)4Ģ¸ĈȊ Nńȃ(ɮȑ)67JC7Mβ)58J5Ǹ;ȑ<é�ńȃ6;ĆǓǀƕƽÏ

ĺ;ĄÖMβ)5�I4ĆǓǀƕƽĺ:ĂÓ)0ÿè<ȶȑ4ĆǓǀƕƽĺ:ƝĚ)0ÿè

<ɣȑ4ĆǓǀƕƽÏĺ6ĂÓEƝĚEǍȬ(K9�30ÿè<Ƿȑ6âȠÖ)58J5Ǵ

ȣĎǀ:ĂÓB0<.;ɖ ć�30C7 ǍȬ(K0ÿè4��;G�:βȥ)58J(P 

< 0.005: +++; P < 0.01: ++; P < 0.05: +)5ǴȣĎǀ:ƝĚB0<.;ɖ Ě9�30C7 

ǍȬ(K0ÿè4��;G�:βȥ)58J(P < 0.005: ---; P < 0.01: --; P < 0.05: -)5Ưȅ

ɅįMřĐ+JC7 6!0y�v�Ţ(N)Mǣ=Bõ;�:Ǐ)58J(d)5 
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 � �  Ģ¸ĈȊ N;ÄıƘ Ȇƒɒ�ȱ?ÜA+Ĺɧ 

Ģ¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;Ȗ�Z�_h���µ7Ȇƒɒ�ȱ:ɛɆ+J�ȱư

Ʀ;ɖ4ȊÂǮȓ;ǃėčùɖF.;řĐ(K0ƯȅɅįMǴȣĎǀ:Əȼ)05B,4Ģ

¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;ǶȆƒɒ;ɖ7Ȗ�;ǶZ�_h���;µMǴȣĎǀ

:Əȼ)0ǲź:Ǉǂ)05Ģ¸ĈȊ Nńȃ;ǶȆƒɒ;ɖ<4ĆǓǀƕƽĺ:Ųņ:Ă

Ó)0C7 ǍȬ(K0(P=1.30x10-4, õ 6-3e)5�Ũ64Ģ¸ĈȊ Nńȃ;ĆǓǀƕƽ

Ïĺ;Ȗ�;ǶZ�_h���;µMƏȼ)0ǲź4.KH:ǴȣĎǀ9Ųņ9ģ<ǍȬ(

K9�30(P=0.203, õ 6-2)5CKH;C7�H4Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ;Ȅȍ

:�$JȆƒɒ;Ưŋɖ<ĂÓ)5898âȈł ɭ8:EɛiH,4®�;ǶȆƒɒ;ɖ

<ĂÓ)0C7 ǍȬ(K05Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ:�$JǶȆƒɒ;ɖ Ă

Ó)0~Tm`}MūH�:+JC7<6!9�30 4ōȘ:G35ǐǱ Ŝ¹)0ǲ

ź4Ȇƒɒ;ÄìÞȈ ¥�)00a4®�;ǶȆƒɒ;ɖ ĂÓ)0âȈł Ǐï(K

05 

Ɖ:4Ģ¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;dR�Z��ɒ4t�ZZ��ɒ4Z

��ɒ;ɖ74dR�Z��ɒB0<t�ZZ��ɒMZ��ɒ:Ąś+J bile salt 

hydrolase ;ǃėčùɖMǴȣĎǀ:Əȼ)0ǲź:Ǉǂ)05Ģ¸ĈȊ Nńȃ;ĆǓǀ

ƕƽÏĺ;t�ZZ��ɒ;ɖMƏȼ)0ǲź4.KH:ǴȣĎǀ9Ųņ9ģ<ǍȬ(K9

�30(P=0.431, õ 6-3b)5Ģ¸ĈȊ Nńȃ;dR�Z��ɒ;ɖ<ĆǓǀƕƽĺ:ƝĚ

)4Z��ɒ;ɖ<ĆǓǀƕƽĺ:Ųņ:ĂÓ)0C7 ǍȬ(K0(P=0.0366, 

P=5.31x10-4, õ 6-3a, õ 6-3c)5CKH;ǲź�H4Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ:�

854dR�Z��ɒ�HZ��ɒ?;Ąśƫ ɭ8âȈł Ǐï(K05)�)9 H4

Ģ¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;dR�Z��ɒB0<t�ZZ��ɒMZ��ɒ:Ą

ś+JɎ¡ċ67J bile salt hydrolase ;ǃėčùɖMƏȼ)0ǲź4.KH:ǴȣĎǀ9

Ųņ9ģ<ǍȬ(K9�30(P=0.0897, õ 6-4a)5C;Ɏ¡ċ<4ć";ȊÂǮȓ ±Ų)

58J0a4C;Ɏ¡ċ;ǃėčùɖ<.;ĄśƫMÝŬ)589�30âȈł 7J5.

;0a4C;Ɏ¡ċ;ƾƬMĐɖ+JC764C;ÝŀMő�ȊÂǮȓMƧĐ+Jǋǘ Ŀ

ȝ67J7Ȃ�HKJ5 

űĺ:4Ģ¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;Z��ɒ;ɖ:ė+JiSr]Z�

�ɒ;ɖ;ƏF4Z��ɒ�HiSr]Z��ɒ:Ąś+J bai Sx��F.;ő8ō67

J C. scindens ;ǃėčùɖ7 C. scindens ;řĐ(K0ƯȅɅįMǴȣĎǀ:Əȼ)0ǲ

ź:Ǉǂ)05Ģ¸ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;Z��ɒ;ɖ:ė+JiSr]Z��

ɒ;ɖ;Ə<4ǴȣĎǀ9Ųņģ<ǍȬ(K9�30 4ĆǓǀƕƽĺ:ĂÓ+Jºê:7
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JC7 ǍȬ(K0(P=0.332, õ 6-3f)5C;ǲź�H4Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ

;ĈȊ:�854Z��ɒ�HiSr]Z��ɒ?;Ąśƫ ɭ8ºê:7JâȈł Ǐï

(K05Ģ¸ĈȊ Nńȃ;Z��ɒ�HiSr]Z��ɒ:Ąś+J bai Sx��F4.

;ő8ō67J C. scindens ;ǃėčùɖ<ĆǓǀƕƽĺ:Ųņ:ĂÓ)0C7 ǍȬ(K

0(P=1.91x10-3, P=2.74x10-3, õ 6-4b, õ 6-4c)5B04Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ;

C. scindens ;řĐ(K0ƯȅɅįE4Ģ¸ĈȊ NĆǓǀƕƽÏ;ńȃ;.K7Əȼ)5

ɭ8C7 ǍȬ(K0(P=0.0360, õ 6-4d)5CKH;ǲź�H4Ģ¸ĈȊ NĆǓǀƕƽ

ĺ;ńȃ6<4Z��ɒ;ɖ ć"9300a C. scindens ;ƙł ɭ"930ǲź4iS

r]Z��ɒ;ɖ ĂÓ)0âȈł Ǐï(K05ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ64Z

��ɒ;ɖ ĂÓ)0C7:¢354C. scindens ;řĐ(K0ƯȅɅį ɭ"930C7

E4C;�ȮMŞŔ)58J7Ȃ�HKJ5��;ǲź�H4ĈȊÂ6Z��ɒMƝĚ(-

JC7<4ĈȊÂ;iSr]Z��ɒMƝĚ(-J0a;�¾;d�Ygj; 1 4:9I

ļJC7 Ǐï(K05 

 


 � �  ĈȊ;ÄıƘ;ɋ8 Ȇƒɒ�ȱ?ÜA+Ĺɧ 

ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ7Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ;Ȇƒɒ�ȱ:ɛɆ+

J�ȱưƦ;ɖ4ȊÂǮȓ;ǃėčùɖF.;řĐ(K0ƯȅɅįMǴȣĎǀ:Əȼ)05 

B,4ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ7Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ;ǶȆ

ƒɒ;ɖ7dR�Z��ɒ4t�ZZ��ɒ4Z��ɒ;ɖMǴȣĎǀ:Əȼ)0ǲź:Ǉ

ǂ)05ǶȆƒɒ4dR�Z��ɒ4t�ZZ��ɒ4Z��ɒ;ɖ<4Ģ¸ĈȊ NĆǓ

ǀƕƽĺ;ńȃ7Əȼ)5ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ6.KH;ɖ ć8C7 ǍȬ

(K0(P=1.84x10-3, P=9.58x10-3, P=0.0192, P=1.08x10-3, õ 6-3e, õ 6-3a, õ 6-3b, õ 6-

3c)5CKHǲź�H4Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ7Əȼ)5ä¸ĈȊ NĆǓǀƕ

ƽĺ;ńȃ;Ũ Ȇƒɒ;ÄìÞȈ ¥8âȈł Ǐï(K05 

Ɖ:4ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ7Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ;iS

r]Z��ɒ;ɖ74Z��ɒ;ɖ:ė+JiSr]Z��ɒ;ɖ;Ə4Z��ɒ�HiS

r]Z��ɒ:Ąś+J bai Sx��F.;ő8ō67J C. scindens ;ǃėčùɖ7 C. 

scindens ;řĐ(K0ƯȅɅįMǴȣĎǀ:Əȼ)0ǲź:Ǉǂ)05iSr]Z��ɒ

;ɖMƏȼ)0ǲź4.KH:ǴȣĎǀ9Ųņģ<ǍȬ(K9�30 4ä¸ĈȊ NĆǓ

ǀƕƽĺ;ńȃ7Əȼ)5Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ6.;ɖ ć8ºê:7JC7

 ǍȬ(K0(P=0.157,  õ 6-3d)5B04Z��ɒ;ɖ:ė+JiSr]Z��ɒ;ɖ;Ə
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<4ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ7Əȼ)5Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ6.;Ə

 Ųņ:ɭ8C7 ǍȬ(K0(P=1.86x10-3, õ 6-3f)5CKH;ǲź�H4ä¸ĈȊ NĆ

Ǔǀƕƽĺ;ńȃ7Əȼ)5Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ;Ũ iSr]Z��ɒ;Ư

ŋ:Ɍ)0ȊÂƮā67JâȈł Ǐï(K05Z��ɒ�HiSr]Z��ɒ:Ąś+J

bai Sx��F4.;ő8ō67J C. scindens ;ǃėčùɖE4ä¸ĈȊ NĆǓǀƕƽ

ĺ;ńȃ7Əȼ)5Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ6.;ǃėčùɖ ć8C7 ǍȬ(

K0(P=1.99x10-3, P=0.0106, õ 6-4b, õ 6-4c)5B04C. scindens ;řĐ(K0ƯȅɅį

<4ǴȣĎǀ9Ųņģ<ǍȬ(K9�30 4ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ7Əȼ)5

Ģ¸ĈȊ NĆǓǀƕƽĺ;ńȃ6.K ɭ8ºê:730C7 ǍȬ(K0(P=0.341, õ

6-4d)5CKH;ǲźE4ä¸ĈȊ NĆǓǀƕƽĺ;ńȃ7Əȼ)54Ģ¸ĈȊ NĆǓ

ǀƕƽĺ;ńȃ;Ũ iSr]Z��ɒ;Ưŋ:Ɍ)0ȊÂƮā67J78��ȮMŞŔ)

58J7Ȃ�HKJ5 
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Ǟ�Ǜ ĆǓǀƕƽĺ;ĈȊ N;�_sřĐ

ōƘ;Ǎǚ 

� � ĮȰ 

ĈȊ Nńȃ<ĆǓǀƕƽĺEĈȊ N;�_s ɭ8C7 þí(K58J0a4.;�

_sMȩ­+JC7 ɕȝ67J7Ȃ�HKJ5Ŷǋǘ6<4ƕƽ�HǪ 5 īɚ6ĈȊ 

N;Ï NƺĄ67JćƾłȋȉFĈȊ NMƾƻ)0�8��Mü:4ĈȊ Nńȃ;Ć

Ǔǀƕƽĺ;ĈȊ N;�_sMĐɖÖ+JC7 6!0(Ǟ 2 ǛÛƤ)5½ȗǋǘ:�8

54ȊÂƮā;ǰŋi�d(ȊÂǮȓ;ǨǴǰŋF.KH;Ɏ¡ċƈȈǰŋ4�ȱưƦ;ǰ

ŋ)MƱ80ŠĦ7IĎȁ:G35ƃǥ(K0ÌÍò<4ĈȊ NMƾȞ+J0a;_s�

�m�t:Ʊ8JC7 6!JâȈł Ǐï(K58J[8,9,43,44,46]5ŶǛ6<4ĈȊ 

N;�_s ¥8ńȃ7ɭ8ńȃ;ĆǓǀƕƽÏĺ;ȊÂƮā;ǰŋi�dMC;ōƘ:Ɍ

Ʊ+JC764ÌÍòMƱ85ĆǓǀƕƽĺ;ĈȊ N;�_sMřĐ6!J�8��Mſ

Ȥ)0ōƘF4.;ǲź:485Ɂ@J(õ 7-1)5 

B,4ĆǓǀƕƽĺ;ĈȊ N;�_sMřĐ+JōƘ;ƃǥŨƘ:485Ɂ@

J5½ȗǋǘ:�854ĈȊ N;ƾƻ�ɇȗ:ŀ*5ȊÂǮȓ;ǃėčùɖF�ȱưƦ;

ɖ ĄÖ+JC7 þí(K58J[4]0a4·Ĩȃ�Ć;ńȃMćƍɠƾ N;.K/K

;ƨň(ćƾłȋȉ4Stage 0 ;ĈȊ N4Stage I/II ;ĈȊ N4Stage III/IV ;ĈȊ N)

:ĞÍÖ)4.K/K;ƨň;ńȃ7·ĨȃMÉɪ+JÌÍòM.KH;Țɬȃ;ȊÂƮā

;ǰŋi�d�Hƃǥ)05Ɖ:4.K/K;ÌÍò:ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;Ȋ

ÂƮā;ǰŋi�dMɌƱ)4ÌÍò�HÈÒ(KJǍƫMßļ)05űĺ:4ÌÍò�H

ļHK0ǍƫM4ĈȊ N;�_s ¥8ńȃ7ɭ8ńȃ6Əȼ)4ĈȊ N;�_s ɭ

8ńȃ6.;Ǎƫ ɭ8C7MǍȬ+JC764.;ÌÍò ĆǓǀƕƽĺ;ĈȊ N;�

_sMřĐ6!J�8��Mȩ­)05.;ǲź4·Ĩȃ7ćƾłȋȉ;ńȃB0<4·Ĩ

ȃ7 Stage 0 ;ĈȊ NńȃMÉɪ+JÌÍò:ĈȊ N;�_s ¥8ńȃ7ɭ8ńȃ;

ĆǓǀƕƽÏ;ȊÂƮā;ǰŋi�dMɌƱ+JC76ļHK0Ǎƫ<4ĈȊ N;�_s

 ¥8ńȃ7Əȼ)5ĈȊ N;�_s ɭ8ńȃ6ɭ8C7 ǍȬ(K0(P < 0.05)5 

��;C7�H4·Ĩȃ7ćƾłȋȉ;ńȃB0<4·Ĩȃ7 Stage 0 ;ĈȊ N

ńȃMÉɪ+JÌÍòMƱ8JC764ĆǓǀƕƽĺ;ȊÂƮā:Ƴŷ+JĈȊ N;�_

sMȩ­6!JâȈł Ǐï(K05  
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õ 7-1 ĆǓǀƕƽĺ;ĈȊ N;�_sřĐōƘ;ȩ­;ƂƵõ�

ȊÂǮȓ;ǨǴǰŋi�d4ȊÂǮȓ;Ɏ¡ċƈȈǰŋi�d4�ȱưƦ;ǰŋi�d7.

KH;i�d:ėŀ+JçȚɬȃ;�w�MƱ854Random forest ƘMüǁ7)0ÌÍò

Mƃǥ)05.;ÌÍò?ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;ȊÂƮā;ǰŋi�dMɌƱ+

JC764ǍƫMßļ)05ĈȊ N;�_s ¥8ńȃ7Əȼ)5ĈȊ N;�_s ɭ

8ńȃ6.;Ǎƫ ɭ8�8��Mȯż+JC764ĈȊ N;�_sMřĐ+J��6;

ÌÍò;łȈMȩ­)05 

 

� � ōƘ 

� � �  ÌÍò;ƃǥ 

ŶǤ6<4ÌÍò;ƃǥ:Ʊ80ȊÂƮā;ǰŋi�d;ßļŨƘ4ÌÍò;ƃǥ:Ʊ80

O�[�`}4ÌÍò;p�~�dɍŐ;0a;ǧį;ȩ­ŨƘ4ÌÍò;ƃǥŨƘ:48

5Ȯū+J5 

 

ÌÍò;ƃǥ:Ʊ8JȊÂƮā;ǰŋi�d;ßļŨƘ 

½ȗǋǘ:�854ÌÍò;ƃǥ:Ʊ80Țɬȃ;~dYn}y�v�<Ū:Àə(K58

J [4]4�ɏ;Țɬȃ:485<®:ëBK58J�ȱưƦ<ƟĐ(K589�30(2.3.2
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ǤÛƤ)5Ŷǋǘ6<4.;Țɬȃ;®:ëBK58J�ȱưƦMŧ0:ƟĐ)00a4.

;Țɬȃ;�ȱưƦ;ǰŋi�dMßļ+JC7 6!05ÌÍòMƃǥ+J��64ėȴ

79JȚɬȃŢ ć8Ũ ÌÍò;ƃǥ:Ʊ85898ńȃ;ĆǓǀƕƽĺ;ĈȊ N;�

_sMřĐ+Jǧį ɭ8C7 �Ņ(K00a4ÌÍòMÄįƃǥ+JĿȝ 7305 

ȊÂƮā;ǰŋi�d<4ȊÂǮȓ;ǨǴǰŋi�d4.KH;Ɏ¡ċƈȈǰŋi

�d4�ȱưƦ;ǰŋi�d�Hƃǥ(K5�I43.2.3 Ǥ43.2.2 Ǥ42.2.4 Ǥ:5.K/

K;ǰŋMßļ)05ȊÂƮā;ǰŋi�d7.;i�d:ëBK58JçȚɬȃ;�w�

(·Ĩȃ4 ćƾłȋȉ;ńȃ4 Stage 0 ;ĈȊ Nńȃ4Stage I/II ;ĈȊ Nńȃ4

Stage III/IV ;ńȃ)Mėŀ(-05ÌÍò;ƃǥ:<4ȊÂƮā;ǰŋi�d74.;i

�d:ėŀ+JçȚɬȃ;�w� Ŀȝ67J5ƃǥ)0ÌÍò<4ȊÂƮā;ǰŋi�d

M¾Ò7)5à$ßJC764.K:ėŀ+JȚɬȃ;ç�w�M�Ɵ+JC7 âȈ67

J5ÌÍò:G35ÈÒ(KJç�w�:ĝ+JǍƫ �Đ;ɜµMȸ�0ÿè4.;Țɬ

ȃ<ƧĐ;�w�:ĝ+J7�Ɵ(KJ5 

Ŷǋǘ6<4245 �;·Ĩȃ461 �;ćƾłȋȉ;ńȃ457 �; Stage 0 ;ĈȊ 

Nńȃ485 �; Stage I/II ;ĈȊ Nńȃ459 �; Stage III/IV ;ĈȊ Nńȃ74.;

i�d:ėŀ+JçȚɬȃ;�w�MƱ854·Ĩȃ7.K/K;ńȃMÉɪ+J 4 4;

ÌÍòMƃǥ)05�ȱưƦMƟĐ6!9�30ńȃ;ȊÂƮā;ǰŋi�d<4ÌÍò;

ƃǥ:©Ʊ)9�305B04ĈȊ NĆǓǀƕƽÏĺ;ńȃ;ȊÂƮā;ǰŋi�dMƱ

85ÌÍòMȩ­+J0a483 �;ĆǓǀƕƽÏĺ;ńȃ;ȊÂƮā;ǰŋi�dEÌÍ

ò;ƃǥ:©Ʊ)9�305 

 

ÌÍò;ƃǥ:Ʊ80O�[�`} 

ǸĸóħMüǁ7)0 Lasso(least absolute shrinkage and selection operator)óħF4ɤ

Ǹĸóħ67JƔĐŴMüǁ7)0 Random forest ƘǠ;O�[�`}<ÌÍò;ƃǥ:

G"Ʊ8HK58J[8,9]5Lasso óħ<4ƧĽɖɍŐ;ɊǕ6Áȷɛ¯:7JƧĽɖ ßI

ɟ�K5)B�0a4ÌÍò;ƃǥ:ĕ�)0ƧĽɖ;Ȣɓ ɢ)8C7 7J[4]5.;

0a4Ŷǋǘ6<4Python(version 3.5.3);ƈžĎȁ;�Qu���67J Scikit-

learn(version 0.19.1); RandomForestClassifier ; fit MƱ854Random forest ƘMüǁ

7)0ÌÍòMƃǥ)05max_features ;p�~�d< sqrt4class_weight ;p�~�d

< balanced4 random_state ;p�~�d< 6 MƱ805ĺɁ+J 4ƔĐŴ;Ţ67J

n_estimators 74ƔĐŴ;ƛ(67J max_depth <4űEǧį ɭ"9Jp�~�dMƱ

805 
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Random forest Ƙ<4ȜŢó��e}:ÉÑ(K0i�d�Hƃǥ(K0ÌÍò6

7JĶĎȁòMǰCèi-0O�[�`}67J[101]5��e}:ÉÑ(K0i�dƎ:

ƃǥ(K0ĶĎȁò<4.;ƃǥ:Ʊ80i�d .K/KƷ9J0a4.;ćƄł ɭ"

9J5.;0a4CKH;ĶĎȁMǰCèi-JC76�ƟȈ ɭ8ÌÍòMƃǥ+JC7

 âȈ67J5ÌÍò;ƃǥ:ĕ�)0ƧĽɖ;ĕ�ƫ<4ÌÍò;

feature_importances_MƱ85ǡÈ)05Random forest Ƙ6<4��e}:ÉÑ(K0i

�dƎ:ƧĽɖM 1 4ßIɟ80ÌÍòMƃǥĺ4.;ÌÍò;ƃǥ:Ʊ85898i�

dM.;ÌÍò?.K/KɌƱ+JC76ǡÈ)0�Ɵǧį 4ƧĽɖMßIɟ85898

ÿè;�Ɵǧį7Əȼ)58K"H8¥�)0;�Mβ)0 mean decrease gini Mŕƅ:

ÌÍò;ƃǥ:ĕ�)0ƧĽɖ;ĕ�ƫMǡÈ+J5.;0a4ƧĽɖɚ;Áȷɛ¯:¬č

-,:4.K/K;ƧĽɖ;ĕ�ƫMǡÈ+JC7 6!J5ĕ�ƫ ɭ8ƧĽɖ<4ĈȊ

 NMȧŦ+J0a;oQS{�T�7)5ÎƱ6!JâȈł 7J[8,9]5 

 

ÌÍò;p�~�dɍŐ;0a;ǧį;ȩ­ŨƘ 

ɌÊ9ÌÍò;p�~�dFƧĽɖMɍŐ-,:ÌÍòMƃǥ)0ÿè4ÌÍò;ƃǥ:Ʊ

80ȊÂƮā;ǰŋi�d:ė)5ɊÐ:Ɍè)4ÌÍò;ƃǥ:Ʊ85898ȊÂƮā;

ǰŋi�d:ė+J�ƟȈ Ȕ)"¥�+JɊĎȁ Ư*JâȈł 7J5.;0a4ÌÍ

ò:ƃǥ:Ʊ8JƧĽɖFp�~�dMĄŮ)5ć";ÌÍòMƃǥ)4.;��HűE�

Ɵǧį Ȑ8ÌÍòMɍŐ)05 

ÌÍò;�Ɵǧį< 10 ÉÑ�ģſȨ+JC76ȩ­)0510 ÉÑ�ģſȨ<4Ȋ

ÂƮā;ǰŋi�dM 10 ³:ÉÑĺ4ÌÍò;ƃǥ:Ʊ8J 9 ³;j��m�ti�d7

ÌÍò;�Ɵǧį;ſȨ:Ʊ8J 1 ³;h_ji�d;ǰCèi-M 10 ³§ŋ+JC7

64�ƟǧįMȩ­+JōƘ67J5 

Ŷǋǘ6<4Python ;ƈžĎȁ;�Qu���67J Scikit-learn ;

StratifiedKFold MƱ85 10 ÉÑ�ģſȨ)05StratifiedKFold ;p�~�d<4

n_splits=104shuffle=True MƱ805�Ţ;p�~�d67J random_state M 0 �H 9

B6ĄŮ)5410 ÉÑ�ģſȨM 10 óǽIɀ+C764100 ³;j��m�ti�d7h

_ji�d;ǰCèi-Mßļ)05.K/K;ǰCèi-:�854j��m�ti�d

MƱ85ÌÍòMƃǥĺ4ÌÍò; predict_proba MƱ85.;ÌÍò?h_ji�dMɌ

Ʊ+JC764h_ji�d67JȊÂƮā;ǰŋ:ėŀ+JçȚɬȃ;ç�w�:ĝ+J

ǍƫMßļ)05ÌÍò�HÈÒ(K0h_ji�d:ëBK58JçȚɬȃ;.K/K;

ç�w�:ĝ+JǍƫ74.;Țɬȃ;�w�MƤè+JC76�ƟǧįMǡÈ)05çȚ
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ɬȃ;ç�w�:ĝ+JǍƫMçȚɬȃ;�w�7Ƥè+J0a:<4.;Ǎƫ;ɜµMĐ

Ȁ+JĿȝ 7J 4ÌÍò;ǧįFÌÍòMƃǥ+J7!:Ʊ80�w�;¶IǠ:G3

54ÌÍòƎ:ɌÊ9ɜµ Ʒ9J5.;0a4AUC(Area Under The Curve)Mŕƅ:�

ƟǧįMȩ­)05AUC <4Scikit-learn ; roc_auc_score MƱ85h_ji�d:ëB

K58JçȚɬȃ;·Ĩȃ�Ć;�w�:ĝ+JǍƫ7.;Țɬȃ;�w��HǡÈ)05

.K/K;j��m�ti�d7h_ji�d;ǰCèi-:�85ǡÈ(KJ 100 ³;

AUC ;ĪúµM.;ÌÍò;�Ɵǧį7)05 

 

ÌÍò;ƃǥŨƘ 

ȊÂƮā;ǰŋi�d<4ƧĽɖ ɤĨ:ć80a4��; 10 ³;ōɩ6ƧĽɖMɍŐ

)4ÌÍòMƃǥ)0(õ 7-2)5C;ōɩM4·Ĩȃ7ćƾłȋȉ;ńȃ4·Ĩȃ7 Stage 

0 ;ĈȊ Nńȃ4·Ĩȃ7 Stage I/II ;ĈȊ Nńȃ4·Ĩȃ7 Stage III/IV ;ĈȊ N

ńȃ;ȊÂƮā;ǰŋi�d:ė)5.K/KɌƱ)4űǯǀ: 4 4;ÌÍòMƃǥ)

05 

                                                                                                           

1. ȊÂƮā;ǰŋi�dMƃŋ+J.K/K;ǰŋi�d(ȊÂǮȓ;ǨǴǰŋi�d4

Ɏ¡ċƈȈǰŋi�d4�ȱưƦ;ǰŋi�d):ė)5 10 ÉÑ�ģſȨM 10 óǽ

Iɀ)4100 ³;j��m�ti�d7h_ji�d;ǰCèi-M§ŋ)05 

2. .K/K;j��m�ti�dMƱ854ƔĐŴ;Ţ67J n_estimators 7ƔĐŴ

;ƛ(67J max_depth MĄŮ)5ć";ÌÍòMƃǥĺ4.;ÌÍò?.K/K

;h_ji�dMɌƱ)ǧį;ȩ­ŕƅ67J AUC Mßļ)05C;ġǕ<.K/

K;ǰŋi�dƎ:đũ)05 

3. .K/K;p�~�dƎ: 100 ³; AUC ;ĪúµMǡÈ)4űE AUC  ɭ"9J

p�~�dMƔĐ)05C;ġǕE.K/K;ǰŋi�dƎ:đũ)05 

4. űEǧį ɭ"930ÌÍò;ƃǥ:ĕ�)0ƧĽɖ;ĕ�ƫMǡÈ)05C;ġǕ

E.K/K;ǰŋi�dƎ:đũ)05 

5. .K/K;j��m�ti�dMƱ854ƔĐŴ;Ţ67J n_estimators 7ƔĐŴ

;ƛ(67J max_depth 74.K/K;ǰŋi�d�Hƃǥ(K0ÌÍò;ĕ�ƫ

 ɭ8ƧĽɖ;ŢMĄŮ)5ć";ÌÍòMƃǥĺ4.;ÌÍò?.K/K;h_j

i�dMɌƱ) AUC Mßļ)05 

6. .K/K;p�~�dƎ: 100 ³; AUC ;ĪúµMǡÈ)4űE.K ɭ"9Jp

�~�dMƔĐ)05 
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7. űEǧį ɭ"9JÌÍò;ƃǥ:ĕ�)0ƧĽɖ;ĕ�ƫMǡÈ)05 

8. 100 ³;j��m�ti�d�Hƃǥ(K0ÌÍò;ƃǥ:ĕ�)0ƧĽɖƎ:.;

ĕ�ƫ;�ĉµMǡÈ)4.;ĕ�ƫ 0 6730ƧĽɖMßIɟ805 

9. 8 6ļ0ƧĽɖ:ėŀ+JȊÂƮā;ǰŋi�d�Hűǯǀ9ÌÍòMƃǥ)05 

10. űǯǀ9ÌÍò;ƃǥ:ĕ�)0ƧĽɖ;ĕ�ƫMǡÈ)05 
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õ 7-2 ÌÍòMƃǥ+J0a;ƧĽɖɍŐ;ƂƵõ 

ȊÂǮȓ;ǨǴǰŋi�d4ȊÂǮȓ;Ɏ¡ċƈȈǰŋi�d4�ȱưƦ;ǰŋi�d:ė

)5 10 ÉÑ�ģſȨM 10 óǽIɀ)5 100 ³;j��m�ti�d7h_ji�d;ǰ

Cèi-M§ŋ)05.; 100 ³;j��m�ti�dMƱ85ƧĽɖFÌÍò;ǧį 

űEɭ"9Jp�~�dMŘǭ)05ƧĽɖɍŐĺ;ǰŋi�d7.K/K;Țɬȃ;�w

�MƱ854.;p�~�d6ÌÍòMƃǥ)05 

 

� � �  ÌÍò?;ȊÂƮāi�d;ɌƱ 

ƃǥ)0 4 4;ÌÍò?Ŷǋǘ6ßļ)0çȚɬȃ;ȊÂƮāi�dM.K/KɌƱ+J

C764çȚɬȃ;ç�w�:ĝ+JǍƫMßļ+JC7 âȈ67J5.K/K;ÌÍò
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;ƃǥ:Ʊ85898ćƍɠƾ N;8,K�;ƨň;ńȃ(ćƾłȋȉ;ńȃ4Stage 0 ;

ĈȊ Nńȃ4Stage I/II ;ĈȊ Nńȃ4Stage III/IV ;ĈȊ Nńȃ)FĈȊ Nńȃ;

ĆǓǀƕƽÏĺ;ȊÂƮā;ǰŋi�dM4ƃǥ)0 4 4;ÌÍò?.K/KɌƱ+JC

76.KH;ç�w�:ĝ+JǍƫMǡÈ)05ÌÍò;ƃǥ:Ʊ80çȚɬȃ;ȊÂƮā

;ǰŋ;i�dE.;ÌÍò?ɌƱ+JC7 âȈ67J 4.KH;Țɬȃ;ȊÂƮā;

ǰŋi�d<Ū:ÌÍò;ƃǥ:Ʊ858J0a4C;ōƘ6ǡÈ(KJç�w�:ĝ+J

Ǎƫ<�ƟȈMƊǍ:ÝŬ)98C7 �Ņ(KJ5.;0a41 �;Țɬȃ;ȊÂƮā;

ǰŋi�dMßIɟ85ÌÍòMƃǥ)4.;ÌÍò? 1 �;Țɬȃ;ȊÂƮā;ǰŋi

�dMɌƱ)4.;Țɬȃ;ç�w�:ĝ+JǍƫMßļ+JġǕMÌÍò;ƃǥ:Ʊ80

¿5;Țɬȃ:ė)5đũ+J Leave-one-out Ƙ:GI4.K/K;ÌÍò;ƃǥ:Ʊ80

çȚɬȃ;ç�w�:ĝ+JǍƫMǡÈ)05Leave-one-out Ƙ:GIƃǥ)0ȜŢ;ÌÍ

ò<47.2.1 Ǥ6ƃǥ)0ÌÍò7Əȼ)541 �É;ȊÂƮā;ǰŋi�d ÌÍò;ƃ

ǥ:©Ʊ(K5898 4.KH;ĈɏÉ<ÁɄ)58J5.;0a4Leave-one-out Ƙ:

GIƃǥ(K0ÌÍò�HÈÒ(KJç�w�:ĝ+JǍƫE�ƟȈMÝŬ)58J7Ȃ�

HKJ5 

 

� � �  Ǎƫ;țƊ 

.K/K;ÌÍò�HÈÒ(KJç�w�:ĝ+JǍƫ<4ÌÍò;ǧįFÌÍòMƃǥ+

J7!:Ʊ80�w�;¶IǠ:G35ÉĤ Ʒ9JâȈł 7J5.;0a4.K/K;

ÌÍò�HļHK0ǍƫM4��;Ĳ6țƊ)05 

 

Normalized	probability = probability-min(probability)
max(probability)-min(probability) 

 

Normalized probability <çȚɬȃ;țƊ(K0·Ĩȃ�Ć;�w�:ĝ+JǍƫ67J5

probability <ÌÍò�HļHK0çȚɬȃ;·Ĩȃ�Ć;�w�:ĝ+JǍƫ67J5

min(probability)<ÌÍò�HļHK0¿5;Țɬȃ;·Ĩȃ�Ć;�w�:ĝ+JǍƫ;

űęµ67J5max(probability)<ÌÍò�HļHK0¿5;Țɬȃ;·Ĩȃ�Ć;�w�

:ĝ+JǍƫ;űĈµ67J5 
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� � �  ǴȣÇƭ 

ȊÂƮā;ǰŋi�dM.K/K;ÌÍò7țƊĲ?ɌƱ+JC764.;ȊÂƮā;ǰŋ

i�d:ėŀ+JçȚɬȃ;țƊǍƫMßļ)05çȚɬȃ;țƊǍƫ7çȚɬȃ;�w�

Mėŀ(-54��;ǴȣĎǀ9Əȼ:Ʊ805 

ĈȊ N;�_s ¥8ńȃ7Əȼ)5ĈȊ N;�_s ɭ8ńȃ6.;țƊǍ

ƫ ɭ8�8��Mȯ@J0a:4RP�Zsc�;ɩ¤îſĐMƱ854.KH;țƊǍ

ƫMƏȼ)05RP�Zsc�;ɩ¤îſĐ<ƥ¸ſĐ6đũ)4R ; coin pgu�^;

wilcox_test MƱ85 P µMßļ)05alternative ;p�~�d< less B0< greater MƱ

805CKH;ſĐ:G35ļHK0 P µ;ŲņƑơ< 0.005 7)05 

 

� � ǲź�ȂĖ 

� � � ĈȊ N;�_sMřĐ+JōƘ;Ǎǚ 

ĆǓǀƕƽĺ;ĈȊ N;�_sMřĐ+JōƘMǍǚ+J0a:4ÌÍòMƃǥ)4.;

ÌÍò:ĈȊ N;�_s ¥8ńȃ7ɭ8ńȃ;ȊÂƮā;ǰŋi�dMɌƱ+JC76

ļHK0ǍƫMßļ)4ĈȊ N;�_s ¥8ńȃ;Ǎƫ7ĈȊ N;�_s ɭ8ńȃ

;ǍƫMƏȼ)05 

B,4ÌÍòMƃǥ)0ǲź:485Ɂ@J5·Ĩȃ4ćƾłȋȉ;ńȃ4Stage 0

;ĈȊ Nńȃ4Stage I/II ;ĈȊ Nńȃ4Stage III/IV ;ĈȊ Nńȃ;ȊÂƮā;ǰ

ŋi�d7.;i�d:ėŀ+JȚɬȃ;�w�MƱ854·Ĩȃ7.K/K;ńȃMÉɪ

+J 4 4;ÌÍòMƃǥ)0510 ÉÑ�ģſȨM 10 óǽIɀ+C76ļHK0ÌÍò;ł

Ȉ<β 7-1 :Ǐ)05ƃǥ)0 4 4;ÌÍò;�64·Ĩȃ7 Stage III/IV ;ĈȊ Nńȃ

MÉɪ+JÌÍò;ǧį űEɭ8C7 ǍȬ(K0(AUC=0.849)5½ȗǋǘ:�85E4

ėȴ7930ȚɬȃŢ Ŷǋǘ7<Ʒ9J 4·Ĩȃ7 Stage III/IV ;ĈȊ NńȃMÉɪ

+JÌÍò;ǧį ɭ8C7 þí(K58J0a[4]4ÌÍòMƃǥ+JōƘ;ÄƬłM

ǍȬ+JC7 6!05 

Ɖ:456 �;ĈȊ N;�_s ¥8ńȃ7 18 �;ĈȊ N;�_s ɭ8ńȃ

;ĆǓǀƕƽÏĺ;ȊÂƮā;ǰŋi�dMÌÍò:ɌƱ+JC764ǍƫMßļ)4ĈȊ

 N;�_s ¥8ńȃ;Ǎƫ7ĈȊ N;�_s ɭ8ńȃ;ǍƫMƏȼ)0ǲź:48

5Ɂ@J5·Ĩȃ7ćƾłȋȉ;ńȃ4·Ĩȃ7 Stage 0 ;ĈȊ NńȃMÉɪ+JÌÍò
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:4ĈȊ N;�_s ¥8ńȃ7ĈȊ N;�_s ɭ8ńȃ;ĆǓǀƕƽÏ;ȊÂƮā

;ǰŋi�dMɌƱ)ļHK0Ǎƫ<4ĈȊ N;�_s ¥8ńȃ7Əȼ)5ĈȊ N;

�_s ɭ8ńȃ6ɭ8C7 ǍȬ(K0(õ 7-3a, P=0.0240, P=0.0129)5C;C7�H4

CKH;ÌÍò:ĈȊ Nńȃ;ĆǓǀƕƽÏ;ȊÂƮā;ǰŋi�dMɌƱ+JC764

ĆǓǀƕƽĺ;ĈȊ N;�_sMřĐ6!JâȈł Ǐï(K05�Ũ64·Ĩȃ7ćƾ

łȋȉ;ńȃ4·Ĩȃ7 Stage 0 ;ĈȊ NńȃMÉɪ+JÌÍò:4ĈȊ N;�_s 

¥8ńȃ7ĈȊ N;�_s ɭ8ńȃ;ĆǓǀƕƽĺ;ȊÂƮā;ǰŋi�dMɌƱ)ļ

HK0ǍƫM4ĈȊ N;�_s ¥8ńȃ7ĈȊ N;�_s ɭ8ńȃ6Əȼ)0ǲ

ź4.KH:Ųņ9ģ<ǍȬ(K9�30(õ 7-3b, P > 0.05)5ĈȊ Nńȃ;ĆǓǀƕƽ

ĺ;ȊÂƮā;ǰŋi�dMɌƱ)0ǲźĆǓǀƕƽĺ;ĈȊ N;�_sMřĐ6!9�

30Úô:485<ūH�:+JC7<6!9�305 

 

β 7-1 ÌÍòMƃǥ:Ʊ80ƧĽɖ;Ţ7p�~�d�

  

Classifier Species (N) KO (N) Metabolome (N) n_estimator max_depth Average of  AUC
Healthy vs MP 5 0 15 2500 20 0.640

Healthy vs Stage 0 20 5 25 500 5 0.686
Healthy vs Stage I/II 15 0 25 500 15 0.708

Healthy vs Stage III/IV 5 0 25 2500 20 0.848
N��
��	������
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õ 7-3 ĈȊ Nńȃ;ĆǓǀƕƽÏĺ;țƊǍƫ;ǣ=Bõ 

ćƍɠƾ N;8,K�;ƨň;ńȃ(MP: ćƾłȋȉ;ńȃ; S0: Stage 0 ;ĈȊ Nńȃ; 

SI/II: Stage I/II ;ĈȊ Nńȃ; SIII/IV: Stage III/IV ;ĈȊ Nńȃ)7·ĨȃMÉɪ+J

4 4;ÌÍò:4ĈȊ N;�_s ¥8ńȃ(Low; ɮȑ)7ɭ8ńȃ(High; ɣȑ);ĆǓƕ

ƽÏ(a)7ĆǓǀƕƽĺ(b);ȊÂƮā;ǰŋi�dMɌƱ)4ļHK0țƊǍƫMǣ=Bõ

6Ǐ)05ƇǸ<.K/K;ÌÍò;ƃǥ:Ʊ80·Ĩȃ(ɯȑ)7.K�Ć;ńȃ(ȶȑ);

țƊǍƫMβ)58J5ǴȣĎǀ:țƊǍƫ ɭ8C7 ǍȬ(K0ÿè4��;G�:β

ȥ)58J(P < 0.05; +)5 

 

� � �  ĈȊ N;�_sMÝŬ+JâȈł 7JƧĽɖ;Řǭ 

·Ĩȃ7ćƾłȋȉ;ńȃ4·Ĩȃ7 Stage 0 ;ĈȊ NńȃMÉɪ+JÌÍò:ĈȊ N

ńȃ;ĆǓǀƕƽÏ;ȊÂƮā;ǰŋi�dMɌƱ+JC764ĆǓǀƕƽĺ;ĈȊ N;

�_sMřĐ6!JâȈł Ǐï(K05ŶȮ6<4.K/K;ÌÍò;ƃǥ:ĕ�)0Ƨ

ĽɖMȯż+JC764ĈȊ N;�_sMÝŬ+JâȈł 7JƧĽɖMŘǭ)05 

B,4·Ĩȃ7ćƾłȋȉ;ńȃMÉɪ+JÌÍò;ƃǥ:ĕ�)0ƧĽɖMȯż

)05.;ǲź4O�m�(Ala)F_�Sm�(Thr)Ǡ;O|nɒF4Ȇƒɒ; 1 ǖ67Ji

Sr]Z��ɒ(DCA)4ȆƒɒɛɆ;�ȱưƦ67JdR��(Taurine);ĕ�ƫ ɭ8C

7 ǍȬ(K0(õ 7-4)5CKH;�ȱưƦ<ĈȊ N;�_sMÝŬ+JâȈł 7J7

Ȃ�HKJ5ĕ�ƫ ɭ8ƧĽɖ7)54ƾ NłMŲ+JC7 þí(K58JiSr]

M
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Z��ɒ[31] ëBK58JC7E4C;�ȦMŞŔ)58J7Ȃ�HKJ5iSr]Z�

�ɒ1$6<9"4ĆǓǀƕƽÏĺ6.;ɖ ǴȣĎǀ:Ųņ:ƝĚ)9�30O|nɒE

ĈȊ N;�_sMÝŬ+JâȈł 7J 4ĈȊ N;ƾƻFɇȗ7;ɛɆł þí(K

58980a4.;ȫǮ9~Tm`}MɂƓ+JC7<6!9�305 

Ɖ:4·Ĩȃ7 Stage 0 ;ĈȊ NńȃMÉɪ+JÌÍò;ƃǥ:ĕ�)0ƧĽɖ

Mȯż)05.;ǲź4t�d|�ɒ(Glu)Ff�]�(Tyr)Ǡ;O|nɒF4xvfkÉȢ

ɑǬ67J gamma-glutamyl transpeptidase(ggt, K00681);ĕ�ƫ ɭ8C7 ǍȬ(K

0(õ 7-4)5CKH;�ȱưƦEĈȊ N;�_sMÝŬ)58JâȈł 7J7Ȃ�HK

J5)�)9 H4CKH;�ȱưƦEĈȊ N;ƾƻFɇȗ7;ɛɆł þí(K589

80a4.;ɛɆłMɂƓ+JC7 6!9�305�ĺ4CKH;�ȱưƦ ĈȊ N;

Ǯȇ:8;G�9ĹɧMÜA+;�đɬ+JC764CKH;�ȱưƦ7ĈȊ N;ɛ¯ł

MūH�:+JĿȝ 7J7Ȃ�HKJ5 
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õ 7-4 ÌÍò;ƃǥ:ĕ�)0�¤ ��³;ƧĽɖMβ)0q�j{gv 

ƇȻ<4ćƍɠƾ N;8,K�;ƨň;ńȃ(MP: ćƾłȋȉ;ńȃ; S0: Stage 0 ;ĈȊ
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�ɗ 2 Àə(K58J bai Ɏ¡ċ; UniProt ; Accession number 

  

Gene Accession number

baiA Q9RB46_9FIRM

baiA B4YST2_9FIRM

baiA BAIA2_CLOSV

baiB Q9RB49_9FIRM

baiB B4YST9_9FIRM

baiB BAIB_CLOSV

baiCD Q9RB48_9FIRM

baiCD B4YSU0_9FIRM

baiCD BAICD_CLOSV

baiE Q9RB47_9FIRM

baiE B4YSU1_9FIRM

baiE BAIE_CLOSV

baiE A0A0M1UWR2_PAESO

baiF Q9RB45_9FIRM

baiF B4YSU2_9FIRM

baiF BAIF_CLOSV

baiG Q9RB44_9FIRM

baiG B4YSU3_9FIRM

baiG BAIG_CLOSV

baiH A5A8R6_9FIRM

baiH B4YSU4_9FIRM

baiH BAIH_CLOSV

baiI B4YSU5_9FIRM

baiI BAII_CLOSV
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Species P value

Parvimonas micra [ref_mOTU_v2_1145] 2.27x10-13

Prevotella copri [ref_mOTU_v2_4448] 6.55x10-11

unknown Clostridiales [meta_mOTU_v2_5411] 2.96x10-9 
Gemella morbillorum [ref_mOTU_v2_4513] 1.39x10-8 

Fusobacterium nucleatum s. animalis [ref_mOTU_v2_0776] 2.09x10-7 
unknown Faecalibacterium [meta_mOTU_v2_6631] 2.79x10-6

unknown Clostridiales [meta_mOTU_v2_5669] 2.84x10-6

Coprococcus catus [ref_mOTU_v2_4874] 3.29x10-6

Peptostreptococcus stomatis [ref_mOTU_v2_4614] 3.66x10-6

Bacteroides coprocola [ref_mOTU_v2_4312] 3.81x10-6 
unknown Dialister [meta_mOTU_v2_5867] 3.81x10-6 
Dorea longicatena [ref_mOTU_v2_2893] 6.48x10-6 

unknown Clostridiales [meta_mOTU_v2_7061] 1.34x10-5 
bacterium LF-3 [ref_mOTU_v2_3608] 1.53x10-5 

unknown Clostridiales [meta_mOTU_v2_5712] 1.56x10-5 
unknown Clostridiales [meta_mOTU_v2_6832] 2.04x10-5 
unknown Eubacterium [meta_mOTU_v2_6657] 2.08x10-5

Faecalibacterium prausnitzii [ref_mOTU_v2_4211] 2.29x10-5 
unknown Clostridiales [meta_mOTU_v2_7093] 2.58x10-5 

unknown Ruminococcaceae [meta_mOTU_v2_6905] 2.62x10-5

Holdemanella biformis [ref_mOTU_v2_4395] 3.05x10-5 
unknown Clostridiales [meta_mOTU_v2_6049] 3.24x10-5

Fusobacterium periodonticum [ref_mOTU_v2_1402] 4.01x10-5

unknown Clostridiales [meta_mOTU_v2_7031] 4.31x10-5 
unknown Clostridiales [meta_mOTU_v2_7014] 4.77x10-5 
unknown Clostridiales [meta_mOTU_v2_6632] 4.87x10-5

Fusobacterium nucleatum s. polymorphum [ref_mOTU_v2_0131] 6.10x10-5 
Fusobacterium nucleatum s. vincentii [ref_mOTU_v2_0754] 6.10x10-5 

unknown Clostridiales [meta_mOTU_v2_6787] 6.30x10-5 
Clostridium spiroforme [ref_mOTU_v2_4235] 6.45x10-5

unknown Clostridiales [meta_mOTU_v2_5806] 6.87x10-5 
Oscillibacter sp. 57_20 [meta_mOTU_v2_5351] 8.63x10-5

Oscillibacter sp. ER4 [ref_mOTU_v2_3624] 8.64x10-5 
uncultured Clostridium sp. [meta_mOTU_v2_6381] 1.02x10-4

unknown Clostridiales [meta_mOTU_v2_6916] 1.41x10-4

unknown Clostridiales [meta_mOTU_v2_5603] 1.64x10-4

Ruminococcus torques [ref_mOTU_v2_4718] 1.96x10-4

Eubacterium ramulus [ref_mOTU_v2_2795] 2.33x10-4

Megamonas funiformis/rupellensis [ref_mOTU_v2_0502] 2.42x10-4

unknown Clostridiales [meta_mOTU_v2_7527] 3.32x10-4

unknown Clostridiales [meta_mOTU_v2_6808] 3.46x10-4

unknown Tyzzerella [meta_mOTU_v2_5947] 3.64x10-4

Eubacterium hallii [ref_mOTU_v2_4207] 3.65x10-4

Blautia obeum [ref_mOTU_v2_4719] 3.66x10-4

unknown Ruminococcaceae [meta_mOTU_v2_6478] 3.67x10-4

unknown Peptostreptococcaceae [meta_mOTU_v2_7331] 3.91x10-4

unknown Clostridiales [meta_mOTU_v2_6819] 3.96x10-4

unknown Clostridiales [meta_mOTU_v2_5417] 4.07x10-4

unknown Clostridiales [meta_mOTU_v2_5826] 411x10-4

unknown Clostridiales [meta_mOTU_v2_6088] 4.78x10-4
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unknown Clostridiales [meta_mOTU_v2_6044] 4.88x10-4

unknown Clostridium [meta_mOTU_v2_6792] 4.89x10-4

unknown Clostridiales [meta_mOTU_v2_6926] 5.63x10-4

Blautia obeum [ref_mOTU_v2_4202] 6.02x10-4

Dorea longicatena [ref_mOTU_v2_4203] 6.26x10-4

unknown Clostridiales [meta_mOTU_v2_7157] 6.32x10-4

unknown Clostridiales [meta_mOTU_v2_6575] 6.33x10-4

uncultured Clostridium sp. [meta_mOTU_v2_5907] 6.75x10-4

unknown Clostridiales [meta_mOTU_v2_5805] 7.54x10-4

unknown Clostridiales [meta_mOTU_v2_7158] 8.31x10-4

Dorea formicigenerans [ref_mOTU_v2_0973] 1.13x10-3

Gemella sanguinis [ref_mOTU_v2_1151] 1.14x10-3

Solobacterium moorei [ref_mOTU_v2_0531] 1.16x10-3

unknown Clostridiales [meta_mOTU_v2_7531] 1.17x10-3

unknown Clostridiales [meta_mOTU_v2_7180] 1.40x10-3

Oscillibacter sp. 57_20 [meta_mOTU_v2_6676] 1.51x10-3

unknown Clostridiales [meta_mOTU_v2_6807] 1.57x10-3

Roseburia hominis [ref_mOTU_v2_4572] 1.70x10-3

Holdemanella biformis [meta_mOTU_v2_7589] 1.83x10-3

unknown Clostridiales [meta_mOTU_v2_7630] 1.95x10-3

Faecalibacterium prausnitzii [ref_mOTU_v2_1379] 1.99x10-3

Prevotella stercorea [ref_mOTU_v2_1551] 2.09x10-3

unknown Clostridiales [meta_mOTU_v2_7782] 2.51x10-3

Clostridium sp. L2-50 [ref_mOTU_v2_4212] 2.75x10-3

Eubacterium rectale [ref_mOTU_v2_1416] 2.77x10-3

unknown Clostridiales [meta_mOTU_v2_5396] 2.79x10-3

unknown Clostridiales [meta_mOTU_v2_6000] 2.81x10-3

unknown Prevotella [meta_mOTU_v2_5555] 3.17x10-3

unknown Bacteroidales [meta_mOTU_v2_5375] 3.36x10-3

unknown Clostridiales [meta_mOTU_v2_6525] 3.40x10-3

unknown Clostridiales [meta_mOTU_v2_6699] 3.55x10-3

unknown Peptostreptococcaceae [meta_mOTU_v2_5742] 3.90x10-3

Lachnoanaerobaculum sp. [ref_mOTU_v2_1537] 3.91x10-3

unknown Prevotella [meta_mOTU_v2_5502] 3.91x10-3

unknown Bacteroidales [meta_mOTU_v2_5329] 4.03x10-3

Coprococcus comes [ref_mOTU_v2_4313] 4.10x10-3

unknown Clostridiales [meta_mOTU_v2_6028] 4.49x10-3

unknown Ruminococcaceae [meta_mOTU_v2_5330] 4.56x10-3

unknown Ruminococcaceae [meta_mOTU_v2_6557] 4.68x10-3

unknown Clostridiales [meta_mOTU_v2_6852] 4.94x10-3
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Species P value

Clostridium clostridioforme [ref_mOTU_v2_0979] 4.88x10-10 

Flavonifractor plautii [ref_mOTU_v2_1377] 1.11x10-9 

Clostridium boltae/clostridioforme [ref_mOTU_v2_0886] 1.31x10-8 

Bilophila wadsworthia [ref_mOTU_v2_1149] 2.25x10-7 

unknown Clostridiales [meta_mOTU_v2_6672] 9.41x10-7 

Parabacteroides merdae [ref_mOTU_v2_1378] 1.64x10-6 

Bifidobacterium longum [ref_mOTU_v2_0150] 6.29x10-6 

Eggerthella lenta [ref_mOTU_v2_0642] 1.24x10-5 

Bacteroides fragilis/ovatus [ref_mOTU_v2_1073] 1.35x10-5 

Enterobacteriaceae sp. [ref_mOTU_v2_0036] 2.66x10-5 

Bifidobacterium dentium [ref_mOTU_v2_0631] 4.87x10-5 

Bifidobacterium breve [ref_mOTU_v2_0157] 5.09x10-5 

Clostridiales bacterium VE202-14 [ref_mOTU_v2_2689] 5.56x10-5 

Lactobacillus casei/paracasei [ref_mOTU_v2_0226] 6.10x10-5 

Anaerostipes caccae [ref_mOTU_v2_1381] 4.51x10-4

Pyramidobacter piscolens [ref_mOTU_v2_4064] 5.49x10-4

Blautia hansenii [ref_mOTU_v2_1428] 1.71x10-3

Coprococcus sp. [ref_mOTU_v2_0303] 1.75x10-3

Dialister invisus [ref_mOTU_v2_4598] 2.23x10-3

Bacteroides xylanisolvens [ref_mOTU_v2_1072] 2.48x10-3

Clostridium innocuum [ref_mOTU_v2_0643] 4.12x10-3

Oscillibacter sp. KLE 1728 [ref_mOTU_v2_0858] 4.47x10-3

Clostridium scindens [ref_mOTU_v2_0883] 4.85x10-3

Ruminococcus gnavus [ref_mOTU_v2_0280] 4.87x10-3
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Metabolite P value
C02155_Gly-Leu 1.75x10-13 

C00214_Thymidine 3.03x10-12 

C00785_Urocanate 6.83x10-9 

C02567_N1-Acetylspermine 4.32x10-7 

C01026_N,N-Dimethylglycine 1.31x10-6 

C00065_Ser 2.55x10-6 

C00387_Guanosine 4.52x10-6 
C02693_Indole-3-acetamide 5.72x10-6 
C01005_O-Phosphoserine 7.63x10-6 

C00670_Glycerophosphorylcholine 1.11x10-5 
C07151_Metformin 1.22x10-4

Cysteine-glutathione disulphide 1.52x10-4

Isovalerate 2.13x10-4

C00371_trans-Zeatin 2.44x10-4

C00385_Xanthine 4.27x10-4

C02704_Methyl sulfate 4.88x10-4

C00197_3PG 5.11x10-4

C00140_N-Acetylglucosamine 5.36x10-4

C01620_Threonate 5.86x10-4

C01081_Thiamine monophosphate 7.32x10-4

C02494_1-Methyladenosine 9.37x10-4

C00314_Pyridoxine 9.94x10-4

C01104_Trimethylamine N-oxide 1.06x10-3

C00491_Cystine 1.20x10-3

C00086_Urea 1.20x10-3

C00327_Citrulline 1.21x10-3

C00630_Isobutyryl CoA 1.23x10-3

C10172_Proline betaine 1.24x10-3

C05629_3-Phenylpropionate 1.30x10-3

C00860_Histidinol 1.94x10-3

C01762_Xanthosine 1.95x10-3

C00074_PEP 1.95x10-3

C00519_Hypotaurine 1.95x10-3

C06369_2-Deoxyglucose 6-phosphate 1.95x10-3

C00956_alpha-Aminoadipate 2.32x10-3

C02918_1-Methylnicotinamide 2.67x10-3

C01046_N-Methylglutamate 2.80x10-3

C00064_Gln 3.03x10-3

C04259_N-alpha,N-alpha-Dimethylhistidine 3.12x10-3

C01959_Taurocyamine 3.90x10-3

C00073_Met 4.06x10-3

C00378_Thiamine 4.45x10-3

C02656_Pimelate 4.63x10-3
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Metabolite P value
C00695_Cholate 4.71x10-7 

C04483_DCA 2.00x10-5 

C00334_GABA 3.13x10-5 

C02714_N-Acetylputrescine 3.60x10-5 

C05771_Isopropanolamine 8.23x10-5 

N1,N8-Diacetylspermidine 1.15x10-4

C01744_3-(4-Hydroxyphenyl)propionate 1.31x10-4 

C06337_Terephthalate 2.11x10-4 

C05135_4-(beta-Acetylaminoethyl)imidazole 2.54x10-4 

C01181_gamma-Butyrobetaine 3.83x10-4 

C00483_Tyramine 3.93x10-4 

C00134_Putrescine 4.58x10-4 

C00099_beta-Ala 4.80x10-4 

C01035_4-Guanidinobutyrate 5.96x10-4 

C02226_Citraconate 8.31x10-4 

C02627_2-Deoxystreptamine 1.47x10-3 

C01015_Hydroxyproline 2.56x10-3 


