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Abstract

In this study, we investigated the bacterial community structure in organic rice—fish mixed farming paddy soil by using
high—throughput sequencing technology. The results showed that compared with the organic rice cultivated soil, the content
of AP (available phosphorus) increased by 310.23 % and the content of OM (organic matter) increased by 168.83%. The most
abundant phyla in paddy soils were Proteobacteria, Bacteriodetes, and Chloroflexs, whose relative abundance was above 47.83%.
Among the dominant genera, the relative abundance of Zimisphaera in paddy soils was observed. Alpha diversity indicated that
the bacterial diversity of paddy soils was similar among each other. The bacterial community structure was affected by the
relative abundance of bacteria, not the species of bacteria. Principal Coordinated Analysis (PCoA) results showed that the bacterial
communities in organic rice—fish mixed farming soil and organic paddy soil were correlated to each other; the bacterial community
structure was distinctively grouped by four different systems (paddy soil under organic rice—fish mixed farming system, organic
rice cultivation, and conventional rice cultivation), where the first two are closely related to each other than the third one. The
results provide basal support for organic agri—cultivation while improving an ecological value at the same time.
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-E HIEGE FopAlorY] B2 B8 Hot = 1
¢l 4o 219 fAksH, 2199 AEtdd 74 9 oY
gt B AMEIA 7152 AlFelTE FaT stes Popt
=thElphick, 2010; Han et al., 2011; Kong, 2013). o]2{st
olg2 ZAA FAIZZFRamsar Convention)o|A 7HZ|gH
20089 A102F - FAEF 2NN 9852 (Human—-made
wetlands)®] 49 5 A3, Irrigated land)2A =53]
(Rice fields)E F7¥skg. 2™ (Ramsar, 2008; 2021), =jelA
o= =579 Fa/d0] AREC] o 31| 75 Qb
AR dEeR Algd 4 Aes o= ohdRk A A
Y=o Qlok

715 H-Fo] 5 AL =olAd HE AElisk=
B =27, A, A T HEolE sk A dRes
A FAeF FARE FElE 3% o] AtHNam et al,, 2018).
W st ejof gpo]o] Ahte] FhEstR R A F7ke] 7t
5SS WANZIH, Al 712 st Fx WS AAaAA
ket B2 AMHEE Eole AvE YEATHSmajgl et al.,
2015; Xie et al.,, 2011; Zhang et al., 2016).

EMIH Ao R RYEE =2 71E H AR} "ol
o] AAHE AFsts TR =] A FA¢t fARE
e x/do] 7hssitt. 92 A A%t fARHH (Son
et al., 2010; Son et al., 2014a; Son et al., 2014b), ©5=0]9]
A = E2] A Fa7t S k(Han et al,,
2010; Han et al., 2011; Kim et al., 2012). 52] Zo]of wt
2} A5} o159 2 Apol7t Y (Wang et al., 2011),
H-Igo|n]4] B3 A =1 59 4 s BHaE
HE ek (Yu et al,, 2011). B-E5o] E3A8=H 242 189
EgE = EQo AErtddol =4 veh (Zhao et al,
2017), HHYHs A2 A7t wet AEohdS Wikt
AY 23518 ZVIkicty RaE T ok (Nam et al., 2020;
Zhao et al., 2021). &0 FA=A JAFH H=olA A=
A2 B2 B O] 2Tt SR o] AETHRA ¥Rt ozt
2okt 7124, AR BlReh et AeAAR A 7]
5 3% 395 7Pk Kong et al., 2014; Nam et al,
2018). SA|TF et A RIA 750l gt S Bt
F2715871 2 JHXme 59 1HdA Hof o&EfoH
(Nam et al., 2018; Nam et al., 2020), A=F H7}of digt o
T AR Sl Q). H-ggo] B EHsA e A
o HAE ¥ ¥ A=tFE Brhe B HE A A
U, "@ole] TR, 71 21 5 B ¥gvt EAeRR
Hop g2 2At=E 54 ezt 9l

w2 A7l iV o}l FEATM(Giant river prawn,
GRP)= BARAH Palaemonidae) ©] W= 1= ot
7150 22 0] S VrERH, AdA19] A FH ©F 40cm
o] A7]e 2 FF 400g7tA] 7ok AlA 2ol TI=A)
oltt. fejutolA= wlAte] ShAERE AHGA] ZEo] Al
LEY o EAARMNE A4S FHAETOE thE B0
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of vH|s] HI7IR7T 2 Ao ZoiE 1 QJTHNIES, 2018).

HH, B2 AqdelA & Tt 7+ 2719 SHollA
7 A3 Bet wAEe] MR, EYF 1.0 golle 10°~
10" 7He] m]AgEo] A 91a1, oF 2,000~18,000 7He] 4]
7} EA5HTorsvik et al., 1996; Torsvik and Ovreas,
2002). Eg Al 1= 5 7P TR0l B2 WA
FA5IH (Acosta—Martinez et al., 2008), EYF A2 7=
2ofl, gdetet 2 GE 8t 8% JFS rhH(Edwards et
al., 2015). E Alet 2404 di8F B714F &4 710l
HPHSHHA theket 22 W Al 23 Aol F55taL Atk
(Zecchin et al,, 2017). AA3ES] A2 at gAfol| EQF
A2 52 & 5 shiolH, §71%s S sAolN ES
At 24 FRE oldliths A2 =549 AEttdds ¥
Ztota E<Fe] 3Fehy Wstel] Bt JIMTAE F-F5H] 26l
A o Fasith HEo] T vaFY 9 A%l digh A
o7 EYH nBE] ST o, 5ol B A
Z5P=] QQrh(Bastida et al., 2021; Oliver et al., 2021;
Ernakovich et al., 2021).

H-ggo] B s Aol AHeshe of=] B9 5 H-
A BEigd 2304 ES HIEE F%(Hu rt al., 2020),
Al 28 72 D FETHF(Cheng et al,, 2017), 52 At
7F B = QAR B - An - AEE 219 =ES Al
o e Tk AdE AtiHoz AlgH oot

& e =uAe AR 7l SRR s e st
£ = wolA ¥- 2AARAe-S] B Al Bl &
Zet nAE AlEe] B4 W fU1E, B B B E
& At AT Hlaskal, 7] 98 Al B Al 23] §
SFE A5, &% f71s BEHE Aol ohe A
73 A, AEudd S H A% B anE S8 5 3L
© ARE AFshaAt st ot A7 Bite E
s 7ol e =579 71e $X a3 Ar= &8 7t
SolH, =l Aeudd S, g2Ad T Rt AH
AMBIL 7)s F 7lezr TAEE ZdHstaL ok

F71s B =521 EF 0
Yot 7] Slote] B =5AE 2ot EY AlmE A
F, AAoh= S oISk olF B ek EA
S FAAE el wet EAS, ndE F Alete] o
d E4& ot 7] 9Jste] Pyrosequencings :
T B W u8E 4 ok AlelE SAMC R dotl
7] $lote] 24 & EAsk

il

S
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< B2 Wl 249 7715 WA = EE AFst
s HAE Al 22 AR g5 ARt
234 Wls BiAM = B AFsklt EY Al
Ald 27l 2020 7 7Ll FAIR Al AF A A
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EY 3o 242 5218 EGRANES A8skint
(NIAST, 2000). EFA=(pH, Hydrogen ion exponent) 4
< B M=ot 32 SR9 HlgS 1158 F&E0te] pH =
A71(Orion StarTM A215 pH meter, Thermo—-Scientific,

Table 1. Description of soil samples used in this study

USAR ZAtks 2AdaRes EAsin. Aea(T-C,
Total-Carbon) @ ZH&AA(T-N, Total-Nitrogen) 32 ¥
274 7](VarioMAX CN, Elementar, Germany)& ©|-83+ A
AHLHog HM3IIcy  F804HAv.P,0s, Phosphorus
pentoxide)> Lancaster o2 3d}o] 720 nm(UV-2600,
Shimadzu, Japan)ollX S8%E SA4ste] E451901, 2184
oFo]2(Fx. cation)?] ZEK", Kalium), Z%(Ca®*, Calcium),
ok 1yl (Mg?, Magnesium)-S IM-NH,OAc (pH 7.0) £+
foffoz Z=35to] [CP(Integra XL, GBC Scientific Equipment
Ltd, Australia)2 BA415}93ch

2.3 EY 0= 22| Pyrosequencing &4

AFRE B AmE @Rt EA (M)l o= ste] lllumina
MiSeq Sequencing system (Illuminalnc., San Diego, CA,
USA)Z o]-85H ZAIth G714 E 24 (NGS: Next Generation
Sequencing)& 4~H5FATE EF Al=of|A] FastDNA spin kit
for Soil (Qiagen, USA)E ©]-&3}9] genomic DNAS E&]5}
1 DNA SZ& $Jote] 16S rRNA F742e] V39t V4 994

Farming System Sample ID Sample location
Organic Farming (6N §13257: 4092' 2499 01"3
Conventional Farming CS EN13257: 5(;)2 0462 7;.’.
Organic Rice-Fish Mixed Farming(GRP*) for 1 year Omix1yrS EN13;;0 4092 2498 7?:.’.
Organic Rice—Fish Mixed Farming(GRP*) for 4 year Omix4yrS EN1325;0 4092 2498 7;’.

* GRP : Great river prawn (Macrobrachium rosenbergii)

Fig. 1. The Photos for Rice=GRP Mixed Farming Systems.(a), (b) and (c) Rice~GRP field during 1 cultivation; (d) initial GRP; (e)
and (f) growth of GRP.
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do g sk meto|mE ARBSIGIT & AolA] ARRR &
golme] @rIAge ot Zrth Al E3F metoln
341F(5'-CCTACGGGNGGCWGCAG-3")2} 805R(5' -
GACTACHVGGGTA-TCTAATCC-3")E A&3 PCR=
238519tk PCR 2712 Initial denaturation: 95°C, 3&;
Denaturation: 957, 302(25 cycles); Annealing: 55°C, 30%;
Extension: 72°C, 30%; Final extension: 72°C, 58 ZHdo=
Z=35F3AT}. Raw sequence £-4-2 Mothur(ver. 1.40) =217
< olgst] A = 97%2] Operational taxonomic
units(OTUs) = 43}ste] tiekAl, At HIE4 (Relative
abundance), S23EE4 (Principle coordinate analysis, PCoA)
2 BAs,

2.4 EY OIS 2Y O Hlm U 57| 24

EG At 2519] e Bl flsto] alpha—diversity
21321 Chao 1, Shannon, simpson, 18] good’s coverage&
AHgstatt. o] & Chao 1 ZA| Operational Taxonomic
Unit(OTU) 4] singleton E+ doubleton®] H]S-S S3}o]
T T FE(richness) & Uetll= A 8=, #27F 2255 &
AE2] ¢4 Fol Bol & 7=t wrhal deRitk(Kielak
et al., 2009). Phylogenetic diversity= Al5<=ollA] k2= (node)
7 2 AYE itste] F 7] AFSA ApolE 4-2Stst
g, o byt o ATaArE vk Al 25
FAMdE BEst] f1ste] UniFrac methodE ol-83t 3+

4 (Principle coordinate analysis, PCoA)& =335}t

B e

3. 7E=|jl_|- al zk

2 3771 Q<l(Liang et al., 2013; Liu et al., 2019)°]H,
W= B84t 2404 29 717kl w2k TN, TP, AP,
AN 5o] Z71512 2 (Jiang et al., 2021), A&l S 7n]
Aol Abm FQGat 0] widE Foll o3t djlo R wo
Hoh §712O0M) e R vt HFor {7
5 BAE &9 717t wet 4718 geFe] 25.1 gkg oA
37.2 gkg ' 2 F7IetGEE du £ ol Bt B A
& Jie7E A7) izl Eebgstel ot EF Ul AT

25 Wrtspr]ol AlRMelH, #71E B =54 EY
o] 215291 sfehd 24 3 A et viele 9fjt A

7 FurElolok & Zoct,

3.2 Bk EQO Tjo|ZAHY Zat 2%

H-ZA AU B84t 2004 EY Al 259 B4
= ZRIs7| fI5te] & vl 3o ARG ES Al=E A3
3lod Next Generation Sequencing(NGS) #4128 3l5ct.

Chimera ¥7144d & 2o A7|AES AlAstL I
85 AVIAES HEC R E(phylum)d} Z(genus) 4]l
A Al 719 A Rleget A Bl AE stalchFig.
3, Fig. 4). Zt A'SEFE & 4 HE&Y 1.0% 1T 247
Sk 128 7eHOthers) 2 BRI, 97 % GAIES 715
o7 &(genus) FEOE ERE 7 AR F AVINYE 4=
ey v o2 E9F 4,9867H, 715 B TR EF 8,2587H, &
7% B e YA 19 2F EF 9,5467H, 18|11 {75 B9t
ABH A4 4d 2} EQF 7,9457]0]t. ZF A|=ollA Rarefaction

= 1000
3.0 AR £ SisY 54 B4 U Ha
B9 W 471 ¥ O B o) B s B
F Almo] st Bal Avb= Table 29} 2t} 54 ol 5 e
E(EHE B W B A EY (H 693 475 W B 3
Al EXGH 6.0 Hlwst] {75 SH =52 EY 2 400
(o 5.7, p 5.4 A ZH=U 53] 715 Bade °
410 S 9 FIgt0] Lold4E Saole FE} Yo} - —os
e 7ol yehdh faciike ¥ ¥ &2 BER(15.5 —— Omixtyrs
ngkg DHEC 715 ¥ S EOH65 npke )Tt §71% B . | | | e
I\gEH 3‘5{:‘:1] _‘?__og 11‘;_] ;“q. 15._%]:(9.5 Ing'kgfl)oﬂ ,q 17,<1-7ﬂ L]. 1;&1—3 0 2000 4000 6000 8000 10000
o Sege ) 49 A BN 203 ke 2 Leht Seauences per sample
E9F 1] 019] gaFo] =751t Alm EQe EoFo] ojokH Fig. 2. Rarefaction curves of 16s rDNA in this study.
Table 2. The soil chemical characterization of 4 paddy soils
Classification pH EC, AV'PZQS OM Ex. cation (cmolkg”)
1:5) (ds'm™) (mg-kg™) (gkg™ K Ca Mg
CS 6.82+0.42 1.08+0.11 15.52+0.24 32.18+0.19 1.16%0.1 8.14+0.1 2.82+0.1
oS 6.03£0.01 0.49+0.03 6.55+0.22 22.07+0.54 0.40£0.2 5.05+0.2 1.48+0.0
Omix1yrS 5.77£0.01 0.41+0.02 9.58+0.14 25.12+0.54 0.40+0.2 5.00£0.1 1.33+0.0
Omix4yrS 5.49+0.01 0.81+0.01 20.32+0.18 37.26%0.62 0.28+0.1 5.77+0.2 1.37£0.0

SREAISE H24A AH2Z, 2022
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Table 3. Bacterial diversity estimates in 4 paddy soils

Numbers of Individual Richness estimation Diversity index
Classification
Read Count OTUs Chaol Shannon DI Inverse Simpson | Good's Coverage
CS 4,986 532 760.1011 6.9634 0.9710 0.9595
oS 8,258 724 847.4091 7.9768 0.9921 0.9781
Omix1yrS 9,546 689 778.8810 7.7882 0.9908 0.9842
Omix4yrS 7,945 621 787.0825 7.4375 0.9872 0.9773

curver= B5 saturation JEfol 23ot= FEHi= YERY, £
AE EF ARS read 47} Operaation Taxanomic
Unit(OTU)E 7] Slsll AAgs gRlstirt(Fig. 2). A4
A7 gl singletons ALt OTUR AXtER= Good's
coverage of library= OS (0.9781%), CS(0.9596%),
Omix1yrS(0.9842%), 18T OmixdyrS(0.9773%)& LIeh}
EYF Ago BAH 47149 47t Al 8& Agshlel
FAHC R FE5ItHTable 3).

3.3 7Y EY 0pPd=2| 2(Phylum) +F &7IME

24

H-FAAUAS EH4 Al EG Aol AHd EAS
mjelsr] Qlote] ZF EF A= DNAE 7|gte s )85 &
71448 248 519t E(Phylum) 52 bacterial taxa
£ 245t 1% IRt 7RAS7 v & S Alefet 4
7 97fe] 8 ZEo] EREUEFg. 3).

Proteobacteria 7t BE BEOF AlmollA 7P e HIE45 ERL}
W 712 49 5 52 A HlesE Ay, we okt
EQFOl S Proteobacteria (19.9%), Bacteriodetes (18.9%),
Chlorobi (14.1%), Chloroflexi (9.0%), Actinobacteria (7.7%),
Verrucomicrobia (5.4%) =22 BEFEL, {75 W &4
E9oFO] AL Proteobacteria (34.7%), Bacteriodetes (12.6%),
Chloroflexi (9.4%), Actinobacteria (8.5%), Verrucomicrobia
(8.4%) Acidobacteria (1.8%) +=2= EFEUtE. 715 &
SHAE] A 19 2} E9FO] AL Proteobacteria (30.3%),
Bacteriodetes (16.6%), Chloroflexi (9.4%), Verrucomicrobia

100

W Proteobacteria
@l Bacteroidetes
@ Chloroflexi

80 1 Actinobacteria
@l Verrucomicrobia
@l Acidobacteria
0 Firmicutes

60 [ Nitrospirae
Wl Planctomycetes
B Other

@ Undassified

20

Percentage of abudance on phylum level (%)

0l
cs os Omix1yrS  OmixdyrS
Fig. 3. The average relative abundances on phylum level of soil
bacterial communities in organic, convention and organic
rice—GRP mixed farming system.

9.1%) Acidobacteria (4.1%), Actinobacteria (1.8 %) <02
ERENY, f7s EFA8H A 449 A EGY Ae
Proteobacteria (37.9%), Bacteriodetes (19.6%), Chloroflexi
(11.0%), Verrucomicrobia (8.4%) Actinobacteria (2.9 %),
Acidobacteria (1.0%) <22 EFE 30t}

HE EoF ABoA A UeRt=  Proteobacteria,
Bacteriodetes, Chioroflexr= 2= E%F AzoA H5H] &
2=l =t 7382 EY, |71 €214 € tE oy 84
oA FHA5IA EA5HH (Ahring 2003; Fierer and Jackson
2006; Janssen 2006), A4 A|A, AL}, BpshE tiAbl &
Q39 g3k Sl Aoz d#A JAtHThomsen et al. 2007).

£ ES AREY §71% ¥ &2 EgolA skA ve
W Acidobacteriae FBE ol TgollA Saegte] Folst
Aoz dEA 9ov(Liu et al,, 2014), 80| 2 33
oflA i RIE7t =4 UehdthZeglin et al., 2011). 2
AFANAE A xR FE frls 5A8H EGelA
Add HEar7E A2 o7 U Yo whHEnh

T W o EGEO 57 8 22 B fU)E 59t
AE] EolA =7 -k e Verrucomicrobiz= E1&
EoA dA-E sk, v IS Aslshs 7]50] Halk
o™ (Nixon et al. 2019; Dunfield et al., 2007; Chiang et
al., 2018), 29| 3ol et o= BxEE= Aow o
#] tH(Daniel and Thomas 2001).

3.4 GCHA EQF OJAE9| £(Genus) = H7|ME

2y

ATy ES Al 2389 S(genus) FFolA 273 A4
2 N5 YeR AokFig. 4).

EREA] 32 &3 7F AgoflA A HE47 1.0 % o]
SiQl £52& AlQgt A1 50 £5& otk o, 7 Al
oA shetE 1.0 %0] eSS 7 £52 BF Z9t
wolch wE W o B f71F B 92 B 771
B3] EFNAN 85t= &(Genus)E2 Limisphaera,
Pelobacter, Sideroxydans ©1™, ©| % Limisphaeras BE E
F AmAA E2 AHWA HesE UYETHCS-4.95%;
0S-4.90%; Omix1yrS—7.05%; OmixdyrS—7.75%). Limisphacra
£ AS(I) methylation®] gttty &deiA Jom(Guo et
al,, 2021), &Rt B ok Al EGETT B33 Bl 2
WS P AYy. Chlorobaculum (13.86%), Natronoflexus
(4.87%), Pacniglutamicibacter4.31%) Tepidisphaera(1.18%)+&=

Journal of Wetlands Research, Vol. 24, No. 2, 2022
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Relatlve abundance

[ 08 OmixlyrS  OmixdyrS

Acldobacterfunr 0.18% 162% 0.63% 0.05%
Alkaliftexus — 1.00% 0.29% 042% 001%
Alkalitalea 197% 142% 121% 170%
Anaeromyxebacter 126% 251% 254% 204%
Aromateleum  024% 0.65% 154% 110%
Bellilinea 126% 1.74% 1% 222%
Bradyrhizoblum 0.32% 2.17% 0.66% 0.34%
Chiprobaculum | 13 86% 0.00% 0.00% 0.04%
Chrys solinea 1.00% 0.34% 3.26% 0.37%
Clostridlum  0.92% 0.59% 0.24% 185%
Cyanoblum 1.83% 0.02% 0.00% 0.00%
Dechloramenas 0.00% 0.00% 0.02% 118%
Desulfobacca  040% 0.74% 190% 115%
Dissulfurirhabdus 243% 2.54% 121% 0159%
Gallionella ~ 0.00% 0.19% 129% 0.00%
Geobacter 0.18% 0.82% 134% 035%
Geobacter 261% 262% 0.63% 410%
Geothrix  0.04% 1.30% 0.25% 0.00%
Ignavibacterfunt 034% 0.54% 0.35% 200%
Intrasporanglun 088% 111% 0.14% 0.03%
Labfiibacter  004% 0.02% 0.04% 111%
Lacumisphraera 002% 0.33% 123% 0.00%
Lentlmicroblum  150% 2.44% 224% 02%
Levilinea  150% 1.28% 0.72% 185%
Limisptraera 4.95% 6.90% 1.08% T.05%
Mangroviftexus  0.10% 0.35% 0.15% 201%
Mathytoceantbacter 0.44% 1.26% 0.43% 023%
Mathylocystls 106% 2.13% 0.84% 1.08%
Moorella  102% 1.16% 104% 116%
My colfctbactartum 0.30% 117% 0.12% 025%
Natrenoflexus 487% 2.66% 0.90% 121%
Niabella 102% 0.57% 0.06% 0.08%
Nocardipides 126% 0.24% 0.06% 0.06%
Omatlliea 0.92% 1.50% 101% 161%
Paeniglrtarmicibacter 437% 245% 0.24% 060%
Paludlbaculum 219% 3.068% 203% 077%
Pelobacter  036% 1.16% 128% 142%
Pelolinea 040% 0.44% 0.36% 240%
Profbetbacter 072% 0.63% 0.61% 152%
Psoudelabrys 0.64% 3.04% 1.32% 044%
Rirodoferax 0.00% 0.00% 0.00% 240%
Slderoxydans  022% 1.54% 1.00% 381%
Syntrophus 233% 132% 140% 520%
Tangfelfanla 213% 1.94% 6.4% 2.14%
Tepfdisphraera  1.18% 0.92% 0.54% 021%
Thermedesulfovlbrie 231% 172% 217% 076%
Thermodesulfov lbrly 078% 0.61% 111% 01.58%
Tharavomarintiines 203% 1.66% 154% 1%
Thiobacllus 046% 0.44% 144% 097%
Thiobaeter  012% 0.17% 1.92% 0.08%

Min Max

Others|
Unclassified bacteria 10.35% 851% T64% .

Fig. 4. The average relative abundances on genus level of soil
bacterial communities in organic, convention and organic
rice—GRP mixed farming system.
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Fig. 5. Principal Coordinates Analysis (PCoA) of bacterial
communities. The bacterial communities were closed similar
abundant.
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Appendix 1. The detection of microbial species at 4 study sites

Taxonomic Species

Number of Species

Ratio of Species

CS

[N

Omix1lyrS

Omix4yrS

CS

0§

Omix1lyrS

Omix4yrS

Bacteria (Kingdom)

Acidobacteria (Phylum)

Acidobacteriia (Class)

Acidobacteriales (Order)

Acidobacteriaceae (Family)

Acidobacterium (Genus)

Acidobacterium ailaaui (Species)

134

60

0.18

1.62

0.63

0.05

Bryobacterales (Order)

Bryobacteraceae (Family)

Paludibaculum (Genus)

Paludibaculum fermentans (Species)

109

253

194

61

2.19

3.06

2.03

0.77

Holophagae (Class)

Holophagales (Order)

Holophagaceae (Family)

Geothrix (Genus)

Geothrix fermentans (Species)

107

24

0.04

1.30

0.25

Actinobacteria (Class)

Corynebacteriales (Order)

Mpycobacteriaceae (Family)

Mycolicibacterium (Genus)

Mycolicibacterium mucogenicum (Species)

15

97

11

20

0.30

0.12

0.25

Micrococcales (Order)

Intrasporangiaceae (Family)

Intrasporangium (Genus)

Intrasporangium oryzae (Species)

44

92

13

0.88

0.14

0.03

Micrococcaceae (Family)

Paeniglutamicibacter (Genus)

Paenjglutamicibacter cryotolerans (Species)

218

202

23

48

4.37

2.45

0.24

0.60

Propionibacteriales (Order)

Nocardioidaceae (Family)

Nocardioides (Genus)

Nocardioides mesophilus (Species)

63

20

1.26

0.24

0.06

0.06

Bacteroidetes (Phylum)

Bacteroidia (Class)

Bacteroidales (Order)

Lentimicrobiaceae (Family)

Lentimicrobium (Genus)

Lentimicrobium saccharophilum (Species)

75

177

211

558

1.50

2.21

7.02

Marinilabiliales (Order)

Marinilabiliaceae (Family)

Alkaliflexus (Genus)

Alkaliflexus imshenetskii (Species)

50

24

11

1.00

0.29

0.12

0.01

Alkalitalea (Genus)

Alkalitalea saponilacus (Species)

98

117

121

135

1.97

1.42

1.27

1.70

Labilibacter (Genus)

Labilibacter aurantiacus (Species)

136

0.04

0.02

0.04

1.71

Mangroviflexus (Genus)

Mangroviflexus xiamenensis (Species)

29

14

160

0.10

0.35

0.15

2.01

Natronoflexus (Genus)

Natronoflexus pectinivorans (Species)

243

220

86

101

4.87

2.66

0.90

1.27

Prolixibacteraceae (Family)

Prolixibacter (Genus)

Prolixibacter denitrificans (Species)

36

52

58

121

0.72

0.63

0.61

1.52

Tangteifania (Genus)

Tangfeitania diversioriginum (Species)

106

160

612

170

2.13

1.94

6.41

2.14
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Appendix 1. Continue

Taxonomic Species

Number of Species

Ratio of Species

CS

[N

Omix1lyrS

Omix4yrS | CS OS | Omix1yrS | Omix4yrS

Chitinophagia (Class)

Chitinophagales (Order)

Chitinophagaceae (Family)

Niabella (Genus)

Niabella hirudinis (Species)

51

47

6 1.02 | 0.57 0.06 0.08

Cytophagia (Class)

Cytophagales (Order)

(Family)

Chryseolinea (Genus)

Chryseolinea soli (Species)

50

28

311

29 1.00 | 0.34 3.26 0.37

Acidobacteria (Phylum)

Acidobacteriia (Class)

Acidobacteriales (Order)

Acidobacteriaceae (Family)

Acidobacterium (Genus)

Acidobacterium ailaaui (Species)

134

60

1.62 0.63 0.05

Bryobacterales (Order)

Bryobacteraceae (Family)

Paludibaculum (Genus)

Paludibaculum fermentans (Species)

109

253

194

61 2.19 3.06 2.03 0.77

Holophagae (Class)

Holophagales (Order)

Holophagaceae (Family)

Geothrix (Genus)

Geothrix fermentans (Species)

107

24

0.04 1.30 0.25

Actinobacteria (Class)

Corynebacteriales (Order)

Mpycobacteriaceae (Family)

Mpycolicibacterium (Genus)

Mycolicibacterium mucogenicum (Species)

15

97

11

20 0.30 0.12 0.25

Micrococcales (Order)

Intrasporangiaceae (Family)

Intrasporangium (Genus)

Intrasporangium oryzae (Species)

44

92

13

2 0.88 0.14 0.03

Micrococcaceae (Family)

Paeniglutamicibacter (Genus)

Paeniglutamicibacter cryotolerans (Species)

218

202

23

48 437 | 245 0.24 0.60

Propionibacteriales (Order)

Nocardioidaceae (Family)

Nocardioides (Genus)

Nocardioides mesophilus (Species)

63

20

5 1.26 | 0.24 0.06 0.06

Bacteroidetes (Phylum)

Bacteroidia (Class)

Bacteroidales (Order)

Lentimicrobiaceae (Family)

Lentimicrobium (Genus)

Lentimicrobium saccharophilum (Species)

75

177

211

558 1.50 | 2.14 2.21 7.02

Marinilabiliales (Order)

Marinilabiliaceae (Family)

Alkaliflexus (Genus)

Alkaliflexus imshenetskii (Species)

50

24

1 1.00 | 0.29 0.12 0.01

Alkalitalea (Genus)

Alkalitalea saponilacus (Species)

98

117

121

135 1.97 1.42 1.27 1.70

Labilibacter (Genus)

Labilibacter aurantiacus (Species)

136 0.04 | 0.02 0.04 1.71
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Appendix 1. Continue

Taxonomic Species

Number of Species

Ratio of Species

CS

OS

Omix1lyrS

Omix4yrS

CS

(O

Omix1lyrS

Omix4yrS

Mangroviflexus (Genus)

Mangroviflexus xiamenensis (Species)

29

14

160

0.10

0.35

0.15

2.01

Natronoflexus (Genus)

Natronoflexus pectinivorans (Species)

243

220

86

101

4.87

2.66

0.90

1.27

Prolixibacteraceae (Family)

Prolixibacter (Genus)

Prolixibacter denitrificans (Species)

36

52

58

121

0.72

0.63

0.61

1.52

Tangfeifania (Genus)

Tangteitania diversioriginum (Species)

106

160

612

170

2.13

1.94

6.41

2.14

Chitinophagia (Class)

Chitinophagales (Order)

Chitinophagaceae (Family)

Niabella (Genus)

Niabella hirudinis (Species)

51

47

0.06

0.08

Cytophagia (Class)

Cytophagales (Order)

(Family)

Chryseolinea (Genus)

Chryseolinea soli (Species)

50

28

311

29

1.00

0.34

3.26

0.37

Chlorobi (Phylum)

Chlorobia (Class)

Chlorobiales (Order)

Chlorobiaceae (Family)

Chlorobaculum (Genus)

Chlorobaculum limnaeum (Species)

691

13.86

0.04

Chloroflexi (Phylum)

Anaerolineae (Class)

Anaerolineales (Order)

Anaerolineaceae (Family)

Bellilinea (Genus)

Bellilinea caldifistulac (Species)

63

144

360

176

1.74

3.77

2.22

Levilinea (Genus)

Levilinea saccharolytica (Species)

75

106

69

147

1.50

1.28

0.72

1.85

Ornatifinea (Genus)

Ornatilinea apprima (Species)

46

124

96

128

0.92

1.50

1.01

1.61

Pelolinea (Genus)

Pelolinea submarina (Species)

20

36

34

191

0.40

0.44

0.36

2.40

Thermomarinilinea (Genus)

Thermomarinilinea lacunifontana (Species)

136

137

147

81

2.73

1.66

1.54

1.02

Cyanobacteria (Phylum)

Synechococcales (Order)

Synechococcaceae (Family)

Cyanobium (Genus)

Cyanobium gracile (Species)

91

1.83

0.02

Firmicutes (Phylum)

Clostridia (Class)

Clostridiales (Order)

Clostridiaceae (Family)

Clostridium (Genus)

Clostridium bowmanii (Species)

46

49

23

147

0.92

0.24

1.85

Thermoanaerobacterales (Order)

Thermoanaerobacteraceae (Family)

Moorella (Genus)

Moorella humiferrea (Species)

51

96

99

92

1.04

1.16
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Appendix 1. Continue

Taxonomic Species

Number of Species

Ratio of Species

CS

[N

Omix1yrS | Omix4yrS

CS OS | OmixlyrS | Omix4yrS

[gnavibacteriae (Phylum)

lgnavibacteria (Class)

Ignavibacteriales (Order)

[gnavibacteriaceae (Family)

Ignavibacterium (Genus)

[gnavibacterium album (Species)

17

45

33

159 0.34 | 0.54 0.35 2.00

Nitrospirae (Phylum)

Nitrospira (Class)

Nitrospirales (Order)

Nitrospiraceae (Family)

Thermodesultovibrio (Genus)

Thermodesulfovibrio thiophilus (Species)

118

142

207

60 2.37 1.72 2.17 0.76

Thermodesultovibrio yellowstonii (Species)

39

50

106

46 0.78 | 0.61 1.11 0.58

Planctomycetes (Phylum)

Phycisphaerae (Class)

Tepidisphaerales (Order)

Tepidisphaeraceae (Family)

Tepidisphaera (Genus)

Tepidisphaecra mucosa (Species)

59

76

52

17 1.18 | 0.92 0.54 0.21

Alphaproteobacteria (Class)

Rhizobiales (Order)

(Family)

Methyloceanibacter (Genus)

Methyloceanibacter caenitepidi (Species)

22

104

41

18 0.44 | 1.26 0.43 0.23

Proteobacteria (Phylum)

Alphaproteobacteria (Class)

Rhizobiales (Order)

Bradyrhizobiaceae (Family)

Bradyrhizobium (Genus)

Bradyrhizobium lupini (Species)

16

179

63

27 0.32 | 2.17 0.66 0.34

Methylocystaceae (Family)

Methylocystis (Genus)

Methylocystis echinoides (Species)

53

176

80

86 1.06 0.84 1.08

Xanthobacteraceae (Family)

Pseudolabrys (Genus)

Pseudolabrys taiwanensis (Species)

32

251

126

35 0.64 | 3.04 0.44

Betaproteobacteria (Class)

Burkholderiales (Order)

(Family)

Thiobacter (Genus)

Thiobacter subterraneus (Species)

14

183

6 0.12 | 0.17 1.92 0.08

Comamonadaceae (Family)

Rhodoferax (Genus)

Rhodoferax saidenbachensis (Species)

167 2.10

Nitrosomonadales (Order)

Gallionellaceae (Family)

Gallionella (Genus)

Gallionella capsiferriformans (Species)

16

123

1.29

Sideroxydans (Genus)

Sideroxydans lithotrophicus (Species)

11

127

95

303 022 | 154 1.00 3.81

Thiobacillaceae (Family)

Thiobacillus (Genus)

Thiobacillus thioparus (Species)

23

36

137

77 0.46 | 0.44 1.44 0.97

Rhodocyclales (Order)

Azonexaceae (Family)
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Appendix 1. Continue

Taxonomic Species

Number of Species

Ratio of Species

CS

oS

Omix1yrS

Omix4yrS

CS

(oD

Omix1yrS

Omix4yrS

Dechloromonas (Genus)

Dechloromonas hortensis (Species)

94

0.02

1.18

Rhodocyclaceae (Family)

Aromatoleum (Genus)

Aromatoleum toluclasticum (Species)

12

54

147

87

0.24

0.65

1.54

1.10

Deltaproteobacteria (Class)

(Order)

(Family)

Dissulturirhabdus (Genus)

Dissulturirhabdus thermomarina (Species)

121

210

121

47

2.43

2.54

1.27

0.59

Desulfuromonadales (Order)

Desulfuromonadaceae (Family)

Pelobacter (Genus)

Pelobacter seleniigenes (Species)

18

96

122

113

0.36

1.16

1.28

1.42

Geobacteraceae (Family)

Geobacter (Genus)

Geobacter luticola (Species)

68

128

28

0.18

0.82

1.34

0.35

Geobacter psychrophilus (Species)

130

216

60

326

2.61

2.62

0.63

4.10

Myxococcales (Order)

Anaeromyxobacteraceae (Family)

Anaeromyxobacter (Genus)

Anaeromyxobacter dehalogenans (Species)

63

207

242

162

1.26

2.51

2.54

2.04

Syntrophobacterales (Order)

Syntrophaceae (Family)

Desulfobacca (Genus)

Desulfobacca acetoxidans (Species)

20

61

143

91

0.40

0.74

1.50

Syntrophus (Genus)

Syntrophus aciditrophicus (Species)

116

109

134

413

2.33

1.32

1.40

5.20

Verrucomicrobia (Phylum)

Opitutae (Class)

Opitutales (Order)

Opitutaceae (Family)

Lacunisphaera (Genus)

Lacunisphaera limnophila (Species)

27

117

0.02

0.33

1.23

0.00

Verrucomicrobiae (Class)

Verrucomicrobiales (Order)

Verrucomicrobia subdivision 3 (Family)

Limisphaera (Genus)

Limisphaera ngatamarikiensis (Species)

247

570

673

616

4.95

6.90

7.05

1.75

Other

942

2,266

1,976

1,838

18.89

27.44

20.70

23.13

Unclassified

516

703

1,842

607

10.35

8.51

19.30

7.64

Total

4,986

8,258

9,546

7,945

100

100

100

100
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