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1. Introduction
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2. Methods

2.1 Preparation of data

Sampling

Table 1: Sampling sites classified based on substrate

Substrate
Category Food waste (FW)
City Seoul Incheon Goyang Cheongju Busan Daegu Gwangju | Gimhae
Abbreviation DD SL GY a SG DG GJ GH(KH)
Site (Korean) SO F=H ¥ qF M o a5 Al
Type of sample A A B C A B C A B A Wet | A B A A
st o X X o o o o X o X o o X o o
2nd o X X o o o o X o X o o X o o
3rd o X o o o o o o o X o o o o o
4th o o o o o o o o o X o o o o o
Substrate .
Category Sludge (SL) SL-FW Animal (AM) AM-FW
City Changwon | Jecheon | Seoul | Seoul | Seoul | Seoul | Busan | Busan Ulsan Jeju Halla Yangsan Ulsan Jeongup
Abbreviation MS JC TC JR NJ SN GB SY SB JE HA YS oS JU
Site (Korean) oRAt M EE | 3 | BHX | ME | 28 | =2 | 8YSBK NES Hzstat ALt 24 eai=
Type of sample A A A A A A A A A A B A B A B A B A
1st o o o o o o o o X X [¢] X X X o o X o
2nd o o o o o o o o X X o o o X o o X o
3rd o o o o o o o o o o o X X o o o o o
4th o o o o o o o o o o o X X o o X o o
T 22709 KGO ATtEE AZ|HE 2[5t 107 el #EEZRH 22t 119 MES ULCh A=
TEHO| axte| 2N AZRE=z 25t HETS StAUCE MESN B2 4%t 25 HEZS o 23=xE
LIEFH Z4O|CH Wet2 2 HEA|L|0f QUX| f2 A3ZFE ZF Dry methanogenic 23FXCH EsH X|HOCH A
otxol 7|2 BF LIZEL,
DNA extraction
MEZ 1L 5 1mLE automated nucleic acid extractor (Magtration System 12GC, PSS, Chiba, Japan)2 Sl
DNAE FE=3QICH DNA F£ o= 200uL 2 MES 1027 16,000g HMEE[7IE SHICE pellet?| &5
A HE2 100uLE oW &2 Yo SFFE H0IF0| deionizationA|7| 2 AHEE|7|E SEl= HEE
T Xy ZIHSRALCE O] F O] pellet2 automated nucleic acid extractorsS S8 DNAS FZ3QCt




Next generation sequencing

Next generation sequencing &2 O {FFX F£20| Lok TAE= S LOET| Lot 40|C}
2t 2%tx o OjdEE a9 M7 geE LHEICh 2t 270 T 882 16S rRNA REA A7|MLES

0|83t0] O|RO|AC} NGS platform & lon PGM™ System (Life Technologies)2 0|3l S |HXt T V3
o siEste F7IMEES 2MRJACE d2|2 1 FHEXES lon 16S Metagenomics™ kit(Life Technologies)
£ 58 TEAHCE RHXER lon Reporter™ softwareS O|&310] 16S rRNAS 97%2| [AI=Z B2
operational taxonomic units (OTUs)0l| 2t &FStRALCH OTUs &F= UPRASE (usearch version v7.0.1090)2

0|83} %iLt.

Mz9el 82 1 2t & MELS2 4157712 OTUsZ 2R/ EUCE ZF OTUsO| Eigt 242 SILVA

databaseE &3l genus level7tX| SESIYUCE DM £33 OTUs Off M2t 2FSIUCH 1 Zut 5 AR
AE2 241709] OTUsZ 2REYD 2t OTUY CHst 2M2 Moot 22 species level 7HX| 8l & QU

Ct. SILVA databaseE &3l 4ot At 99%2| OTUs= Z&F HEZCZ FFEJUSO 2t OTUY Cist &
582 NCBI BLASTS O|&3tRILt. 2 OTUS CHESt= F7IME0 sidst=s S5 & 7I1E =2 RALEE [

oz 3FoIRILL

rir

Zb OTuo| siEst= AlEAS0| HOMEE A=K LOtE7| 2S§AM= Real-time quantitative polymerase

chain reaction (QPCR) (LightCycler 480, Roche)S 0|23} 2iCt.
2.2 Ranking
Database

83tCHLey.R, 2006). CH7H ZOFCt
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Importance value (1V) = Relative Density + Relative Frequency + Relative Dominance

d2iL HEXCE D|MES9| relative dominanceE T5t7|2t &X| 1 O|H X relative dominanceE T3t

Importance value (V) = Relative Density + Relative Frequency

O|et Z0| A2 HESIO AtE8t= AES0| QUCL (James, 1973; Williams-Linera, 2005)

Relative Density @t Relative FrequencyOfl CH$H A2 ChSap ZECh



Relative density (%) =

Relative frequency (%) =

matA 2 S0l A importance value®| &

Density of a species * 100

Total density of all species

Frequency of a species * 100

Total frequency of all species

g2 2000| EICt. Relative density O

A

_?_I:I — =
ME Relative abundance?t Z2 7HEOJLCt, DensityE 2} AtROICH & sequence read =7t CFEEE 0~1
AO|2 BEFEZIA|A FOIRACH (Bolstad, 2003). O = 3 FO| Cist & sequence read =& ZE F9
sequence read@ LHF0] HAMSIIICE [M2tM BILEQ| readE BILtS| THMZ ZHFESIO] A ASIUCH= %}7}
LUTICt. Frequency= R 7HS| 22HE0| LtEfLHEX| 2 7B RALE
Dominant species (genus) selection
<Table 1>01M 4Xt2f| 2F MEZES o 23X E 7|FCE AZ|E2 E/SHY varof izt o ZiCt
Ol g2 gi== UEILHY HAZF 3A UEfLls 828 stetdez Fota 1 ojydez AT =9
£ AM7I82 H|udto] ufetoZ LiEtL= 52 QHEE 423X 0M UELlE F DY E2 EHEStOX; o
ALt
.3. Results & Discussion
3.1 Bacteria
Importance value
Figure 1: genus rank — importance value (bacteria)
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Bacteriall & genus level 7HX|2t F7HO| 7H&SHRACE MatA genus rank0 MHE |V =& OFS O
Ctedt Z2 J2{=7t LIERRCHE d2iZs AIZ7|82 H[XSHAH Ik A2H=ZE ORCL 9o dgf=s
uncultured genusE M QISta LIEHH Z40[0{ Z} A|7|HE genus rank 1007tX[2] IVE LtEHH ZiO|Ct.

Bacteria= J2fZ7p 2RHSHX| = rank 77HS 2022 U°|2 FIIRULE.
Data

Table 2 : genus rank by IV for BBR1

BBR1 (16.08)

rank Genus IV relative density  relative frequency
1 Fastidiosipila 7.735 7.260 0.474
2 Rikenellaceae RC9 gut group 5.820 5.345 0474
3 vadinBC27 wastewater-sludge group 4,984 4.533 0.451
4 Candidatus Cloacamonas 4975 4572 0.403
5 Proteiniphilum 4929 4.431 0.498
6 Petrimonas 4429 3.955 0474
7  Syntrophomonas 3.765 3.267 0.498
8 Defluviitoga 2.573 2.336 0.237
9 Christensenellaceae R-7 group 2426 1.951 0474
10 Gelria 2177 1.679 0.498
11 Tepidimicrobium 1.941 1.586 0.356
12 Sedimentibacter 1.899 1.425 0474
13 Lentimicrobium 1.839 1.602 0.237
14 Acholeplasma 1.437 0.987 0.451
15  Smithella 1.364 1.079 0.285
16 Clostridium 1.362 0.864 0.498
17 Caldicoprobacter 1.348 0.898 0.451
18 Thermovirga 1.073 0.741 0.332
19 Ottowia 1.066 0.639 0.427
20 Mesotoga 0.970 0.709 0.261

Table 3 : genus rank by IV for BBR2

BBR2(16.10)

rank Genus IV relative density relative frequency
1 Rikenellaceae RC9 gut group 6.384 5.900 0.484
2 Fastidiosipila 6.176 5.716 0.459
3 Proteiniphilum 5.729 5.270 0.459
4 Petrimonas 4.587 4.079 0.508



5 vadinBC27 wastewater-sludge group 4468 4.009 0.459
6 Syntrophomonas 4423 3.915 0.508
7 Candidatus Cloacamonas 3.158 2.820 0.338
8 Christensenellaceae R-7 group 2777 2.293 0.484
9 Gelria 2.334 1.827 0.508
10 Defluviitoga 2.323 2.032 0.290
11 Sedimentibacter 2.304 1.796 0.508
12 Tepidimicrobium 2.144 1.781 0.363
13 Lentimicrobium 1.597 1.379 0.218
14 Caldicoprobacter 1.518 1.034 0.484
15  Clostridium 1.343 0.836 0.508
16 Acholeplasma 1.253 0.818 0.435
17 Alkaliphilus 1.171 0.833 0.338
18 Ottowia 1.164 0.752 0.411
19  Smithella 1.022 0.756 0.266
20 Blvii28 wastewater-sludge group 0.895 0.654 0.242

Table 4 : genus rank by IV for BBR3

BBR3(17.02)

rank Genus IV relative density relative frequency
1 Fastidiosipila 5.889 5.402 0.487
2 Petrimonas 5.646 5.108 0.538
3 Rikenellaceae RC9 gut group 4919 4.381 0.538
4 Proteiniphilum 4319 3.781 0.538
5 Defluviitoga 3.837 3.453 0.384
6 vadinBC27 wastewater-sludge group 3.250 2.737 0.513
7 Candidatus Cloacamonas 3.194 2.707 0.487
8 Christensenellaceae R-7 group 3.119 2.581 0.538
9 Syntrophomonas 2.322 1.783 0.538
10 Gelria 2.224 1.686 0.538
11 Sedimentibacter 1.984 1472 0.513
12 Lentimicrobium 1.710 1.453 0.256
13 Acholeplasma 1.660 1.198 0.461
14 Smithella 1.443 1.161 0.282
15 Sphaerochaeta 1.327 0.815 0.513
16 Simplicispira 1.321 1.039 0.282
17  Erysipelotrichaceae UCG-004 1.320 0.884 0.436

18 Caldicoprobacter 1.261 0.722 0.538



19 Clostridium

20 Dechloromonas

1.174
0.960

0.636
0.704

0.538
0.256

Table 5 : genus rank by IV for BBR4

BBR4 (17.04)

rank Genus IV relative density relative frequency
1 Fastidiosipila 7.855 7.285 0.569
2 Rikenellaceae RC9 gut group 7.706 7.107 0.599
3 Petrimonas 5.016 4417 0.599
4 Candidatus Cloacamonas 4.826 4316 0.509
5 Defluviitoga 4270 3.851 0.420
6 Proteiniphilum 4236 3.607 0.629
7 vadinBC27 wastewater-sludge group 3.860 3.321 0.539
8 Syntrophomonas 2.877 2.247 0.629
9 Christensenellaceae R-7 group 2.755 2.155 0.599
10 Gelria 2.377 1.748 0.629
11 Sedimentibacter 2.278 1.679 0.599
12 Caldicoprobacter 1.820 1.220 0.599
13 Acholeplasma 1.643 1.044 0.599
14 Clostridium 1.498 0.869 0.629
15 Alkaliphilus 1.368 0.889 0.479
16  Sphaerochaeta 1.256 0.716 0.539
17  Tepidimicrobium 1.243 0.793 0.450
18 Erysipelotrichaceae UCG-004 1.193 0.653 0.539
19  Lentimicrobium 1.168 0.868 0.300
20 Smithella 1.086 0.787 0.300
ChE B 4% 25 &9 209120 S0i7t 52 dgs Ao|ch
Table 6 : IV average for bacteria
Genus IV-BBR1T IV -BBR2 IV -BBR3 IV -BBR4 IV average
Fastidiosipila 7.735 6.176 5.889 7.855 6.914
Rikenellaceae RC9 gut group 5.820 6.384 4919 7.706 6.207
Petrimonas 4429 4587 5.646 5.016 4.920
Proteiniphilum 4929 5.729 4319 4236 4.803
vadinBC27 wastewater-sludge group 4.984 4468 3.250 3.860 4.141
Candidatus Cloacamonas 4975 3.158 3.194 4.826 4.038



Defluviitoga 2.573 2.323 3.837 4270 3.251
Syntrophomonas 3.765 4423 1.443 2.877 3.127
Christensenellaceae R-7 group 2426 2.777 3.119 2.755 2.769
Gelria 2177 2.334 2.224 2.377 2.278
Sedimentibacter 1.899 2.304 1.984 2.278 2.116
Lentimicrobium 1.839 1.597 1.710 1.168 1.578
Acholeplasma 1.437 1.253 1.660 1.643 1.498
Caldicoprobacter 1.348 1.518 1.261 1.820 1.487
Clostridium 1.362 1.343 1.174 1.498 1.345
Smithella 1.364 1.022 1.321 1.086 1.198
sum of importance value 53.062 51.395 46.949 55.271 51.669
(26.53%) (25.70%) (23.47%) (27.64%) (25.83 %)
2l 167kX| genuss2 HFE at=0M YRl gl 2F A UEH genuss 2 QHEE 22HZOM Lt
EfLtE =8 genus2t & = QUCH 167t 29| o IV 2 516692 O MA 784F=2| IVR9| 25%
S ALXISHLY.
3.2 Methanogen
Importance value
Figure 2 : species rank - IV
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Table 7 : species rank by IV for BBR1

HE M7ZIYZ rank 107HX|2] S} IV, relative density, relative frequencyS LFEFH Z1tct,

BBR1 (16.08)

rank Species (NCBI) IV relative density  relative frequency
1 Methanoculleus bourgensis 22.451 19.117 3.333
2 Methanolinea tarda 17.428 14.095 3.333
3 Methanosaeta concilii 15.253 12.078 3.175
4 Methanospirillum hungatei 11.690 8.516 3.175
5 Methanobacterium beijingense 10.701 7.368 3333
6 Methanobacterium petrolearium 9.315 5.981 3333
7 Candidatus Methanoplasma 7.703 5.481 2.222
8 Methanoculleus receptaculi 7.260 3.926 3.333
9 WSA2 5.796 3.098 2.698
10 Methanomassiliicoccus luminyensis 5.504 2.171 3.333

Table 8 : species rank by IV for BBR2

BBR2(16.10)

rank Species (NCBI) v relative density relative frequency
1 Methanoculleus bourgensis 19.492 16.315 3.177
2 Methanolinea tarda 15.692 12.515 3.177
3 Methanosaeta concilii 15.113 12.087 3.026
4 Methanospirillum hungatei 13.100 10.377 2.723
5 Methanobacterium beijingense 9.945 6.919 3.026
6 Methanobacterium petrolearium 9.859 6.834 3.026
7 WSA2 9.429 6.403 3.026
8 Methanoculleus receptaculi 7.532 4355 3.177
9 Candidatus Methanoplasma 6.299 3.727 2.572
10 Methanomassiliicoccus luminyensis 5.351 2.325 3.026

Table 9 : species rank by IV for BBR3

BBR3(17.02)
rank Species (NCBI) IV Relative density  Relative frequency
1 Methanoculleus bourgensis 26.565 22.841 3.723
2 Methanospirillum hungatei 16.130 13.116 3.014
3 Methanolinea tarda 14.837 11.291 3.546
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Methanosaeta concilii
Methanoculleus receptaculi

WSA2

Methanomassiliicoccus luminyensis
Candidatus Methanoplasma
Methanobacterium beijingense

Methanosaeta harundinacea

13.995
10.419
10.106
8.802
8.159
7.401
4.806

10.981
6.695
6.915
5.078
5.145
3.855
3.211

3.014
3.723
3.192
3.723
3.014
3.546
1.596

Table 10 : species rank by IV for BBR4

BBR4 (17.04)

rank Species (NCBI) IV Relative density  Relative frequency
1 Methanoculleus bourgensis 27.980 24.315 3.665
2 Methanospirillum hungatei 17.257 14.116 3.141
3 Methanolinea tarda 15.576 12.086 3.490
4 Methanosaeta concilii 15.327 11.837 3.490
5 Methanoculleus receptaculi 12.066 8.401 3.665
6 Candidatus Methanoplasma 9.668 6.177 3490
7 Methanomassiliicoccus luminyensis 8318 4.653 3.665
8 Methanobacterium beijingense 7.222 3732 3.490
9 Methanothermobacter wolfeii 5471 2.329 3.141
10 Methanosaeta harundinacea 5.394 2.950 2.443
ChE B 4% 25 &9 109120 S0izt 52 dgst Ao|ch
Table 11 : IV average for methanogen
species IV - BBR1 IV-BBR2 IV-BBR3 IV -BBR4 |V average
Methanoculleus bourgensis 22.451 19.492 26.565 27.980 24.122
Methanolinea tarda 17.428 15.692 14.837 15.576 15.883
Methanosaeta concilii 15.253 15.113 13.995 15.327 14.922
Methanospirillum hungatei 11.690 13.100 16.130 17.257 14.544
Methanoculleus receptaculi 7.260 7.532 10.419 12.066 9.319
Methanobacterium beijingense 10.701 9.945 7.401 7.222 8.817
Candidatus Methanoplasma 7.703 6.299 8.159 9.668 7.957
Methanomassiliicoccus luminyensis 5.504 5.351 8.802 8318 6.994
sum of importance value 97.991 92.522 106.308 113.414 102.559
(49%) (46.26%) (53.15%) (56.71%) (51.28%)
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Table 12 : Metabolic pathway of methanogen species

genus species Metabolic pathway
Methanoculleus bourgensis
Methanoculleus X
Methanoculleus receptaculi
Methanobacterium Methanobacterium beijingense )
Hydrogenotrophic
Methanospirillum Methanospirillum hungatei (H,/CO, and formate)
Methanolinea Methanolinea tarda
Methanomassiliicoccus Methanomassiliicoccus luminyensis
Methanosaeta Methanosaeta concilii Acetotrophic
. . hydrogen-dependent reduction of
Candidatus Candidatus Methanoplasma .
methanol or methylamine

Methanoculleus bourgensis(strain ATCC 43281 / DSM 3045 / OCM 15 / MS2) = HIO|27tA B 7|0 A
Ly¥StE DMZeR Ye{M UCH (Maus, 2012). LS HEe OE 7|H ZF0| 2 AX0|ME HO|HE
ALSIRE W 2 IV ZHO|C} Foodwaste(FW)= HIH2Z CHE substrate Of H|SH {7[20| H2O
sludge(SL)= &M 22 CHE substrate Of H|S§ 77[=0| HCh Total 2 TAM £A3tZxo| HIO|HOAM H2
IV #t2 2lofotct MAEE 222 FW A3Z0AM 22 v gfat SL ABERM 22 v 2t0| 5 HY 04 XtO|

AtH2 M. bourgensis 2| 2% Aztx 7| FFIL Fw 2 O AMEH
importance value = 42.5 7t LtZto SL Q1 A3t 0|MEH HO[HE AUS W= 3.01 =2 2F 14 HYS| XO|E
BT 12|31 Methanolinea tarda 2| A< SL ABIR0|A 442, FW AZBIRO|AM 413 22 2F 11 HY X}O|E
ERACL 425 & HH IV 9 & 21%0|22 FW O|Al= Methanoculleus bourgensis 7t @HsiCID 2
Ao, 4417 2 2 22%E EO0|&= Methanolinea tarda = SLOJIA F™stCtn £ 3 QUCH

=
L= ZS LtEtd Aot g0j=2

Ho

Table 13 : IV compared by substrate

species FW- IV SL- IV Total- IV
Candidatus Methanoplasma 4522526 427795 4.400
Methanobacterium beijingense 18.99265 3.400835 11.197
Methanoculleus bourgensis 42.50678 3.010889 22.759
Methanoculleus receptaculi 12.34338 2.865023 7.604
Methanolinea tarda 4.130954 44.17072 24.151

Methanomassiliicoccus luminyensis 6.132481 4.409255 5.271




Methanosaeta concilii 4.78791 27.07219 15.930
Methanospirillum hungatei 7.223311 9.826866 8.525
Sum of IV 100.64 99.03373 99.83686

Methanosaeta concilii £ acetotrophic methanogen 22 OA|EAS 0| 8310 DEHS HM3IH. &2 LCFA
SZOAM ACle T22 L™ QUCt (Silva, 2016). LCFA £ 7Y OMEZEE B-oxidation IHHS Edf
OLMEIO|EQL 22 E8iZ|1 acetoclastic I} hydrogenotrophic methanogens Of 2|3ff HEH JpAT}
LM 2016). H7]E MESH HS7|0M LCFA 22H YME= HEZIAL] 70% = acetoclastic 12|10
tHX| 30%= hydrogenotrophic MEt0| 2Js]f Z-ASICH (Demirel, 2008). 2Lt LCFA 7t =sHE
29EE, 2004). A2{Lt HO| LtEHH Zafo M2 F7|4H0] o

-

=13
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ot o HE 48 23S XMoiStrt

=d (
=2 FWO B3 SLOM O 2 Vs EO0ls As & + UCL

Methanospirillum hungatei & H,-CO, 22 formate & 0|&3}0] HEHS M-St (G. SOUTHAM, 1990).
hungatei 2| &% A F Sttt= ZEZO|24H2 0|838HM syntrophic bacteria 2F d&HE £T
ACH= ZOICH (1990). EBH M. hungatei & EF st Q7|52 230 keystone ZLZA FehS it

(1990)
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4. Conclusion

A mEtS dd = 2ICh Syntrophic bacteria Of 2|

=]
85t0 mjEts 48 & Utk o2t £Y HEEsSel fFEs HEHE2otel Zd 24at 20|
=
=

MH|Z importance value index £ O|ME9 RFEZ HEst=H A0 A= HCt Importance value
index £ forest Of CHYF F& S Tst7| sl S index FChCurtis and McIntosh, 1950). d2{L} IV 2t
#0| M0l= 72l quadrat 2 O/’4= MEHOIMEZ 200 At7} A7 IZ0| F23| v ol CHSH 7HE = o
Oist 7bs5d2 E2{QUCtH (Frank B, 2010). =3t Importance value index 2| A9 Z2 A|7|0f CHgh Tt
HHZE & If 888 = Us index O|EE2 2 AFOME Z2 A7|E7|2|0t2 HROMSE 3o

C

=
A LSERICE OIS0l importance value index = Atgl7F SIAE 7Y 2 Olfs

3

rH
mjo

0|4 E2| dominant
species = 2ZX| relative abundance 2Tt TEHSHRAY| I{FEO|C} Relative abundance £ importance value
index O M relative density 2 Z2 7HHOIC. [M2tA frequency 2t= 5 27H 133t0 dominant
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