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Archaeal communities were investigated using 454 pyrosequencing technology based on 16S rRNA
gene in 11 samples collected from six different full-scale anaerobic digesters. Observed operational
taxonomic units (OTUs) estimated from the archaeal 16S rRNA gene sequences were 13-55 OTUs
(B% cutoff) which was corresponded to 29-89% of Chaol richness estimates. In the anaerobic
digesters there were archaeal sequences within the orders Thermoproteales, Thermoplasmatales,
Desulfurococcales as well as within the orders Methanomicrobiales, Methanobacteriales, Methano-
coccales, Methanosarcinales, and Methanocellales, which are known to produce methane. Among
these orders, Methanococcales known to produce methane using hydrogen was the predominant
taxon and constituted 51.8-99.7% of total sequences. All samples showed a very similar community
structure (Pearson correlation coefficient=0.99) except for one sample based on a heat map analysis.
In addition, canonical correspondence analysis correlating archaeal communities to the environmental
variables demonstrated that digester temperature and total solids removal rate were the two
important explanatory variables. Overall results suggested that environmental and operational
variables of anaerobic digester are important factors determining archaeal diversity and community
structure.
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Table 1. Characteristics of the six anaerobic digesters used in this study

Influent concentration

Digester Digester ~ Total solids Hydraulic -
Name Configuration®  Volume Influent composition temperature ~ removal  retention time Total solids VOlli?gle
(m) ©0) (%) (day) /L solids
(mg/L) (mg/L)
Senam Twostage 6,600 Waste sludge 50-55 49.7 47.0 33,000 23,000
Nanji 1 Two-stage 6,600  Food waste+Waste sludge 35 44.0 27.6 43,700 36,885
Nanji 2 One-stage 7,100 Waste sludge 35 43.0 27.0 25,000 19,000
Jungnang 2 One-stage 3,700 Excrement 4550 38.5 30.9 47,000 41,500
Jungnang 3 Two-stage 9,900 Waste sludge 35 57.5 46.0 35,000 26,600
Tancheon One-stage 3,400 Waste sludge 35 41.8 26.2 30,000 24,500

" One-stage digestion system uses one reactor, while two-stage digestion system uses two reactors for the anaerobic reaction.
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Fig. 1. Rarefaction curves of the OTUs defined by 3% sequence variations for the 11 different anaerobic sludge samples.
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Table 2. Diversity indexes for the archaeal communities determined from the 11 anaerobic sludge samples used in this study

Number of Observed OTU Chaol richness estimate Shannon index
Sample sequences analyzed 3% cutoff 5% cutoff 3% cutoff 5% cutoff 3% cutoff 5% cutoff
Senam (Jan) 1,470 55 42 79 63 2.34 1.93
Nanji 1 (Jan) 2,950 47 29 81 47 1.93 0.84
Nanji 2 (Jan) 2,256 38 22 133 67 1.35 0.74
Jungnang 2 (Jan) 5,333 45 26 56 37 1.52 0.43
Tancheon (Jan) 1,875 13 6 18 9 0.27 0.08
Senam (Feb) 2,546 24 14 38 24 0.76 0.34
Nanji 1 (Feb) 2,363 31 19 49 34 1.71 1.23
Nanji 2 (Feb) 1,975 17 11 25 17 1.09 0.48
Jungnang 2 (Feb) 2,040 31 21 38 30 1.43 0.40
Jungnang 3 (Feb) 1,716 14 8 17 9 1.03 0.70
Tancheon (Feb) 3,333 17 9 19 11 0.95 0.08
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Fig. 2. Two-way heat map analysis based on the archaeal orders obtained from the 11 different anaerobic sludge samples.
Each column corresponds to the sample, while each row indicates the archaeal order. The color turns dark by increasing the

numbers of sequences corresponding to the order.
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Table 3. Archaeal community composition of the 11 anaerobic sludge samples analyzed by genus level

Genus Senam Nanji 1 Nanji 2 Jungnang Tancheon Senam Nanji 1  Nanji 2 Jungnang Jungnang Tancheon
(Jan) (Jan) (Jan) 2 (Jan) (Jan) (Feb) (Feb) (Feb) 2 (Feb) 3 (Feb) (Feb)
Thermogymnomonas ~ 3.41 0.07 0.04 0.43 0.00 1.10 0.34 0.00 0.15 0.12 0.00
Thermocladium 0.00 0.03 0.04 0.06 0.05 0.00 0.00 0.00 0.00 0.00 0.00
Methanotorris 0.35 0.00 0.04 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00
Methanosphaera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.06 0.00
Methanosaeta 0.07 0.07 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Methanosarcina 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00
Methanomicrobium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00
Methanococcus 11.67  30.18 32.49 0.00 36.50 14.18 16.77 36.59 16.49 13.94 38.79
Methanocella 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Unclassified 84.36  69.65 67.24 99.51 63.45 84.52 82.81 63.41 83.12 85.89 61.21
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Table 4. Comparison of 21F primer sequence with representative target 16S rRNA gene sequences within the order

Methanosarcinales

Species name 57 _TCCG GilTF; ;Trlcnée; GCCGG-3" GenBank accession number
Methanohalophilus mahii T A. M59133
Methanolobus tindarius T A. M59135
Methanococcoides methylutens Conii i A. M59127
Methanohalobium evestigatum PO A. U20149
Methanosaeta harundinacea e AY817738
Methanosaeta concilii B A. M59146
Methanosaeta thermophila S A. M59141
Methanolobus bombayensis B A. U20148
Methanolobus vulcani T A. U20155
Methanolobus taylorii T A. U20154
Methanolobus oregonensis B N A. U20152
Methanosarcina lacustris KRR e N. AF432127
Methanosarcina baltica B A. AJ238648
Methanosarcina thermophila B A. NRO044725
Methanosarcina acetivorans B AL NR044724
Methanolobus zinderi B A. NRO044558
Methanosalsum zhilinae DSM 4017 ol A. NR044593
Methanosarcina sp. GRAU-10 Lo JN020915
Methanohalophilus sp. T2/21.5 o HQ658667
Methanosarcina mazei T A. M59138

* not available nucleotide base for the comparison; . same nucleotide base as that of 21F primer.
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