e E AR Jan. 20, 2015, 42(1): 54-63

Microbiology China © 2015 by Institute of Microbiology, CAS
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.140344

[ &4

ZEPE P RBSMBEZERF RSN R
e RES OEWE EAR' AR RKAE' M AF ORXR
TAE® BB HAH" EuE”

(1. =R = BW 650500) A-Lin
Q. zHK¥ mEEMEYIRT = B# 650091)

8§ E. (808 BTzdalF R, ABAEY Y REEN( WA FE @) B EEMEE. [
%1 &8 16S rRNA f&l/%F%K/fﬁ#i*i“fﬂri?(:!b)ftﬂfrﬁ‘waim@\EéﬁF)ﬂ/é”:u@ﬂl’ 8 Az A
(étﬂ’&ﬁwé‘%) Z AT . [4R] 3248 330 X£H 2057, XaHh 108 A OTUs, XER

JEH 81.5%; & HA AT 185 % X XA 174 OTUs, X EEEE A 97.8%. @it GenBank
&Pif)%lf}‘—k/fj‘#ﬂ’ﬁ/\ Mt 5 2R L F AT, BRERA: KA@M E A K% 491 (Unclassified bacteria,
& 24.19%), HhHtnid BB AT H I (Bacteroidetes, & 23.58%). %% # [1(Chloroflexi, &
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Abstract: [Objective] Unveil the characteristics of prokaryotic (bacteria and archaea) community
structure of household biogas digesters in the tropical climate zones of Yunnan. [Methods] 16S rRNA
gene clone library technique was constructed to study prokaryotic (bacteria and archaea) diversity of
the household biogas digesters in Yunnan (north) typical tropical climate zones. [Results] Total 330
effective sequences of bacteria were obtained and divided into 108 OTUs, bacterial library coverage is
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81.5%; 185 archaeal effective sequences were obtained and divided into 17 OTUs, archaeal library
coverage is 97.8%. A typical sequence in each OTUs was selected and to perform similarity
comparison and analysis in the GenBank database, the results showed that: most bacteria are uncultured
bacteria (24.19%), the dominant bacterial phyla include Bacteroidetes (23.58%), Chloroflexi (21.46%),
Firmicutes (13.91%) and Proteobacteria (8.74%); the dominant archacal group is Methanosaeta
(76.75%) of the order Methanosarcinales which is aceticlastic. In addition, a small amount of
uncultured Crenarchaeota archaea (9.19%) was detected. [Conclusion] The results showed that
microbial species are very rich in the household biogas digesters of Yunnan (north) typical tropical
climate zones, different microbial species have obvious differences in the abundance and have obvious
dominant population, and the diversity of bacteria is more abundant than that of archaea.

Keywords: Household biogas digesters, Prokaryotes, Bacteria, Archaea, Community structure, 16S
rRNA gene clone library technique
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HJ(As-yet uncultured microorganisms)'>!, X {1573 1 HEE5HE

SR RGN < BA  Her A AR 2R AR )
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DGGE ¥ fr b i i e i 2 e, i
RBIRIFALE Y Z IR LR . Ik 2Rk
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1.2 KWHZE
121 #HREEFLH DNA AYIREL: #8E PowerSoil
DNA Isolation Kit (MO BIO Laboratories, Inc.,
Carlsbad, CA)IH G EULRAUET T4
1.2.2 16S rRNA EREZECEME: 4K 16S
rRNA FEH F B PCR 734540 27F (5'-AGAGT
TTGATCCTGGCTCG-3")F1 1541R (5-AAGGAGGT
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(5'-TCCGGTTGATCCTGCC-3")F1 ARC 1492R (5'-G
GCTACCTTGTTACGACTT-3")!"!,

AR R TR AR R AR . PCR 3 1S {4
% 5 uL 10xPCR buffer (% 1.5 mmol/L Mg*>"), 4 uL
dNTPs mix (2.5 mmol/L each), 5 uL BSA (0.1%), I
TS 149145 2 uL (10 pmol/L),2.5 U Taq fi#(5 U/uL),
FEh DNA VS 3 pl, #h/KZE 50 pL, PCR ¥4
4% ] Touch down PCRM"": 94 °C 5 min;94 °C 45 s,
60-52 °C (EHEFAE 0.5 °C) 45 s, 72 °C 2 min, #f
17 16 AME¥R; 94 °C 1 min, 55 °C 1 min, 72 °C
1 min, #E17 9 AMEER; 72 °C 10 min, 38479y
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OTU; #4~ OTU Hitft— MU IFH#E GenBank
(www.ncbi.nih.gov)E5dls B Fh gEA T AR U HeXs s SR
MEGA 4.0 #{4-44% (Neighbor-Joining) 12 ¥ & R 58
AR, Kimura-2 #8812 LR U, SR
SPADE #3144 Good’s coverage!”,
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AR E H o2 A7, Hi4y 124> OTUSs (3L 80 4557511,
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(Unclassified bacteria)”, 108 /I~ OTUs HHAHMRLE KT
LT 9T%HIA 67 1253 751, i 76.67%), FI
FETE 90%—-96% 14 35 1~(66 25741, 1 20.00%),
80%—89%MIA 6 (11 5741, 15 3.33%). 96 1]
15 3 A HA7 1) OTUs HAHLE R F 97% M Al #5355
A 91~ OTUs (22 &J751), 15 6.67%, HR
93.33%I ARG IRANEA , HLAEMER A AR B IR 4 iR vp
A 50 1~ OTUs (129 %5751, 5 39.09%){LREX &
EZI [

7£ 108 1~ OTUs 1, LA £ 13 A2 500 T 20
SR, & T TRUARXS FREanE 1 s, HhBRoRHI
U = B R R 24.19%58, CAIT TR FRoA X =R
5 ST T ] (Bacteroidetes, 17 4~ OTUs,
hi 23.58%), HIKJELKEZ T ] (Chloroflexi, 25 4~
OTUs, & 21.46%). JEBER [ J(Firmicutes, 21 />
OTUs, 5§ 13.91%). ZEJE [ ](Proteobacteria, 14
A~ OTUs, i 8.74%), ‘EAT T i il Z Flik 67.69%,
HRTTMEREFERN, it 8.12%. TERATFERT]
vh AL 45 AT B H (Bacteroidales) . #5 i 4T &# H
(Sphingobacteriales), HH AT HEZ, 5%
P & Bl (Porphyromonadaceae) Al #1 #1 & #t
(Bacteroidaceae) . % &5 & [] H DL IR %A 48 14 2N
(Anaerolineae) . KA ZE T H (Anaerolineales) . KR
48 [# F} (Anaerolineaceae) J& £ , 15 4 48 & /&
(Leptolinea). Bellilinea, Levilinea, Dehalococcoides
P& . JEREGET TR HEeS e 20T IS, R
47 J8 T B4 (Clostridia) . #21 H (Clostridiales), />
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Figure 1 Relative abundance of various categories of bacterial clone libraries

i B T2 AR B 4N (Bacill) . 2 A @ H
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g . L & (Bacteroides) FlI4% 14 J& (Clostridium) ,
F /N 12240 F5 Armatimonadetes (2.12%). H.
3% B ] (Synergistetes , 1.81%) . 7% %% @i ]
(Planctomycetes, 1.20%). L # [ ](Actinobacteria,
1.20%) . #HIFE ] (Thermotogae, 0.60%). ZEE )
(Chlorobi, 0.30%) . P&l I# ] (Verrucomicrobia ,
0.30%) . # AT ] (Fusobacteria, 0.30%)7F15% Bk
P -Wi3AEA ] (Deinococcus-Thermus, 0.30%), HH 5
MTTFEENT 1%,

1E & Gt B b (I 2) . BR R 040 i
(Unclassified bacteria)dl, £ 12:7E KRG L 3
B IR R SRAETLF, MR AR RS

J& (Syntrophomonas) .

O LA, WA TR B RS,
22 HERMEE

W3 BT A7 40 26 BRI I 1 8 90 A 1A, 45
185 2 RUTH, SCPEE TR 97.8%. 185 45)751
F& = 97% I AHRUE BRI 732 17 4> OTUs (£ 1), H
17 4~ OTUs ¥fg & #1 ], Hrh 91~ OTUs (168 4%
A& T ] (Buryarchaeota, 5 92.81%), 8
> OTUs (17 %57 %))J& T = 51 ] (Crenarchaeota,
i 9.19%). 17 4~ OTUs HAHIIEE =97% /47 16 1,
HA VAR H7 94% , KB H X 45 SR n] {5 BE A 1 o
17 4~ OTUs HA[ B3R A0A 6 > OTUs (145 4551,
i 78.38%), HAr 11 4 OTUs (21.62%) R A s 55
IZEHE, RGN 74 OTUs (17 &35,
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TERGHAM (A 3), 17 4> OTUs #3 AP
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(Methanosaeta) 5 97.18% , H ki /\ & Bk i /&
(Methanosarcina) F1 B ¢ I 4 J& (Methanolobus) #%
A, R T EE AU R T b\ &k
W H P ESEER G RIE . R TR
i ooR Ko MO L Bk W BL (Uncultured

Methanosarcinaceae, 1.08%)FIARETFEAY) T 17l
P (Uncultured euryarchaeote, 4.86%), Wi fr i tL
e, FRWITET IR IR AT SRR TR R 2 . R
WA E SRS, PG il 9.19%,
BT HETTHY 19,

Chloroflexi

——
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T Uncultured organism (EU245287.1)
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67 Planctomycetes

32 100~B90
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100 B147
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98 B117
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100 - B444
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.
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Figure 2 Phylogenetic tree of the bacterial clone libraries (sketch)
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F1 HEREIE BLAST L34
Table 1 BLAST alignment results of archaeal clone library

A GE A H AU i R R )

otupe  H# ) AR R4 e Kl
Proportion Similarity .
OTU No. %) The closest related taxon %) Genus Functional group Source
(accession numbers)
BAO1 1.08 Uncultured 98 = = Anoxic sediment
Methanosarcinaceae archacon of Lake
JQ079960.1)
BA02 1.08 Methanospirillum hungatei 98 Methanospirillum  Hydrogenotrophic -
JF-1 (NR _074177.1)
BAO03 0.54 Methanospirillum sp. X-18 97 Methanospirillum  Hydrogenotrophic Soil
(KF153052.1)
BA04 0.54 Uncultured 94 = = Cellulose-
Methanomicrobiales archaeon degrading
(KF198699.1) enrichment
cultures
BAO5 71.35 Methanosaeta concilii GP6 99 Methanosaeta Aceticlastic =
(NR 102903.1)
BA06 3.24 Methanosaeta concilii 98 Methanosaeta Aceticlastic Soil horizon of
(KF431940.1) paddy fields
BAO07 1.08 Methanolobus profundi 97 Methanolobus methylotrophic Deep subsurface
(NR _041665.1) sediments in a
natural gas field
BAOS 1.08 Methanosarcina mazei Gol 100 Methanosarcina ~ Hydrogenotrophic/acet —
(NR _074221.1) iclastic/methylotrophic
BA09 4.86 Uncultured euryarchaeote 99 = = Leachate
(HQ141835.1) sediment
BA10 5.95 Uncultured crenarchaeote 99 = = Root surfaces
(KC661944.1)
BAll 1.08 Uncultured crenarchaeote 99 = = Pit mud
(JX576137.1)
BAI12 0.54 Uncultured crenarchaeote 99 = = Root surfaces
(KC661852.1)
BA13 1.62 Uncultured crenarchaeote 99 = = Cold sulfur-rich
(FJ968086.1) spring
BA14 1.08 Uncultured crenarchaeote 99 = = Anaerobic
(IN052741.1) digestion of
animal waste
BA15 3.24 Uncultured crenarchaeote 98 = = Root surfaces
(KC661655.1)
BA16 1.08 Uncultured crenarchaeote 98 - - -
(HQ141842.1)
BA17 0.54 Uncultured crenarchaeote 98 = = Anoxic sediment

(KC661657.1)

of Lake

R, REThRREE . AE IR
CIREREFRA, HrpEUg AN F 28 W IR i s
(Methanospirillum, 1.62%). ZERENEFF AN T2 E
S EH PR (76.75%), 5 R BRI & HE 5
B RATETH KB R G eI A R ER
PR b 3, X 55K IaEe AR B A

el i, BB R 2% 2RI T LA IR
i, 28% I I8 T S I — A A B i BRI 2 — B
AN, TERGER T b5 va SO e DU E R A o A
PR A PRERE G, AEECHAL S YImIE | {5 KAk
HTRSIRECEYE . KR L ARV AR e
M BB IR L SHEIESE (R 1),
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99— BA2
100 EMethanospirillum hungatei JF-1 (NR_074177.1)
BA3
97 100 Methanospirillum sp. X-18 (KF153052.1)
BA4
|00|L Uncultured Methanomicrobiales archacon (KF198699.1)
72 100 -BAS
100 Methanosaeta concilii GP6 (NR_102903.1)

BA6
88 —Methanosaeta concilii (KF431940.1)

96 100 100 BA7
EMethanolobus profundi (NR_041665.1)
99 BAS
100! Methanosarcina mazei Gol (NR_074221.1)
BAI

—
100~ Uncultured Methanosarcinaceae archacon (JQ079960.1)

100, BA9
L Uncultured euryarchaeote (HQ141835.1)

98 —Uncultured Crenarchaeote (HQ141842.1)
oy BA16
Uncultured Crenarchaeote (KC661657.1)
BA17

100

100

99
87

100 — Uncultured Crenarchaeote (KC661655.1)
100 UncullgtuAri:g Crenarchaeote (JX576137.1)
100, Uncultured Crenarchaeote (KC661944.1)
99 —Uncultured Crenarchaeote (KC661852.1)

BAI12
100, Uncultured Crenarchaeote (JN052741.1)

T4 tBAl4
73 Uncultured Crenarchaeote (FJ968086.1)
100—BA13
0.05

B3 HEREXERGHLH

Figure 3 Phylogenetic tree of archaeal clone library

23 FIS

AW TGS 1 GenBank &350 A :
KJ730065-KJ730172; H&: KI730048-KJ730064.
3 i

A SO — KW B 5 AR - FITEA
HLRE S UES TN A B 16S TRNA JE PR 5w SO
HIR S AT, S5 R sl P AR
S PR R R RS SR AN (93.33%), PLFAAlTA
RHERIFF R 1(23.58%) . LR 1(21.46%) . J5
BETR1(13.91%)FASTE#11(8.74%), FEMILHE
. 4T JE (Bacteroides) Fl#2 1 J& (Clostridium),
O3 A F RN R T TFIREEDG ], Ko & etk 2
W, JREER T TSR A s RE K AR AT AL 2R, SR
B KR A AN B B KA AR R s T T T A
HBRHEH bt /SR HIME2 B LR (76.75%)
ARG 5 R4y LISEFE N 32 B RURH VA A it b 40
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Tl P A5 TR 3R 1Y 22 S S5 AN R 1 F) A0 T 2 A
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T BE 22 SR
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e AL 3R AT RE A AL I3 L IR EE . R MERRINIR S
ﬁa\é[ZS-ZS]O

TERS M BRI R R RS, BFTEE —
SRR NI AR TR A TR, AR SR R A A
HRREHAEY L EIES N, AR5 B2
FH, Qi T T AR R 2R i SRS AT, %
REfefdt & T s 2 DAE T o i, DITEVE UK %
hERRD BERINUE RS EN .
Phycisphaerae. DA ZAMLIE 3 DN, MY
CAATETIREI G, (HATREFR ) L R A 77 5
W TR D, o RAAZ b A Re s 2 A el
RREBRDY; PR R — 2K e g A
W, FTUARI B G, AE R A]E WA R
FIEh A S . ML IR, fEIRARR BT
b & 2 A L B ARG R A (W] Bl 2k 0 2 Rl
1), AT GRS, R
RIFEATTERAIER

EH T, BRKRE R E R H e
Gh, A DI RN TR RIS SRR . TERZ
B o b oR AR BE R T R B T
1T, AR D SOk B R T TR e, H
HIARAS SRR SR A SR T, 22 PR AR = i A
b R e 1 O i N e (R A RN e e =
IR AR T, ) AR T A IR
IKFEFEAE R RGN RS S XA
Berp, SRITETERRSE EAEGE AL A R e
LR FRAGH PR R, HAE A AR S R S
i A 00, D, ASCE R R
I TAATEIFE RS, b T TR AR B A —
€ L BE L BAR /R H AT A TS, ARIRA
W% .

AT 16S rRNA FE DK 5Tk SCERT
A A A E AT TR, TE i s b
BH BB LB T, 16S tRNA FER 75 fE S ]
DLSE A P S AR 2P, {AJ2 Sun 2602
WF5EFRH 16S rRNA FE K78 JFAZ A= W N AEAE: [l B A7

FELZAE DL, i A D12 6] (3K K P 3 9 R 58 4 —
%, AR A YRS 5E T, 35T 16S rRNA
BEHMREE ZREE TS R — e B E M &L, J
AR SCE R R 16S rRNA J5 5] 5 [ SC % Pt R
A SR AR W) 2 R A T BT I 25 R A A
—EFEFERY A, ASREELSH S i o A A
(2R, (AWREE—E R EXT P AVA S i I
A ZREE T T ff, HAT— 2 Rk
UEAh, TERESCEMME S At iR R . TAERE
K, ARIES XA W RETE S5 A A A T s 25 BR B 0T
27 B, B 16S rRNA L Fpe SRR AR L
537924 AR (U DGGE KIS S, A
IO FEE L5 AR AL EA Tl S BRI ST, 1T FLRE LR
SERE I TR N E PR R AU T, dE— K
7 16S rRNA FER va e SCER AR FIRRE, B arh
AR L5 AT RE /M IR 55

4 4w

AR 16S TRNA FER 5 [ SO AR X 2
(AR AR DI B b P IV S rh Y
YU A R 2R T TR, SRR TR
SRR GE PRI R AR B FR AN , AR A
FMFSEAUATIRT ] SRTTA ] JERER T IR IETET ]
W FEEM LSRR E /SR E H W EE
LS eI R e B %1 el | e S B S B e T
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