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Abstract: The methanogenic community in anaerobic granular sludge from a full-scale UASB treating avernectin wastewater was
analyzed based on mcrA gene, compared to 16S rRNA gene. The results indicated that the diversity indices of methanogenic
community, including Shannon diversity index, Margalef richness index and Berger-Parker dominance index, were no difference
between mcrA gene-based and 16S rRNA gene-based PCR products analysis by DGGE, although their DGGE band patterns were
different, implying that the diversity analysis of methanogenic community based on mcrd genes was consistent with 16S rRNA gene. The
phylogenetic analysis of dominant methanogenic populations based on these two target genes also showed resemble and
Methanobacteriales and Methanosarcinales were determined to be the main orders of methanogenic populations in anaerobic granular
sludge. On the other hand, the difference in phylogenetic analysis suggested simultaneously some group-specific of the two target
genes. The hybridization of methanogenic community in FISH analysis based on two target genes was almost identical except a little
different hybridization areas. The average relative abundance of methanogenic community was 24.25% =+ 6.47% detected by FISH
based on mcrA gene, lower than that based on 16S rRNA gene (33.42% +2.34% ). Then it could be concluded that the analysis of
methanogenic community based on mcrA gene and 16S rRNA gene exhibited high resemblance and mcrA gene could used to be target
gene for methanogenic community, as an alternative of 16S rRNA gene.
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PR AR URE V55 e f2 o 280K A B g i A 2 R ey 8
AT I DA, 7= VP o BT TR i IR S0 B V5 U R i 2 22 )
AE TR AT, UASB A7 i3 ¢ A ™= Y ot B 450 4 1T 3k
10°/mL L HAG, B F AR © 2T 2 0
FH T A 45 IR 48U 0K 5 U 26 P9 04 AN [) IR B8 R it v 1) 7
CIPTRTI T T (MR e S o
16S rRNAKLH. A HF9EIA K, BT 16S tRNA B A 1y
PCR 5 W1%t 7= Y B 0 9 5 S 7k 25 52 300 7 WY e 1R
HAHBRFLEE ZREMEWZm, J M merd B2 A 7=
F o B B 0 A TP o i 2 3 o

merA J DX i B TP LB il MG IR (MCR) 1Y o

3. MCR & 77 W b ook A2 v A — b G S il , 76 P o
Ao B I — 28 RO K M 3% 2 0 Y A AL e
J5 ok CH,M . MCR F74E T B A 2 A1 7 e i
HELA AR a8 1 7= H e B A S B merd BT DAE N
I Ar JE R 7™ B e 1R 9 R 46 & 8 4 s R B9
KWL EET merd BHEHIKEARREKE 7S
16S rRNA & A 45 B Ak w A0 L, oT LLAE i PCR 1Y %F

5 B #1 :2010-05-05 ; 1&1T B # :2010-06-07

EeWB HEAARR¥ELESTH (50878072) ;i db 4 H SRRl 2: %
435 H (E2008000694 , E2009000709 )
EZE R/ XNE (1976 ~ ) B W4 BB, EZATI 5 1) 4 K KA
Py ik BEEE R E-mail ; liuchun02 @ mails. tsinghua. edu. cn
= JHIHEE R N, E-mail; yangjingliang@ hebust. edu. cn



44 XA HE T merAd B ALY IR SEUBURL 5 6 7 Y J5 B A 20T 1115
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A5 LA BT 24 T 2R TR /K Ak BTl AR IR SR 75
PEABFFEXS G2, LA merA FEPR R PCR B H bR 2k 4], F1
FH 722 PR KR BE BE I HL UK ( denaturing  gradient gel
electrophoreses, DGGE ) $ AR | % K & ks 75 I8 H 79
H PR W R R G LT HAT 700, IF 3T
merA F R ) F 5¢ 6 IR L 4% 32 ( fluorescence in situ
hybridization , FISH ) £ AR X 7 B ¢ & B i#E 47 1 It fof
SrHr. [E I R 3T merA K5 R F116S rRNA 55 A AY
PCR-DGGE & FISH Fa il 45 SR AT 1 L #r.

1 #R5FE

1.1 50k

AT T FH DR S8 0K 15 U8 A i B T b A R T
LB 4k B 2 K K AL #E Tl 4B UASB B 8 (500
m®) , HF-2 VSS/SS i 0. 882.
1.2 V5URAEA S DNA 45K

SR FHCE T 1) Tl A P 7K Ak B 2 7 448 45 e R
S DNA I 06 DR AR BURE T YR A L DNA HE 47
FRECO B DNA SREGT I 0. 7% BB IR BE i kR
I, I FFE B AR 2 45 ( Bio-Rad, 35 8] ) WL 2% HA, yk &%
B DNA 4l B A v B R I 58 50-1T D 43 O O BE 3t
Ko, Horp a5 L AL, /AL 1E 5 F5.
1.3 & DNA FEah i PCR 4731

LA DNA BE 5 MM, L merd JEH 5] 4 1
16S rRNA ZEH G 4T PCR P88, Hrp | BT merd
9 PCR 5| ¥ F¢ %1 4 : MLf (5'-GGTGGTGTMGGATT
CACACARTAYGCWACAGC-3") Fl MLr ( 5'-TTCATT
GC-RTAGTTWGGRTAGTT-3") """, 3£ T 16S rRNA
FEK W PCR 51 % )% % A . ARCT87TF (5'-ATTAG
ATACCCSBGTAGTCC-3") ( GC 3 & 5'-CGCCCGGG
GCGCGCCCCGGGCGGGGLGGEEGGCACGGGGG-3")
Ml ARC1059R ( 5'-GCCATGCACCWCCTCT-3") ',
A L5194 H A T.( Sangon) & K.

PCR WK & K 50 pl,f14% :Sul. PCR Buffer
1 pL dNTPmixs, 5 pL DNA £4k 1 wL BiE519 . 1
pl FHESI . 1 pL Tag BEF1 36 L JCH K.

PCR B 25524 1 94°C T A8 ¥ 3 min, 94°C A8 P
1 min,65°C 1B Kk 45 s,72°C ZE{# 45 s, B DIEFR B Kk
L FEAR0. 5°C , B 2 55°C ,20 MG ; 2R 594 C A
£ 1 min;55°C B K 45 s,72°C #E# 45 5,10 PMEH
T2C Fe & GE A 8 min. FH 1% B8 # 1 9k K& 1 PCR
7).

1.4 PCR ¥ DGGE 73 #r

15 IR FE A DNA (9 PCR 72 %% ] Bio-Rad 7%
PR BE BE I VKA AT 43 BT AR HE PCR 729 K
AN R 6% (3T merA B9 PCR 77 )) Fl 8%
(3T 16S rRNA J: K PCR P24 ) 1Y 58 79 445 Ik e 15
JE AT HIL K, 28 R v BE S LA 30% ~ 70% (100%
() AEPEFRI A 7 mol/L R ZFE A 40% 8 F H IR &
). VKA R TE 1 x TAE 22 ot ,60°C ,120 V
LR, B9k 12 h. k45 R 2 EB YL )5 FH Bio-
Rad % R &R G W55 91 H Quantity One 3K 4F#E 17
Gy
1.5 DGGE Eli & Z Mt

HHE DGGE i & Quantity One %K% & i £
AF AT, A AT G , DLAC R R TS TR FE
(4 77 HIGE R FR A, DA 2% 707 Ol o B 87 7 HH o8 T 1)
DEFARR B ) A A5l BORN 2% 4 60 B2 T 505 TR A
T BEF) Shannon Z FEPEFEE(H')  Margalef £ &
¥ 18 % (D,,) 1 Berger-Parker i # ¥ 4§
(d) " g 1 PR,
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Table 1 Diversity indices and expressions
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Shannon £ ¥ H 40 (') H' == > P/InP,(P; = N;/N)
Margalef & £ 5L (D, )
Berger-Parker {45 J# 45 ¥ (d)

1)N, 4 DGGE i i 46717 @ MG 13 s IV, 8 B30 B 05 K 451

SREE SN TR SR I OGER BE 2 R 5 S R Ak A

Dy, = (8 -1)/InN
d =N, /N

1.6 DGGE )7 M R4k 8 534

¥ DGGE B3 th 2% IR, [ %4 Hh 1) DNA
BESL, LR 2R T UK PCR 738, PCR S {A&
FEMFEAER 1.3 5. ¥ 187 Y i L A4 T (Sangon)
4l fb M 7. % i NCBI (hitp ://www. ncbi. nlm. nih.
gov/blast/) ¥4 457 DNA WP 45 R 584 Eh i e
HUF AT H, R4 58 741 78 EBI S04 e v fifi
ClustalW2 , LL4B 42 (neighbor joining, NJ) % & 4%
KA.
1.7 V5U#EA FISH 4381

AR5 SR 2 R 00 7 R o B R A S A% TR
FECARET IR T merd FED B HE S V3R T, 1R
B % % N 5'-TTCATTGCRTAGTTWGGRTAGTT-
3'170 5'FRIE Fam; 3£ T 16S rDNA 5 4F MPBI, £
B %1 R 5'-CATGCACCACCTCTCAGC-3"" | 5" k5
e Hex. LA ¥4 By L2k T (Sangon) A L.
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~. A LIE ], B DNA B Bi K JE 294 23 kb, DNA
min B AZ TR I 4 R AL /AL M. T56 4 AL /AN
1.707 8, ] & DNA $2 g R4, 7T LAVE i DNA
BEMR 47 5 22 53 #r
PG DNA FE i O B AR, DL merd 22 DA 168

rRNA LK h H A5 3 A £ 47 PCR § 3%, 25 R an & 2
fii7s. BT merd BRI AY PCR 34 7= W) K/NZ) Sl 472
bp, 5T 16S rRNA 5 [K ) PCR 4" 1 7= ) K/ 2 oy
270 bp, 5 WM H 45 47 — 8, K AR R 5 M
1.

3
k..

B1 FiR#&S DNA
Fig. 1  Total DNA of granular sludge sample

(a) merd #:H

(b) 16S rRNAZEH

B2 ETF merA 7 16S rRNA EE K PCR 7 7=
Fig.2 PCR products targeting for merA gene and 16S rRNA gene

2.2 PCR ¥ DGGE 431t

R T merA FEHFI 16S rRNA HE A PCR 37 84 7~
Y DGGE MLk B3 E 3 fE 4 fis. ATLLVE ],
HF AR BAREE PCR ¥ =¥ 6 DGGE & 3% 4
W R 6 S5 RS o0 A Bt BE 25 AR KL XA S5 R
LIRS U TR S S L S a7 N [ I S e S )
PCR-DGGE 431 it iz I 1) 7= FH o 17 B S HL (0 3 8
FlEZES.

M, M; M, M; M, M;

3 ETF mcerA EE PCR = DGGE Ei%
Fig.3 DGGE pattern of PCR product targeting for mcrA gene

G, G, G; G, Gs G

E 4 T 16S rRNA EE PCR =¥ K DGGE &%
Fig.4 DGGE pattern of PCR product targeting for 16S rRNA gene
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FBE TR B Shannon Z2HEVEHE 4L Margalef 3= & i 45 4K
Fl Berger-Parker fJL 3 B8 550, 45 SR W5k 2 Fros. 7l LA
B E T merd SEPIFI 16S rRNA JEH 1) DGGE [&]
W TR G R R I AR A S R
BORR A R B AM  F R Y], —H ML

FEPEFE AR Z [0 A 22 5% (p <0.01) . XS5 R R,
JL4E DGGE FIE B AR (AT merd FEK A 16S
rRNA 5 [H ) PCR-DGGE Xt 7= Bl ¢ i i 2 RE M40 Hr
WA 2 5
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Table 2 Diversity indices of methanogenic community

H 3 [ 2k KL H' Dy, d
merA 6 0.5688 0.5369 0. 2288
16S rDNA 6 0.5794 0.5392 0.2397

2.3 HLGERBERGE LT T

BT merAd ZEIRF116S rRNA 2K ) PCR-DGGE
Xof 15 P it 7 e TR R 2 PR A BT A R — 2,
DGGE i 457 A 46 B B 22 5, RIS AR = 19
7 e R ML AR BE R TR X DGGE K iy
DNA Z&afs AT WSO DU, 8 0 e 45 SR 5 NCBI %%
I8 P HEAT LR 0 1 4% 254 Ji 0) IO 1 7 PR Be T A, 4
BN 3 Mk 4 PR, X DGGE &% 45 454 XF [if
(77 HBE TR BE AT RG0S5 R R 5 TR

ALLEF, % T 16S tRNA £ K ) DGGE & 3%
o IR SR AR P e R RE LT )R T R BE AT
EHMEH N\ EREH. H9,6,.6, fil 6, B~
FBEFT &, I 7E 7 F I 11 B b i AR eE 32 B (SR AT
RS RO 2 ) Z 1 50.03% ;G, .G, Al G,
e e N B KA B A 7 b TR b 8 AR X
FEZ N 49.97% ,Horb G, A= H e 23 &, A X 3=
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®3 ET16S 1DNA EEFJIH DGGE B & HREREME
Table 3 16S rDNA gene sequence-based phylogenetic affiliations of DGGE bands

ol FBE/ % NI gE| AR AL R AL/ %
G, 14.24 Methanobacteriales Methanobacterium betjingense ( EU544027 ) 99

G, 12.70 Methanobacteriales Uncultured Methanobacteriaceae archaeon (FJ898359) 95

Gy 11.04 Methanosarcinales Uncultured Methanomethylovorans sp. ( AY780565) 97

G, 10.75 Methanosarcinales Uncultured Methanosaeta sp. ( AY899830) 94

Gs 28.18 Methanosarcinales Uncultured Methanosarcinales sp. (CU916488) 97

Gg 23.09 Methanobacteriales Uncultured Methanobacterium sp. ( AY899845) 98

®4 ET merA BEEFIH DGGE BERHRELEME
Table 4 mcrA gene sequence-based phylogenetic affiliations of DGGE bands

S FEE/ % R INER Y AL R ARABLEE / %
M, 17. 64 Methanobacteriales Uncultured Methanobacteriales Archaeon ( AB353235.1) 98

M, 14.28 Methanobacteriales Uncultured Methanobacteriales Archaeon ( AB353235.1) 97

M, 19. 31 Methanobacteriales Methanobacterium Beijingense ( EF465106. 1) 97

M, 32.82 Euryarchaeota Uncultured Methanogenic Archaeon (DQ260890. 1) 99

M, 15.95 Euryarchaeota Uncultured Methanogenic Archaeon (DQ262419.1) 98

Gy

G,

Gj

Gs

Gy

Ge
(a) 16S rRNAZ:H

M,

[ ]

M;

M,

M,
(b) merA 3R

B 5 ET16S rRNA EEFMET mcrA EEH
FRREABRGZRESN
Fig.5 Phylogenetic analysis of methanogenic populations

based on 16S rRNA gene and mcrA gene

FEH}10.75% . B 5(a) AFEET 16S TRNA FEH 7= H
AR B R kaw , Hrh PR EE G, .G,
MGy SRR, AT LA B 95% 5 7= W ot \ & BR
WHS,G, Ml G, EL RRKIE, MY G, FH LR
W& 375 .

T merd FH B DGGE B, M, M, Fl M,

S HGERE TR AR 7 B e R RE B AR TR
1 44.86% s M, FI M, J& F )by 1T, HAE 7 B e 1A
BEP R AR N 2 2 42, 42% ;4504 M, AXE R
12.27% AHARHUAR M P 25 5. B 5(b) T merd
BN PR ETEME R LT M, M, Al M, 5%
GHRRBE M, WTRE R TR AT E; 5T
16S rRNA FEP By 73 Hr 46 SR A7 e # M, 1 M Al GEJ&
FrEH ke B BR T H .

e LE SRR T merd BRI 16S rtRNA 3
K] PCR-DGGE XL ™ M W R 5 &K B M s
(1) 53 B 45 S K ARARAL 2 F H br 3 2 AG ] B4
[FIEE 4347 48 RAFAE — 8 (1 22 5, 3R W] 2 Fb B A5 2 A
ORI A AR sE AR DL BRI RS E R =
NCBI #0485 , M, ~ M, 9% )7 515 4 GU183143
Il GU186965 ~ GU186968 ;G, ~ G, HIE FFH 5 N
GU294765 ~ GU294770.

2.4 PR BER FISH 4347

K ET merd FHEFE T 16S rRNA L )45
SR X DR AR JURL T e B i AT TR TR A 1
FISH 7347, FISH 24 2 KR Gl 6 . AT LU 31,2
Tt 5 T[] H s B DAY 7 R e T AR S PR AR AT R
X E G AR (BHR R, A sg X
BEA RN T0% ~80% ), F W3 T 2 Fp H hx KA
() FISH A6 2 A7 1R & 0 — St [mIad, 2 A gt i
A58 B AR T 22 5, B T 16S tRNA KR PR R &
(R 4 A8 IX 1T AR T2 merd SRR B9 EREL , R 43
Mg R, 5T merd JE K FISH A I () 7=
FBE G BT S A XS Ry 24.25% £6.47% , 5T
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1k

32 %

16S rRNA LR FISH A il (4 77 H I B 3 7 29 40 X 3=
JE N 33.42% +2.34% . X B4 LKW T merd
FED AT T 16S vRNA 3 (KX 7 H 68 T #iF 19 FISH
A3 AT BEELA AR R i — B0 ) B A A — R R 5
PE2E 5. X AN45 R 5 PCR-DGGE Y 0 #1 45 SR 5 A
— 5.

S merd FERH 5 2068 .16S tRNA £
B 6 ETF merA EEFET 16S rRNA EF
B 7= A o i B¥ FISH #&
Fig.6 Detection of methanogenic population by FISH

based on mcrA gene and16S rRNA gene

3 #ig

(1) EF merd EHRMET 16S rRNA F K X} fi]
TR 2R 1 7K Ak B T Ak PR SRR ¥ e 7 H o T A 2
1T PCR-DGGE 3 #7, —# ) DGGE &l 3% A X A7 4 22
S, (EHR AR P35 31 55 B 453 7 B B8 B AE Shannon 22 4
T35 %% . Margalef & w IR BOm Berger-Parker g
JERRBOR A 25, R T 2 A B bR
PR ot TR 22 A A o3 A B AR — B

(2) 3T merAd FEPFIEE T 16S rRNA JEH A1
PR EBERGE L E i £ W, 7= WG AT i B A
77 N B BB H R R EUIURL TS YA i v B A 340
HOBEARE. S5 TSR H bm 3 40 p0 $80™ W e 11 3R
Bi kB RIS 50 A 45 SR R AR AR L, 2 A H AR R
AR [F I T A R A — e 22 e, R W
2 i B A 5 DAL G 0 R S S 5 4 A ).

(3) 3T merd FEPIFIEE T 16S rRNA FE A (1) 7=
FBE B AE FISH 2% 28 XIS T & AR i, R SE T 2 Fif
Hbr £ B FISH A3 B A AR & 0 — Bk B4 58
DI i A T 22 5. 36T merd R FISH K 9 77
F ot TR A7 S A X 2 BE R 24.25% £ 6.47% AR T

T 16S rRNA JE K FISH #5458 (33.42% +

2.34% ).
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