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Comparative Analysis of Primer-based PCR Strategies for Characterizing

Ammonia-oxidizing Bacterial Communities in Lake Sediments

WU Yu-cheng'?, WANG Jian-jun', WU Qing-long'

(1. State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography & Limnology, Chinese Academy of
Sciences, Nanjing 210008, China; 2. Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: PCR-based techniques are commonly used to characterize ammonia-oxidizing bacterial ( AOB) communities, but are
subjected to the bias induced by PCR primers. In this study, the sensitivity and specificity of two pairs of primer were assessed based
on a group of lake sediment samples. Compared to the low sensitivity of the CTO primer, the BAMO primer produced intensive single
bands in all samples tested. However, the sequences retrieved from one of the samples by BAMO did not cluster with
Nitrosomonadales, to which all B-AOB affiliate. In contrast, all sequences amplified with CTO fell within the Nitrosomonas europaea/
“ Nitrosococcus mobilis” lineage. Furthermore, the products of four approaches were subjected to denaturing gradient gel electrophoresis
(DGGE) , and the patterns of the nested strategies with BAMO followed CTO or the universal primer of 16S rRNA gene followed CTO
were highly similar to that of CTO amplification. These findings suggest that BAMO is not competent for charactering the 3-AOB
communities due to the low specificity. The nested approaches with both selective and specific primers are the choice because they can
amplify effectively and retrieve community composition of 3-AOB in lake sediments.

Key words: ammonia-oxidizing bacteria( AOB) ; PCR; primer; denaturing gradient gel electrophoresis( DGGE) ; sediment
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TEVE 2854 R Z2 e il A % K 3R 85 P g AOB 8
BT B-ZIEAF R4 (B-AOB) , H i fii 1]y B-AOB
16S rRNA 8 ¥145 BAMO"”  F1 CTO 25", HEip /B
W], BAMO 5|9 UM = 1 CTO 5] ¥ ke k3
G B EATAE S BR Y PR R, L X B-AOB
TEVE 2500 I EE P 1 SR A 1 SE 00 A TE 52
WIAVTAR Y AT LA AOB 241838 & 0 A A B,
AR TR b 0 A ML R 50 45 9 0K 52 i DNA
ROFRICE &, N2 PCR § 3450, Huat A T
it BAMO K CTO 5| ¥ XF A [8] 4 5t ¥ 11 Ut X
B-AOB 16S rRNA JELH B H W47 0, % F It , AR WF 5T
BRI — 2L W I DO W, DA SE 55 ff1 BE 4 B BAMO Al
CTO 5| ¥y W SO FIRE S5 1, I 38 T 1V 48 S0 IR

PR 4 SIS E B B-AOB BEvE LS I RCR , H
f7E T Xt B-AOB [y PCR 9" 3G dE A7 4L 1k, M\ i >y #F
FEMIIA A2 25 AR G0 A AR T Y R i A A 3t e S Y
PRESEE S

1 #M#E5FE

1.1 REAS R R Ak 20

2007 4F 8 J RAE T Hmm R 9 AN vl
FEAR(ERE 1 em) %5 N TL ~T9. YT R E G 7
RIVE T A2 ok Fa P, JF R iz 2505 %, -20C R
7. SR H W7 8 0 b U0 AR W B A v S DR
B FUREER 4y BT = BOSCHR [ 9] AT, & FE AU R R
LS HER R 1 s,

F1 RE[IERER
Table 1  Location and properties of nine sediment samples in this study
T1 Uil 36°59'53.52"N, 100°36'10. 80"E 3211 20. 1 2.0 7.8 174.9
T2 {81030 Yy 36°34'37.56"N, 100°44'42. 00"E 3206 4.6 0.5 7.0 31.4
T3 H g 36°37'44.76"N, 100° 6'25.20"E 3216 11.4 1.1 9.0 453.7
T4 KRR 36°44'58.92"N, 99° 4'45.48"E 3068 20.1 2.0 8.4 7764.5
T5 GRS 37°18'52. 56"N, 96°53'58. 92"E 2818 58.3 5.8 7.7 81.4
T6 JNSE B 37°27'53. 64"N, 95°33'28. 08"E 3195 46.2 4.6 8.6 3070.8
T7 T4 A 32°55'42. 60"N, 91°57'25. 56"E 5280 14.3 1.4 7.4 117.9
T8 To 44 K 32°40'17.76"N, 91°52'18. 48"E 5001 5.0 0.5 7.6 31.9
T9 iR 30°47'17. 88"N, 90°58'32. 16"E 4734 69.7 6.7 8.2 63.8

D) By AP Ba®* (Ca®" Fe'* K™ Mg®* Mn®* Na® (Si'* il S** 3k 10 Fit o 25 2 A

1.2 PiFY DNA $2H

FRICO.5 g ¥ VR TR M DL AL i, & % + 0
BT, K S U0 B DNA ML R Y. &
PowerClean™ DNA Clean-Up Kit( MoBio Laboratories,
Carlsbad , USA) 125 & 2l fk , 3 LA 0. 8% Z5t 5 B ri vk
Ko 56 e USRS 2200 B

1.3 B-AOB 16S rRNA FL[HE ) PCR §" 14 %

7E BAMO 1 CTO 5 #y iy B al |, %1t A B .C.
D4Ry IR (EK2), P8 T ~T9 i) B-AOB
16S rRNA SE[H 5 Br. Ho A B 2 HEEY 1 7 &,
C.D ZHX PCR J7%E. | T DGGE 4y Hrivt, ik 75 LA
S—R uE R IR A PCR PR ¥ O B AR, R
DGGE & 5|4 341{-GC A1 518r HF 17 PRI 15 (&
2) AT RTAE A 51 9077 50 e i 14 s v L3k 3.

®2 PCRIyHEHE
Table 2 Primer-based PCR strategies in this study

S 5% PCR 8|4 45 4% PCR 514 DGGE 514
A BAMO-161{/BAMO-1301r — 3411-GC/518r
B CTO-189(/CTO-654r — 341£-GC/518r
C BAMO-161{/BAMO-1301r CTO-189f/CTO-654r 341£-GC/518r
D 271/1492r CTO189(/CTO654r 341£-GC/5181

1.4 FeRESCEME 5 P 5 o

Chimera Check ( http://rdp8. cme. msu. edu/cgis/

XF# 2 AR B J7 409 PCR 9718 7 Wy 47 5e
W53 (pGEM T-Easy, Promega, USA). 283 4% %
Ao VB AIE S, Bl AL 28 HCRH PR v B 2R AR Y (L
). RAF M 2 K BR AR MG B SR, R

chimera. cgi? su =SSU ) HEFR 7] B8 (19 & 14 ¥ 51, XF
F BAMO 5| ¥ #3K 45 89 /5 5], & /1 RDP Release
10 (http://rdp. cme. msu. edu/) H [if) Classifier IJj G
HEH 24 H)E , UL BLAST (http://www. ncbi. nlm.
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Table 3 Primers used in this study

519 FIIFE(5-3") 5 Fr BRI SCHR
BAMO-161f TGGGGRATAACGCAYCGAAAG
T AT - B-AOB 2y 1. 1kb [5]

BAMO-1301r AGACTCCGATCCGGACTACG
CTO-189f GGAGVAAAGTAGGGGATCG

B-AOB 435bp (6]
CTO-654r CTAGCYTTGTAGTTTCAAACGC
27f AGAGTTTGATCMTGGCTCAG

A4 2y 1.5kb [11]
1492r TACGGYTACCTTGTTACGACTT
3411-GC GC clamp-CCTACGGG AGGCAGCAG

e 161bp [12]
518r ATTACCGCGGCTGCTGG

nih. gov/BLAST/) 4 & GenBank & A L /% %], F
ClustalX 1. 81 #47 Z ¢ 31 Lb X%t , 32k H Mega 4. 0 %K
PE O R Gk H W (4B 4% vk, 1000 K Hh R
bootstrap ¥ 56 ) .
1.5 77 MEBA B &8 i 8 UK ( denaturing gradient gel
electrophoresis , DGGE ) 43 ¥t

KM DGGE J7 ik F 4 4 Fh ¥ 48 Jr £ X} B-AOB
BEVE 25K 1 AR . 519 3411-GC/518r (4 1 1=
YITE 8% 1) 5 A J Tt i JE « 30% ~ 60% 78 VB J&
60 V &4 F B vk 18 h ( DGGE-2001, C. B. S.,
USA). kSR 5, A R Y« B Sybr Green [ 4eff
30 min, ] GelDoc XR ¥ X 1% % 4t ( BIO-RAD
Laboratories, USA ) 1 IR. % Al GelCompar I #k {4
(Applied Maths, USA) X} DGGE K% | ) 245 vE4T
U R B 7 A e e, OF AT 2R 28 23 (Dice BEE,
UPGMA 7).

2 HRE5I®R

2.1 UiRYHER =5

AT B 9 A, 324 A TE T R s R
ZRACR MR 22 IR o EE AR, 9 MU
FE i S A HLER 1550 D 4. 6%0 ~ 69. T%o , Fe A1 1Y) 42
UEAE TR AR e 00k B R IR AL
W a S FRE, B T U N 31.4 ~ 77645
mg/kg, WL AE SRR B Z BB R 2= 7. AR IE A
TERE, BB I, AT WA IR K, AR R IR -
TR AT, 7 1 ) A BRI, AN S B R O R
WO B 4 WA R R R Rk e B 2% SR X
T PCR ¥4 0y 5% i, F B 32 U i B-AOB H#f V% 45 14
53 BT O R0 T HEAff
2.2 BAMO 5 CTO 5| ¥y st 1

S H B 5 | i U B e SR BAMO 5 CTO
SIPRT T1 ~ T9 FEARDEAT H Y 3 (X TR 2 h
B AR B Ir%). 45 R Bon, BAMO 5| ¥ () U 58

L TR REAR Y ARAS T WU 1.1 kb A4 i — 2%
R 1T(A) ] H &, B CTO 5]49),{¢ T1, T2, T3
TS 3% 4 DMFEARFKAFIAR MY W& [ 1(B) ],
e IR M AR 1 A 3 T R TR Ol AR 5 R v
(9 AUTFIFE S A7 B ok H & R0 (T4 .T6 ) 47
A5 ML & AR & (T9) , 308 A5 5 F J5 oty 4 il 11 i 3
{1 5 Y AR WA (T T8 ) . e sty 1 3 Ak M K R
DNA (i $2 55 5, I 38 1M 5 30 PCR 4™ 34 280 3R 11K
I b M v SR B b, B-AOB i 3 B W] AR AR AR, b wT
fiE 30 16S rRNA JE[H T L Th i 3.

TSR — A~ e PR VR 46 28 B (40 BAMO 519
f 16S rRNA 3@ JH 519, % B F % 2 1y C fl D Jy
%), FERLH CTO 514347 PCR 19,9 I EEA ) fiE
3% 435 bp K/NHYH — a7, PCR 45 L B 1B ok 38
[E1(C), 1(D)].BAMO #1 16S rRNA 3@ Jfi 5] 4 H.
A MRS LY P YT bR T OB DNA
FIRE & A A R 2 e 4 PCR MAEAR , 428
Gy AR SR Y X SR 22 B-AOB T 75 25 1
Iy MR BE T AR B S5

1 T1 T2/T3 TATS T6/17/ T892/ |1 T1 T2 T3\TAT5 T6T7 T8 T9) 2

pa—

! ————— — e —

T il ),

| T1 T2T3 TATS T6T7 T8 T9'2 |1 T1 T2/T3 TATS/ T617 T8 T9)2
e = ,E.'..;-..B!a! )
T TR )

1 g DL2 000 AH T 43 F B & 45t ,
2 Jg G HEXS IR, T1 ~ T9 fR R FEA S
E1 47 PCR3|YERE(A~D)MIEHR
Fig. 1 PCR amplification of nine lake sediment samples with

four primer combinations (A-D, showed in Table 2)

2.3 BAMO 5 CTO 5|9y 5k 1
VM S B R F L, X BAMO 5 CTO X T1
FEARY B ARAF B P= P E 4T PCR STk, I BE AL Pk HUBH
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AL AN B PCR 438 5% s L 8% 2181

PEVERED 7, B R G L F M (B 2). XF BAMO T
LRI 6 NP RARE T BRI R N, H
FH AL T B-AOB T #E ) Nitrosomonadales H . Tfij %
I CTO 5193151 16 A ¥4, WAL T B-AOB iy
Nitrosomonas europaea/“ Nitrosococcus mobilis” 43 3%,
X3 3 F AR T4 MK AR BR85S g AR Y
B-AOB'".

Purkhold 257" 3@ 53 in silico 43 #7 , NEEIE | 3iF B
£ B-AOB 16S rRNA KL 5 9y, BAMO 1Y FF 5
A%, CTO 45 53 1k fie ¥ . BAMO A5 o 7L 39 8 11 19 51
P11 M AOB ) 168 rRNA 3 [ ¥ 41 B A A B,
PR A A A B2 R R IE , 5 BURR S MR AR S B iz

T1-CTO sequences (16)

-Nitrosomonas sp. (AF272424)
N. cryotolerans (a¥272423)

05 N. aestuarii (AF272420)

ool Nitrosospira

T1-BAMO-4
— 55 T1-$AMO-3

100

T1-AMO-7

100

79 T1-BAMO-8

L s
100 N1512_66 (Eu104234)

Nitrosococcus oceani (AJ298726)

Nitrosomonas halophila (AF272413)
-Nitrosococcus mobilis (AF287297)
Nitrosomonas sp. (AF363292)
-N. europaea (AF037106)
Nitrosomonas sp. (AF272418)

99 N. ureae (aF272414) N. oligotropha
|:N. oligotropha (AF272422) Lineage
N. communis (AF272417) } N. communis

99 Nitrosomonas Sp.(AF272421)

66 Dechloromonas denitrificans (AJ318917)
EE Ferribacterium limneticum (Y17060)
100 T1-BAMO-2

L Azonexus fungiphilus (AF011350)

Thiobacillus thioparus M79426)
L—— Thiobacillus denitrificans (A1243144)
Hydrogenophaga palleronii (A¥078769)

Pseudomonas spinosa (AB021387)

Nitrosococcus halophilus (AF287298)

LR A BAMO I AT A B A 93 A A1 H AR
AOB Il 117 Atk , EBF 9 36 B2 1 B-AOB
FEFC T, BAMO AN ELAE A S LS M (. R4 CTO
SIWIAETE R — Lo 3 A ik T B A RE R
A LALREARATAE B-AOB JF 41" {H B KR S b
5, B BT B R W TR B-AOB 51 4. A i A #F
FEH, CTO 51 W) R fE A E 4 56 B A7 O AR AR, BR W 17
B RN AR R BAMO Ay B B 51 4, L
CTO EEE —hey iy, al B4 M BRBE AR AR B-AOB HE vk
G DN £ 45 S M RO (H: S A — A B 4
B BIETR 2R B-AOB BEVE 245 H ik 5 Z At AT A
WA BT

Proteobacteria
Order Subclass

N. europaeal
“Nitrosococcus
mobilis™
Lineage

Nitrosomonadales

N. marina (B-AOB)

Lineage

Lineage B

Rhodocyclales

Hydrogenophilales

Burkholderiales

Uncertain

B2 BAMO 5 CTOS|##EFIMNESZELEW
Fig.2 Distance-based phylogenetic trees of BAMO and CTO amplified products

2.4 R[E PCR 5144 477 2 X B-AOB RE ¥ 45 14y
145 1)

PCR 41§ rp o 77 75 25 Bl i 22 . L o3 0 A8 ol
DA i PCR 473 (0 SO, By 77 384 o — A 9 6 20

BR P RE S S BUR LB I8 45 1 I 25 LS 1E L. DGGE
JPEAT LA R R 51 9 07 8 T B-AOB B ¥ 45 14 1)
25, NI W PCR i 2235 161, o PCR 7 1 L %
PR A
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T5

T

A B C D A B C D

(a) DGGE

B3 4y iERmEsT B-AOB B B MM

— A BEFEPEA B, E IR B B ek AR B-AOB B BEVE
a5
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T1-A
T5-A
T5-C
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(b) BEH T
Aolg::%

Fig.3 Comparison of B-AOB community structures recovered by the four PCR strategies

3 #£ig

PCR 7| ¥y i 3% £ X T 30 45 vh 2R 9 0% A A
HEEMW . AR ERA,2 FiE H B-AOB 3
BS54 BAMO A1 CTO HA A [E MR, BAMO 111§
TR o T R SR AIG, CTO % S0 A1 T 4 S5 v
PLAHTA 16S rRNA 3@ FH 51 %) 8 BAMO 1 H 5 — 4251
), CTO fE R g M ry 855 PCR J7 0] LI &
3 WU |, BT R 4R SUEL T RE 8 S B B-AOB B VR

P LSS5 R PR AT T B 0 R R 8 00 DO AR W A

t B-AOB [ HE 7% 25 14 F Z2 A 1
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