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ME[HK] W5 A% F P& A B (ammonia-oxidizing archaea, AOA) X Hifif 4= R & I PRk 2 C
BERVEH] AB AR & R s AOA FFE A S 2 /b o AR5 B AE T 45 K i s R 1R b 12 18 AOA T V%
K 2R, [JrE] DB R 35 m BB 7Y (A'xi) (2 P8 (Maixi ) F1 3 X (Fenqu) 3 /> #it R4 X R 42 + S AE
A, BRE 435 2 DNA R AOA & 28 i1 %8 B (ammonia monooxygenase, amoA ) K: Kl 5 ¥ 1 amoA FL [N,
P amoA IR v B SCPE o MRS v B SCIE i BEAIL PR 6 80 AN PHE v e 7 I T s e IR IR i U0 B K 2
&AE (restriction fragment length polymorphism, RFLP) 734 , #k 1% A ] i U1 2 Y 1) 5 B 7~ JE A7 00 R | L XS, #)
MEGA 5.0 KM amoA FER R G R BM . [ 458 ] M 3 A spe S 240 1~ AOA amoA FEPH FHPE se i
53] 15 &ACEFH, @3 Mothur /4347 OTUs (operational taxonomic units) 43285 %] 7 A~ A[E A 43 25 B
JCo i OTU 6 AL HKHE,TE 3 D re e SCEA LI, 29 5 Fr A e 5 M o B 119 27% o 15 2% amoA JEA
%553 J& T Zoige Wetland Clade 1 (4 OTUs) ,Zoige Wetland Clade 2 (2 OTUs) 1 Zoige Wetland Clade 3 (1
OTU) 3 NRGE T I X o BLAST 3 s B A7 OTUs 20 TR A ] (Crenarchaeota) o AL Hr R B,
AR IR AOA ZHEPEFR A S + e S A M S A & A & WA (P <0.05) . [4518] # /R
i R AOA R, ¥ JE TR, B S R A S A S R E VI G .
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L b 2 A T Il A K A AR 2 2R G 1 e U
ARG, HLAT Y 2 M 3 A W) 22 RE B AR 25 OT- i 1 R
TR . R 25 EUR VR M 0 T R R AR
LB, R b R £ A% 26 B K A R,
AR SRS AR SRS
[ BN, 57 2% 36 36 b 0 S 7 61 17 AR e 9 78 DLV 0
W3 AR X, 2 v [ A ) R S R X 2 — R
TR VRS R R A AR 2 A 45 O T LA R AT
Rz, BT, REEECRARRIR T A
IR T RN M b W O TR 4 R 2 R
PSR R e S R A A R AL TR A R
DUAT AT A G HE o PR, BF 9 % B 3 rh A A AL IR
W0 2 RN, TG T8 N AR ) 22 RE P R B A 2 X
4 S st PR AL A B BT 7 8 B A AR B4 3L

amoA F& R K H & FE AR s vE, B8 2 N T
KRS RGP AOA T 74 205 4 AR I 22 4 1 1) B
FE e W LR Y kAR
IR T SR 1T R B SRS R/ B RN - R L R
g RS0 LA AR v DR VR S s R R, 1
H amoA L FLRE SO . MBS AOA RS &
TR, TR AR ST R R S R G B AL
K LE ML B R A8 PR AE T % ) D R 13 2 1 28
SE LA

LAk

L1 ##

L1.1 BN BFERRE AR 5 b
T S AR LS, AR T U1 48 205 B R OR
H.(32°20" =34 °00" N,101 °30" =103 °30' E) ,*}1y
34 3400 - 3600 m, B AL 19600 km® , & 7 jH 5 Ji
) 3t et B T I B0 — A M AU IR 26 32 oy SRl i . M
B T R i DR e T A DRl P e A, A R
M ZEZ gy, KE&TE , 4B REK & 650 - 750
mm , 4SBT N 0.6 — 1.2 C B8 Ay S s N T %
TR E PRI A, A A Xk TR A
Ji e Bk 3 A A3 AT X DX R B AT A A R )
T T, 3 528 RUAT 8 B ( Kobresia tibetica) | Y
JI| & EL ( Kobresia setchuanensis ) . 3 % ( Festuca
nivina ) (K B Z 5 ( Carex muliensis ) ¥ 98 5 ( Elymus

valleculosa) & # ( Leptodictyum riparium ) 5§ ,

T 2008 4F 10 I 78 A B A7 OC BT kY Bl | it
WoE R 2 BBl pY (A xi) | & & (Maixi) Ml 73 X
(Fenqu) 3 PNHLAI X IBH E. valleculosa 75 55 T 11
TR T O OFFERE it B X A R A AR B Tt D)
ATRFE FEHTERLZ) 0. 15 hm” A5 9 AR A5,
T A 10 - 20 em #9 - AE, $2 00 53 2k EATIR AT, I
1 kgl 5 LAE , HIJC T PE 483 3T vk & rp i [o]
FHE, 20 CIH .

1.1.2  FEXFI{LEF: PCR (L (BIO-RAD) | #E &
B AL AL (BIO-RAD ) | H Jk % ( BIO-RAD ) | & .0 #l
(Eppendorf, {8 % ) . Fast DNA Spin Kit for Soil & 5|
& (MP BIO,USA) \PCR 5|9 (4T, Bi) (N DI
Hae 111, Rsa 1 ( Fermentas ), pMD-19T Vector
(TaKaRa, Ki%)

1.2 T RiE

- S BRSNS AR AT 2 mol/L KCI R 42,
SKALAR SAN + + J% 25 Jii 2h 70 A AL 7 , KA 3 Ak
P 5 B 0 2 B e 0 O vk R AT
1.3 15 DNA K4REUR amoA EE K 15
1.3.1 52 DNA BRRE AR 0.5 g M 1 FF,
| A Fast DNA Spin Kit for Soil $& Ui 57) & 42 BUEE
T &L DNA,

1.3.2 amoA EERP . %H AOA amoA K [XE
FI51 ¥ amoAF/amoAR™™" i 47 ¥ # . & B 1k &
(50 wL) : 10 x Buffer 4 pL, MgCl, (2.5 mmol/L)
4 wL,dNTP (2.5 mmol/L) 4 nL,BSA (2.5 mg/mL)
1 wL,Taq DNA Polymerase (2.5 U/pL) 1 pL,1E&
1514 (10 mmol/L) 4% 1 uL, 10 {575 # DNA B4R
1wk, b ddH,0 ZZAKFH 50 pl, K e S1000™
Thermal Cycler PCR {% ( BIO-RAD) I #£47., PCR §~
SR F 2 ISCIK[17 ] PCR W 1.5% BfE i
BRI L UK AR I J5 A Clean-UpTM 4 3 & (MO BIO
Labs, Solana Beach, CA, USA)4lifk .

1.4 amoA EFEZIEXERMIZET RFLP 53 4f

PCR ¥4k )5 15 pMD-19T Vector #4174 %,
FIH E. coil DHS o JE&Z S AN ML AT e 4, LA N &
FZE (100 mg/L) itk F1 PCR &G, T #4438 H
514 M13-47 Fl M13-48 %f B4 o2 B 4 A Jr Be 47
PCR §"#4 Bt 5 wL PCR F=#)43r % 5 U Hae 111 I
Rsa VY], WY1 7= 4 1 2. 5% 35 B A 68 Jie | vk A
Wy, 53 AL o AR 4 il U0 3% A Bk B A R M T R 2% T AR
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L5 REXREDH

K B 45 7 81 & AR JR #E GenBank v it 47
BLAST [&] J& 1 # 2 ( http://blast. ncbi. nlm. nih.
gov/ ) , FIl I Mothur % {4 75 98 % (1) AH L1 7K °F- I 3
A7 0] ¥ 1€ 4> 25 B JC (operational taxonomic units,
OTUs) 43" " o g 3K 45 4 [7) U5 31 R 22 1 91
Al Clustal X 47704, >R Hl MEGA 5. 0 #c {4 rh i
Kimura2-Parameter Distance 15 Bl 3 47 £ ¢ %1 UG Ji¢ ,
FII4H B 3% ( Neighbor-joining ) 1) & % % % # W,
Bootstrap 1000 Y 0 4 4 S B 5 (1. 36378 15
FA B AOA amoA J& K J¥ 51|, 7E NCBI 4 & b /Y
75 2 42 . JQ941726-JQ941740
1.6 HFESH

@m@ﬁCﬂ—%ﬁ%iE%%§0mﬁ%

A e [ SO F A B — Yy OUTs iy 8k, NV LR
FERESCHE 7 o M4l Shannon-Wiener $5 %5, #4 5] &
TR F & B4R BOEAE AOA amoA JE [H U £k
P TR R S OO o Ol ) i S TR
JH SPSS 12.0 (SPSS Inc. , Chicago) 4} 347,

2 HERMAAHN

2.1 AERESREM T EEHERS N

A 7K it e SO 9 Y ) BRAL S e B E 2
FW,3 AHE R HER Oy o ks w1 AL
SRS R, o R A RIS A
{24 0.017 mg/kg, A'xi Maixi Fenqu 3 ~FE S THEF
AR A A B EIER (R 1) .

x1l. BERESREBMH T EBELER

Table 1. Physicochemical properties of the soil from Zoige plateau wetland

. . oM/ TN/ ammonia/ ( nitrite/nitrate ) / air-dry soil i
sampling site pH L sampling temperature /C
(g/kg) (g/kg) (mg/kg) (mg/kg) moisture /%
A'xi (Bfpg) 49. 67 1.515 1.172 5.362 7.61 6.28 -6
Maixi (£ &) 49.40 1.199 0.572 3.166 7.86 5.13 -5
Fenqu (43[X) 26. 68 0.902 0.017 0.579 6. 85 4.88 -5

OM . Organic matter, TN Total nitrogen. Soil pH was determined with a compound electrode ( E-201-C, Shanghai Shengguang Instrument. Co. Ltd.

Shanghai, China) using a soil-to-water ratio of 1: 1.

2.2 EIRESERH AOA amoA EREEXES
M5 #7

M3 A B SC v AL Bk BE B 240 A PH M SR,
W1t Hae 1T F1 Rsa 1 W Fh B ) 1 9 U0 B 217 B8 D7,
W12 3 B AR TE W) AL B U)o AU 25 AR gk B 15 MR
Fe v B W P, 4% 7 S AL R T 98% H O — 4>
OTUs,15 4~ FE %1 3£ 43 %9 7 4~ OTUs, A’ xi. Maixi .

Fenqu 3 EE 5 ) AOA amoA R Y OTUs 43 5
MO 3 A3 A 3K A LHE AOA amoA JE[H
e B SCPEBE 5 BE 43 i 0.91, 0.94, 0.95 (£ 2),
A'xi Maixi Fenqu 3 >+ 4EH AOA amoA R A £ 4E
PESEEAF LB R 2% 57, W] P4 A% 55 Y Shannon-Wiener
TR W AR RO T A 2 R AR S A IR
MHEAR(EK2),

R2 BREBEEMHTE AOA amoA BEETENESHE

Table 2. AOA diversity index in amoA gene clone library of Zoige plateau wetland

sampling site OTU numbers coverage( C)

Shannon’ s diversity index (H')

richness(S) evenness( Eh)

A'xi (FPG) 6 0.91 2. 14
Maixi (#1%) 3 0.94 1.43
Fenqu (43[X) 3 0.95 1.25

2.97 0.96
2.33 0.97
2.05 0.93

2.3 ERESERM AOA amoA EERZZEZBHIF

BT 2% ()75 22 5,15 4> AOA amoA & [H 5
FE ¥ 5 % % 3 S 7 A~ OTUs, 43 j & OTUI
(1Q941726, JQ941740) . OTU2 (JQ941727) . OTU3
( JQ941728, JQ941731 ). OTU4 ( JO941729,

JQ941730) . OTU5 (JQ941732) . 0TU6 (JQ941733,
JQ941734, JQ941735, JQ941736 ) Fi  OTU7
(JQ941737, JQ941738, JQ941739) , ¥ & F R & W
[7( Crenarchaeota) , R4t k& 0¥ x £ OTUs 43
S 3 N BE  Zoige Wetland Clade 1,f35 4 /> OTUs;
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Zoige Wetland Clade 2, f1 & 2 4~ OTUs; Zoige
Wetland Clade 3, 1 4> OTU, £E 7 4~ OTUs tf,
(4 OTUG 72 3 A~ KE LB RA S, 5 15 45 548

WET 19 27% , H amoA J [N 55 1655 vy B ) A DT AR
P A J01 e P ZRUAE B4 DK I R AR I B Y amo A
HNRGRREY, BN —L(F 1),

Icelandic grassland (JQ403657)

Zoige Wetland archaeal amoA OTU2

005 Arable soil (HM803798)

Icelandic grassland (JQ403672)

Qinghai lake sediments (EU197164) Zoige Wetland Clade 1

diment/soil related
Zoige Wetland archaeal amoA OTU1 sedimentisort refate

1L pristine forest soil (EU770851)

Soil in China (JQ865041)

100 Zoige Wetland archaeal amoA OTU3

Zoige Wetland archaeal amoA OTU4

— Plateau agricultural soil (JF748240)

Alpine meadow soil (JN903223)

8 QE Zoige Wetland archaeal amoA OTUS
100 Semi-arid Loess plateau (JX140460) .
Zoige Wetland Clade 2,

— Land-lake soil of plateau (JE735105) sediment/soil related

Icelandic grassland (JQ403690)

Zoige Wetland archaeal amoA OTU6
99

Tibetan lake sediment (JX488439)
Yangzte River (HM443615)

79 Water treatment plant (EU852677) Zoige Wetland Clade 3

Tibetan lake sediment (JX488404) sediment/water related

100

Zoige Wetland archaeal amoA OTU7
100

Nitrosopumilus maritimus SCM1 (EU239959)

1. ETF amoA EEMENERSSREH I RERUATHREZLEN
Figure 1. Phylogenetic analysis of archaeal amoA gene sequences retrieved from the Zoige plateau wetland in China. Bootstrap values
were calculated from 1000 replications of Kimura 2-parameter, and bootstrap values higher than 50% are shown. The scale bar

represents 0. 05 changes per sequence position.

1E 7 4> OTUs 1, 0TU7 52k HAK LR amoA 51 (JQ403657) K AE —ifL; OTUS 5k A # £ & i 2f

LIRS REEAR L, H Ay 6 A4 OTUs 1y 531 15 76 9138 Ut
R 0 9 BRI A I 2 1 57 s BEAHALL. OTUT LA
99. 5% 1 J¥ FUAHBL 1 15 B b ) i s AR A L 38 amo A
FLHFE ) (EUTT70851 ) B 7E —ifd ; OTU2 5 K 1 it
FUIL (¥ VK 2 B 5 L amo A JE K )T 51 (JQ403657 ) A
PR 99. 7% ; OTU3 I OTU4 43 BIAL LA 95. 6% Fil
93. 4% W FF HN AR AL 5 VK 5 R 5 3 amo A JE N 7

T+ amoA A (JX140460 ) AH LM & 5, M
97.6% ;0TU6 57 i & 5 WA TR W) 9 amo A K& [A]
(IX488439) Jp FI ALy 99% 5 OTUT RZ 5k H
WK B amoA HE (40 HM443615 Al
EU852677 ) RAE—i2 , i 5 H A A 1k M — i 7] 35 57
AOA & ¥k Nitrosopumilus SCM1
(EU239959) i JF 51 ML AT Ay 80.29% ',

maritimus
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24 EREGREHTIFEEAERS AOA S H#
TR X 4 H

LA AOA amoA FER ZHREVEIEB(H') WS40,
it SPSS #3148 Pearson AH G R #, PFAN T 45 /K i

ey JI S BE AR R IR AOA ZAEVERY R W . &5
REW],AOA amoA BN Z AR (H) HEER
I 25 5 2 8] A7 A S 35 i A G (P <0.05) , 5
il - S BN R AH G AR B2 (3R 3) ¢

RI AREEEEHTHEEAERS AOA SHEMIEHEMNEXE

Table 3. Correlation coefficient between soil physic-chemical characteristics and

Shannon diversity index( H') in Zoige plateau wetland

sampling site oM TN ammonia nitrite/ nitrate pH air-dry soil moisture
A'xi (BTpg) 0.976 0. 435 -0.999 ** 0.999" 0.794 0. 607

Maixi ( &%) -0.638 0.679 0.998 " 0.999" —-0.444 0.999"

Fenqu (43 X) -0.702 0.511 -0.999" -0.999* -0.376 -0. 161

OM: organic matter, TN total nitrogen, *and ™
3 it

iR 36 e DR M e S TR £ 0% 2 R AR R TR R
G5, LM E SAITRIBE N E, LM
YR T e R AR AR 2 — IR R R IR B
i AOA XFF AT AOA A= 28 0 Ai LA Sz A 35 R
IRHLHI S H A B2 o A SO A R a5 R b
AOA [ ZREVER R G0k B AL BT 98 W, 5 /R 35 7
JEE M K 28 amoA JF B 55K [ S RIUTR Y (9
SRR B T, 35 8 T SR ok B U 3 T i K 0 Y
MRIR FBOX AT AOA FlRE i R AR XS B — | HLIX
S AOA B AR A 40 A A XA

CARFSE R AOA T Z 0 FAMAES R
Goh MESFRGAE SR REREEMN, A
R LI AOA W) Z fF 7 T M R g, X J
fE5 AOA ZHREIYE FRAE A L FmE, ABF5E
R AOB amoA JEHE B " HEATY 84, (B KA
M E] AOB amoA FEPH I W] BB J2& 47 /K 3% =1 B 1 Hb
H AOB F Ik T AOA, F5/K 35 1o S Hb (1) 2
AL SR E 9 AOA, X 55 Leininger ' | #
WIERAE 2 G RE S 4 R AL, X — 45 R TT LA
IR 3 R A R S R A B R, R AOB 2 ™
AL BE A 75 8k B, ACRE R 20 AU S o — g
BRE

PREE IR 70 4 8 5 K B pH IV 35 LA 2
AOA FBELH LA 2 RETE M T N E Y, fEARWFSE
T AOA ZREVERR S (H') 58S RORAE 25 A Z 18 1
FER E A SCHE (P <0.05) 3% 5 2 /i /9 0F 55 45
ML o XL U AOA 7£ 45 /K 35 i 5 i 2 4 1k

mean significantly different at 0. 05 and 0. 01 level, respectively (2 — tailed) .

1 AR R B SR .

ARSCH KRB T A5 R 5 R A A U
2 REE RN R G5k B AL, (UK I ) AOA 7715,
WAY HE] AOB amoA [, U B 7 45 /K 5 = JR 1
WR B A YL, AOA £, AL EEH
AOA BKZ . X —WFFE 45 & X AOA A=yt 3 43 1
v SO b G SR ST — A AN T, (R,
AOA 75 5 e b i A S T e T AR5 4, 7 ik —
5T o
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Diversity of ammonia-oxidizing archaea in Tibetan Zoige
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Abstract: [ Objective | Investigation of ammonia-oxidizing archaea ( AOA ) in nature environments is important to
understand the global nitrogen cycling. However, little is known about the AOA community in plateau wetland. Therefore,
we studied the composition and diversity of AOA in Zoige plateau wetland swamp soil. [ Methods] Total DNA was
extracted from the swamp soil of three typical wetlands including A’xi pastoral area, Maixi pastoral area and Fenqu
pastoral area locate in Zoige plateau wetland, and amoA gene was amplified with universally AOA amoA gene primers and
then cloned. Then 80 positive clones for each clone library were chosen for further restriction fragment length
polymorphism ( RFLP) analysis, and the typical RFLP types were selected for sequencing and clustered into operational
taxonomic units (OTUs) at 98% cutoff using the Mothur software. The MEGA 5. 0 software was used for the amoA gene
phylogeny analysis. [ Results | A total of 240 positive clones for all 3 libraries were used for RFLP analysis, and 15
specific amoA sequences were sequenced and clustered into 7 OTUs at 98% cutoff. Among them, OTU6 was detected in
all of the 3 libraries and included 27% of the total specific clones. The phylogeny analysis showed that the 15 amoA
sequences were grouped into 3 subgroups consisted of Zoige Wetland Clade 1 (4 OTUs), Zoige Wetland Clade 2 (2
OTUs) and Zoige Wetland Clade 3 (1 OTU). BLAST analysis showed that all OTUs were affiliated with the phylum
Crenarchaeota. Correlation analysis showed that the Shannon diversity index ( H') was significantly correlated with
ammonia, nitrate/nitrite (P <0.05). [ Conclusion] AOA in the Zoige plateau wetland swamp soil are all belonged to the
Crenarchaeota, and their diversity is significantly correlated with soil ammonia, nitrate/nitrite content.

Keywords: Zoige wetland, ammonia-oxidizing archaea ( AOA), amoA gene, diversity
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