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Responses of Soil Ammonia Ox1d1zers to Simulated Warmlng and Inereased

Prec1p1tat10n in a Temperate Steppe of Inner Mongoha
ZHANG Cui-jing'”, SHEN Ju- pell‘z* SUN YI-{C]I # WANG Jun-tao ‘, YANG I'Zhong—hng , HAN Hong yan .

F
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Abstract Soil ammonia oxidizers, as key players for.the amm‘(')ri_i‘_a,-dxidation process in soil N cycling, could respond, adapt, and give
feedback tgrglobal change. In this research, soil samplesawére collected from a long-term field experiment with increased precipitation
and warming in a temperate steppe of Inner Mongolia. We analyzed the responses of the abundance, diversity, and community structure
of ammohia-oxidizing archaea (AOA) and ammonia-oxidizing bacteria (AOB) to warming and increased precipitation using quantitative
real-time PCR, terminal restriction fragment length polymorphism ( T-RFLP), and clone library. The results showed that increased
precipitation significantly stimulated soil pH and warming significantly reduced soil respiration (SR). No significant difference was
detected regarding the abundances of amoA genes across all treatments, whereas increased precipitation significantly affected the
community structure of soil AOB. However, the interactive effect between warming and increased precipitation had no significant
influence on the community structure of soil ammonia oxidizers. The result of the structural equation model indicated that the plant
diversity and community structures of soil ammonia oxidizers were significantly correlated, suggesting that there were certain
relationships among climate change, microbes, and plants. In conclusion, this study confirmed that soil microorganisms had the ability
to adapt to climate change, which could provide important information for predicting future changes in ecosystems.
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AR R 2SR SR ST X — B9 2, R
LT DNA B2 T A2 B DTIE UL s
AR 22 (URASIE | WK ) X M S
FOREIA , 360 RR BE . S
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1.1 Sk et P,
SRR RET IR AE B (R 116°17" b
25 42°02" , HEAR11324 m) X HUR T T RHRAT R
BRI R KR B KR T R
378 mm g6 ~ 9 7 IIRE K HE i R Y 80% 3 AR
PRE R 2. 1°C RIS T ARy -17.5°C 7 A
1 18.9°C. MRYE P [ 1 HEsr2 T HERA N B4 -
A B S A SR 5w (R EE P (Stipa krylovii) | V% E
(Artemisia frigida) . B EZEB K ( Potentilla acaulis) |
R T 35 ( Cleistogenes squarrosa ) . i dE ( Allium
bidentatum) ., VK ( Agropyron cristatum ) %)
BECINE (R S (R )ty
SIS0 TR T 2005 45 4 1, RIS, B
N FEERT 3444 m x28 m B XA, 14X
AP 10 m x 15 m B/ 23550 S 3 T A0 R
MOER. FA/DNXAE 4403 m x4 m BIX, VLI E
B ASYE TR AT A X B 4 ASAb3E A0 BEAT 6
AEE 24 AWK BA/PNXCR 6 ANk
BHLOET A8 H RN 15 mm, I 120 mm
REK. BEALALFE R 165 em x 15 cm MSR-2420
AN B 28 (Kalglo Electronics, Bethlehem, PA
USA) BAE a1 2.5 m . 39 IR A I8 X A i
BT AEAHFIE RN 3 A Es ok
AP By . R AL A - R R A T
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AR T 2014 45 ARCRERIZ(0~20 cm) +
HERESh BN IX AR 7.5 em BY - EEBEHLEC 3 4>
FEARA. P MIREATE 3 d Wiz B, 14
FER T 2 mm G 25 BREAFIA R, 2 5955 R W
T — R MEAEAE 4°C F T A BRAL 4 o NG A 00
P, 73— A AE - 80°C & T4 T Hr.

1.2 3P B A A G

76 105°C HEAS FP Mt 12 h SRl 3 5k i
T3 pH 1 g:2.5 mL 09+ K b e, 3 AR
(total carbon, TC) . A (total nitrogen, TN) [l x&
TR #E 5 i Bk e vk, O 2 43 B A% ( Vario EL 1IT,
Elementar, Germany ) JllxZ. A% (NH, -N) Fl
A (NO; -N) A 1 mol - L™ G ALAR FE B ( £398: /K
=1 g:5 mL), & L0 ) 57 B4 (SAN + +,
Skalar, Holand ) Il & ¥ Ji .

AT # (potential nitrification rate, PNR) 4l
FEAH FHARRER TN EI 7V B 5. 0 g BT EE L IEAT20, mL
£ 1 mmol-L™" (NH,),S0, 150 mg-L™"KClO,
1) 1 1R Qﬁ{ql/%:{&(PBS NaCl 8 g AL, KCL 0.2

g-L™" Na,HPO, 1.44 g-L~' KH,PO, 0.24 g-L7",
pH 7.4) I %] 50 mL & .08, 78 25°C L) 180
RS 24 h, ZJF 5 mL EALER (2
mol + L") 2O AR EL , LA N-(1-Z80e ) & —Jie b 1R
Eh A, IFAE 530 nm P T 4306006 BE 0 5 Tk
JE. - 3EIF I (soil respiration, SR) FJI & J7 % AN
T oF 10 g B fif IR M F] 120 mL M3 HH, 78
25°CHE 3% 24 h, W& = A A JF FACHH 03 A
(Agilent 7890A GC System ) 2 ¢ J&.
1.3 3 DNA $2REURISER % it PCR

FREL 0.3 ¢ % +, H PowerSoil™ Total DNA
Isolation &, 7 & ( Mo Bio Laboratories, Inc., San
Diego, CA, USA), Z i B 5 (9 7 12 42 B + 43¢
DNA. DNA ¥ J& 1 45 i ] NanoDrop 43 6 )6 J& 11
(NanoDrop Technologies, USA) Jll €. DNA £ 5 17
ff7E —20°C, 10 A5 76 BRI T R U 49 1 S p
B 7 165 eRNA [ 417 165 rRNA . AOALamoA |
AOB-amoA FABE & PCR R H] iCycler 1Q5 PCRE
H# PCR 1% ( B'io»-Rad Laboratories Inc. ,USA'f ,ﬁ H
E’J%I#’J%ﬂ?fiaﬂfrfi‘%l .

r*min

v il ]
" %1/ peR F)?FH-E‘]%I% SMEEEE o 0 s #)
I Table 1 aner fqugm':e@ and reaction conditions used fog PCR S ;
ELCPTT B S 1L <l ; ki
ool vk | A364aF CGGGGYGGASCAGGEGCCAA o8 fo’{ 60 33 94C for 20 s, 59°C for 30 s, 72 for 30 s,
i ) A934p!20] IGTGCTCCG CGCCAATTCCT and plate read at 83°C for 15 s (40 cycles)
? U * BACTI369F COGTGAATACGTTGYCGG N - ,
AT 168 RNA 5 | PROKI492R GGWTAGETTGFPACEACTT 9 T f)“r 1053 95°C for 155, 56°C for 60 s (plate read) (35
- o Probe TMI389F2)  “CTTGTACAGAEEECCCGTC cycles
AoA el * CrenamoA23f ATGGTCTGGCTWAGACG 95°C for 3min; 95°C for 10 s, 55°C for 30 s, 72°C for 60 s,
& CrenamoA616r!%] GCCATCCATCTGTATGTCCA and plate read at 83%C for 10 s (35 cycles)
AOB-amod amoA-1F GGGGTTTCTACTGGTGGT 95°C for 60 s; 95°C for 10 s, 55°C for 30 s, 72°C for 60 s,
amo amoA-2R[%) CCCCTCKGSAAAGCCTTCTTC and plate read at 85°C for 10 s (35 cycles)

A 16S rRNA Z KR ] TagMan #8413, 25
L SR R AL 12.5 L 2 x Premix Ex Tag™
(Takara Biotechnology, Japan) , B G 514)4% 0.5 uL
(10 pmol-L™") ;1.5 wmol TaqMan 4%l (4 H 16S
rRNA JE[H) F12 wL # DNA B (1 ~ 10 ng). HAth
BLIH SR JH SYBR GREEN 1,25 wl [ ik & AL %
12.5 pL 2 x SYBR Premix Ex Ta¢™ ( Takara
Biotechnology, Japan ), § J5 51 % % 0.5 L (10
pwmol - L") F1 2 wL Y DNA BA (1 ~10 ng). 10 %
L R ) JSORE B P A AR il 1 s o i £ BT A
KB P 38 %00% 5 BBl 7 89.2% ~ 100.3% , R® N
0. 99. I T gk 1 2 R B i 5 M P DK AGL I 7 484 F)
RSk

1.4 RumFRVE R BAKE Z8M: (T-RFLP)
T-RFLP 1 J5 3 8 IR 20 B AOA 1 AOB 1Y
amoA FEREIC L. A5 19)5 % & PCR AYAH
[A], (HIE 5 90 5 K sibric T 6-carboxyfluorescein
(FAM) 22564k PCR 724 H Wizard SV Gel and
PCR Clean-Up System 5] & Zlift, ( Promega, USA).
AL 074 FH BRI N DDA T DT, AOA-amoA
FEPR R H ) J2&: N V) B Hhal ( Takara Biotechnology,
Japan) , AOB-amoA & K >k HI 19 52 W U) i Mspl
(Takara Biotechnology, Japan). SV AKZ K 20 uL,
FI4G G 4 U FIKZY 500 ng DNA B, 2R F 44 H
37°CTHEY) 3 h. W)= Pyik 2 & WSR2 v R
Al ABI PRISM 3700 DNA 43 ¥ 41X ( Applied
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Biosystems, USA) #1740 HL KA. T-RFLP 75
B E & GeneMarker 244 ( SoftGenetics, USA)
AT o3 M B IBOR i e B A BT 30 bp 3 H 19 5&
R Z [ Be, G IR AR ZE 1 bp B9 B
B P Benty g T AR LA 1 U i AR 310 4% T-RFs 1Y
ARXS 2 A FEA AR T 1% B9BEY) 1 Bx.
1.5 saBESCEEFNNF

SAAEE T AOA Hil AOB HY amoA J M i) i
SO, A B R AR Al 5 2 & PCR AH A Y
SN R AT 53 500 2% SR b B A R N R AT
PCR 48, BJe 5 24 DREAL ) PCR 7 WIRA&, If i
fronfesifl; aife)s = iE 8] pMD™ 19-T #
& (Takara Biotechnology, Japan) , 2R J& # b A2
UL (CRIBAFTE IM109 ) kAT ik A BE i ; SRS
B SCE B HLIE 2 50 A~ FH: FERE T, 78 ABI
3730 574 ( Applied Biosystems, USA) il &, 3k
¥ 51 2 Bio-Edit 7.0 #4748 . LX),
MOTHUR 7 97 % FABIPE KT X 43 #4432 Ao
(OTU). M GeneBank |- F #ibnif 2 LLIF 5 K5 %
RFM: OTU &1 EEFIR B amoA 351,18 H Mega 6.0

AR nelghbor—Jﬁlnlng T ERGR E Z&E}A;

ﬁﬁEF’%FAERE/J AQA-amoA 1 AOB-amoA %- 9}%%?

NCBI, ﬁf?ﬁﬂ 4 K KY118386=.KY1‘184’31 ﬂ%u

KY118519-K¥118563. ! ?

16 SN i)Y
(P B B DUBCPE AT 555007 20 :iFﬁTXTé&‘ -

%ﬁuﬁAﬁ%E*ﬁﬁ 57 5 5 45 AT

R. 3. 3‘“.:2, ?}L(ﬁ:(httup;//cran. r-project. org) FHEAT,
LL P <0.05 Ay 15 (B 4] W 2% - 3% Ao 381 ] 11 22 S
BEM. RAHPHE R I 251 (Duncan K55 ) 247
%EE%@*&E’@. it R 28 7 22 43 M7 K 5 ¢ 3

. R AN ELAE TR - S5 B A o AN Bl AR P T
E/J M. FH Spearman #H5& 7 AT %5 25 - 3 Ak 27 M
ZIAAISENE. BT T-RFLP MBS 418451, 1A

i ‘ZEI

T a Z 1% (Shannon F5%X). AW X 2 T
Bray-Curtis % [ + A PRI 952 L 7E R 4K
f Vegan 1 ¥, #| Ml #F 5 £ J¢ J5 2 7 #r
(PerMANOVA) #47 T ¥FAL. T4 0T ( Redundancy
analysis, RDA) Ik~ 3L 22 i (B pH, +
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Fig. 2 Relative abundances of T-RFs of AOA-amoA gene
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Fig. 3 Phylogenetic tree of AOA-amoA sequences
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NO5~ e
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BEl5 AOA-amoA BEE, AOB-amoA EEMBZAMMKBELTEHN LRI
Fig. 5 Biplot of redundancy analysis (RDA) of the relationships between soil properties and

communities stucture of AOA-amoA gene and AOB-amoA gene
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Fig. 6 Structural equation models (SEM) reveal the direct and indirect effects of climate change on

a( Shannon index) and B({irst principal coordinate) diversity of ammonia oxidiz;rs and plants
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