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Table 1. Physicochemical properties of 10 forest soils from CERN

Nitrate * Ammonium SOM TN
Sample site pH Collection date

(N mg/kg) (N mg/kg) (g/kg) (N g/kg)
CB(K @A) 0.02 0. 07 94. 44 7.51 4.73 20104148
BJ (4k5%) 4.10 3.06 34.51 3.86 6.07 201072
SN (i) 12.22 0. 40 50. 36 1.94 5.62 201085
HT (£ [F) 12.30 7.72 55.01 2.49 4.29 201040-6
MX (% £ 1.26 11.35 67. 65 3.53 5.28 2010941
GG (TTNg) 7.46 2.67 101. 53 3.88 5.63 201096
HS (£5111) 9.57 9.41 54.08 2.01 3.81 20104030
DH (i 357) 3.28 6.05 49. 47 1.82 3.84 20104027
AL (5L 52) 15.75 15.75 243.24 10. 47 4.25 20104220
XS (VG XLHR 44) 5.53 4.23 32.78 2.07 4.48 20104148

@ Soil properties are obtained from China soil database.
1.3 SEBENFESLHEMMAE amod Tt E R
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Plus) , 4.0 wL H) ANTP Mixture (% 2.5 mmol/L),
0.5 pLI 514 (20 wmol /L) , N AR B JE 19 1.0 pl
DNA BRI R K 22 50 pl )R NAR Z . PCR 4 58 1)
S 2494 °C 5 min;94 C 45 s, 55 C 455,72 C 1
min, fF ¥ 35 ¥ ;72 °C,10 min.

313 PCR ;=¥ )5 » F) ] Agarose MiniBEST DNA
Fragment Purification Kit Ver. 2. 0 & 7] & (TaKaRa)
DI a4k, 246 7 ) i T 30 pl ddH,0. 5 AN [F
FE 1) PCR 20467 W) S5 BE R BOR & e M 2 IR
T[] 454 FLX Titanium sequencer 5€ %M % 20 81 . %
D Fe BT 453 507 90 RE AT & B ik A AR Ad B AR 4 AN TR
Tag b3 2542 WURE bl 7 41> EAT Jm 8220 7 -

% 2. PCR 154

Table 2. Primers used in this study

primer name primer sequence (5°— -3 *) target gene molecular analysis reference
Arch-amoAF STA ATG GTC TGG CTT AGA CG
archaeal amoA gene Real-Time PCR in Fig. 4 07
Arch-amoAR GCG GCC ATC CAT CTG TAT GT
amoAdF GGG GTT TCT ACT GGT GGT Real-Time PCR in Fig. 4
) bacterial amoA gene b7
amoA-2R CCC CTC KGS AAA GCC TTC TTC DGGE in Fig. 6
A364aF CGG GGY GCA SCA GGC GCG AA
archaeal 16S rRNA gene  Real-Time PCR in Fig. 4 (78]
A934b GTG CTC CCC CGC CAA TTC CT
515F GTG CCA GCM GCC GCG G universal 16S rRNA
Real-Time PCR in Fig. 4 bl
907R CCG TCA ATT CMT TTR AGT TT genes
CrenamoA23f ATGGTCTGGCTWAGACG DGGE in Fig. 5
archaeal amoA (20
CrenamoA616r GCCATCCATCTGTATGTCCA 454 Pyrosequencing in Fig. 1
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P IR BRI AT e A v T8I B A S 1 A e i N
T 31 bp [¥) Tag #5725  Adaptor 4 3k F1iH ] Key J¥ 41,
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Table 3. Summary of 454 pyrosequencing results of Archaeal amoA genes

group 1. la group 1. 1b
treatment sample name® read sequence
read percentage , % read percentage, %
CB-Drying-AOA 377 0 0. 00 377 100. 00
i AL-Drying-AOA 193 3 1.55 190 98.45
aryin
e BJ Drying-AOA 1790 0 0. 00 1790 100. 00
GG-Drying-AOA 3471 0 0. 00 3471 100. 00
CB-Wetting-AOA 2567 0 0.00 2567 100. 00
. AL-Wetting-AOA 1876 10 0.53 1866 99. 47
wetting
BJ-Wetting-AOA 1356 0 0. 00 1356 100. 00
GG-Wetting-AOA 2538 0 0. 00 2538 100. 00

* All abbreviations are the same as those in Table 1 for sampling site.
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Figure 1. Phylogenetic analysis of archaeal amoA genes in 4 forest soils. Archaeal amoA genes of different samples were classified

into distinct OTUs using mothur software package, and one represen

analysis. The designation 454-BJ-Drying-AOA indicates that the rep

B ANAE S 2 B AR AR - 1) 4 A A 18 amoA
R DR HCHs 20 M 7R S e Sh RE S A 2 A O VA A T
(£3)« RGRE LY, KT AN K 5 7% 30 d
Jai > A1 amoA FRAH M ARG KH R FRILT 582
(I&13) » & AL A B 1 2 FEPE A e 2k B 5 Ak
12— 2 i AR B R 2 4 RO NMDS 23 Bt JU) 2 7 » iy

tative sequence within the OTU was selected for phylogenetic

resentative sequence of dry soil from Beijing forest.

55 £ (Stress) 2y 0, 15 B A AN 9 i &b 3117 J5 20 4 Ak
A 1R 2 FE P RE AR AR, 58 BRI n kAR ) 2 AR
AN B 1 R & A B ARAHE . Bk T Jbntf
i /b8 P A & T Cluster 0, Jo R I A )7 51 %) J& T

Cluster 3.
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Figure 2. Non-metric multi-dimensional scaling analysis of
archaeal amoA gene compositions in air-drying and re-wetting
soils for four geographic different forests. All abbreviations are

the same as those in Table 1.

2.2 RFHFMLEMKIREERTIEPHERT. &
- S8tMEMastamnEE

10 Foft 25 bR - 398 (0 40 1 ot 1 24 1k A R
FAL R E R W 4 Frose £ X g, B
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d.w. s, S840 105 5. 40 x 10° F1] 4. 66 x 10° #
DI g dow.se B B R ROSE L 1L 14 x
10° £ 1.25 x 107 #% W8 g " d. w. s, 20 40 40
3.40 x10° %] 1.06 x 10" % N ¥ ¢ 'd. w.s. Hhdk
FARM L pH K 6.07 = 0.40, i TR M+ 9%
pH5. 5 ) B, H 16S rRNA Fll amoA & [K 3= BF
#W T E . P Jb AR AR IR AE N R
Pk - 8 00 SR S W HEBRAE BT A AT 2 Ak e AH G
PR, 3% pH 5 & S 4k 15 # AOA ) amoA
HE IR 5 DUBOR DG AN 1 % {2 AOA/AOB £ 5
TR AR B EMX (° =0.54,P <0.05) .

R4 EMBESBENFEELMAE (AOB) INEEEE amod HEIREHR

Table 4. Summary of 454 pyrosequencing results of Bacterial amoA genes

cluster 0 cluster 3
treatment sample name read sequence
read percentage , % read percentage , %
devi MXa- Drying-AOB 261 0 0.00 261 100. 00
e BJ- Drying-AOB 3386 4 0.12 3382 99,88
) MX-Wetting-AOB 6774 0 0. 00 6774 100. 00
wetting
BJ]-Wetting-AOB 1318 6 0. 46 1312 99. 54
* All abbreviations are the same as those in Table 1.
94 Nitrosospira sp. Nsp12 (AY123823)
_ Nitrosospira sp. CT2F (AY189143) Cluster 0
0.05 Nitrosospira briensis (U76553)
clone YT-6 (GU138136)
64 clone QY-A28 (EF207204)
Nitrosospira sp. Nsp2 (AJ298719)
454-BJ-Drying-AOB
@'17:'7454-BJ-Wetting-AOB Cluster 3
454-MX-Drying-AOB
86" 454-MX-Wetting-AOB
clone AOB M1 85 (FJ853340)
—E DGGE gel band 16 (HQ340336)
96 Nitrosolobus multiformis (X90822)

Nitrosomonas europaea (AF058692)

3. AELAE amoA ERSBENFRAREFINAELEH

Figure 3. Phylogenetic analysis of bacterial amoA genes in 2 forest soils. Bacterial amoA genes of different samples were classified into distinct

OTUs using mothur software package, and one representative sequence within the OTU was selected for phylogenetic analysis. The designation

454 BJ-Wetting-AOB indicates that the representative sequence of re-wetting soil from Beijing forest.
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Restoration of microbial ammonia oxidizers in air-dried
forest soils upon wetting

Xue Zhou''?, Rong Huang', Ge Song', Xianzhang Pan', Zhongjun Jia'"

'State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, Jiangsu Province, China

*University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: [Objective] This study was aimed to investigate the abundance and community shift of ammonia-oxidizing
archaea (AOA) and bacteria (AOB) in air-dried forest soils in response to water addition, to explore the applicability of
air-dried soil for microbial ecology study, and to elucidate whether AOA within the marine group 1. 1a dominate ammonia
oxidizers communities in the acidic forest soils in China. [Methods] Soil samples were collected from 10 forest sites of
the China Ecosystem Research Network (CERN) and kept under air-drying conditions in 2010. In 2013 the air-dried soil
samples were adjusted to 60% of soil maximum water holding capacity for a 28-day incubation at 28 °C in darkness.
DGGE fingerprinting, clone library construction, pyrosequencing and quantitative PCR of amoA genes were performed to
assess community change of ammonia oxidizers in air-dried and re-wetted soils. [Results] After incubation for 28 days,
the abundance of bacteria and archaea increased significantly, up to 3,230 and 568 times, respectively. AOA increased
significantly in 8 samples, and AOB increased significantly in 5 of 10 samples. However, pyrosequencing of amoA genes
reveals insignificant changes in composition of AOA and AOB communities. Phylogenetic analysis of amoA genes indicates
that archaeal ammonia oxidizers were predominated by AOA within the soil group 1. 1b lineage, while the Nitrosospiraike
AOB dominate bacteria ammonia oxidizer communities. There was a significantly positive correlation between AOA/AOB
ratio and total nitrogen (r’ =0.54, P <0.05), implying that soil ammonia oxidation might be dominated by AOA in
association with ammonium released from soil mineralization. [Conclusion] Phylogenetic analysis suggest that AOA
members within the soil group 1. 1b lineage were not restricted to non-acidic soils as previously thought. The abundance
rather than composition of AOA and AOB changed in response to water addition. This indicates that air-dried soil could be
of help for microbial biogeography study.

Keywords: Pyrosequencing, acid forest soil, air-dried soil, ammonia-oxidizing archaea
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