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Abstract: The absolute abundance of amoA genes of ammonia-oxidizing archaea (AOA), ammonia-oxidizing bacteria (AOB) and
complete ammonia oxidizer (CMX) in three typital habitats of Qinghai-Tibet Plateau were determined by the qPCR, and the
community structures of AOA, AOB and nitrite-oxidizing bacteria (NOB) were analyzed by using the [llumina HiSeq sequencing
of the 16S rRNA gene amplicons. The qPCR demonstrates that the abundance of amoA genes of ammonia oxidizers is in the order
AOA>CMX>AOB in the desert grassland and alkaline saline soils, but CMX=AOA>AOB in the wetlands. The 16S rRNA gene
amplicon analysis reveals that the AOA mostly are belonged to the Nitrosocosmicus clade of the soil group 1.1b in nearly all three
habitats, which is also detected in the Arctic soils. Nitrosospira is the predominant genus in the desert grassland and wetland with
71.21%-100% of all AOB sequences, but 75.51%—-88.71% of AOB in alkaline saline soils fall into the genus of Nitrosomonas.
However, NOB of all three habitats are mostly affiliated with the genus of Nitrospira with 70.87%—98.79% of all NOB sequences.
Both clade A and B of CMX are detected in all three habitats and with the similar relative abundances. Notably, most habitats in

this study harbor typical lineages of nitrifier specific from marine ecosystems, for instance, group 1.1a of AOA, N. marina of
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AOB and lineage 4 of NOB, strongly indicating that these nitrifying communities are also influenced by the paleo-ocean

environment since the Qinghai-Tibet Plateau was Tethys Sea 500 Ma year ago.

Key words: Qinghai-Tibet Platea; Ammonia-oxidizing archaea; Ammonia-oxidizing bacteria; Nitrite-oxidizing bacteria;
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Ak B (ammonia-oxidizing archaea, AOA )Y 2 & 4L 41
& (ammonia-oxidizing bacteria, AOB)¥Kzl, 764 %A
ST i & B % ¥ (ammonia  monooxygenase ,
AMO) AL Z (NH3) E AL F 1 (NH,O0H),  UTE R
H AL A 5 (hydroxylamine oxidoreductase, HAO)HY
PEAL TS H A AL A R ER(NO,) , % BB FR &
AR, SRR R A R R S A
12 £ 4L # (nitrite-oxidizing bacteria, NOB)IK 3,
H Ao IV i R 4 T3 B (NXRO) o SIS 7R £k S 1k
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R A A o R A 20 FR PR A R 42 T 5 B 8 LA
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Ba v i 3 A AU R VR S5 A RRE D AN TS R

AR SR 6 e SR TR BRI M R I
ERDFH 3 FhBLRYAEST | AT amod DIBERE N SER D
EHt PCR(qPCR). 16S rRNA FEHP T Ilumina
HiSeq M7 55 AR F-Be, A v s I 3 ALl Az 45
PR AT 1 53 A IRV S5 AR R AR A BT I xsf
L e A A R AR WA AL A TAR

1 #REFE

1.1 THERE

B 5 A - 1 SR A b S A7 T 30°N BRI A9 7
IR, B AL, 9ORES . MR T
i AFLAT BRAS R (B 1) AR5 1 X o Dl A
SEREEAR 4 000 m DAL, AEHRR 1.7 °C, AERREK
400 mm. AHFFEIRET 10 REA, FEECE B B A
HIFLA e B T IR A 44 CLL C2. C3. C4,

BB 9N A R 5 38 A VTP TR b - SRR A Ay
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Fig. 1 Locations of five soil sampling points

1.2 TEEAERNE

{8 1] pH i1 (Thermo Orion-868, MA, USA)li5E
+HEpH, KEFri R 5 ¢ 15 i S HLERHT YL
(Multi N/C 3100, Analytik Jena AG, %) & £33
A PUR(DOC) & & % S5 8h 7 Hrf¥ (San
++ System, Skalar, Holland)il & + 4% 2 2 (NH,-N) |
THAZNOS-N)FIA I B A (DTN) & & (R 1), iR
A VLA DON)# AL T AKX : DON = DTN —
(NH,-N + NO;-N) KU AT I 43 2 2 mm,
T8 33 B B 2 (Thermo Fisher Scientific Flash Smart
Elemental Analyzer, Bremen, Germany)il]iE + 34
WR(TC)FI4 A (TN) & . ICP-AES Optima 8000 1 2%
(Perkin-Elmer, Waltham, MA , USA) ] Tl & 4% (TP)
MAEHN(TK) & & .
1.3 11 DNA $2E

T A Y) 5 DNA $2HCR H] Fast DNA Spin kit
for soil {77 & (MP Biomedicals, 32[H). R &
A UL B - A 9 . DNA, I F Nanodrop
ND-1000 #5966 11 (NanoDrop Technologies,
Wilmington, DE, JEENFI 1% MEEREHEIKAI DNA
WERF R, % DNA T 20 C .
1.4 amoA EEE=E PCR

FIH ABI 7500 SERTZEE R PCR {X(Thermo
Fisher, J&[E)X} &k i i 34 AOA . AOB Fll CMX
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) amoA FEF AT 2 /38T o SOWAR R4 20 pL: 10 pL
SYBR Premix Ex Taq (TaKaRa, H7Z), 0.8 uL | Fiif
1% (10 pmol/L), 2 pL(# 1~ 10 ng)Bitlk DNA, #b
FEXZEK & 20 pL., qPCR 5 ¥ 4544 W36 2.

MEMIRE 3ANESE, BIEZAE 3 NPT
P& AOA. AOB il CMX amod F:PR i) B4 T e 5t
ki DNA BEBEFRRER 101 ~ 10° BUARIMEVR BEVE Sl qPCR
PR

F1 LIESEREHUMER
Table 1 Physicochemical properties of tested soils
45 A e B b bimg:i) ERA
Cl C2 C3 C4 S5 S6 S7 S8 z9 Z10
2 (°E) 85.74 85.74 85.74 91.00 91.00 91.00 85.46 85.46 84.04 84.04
i (°N) 31.04 31.04 31.04 30.93 30.93 30.93 29.32 29.32 31.40 31.40
pH 9.49 9.50 9.29 7.77 10.16 9.80 8.99 9.01 10.81 10.89
TC(g/kg) 6.10 3.56 5.44 4.18 7.79 6.85 19.90 25.60 11.98 26.15
TN(g/kg) 0.45 0.33 0.42 0.35 0.23 0.15 0.6 1.3 0.11 0.19
TK(mg/kg) 20.00 22.75 23.85 23.55 141.00 135.00 94.00 108.00 125.50 120.00
TP(mg/kg) 3.90 4.40 3.35 13.30 1.65 1.50 2.05 2.70 1.95 1.95
DOC(mg/kg) 10.60 9.95 10.50 10.30 16.60 13.80 12.00 7.70 17.00 14.80
DON(mg/kg) 3.90 4.65 3.80 3.80 5.10 4.70 4.35 5.35 1.30 0.60
NH,-N(mg/kg) 5.35 5.30 5.10 5.70 0.10 0.05 4.95 5.45 1.45 1.05
NO,-N(mg/kg) 1.75 2.45 1.90 1.80 5.65 5.60 1.75 2.60 2.20 2.15
®2 FEPCRYEIIMRRMNEFN
Table 2 Quantitative PCR amplification primers and their reaction conditions
H bR JE R Gl B 19751 B E 7E it PCR W )7 27 30k
AOA amoA Arch-amoAF STAATGGTCTGGCTTAGACG 639 bp 95 CHiZ % 3 min, 38 MEFF(©O5 C [5]
Arch-amoAR GCGGCCATCCATCTGTATGT A 10 s,AOA . AOB Fil CMX [ amoA
AOB amoA amoA-1F GGGGTTTCTACTGGTGGT 491 bp icﬂqﬁgj{(ﬂiﬁ?j 255 Sz\ SCS;E?: [6]
, IRKHTIH S,
amoA-2R CCCCTCKGSAAAGCCTTCTTC 455, 15 83 CFIEEMR): WML, 1
CMX amoA  Ntsp-amoA-162F  GGATTTCTGGNTSGATTGGA 198 bp 65~95 ‘C. FHIM 0.5 C. 4% 55 [7]
Ntsp-amoA-359R ~ WAGTTNGACCACCASTACCA SRIG ]

1.5 16S rRNA £F PCR ¥ &R 5@ EN F
YR Z2FEE I A2 J7 5 R 16S tDNA J¥51] 534
Jride, RS AR B 2R A BR A ] 58 B A .
16S rDNA ] PCR ¥'4%: 5|¥°h 515F 5-GTGCCA
GCMGCCGCGG-3'F1 907R 5-CCGTCAATTCMTTT
RAGTTT-3'.PCR Y 20 uL {RA VKRG 4 ul
S5xFastPfu Buffer, 2.5 mmol/L dNTPs 2 pL, 5 umol/L
A9 L. NUES 19145 0.8 uL, 0.4 uL FastPfu Polymerase,
0.2 uL BSA Fl 10 ng A DNA. R ABI
GeneAmp®9700 % PCR ¥, KW FEIF: 95 CHiAE
P 3 min; 29 MEHO5 CAEME 30s; 52 CiEk 30s;
72 CIEf 45 s); 72 CHEH 10 min.,
PR AL B . BN Tllumina HiSeq FFH&
BE R EEAEMIE Barcode AR HASEIFE S
B, JFHA#Z: PCR 7845 |9))¥ 5 F1 Barcode J751;
W57 23 58 AL A BCHE 9 FLASH(V1.2.7, http://ccb.
jhu.edu/software/FLASH/)XF &M Y reads HEATHE

e, DHEIFHRIRLG Tags $0H ; #)5hG Tags MiELE
AP (L CBROA 5 1 B << 3) W L H00k 2158 K B (R
KB 3) A5 — IR i e o T, 3 —
ik U R BRI T 25 BT A B /N T Tags KB
75% KY Tags; 5 %U¥E FE (Gold database , http://
drive5.com/uchime/uchime download.html) # 17 kb X}
(UCHIME Algorithm, http://www.drive5.com/usearch/
manual/uchime_algo.html), Kl &A1 ; FBRik
BV 5045 3 de 28 A OB

1.6 ReERBHARHE
Al F§  MUSCLE(Multiple Protein Sequence

Alignment) AR T I BT 2 75 text,
Gblocks #REUIRSFIFS, K5 1Q-tree {444 #
AOA. AOB. NOB ] 16S rRNA JEH RS K ER,

ML “-m MF -T AUTO” BE£FfcERE LAY, A e
AR, JF ES% “-FMP -bb 10007, #E17if
e HE
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R T WRSERE AT A W S AR AL R, DL Ak
AR 5 AR N Z [ ) G R, AR ST k4T T 3t
B R 4% (co-occurrence network) 7 #T o i1k H /DT
SAFEATH IR OTU Z[8] BT A7 Al GEAY Spearman Fk
A, SR Spearman AH¢ & $1(r)>0.6 H P<0.05, |
OTU Z [AIfFEA 3L . I Cytoscape v3.9.0 4%
AR T SR S, FFidE i Gephi v0.9.2 X
AT T AL

2 #R

2.1 BREWESEAR
IR EY) 16S rRNA FE 38 1 7% & BH,

A)

ARIE AT ] (Proteobacteria) . R FT | ](Acidobacteria) |
RS | ] (Chloroflexi) . £ 1 ] (Actinobacteria) ., 1%
% W ] (Planctobacteria) RO W T
(Gemmabacteria) . 4T & [ ](Bacteroidetes) . JEREH
["J(Firmicutes) . %£H B[] (Armatimonadetes) 1 1%
I"] WPS-1(Candidate division WPS-1)J&7 i 5[5 3 Fh
AR RS AR Y ERE (B 2A). NMDS 2304t
RI, AS[A A S e S e TR A R AR, Hohoi
TR b R b G A WUV G A B R 42 (] 2B), i
— 1) Mantel test 2347 & B, NH,-N 1 pH J2&: 4K 5 &
TR DR V% S5 R ) EZEA R (] 2C).
2.2 AOA. AOB #1 CMX amoA EREFE

T amod FEHF) qPCR 25 /R, AOA TETT

B)

1.00 ¢
- = HAbEE] 04 Stress=0.087
an
075k W T TWPS—1 0.3 = B i
. L] w it
] 025 o i
ﬁ 0.50 | AT a
B FHMET 2 of
W OFER —o1l
025+ W TR
W S5 -0.2r
0.00 . ﬁ’;*zl:ﬁﬂvj 03 | | L | ° L L | |
VUCIC2C3 C4 S5 56 S7 S8 29 210 M BIBHIT] 0.5 -04 -03 -02 _Oi\lIM(i)Slo.l 02 03 04 05
e b R EAN i
©)
[SERYIN o4 14 NH,-N pH TK DOC NO,-N DON TP N TC
r 0.634 8 0.538 2 0.491 0 0.470 0 0.464 8 0.398 0 0.301 2 0.182 6 0.123 0
P 0.001 0.001 0.008 0.003 0.009 0.019 0.001 0.093 0.172

B2 BEYETEEMA). NMDS 24i(B) RS HIEE RN SF RIE(C)

Fig.2 Total microbial community composition (A), NMDS analysis (B) and Mantel test with physiochemical properties of soils (C)
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Fig.3 amoA gene abundances of AOA, AOB and CMX based on qPCR

BRI Bl PR A B R R, B 5.26%10°
~9.78x10° copies/g 1 1.42x107 ~ 2.15x10” copies/g, &
AOB il CMX amoA KR FFE) 1 ~ 2 MR (E 3).
MRFRE S, CMX amod FERAE 4 K L2 B0m e 5t b
(A RER R 3 A FERE R, N 5.27x10% ~ 2.87x
10° copies/g, H:iF- 5 AOA Y amod FEPH FFE A 241
BT AOA, WEET AOB (K amod FEH (K 3).,
2.3 AOA. AOB #1 NOB &% A& B MBSK AR
FET 168 rRNA JEH Y I T 25 R A, 7
IR 3 R AEE T AOA FEISHE N +IFESSHE(ED group
L1by, HIE P AL g T &b kW
Nitrosocosmicus 453> (Kl 4), &5 X WAEHE TR
+® 3 FiERE T AOB BREZEM W 2E R B, Tk
TR VR H (4 RS Y 3 AN E A AR TR
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Fig. 4 The phylogenetic tree of AOA 16S rRNA genes sequences and the relative abundances in different samples

J& (Nitrosospira, 71.21% ~ 100%), iEhst =2 N
VAl Ak B B (Nitrosomonas, 75.51% ~ 88.71%)
(El 5). 45 NOB F MY A LR T &
(Nitrospira, 70.87% ~ 98.79%), H. lineage 11 2 H:F
F4r37. T HATE AR CMX B8 T3, HE
# NOB Fl CMX JoH:7E 16S rRNA FEFIKF 347 X
43, P lineage IT [R5 T CMX 11 16S rRNA J
A 75K 6), FHALE B (Nitrobacter){¥ 5 3 FpH:5EH
NOB HJFHIE 1.22% ~ 29.13%(& 6).

SRIOPI (2 24 aa cb: s o woalll S| W BIRNAE a2
FYRH AT AE ), A HE A — A 5 T el 0 b A
L TR LR HE AOA(RP group 1.1a), 43

BN 12.77% 1 51.14%, H 35 R A2 115 3% (F 4).
T A 0 98 T ARt v A D0 381) 1 M AR A R YR 1Y
AOB, RV IV fif§ £k 5 i 187 J& 6 ¥ 1 & (Nitrosomonas
marina), FEEMN 13.64% F129.51%(& 5); TMifE
T N R Bl b, Ay ) T ALY 3 S NOB,
Bl lineage 4, FFE M 0.64% ~ 3.90%(/4 6).
24 WHUMEYNMEEIEXR

TAE IR 25 534 2B, AOA (Nitrososphaera)
H1 Nitrobacter 5AETHALGAE Yy Fhla] 22 1EAH G 1%
o, O30 b RGEREE 68.40% F192.13%(IK 7A).
1Ml AOB(Nitrosospira)Fl Nitrospira 5AEHALTE Y
Yyl DLtoAE OC 4 O L e il Sk RO
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65.19% #1 52.57%(Kl 7A). #—LWmikicEY S (Nitrosospira)#i . X1, DOC, DON FI NH,-N
IR FAHOCHEM 2 3 Fr & 8L, DON, DOC. TK  SFEZFHEER 5 Nirrospira £ ik 2 A (K
F1 TP J&52 W AOA(Nitrososphaera)i) 3 2355 [H 7B), Ifii Nitrobacter RH NO,-N 5 HA I & A PE
(K 7B), ZF B R T (B T TC MINO,-N)¥5 AOB (Kl 7B).
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Fig. 5 Phylogenetic tree of AOB 16S rRNA genes sequences and relative abundances in different samples
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Fig. 6 Phylogenetic tree of NOB 16S rRNA genes sequences and relative abundances in different samples
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