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J& T & RS I T RE AR W i 91 9 11 S FLAR X =
JE. % 2 RN TIE W AEIAE D RE R E Y
7 VAR PRI AR 35 B 7E 3 RO TR] pH %€
b b Rk B Y R Ak B RE AR AR X B A
2.130%—6.082%, fEALIMAEY) FRETE P S 0 4 rh
i, BRMES A  IRAR. AOA MAENT=F B 7E IR
PEEE T fem, RS TR A
(P<0.05), J@/KF FI=35 AOA W HYAHXS )&
5 AOA EM[FIMEH, HETERMIES A+ hik
e, MEm S 6 bk, 55 AOA #H/Z, AOB
AR = BETERRE 55 0 - b R e, B T
FFR P 2568 1 (P<0.05), TEJE/K -, Nitrosospira
F1 Nitrosomonas J& AOB TEGR 25 (@ 4 W (AR X =R
JEfe i, 1M Nitroscoccus J& AOB FERRTE S (6 4
XS TR . X T NOB, H Rk e
T, ERRVES A LR Nitrobacter
Nitrococcus M Nitrolancea J& NOB {E47 K0,

F 1. TIEEF DNA NEFEHESEIT

Table 1. Statistics of soil genomic DNA sequencing data
. Raw data Clean data

Soil type Raw reads Raw bases/bp Clean reads Clean bases/bp Coverage/%

Acidic soil 71409070 10711360500 70778280 10549196933 98.22
86581948 12987292200 85686669 12767960951 98.41
66190980 9928647000 65227775 9703814331 97.94

Neutral soil 90940134 13641020100 90215067 13426340810 97.80
81093518 12164027700 80455568 11969294554 97.09
94489232 14173384800 93497610 13915109045 97.71

Alkaline soil 70338366 10550754900 69437104 10325409024 97.60
73765948 11064892200 72179735 10679436119 97.41
72826908 10924036200 71677839 10648925058 97.14
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Table 2. The relative abundances of nitrification-related functional microorganisms in purple soils with different pH

Functional groups Genus level

Acidic soil/%

Neutral soil/%

Alkaline soil/%

AOA Nitrosopumilus 0.436a
Nitrosotalea 0.060a
Nitrososphaera 4.343a
Subtotal 4.839a
AOB Nitrosospira 0.062¢c
Nitrosomonas 0.049¢
Nitroscoccus 0.193a
Subtotal 0.304c
NOB Nitrobacter 0.095b
Nitrococcus 0.060b
Nitrolancea 0.170b
Nitrospina 0.027b
Nitrospira 0.310c
Subtotal 0.662c
Comammox Ca. N. inopinata 0.031b
Total 5.836b

0.050b 0.009¢
0.011b 0.002¢
3.670b 0.234c¢
3.731b 0.245¢
0.185b 0.345a
0.097b 0.243a
0.133c 0.181b
0.415b 0.769a
0.065¢ 0.227a
0.033c 0.099a
0.153¢ 0.203a
0.057a 0.058a
1.628a 0.516b
1.936a 1.103b
0.203a 0.013c¢
6.082a 2.130c

Different letters in the same row indicate significant difference at 0.05 level in three purple soils.

B NitrososphaeraB&83 Nitrosotalea [ Nitrosopumilus

1.0

o
o0

<
o

<
S

o
)

Relative abundance of AOA genus

o
o

R1 R2 R3, RI R2 R3
Acid Alkaline

El 1. 3F#AE pHZEL AOA ENEFTA LLHIE

Figure 1.

R2 R3 Rl

Neutral

The percentage of each genus in AOA
purple soils with different pH.

in

FHIEIA AOA J& :

Nitrosopumilus . Nitrosotalea I

Nitrososphaera. N[ pH ¥+ H AOA FEIEHAR
JELL Nitrososphaera J& AOA ¥, H 5 E AOA
I ELBER] 90%LL | HIZR—/~ @ 7EAR IR pH
e L fETE 25 %, Nitrosopumilus &
AOA TERRMESE 1 T 7 L A511(9.0%) i 2 5 F 4L
TE PP A+ H 1 5 H(1.3%); 1T Nitrososphaera

JEWIAR L, HAE S

M AOA 1 98.3%, TEMRE:

B AOA 19 90.1%.,

Lot diRR, KEF
gE LN, K

http://journals.im.ac.cn/actamicrocn



1938

Zhihui Wang et al. | Acta Microbiologica Sinica, 2021, 61(7)

BREA P A AL BV 7R 8 2 2K By
A LU WL 2, 3 FORTE] pH #9564 24
1% 3 1~ AOB J&: Nitrosospira. Nitrosomonas Fl
Nitroscoccus, ANJA)J& AOB FEAN[AI Y pH L0+
AT A 2 (K 2)0 TERRTE SR @ L rh i
WA~ Nitroscoccus J& AOB, H /5 FbikF| 5 AOB
) 63.4%; SRTAE P PERBRYE S 1 5 3 5/
AOB #1J& Nitrosospira J& , (5 5350 44.6%F1
44.7%. Nitrosomonas J& AOB FERRME S L (1)
7 H(16.2%) B E AR T HAEA RS A i b T
(31.3%)(P<0.05), i Nitrosomonas J& AOB i
G pH BR T E NG,

2.4 A[ pH 26+ UHRREESMBEY RS
BT

A FEAS T A R R 4801 At T R V& 7E R 43 28K
VB AREL B UL 3. 3 FORIE] pH Y58 o
KT 5 NOB J&: Nitrospira. Nitrolancea
Nitrospina . Nitrococcus F1 Nitrobacter, I HAH]
J&AE 3 Fh L NOB HfvE H bt 2257 B (B 3),
TERRYE . H PRI 5 A ER R Nitrospira J&

Z
I
2
S
S
S
3

itrosomonas[__| Nitrosospira

o

o
o0

o
o)
.

o
=~

o
)

Relative abundance of AOB genus

e
o

"RI_R2 R3; Rl R2 R3| Rl R2 R3

Acid Neutral Alkaline

E 2. Z=#[E pHEXEL AOB BN ERT A LLHIE

Figure 2. The percentage of each genus in AOB in
purple soils with different pH.
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FASRPE M et R W] 18 AOA il AOB 4%
SRR S pH A B EHE(P<0.05),
HH Nitrosospira J& AOB 5138 pH 24 B 3% 1E
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AOB it 5 ML, SR . SRV L HIERKEA
WEMKR A AL, 13+ NOB
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Table 3. Corrections of nitrification-related functional microorganisms and soil properties
Functional groups  Genus level pH OM N NH,"-N NH; NO;-N  WHC
AOA Nitrososphaera 0.780%* —0.792* —0.777* —0.963** 0.200 0.351 —0.854*
Nitrosotalea —0.788* 0.513 0.490 0.807* 0.175 0.017 0.671
Nitrosopumilus —0.808* 0.818%* 0.804* 0.972%%* —0.244 —0.393 0.867*
AOB Nitrosospira 0.934**  —0.930**  —0.936%* —0.949%* 0.534 0.661 —0.919**
Nitrosomonas 0.853* —0.856* —0.833* -0.664 0.808* 0.747* —0.696
Nitroscoccus —0.993**  0.992** 0.986%* 0.926%* —0.698 -0.761*  0.919**
NOB Nitrospira 0.237 —-0.251 -0.226 —0.643 —0.452 -0.267 —-0.427
Nitrobacter 0.131 -0.114 —0.140 0.721* 0.741% 0.580 0.109
Nitrolancea —-0.622 0.627 0.608 0.900%** 0.034 —-0.153 0.706*
Nitrospina 0.314 —-0.295 -0.312 0.120 0.820* 0.708* —-0.034
Nitrococcus —-0.250 0.269 0.242 0.651 0.438 0.264 0.453
Comammox Ca. N. inopinata  0.140 —-0.156 —0.141 —0.560 —0.491 -0.355 —-0.348

OM: organic matters; TN: total nitrogen; WHC: water holding capability. *: significant difference at 0.05 level; **: significant

difference at 0.01 level.

& RS g - e AR B 2 [A] B A DG P35
Nitrolancea 1 Nitrobacter J& NOB 5 1354 & 1t .
2 IEAHE(P<0.05); Nitrobacter Fl Nitrospina J&
NOB 5l 52 NH; W A7 1 35 AH KA (P<0.05);
Nitrolancea J& NOB 5 -3 H [A] Ff /K £ £ i 25 1EAH
X(P<0.05); Nitrospina J& NOB 5 + 3 Hi A 2 B 3
1IEAH R (P<0.05), &R AN Ca. N. inopinata
SR 0 T3V R A B A OG A

3

WAL TUE D)2 0 A THbIRAE S R G, MR
FE BB F B =3, iR A
HEPI(AOA Fil AOB), EAiKFRER AL E P (NOB)
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¥ 9 300 ok 7 5 DR 2 R 8 00 P B 4 3 v i A
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AAXT = BEAE PR S8 8 b iR o 2 SRR ALY 4

AR T, EHFREAE G P I DNA
PEATTRBEMN R, 2 B0 % BREE v R A W R VR BT
DNA (#9734, AECT AL se e Fr b 47 38 50
P, 2 DR I R AN e L, T L TR
JiE A ), S A R S A3 A P 2 T AR
P B0 v A AR R BE B T BR (R Y R N T
0.00001%)"*", AHFFEAEA R pH 2 A 1= sG]
2| T 31 AOA J& : Nitrosopumilus Nitrososphaera .
Nitrosotalea ; 3 1~ AOB J& : Nitroscoccus .

Nitrosospira . Nitrosomonas ; 5 /|~ NOB J& :

Nitrobacter . Nitrococcus . Nitrolancea . Nitrospira .
Nitrospina; V) J 1 Fl Comammox, i PAfE R
i BERAT — A JE A AL A Y R R A
K, AWFFE A 45 RS A 7% JE D 2 0 ) LR R
e XTI H R AR pH 58 68 1 b FRERAR Y
AL E W2 R R T i o T ELBEE D P BRI )
R JEF TR LR AW 585, MRS 5 PR
T Y ZH T 5 mh 25 R PR 2 5 AR 2 4 B R Y
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http://journals.im.ac.cn/actamicrocn



1940

Zhihui Wang et al. | Acta Microbiologica Sinica, 2021, 61(7)

Xif il AL i A B i — 25 B 40 M R RS A SR
AR pH 26 L P FEE R B, AOA,
AOB #il NOB B MMA BEH 2R, UillfE
PITRAE PIZERE AT REALE SR 1 AN [R] 1 4% pH PR5T, (K81
WAESOLE R . BN, Nitrosopumilus J& AOA
TERRYE S 00 1 1Y o LU W 35 i T LA vp v ek 52
1P 5 H(P<0.05), HAHGHE TR B -
HE pH 2 B EUAHSE, W Nitrosopumilus J& AOA
FARLFIK pH 3155 . AOB I TETE S5 F7EANIR] pH 1Y)
TP OAEZER . EREERA LT AOB D
Nitroscoccus N F, i LikF] 63.4%, WiAEHYER
fRPEL A A WL Nitrosospira M3, &5 H/5)
N 44.6%FN 44.7% . FEFPERLAOR RS 6 4
Nitrosospira Fl Nitrosomonas J& AOB ¥ L2
FLZ TR A (P<0.05), XFHAET B-AEIEH
W FEREE R A S RGP UL AOB,  TIFERR
Mg A E SR Nitrosococcus J& AOB
)3t £ 7E TV AR S R G B0 B IR
HEM AT e i F Nitrosococcus J& AOB TEE FE =
TR - L B-Z2 I8 T 4 1) S HE B HL 3w AL
o Pan ZEAEAR S E (0.6 mmol/L)HEHy 135
WA B = FEBE Y Nitrosococcus J& AOB, 1iiH
Nitrosococcus J& AOB BEIE N 1Y P58 W] fig L LA B
IR ZEFESE) P, NOB #5430 4 MTTRI 74
J&: B TAIW I/ Nitrobacter, Nitrotoga ,
Nitrococcus , kI T# [ 1/ Nitrolancea, THALIRTAT]
) Nitrospira, WEACRITET T/ Nitrospina LA K &
R B2 F5 08 P T “ Candidatus Nitromaritima™?",
fEARM R, LKW R T Bk Nitrotoga F
“Candidatus Nitromaritima”2Z 5MP 5 &, LA
AL 16S rRNA LR BTG ) AEJE K KRB B XT
Nitrobacter 1 Nitrospira J& NOB #47#/5% ., NOB
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A BN 2 R TR S5 R TE 3 PPN pH 42 €
TPt B ZES . Nitrospira J& NOB £ 48
0 rp AR 2 BE N 7 H R IR 5 R T IR T AL K
28481 (P<0.05); T Nitrobacter J& NOB TEA1 K
PRS0 A rp AR 2 BN 7 LR R T AR
PEFI P 560, 1(P<0.05), X ATAESE T NOB A
[E] 2B BA AR AR W . 5 Nitrospira F L,
Nitrobacter A3 BARKIRYIEF T, CHRZHH
REIIE S BIRIEE T Nitrobacter 5 £ HiIf7,
T 7E I i PR 2k Wk B IR 3R 3% T, Nitrospira L
Nitrobacter ¥ B3 i 40031
BRSSP, 13 AOA Il AOB #f
T AT Z RIS, 4G 3% pH . A
U, ER . BASA . MR MR KR, X
B[R] 2R T 5 g A A T ) O R s A Al A A B
A (R 3), X5 Yao ZEMIMFIT LSRR —5
(P2, Horh -4 pH XTI AOA Fil AOB ZEREHT
A RFEMKNE, Wik, Uil pH 29K 32 &
WA s A R R eAh, AL
S AOA Fl AOB ER AL 2N 1 AHIESY
ER L PRI AOA/AOB Z5RES A HLR A&
PEIFA—E, CA RIS R A — 2
WA IEA HLITT LA S AR PIAR R 230 B — 28 5 F1 A
DU RELE AOA AR SRt A e 3
B ML RERS AN ] AOA A= K0, S mT e
T AOA/AOB HYA [RIZEREEAT By A A Ak 22 52 Bir
FEHY, XA T AR T AL 4
A AL IR S RN AFAE P A OGS
Mra R &30 NOB 5 R 5 1% pH Z [A[f£4E
WEAINE, HR A ISR B A 2R H ]
Rk it 5 NOB HELEHEAT B Z AR OCHE . A E ]
LI# AOA/AOB % fb h EAHAREL , 013k NOB #2
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HEY. T NOB A[RIZEHEHA A [F R A A7
W&, 5 Nitrospira M1tt, Nitrobacter £ % EALAYE
YioEm ), HIAE = AR AR Nitrobacter
7 LA, TR A R h VR FE A ER B v U
Nitrospira ¥ B35 H#E - Han 25058t &
PA 00t FH AU IR e B 25 #2538 Nitrobacter W=E
JEUS S vk B T RS NOB A S0 4k iy —
e S78 IS

FATHTIAXT S0 L YRR R, pH RE R 5
i - S Ak 15 DR S A AR i R i
ik Miseq M P &8 3 FlAS[R]A L0 1 B s E 9
ML DR 25 B B & 22 50, JF HiE
J<BL NOB/AOB HHUfELAE 3 M R B 5 (4
BAL PR R Al A #) 13, (A4 R Y] Comammox AJ
RETESE (0 AL VE I h R EZAE RS, (241
IFBA HiERIEE R U] 14 th Comammox (1Y 7
JE R G M o ASHIR 50 e %) 2 K BRI St i A T
WREEZHE , B3l T 3+ Comammox IAFAE,
16 3 FOARNTF] pH 286 - R A T 1 Fh e 2]
A4 W) (Ca. N. inopinata) , H:#8 X} 3= B 7E
0.013%-0.203%, H7E 4 - 58 5755(0.203%),
Vil Ca. N. inopinata X Fh 4 F2 2 A AL A Py i
GIERPE LI AR, AT AR = Ak
WY& B TE RIEME A E T b R AT, DA xS
GeAHAAE T S AR Ge s AT A W 04 5 Wi 45 30 A s
— ISR

4 HZ®

i Hiseq iyl 3 %F 3 Fh pH 22 5 8.3 (1)
Ui a R e W s o /A S S A UL B ) S
R B A s A GO P 0 T B R AE W Y
2.130%-6.082%, 3 FiAfA] pH S L rhER AL T

1 PR E AN TE (Ca. N. inopinata), HIHAEH
PEEE A L PR B e, SRR 0.203%,
Ui IS B TP RS R AR . XA AR I A P
FEERFEE M LI, 3 FORTE pH 4641 AOA
AOB 7l NOB HYHEV& A58 AN 32 #1022
5, 13 pH MES AR TR EF W EER T,

Z % 3 W
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Metagenomics-centric assembly of nitrifying communities in
three pH-distinct soils with the same origin of parent material

Zhihui Wang, Xianjun Jiang

College of Resources and Environment, Southwest University, Chongqing 400715, China

Abstract: [Objective] Aimed to reveal the community compositions of nitrifiers and its response to pH in typical
agricultural upland purple soils. [Methods] Metagenomics was used to investigate the abundances and communities
of soil nitrifiers, including ammonia-oxidizing archaea (AOA), ammonia-oxidizing bacteria (AOB),
nitrite-oxidizing bacteria (NOB) and complete ammonia oxidizers (Comammox) in three purple soils that
developed from the same parent material but varied in pH. [Results] The abundances of nitrifiers accounted for
2.130%—6.082% of the total microorganisms. The relative abundance of AOA in acid soil was significantly higher
than that of alkaline soil, whereas AOB was the opposite; the relative abundance of NOB in neutral soil was the
highest. A specie of Comammox named Candidatus Nitrospira inopinata (Ca. N. inopinata) was found in all soil
samples, and its relative abundance was the highest in neutral soil, accounting for 0.203% of the total
microorganisms. The community composition analyses of nitrifier showed that: the Nitrososphaera and Nitrospira
were the dominant AOA and NOB in all soil samples; Nitroscoccus was predominant in AOB populations in acid
soil, whereas in neutral and alkaline soils the dominant AOB was Nitrosospira. Pearson correlation analysis reveals
that the abundances of these nitrifiers were driven by soil pH and NH,". [Conclusion] Comammox existed in all
soil samples and had a preference for a neutral environment; the relative abundances and community compositions
of AOA, AOB, and NOB all showed a significant difference, soil pH and NH," were the two most influential
factors.

Keywords: ammonia-oxidizing bacteria, ammonia-oxidizing archaea, nitrite-oxidizing bacteria, comammox,

nitrogen cycling
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