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Abstract: To better understand the effects of land use patterns on ammonia oxidizers of purple soil, the
abundance and activity of Comammox (complete ammonia oxidizer), AOA (ammonia-oxidizing archaea)
and AOB (ammonia-oxidizing bacteria) of purple soil from three land use patterns (upland, forest and
paddy field) were investigated. Nitrification potential and nitrite oxidation potential were measured to ana-
lyze the activity of the soil ammonia oxidizers. Comammox, AOA and AOB abundances were analyzed by
quantitative PCR, and the community composition of Comammox clade A and clade B was analyzed by
clone sequencing and a phylogenetic tree was constructed. Results showed that similar to AOA and AOB,
Comammox was widely distributed in purple soils of different land use patterns. The abundance of ammo-
nia oxidizers in purple soil were different among land use patterns, with AOA amoA reaching a maximum
abundance of 8. 26 X 10" copies/g dry soil in forest soil, an order of magnitude higher than that of in upland
soil. While AOB was better adapted to paddy field soil, with an abundance of 1. 38 X 10" copies/g dry soil,
which was 38. 4 and 3. 4 folds higher than that of in forest soil and upland soil, respectively. The most
abundance of Comammox clade A and clade B was detected in forest and paddy field soils, respectively.
The abundance of clade A and clade B reached 1. 85X 10° copies/g and 1. 48 X 10" copies/g in forest land
soil. Comammox detected in the soils of three land use patterns were all belonged to the Nitrospira inopi-
nata cluster. Pearson correlation analysis showed a highly significant positive correlation between AOB
and soil nitrification activity (p<<0.01), while Comammox clade A was negatively correlated with poten-
tials nitrification rates (p<C0.05) and Comammox clade B was positively correlated with potentials nitrite
oxidation rates (p<Z0.05), implying that AOB and Comammox may play an important role in the nitrifi-
cation process of purple soil. Taken together, our results indicated that land use pattern was an important factor
influencing the ecological niche differentiation of complete and incomplete ammonia oxidizers in purple soil.
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Sy 4 i e E AL 41 T (complete ammonia oxidizers Comammox)™ ™, Hfg#E1T & E AL W 1 AOA. AOB I
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1 ME5R*E
1.1 RS
20 4 K F K R R A R AR X PG R K 2% K G AR 7 5 IR R S A I 3
(30° 26" 36" N, 106° 26" 33" E), 1Z X4k W AR 22 WU, 4RI 18,2 °C, AEH KA 1105 mm,
R A, MRY RUE R AL AR E KL ER B, BB & A AR SR AR DX IR [R) K
T EFEE M RT3 B L MR Oy R b A 55 25 . K FBSEATOKF— KRERAE, BH
DL R (42 Y0 R e P (35 %0) g A bRCHI D) 3 AR K BE B (15 Y0 B Ak (10 %0) .

1.2 TERHESESE

TIEREACRE T 2019 4E 5 H, FERASRAEHFEALIESE 3 D HIFE 10 m DL BB 5 mX5 m B AT RAE,
BARFEG LI ERR 6.5 cm B LRI 5 RUBCREVE R 0~20 om WREE Y HIEAE AL . IR G W51 E IR IR A7
MR S %, R RESIBRA AR . AR AR R K ARG 3 0. 55 1 e L AEAFAE 4 CC ok 1 R P
S SR A 3 O i R R A AR 5 2 {ﬁiﬁﬁﬁﬁﬂ$£ﬂf£$wﬂ¥ﬁ*ﬁ\ 2 mm i . ffAETF—20 °C%7J<’“”
HF TR -8 DNA; 55 3 ) R8RS 58 @ KT 0F B a0 1 o 075 FH 000 2 4 8 6 A B A ok
WA 3 IREXR,
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il A 35 R 48 R i U A AR W S AT PR AR AR . X R S AT — BT G SR . DU A
FE A AL B A ) NO, -N & &, T AL I ] P B B T BT i) BT B R NO, -N i &, BAR
DR A AN Y TR R ARG . K 15 g BT R BN A 100 mL & NH, A3 35 W b 85 5% W41
1.5 mL 0. 2 mol/L KH,PO, . 3.5 L 0.2 mol/L K,HPO,. 15 mL 0. 05 mol/L (NH,),SO, #m A% 1 L
R Ak E ], BA TR, 430k 24 h #3353 (200 r/min, 25 °C), NH, ¥ & kLN
NO; 5 2 0EH 2, 4, 22, 24 h R4 10 mL &7 # . FH 10 mL 2 mol/L KCI ¥ i 12 $2& + B B % WU IR
FrETER, WE+L%ED NO, -N&FE,

Gl R ER AL Bk Attard Z5Y BRI HEAT . K 5 g B EERY AR S (BESE T £ 25pg NO, -ND I
50 mL NaNO, #&¥% #9724 h(200 r/min, 25 C), 0 HIFESE 2. 4, 22, 24, 30 h BURE, REE 4 mL HHEET
W, 4 mL 2 mol/L KCLIEW R, K HAEY 2 h(200 r/min, 25 “C)JF#HE 30 min, WE +85H NO, -N
Tk, B NO, -N 15 i Bl s 55 B (]2 At/ RER R AT AR Sy A 38 W0 A R £k Ak 3
1.4 TIEMEYE DNA HIRE

% R %’Jlﬂjﬁmlﬁ%ﬁ% K H Power Soil DNA Isolation Kit( MoBio Laboratories, USA) ik 7| & #2
B+ 1% DNA Jf 43 438 &3 NanoDrop 2000 4350 BE 6 A1 1 Y6 350 B Hl 6E i Ha Uk 26 K I 1= 18 DNA 9 41 2
o8 B A
1.5 TEE2 PCR REENFF

i B 52 B 2¢ % % 1 PCR X (Quant Studio TM 6 Flex) {ll ;8 AOA. AOB. clade A. clade B amoA 3£ A
(I ¥5 LKL, clade A, clade B amoA FE B 54 ¥ 511 2 IR Pievac 217 T ik . St 26 6 2 & PCR Y BB K
RN 20 pl, B4F DNA Btk 1 pL, BE¥F51H . FiE5149 L & ROX Reference Dyell(50 X) £ 0.4 pL,
Taq DNA A8 10 pL IR K 7. 8 pl, qPCR KR 973 4 {5 T4 ik — 80, ARt 3 4
R ARG qPCR M AP 38 808 96 %6 ~105% . R* fH M 0. 996 ~0. 999, clade A, clade B
amoA K&K g BN el b 2 UAE W RHA IR ") Se )i, B RE Pk k50 A BV SR
1.6 HESH

FIH SPSS 26. 0 # A4 % - A Ak, WAHmR Eh E L%, AOA. AOB. clade A, clade B amoA % [N #
DUBCHEATBE 1T 3 B s R F] Pearson 4 347 22 480 Ak S0 A W0 AH X =F B2 55+ SR Ak 3 1k 22 1) 0 AH G Pk 4 A . A



%4 LEM, F: LRAAFTXAEELERAFBRAAMMES YA 73

i Origin 8. 6 K F/EKl . clade A il clade B we B ¥ £ 2] 1Y) OTU J¥ %1 £ NCBI ) GenBank %4 % o #E17
BLAST X}, 3RA% 5 B AH 1 [ U R P 31 . PSR B MEGATLL. 0 #PAEFE 97 6 1 AH AUEE T X T 45 19 )5 51
AT HAE 2 28 B 9T (Operating Taxonomic Unit, OTU) B2&, &5 % H 484 ¥ (Neighbor-Joining, NJ) #4 &
RGEREW.
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WY 0. 18~0.46 pg/(g+ h), ok B -8 BA s iR AL, h 0.46 pg /(g- by K,
H0.32 pg/ (g« h)s MHBAIAIEHBRAK, 0. 18 pg/ (g« b, I 1b Al k0, AS[R] L3 A J7 30T By I AF R
AR ZEFA G AR L (p<<0.05), K I BA B i PR £h S AL 3, 8 1. 46 pg/ (g« b, 733l
JEHIL0. 69 pg /(g « ) JRIMHIL0. 44 pg /(g « DO JHY 2.1 F1 3. 3 4%, DLESERERI], oK H A 50/ 7 fH
A IR EAT T AR 3 - SR Ak v ) e 55
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a. Btk b. THEEELE

NG F R FIFR p<0.05, ZRALIH25 L,
B1 FARE:HFAFRT RS TR %R LS
2.2 AEALHAAARTIESEUREDNERE
ER PCRAMIILE TR B LEWN 3 F AR L HA A7 X F 13 AOA, AOB, clade A, clade B
amoA FER B, G5B BR800+ R s R 7 20 T B A L AE A E R 2 R
K 2a AT, 0+ % FmE ML 35 AOA amoA WM FEE B EF 5 T HAh -5 (p<<0.05), &3
8.26X10" ¥ W4/ g; 7E/KH £HEH AOA amoA FEPH 1) F B B FFEAK T 47.34%, A 4. 35X 10" ¥ D%/ g;
b EERE AR, R 4. 01X 10° B 0UE/ g, RWIMM AR T AOA A& . mE 2b a0, KH+
5 AOB amoA F A B F BE 36 3 5 KAl , F 1. 38X 107 # U1K /g, 43 Il 2 K H A1 52 M 1 456 09 38. 4 1% Fn
3445, ZERAGHFE L (p<<0.05), MK 2c Al E@ LT M AN 3 LM FH TR T clade A
amoA FE ) F B 22 B Gt 238 X (p<<0. 05) . MMl clade A amoA FEP B FE K 1. 85X 10° # 11 %/ g,
FE 5 (2. 10X 107 $8 DKL/ @) K H (3. 44 X107 #8 DK/ i th 1 DM 9, clade A 5 AOA FAfL, #F
PR+ e bk B E R M. HIE 2d WAL, K HEY clade B amoA SEPR B FERE R 1. 48X 107 ¥ 01 % /g,
MHLIR Z (3. 94X 10° #8501 %L/g) . b FRERAL. Ry 1. 24 X10° # D14k /g(p<<0.05),
2 1A, A R T 1 AOA/AOB Al clade A/ clade B amoA £ EFERY K,
BRI, Modth +3E AOA/AOB amoA e R m, k%] 229. 3, WK HAFEH AOA/AOB amoA FH
ek 3.1 F 1.1, M 225 AR, uilIZER HZ i, AOA BA AR/ Ty, B8N FAUE 5
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B ML 1338855 . 5 AOA/AOB amoA JEH LR LML, 3 FA R LM A FH 728 F 1Y clade A amoA &
R ) = BE#B i T clade B, L3400 47. 0. 16. 8 F1 2. 3, FKHILE 3 Fl - 5 h 2B EAL M EH L) clade A Ky
F5 I H 5 AOA EFEEHML, clade A 78K My 4 38 v 32 57 fie @, 17 K FH 3R 85 b 4 12 04804k 40 1 A0 O TR) 43 52
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INE FRAFFR p<<0.05, ZRAGIHEE X,
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1.5X107
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40X10° b pome
R

1.7X107
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1.0X107
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3.4X10¢

1.3X10¢

v

a
| l
Sih 7KH

b. AOB amoAEREE

| e

At it KH

d. clade B amoAEH=EE

2 AEEHMAAFXT T EELMEY amod BERNFEE

*1 ARLTMFIAARXTLE AOA/AOB 1 clade A/clade B amoA EE EELLFE

H% o i 7K H
AOA/AOB 229.3 1.1 3.1
clade A/clade B 47.0 16. 8 2.3

2.3 TEWAEESERENREYERFEMNEXNE

Pearson AHOCYE M A 45 R W], LAY R F 5 a0 15 F W3 M OC (5R 2), clade A 5 +
Bemifb A B E A (R=—0.719, p<C0.05), 1fi 55 + 58 A iR £k A AL 34500 B 2 A 1 . clade B 531
R E AL F R B F IEA L (R=0.671, p<<0.05), 5 HHEMILH T B EM LI, AOA SRiLH LT
B PR R A AL B T i E A . AOB 5 4 i b 5 B2 W ff R 3h b 5 38 A B 3 IE A G (R, = 0. 955,
R,=0.891, p<<0.01)., AEAMAEY M FEZ MW HA MM, K cade A 5§ AOA 2 1 1EMH X
(R=0.776, p=<<0.05), 5 AOBEM B FHMKXL(R=—0.799, p<<0.01), clade B5 AOA B g &
EAE(R=0.669, p<<0.05),
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clade A clade B AOA AOB il tb 4 RTE] RN
clade A 1 0.136 0.776" —0.799"" —0.719" —0.610
clade B 1 0.669" 0.421 0.476 0.671"
AOA 1 —0. 381 —0.308 —0.018
AOB 1 0.955" " 0.891""
il 1k 24 1 0.877""
RIREIEDE Rk 1

H. ox Fom p<<0.05, x x TR p<<0.01, ZRAEGITHFE X,
2.4 EEISEUHEAENRELXESW
B AR A 7 2 H3E T Y Comammox #EATSE BN T 08, IFHWERELAETN . WA 3,

99 C Candidatus Nitrospira inopinata(MN836850) ]
OTU24( AU-2%)
89 —~ Uncuitured Nitrospira sp. clone(MN623491)
Uncuitured Nitrospira sp. clone(MT790475)
100 ' OTUS(AU-13%)
OTU11(AU-5%)
OTU31(AU-2%)
OTU39( AU-4%)
OTU20( AP-11%) Nitrospira inopinata
OTU25(AU-1%, AF-3%)
Uncultured Nitrospira sp. clone(MN481693)
99 OTU10( A U-43%)
00 - Un([:}llturled bgc]t\;erium clone(M%\T68(41\i/§g\(I)281700)
— ncultured Nitrospira sp. clone
— OTUS5(AP-26%)

99 OTU13(AF-11%)
4E Uncultured Nitrospira sp. clone(MT790412)
84 85 OTU4( AP-30%)
Uncultured Nitrospira sp. clone(MN481679)
100 © OTU2(AF-67%)

100 " Uncultured bacterium clone(MK358104 1)
OTU1(AP-28%, AU-16%, AF-18%
72 Uncultured Nitrospira sp. clone(MT790443)
OTU12(AU-13%) -

99
B Uncultured bactcrium clone(AB222695)
99 NC10 enrichment culture pmo A clone 4(JF706214)
b—t Coma A Ca. Nitrospira nitrosa amoA(2691454934)
0.02

64

a. clade A

100 | Rice paddy soil coma clone(MF347334)
I Rice paddy soil Vercelli Italy(MF347229)
95 OTU17(AU-8%, AF-3%)
Soil uncultured bacterium pmo A gene(FN395328)
100} Uncultured bacterium clone(MH459372)
79 OTU3(AU-19%)
73 r Rice rhizospherer, Vercelli, Italy(MF347193)

OTU24( AU-4%)
OTUS5(AU-20%)
Rice paddy soil, Vercelli, Italy(MF347179)

Paddy soil coma_amo A(MF347205) clade B
78 20 Uncultured bacterium clone(MH459370)

OTUS(AU-3%, AF-3%)

66 Uncultured Nitrospira sp.(MN481712)

92 OTU12(AF-3%)
| Uncultured Nitrospira sp.(MF481708)

o1 100 | OTU2(AU-45%, AF-4%)
OTUG(AF-88%) d
| e |
0.01 b. clade B

F AR 4, URFRRE 4, PAGERAKH L3,
3 AEL#FAAFTRXTLE Comammox B RG K E K
gE R R R+ KT R, 2HAK M -3/ Comammox BEE LA IS Nitrospira inopinata
Yk Z UIAI 3, R F] Nitrospira nitrosa W)F, HEANF A FHHF T 5 OTU S AER FH 2
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5t clade A RELF o 8558 14 4~ OTU, Mih £IEHA 4 4~ OTU, He OTUZ ditbi K, H67%;
S+ IEIARE] 9 > OTU, Hrp OTUL0 b ek, 430 KH HIERF 4 4 OTU, Hp OTU4 4
K. R 30% ., HJE OTUL(28%) . OTU5(26 %) Al OTU20(11%) . clade B &4 & & /- #r s L4533 8 4
OTU, M+ E 54 OTU, He OTU6 & Hf i (88%) . 551 MF347205 #H56; 5 H + 5 fr ¥
Ky OTU ez, B 64 OTU, Hp OTU2 (NEdem, o 45%; KH EHP R LI clade B OTU,

3 SR
3.1 Wi

ABFFERY SR s, A 7 SO0 4 AR R R R A A A W i T R AT A B (p <
0.05) » ANJA] A H A 5 30T B0 20 2D L Ko R R 2 T R SR R K
TR 2 A AT A W AEAS [R) A b R 28 0 ) - 3 v e A AR A A AR 2R

Comammox M f 2 AL HUEY AOA, AOB # LA NH, b & IR#AT A SR A K. IF B 7EA [ £ R
Ferp Tz A A . B A I E T A E A S S B AOA F AOB Z 8] A4 25 7 43 Ak i — A B 2 A
FO R RS RBACM MM A, AOA 1Y E B B E W T K it A AUIE B K . 9 BbK i -
AOA F R AOB @t 2 AECE . 1 AOB 7E7K H ik 2 3= 5 i KB (B 2) . KRBT AOA TEMRA M 30
FHEE b BA A, AOB U B3 B 5 0 3 2R 85 . Dimitri 25 % Comammox Nitrospira inopina-
ta WERAAD J1# I R s, HECEA )@, 7T RE Lk 7 2 S A B A W T N BT AR I AR AR R B
PG E AR TE Wk A AR S R G RE W ad g 2 SR T R B . Comammox Nitrospira inopinata T& 3
TG R PEE AR TEAVI T, M 5 LB Z AR ALY R clade A, RS R A
A A AOA I AOB By 2. 2 A5 R 47. 0 4f . R B H0 A R0 2 5 B0 A6 S 2 9 28 A 25 6 20 e iy
TR E, EAREKI AR EIE LR B, Comammox Nitrospira inopinata TR AL A Y 5 H 55 5
e, BF5E4E th clade B A amt RE iz H AT Y, 5 clade A HA Y rh B2 E 0P 5 B A 5
(&S5 AT ik — X AT BE i R clade A 5 clade B Z 18] 4= 25 A0 0 b 19 — AN S B RN, A BF9T 45 R 8
R AE 3 R L R 7 S clade A BB T clade B, X5 Xu %57 %) 4 R 42 i SR 4l +
B v AR A 25 R A — B0, R B ARIR Y R B RS2 clade A Al clade B Z [a] A S AL A6 1 — N &
BT AT AL IR 5T I R A 28 G AE RS 52 (0 b I A A 6L ik JF HAE S 6 b, SR S w
Pl clade A N E.

A R R — L R R IR, R EAS TS5 A R U AT L. Santoro N
PR A AL UEY) AOA AT AOB BIBFZEHE H, AOB 3 BEBE S F AW B I B IR M 820, 1 AOA b AOB
S H T RAREE . X Comammox 4l 57 77 ¥ W 5 4 2 Mr 45 2 B, Comammox Nitrospira inopinata
T REELA R R ST SZ AR 7Y, H 2R IR AR B 3R B Y L A, R IR E R 1T A IR
4% . Comammox [ 5 BRI WA 5 25 T . Comammox 2P R 2 S AL AR B B AT 58
P, R, A PE T BE R B 4% Y Comammox, AOA Fl AOB 78 + SE 3R 55 v 2 A 48 S5 19 — A4~ A
FUOU L Sk A R L, K TR AL T ACIRES, BRI R Z SR G, b SRR BT A T B S0IR
. AR A, B0 100 clade A ¥JET Nitrospira inopinata 2588 (F 3), BARIEKH 5219 clade A
PERET R E2ZS, (HKHY clade A FEERFHE 1.6 1%, ZEKH T clade B 0 =F B I 25 T ML 5 2
(Bl 2, p<<0.05), #F—PIEB] T Comammox % i 4 1 58 PR 5 i it 52 P . 7EAIRA B9 /K H 3 R B v,
Comammox M3 3 HY X T AOB, 3 -5 58 Fiek 808 it AR A9 1 T8 7K 3880 6 = e J IX 9] 3 L AR ) v
HE ) Comammox amoA LN FFEFH T AOB MAFFE &5 RIEMT, FHARXTETREEE NSRS LR’
A B R Z —

b e K 43 %k B A W ARG Bl B At R [ RE A E B Y R [R5 s AR A K 3R T

S R S A IR N - K A A 0 2 B A AR O T B R, LR R R ) A T
PEST R A K S RE N PR AR B BIOHE R L O m e B A M B S R A T L Dai R, KA A
AR T ECR 5 R H 5 AOA il AOB A543 A iy E 25, Hoh AOA B3 W T ¥ K B B8, T
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AOB W FE 5 3 -1 h 23 R A A 7R . TEARBFSE . AOA = B2 UM 3 7K H I 35 B IR (p <<0. 05D,
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