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WE. [ B ] RSS2 E L4 (complete ammonia oxidizing bacteria, Comammox bacteria),
Fra A AL T (AOB)FI it TR (AOA)TE ML A /K At - 1 ThT A 2 143 S R . 2015 4R IRy <A AL A
(Comammox Nitrospira) Al ¥ 2 53— 2 F AL iR £y, SCOUmfL/E R . i B2 AL e
(AOB)E 1 T (AOAVK 2 73 T8 AL MRS R EL S5, P R G R B 56 2 A [ A RS Ak 4t T8 H A AL i R
iho AREAFEAME LI T — il fE, MARE T HARAX 2 KAyl , (H
FHSCBFEAAL FHRIE B B o [ 5 ] B s pCAb A L IX 2017 AFHLRU K AS 49 R4E 5. 10, 20 F1 40 cm A
[ R IR R AL S R IRZEARIT 1 om), RBUKRE L5 DNA 5, FIFAFREIIREIREE amod,

1 ST E i PCR £ AR A0 2 FE 2 A AL 41 7 (Comammox) . 72 2 A L 41 7 (AOB) Al TR (AOA) TE
IKFE LA RIREE (B CRAs SR . [ 45251 ] SRR LA T AOB Flh T AOA bl + IR UR s hn &2t \ 2%
TRERE SR, R A AU PR ZERE YN R B AR S i B, Comammox Clade A 1Y =FJiE fifi
& SR A R T S 2 0 (P<0.05), {H Clade B JFARA UMM, Clade A E/KFT AR 2R + 2
R Clade B & 1 NECE DL TE 5 em Al 40 em 4b AR AR AN A iR {54331 4y 3.42x107.8.46%107 copies/g.
AOA 5 AOB ML REH Y, 5 cm FITHANSCR S 40 514 1.23x107, 1.83x10° copies/g, {AHF#9:
AR T2 AL 405, Comammox 5 AOA . AOB amod MHERERIFE N4 Ll 10-2000. [ 4516 )
R A T (Comammox bacteria)] 12 73 A1 T/KFE AR L2, BRI T a2 S AL A i
W, B Comammox 1] BELE/KFE 5L AE A e SR EAE
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AL I AEIRER(NOS) . AR I AR 8y 2 el
Costa S I\ Ay B il 4k EL 4325 i Ak (B8 AR AT
TSR AR ) U AR A, ATP SR &,
TERT 1 Bl 1 e 5 s 2 2 A
FRECIEVIATHY . & 2015 45, WFFENT0 MHEA
[FAREE A T 3 Fha] 45572 0 4 7 (Candidatus
Nitrospira nitrosa . Candidatus Nitrospira nitrificans)
Fl(Candidatus Nitrospira inopinata)F 1 FAR 4k
FEH AR TR (2 Nitrospira) ™™™, X B6f A= My #f H 4 2
M A HIRER I BE ), )R T AR L A
L2 7 (NOB) H i AL IR T J& (Nitrospira) , # % LR
2R AL THE Y (complete ammonia oxidizers,
comammox). HRESHE Z AL I WK R ER 19 AOA |
AOB Al A RS L A e B NOB I TRy <~
B A e A P (incomplete
oxidizers)™l, “FHNTRIEE & LA H A 22 3L A
HEHRE, HATEREFI LR, 2EaA
TRHHE 2 40 Al S CRA KO, 5k 3R
B LRRGAE KA (WWTPs)H, ZR K
LEFRT(DWTPs), /K= 3558 R G (RAS), H&E
KPR S, push, R A MEY
(Comammox)WJ &I, 51K T VFZ S5HEIE AR
RLE R, FIMAFAS R Y, 2R EAEL
4 #1(Comammox) . AOA F1l AOB F) 43 Aii Ko Hoxt
TEAAE RO AR XS DTRR

R R, M A LAY (AOA Fi
AOB), &FEEALUNEA Nitrospira inopinata X2,
HAEEEMAY, HEA 2 Fhas e m g T
AR B A A AL DU RO 7R R R R
W H AOA 1 AOB B HZm 4R T
ANIFIRBE - )2k 2 A E R4 . pH iRk

ammonia
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U RN PR B RS BE L AL S A SR KA 1
P 2R E AR R, IR s e
Wang U5 TR EBOLER(EG . FEAL B
VDAY 3 KRG L 0-1 m A [R] 3550 1fi 2 R 4
BFEE AL, 459K AOA Fl AOB amod Hifig
SEPH P bl - 4 R YO IR 2 BRI . R A
W R LG R A ALE T R v, <R 2 A
A= R A R S SR AL TR WD TE AN R PR o ) A 2
O3AE K R B RS AR ), A S R
PR BIBEVE I &K KRS oA 42, RV
AW FAEYE R T, BTE T KA 1R
AR R EAME Y L R R E ALY
B REARAE, FHT Al Comammox(Clade A
Clade B). AOA il AOB amoA MREHREH Ay A4 2511
O3l B HL XS S AR AR FE AR Dk, S BER— 2
it A= 7 - B BT AR AL AT LAl

1 AR

1.1 B AR O

TR B0 b A8 T E R T bR X R R R IR Ak
(106°26'E, 30°26'N), V4K 230 m, J&HH IR
Z AR, BRI 18.3 °C, RN
1105 mm, + 3t AE PR S RINE A KA 6,
WIA BRI FRE AR 1. %A N
H 1990 4EIF 4k St 0 E Ak, - ab 3 4 4>
FA, ANXHAR 20 m® . ASHFST B AR 56 A0 HE
B H 47K H (flooded paddy field, FPF), #FHZ&4E
AT AR, REKIZIREE N 3 em 2475 KHE
IR S5 ¥R #E[50-60 cm, 3850-4100 kg/(hm?-a)]
FIZLE[2750-3150 kg/(hm?-a)|BI A+, HZFIHE
R R, BEEREE N 25-30 em, $5AE 4% i
AR AL SRR KRS, K ASISOIR JR HE 4K .
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/Nt IE B X A TR, RIS O PRER
273.1 kg/hm®; FBEERES 500.3 kg/hm®; LA
150.1 kg/hm® . FEAF KRG HR S 13 B BR S A JES I — 1k
s PREFEFEW 2/3 FEIRAE, 1/3 R, &k
PRNEFEIE A 7D JAE . KSR —30
1.2 RS SR

TEERENCRAET 2017 4E 11 A, EIRAY
IKFEH 4 AN 3B, A/ IN X% T O
2, sl IR AR BOUKRTH 4 4~/NMXH 5010,
20, 40 cm GRTHCRAEAS A B FIRZEANHL 1 cm)
e 11 T = W = S I SR Y i N Ty S 2
ML TRy, PR AT —ER A X
T2 EHKE 15%-20%, i 2 mm i, REPY5E
YA RS RE S, ST B RS T A HERS AL B i
Fl1-3% DNA BY42H, o5 — 85> BT EE A 5 3
1 mm % 0.25 mm §ii, FFIE -85 pH. AHLE .
RRGFEARIIERT ., HIEETILE 1,

1.3 BTN B A

TIEEK B (HO) R T il e s +
5 pH T 1:2.5 LKA, RAMR:Y LE
438 5 4 R (MR ) -4E R AU A PR A |, 6,
HE) HEATIE ; AL KoCrOo-HoSOu 45 7k
ME, AR AL e AR
FHBRIER ZAN- 43 HCEE T 5 U8R R TS IR
B JOEREETHEIE Y A AR I E 3 R
5o IR A R RN A AR F I B 4 B A
(AA3 4 H %2 sl /3 Hril, SEAL Analitical,
flE), PrAFESIIE 3 IRER .

fitifk #(potential nitrifcation rate, PNR)FJ il &
KPR SRR, RifEB S, HARITN . FRE
15 g ffF 8T =B, 1A (NH).SO0, 1875
NH,"-N B EEF] 40 mg/100 g, %1 HHFa

B B KRR 60%. 8 = MAICEIRE IR,
T 25°C THRW 24 h, 1E55 2. 4. 22, 24 /]
IF 430K B 10 mL B4R 2, LA 1 mol/LKCI
AR, g, 1 AA3 A ShiRsh AL
(SEAL Analytical, 7 [l & Zdk + NO; -N )&
o % Bk - K EHGINE s 3% NOy-N &,
¥y 2 WilEs, DARGFRINRIARRALRR, NOs-N &l
PAAR, SRR, B3k mg N/(kg-d)].
1.4 DNA FJ$2ER

¥ ] FastDNA® SPIN Kit for Soil(MP
Biomedicals)if il & 1 THE B - 8 FE I 41 5. DNA,
FREL 0.5 g F—80 °C {RAF M T 3ERE i, Heialinl G
HEEERVE A R UEA T . FastPrep®FP120 4 MU B AL
T AR R B, BEPE 6 m/s, H[E] 405, $2
HUIY) DNA 7E 1% BEREWEEE M b HEA 7 L KA
FERH R DNA RFF T-20 °C TR 2250 #7 .
1.5 Z&PCR

SEF ¢ E B PCR 5 7E QuantStudio ™6 Flex
€& PCR 1% (Thermo Fisher Scientific, Singapore)
e A E A F(AOA) . A ALANF(AOB) ., 4
P A AL Comammox Clade A F1 Clade B amoA
FEHAYFE DKL, AOB, AOA ., Comammox Clade A
Ml Clade B 1Y amod 5:IH % f& PCR Fr 11 345149
L% 1, AOB.AOA . Comammox Clade A 1 Clade
B [ amod R PCR KRN
20 pL, FEAE . FrP BN DNA 1 L, |
TEIH &% ROX Jekt& 0.4 uL, Tag DNA B4
10 uL. KK 7.8 L. AOA amod H:IHEH: PCR
PN 95°C, 1.5 min; 40%(95 °C, 30 s;
55°C, 45s; 72°C, 45s). AOB amod 3N E &
PCR #4450 . 95 °C, 3.0 min; 38%(95 °C,
30 s; 60 °C, 1.5 min), Comammox Clade A.

http://journals.im.ac.cn/actamicro
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Comammox Clade B [ amod &K %E & PCR §44
AN . 95 °C, 3.0 min; 45%(95 °C, 30 s; 52 °C,
455; 72°C, 1 min).

WA LB A3 005 B a9 H 1)
vlE T, A7 & MiniBEST Plasmid Purification
Kit Ui B4R HC, SRS , B Skt Bk A il
FFIAIE, #RJ57E NanoDrop®ND-1000 UV-Vis 3%
JCEETE FIE Bk R R, IR H AR Y

Ve UL, fieJe ] TE 22 Mgt iBoRs JBoks 14 2L B 6-8
ANH BE U 2 B PCR BUARMERTZE
L6 HEaE 507

35K F Microsoft Excel 2010 #1 SPSS 17.0
TSI AT . R 2 (one-way ANOVA) .
Duncan {EHAT 7 2250 M Z H AL, W& K-
BE N 0=0.05. F|H] Origin 8.6 FAFAER . EIFRH
Kol NI (PR 2

# 1. AOB. AOA. Comammox Clade A. Comammox Clade B amod EEBI5|4F 5
Table 1. Primers for AOB, AOA, Comammox Clade A, Comammox Clade B amoA gene

Target gene

Primer sequence (5'—3")

Reference

AOB amoA gene

AOA amoA gene

Comammox Clade A
amoA gene

Comammox Clade B
amoA gene

amoA-1F (GGGGTTTCTACTGGTGGT)

amoA-2R(CCCCTCKGSAAAGCCTTCTTC)
Arch -amoAF(STAATGGTCTGGCTTAGACG
Arch-amoAR(GCGGCCATCCATCTGTATGT)

comaA-244f a TACAACTGGGTGAACTA
comaA-659r a AGATCATGGTGCTATG
comaA-244f b TATAACTGGGTGAACTA
comaA-659r b AAATCATGGTGCTATG
comaA-244f ¢ TACAATTGGGTGAACTA
comaA-659r_¢c AGATCATGGTGCTGTG
comaA-244f d TACAACTGGGTCAACTA
comaA-659r_ d AAATCATGGTGCTGTG
comaA-244f ¢ TACAACTGGGTCAATTA
comaA-659r_e AGATCATCGTGCTGTG
comaA-244f f TATAACTGGGTCAATTA
comaA-659r f AAATCATCGTGCTGTG
comaB-244f a TAYTTCTGGACGTTCTA
comaB-659r a ARATCCAGACGGTGTG
comaB-244f b TAYTTCTGGACATTCTA
comaB-659r b ARATCCAAACGGTGTG
comaB-244f ¢ TACTTCTGGACTTTCTA
comaB-659r ¢ ARATCCAGACAGTGTG
comaB-244f d TAYTTCTGGACGTTTTA
comaB-659r d ARATCCAAACAGTGTG
comaB-244f e TAYTTCTGGACATTTTA
comaB-659r e AGATCCAGACTGTGTG
comaB-244f f TACTTCTGGACCTTCTA
comaB-659r_f AGATCCAAACAGTGTG

(20]

(21]

(22]

(22]

actamicro@im.ac.cn
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2 ERFAM

2.1 AIKHZKAE LA B R R A BT
KR A [ 0 T2 R 3 S A M R an & 1
Bk mBE 1 AL, e KR A ) 2 e
AT AEZ S, idleink i R ZE 145
e EEm T 2R, VLR R
HREARAE SR A RE (R LABD A AR VR o
TEARBGE R, AHUE . 2% fFEA . Bh kit 1E
BITPIRASO RS TE N o SR 7 N o s (R RV
THRE S om &b, BESTFZELEG N
1.22-0.43 g/kg 1 31.57-6.96 mg/kg). A[a)i 2
IR A G RO & i A AR, 40 3
[A(23.5-14.0 g/kg F1 93.76-74.48 mg/kg), 1
AR 2 pH AR A B2, 7 7.7-7.9 Z A1,

TIRERE N BRI 76.38% . 61.67%.
42.10%7#1 62.98%.
2.2 £RESRYHE (Comammox)7EKFE LA IF
=gl

AL 5> % A(Comammox Clade A)
141 3% B(Comammox Clade B)3= 3 fifi - &5 1 A
R AEEAE BN E 2 Pros . B 2-A 7,
W8 LR Z OmEE, 5. 100 20 & 40 cm Ak
Comammox Clade A amoA HHEFERH5 D EAK YK &
FPEREN(P<0.05), 10 cm. 20 cm. 40 cm 43514
5 cm (3.42x107 copies/g)3E R ¥ L ¥ (UL T 3By
1.6, 1.7 Fl 2.5 ff. 147K H A [l i 22
Comammox Clade B amod HHEFEH % D1 £ (AT
T, HFBARMUMEE 2-B), BiKLL
Comammox Clade A & 1 MNEE L, RN 10 em |

5 toa b
10 } b a
g g ¥
®] Q
k| k=
220 } c & } c
A A
40 ] d } d
0 1 2 3 4 0 50 100 150 200 250
Total N/(g/kg) Available N/(mg/kg)
5 | b Ta
510 A i
= =
350 I 2 e
| d -t
40 1 1 1 1 1 1 1 1
0 10 20 30 40 50 0 100 200 300 400 500
Organic matter/(g/kg) Eh/(mV)

1.
Figure 1.

ZXKBEAREFHERRTIEHERE LR
Basic physical and chemical properties at different soil layers in flooded paddy field. Values followed

by different small letters within a column are significantly different at the 0.05 probability level.

http://journals.im.ac.cn/actamicro
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(A) (B)
Clade A Clade B
5t H-c 22
g 10f i be O R
=
220 b b
40 —t—a 77777777 gha
0 3 6 9 12 0.0 OI.2 014 0.6
amoA (107 copies per g of soil)
2. ZKEAREEREXE Comammox aomA I HEEE [FH 3% N4

Figure 2.

The abundances of Comammox Clade A (a) and Clade B (b) amoA genes at different depths in flooded

paddy field (FPF). Values followed by different small letters within a column are significantly different at the 0.05

probability level.

40 cm 4b(3.26x10° copies/g. 2.97x10° copies/g)kk
e DLBOR 25T 5 em ., 20 cm(1.99x10° copies/g .
1.85x10° copies/g).
23 ZEMEHE(AO0A)  BEMHE (AOBEKT
AR BRI

& 3-A AL, 47KH 5 cm, 10 em 120 cm
1 AOA amoA DREFENHE DUEL(VAT ik g 2
FEA, 2351°h 1.23x107 copies/g. 1.19x107 copies/g

H16.30x10° copies/g (P<0.05), 40 cm AbJER$E D%
N B EHEHNE] 1.16x107 copies/g. /KAE 1) 3]
JZRI) AOB amoA HiREIER¥E VI %L(& 3-B)fi/niH
55 AOA HYZELIEEZEMRL, 5 cm (1.83x10° copies/g)
5 10 cm (1.37x10° copies/g) LB EH LR, H9lH
20 cm AbFERFE DUBUK) 5.6 A1 4.2 %, 40 cm AbFEA
P2 DVROL BRI 20 em AbRY 3.3 %, {HAAEE
AOA amoA YIRe NP5 VB 1 2 MRS

() on |® on
S ——a Vo708 @
£ 10 —f—a V727777 @
=
§ 20 F Hib P ¢
40 | Hoa V777777 b
0.0 015 l.IO 115 2.0 0.00 0.01 0.02 0.03
amoA (107 copies per g of soil)
3. ZKHEAEFEZER AOA. AOB aomA LIREEF #% N

Figure 3.

The abundances of ammonia-oxidizing archaca AOA (A) and ammonia-oxidizing bacteria AOB (B)

amoA genes at different depths in flooded paddy field (FPF). Values followed by different small letters within a
column are significantly different at the 0.05 probability level.

actamicro@im.ac.cn
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2.4 ZKHKRE A RREERELSEFHEL

M 4 7T 0L, KA Sem (385 2 0CR
filg Ak 4 5% 25 [40.70 mg N /(kg-d)], 22 KAE+
10, 20, 40 cm Z:AHALEARR 1.52 £, 7.45 f5 M
8.69 fif, t—FRMILE/KFE L 14 122K
HRE AL SR Z . 11 20 cm 5 40 cm BYIEAERY
BTN EZESR, /e 546 F1 4.69 mg N
(kg d), FLAFH 388502 0O, i rE
EHREAL(P<0.05), X HHTAHMIE LT
2.5 ZOKHABEAFEBKRS LELEE TS5
WY FERIRER

X 7K AN R 32K 5. 10, 20, 40 cm 1)
Eh, AHLE. 4% WS i A W B A
KM 2 iR, MR, KRG L
FIRARRFZXM Eh, AR, 24, WA S
Comammox Clade A amod FE[R ¥ DI EH A o % 7
SRR AR (P<0.05);
SRR P Db B CC R, (AAR . UM
FH R IME Eh B EFFEMS, Comammox

5 Comammox Clade B amoAd

=50

) a

< [

Z 40 - T

an

B

230} b

g | T

=

.g 20 |

s |

B0t

= C c
=

‘E 0 1 1 1 1
2 5 10 20 40
A~ Depth/cm

B4, KELARRELIBEBEHUEZNTL

Figure 4.  Potential nitrification rate (PNR) at
different depths in flooded paddy field (FPF). Error
bars represent standard deviations, n=3. The different

letters above the columns indicates a significant
differences at P<0.05.

(% A 5433 B 2 FEER BTHER, W
Comammox B i W T HIEIR)Z M A N E IR 5%
PFo KRS, AR HE5E 2R Eh 5 AOB
amoA & [F 5 D% HA i W 3% 1 AH G K &
(P<0.01), 5 AOA amoA FER¥% DU 52 1EAH K
%, AR, Uil AOB HE T AOA, WHES
{18y e 7 B R

®2. KELARFERELBEUFERSHEEMEMFEEHRXME

Table 2.
different soil depths of paddy field

Pearson’s correlation coefficients among abundance of nitrification microorganism and soil properties in

Comammox Comammox

Eh OM TN AN Clade A Clade B AOA  AOB
Eh 1.000

OM 0.804" 1.000

TN 09817 0714 1.000

AN 0.788" 0.994™ 0.699 1.000

Comammox Clade A —0.842"  -0.769" -0.895"  -0.779"  1.000

Comammox Clade B —0.125 0.133 —0.262 0.080 0.402 1.000

AOA 0.166 0.370 0.050 0.323 0.102 0.793" 1.000

AOB 0.751"  0.595 0.706 0.523 -0.379 0.371 0.565 1.000

" Significant at P<0.05, ™"

significant at P<0.01.

http://journals.im.ac.cn/actamicro
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3 W

P C R RAYEFENGHEEF DNA JF81 LEXT
J& , WEFEE e R A AL R Wl RE T iz oA
T ROKFESHEA TR RGO,
Bartelme Z5PIE PR R K 7= 5558 R GE(RAS) I LE W)
g R, K %] Comammox F JFik#| 10°
copies/g, T AOA FHE. AR H LA
FIELSOL 5. 10, 20 #1140 om H, RS ELA
i (Comammox bacteria) amod F&[N¥5 DI, Hoiw
WG, 732 A (Comammox Clade A)54337
B(Comammox Clade B) amoA J&H 5 UL K535 A
3.42x10"-8.46x10" 1 1.85%10°-3.26x10° copies/g,
ARG A ALz A T A LA 7]
S WA o LU T 44> 5502 B Comammox
amoA F:H¥E U1 % (Clade A F1 Clade B ZF1)Y
AOA .AOB [ H/H % AOA Y5 AOB ) HUEIG KT 3
(% 3), RULZRFKAE LA Z RS2
AT amod BEIRPE DUEUR &, HUGE A Al
P, T A A R R AR . SRR Z R IR KRS L
ALY, et LANE H AOA. AOB
A R H A

EAMIEEY, AOA FEAEH AT LIRS
TEARA . o R L R g Il B0 BRI ROk 5 I REY
PP AOB e R A A A +

TEALAVE A 2K S & . F A G i A
FHECT AOB, AOA M & A H IR . Kit 55
ot 5% 25 1V R A e (R AL B 1 2E 4 B

Comammox (Nitrosopumilus inopinata)f] K,(umol/L
NH;){E M 0.063, 2 E1K T AOA(Nitrososphaera, N.
maritimus SCM1, Ca. N. uzonensis)it] Kn(0.41—
0.96 umol/L NH;), H.I AOB KT 4-2500 5. i%
MBRAEFEE AT Comammox A5 AOA HE
fe, HEEZD RN, WIRHKEIE RS

R RIFE 20 BAh, 2 E AR KB EL T AOA |
AOB il 4 /R SCHE ¥ (Calvin-Benson-Bassham)
FFRFENTR-F2FE T TRTEIS , Comammox Nitrospira
HAMBRAMN (TCA #&N, REFIIHEY
A A N CHK B R0 AT BR A OGRS 2/2 I 41 A
I(TrHb2), X $E4K7 ik 2 B 76 Sl i | R B,

Comammox HJ A B HAT 58 4+ {L# . Lawson 552 & 3
Comammox Nitrospira F){b2# 7 5 FE5 & ([mol O.:
NH;] 2.0)tt AOB(1.5)K, 1H Nitrospira {5 TE
557N SRR 240 A5 21 DR T4 0 TR 9 /AT Ko ap)
SR ISR T, L2l Comammox 740 7% R 2%
TR I T BA E A, WH9 BN
B X KA - H LR 4 04 om AT RIASIN 2175 i 420
P R R A ARG, W KK £ 3 em
Ab 4R L R A O AR 98 45 S fi /R Comammox
5332 A W 5K EARZERR Eh, 2F 24

x3. SEUREVFEE

Table 3. The ratios of nitrifying microorganisms at different depths in flooded paddy field (FPF)
Depth AOA Comammox Comammox Clade A Clade A Clade A Clade B Clade B
/AOB /AOA /AOB /Clade B /AOA /AOB /AOA /AOB
5 cm 57.0+8.80c 3.40+0.40c 192+2.30c 22.3+2.40b  3.28+0.34c 183+6.20d 0.15+0.01c 8.58+0.29¢
10cm  118+15.4b 3.50+0.20c 41548.63bc  16.3+0.50c  3.34+0.22¢ 391+17.7¢ 0.21+£0.02b 24.0+0.54b
20cm  199+18.4a 10.2+0.30a 2044+23.1a  33.6+£1.30a  9.93+0.32a 1984+7.32a  0.30+0.01a 59.5+3.21a
40cm  110£12.9b 7.50+0.70b 816+8.34b 28.5£2.40a 7.23+0.67b 788+25.2b 0.25+0.01ab  27.7+1.66b

Values followed by different small letters within a column are significantly different at the 0.05 probability level.

actamicro@im.ac.cn



FBEESE | AR, 2019, 59(2)

299

W B & AR R R (FE 2), Comammox(4)32 A Fl
37 B ZH1)5 AOA . AOB fY amod gene FJE L
B, 4r%I7E 3.4-10.2 F1 192-2044 Z[E](E 3),
AOA ., AOB 43l T 1l 3 AN B 2. 1h AR,
A REAE G A E ABE S AL | T AR 1Y B 57
Mg, Comammox Nitrospira 55 AHALAE R AR XS
F WA T AR A G B8 BT S 4 R0,
AT, Pievacl 4 e 8 IR AR 25 RS AR K
T K (GWW) 1Y A& B U8 3K H A T F]
Comammox Clade A A1 Comammox Clade B i &
¥IET 10* gene copies/ng DNA, Lt T AOB
amoA MR VIEL, X5 Daims® HF5E 45 R —
. MK L H Comammox Clade A amod FEH %
DK F Comammox Clade B, JEEIZE 10>-10°
gene copies/ng DNA, F*H] Comammox Clade A X
TH R KI5 TR R 48 KoK A L B as Ak R AT e
AEE TR, AP A KRBV 2R AL
Clade A amod FEF FJE ik 107 copies/g, Wil E 10°
gene copies/ng DNA , Clade B amoA & [H FFELE 10°
gene copies/ng DNA, H &AL H 72 A 1Y
amoA HEH = FERE 1 Z M0 g hn, vt k4
RN KFE L Comammox Clade A &L FFIEE .,
JKAE I RS 6] 2 S A4 152 2 (NH.)
WS . Bh. pH S5 Z R ZE M. Zheng F5URH
JERE PCR HOAR ST FIVEVE WA TUARY) (BE 25 /K
[ 6 m) 0100 cm 434 1) - AE v, R BITEV A
AR RO, AOA FEEH AOB &, &
URE B PR AW Z A1, T A B a2 5
MAEVERRILL & AOA . AOB F P SEHEIN K
Das 55U 0F B[ T i v A6 v 2 1) 21 AR AR AR AR
0-60 cm 37| 1h0 A G A M b A T 20 B, o R BLERL
AW AEACANTE L TN B B R i

o ARHFREER BRKAE L 5 em. 10 cm. 20 cm
40 cm FHAALH) BIEA BT . RAESFSRT
Eh LA R fgfes, YR B & AuEs(E 1 A 4),
AOA 5 AOB amod JE [N F 25 B35 B 3
LA Clade A 5 AOA, AOB [ amod
F[R U A0 2 & 48 0(3.28-9.93 1 183-1984),
(AT — 42 A2 A Wy 9 8 B R A USRI AR 15
e, FUMHEN KR LIREREERFMET
Comammox Clade A 7] BEAZ/E .

Comammox AL ANTE AL M Ai fk
IR gE, B AR DY R BB A AR Ak
K A#RiE T T3R5, RNA Sfgsk . & maE i
KV 18 52 A AT R B3 1 T PEAG R A A AR TR
AR BTk D), Besh, DL PCR MFEREAY LR,
PREETHREREI amod WIEFEXT 5L I 45 5 A 52 e T
I REEPT Orellana S5 AZE [ HrPGHE 2 ARl
X (B /RPEANFIG BLIR), o SIAE N4, 6. 9,
11 J)RE TR F AR K G EAER VD - A 1
0-5 cm LUK 20-30 cm f9-AF, SEREWIEM N
MBS, 23 1JB Thaumarchaeota Y 6 4~IR4 3l
3 P R & A A4 E (Comammox) Nitrospira H%L
RN T 5 A5, WAtELESRFMET, ARk
BN SR B A A RE SRS R, ROk
W55 M P ERI Comammox Nitrospira B )5
LR, RESE LA 2 EAE A AN TR RS T
X il Ak A A HC AL B SR 6 B A0 A X 0T .
Nitrospira 11 ZME—BERE I TR HILM RAE R T
3, WS EA X EE I U YITE Nitrospira K
FLSh B8 A oA, BRSOk mT
IREEE I A AR T E R BRI, A At 4
) A 25 58, DRI AT a0 2 SR BB 5 % o Ak
Comammox Nitrospira X} 4= ER BAEIR A SR 5Tk
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Vertical abundance variations of “incomplete ammonia
oxidizers” and “comammox ” in purple paddy soil in Chongqing

Qihui Wan', Shuling Wang', Weiye Zhao', Lihua Ma', Zhongjun Jia®, Xianjun Jiang""

" College of Resources and Environment, Southwest University, Chongqing 400715, China
? Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, Jiangsu Province, China

Abstract: [Objective] Nitrification has been thought to be as a two-step process, where ammonia-oxidizing
bacteria and archaea (AOB and AOA) first oxidize ammonia to nitrite, which nitrite-oxidizing bacteria (NOB)
subsequently transfer to nitrate. Recently, the ability to oxidize ammonia has also been discovered in members of
the genus Nitrospira, which were formerly supposed to only be capable of nitrite oxidation. The discovery of these
bacteria that oxidize ammonia to nitrate (complete ammonia oxidizing bacteria, Comammox bacteria), refuted the
dogma that the oxidation of ammonia and nitrite requires two distinct groups of microorganisms. The discovery of
one-step nitrification and Comammox Nitrospira triggered many important scientific issues of the global nitrogen
cycle, but relevant studies were still in the preliminary stage. [Methods] Using real-time quantitative PCR
(Q-PCR), we characterized the distribution patterns of functional amoA gene abundances of Comammox (Clade A
and Clade B), ammonia-oxidizing archaeca (AOA) and ammonia-oxidizing bacteria (AOB) at 5, 10, 20, and 40 cm
soil depths (up-down error within 1 cm) of flooded paddy field (FPF) in Beibei, Chongqing in 2017. [Results]
Quantitative PCR (Q-PCR) revealed that soil depth had a significant effect on different nitrifiers. Comammox
Nitrospira were ecologically widespread and numerically abundant in all depths of the standard profile. The
Comammox Clade A amoA gene copies were higher at deeper layers, while Comammox Clade B didn’t show the
same trends and its abundances varied between 1.85x10° copies/g and 3.26x10° copies/g in different depths of the
standard profile. However, the abundance of Comammox Clade A was about to an order of magnitude more
abundant than Comammox Clade B in paddy soils. On the contrary, the amoA gene abundances of AOA and AOB
significantly decreased with increasing depth (P<0.05), both AOA and AOB amoA gene abundances were highest in
the top layer (5 cm, 1.23x10” copies/g and 1.83x10° copies/g, respectively). The ratio of abundances of Comammox
amoA genes to those of AOA and AOB increased significantly with the increase of soil depth, ranged from 10 to
2000. [Conclusion] The complete ammonia oxidizing bacteria (Comammox bacteria) are widely distributed in all
soil depths of paddy soil and their abundances were significantly higher than “incomplete ammonia oxidizers
(AOA, AOB)”, which implicated that Comammox cannot be neglected in rice soil ecosystem.

Keywords: N cycle, ammonia-oxidizing microorganisms, nitrification, nitrite-oxidizing bacteria
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