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Effect of Reclamation on Abundance of Comammox Microorganism in Chongming Wetland
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Abstract: The discovery of comammox broadens our understanding of the nitrification process, but little is known about its
natural geographical distribution and its contribution to nitrogen conversion process. In this study, the surface soils of the paddy
fields with different reclamation years (0, 27, 51 and 86 a) were selected in the Chongming wetland of the Yangtze River estuary,
soil nitrification rates and its influencing factors were determined by aerobic incubation, and the target functional gene amoA was
analyzed by real-time fluorescent quantitative PCR to analyze the quantitative variation characteristics of Comammox,
ammoxidox bacteria (AOB) and ammonia archaea (AOA). The results showed that the net nitrification rates of paddy soils with
40, 75 and 120 a of reclamation were N 19.26, 11.63 and 11.43 mg/(kg-d), respectively, which were significantly 5.1-8.7 times
higher than that of natural tidal wetland (P<0.05). The amoA gene copy number of soil ammonia archaca AOA was between
0.34x10” and 9.95x107 copies/g, which increased significantly with the increase of reclamation year. The amod gene copy number
of soil ammonia bacteria AOB ranged from 1.14x107 to 8.43x107 copies/g, which was significantly positively correlated with soil
nitrification rate (+ = 0.96", P<0.05), indicating that AOB might play a dominated role in nitrification process. The Comammox
Clade A and Clade B copy number of the soils in the paddy fields (27, 51 and 86 a) were lower than that of tidal flat wetland soil

(no reclamation), and Clade A increased significantly with the increase of the reclamation year. Comammox Clade A/Clade B was

OFEATH . ERARBFIETH (41671247, 41103039), {TLHE HAREILAETH (BK20171455) FIVLHA KA QIF QDL I ZRiTR]
i H (201810300094 X, 201710300018) % Bl .

* Sl HAE# (yhzhang@nuist.edu.cn)

EZRIA . RIGF(1995—), %, WIFEFEA, B, ER MGl < EA 5. E-mail: 2287784164@qq.com

http://soils.issas.ac.cn



%6 1

RAGHFAE: Bl R 52 AR HENR H AR AU W 52 1197

significantly negatively correlated with soil total organic carbon (TOC) and ammonium content (NH,"), indicating that the

ammonia-oxidizing microbes (Clade A, Clade B) are more suitable for nutritional infertility. In summary, Comammox bacteria is

widely present in the coastal wetland soils of the Yangtze River estuary, which possibly may play an important role in nitrogen

transformation process of tidal flat natural wetlands.
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b, 57 58 A E AR AR R £ A ) e R 2 S Akt
PP A R T 22, 167 FR e T A K s R IR Y 4%
PFFEAERMEHEY, 2015 45, Daims PRI van
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KR 7d)E, BUBHIEH, WEHhi NOy-N &
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fisfb s R AT E A XN

N =[(NO;3), —(NO3),,1/(t —10)
o N OEEAE R (N, mg/(kg-d)); (NO5Y), Fl (NO3),0
SN 7d AT 0d B NOs-N &,
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FIFH Fast DNA Spin kit for soil #2557 & (MP

Biomedicals, USA) $&H 4L P i) & DNA, B 0.5
g IR, TR AR ARy IR R AP BRI DNA,
FastPrep®FP120 iR LAEE 6 m/s, B[R] 40
s PEATANmERE . BGH /> DNA SRR /6B
(NanoDrop -1000 UV-Vis)ill iF DNA ¥ & Fl 4 &
( OD260 /0D280 F1 OD260 /0D230), 1 DNA {717
T -80 'C WKAETEH .
1.4 XHEHEEE PCR

1E C1000™ Real-Time System 3" 4{% b i#E47 58
B9t PCR 971G e 2 A6 TR (AOA) . 2
1L 4 T (AOB) Fil 4= 2 2 A b 4 TR (Comammox
Clade A 5 & Comammox)AY amod F:[F# D1 %, AOB ,
AOA. & Comammox 1 Comammox Clade A fY amoA
FEPHE R PCR Y 1G5 A1 2 W3 106114,
RNARZ YN 20 ul, 425G DNA #£4) 1 ul, Tag DNA
REME 10 ul, BIETIH45 0.5 ul. JCHIK 8 pl,

#F 1 AOA,AOB, Comammox Clade A ¥12 Comammox B amoA EESI¥FEHIRET EE&HE

Table 1  Primers for AOA, AOB, Comammox Clade A and total Comammox amoA genes

FEH 51 F51(5°-3%) RFBKE 1 PCR W 2T
AOA amoA gene Arch-amoAF(STAATGGTCTGGCTTAGACG) 635 bp 95 °C, 1.5min; 40x(95C, 30s;
Arch-amoAR(GCGGCCATCCATCTGTATGT) 55°C, 45s; 72°C, 455)
AOB amod gene amoA-1F (GGGGTTTCTACTGGTGGT) 491 bp 95 °C, 3.0 min; 38x(95°C, 30s;
amoA-2R(CCCCTCKGSAAAGCCTTCTTC) 60 C, 1.5 min)
Comammox Clade A COM-AF (TGCGGIGACTGGGAYTTC) 514 bp 95 ‘C, 5.0min; 35%x(94 C, 30s;
amod gene COM-AR (AGATCATAGTGCTRTGICC) 54 C, 40s; 72 C, 40s)
J. Comammox comamoAAF(AGGNGAYTGGGAYTTCTGG ) 436 bp 95 ‘C, 15.0 min; 40%(95 C, 30s;

amoA gene

comamoASR(CCGVACATACATRAAGCCCAT)

58 °C, 30s; 72 °C, 455)

I AOA. AOB, Comammox Clade A FlLiE
Comammox 1] amoA F&[F W 541 Fokr , If-38 10 U 7 55
WE, 66 NanoDrop ND-1000 UV-Vis)iill
FE BRI, I TSR AR BURLA RS 6 ~ 8 DRRRE,
HFHlfEE & PCR MIPRHEITZ, R4EbniEth &It
B H LR B985 L%, Comammox Clade B amod #
[R5 D10k B Comammox 5 Comammox Clade A
M 22 1A
1.5 HESZItHH

A IBM Statistics SPSS 16.0 #4475+ #7,
1 LR & 243 (one-way ANOVA)FI Pearson 43
B R A o | AR T R P B Y 2 Sk D R
KPR, BEMKF a=0.05

2 HEREHSWH

2.1 AEEERFREM T IEABAMERTHRFE
5% 1T 0 0 i A (7] R R AT PR RSB PE IRan k. 2

JER o KIRERS W 3R T 7K R - EHLAR & , FEAIG
TR SR, RN Noy SN 11.79 ~
18.67 mg/kg, A MR 1A 1.8 1% ~ 2.9
s IR ASH 4% NH, & 54 14.48 ~ 23.37 mg/kg,
oA B R MR i 1A ~2.7 £ ARR
51 a i H 4500 NH," FINOy A4 58 35 1w T Hfth 3
AR . HHENO, B fEAFERFE S Z A
HE5. HHE SO WES BC HE L5,
it 2 T B2 A BRI i B S 0 ), LA ) B W A it
TR E TR RREE . A0 50 Lk
(TOC)Y/+ T 1529 ~ 18.34 g/kg, BEE TRERMA
SRUMEVR I MY, L PRl B A BRI A 5 2 3 iy a4
TR (TN) SR T 0.84 ~ 1.12 g/kg, 4 I RAEA
ZIA WS ARBRMEREM N pH N
7.86, BEETHIRME, H1Eh SoRkE R AR
OB DI N S B NG =78 e we S TR [ B
Fl R RS HIAY 3.2 1% ~ 6.9 1%,
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Table 2 Physicochemical properties of soils with different reclamation years

FIRAERR(a)  TOC(g/kg) TN(g/kg) NH, (mg/kg) NO;(mg/kg) NO,(mg/kg) pH EC (mS/cm)  SO,*(mg/kg)
0 795+046¢c 086+0.09a 638+353¢c 639+045¢ 0.08+00la 7.86+0.08a 5.07+0.15a 797.40+23.92a
27 1529+0.06b 1.00£0.06a 1448+559b 11.79+0.07b 0.09+0.01a 7.38+0.11b 1.59+0.03b299.91+3543b
51 16.89£0.42ab 0.84=0.03a 2337+237a 18.67+6.59a 0.09+0.01a 7.32+0.06b 1.31+0.04b 226.03 +20.55¢
86 1834+022a 1.12+0.04a 1625+0.09b 14.11£0.55b 0.06+0.01a 7.25+0.07b 0.74+0.04 c 196.07 + 18.64 ¢

T [ — B /ING T B [ 2R A () Fi R AR BRAR B E) 22 5708 P < 0.05 R, TR,

22 AREREREHTEMELER

WE 1R, B 0a i [ SRMEG LAY bR
A%, Uk N 2.22 mg/(kgd), IR 27, 51, 86af5/k
R ASAL R 5 N 19.3, 11.6 F1 11.4 mg/(kg-d),
ORI 8.7 %, S2 %A 5.1 5. Hirp, HR 27 a
T H 3R A SR 2 = TR R 51 a Fll 86 a 3,
i 66% Fl 67%.

25¢
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Fig. 1 Nitrification rates of soils with different reclamation years
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FH AR AR , pFRh e e A Y. Al
30 BIR 0.27.51.86 a 13 Comammox Clade
A FEDE 90 1.04%107, 0.14x107, 0.64x107,
1.00x107 copies/g. HH, [ EEAHH 1459 Clade A #5
DUESCE 5 Bl B AT B hin iy dg F 34K, (AR TR o
a BYPES L 1358 . Comammox Clade B 7& 4 %kt
SRR EERES Clade A ZRRARAEA BT AR, H:
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_ [ AOB
2 10t
Lot a
2 gl = X
8 b
2 =
= 6r
X
#®
= 4
e |
=
LT L L]
0 27 51 86
FEl B2 AFRR (a)

2 AREIERERZH 1% AOA #1 AOB amoA ThHEE F ¥ NEL
Fig. 2 Abundances of ammonia-oxidizing archaca (AOA) and ammonia-oxidizing bacteria (AOB) amoA genes in soils with
different reclamation years
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B /T 0.77 ~ 13.35, KW Clade A ) amod PIfEFEH
5 Clade B 2L FAK ; AOA. AOB 5 Clade A
1) amoA D e 3L DAY LUIE A T 0.33 ~ 61.43,
AOA . AOB 5 Clade B 1) amoA TREFE I +5 DKL)
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Fig.3 Abundances of Comammox amoA genes in soils with different reclamation years

x 3 FREEAMEMRIFERELILE

Table 3 Abundance ratios of different ammonia oxidizing microbes

[l B 4E [ (a) AOA/AOB Clade A/Clade B AOA/Clade A AOB/Clade A AOA/Clade B AOB/Clade B
0 0.30+0.08 ¢ 1.81+023 ¢ 0.33+£0.03 ¢ 1.10£0.0l1c  0.60+0.05d 1.99+021¢
40 0.13+0.04d 0.77+0.06 d 8.02+091a  6143+645a 6.19+0.75¢c  47.40+3.25b
75 0.59+0.02 b 13.35+3.45a 6.41+0.5b 1095+1.15b  85.59+7.56a 146.18+18.55a
120 1.49+0.11a 488+0.57b 9.97+0.92a 6.70£0.75b  4870+4.98b  32.74+3.86b

26 FENMEVFEESHEENEROEXE

SR 0, 27, 51, 86 a Hyip iy +IEF{b 1 i 5
AR EY ST T AT, i 4 m L,
AOB amo A FFH ¥ N5 NH,". NOs” EIEME, H
5 NOy F B REKYF-; MM Clade A Fl Clade B ¥
5 NH,". NOy 2, H5 NH," #a#fiksl
FIKW o N 2R A MEYI(Clade A, Clade B)

FE N T IR A, T AOB n] BELEIG MR AR 72
AT EFEA . TOC, NO, 5 AOA . Clade
A. Clade B Z[HZHAHICH, M5 AOB RIFAX,
H TOC 5 AOB, Clade A, Clade B [HAHICYEIRFI B %
Ko 4 EEMMEDIN amod FEHFFE VIS pH
RIEHE, H'5 AOA MHIEE 3% . SO, . EC 5 AOB
FEEBFENMA, 5 Clade B KN BE IEAHK.

x4 SENMHMEVFEES IEERBELERAELE
Table 4 Correlation between abundance of ammonia-oxidizing microbes and soil physicochemical properties
NH," NOy NO, TOC TN pH S0> EC

AOA -0.322 0.543 -0.796 -0.070 —0.004 0.978" —0.651 —0.681

AOB 0.440 0.823" 0.147 0.907" -0.672 0.329 -0.923" -0.919"
Clade A —0.587" —0.346 —0.690 -0.931 0.581 0.364 0.387 0.399
Clade B -0.923" -0.979" -0.192 -0.795" 0.863" 0.923" 0.945" 0.918"

W o+ RN P<0.05 B EKE,
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RS AW R A X O A A, A
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BRSNS [ VT A Rl o o = W= W i e e A D
Comammox Clade A J5§ 22, J7 32 45 28 40 /K F +
FrL A5 3] Comammox Clade A F1 Clade B, H. Clade
A/Clade B HABEF 2 16 ~ 34, FHAHT 443 LA Clade
ANE, AL 3 ik, EIMRETE
TR A HH 3 TSI ) 1R 43 532 1 Comammox
FE{E T 10* gene copies/ng(LL DNA it), Hif
Comammox Clade A [ amod FEK 5 D%t Comam-
mox Clade B i} 2 ~ 3 ARG, BE/R T ik 26455
1 Comammox Clade A TEAGHILREF AT RE L1485
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WEAR, ARXSEFE, Bk n 15
AHT AOB AEKZH, AN rFE H 1AL
AOB i FAE A TAS b 7 o Bh SOk A5
R IR S0 it FH ZRURE i v 2 Ak A B B T R R T A
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R 58, BRIk A Y E TR B SR ) AU
e FErha] RE % EE AR

KERIIFFEEE R A, AOA . AOB X H A H
SRR, RO 2R BEARAIRE, AOA X8
Gl T AOB, Martens 5" E BLZEIGTEP Y AOA
AT D3 2ok e A LA AR AR T 10 nmol/L IRV
Wi TR R . SRR & B Comammox X424
MIZERIIRT AOA. AWF5EH, Comammox 7332 A
1 B(Comammox Clade A 5 Comammox Clade B)AY
amoA FERFE IS TOC, NH," HeEE B & il
K(F 4), HEWTEEA F R HAARELRIEH T, TOC,
ARG =DM ERAT A EAF T Comam-
mox A B0

i b prid, KYCH R R %] Comammox
amoA [, H'5 AOA Fl AOB Ht:[flA4: 17, A fEfF1E
X TR R R A 5 4 o AN EORE B THAA =35 X SR £k
B AAHRT TTHR, 7B — D B S RNA sk
HABEEKOE, b2 NI AL, k4l
FEATAL . AR A Ty R T A A AR, DT
AT DL AERR DAk S B X i A AR B BTk

4 #ie

DA AE 4 F ] B AR BR 06 F 398 rhoa 0 59
4 12 & E AL 41 1 (Comammox) amoA FE [, B
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