5550 % 455 + o W) Vol. 59, No.5
2022 4F 9 ACTA PEDOLOGICA SINICA Sep., 2022

DOI: 10.11766/trxb202110220381

KRR, XVRAS, XUBRT, BUEA, 2ok, &80, XImerk, Toufe. B4 DR I 0 S U PR OC S R o A W ik A = B2 B4 23 A R E (D).
Besrdle, 2022, 59 (5): 1258-1269.

ZHANG Miao, LIU Junjie, LIU Zhuxiu, GU Haidong, LI Lujun, JIN Jian, LIU Xiaobing, WANG Guanghua. Distribution Characteristics of

Microbial Gene Abundance in Key Processes of Soil Nitrogen Cycling in Black Soil Zone [J]. Acta Pedologica Sinica, 2022, 59( 5 ): 1258-1269.

RIXREIBERBEIREIENEVEREERNS N
FFE

KoOmU ARAT, AKE, BB, FREV & 4
x gk, A

(1. PERABEARICBEL S R AT, BRI AT S SE, /AR 1500815 2. PREFRABEE, JLat 100049 )

8 E: BRI R AR AR E RSN E SR A A ST L 2 R Y], BT, U DECE T AR
RERRAIFTEIRE T D RE I R S [l AR A RRAE , B O T RUBER Jt%ﬁkﬁwzi%ﬁﬁ SEAEAIRRER T o AHIFTE R FH SEI 2R
it PCR R, X ZRJER AR H H S AR PR G R Y 181 280 2SN S T PR ) B 5 PR = AR R S0 398 PR Frg e 7
PP T o SRR, FEfK pH (4.5~5.0) b, Klﬁlfﬁfﬁ%%ﬁﬁaﬁi@ﬁ%ﬁ?ﬁm pH HIEREAS . R R G + 45
nifH R = 3 TR TR IR (2351 T 60%H1 83% ). AL H (AOA ) amod RN i & TR A
Y (AOB) amod FEHFEE, AOA amod 5 AOB amoA FEFFEFERIHAE R 3.1 £ 91.0. ZIEHIIREIEHFE 5 1 pH Al
FHEARR (TC) ZIMAF/ERERNIEMAHCR (P < 0.01), IEEERZAERESHT (NMDS ) 4558 R F 2R + X AEH
FEPIH ) NMDS1 5 T3 pH A TC W& 1EAHC . 7 22 53 i o BT ABEHLARAR M4 45 5% 7R 1233 pH A1 TC JEAUE PR A 5
PRl = i s (] 43 A 1) fe R BEBR Bl A o AN S R BBR T H A 40, iﬂﬁﬁ!ﬁ%xﬂ?ﬂﬂiﬁéfhﬁﬁﬂ A R W o At e A
M, AR EIERUEY S S R BAE S RGN A )R A A PR e SR B A
FEEEE: AIEIR; THAREILIN; HLPEAME; SCHFPEOLE R PCR
FE4SZES: S15436 X172 X EEREE: A

Distribution Characteristics of Microbial Gene Abundance in Key Processes of
Soil Nitrogen Cycling in Black Soil Zone

ZHANG Miao" ?, LIU Junjie'’, LIU Zhuxiu" 2, GU Haidong', LI Lujun" 2, JIN Jian', LIU Xiaobing', WANG
Guanghua'
(1. Key Laboratory of Mollisols Agroecology, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Harbin

v [ R B SR ATV R TR SR 0 B 1 FIAAIHTITE (ZDBS-LY-DQCO17). i Bk B w1 55 FARHE LI ( XDA28020201)
FEZEALB 4T EWH (41671251 ) %8BI Supported by the Key Research Program of Frontier Sciences, CAS ( No.
ZDBS-LY-DQCO017 ), Strategic Priority Research Program of Chinese Academy of Sciences ( No. XDA28020201 ), and the National Natural
Science Foundation of China ( No. 41671251 )

+ M IRAE#H Corresponding author, E-mail: liujunjie@iga ac.cn
EHRIA: % & (1995—), 2, iLTILMA, WA, FENFHEHMAEYAE¥5 . E-mail: zhangmiao@iga.ac.cn
Wi BB 2021-10-22; Y FIfE kR EI,H)%: 2022-03-25; M4 E K H) (www.cnkinet): 2022-04-24

http://pedologica.issas.ac.cn



54 gk RRE: R DA A SRR P S b o A ol A 0 TR = 2 1) 3 A A 1259
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Abstract:  Objective Surveys of spatial distribution patterns of microbial community diversity and composition and the factors
driving such patterns is indispensable to understand the biological diversity and maintain mechanism. Recently, the researches on
soil microbial distribution patterns and their driving force going very rapidly, many research pointed out that microbial
communities were geographically distributed and the hypothesis of the microbial random distribution pattern has been ruled out.
Although the spatial distribution characteristics of the functional genes basing on the individual nitrogen cycling community have
been investigated, the coupling analysis of microbial distribution patterns involved in the nitrogen cycling on the entire process
especially on spatial scale is relatively rare. In this study, authors investigated the correlation analysis on the abundance
characteristics of functional genes in the key processes of soil nitrogen cycle including nitrogen fixation, ammonia oxidation and
denitrification, to reveal the similarities and differences of microbial abundance in different nitrogen cycling processes in the
black soil zone of Northeast China, and to clarify which soil factors is important regulating the distribution of community
numbers. Method In this study, 26 soil samples were collected with different soil carbon contents basing on the database of
China Black Soil Ecology. The soil sampling regions was across the black soil zone in northeast China from Changtu(42°50'N,
124°07'E)in Liaoning Province to Nenjiang(49°07'N, 125°13'E)in Heilongjiang Province(intervals of 25 to 741 km). Soil edaphic
factors, including soil pH, total carbon(TC), total nitrogen(TN), total phosphorus(TP), available phosphorus(AP), available
potassium(AK), nitrate nitrogen(NO; -N), and ammonium nitrogen(NH,4 -N), were measured by standard soil testing procedures.
Quantitative real-time PCR technology was used to determine functional gene abundance involved in the key processes of
nitrogen cycle, including nitrogen fixation(nifH), ammonia oxidation with ammonia-oxidizing archaea(AOA)amoAd and
ammonia-oxidizing bacteria(AOB)amoA and denitrification(nirS, nirK and nosZ). Result The soil pH ranged from 4.56 to 6.57,
and soil TC ranged from 11.77 g-kg™ to 53.53 g-kg™'. Soil TC content was significantly correlated with latitude(P < 0.001), but
was not soil pH(P = 0.985). The abundances of different nitrogen cycling genes are significantly lower in low soil pH(4.5~
5.0)than other soil sampling sites. The abundance of nifH genes in soybean-planting soils is significantly higher than that of soil
samples planted with maize(above 5%~19%)in the adjacent soil sample sites. The abundance of AOA amoA is significantly
higher than that of AOB amoA4, and the abundance ratio of AOA amoA to AOB amoA ranges from 3.1 to 91.0. The abundance of
nitrogen cycling functional genes is positively correlated with soil pH and TC(P < 0.01). The non-metric multidimensional
scaling analysis(NMDS)showed that the NMDS1, which mainly represents nitrogen cycling gene composition in black soil zone,
was significantly positively correlated with soil pH and TC. The variance partitioning analysis revealed that the distribution of
nitrogen cycling genes was mainly dependent on soil pH, TC, latitude, TP and TN, among which contribution of soil pH and TC is
the highest, and accounts for 6.69% and 4.38%, respectively. The random forest analysis reconfirmed that soil pH and TC were
the main driving factors shaping the spatial distribution patterns in nitrogen cycling microbial gene abundance. =~ Conclusion
This study reveals that in addition to soil pH and TC contents, spatial distance also has an important impacts on the distribution of
microorganisms in key processes of soil nitrogen cycling in black soil zone, which provides scientific basis for understanding the
biogeochemical cycling process mediated by soil microbe in farmland ecosystems.

Key words: Nitrogen cycle; Functional gene; Geographic distribution; Quantitative real-time PCR
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Fig. 1 Sampling map of sites for research on the distribution of soil
nitrogen cycling genes in farmland in the black soil zone of Northeast
China
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Table 1 Geographical information of soil samples and soil physical and chemical properties
lB7ESL ER3 2R 0 AU AT BAE HEEST A
Planting pH Total C/ Total N/ Total P/ Available P/ Available K/ NH,-N/ NO; -N/
Sample Latitude and longitude
crop type (gkg') (gkg') (gkg') (mgkg') (mgkg') (mgkg') (mgkg')
Bl 1 42°50 N,124°07 E  EK 568 14.04 1.17 0.90 52.00 106.91 10.24 12.16
Bl 2 43°05 N,124°20 E  EK 546 1458 1.02 0.63 18.50 97.24 8.87 6.71
BB 43°20 N,124°28 E  EXK 602 11.77 0.99 0.65 17.00 90.62 8.98 11.66
ANFEW 43°26 N,124°%43 B EXK 550 14.40 1.12 0.90 31.50 110.48 9.70 8.67
K& 43°37 N,125°34 E  FK 495 1559 1.26 1.45 48.00 114.04 9.25 8.11
fEHEL1 44°12 N,125°33 E  FK 479 1745 1.44 0.74 40.50 110.48 9.74 13.07
fEHE 2 44°31 N,125°45 E  EK 456 1426 1.30 0.80 28.00 81.46 10.77 28.47
it 44°53 N,126°14 E  EX 527 2003 1.74 0.81 18.50 127.79 8.75 9.01
A 45°06 N,126°11 E £k 578  19.97 2.03 0.86 16.00 106.91 9.68 7.48
X, 4523 N,12622 B EX 653 17.02 1.68 0.98 29.50 106.40 9.33 8.55
MyRIE 45°41 N,126°38 E K& 657  26.36 1.69 1.40 66.50 159.86 9.61 7.53
M2 46°06 N,127°02 B EX 518  19.76 1.42 0.75 17.00 96.73 10.03 9.38
HE  46°23 N,127°11 E  E£XK 587 2641 1.90 1.14 50.00 169.53 11.89 18.43
24k 46°41 N,126°58 E  EK 518 1891 1.41 0.83 28.00 114.55 10.97 10.18
2k 47°13 N,127°07 E  E£XK 519  27.07 1.90 0.68 38.00 97.75 13.33 9.60
We 47°27 N,126°55 E EXK 542 29.97 2.12 1.15 25.00 106.91 10.84 6.45
FESR 47°35 N,126°07 E EXK 498 23.41 1.95 0.85 42.50 130.33 34.54 70.97
TR 48°09 N,126°13 B KE 541 32.03 2.45 1.08 31.50 102.33 9.73 20.50
b4 48°09 N,126°43 E KX 6.10 53.53 4.25 1.50 36.00 151.71 13.01 16.85
HKE
" 48°28 N,126°15 E  KE 543 29.92 2.36 1.14 27.00 96.73 10.89 12.57
HKE
48°52 N,126°08 E KE 539 3676 3.06 1.33 22.00 125.75 11.12 14.06
i 2
W 1 48°41 N,124°59 E  EK 535 2478 1.93 0.93 27.50 78.91 10.35 9.94
T 2 48°23 N, 124°55 E K& 597 23.68 1.84 0.87 25.00 115.06 9.80 10.60
T 1 49°08 N,125°37 E  FK 553 3171 2.50 1.30 42.50 103.86 9.91 13.11
T 2 49°26 N,125°26 E  /hNE 517 3723 2.96 1.23 24.50 132.37 11.74 11.00
BT 3 49°07 N,125°13 E K& 532 20.63 1.64 0.96 42.00 122.19 10.00 9.46

1.3 11 DNA HIREX

0.5 g ¥4+ 4ERESL, FIH Fast DNA® Spin Kit
For Soil ( MP Biomedicals, USA ), #2038} + 5
A=) 5. DNA #4742 HL 20U 1) DNA W75 TE
ZZ i (10 mmol-L™" Tris-HC1, 1 mmol-L™' EDTA,

pH =
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amod ). JXASALARE (nirS, nirK F1 nosZ) W) 6 4~
EEFE Y ESE . qPCR W FE Light Cycler® 480
thermocycler ( Roche Applied Science ) V& F#47,
BN AR 5 1 ) W3R 20 ROWAR R AL 20 pL,
£34% SYBR®™ Premix Ex Taq( TaKaRa, Dalian, China )
10 pL, IEAA G445 1 pl (10 pmol- L), +
HERES DNA 1 uL (10 ng-uL™" ). 1% BSA ( TaKaRa,
Dalian, China) 0.2 pL ( By k855 T ) FK e
2B 7K 6.8 uL. bRt CAl A HFs A R
Bt H ¥ DUECE AR UKL DNA 28 10 1586 B 7 B 1 AL,
BAPRERE ST IR E R L BRI a0 F
K HIFHRL A5 19 (3 2) XA F P Re KL K 24T PCR
P14, PCR ¥ iy B 0y 55 el i ml e o) &
( TaKaRa, Dalian, China) #E17[FIk4ifl. SR 54

alifb 5 1) B 0 SE R 2 8 ok gk ik (pMD18-T ) I,
I FAZRBAZAYM T, S0 A BERE, Pk HPE
EREFE R R SR 24 h, WA WMWK BREKEN
( Shenzhen, China ) #4774 5 LA £ B0k H 4
AR BRIy B3P, HA TR Ok 3 G &
( TaKaRa, Dalian, China) $£HUfiki DNA, /)5,

JH Qubit fluorometer ( Invitrogen, USA ) 5% ks
BE, IERTOREE DB JRORPS DS (copies-ul ') =
6.02 x 10% x JFki DNA [ (ng-ul™) x 107/
[ CEARFIK E+H B FEFFE I E ) x 660]. M4
PR A A R (RP=0.9930 ~ 0.999 4), i
i Ct ( Threshold cycle ) A5 41 i AH B
FE A DU, AW AP RERE K qPCR 194~
FERORTE 98%~103%:Z [], TS ik ith 2k 45 4 B —

®2 RMEATNEEERLFHEEE PCRIIMR RN FH

Table 2 Quantitative real-time PCR primers and reaction conditions for nitrogen cycle functional genes

AL 519 1y (5'-3") SR AAF 275 3k
Functional genes Primers Primer sequence ( 5'-3") Reaction conditions Reference
nifH nifH-F AAAGGYGGWATCGGYAARTCCACCAC 95%C, 30s; 95°C, 5s, 60°C, 30s
nifH-R TTGTTSGCSGCRTACATSGCCATCAT (35%x) 5 50°C, 30s 1
Arch-amoA Arch-amoAF STAATGGTCTGGCTTAGACG 95°C, lmin; 95°C, 10s, 53°C,
Arch-amoAR GCGGCCATCCATCTGTATGT 30s (30x) ; 72°C, lmin el
amoA amoA-1F GGGGTTTCTACTGGT GGT 95°C, lmin; 95°C, 10s, 55°C,
amoA-2R CCCCTCKGSAAAGCCTTCTTC 30s (30x) ; 72°C, lmin 1
nirS Cd3aF GTSAACGTSAAGGARACSGG 95°C, 30s; 95°C, 5s, 60°C, 30s
R3cdR GASTTCGGRTGSGTCTTGA (35%x) ; 50°C, 30s 201
nirK FlaCu ATCATGGTSCTGCCGCG 95°C, 30s; 95°C, 5s, 60°C, 30s
R3Cu GCCTCGATCAGRTTGTGGTT (35%x) ; 50°C, 30s 21
nosZ nosZ F CGCTGTTCITCGACAGYCAG 95°C, 30s; 95°C, 5s, 60°C, 30s
nosZ R ATGTGCAKIGCRTGGCAGAA (35%x) ; 50°C, 30s 22

1.5 Sitsatn

FIHI SPSS 16.0 #fF, 2T Duncan ZH HHL
XPANTG] 58 pH 21 18] U006 P A 1 D) g e R 1) 3
PEATHRR R T 2200 R R (v.3.3.1) B, adsd
“ggplot2” MUAHSCHESMHT, 5 13E pH I TC & &
SR EY D RE RN TR Z R AHC R R, B
T Bray-Curtis g5 317 9E B & 2 48 ROE 0 i
( Non-metric Multidimensional Scaling, NMDS ),

NMDS 4 ZAEFFEE N 73 A1 56 22 5 4% pH Al TC 247
BH S0, LASE AT ZUE P00 AE ) 5 D] B 2 R 3
BHFEMER, 1A, H R MR “vegan” H
“randomForest” 43 3| #E4T Mantel test 73471, 25
f#43F71 ( Variance Partitioning Analysis, VPA ) LI &
FEHLAE AR HT ( Random Forest, RF), DAIMHIZIL
P8 DXCEE A OC B o AR R A W 23 R G A A Jmy 1 3 2
T+ KB A
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F 6.04x10° (b4 ); RAHALGAY) nirk HHF5E
9 2.51x10° (f8H]) %= 1.38x10° (b4 ). nirS FH
FE R 3.02x10°( fEE ) 2 2.97x10°( L% ), 1 nosZ
B FRE R 7.18x10° (fEE) = 4.70x107 (L% );
ALY AOA amod KEDHFJEJy 2.51x10% {5 )
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7. JH Duncan 431 (n=4), E—®EFEAMHE pH ZBEAFRFHERZEREE (P<0.05), Note: By Duncan method ( n=4),
different letters between different pH values of the same gene indicate significance level at P < 0.05.

F 2 M4 XARFEZA

(I ER LIy REHE PR = B2 4 IR - 398 pHL 234 19 53 A1 RFAIE

Fig. 2 Abundance of different nitrogen cycling functional genes, and in soils separated according to pH categories in the black soil zone

22 FERBEAIEREMFESHEETFEN
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PR S SoR e T Y/ RS R e SRR TPS
ﬁéﬂ‘ﬁ nA R, AORAF RGN 6 2R,

% AOB amod 5 TC WA MK (R*=0.029, P=
0.14), B R nirS | nirk Fl nosZ FEH , [E % nifH
LA F AOA amod SEA 45 13 pH Fll TC & 17 1 2%
IEAZE (P<0.001) (& 3), BkAh, B3 pH F1 TC
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Ab, AR T EERE R RIS 5 A R A TN & 55 A
FRFMIE, W nifH. AOA amoA F nosZ 3&H 545
FERRRE B TFAE (P<0.001) , nifH. AOA amod .

nirS Ml nosZ IL 43515 TN Fl TP & & i 2 IEAH K P
< 0.001) , 1l AOB amod 3EHFREEN 5 AK. AP,
NH,"-N Il NO;-N & B B ZF EAHL (P <0.001) .
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Fig. 3 The relationship between soil pH( a ) and soil TC( b )and the abundance of the functional genes in different nitrogen cycling of black soil
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3 EIXEARAWMEYVERFEE AR SIFERTF B Mantel test 47

Table 3 Mantel test analysis between the microbial gene composition involved in nitrogen cycling and environmental factors in the black soil

zone

i B0 EA e TR AR BASE MAAR S REL

Latitude oft Total C Total N Total P Available P Available K NH,"-N NO; -N C/N
r 0.135" 0.301" 0.534" 0.493" 0.282" -0.113 0.151 0.039 0.116  -0.122
P 0.049 0.022 0.001 0.001 0.014 0.859 0.150 0.239 0.170 0.820

E: "FARBEMRRE (P<0.05). Note:
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Fig. 5 Variance partitioning analysis ( a ) and random forest analysis ( b ) between the microbial gene composition involved in nitrogen cycling

and environmental factors in the black soil zone
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