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Abstragt. Nltrogen nietabolism pathways mediated by microgrganismi§play an 1mpgdant role in maintaining the structure and functional stability of soil ecosystems. Clarifying
the relé;lionshipg Detween mi¢robial communities and nitrogen metabolism patﬁwayq can expand our understanding of nitrogen metabolism pathways at a microscopic level.
However, tlhe' horizontal gene transfer of microorganisms means that taxonomy-based methods cannot be easily applied. A growing number of studies have shown that functional
traits affect community construction and ecosystem functions. Using methods based on functional traits to study soil microbial communities can, therefore, better characterize
nitrogen metabolism pathways. Here, five typical forest soils in China, namely black soil (Harbin, Heilongjiang), dark-brown earth ( Changbaishan, Jilin), yellow-brown
earth( Wuhan, Hubei) , red earth( Fuzhou, Fujian), and humid-thermo ferralitic soil (Ledong, Hainan), were selected to study the traits of nitrogen metabolism pathways
using metagenomic technology combined with the trait-hased methods. The studied nitrogen metabolism pathways were ammonia assimilation, nitrate dissimilatory reduction,
nitrate assimilatory reduction, denitrification, nitrification, nitrogen fixation, and anaerobic ammonia oxidation. The results showed that bacteria dominated the metagenomic
library, accounting for 98. 02% of all the sequences. Across all domains, the most common pathway was ammonia assimilation. For example, an average of 2 830 ammonia
assimilation pathway genes were detected for every million annotated bacterial sequences. In comparison, nitrogen fixation and anaerobic ammonia oxidation were the least
detected pathways, accounting for 28. 3 and 10.7 per million sequences, respectively. Different microorganisms can participate in a same nitrogen metabolism pathway, and
the community structure of different soils was variable. The five typical forest soils in China show the same microbial nitrogen metabolism pathway traits; however, the
community structure of the microorganisms mediating these processes was found to vary.

Key words: forest soils; nitrogen metabolism pathways; microbial community structure; function traits; metagenome
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Table 1  Basic physical and chemical properties of the soil samples
- " R B g AL TIEEKE AR HER
- P /gkg™! /gkg ™! /gkg™! /gkg ™! /% /mg-kg ! /mg-kg ™!
RE(BERIL 6.30 +0. 50a 8.86+1.6la 1.21 £0. 15a 5.14£1.78a  44.50 £9.85a 20.01 £3.42b  5.41£2.19a 4.57+1.07a
WA BRI () 6.08 £0.60ab  3.69 +1.83h 1.09 £0. 32a 7.10 £2.37a  41.05+7.72a 39.82+14.87a 1.58 £1.00b 4.44 £2.20a
R (L) 6.14 £0.55ab  4.01 £1.77ab  0.61 £0.43b  2.12+0.14b  17.94+2.26b 21.45+4.01b  4.37 £2.65ab 1.39 0. 73b
LTHE(taRE) 5.05 +5.70¢ 3.14+1.76b  0.34£0.08bc  1.54+0.59b  21.32+£2.03b 30.15+3.29ab  2.01 £1.27ab 3.24 £1.58ab
LI R) 5.23+0.18bc  2.50+0.78b  0.13+0.09¢  0.78 £0.49b  33.03 £5.02a 32.08 +3.32ab  2.64 +1.32ab 1. 63 +0. 88b
D AFVNG 2 A4 2 k225 (P <0. 05)
1.4 S DNA SREUR 2 2E R 20 7 v — gy -
o . . o 3) AR o
% JHl FastDNA ©® SPIN Kit for Soil ( MP & FGAP & G LT
. . e o N &/
Biomedicals, LLC, USA ) i 5] &5 £ B 1+ 3 3 A 9 & /
DNA , HARSRAE ™M 2 BEUR) Gt B EA T X T $ | PEAEAEC) |

f1 5 DNA EAT R HHR . 1% BRBEI SR oL ki )
DNA 58 % P i3 & 43 )6 Ot B 3t NanoDrop 2000
(Thermo Fisher Scientific, 3% [# ) #:ll DNA ¥ . 5
) HE DR 2L 00V A 00 15 .2 4 I e
WP A B2 A A 53 kP £ HiSeq® 2000
System ( Illumina,% ) 58 8. 7 R 20 D ) i G 8
HECLAHL5E NGBI 1)/ SRA BCHREE 6 35 TR 7
1.5, Heimad | ¢ ) I,

2 B AT R 50T AL A 5T A
AR Seqprep 1 Sickle X5 AL B T
Foi | REBT L% 95 Y AR AL 3 9K

H:Jﬁ?}%(ﬁ: SOVPderiovo F MetaGene é%;'éljj(ﬂf‘{jﬁ }3\;—[%.«-”

1 T B2 S R DR T 845 31 4 52 30 £
B D) fe 1 i VE B LK 4h % ] BLASP
( BLASTVersion2. 2. 28 + , http://blast. ncbi. nlm.
nih. gov/Blast. cgi) ¥ FEF £ 5 NR 48 iE 47 LX)
( BLAST XIS %01 B 22 e-value 7 1E -05)
JF T NR R 26 0 1Y) 43 28 2405 D8R 2 4R 15 N
TEIREE P AR SR (A b 0T 7 14 R PR 2
SRR AR F B Origin 8. 6 fERUCHH
AR A HENTRIE ;. H SPSS 17. 0 TR R 5 2247
B (one-way ANOVA) ; F R 1E 5 AY ggplot2 112 il J&
K- BB DR T A AR 1] 5 AT D) BT N B B9
P RACHRRR S N RAR AR S AR AR I )7 kAT LA
BRI AR . DbE Ao Sk
£ 7 FAAGIIEAS  AlRAL | AEBRER [F) Al id i A
WAy FA RS TR L Ak id )t itk [
b SRR @ A AT A& 1%, 3 Corel DRAW
2019 2zl R LAz, ik 1 k.

2 ZEREHW

2.1 ZEREDR AR AL
W% 2 fiR , 2ot HiSeq il &0 7, B+ | K

A EI©) ?
AR BRI (14) |

NOs™
et i akn o, 5 i eney
34 7 T 0 e 1 I DR RIS i, 4 A 72 o e )
A . ansh Jfdh _l’cF00260"\ adh £h00261 . gdh _ k00262 f;gdi? L
k15371, gs_ﬁQ0264\ s k00265~ gs_k00266 . gs_k00284 il glnA‘i‘-.:_-_,.
AR 5 A IR (R T Bl HEEIE AT « napd, napB . napC
narG narHI\ arl . narJ . n{zri’\ narZ . nirB . nirD . nlr}A\ nrflCﬁ
nefDs BSTAARIR P i 72 F795 R A T RESE AT+ nark, AarC
nasA . nasB . nirA NR; SRy R LW A .
nirK , nirS . norB. norC., nosZ; HALIRAR BT B 1) U g B PR AT .
amoA_A ., amoB_A , amoB_B . amoC_A . amoC_B . haoh F nxrB;
[ BRI B A T RESE A« nifD | nirfH F1 nigfK; IR A2 AR
AR TS B DI RESE A « hesB Fl hasC 5 20 A SCRR[22 ]

1 ARG RARKEER

Nitrogen metabolism pathways considered in this study

Fig. 1

Frdg | BRI | MR LTI P R 1517
15, 14 Fi1 12 Gb MEHE R R4 T 243 08, PR AK
GO R I 8 i S AN R NS ) = ol X
95 609 856 . 106 343 106, 78 277 612, 102 388 778
F1116 190 398 %% clean reads. 7% 3L K 41 I 75 JL-F- i
T IR TR W, T R T
FEAHAE 97% LA I, 5B 45 S R % 1 4 4 T 0 5 Hb
S W S A MR 2K
2.2 FEAREHER D RE I R AT R

R T I R R R AR AL AR SR R Rk AR
114 35 DR 2 i At SRy AR A i R AR (1B 2)
YNERTE 5 FPARAR 2 AR AR rh# i 5) , L
FPONTE 72 FE P2 SO v s A, 5 T RS
98. 02%, HR ST T (1. 84% ) FIELE (0. 09% ) . 2 [l
PSR TR I W R AR, B A TR
YB3 ARG 22 830 T BERL N AL 2, [#]
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Table 2 Statistics of soil genomic DNA sequencing data
o JEy/GE € Tk A BE
DA =4 E A
AR AR B ITRIE by R IR by LAl %
B4 (B 96 936 994 14 540 549 100 95 609 856 14256 710 696 98.6
AR (5 ) 107 176 488 16 076 473 200 106 343 106 15 849 288 089 99.2
HEREHE (L) 85 141 604 12 771 240 600 78 277 612 11 600 536 033 91.9
LIHE(RE) 103 892 698 15 583 904 700 102 388 778 15261 179 858 98.6
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