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Abstract: [Objective] To reveal the dynamic changes of soil microbial community and
nutrient cycling process in the artificial grass squares dominated by pioneering plants such as
Leymus secalinus and Carex praeclara in the alpine sandy land. [Methods] Metagenomic
sequencing and qPCR were performed for the structure analysis, functional gene annotation,
and absolute abundance determination of soil microbial communities, which were combined
[Results] The artificial
establishment of grass squares increased the total nitrogen by 20%—-68%, available phosphorus
by 10%—-247%, and organic carbon by 19%-56% in sandy soils. Furthermore, it increased the

with soil physico-chemical factors for redundancy analysis.

bacterial and fungal abundance by 17%—-81% and 2%-95%, respectively. Specifically, it
increased the relative abundance of plant growth-promoting bacteria, such as Sphingomonas,
Bradyrhizobium, Nitrospira, Solirubrobacter, and Nocardioides. Furthermore, the artificial
establishment of grass squares enriched the amoCAB gene cluster and the nxrAB gene cluster
associated with ammonia oxidation and nitrite oxidation in the nitrogen cycle. In addition, a
genetic signature for complete ammonia oxidation was identified. [Conclusion] The artificial
establishment of grass squares increases the content of soil nutrients and microbial abundance
and promotes the nutrient cycling in alpine sandy areas. Moderate grazing can increase the
diffusivity of nitrogen sinks and promote the colonization of native pioneer plants in the sandy
ecosystem. The findings provide theoretical references for future restoration of sandy
ecosystems in similar high-altitude areas.

Keywords: Qinghai-Xizang Plateau; alpine sands; qPCR; soil microorganisms; nitrogen cycling
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Bare sand land (BS

All-vegetated sandy land (AS)
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Semi-vegetated sandy land (SS)

Grassland (GL)

Overview of sampling sites in the Zoige alpine sands.

DNA Jiiir, #AJ5 M Qubit 2.0 (ThermoFisher
Scientific™/\ F])X} DNA K i & o KiAG I A4
) DNA F itk b st AR AR EL R R A FRA 7
PEAT SO A A 5 BN LI P o 4% 1] Next
Ultra I1 DNA Library Prep Kit for Illumina (New
England BioLabs 2\ ml) iR &0, 7ER RN
ol ARG G, @Y SO S ORIE SO
Jiite, SCREEES S A Qubit 2.0 A H) 6 i T
B ER B R 2 ng/ul, §iF Agilent 2100 XJ3C
4 A B AT R, FF S U A qPCR
T3 10 SO B AT R0k B R AT HE R RE R (A 00K
>3 nmol/L), CJEFE#5)5, A Illumina
NovaSeq PE150 & #EA 1l .
1.5 HERESERFBARAR

i fastp (https:/github.com/OpenGene/fastp,
v0.20.0){ "I 5 B FE 91 M4 T353R0t 5 )
SRR, AR T A SRS ] MEGAHITR)
(https://git hub.com/voutcn/megahit, v1.1.2)%f 1)
AP S HEA T PR 2 2 AR AR kmer [R] Y B OC R,
¥ % De-Brujin graph, 35 contigs, ik 500 bp
VL1 contigs T80T I T IR 2407



{3 s 5% | AR, 2024, 64(6)

2075

i Fl Prodigal ™' X} PF 32 45 B A contigs
(>500 bp)IE4TFF R FEHE (open reading frame,
ORF)fiill . #RJ5RH CD-HIT #{FEfTI04
Jai , VU T 5 R R P SR A R U4
KR ] bowtie2 R4 A FE AR ) clean
reads 5IETUR I LESETT BLAST HXT(95%
identity), T1EEHEEPIFEXT AR AR
1.6 IFHS XSS NEEERE

ETCA AR A Diamond™®! (v0.8.35)5 (1
FranTE . B, AAER AT S] EAY unigenes
5 NR %48 % (version 2021.11)iE4 7 BLAST #41 Et.
XTCASE(E 1E-S), WIRhEReE, (YRR Y
FEH F B B A R . BRI
LIPS 595 KEGG. egegNOG Hl CAZy %idi
JE#EFT BLAST HoX), s r3E R oReiERe.

1.7 qPCR EEMGIT5

ffi /I Omega E.ZN.A. Stool DNA Kit
(Omega Bio-Tek 2\ vl )& B 1 1 5 X 20 45 il
DNA. FXH31¥1% 515F (5'-GTGCCAGCMGCC
GCGGTAA-3")fl 802R (5-TACNVGGGTATCTA
ATCC-3"), ITSIF (5-GCATCGATGAAGAACGC
AGC-3")HI ITSIR (5'-TCCTCCGCTTATTGATAT
GC-3") R i TR bR &, ) O 0 B 1) SOk p
HEM AR B H AR SN 95 D8R |, H B AR A
O CrEMdbrmiiigk . t— XA
YT 16S rRNA SN - Be FIELTA ITS B %
DUEGIEAT PCR SE 1431, qPCR 34 ] 2xTaq
SYBR Green qPCR Mix (Innovagene 2\ 7] ik 7,
F AR ZR (20 uL): 2xTagq SYBR Green gPCR Mix
10 uL, b S 129U FE 0.4 umol/L)4% 0.8 pL,
Rox 0.4 uL, ddH,0 7.0 uL, #ifix DNA 1 pL, /<
WA . 7E QuantStudio3 {¥ #% (ThermoFisher
Scientific 22 H]) 4 94 °CHii#k 2 min;94 °C 15 s,
60 °C45s, 72°C 155, HE4T 40 MEFR,

B HTR A SPSS 22.0 #4H A9 Duncan
oy kA T 25 Sk 43 Ao @3 Origin 2019 F

GraphPad Prism 9.0 FC{FXF 504 VB4 T 4011 FAE
Ko BT R O3B S A0 LA e ik 4
5 3 85 R 3E 47 90 4 43 BT (redundancy
analysis, RDA).

2 ZERE54

21 TEBUEFEENRRA

T B S AR AN 2 s, AS[F AR
PREH [A] -3 5700 O AR B 25 5, N T
B AR RO VD M D, B R G A R B A
i, LRSS R R BT a2 A(TN).,
HALHE(AP) . BT (AK) . A ML (SOC)RY
O 1 P B A AT R 8 R R R i R B b
B AS 2H>SS 41>BS 41. +3 pH FiE BB E
FREE (RGN BT Rk, R BIAE RS B X0 1
RT3 5 1E F o GL ZHAH E, BS.
SS Fl AS 114 %(TN) . & (TP)H1 L34 MLk
(SOOI FH B EMT GL 4, GL 4Ayssik
(AP), HZCEI(AK)FI pH fIkT BS 4. SS ZHAl
AS 4. Vi EE5 R RG0S5 5
1 pH (HA 2352 .
22 TEMEVAERANFER

T B DR 2H D e 88 2R A 952 020 230 735

fi reads, “EIIREANFEARZN 79 335019 ). &t

BARPE S, B IEA A T OREY 78 242 259 iy
clean reads. A MEGAHIT #4740 7 4 HF4%
A%, BS. SS. AS Ml GL A[RIAbERL H 3 4
AW T G REAE 4 A 194 363+81 686 .
270 604+64 191, 254 282+83 241 1428 690+
54 169 4> contigs, X315 contigs #1T ORF
O I AT R IUARE R AE U R IEH 4, &
bowtie2 B4 5FEAR Y clean reads XI5, ik
15 2 622 735 PEFBEH (unique_gene). AN [RIFE
A 8] i 3 LB H 7 702 837—1 105 584 Z[H] .

http://journals.im.ac.cn/actamicrocn



2076 HE Ruipeng et al. | Acta Microbiologica Sinica, 2024, 64(6)

A B C D
1400 r 5 20
1200 t a L I
1000 f = 4 s
- — 800 - b I -
& B 4007 b b 53 % i
) 2 300 = £ 10
- S L M =3 -
2 = 200 = & s
100 f ! i
0 0 0
BS SS AS GL BS SS AS GL BS SS AS GL
E G
gg‘ a 10
60 I gk A B B g
= 550 =
ell] ch
=~ 40— -
2 & 37 b z 4
= . ::.4_
o
< 2
1 2k
0 0 -
BS SS AS GL BS SS AS GL BS SS AS GL

B2 TREERETREBEUETFEEER

Figure 2 Differences in soil physicochemical factors among different sites. A: Total nitrogen (TN) content. B:
Total phosphorus (TP) content. C: Total potassium (TK) content. D: Instant phosphorus (AP) content. E: Instant
potassium (AK) content. F: Soil organic carbon (SOC) content. G: pH value (pH). BS: Bare sand land; SS:
Semi-vegetated sand land; AS: All-vegetated sand land; GL: Grassland. Data are shown as the mean of three
replicates, with error bars representing the standard error of the mean might, different letters represent
significant differences (P<0.05).
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Figure 3 Differential analysis of copy number between soil bacterial and fungal among different treatment
groups. A: 16S rRNA target gene copy number standard curve. B: Soil bacterial 16S rRNA gene copy number
differences among different treatment groups. C: ITS target gene copy number standard curve. D: Soil fungal
ITS gene copy number differences among different treatment groups. BS: Bare sand land; SS: Semi-vegetated
sand land; AS: All-vegetated sand land; GL: Grassland. Data are shown as the mean of three replicates, with
error bars representing the standard error of the mean might, different letters represent significant differences

(P<0.05).
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Figure 4 Map of soil microbial community composition annotated with metagenomic data. A: Map of
community composition at the level of bacterial phylum. B: Map of community composition at the level of
bacterial genera. C: Map of community composition at the level of fungal phylum. BS: Bare sand land; SS:
Semi-vegetated sand land; AS: All-vegetated sand land; GL: Grassland.
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Figure 5 Differential analysis of relative abundance of soil microorganisms at different taxonomic levels. A:
Differential analysis of relative abundance at the level of bacterial phylum. B: Differential analysis of relative
abundance at the level of bacterial genera. C: Differential analysis of relative abundance at the level of fungal
phylum. BS: Bare sand land; SS: Semi-vegetated sand land; AS: All-vegetated sand land; GL: Grassland. Data
are shown as the mean of three replicates, with error bars representing the standard error of the mean might,

different letters represent significant differences (P<0.05).
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Figure 6 KEGG tertiary functional pathway analysis of soil microbial metagenomic among different treatment
groups. BS: Bare sand land; SS: Semi-vegetated sand land; AS: All-vegetated sand land; GL: Grassland.
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Figure 7 Correlation analysis of bacteria with soil physicochemical factors and metagenomic carbon, nitrogen
and phosphorus related elemental cycling gene analysis. A: Correlation analysis between the level of bacterial
phylum and soil physicochemical factors. TN: Total nitrogen content; TP: Total phosphorus content; TK: Total
potassium content; AP: Instant phosphorus content; AK: Instant potassium content; SOC: Soil organic carbon
content; pH: pH value. B: Correlation analysis between the level of bacterial genera and soil physicochemical
factors. C: Heat map of functional genes for carbon cycling. D: Heat map of functional genes for nitrogen
cycling. E: Heat map of functional genes for phosphorus cycling. BS: Bare sand land; SS: Semi-vegetated sand

land; AS: All-vegetated sand land; GL: Grassland.
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Figure 8 RDA redundancy analysis between bacteria and soil physicochemical factors. BS: Bare sand land;
SS: Semi-vegetated sand land; AS: All-vegetated sand land; GL: Grassland.
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