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Relationship of soil bacterial community composition from different
ecosystems on Qinghai-Tibet Plateau with environment factors
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Abstract : To evaluate the distribution and the environmental dependence of soil microbes in arid land, we stud-
ied the composition and diversily of microbial communities in soils from different ecosystems on Qinghai-Tibet Plateau
along with relevant environmental factors. The composition and diversity of Qinghai-Tibel Plaleau soil bacteria were
investigated by the high-throughput sequencing. Totally, 1 463 157 partial 16S rRNA gene sequences were obtained.
These sequences revealed great amount of operational taxonomic units ( OTUs) , that is, 4 344 ~5 764 OTUs in soil
samples. There were mainly Proteobacteria(35.5%) , Actinobacteria(20.4%) , Acidobacteria(12.5%) , Bacteroidetes
(7.3%) , Chloroflexi(6.1%) , and Firmicutes(5.3% ), which had the largest number of Proteobacteria. And Alpha-
proteobacteria with 45.9% of all OTUs was the most abundant class of Proteobacteria, followed by Gammaproteobacte-
ria and Betaproteobacteria of this phylum. Pearson correlation and redundancy analysis revealed that soil moisture, to-
tal organic carbon, and soil potassium content had significant effect on soil bacterial community distribution.

Keywords: bacterial community; high-throughput sequencing; microorganism-environment relationships

Qinghai-Tibet Plateau

K #s B #A:2017-05-13 &= B #3.:2018-05-14

E& WA F A FHOTRITE RIS (2015-2]-705) ; i R 2F P AERMIFE 4T H (2015-QNY-2)

EB BT 25 (1978-) , B IR AN LB SR AL B 5 05 o] Rl A AE B2 0 R . E-mail : liangcheng1979@ 163.com

BIEEE HBH = (1965-) , %, MR ITE A B A 0, 2N FLRG HERE R M ARSI T 5E . E-mail: guogingyungh@
163.com



551

B SRS TS B AN () A 8 AN R P SR R AR S S PR Y AR 19

21 2RISR, i TR AR SR B R BR . A 4R
BERAAN AT P2 FE A LA B TR I I 36 ol ) A ) 22
YRR 5%, {8 75 oA 0 22 0 1 19 0F 0 A 36 58 i
M AR IR FRT R IR T & s o i R
ZAEME LR ) A6 O T R A RO B MR IR
I, IR P 2R IR AR S R G A
RPN W R BEEMEN T PR L EAME
WZRENERIBESE , AN LBE T % R IR P A4 25 ik
AR A, i T LABI HAE £ 57 73

AR IR
T e DA T I 1 R K TN AR R e

O ANUOR BT AR B Y e € B R R AR S R
58, A VDB AR e 2 R ARARE AL B A AR AR TS
RYGE, XSERRIR A R 20 S W A
B, ST T SR AR W R B R, S T, ISR AR
O A 7 R S — R LA R 1 T W 2
MRS ok &, JLRF5 1) R AR T T R Uk
JL| RN/ RN K R 1 ME R 378
A= Z2 R B S A R PR (R AR LG R
VTR A W) 22 FE VA (0 T 53 388 ¥ o £ S 1 1%
FRITUE , K 3 1 03 1 AR W) BORBE7Z  fin DNA
TR LL I TE o3 1A 28 ve B SCPE N e | ey de i
( Pyroseqencing ) | £ 22 [7] 13 & #£ ] ( Stable isotope
probing, SIP) F& KIS A (Gene chip) LA K s 4 27
(Transcriptomics ) S8 AR o FI 3% 2655 34 () 43+ 4F
YA HOR R = 1 U ZAE AT SR
TEASBIFTE Fr 26 WO 7 o Ji 7 T 3 XA [ A
AV TG, 2R Tlumina Miseq 38 & U ¥
T3 AR o3 W M A0 TR T B RN 20 A 1 Y L Ak

0 SRR A A 5 SR A S A AT
A, P D B BR 58 TR 1 X 4 B A ) 22 R PR Y
S A A HERRE AR

1 MRS TRE

RS LT
AF 5% XS AE T 7 7 e S AR G T T M AL () K
fili Pk TR T 5 A, gz, H IR SR AG, R
Tl A B v R N B B i R, AR SR S i
{H 75 585.8~753.1 kJ + em™ | & Z= R I LN
10~40 cm,>10°C (IAERIEM 1 100~2 901.1°C , £4F
H H8 2 300~3 600 h,4F75 % #>2 000 mm,
1.2 HiigESHIERE

2015 4F 8 HAE 5 P[RR AL Y 4 498 7041 X S8k
FERE A LRGP M XD ) SR £ RaE AL
PEH R ST Y RN AEA G S A Ml L kb e 41X
SR IIE AL B L AR B L R L ye] FE] i TR 5
AHiLE, I = DX AR I AT FE G T 2 A M, 2R
5 DX PR T 2 G T R P VR 3 A A, K
T XIS A FIRTRT 3 S HbaS ., FERA S0
Hi SRR R R MR, 2 18 NFEHE , BAFE Ly
P E 310 emx10 em FEA M EE  BAE A PR
2910 m; K LI FEAETE S I TR
JTMHER 4.5 em WAEFRERZ 15 eom WEN L
HIRETEZ1 000 g 4353 A A BEHtRiC, I/ 17
T 4Cvka, 7 LK w AR5 L 2 mm B0 7, BE
ARAEE 2 03 1 Y BT 4°C VKA TIN5 A e AG FRAL
PERT, 73 1 B T =70°C AR KA T 1-3% DNA 2
RIZHERE, TSR R 1,

1.1

1 HARARXRETEEMIFERFEHRL
Table 1  Environmental variables in soil samples in the study area

o %}x‘ i%‘%k% H (f el mﬁ&é‘i MA P K Hoa B

Plot Elevation Soil moisture 1 values Total organic Total N Slgke) /(g ke ) Salt C:N

/m /% P carbon/ (g - kg™') (g - kg™) g% g° %8 /(g kg™h)

HEI Qunjia( Q) 3049 46.97 8.43 7.81 0.09 0.18 2.52 1.1 89.8

4 B4 & Halihatu( HLHT) 3499 31.05 7.55 1.49 0.14 0.59 2.24 55 10.52
{837 Daotanghe( DTH) 3396 34.91 8.02 7.52 0.09 0.16 2.62 44 8171
Hi#1 Lajishan(LJS) 3802 37.45 8.30 6.50 0.07 0.16 2.43 1.4 91.51
K#EIENF Datongbeichuanhe( DT) 3674 42.71 8.33 7.17 0.09 0.18 2.24 0.8 82.4
P Heimahe ( HMH) 3298 40.19 8.16 11.47 0.1 0.2 2.71 1.4 11243
#2111 Xiangpishan ( XPS) 3815 38.16 8.17 7.47 0.11 0.18 2.71 0.8  72.53
/% Haiyan( HY) 2992 37.49 8.32 7.52 0.09 0.18 2.52 0.8 83.52

VY4 Xihai (XH) 3126 35.16 8.26 5.58 0.07 0.14 2.52 1.4 8455
EHZEZ I Huangzhonglijiashan( HZ) 2730 29.46 8.34 12.72 0.14 0.18 2.52 0.8  90.86
IRARIE S Leduputai(LD) 2146 36.18 8.24 11.66 0.12 0.18 2.43 0.8 97.97
%414 Delhi( DLH) 2945 26.74 8.07 6.55 0.08 0.16 2.25 2.6 80.85

YR A Huangyuanshenzhong( HYSZ) 2960 34.16 8.36 10.42 0.12 0.19 2.61 0.8 86.1
F#Ht Datongshuobei( DTSB) 2550 37.54 7.86 12.85 0.15 0.16 2.42 2.6  88.61
B PY Guidehexi (GDHX) 2231 12.46 8.18 9.71 0.21 0.11 2.42 0.8  46.02
T4 Gahai( GH) 2871 19.28 8.55 1.69 0.03 0.11 2.16 1.1 5821

25 Caka( CHK) 3124 9.54 7.69 8.96 0.12 0.29 2.24 24 74.07
A Keke(KK) 2963 9.31 7.88 3.71 0.033 0.16 2.16 42 115.81
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Buffer,2 pL dNTPs, 51445 1 L, ¥ 03 it JC & 7K
(ER R 3k 25 wl. PCR BB 4 4 4, 94C 5
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FEM o ZFHEFEEC T, EH Chaol Fl Ace &
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f Wi R ) 2 M M. 90 & 48 Bt ( Redundancy
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Simpson T8 AU E 1Y S A B H R 3, LIS 1 DT
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Fig.1 Diversity indices of 18 soilmicrobes in Qinghai Plateau
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Fig.2 Relative abundance of the dominant bacterial phyla in the 18 soil samples
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Fig.3 Relative abundance of the dominant bacterial classes in the 18 soil samples
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Table 2 The Pearson correlation between bacterial diversity and soil characteristics
S LR P Erihi FoKE e e it
iy W FRHS B Total organic Salt Soil A H
. . K content . Total N P content
Variable Elevation/m pH carbon (g ke content moisture J(g e ke C/N J(g ke
M) T g e TR £
R RE LN r -0.120 0.241 -0.548" -0.558~ -0.122 -0.475" -0.529 " 0.071 -0.391
Phylogenetic diversity(PD) — p 0.635 0.336 0.038 0.031 0.630 0.046 0.046 0.779 0.108
OTUs ¥ r -0.308 -0.327 0.547 " -0.529 " 0.155 -0.578 " 0.499 " 0.007 0.084
OTUs number P 0.214 0.185 0.044 0.024 0.540 0.012 0.048 0.978 0.741
I R R FHHE(P<0.05) . T,
Note: * indicate significant correlations ( P<0.05). The same below.
w25y B wosp B A
2 * i@ FF B '] Acidobacteria 2 * [ #F i '] Acidobacteria
§ K 20 ° § = 20 .
g 3o ® 5 .
gt 15 . ‘e . __.: 15 . ? .
zQ 10 . . z° 10
jrangien . m = *
=5 5 . r=0.473,P=0.047 *= 5 - r=0.600,P=0.008
® 0 . " N . & 0 . N . .
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MAW (g ke ) TS R (g ke )
Total carbon content Soil potassium content
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Fig.4 The relationships between relative abundances of dominant bacterial groups and total C content,

soil K content, salt content, soil pH and soil moisture
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Table 3  Eigenvalues, lengths of gradient, cumulative percentage variances of species and of

species-environment relationship of RDA ordination

% > . =) -5 SRR R ReiR/
e W HerEh £ B B R % PRI S FE L %
. . ) . . . . Cumulative percentage variance of
Axis Eigenvalues Length of gradient Cumulative percentage variance of species . . . .
SpeCleS-en\'ernHlﬂnt relall()nshlp
F—M Axisl 0.2559 3.403 25.59 46.62
o5 Axis2 0.1139 1.823 36.98 67.37
5 Hh Axis3 0.0917 1.126 46.15 84.07
S PUbh Axisd 0.0381 1.150 49.96 91.02
®4 IMEETFEHFHZ B HE XSS
Table 4  Correlation analysis between environmental factors and ordination axes
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