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Abstract; Soil microbial communities are a key driver in biogeochemical cycling and play an important role in ecosystem
carbon and nitrogen cycling. However, microbial responses to climate change remain poorly understood. Mountain slopes
provide a natural laboratory for studies of soil microbial diversity and biogeography. Understanding patterns of soil microbial
composition, the distribution along elevational gradients and the factors driving such patterns is indispensable to achieve a
comprehensive understanding of the response of ecosystems to global climate change. The Qilian Mountains on the
northeastern Qinghai-Tibetan Plateau ( QTP ) represent one of the main areas of alpine mountains in China. In addition, the
mountains are located at the juncture of three climate regions of western China ( monsoon, arid and QTP climates). The
study area, located in the mid part of the Qilian Mountains, is one of the regions with continuous alpine meadow soil

distribution in the world. Soil samples were collected from the shady slope of Qilian Mountains. Topographic and climatic
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variations result in the vertical zonation of major vegetation types. In this study, we selected four elevation gradients,
representing four typical vegetation types based on their elevation. The elevations 3200—3500 m are alpine shrub,
dominated by Potentilla fruticosa and Salix cupularis. The elevations 3500—3700 m are swamp meadow, dominated by
Kobresia humilis and K. capillifolia. The elevations 3700—3900 m are alpine meadow, dominated by K. tibetica, K. humilis
and K. pygmaea. The elevations 3900—4200 m are cushion plants, dominated by Thylacospermum caespitosum and
Androsace tapete and Saussurea medusa. Between 3300 and 4200 m, we sampled across the four vegetation types described
above at elevation intervals of 300 m. At each elevation, soil samples were collected from three plots (20 X 20 m) as three
independent replicates. In each plot, soil samples of the surface layer (0—20 c¢m) were collected at five random points and
bulked together as a single sample. High-throughput sequencing is revolutionizing microbial ecology studies, because it can
obtain the classification information for soil bacteria more accurately than previous methods. In July 2013, we investigated
soil bacterial diversity under the four typical vegetation types along a 3300—4200 m elevation gradient using Illumina high-
throughput sequencing. We found that the soil microbial biomass carbon and nitrogen varied in the order: swamp meadow >
alpine meadow > alpine shrub > cushion plants. In addition, across all soil samples, we obtained 713, 386 quality
sequences with 54,161—67, 678 sequences per sample ( mean 59,449). The dominant phyla across all the soils were
Actinobacteria ( 23.10%), Acidobacteria ( 18.90% ), Alphaproteobacteria ( 10.59%), Firmicutes (8.13%), and
Gemmatimonadetes (6.12% ) , accounting for more than 63% of the bacterial sequences from each of the soils. Finally, soil
pH, moisture, soil organic carbon and total nitrogen were correlated with the bacterial community composition ( Mantel
tests) and bacterial alpha diversity (operational taxonomic units and phylogenetic diversity ). The results of the canonical
correspondence and Pearson correlation analysis showed that soil pH, moisture, soil organic carbon and total nitrogen were
the main factors that significantly affected the soil bacterial community composition and alpha diversity in these four
vegetation types. This research provides a scientific basis for the ecosystem stability and protection of the Qilian Mountains.
Further work is needed to understand the underlying mechanisms and ecological processes behind soil microbial composition

and diversity.

Key Words: soil microbial biomass carbon and nitrogen; Qilian mountains; soil bacterial community; Illumina high-

throughput sequencing
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PSS XA T 75 6 e JU 2R AL G AR 2 L e B HE 0 g 1L 80 7 Y I JR N (38°12'—38° 17N, 99°50'—99°54E, f]
B) T BB BT AR R -3.1—3.6°C  AE K R 430—650 mm, J& K fiti Pk 5 1L
DA, WFFE X P B RN L i) | LA )+ TERE - NTE At i X A R
Z B R A, R R A A, A W A AR R A B B AR e v AR Y R R A
(3900—4200 m) . & L FE A7 (3700—3900 m) A B A (3500—3700 m) & L7 AR A7 (3200—3500
m) BT IX 3500—3700 m HY T HER 0 L N s 345 R P38 R K ZE O HEK A TE BGR PR fy . HOfRAE
7 (cushion plants, CP) PL3F N FEFF H ( Thylacospermum caespitosum) HIR 5 H# ( Androsace tapete) F1/K+HE
3% (Saussurea medusa) 5 1= £ ¥ A8 17 (alpine meadow , AM ) L3 Fh A /N &5 B ( Kobresia pygmaea ) % 785 % (K.
humilis ) FE 5 (K. tibetica ) ; 18 13 5 4] 47 ( swamp meadow , SM ) I 3 Fh 4 i w25 5 (K. tibetica ) | %5 w5 5 (K.
humilis ) FIZEME 5L (K. capillifolia) ,fEAF N R BOR (Poa annua) FIFEFEBEEE ( Elymus nutans) ; 5 FEHE Ny
(alpine shrub, AS) fft. 3 # A 4 #2 4 ( Potentilla fruticosa ) =5 LA ( Salix cupularis) o
1.2 RIS AR )7 ik

ST IX P T 3A 4 FASIRIEAK =5 B (AR IR 7 o SIS0 b, REHME S 2 DL R P8 3¢ 76 KA 1000
m R G Y, R R ZY 300 m BCE— R, BRI B BCE 3 1> 20 mx20 m MR N EE, BT
[AIFEZY 100 m, 7EREDHETT N HTEAE 4.5 em 14l S BURAE 5 DRJZE 20 em W H4F TR-G 529 500 g 73114
A HEAIHIRIC . EREPRER AP MR R EIYIHIRAETE 4 CRYUKE A 8] 5240 = J5 v BV HTRT 6+ J8 e +
SUE A YRR, SRR BRI e 1 BT T A B AT s 05 1 O BRI E UK
Fi-20 CORAFH T L3 DNA S5, SRAEEIIEN 2013 4F 7 H
1.3 IETT ik
1.3.1 A58 F SR VE B R M A i R

3 pH SRAHBALEE KR 2.5:1; 135 K & (soil moisture, SM) SR FME T2 & | K A 5 fif
AR A, BT 105 CHYTEIR THRAAME 6—8 h, Bt I ; 1A HLEK (soil organic carbon, SOC) K HIH 5%
FRER S AL AN ; B (total nitrogen, TN) SR 2430 BIL G ; BBk (total phosphorus, TP ) >R FH R A —H 84
P A FRIBURT A in e sl R AN U Ay, 3 rh S Wl ) B oA AL AL & W) 2R i Ak AE B R R i A
VU, ARG AR B T L gk T A 0 - e A A e ROR T 0 B 2K % 75 1 2 ) (microbial
biomass carbon , MBC ; microbial biomass nitrogen, MBN) ,
1.3.2 -3 DNA 4R BCRI

K H PowerSoil DNA $2HUA | & ( MoBio Inc., USA) ,FREL 0.3—0.5 ¢ F 3845, 42050 6 e 19 sE 5 2
PRYEHLEHE L DNA, FIHIS14) 515F (GTGCCAGCMGCCGCGGTAA) 5 806R ( GGACTACHVGGGTWTCTAAT)
PRH V4 XL F B, B 519 & A AN F A Barcode DA IX 20 AR EAES: . PCR BAAFR K 50 wl, Hrp
¥ ddH,023 pL,Premix Taq DNA & 25 wL,DNA it 1 pL(5—10 ng) , IEM514 0.5 wL(20 ng/pL),
1EM 5147 0.5 wL(20 ng/pL) . PCR ¥4 [ 544 :95 °C ,5 min;30%(94 °C ,45 ;56 °C ,45 s;72 C ,45 s) ;
72 °C,10 min, BAFEMELZY 1Y 3 R, PCR Y LU, =& R —+ 5 &I, 1 GeneJET i ] & ( Thermo
Scientific Inc., USA)#ifk,, § NanoDrop 2000( Thermo Scientific Inc., USA) %€ PCR F=¥Jk B, FE ik 20 5T
AR EEI A 7] ( Novegene, China) #E47 38 w0
1.3.3  AEWIFE B M KA AL

P& Barcode J3 5135 4325 AE i 88 , 9K J5 3L Barcode 15 |9 1) 17 514 FH FLASH'* X AT PR ; i
FE AV BE ] QUIME > 4754 Ab BE . A1 UPARSE "™ #4456 43045 %UF 512047 R 2, BRIN LA 97% 51l AR B
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B AL B | LIRE S R R e D i i, e —Hh B 45160 55 850 51 R W FE 40 T REVS 454 38 1 T Py il
F 5B (OTUs) MRS 4 T ZHEE Faith's PD #5450 (Faith’s Phylogenetic diversity ) 3/~ + 340 R REA 1) o
1.4 Bt
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F7 22 FUBOAR R M e - S TR R AR AN BT AT A BN T o SRR SR B 22 Tt Pearson R+
e A AN T 2 R R O AR G . FUR R 3K VEGAN U A AT S W RETE 2544 19 Mantel 1
CCA 437 ; BEMK T E R a=0.05, FHXERHIELE Origin 8.0 158 AL,
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ST X 4 FPig a2 80 13 pH 76 6—7 Z 0], R Gl P, + 38 pH 28 SR AR AR L THPR S04 K WAk T RUK
RA, HIEEK R, HY A PR R B 7E b DO 3RS I T 4 A A AR ghs 8, 18
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Table 1 Physicochemical parameters of soil under four vegetation types

e o s BH £ B
Sampling site pH value Soil moisture Soil organic carbon/ Total nitrogen/ Total phosphorus/ Ratio of carbon: nitrogen
(g/kg) (g/kg) (g/kg)
cp 6.97+0.10a 0.11+0.01a 21.07+3.48a 4.09+1.02a 0.66+0.24a 5.46+1.01a
AM 6.30+0.19be 0.29+0.01b 76.92+4.11be 7.10+0.77b 0.81+0.08a 11.25+1.94b
SM 6.13+0.06¢ 0.60+0.01¢ 77.13+0.73¢ 7.67+0.14b 0.68+0.01a 10.07+0.28ab
AS 6.53+0.06b 0.33+0.01d 57.85+10.95b 7.04+0.18b 0.67+0.03a 8.31+1.78ab

CP  #UIRAEB cushion plants; AM B FE R alpine meadow ; SM ; Y% B i) swamp meadow ; AS; EIEREN alpine shrub; [Ff7A [F/NG FHRER R A
[V AE W I ) A7 22 5 (P<0.05)

22 IERUEYEY R RS RIE

WA 1 R  FERFFE X 4 FAE AR R A S A A= W i B 0 /N Sy < 3 326 ) > v € R ) > i FETE A
SHORAEYE TP B R W A W b R 1537.7 mg/kg, 430 O v 9 B Au) | e S T LRI HOR A B Y
2.23 4.45 F1 6.48 5, TR R V- B304 Wy R W ik B 0 3 OR T R JE L) | JERE AR R (P <
0.05) ; e FE R (V- B A= W A W ik 2 i 2 3 KT 1 FEME AR 1 (P <0.05) 5 o FETHE AR AR Bk
T8 S 0 T B B2 SR 25 P>0.05) o BFFEIX. 4 Fivke WA T - M 0 i 5 -
AWy ) R A AR — 2,
2.3 HIEAEREK R R

e 108 0 P 45 2R I T A R i — 3R TS 713386 A AT AU A, Hob R ARSI R 54161 45, I E TSR
67678 4% (FYIF I 4K 59449 45) o XEEFEBIRY 99.1 % 7l LIM2EER A AN 1126,0.9 %5 53 1% Ho st
SrRBI T2, B 2 ] DU H AR I b AR 4 Fh i B R g e R R AN A H T R N R T
(Actinobacteria) (23.10% ) , FRFT %] ( Acidobacteria) (18.90% ) ,a-ZJE [ ] ( Alphaproteobacteria) (10.59% ) .
JERERE ] ( Firmicutes ) (8.13% ) FIZEPAMITE ] ( Gemmatimonadetes ) (6.12%) , EATTE AT F KT 5%, i
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Fig.1 Soil microbial biomass carbon and nitrogen of four representative vegetation types
CP . HARAHE cushion plants; AM ; 57 5] alpine meadow ; SM ; {72 57 swamp meadow ; AS ; (5 FEHEM alpine shrub ; AN [F]/NG Z2RE R 7R R R4
eI EI A AE 22 5 (P<0.05)

TEF I 63% LI I 1 y-Z8 JE 1 '] ( Gammaproteobacteria ) . 2k %5 B [] ( Chloroflexi ) . ¥t f# B ]

( Verrucomicrobia ) , B-Z J& I"] ( Betaproteobacteria ) . 1 #T & ] ( Bacteroidetes ). 8- & B I]
( Deltaproteobacteria) 7785 # | ] ( Planctomycetes ) i ALIZHER ] ( Nitrospirae ) AN E KT 1% 0K T
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Fig.2 The relative abundance of dominant bacterial phylum in soil separated according to four representative vegetation types

CP . HRAEDY cushion plants; AM ; 5 FE B fi] alpine meadow ; SM ; A5 swamp meadow ; AS : i FEREM alpine shrub

AT F T AR L RS 4 Fh RUAR B SR - AR B ) D0 R XA R BE R T 5% nY 4
W I2EHEAT 5007, 1B 3 AT LUE Y BRAE A - 358 b il 2 v 1) A AT 12 32 10 35 i 1 oAt 3 A B 28 81 (P<0.05) 5
THPERf) T35 oI TR T TR ARXS 2 8 3 i T 3 R 2R 2 (P<0.05) , 28 AL B 11 A4 A 0 32 2
FARTHE 3 P @A (P<0.05) ,
2.4 THESEPE TS - SEAH TR VR A5 A 1A DG

-4 a] DL A PR v A A BT R TR B, A (] AR 9 288 28 3 ok 3032 S ) S PR B ] 425 ) 1 - 1 44
RS B LR, S PR A o 40 T A 454 B AH 2R FH Mantel K367 ( Mantel tests ) 2047, A3 2
FIUUE AR 5 4510 5 T8 pH | S K | A HLAR RS AU I 3 AH DG (P<0.05)

FIF R 1B F bioENV §ifiik H A BEAR IR T A A HEVR S5 P9840 1Y 4 A~ 3R 1 B9 25 S 5 Mantel tests J5
o3 B 2o G 1) - B RRAL DR 1 5 A TV 45 F4 EA T LS XS 1 43T ( canonical correspondence analysis, ]
4) ,CCA 4y AT LLE WL 25 HE AT TR G 5 PR A0 5 2 [B) 1 56 2R, R 5l 5 9 Sk i 42 e A R IR B8 IR 1
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Fig.3 The relative abundance of five soil dominant bacterial phylum of four representative vegetation types
CP : #ARHIPE cushion plants; AM ; @ FE R alpine meadow ; SM : VA ¥ 5 f) swamp meadow ; AS : 5 ZEH#E M\ alpine shrub ; AN [F]/NE F B3R IR AR A
YR E A7 22 57 (P<0.05)

SSHEFF R AR G | e B/ N B 5 Z BV DT T Sk i 2 R an PR A1 S F S0 SRAHSCRE Y R/ | R 2
e AH SN ,ﬁZ@k[zg] o ZHE R P K (Monte Carlo test) & B, S PR B W 22 R (P<
0.01) , 1 CCA MR P45 R I{E . 7613 pH &K A PLEALEZ D, 158 pH A& K R0 3R )2 340
REFR S5 A HAT B (P =0.001 F1 P=0.003) A A [R] AR B S AL 4S9 A G R 7% o AE B S O 5, R
T IEANTE I PE FBAL T I pH s DI TV R ) AN I T R RS T I S KRR Y X, 4 F
FELB AR Ve L SR 20 TR A P A5 A R

®2 TEEAMRESEERESMEEXE

Table 2 The correlation between soil bacterial community composition and soil physicochemical properties by Mantel tests

A5t Variables r P A5 g Variables r P

pH & pH value 0.600 0.001 + 35K Soil moisture 0.572 0.001
+ A HLEK Soil organic carbon 0.412 0.007 JHA Total nitrogen 0.285 0.017
S Total phosphorus 0.154 0.143 R E L Ratio of carbon: nitrogen 0.091 0.250

2.5 HIEANE ZENE RS BT BT G R

HIPE 5 R 1, 4 R gl S R0 - A B ) b 2 AR AT T O (3253 +112) —(3910+92) , REGE A H ZHAME:
ARALTE I (240.9+7.1) —(283.8+5.7) . HURAE o IR Wb & FEFI R Gk 5 AR R A, T 5
) LSRR DR W R GUR B SRR, R DR A R S EN R LT 2SR E S
THE 3 FE PR (P<0.05) MR 8 + A P A & E MRS T 2R R E T HE 3 sl
KA (P<0.05) o FARWT HIRANTH o ZHNES LI THCR W LIRAMH o ZHME(DFFEEENRRET
ZREE) 5 15 pH KA A PUIAE 6 A IR TR SCHE T, 3 3 R S KR A LR AR
SANEYA A EE MR G T ZHEA R AR ENE (P<0.01) . 3 pH SARYMFEEEMRELTZ
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Fig.4 Canonical correspondence analysis ( CCA) of the soil

bacterial communities and associated soil properties
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Fig.5 Soil bacterial OTUs phylotypes richness and phylogenetic diversity of four representative vegetation types
CP . #RAEYYE cushion plants; AM ; 5 FE %46 alpine meadow ; SM ; 8 58] swamp meadow ; AS : =5 FEFEM alpine shrub; A [Rl/NG F 6 F R AN R

B HI A TE 24 5% (P<0.05)

A= RIS R BT PR AR ) )= A TR R AR W A i B A g, S AP R AR — L X
WA R AR A R U o - A 0 e M 500 i ) A ), T R R 3 o S8 ol 2 W 2B W i R 22 S 1) T B

J? [34]
IS o
*3 THHAE oSHEESEAEROEXE
Table 3 Pearson correlations between bacterial alpha diversity and soil physicochemical properties
o e RARBEHM o - REKRE ZHM
ekt RE R Pl;l loﬁenetic et YEhE R Ph loﬁen/etic
Variables OTUs y 8 T Variables OTUs y 8 o
diversity diversity

pH {8 pH value -0.688* -0.676* FHEE K E Soil moisture 0.875** 0.900 **
TIEA MR Soil organic carbon 0.773** 0.721** A Total nitrogen 0.804 ** 0.786 **
B Total phosphorus 0.157 0.135 % Lt Ratio of carbon s nitrogen 0.447 0.387

#% P<0.01; * P<0.05
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