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Abstract: Soil microbial autotrophs play an important role in CO, fixation in terrestrial ecosystems, particularly in
vegetation-constrained ecosystems with environmental stresses, such as the Tibetan Plateau, which is characterized by low
temperature, drought, and high UV. However, soil microbial autotrophic communities and their driving factors remain less
appreciated in these terrestrial ecosystems. To understand carbon sequestration by soil microbial autotrophs and the carbon
cycle in alpine meadow soils on the Tibetan Plateau, autotrophic microbial abundance, community structure, diversity, and

their driving environmental factors were explored along an elevation gradient from 4400 m to 5200 m on the Tibetan Plateau.
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Additionally, the seasonal change in soil microbial autotrophs was explored at each elevation. The autotrophic microbial
communities were characterized by quantitative PCR, T-RFLP, and cloning/sequencing methods targeting four types of chbl
gene, encoding the large subunit for the CO,-fixing protein ribulose 1, 5-bisphosphate carboxylase/oxygenase ( RubisCO) ,
Form TA/B, IC, and ID. High cbbL gene abundance was observed, which significantly increased with increasing elevations
with minimum seasonal change. Among the four types of microbial autotrophs, Form IC gene abundance was the highest at
the level of 10° copies/g soil, followed by Form IA/B and Form ID. Form IC ¢bbL gene abundance was positively correlated
with elevation, soil water content (SWC) , and NH; content, and negatively correlated with soil temperature and pH (P <
0.01). Form IC Shannon diversity and richness significantly increased with increasing elevation, peaking at 4800 m, but
showed little effect of season. Form IC community structure exhibited a gradual shift along the elevation gradient, and was
mainly driven by SWC, soil pH, and elevation. Form IC cbbL genes were identified to be Actinobacteria and Proteobacteria
(including a-proteobacteria and B-proteobacteria) using clone library and sequencing, and the dominant phyla were a-
proteobacteria in alpine meadow soils, including Bradyrhizobium , Rhizobium, and Mesorhizobium. Our results demonstrated
high abundance of microbial autotrophs and high CO, fixation potential in alpine grassland soils, and provide a novel model
to identify dominant drivers of soil microbial communities and their ecological functions. These findings have important
implications for understanding the functional role of microorganisms in the soil carbon cycle and could be helpful to more

accurately assess carbon storage in alpine grassland soils on the Tibetan Plateau.
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Table 1 Primer sets used in the study
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Fig.1 Changes in the abundance of Form IA/B with altitude

E 2 Form IC E£EFEREEKNETNLE
Fig.2 Changes in the abundance of Form IC with altitude
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IEMISESEAR . Form 1C L H € 5+ TOC & H 2 1
HIRIKEFR o Form 1D JE [ fis i 2L W) =F J 5 W 44 12 AT
KKF, RIVBE T 18 T e T IR, 5 e O R R TR AR R
KA,

106

3X10°

ID cbbL AP &/ (copies/ g dry soil)

10° L | | |
22 cbbl EEH L REVEFS RN R F 3 s, 4400 4600 ir 4800 / 5000 5200
N v e \ ¥ Altitude/m
BETEIR T1 i 4 4 Form 1C cbbL JE PR 4 Z eV
K BTG, 4800m H1 Ik EI L% , 2 5B T W (I B3 Form ID ¥R+ EHBHHELE
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Table 2 Pearson correlations between chbbL gene abundance and environmental factors

78 AT HEEH T
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Environmental factors Environmental factors
FHEE KR (SWC S
! .i% AKE( ) 0.484 "~ -0.064 0.341 " 3R Altitude 0.327* -0.275" 0.133
Soil water content
|| IR y
NH;-N 0.316" -0.053 0.336"" %{ . -0.371"*  0.308" -0.289 "
Soil temperature
Ju) TOC
NO3-N -0.027 0.050 -0.129 ALK 0.312" -0.175 0.120
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pH -0.529**  0.157  -0.370*"
w1 A3 IR L PEIAF) 0.05 F10.01 K, SRR

- 12 -
18 - 3§

#EP% £ 5 ¥ Richness index

Shannon#§#{ Shannon index

1.0 L L I ] 4 L ! ] ]
4400 4600 4800 5000 5200 4400 4800 4800 5000 5200
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B4 Form IC EEER SHMIHERNTL B5 Form IC REFMZE+EEMBMRIEL
Fig.4 Changes in the Shannon diversity of Form IC with altitude Fig.5 Changes in the richness of Form IC with altitude
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Alphaproteobacteria

Agricultureal soil clone (AY572158)

93 M39 (120bp)
[_:Pelomonas saccharophila (AM501465)
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J15 (1§6bp) Betaproteobacteria
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Mpycobacterium sp. (EU026272)
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80

99
68
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Nocardia cyriacigeorgica (FO082843)
M20 (84bp)
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99 M26 (84bp)
Wq:Mz“;g 4(;‘;‘)bp) Actinobacteria
M3 (273bp)
_EE Grassland soil in the Tibetan Plateau (KM433946)
1 99 Grassland soil in high emssion dioxide springs (EU450696)
96 J39 (273bp)
98 J30 (36bp)
J10 (36bp)
95 J14 (84bp)

M30,(273bp)

995 ; M4 (84bp) 0.02
M35 (84bp) _—
126 (120bn)

B 7 Form ICEERZXZEH

Fig.7 Neighbor-joining phylogenetic tree of representative form IC cbbL gene sequences
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52% , T TR EL AT N 45% B3I 2 30% , 156 B 3= ZEALFE AR B 1 o 280 TR A A R 2R LU A & TR AR K 2R,
B S A P R 2 B 215 AR AL

3 it 54£iR

VR BRI AR AL T 2B R T ROBREERLN ), FEm FE R RS R Ge D | BEE 3R AR Ak, T 46 4K
X MG R AR > e M R T L S 2 REE AR 2 e Al AR T ARG S BN, VAT 4 T ) I
55 pH {HZ WG, 1S KR 5ESR(NH-N) S RZ TR, X g R S5®-ATZ A0 R —80 , #)
F A Form 1 B B GA D), Form 1C JE PR 32 B e i, vk 10° 48 DB/ DA b, ELBE W 45+ o i 3
cbbL FE R 5 T HEIR A pH (E 2 UAHSCOC R, 5 IS /K S NH;-N A1 TOC 2 IEACIC R R =ik 1
Berh FEHm9 70 (4% TOC A NH-N) JIlEL 1 B i A= M A= 4 T s 4 ] i i A4 4y T 22 32 B oy B ARG IR B
PRI I, 325 o AP 38 T A G o o ) 398 IR Fo A ) SR A AP SR 2 — . AR ST R IR 48 SR IR X
- SR W A ) e B T AR v T S R B R R A Y - SRR | - SRR R pH BRI LA 2 EE A 52
B, SA SO 25 AR, X AN R Z=T5 1Y cbbL FE FFE ] 8, A K22 (6 R 8 H) ebbL HEPH 3= B bifi 1fg
PSR  TARAER 2 (3 AR 10 ) 322 AR BER /N, 3 1 00 4% 28 [ e il 26 ) =F B 7 A TR 3R R 2
FEFEAAAS BT 3 4y AL TV R B R Al S8 B B, IR Wil e AR SO TRE AR B [ e sl A
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TE AR S S B0 - S PR R AR A AN 21 B [ R G A= U S A 2 e . L8 pH (B TRRCFIK 23 2 3K
SIS AR A SRR TN 5, Z A — e RE Lt 2 B W) [T B I 2R U e 46 4 (G i A 2 A 35 T b
SEPRALIN AN SRR 235 45 1 S PRAR AR 03 S AR B, DT Wi [ Btk 2 0 A A AR 8l X &
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