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Abstract: Lake ecosystems in the Qaidam Basin serve as critical carbon sinks and sources in arid regions. Microbially d
riven carbon metabolism in these ecosystems plays a vital role in sustaining regional carbon balance and mitigating global
climate change. This study selected eight typical lakes across the basin. We collected water and sediment samples and appl
ied metagenomic sequencing and multivariate statistical methods to systematically explore how the community structure and
carbon sequestration traits of carbon-metabolizing microbes respond to environmental variations. The results indicated that
the alpha diversity indices of carbon-metabolizing microbial communities in sediments were significantly higher than those
in water columns for all metrics except the Simpson index (P < 0.001). Carbon-metabolizing microbes in both water and s
ediments were predominantly affiliated with Pseudomonadota. Cyanobacteriota exclusively occurred in water columns, where

as Chloroflexota were unique to sediments. Total organic carbon (TOC) and normalized water balance index (NWBI) acted
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as the primary driving factors for carbon-metabolizing microbial communities in water and sediments, respectively. Determi
nistic processes governed the assembly of carbon-metabolizing microbial communities in both water and sediments, while w
ater microbial communities exhibited a significantly higher level of stochasticity than sediment counterparts (P < 0.001). Fu
rthermore, microbial carbon fixation gene abundance was significantly higher in sediments than in water columns (P < 0.0
5), and the reductive citric acid cycle served as the core shared carbon fixation pathway for both water and sediment micr
obial communities. TOC primarily regulated the functional distribution of carbon-metabolizing microbial communities in wat
er, whereas NWBI dominated the functional variation of sediment microbial communities. This study provides supportive da
ta and complementary evidence for predicting microbial functional evolution of lake ecosystems in the Qaidam Basin under
climate change.
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Fig.1 The distributions of the sampling sites
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Fig.2 Comparative analysis of alpha diversity indices of carbon-metabolizing microbial communities in
water and sediment
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Fig.4 The top 10 species composition of water and sediment at the phylum and genus levels
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Tab.1 Network topology parameters of carbon-metabolizing microorganisms co-occurrence in water and
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Fig.7 Water and sediment microbial co-occurrence network and Zi-Pi scatter plot
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Tab.2 Gene abundance table of carbon fixation pathways in water and sediment
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Fig.10 The effects of environmental factors in water and sediment on the gene abundance of microbial
carbon sequestration process
(*, ** and *** represented P < 0.05, P < 0.01 and P < 0.001, respectively)
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BT ZKPARAE AR RIS

Attached Tab.I Environmental Factors at Water Sampling Sites
FEA Lon Lat At Temp DO EC ORP TOC  TDS SAL TP TN COD BODs pH NHs/N NOsN AT Pr Ev  NWBI
R ° ° m °C  mglL mv NTU mglL  mglL gL mgL mg/L mg/L mglL / mgL mglL  °C mm mm /
DICNL1 9870 3529 4156 1524 754 59467 8810 530 47498 036 037 025 1050 260 859 024 027 461 1264 6194 034
DICNL2 9868 3530 4098 1965 687 72633 8997 1070 52582 040 056 075 970 230 819 036 026 456 12662 6169 034
GHL1 9759 3711 2852 2014 403 8644633 13687 2350 6193933 6862 146 334 14800 3650 747 055 054 1244 597 -5903 001
GHL2 9753 3710 2845 2269 570 9235967 15223 2060 6280012 6978 036 324 14400 3370 752 084 034 1295 536 -5619 -002
GHL3 9752 3714 2843 2232 565 9161533 13303 2010 6276551 6973 027 389 15800 3910 756 092 034 1281 547 5619 -001
GSKLL1 9060 3818 2865 1219 755 103667 16273 490 89228 069 024 148 530 140 777 040 119 1319 3231 319 001
HLL1 9772 3819 4093 972 693 1580467 12330 1710 1450764 1343 047 141 3690 840 808 041 031 107 1002 -5005 0.33
HLL2 9764 3819 4089 1259 622 1672800 10793 1190 1425047 1321 042 089 7540 1610 810 025 034 122 1029 5332 032
HLL3 9760 3820 4088 994 658 1716900 14320 1190 1438115 1336 049 078 4830 1030 804 046 040 124 10239 -5349 031
KLKL1 9685 3725 2821 1582 736 132050 17105 1060 104047 081 035 065 1800 430 804 043 024 1402 4322 5836 -0.15
KLKL2 9686 3728 2813 1718 455 101967 12880 910 77910 060 029 056 1880 440 743 039 024 1375 4534 622 016
KLKL3 9690 3732 2815 2048 570 103850 15030 1040 74341 057 041 052 2490 590 794 030 024 129 5198 665 -012
SGL1 9401 3893 2804 1812 847 248733 13880 019 186134 149 118 062 790 210 766 032 026 1149 4735 4199 006
SGL2 9390 3890 2803 1951 1058 1763867 14547 3120 1280675 1177 051 208 8780 1830 797 015 025 1198 4016 -3546 006
SGL3 9382 3889 2800 1994 909 1791933 13300 3210 1289282 1186 032 149 3990 950 816 023 024 1211 3974 -3257 010
TSL1 9687 3720 2817 1980 810 2127150 12370 1840 1535025 1434 035 108 3690 810 636 032 023 1477 361 -5503 -0.21
TSL2 9702 3714 2812 1628 657 2404175 13013 2600 1874858 1786 019 183 5600 1590 660 040 040 1536 3026 -5149 -0.26
TSL3 9700 3717 2817 1649 667 2427533 12340 2650 1884195 1795 045 195 7970 1750 601 034 028 1495 3454 -5903 -0.26
XCDL1 9559 3746 3171 1430 478 4700767 12877 2110 3839934 3947 088 172 116000 29700 668  0.38 026 1297 2476 3611 -019
XCDL2 9551 3745 3177 1532 557 4843533 13657 1810 3862410 3977 059 147 78000 18400 675 034 025 1315 2282 -3444 020
XCDL3 9540 3755 3172 1440 705 477633 9573 2620 390749 329 035 127 1290 310 684 044 026 1293 2132 -3243 -021




M 2 DURWIERAE AR TR S
Attached Tab 2 Environmental factors at sediment sampling sites

Rk Lon Lat Alt TN TP ocC pH NH4-N NOs-N AT Pr Ev NWBI
° ° m mg kg! mg kgt mg kg* / mg kg* mg kg* °C mm mm /
DJCNL1S 98.70 35.29 4156 110 147 8.18 981 6.39 1.96 461 1264 -61.94 0.34
DJCNL2S 98.68 35.30 4098 0.56 126 5.05 9.49 4.64 247 456 126.62 -61.69 0.34
GHL1S 97.59 37.11 2852 0.76 103 6.93 8.89 29.10 234 1244 59.7 -59.03 0.01
GHL2S 9753 37.10 2845 0.39 134 348 9.17 6.86 258 12.95 53.6 -56.19 -0.02
GHL3S 97.52 37.14 2843 0.45 156 2.83 9.20 254 2.82 1281 54.7 -56.19 -0.01
GSKLL1S 90.60 38.18 2865 0.37 177 19 8.7 2976 2245 1319 3231 -319 0.01
HLL1S 97.72 38.19 4093 0.48 1.06 2.84 9.28 393 211 107 100.2 -50.05 0.33
HLL3S 97.60 38.20 4088 0.76 117 852 9.24 495 2.70 124 102.39 -53.49 0.31
KLKL1S 96.85 37.25 2821 179 161 16.80 863 6.94 2.76 14.02 4322 -58.36 -0.15
KLKL2S 96.86 37.28 2813 432 167 52.80 8.07 8.90 3.02 13.75 45.34 -62.2 -0.16
KLKL3S 96.90 37.32 2815 0.84 138 6.93 8.61 5.55 191 12.96 51.98 -66.5 -0.12
SGL1S 94.01 38.93 2804 0.39 147 3.16 817 16.16 6.73 1149 47.35 -41.99 0.06
SGL2S 93.90 38.90 2803 051 181 4.39 8.75 4.68 2.82 11.98 40.16 -35.46 0.06
TSL1S 96.87 37.20 2817 0.48 135 2.52 9.23 2.72 222 1477 36.1 -55.03 -0.21
TSL2S 97.02 37.14 2812 042 165 221 9.01 204 253 15.36 30.26 -51.49 -0.26
TSL3S 97.00 37.17 2817 0.28 117 0.63 9.06 2.89 214 14.95 3454 -59.03 -0.26
XCDL1S 95.59 3746 3171 2.58 164 26.50 943 12.63 2.70 1297 24.76 -36.11 -0.19
XCDL2S 95.51 3745 3177 017 113 0.63 9.31 3.57 198 1315 2282 -34.44 -0.20
XCDL3S 95.40 3755 3172 0.25 122 0.63 949 275 199 1293 2132 -3243 -0.21




