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Abstract: [Background] Archaea, the pioneer on the surface of carbonatite, promote the
chemical weathering of carbonatite and the formation of soil and play an essential part in
biogeochemical process of elements. [Objective] To reveal the structure and ecological
functions of the archaeal community on the carbonatite surface weathered for different time.
[Methods] A total of 18 samples were collected from the surface of abandoned carbonatite
tombstones (weathered for 19-213 years) in Huaxi District, Guizhou Province, and the
structural and functional characteristics of archaeal community were analyzed by metagenomic
sequencing. [Results] The dominant archaeal phylum was Euryarchaeota, followed by
Thaumarchaeota, unclassified Archaea, Bathyarchaeota, and Crenarchaeota. At the genus
level, Methanosarcina, Methanothrix, Methanoperedens, Nitrosocosmicus, Nitrososphaera and
others unidentified genera were dominant. C/N, C/P and N/P were the main environmental
factors that significantly affected the archaeal community on the carbonatite surface. In
addition, archaeal community on the surface of carbonatite had diverse functions, particularly
metabolism. Euryarchaeota and Thaumarchaeota were the dominant functional groups in the
cycling of C, N, and S. The weathering degree of carbonatite significantly increased and the
relative abundance of FEuryarchaeota and Crenarchaeota obviously decreased over time.
Moreover, the relative abundance of Thaumarchaeota had no significant change over time.
[Conclusion] In summary, we believed that the survival strategy of the archaeal community
changed from an r-strategy (Euryarchaeota) to a K-strategy (Thaumarchaeota) with the
weathering.

Keywords: carbonatite; weathering time; weathering residues; metagenome; archaea
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Figure 1 The relationship of carbonatite rock

weathering strength, mobiles index and weathering
time. In regression analysis, compared with linear
regression, multinomial regression has larger
coefficient of determination and better fitting effect.
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Figure 2 Rarefaction curve for species of archaea.
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Table 1 Alpha diversity index of archaeal community in carbonatite surface

FEA G AL (8] FARIGE F R IR R Chaol #5%% ACE #8554
Sample No. Weathering time (a) Shannon index Simpson index Chaol index ACE index
So1 19 4.75 0.98 432.00 432.00
S02 20 4.98 0.98 479.71 484.73
S03 22 4.66 0.98 446.15 445.62
S04 23 5.09 0.99 487.79 490.76
S05 23 4.82 0.98 501.55 506.49
S06 34 3.89 0.91 509.00 521.07
S07 37 4.23 0.94 565.92 566.90
S08 37 4.15 0.94 471.50 474.88
S09 39 3.57 0.89 551.39 555.72
S10 47 3.47 0.86 574.74 571.86
S11 58 3.64 0.86 54791 536.16
S12 72 3.62 0.87 540.61 542.95
S13 76 4.75 0.97 467.76 467.38
S14 38 3.26 0.86 493.44 503.14
S15 104 4.89 0.98 539.50 538.49
S16 133 4.77 0.98 434.27 433.37
S17 161 4.80 0.98 491.68 496.35
S18 213 2.95 0.90 457.06 442 .34
1.00
Phylum
W Euryarchaeota
B Thaumarchaeota
0.75 B Unclassified Archaea
W Bathyarchaeota
B Crenarchaeota
o B Candidatus Thorarchaeota
§ B Candidatus Woesearchacota
'g 0.50 | | Candria’atus Kor'flrchaeota
£ B Candidatus Lokiarchaeota
£ W Others
z
0.25
0.00

S01 S02 S03 S04 S05 S06 S07 S08 S09 S10 S11 S12 S13 S14 S15 Sl16 S17 S18
Sample number

3 FRIRLEERRER A R E & B A& AR

Figure 3 Composition of the archaeal community on the limestone surface at different weathering phases.
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JE>1%), “FIAXTFEZ AR 68.77%, LHJE K
A T B (Nitrosocosmicus, 29.55%) . WAHAL
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AAFERALE R 18 A~ KA SR FIAEAS 1 vy
PR HE 7% W) Bl 2 BORR L, 0 BT R AR X
(96.3%) i LR, (HAFIREAOL T T A RE T 32 5

Methanoperedens

FEE—E 25 (K] 3)0 I, B L34
XoF 3= B 5 Rl R o RUAKG B [ Al 42 [ )1 400 T
F(ER 3), M (Euryarchaeota) . RN ]
(Crenarchaeota) Fifi A AL B} 1] [ 3% Hin g 25 0 /D
(Slope<0, P<0.05), Ti#r iy # 1 1(Thaumarchaeota)
A A T ] (Bathyarchaeota) bt XA B [8] 4 358 Jin
UG e 22 46(P>0.05).
23 HEFELEFEMNL

H T RO IR 2 1 KA 5 AR A
REVE RN SR E] G R, IEHE R ADTE 17 DMHEAR

*®2 BRETANCERAYHEALERE

Table 2 The dominant genus of archaea on the weathering remnants of carbonate rock surface

Il £ H # J& SEBIARR
Phylum Class Order Family Genus Mean relative
abundance (%)
Bathyarchaeota - - - - 5.41
Euryarchaeota - - - - 4.44
Euryarchaeota Methanomicrobia  Methanosarcinales — Methanosarcinaceae Methanosarcina 4.18
Euryarchaeota Methanomicrobia  Methanosarcinales — Methanotrichaceae Methanothrix 3.85
Euryarchaeota Methanomicrobia  Methanosarcinales  Methanoperedenaceae  Methanoperedens — 2.24
Euryarchaeota Methanomicrobia  Methanosarcinales —— - 1.85
Euryarchaeota Halobacteria Halobacteriales - - 1.73
Euryarchaeota Methanomicrobia  Methanophagales - - 1.58
Thaumarchaeota Nitrososphaeria Nitrososphaerales  Nitrososphaeraceae Nitrosocosmicus 29.55
Thaumarchaeota - - - - 2.52
Thaumarchaeota Nitrososphaeria Nitrososphaerales  Nitrososphaeraceae Nitrososphaera 2.28
Thaumarchaeota Nitrososphaeria Nitrososphaerales  Nitrososphaeraceae - 1.50
Thaumarchaeota - Nitrosopumilales - - 1.23
Unclassified Archaea  — - - - 6.41
= REEE AR P AR

—: The level of the corresponding species not identified.

*3 HEMBITHEMFESKURENXR

Table 3 Relationship of the relative abundance of dominant phyla of archaea and weathering phase

Phylum Slope SE R? Adj R? Parametric P value Significance P value
Euryarchaeota —2.44E-03 —2.44E-03 0.25 0.20 0.036 0.037*
Crenarchaeota —2.33E-03 8.72E-04 0.31 0.27 0.017 0.017*
Thaumarchaeota 2.12E-03 2.12E-03 0.09 - - 0.221
Bathyarchaeota —2.39E-03 1.10E-03 0.23 0.18 0.045 0.057

SE: FREDRE: — TCEE(T RN 2 A A MMIES S04, AT B A g ; *: P<0.05

SE: Standard error; —: No data (variance heterogeneity and non-normality distribution of phyla relative abundance data, so there is

no need for permutation test); *: P<0.05.
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Figure 4 Coexistence network of archaeal communities on limestone surfaces. A: The red line represents
negative correlation, the gray line represents positive correlation; The thickness of the line represents the
strength of the correlation, the thicker the line, the stronger the correlation; Otherwise, the weaker the
correlation; The color of the node represents the archaea, and the node size indicates the relative abundance
of archaeal species, the larger the node, the greater the relative abundance, and vice versa, the smaller the
relative abundance. B: The abscissa is the size of the closeness centrality, the ordinate is the size of the
degree, and the size of the shape represents the size of the between ness centrality.
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Figure 5 Correlations between environmental factors and archaeal communities. *: P<0.05; **: P<0.01;
The shade of color represents the magnitude of the correlation.
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Figure 6 The histogram of KEGG secondary metabolic pathway relative abundance.
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Figure 7 The phyla of the N, C and S cyclic functional groups of Archaea.
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