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Figure S1. Normalized sulfur-cycling gene signal intensity in A, C, G, and M. Genes are

grouped into four categories: sulfur oxidation, sulfate reduction, sulfur assimilation, and DMSP

degradation. Significant differences among sample types, determined using the Wilcoxon rank-

sum test, are indicated by the letters a, b, and c. Data represent the mean values and standard

deviations. Different letters indicate P < 0.05. A, cyanobacterial crusts; C, cyanolichen crusts; G,

chlorolichen crusts; M, moss crusts.

wy e T L —_——— - -

o | ..l Ill L ZEE
II.

“|| ‘ “I ---

U |

n

fees rn sqr mi 1 fim:J'J ,;w st m rnr

Relative abundance(:;
> P

=

v

Relative abundance(s:

o

cviH sl aprd aselt welt

nm-..... -... I.. I ..I--.._
-
II Illll.l
80
.
@

mart”

Aciddbacteria
= Agiinahacteria
Alphaprusebsieia
- Netaprisehucterin
58 Cundicdatue,_Mupruteohacterin
-rym teria
. Tcinovoceus-Themy
- luprocabucieria
- it
. Cnmprulsolus s
. Cinmgtimona delos
Nitrospinie
Norank Becleria
- Planciomyectos
= Sirepuaphy s
=T hyumarchacot
- Vermomicnibiu
-0

s lm

piu 1

III‘I“

d’num‘ a‘mc 1B

Figure S2. Relative abundance of microorganisms associated with sulfur cycle metabolism

genes. A, cyanobacterial crusts; C, cyanolichen crusts; G, chlorolichen crusts; M, moss crusts.



Arginine biosynthesis| 71099 ss282 | 0146 603.67| s0397 45284 Flagellar assembly| 28483 20773 211 19585
Lysine biosynthesis| 63315 53650 | 54779 4875H| 49249 45880 Bacterial chemotaxis| 47072 78593 | 64416 82171 25205 36127
Phenylalanine, lyrosine and Iryplophan synthesis| 53251 44497 43099 42151) 31705 27645 Valinc, leucing and isolcucine degradation| 68863 49540 | 65254 56092| 61927 56533 | 625.14 53875
Valine, leucine and isoleucine biosynthesis| 0%6.20  8%5.66 | 55764 4¥K63 | 1056.09 970.79 Lysine degradation &0427 6a1.35
Arginine and proline metabolism | 19497 32108 | 45431 376.32| 9%4.77 43293 | 43635 36451 Butanoate metabolism| 52399 30620 | 51459 43825 45300 39796 [ 40010 43049
Alanine, aspartate and glutamate metabolism| 871,74 715,57 | 1WS0.03 94118| 83523 767.96 [ 016.589 80299 Glyoxylate and dicarboxylate metabolism| 521,67 625.44 | 677.05 SKSX9| 63086 S6L7E | 75389 66736
Cysteine and methionine metabolism | co9.54 58194 | 63517 57206) 5%9.07 51797 Oxidative phosphorylaton| 61442 48323 | 5109 159.00
Glycine, serine and threonine metabolism | 67522 536.50 | 55841 499.05| 52088 489.71 | 40082 34898 Methane metabolism| 50721 444p | 48372 40481| 49350 43131 | 4910 34265
Histidine metabolism | 42156 33275 47951 35748 Nitrogen metabolism| 71215 52159 | 79830 677.11| S94.66 52589 | 9963 13915
Phenylalanine metabolism | 41241 31080 | 36932 32504 40909 36896 | 37599 31201 A- Sulfur metabolism| (8941 32353 | 27625 22995 | 31552 2779.55
Tryptophan metabolism| 81038 g42.79 Phatosynthesis| 27.79 7026 [ 4442 8800
Tyrosine metabolism| 364.58 26040 | 364.56 311.65[ 40428 35051 ds0.69 41299 Degradation of aromatic compounds| 160.23 5 11563 16270 13558
Amino sugar and nuclcolide sugar melabolism | 65537 56338 | 18075 22768 SI348 48257 | 704 11766 Fatly acid metabolism| 966 86 RI0.50  BOLAS | 2248 10396
Citrate cycle (TCA cycle)| 89723 697.42 | 869.74 77850| 74204 68609 [ Y9578 90935 Fatty acid degradation| 87331 647.04 | 66885 580.63| 82351 760.75
Fructose and mannose metabolism | 27545 15798 | 26006 213.68| 25797 21822 | 19279 15451 Benzoate degradation| 31773 22074 | 33100 27834 [ 298359 25878 | 35245 3381
Pentose and ghicuronate interconversions| 31.51 26333 | 30478 28405 34183 20843 [ 0449 134x7 Other glyean degradation| 15408 12703 16302 0110 30822
Pentose phosphate pathway| 1 4271 0101 5378 1siss a0 Bacterial secretion system| 5890 10540 | 12201 19230| 9632 58327 | 12798 21144
Propanoate metabolism | 52662 38565 | s45.00 47049| 48645 43818 | 48836 41681 Endocytosis| 1216 2788
Pyruvate metabolism| 71546 52359 | 61026 S204| 60451 SH.79| 67167 58584 Acrobic repiration| 463,81 499,61 [4731 86 H6S37[ 4752.20 4555.16( 486426 4847.56
Biosynthesis of amino acids| 71681 597,69 | 74078 6G628| 62268 57649 | 63932 62033 149,34 96326 96034 90618
e Biosynthesis of cofaclors| 0861 41400 | 46109 409.10| 43765 40647 | 28657 21835 76442 62337 8T 64014
Carbon metabolism| 71385 55170 | 67212 59410 2 54613 | 62742 349.49 8- Penicillin and cephalosporin 9455 18338
Nuclcotide metabolism| 51919 3gwe4 | 17985 420.11| 44335 41240 | 50056 43076 Carotenoi 2472 1347 | 3756 6357
Biosynthesis of nucleotide sugars| 167.00 26284 35093 S1629 | TARZ 10844 Biofilm formation - Pseudomonas acruginosa) 13375 37534 | 23847 33752 5905 9601
Purine metabolism| sezs0 44897 | 35991 30885 46218 43515 Cationic antimicrobial peptide (CAMP) resistance| 23932 36541 | 38223 48148 20312 25941
Pyrimidine melabolism| 49810 38948 | 48914 43477) 40891 43676 [ 31227 20843 Two-component system| 12205 a6l | 028 27515
Carbon (ixation in photosynthelic organisms| 72743 5627 | 7279 670.50( 670.63 61894 Y- MBC(mgke)| 12071 14060 | 18501 100564 157807 2486.77| 12796 33408
Carbon fixation pathways in prokaryotes| 76455 60443 | 733.04 663.60| 6$296 G373 | V3253 85708 A6 AY [ ] G6 GY M6 MY
Lipoarabinomannan (LAM) biosynthesis| 13525 67.03 g0 O os0
Lipopolysaccharide biosynthesis| 79.12  15647| 14985 20180 14885 21296
Peptidoglycan biosynthesis| 70360 60206 SORIT SRA.ST
Tally acid biosynthesis| 105771 81931 UAT6S  NOBM2
Porphyrin metabolism| 11497 35650 | 19304 25030 28084 24729 | 16566 12656
Pantothenatc and CoA biosynthesis| 75833 o716 | 88662 78L31| 77246 72422
Ubigquinone and other terpenoid-quinone biogynthesis| 67.06 15285 | 207.67 243.00| 28975 24233
Cell eyele - Caulobacter| 28024 369583 82141 81651
Cell eyele, Meiosis - yeast
DNA replication| 97654 86334 75852 T0%6
Aminoacyl tRNA biosynthesis| 05166 81890 onass §7788
Ribosome] as721 35032
Sulfur relay system| 45052 36357 | 39997 337.05) 38456 33759
A6 A9 C6 (& Gé  G9 | Me M9

Figure S3. Life strategies in biocrusts during the growth seasons (June and September). P-,
cellular and high growth potential maintenance strategy; A-, resource acquisition strategy; S-,
stress tolerance strategy; Y-, high yield strategy. A6/9, cyanobacterial crusts collected in
June/September; C6/9, cyanolichen crusts collected in June/September; G6/9, chlorolichen crusts

collected in June/September; M6/9, moss crusts collected in June/September.
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Figure S4. Microorganisms involved in KEGG pathways of different life strategies in the

biocrusts. early stage, cyanobacterial crusts; middle stage, cyanolichen crusts and chlorolichen
crusts; late stage, moss crusts. P-, cellular and high growth potential maintenance strategy; A-,
resource acquisition strategy; S-, stress tolerance strategy.



