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A5t : Goldfields Esperance region, Western Australia
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From To Soil horizon Lithology Description
(m) (m) Regolith

ﬁ%ﬁg }Eﬁ-;ﬂv}fﬁ? = 0 3 Eluv?um soil cover  Transported clays light. cream, kaolinitic .
3 6 [Muvium Transported clays medium brown transported alluvium, clay, gravels
6 9 uvium Transported clays medium brown transported alluvium, clay, gravels
9 12 Mluvium Transported clays medium brown transported alluvium, clay, gravels
s 12 15 Iluvium Transported clays medium brown transported alluvium, clay, gravels
le* ’ \E 15 18  IMuvium Transported clays medium brown transported alluvium, clay, gravels
18 21| IMluvium Transported clays medium brown transported alluvium, clay, gravels
21 24 Tlluvium Transported clays medium brown transported alluvium, clay, gravels
24 27  Illuvium Transported clays medium brown transported alluvium, clay, gravels
27 30 Iluvium Transported clays light red transported alluvium, clay, gravels
30 33  Iluvium Transported clays light brown transported alluvium, clay, gravels
}%_'_’ 5@% 33 36  Leached zone Upper Saprolite  leached zone, kaolinitic, fabric destroyed
36 39 Soil parent material Regolith clay>20% - primary fabric preserved, with few aggregates
39 42 Soil parent material Regolith clay>20% - primary fabric preserved, with few aggregates
42 45  Soil parent material Regolith clay>20% - primary fabric preserved, with few aggregates
45 48| Soil parent material Regolith pale yellow, <20% weathered minerals with abundant
aggregates
48 51  Soil parent material  Regolith pale yellow, <20% weathered minerals with abundant
B\Fﬁ aggregates
51 54| Soil parent material Regolith pale yellow, <20% weathered minerals with abundant
aggregates
54 57 Soil parent material Regolith pale yellow, <20% weathered minerals with abundant
aggregates
57 60 Soil parent material Regolith pale yellow, <20% weathered minerals with abundant
aggregates
g% 60 63 Bedrock Fresh Porphyritic medium green porphyritic, strong chlorite alteration, large

Basalt plagioclase phenocrysts




. 1. Soil/regolith samples collection and incubation
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IMaterials and methods

RER, FHEED,

2, DNA extraction, (q) PCR and the related growth rate calculatior EF Y EE,
(hzsB B : BXRSREEXEER) HiE. i AEF.

3. Illumina sequencing and network analysis

4, The AMS method of direct “C isotope counting for soil dating
IhEEFRIE ST (accelerator mass spectrometry analysis, AM

5. Analyzing physicochemical properties of the incubation slurry

6. Rate measurements of anammox, denitrification, NH*" oxidation (NH* —NO?"), NO?*"
oxidation (NO?>~ —NO37), NO3 reduction (NO3~ —-NO?"), and NO? reduction (NO?*~
—NH*) by!>N-tracer technique

7. The measurements of carbon dioxide (CO,) , methane (CH,) , and nitrous oxide
(N,O) gas emission

8. Statistical analysis
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1. Age of sampled soils
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The five AMS !“C radiocarbon dates determined on the

soil/regolith samples ranged between 15,675 and 10,245
Cal. yr B.P. (Cal yr B.P AIEATC1950FRIRIEER)
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2. Abundance and activity of anammox bacteria

Table S2 Gas concentrations during the incubation period

Sample layer Incubation period CH, N2O
(m) (month) Dpm (ppm) (ppm)
6-9 [ 1 89.2 n.a. n.a. }

2 453 n.a. n.a.

3 681 1.13 0.02

4 1784 1.96 0.10

5 2431 4.83 0.07
18-21 [ 1 134 n.a. na. }

2 540 n.a. n.a.

3 860 0.71 0.05

4 1898 0.92 0.42

5 2089 2.05 0.07

45-48 | 99.2 n.a. n.a.
[ 2 422 1n.a. n.a. }

3 716 2.15 0.02

4 1261 2.03 0.01

5 1619 2.47 0.10

51-54 | 108 n.a. n.a.
[ 2 4838 1.a. 1.a. }

3 744 1.31 0.04

4 1300 1.37 0.00%

5 1711 1.69 0.06

n.a.: No data



Brocadia. a

Brocadia. £

Jettenia

Kuenenia
Scalindua «

Unclassified

Ootuis
otu24
Otu2s
otu29
Ootu37

1 Otu1l

I otus

jotutol

lotu16
10tu22
lotu23

al a2 a3 b1 b2 b3 cl ¢2 ¢3 d1 d2 d3

6-9m

18-21m 45-48m 51-54m

4.95

389

3.18

248
212

81.77

142
1.06
0.71
0.35
0.00

3. Anammox bacterial community

Heatmap of anammox bacterial community compositions
on OTUs level in soil/regolith samples during the incubation
process. (al, bl, cl, d1), (a2, b2, ¢2, d2) and (a3, b3, c3, d3)
represent soil/regolith samples (6-9m, 18-21m, 45-48m, 51-
54m) in the third month, fourth month and fifth month,
respectively.

Diversity of anammox bacterial decreased with time.



3. Anammox bacterial community

a 6-9 m 18-21 m 45-48 m 51-54 m
;\j 100,

Qé 80- == Unclassified
-‘é’ mm Scalindua

g 60 mm Kuenenia
..g 40. ] Je‘ttenia'
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= 20 - '

3
a7 0.

Fifth
Fifth
Fifth
Fifth

Third
Fourth
Third
Fourth
Third
Fourth
Third
Fourth

Incubation time (month)

The anammox community shifted from multiple Candidatus Jettenia, Candidatus Brocadia,
and Candidatus Anammoxoglobus to a single species of Candidatus Brocadia fulgida.



3. Anammox bacterial community

nd2
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PCoAl (50.88%)

Principal component analysis of soil/regolith
samples during the incubation period displayed
with Bray-Curtis distances. (al, bl, c1, dl), (a2,
b2, c2, d2) and (a3, b3, c3, d3) represent soil/
regolith samples (6-9m, 18-21m, 45-48m, 51-
54m) in the third month, fourth month and fifth
month, respectively.



Growth rate (copies g'' d-!)

6000-

GO m

B 52 m

4548 m
5000- 554 m
4000+
3000+
2000+
1000+

t 1 |
0-3 month 3-4 month 4-5 month
+ + -

Net growth rates of anammox bacterial abundance
in different soil/regolith samples during 0-3 months,
3-4 months and 4-5 months period. “+” means
positive growth, “-” means negative growth.

Anammox bacterial community

3000-
45-48 m

25004

Il Brocadia anammoxidans
Il Brocaida fulgida

Bl Jettenia sp.

2000+ [ Kuenenia sp.

1500
6-9 m
1000-

S00-

Growth rate (copies g'1 dJ)

0-3 34 03 34 03 34 03 34
Time (month)

Growth rate of specific anammox species in
different soil/regolith samples during 0-3 months
and 3-4 months period.



3. Anammox bacterial community

The co-occurrence network analysis of the anammox community

Brocadia anammoxidans

& Brocadia fulgida
B Jettenia
8 Kuenenia

B Scalindua
- Unclassified anammox

The network of anammox bacterial community with avgCC of 0.639. Nodes are colored and shaped for phylogenetic taxa with the

size proportional to node connectivity. The blue link indicates a positive interaction and the gray link negative interaction.

Candidatus Jettenia links 67.5% (27/40) revealed positive interactions, in which

88.9% were interactions with Candidatus Brocadia anammoxidans.



4, Diversity of archaeal and bacterial community

d Total bacterial Proteobacteria
100% 100%
a
& 80%- i ;§! 80%-
£~ T RN
g_ 60% A &  60%- The majority families were Halomonadaceae
3 . E22w 8 (50.6-57.2%, affiliated with Oceanospirillales)
2 40%- i i 4&%-
E . EE N and Shewanellaceae (22.4-29.9% affiliated
20% ¥ 500 ,
3 i 4 = with Alteromonadales)
0% - ] o o o/

Third l'ourth Fifth Third Fourth l'ifth
Time (months)

[ Proteobacteria [] Acidobacteria

[ Actinobacteria B Firmicutes

B Gemmatimonadetes [l Chloroflexi

B Bacteroidetes [ Others B Othors

Time (months)

[JHalomonadaceae I Shewanellaceae
[ Methylobacteriaceae [ ] Sphingomonadaceae

Facultative anaerobic Proteobacteria (81.9-95.6%) dominated.



Diversity of archaeal and bacterial community

b
;@’ 100% Total archaeal
8 80%- e B0 Crenarchaeotic group
= e | | Candidatus Nitrososphaera
g 60%:- ‘ m Candidatus Nitrosoarchaeum
= Methanolobus
o 40%:- Methanosaela
E Methanolinea
% 20% i Methanobrevibacter
- 0% Methanococcits
0

Third Fourth Fifth
Time (months)

The archaeal abundance exhibited a community shift from the Crenarchaeal group (83.2%) plus Candidatus
Nitrososphaera (14.3%) in the third month to multiple Methanococcus (61.3%), Crenarchaeal group
(20.5%), and Candidatus Nitrosoarchaeum (15.3%) in the fourth month and finally to Crenarchaeal groups
(29.9%) combined with typical thermophilic Methanococcus (66.1%) .



4, Diversity of archaeal and bacterial community

s_Brocadia.f

s_Brocadia.a G O A QQ

-

Archaea

() p_Miscellaneous Crenarchaeotic Group

() p_Euryarchaeota 1

() p_Thaumarchaeota :

5] ¢_Methanomicrobia 1

(] ¢_Soil Crenarchaeotic Group (SCG) :
i
1
1

@ o_Methanomicrobiales

@ o_Methanosarcinales

@ g_Methanococcus

@ g Methanomicrobiaceae_uncultured
@ g _Methanoregula

g Methanosaeta : ''''''''''''''''''''''''''''''''' :
B g _Methanolobus : 3
O g_(’t:ndid;tl:.\' Nitrosoarchaeum i A tOtal Of 53 nOdes gave 746 lnteraCtlon i
; " B S et i links in which there were 42.8% positive 1
acteria 1 . . . I
A p_Protesbactera i and 57.2% negative interactions. I
p_Acidobacteria e o o o o o e o o Bt B S o B Bt B B B B B B o B B B B o B o o B o B
A p Actinobacteria ’
A p_Firmicutes [ 1
A i s . . 1
A Crne 1 For the archaeal genus Candidatus Nitrososphaera, i
A - 1 3 1 . . . .
s - Sl | all links revealed interaction with the anammox i
[ Shewanellaceae : o .
A Frtemimpacrericese | COMmunity, and 68.8% (11/16) of the links were i
A 1_Sphingomonadaceae | positive interactions. !
Anammox i :
© s_Brocadia.a I
p_Bacteroidetes =7 S ; @ s_Brocadiaf ! ) ; / i
- 3 O‘OO/ Positive interaction @ g_Jettenia | 64.7% (22/34) links of Bacteroidetes to anammox, |
Negative interaction @ g_Kuenenia 1 . . .
i while 58.8% (20/34) of links were negative ]
]
i Interactions. i

Co-occurring network of archaea, bacteria, and anammox bacteria



5. Interaction of anammox with other N cycling process

Starting point Third month Fourth month Fifth month
. "; 0.043 0.393 0.208
Z % N % A %N\% 7R aNG
'E- '-'- /’4_ C\"‘ )9
________________________________ o T — - 7,

.066

1109 0.133 | (17.7%) {34.5%)| 0.260 0.158 |(36.6%) (11.8%)] 0.05]

0.043

NH,'

Internal cycle
{mmaol N m2d'")

- NOy }oz- NO;

.187

(28.3%) (23.4%)

=== Denitrification = ANnammox =3 NO, oxidation == NO; reduction ==> NH," oxidation

SIHESEIA R /94, dissimilatory NO3~ reduction to NH*" (DNRA)
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I Discussion
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I Conclusion
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