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Fig. S1 Species composition abundance. (A) Archaeal microbial communities, (B) Viral microbial
communities.
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Fig. S2 Functional annotation results based on the KEGG database. (A) Categorized by sample
region, (B) Categorized by sample type.



NITROGEN METABOLISM { Crasoamina acid metatolism | i 0 1
O il

[

-
~————0{ Methane metabolism
|

() —— — —={_Giyoxylate metabolism

Fommate
Hi

Formamide

(R ————"5{ Arginine biosynthesis

e Carbamoyl-P

Nilrate
(extracellulary

{ {——
LGluamive [T L-Gitamae

Nifrite
(extracellulary

Nitrozlkan Nitrile
Oxidation state +5 +3 +2 +1 0 1 2 3
Dissimilatory nltrate reduction
[Ee| SBD
Nitrate{ ———_F #_) Ammonia
[HapsB] e

Assimilatory niteate reduetion

HaB
Nitrate() Hi ) Ammonia

Denitrification
Nitrate
Nitrogen
Nitrogen fixation
A )
o Ammonia
Nitfogen @E
Nitrification

it e {enciE] O ammonia

Nitrite Hydroxylamine

Anammox

ive |9BH] s oxe

Data on KEGC graph
Rendered by Pathview

FUR METABOLISM

trathi

Sulfae
x

Tauri
(extrgeg|iular) lextry

ne  Alconcsulfonate T
Ular)  (eximysular)

|
Biosu fate l-Seriu(m # —— — 1 Methane metzholism

10-Acetyl-
Loseriné

;
S-Sultylghiatione — yoodicids e
{Metky thio) Metkythio Q
gk -Con arnylorl-Coty

= Steinate
_ —_ _{ Giycine, serine and
il irhonine metabalism
Llamasering
5 ine and methion
olism

Mathy hicether

propanvale

(?7 13115
Dimelhylsulfone

Oxidation state~ +5 e 42 o

Assimilalory sulfate reduction

[E=a] [ewl] afs Sulfte

Al
Dissimatory sulfaie reduction and oxklation

s (IO (O[O

Sulfue_Y

APS Sufte
-~ B
sulfud e [JRBI S VZ-55-50: 4—@»— ——(Muioslfate
| i
Al ¥
SaVZ. s.sn—-—bs.m'z.s.so:—-J—bs‘uvz.su ! ‘ l H
Data on KEGG graph -1 0 1

Rendered by Pathview

Fig. S3 Gene abundance annotation of biogeochemical cycling pathways by sample origin (former:
gut samples; latter: aquatic environmental samples). (A) Nitrogen cycling pathways, (B) Sulfur
cycling pathways.
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Fig. S4 Sampling information. (A) Sampling map, (B) Schematic diagram of aquaculture model,
(C) Aerial view of aquaculture systems in sampling regions.



