WWILEY

Publishers Since 1807

K= FHERAXN K =Y. ARMBEREDRFAER

K18 £ & MR RS0

D e =~ :
T & BERE, KBR, ERE, AEE E—TT

Ea, LA, FE @ 7

Ding, Xia, Feng Jin, Jiawang Xu, Shulei Zhang, Dongxu Chen, Beijuan Hu, and Yijiang Hong. 2022. The impact of

aguaculture system on the microbiome and gut metabolome of juvenile Chinese softshell turtle (Pelodiscus sinensis).
IMeta el17. https://doi.org/10.1002/imt2.17



https://doi.org/10.1002/imt2.17
http://www.imeta.science/

B =

T3 (RFC)

B 5 a7

R\ FRTEAR T, G0 a7 52 0 5 H 8
AR E RN H, M
I FR BN E N MY




S8 e any

IKFE RIS
&L IE S (PC)

R=77E (GC)

KA KA

- Y E




Shannon
O =~ N W N 01 OO N

PCOA 2 (16.32%)

log,Ration (FRI ...: FRI /)

l

N

)

gut

0.25

0.00

-0.25

-0.50

PCoA 1 (28.68%)

RFC (n = 8585)

IPC (n = 118)

0.25

log,Ration (FRI ..: FRI )

|PCERFCAAFRIET X}

A A

300 . *

2001 ° c l

100 | _ ’
skin  gut

SRR

-
o

o
o

Py
=
©
£
)
R
o
n 05
90
'c
>
€
€
(e)
@)

RFC (n = 5632)

IPC (n = 1878)

skin

gut

log,Ration (FRI __: FRI .

Oral

RFC (n = 5646)

IPC (n = 2241)

Lk

TEMAEYR S ERBRER
N, BEESHaZH NI
Ik

% 5 o
7/

« AEIFERANMEMRE=EN
TR ANEmE, HXERRK,
REEHE.




(A)

IPC RFC
SOUI‘Q,:,
rectum Q Tectum gut
gut Q
colon colon
abdome \8
[X
mouth %
iy, abdome “ %
dUodenum §> dUodenum
mouth §
limb limb
Unknown &
Unknown
e o \
Gut Oral Skin
Duodenum lleum Colon Rectum Oral Abdomen Back Limb
478% - 64.2% 66.0% 271% P  13.4%
4.4% 9 o
93.5% / / i 14.8% - 9 %
- // / \ //\ . / o 1% 2 00/ 3. 52/3/0
8 0.8%| ‘ 1 6.2 e o 2.7%
= \ / 0.'203\ / '/ \ \
. / A /s / oy / 0 / /
- N 4 0.39F.__ % 080/ — % 16.3% . 80.30% ; 85.2/0\_ // 77-7%\ ) 4
. e | y . o _
51.0% 0.7% 34.8% ° 16.9% 53.5%
0 3.2%1.1% 8.9%
/,/"’_"4'1/20.7% 7 24.5% 1.0% .35.7%  70.6% /,./ T
/ / 13.19%," \ / d7.0% N / yd
{ / \ 19.4% / \ / 205 4. 9% 7.0%
o | ‘ |‘ w | é 7% é, 33% 3.0%
g | ] ] l/ ‘ ‘ 703% | To. 20?8\ 0. 20/ /0.2%
A / \ / / it / 2%, /
@ B / / / VARG / 91.6%, / /8. 8% /
801%-_ .~ 7 ;;; - - _\,./20.4% g P ~_ AN e -
-2% 23.9% 0.9% g1, 8% — —
O Gut O Oral O Skin O Unknown

Tt FiErE AR MK,
B FRERET A YRR
#E FE ZHIARFER A



s

= B TR AR 25 AL

A
Gut Oral Skin B
10.0 .
—_ L] .
.
20 § 20
7.5 20 1 e
15 £ d
— —~ —~ ©
a a a 8 10
S s s 5
O F1o Generalists (14.49%)  § | % g |4 ° 285 V533
o] eneralists X () 0] g [0} bt .
. 5 5 |1 . . Generalists (1529%) 5101} ) 173 1190 1220 §1.61 —
2 g B g |0 zZ 0 . .
2 5 2 o5 = ‘ Goreralists (15.5°% gut oral skin gut oral skin
: eneralists (15.5:
------------------ ¢ Ry, Coneralists (15.52%) IPC RFC
" Specialists (74.17%) _Specialists (60.03%) P Specialists (67.68%)
0.0 1.0 2.0 00 051.0 1520 00 05101520 25 C
Mean relative abundance Mean relative abundance Mean relative abundance —~ 100%-
S I N
8
8 75%
201 9] 7 [
7.5 2 8 — Processes
g m Homogeneous Selection (HoS)
151 15 S 50%. Heterogeneous Selecton (Hes)
) ) ) IS [ Dispersal Limitation (DL)
= = 5.0 = o = Homogenizing Dispersal (HD)
8 § 101 % Generalists (8.63%) g g 10 ¢" 8 Drift (and others) (DR)
X s 5 o Generalists (32.83%) k] g 2 25%- -
2 B 2 5
S 5{ 3 25 S 5 t Generalists (24.77%) E
[l o o I o L S 0%]
o L= “Spedialists (75.97%) - Specialists (49.47%) o[% " Specialists (60.50%) P —
00 05 10 15 20 00 05 1.0 15 20 25 00 0510 15 20 25 3 g = B g =
Mean relative abundance Mean relative abundance Mean relative abundance e RFC

SibEREAER AR, FRREAER T OB Y B E BB LI S AR M E B £ A
go@%ﬁ&zo

HAFERIVT, OEMRRMEVERFERXERLAINFHEEIREES . ERFERXT, ZEi
_&._%ﬁ YR E R LB A BB RS



A 55 Growth phenotype .
* ;
2.5 " 1
e s v -
2.0 - - i e e -4
' +. E%em
1.5 ==
: ——
1.0 e "
& & o & & & & & & S
& & & ¢ ¢ ¢ & S
R & & & &® R & & o
£ & ¢ ¢® F & & & & ¥
& & & @‘0 & & S & N
& R & & 3 & & R &
4 » o o D N N $
0’0 o‘b O 00 £ R 00
& 3
X (8)
A\ )
B -C
_ 30,
(72}
‘5 g 25- *okk
E g —
e € 20- T
s 0
T @ 15
2 3
o | 2 10 L
5 s
g 2 9
I — 0

IPC RFC

» BiN&MFEEFAERENT, PEERF
REAE R

- FAFERAT, PEEFREER
B LRI,



A

c__Epsilonproteobacteria -
o__Campylobacterales -

A S 1} 4 f_ Helicobacteraceae -
AN E B EER W et
s__mesocricetorum-

p__Proteobacteria-
p__Fusobacteria-
¢__Fusobacteriia-

o__ Fusobacteriales -
f__Fusobacteriaceae -
S__somerae-
__Cetobacterium-

gM Vethylobacterium -
f__Methylobacteriaceae -
s__agalactiae-
g__Epulopiscium-
s__perfringens -
S__nhasimurium-
g__Rothia-

o__ Enterobacteriales -
f__Enterobacteriaceae -
' S24-7-

g Streptococcus -
treptococcaceae -
"__Micrococcaceae -
__Lactobacillus -
f__Lactobacillaceae -
f__Comamonadaceae -

0__Actinomycetales -
|E acteroides
f__Bacfteroidaceae-

c__Actinobacteria-

o__Rhizobiales -

f __Lachnospiraceae-

f__Pseudomonadaceae -

T __Enterococcus -

f nterococcaceae -

o__Sphingomonadales -

f__Sphingomonadaceae-

p__Actinobacteria-

? _— Sphingomonas -

haproteobacterla-
- I

BHREERT, BEEE
ZERIGTHEEMEY R LE

-7
EI
g5
=
—
ES|S B

DL

c Betaproteobacterla-
__Aeromonas-
o__Aeromonadales-
T__Clostridiaceae -
f__Aeromonadaceae-
0__Lactobacillales -
o__Pseudomonadales -
c__Bacilli-

¢_ Clostridia-
o__Clostridiales-
c__Bacteroidia-

n Racrternidales -

[p__Bacteroidetest
¢__Gammaproteobacteria-

-5.0

-25 0.0 25
LDA score

5.0

i I ——

_|Parabactefoides

__| Eubacterjum_
__[Oscillospita
_|Coprococqus

__[Ruminocofcus

__|Turicibactpr

Ochrobacfrum

_[Prevotellg| I

Bacillus

taphylocpceus

Ruminocpccus_

Dorea

Serratia

Ralstonia

Wlistipes

Roseburial

I

IArthrobacter

Sutterella

IThermomenas

|

Paracoccys

_|Chryseobacterium

Stenotrophomonas

e e e o o o oaffle @ @ efTle a[Fjle © o 0 eEF|e

Neisseria

E:Bifidohacterium J

[Cysobacrar |

_[Catenibadgterium

_Pseudomgnas
_[Lachnospira

_[Faecalibagterium

_[Blautia
_[Enhydrobacter

__Haemophilus

| Prevotells_
Halomonas
_lLactococcus
_[Megamonps

Brevibacillu

I

eillonellg

Psychrobgcter

Desulfovibri

0
Streptocogcus
_[Rothia

ELactobacn us

Enterocodcus

g
g__JAeromonas
g_JAcinetobagter

—4.924-3.844-2.764-1.684-0.604 0.476 1.556 2.636 3.716 4.796
LDA SCORE (log 10)




B 2B -5 A
A hERR B
BREYMERETE

MMFEEXNBERFE
AENRERNERER . IER.
BFEE,
mMEANZERREY, £
ZEEERTR. REXEE
A B LS. GABA REZRfil.
NBEMBERBNED & NE
RGBS

LT EMEFERNEERE
SR LBHEYNE
Al

»
2

(A)

(B)

(D)

Metabolite Sets Enrichment Metabolite Sets Enrichment Metabolic network of major gene/reaction contributors
i i Bilivegdia (K09473)
in RFC in IPC (o1aaz) WM Pidolic acid RI
) ) Choliadcid
Fatty Acids and Con_]ugaftes | Mtamate
Pyrlmld_mES ] KO01580
Purlqes 1] Urocanate
TCA acids [EE—. L-H8tidine
Pyridines [
Monosaccharides [l
Cyclohe'?ylammes I— ) Amm) STEDe et
uranones . . . B icotinate
. == Amino acids and peptides | .xycholate c
Sulfonic acids [ T
i 08693
Hydroxy acids [y Fatty Acids and Confudates P o v o) _ Nigghinamide
Organosulfonic acids [ atty jug xoadipal N-Acelylneu
Amino acids and peptides | ) N-Acetyl B mannosamine e .
Imidazoles [ TCA acids Pvalue  D-Agdfale (izso)
Keto acids [ 2e00 ©E PhegrTe o) Sy
. - . . mine
Bile acids | Organic dicarboxylic acids D Leol e : ®
e-
Glycosyl compounds [] - mvale (Koozes) CreF-%agaa
Indoles [ Pyridinecarboxylic acids | 2e-01 ”‘“"‘°3t .
(k0166 Kooie? Kitastroxopentanoate
Fatty esters | P value KanoKoms‘ranw P
Phenols [ 5e-12 0 1900 s {K01583 KO1584 KO1585 KD2626) Y'D'P'C"'"e
Organooxygen compounds ] Enrichment Ratio /_
6
Benzenes | .
Octadecanoids | 4e-01 ate
Sterals | : "orbitcl
Benzamides | 8e-01 o .
Glycerophosphocholineslpsum | Prediction Type  Correlation
T ® Consistent + 050
. . ® 0.25
0 400 1000 Contrasting ® 0.00
Enrichment Ratio Inconsistent ® 05
* NA ® 050
, Contributing ASVs for each metabolite
EanChment [ | ® cis-4-Hydroxy-D-praoli
[ | Biliverdin| - 09
— Longevity regulating path way —worm m > = L-Gulonic gamg\‘gzjlﬁgtggig
O Aminosugarand nucleotide sugar metabolism -. Count = - istidi
N Pyrimidine metabolism = @ .2 = © o¢
(o8 1
o beta Alanine metabolism = 4 @ 3 )
b Glyoxylate and dicarb oxylate metabolism = . . 4 E
[)) Linoleic acid metabolism = [ ] . 5 _8 .A—Mehyl—z—oxr?‘ggﬁtﬁggmaﬂ - 02
> Two —componentsystem = (@ '.(E NN@,&EQ&E&,’“&EES%SECIR”
g Nicotinate and nicotinamide metabolism - . . 6 (]
< ® . 00
preer} Lysine degradation - ¢ 2
S Aminoacy! tRNA biosynthesis = . . 8
Arginine biosynthesis = [ ] . .03
8 Taurine and hypotaurine metabolism u . P value
| Protein digestion and abso rption = ¢ (-Iogm)
Y Arginine and proline metabolism - @ 8 - -06
ko] Citrate cycle (TCA cycle) = [ ] 7 o
[} Glucagon signaling path way = 6 20z S8BT g =8 a = QY Lyl onld gl s "’m‘/’Eme
< b log,FC concentration STooEe8E8NEcEgEcRas8se S8 ESgE e85 SR ®
S 5 5 , oo = .2 © D OPT VOB @ o-d®IT.= o)
9O iosynthesis ofunsatu rated fatty acids = . EU) %Coﬂ)odoow _w-:._owuou-ﬁuooumom 0OoEs QX o
= B (RFC/NIPC) TG 8SBIcL2SC LRI ETIYCEIRSsES8FERS SO0 &E
c ABCansporers - (@) :BQER'COQIIBS 3G 8582-‘:82258558% 8990303
L GABAergic synapse = 3 8%%%8%%8 Oggggggigﬁ @88%§8 ;Q_I‘GQ §D-|%-§T)_) °
Alanine, aspa rtate and glutamate metabolism = Llc_:'l Ulclg Sﬁg 8 494 8 EE\ OL§ é)g E Ea E % g g é i § U’)g% 'Q__l _g
T T w w © | £ S 80 G5 =2 q Sel =
01 02 03 04 5os e F2c 2@ IREDSESS g | - £
. Qoo r8 osc £o+-857 =2 o 3 o < =
< e @ ISa X3 O s £ >
Rich Factor ks -8 2y D8 CX <55 § O g
ol o =3 - s < >, o o
- —

f_Pe)



1. PEEEMEMREAREBTFERIT, BEEESH o ZHMEMINERR, 2 EmE

P, HXRZKEK, a0,

2. SitEFEARIVIENL, FaFERN T OEMEKRMEYH, RNEEEESLEHIRY
AT MESHESMNERE, BER.

FraFRERINT, OREMERKRMEMREHEEZEXNLANHEEIIERTH . MmEHERARN

YRR R R FRERN TR IR E S

3. SthTAMEATHEERNHER, £ T SMEMERINEEZEZER NI XBME

AN EL[H ;

4. MMAEFERNT, PEENFBEMFRERBEEXRNESR

Ding, Xia, Feng Jin, Jiawang Xu, Shulei Zhang, Dongxu Chen, Beijuan Hu, and Yijiang Hong. 2022. The impact of

aquaculture system on the microbiome and gut metabolome of juvenile Chinese softshell turtle (Pelodiscus sinensis).
IMeta el7. https://doi.org/10.1002/imt2.17



https://doi.org/10.1002/imt2.17

|MEta: Integrated meta-omics to change the understanding of the biology and environment Wl LEY

Publishers Since 1807

o

Volume 1 | Issue 2
2022
Online ISSN: 2770-596X

Print ISSN: 2770-5986

ss N; 2$70-5986, ISSN. 2 05986 ' |ssn:z11o-59u‘
§N:2770-596X | eISSN:2770-596X

sssssssssss M
e e

. Volume 1 Hu mn microb zozz

“iMeta” is an open-access Wiley partner journal and launched by scientists of the Chinese Academy of Sciences. iMeta aims to
promote metagenomics, microbiome and bioinformatics development by publishing original researches, methods or protocols,

and reviews. The goal is to publish highly quality papers (Top 10%, IF > 15) targeting broad audience. Unique features including
video submission, reproducible analysis, figure polishing, APC waiver, and promotion by social media with 500,000 followers.

The first issue will be released in March 2022.

iMetaScience

Socigty: http://www.irpeté.scienc.e | @ofﬁce@imeta.science
Publisher: https://onlinelibrary.wiley.com/journal/2770596x

Submission: https://mc.manuscriptcentral.com/imeta

iMetaScience
iMetalournal

% iMeta



http://www.imeta.science/
https://onlinelibrary.wiley.com/journal/2770596x
https://mc.manuscriptcentral.com/imeta
mailto:office@imeta.science
https://mp.weixin.qq.com/s/Ws4td7ZoRIWviUwdZs_ueg
https://twitter.com/iMetaScience
https://www.facebook.com/iMetaScience
https://www.facebook.com/iMetaJournal

