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1.1 SEIEAR

AR SEHGF20224E6—7 H 45 R LA AN A AE 3
IREE 2 N BEFEA, AR TLSDKCONEF AT, WX 5CT
NFEFERL(FR 1) S BENLIR B 2R 2
150 gHIAMAR, 6 878 0E [F] 5256 =, MS222(50 mg/L)
PRI J5 7. B 7E TG B 1 26 A0 T A, K 4R200 mgi
. ENEYE TS mLAGEE S, WEHEE G
—80°CUKFRAEEH, HRNEMH T o &Y
el
1.2 KERIEFRE

Y SIZK 53 73 A (3 L) 5 R A SR AR I 3
TTFRCRFE A IFES MAERKAEE . 25 &
B AKIEApHEEIEFR .
1.3 BBiERHE YR DNATR B AN

f§ FHE.Z.N.A. Stool DNA Kit(Omega, 3 [®)#2
B 2% |l iy 18 T BE BLDNA, 715 IR B B 3R 4T .
FA 1% B i W % J el oS U $2 EX DN AT T &2, 1% PR
T ) 52 A (AT M) BB Nano-300) K DN A K, 45
U 2 A M DNARAEE-20°C UK AR T .
1.4 PCRIIELMF 547

1 FH 4 1 38 1 51 4 338F(5-ACTCCTACGGG
AGGCAGCAG-3')5806R(5-GGACTACHVGGGTW
TCTAAT-3"). PCRIXNAK &R (20 uL): 2xTaq Plus
Master Mix(10 pL). PCR Forward Primer(0.8 pL).
PCR Reverse Primer(0.8 uL). Template DNA(1 pL)~
dd H,O(7.4 pL), ¥ #F25: 95°C FilZE ¥ 3min; 95°C

A5 1:30s, 55°CiB K 30s, 72°C 1EAH145s, 27N EHE; 147
FF72°CIEH10mings . BAFR3IRER, Hl RS
PCRZ W) o FH2 %3 I b B8 e FEL Bk ARG I 2% i R/ =&
T543&, SR )5 Pl AxyPrep' " DNA Gel Extraction Kit
(Axygen, 3£ E)EIg4itt . BHealifs &4 8=
Y5 B Sk i e, MR S, &M B
B R BR A A 3T 5 AR S E T .
1.5 BEESHh

W 5E e, FHFLASH(1.2.1 D) 3347 7
HIHHEEY . DADA2(1.14.1)%F B3 52 Bl 7 51534 T
G UCHIMEZ: Bk &6 751", UPARSE
HAFTEOT% AL R TOUTE K4 1. RDP
Classifier(2.2)¥04s e AT AVER. Qiime(1.9.1)
HEAT 2 BEME /072 RIPICRUS (2. 1.4) Bt 04T 8
BEREDRE TN A S $0HE S5 1+ i I SPSS Statis-
tics 263H47 LR 2 7 22 40 i, HFIEIERIE 5 Vegantd
HE4TRDAJU4A . NMDS. Adonis. welch’s tK: %l
Turkey HSD %3 #T o

2 £R

2.1 IMREEFSH

WG (KRB ot 5 bR #E(GB3838-2002))
PR IK R, TR AUK PR 1128, FR5E KA
ROUKBURTIIZE (R 2). H, 4HKATN, TPE R
NG (P>0.05); FRAEHK RS B FIK IR %
T B AE KR (P<0.05); 44 KA A TR WX AL
pHEZ & TCTAM, MWX. CTHMTLAKpH &
= TDKHI(P<0.05).
2.2 NEFHHE

JHidReadsit J8 . TagsHtz, BT 320
#3126255%reads, &1t %5, 153173958 % H
BB . K3 LLOT% [ Al — PE B 35 HOTUs,
HIR1F6576 1~ 0TUs, J544 H i@ id Naive Bayesian as-
signment577%, 5RDP Classifier 35 72 AT FhiFE
B, AMREARHILRIAATT, 234020, 451N H, 62F},
TN I8 B o
23 oZHEMS
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Tab. 1 Experimental material
A FEAE TRLRE KA
Sample Sample size (n) Source of fish feed Collection point
TL 3 HRL 80, pRisgh . g, fES L, VEE, 68 T B G AR XA WL RS B
DK 3 [N | NI/ T 1 W5l BVA X B iR TR H &
CT 3 VKEEiR T ELIEEE B A AR ) T 58 22 B3 B = A v
WX 3 i #4115 e T E R B A AR ) 3 22 B K i AU AR
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47 %

F 5 B RIE L, 7R i b 28 ST R R R i B
B S ERROE L. TEARDE A, CTHES E -
WHREE K, DK WXA R 2, TLAF/ME 1). #§
AZHBEA 18 B R T E R RN 20 RE 43 5 N CT>
DK>WX>TL.

oS PR TR R E AR B A AT RGN 2
PEIE O, 8 R YA EE SR 5 AN E
BSHORIFE . XT4AFEAR AT AlphaZ FE 4 HT
(K 3)o SR IR, AHFEAMUA 1 510.99, it
HIREAS TP il TR R A Y, WU 5T B R 47 sobs.
Chaol. ACEFRH(5 Wi i #F M ph =5 A2 B i IE
bb, 45 R WoR CT4H 1) 48 $ Ml & =, X DK,
WX, &5 NTLA, b4 R 5 Rank = B il 2 45 R

®2 HMEKREH

Tab. 2 Environmental water quality parameters

e bR 43¢ Group
Index TL DK CT WX
- 8650+  8295: 85508  8.750%
p 0.04" 0.015° 0.05 0.05"
(o) 19420+ 204755 26500 26700
0.18°  0.045 0.2° 0.2°
0035+  0035- 0284+  0.193+
NHyN(mg/L) 005" 0.005°  0.0465°  0.009"
1845+ 17206 1600+  1.505+
TN (mg/L) 0.005 0.05 0.1 0.245
0035+ 0035 0178+  0.167+
TP (mg/L) 0.005 0005 0102 0073

T R EER A B EIME, R RATEAR A R B
AR B M R (P<0.05); TIH

Note: Data are the means of three replicates, different letter
superscripts in the peer data indicate significant differences (P<t
0.05). The same applies below
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Fig. 1 The Rank-Abundance curves of OUT level

AT o XF4ZHFEA 2 FEME 7R 03T Kruskal-WallisFk
FRG G, 45 5 7~ B A TR R 97 it 72 7 4 T 8 3 1k 22
R(P>0.05); FRHEAICTZ Isobs. Chaol. Acefl
WARE = T 8 A4 BRI TLAL(P<<0.05); 1fj Simpsoni§
BEAL (0] 9% B 2 7:(P>0.05).
24 BHHEMIHR

BELAEME R — MRS REZ HWIF 2 K1
I ELEL, 2T OTUKF 4Rk 4 2 25 X 4 20 A A
HEATHE R &= % 4E RE 2 HT(Nonmetric multidimen-
sional scaling, NMDS; [ 2), stress<<0.1, K~
AEE, b, FEFE RN AR AR 2 0] il R B REAE AR
HAAE X, 7B 358 RN B AR 7R 2% N il ) b AL PR
BRI, T8 R R AR 2 R 2 S RIS (R
A= R AL, LT T TR A AR 2 X, 3R B BT A T
IR BE B A, T TR B R Bl 22 o 1 22
SRR IN; T SR Y A 2 (8] iz 3 o B RE AR > A TEAS
I 1) 2 i) [X 3k, 3 BH 7 4 40 e it A0 B 2 iz, B i
WA Z R 2 R b il B
% [R5 77 % /7 M1 (Permutational MANOVA, Perma-
nova) 47 73 415 B IR (K 2), 45 R B4 2 |5
B2 B(P=0.018).
2.5 PMAEEBEFEEIILERK

(3K FEE HERB4ANETD, LR
FF 1 '] (Fusobacteria). A8 £ B | ](Proteobacteria)
JEEER | ] (Firmicutes). £k B4 [ ](Actinobacteria)Fll
AT B ] (Bacteroidetes) N F 225 ], HARIMH ]
SEIIARN B AR 2% XA top 10
BT TEAT A (2 =E I EHE A ZE 108, B 19
Pl 995 Others, A 51 PP #4512 A Unclassi-
fied)(&l 3A), 45 R BoR: TLALML 5 1T R B
11(53.62%) IS i 11(34.65%); DK AL 1]
FRRFT R 1(49.59%) LI TH [ 1(40.63%) JEEER
I 1(4.67%)FIHFT 5 11(2.37%); CTAHRILA R T TN
BRI 1(18.47%) ZLTEH11(43.94%) JEEER ]
(7.59%) PAFFEET7(5.22%) ML 11(5.27%);
WXH AR TR 171(20.33%) BTEHE ]
(51.20%) F1 JEBETE 7](16.86%) . FF Tukey HSDFL
FIVAS 58 43 1 22 JH i i 18 B 1) (1 4A), &5 R EOR:

R3I HERZHMER
Tab.3 The Alpha diversity indices of four samples

FE it sobsTa £ Chaol 5%k AcetB3 RIS AR MR
Sample Observed_species Chaol Ace Shannon Simpson Good’s Coverage
TL 208.33° 224.94° 239.87° 2.42° 0.67 0.9988
DK 716.00™ 741.17" 775.85" 328" 0.73 0.9983
CT 868.00° 898.08" 944.10° 4.79° 0.88 0.9969
WX 399.67" 409.15" 423.69" 3.15" 071 0.9991
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CTAH AT B T TAH N = B m, S TLAA R
FHEFR(P<0.01), SWXAH B EMZ 7 (P<0.05);
CTAH T HY AT T TARX = 2 o 25 s T3 AR R (P<
0.05).

BaIEKELE LRI EE, Horhig
¥ B8 & (Cetobacterium)~ A BT J&(Acinetobac-
ter)~ AR HHE I J& (Plesiomonas)~ 7 BL I J& (She-
wanella). SN & (deromonas). WM HE
(Methylobacterium)FI% 7y K- E 5 KB J8 (Escheri-
chia-Shigella) 3 F 218 )&, AR 7200 & V- A%
FREE N T 2% X P39 A XS = B top 1O 1 J& kAT
3ir. HIE 3BA ML 4 AN A A SR AR L L34 R

80

P=0.018 stress=0.051
CT
DK
05t < ¢ TL
o WX
; e
@)
=
Z 0
705 L
—-0.50 -0.25 0 0.25 0.50
NMDS3
K 2 NMDSKE/(OUT/K)
Fig. 2 The NMDS diagram of OUT level
A 100 |- = Unclassified
90 . — . B Other
. Chloroflexi

B Planctomycetes

70 M Deinococcus-Thermus

< ==
D .
Q
=1
<
=]
E 60 M Spirochaetes
; so L B Tenericutes
g Actinobacteria
Q -
@ 40 M Bacteroidetes
ﬂ- 30 B Firmicutes
5?3 20 - Fusobacteria
Proteobacteria
10 |
0 1 1 1 1

CT DK TL WX
F A £ FRSample

J& A~ i AT B J@ (TL: 53.62%, DK: 49.59%, CT:
18.47%, WX: 20.33%). 45 ¥ 5 J& (TL: 8.08%,
DK: 3.63%, CT: 4.14%, WX: 23.36%); < ¥ il i )&
NTL. DKAMCTHILA A F &, FAH N A FFE
5 EE 4N 8.08% 3.63%114.14%; FHIEHT I J8
DKAICTH LA FA B )R, H A N AN F o5 oy
BIN13.12%K118.37%. TLAFFAE L B NAE)
T 181 J8 (13.38%) Al A5 TL IR 1 J& (5.85%), WX AR5 A
e 3 1 i R 1 A TG - BB IR R (21.00%) « Al A
Tukey HSDFRFURE L8 73 B == 6l 1l 18 141 J (€ 4B):
CTHF I R+ 5 B & & TWXHAMTLA
(P=<<0.05), T B A5 20 P 2 1) 2 S 0 i 2 PR (P>0.05) o
2.6 RDATLESH

AITRDATUAR AT 53R A B2 22 71
IEEPE bR . BEAD AR B 1] 5 )8 2 7 ) < Bk
KR

(T 2EKTELE 58 22 il i 18 B 7
OJERETE 1], AR TR 1] SRR TRk i 1] 3
EEE, S3MAERTREIEMRLR. H,
WX JERE B TR T R 11 =F FE A s, SZpHEE AR
K CTLHRAT B TTRIBCZR R 11 B8, %2 NH;5-
NI FE R A R o B A R 2 1) 22 S /N, AR AT
W 1FE R, H5KEZEAHEKERIE 5A).

BoEKFEL  BPAER L IN GG i R R
MR R PR R A UK 8 A sh A
WEFEER R, S3MUHER T2 AMRL. Hi,
TLAH A AT B 8 B 1 8 A7 B IR B e F
B, B2 /KIRAINH-NUR B 52 5K ; DK H A H

B 100 Unclassified
90 M Other
Vibrio

80
M Brevinema
70 M Mycoplasma
M Shewanella

B Acinetobacter

60

50
Escherichia-Shigella
40 B Methylobacterium

30 B Aeromonas

AH%}=F ¥ Relative abundance (%)

20 Plesiomonas

Cetobacterium

| |
CT DK TL WX
FEA 4 FRSample

P 3 S [ AR 35 22 B A TR A o = P 3 5 1)
Fig. 3 Relative abundance of intestinal flora of S. lanzhouensis in different habitats
A. 'K B. JB/KF
A. phylum level; B. genus level
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Fig. 4 Box plot of Tukey HSD rank sum test for intestinal flora in
different habitats
A. [TKF; B, @K, A BFEREEZ R * XRP<
0.05, B2 E M7 7 +* FIRP<0.01
A. phylum level; B. genus level. Significant differences between

the two groups are indicated by *P<:0.05 and highly significant
differences are indicated by **P<0.01
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St CT
s
] NH,-N
e TL
5 pH
& DK
°®
-5 b WX

50 25 0 25 5.0
RDAI (89.97%)

JEBEER S, SpHEIEAESE, M BB FHEECTH
FIDKH FFE#E, SpHE AR . 5NH;-NIRE
2IEMHK(E 5B).

2.7 BHEEEEINRETUN

& T PICRUSE2 X 4 4 A% A (1) Ji 1 11 B 4E 4T 2
RETII, JFi8 1 KEGG Pathway ¥4 ot I 7 % 35
HEAT LEXT, 19 3] 0@ B33 MR — g 178 Fh .
E a1 S 55RO, 4002 5%
5K 3PS 5 IS EAREE; 4Fh 2 5 g
T2, TR S 5EMIE R G AR5 5 NP0 — 1)
REIEEE . SR 5 X 0 Th e i % F R R pr okt
17 Kruskal-Wallis Pk FURE 56, 22 i) g 1 B 35 ) B Tl
(K 6). BFFUEE R R, P FR Y 22 0 i iz i
FREAEINRE EAEAE 2R B B ThRE TR A g
R AR B = EME R IR
Gt WK G AR AR BT E B )4 R T
REFRIN N A Iz Z 1 . O LB B . ARG . FE
MRS HHURFEAE T FHMEERS. &
MM 45 R B oR, CTHIDKA I KR & A Th e s
BFEE, B TTLAWXA(P<<0.05); 1 TL4LHK]
o e VR D Re B g F R N A3 e H R A B3
PE(P<0.05).

N} = 2% Ty RE 8 4 1 4T Kruskal-Wallis & F G 56
(R 4). WHARGRFEY, LG 11 K@M AA
BEMERP<0.05). fEATA 4, MxT=EE KR
F0.1% M A F AR e & EHRD-
s S B I D- 1% S R ARG, oAt 8 T 1) = % ) g
T8 AR = FEART0.1%

B
5k CT
~ 25r DK . NH,-N
: ' T
“
&0
N
g TL °pH
25+ P
°
WX
_5 -
-5 0 5

RDAL (60.78%)

KI5 AN[EIARBE 22 M 8 T AFRDA K
Fig. 5 RDA diagram of the intestinal flora of S. lanzhouensis in different habitats
AL TP SRR b, 2 TR JBEER T, 2 ERBERE T, O], B R AR ET); B JB/KT-( SRR, £
TOABTER NITER. W LIRER, £ SR EE, A AR ER, G T AR, B K-S IRER)

A. Phylum level (blue dots indicate species; Proteobacteria, Firmicutes at lower left; Actinobacteria, Bacteroidetes at upper left;

Fusobacteria at lower right); B. Genus level (Cetobacterium at lower left; Acinetobacter, Shewanella, Aeromonas on the upper left;

Methylobacterium on the upper right; Plesiomonas, Escherichia-Shigella on the lower right)
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3.1 BEEMZHMESR

W3 IR 22 REREAEAE S5 1 (BRI A IE ™,
AS#HAERES. ay e i sy
FEVRFR . EARBF P, CTHMWXA Z 7 A
[F) PR MR AR 22 0] D0 I s a AR 0BT 25 R
~, CTA B R 2 FErEm TWXA, JCHZ W
348 AWK 2R, Z%4 RS K0 B (Mic-
ropterus salmoides)[zg] IR AL R —5 B2 FEE S
Mrd A 30, CTHRIWXAH 2 (8] 2 A1 2 7 i

CT TL WX DK
Kl6 —ZI)hemtiE
Fig. 6 Functional prediction heat map level 2
LRI AE S 22 5 ] * IR P<0.05
Significant differences between groups are indicated by *P<<0.05

FH(P<0.05). SythsAR L, 22 M il 78 X 5 B 2
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FEI B B B0s, AR, 20C FHER
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B PR A R T A A A o,

TEJE MK b, AR A T A T R o At
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£ 25 iy T8 PR A CE A RF AR (R R T Ok A
F, B ek S A, tom . AT
NN R M b R A s A T Y

F 4 ZRINEETUM AR
Tab.4 Three-level function prediction analysis
=2 TR Level 3 fuction AH(F [%)Group (abundance) PIA
TL DK CT WX P-value
S HEE LR Cyanoamino acid metabolism 2112.86  16997.79  11459.16  11880.79 0.025
%% 1E Fi Photosynthesis 1748.21 12735.86 7496.21 8720.94 0.018
D - &R FID- 5 Z R ¥ D-Arginine and D-ornithine metabolism 43.57 8992.39 7804.29 2077.01 0.033
4K T Apoptosis 155.42 1817.90 1593.92 270.02 0.038
Jef i 8 % Pathways in cancer 0.00 873.92 639.58 180.03 0.034
Ay Z4- 1 B Meiosis-yeast 8.11 701.57 615.08 131.77 0.048
R 4= & iSteroid biosynthesis 531 577.48 558.33 130.48 0.041
4= By P41 BEAR & Systemic lupus erythematosus 173.97 3.08 4.86 31.95 0.033
W HE 3 28 7 ik Dorso-ventral axis formation 0.00 2.83 3.06 0.00 0.024
F kA4 Phagosome 0.00 0.62 0.60 0.00 0.022
Al 3¢ K T Basal transcription factors 0.00 0.00 1.18 0.00 0.013
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RUAN Chao-Ling', LAI Zhang-Long', XIAO Wei~>*, YU Zhao-Xi">*, LIU Kai*>*, LIU Yan-Bin" >,
SAI Qing-Yun”>* TIAN Yong-Hua”>“, LI Min-Min’, LIU Ting’, YANG Li-Qiang’,

YANG Rui-Lan’, LIAN Zong-Qiang">>* and WANG Yu-Tao"*

(1. School of Life and Geographic Sciences, Kashi University, Kashi 844000, China; 2. Ningxia Fisheries Research Institute,
Yinchuan 750001, China; 3. Ningxia Fishery Engineering Technology Research Center, Yinchuan 750001, China,
4. Academician Workstation of Ningxia Fishery Science and Technology, Yinchuan 750001, China; 5. College
of Animal Science and Technology, Gansu Agricultural University, Lanzhou 730070, China; 6. Key
Laboratory of Biological Resources and Ecology of Pamirs Plateau in Xinjiang
Uygur Autonomous Region, Kashi 844000, China)

Abstract: As a unique carnivorous groundfish in the middle and upper reaches of the Yellow River basin, Silurus lan-
zhouensis has a delicious meat quality, a large market demand and a promising breeding prospect. Because of its cha-
racteristics of feeding on live bait such as small fish and shrimps in natural waters, it is difficult to transform the breed-
ing domestication, and the survival rate of fry breeding is low, which becomes an important bottleneck limiting the sus-
tainable development of the S. lanzhouensis breeding industry. This study was conducted to predict the composition,
abundance, diversity and function of the intestinal flora in different environments by high-throughput sequencing of the
bacterial 16S rDNA V3—V4 region of the S. lanzhouensis population in different habitats. The results showed that the
main phyla of the intestinal tract in S. lanzhouensis were Proteobacteria, Fusobacteria, Firmicutes, Bacteroidetes and
Actinobacteria, and the main genera were Cetobacterium, Plesiomonas, Aeromonas, Methylobacterium, Escherichia-
Shigella, Acinetobacter and Shewanella. Among them, Fusobacteria and Proteobacteria accounted for more than 60%
of the four groups of species and were the core phyla; the core genera were Cefobacterium and Plesiomonas. The re-
sults of gut flora a and B diversity analysis showed that the richness and evenness of the gut flora were CT>DK>WX>
TL; the diversity of gut flora species was different between the two groups of culture type; the diversity of gut flora was
higher in S. lanzhouensis at 26.5°C than that at 20°C; the diversity of gut flora was lower in S. lanzhouensis in single
species net tank culture than that in other culture modes. Further analysis of the composition and abundance of the in-
testinal flora of S. lanzhouensis showed that the relative abundance of Bacteroidetes in the CT group was significantly
different from the TL group (P<<0.01) and the WX group (P<:0.05), while the relative abundance of Actinobacteria in
the cultured CT group was significantly higher than that in the wild-type groups (P<0.05), and the abundance of
Methylobacterium was significantly higher than that in the WX and TL groups (P<<0.05). Further analysis in combina-
tion with environmental factors indicated that temperature, pH and ammonia concentration may be important factors in-
fluencing the composition and abundance of the intestinal flora in S. lanzhouensis. The predicted intestinal flora func-
tion indicated that different environments would affect the metabolic capacity of the intestinal flora of S. lanzhouensis.
Among them, the DK group was a separate branch and its gut flora had higher abundance of lipid metabolism and car-
bohydrate metabolism pathways, which may be related to the higher F/B ratio of wild-type S. lanzhouensis gut flora to
help the host to digest food more efficiently for more energy in the wild environment. In summary, different growth en-
vironments have significant effects on the composition, abundance, and predicted flora function of the S. lanzhouensis
gut flora, which can help to promote sustainable S. lanzhouensis farming by changing external conditions and thus ef-
fectively controlling the S. lanzhouensis gut flora.

Key words: 16S rDNA; Intestinal microflora; Diversity; Function prediction; Silurus lanzhouensis
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