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Abstract: This study aimed to investigate the effect of chronic renal failure (CRF) on the gut
microbiota diversity and predict the gene function of the flora. A total of 30 2-year-old dogs were
selected and randomly divided into the chronic renal failure model group (CRF, established by

renal artery ligation) , sham operation control group (Sham) and healthy control group (HCG).
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All animals were fed normally during the 56 days of test period. The serum creatinine (Scr),
blood urea nitrogen (BUN) and urine protein / creatinine ratio (UP/C) were detected regularly
during the experiment. The effects of chronic renal failure on the structure, diversity and
function of gut microbiota were analyzed according to the result of bacterial 16S rDNA sequencing
The flora markers index (FMI) was

constructed based on the principal component Logistic regression analysis of different microbiota

from fresh feces collected without contamination.

in CRF group to predict the development of chronic renal failure. The results showed that: 1)
The levels of Scr, BUN and UP/C in CRF group from the start of the 28th day of the experiment
were significantly higher than those of HCG group and Sham group (P<C0. 05), and significantly
higher than that of the first day of CRF group (P <C0.05). 2) Compared with those before
chronic renal failure (CRF group at day 0 and 28), HCG group and Sham group, the Chao 1
diversity and Shannon diversity of gut microbiota in CRF group at day 56 were significantly lower
(P<C0.05), while the relative abundance of Bacteroidetes, Proteobacteria and Actinobacteria
significantly increased and the number of Firmicutes significantly decreased (P<C0.05). 3) LEfSe
analysis showed that 20 species were enriched in CRF group, mainly including Pseudomonas,
Escherichia, Proteus and so on, and most of them had negative correlation with other intestinal
bacteria. Functional prediction revealed that genes of those different species were mainly enriched
in amino acid metabolism, sugar biosynthesis and metabolism and carbohydrate metabolism in
CRF group. The area under ROC curve (AUC) of the FMI constructed with those species
enriched was 0. 788, which could be used as the intestinal microbial marker for CRF in dogs. In
summary, chronic renal failure can reduce the diversity of intestinal microbiota, lead to the
imbalance of bacterial structure and change of bacterial function. Moreover, the enriched gut
microbiota in CRF group can be used as the intestinal microbial marker of CRF in dogs, and the
best prediction effect can be obtained by FMI.

Key words: dog; chronic renal failure; gut microbiota; 16S rDNA sequencing; gut microbiota
diversity; gene function prediction; intestinal microbial marker

* Corresponding author:LIU Li,E-mail: vetlily@163. com

18 4 B £ 3 (chronic renal failure, CRF) & K4
B UL BB L R R A = RBE N & JL R B B
s 4 NAVRG 1 4 $ds won . AR 5. 20 1)
R DR o B e ) s B R 2T . B AR ORI
RIGREZAR LIS BIRYT A & IF KIE A
Z e EFHE R AE KA A B O Y S 2R E AT
My 56 B 0] #2297 e A T IR 1Y Bk
o ANl i — 2P SE 57 9% 5 R L SE KRR R W) 1Y A
i, 32 AU W B AR T A LA AR 1 R e OE
FRATY 2 R A figp R 14 i) R

shYEBiER KRAH 10° ~10" A, X
S i A ) 5 T A AR O R MLARERRS R
HOFR R, AR ES YN ERFERETS
CRF 1) & 4B R JR% DAY AR Y K X F
il o #E 5 CRE 9 AH B /E ML o A 2. 5

CRF A 2K i 18 1% A 9 b 10 00 19 B 328 DA B o 4t i
W15 X CRE 1936 97 0 {8 55 J7 | 0F 78 IR 80
DL A58 DL 3 bk 45 4L ik i 4 2 ) K CRE A
B 38 2o 3 Y A 9 R CRE A [R] 5 400 38
HERYAEAL . 20 B CRE 55 4 B X 8K i 36 A9 2 53
A O 28t CRE A9 i 38 A AR e 90 » O 3 22 5 il
FEEAT FE DN D BE TN . & AR W) K18 1 R
(¥ A LB K Ji& B a2 Wi o 4 (A 1) JEL B

1 MBl5F*®
1.1 Kz

WIS R 30 H 2 % A4 i fd B e vk 53 58 R
(ZR D) ARE R (T2 1) kg, VTR BORHE BRI
5B T MR 2 Be e K B B AL L TR R R
B By rh ol N R LA A RS A AT Al e



2592 = 4 o m

E % W 51 %

HEE,
1.2 REiEit

Fie B AL T 20K 30 HR Bl AL A5 43 R 48 1
U AL 2 (CRE) 8 TF AR Xt B AL (Sham) i X fif
H(HCG) , A4 10 H . CRF 43045 % B 3 ik 45
FLEL VR P B B AT 9k R« 45 B W
0.05 mL « kg " WLPA 13 5 846 & I #E17 BRI )5 -
FUFTIFIE s o b 0 2 B L U 5 Bl ik o0 S . % — 45 HL
RO 1/4~1/6 wzh Bkt 56 — AR A S . &
FARXS A 2y SO I 4T IF TR fid B X B 20 A
AT AR 2R, 55 4 JR K CRE 20 & R 1 7 WL
BiF (Scr) F1 R 2 & (BUN) JK -, — 3 T 2 7 3 A
BL) ARG Ak e 4 JE AN R A K i
IR BAR B YA Z BRI
1.3 BIhgEERUE

A3 IR I AT GE AR 0 R IR 5 55 14,28,
42 F1 56 R HR 8 o5, 25 7 28 3k 0 kR 4 & 4 ik
5 KA 1 ) A5 103 . M149928-42 F 3l 1204
A2 BEAL I 52 BUN FI Ser & . R I SR BR 4
WA TR VAR FH Bl B WL IR 0 22 DR 2 1 CUP)
RS A YR (R 5D A B &1 A 3500 6000 e PR AL
(UCo) 38R E A/ L (UP/C) HfH .
1.4 BFiE®E & 16S rDNA SR ENF
4.1 ZefEREE CRF 4 3 ¥ 43 5 T 12 5 i
56 0 ) VIRE 5 28 RANK K K (5 56 )
Je o G T B A 4 28 48 B £ K I )5 e e A
AT RO B A A Wi SR 21 SR 5 4 A TSR 45, —
80 CLRAFIFAE 24 h WHEATIN Y . SRIUAHI J5 %
TR0 K (55 56 FOUE HCG F1 Sham 2H K FEMH ,
1.4.2 Z%{# 3% DNA #2805 PCR 43#7 FRILTC
R A FEMEAE 100 mg, >R Qilagen DNA I &
P U8B A5 $E O DNA, F DL AS 09 40 B DNA Sy B
M A7 4 7 16S rDNA ) V3-V4 7] 48 X PCR 4~
W, FWESI W F Sl 5 -ACTCCTACGGGAGGCA-
GCAG-3', Fl#5I1% R # 5'-GGACTACHVGGGT-
WTCTAAT-3", ¥ )% K95 ‘CHiAEHE 10 min,
92 “CARME 45 5,50 CiB k 30 s,72 CHEfH 30 5,6 4>
PEFR ;92 “CASPE 45 5,68 “CIB Kk 30 5,72 C 4Eff
30 s, 30 MEH ARG 72 CPJRAEAR 10 min, 4 C LR
o RAAETAY TR CER BOA RN F®
PCR 7= ¥y 4l fb 38 770 & %5 fr 43 PCR 7= 9y i 17 46 fk
EOLRREE 5 Y

1.4.3 38 5 P K 4k B i B NEB Next®

Ultra™ DNA Library Prep Kit for Illumina 2 iz
R G AT SCPER A E AT Y SCE 840 Qubit oE &
SR A 4% J5 A Tllumina Miseq PE 300 -
& #F 17 Paired-end W /¥, W ¥ %% 48 & QIIME
(version 1. 9. D A7 K Br 2 3k 17 9 AR E 24 BT 5
AV o 6 51 1 Ak 2, 45 3] g o 6 )50 s R P 51 L
RDF 72 845 AL KT 97 Y0 119 )5 51 4l 43 g — A
AP PAE B IE(OTUs) , 5 GreenGene B FE i 47
FoXf . 15 B R 2R .
1.5 4EYERESH

A QIIMEL. 9. 1543 7 1 B « 2 #£ 1 (Chaol |
Shannon) .8 £ ¥ {4 iz Fl Canoco5™ #F 17 3 /43 43
BT (PCA) L 21 ] 22 55 1 BE ) LEfSe 23 #7°  ARU3E 3
Fib ) 41 G 38 ) Cytoscape™ 3EAT B8 ¥ 1] H 4 %) 45
S38T. i8] PICRUSH ) iy 5 B 25 K 41 Th g6 55
KEGG % 4 Ji 1 xf. it 5 KEGG i# ¥ J5 it 17
STAMP 2 R4 #i. HRIBEF AMEEZ RS
Ser BUN {1 H 51 -2 i B 18] ) 22 S v R
HEAT F B4 Logistic [8] 5 43 B 315304 4 A T A 3R
WLE A B (FMD JE 4 ROC ik .
1.6 HEAE

B DI BEHE bR HOHE 45 SR P I S AR 22T R
/s R SPSS 22.0 it ANOVA 7 #i K
Rt r i)t 2N iR HE 2 I &
TORL DT 255y Br . T 18 T RE R BE LR ) Kruskal-
Wallis # 5, /] Spearman 43 #7 #H ¢ 4%, P <<0. 05
FREREF . P<0.01 EFREFEWEE.,

2 & B
2.1 RENEEISIRMEL
WL 1AL % B, CRF 41 Scr .BUN #1 UP/C
(F 1a.b.o) & #i Tk IR 56 J5 55 28 RIF R
Fhe s B I AT (5F 0 X)L HCG 41 fil Sham
H(P<<0.05), B 5 4k Z2 i . BEW AL ZE 28 RIF4R .
CRF YR KL T 18 E =, M4 CRE 415
28 Kif Scr .BUN F1 UP/C {H , & % [H Ibx ' % 0F 52
Pr4s (ARIS) KA 18 1 B 9 4> Rbn - L o CRE 41
10 R 4350005 b vk 5 1 90 (CRF 1) 84 5
1 9% CCRF 11 ). 18 & % 1l % (CRF 1), 53 51 K
1H.6 HF13 HE 1D,
2.2 BUESEBENAGEERESESENZIE
Wi TR o ZRETE I BoR . SE S e &
LR (CRF-0 d,CRF-28 d) ,HCG #1 Sham #{ .35,



10 4] fiti

VA5 < o 8 B 0 7 T 4% 1 o o o ) K T T 2 A 5% 5 o) T 3 PR 3 R T 4 A

2593

18 P I I (CRF-56 ) B T Chao 1 #8%(P<<
0. 05, 2a) . Shannon #§%§ (P<C0. 05, & 2b) &
FEAREL S . PCA 43 M7 & B, 75 I 18 TR BF 45 FE A s
HCG il Sham 20 A 4[] g5 Hf% B2 8¢/, fH 55 CRF

r - HCG
| = CRF
-+ Sham

— 240t #*

#*  #*

0 14 28 42 56
KH/d Day

[ = HCG

14 28 42 56
KHU/d Day

2 (56 d) AN ] B #0838 K s CRE 4 A [) B ] Bt
AR TE] Y B ORE FE A S X 4 AN 0 B 28 d, 13-
56 d FHEARANEF U PCAL S A B H(E 20,

o

60r - HCG
o = CRF
-ﬂ 451 -+ Sham #* #*
°
£30f "
.
15}
2|
e 0 14 28 42 56
KE/d Day
d 8
&6}
<
2y
X8
KE
z 27
CRFI CRFII CRFIII
CRFAEE28 KA B9 40 2

Classification of CRF at 28 d

a. MLV LEFsb. MR R A e WRE /DB AR d. BT D%, “#7RKR CRF AN 5KHT 0 DAL P<0.05;% %

#7275 HCG Ml Sham 414 It P<<0. 05

a. Serum creatinine;b. Blood urea nitrogen;c. Urinary protein / creatinine ratio;d. Classification of chronic renal failure.
“#7” Means compared with pre-test (0 d) in CRF group P<C0.05. “ % ” Means compared with HCG and Sham groups P<Z0. 05

1 CRF.HCG #1 Sham AKX S ThEEIEIR Tk
Fig. 1

o
8]
(=4
(=4
(=]

*

Chaol 5%k

Chaol diversity
[CI-N
(=3 (=3
(=] (=]

800

) CRF- CRF- CRF- HCG Sham

0d 28d 56d

o
o

*

*

o

CRF- CRF- CRF- HCG Sham
0d 28d 56d

(o N

Shannon#5 %%
Shannon diversity

W

~

a. Chaol #8 %k ; b. Shannon #5 %k ;c. PCA 43#F, *.P<<0.05

a. Chao 1 diversity;b. Shannon diversity;c. Principal component analysis.

B2 BERHSHFEILE

Fig. 2 Comparison of intestinal flora diversity

Changes of renal function indexes in CRF, HCG and Sham groups

1.0

. CRF-0 d
+ CRF-28d
p + CRF-56d
- . A + HCG
A * Sham
— * + +
i_cf/ " = N +
g 3 o A ¢A
@) H . A *
(a9} % e
r's A
¢ (]
= +
= A
* B
+
-1.0
-1.0 1.0

PCAL (28.46%)

% . P<0.05



2594

51 %

2.3 BpEEHBABRS N

FEITKF L (F 3a) . CRF 41 A [ it 3 (CRF-0
d.CRF-28 d #1 CRF-56 d)5 HCG 4 ,Sham 21 %) %
1B B B 3 2 LLUFF B ] (Bacteroidetes) | J&BE B[]
(Firmicutes) . # ¥ % '] (Fusobacteria) . 48 JE B ]
(Proteobacteria) FILZ & '] (Actinobacteria) iy & ,
{AFEAN R 4H (Rl AT S 2 25 5, 2 S R 9 18 MV 5 i

a BICRF-0 d EICRF-28 d B CRF-56 d M HCG M8 Sham b 4

P=0.016{P=0.012|P=0.526|{P=0.003|| P=0.001
60
g 3
X5 2
= S5
K8 40 3
= o .H.}_g
= >
3 RE
5 =
§ 2
20
0 i 0‘.‘ ] * i T
> o S S &
ARG & &
& & X7 RS N
&S & S O S
< & &
% Q& Nod

a. [Tk b, J8KF
a. Phylum level; b. Genus level

B3 BERHNER

Fig.3 Taxonomic summary of the gut microbiota

2.4 AEAEERER LEfSe 5517

Xt55 56 KX CRF,HCG Fl Sham 41 i i 14 #f
47 LEfSe 207 (LDA>2, [/ 4) & B, N #E 4549 1
% CRF.HCG HI Sham 2] Z [0 f7 75 W] . 22 5 . 1
CREAFEET 20 MY f. TREAEZIL R
(Proteobacteria) , it Z &[] ( Actinobacteria) | Zf il
AT i QS S I 5 8
(Actinomycetaceae) | Jfj ¥ & £t (Enterobacteriaceae) |
B 8 W W B ( Pseudomonas)., B # K W @
(Escherichia) . 28 J& #T & J& (Proteus) | i ¥ 1 J&
(Enterobacter) .2 WA Wi J& (Bacillus) FE By £ %
BB )8 (Nesterenkonia) % ,
2.5 ERE#HS CRFHXMESH

FIH R 5 R E5 R 2. 4 hig 22 R A HES Ser Al
BUN #E47AH KR40 B, 45 R s X SR B 5
Ser B IFEAH G, K435 BUN 2 IE M5 (E 5a) . )
i CRE &4 575, % ix 26 55 ik — 22 gk 47 £ 80

( Bacteroidaceae ) .

80

D
(=]

40

20

Wg Cetobacterium
_._L-_._._ W g Peptostreptococcus

(CRF-56 d) #AFFER 1] (P<C0. 05) AETEAFF I ] (P<<
0. 01) FITR LR B 1T (P<C0. 01) fiy AH X 3 B 384 Jin , J& B
BT TR I (P<20..05) . 72 )@ /K7 1 (& 3b), 4%
HAFREAT 20 A7 Jm e B 2k, EE A R R
(Prevotella) . #) ¥ B J& (Bacteroides) . 12 ¥ # &
(Fusibacterium) 1 28 B AT & )& (Bacillus) %5

®others

mg Collinsella

Wg Escherichia

ng Prevotella

B g Bacteroides
g Enterabacter
g Fusobacterium

g Megamonas

ng Veillonellu

g Coprococcus

Wg  Succiniclasticum

Wg Robeburia

W g Ruminococcus

Wg  Eubacterium

Bg Clostridium

Bg Lactococcus

Wg  Enterococcus
g_Bacillus

W g Lactobacillus

CRF-
0d

CRF-
28d

CRF-

56 d HCG  Sham

Logistic [A1H 53 87 J5 - 15 3 2% £ A 19 T8 1 A5 2 4 25
AH8¥(FMD 3 5 Scr F1 BUN #4741 56 ¥ 4> #7 .
K ,FMI 5 Scr.BUN £ F #§ ¢, Spearman % 4§
A3 9R 0. 788.,0. 657 (I8 5b.c) . 7E ] ROC i £k &
7 CREF WO A A b, 0ol LU FMI AR CRF Tl
TR 7, Hph 26 R 1 AL CAUC) i 3 8 T 1850 it 1 )
(Pseudomonas) ¥ & J& ( Bacteroides) Fl Tl 4 #F
B H (Actinomycetales) 45 DL B — B BEVE A= ¥
T 22 ) 1 OO AR AL (] S5d L)
2.6 MHERBEEMSZSH

W45 56 K CRF F1 HCG 41 1) A [A] B ) 18] 43
M PEAT Cytoscape W25 438, 1T LL & B, CRF 4] & 4E
R TR e 5 LA TR 8 ] 5 R DG OC R L BB TE A R OG
F 1A e 6] 09 24 9% g /b (] 6a) s HCG 2 1 J ] &2
EAG X RM S EER 2. 2w D (F
6b), KW, CRF 45 4 09w & Al DL il H At 7% &
AR B HCG 418 8 2Z [ A7 5547 b I EVE A



10

Bl VT . v A BT 0 e X 0 K B T B R 1 ) % 3 DR ) T 43 2595

= CRF-56d
B HCG
B Sham

E 4 LEfSe 4> #7 Lb 3 & 40 16 £ = 5 B¥
Fig. 4 Differential gut bacterial determined by LEfSe analysis

a Spearman R

S |
0.15 032 0.50
Pseudomonas
Proteus
Nesterenkonia
Enterobacter
Escherichia
Actinomyces
Bacteroides
Ruminiclostridium 5
Pseudomonadales
Pseudomonadaceae
Bacteroidaceae
Gammaproteobacteria
Enterobacteriaceae
Actinobacteria
Actinomycetaceae
Proteobacteria
Actinomycetales
Enterobacteriales
Bacteroidales
Actinomycetales

Scr BUN

a: Actinomyces
b: Actinomycetaceae
c: Frigoribacterium
d: Nesterenkonia
e: Actinomycetales
f: Bifidobacterium
: Bifidobacteriaceae
: Bifidobacteriales
i: Bacteroides
j: Bacteroidaceae
: Barnesiella
1: Prevotella
m: Prevotellaceae
n: Bacteroidales
o: Bacillaceae
p: Tuberibacillus
q: Bacillales
1 nterococcus
s: Enterococcaceae
t: Lactobaillus
u: Lactobacillaceae
v: Eubacterium
w: Eubacteriaceae
x: Dorea
y: Roseburia
z: Butyricicoccus
Ruminiclostridium_5
Ruminococcus
Ruminococcaceae
Clostridiales
Enterobacter
Escherichia
Proteus .
Enterobacteriaceae
Enterobacteriales
Pseudomonas
: Pseudomonadales

TOOO OO DD
SOOI N N B WO

b e d 100}

=280} 1 80

=l

= z

g 210 29p

= 8 L

3 200t & 4O | e

o 7=0.788, P=0.006 8 o~ —— Bacteroides
[ - ) 4 e Pseudomonas
0.74 0.76 0.78 0.80 0.82 0.84 - Actinomycetales

FMI 0 L ) L L L

. . 0 20 40 60 80 100

100-Specificity

T'Tl 48} 1.00

5 0.92 *

£ a4} *

& L 0.84

% 40} <0.76

m
#=0.657, P=0.039 0.68

36t

0.74 0.76 0.78 0.80 0.82 0.84

FMI

0.60—=
Actinomycetales FMI Pseudomonas Bacteroides

a. W#ES Scr . BUN A CPEAE , + P<<0.01, * P<C0.05;b. FMI 5 Scr #4318 5. FMI 5 BUN AH 3¢ 1 & 5 d. ROC il £k
& se. ROC g4 AUC |, » P<{0.05, * % P<C0.01
a. Heatmap of correlation between microflora and Scr, BUN. -+ P<C0.01, * P<C0.05;b. Chart of correlation between FMI and
Scric. Chart of correlation between FMI and BUN;d. ROC diagram;e. AUC of ROC diagram, x P<C0.05, * % P<(0.01

BS5 =REH5CRFENXER

Fig. 5 The relationship between differential microflora and CRF

2.7 BERBEEEIIETN

i3 PICRUSt 4087 % B, ik 38 J5 55 56 K 7E
KEGG L2 K .CRF 5 HCG 4 el ik 2 1 1E
Bl 25 % (| 7)., CRF 20 18 #F 78 2 FE M AT L Ah IR

A W e A 5 AR 3z i A 3 i AU L DNA 8% S Bl AR
Y AT 200 A v - TR A R Kk Ak & AR
AR DI RE AL N R A B F | T HCG 41 (P <
0. 01, 1M 75 5 Bl P57 0 4 2R 32 AR L il 2R AL 5 o #



2596 R

51 %

—— Postive correlation
—— Negative correlation|

—— Postive correlation

a7

—— Negative correlation| Desemzia (ynderium
Lepfolrichia Butyvi;:i onas/ \ ’ '_‘
Prole \/J e
\ Leyiconostoc
\ //
\ O\ \/
\\ \D\t-:isul :

\

Daxtobs ’::1%1" , _ \\-‘\ﬁ'«.
A LA " N W = S v -:"
e T e e L[ o
“!’k"’ 2 N/ A\
% S . \ \\\‘ e
Raum, A \ Ruiniclostridium-UCG-0TO y
ostridium A ‘ - Eusobacterium
a. CRF-56d 4 ; b. HCG #41
a. CRF-56d group;b. HCG group
6 MERHBHEBEENEXR
Fig. 6 Interaction network diagram of intestinal microflora
=3 CRF =3 HCG 95% 001|1ﬁdence intervals
Metabolism of cofactors and vitamins P o ! 6.78x107"
Metabolism of terpenoids and polyketides B —0— : 6.01x10~
Metabolism of other amino acids B I —o— 1.24x107%
Translation B —o— : 7.61x10%
"Folding, sorting and degradation” B —0— | 1.27x1077
Amino acid metabolism By ! —o— 1.51x107
Xenobiotics biodegradation and metabolism B : —e— 5.55x1077 'g
Transport and catabolism B I —e— 1.32x10-¢ §
Lipid metabolism BF=5 —0— : 1.54x10¢ S
Replication and repair =5 —e— I 2.24x10-° _;g
Transcription By : —O0— 2.44x10- }S
Glycan biosynthesis and metabolism B | —e— 3.64x10°¢
Cellular community - prokaryotes B3 ! —0— 4.02x10-¢
Cell growth and death B —o— : 4.47x10°6
Nucleotide metabolism B —0— I 5.12x10-¢
Cell motility B —e—i : 5.34x10
Carbohydrate metabolism BPVmeee——ry | —_—— 5.01x10°%
0.0 17.1-0.2 -0.1 0%0 0.1 0.2 0.3

Mean proportion/%

Difference in mean proportions/%

B 7 CRF-56d 5 HCG AMFEREM#7E KEGG L2 K ERFEEERIINE
Fig.7 Analysis chart of metabolic pathway difference between CRF-56d group and HCG group at KEGG L2 level

RS PG IR O A% R A A s AL A5
KAk B R R R T 0O R S
BRAETT S5 ERAR(P<<0. 0,

3 W #

TE T W PR L+ phy 3 S B8 [) e ] B i 4 2 K
(R CRE g 1] B kE 5 B R AR I ] L 36 i R A7
5 is 2% 18 55 07 T ] REA BT RN [ L 2 4 i O T A
16S rDNA I Jy* 45 5 4 A i 22 2 11 52 i 10 56 45 2R
T PRAEN e 4 2R 64 E B 1 L A IS0 R BT B Bl ik

ZEFLVEHIAE R CRF AL, 7 #5528 K i, CRF
4 Scr . BUN F1 UP/C 44 {48 45 20 I - = W
IR KL TS =W, HAS T2 T8
MAREEAE 2 X S48 b b TH e B2 A sk 22, 9 B G iR
WA WFET. . S CHGE R — R e
RORBET ALy 64— B /T F R CRF 1)
ST

16S rDNA &2 g 9 44K [ 4% 16S rRNA AH
X R DNA J3 30 A2 46 T BT A 4018 e (o 44 56 R
HA 9 ANEAS KA (VI-V) T 10 A SF X B, 5 A8



10 Bl VT A e Y R 5 0 M R 0 X ) K I T T R 2 R 1 5 i % 5 PR ) A T 4 A7 2597

DX e 1 4 R D) R S DL T ORNGE ()
1.5 Kb Z247) . BEAE AR BUAR [) 18 J@ =2 18] 114 22 57, S fig
LI 7 5 AR 45 5y w45 32 H 5 90, i JL-F B A 2
HIZHTE Y 16S rDNA fig 3 )3 51 9l A i 46 7 I FLAF
A FE DR S BT DA AT DA A 43 A A M 40 TR S R,
ik, 16S rDNA il ¥ B 28 )12 i H T 3 i A 9
(14 Z2 BE I A Pl 4 9 o [0 R A FH 6 3R DA A T
FE DK Ty i O A5 1w e e S e AR

AR &, CRE BRI E R o« 2R E
fiXF CRF %)) 5 @ ALA7 . PCA 43 B A ) ik i) B
FEAS B 8 DX 43 FF ok AT B 1) AR T A 181 1 R 26 B4
PTG RN, X Le 25 R B Y R FE CRF &
Az Rk AR v P B 2 P A TR R 2 BRI AR L, IS
FB 7E CRF B, 1My b & 19 LT AR 2 0T 5 ik
7 %66 R 00 A i s o A M T Al A S BB, X AR A AT
REAS ] F I8 40 oy 38 1ol 26 0 A BB A& A LI
JK i Tt S5 IO 6 1 400 B . AT AR LIEF B R 2R e AT
AR R AR A R A5 ET L T L X R R AR K
PRE |G T BN pH., AT aE— 254 i L4 R &8
A KT, LEfSe 430 & BLL.CRF 4L &4 1 20 )
Fofr s B 43 2 WU K fff 85 580k 5, 9 Fh 2 2 5 Ser,
BUN 2 A, 5 H Ay @2 AR B
THET LR Ik, BT AR, i 8 A 45 AR 1k
Al HE & 53 CRF 9 K W i 18 #F 2 bk AE A8 1k
B RN, i H . CRE K 7 W 8 16 & 5 mRC
A A R AR B K Ak A AR A T
PR R BR L X AT RE S S EOE W A 5 R R B
JiE B 2 PG IS il CRE #EFE

B AT 5350 10 I T8 12 W b R ok 3R
SRS B R YY, Clos-Garcia 4671 & B, i
TE TCEE 0 32 0 X8 2 4 LI 9 s 1) 300 /8 1) A 1 HG
CEYREY. AR 8K, CRF 4 & 41 20
Fh 2z S BEEE S CRF A REFMIEM LR R (HE
F 2R 51538 A WA 5 B — s T REAR
ARG T RE S = A 25 . ARBF SRR X 20 Fh B B
i i F A% 43 Logistic [l F 43 M7 & 50 T & A FEAR K
FMI I M A brid 5 . & 3 FMI 5 Ser, BUN
AR DG PR 5 T AN TR HE ROC & AUC #
Ko B LFMI Al L 45 A F CRF B 30

AHIE T 1 A Sy B < AR W b 12 ) A K 5
P CRF 55 491 v A5t o 76 B0 52995 4] v /) ] S A R
— I, A S5 R HEAT R AR i RS M 5, AR R X
SO 20 PR AE S R CRF 2R W 0 4 1 mT & 1 Fn 52

"/

PEo J380 ALK CRE R i 18 B I D g 47 T
PO 3o 2 2 S T 6 DR i 2 3K ) A8 7 0 o 15 T
S CRE {9 4 A 8 A BAE LA o 2 — M
R IS

4 & it

18 14 5 i ] LA BT W) R W 3 R 24
P2 BT A DA B A O &R L S 2 TN I RE 1 ek
A8, Ho5 A REOR AT 25 S 00 R ROk SO CRE

2 % 3L #k (References) :

[17] POLZIN D J. Chronic kidney disease in small animals
[J]. Vet Clin North Am Small Anim Pract,2011,41
(1) :15-30.

[2] BRI EEE.ZHE. 5. Y BEEFESERY
B 0 F % o R LD 0. 4 B Tl 2018, 39 (2)
33-36.

CHEN S S,SI H Z,LI G Y,et al. Research progress
of animal gut microbiota and nutrient metabolism[]].
Feed Industry.2018,39(2) :33-36. (in Chinese)

[ 3] YANG T,RICHARDS E M,PEPINE C J,et al. The
gut microbiota and the brain-gut-kidney axis in
hypertension and chronic kidney disease[J]. Nat Rev
Nephrol ,2018,14(7) :442-456.

[4] NISHIYAMA K, AONO K, FUJIMOTO Y, et al.
Chronic kidney disease after 5/6 nephrectomy
disturbs the intestinal microbiota and alters intestinal
motility[J]. J Cell Physiol ,2019,234(5) .6667-6678.

(5] £ 7.2 7.0 ¥ BE3hIRGFLkGI1EES M)

REEm R BB T MR R LT ] P EER K% EIR,
2016,35(2) :221.
WANG N, LI N, CHEN Y. Chronic renal failure
model in canines by ligation of the renal artery
branches[ J]. Journal of China Medical University ,
2016,35(2) :221. (in Chinese)

[ 6] CAPORASO J G,KUCZYNSKI J.STOMBAUGH J.
et al. QIIME allows analysis of high-throughput
community sequencing datal J|. Nat Methods.2010,7
(5):335-336.

[ 7] MORRIS C. Multivariate analysis of ecological data
Using Canoco 5, 2nd edition[ J]. Afr J Range For
Sci,2015,32(4) :289-290.

[8] SEGATA N, IZARD J, WALDRON L, et al
Metagenomic biomarker discovery and explanation

[J]. Genome Biol ,2011,12(6) : R60.



2598

oW o®

i1 51 %

[9]

(10]

[11]

[12]

[13]

[14]

OTASEK D, MORRIS J H. BOUCAS ], et al.
Cytoscape Automation: empowering workflow-based
network analysis[ J]. Genome Biol ,2019,20(1) ;185.
W U ke A R A AR AL SR T R I E PR XY [
i i 0 2o B e PICRUSE 35 IR 3500 43 4 L) . 3h 4
B .2016,28(8) :2581-2588.

XU S,LIN Y C,ZHOU M ]J,et al. Analyzing of ileum
microbial diversity of chickens by high-throughput
sequencing and PICRUSt predicted [ J ]. Chinese
Jowrnal of Animal Nutrition, 2016, 28 (8) . 2581-
2588. (in Chinese)

BOYD L. M,LANGSTON C, THOMPSON K., et al.
Survival in cats with naturally occurring chronic
kidney disease (2000-2002) [J]. J Vet Intern Med ,
2008,22(5):1111-1117.

HoOM. S AL W s R Ry R 2 A
SEBOR LT 1. v B 52 36 3 1) o 2= 75, 2002, 12 (3)
176-179.

XIAO W,MA Y.FU J N. Present study condition of
the methodology on CRF animal model [ J]. Chinese
Journal of Laboratory Animal Science ,2002,12(3)
176-179. (in Chinese)

PhAREN 5K R BV fE L 4F. 16S rRNA Rl B Y
TRV S A R A e 2 AT ] &
M B 4% ,2017,48(7) :1314-1322.

SUN C L.,ZHANG G,CHENG R J,et al. Microbial
sheepfold
atmosphere by 16S rRNA high-throughput sequencing
[J]. Acta Veterinaria et Zootechnica Sinica, 2017, 48
(7):1314-1322. (in Chinese)

ARCHER SD J,.MCDONALD I R,HERBOLD C W,
Benthic

community structure and diversity of

et al. microbial communities of coastal

terrestrial and ice shelf Antarctic meltwater ponds

[J]. Front Microbiol ,2015.6:485.

[16]

[17]

[18]

[19]

[20]

[21]

CHEN Y F, YANG F L, LU H F, et al
Characterization of fecal microbial communities in
patients with liver cirrhosis[J]. Hepatology,2011,54
(2):562-572.

VAZIRI N D, ZHAO Y Y, PAHL M V. Altered
intestinal microbial flora and impaired epithelial
barrier structure and function in CKD: the nature,
mechanisms, consequences and potential treatment
[J]. Nephrol Dial Transplant ,2016,31(5):737-746.
B EE R EE EERS T HENEX
JUUTEF TR 3R 95 B i 5 ma [T . ob [ B2 0 4% 7%, 2017, 9
(10) :1345-1347.

JIANG Z F,JIANG Y S,LIN X,et al. Effects of urea
and creatinine clearing with intestinal bacteria in renal
failure [J 1. Journal of Chinese Physician, 2017, 9
(10) :1345-1347. (in Chinese)

SITKIN S I, TKACHENKO E I, VAKHITOV T Y.
Metabolic dysbiosis of the gut microbiota and its
biomarkers [ J |. Eksp Klin Gastroenterol , 2016, 12
(12):6-29.

LUN H Z,YANG W H,ZHAO S P,et al. Altered gut
microbiota and microbial biomarkers associated with
chronic kidney disease[ J ]. Microbiologyopen,2019,8
(4) :e00678.

REN Z G, LI A.JIANG ] W, et al. Gut microbiome
analysis as a tool towards targeted non-invasive
biomarkers for early hepatocellular carcinoma [ ]J].
Gut,2019,68(6):1014-1023.

CLOS-GARCIA M, ANDRES-MARIN N,
FERNANDEZ-EULATE G, et al. Gut microbiome
and serum metabolome analyses identify molecular
biomarkers and altered glutamate metabolism in
fibromyalgial J |. EBioMedicine,2019,46:499-511.

(%R WETHD



