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ERE MmN EMNEFARBERBIRE, WEMELALR LM, Bid 16S rRNA X F 3 -F 0 5 o047
O H AR A R R A . AR RS, (4 R] St ik, D4 SD72/IDF1-6 4.4
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Compound and Bacillus subtilisinhibit intestinal Clostridium
perfringens and improve immunometabolism of microbiota

WU Liting"?, HUANG Sisi'?, ZHANG Hui?, YU Zugong ', BAO Hongduo?,
WANG Yongjuan®

1 College of Veterinary Medicine, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China
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Science and Technology, Institute of Food Safe and Nutrition, Jiangsu Academy of Agricultural Sciences,
Nanjing 210014, Jiangsu, China

3 Jiangsu Agri-animal Husbandry Vocational College, Taizhou 225300, Jiangsu, China

Abstract: [Background] Clostridium perfringens has been a major pathogen affecting the
poultry industry, and its infection rate has been on the rise since the use of antibiotics was
restricted. Bacteriophages with unique antibacterial effects and safety without residues have
become a primary approach to reduce the use of antibiotics. [Objective] To evaluate the
synergistic effects of Clostridium perfringens phage, Salmonella phage, and Bacillus subtilis on
laying hens by analyzing the histological changes of the intestinal structure, the reduction of
C. perfringens, and microbial diversity, so as to provide a scheme for the prevention and control
of bacterial diseases in poultry with antibiotic reduction. [Methods] A total of 105 260-day-old
Hyline Brown hens were selected and randomized into 5 groups of A: Clostridium perfringens
phage SD72, B: SD72+Bacillus subtilis, C: Salmonella phage JDF1-6, D: SD72+JDF1-6+
Bacillus subtilis, and E: blank control. After the hens were treated for 42 days, the cecum
contents were collected to determine the number of C. perfringens, and the intestinal structure
was observed. The 16S rRNA gene amplicon was sequenced to reveal the intestinal microbial
community structure, diversity, and metabolism. [Results] Compared with the blank control
group, D group showed decreased number of C. perfringens (by 1.48 logio (CFU/mL)),
decreased depth of jejunal crypts (P<0.05), and increased villus height/crypt depth (P<0.05).
Firmicutes and Proteobacteria were dominant in cecum contents of laying hens in all the
treatment groups after drinking water, and Lactobacillus (11.26%) had higher relative
abundance at the genus level. The serum levels of IgA, IgG, and IgM were significantly
increased (P<0.05), and intestinal microbial genes were mainly enriched in the genetic
information processing pathways. The abundance of enriched genes in excretory system and
immune disease-related pathways in group D was 755.95% higher than that in the blank control
group. [Conclusion] The combination of mixed phages and B. subtilis could improve the
intestinal health and immunity of laying hens by promoting the expression of microbial genes
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related to immune disease and improving the immunometabolism of intestinal flora. The
findings provide a theoretical basis and biological resources for the prevention and control of
bacterial diseases in poultry with reduced antibiotics.

Keywords: laying hens; phage; Bacillus subtilis; Clostridium perfringens; intestinal flora

R R & A H TR, AL IR 5l
R H E AR MR, R R 2
W . SR, N g 18 A TR e IR BB B A%
(necrotic enteritis, NE)— EL#/2 KA AL 5550
MR, 25 SRS A R B R ikt
7R JEE R T (Clostridium perfringens, Cp) /25|
& NE /9 20, HAP LA BUH C B0y 3=
SERATIR ARV . Cp il fAAE T2efd . 4%
IR Bl e iR oK Rk, IR A
PEAE, HETEH RN, W5k NEUL,
IR, 95%HISIAEA Cp ™, —
H B AT G/, In K F 2R Bt
MW, RER T 5% 25%, FmEXE TR
5%—15%V Lt USRI R BE (BB T o VE h B i
JE AP ] T (Salmonella, Sa), — B8k okl
BEFRHGEN FERIR W T, BARAH
—ERESCR, HHEA =S Cp WA,
NE (B34 SN 2%, SRR, e i 2 4
RN, /N IR EE S RN R A SR
HZ . R B S R F B iR NE, H
RORAIANEIAR , ER70 325 107 M2 8 A7 —
SEMRIE IR . Rt , & IR T RORF
RIVE R A A b 1 R G R

W TR A4 5 40 A 28 R K A0 o A P R BIL D 56 4
AFE, BA SN . Joik B A G 7 A 2
PO AU W T UAHE Sh ) R B A KRR
s IR R AE A SRR B R W R R, HLRE RS RS
R B T BRI HE RSN . BEAh, W AR B AR
FERAMIG . oAb TS Y AT & R Je 2R 1
W AR T A IR e 5 il , Sas4
W 5 107 T RE A% 1 770 ZE X0 i B TR A A,

W T 5 o il R ZE AT R TR 2016 AE iRl KR
HEWE R R b g 2B R o, TR E NE Wb
TR A 9T X R R 5 5 b o R TR R e
%% . Cp Bi¥=MESF )@, B Cp WERA 1A . Sa W
R K B ZE AT TR, AT XS 38  Cp
PEATIH IR, YA A R, R s R
AT RE, 45 v U 1A (e R A BUR AR T
A N7 FEOUS 5 5 HP R B T O T T AR

1 MR5r%

1.1 #8
1.1.1 &,

260 HIRTE 2 EANY, VLI RFF=RE L
B s s i oS SYXK(73)2020-0024,
W BT I8 Sr AR O A BR 2 |l Cp W TR A
vB CpeS SD72 (faiifx SD72) (fi £ W MbrifEwR
Bk CMCC 64722 ,NCBI %55 MW815121)!°)
Sall i 4 IDF1-6 (1 £ B M Im R VDT TR S1-6)
P FR 7 e (NY/T 4146—2022)17 70 85 [ &
FRIHHZERE T YR8 5 PIARAS R ZEHLAT TR ba-1 I
ba-2 % GB/T 26428—2010 #4748 B35S,
PR PR 2B P RS I A 2w AR AR Y P
2N T I UEA B FOGE NS B R Cp 2% 1H
Bk CMCC 64722 W4T E KM L, i ik
B 4y B B RRARAE TV & i e 4
S A T L [ 5K R N S R AR M
112 ExHE

LB 55 TSR RR- AR ER- 2R
24 % R (tryptose sulfite cycloserine, TSC)Ei g1
FEIFF =S IR B TARRE Fs wi iR
BRI 7= R AR TR W B A R
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1.1.3 FERXFIFNE

7 R & - 21 (hematoxylin-eosin staining,
HE), Jbnt i BRERHHA R AR ; FfH DNA
PRBUAN &, ETAY TR RMARA
m]; ELISA il &, gAY RHCA RS
Al; PfumfRE DNA RE50, b ea4y
H RA R 2 Al ;5 Quant-iT PicoGreen dsDNA
Assay Kit, [U#FFEER KA R/ Al ; TruSeq Nano
DNA LT Library Prep Kit, KZE44(H [E)F} 244
MABRAE] ;5190 rE st IR AR S KR A PR
Nl . Microplate reader, 111X %S4 PR
w); H B8, Bio-Rad ],
1.2 &
1.2.1 MEFHEFEMRERERAEEF

FEA—80 °CHRAFIA L ZF AT ba-1 K
ba-2 WK T LB W ARIE IR Hrh, 37 °CHE R 57
18 h, FFLA 1% (IR 43 B0 e i H2 b 22 07 fF LB
WA IR, 37 °CHHE 15 5% 18 h, 5 000 r/min
B0 10 min WAER K, PBS YB3 WOt EEZR
1.0x10* CFU/mL, 4 °CIRA745 .

¥ Cp Btk CMCC 64722 $Fh T i1 A R
Hh-M22 PR (TSC)BiEIT IR 2L, 40 °CHEFF 18 h, i
FRBR B ER AR EE TR AE 40 °CRPEEESR 12 h,
{8 H: ODggo 155 0.6 (£ 1.0x107 CFU/mL), ¥ 15
W5 vB_CpeS_SD72 MEREMAERLL 1:1 IS,
I3 5 AR RS ER ARG R L BT 37 °C

*1 EAREASHEFBAFRAREGXESA

REFEPEHESKR. ]kH, BUEAEERY .,
10 000 r/min .L>» 10 min, H F3EH 0.22 pm 3§
S8, IRAFWE FRAZIR(ZY 1.0x10"° PFU/mL).
B R v TR S1-6 280 T LB %,
37 °CIEIEFEREFE 18 ho 4 ODgoo N 0.6 (4
1.0x107 CFU/mL)I I HL 100 pL # K 5 JDF1-6
W AT A S e FRAA AR L 1:1 3RS, IMAGE & LB
WA IR, 37 CCIHIRF B R FE 18 ho HUWETH
PRIEFEW 10 000 r/min B5.0> 10 min, FIFKZ
0.22 um 3 3E, K152 2.0x10'° PFU/mL Sa W
[ERLNG
1.2.2 KIS o 4H R IR AR 4 AR
H 105 g FLARTE A SR AT Y 260 H
WU AR FERSREML AR S 4, B 3AEE, f
ANEZTH, KR 42d, KA E 1,
A-D Ab P2 Fiz G DRI sl RE 2R ST 1R 5
IKAGRFREL A 1:100 BMIFE 100 mL 25 B AV IROK A
o, RHIK PR R A(SD72, IDF1-6) FIAL B ZEAUAT
Pl ba-1 ba-2 2LV BE 435l Fi B 2244 1.0x10° PFU/mL
A1 1.0x10° CFU/mL, A I P 4467 05 1 1A K A
EEAT EIR A EYOK S, 2 h IR SE5E.
g LA H O 2 B O R 5 A o )
(NY/T 33—2004) VRS FEpRERT I, 4R E
TR L3 2, A5 H 6 B XS S 1 15 K& Bt

Table 1 Test group of compound phage with Bacillus subtilis fed layer hens

gl 1-14d 14-33d  33-42d  WETEIA K 25 Ak T 1Y e R Mk g e Ak

Group Feeding concentrations of phages and probiotics Fodder

A Al A2 A3 SD72 phage (1.0x10® PFU/mL) | LAtk

B Bl B2 B3 SD72 phage (1.0x10® PFU/mL) & Bacillus subtilis ba-1, ba-2 HHL OB R
(1.0x10® CFU/mL) Feed basal

C cl c2 c3 JDF1-6 phage (1.0x10° PFU/mL) diet

D DI D2 D3 SD72, JDF1-6 phage (1.0x10% PFU/mL) & Bacillus subtilis ba-1, (powder
ba-2 (1.0x10% CFU/mL) lot)

E El E2 E3 Blank control, feed water

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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*2 EfLBEMEMRREFKF
Table 2 Composition and nutrient levels of basal
diet

% o
Component Content (%)
FE K Corn 62.70
M1 Soybean meal 20.00
%k 2 Bran 4.00
ik Salt 0.30
£ %} Limestone 8.00
WifR A 45 CaHPO,-2H,0 1.00
TR Kl Premix 3.00
Hi¥il Vegetable oil 1.00
{4 BE Metabolic energy (MJ/kg) 11.66
HL%E A it Crude protein 17.21
#5 Calcium 3.95
4 %% Available phosphorus 0.41
5% % Methionine 0.37
T Z R+ & R Methionine+Cystine 0.65
#5i &R Lysine 0.95

AR O T s i HAREEAE: 44 A 9000 1U, 4k
HE D316001U, %4 ES00IU, 442 K 0.50 mg,
i &K B1 0.60 mg, 44 B2 3.50 mg, 2R 3.20 mg,
JHIR 20 mg, #E4: % B6 3.00 mg, ‘L 0.10 mg, MR
0.25 mg, 4iE% B12 4 pug, £ 70.00 mg, £k 65.00 mg,
Bl 7.00 mg, %% 60.00 mg, i 0.65mg, fifi 0.35 mg; Bl
EAB, HAE IR AR

Premixes supply the following components, per kilogram of
diet: Vitamin A 9 000 IU, vitamin D3 1 600 IU, vitamin E
5.00 IU, vitamin K 0.50 mg, vitamin B1 0.60 mg, vitamin
B2 3.50 mg, pantothenic acid 3.20 mg, nicotinamide 20 mg,
vitamin B6 3.00 mg, biotin 0.10 mg, folic acid 0.25 mg,
vitamin B12 4 pg, zinc 70.00 mg, iron 65.00 mg, copper
7.00 mg, manganese 60.00 mg, iodine 0.65 mg, and
selenium 0.35 mg; Except crude protein, other nutrients are
calculated values.

1.3 MEmREMIEIRNE
1.3.1 i Cp WEHENE

I TFYOKEME G 14, 33 Fl 42 K, B
EXSFHBCE N A2 0.5 ¢) T 10 mL KB &L
B, IMAJCHE TR K, PR 107'-107 f% 1
ke, TAFRBE 3 ANEE, MiEE] TSC FAR
-, 40 CIREH; 77 18 h 54T Cp 4k, 407

B DA 22T T8 N 2500 T O A4 O B ) X
{E log;o (CFU/mL)Z&/% o
1.3.2 BAELEHRASNE

POKIAMRES 42 K5 A4 84 Z Rk
s H, Bepia el Bt =98, =h. 1\
W AR TR 29 5 om BB, KR A AR BRER K v
VEEE T 10%AR /R RIS [, 4 °Ciolt
A7, S lZUBK . EWAE A, U
S wEA SO R IR TR R P (HE)J 4,
W R, HTF/NGEEALMME . RAHR
TR 1000005, A BG40 B K
JE(V). B IRIE(C)IEITHE VIC HfE.
133 MEEMEZHEESH

FAREERY: T &L ZH DNA G
EIRICE N A BENLIEE R 3 M 5 DNA
Y54 PCR #ifi, K 16S rRNA JE[H V3-V4 1]
AR B RS 1) 341F (5'-CCTACGGG
NGGCWGCAG-3")H1 805R (5-GACTACHVGGG
TATCTAATCC-3)"!, DI JK Pfu &if#H DNA %
A HEEFT PCR 47351, oAk il b 4 2R 8K
PRIUE Rl —HEFEA 4738 Je 0 — 3, R FIPEXT
HE . #R#E Quant-iT PicoGreen dsDNA Assay Kit
HDE G RE TRl S gn 25 SR , i 12k Microplate reader
XT3 L™ ik A7 ¢ e g i, AIA Tllumina
MiSeq ¥ 15 4 T X e 18 0
1.3.4 HEEIRNE

FEIRIE A 42 RORAE G ER Ik, % A2 K
R HGHBNHEEREYLER 5 B, T #RIk
Rl 2 mL/H, #ESTE, FRILE BT S W
213 T B0 W, 4000 r/min 2.0 8 min, K
WA REAEEOE T, 20 °CfRfF. R L
T Bl A B A PR w1 AR 77 19 ELISA %) £
2 1ML IgA . 1gG Fl IgM 2848 %5 .
1.3.5 YR EENHREIELE

K H] TruSeq Nano DNA LT Library Prep
Kit il 455 SCHE o 4% B8 Vsearch 3K B 43 T i
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AT AN PR AT . AR YR I P w] A ThR
HEALAL BRI REAS OTU KWFhiERe(5 2, FIH
QIIME v1.9.1 3% | Ramer-Douglas-Peucker (RDP)
DU, LA 97% AR 4> OTU 741,
5 Greengene 50 #E /& v13.8 W 41 L X L3RS 45
A OTU Frxi BRI MIR R 2RA5 5, s 11, 9,
H. B J@Aek. il QIIME2 2019.4 B fA1H5
BAEARLEA R FIR BB FITUEY) o F1 B 246
$6%L, {U4E Shannon F8%L. WP Zitthsk. HT
Bray-Curtis #7255 1%, H 3 AL ¥5 53 H7 (principal
co-ordinates analysis, PCoA) L% 4k Ff 0] 7%
ZH R B AH AR o R A A 2 BE R
PICRUSt2 # {443 #71 Kyoto Encyclopedia of Genes
and Genomes (KEGG)%U 5 /% .

1.3.6 Zit5ah
K F %4 GraphPad Prism 9.0.0 #4743 #7 3

YEW, BB bl B0 R 84 SPSS 22.0 47
HR R 00, SRR uE 2%
N, BRI EIKEN P<0.05,

2 BZRE5OM

21 ESEEARMEFATEKAXNE
JBEAIE Cp. Sa HE=RIFM
# 14 d (A1, B1, C1 fiiD1), 33 d (A2,

B2. C2 I D2)142 d (A3. B3, C3 I D3) (% 1)
EXSEH RN AEY LT Cp WYEITEL WE 1
fiin, 14, 33 F142d @y A, B, CHil D ZbFREH
o Cp BRI T X IE4, Hdh AL BAID 4
2 5% W3 (P<0.05), A AIFEML 1.15, 1.31 M
1.48 log;o (CFU/mL), 5Xf R4 & A. B #l C 4
LS, A4 D (SD72. JDF1-6 WK &Al
PR A IE Cp 2 i fIR(Bl 1)) 14 d
i), A B I D AbPEZH Y Cp IETEELC K2 4.84
4.90 F 4.42 log;y (CFU/mL), 33 d WfFEEZE
4.82. 4.50 Fll 4.37 log,o (CFU/mL), 42 d i/l

EmC @D OJIE
ek seskskosk skekoskosk

[ 1

LT sekokok
1
sekeokok
I

E3

Cpl %
Number of Cp (log,, (CFU/mL))

1 B=ZBEBIREELMEESH Cp HEH
ME  A: SD72 W {A(1.0x10° PFU/mL). B:
SD72 WA (1.0x10° PFU/mL) & Hi L 2 44T 14
(1.0x10° CFU/mL) ¢ fl . C: IDFl-6 W 14 1A
(1.0x10° PFU/mL). D : SD72/JDF1-6 Wg K 1A
(1.0x10° PFU/mL) &AM H2EA0FTE(1.0x10° CFU/mL).
E: ZEX 4. TE

Figure 1 Determination of Cp load in caecum of
Hyline Brown hens in different groups and
time periods. A: SD72 phage (1.0x10° PFU/mL). B:
SD72 phage (1.0x10° PFU/mL) & Bacillus subtilis
(I.OXIO8 CFU/mL). C: JDF1-6 phage (I.OXIO8 PFU/mL).
D: SD72/IDF1-6 phage (1.0x10° PFU/mL) & Bacillus

subtilis (1.0x10° CFU/mL). E: Control group. ****:
P<0.000 1. The same below.

% 4.66, 4.35 F14.33 log,y (CFU/mL), Hittn]
U, 42 dBFEY AL B FI D SO AR AR
T PEEESY ) S 0T R a3, SRR i Y Cp WA
PRBER A 0 AR RE A P22 B . BT 1 AT,

XA E M, £ 9mE8CR KR A
D>B>A>C, FHIME ZEHIAF I S Cp Wik 4Bk
A0 I Cp RO et IR 2 A] A1, ST
HAH, 14, 33 F142 d K ALFRL Sa # FHHE#
A REAR FLIR £ 2 B8 D>C>B>A #a# k] 42 d
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mA =B =C =D O43E

seskskosk seskssk EE
I 10 1 I

EE ek ok
8r I 1 I \ ] 1
ok kok HkK bk
1 | [
El E2 &

. DI v

Sal#i %L
Number of Sa (log,, (CFU/mL))

33
Time (d)

2 BEREBEBIRENMEEREN Sa BN
M 7E

Figure 2 Determination of Sa load in caecum of
Hyline Brown hens in different groups and time periods.

BV TR B 466, 435, 4.18 M
3.98 logio (CFU/mL), i BRI ™ < JE AR B Wik
WAL REB I/ DX IHIE N Cp BSREMS A AL

A Sa A2k i .
22 EEEEARMEFETEKAXNE
X RFE L S SR R

3 AlHL, B TESAX M EA, AL B,
C Ml D A+ —45M . =R E & G
Iy B M TEE (P<0.05), R as T B i FRAIR
(P<0.05), 45 i BE/Ba s VR BE I 4 K (P<0.05),
Hoh D AbFRA 48 B A B 4 2876 15 B 533l
T 12%F 12.35%, + 38 =S I i beoss IR
JE o BIFEAR 12.69%F1 6.63%, 1 15 . =5
FE R 0 206 5 B/ R B R 4R R 24.72%
24.17%H1 34.44%, FW] Cp W AR K 1R AE
RN R, Mt ALk 424,
38 M AR ) B8 /B ES TR (VIC) 43
BT W], 525 W05 T 1A &l R 27 AT TR FH 241 5
2 BAH LA, i 9% B 50 48 e i , S5 P TR AT
i —, HESEESE, KEd—, TEEINE,
BRI D dHpiB A tE, Wib e fER (& 3).

*3 EAREARHEEFATERAXNEZBEGEMERSERI R
Table 3 Effect of compound phage and Bacillus subtilis on the intestinal morphology and structure of

Hyline Brown hens

ZHZH i H A B
Tissue Item

C D E

T BERE
Duodenum Villus height (V)

1 333.33+£341.52ab 1 380.00+111.36ab 1 373.33£66.58ab 1456.67£92.92a

1 300.00+121.24b

Fss IR 224.33+31.39 213.00+£56.11a 203.33£70.95ab  197.33£60.39b  226.00+57.16a
Crypt depth (C)
V/C 7.07+0.51ab 7.88+1.32a 6.56+0.47b 7.92+0.492a 6.35+0.63b
=W WERE 1390.00+122.88a 1306.67£165.03b 1346.67£68.07b 1400.00£150.21a 1403.67+161.37a
Jejunum  Villus height (V)
[R5y 140.67+10.21a 138.67+10.65ab  137.67+16.73ab  131.67+10.97b  141.00+3.61a
Crypt depth (C)
V/IC 6.84+1.75b 7.9542.32a 7.20+1.86ab 7.81+1.43a 6.29+1.99¢
@)i7] HWERE 1036.33+47.65¢c  937.33+48.60c 1216.67+77.67b  1355.67+84.33a 1 206.67+185.02b
Ileum Villus height (V)
FRes IR 125.33+19.92a 129.67+10.27a 132.67+29.74a  105.33£11.09b 108.67+13.58b
Crypt depth (C)
V/C 6.30+0.43b 7.56+0.94a 6.28+0.27b 8.12+1.53a 6.04+0.73b

R 7 Rt A [/ 58 s 22 53 .2 (P<0.05). T[]

Values with different lowercase letter superscripts mean significant difference (P<0.05). The same below.
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+ =45 =
Duodenum Jejunum

3 BLBEB+IEF. SHAEBALRSTRA00x)  A: SD72 BEFEA(1.0x10° PFU/mL). B:
SD72 W i14(1.0x10® PFU/mL) &5 2EHIFF i (1.0%10° CFU/mL)BE M. C: JDF1-6 BERE{4(1.0x10° PFU/mL).
D: SD72/JDF1-6 W 4 (1.0x10® PFU/mL) & 2 #4F # (1.0x10° CFU/mL). E: 25 (4% B4

Figure 3 Morphological changes of duodenum, jejunum, and ileum in Hyline Brown hens (100x). A: SD72

phage (1.0x10° PFU/mL). B: SD72 phage (1.0x10° PFU/mL) & Bacillus subtilis (1.0x10* CFU/mL). C: JDF1-6
phage (1.0x10® PFU/mL). D: SD72/JDF1-6 phage (1.0x10* PFU/mL) & Bacillus subtilis (1.0x10°* CFU/mL). E:

Control group.
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BRAE RSN

WRYEE 4 Yrfh ZEHL 0 o F85L, BoR
Bl P H B R, PRl Bt 22,
2 WTI0  B00H0 T 0 R A BT T, AT AR R A A3
M o] FE 4V 5 Shannon $F8480(K 5)&E R, 14d Al
D1 41#1 33 d A2, D2 YR ZHAMRT 42 d
H A3-E3, KHAZNBIEYM ZFIE2ZER BE
(P<0.05), A3, D3 407 42 d By R BEAR T = B B
i, M BEZH B (14-42 d) e AR BRI

SN B Z2HEME, MR A bR(principal co-ordinates
analysis, PCoA)53 #7718 TR R I 4 i e 28 4k, &

* 4 EAREAMAEFRITEKAXNESME
RIEIEARHIS Y

Table 4 Effect of compound phage and Bacillus
subtilis on serum immune indexes of laying hens

Index IgA IgM 1gG
A 1.86+0.06a  7.12+0.14b  1.20+0.02b
B 1.87£0.06a  7.38+0.03a  1.11+0.04b
C 1.28+0.06b  7.23+0.06b  1.26+0.15b
D 1.9940.08a  8.42+0.13a  1.28+0.03a
E 1.28+0.07b  6.85+0.14b  1.13£0.03b
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Figure 4 Cumulative graph of intestinal microorganisms.
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Figure 5 Box diagram of Shannon index of intestinal microorganisms.
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Figure 7 Bray-Curtis cluster tree diagram of intestinal microorganisms.
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Figure 8 Histogram of species composition at phylum level of intestinal microorganisms.
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Figure 9 Histogram of species composition at genus level of intestinal microorganisms.
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Figure 10 Prediction heat map of KEGG-L1 metabolic pathway in the caecum of laying hens.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RIUFE F | EAREKSHESF AT EXFE SFERRER IR R R Z X HINEE 997

..Z‘L ..: |.... . Cell growth and death 339
‘H__EE BN B '

B celt motility

ﬁ!.. . .. Cellular community-prokaryotes 0.00
‘T‘ ...-..iﬂ.. Transport and catabolism
B . .. .- .. Membrane transport 231

... ._.. .. Signal transduction
HE SN

- Folding sorting and degradation

H CEEEEE S rcvicsion nd o
= Transcription

& 'EEn =
¥| -..... .... Translation
Il ll

Cardiovascular diseases

Immune diseases
.- Infectious diseases

| II | |
....- .. ....- Neurodegenerative diseases
| ... .- ... Amino acid metabolism
HEEE B EEE S
...- . Carbohydrate metabolism

...... Energy metabolism
H Nl

Glycan biosynthesis and metabolism

Biosynthesis of other secondary metabolites

Metabolism of cofactors and vitamins
Metabolism of other amino acids

Metabolism of terpenoids and polyketides

Digestive system

Endocrine system

RN Pl
. ..|W .. Environmental adaptation
ﬁ... ..-. ... Excretory system
S DT T tmmene systen

Al B1 CI DI E1 A2 B2 C2 D2 E2 A3 B3 C3 D3 E3

B 11 ZEBEFEE KEGG-L2 X518 B 7 # E
Figure 11 Prediction heat map of KEGG-L2 metabolic pathway in the caccum of laying hens.
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