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Exploring mechanisms for Bacillus amyloliquefaciens-mediated
production performance improvement of laying hens based on
cecal microflor and ileum mucosal gene expression

ZHANG Hong-Na*! ZHOU Yu-Fa*?* CUI Na' PANG Quan-Hai® CHANG Wei-Shan™

1 College of Biological Science and Engineering, Hebei University of Economics and Business, Shijiazhuang,
Hebei 050061, China

2 College of Animal Science and Technology, Shanxi Agricultural University, Jinzhong, Shanxi 030801, China

3 College of Animal Science and Technology, Shandong Agricultural University, Tai’an, Shandong 271000, China

Abstract: [Background] Bacillus amyloliquefaciens BLCC1-0238 supplementation has been reported to
effectively improve production performance and egg quality of laying hens in our previous study, the
underlying mechanism, however, remains poorly understood. [Objective] The current study was
conducted to examine the potential mechanism of B. amyloliquefaciens BLCC1-0238 to increase
production performance of laying hens by evaluating cecal microflora and gene expression in ileum
mucosa. [Methods] High-throughput sequencing technology was used to compare the differences of cecal
microflora composition and gene transcription level of ileum mucosa between the basal diet group (group
C) and B. amyloliquefaciens BLCC1-0238 supplementation group (0.06%, 2.0x10'° CFU/g, group T).
[Results] B. amyloliquefaciens BLCC1-0238 supplementation can produce higher indexes of Chaol and
Shannon, which demonstrated increased diversity of cecal microflora. At the phylum level, the ratio of
Firmicutes/Bacteroidetes was significantly increased, while relative abundances of Fusobacteria and
Proteobacteria were reduced, and at the genus level, the relative abundances of Phascolarctobacterium,
Lactobacillus, Ruminococcaceae UCG-014, Anaerotruncus, Ruminiclostridium 9, and Christensenellaceae R-7_
group were all elevated, which indicated that B. amyloliquefaciens BLCC1-0238 supplementation altered
the cecal microflora composition from different levels. With respect to gene expression change in ileum
mucosa, 356 differentially expressed genes were identified, among which 199 genes were up-regulated
and 157 genes were down-regulated. Bio-informatics analysis found that these up-regulated genes were
involved in numerous signaling pathways associated with nutrition metabolism, such as glycine, serine and
threonine metabolism, starch and sucrose metabolism, and galactose metabolism, which may accelerate
nutrition absorption of laying hens. [Conclusion] B. amyloliquefaciens BLCC1-0238 supplementation can
effectively improve laying hen production performance via increasing the diversity of cecal microflora and
promoting nutrition absorption of laying hens, providing solid evidence for its further practical application.

Keywords: Laying hens,
Production performance
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XS PR A LI
1 MRS B3
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PRI 2H 25 e sie 21 27 PR A 7 B 48 7 2 2F T B vy 20
AT PERE RS ZERILTR -
1.2 FZERFIFNEE

Omega Stool DNA Isolation Kit, Omega 2] ;
TruSeq® DNA PCR-Free Sample Preparation Kit,
IMlumina 2 & ; SureSelect Strand-Specific RNA
Library Prep Kit, Agient Technologies 2\ #]; Trizol,
Invitrogen 2\ ] ; Tiangen B R &, KA
PR L) A BR A A

ACEHIKAYL, demis— YRR A E] ;&
JRe i 245, Bio-Rad ZA#]; Illumina HiSeq™ 4000
E-£4, Illumina 2] ; Agilent 2100 A4=#530 4%,
Agilent Technologies /A7l .
1.3 HmREMLE

WAL fil H O 2H (C 40 ) F i V€ M 2F 96 A T
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X H Omega Stool DNA Isolation Kit $£HUE
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PCR " #44fI# 16S rRNA JE[H V3-Vv4 X8
28 2% I BEI FL VKA . 16S rRNAV3-V4 572
IXf4i Ff] TruSeq® DNA PCR-Free Sample Preparation
Kit FE47SC A2, 8] 1llumina HiSeq™ 4000 -4
PR I . A Trimmomatic 415 i #4
Bk IR T A B (quality score<20) ., 97%F4AH
A M #RAE 2325 B0 (operational taxonomic unit,
OTU)HIRI S5, ] RDP 432448 OTU Fi2 8
AFBUGHT R, FFTE R, &E, 7
o ZHEPERE T .

1.5 & RNARZEVFNEERAF SR

Trizol Z:RHUE RNA, il F Agilent 2100 4
YA ASO e B AN S8 4 B R A . A% cDNA
SCIEAY RNA 5224 B2 KU (RNA integrity number, RIN)
RIBJ{EN 7. FH SureSelect Strand-Specific RNA
Library Prep Kit #E17 30, KA K HHlumina
Hiseq™ 4000 -4 JEA TRmm I, IRl X
A 150 bp (PE150). #FIH] Trimmonmatic (\V0.38)
BT SR E s A T oA S AL R, A AR B i o
HTHIEE

FIH HISAT2 (V2.1.0)8 {45 b ik & &y 5]
= E%F B A Fh B 4H (Gallus gallus 5.0, V91,
Ensembl), Ap x5 8. SRR StringTie (V
L35G s A 9%, BeJm )W H Ballgown (V
2.14. 1) FE R R K, W SEAE H R (C 4H) Fifi
VER ZEFOAT B S N ZEL (T ) 19 22 S BE R A 7 Eb 30
Bro 225 Bk O e AR S P<0.05 H.22 5% £
(ILogzFold change|)>1. )% 3R15 10 2= 55 3L KR
Top GO (V2.34.0)F1 KOBAS (V3.0)iH17 &5 4437
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16 FitFESh

] One-way ANOVA (SPSS 22.0)/3Hr4kdi,
FIF Duncan ZEAGIIET T2 FME AT FIEE AR %k
HA, P<0.05 R, HAGIHFE L,

2 ZR545h
21 EMEMZHM
FEER) DNA SCEEH, CEARBIME 97%1)7 41
F£IHN—A OTU, Z5HEH C 41 T A5ty
2126 f12 787~ OTU, 2244 H A 1 0014~ OTU (K
1) X E MR OTU 17T o ZFEH 5347, T 41 Chaol
F5%45(2 789)F1 Shannon 545 (5.35)3 1= T C 4 Chaol
F40(2 133)F1 Shannon $5%k(5.02) (3% 1), UiHI&E
FERE H AR AR BLCC1-0238 254 WIS in 7 & s
WM RER ZAEE . Coverage F8%07E 99.93%L)
b, BB HTAS R AE S A AR AR, BRI LS
HIBERHE
22 EMEBAEMN

1 TeEFCLAZEM OTU K=
Figure 1 Numbers of OTUs between test group and
control group

*1 EHEE o ZHEEY

Table 1 Alpha diversity indices of cecal microflora in

laying hens

=] (oF: | T4

Item C group T group

Reads 161 141 188 318

OTUs 2126 2787

Ace 2187 (2 170-2 211) 2823 (2 811-2 841)

W 2 T, T 4 RE IS 1 BAR N FegE g2 Chaol 2133(2129-2141) 2789 (2 788-2 795)
TF‘% , i JERE ] E‘J$HX§‘$EE%ijJD =Y LT Shannon 5.02 (5.01-5.03) 5.35 (5.34-5.36)
SR I 1] (Actinobacteria) . W AN ] Simpson  0.016 6 (0.016 4-0.016 7)0.014 4 (0.014 2-0.014 6)
(Cyanobacteria) . .4 |(Synergistetes)Fl)™ it & e e 9.9

. — ke ca T4 Pl
Taxonomy C group (%) T group (%) P values
g0 L B BWFET | Bacteroidetes 6400 52.01 0.03
9 B JEEEET  Firmicutes 2324 33.61 0.03
s g 60 | O AW | Proteobacteria  4.56 3.29 0.39
-|-|£ % O I M) Euryarchaeota  1.91 3.43 0.61
E= ; wl B BT Fusobacteria 229 1.80 0.74
§ B GFEE Snergistetes  1.52 2.29 0.50
sl B RN JActinobacteria  0.62 1.03 0.22
@ AR [ Cyanobacteria  0.19 1.02 0.27
ol @ JHAbOthers
C T

2 EEBFEIKFELRAR

Figure 2 Cecal microflora taxonomic composition at phylum level
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FRERELT .
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group)AHXT FEEEAE T AW, HXEFARE.
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T8 0T B Rl R 2 rh e S A A T, 4R
WL 4 ki, C4A T ez adtsy 356 22574
RN, AdE 199 A~ BIRIERFN 157 SR IRZER
Iy 18 A5 H I AL AR SO DG 1) 22 57 3R
FER(ER 2), UngmhpeEp- 242 2E0EG . 2 2Rk
Tit (oo 71 26 WY 80 ) FRFLARE G ) 6 1N, ity . SR
THEERER B I -6 R B L0 Y BT K S
HH, SRR 1 g3, DU iR 1
FIZEE A B 2 MO gmid 3L A5 2] B, Xee 5
K FIREREACS . P RUBA QAR S Ay L R 15 21,
AT PR ICTER . FUBHFIRERE S B A
fEFHUAR 20

gk c4A T4 P
Taxonomy C group (%) T group (%) P values
B BT | Bacteroidetes 26.11 17.54 0.03
B MAFERIRCON 18 & Rikenellaceae RCY_gut_group  18.51 13.54 0.23
O PR H R H1JE Bacteroidales unclassified 9.12 3.49 0.06
100- , B E AT JE Phascolarctobacterium 4.47 8.73 0.34
W KA 4 FNorank 3.41 5.95 0.14
m K5 Uncultured 1.94 2.61 0.15
m R RAE Lachnospiraceae_unclassified 2.20 2.28 0.93
m B IR T Desulfovibrio 2.55 1.96 0.42
= m S E g Alistipes 2.62 1.72 0.38
s m BAT & Fusobacterium 2.29 1.87 0.74
8 m L3R E Synergistes 1.52 2.29 0.50
# _‘E o %% HERT & Ruminococcus_torques_group 0.96 2.63 0.14
'\ji‘ g m T ERARI AR AE Ruminococcaceae_unclassified  1.61 1.81 0.53
= “§ @ T E R KEFRIGabA 1 )& Prevotellaceae GabAl group 1.59 1.49 0.91
= B 45 Je K 140 )% Methanobrevibacter 0.36 2.87 0.36
= B 57 5 M & Ruminiclostridium_9 1.17 1.51 0.38
~ B FLIRFT IR B Lactobacillus 0.38 2.16 0.11
& JREMER B Anaerotruncus 0.95 1.40 0.20
B 57 IR KT S Christensenellaceae R-7 group  0.93 1.34 0.33
B 7k [CRIHUFE T Parabacteroides 0.85 1.39 0.14
O J8 B BRI UCG-014)% Ruminococcaceae UCG-014  0.37 1.65 0.11
B Lk & Methanocorpusculum 1.42 0.50 0.37
B % FHIREKFEFUCG-001)FPrevotellaceae UCG-001  0.40 1.38 0.21
B BPFFICIA R Surterella 1.05 0.75 0.21
m - EH K CEARRAUE Prevotellaceae unclassified 0.29 1.27 0.04

@ HAthOthers

B3 EMEMERKT LMEK

Figure 3 Cecal microflora taxonomic composition at genus level
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Figure 4 Differentially expressed genes in the ileum

mucosa

24 GO BEHoth

e GO SMHTHFA T FLLZ 12 Sk 2 BT
gene (199) R 5), FESMTF S RERE: AVl
" FALN (biological process, BP). 4ififi4d 4y (cellular
Down-regulated

gene (157) component, CC)H14>rFZEE(molecular function,

MF). R EIAIORGH . SRRz Sk . RS
KE . WARG R A A IRTE RIS .
TERIC, BEZETHAE X A 4 DR SRS 14
I REINE ] DTN k7 | b s R R4 g i
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Table 2 Differentially expressed genes of digest and absorption in the ileum mucosa

K 1D TS b 22 AR P {E

Gene ID Gene symbol Encoded protein Log,FC P value

ENSGALG00000015544 ALDOB WS, kG B 2.111 1.15E-04
Aldolase, fructose-bisphosphate B

ENSGALG00000009511 Sl REREE - S5 52 250 Sucrase-isomaltase 0.741 1.27E-03

ENSGALG00000014995 PGM5 HI R 75 (51 5 Phosphoglucomutase 5 —0.658 1.94E-03

ENSGALG00000030034 G6PC %W 6 BEIREE I 3L 0.977 2.39E-03
Glucose-6-phosphatase catalytic subunit

ENSGALG00000013265 GYS2 WHIEA U 2 Glycogen synthase 2 0.607 3.07E-03

ENSGALG00000004222 HK1 CUBERL 1 Hexokinase 1 —0.906 3.83E-03

ENSGALG00000031341 MGAM 2 - AR Bl (o R ) 0.696 3.95E-03
Maltase-glucoamylase (a-glucosidase)

ENSGALG00000012260 LCT FLBERE Lactase 0.666 1.25E-02

ENSGALG00000009306 SLC2A2 Al VS ERAR SR 2 iDL 2 1.136 1.29E-02
Solute carrier family 2 member 2

ENSGALG00000005043 ACACB LG A FRILEE B —0.776 2.70E-02
Acetyl-CoA carboxylase beta

ENSGALG00000015849 ME1 SEFLERME 1 Malic enzyme 1 0.588 3.66E-02

ENSGALG00000012613 FBP1 1,6 R S 1 1.569 4.51E-02
Fructose 1,6-bisphosphatase 1

ENSGALG00000032679 GCSH HEMER ARG EN H 0.668 3.10E-03
Glycine cleavage system protein H

ENSGALG00000008317 SDSL 2RI /K AL Serine dehydratase like 0.666 3.87E-03

ENSGALG00000023436 HDC 20 2 R i AR Histidine decarboxylase -1.122 3.90E-03

ENSGALG00000015053 GLDC H&ABRN & Glycine dehydrogenase 1.081 1.24E-02

ENSGALG00000030187 CAT i E L S Catalase 0.650 3.44E-02

ENSGALG00000025844 AMT GILH L AL Aminomethyltransferase 0.708 3.58E-02
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Figure 5 GO analysis of differentially expressed genes in the ileum mucosa
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Figure 6 Enriched KEGG pathways based on differentially expressed genes in the ileum mucosa
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