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16S rDNA and ITS sequencing reveals the effects of cell walls
of Saccharomyces cerevisiae on intestinal microbiota in
finishing bulls
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Abstract: [Objective] To explore the effects of cell walls of Saccharomyces cerevisiae on the
intestinal microbiota in finishing bulls by 16S rDNA and ITS sequencing. [Methods] A total of 40
simmental crossbred finishing bulls weighing about 550 kg were randomized into 4 groups, with
10 bulls in each group. The control group was fed with a basic diet, and 5, 10, and 15 g cell walls
of S cerevisiae were added to the diet of each bull per day in trial 1, 2, and 3 groups, respectively.
The preliminary trial and trial lasted for 10 days and 94 days, respectively. Intestinal feces were
collected 7 days before the end of the trial. [Results] 16S rDNA: (1) The Chao and ACE indices in
the trial 3 group were higher than those in other groups (P<0.05); (2) Firmicutes and Bacteroidota
were the dominant phyla, and Prevotella 9, Faecalibacterium, Succinivibrio, Bacteroides, and
Bifidobacterium were the dominant genera; (3) The linear discriminant analysis effect size (LEfSe)
revealed one differential species (LDA>4.0, P<0.05) playing an important role in the trial 2 group.
ITS: (1) There was no significant difference in the alpha or beta diversity among groups (P>0.05);
(2) Ascomycota with the relative abundance above 50.00% was the dominant phylum. Penicillium,
unidentified Ascomycota sp., Aspergillus, Orpinomyces, and Eurotium were the dominant genera;
(3) LEfSe revealed 8 differential species (LDA>3.0, P<0.05), which included 3, 3, and 2
differential species playing an important role in the control, trial 2, and trial 3 groups, respectively.
[Conclusion] Under conditions of this study, adding 10-15 g/d cell walls of S cerevisiae in the
basic diet increased the richness of intestinal microbiota and the relative abundance of beneficial
bacteria Provetella 9, Tolypocladium, and Torulaspora, which were conducive to improve
intestinal microecological environment of finishing bulls.

Keywords: cell walls of Saccharomyces cerevisiae; finishing bulls; microbiota structure; 16S rDNA;
ITS
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F 1 EfAREAR R EFKEFRESR)
Table 1

Composition and nutrient levels of basal diets (dry matter basis)

J5 A} Ingredients i Content (%)

JR I HT Y 50 d Pre-test period 50 d

565 44 d Post-test period 44 d

F K Corn 32.77
M1 Soybean meal 7.25
Hi#Fk1 Cottonseed meal 5.26
K1 Rapeseed meal 1.79
7 %k Wheat bran 2.85
Wikt Premix" 2.97
TR 41 NaHCO; 1.19
B4k NaCl 0.59
SRR I E K Maize silage 37.84
INZZFE Wheat straw 7.50
411 Total 100.00
#35/KF Nutrient levels?

4454 fE NEm (mcal/kg) 1.68
HAE4HAE Neg (mcal/kg) 1.08
HLIEF 5T CP 13.35
5 Ca 0.72
% P 0.35

38.47
3.85
5.58
4.94
1.51
2.80
1.12
0.56

34.36
6.81

100.00

1.71
1.11
13.14
0.74
0.36

Y The premix provided the following per kg of diets: VA 100 KIU, VD, 55 KIU, VE 400 IU, Mn 360 mg, Zn 580 mg, Fe 760 mg,
Cu 200 mg, NaCl 10%—30%. ? Net energy of maintenance and weight gain were calculated value according to NRC (2016),

while the others were measured values.

1.2 EHRE

WFRWEERAT 7 K, REET, B4
MLPRE T4 5 SREMEZEME 5 ¢ 24 (EW
KFVE), A 2 mL HEAEE, LRI AR
R, WL E-80 CHRAF, HTImEMAED
16S rDNA FI ITS § B4l ¥ .
1.3 SBENFF

FIF Nllumina NovaSeq Ml /55X 17 4~3%
fEREARCTIRAL . A5 1 4. A5 3 4% 14
FEM ARG, AR MAEYIX R DNA F B
PEAT 16S rDNA FI ITS1 ¥ 847, 55525
WA (1) FEF4l DNA #RESHEMEN; (2)
HAs F B PCR 71, 16S V3-V4 51¥%} F (5'-
CCTAYGGGRBGCASCAG-3")HI R (5-GGACTA
CNNGGGTATCTAAT-3"); ITS1-5F 5|#)%} F (5'-
GGAAGTAAAAGTCGTAACAAGG-3")Hl R (5'-

GCTGCGTTCTTCATCGATGC-3"), #4514 .
98 °C 1 min; 98°C 10s, 50°C30s, 72°C30s,
30 MG ; 72 °C 5 min; (3) PCR P IR FE
FgEERAGAL s (4) ] NEBNext® Ultra™
II FS DNA PCR-free Library Prep Kit (New
England Biolabs) #F 17 3C FE 4 & 5 (5) fif H
NovaSeq 6000 #E41 PE250 FHLINE; (6) £
FEAE T, DL A h b 50 R SRR R
A7 PR 7] 58 Ao
1.4 BURFIT RO

FI ] Uparse 2 :PUSTREA YEAT effective
tags TZL(97.00% UL, K P 51 5 2 i FAE
3250 (operational taxonomic unit, OTU), ik
P B GR = P S OTUs AURNEFFS
X} OTUs J@¥ldE ¥ FiERE(16S tDNA: Silva
138.1 ##E/%, Mothur & ¥:; ITS: Unite (9
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£, blast B3%), #FH QIME #f4:(version 1.9.1)
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B2 . FREBRMLEMPY T R ML
SPSS #ff(version 26.0)73Hr o ZFEVEFEEL.
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MreEesk, wiE 1B fin, SRR BRI
55 3 AR = R R AT e T A A
2.1.2 OTUs # B % #h

WE 2A. 2B Iisn, 7E 97.00%AH{LE K-
T, x4, WK 1. 2. 3 4144 OTUs
1130, 1098, 1085, 19851; 44 OTUs 435
162, 101, 46, 890 4~ 4 AAIHLEE OTUs 675 4%,
RIGAHEIFETE OTUs 715 4, U BAGSINBR I 7 EE40
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- Control
* Trial 2
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lg (relative abundance)

Dilution curves (A) and hierarchical clustering curves (B) of bacteria.

B
Trial 1

143
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Figure 2 Venn diagram for all groups (A) and Venn diagram for trial groups (B) of bacteria.
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2.1.3 o ZHEMESH

iz 2 Fr7n, Shannon F5%4F1 Simpson 1§
HA% 4R JC B 2% 22 5% (P>0.05); Chao f5%UH
ACE #5805 3 4183 % T HAL41(P<0.05),
DABTERIN 15 g/d PRI ERANMOBE B2 T
NE A T8 AN RS
2.14 B BHEMDI

wE 3 pras, #EF Unweighted-UniFrac ff
25 47 3 Ak #5 (principal co-ordinates analysis,
PCoA) M7, PC1 1 PC2 X 4H [a] 2% 5 sk {4y

x2 HE o SHEMEERKSR
Table 2 Alpha diversity index analysis of bacteria

Bk 32.76%F1 12.69%. 5 3 415 HAnd1 5]
B XA oS X, vhWSS 3 AN TR REVR 451
S HABH B E—E =57
2.1.5 VFIRKFREDEB D

PUZH LA 31 ANTETT, A0l 4A B, A
L] Firmicutes 1 Bacteroidota AH X 5 B 22 il
di 70.00%LA F s PUZHILAS H 399 TR, WAl
4B fiin, ¥ EE £ % 2 Prevotella 9 .
Faecalibacterium, Succinivibrio, Bacteroides /1
Bifidobacterium %5 .

WA X HEZH W 14 W 2 41 W 3 4 P{E
Items Control Trial 1 Trial 2 Trial 3 P-value
Shannon $5%X Shannon index  6.50+0.13 5.79+0.49 5.91+0.23 6.50+0.23 0.232
Simpson 5% Simpson index  0.97+0.00 0.93+0.02 0.95+0.01 0.95+0.01 0.370
Chao F£%% Chao index 775.00£10.86b  721.93+49.08b 669.90+24.72b 1 172.47+79.24a <0.001
ACE 5% ACE index 788.50+13.14b  731.16+47.67b 681.81+24.31b 1 177.06+72.48a <0.001

[FATERAS [F) /NG b R 22 5 38 (P<0.05), HHIA B BB E R 2 58 B3 (P>0.05). R

In same row, values with different small letters meant significant differences (P<0.05), while with no letter or same letters meant

no significant differences (P>0.05). The same below.
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<
5,
O 025
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e Trial 2
-0.75 |- Trial 3
—1.00 ] I 1 1
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PCoAl (32.76%)

El3 AEET Unweighted-UniFrac 555 PCoA £4f
Figure 3 Analysis based on Unweighted-UniFrac
distance of bacteria.

2.1.6 ERVMOTSREDM

K LEfSeP M R 4 1m) 22 S i A4
M LDA {H>4.0 B, A AP A2 A4 Prbric
Y. il 5A. 5B B, EAKE L, 15 2 A
Prevotella_9 i & 35 (LDA>4.0, P<0.05), A[{f
RBEFEEYIFRICY)
22 ITSNFZE
221 NFEREDH

e 6A Fin, AT KIS 2 B i
IR, BRSSO, L REA
Yy Fh A FEBEAEAS L T B E W L, MR
g5, AT IR SR . Bl 6B TR, 45
2H S5 o B2 4R T S B R, B4
HFEA YD & R A5 BE R A HARARL
222 OTUs #BH#

e 7A. 7B BN, TE 97.00%MHBEE K RS
FIREAFERLE) OTUs $0H . XTHRAL, 5 1. 2.
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Figure 4 Bar chart of relative abundance of species at phylum (A) and genus (B) levels of bacteria.
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Figure 5 Histogram of LDA value distribution (A) and evolutionary branch diagram (B) of bacteria.
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Figure 6 Hierarchical clustering curves (A) and species cumulative box chart (B) of fungi.
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Figure 7 Venn diagram for all groups (A) and Venn diagram for trial groups (B) of fungi.
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*3 HE o ZHMESH
Table 3 Alpha diversity index analysis of fungi

i H X HRZH 14 I 2 4 R34 P1{E
Items Control Trial 1 Trial 2 Trial 3 P-value
Shannon #5%% Shannon index 6.21+0.70 5.88+0.56 6.21%0.60 5.41+0.93 0.839
Simpson #5%% Simpson index 0.88+0.03 0.88+0.02 0.89+0.03 0.84+0.04 0.688

Chao #5%{ Chao index
ACE 453t ACE index

6 869.83+1 700.04
7 523.60+1 791.34

7 421.90+1 523.75
7 442.85+1 082.96

6 281.12+755.55
6 934.56+752.42

5748.69+1 831.79  0.866
6 233.09+1 968.32  0.917

2.2.5 [FREKFEMEDHM S

PULZH LA 16 DNETT, K 9A Fiw,
Ascomycota . 7 B4 ] (Neocallimastigomycota) .
H 7 W [ (Basidiomycota) il & %% B [
(Mucoromycota) #f X} F= & K F 1.00% , H
Ascomycota 5 b 50.00% LA b DU 4 LG
426 N, WE 9B BN, PEREE REA

Penicillium . unidentified_Ascomycota sp. .

Aspergillus, Orpinomyces fil Eurotium 4,
22.6 MMERSTEREDH

A LEfSe #4172 9% 2= 5 Wy #h H il
Mr, 43Hr LDA>3.0, P<0.05 HA 8 E/EHE

J&. Wi 10A. 10B Jfizn, XJRRZH Eurotium &5
& PCoA

PCoA2 (18.23%)

e Control

e Trial |

e Trial 2
Trial 3

<5 0 5

PCoAl (38.75%)
& 8 EEZET Weighted-UniFrac (5% PCoA £ #f7
Figure 8 Analysis based on Weighted-UniFrac
distance PCoA of fungi.
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Figure 9 Bar chart of relative abundance of species at phylum (A) and genus (B) levels of fungi.
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Figure 10 Histogram of LDA value distribution (A) and evolutionary branch diagram (B) of fungi.
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