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Abstract: [Background] In recent years, efforts have been made to protect wildlife and
improve the eco-environment. Accordingly, the number of wild boars has been increasing year
by year, and it has even exceeded the number of protection in some areas, which has caused a
certain impact on agricultural production. Wild boars have strong disease resistance,
environmental adaptability, and rich gut microbiota, demonstrating a potential value of
improving the quality of domestic pigs. However, there are few reports on the research and
development of gut microbiota of wild boars in China. [Objective] To explore the diversity of
gut microbiota in wild boars and isolate strains with good probiotic performance from the gut
based on the omnivorous habit and disease resistance of wild boars. [Methods] Five feces
samples were collected from wild boars, foreign three-way cross hybrid pigs, and commercial
pigs of new American pig lines, respectively. Bacillus strains with cellulase activity were
isolated from the guts of wild boars and tested for their probiotic properties such as acid
tolerance and enzyme production. [Results] The alpha diversity of gut microbiota in wild boars
and foreign three-way cross hybrid pigs was higher than that in the pigs of new American pig
lines, and the richness of gut microbiota was the highest in wild boars. At the phylum level,
Firmicutes, Bacteroidota, and Fusobacteriota had the highest abundance in the guts of wild
boars, foreign three-way cross hybrid pigs, and pigs of new American pig lines, respectively. At
the genus level, unclassified f Lachnospiraceae, UCG-005, Prevotelaceae NK3B31 group,
and Ruminococcus had high abundance in the guts of wild boars. The B diversity clustering
analysis results showed that the similarity of gut microbiota between the wild boar samples was
the lowest among the three groups of samples. Several strains of Bacillus velezensis isolated
from the guts of wild boars exhibited high cellulase and amylase activities and acid tolerance.
[Conclusion] The richness of gut microbiota in wild boars is higher than that in commercial
pigs, and several strains of B. velezensis isolated from the guts of wild boars have the potential
to be developed as probiotic preparations.

Keywords: wild boar; gut microbiota; cellulase; Bacillus velezensis
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B R SR P A A TE S0 . KB S 8T
9 RATHE 2 AE AN BIURE ) 0 b = JCAT R 2
AT Z R0 o IR TR e T s 2],
O 2S5 v Ay g O e ELAT A A 2 WG 0 1 2 A
¥ 76 (Bacillus sp.)Ff % HAH ¢ 45 A= M GE 24T 4
W, TS B R . AR e R IR T
KA R AL EE LR, 5 St AR S
il P2 R 3 HF

1 #EE5H%E
1.1 H&

2022 4 6-10 A, 43l ATL PG48 5L KHE
B oK 508 55 R (K LK 1 2% 20) B 2B AT o
ZE0H 54y, FRich X1-X5 (X 4H); M LT HILIX
TS 15 Sk/NEFRE, SREE S Y EMIEME, fridh
Y1-Y5 (Y 4); W%/ RS = TuhT
WAAE Sy, ARlbRich WI-WS (W 41), 3%
11T DNA A9 $2 BOR4H T8 43 15 .
1.2 EHFE

YR FRES BOCER[10F U TR £F
e R BAEE IR AL (/L) R ILLFHEZR BN 5.0, %
B3 5.0, EAM 0.5, KHPO4 1.5, MgS040.2,
NaCl 5.0, g 20.0; £F4EXWRREFRH(gL):
] AR FR 2L, BN CaCly2H0 0.2, AHNBifE .
1.3 FEAFIFUEE

R B YE RGN . WIURZLR ] 1 TE #
R MR A AR R AR A E] s AR,
WIS AR A RA R, 2xTag Master
Mix F1 DL2000 , g 5t i MEBE R DR A BR S | 5
DNA $2BGRH & K DNA BERE FGL ) &, K
AR (L) A BR A A B TAES , 78
AR A BRA R ; PCR AY, P E RS A
R B, bt —A R A RA
BE I AR AL, & B R A R A A
QuantiFluor™-ST ¥ 4 2¢ 58 5 245, Promega
N
1.4 EFEBREFNF

A3 15 Oy FR SRR 200 mg 288 4% B DNA
FEBGAF S B DNAL R 1%35 8 b
R L PR A UM 3R Y 2L [ 41 DNAL RIS
338F Fll 806R (& DXHAEYIN V3-V4 X1 T
PCR 434, PCR JZ W& F (50 uL): 2xTaq Master
Mix 25 uL, 338F £l 806R 5[4J(100 pmol/L)%%
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Table 1 Primer sequences used in this study

51445 B 2]l

Primer name Sequence (5'—3")

338F ACTCCTACGGGAGGCAGCAG
806R GGACTACHVGGGTWTCTAAT
27F AGAGTTTGATCCTGGCTCAG
1492R TACGACTTAACCCCAATCGC

2 uL, DNA #i# 3 pL, ddH,0 #h /& 50 pL. PCR
LW 24 : 95 °C 3 min; 95°C30s, 55°C40s,
72°C40s, 35 MEH; 72 °C 5 min, HPHEA
3AEE R —FEAR PCR PR &5 H 2%
T W R S L VRGN o 2 B PR k) A
£ PCR =¥ H] QuantiFluor™-ST W {6,7%¢ Y6 5E 11
RGN 5 AW EE PE SO, #E4T Tllumina
T
1.5 &£MEEESHh

e overlap ¢ R #1521 PEreads i
Fipres, [P o) i AT s Mt ik, K
AT 515 OTU RPN HEAT LUXT, #5477 5]
325, DUAIMLEE 97%E R dshriE. XAaREA
J5i 8 3E ANOSIM 43 Hr P-4k B A J32 45 21 1 4
THOL, BJE AT OTU R HrAyFh 43255
Mro 5T OTU #A7 ZHEEFE 5 fl OTU
Kobr, BTHERFFEL, EEMHEKE R
PEATREVE SR I BT BT o AE B3R oA i A
b, X EREARNBEH R RS K E G BT
ZIU NI 22 5 B E R K % — RINEA NS
TEE AT AL AT
1.6 FHEZRBFANENFESEE

B 200 mg #r i BF 5 2E4H A 1 mL LB 1A
Brgegedr, 80 °C/kiA 15 min Ji, KHFEIRIRTE LB
WA R TR FRIZR, 37 °CH53% 24 h 5 4y 515
IR, SRR ETR SR MR LA

SR D SR T e 0 30 58 P L 2T o il ik
TE AR I EF AE R WG T o 27 4R 3R WS 100 -

BU1 uL BEREEM 2 1 mL 47 4 R KRR 3R 38
TIUEES | mL SR 4k AR RS 57 A A o
BT 37 °CCEE A1 3% 24 h JFHA 0.1%5 KI5
71, WREWERRILEIE, A aANRE N LR
AR BT

KA Y BOL AT O . SR AT
PR IR SR IRTE LB ARSI BT s
FHR AR o FHAETERS KT b K08 K B 5% 7 e B
UG R, R E TR IR AR A, W
B KRBT 37 CEFHRAEFE 12 h
Je WEE AN TR 0 -

SRR B MRS A DNA #2BGR ] S 8L B
¥k DNA, FA40HE 16S rRNA KR 54 (B
27F Fil 1492R, U3 1)i#17 PCR § 44, PCR &
AR ZR B A 1.4 1% eI LK 858 )
¥ PCR F=4a%k 24 TAEY) TR () B A PR
AR . PSR E5 RPEAE Z NCBI $d 2
(https://www.ncbi.nlm.nih.gov/), & BLAST 7£
GenBank %(#&J%E [ i#47 16S rRNA FEH JF51 [Y
AV L5543 #T o
1.7 A REESFRM RS MR
1.7.1 FHREREHEN

FEANBRAREL 1 uL PRI S 3 B R s Rk
b, BT 37 cCCHEFRAAT ISR 12 he BUHREFRAE,
i7E 1 mmol/L ) NaCl /57 £/ 75 21, 10 min
TR, A 1 /L BRI LT Yk 78 w5
VYLt 30 mine DAL 5 b3 B X800 - £F
e REERAYE, RS X E AR (D) M ELAR(d),
SKOFYIME, A5 L 4ER BEE J145 %0 A (D/d).
1.7.2 THERIRXIE

B 60 mL LB ARG FREI 10 3y, Hirh
2 /3 Ff1 0.1 mol/L HCI ¥ pH &y 4.0 F1 2.0,
Ti— AR IR . A pH ERYRE IR AL 1 mL
JIA 1.5 mL (%) EP &+, JIIA 10 pL ¥55R470
PR, BT pHEMM 3 MEE, F37°C,
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120 r/min $53% 8 h, SR J5 B FRTVRCR FH - B
PR, G 0 R T AN TR AT R
1.7.3  FEIEMESIE SRS

FHPEARGE I . ¥ EAE 6 mm %S
AR TR I PRI 5 min, ARV IMGE] 1%
VEM LB BUiRsERAE L, AWM 3 MER.
T 37 °CHi5% 12 h, BUHBEFRIL, FHMCAE R 55
P Y% Y (R ) o 28] - 0. 3% 1T 28 1 407 7 - I %
0 5 min JE MY, G AR AR 28 3R
HARD)FITE T EAR(d), SRAPIIME, A5 e b il
5 14650 A (D7)

2 ZR50M

21 MEERZHEMSHR
2.1.1 H#HERSITM

XTHP R | Ab = TR FUE 5 RAE AL 15 AR
BTN, 155 769 342 ANFEMRITFA, LIRS
| 697 311 MLALIFH, F¥)FHIK A 414 bp,
53] 1237 4~ OTU.,

i3k ANOSIM 43+ % I 3 45 21 ) A A 4 Fif
O T IEAL . 25 SRR 3 ARESA N S
BUNFAEZES, vTHFSRITE 1),
212 MAEEE o ZHEMSH

SN o ZREVEFREORT LU RV 9 4 A
i S fitE oL (B 2), ZRER X H5550
2 ZH7E Chaol. Shannon, ACE. Coverage 5%
PR S DA E g 22 5, BN R AL Aok —
U B R SRR N B E R THER
. MY L5 W A ZE HAE Coverage FEE L
FEAE IR 35 22 5(P<0.01).
2.1.3 BAEEEHER DT

TE OTU A uKkF &, Wi FAh = ok e
PFZH ARy, 2 282 4~ OTU, 3 4
Wi dEAE 70 4 OTU, HANEFE A OTU A
497 14~

1 ZiHIERER S ANOSIM 73#TE X 4l
I Between X0 (46 1A 0] 22 S MR, Y.
WA X ARIER Y (PR AL W (U =J0) 418 X (HT
ERVHMHANESR:; Y SRR B AR RN
Figure 1 ANOSIM analysis graph of three sets of
porcine intestinal samples. The boxes corresponding
to Between on the X-axis represent the distance
values of inter group differences, while Y, W, and X
represent the intra group differences of Y (wild boar)
group, W (external ternary) group, and X (New
American series) group; The Y-axis scale indicates
the size of the distance value.

Histogram of differences in diversity index

N * Hk

600.0 |+ 1 T g
-
400.0 1’——‘
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5 50 T -
E 4.0+ . -’r—l
Z;- 3.0F %k
’g 2.0+ h{ﬁk] i
2z 10¢ -
a 0.6
04}
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0.0 s

B2 ZiARmENREESHTIERERTKE
Figure 2 Histogram of differences in diversity indices
of bacterial flora among three groups of porcine
intestinal samples. *: P<0.05; **: P<0.01; ***: P<0.001.

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



762 WA

2

FiE Rk

Microbiol. China

MG 3 ZHZE A ot 4 ) ol = B (&1 R T
ERRMG, EITKF E(E 3A), BEERT]
(Firmicutes) 76 7 4 H AH XF = B fe i (38 3 %
0.75); AT ] (Bacteroidota)7E4h = 0K HH AR X
FEEESCEYFEE 054 BITET]
(Fusobacteriota) 75 3¢ F 5 H AR X 3= B2 f5 fma (OF-
BIERE 0.58). 7EJEAKY (& 3B), BRI E A

Xof = ¥ % 1 B J2: unclassified £ Lachnospiraceae,

>

Community barplot analysis

H ¥k J&2 UCG-005 . % Ik [T B NK3B31
(Prevotellaceae NK3B31 group) Fll & B Bk & J&
(Ruminococcus) 55 . 1 3£ R R T H B
(Fusobacterium) =+ i (5 [b ik K, HUOZRBATHE
J& (Bacteroides); 7E4h = It =F B 5 B = A
norank f Muribaculaceae . unclassified f
Prevotellaceae . & & ik K 1 J& (Prevotella) il

CAG-873,

W Firmicutes
@ Bacteroidota
W Fusobacteriota

Relative abundance on Phylum level

YI Y2 Y3 Y4 Y5 WI W2 W3 W4 W5 X1 X2 X3 X4 X5

B Proteobacteria
Actinobacteriota
@ Synergistota

0 Desulfobacterota
B Verrucomicrobiota
B Spirochaetota

0O Cyanobacteria

@ Campilobacterota
B Elusimicrobiota

B wPS-2

m Patescibacteria

O Fibrobacterota

@ Unclassified_k_norank_d__Bacteria
B Chioroflexi

W Fusobacterium

@ Bacteroides

B Norank f Muribaculaceae

B Unclassified f Lachnospiraceae
UCG-005

@ Unclassified_f _Prevotellaceae
O Prevotella

Community barplot analysis
W

.:

Relative abundance on Genus level %

E3 ZEEPEHRYMEEERKE A

Y1 Y2 Y3 Y4 Y5 WI W2 W3 W4 W5 XI X2 X3 X4 X5

— | B Clostridium_sensu_stricto 1

W CAG-873

0 Cellulosilyticum

@ Escherichia-Shigella

| UCG-002

B Unclassified f Oscillospiraceae
W Prevotellaceae_NK3B31_group
@ Alloprevotella

@ Ruminococciis

@ Phascolarctobacterium

W\ Streptococcus

@ Clostridioides

O Norank f norank o Clostridia UCG-014
B Christensenellaceae R-7 _group
@ Sutterella

W Paraclostridium

W Turicibacter

@ Others

PR R = AR IE s B @K D 4= AR AT

Figure 3 Histogram of species abundance of three sets of porcine intestinal samples. A: Histogram of
species abundance at the phylum level; B: Histogram of species abundance at the genus level.
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Figure 4 P diversity hierarchy cluster analysis. The lengths of the branches of the similarity dendrogram on
the left side of the figure represent the inter-sample distances, the smaller the distance, the higher the

similarity.
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Figure 5 LEfSe multilevel species diagram. Dots of different colours indicate that the microbial group is

enriched in the corresponding group and differs from the other groups; Yellowish dots indicate that the
microbial group is not significantly different in any of the groups.
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Figure 6 Colony morphology of strain 8-2 (A) and schematic diagram of drug sensitivity test (B).
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7 EHTF 16S rRNA EEFFHEEN I CERFETEQAQ)MTTHEHEBFRTEBNRELEWN
308 ERECT R B RE, AR SZ R E R E 4 s A5 0.000 100 F10.005 0 78 0.01%7F1

0.50%M1 )75 431 .

Figure 7 Phylogenetic trees of Bacillus velezensis (A) and cellulase-producing Bacillus (B) based on 16S
rRNA gene sequence. The numbers on the branching points are self-expansion values representing the
percentage of evolutionary tree branching confidence; the scales 0.000 100 and 0.005 0 indicate 0.01% and

0.50% sequence divergence.
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