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0.05) , BEWIX 2 A Mg 2 1) i 18 B2 P e s
W 3 AR — 2 )\ Shannon $5 % Fil Simpson 1§ %%
B R ] R R L B e S R 25 RN
(P>0.05) , Ut HIIX 2 A5 A 2 18] g 18 G A= P it

BK.D
150

BK T KK_T

BK L KK L

T SRR — B HEE E A LR, 2ER AT 2R
0 UL ] 24 S8 0 Ml A D e v R T R
PRI N

KK _C

BK . ELx [ 24 285 s KK i fpi] SR8 T &3 D+ =3 ;1. 2 L. mn; C. 45 % ., KR, BK: BerkshirexKele

hybrid pigs; KK pure-bred Kele pigs; T: total intestine; D: duodenum; J: jejunum; L. ileum; C. colon. The same as below.

E1 BExfHEIFSaMAREZEER OTU FEE
Fig.1 OTU Venn diagram of each intestinal segment of BerkshirexKele hybrid pigs and pure-bred Kele pigs
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Fig.2 Dilution curve

2.3 Beta ZSHEMEDH

i 3 A3 BT (PCA & 3) 3 Ak bR 3 A
(PCoA, &l 4) LB 4 B o] SR 4 5 2 <] 4 52 45
T8 BA TR LS AR U, T DA & B, 2 A i b 5 1) R
G3FE i A8 SURAE B R, 33 U W 2 A A AR 5 L x
Hol 25 5285 W 1 A AR ) A7 HE — 8 WO ARBIPE 1 18 T
HEE H0 A A AR
24 HWELEHSW
2.4.1 AR E RS S H

H &5 Al B A 2258 4+ 45 ey 8

B 1]k JTCREBE ] ( Tenericutes) (34.11%) | J&BE B&
["]( Firmicutes) (26.78% ) .ZE ¥ & '] ( Proteobacte-
ria) (28.16% ). 1 ¥F W ] ( Bacteroidetes )
(5.02%) ; BEFp AT SR+ 38 P 9 FE W T
JEREGE ] (49.04% ) JTCRETR ] (40.53% ) LW
[7(9.32%) ., M 2 A, B ] 42 58 8% + — 46 W
HADUAT B 1T 0 AE 0 = B B v T Al R AR (P<
0.05) . HHIE 6 AJ J, 2l ] 2K 5% R0 EL <] 2 52 0%
=48 W ) F B b SR AR T8 (Mycoplas-
ma) FL¥T ® J& ( Lactobacillus) . i ¥T & J& ( Curvi-
bacter) , B3R 3 AT A, Bl Z 520+ — 48 o rh v
TE1A K& ( Klebsiella) {) A X 3 M 8 2% = T4l
MR (P<0.01) , #0FF 5 )@ ( Bacteroides) 1
Xif = B i 2 = T ali AT SR 5 ( P<0.05) |, Mogibacte-
rium A8 T BRINH & ( Pseudoscardovia) B AN+ FE
i F LT AR SR 5 (P<0.05)
2.4.2 2w RELA b

i 181 5 AT B ] 2 A8 4 a5 i i 222 1R T
RERER 1 (89.40% ) ABIETIT1(9.81% ) L TH
[T ( Actinobacteria) (0.48% ) ; ZEFh ] bR 58 25 iy v 1)
FEGFEIT N IEREFE ] (98.21%) . i 4k W ']
(0.92%) JCEER 1] (0.84%) . K 6 W J0, FLAT
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R (>35.25% ) TE 2i BT SR 4 5 0 <A 4% 28 4 5
Wb B A X PR, B3R 3 AT, B A 2% 28 0

= T R R EONE IS (Anaerovibrio) JE 'S
F1 FhATREINE <A 2 X B IFIE R E W BT Alpha SHEME ST

R & ( Ruminococcus ) B AN =5 B i 35 & T 4l Fh
FT2RH (P<0.05)

Table 1 Alpha diversity analysis of intestinal microbiota of pure-bred Kele pigs and BerkshirexKele hybrid pigs

WiH 1751 B A 2 32 4 Ll R BIEARER P1H
Items Intestine BK KK SEM P-value
+ — 3% Duodenum 191.628 4 109.587 9 31.110 7 0.136

Chao $8% %= % Jejunum 150.666 7 151.319 4 37.671 1 0.991
Chao index [ f% Tleum 195.459 6 126.923 1 37.6711 0.175
#5f% Colon 607.932 2 581.047 0 20.372 2 0.404

+ — 8% Duodenum 198.887 3 115.532 6 35.818 0 0.175

ACE 8% Z5 1 Jejunum 180.133 3 171.958 4 28.055 7 0.847
ACE index [F % Tleum 259.827 9 153.345 9 28.055 7 0.199
#5 % Colon 597.780 1 577.088 7 24.024 7 0.575

+ —3 % Duodenum 2.327 8 1.356 3 0.259 8 0.057

Shannon 5 %% 25 1% Jejunum 1.409 4 1.484 9 0.601 3 0.933
Shannon index Bl f% Tleum 2.356 2 2.093 4 0.601 3 0.602
Z5 % Colon 4.932 3 4.920 4 0.571 5 0.965

+ —35 % Duodenum 0.250 6 0.445 7 0.095 6 0.222

Simpson F5 %% 2 Jejunum 0.481 2 0.431 7 0.202 6 0.871
Simpson index [E % Tleum 0.153 8 0.220 9 0.202 6 0.494
455 Colon 0.019 9 0.019 9 0.004 9 0.999

Wl RS R o a3 AT, B xR 2 s 8

0.75 .BK N e RN
= KK [0l 7 Hh 2 BR 1 B ( Coprococcus) BIAR T 31 i 2 15
S 050w Tl Fh il SR 4 (P<0.05)
Qﬁ BK;S D
= 025
O KK _3_I¥ .
5 -BK
@ 0 "K.ig"z,.'l' AR %\ . .KK
45 31 KK3 L é 0.4 BK 2D
H -0.25 S K2
-0.50 : g 02 s 7
-0.5 0 0.5 R Regd o,
ERAM PCL (46.04%) < S NN ST
3 EBSHH SUC TR e
Fig.3 PCA 02 ;
-0.2 0 0.2 04
2.4.3  [Al I RELGE R A0 HT F 431 PC1 (44.56%)

&l 5 AT B ] 2% A2 4 [ i ) 32 22 1R B4 EBESF
FIEEER ] (86.12% ) VEILHIT(12.92% ) L4k Fig.4 PCoA
BIT1(0.79% ) s 2l Fpopa] 2R 4% 100 i b i) = 2208 1T

2.4.4  ZEHTERESA AT

JEBETR1(97.58% ) VEILTHIT](0.89% ) TR H]
(0.75%) JCEER 11 (0.52%) . B 6 a0, FLFF
I J& | Intestinibacter . Terrisporobacter [ fit £ 4 &
W JE ( Cellulosilyticum ) 9 45 B SR 5 5 B < 2 28

5 AT, JEERE TR ] HBURF BT MR E AR ]
( Spirochaetae ) 2 i Ff ] 4k J T EL x4 2% 22 4 25 W
PR, HER 2 AR, B ] 2% 52 56 45 i v
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WA 4T ] ( Cyanobacteria ) f AH X 3= B & 2 =5 T 4
PR HE (P<0.05) . mi & 6 AT, 4R 2K 5 Al
UL ] 2% 52 4 45 i v A G = B 5 9 TR A A G
& ( Prevotella) 5% BK 8 J& ( Streptococcus) U
IR H & (Alloprevotella) % $i ¥ i J& ( Phasco-
larctobacterium) FLFF B J& | %5 SRR & ( Trepone-
ma) JREGNHE JFH B RS Rk E | B R
J& ( Oscillospira) B2 & ( Lachnospira) , H 3 3
AL, U <A 2% 52 % 485 W vb B &t 9K T & ( Desulfo-
vibrio ) [ FH X 35 BE W i 2 = T 4l Bl ) SR 0 (P <
0.01) , X B )& ( Selenomonas) WA 4 FF i
FE T AR SR 3 (P<0.05) , AL 3K E ( Pepro-
coccus) 7% P kT # J& | Flavonifractor 3R £ TR H )&
(Acetitomaculum)  Leeia )40 %t =F B i &K T 46
FRRT 2R 4 (P<0.05) o R T %858 SliFf ] R 4 A L
FoT i A2 K 245 g v s 4 T TR, KT i A Al 2 8 A 1
12832 J 25 W vh W BE 32E 1T LEfSe 40 B (1B 7 I

Kl 8) , 4 5 A B4l Fo] 2k 5 45 W h et 4 1Y R A A
JEBEGT TR TR A & | J5ERE 1 1] 98 ' Bk B 1Y
ANATBE IR S 4H T 4C0d_17 (uncultured _rumen _
bacterium_4C0d_17) A HW 1K B-Z ¥ H H
( Betaproteobacteria ) . % JE B '] B9 7% [ Kk &
( Neisseriaceae) 2L W | 11 Leeia JEBEFE ] 7% Hif
¥ J& B uncultured _ Veillonellaceae _bacterium | A5
W 118 23 [CEK I H ( Neisseriales) | J&BE T ] 1Y
Defluviitaleaceae , fLFF B ] | J5 ¥ BR T 1] 19 78 1L 2K
WE AT T AT B R ]
B2 E R BR B B ( Acidaminococcaceae ) |\ JEBE R[]
FEETR IR P75 RLFT T 8 5 I A 2% 388 45 i
WAEMEA AL E TR BRI s R RE ]
(9 H T B M TR | R BE TR 198 1 BR R R 1 3 AR
W ( Clostridium leptum)) 78 ¥ W& 171 19 B 43 9K 81 H
( Desulfovibrionales ) F1 it &7 5K B #+ ( Desulfovibri-

onaceae) . W41,

R2 AMRREMBRAZERERGREARTKTEEMNEEEFEDFT

Table 2 Difference analysis of relative abundance of microflora at phylum level in different intestinal segments

between pure-bred Kele pigs and BerkshirexKele hybrid pigs %

Il Ji i afi P R 5 [ A7) % 22 5 P1H

Bacteria phylum Intestine KK BK P-value
IFTFE ] Bacteroidetes + 3 # Duodenum 0.45 5.02 0.041 9
K412 Unclassified + — 48 % Duodenum 0.47 4.69 0.129 3
Saccharibacteria + — 45 % Duodenum <0.01 <0.01 0.249 1
W ANE ] Cyanobacteria + — 48 % Duodenum 0.01 <0.01 0.283 4
I E ] Proteobacteria + — 48 % Duodenum 9.32 28.16 0.161 4
A 1] Bacteroidetes 25 Jejunum 0.01 0.30 0.187 7
T2JEfA& 7] Spirochaetae ZS W Jejunum <0.01 <0.01 0.237 5
AR ] Proteobacteria Z= 4 Jejunum 0.01 9.81 0.411 4
JCEETE ] Tenericutes [B1 % Tleum 0.53 0.01 0.282 7
WATH ] Fusobacteria A1/ lleum <0.01 0.02 0.348 1
W2JiEfA 7] Spirochaetae [51 % Tleum <0.01 <0.01 0.501 8
Saccharibacteria [81 % Tleum <0.01 0.04 0.612 0
W AN ] Cyanobacteria 2511 Colon 0.08 0.21 0.017 5
AT ] Bacteroidetes 25 1% Colon 42.61 32.90 0.055 0
A4r2& Unclassified 2515 Colon <0.01 0.05 0.123 5
JERER ] Firmicutes 451 Colon 51.92 59.95 0.154 0

RI AMARBENEAARAZEARGREREKTENFEERESN

Table 3 Difference analysis of relative abundance of microflora at genus level in different intestinal segment between

pure-bred Kele pigs and BerkshirexKele hybrid pigs %
s o 8 afiFp A SRR UL ] 2 3 H P{E
Bacteria genus Intestine KK BK P-value
LA KT JE Klebsiella + =38 % Duodenum <0.000 1 0.017 3 0.006 4
AT E )& Bacteroides + 38 Duodenum 0.017 3 1.060 0 0.012 3
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W& Wii& T SR A UL o] e 22 4 P{H

Bacteria genus Intestine KK BK P-value
RMEAT T JE Mogibacterium + 31 Duodenum 0.019 5 0.002 1 0.036 0
Pseudoscardovia 46 Duodenum 0.050 3 0.001 1 0.040 5
LA IREJE Gemella + % Duodenum 0.016 7 <0.000 1 0.051 4
P E J& Bacteroides 75 % Jejunum <0.000 1 0.007 5 0.010 7
R4 INE JE Anaerovibrio 25 % Jejunum <0.000 1 0.007 5 0.019 7
J& H BREJE Ruminococcus 25 1% Jejunum 0.000 8 0.002 8 0.030 5
HEFRTE Streptococcus 75 1% Jejunum 0.080 2 0.442 7 0.100 1
HERHJE Coprococcus [ % Tleum <0.000 1 0.004 6 0.039 1
ZR B Phascolarctobacterium [l /i Tleum <0.000 1 0.008 4 0.064 9
YA 5 JE Helicobacter [l i Ileum 0.335 3 0.000 8 0.087 7
AR R H )& Desulfovibrio &1 Colon 0.017 3 0.208 5 <0.000 1
WHALERTE )& Peptococcus 2514 Colon 0.026 0 0.007 3 0.005 7
ZRIFT & Phascolarctobacterium 25 Colon 4.028 1 2.729 0 0.017 0
Flavonifractor 2517 Colon 0.025 8 0.007 4 0.028 0
A HMFEE Selenomonas ZE % Colon 0.008 9 0.036 8 0.043 0
ROTREE Acetitomaculum 25 Colon 0.056 9 0.020 2 0.046 7
Leeia %51 Colon 0.621 9 0.169 5 0.049 9
TLIRHE B Lachnospira 2517 Colon 1.187 1 0.683 8 0.051 3
Moryella 2t 1% Colon 0.038 9 0.026 7 0.056 6
P15 IR T 8 Alloprevotella 2t 1% Colon 7.244 8 3.734 3 0.114 0
FERHE Coprococcus 251 Colon 1.896 7 1.253 2 0.123 7

g G
B Saccharibacieria

FAX} = Relative abundance/%

Firmicutes : JE B2 | ] ; Bacteroidetes : $4#T % | ] ; Tenericutes : JLEE ] ; Proteobacteria : 28 JE % 1] ; Unclassified : & 4325 ; Spi-
rochaetae ; B JiE {4 ] ; Actinobacteria ; Jil £k 78 '] ; Cyanobacteria : #5 4l T ] ; Verrucomicrobia ; & f# B [ ] ; Fibrobacteres ; £ 4E #T 7&

'] ; Fusobacteria : 2 #T i | ] ; Synergistetes : H.77 [# [ | ; Elusimicrobia: 2K EEF ] .
AT REME <AL B SRR IKEENEE

B 5

Fig.5 Relative abundance map of microflora at phylum level in each intestinal segment of

pure-bred Kele pigs and BerkshirexKele hybrid pigs
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AHXF BE Relative abundance/%

B Others (<0.5%)

B Fusobacterium

B Quinella

W Bacillus

B Solobacterium

" Blautia

" Anaerotruncus

W Lecia
Pseudoscardovia
Succinivibrio

U Oscillibacter

W Allisonella

W Veillonella
Brevibacterium
Epulopiscium

B Delftia

B Pseudomonas

B Oscillospira

W Ralstonia
Coprococcus
Acinetobacter

W Ruminococcus

. Anaerovibrio

B Actinobacillus

B Cellulosilyticum
Treponema

B Turicibacter

& Helicobacter

' Enhydrobacter

W Mitsuokella
Phascolarctobacterium

B Alloprevotella

B Campylobacter B Curvibacter

juj Sub(ﬁ)]i ulum W Terrispotobacter

B Olsenella Intestinibacter

I Parabacteroides W Streptococcus
Dialister W Megasphaera

B Roseburia

B Faecalibacterium

B Bacteroides

B Lachnospira
Selenomonas

W Prevotella
Escherichia

I Mycoplasma
Lactobacillus

W Unclassified

Unclassified : £532% ; Lactobacillus . LT B J& ; Mycoplasma . 3 JFAK & ; Escherichia ;. 35275 W & ; Prevotella ; 3% X H & ; Me-
gasphaera ; FLBR B B & 5 Streptococcus ; 5 BR 7 J& ; Alloprevotella . #)3% 55 Ik W J& ; Phascolarctobacterium ; % $i ¥ B & ; Mit-
suokella ; Y X 5 J& ; Enhydrobacter : Wi/K & J& ; Helicobacter : WA KT & J& ; Turicibacter . 73 2R MW AT # )& ; Treponema . % MR e R & ;
Cellulosilyticum ; F& 2T 4k Z H & ; Actinobacillus ; TR FT B ; Anaerovibrio . R8N H & ; Ruminococcus : 15 & 3R )& ; Acineto-
bacter : NNFTH & ; Coprococcus : 2 ¥R J& ; Ralstonia . 55 /R R H & ; Oscillospira . BREH & ; Pseudomonas . 5 5. ML H )& ; Sele-
nomonas : A M & ; Lachnospira . TIR R & ; Bacteroides : AT # )& ; Roseburia . % K & ; Dialister . /NTH J& ; Parabacte-
roides ; B FFT 1 J& ; Olsenella : BBt 7% [C & ; Subdoligranulum ; 22 WL/NER T J& ; Campylobacter . 5 i FT &1 & ; Delftia . IR R4
W )& ; Brevibacterium . J8¥T 5 )& ; Veillonella ; 7 5% R BR 8 ; Oscillibacter . BRAT )& ; Succinivibrio . 352 3182 98 5 )& ; Anaerotrun-
cus ; REMAREE ; Fusobacterium . R ¥ 5 J& ; Others ; HiAth

6 HAFMAREMEIRASEEHREFBKEFEANFER(ETENFEEXT 0.5%2MERE)
Fig.6 Relative abundance map of microflora at genus level in each intestinal segment of pure-bred Kele pigs and

BerkshirexKele hybrid pigs (based on genus with relative abundance greater than 0.5% )
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Abstract. This experiment studied the structural characteristics and differences of intestinal microflora of pure-

bred Kele pigs and BerkshirexKele hybrid pigs, aiming to reveal the rough feed tolerance characteristics of Kele

pigs and the ability to adapt to green feed of BerkshireXKele hybrid pigs from the perspective of pig gut mi-

crobes, and to provide a basis for the design of microbial additives in the later stage, the cross-utilization of

Kele pigs and standardized breeding. Pure-bred Kele pigs and BerkshirexKele hybrid pigs were raised under the

same conditions. After reaching the slaughter weight (about 100 kg) , three pigs were randomly selected for

slaughter, and the contents of the duodenum, jejunum, ileum and colon were taken to perform high-throughput

sequencing and biological information analysis. The results showed that there were no significant differences in

Alpha diversity indexes in each intestinal segment between BerkshirexKele hybrid pigs and pure-bred Kele pigs
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(P>0.05). In Beta diversity analysis, most samples in the two breeds of pigs crossed and gathered together.
Intestinal microflora structure analysis showed that, Firmicutes, Proteobacteria, Actinobacteria were the domi-
nant bacterial phyla in the stage of small intestine of BerkshirexKele hybrid pigs and pure-bred Kele pigs, and
Bacteroidetes and Firmicutes were the dominant bacterial phyla in the stage of colon. There were a lot of cellu-
lose decomposition microbes in the colon of BerkshirexKele hybrid pigs and pure-bred Kele pigs. The relative
abundances of Selenomonas and Desulfovibrio in the colon of Berkshire X Kele hybrid pigs were significantly
higher than those of pure-bred Kele pigs ( P<0.05 or P<0.01) , and the relative abundances of Peptococcus,
Acetitomaculum and Leeia were significantly lower than those of pure-bred Kele pigs ( P<0.05). LEfSe analy-
sis found that a lot of short chain fatty acid producing bacteria enriched in the pure-bred Kele pigs’ colon. A-
mong them, Acetitomaculum, uncultured_rumen_bacterium_4C0d_17, Leeia, Bacteroidia and Bacteroidales
belonged to fiber-degrading bacteria, and some bacteria had synergistic effects with the fiber-degrading bacteri-
a, they were Phascolarctobacterium and uncultured _ Veillonellaceae _bacterium. The fiber-degrading bacteria
such as Selenomonas and Clostridium leptum enriched in the BerkshirexKele hybrid pigs’ colon. Above results
indicate that, in the structure of entire intestinal microflora, the type of dominant bacteria in pure-bred Kele
pigs and BerkshirexKele hybrid pigs is almost similar, which reflects the same environmental effects, and the
structure of the intestinal microflora of pure-bred Kele pigs and BerkshireXKele hybrid pigs is relatively stable
and the similarity is high; at genus level, the fiber-degrading bacteria show some differences between pure-bred
Kele pigs and BerkshirexKele hybrid pigs, and fiber-degrading bacteria accounts for a higher proportion in ce-
cal microflora of pure-bred Kele pigs, which indicates that the introduction of exogenous blood has a certain
impact on the intestinal microflora, and Berkshire X Kele hybrid pigs are weaker in digesting crude fiber than
pure-bred Kele pigs.[ Chinese Journal of Animal Nutrition, 2021, 33(3) :1359-1371 ]

Key words: pure-bred Kele pigs; BerkshireXKele hybrid pigs; intestinal microflora; high-throughput sequen-

cing; bioinformatic analysis
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