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W) EEATHE, 3 KBTI E A 1843237 kg; W ER KM AMBATH, 3 KMERFHKAEA
27.37+136kg. B¥/E, RELZMATMA ZY, R A YA R L DNA 247 58 205 547 3
HAEAM . [ER] FERITHZMATMERRFE. SR ERMEE £ 7 (P<0.01). HFEHT
= I A B S R BE A B A 11 (Proteobacteria) G- i H & (Pseudomonas)® AE 3 A A bk, & ARt
90%. 7 ERATHE R HE TR A A 24T & 11 (Bacteroidetes). /3% & 1] (Firmicutes). & I
(Proteobacteria). T1/K-FLAMLEMBGEESF, FIFHBERANTFEMRTRESE. EHANFEST
1 RATH . 525 E M P -EF RKH B (Prevotella). A% A #F UCG-005 (Ruminococcaceae UCG-005)-
LT RE B (Alloprevotella) s 5 4T 4 M ALH XM E BF EA G . BITH 5EEATH T MR BERK
F M A AR E EF(P<.05), BHEHEMTEERAKE-9 (Prevotella_ 9). %A B -EWH B
(Escherichia-shigella) . # 4% @ #+ UCG-005 (Ruminococcaceae UCG-005). Norank f & &F KK &
(norank f _Prevotellaceae)d T BEATH , (& EATH G M+ SLERAT H B (Lactobacillus). & & KK H -2
(Prevotella_2). t30AF & B (Terrisporobacter). XM & B 1 (Clostridium_sensu_stricto 1)& T 5547
Heo P ILBATH B LATH B SR EEAX, RAR-ERA RS ARAEX. (4] FRA
KT ERABRMRGERE E57, FRER I —FHR 2% M8 R B0 ) RERABHRSE .

KR KA, RETH, MEEE, ARMER, 2R

Foundation items: National Development and Reform Commission for Capacity Building and Industrialization of
Biological Breeding (2150299); Modern Agricultural Industry Technology System Construction
Project of Jiangsu Province (JATS2018243); Research Project of Jiangsu Agri-animal Husbandry
Vocational College (NSF201802)
*Corresponding author: E-mail: zhushubin2003@163.com
Received: 21-02-2020; Accepted: 22-04-2020; Published online: 12-05-2020
BEeWH: EEENZEYE G @55 A% 35 H (2150299); VLA B 7 Mk BoAR K F g e H
(JATS2018243); VLA HARHEHRY 2= Be BHIFT H (NSF201802)
*BIE1E&: E-mail: zhushubin2003@163.com
Wis BEA: 2020-02-21; #EFHEA: 2020-04-22; MEE AR BHE: 2020-05-12



SRAEAE: AR K VERETS Z 8 (R B HE I T R 22 57 M 4241

Analysis on the difference of intestinal microflora of Sujiang
piglets with different growth performance

ZHANG Jun-Sheng XU Pan TAO Yong NI Li-Gang ZHOU Chun-Bao CAI Jia-Wei
ZHU Shu-Bin’

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

Abstract: [Background] Sujiang pig is a new breed of high-quality lean meat pig. The growth
performance of weaned piglets will be different under various stress. [Objective] To study the differences
and similarities of intestinal flora structure of Sujiang piglets with different growth performance.
[Methods] 100 healthy piglets with similar body weight at the same age were selected and fed under the
same feeding conditions for 42 days. At the end of the experiment, three weaker and heavier piglets were
selected for the further analysis. The average body weight of the three weak and healthy piglets was
18.434+2.37 kg and 27.27+1.36 kg, respectively. After slaughtering, the contents of jejunum and cecum
were collected, and the microbial genomic DNA was extracted and analyzed by high-throughput
sequencing. [Results] There were significant differences in microflora abundance and diversity between
jejunum and cecum of Sujiang piglets (P<0.01). The predominant strain of jejunum flora of Sujiang
piglets is the non-pathogenic strain of Proteobacteria Pseudomonas, accounting for more than 90%. The
dominant bacteria in the cecum of Sujiang piglets were Bacteroidetes, Firmicutes and Proteobacteria in
turn. There were differences in the composition and structure at the phylum level, the abundance of
Firmicutes in weak piglets was lower than that in healthy piglets, and the abundance of Proteobacteria
was higher than that in healthy piglets. Prevotella, Ruminococcaceae_ UCG-005, Alloprevotella and other
bacteria related to fiber digestion were abundant in the cecum of Sujiang pigs. There were significant
differences in cecal flora between weak piglets and healthy piglets at genus level (P<0.05). Prevotella 9,
Escherichia-shigella, Ruminococcaceae_ UCG-005 and norank f Prevotellaceae in cecum of weak piglets
were higher than those of healthy piglets, while Lactobacillus, Prevotella 2, Terrisporobacter and
Clostridium_sensu_stricto_1 in cecum of healthy piglets were higher than those of weak piglets.
Lactobacillus and Terrisporobacter are related to the health of piglets, Escherichia-shigella is associated
with disease of piglets. [Conclusion] There were significant differences in the composition of intestinal
microflora among piglets with different growth performance. The results provided a basis for further study
on the function of intestinal microflora in Sujiang pigs.

Keywords: Sujiang piglets, Nursery piglets, Intestinal microflora, Growth performance, Analysis on
difference
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1.3 EERXFIFLEE

E.ZN.A.” Soil DNA #HG# 7 £, Omega /A
] 5 AxyPrepDNA Bt % [FIIACTR &, Axygen 28 Al
DNA RA&W, ety RARAFR .
Quantus™ 5 (A5G E T A58, Promega /A5 4840
R, NanoDrop /47l ; PCR #7444, ABI /2
Al S 2R TRE.OHL, Eppendorf 23] 5 HEIKAY,
Bio-Rad A F]; MiSeq MIfF{Y, Ilumina /2H]; %8
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R1 FREEREE
Table 1 Weight data of piglets

TiH EENERS IR P{H
Item Weak piglet  Healthy piglet P value
VIR E 6.35+0.09 6.43+0.27 0.680
Initial weight (kg)

RE 18.43+2.37 27.37+1.36 0.005
Final weight (kg)

biel:y 12.08+2.39 20.94+1.19 0.004
Weight gain (kg)

22 MEHELT

IRIGHEREREAR 124>, PH53815 587 945 &7
G, EALTF 81 487 945 5%, ALABRE 206 285 580 bp,
KA 420.954 9 bp. LAST2E24KE T B OTU
BH HEP S BN AR, LR KT N Rl gL
H A B 43 8 R NA b, BEAR il 2 1) S A 2 o5
(0 AL B L B R AR AR I W A, fE OTU
Rank-abundance £ K, Z5 R 0LIE 1. RgERmT 0
A g TR, OTU $titid/; I
U AT A 25 W o IX U BH 55 474 2 i W i Z2 Ak
K, LRI, B PR 2Rk
T, SRS AR
23 o ZHMESH

M2 2 2R BT LUE 2000 45 FE A
Coverage Y#E 1 99.7%, X 158 BH PN 2590 Fi i) 20 T8 15

R2 o ZHMEEER
Table 2 Alpha diversity index table

100.00 = Weakjejunum
— Weakcecum

10.00 = Healthyjejunum
& — Healthycecum
[
g 1.00
3
=]
=
c)
o 0.10
2
=
(]
& 0.0l E‘j% e et

L1 L1
0-005 100 200 300 400

OTU level rank

1 OTU rank-abundance fi %%

Figure 1 OTU rank-abundance curves

1. Weakjejunum: {13257 ; Healtheyjejunum: f@ERAF5E2S
W ; Healtheycecum: HEFRIFIEE ; Weakcecum: {144 H 1.
Note: Weakjejunum: Weak piglets jejunum; Healtheyjejunum:
Healthey piglets jejunum; Healtheycecum: Healthey piglets
cecum; Weakcecum: Weak piglets cecum.

AR I RE AR A . 2% B0 A YR 45 SR T
PIMRRFEA P A Y B FLSENG O FEAS 1 25l 24
PEFEBCR ] Student’s ¢ #6:5%; (Student’s ¢ test) 4143
Hrm 25 E M, 2R IEK 3. BEBITHEEW
A Sobs 75%% . Shannon 5% . Simpson #5850 B &
AL T H M (P<0.01), XU EHEFE BT
BWo TR A2 I IR 5 = T8 75, i

Samples Sobs index Shannon index  Simpson index ACE index Chaol index Coverage (%)
55114625 1 1 Weakjejunum 1 68 0.15 0.96 104.67 101.46 99.9
SBT3 M 2 Weakjejunum 2 32 0.03 0.99 59.283 53.857 99.9
55115625 1 3 Weakjejunum 3 43 0.05 0.99 250.59 101.50 99.9
#1523 % 1 Healthyjejunum 1 123 0.22 0.94 259.22 194.87 99.8
#7575 % 2 Healthyjejunum 2 303 1.66 0.46 410.53 408.46 99.7
#4175 723 % 3 Healthyjejunum 3 111 0.24 0.93 167.88 186.20 99.8
55175 6 % | Weakcecum 1 409 3.92 0.05 450.50 446.56 99.8
$9{T 4 E % 2 Weakcecum 2 341 3.56 0.07 411.61 422.43 99.8
$5{7 4 E W 3 Weakcecum 3 412 3.55 0.10 495.14 535.24 99.7
{8175 &% 1 Healthycecum 1 413 3.95 0.05 460.28 465.16 99.8
@4 74% & % 2 Healthycecum 2 357 3.28 0.09 466.19 454.02 99.7
{8115 &% 3 Healthycecum 3 328 3.57 0.08 374.77 366.93 99.8
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R3 o ZHMEREBERSE

Table 3 Alpha diversity index inter-group difference table

ZH =l MPREYR  BiEEl SRR P EdE RS P EE RS E PTE(&%H‘Z%‘ S/ PAECEHTPE

Estimators Healthyjejunum Healthycecum Weakjejunum Weakcecum (#1545 5 i) Wl B ) S5t % e RE 7))
P value P value P value P value
(healthyjejunum/ (healthycecum/ (healthyjejunum/ (weakcecum/
healthycecum)  weakcecum)  weakjejunum)  weakjejunum)

Sobs 179.00£107.55 366.00+43.21 47.67+18.45 387.33+40.15 0.05 0.57 0.11 0.00

Shannon  0.71+0.83 3.60+0.33 0.08+0.07 3.68+0.21 0.00 0.76 0.26 9.248e-06

Simpson  0.78+0.27 0.07+0.02 0.98+0.02 0.07+0.02 0.01 0.98 0.28 8.837e-07

ACE 279.21+122.55 433.74+51.16 138.18+99.96 452.42+41.80 0.11 0.65 0.20 0.01

Chaol 263.18+125.89 428.70+53.79 85.61+27.50 468.08+59.41 0.10 0.44 0.08 0.00

FRAFHE B WA RS S AP 22 e AR .

K FHBENLAE R T, B AP SIEE 5
OTU B H= AR, LL a ZFEMETEEL Sobs {EH K
PAAR IR H ML . & 2 PR, AT T
R AR R 2R X 1) -3 50 B i e
B, AT DU R A 2R 2R S
24 MAEEBFHEMK

FET OTU A FE 3% =F BEXTRE A R A [m] G A
FETIAKCEFIE K317 T 2 55001, 4550 WK 3
4, BE 3 AT, e B BT 5 AT
RRFTED IR B AP AR 22 oA I 8 =S i B BT

450r

4001
2 350
2L
E 300
2 250 —— Weakjejunum
: 200t —— Weakcecum
) Healthyjejunum
£ 150 —— Healthycecum
2100

50
% 10000 20000 30000 40000

Number of reads sampled

2 Sobs fEH#HF ML

Figure 2 Sobs rarefaction curves

T : Weakjejunum: 551744725 ; Healtheyjejunum: fFR{FIEZS
Wi ; Healtheycecum: BT E M ; Weakcecum: H3{1J&5E W
Note: Weakjejunum: Weak piglets jejunum; Healtheyjejunum:
Healthey piglets jejunum; Healtheycecum: Healthey piglets cecum;
Weakcecum: Weak piglets cecum.

IRV FEAL SRR BIE W ] (Proteobacteria) . J&
BEB ] (Firmicutes) F4UFF 1 | ] (Bacteroidetes), 1
TR T H ik 90%LL b 72 H i B Be i
W ZZREE RGN, ZET TR R T L JRRE R
1. ASIETRETT . TERTE T ] (Actinobacteria) N H T
B, SRR T TS R 1) FE B o, fa AT
e RE TR )RR | ] B

I 4 AT 0L, = i B B e 2K -F i DL 3w i N
1% 5 il B4 J& (Pseudomonas) . % 75 1 - i ¥4 1 @
(Escherichia-Shigella) . 1T 7 J& (Bacteroides) .
K OROER J& (Veillonella) 1 & # W &
(Faecalibacterium) , v i H0 i B J& 7 be A &
90%. T i B BEJm K P03 A R TR A -9
(Prevotella 9) . % - E OB &
(Escherichia-Shigella) . 1 & & K W &
(Alloprevotella) . FLER AT J& (Lactobacillus) . e
R UCG-005 (Ruminococcaceae UCG-005), 8y
K K W -2 (Prevotella 2) . + i ¥F &
(Terrisporobacter) . Norank f ¥ H ik K
w2 &1
(Clostridium_sensu_stricto 1), JEiEF UCG-0014
(Ruminococcaceae UCG-014) , A A 45 -f- B IR F
IR G R
NK3B31 #f(Prevotellaceae NK3B31 _group). ELfT
J&  Coprostanoligenes  #f
coprostanoligenes_group) UL K ZF W /N BR B
(Subdoligranulum). HH, 554175 E W EE(T(EE

(norank f Prevotellaceae) .

(unclassified f Lachnospiraceae) .

(Eubacterium
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A B

Actinobacteria = Weak m Healthy Actinobacteria m Weak m Healthy

Bacteroidetes I Proteobacteria

Firmicutes Firmicutes

Proteobacteria Bacteroidetes
0 20 40 60 80 100 0 20 40 60
Proportion (%) Proportion (%)
B3 [MkFTEEFEERMIL
Figure 3 Bacterial community different at the phylum level
H: A: 2W; B: B, Weak: 55/7%4; Healthy: {@FR{F5E.
Note: A: Jejunum; B: Cecum. Weak: Weak piglets; Healthy: Healthy piglets.
A B .
bdol 1
Turicibacter «Weak Subdoligranulum = Weak
Weal Agathobacter =Healthy
Megamonas =Healthy . .
. Eubacterium_coprostanoligenes_group
Subdoligranulum -
. Prevotellaceae NK3B31 group
Terrisporobacter
Coprococcus_3 Unclassified_f Lachnospiraceae
Blautia Ruminococcaceae_UCG-014
Prevotella 9 Clostridium_sensu_stricto_1
Erysipelatoclostridium Norank f Prevotellaceae ™=
Alloprevotella Terrisporobacter |
Streptococcus Prevotella_2
Faecalibacterium Ruminococcaceae_ UCG-005
Veillonella Lactobacillus
Bacteroides Alloprevotella
Escherichia-Shigella |a Escherichia-Shigella
Pseudomonas | Prevotella_9
0 20 40 60 80 100 0 10 20 30
Proportion (%) Proportion (%)

4 BRTEBFEERML

Figure 4 Bacterial community different at the genus level

. A ;s B: B Weak: 39/7%; Healthy: 5.

Note: A: Jejunum; B: Cecum. Weak: Weak piglets; Healthy: Healthy piglets.

-9, WA - S EE . JEME R UCG-005 FT T 25 i B B DA B e 80 1 52 B L BT
norank f ¥ EIRICH VLK Agathobacter 5T JER L, WIS — 20 T 2 W A AP B AL 2
TERATIE N M RATRE B N A H IR R RIWE 5, K2 B B s i i 2 R 528
J& . EERIRIKE-2. LAFFRE L R TR e 1 11 50 2 (unclassified_g_Pseudomonas) | 7= &5 5.
FEEl e ST ENEY . M B (Pseudomonas azotoformans) . i FeABC R
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u Weak
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Metagenome g Faecalibacterium
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Escherichia_coli_g_Escherichia-Shigella
Pseudomonas brenneri

Pseudomonas azotoformans

Unclassified g Pseudomonas
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Figure 5 Bacterial community different at the species level of jejunum

. Weak: 59174%; Healthy: fEFETH.
Note: Weak: Weak piglets; Healthy: Healthy piglets.
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T WETE WUHE R VENG TR, RETHE & 58 A 4 e b
B, UK G B R A B B o i £ 4k (1 g
T1, KA KRG 2547 40 FagdE D L& 2%fE
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e R SR SR RIS TS 95 2 0 A R Y
i kLA BE T, T R LT 4K 3 m A B ke &
JIE 5 20 B A KPR B AR ST A I 22 0 f e
3B S IR ISR L B R A 8 L e
PR G LT YE R ff 18 F P A R T e 5 2R 208 A IR
K TR REL R 68 AR OGS

B S M T TR RF DR S P-4, i TR R R
JE R 2375 & 45 R 2 i AT 0 A A By
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