Ol R ( BRBEE) |, 2021, 36(4): 598-607, 690 http://xb.ynau.edu.cn

Journal of Yunnan Agricultural University (Natural Science) E-mail: ynauzkxb@foxmail.com

DOI: 10.12101/5.issn.1004-390X(n).202008071

KHEIEX S KIMEIREXTAIXE[E A
MEMZ MRS

hmEe', HEE, B OR, BES, KEF, RFER, FiRE'T, HiEw'T
(1. zMRI K, mrBEFR S EAERE, oM BY 650201;
2. NN AR 228 ZeB5 A HEAR, U1 k0 635000)

THE: [ B9 ] BRI S . TR PR XS [ i i o 2Rt n g ma . [ ik ] #EER 300 K1 HilR3E
AP NATFRY, BENLI 0 340, 9l A B4 (36,5 °C, HIZ). ¥R (33.5 C, CI4) MRiRA
(30.5°C, LI4l), REEREH A8, MREAUMERESR 3 C, HAFEFRFA—3, % 42d /0% %E 22 C.
19 °C F1 16 C; HAIFHLER 12 HAXSE S, RER G EEE, 17 16S RNAWF/Hr. [R5
CILZHAHIL, HI N LI #H Shannon 1 Simpson U TH i (P<0.05). (2) I1/KF b, HIHEZERERT], #
TR/ AR R RE L JRBER T TAUAT AT (F/B) H(E W38 T CLAL, AT BT ] 3 B ) i 5 R AIR (P<0.05); Rk
Vb, HIARAMFLREE . a8 @m0+ BT CL4l, LIARmNREE XI. &5 KT EER
FBEWFMLT CTAL (P<0.05). (3) FsRALHif5 5 7E CT 41 5 % 5 5 ; DNA BE MEAE A% 18 M55
PEAE HI A w4 SRR RIS 14 M55 @A LIAREFE. (4) CLARHIE XV 553
Tl B S E A OG, HI A1 FLRR AR S RS ROl R Gl i 2 EAEOG , LI 4Dk 2 hi i m 5 QR Al — R WA ighiE
BEIEAME, [ 4518 ] KIAXHIGRIRET A A M it 4= M ZAevesim, FiB . BEE X1, B3R
FEERE FBEREAIG ;IR = TR BT XS U A 2 REVERG TN, F/B ECABRRARS . 7L v Jas AR ol 2 7 i 11 3=
FERGIN, S ARG f R TR A B AL T AR

KRR RIRIREE; NS [l SUEYEREE
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Effect of Long-term Relative High and Low Environmental
Temperatures on the Microbial Diversity of Ileum in Broilers

SHEN Liyan', YANG Yuting', GAO Huan', RAN Jinming’, ZHANG Chunyong',
AN Qingcong', CAO Zhenhui', PAN Hongbin'
(1. Animal Nutrition and Feed Laboratory of Yunnan Province, Yunnan Agricultural University, Kunming 650201,

China; 2. Department of Economic Management, Dazhou Vocational and Technical College, Dazhou 635000, China)

Abstract: [ Purpose] To explore the effects of long-term relative high and low environmental tem-
perature on the ileum microbial diversity in broilers. [ Method ] Three hundred one-day-old Avian
broilers were randomly divided into three groups: high temperature group (36.5 °C, HI), control group

(33.5 C, CI) and low temperature group (30.5 °C, LI). The temperature was decreased as a parallel,
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and the temperature difference among each group was 3 “C. Other feeding conditions were the same,
and 12 broilers in each group were slaughtered at 22 °C, 19 °C and 16 °C on the 42th day. Tleum
chyme was collected to 16S rRNA gene sequencing analysis. [ Result] (1) Compared with CI group,
Shannon and Simpson index in HI and LI groups were significantly higher (P<0.05). (2) At the
phylum level, the abundance of Firmicutes, Cyanobacteria/Chloroplast and the ratio of Firmicutes to
Bacteroides (F/B) in the ileum of the HI group were significantly higher than those of the CI group,
while the abundance of Bacteroides was significantly lower than that of the CI group (P<0.05); At the
genus level, the abundance of Lactobacillus and Turicibacter in ileumin HI group was significantly
higher than that in CI group, while the abundance of Clostridium XI and Escherichia/Shigella in ileum
in LI group was significantly lower than that in CI group (P<0.05). (3) Transcription machinery sig-
nal transduction pathway was significantly enriched in CI group. Eighteen signal pathways such as
DNA repair and recombination proteins were significantly enriched in HI group. Fourteen signal path-
ways such as glyoxylate and dicarboxylate metabolism were significantly enriched in LI group.
(4) There was a positive correlation between Clostridium XVIII and transcription machinery pathway
in CI group, Lactobacillus and phosphotransferase system pathway in HI group, and Pandoraea and
glyoxylate and dicarboxylate metabolism pathway in LI group. [ Conclusion ] The results showed
that the ileum microbial diversity of broilers increased in long-term relatively low temperature envir-
onment, while the ratio of F/B, Clostridium XI and Escherichia/Shigella decreased in long-term relat-
ively low temperature environment, while in long-term relatively high temperature environment, the
ileum microbial diversity increased, the ratio of F/B decreased, and the abundance of Lactobacillus
and Turicibacter increased, which provided a theoretical basis for healthy breeding of broilers.

Keywords: environmental temperature; broilers; ileum; microbial diversity
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1.1 RsiEss e
111 AR5

300 H 1 H AR SR R RAT A (T8 R
LAV AAERD) BEDL M 3 24, 441 100 H, NRC
THHAEPIT B E 42d, DAt E ST A
FIHEFE Y AVS00 PRIXS ] 5 457 38T 0 1% U B 42 o
ST, Ay R (HIL A1), X4 (CT
) FRIR A (LLA), 4520 5990 b iR B 0 il o
36.5. 33.5 1305 °C, WRELFE H B FATidmk. 5
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SR, & REHERKEEY N3 C, &
42 d B REE 22, 19 fl 16 °C, HAbiRFR4&
3 A A TPyl AR IR 1,
1.1.2 7R

I TE 2 A B B R4 B 3 B IR BRI
AT R &L B b 17, X948 7.20 mx3.50 mx
3.50 m, 3 #k, FEsTHRIHE SR, AR
Bk B ahfsimmmaE i, JFRCA 4 Mg R
44~ Aok, TR AR O B ) 45 R
B R A 24h IR, 55 2~8 KoM 23~18 h L& ;
9 9~21 KK 12 h MR 25 22~35 KK 18 h ol
B s 55 36~42 KN 18~23 h, 4K i & <160 g
(1~8 d) if, JEIRIREE A 30~60 Ix; SIAFH=>160 g
(9~42 d) I, YERESRFE A 5~10 Ixo AHXT VG A Bl
He 5 1~T KN 30%~50%, 5 8~21 KK 40%~
60%, 5 22~42 KN 50%~70%, AR H I
B, AMRRE. HHYOK,
1.2 Rk
1.2.1 FEECREE

TFRAAS 42 K, BEMLERAXG 36 H (12 H/4)
B, MECRER G EE, HRAERARSE, 1
TFHE Y 5 DNA $EHURI PCR §73
1.2.2 [F7MAY & DNA IR EUR PCR 3738

T HOGEL 7 £ BEFE A (100+1) mg, R
QIAamp® Fast DNA Stool Mini Kit J5 ¥ 42 B 40 76

AL DNA. HIAZ R e B AG I {SCAS I DNA YR B s
T80 C f#f7-
1.3 AEYME RS
1.3.1 OTU %%

E 97% AR T # A Usearch J741 43 A4k 45
XF Clean Reads #£417 OTU 28041, M EE4 0
1 £ BEFE i SR8 1Y OTU 7E i A i 1Y 3
FE, R 3 I FREA R OTU %t
1.3.2 a 2R T

o ZHEPEA$E Chaol . Observed species, PD-
whole tree. Shannon I Simpson $§%¢, #|]H QII-
ME" "R Y o Z2REPEREBOME, TR
AR R BRI ZE . RIS 1A n{E (—H 14
INTF R HNVER S 2240081 5 IHARRT R Y o 24
PERRE AR th 4k, THEN&FEN o Z2F4F
PEFR B B GE iR
1.3.3 B ZFED T

B ZREMEJE IR e A 1 XRE L TR YRR 2 REPE
D5 T AFAE B 22 5% K/ o unifrac 523 43 ] unifrac
SR I R R GeitE A R A5 Sk HBeHE Rl A 4 b
BEIE 225¢, 43 WAL unifrac (weighted unifrac) 5
JEINAL unifrac (unweighted unifrac) F #f ; Hor,
JAY unifrac % & T F 5 E R, JE AL unifrac
AR EFHFE . MRPP 4 i) 24 53 40 H e FH 43
B 2H A A P O 25 A 1 25 S 0 7 3 1) — o3

*1 BELRBELK

Tab. 1 Change of temperature in chicken breeding T

Al H#¢/d age

group 1 2 3 4 5 6 7 8 9 10 11 12 13 14
HI 36.5 36.0 35.5 35.0 345 34.0 335 33.0 325 32.5 32.0 32.0 31.5 31.0
CI 335 33.0 325 32.0 31.5 31.0 30.5 30.0 29.5 29.5 29.0 29.0 28.5 28.0
LI 30.5 30.0 29.5 29.0 28.5 28.0 27.5 27.0 26.5 26.5 26.0 26.0 25.5 25.0

Vo) Hi%/d age

group 15 16 17 18 19 20 21 22 23 24 25 26 27 28
HI 31.0 30.5 30.5 30.0 30.0 29.5 29.0 29.0 28.5 28.0 28.0 27.5 27.5 27.0
CI 28.0 27.5 27.5 27.0 27.0 26.5 26.0 26.0 25.5 25.0 25.0 24.5 24.5 24.0
LI 25.0 24.5 24.5 24.0 24.0 23.5 23.0 23.0 22.5 22.0 22.0 21.5 21.5 21.0

Vo) Hi%/d age

group 29 30 31 32 33 34 35 36 37 38 39 40 41 42
HI 27.0 26.5 26.0 26.0 25.5 25.0 25.0 24.5 24.0 24.0 23.5 23.0 22.5 22.0
CI 24.0 23.5 23.0 23.0 22,5 22.0 22.0 21.5 21.0 21.0 20.5 20.0 19.5 19.0
LI 21.0 20.5 20.0 20.0 19.5 19.0 19.0 18.5 18.0 18.0 17.5 17.0 16.5 16.0

Ee KT CIAEITR, BXHLCH: @105 CMAIEKH, ERHLITAE

Note: The heater below 1 C is turned on, the fan is closed; above 0.5 °C, the heater is turned off and the fan is turned on.
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Bros . AARE Anosim J3 A& —FAE S 50K
5, RRKIGAE] (MHEZH) 2572w &
RTHNZES:, AIHIWR 2 A2 X,
1.3.4 WIFp-ERE 57200t

MEA OTU Hr gkt i F R i 19 1 5% )7
H, FERi% OTU MARERFH; M xR FH S
C MW ) 168 B4 E (RDP,  http://rdp.cme.
msu.edu) FEAT X, AT 44> OTU #4749 F
H2E . MRGEMRERE O, SEit i e iR
BAFRKE (T WL B BAUR) BT S
o MRIEAMERLER, STER T OKF EX
BAHE A EYIFR profiling AHN AUHIR A
1.3.5 LDA Effect Size 7747

LDA Effect Sizee (LEfSe) 43 #7" % F £ 14 #)
ST A AR AL (YT 2 BN 22 S AACRSE
RIS, AR AR Al R 23 7 2 2 22 S MR Y
1.3.6 DhAeTER 5 2= RRIA i

(Kyoto encyclopedia of genes and genomes,
KEGG) B AN A EH R 15, http:/www.
genome.jp/kegg) J& & P 21 1% 155 J7 11 1 > S B0
RN R R R G BT IR D D RE L R ARk
PRI H A5 B A Zh B4 2 0y KAV IR . AL 168
rRNA J K FIZ% ¥ 51 8E 5, 0] PICRUSt 4%
TR G A PRI T RE
1.4 FHRRIT 504

IR 45 K H Excel 2019 HEAT 8 3, i
SPSS 22.0 M4, X P s o Z2 BRI D)
X & F R AT R R J7 2220, I ] Duncan
[CEEIE T ZHILH . 0 45 2R LA B {f +hr v
ZEVRIN o X T IRBETE [ TAUAF T (F/B) M HUAE,
AR JEERE B 1 T RN BT | D 7E 25 AR A A A
RN B TS i

NGRS KEGG k48 2 7] AR S
TE GraphPad Prism 7.0 1 $4T Spearman 43 #71",
P<0.05 YA HA G X (n=12).

2 BRESH

2.1 OTU Rk

W 1R . HIL CLAT L4 43 %) 3K 15
968, 968 Al 12414~ OTU; 3 4HILA Y OTU %L
R 543 4, Hb B 56.10% . 56.10% Fil
43.76%; % A B OTU % & 43 3 A 192,

1 408 OTU %375 Venn
Fig. 1 Venn diagram of OTU distribution between groups

139 1429 1>, £ 19.83%. 14.36% Fil 34.57%.
22 o ZFEESHT

mE2H/R: 5 CIAMEL, HI 4 Observed
species, Shannon F1 Simpson & % . & Ft =, LI
¢l Shannon F1 Simpson 502 3 7155 (P<0.05).
2.3 B EFEHEST

e 3 #E 2 Bras . FEF UniFrac 53081 4] H
2 G B 15 B HL B 4L 18] 5 W) B R U 22 5
EZEYFEEMEIL T, 4=0.096, 6.=0.46>
5,=0.42, R=0.188, P=0.001, ZH [t Wyievkss
WS BE;, EAFZEYFMFEENEHLT, 4=
0.041, 6,=0.62>6,=0.60, R=0.163, P=0.002, #i
A YRR 225 B, X RAAHMZER B
FERTHNES, FHAENL,
2.4 |8 B AR R S Ay R it

mE4mmn: 5 CI4Mit, HIAERRF]]
TS 200 B/ £ A B AR 6 = B 0 1138 im0 29.47% A1
0.81%, F/B Y HLAEIEIN 7.8%, AT B 1] AR X
FREREAIK 27.82% (P<0.05); LI 41JEREE T THAHNT
FREEHEIN 11.16%, F/B WIHERFIL 0.11% (P>0.05),

mFEspin: 5 CrdmMit, HI A REE
I A AR B 4IRS N 31.87% F 1.59%
LI ZH A2 b i XT RS AT R T 127 1 = B2 43 5
FEATE 28.7% F1 9.98%, % I 1 g AN I B B v )
B A X T BE S 3.69% Fl 2.08% (P<0.05),
2.5 ZHIE B B BER A B 2 R AT

W 3 Fos: eI K, LA IEeEr 1/
WSR2 w4 HI AL ERET ], W40/
M2 B B AR TENKE, PEIE S 2
fE LLAh B EEE; FFENE 4 DHNE H AP


http://rdp.cme.msu.edu
http://rdp.cme.msu.edu
http://www.genome.jp/kegg
http://www.genome.jp/kegg
http://rdp.cme.msu.edu
http://rdp.cme.msu.edu
http://www.genome.jp/kegg
http://www.genome.jp/kegg

602

P EEE A N e

i 36 4

®2 o M

Tab. 2 o diversity analysis

FEHx index

HI

LI

Chaol 5% Chaol index
MM A FH Observed species

326.76+£125.72 a
261.60+£104.63 b

472.92+124.48 a
417.80+108.71 a

473.15+140.20 a
396.20+111.20 ab

PD-whole tree 154 PD-whole tree index 20.22+7.51 a 29.20+6.41 a 27.7249.15 a
Shannon %] Shannon index 3.26£0.71b 5.40+1.01 a 5.61+0.52 a
Simpson 184X Simpson index 0.72+0.10 b 0.92+0.05 a 0.96+0.01 a
Ee FATEARAR AR B R ZE R B (P<0.05); R
Notes: For peer data, different letters indicate significant difference (P<0.05); the same as below.
#* 3 Y)#h MRPP HHiEE RS
Tab. 3 Analysis of differences between species MRPP groups
B ZFEE B diversity A o e P {f P-value
JIAL unifrac weighted unifrac 0.096 0.42 0.46 0.001
HENAY unifrac unweighted unifrac 0.041 0.60 0.62 0.002

e A Guita: 6, WIME; o, JAEMH; P.P1E.

Note: 4. statistic data; J,. observed; d.. expectd; P. P-value.

JINAL unifrac weighted unifrac

AEMNAL unifrac unweighted unifrac

N R=0.188, P=0.001 R=0.163, P=0.004

Q .

5600 600 | =

kS . =

S 500+ Y 500 |

£

‘E 400 400 -

3

2 300 300 |

<

é 200} 200( S

£ 100 | wop

ool i : ol —— . B3 i
2 8] CI HI LI 28] CI HI LI

between between

TE: BN THRAVGA T HB BRI, FoREHBERS>ENESR . RAT (1, ) ZHE, R0, BWIHRZEREE; R0, UIHIHN2EF>H

e, GEHT AT R ER PRoR, P<0.05 Fomgiit B w1,

Note: When the rank of between group is higher than that of other groups, the difference between groups is greater than that within groups. R is between
(—1,1), R>0, which means that there is a significant difference between groups, and R<0, which means that the difference within groups is greater than that
between groups. The credibility of statistical analysis is expressed by P, P<0.05 means that the statistics are significant.

& 2

B A 16S rRNA #£5HI4H18) Anosim HRINEEE S E

Fig.2 Analysis of Anosim similarity index between groups of ileum microube 16S rRNA

F4 ABEGHEMD VK FERRESRDN

Tab. 4 Composition and difference analysis of ileum microbial at phylum levels in broilers

['] phylum CI HI LI

JEEER ] Firmicutes 39.70+5.10 b 69.17+7.33 a 50.86+7.30 ab
FUFF1# ] Bacteroidetes 44924921 a 17.10£5.31 b 35.25+1.54 ab
JEEE /40T B 1] Firmicutes/Bacteroidetes (F/B) 1.59£0.61 b 9.39£3.40 a 1.48+0.23 b
AZJEH ] Proteobacteria 14.58+6.65 10.18+3.64 10.33+6.03
TR 1] Actinobacteria 0.58+0.22 2.36£0.77 1.49+1.12
PEWE ] Verrucomicrobia 0.00+0.00 0.08+0.05 1.120.62
Wi A1/ ¢4k Cyanobacteria/Chloroplast 0.01+0.00 b 0.82+0.45 a 0.01£0.01 b
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Tab. 5 Composition and difference analysis of ileum microbial at genus levels in broilers

J& genus CI HI LI
FLEAT W R Lactobacillus 4.51+1.60 b 36.38+13.90 a 2.60+0.76 b
W W& XI Clostridium XI 30.22+10.41 a 22.90+10.46 ab 1.52£0.49 b
&L hiH 8 Pandoraea 5.02+4.23 b 2.35+2.35b 31.73£10.39 a
SRR K # B EscherichialShigella 10.47+2.45a 6.89+3.10 ab 0.49+0.11 b
Wi FF 14 )& Turicibacter 0.08+0.03 b 1.67+0.58 a 0.02+0.01 b
TR & Variovorax 0.06+0.04 b 0£0 b 3.75t143 a
B0k B 8 Brevundimonas 0.04+0.02 b 0.07+0.05 b 2.12+0.80 a

BEELE, EHKYE, MHMEESE3IANBE
LIAh R4, IR HEHS S A-B7E HL A
WEEE, TERUKFE, ClAP LR ER %
HHE; M RERSE o MEHE LI BEE
£ FLRRFFREFFEE 18 NFHE HI 4 rp 838 5 4
TEEKY-, WIS X% 3N B7E CLAh ¥
£ WEZhWES 16 N EAE LI B4,
FLRR W ES 23 N EfE HL AP BB s 5
2.6 |51 B BETR A W Th R B S LA 22 5 A3 BT
WK 4 frR: CLATE L3 2900 & 5 £ R
FE B N SEALE] . LT L3 2R RES
SN E 50 B0 CEERR AN SRR . KN
R . WARMOEARNEY A K. AR
fb . ZEREfR . CS Ak —on AR . A W
. REBRAEY G AT, & TSRS
T.. PPAR 5510 . ZH 50 . EMHRER
. RN R S . iy, HI 4l
TE L3 )29 0 2 5 £ B 558 1% 51 758 DNA &
EMEMHEN . BREBE RS PTS. ERA
. ZRlEHASBEEEN . BEREYE R, G
ik FIEBERE (RNA YA SCETERT
EA . CAEM . WERRICH . I YIBRE
2. WAERNEYA K. RNAREW . D-NE
MR . AL BURTEIS . 4580 . B ER
TR — R R A
2.7 A1 2 SR A A R A R 1 S B A BT
mE s fis: CLABRZFRAFTHE XV 55
SEMLHIE PR 2 E A OG (=0.47, P=0.0039), HI 4
IR B 5 UR L I R 5 (7=0.50, P=0.0018),
EHEMASBEEN (-038, P=0.021), MWHZE
1) 4 ¥ & L (=0.33, P=0.047). RNA % & B
(r=0.44, P=0.0072). D-NZRICH (=0.60, P=
0.0001), EFLINEHBUHIEIF (=037, P=0.028).

T HIZERE MR (7=0.47, P=0.0037) 3 % 5 1E A G,
WHER R SR B i R 48 (7=0.63, P<0.001). &
HIEH 5B EHEN (=038, P=0.023). ERLINE
BRI (7=0.42, P=0.011) jl J& 2 IEAHE, B
KRKEHHESEHEASBEEA (=038,
P=0.023), WWARMEYE L (=036, P=0.047).
FERLIN R BORTER (=041, P=0.028) S 1EAH,
LI A 5 R RS 12 M558
BB ZHIEIRAE 16 12258 S IEAX (P<0.05),
3 g

WRRE MR &A1 — N ERERE,
AUk 18 AN S S IR X i T TR R R AR
A% WANG 85 P T8 0T 1R XS 547 A0 Ak 3 (i
4 21 C+1 °C, =4l 31 €1 C) £FL: =il
i E R U E Y X R o 284 (Chaol,
P=0.002; PD-whole tree, P=0.002), %< &R
T EA A X R R E . ZHU EPYE
i DGGE Eli /80 . 1RIFR IR B AR X RS
Wi A AR B R . AR A R BN
FE IR 2 N T Shannon 11 Simpson $84¢, KL
SR S AF T g R PR BT RGN T 171 B B 3 TR A T 22
FEPE

XS fgE h EEDUERER T 3, HRCH IR
BT BUFF R TR T 1™, R, A0
(38 C) X WATE B RERZ A A ., W18 R ol
A SO 8 0T AT I T B & AR MR, 5 Cl
SHAH G, U X i T A5 ol A A JEE R R [T 44
e X5 Z TR R, BV S AR IR
FERGIN T IERERE 1 F RO, JRRER /N B
PNEY 751K Gt L B TN ) 3 7 NS E WA g ST A )
TFREHEHTE S IABE), BUFF BT T 5 Rl i 1E
KRB, AL R KA e,
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{FSE ISR Burkholderiaceae
W ZALHJE Pandoraea
HERRTA Lﬂ ﬂ Slrepmcocmceae
Variovorax
Comamonadaccac
LG F Verrucomicrobiales [y
PERLIEFL Verrucomicrobiaceae
Ci¥# ] Verrucomicrobia
JERAT4 Verrucomicrobiae
ﬂi%m Akkermansia
Coprococcus
PHEE Methanobactenales
HGEFT 49 Methanobacteria
ZJEFFHTFE Methanobacteriaceae
WIGEHF )8 Methanobrevibacter |8
N RIR Treponema
HEER I8 Streptococcus
J# BRI Jm Ruminococcus
{5k Cetobacterium
i (K49 Spirochaetia
BE(R T Spirochactales
2T K1) Spirochaetes
SEEIRF} Spirochaetaceae
iR Mitsuokella
Allisonella
% [CHHJ# Roseburia
FHAHIE Cupriavidus
Blautia
VL P Haemophilus
LG A Pasteurellales
L [CHFEF} Pasteurellaceae
PRFT I8 Propionibacterium g
H AR Flavonifractor
JEEE]] Firmicutes
FLFFT# H Lactobacillales
44 Bacilli
:LWEH mﬂ Lactobacillaceae
Lactobacillus
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