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Abstract: [Objective] To investigate the relationship between Akkermansia and pulmonary edema of
plateau cattle through the analysis of the gastrointestinal microbiota structure in plateau cattle.
[Methods] The fecal samples were collected from healthy Jersey cattle in Shenyang (control), healthy
Jersey cattle which had been introduced into Lhasa for half a year, local healthy yellow cattle in Lhasa,
and Jersey cattle which had been introduced into Lhasa for six months and suffered from pulmonary
edema. [llumina MiSeq was used for sequencing the V3-V4 region of the 16S rRNA gene in the
samples. Microbiota structure and abundance were compared among the four fecal samples, thereby
elucidating the correlation between Akkermansia and the pulmonary edema. [Results] The content of
Akkermansia in the gastrointestinal tract of healthy local Lhasa yellow cattle was significantly higher
than that of healthy Jersey cattle which had been introduced into Lhasa for half a year, and the content
in Jersey cattle with pulmonary edema was significantly higher than that in healthy Jersey cattle that
had been introduced into Lhasa for six months. Specifically, the abundance of Akkermansia in the
gastrointestinal microbiota of healthy Jersey cattle from Shenyang, healthy Jersey cattle which had been
introduced into Lhasa for half a year, local yellow cattle in Lhasa, and Jersey cattle which had been
introduced into Lhasa for half a year with pulmonary edema was 0.07%, 0.09%, 6.62% (dominant
genus), and 11.85% (the first dominant genus), respectively. [Conclusion] This paper investigated the
relationship between Akkermansia and pulmonary edema of plateau cattle for the first time by Illumina
MiSeq, which may provide a reference for using the abundance of Akkermansia as an indicator for the

diagnosis of pulmonary edema, although the specific abundance value needs to be further determined.

Keywords: Akkermansia; high-throughput sequencing; Lhasa plateau cattle; Jersey cattle; pulmonary
edema
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Table 1 Concentrate composition and nutritional level of test cows

Feed Proportion/% Nutritional levels Content
Maize 47.6 Dry matter DM/% 89.56
Soybean meal 14.0 Crude protein CP/% 19.35
Cottonseed meal 6.0 NDF/% 20.27
Bran 15.0 ADF/% 12.38
Corn lees protein feed 12.0 Ca/% 0.83
Ca(HCOs), 1.5 P/% 1.12
NaHCO; 0.5 Net lactation energy/(MJ/kg) 6.12
Powdered food 0.8

Salt 1.2

Premixes 1.4

Total 100.0

Premixes can be supplied with: vitamin A 2 900 IU, vitamin D 1 100 IU, vitamin E 30 IU, niacin 3 mg, I 0.25 mg, Zn 20 mg,
Cu 6 mg, Fe 20 mg, Mn 30 mg, Co 0.1 mg, Se 0.6 mg/kg of full price feed.

x2 ERBEABFLEBNHEFENS

Table 2 Chemical composition of corn stover silage

Measurement items Test group
Dry matter/(g/kg FW) 227.03
pH value 4.15
Lactic acid/(g/kg DM) 35.87
Acetic acid/(g/kg DM) 30.83
Lactic/acetic acid 1.17
Propionic acid/(g/kg DM) 0.86
Total volatile fatty acids/(g/kg DM) 31.69
Crude protein/(g/kg DM) 45.18
Ammoniacal nitrogen/total nitrogen/(g’kg TN) ~ 299.78
Water-soluble carbohydrates/(g/kg DM) 8.69
Neutral detergent fibre/(g/kg DM) 666.22
Acid detergent fibre/(g/kg DM) 371.79
Crude ash/(g/kg DM) 66.97
Total energy/(MJ/kg DM) 17.06

1.1.3 HmX&E
FEEMAY S B EMAE Y R, ik
RS RGP Y EE , BINZ RN 5 TR
e, SR H I ERUEY), R
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12 7, RAEH JONIL T U0 BB L IE 95 4 3
(N42°17'14.81", E123°07'40.62"), 4#ifFk A
68 m; PUHL Y Hh K B g - W A SR A BR A F
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1.2.1 FEMNEEE
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Table 3 Main instruments and equipment

Name of instrumentation Model Manufacturers

—80 °C Laboratory ULUF-86 Arctiko

Refrigerator (ultra low

temperature refrigerator)

Electronic scales BSA224S-CW Sartorius

Ultra-frozen centrifuges JE-80K Gilson

Constant temperature HH.S11-2-S Prius

water baths

Horizontal electrophoresis Wide Format Scie-Plas

Pipette guns SL-2XLS+ Ruining

Vortex oscillators XH-D Jerean

Gel imager SmartGel " 6000 Sage

Gradient PCR instrument Veriti 96-Well Thermofisher
Thermal Cycler

Ultra clean bench SCV-4A1 ESCO
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ligrwilloe: 8
1.3 MEMEERELH DNA 2
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1.4 16S rRNA ER B 5 X EME

Hoy M2 FL2HET 16S
DNA (V3-V4)IX . DRI AR JE N2 DNA
JREAT , A LA V3-V4 XA barcode Y 16S
DNA A, K 7519 : 515F (5'-GTGCCAGC
MGCCGCGGTA-3")H1 806R (5'-GGACTACHVG
GGTWTCTAAT-3"), #417 PCR ¥ $ - XF H =4y
PEATAAL . RN — AR B ST

PCR JZ Wi {& Z (50 uL): 4H % DNA (5 ng/uL)
SuL, FF514¥ (1 umol/L) 10 uL, F¥#5 1#1(1 pmol/L)
10 uL, 2XKAPA HiFi HotStart ReadyMixTotal
25 uL; PRI £ 96 °CHIASYE 5 min; 90 °C
APk 45 s, 54 °CiB ok 32's, 72 °CHEf# 1 min,
25 NMIEFR, 72 °CHEA 10 min, FHI35IEBHEEI H
VKA PCR 774, KA DN 5 46 B RE i 26 BAE R
FERAFIVEAT 16S rRNA 38 5l .
1.5 16S rRNA EEFFI4bE 5 7

THLEF FASTQ s FIHES LR, $4 3L
Al 7 reads 22— 45750155 Tags, B
AT B/ MR B 15 bp; EEX A
VFEETICR N 0.1; HPREA HE KL AW reads.

152 PFEE 7 91 AR 0 (raw tags); (]
Trimmomatic v0.33 #K{F , X PFEAS 2] 1Y raw tags
HATIEUE, 152 PR A tags £idE (clean tags);
i/ UCHIME #1f4, Xk /3 40 647 s 1) B AR,

vk G A, 1334 SO (effective tags),
HARL BT . REUGER S 1 AUR R 7%,
B 25 bp N FHKEE, AR A M B (E A
T 20, W& OHIR#EER read Rimf¥51, R
2 read KJEMLT )R read K 75%F) reads; 2
Fr¥% 15 4% reads 1% N 19 reads FIMIRAE 24 reads,

f#i] QIIME 1Ay UCLUST?X} tags 7
7% AL BE A AT IR 2 L AR 4026
T ( operational taxonomic unit, OTU ), eS|
ik Silva (AR IEAHAEEE LT, #4T OTU 73
KRR (1] Mothur (versionv. 1.30)4% {4,
OrArREdh o ZAEMEIER FUH QUIME A J 4%
SRR R R, BRI R B F 2R
FE i 25 03 KT T BT VR G5 ) 1] S 2 1) 4y o 2
SO MR fdF PICRUSE #0443 4= W 1 3 g
FER A TR0 5 434 o

4 R H] Microsoft Excel 2444 73 Hr ik
1797 200 o

2 X504

2.1 16SrRNA SEBENFLER

16S rRNA il sl Jp45 R, k4, £ 5,
syjs (CK)FIl xzjs FEMILISE] 262 115 4% raw
tags, JRRALFGS3] 249 719 4% tags, P14
ANFESD 41 620 5. B2 OTU M FEERIHRFE
FEA BN 2B o AR TP B E S OTU Seit4%
L3 4, EHCOTUs AT R RE, FE S FD
HRENES,

xzjs Al xzh #£5h3EA55] 260 505 4% raw tags,
R AL F S35 250 047 2% tags, SEXIRE RS
41 675 5 AER RS OTU i 45 R L3k 4.
EHL OTUs #EA T AE RS, FEMIFEREILER 5.

xzjs Ml xzjspe FEihIEASF] 261 202 4% raw
tags, JEAGALIIS 153 250 667 45 tags, VY%
AFESD 41 778 Sf. FESEEFEM OTU 4iit
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&4 HmOTU &t
Table 4 Sample OTU statistics

Sample OTU
syjsl 560
syjs2 455
syjs3 590
xzjs1 784
xzjs2 821
xzjs3 782
xzh1 836
xzh2 837
xzh3 864
xzjspel 653
xzjspe2 692
xzjspe3 712

x5 HEROMIERY

Table 5 Number of sample species annotations

Item No. Phylum Class  Order Family Genus
syjs 13 24 30 52 93
XZzjs 15 29 37 61 103
xzh 15 30 41 65 114
Xzjspe 16 30 37 63 109

gELILR 4, BEEL OTUs TR RS, KRN
R 5
2.2 EF OTU &Y Venn B S #

OTU (1Y Venn EI4r#rWLEl 1, OTU B/R7TE
syjs (CK)5 xzjs MR-, 2 ARG L3S
1 111 4~ OTUs, HH syjs (CK)5 xzjs MBI
TEILA 0 OTUs Ky 534 4, Hip xzjs A

A) T T B
( )/ P Y ®
syjs Xzjs / XZjS
{ 185 392 ) { 124
\\ / \\\
\\\ P \\\\

] OTUs K 392 1>, syjs M4 ) OTUs i 185 4~;
OTU BI/RTE xzjs 5 xzh MR, 2 LN,
3R 1057 4~ OTUs, Hp xzjs 5 xzh 4~k
[ FE7E A A% 0 OTUs y 802 4, Horp xzjs
MAR OTUs A 124 4>, xzh A K OTUs K
131 4~;0TU BI/RTE xzjs 5 xzjspe MR 27,
2 RS HEIRTE 1 063 4 OTUs, Hib xzjs 5
xzjspe AR BIAELESA 0> OTUs 2 672 4>,
Hrh xzjs MA ) OTUs i 254 4>, xzjspe A
B OTUs A 137 1~
23 o ZHMULSH

16 OTU 7K, syjs (CK) 3 EEM A2
B JEFEEL Chaol #8%K. Ace 88U 5Ih 594,
589, o ZAEMEFE%C Shannon #5644 . Simpson §§
¥k 4.38, 0.039 5, Goods coverage H#J7E
99% LA I xzjs 3 AMHFEM B FE AR AL
Chaol F5%%. Ace 584417l 855, 858, o £
FEPEFE %L Shannon F5%(. Simpson 54535 N
5.28. 0.013 8; xzh 3 MFES V35 45 5 4L
Chaol F5%%. Ace 845370 916, 916, o £
FEPEFE %L Shannon F5%(. Simpson 54535 h
5.14, 0.016 1; Goods coverage Y7 99%LA I ;
xzjspe 3 AL IV 4 3 & BE 52 Chaol $5%K .
Ace 185070 774 .776 , a ZFE1PEFE 8L Shannon
6% . Simpson $5 %537 K 4.52. 0.034 0.,

P‘\ (C)/ Y W
\ / \\
xzh \\ / xzjs Xzjspe \
\ [ \
31| | 24 137 |
/ ‘ /
/ \ /
/ N\ F
/// \\ - > /

1 syjs. xzjs. xzh. xzjspe ¥ & OTU B Venn

Figure 1

Venn diagram of OTU in syjs, xzjs, xzh and xzjspe samples. A: Venn diagram of OTUs in the syjs

and xzjs samples; B: Venn diagram of OTUs in the xzjs and xzh samples; C: Venn diagram of OTUs in the

xzjs and xzjspe samples.
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o ZFEPEFE B, xzjs B EBE T+ F
FEHL Chaol FEEFI Ace 85I B EE T syjs
(CK). xzjspe (P<0.05), HZF::45%L Shannon
TR F 5T syjs (CK). xzjspe (P<0.05); xzh
1 18 B T 0 =F & FE 5 5L Chaol $5%X A1 Ace $R%K
W R EET xzjs (P<0.05), ZHEM:45 %L Shannon
FEHOF Simpson FEHI T B E M EF .

24 BERHEARER

H WU EHERE LEFSe 23 8 38R A 1R & A
LEFSe 7 HrAi iR IE AN &l 2 FiE 3 o, 78 xzjs
Fl syjs (CK) 2 dLAEfm b, JEBET ]
(Firmicutes) . # W W (Clostridia) . 12 H
(Clostridiales) . ¥ 5 & Bk (Ruminococcaceae) TE
xzjs M HEBEFRNEELFHST syjs (CK)
(P<0.05); ZIEE [ ] (Proteobacteria) . v-"2 I 1 4N
(Gammaproteobacteria) . ‘MU H(Aeromonadales) .
B% FABR I 1§ B (Succinivibrionaceae) . 3% FABR K
& (Succinivibrio) 1t xzjs H Wi ) & & %
5T syjs (CK) (P<0.05). & xzh Fil xzjs 2 Z1FE
mn LS HR, PERLEA T (Verrucomicrobia)H i 3 o
S & (Akkermansia) Tt xzh B HiEPH &= B
EZET xzjs (P<0.05); JEEEWE[ ](Firmicutes) .
WREN(Clostridia) . % H (Clostridiales) . ¥ 8 &
Bl(Ruminococcaceae) . KA INH & (Anaerovibrio)
1E xzh B i A & i 5 KT xzjs (P<0.05).
TE xzjspe Fl xzjs 2 MM L, PETET]
(Verrucomicrobia) P it) % vi % 1 J& (Akkermansia)
£ xzjspe Wi H ) & i B E ST xzjs (P<0.05);
JEBELH T | (Firmicutes). HFFHH | 1(Bacteroidetes) .
W W (Clostridia) . K7 W (Bacteroidia) . 15
W H (Clostridiales) . CF231 H)® . #IHHE H
(Bacteroidales) . %5 IR [R A Paraprevotellaceae)
TE xzjspe B Wi H 095 &8 5 &K T xzjs (P<0.05).

W T B RE LEFSe 4387 Al %1, JEiR ]

(Verrucomicrobia) " W) 3 v %2 1] J& (Akkermansia)
£ xzh B i & B S T xzjs (P<0.05),
TE xzjspe B it ) & i 25 W T xzjs (P<0.05),
2.5 HRFESHER S
251 [VKFEEBEMARS

i 4 AT, syjs (CK)MIE AL BE 1]
g JEEBE R 1] (Firmicutes) (48.40%) . AT 1]
(Bacteroidetes) (33.12%) . ZFJE I [ ] (Proteobacteria)
(14.53%) . MEEIAR] ] (Spirochaetes) (1.51%)FIZE
BE T ] (Tenericutes) (1.12%), & A XF 3 HY
98%LA b5 xzjs Wil EHEOCH R ] JEREG T
(Firmicutes) (56.82%) . AT 1E [ 1(Bacteroidetes)
(37.55%) . ZRBER ] |(Tenericutes) (1.21%)FIZ ek
I"J(Spirochaetes) (1.04%), H5AHXTFEERT 96% L) I
xzh B8 B AU 1] M U B ] (Bacteroidete)
(45.12%) . JERER | (Firmicutes) (42.60%) . PEiE
I"] (Verrucomic) (7.12%) . Z%BEH [ ] (Tenericutes)
(1.68%) . ZZ L[ 1 (Proteobacteria) (1.20%), i
AXTEER) 97%LA I xzjspe Wil B BEL #V i
IR BEE ] (Firmicutes) (56.67%) . AFHET]
(Bacteroidetes) (25.10%) . YL 1(Verrucomicrobia)
(12.09%) . ZEBEWR ] (Tenericutes) (1.35%). ¥
% W '] (Planctomycetes) (1.31%) Fl )™~ 7 B[]
(Euryarchaeota) (1.22%), ditAXFFEER 97%
[/

xzjs B H AL 1 KF B4 syjs (CK)XTE
BEMZER, xzh Y5 xzjs WiE EBEAH FLPEHE )
(Verrucomicrobia) 3= &/ i 2 Tt (P<0.01), fUFF
W ] (Bacteroidetes)=F-J& i 2 15 (P<0.05), JERE
W [ 1 (Firmicutes) . 1% % W ] (Planctomycetes)
F=BER P BRI (P<0.01); xzjspe 5 xzjs i iH
B EAR EC ) A B T ] (Euryarchaeota) FIPERL A ]
(Verrucomicrobia) = £ i 3% 7+ 15 (P<0.05), 44T
W [ '1(Bacteroidetes)F-Ji it 2 KA (P<0.05).
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(A) Cladogram

B syjs
B XZjS

== a: Bifidobacteriaceae
mm b: Bifidobacteriales
== c: Actinobacteria

mm d: Paraprevotellaceae
mm ¢: Clostridiaceae

mm f: Lachnospiraceae
mm g: Peptococcaceae
mm h: Ruminococcaceae
mm i: Clostridiales

== j: Clostridia

mm k: Succinivibrionaceae
B |: Aeromonadales

== m: Gammaproteobacteria

P
o
=
=

pro*

obacwﬂa
(4

(B) r—— Cladogram

mm a: Paraprevotellaceae
mm b: Porphyromonadaceae
mm c: Lachnospiraceae

mm d: Peptococcaceae

B ¢: Ruminococcaceae
mm f: Clostridiales

mm ¢: Clostridia

mm h: Verrucomicrobiaceae
mm i: Verrucomicrobiales
mm j: Verrucomicrobiae

©

mm a: Paraprevotellaceae
mm b: Porphyromonadaceae
B c: Prevotellaceae
mm d: Bacteroidales
B ¢: Bacteroidia
mm f: Clostridiaceae
B g: Lachnospiraceae
mm h: Peptococcaceae
B i: Ruminococcaceae
mm j: Veillonellaceae

& mm k: Clostridiales

= XZjS
B XZjspe

§’ mm |: Clostridia
o § mm m: Verrucomicrobiaceae
§ ) = n: Verrucomicrobiales
& = o: Verrucomicrobiae

2 syjs. xzjs. xzh. xzjspe ¥E7K[%iE E & LEfSe 4 #TIR 2 HH K E

Figure 2 A circular dendrogram of the LEfSe analysis of the intestinal microbiota of syjs, xzjs, xzh and xzjspe
samples. A: a circular dendrogram of the LEfSe analysis of the intestinal microbiota in syjs and xzjs samples; B:
a circular dendrogram of the LEfSe analysis of the intestinal microbiota in xzjs and xzh samples; C: a circular
dendrogram of the LEfSe analysis of the intestinal microbiota in xzjs and xzjspe samples.
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Figure 4 Structural analysis of intestinal microbiota based on phylum level syjs, xzjs, xzh and xzjspe
samples. A: structural analysis of intestinal microbiota based on phylum level syjs vs. xzjs samples; B:
structural analysis of intestinal microbiota based on phylum level xzjs vs. xzh samples; C: structural analysis
of intestinal microbiota based on phylum level xzjs vs. xzjspe samples.
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