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Differences of microbial structure and composition in goat
rumens with different energy metabolism efficiency
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Abstract: [Background] Energy metabolism efficiency was an important component of measuring the
utilization rate of the diet. Improving the digestion and metabolism efficiency of the energy contained
in different nutrients by ruminants was helpful to improve the energy use efficiency of ruminants.
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[Objective] The objective of this study was to compare the structure and composition of ruminal
microbiome of goats with different energy metabolism efficiency using Illumina MiSeq sequencing
technology. [Methods] In total 19 goats were used as experimental animals, among them 5 goats with
high energy metabolism efficiency were selected as HEU group and 5 goats with low energy
metabolism efficiency as LEU group. Rumen fluid from each goat of HEU and LEU was collected
and then total genomic DNA was extracted from the rumen fluids. High variable region of bacterial
16S rRNA genes was amplified by PCR using bacterial universal primers. Analyzing amplicon
sequence data on the Illumina MiSeq sequencing platform and biological information analysis using
QIIME software were done. [Results] Bacteroidetes (44.20%+9.39%), Firmicutes (16.40%=+5.44%)
and Proteobacteria (11.30%+7.42%) were the dominant bacteria in the rumen microorganisms of goats,
among them Firmicutes was the dominant bacteria shared by the two groups. The relative abundance of
Bacilli from LEU group (6.71%+2.47%) was significantly higher than that from HEU (P<0.05). The
relative abundances of Lactobacillales of the two groups were the highest at the order level, and the
relative abundance from LEU (4.98%=1.88%) was significantly higher than that from HEU (P<0.05).
At the family level, the relative abundances of 7 families were significant differences in the two groups
(P<0.05). The relative abundance of Bacteroidaceae was highest in the two groups, and Bacteroidaceae
from group LEU (3.64%+1.32%) was significantly higher than that of group HEU (P<0.05). At the
genus level, the relative abundances of 9 genus were significant differences (P<0.05). Only the relative
abundance of Prevotella sp. from HEU (0.61%+0.36%) was higher than that in LEU (0.16%=0.07%),
but the relative abundances of other 8 genus were significantly lower than LEU (£<0.05). The relative
abundance of Ruminococcaceae sp. was the highest in HEU group (2.53%+0.62%) and LEU
(4.19%=*1.43%). [Conclusion] There are significant differences about structure and composition of
rumen microorganisms among goats with different energy metabolism rate.

Keywords: Sheep, Energy metabolism efficiency, [llumina MiSeq, Microorganism
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National research council (NRC)

(2007) (2004)

1 ( )

3.5%
1.2 R SHRRE
14d 6d
2d
10%  10% —-20°C
48 h

x1 ARERREFRKFE(FIREM)
Table 1 The composition and nutritional ingredient of
the diet (dry matter basis)

Items Content (%)
Ingredients

Alfalfa meal 34.00
Rice straw 36.00
Corn 2.80
Rice 8.40
Soybean meal 4.90
Wheat bran 12.90
Premix" 0.50
NaCl 0.50

Nutrition levels
Metabolic energy (MJ/kg) 8.10
Crude protein 10.63
Crude fiber 24.55
Calcium 0.95
Total phosphorus 0.35

Fe30mg CulOmg Zn50mg Mn60mg VA2937IU
VD 343 1U VE 30 IU.

Note: ': Premix is a homogeneous mixture made from a variety of
additives of the same class or a variety of additives of different
kinds according to a certain proportion, Premix provides the
following per kg of the diet: Fe: (as ferrous sulfate) 30 mg, Cu:
(as copper sulfate) 10 mg, Zn: (as zinc sulfate) 50 mg, Mn: (as
manganese sulfate) 60 mg, VA: 2 937 IU, VD: 343 IU, VE: 30 IU.
2 Nutrition level refers to the content of nutrients in the diet, ME
is a calculated value and others are measured values.

CO, CHy
lh
10 mm
(7 mbar)
50 mL
4
—80 °C
DNA 19

%= - - - )y =100
+0.5 5

(High energy metabolism
rate group HEU)
-0.5 5
(Low energy metabolism rate group LEU)
1.3 EFERFIFNER
QIAampH DNA PCR

Qiagen NanoDrop 8000
Thermo Scientific Taq
DNA
QuantiFluor™-ST Fluorometer
PCR ABI [llumina
MiSeq
1.4 DNA $EH
2 mL 5 mL
I mL ASL QIAampH
DNA DNA
1%
NanoDrop 8000
DNA DNA
PCR

1.5 PCR ¥ #EMSE=NF
515F (5-GTGCCAGCMGC

CGCGGTAA-3") 806R (5'-GGACTACVSGGGTA
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TCTAAT-3") DNA QIIME Singletons RDF
16S rRNA V4 PCR (2l
PCR (50 uL) Tag (5 U/ul) 0.25 pL OTU table  rep_set. tree
10xBuffer 5.0 uL.  dNTPs (10 mmol/L) 1.0 uL OTU o
(10 pmol/L)  1.25 uL. DNA (50 ng/uL) 1.0 uL OTU
ddH,0 50 puL PCR 95°C2min 95°C Unweighted unifrac
30s 55°C30s 72°C30s 30 72 °C 5 min (UPGMA)
PCR 2% PCoA
PCR R x64 3.0.2
PCR QuantiFluor™-ST fluorometer SPSS 18.0 HEU LEU
[llumina t P<0.05
MiSeq MiSeq P<0.01
“Y” +
PCR
2 BRI
DNA LR — ===~
_ 2.1 AREEEER R LEIRRE FHR
MiSeq DNA sl
HK
19
PCR 48.91%+2.67% (Cry 5.46 2
DNA DNA HEU DM OM CP
DNA 4 dNTP (P<0.01) LEU NDF
(P<0.05) LEU EE ADF
(P>0.05)
3 2 ®2 AREFRMROFIELE
DNA Table 2 Apparent digestibility of dietary nutrients (%)
1.6 é%l ?E g}f‘,i + ﬁ#—r Items HEU (n=5) LEU (n=5)
Fast Dry matter (DM) 59.75+1.06 55.99+1.27
i8] a Organism (OM) 62.67+1.66  58.56+1.50
QIME 1.8.0 Crude fat (EE) 75.254¢9.47  71.27+5.56
<Q20 >6 Crude protein (CP) 66.09+1.89  61.13+0.72
240-500 bp 55.73+6.20  48.73£11.91
Barcode Mothur[gl Acid detergent fiber (ADF)
58.59+1.87 54.00+3.31
QIME Neutral detergent fiber (NDF)
97% Uclust!'" (P>0.05)
OTU (Operational taxonomic units) (P<0.05) (P<0.01).
Note: In the same row, values with no letter superscripts mean no
OTU significant difference (P>0.05); while with different small letter
PyNAST [11] superscripts mean significant difference (P<0.05), and with

(Green genes)

different capital letter superscripts mean extremely significant
difference (P<0.01). The same as below.
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22 ARIEEERHRLFITEARERAIKS

3 HEU GE DE ME
(P<0.01) LEU FE (P<0.01)
LEU HEU DE/GE ME/GE (P<0.01)
LEU FE/GE (P<0.01) LEU
(P>0.05)
23 AREERFENLFBEEREDZ M
N\
A . ‘ 1 OTU #4RBE
23.1 #mFFIE OTU it Figure 1 OTU venn diagram
602 481
6 000 -
60 248+23 334 ~ LEUL
3 soor i
0 —
97% S 4000 — LEU4
— LEU5
19 526  OTU § 3000 — HEU1
51811 014 OTU HEU 10 726 E 2000 —HEU?
OTU LEU 11 243 OTU “ 1000 —HEU4
2443 (1) HEU LEU 05101000 20 000 30 000 40 000 50 000 60 000
(Coverage) 77.22%  78.27% Sequence depth
2 2 FHHRNEREHZ
Figure 2 Rarefaction curves of each sample
OTU LEU2 LEUS
OTU HEU LEU3 LEU4 LEUIl
HEU2 HEU1 HEU5 HEU4 HEU3 LEU 2.3.2 Alpha ZFEM ST
4 HEU LEU
e 4 HhadE gk 2 B4 5
# 3 HEU # LEU AL R a2 R PD_whole_tree Chaol Shannon
Table 3 Dietary energy metabolism of goats in high and
low energy utilization capacity group Alpha
Items HEU (n=5) LEU (n=5) 4
Energy intake and output (MJ/d) (16 501 ) LEU Alpha
Gross energy (GE) 18.39+0.16"  18.04+0.19" HEU P>0.05
>
Fecal energy (FE) 7.06£0.44%  7.93+0.24" . (P>0.05)
Uit ey (U1F) 0.46£0.11  0.50£0.09 233 Beta ZHMEDHT
Methane energy (Eci)  1.26x0.16  1.17+0.16 OTU
Digestible energy (DE)  11.33+0.47" 10.12+0.19% PCoA
Metabolic energy (ME) ~ 9.55:0.45"  8.37+0.25" 3 HEU
E tilization (%
nergy utilization (%) . ) HEU
DE/GE 61.62+2.39*  56.07£1.12
ME/GE 51.94+2.43%  46.40+1.21° LEU
FE/GE 38.38+2.39"  43.93+1.12° HEU
UE/GE 2.50£0.58  2.79+0.52 LEU HEU
Ecia/GE 6.85+0.86  6.51+0.94 LEU
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Table 4 Comparison of alpha diversity indices between

groups
@« o HEU (n=5) LEU (n=5)
Alpha diversity indices
PD_whole tree 203.42+14.26 218.05+6.87
Chaol 5251.32+486.57 5 526.24+267.18
Shannon 8.45+0.45 8.60+0.41
e 02F ° e HEU
=) ° e LEU
o 01 .
=R ° °
SZ oof °
a2 .
e
05 01t .
-~ E .
8 02
g
>
—0.3 E® L 1 | | 1 1

-03 -02 -0.1 00 0.1 0.2 0.3
PC1-percent variation explained 15.81%

3 Principal coordinate analysis 32385347
Figure 3 Cluster analysis by principal coordinate analysis

2.3.4  AEFFEKIE ERIFhLE R 5 Hr

48 (Firmicutes  16.40%+5.44%)
(Bacteroidetes  44.20%+9.39%)
(Proteobacteria  11.30%+7.42%)

100

80

60

40

Relative abundance (%)

20

0 T™7
[ Synergistetes
B Spirochaetes
Proteobacteria

B Planctomycetes
B Nitrospirae
B Lentisphaerae
B Gemmatimonadetes
B Fimicutes
B Fibrobacteres
B Cyanobacteria
B Chloroflexi

.~ W Bacteroidetes

bEEEi Microbiol. China
HEU LEU
13.59%+2.36%  45.27%+8.17%  10.35%=+9.11%
19.00%+6.25%  42.59%+11.11%  12.46%+6.29%
0.1% 19
(P>0.05)
4
150
0.1% 34 HEU (Bacilli)

LEU  (P<0.05)

300 0.1%
47 HEU (Firmicutes)
(Lactobacillales)
(Bacillales) RB41
LEU (P<0.05)( 5)
300
0.1% 47 7
(P<0.05) 5
4 HEU
(Enterococcaceace)
(Lactobacillaceace) (Bacillaceae)
(Clostridiaceae) LEU

(P<0.05)

B Actinobacteria
B Acidobacteria
B Euryarchaeota
B Crenarchaeota

Verrucomicobia
Tenericutes

B Unassigned bacteria

0
e @ﬂ @ﬁgﬁB @ﬁ @9 @ﬁ ®9g®3 @ﬁ

4 IIKFERERER

Figure 4 Composition of microbial at phylum level
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#*5 HEU# LEU ANREIBKF LEMFEEER M EZNEE ST
Table S Distribution of microbes whose relative abundance is significant different between HEU and LEU from class to
genus level (%)

Relative abundance

Taxa P value
HEU (n=5) LEU (n=5)
Class Bacilli 2.83+1.38 6.71£2.47 0.015
Order Lactobacillales 2.17£1.09 4.98+1.88 0.020
Bacillales 0.65+0.34 1.72+0.73 0.018
RB41 0.15+0.11 0.29+0.15 0.031
Family Enterobacteriaceae 1.27+0.44 2.43+0.86 0.027
Bacillaceae 0.51+0.26 1.57+0.73 0.016
Clostridiaceae 0.18+0.04 0.27+0.05 0.020
Sinobacteraceae 0.08+0.04 0.21+0.09 0.018
Shewanellaceae 0.07+0.04 0.24+0.12 0.035
Lactobacillaceae 0.71+0.59 2.23+1.11 0.020
Bacteroidaceae 1.8440.60 3.64+1.32 0.025
Genus *Enterococcaceae (Other) sp. 1.134+0.38 2.15+0.75 0.025
Lactobacillus sp. 0.71+0.59 2.23+1.02 0.020
Bacillus sp. 0.49+0.25 1.49+40.71 0.018
Clostridium sp. 0.09+0.04 0.15+0.04 0.043
*Ruminococcaceae sp. 2.53+0.62 4.19+1.43 0.044
Shewanella sp. 0.07+0.04 0.24+0.12 0.035
Bacteroides sp. 0.75+0.27 1.43+0.52 0.031
*Bacteroidaceae sp. 0.46+0.19 1.11+0.45 0.017
(Prevotella) sp. 0.61+0.36 0.16+0.07 0.027
857 235 HEESMN
HEU LEU 69
0.5% 30
0.1% 69 84.54% 30
9 5 LEU3 HEUI
(P<0.05) 5 HEU
5 [ Other
(Lactobacillus sp.) (Bacillus sp.) HEU HEU3  HEU4 LEU
(Clostridium sp.)  *Ruminococcaceae sp.] LEUL ~ LEUS
(Proteobacteria) (Shewanella
sp.) 2 [ (Bacteroides sp.)
*Bacteroidaceae sp.] 8 3 Wk

LEU HEU  (0.61%+0.36%)
[(Prevotella) sp.]
(P<0.05) LEU (0.16%+0.07%) [13-16]
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~ *Victivallaceae (Family)
~| H *Paraprevotellaceae (Family) 5
=l *Pirellulaceae (Family)
| *Bacteroidales (Order) 1
B - VadinCAIl sp.
*F16 (Family) 0
CF231 sp.
B *RFP12 (Family) -1
Ii *BS11 (Family)
*Veillonellaceae (Family) )
— '~ *Unassigned (Other)
L Methanobrevibacter sp.
Prevotella sp.
YRC22 sp.
Akkermansia sp.
*Clostridiales (Order)
*Desulfovibrionaceae (Family)
*S24-7 (Family)
Geobacter sp.
- ‘ Veillonella sp.
*Enterobacteriaceae (Family)
i 5-7N15 sp.
I Enterococcus sp.
| e | Bacteroides sp.
P ' *Bacillaceac (Family)
*Lachnospiraceae (Family)
E *Bacteroidaceae (Family)
*Lachnospiraceae sp.
|m ‘ *Ruminococcaceae (Family)
*YS2 (Order)
(o] al o

S 5 58 3
= 2 £ E
B 5 HE=EFHAERBKELMEBAKRE

Figure 5 Log-scaled percentage heatmap of bacteria community structure at the shared-genus level

LEU2
LEU4

LEU3
HEU1
LEU1
LEUS

Note: The closer to red, the higher of their relative abundance, while the closer to blue, the lower of their relative abundance. The shared
sequences, which could not be classified to any genus but still existed in samples, were expressed using the highest classification level that
can be assigned to them.
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