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Differences of rumen microorganisms between high and low residual feed intake of Tan sheep

HE Donggian, TAO Jinzhong
(College of Agriculture, Ningxia University, Yinchuan 750021, Ningxia, China)

Abstract: Residual feed intake is a measure of feed efficiency by the difference between actual and expected feed intake.
The relative abundance and activity of rumen microorganisms determine the feed efficiency of ruminants. In this study,
rumen microflora of Tan sheep with high and low residual feed intake was analyzed. After the experiment, rumen fluid was
collected from 7 male and female Tan sheep with extremely low RFI and 8 male and female Tan sheep with extremely high
RFI. The amplicon of bacterial 16S rRNA gene in the rumen fluid samples of Tan sheep was sequenced by sequencing
technology. The results showed that rumen microbial diversity and richness had no significant changes in male and female
sheep (P > 0.05), and principal coordinate analysis (PCoA) showed no significant separation of rumen microbial community.
However, in the extremely high group, the abundance of Bacteroidetes in male sheep was significantly higher than that in
female sheep, the abundance of actinomycetes in female sheep was significantly higher than that in male sheep, and the
abundance of proteobacteria in male sheep was significantly higher than that in female sheep (P < 0.05). In the extremely high
group, the abundance of Olsenella was significantly higher in female sheep than in male sheep, the abundance of Prevotella was

significantly higher in male sheep than in female sheep, and the abundance of Erysipelotrichaceae UCG-002 was significantly
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higher in male sheep than in female sheep (P < 0.05). Selenomonas bacteria was significantly higher in male sheep than in
female sheep in the extremely low group (P < 0.05). Among the different RFI phenotypes of RAMS, Methanobrevibacter in
euryarchaea in low RFI group was significantly higher than that in high RFI group, and Proteobacteria in low RFI group was

significantly lower than that in high RFI group (P < 0.05). In conclusion, gender is an important factor affecting rumen

microbial differences, and Methanobrevibacter flora in rumen is associated with low RFI tan sheep.

Keywords: Tan sheep; residual feed intake; feed efficiency; rumen; flora; male sheep; female sheep; 16S rRNA
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Table 1 Composition and nutrient levels of basal diets

TiH Item % & Content
J5Rl Ingredient/%
FOKFEFF Corn straw 20.0
E°K Corn 32.0
¥E 2 Molasses 4.0
& F Soybean meal 6.0
H#H1 Cotton meal 8.0
K Corn bran 15.3
FOKIEZEHT Corn germ meal 11.0
F ¥ Limestone 1.2
£ NaCl 0.5
TR Bl Premix 2.0
#it Total 100.0

EESRAGKZDE 20}

Nutrient level (Dry matter basis)l)

FRi41BE Metabolic energy/(MJ-kg ") 993
HLEE A5 Crude protein/% 13.74
FH G Ether extract/% 2.74
HRPEPEVE 4T 4E Neutral detergent fibers/% 35.99
PRV PR 4T4E Acid detergent fibers/% 20.34
£5 Calcium/% 0.71
f#% Phosphorus/% 0.31

DERARL AT s R A 4669.63 mg, #17.41 mg, %£23.7 mg,
55 mg, M0.67 mg, %503 mg, 4EAFEA25001U, 4E4EZEE 2310,
DRERE AT EE, S FRACT I .

UPremix provided the following per kilogram of the diet: Fe 69.63 mg,
Cu 7.41 mg, Mn 23.7 mg, Zn 55 mg, 1 0.67 mg, Co 0.3 mg, VA 2 500 IU,
and VE 23 TU. *Metabolic energy calculated value, nutrient levels were

measured values.

DM = — 0.244 + 1.669Mid-BW"" + 0.0794DG .
DMI 55 =0.103 +2.126 x Mid-BW"” +0.0514DG.
RFI = RFly.5; — RF g0

MANK RFT = RFIF35E+0.5 B, %114 9 &5 RFI

H; MK RFI < REIFYIE-0.5 I, £I43 MK RFI 41,
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1.4 JE 5% DNA £EL

K CTAB =" 42 HURE 42 5 R 41 DNA, 48 5
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R W 77 [X 48 3% 4%, {8 H 7 Barcode ) 4F 57 5
Y. 16S V4 X 3 5| ¥ & 515F-806R, L ¥ 51 ¥ F:
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RAUEMIME . PCR 7= WAL F 2% W 5 1) B8 I b 46 112
HBEAT FLVKRT I o AR PCR 7= 4 ik B 3047 S5 9k B2 VR
BE, 78R A1 A B 1 x TAE 3K B 2% 1) 55 g B e
HL Pk 446 PCR 7= 4, 4% 32 7 400~450 bp 1751,
F 2 el B A% 2% 17 o 48 A 1llumina 2 5] TruSeq DNA
PCR-Free Library Preparation Kit 2 & i 71 & 3k 17 3¢
JEE P A 8, KA S B 1) SC 2 28 ik Quibit i B R ST A
M, &% )5, 14 NovaSeq 6000 247 _E AL o
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F| F Uparse B4 (Uparse v7.0.1001, http://www.
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AT I, B BL 97% 19 — S K 7 51 3R 2R
OTUs. X OTUs ¥ 51l 8t 47 ¥ # % B, Fl Mothur 77
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muscle/) A #EAT PRI 2 7 51 LT, 43 2] OTUs
REF I RGRKEKR FR . M Qiime B A (Version
1.9.1) i% Observed-OTUs, Chaol, Shannon, Simpson,
ace, Goods-coverage, PD whole tree ¥5 %, i i R #&
% (Version 2.15.3) % il #i % I £ . rank abundance Hfi
2 Wkt BRI A, FEAE A R AR AT o ZFE TR
B 18] 22 o0 A5 o 2 REVE SR H A R 22 S o T EAT
ESH K5, % A agricolaetd 1) wilcox £ 56 . 5l 56
K5 {8 ] Excel 2010 BEAT B 22, N A] SPSS 17.0 #
ATPRSTREAR tRE SR, P<0.05 B IN N ZE T B3, 45
YILLE A + bR 1R (means = SEM) £ 2051 H . PCoA
# T unweighted unifrac #7525 K 7 #7 .

2 REER
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I, 9 e 5 08 g 377 4 2 063 628 45 JRIATEEEL, T
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%5, XHEE S HEAT OTU I 4t 9 # 4 OTU )&,
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FHAERRARA A EHHILE 1274 4 OTUs. H
i 2 BE SR MARAR A BF - 454 1327 > OTUs, 4l

EH.RFLF

EL.RFIM

247
(9.9%)

151
(6.0%)
41
(1.6%)

76
(3.0%)

105
(4.2%)

EH.RFIL.M EL.RFLF

1 7[5 RFI£H OTUsVenn
Figure 1 OTUs Venn diagram of different RFI groups
EHF. EHM. ELF il ELM 7 5 R s m L BEE . R4 A .
WARABEE . WARH L2 TH.
EHF, EHM, ELF, and ELM indicate extremely high groups of females
and males, and low groups of females and males, respectively. This is
applicable for the following tables and figures as well.

INCEREEESLEA 1303 4> OTUs, MAK A 2 2F fiTEE2E
1377 4 OTUs.

23 WHEYETE Alpha SRS

A6 40000 31 () 4 Fh %5 . Shannon-Wiener 5 %81
Simpson fi5 24 Chaol #5 4. ACE i £ 1 2k [K S 2 78
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tree Z£ 7 i & (P <0.1) (R 2). HEWREHA L FEN
PD_whole_tree B & 5 T~ HoAth 20 il . 2 W3 Bl s AICAH
RFI 2 =F FOAR o A1 4 BE = 2 18] B B 2 FF 1 22 R
AN, WEEE T — B,

24 WEMBELSHEMZ

20 7 & IA #3500 B, AN [E] RFIZH 470 il 28
&[S 3H, Ul B T s A R SRR £
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SEOTIA L, MR R R, MR E
CARCER R e vt o i ity NP e =Ry [ B Pl
LRIRW AL - 5%, YR o AT I S 1 R AT (] 2).

25 WMEMBEEEB ZHEMES

B Z FEVEA IR 2 S o A AR ZY 1] (11 3) R, A
AR S AR 2 2 T AR R 35 2 = (P < 0.01),
BEEAR m 5 AR 2 1) 2 7 A B3 (P> 0.05). 1)
R A EREEE 2 (8] 22 R 23 (P <0.01), Himrdd
N CERIRESE 2 ) 2 7 A B2 (P> 0.05).
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Table 2 Different residual feed intake on rumen microbial diversity of Tan sheep

i H 2H 351 Group

Item EHM ELM EHF ELF i
NI 2 f 47 5L No. of observed species 860.00 + 27.37 838.00 + 41.78 857.00 + 68.35 837.00 + 55.81 0.983
Shannon-Wiener 5.79 +0.35 6.33£0.14 6.02 £ 0.49 6.01£0.32 0.724
Simpson 0.91+0.22 0.96 0.01 0.94 +0.21 0.94+0.14 0.265
Chaol 961.04 + 30.71 926.89 + 39.40 961.99 + 65.24 937.14+ 5835  0.947
ACE 975.04 +£29.93 947.22 +39.42 984.36 + 67.55 962.56 £ 56.61  0.956
B %% Good’s_coverage 0.9960+0.0004 0.9960£0.0001 0.9960+0.0003 0.9960+0.0002 0.573

71.87 £2.33b 102.23 + 11.78a 74.92 +7.73b 74.44 + 6.86 0.058b

PD_whole_tree

AT AR KNS P BES IR R AE0.05FI0. 1K LR B3 . TR,

Different capital and lowercase letters indicate significant differences at the 0.05 and 0.1 levels, respectively. this is appicable for the following tables as

well.
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Figure 2 Rumen microbial community diversity curve of Tan

sheep with different residual feed intake

*x

o
)

-

EHF ELF
ZH 5 Group

1
N

EZESURE
p diversity index
(=)
(o)}

o
9

0.4

E 3 [E RFI ARFHBHENEE p SHMER
Figure 3 Box diagram of microbial community f diversity
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groups with different RFI

** P<0.01.
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Figure 4 PCoA score of microbial communities in different
RFI Tan sheep groups

JEAN IR, AH & BEAR 5 R AR, . FETTKSF B, A FAR
AHETRIAE T TAEEER ], BEE R AR 2R
BETE T TRIBIAT B 1T (8 3)o fEBAKT L, AEMARE
J& N IR K J® (Prevotella). 5 5% R UCG-002
(Erysipelotrichaceae UCG_002), FIRBEE R
Olsenella 135 & IR N & (K 4).

FETTKSF b (36 3), A1 172 F s 4 5 1%
A 2R EE (P<0.05), AN EEEET
BESE . T 1T A E AR B T ilRE 4, s
HEFEHESTAE. THBEITAEHR &S AR EK
THRARL (P<0.05). BIEW I IREmAAFERE T
HoAt 4 (P <0.05). 1EJ&/KF L (3% 4), Olsenella 17 J&
W A BEE B R s T A, AR A F W& T 6

M2 (P < 0.05). FFJGE 56 AT B B s 40 =F S5 AR
NIRRT AR

29 EFWMEYIN LEfSe RINEEEE DM

LEfSe 7] LAAE & A /K ¥ B ECE A F 2 %
S, CAZR I 5 5 M (LDA) 134> > 4 ATF & D ks
WY& . M2l A 5IRACAE A F R IR
LNl N R N S0 0 7 N S T Sl
4. WBEAT B H A e BT 1 & (Methanobrevibacter)
TEARARZH A E =R, Prevotella DIF cp65-+ Bacterias
TR ICE B F5 R ERE A UCG-002 A5 2% 3K
B} SG0102 7EAR = A b s 2R 1A (B 5). Bl 4 Bk
FRA E A E L EU R I, Bacteroidia. Bacteroidales.
Bacteroidota. Prevotellaceae. Prevotella.
Succinivibrionaceae_ UGG_001. Aeromonadales.
Succinivibrionaceae 1£ A} 5 2H A F H =3 IA, RUEAT 1A
J& (Bifidobacterium) BT & H « BB B T
W2, Olsenella.umbonata- Olsenella Atopobiaceae~
Coriobacteriales. Coriobacteriia ¥ Actinobacteriota
TEMG 4L BE R i Rk (B 5). EUBOR I, AR i
W J& (Selenomonas) £ WAL 2 3 s Rk, R
¥ T UGG.014 (Clostridia UGG_014). Olsenella_
umbonata TEWARH B 53R 15 (K 6).

3 g
AW FUIE TR MR AR, BB AED
S R UNPINE R A SR S RS (VLTI
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Table 3 Top 10 species at phylum taxonomic level in relative abundance of microorganisms

. #H) Group
Phlyum EHM ELM EHF ELF r

KT B 1] Bacteroidota 49.58 £ 5.56A 36.66 + 3.38B 27.48 + 4.42B 33.67+4.57B 0.022
JRLE# 1] Actinobacteriota 3.51+0.81c 7.05+3.30b 27.10 + 8.90a 16.15 + 7.12ab 0.057
JELEER ] Firmicutes 38.08 £6.35 41.47 +4.16 36.11+5.05 4227 +5.41 0.811
] #1] Euryarchaeota 2.81+1.01B 7.95+1.62A 5.55+0.73A 4.88+0.95A 0.050
A5 1] Proteobacteria 2.80+ 1.07A 0.99 + 0.26B 0.70 +0.18B 0.54+0.13B 0.019
#432% Unidentified Bacteria 0.88 +0.13 1.65+0.33 1.27+0.37 0.73£0.12 0.115
WZJE# | Spirochaetota 0.15+0.05 0.43+0.14 0.14 +0.05 0.17 +0.08 0.115
#5317 Cyanobacteria 0.15 +0.06 0.24+0.10 0.18 +0.08 0.19 + 0.06 0.592
2T 4EFF I ] Fibrobacterota 0.11+0.07 0.11+0.03 0.08 + 0.05 0.04 + 0.02 0.631
AT 177 Acidobacteriota 0.06 + 0.02 0.05 +0.02 0.09 +0.03 0.08 + 0.04 0.426
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Table 4 Top ten species at genus taxonomic level in relative abundance of microorganisms

2H 5 Group

J&
Genus EHM ELM EHF ELF F
Olsenella 2.89+£0.80b  4.66+2.06b 23.66+884a 13.84+6.80a 0.069
Y FHIKIKHEE Prevotella 32.66+5.05a 20.44+4.09ab 16.00+4.00b 16.83+9.23b 0.057
FRERHE JB UCG_002 Erysipelotrichaceae UCG_002 1422 + 741A 0.26 £ 0.05B 3.37+2.40B 0.10+£0.02B 0.028
Quinella 0.02 + 0.00 1.73+1.65 0.42+0.10 510+£4.76  0.522
H T & Selenomonas 391+£1.79ab  8.21+2.80a 1.73£043b  2.68+127b 0.094
H Bt L AT B Methanobrevibacter 277+0.10b 7.82+1.62a 551+0.72b  4.81+095b 0.055
MU B & Bifidobacterium 0.34+0.05 2.06 + 1.50 2.84+1.31 1.73+£0.52  0.531
Acetitomaculum 1.58 £0.25 2.96+1.38 2.93+1.09 379 +£1.12 0.634
i B ERTEJE Ruminococcus 2.13+0.77 4124129 1.69 + 0.43 2.14+082 0216
FEURB NK3A20 Lachnospiraceae NK3A20 group 1.85+£1.24 3.90£1.01 3.28 £ 0.68 336+£0.66  0.420

B Unifrac 25 25
Weighted unifrac distance

0.00 0.25

0.00 0.05 0.10 0.15 0.20

W] B AT EE ] Bacteroidota
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@ 4433 Unidentified Bacteria
M $2iE ] Spirochaetota

W %77 Cyanobacteria

@ £F4EFT B 1] Fibrobacterota
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0 HAth Others
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Figure 5 UPGMA of microbial communities in different RFI Tan sheep groups
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Figure 6 LEfSe function enrichment analysis of Tidal sheep in different RFI groups
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k: kingdom; p: phylum; c: phylum; o: order; f: family; g: genus; s: species.
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