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The casual mechanisms for variation in
feed efficiency are poorly described

* Digestion

* Metabolism

Why gut microbes

* Gut microbial communities have been
demonstrated to change in obese animals

* The gut microbes have the opportunity to use
nutrients in feed before the animal

* Dietary energy is lost to the environment
through fermentation

Hypothesis

Cattle that differ in feed efficiency have
differences in the microbiota of the alimentary
tract

Two studies were conducted

* Microbial community profiles of the rumen-
reticulum, jejunum, cecum and colon of steers
differing in feed efficiency

* Methane production and methanogen levels in
steers that differ in residual gain

BIF 2016 Selection Decisions Breakout

Session

Approach

* Estimate abundance of bacteria using 16S
rRNA sequences rather than culture
techniques

* Investigate multiple locations in the gut
associated with fermentation, digestion, and
absorption
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Methods
Microbial community profiles of the rumen-reticulum, jejunum, i o )
e .. . . “Diet *Individual feed intake (FI)and  *Four most extreme steers
cecum and colon of steers differing in feed efficiency Fed a ration for 63 days body weight (BW) gain were within each quadrant were
-57.35% dry-rolled corn determined sampled
-30% wet distillers grain with solubles Pt ad End
) 8% alfalfa hay “Two  groups of :

* Mpyer, P.R., T. P. L. Smith, J. E. Wells, L. A. Kuehn, and H. C. Freetly. 2015. 4.25% supplement steers -165 rRNA Sequencing
Rumen microbiome from steers differing in feed efficiency. PLoS ONE -0.4% urea o= 16/grou - Variable Regions V1-V3
10:e0129174. doi:10.1371/journal.pone.0129174. growp llumina MiSeq®

« Myer, P.R., J. E. Wells, T. P. L. Smith, L. A. Kuehn and H. C. Freetly. 2016. -600 cycle (2x300)
Microbial community profiles of the jejunum from steers differing in feed
efficiency. J. Anim. Sci. 94:327-338. doi:10.2527/jas.2015-9839 Grow 1 Grow2
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* Mpyer, P.R., J. E. Wells, T. P. L. Smith, L. A. Kuehn, and H. C. Freetly. 2015.
Cecum microbial communities from steers differing in feed efficiency. J.
Anim. Sci. 93:5327-5340. doi:10.2527/jas.2015-9415.

* Mpyer, P.R., J. E. Wells, T. P. L. Smith, L. A. Kuehn, and H. C. Freetly. 2015.
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Digestive tract microbiota

Significant Taxa and Operational Taxa Units (OTUs)
omgsum

esophagus

Location Phyla Classes Orders Families Genera
duodenum colon
Rumen 24 48 89 173 317
Jejunum 21 51 94 198 397
Cecum 18 40 75 148 225
Colon 20 46 83 152 231
reticulum
abomasum .
jejunum
cecum
Phylum-Level Abundance Relative Family-Level Abundance within the Phylum Bacteroidetes
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‘The taxonomic profile for the relative phylum-level abundance of each section classified by representation at 20.001% of total sequences. ‘The taxonomic profile for the relative family-level abundance of each sampling location within the phylum Bacteroidetes. Taxonomic composition
‘Taxonomic composition of the GIT microbiota was compared based on the relative abundance (reads of a taxon/total reads in a sample). of the GIT microbiota was compared based on the relative abundance (reads of a taxon/total reads in a sample).
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compared based on the relative abundance (reads of a taxon/total reads in a sample).
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mCiostridiceae
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‘The taxonomic profile for the relative family-level abundance of each sampling location within the phylum Firmicutes. Taxonomic composition of
).
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Rumen profiles

Jejunum Profiles

Fgure 2.
Each group cleed by representaion st 300015
of ol sequences.

compared basedon the relatve sbundancefequences of 3

0P

ADG 1Al
ADFL e A0 and rester ADFL

Rumen Percentage of Total Sequences
Steers.
ADGy - ADG,,- ADG,,,- with
Phylum Sub Classification ADFl,,,, ADFl,,,, ADFly, SE Pvalue  Taxon
Firmicutes 25.24 33.43 23.00 28.99 2.64 0.036 32
Firmicutes
Lactobacillus 0.58 0.46 021 033 0.09 0.042 32
Acidaminococcus 032 0.25 0.05 0.10 0.07 0.031 28
Firmicutes Anaerovibrio 0.004 0.01 0.09 0.03 0.02 0.029 29
Family
Firmicutes Lachnospiraceae 511 4.85 267 2.81 067 0.020 32
Family
Veillonellaceae 269 4.25 167 128 0.59 0.006 32
Family
Erysipelotrichaceae;
Firmicutes Genus RFN20 0.15 0.58 018 0.41 0.10 0.018 30
Proteobacteria  Lysobacter 43X10° 42X10% 13X10"°  0.001 0.0003  0.046 29
Family
Proteobacteria  Helicobacteraceae 5.7X10°% 0.001 85X10% 5.7X10° 0.0003  0.016 28
Actiobacteria Janibacter 5.7X10° 34Xx10% 5.7X10° 0.001 0.0003  0.016 29
Actiobacteria Leucobacter 22X10° 0.001 3.2x10% 5.8X10* 0.0005  0.022 30
Lentisphaerae 0.013 0.008 0.052 0.09 0.02 0.033 25
Lentisphaerae  Family
Victivallaceae 0.011 0.008 0.049 0.090 0.02 0.04 31
fejunum Percentage of Total Sequences
Steers.
ADG - ADG, ADG,- ADG,,- with
Classification ADFlg, ADFl,,, ADFl,,,, ADFlygp SE Pvalue  Taxon
Acidaminococcus 0.003 0.023 0.004 0.000 0.005 0.018 20
‘Ammoniphilus 9.96X10* 4.98X10* 500X10¢ 3.50X10*  0.001 0.022 27
Family Eubacteriaceae 0.000 0.000 0.000 25Xx10% 0.001 0.049 19
Family Isospaeraceae 0.000 0.000 0.000 0.003 0.001 0.039 18
ly Plaococcaceae o011 0.001 68X10% 0,006 0002 0008 19
Sphingomonadaceae 0317 2.977 0.137 0.203 0.760 0.035 20
Kaistobacter 503X10*  0.011 339X10% 339X10% 0.003 0.046 17
Lysinibacillus 0.009 0.008 0.013 0.027 0.005 0.041 30
Mycetocola 1.36X10%  0.001 0.002 0.009 0.002 0.031 17
Phylum Proteobacteria 119 5.87 0.91 119 129 0.030 32
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Colon Profiles
Cecum Percentage of Total Sequences E N
Steers. i
ADGuy-  ADGyg-  ADG,- ADG,,- with i
Classification ADFlygy ADFl,,, ADFl,,,, ADFl, SE Pvalue  Taxon
Blautia 2.00 0.63 0.87 0.50 0.35 0.036 32
Coprobacillus
019 003 0.08 002 003 0004 28
Family o
Bifidobacteriaceae  5.0X10% 000 0.00 0.00 12X10¢ 0032 16 [ = = =
Family T -
Erysipelotrichaceae 0.72 031 0.36 035 0.11 0.046 31 I -
Order Bacteroidales .74 213 112 346 052 0035 31 i:
Parabacteroides 0.81 035 0.34 151 0.26 0.027 31
Colon Percentage of Total Sequences C | H
onclusions
ADG - ADGy g ADG,- ADG, with
Classification ADFlyg, ADFlyg, ADFl,,,, ADFlygy SE Pvalue  Taxon
Anaeroplasma 0.1587 0.0591 0.0652 0.0854 0.0230 0.022 30
Cyanobacteria 00187 00103 00113 00093 00024 0048 2 Differences in microbial populations among feed efficiency groups could be
detected at the phylum or genus level
Faecalibacterium 0.1976 0.0276 0.0357 0.0916 0.0419 0.036 23
Family Barnesiellaceae 249x10¢ 00192 0.0216 9.93x10" 00063 0.047 24 * Relative taxonomic abundance and OTU classifications indicated many
significant changes in microbial populations as a function of feed efficiency
Family Mogibacteriaceae 0.1013 0.1611 0.0762 0.2295 0.0358 0.031 30
Family Sphingomonadaceae 00012 0.0011 238x10¢  124x10%  311x10¢ 0039 29 * Microbial populations that differ with feed efficiency are different in the
Paludibacter 123x10™* 4.86x10°  0.0028 9.94x10*  6.29x10* 0.023 27 sites of the digestive tracts
prevotella 7.9657 31272 39112 3.5961 11520 0026 30 - . L
« Cannot correlate fecal microbial population abundances with microbial
Pseudobutyrivibrio 0.0187 00103 0.0113 0.0093 0.0024 0.048 21 communities from other GIT sections
Succinivibrio 0.0090 9.76x10*  0.0020 0.0037 0.0020 0.041 29

Hypothesis: Steers with a higher residual gain have fewer methanogens
Ruminal methanogens in steers that are negative or positive for residual gain

Recovered energy = MEi — Heat energy
* Freetly, H. C., A. K. Lindholm-Perry, K. E. Hales, T. M. Brown-Brandl, M. Kim,
P. R. Myer, and J. E. Wells. 2015. Methane production and methanogen

levels in steers that differ in residual gain. J. Anim. Sci. 93: 2375-2381. doi:

10.2527/jas.2014-8721.
ME:i = Intake energy — fecal energy — urinary energy — gas energy

{ Gas energy —> 4 MEi
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Residual gain

Crossbred steers: 132
- initial age =348 +1d
- initial BW 444 £ 4 kg

Body weights determined on
days 0, 1, 21, 42, 56, 62, and 63

Insentec RIC Feeding System (Insentec B.V., Marknesse, The Netherlands)

Relationship between BW gain and DMI of steers fed 64 d

180
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IDMI) = (0.126 + 0.013)DMI + 25.68  9.91; R? = 0.43

Diet (as DM):
82.75% rolled corn
12.75% corn silage
4.5% 1 ined 0.066% in, 51% CP)
Sample locations
rumen
esophagus

duodenum  ileum large intestine

reticulum

abomasum

jejunum

Enteric methane emissions are predominately released from the head

2-8% of the intake energy is lost as methane

11%
trachea

esophagus

87% duodenum ~ fleum
}

reticulum

abomasum

jejunum

Background

In vitro methane production per unit dry digesta of steers differing
in residual gain (mmol'min!-g")

Residual Gain Rumen Cecum SE

Positive (n=7) 50.81 x 10 3.529 x 10 7.258 x 10

Negative (n=7) 5111 x 105 3.585x 105  7.258 x 10

Materials and methods

DNA was isolated and concentration was determined with NanoDrop
spectrophotometer (Thermo Scientific)
+ Diluted to a final concentration of 16.7 ng/uL

50 ng DNA loaded for real time PCR assay — Roche LightCycler 480

50 Cycles

* 95C°for 10s
* 54C°for10s
* 72C°for 10s

Standard curves were generated using plasmid DNA containing the
target DNA, and diluted from the highest concentration.
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16s rRNA sequencing primers

165 rRNA ing primer
Bacteria ~Region _Direction Primer sequence Base Pairs
Total methanogens  uniMet-1f Forward  CCGGAGATGGAACCTGAGAC 165 Methanomicrobials “—mm"mm e
wiMet-Ir Reverse  CGGTCTTGCCCAGCYCTTATTC 55— ethagenium (¢)
S oanoplons @)
Methanomicrobials ~ MMB282( Forward ~ ATCGRTACGGGTTGTGGG 506 2 oo
Order e s
(Order) MMBS32r Reverse  CACCTAACGCRCATHGITTAC . e
Methanobacteriales ~ MBTSSTf Forward  CGWAGGGAAGCTGTTAAGT 344 | I
(Onden MBTHO6 foens TACCOCOTCCA IO T - ot e wlves @ ] Methanosarcina
Methanosarcina MBI Forvard  CGGTTTGGTCAGTCCTCCGG m — —— Hetramosata @) Settarimicrococces (16
(Genus) SARS3ST Reverse  AGACACGGTCGCGCCATGCCT ‘ 7
Rec 142
Methanobacterium  Mbi-2021 Forward  CGCCTAAGGATGGATC 197 — = —roE =
(Genus) Mbi399r Reverse  TAAGAGTGGCACTIGGGK o0 | [T, gotschali and el (091
et acer woosor |
Methanobrevibacter ~ Mbb-gl-f Forward  GCTAATACYGGATAGATRAT 166 T S, S
ruminantium + A9 Revese  TGTCTCAGGTTCCATCTCCG Nipb. * cuticulatis ot rumnantin 4
Methanobrevibacter =g 1
Mo o [t vttt ~ ~ 7 7 G i
~ Chwarad 1o o

. S phius and e (10) thaueri + gotischalki

(e Cawzel s wosi
Methanobrevibacter ~ Mbb-g2-f Forward — GATAATACTGGATAGGCAAT 166 & ‘m‘(gl_ T
smithii + Mbb. wolinii  A329r  Reverse  TGTCTCAGGTTCCATCTCCG 4

+ Mbb. thaueri + thancihermus ferv
Mbb. gottschalkii + e

Mebb. woesii

——————— Arhacogionus 2)
‘Thormococcus and rlatves (3)

-
o0
Figure adapted from Janssen, P H. and M. Kirs. 2008. Applicd and Microbiology 74 s
Rumen
expressed as a of total
Residual Gain
Rumen Methanogen Group Positive (7) Negative (7) SE Pvalue
Methanomicrobials (Order) 27 25 05 0.79
Methanobacteriales (Order)
Copies of methanogens/ 50 ng DNA ¢ ) 419 439 27 061
Methanosarcina (Genus)
Residual Gain (Genus) 0.20 0.17 0.05 073
- Methanobacterium (Genus
Positive (7)  Negative (7) SE Pvalue ) 43 13 63 044
Methanobrevibacter ruminantium +
8.62 % 106 7.35 x 108 110 x 10° 043 87 8.2 16 0.83

Mbb. cuticularis

Methanobrevibacter smithii +
Mbb. Wolinii + Mbb. thaueri + 16.2 18.1 1.6 0.42
Mbb. gottschalkii + Mbb. woesii

Cecum

expressed as a of total

Residual Gain

Cecum Methanogen Group T Positve(  Negaive()  SE Palue
Methanomicrobials (Order) 062 068 013 075
P ———y Methanobacteriales (Order) 303 308 33 091
Rovdual Gam Methanosarcina (Genus) 0.04 e 001 051
Positive (7)  Negative (7) SE Pvalue Methanobacterium (Genus) 0.19 039 0.10 0.18
677100 726 % 10° 121 100 0.78 Methanobrevibacter ruminantium + 70 58 L4 0.56

Mbb. cuticularis

Methanobrevibacter smithii +
Mbb. Wolinii + Mbb. thaueri + 10.1 11.8 1.9 0.52
Mbb. gottschalkii + Mbb. woesii
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Rectum

expressed as a of total
Residual Gain

Rectum Methanogen Group Positive (7) Negative (7) SE P value

Methanomicrobials (Order) 1.55 1.44 0.22 0.75

Methanobacteriales (Order) 27.7 26.6 1.8 0.69

Copies of methanogens/ 50 ng DNA Methanosarcina (Genus) 022 0.13 0.04 0.13

Residual Gain Methanobacterium (Genus) 0.63 1.23 03 0.20
Positive (7)  Negative (7) SE P value . P—

ng‘?.:?::;::iuer ruminantium + 152 165 35 0.79

8.47 x 10¢ 9.58 % 10° 1.14 x 100 0.50 :

Methanobrevibacter smithii +

Mbb. Wolinii + Mbb. thaueri + 14.8 16.3 1.7 0.53

Mbb. gottschalkii + Mbb. woesii

Other research conducted on the grant at USMARC to investigate physiological
mechanisms associated with variation in feed intake and growth

Foote, A. P, K. E. Hales, C. A. Lents, and H. C. Freetly. 2014. Association of circulating active
Conclusion and total ghrelin concentrations with dry matter intake, growth, and carcass characteristics
of finishing beef cattle. J. Anim. Sci. 92:5651-5658. doi:10.2527/jas.2014-8291

Foote, A. P, K. E. Hales, and H. C. Freetly. 2016. Changes in acyl and total ghrelin
concentrations and their association with dry matter intake, average daily gain, and feed
efficiency of finishing beef steers and heifers. Dom. Anim. Endocrinol. doi:http://dx.doi.org/
10.1016/j.domaniend.2016.05.004

Our study does not support the hypothesis that steers with a
higher residual gain have fewer methanogens

* High grain diet
* Similar feed intakes

Foote, A. P, K. E. Hales, R. G. J. Tait, E. D. Berry, C. A. W. Lents, J. E., A. K. Lindholm-Perry, and
H. C. Freetly. 2016. Relationship of glucocorticoids and hematological measures with feed
intake, growth, and efficiency of finishing beef cattle. J. Anim. Sci. 94:275-283. doi:10.2527/
jas.2015-9407

Foote, A. P, R. G. Tait Jr, D. H. Keisler, K. E. Hales, and H. C. Freetly. 2016. Leptin
concentrations in finishing beef steers and heifers and their association with dry matter
intake, average daily gain, feed efficiency, and body composition. Dom. Anim. Endocrinol.
55:136-141. doi:http://dx.doi.org/10.1016/j.domaniend.2015.12.007
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