Supplementary Material


Supplementation of live yeast based feed additive in early life promotes rumen microbial colonization and fibrolytic potential in lambs 

Chaucheyras-Durand Fréderique1,2, Ameilbonne Aurélie1,2, Auffret Pauline2 #,  Bernard Mickael3, Mialon Marie-Madeleine4, Dunière Lysiane1,2, Forano Evelyne2
1Lallemand SAS, 31702 Blagnac, France
2 Université Clermont Auvergne, INRA, UMR 454 MEDIS,  F-63000 Clermont-Ferrand, France
3 UE 1414 Herbipôle, INRA Auvergne Rhône Alpes, F-63122 Saint-Genès Champanelle, France
4 Université Clermont Auvergne, INRA, VetAgro Sup, UMR 1213 Herbivores, F-63000 Clermont-Ferrand, France
# present address: Ifremer, UMR 241 EIO, Tahiti, French Polynesia


Figure and Table legends

Figure S1: Lambs Body weight and rumen pH
Figure S2: Diversity of total Eukaryota (a), Fungi (b) and Archaea (c) in the rumen of lambs.
Figure S3: Diversity of Bacteria (a), Eukaryota (b), Fungi (c) and Archaea (d) in the feces of lambs.
[bookmark: _GoBack]Figure S4: Bar plot representation of mean bacterial composition in the rumen and in the feces at the  family level for Control and Supplemented lambs.
Figure S5: Bar plot representation of mean Eukaryota (a) and Fungi (b) composition in the rumen a at the phylum level for Control and Supplemented lambs.
Figure S6: Contribution of the different rumen microbial genera or groups to the CAZyme gene pool detected by the FibroChip (both groups combined). 
Figure S7: Experimental scheme and sampling times.
Table S1: Concentrations of the different microbial groups targeted by qPCR (copies of target gene/g of rumen content or fecal content).  nd = not detectable (under the qPCR sensitivity threshold); na = not analyzed.

Table S2: Alpha diversity measures in the rumen of the two lamb groups across time (averages of 5 individuals for each group).  ns= not significant (P>0.05).
Table S3: Alpha diversity measures in the feces of the two lamb groups across time (averages of 5 individuals for each group). ns= not significant (P>0.05).
Table S4: Differential OTU analysis for Bacteria in the rumen and the feces of Control and Supplemented lambs. (Excel file)
Table S5: Differential OTU analysis for Eukaryota in the rumen and the feces of Control and Supplemented lambs. (Excel file)
Table S6: Composition of the concentrate fed to lambs.
Table S7: qPCR targets and primers.
Table S8: Primers used for Illumina MiSeq.
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Figure S7



	a)
	
	Total bacteria
	Archaea
	Protozoa
	Fungi

	
	Age (days)
	Control
	Supplemented
	Control
	Supplemented
	Control
	Supplemented
	Control
	Supplemented

	
	2
	8.61±0.18
	8.22±1.02
	5.05±2.48
	5.78±0.65
	nd
	nd
	nd
	nd

	
	3
	8.71±0.51
	8.56±0.57
	5.96±0.24
	6.27±0.72
	nd
	nd
	nd
	nd

	
	5
	7.40±0.61
	8.03±0.79
	na
	3.65±3.36
	nd
	nd
	nd
	nd

	
	7
	8.83±0.33
	8.45±0.60
	6.25±0.32
	4.49±3.82
	nd
	nd
	nd
	nd

	
	10
	8.89±0.28
	8.39±0.55
	5.38±1.41
	4.28±2.40
	nd
	nd
	nd
	nd

	
	14
	8.56±0.10
	8.46±0.16
	4.61±2.40
	5.17±2.69
	nd
	nd
	nd
	nd

	
	21
	8.56±0.17
	8.41±0.83
	6.57±0.54
	6.79±0.82
	nd
	1.95±3.22
	1.92±2.18
	3.83±2.16

	
	28
	8.11±0.56
	8.31±0.10
	6.52±0.70
	7.31±0.31
	1.08±1.76
	3.83±2.76
	1.86±2.05
	2.80±1.78

	
	35
	9.10±0.50
	9.39±0.20
	5.98±0.70
	6.52±0.49
	2.73±2.25
	6.36±1.90
	0.87±1.35
	2.39±2.13

	
	42
	9.31±0.26
	9.27±0.27
	5.91±0.30
	6.36±0.42
	1.84±2.02
	5.32±3.01
	0.73±1.78
	1.96±1.59

	
	49
	9.72±0.47
	9.22±0.88
	6.08±0.46
	5.67±0.91
	2.55±2.10 
	6.67±1.45
	nd
	1.42±1.57

	
	56
	9.55±0.46
	9.81±0.32
	6.01±0.29
	6.29±0.63
	0.49±1.20
	7.53±1.99
	nd
	1.57±2.45


	
	
	
	
	
	
	
	
	
	

	b)
	
	Prevotella sp.
	Fibrobacter succinogenes
	Ruminococcus albus
	Ruminococcus flavefaciens

	
	Age (days)
	Control
	Supplemented
	Control
	Supplemented
	Control
	Supplemented
	Control
	Supplemented

	
	2
	8.00±1.44
	7.36±1.69
	2.07±0.33
	1.66±0.93
	1.50 ±1.41
	nd
	2.07 ±0.33
	1.65±0.92

	
	3
	8.54±0.90
	8.60±1.14
	1.96±1.16
	1.60±0.25
	0.74±0.93
	0.39±0.48
	2.11 ±1.72
	1.45±1.63

	
	5
	7.28±1.38
	8.26±0.98
	1.64±1.54
	1.89±0.51
	nd
	nd
	1.67 ±1.07
	0.91±1.37

	
	7
	8.29±0.28
	8.35±1.55
	2.00±0.25
	1.88±0.34
	nd
	0.23±0.56
	3.55 ±0.58
	2.95±0.29

	
	10
	8.34±0.33
	8.56±1.02
	2.36±0.32
	2.09±0.46
	1.46 ±1.62
	2.73±0.60
	3.51 ±0.76
	4.79±2.17

	
	14
	8.14±1.20
	8.05±0.40
	2.02±0.32
	2.38±0.34
	2.08±0.22
	2.90±1.82
	5.84 ±1.81
	6.20±1.86

	
	21
	8.09±0.14
	8.40±0.25
	1.00±1.00
	0.79±1.10
	5.11 ±1.64
	5.33 ±1.93
	7.72 ±1.73
	7.64±0.98

	
	28
	8.14±1.72
	8.36±0.11
	1.22±1.34
	2.21±0.40
	5.50 ±1.29
	6.29 ±0.32
	6.72 ±1.06
	6.29±1.10

	
	35
	8.32±0.58
	8.09±0.32
	1.62±0.79
	2.01±0.38
	5.37 ±1.53
	5.59 ±1.11
	7.26 ±1.01
	5.84±1.48

	
	42
	8.67±0.20
	8.65±0.31
	2.19±0.69
	4.16±2.54
	5.08 ±0.89
	5.91 ±0.66
	6.86 ±1.44
	6.41±2.44

	
	49
	8.78±0.31
	8.82±0.61
	2.94±0.56
	6.95±1.06
	6.24 ±0.81
	6.23 ±1.10
	7.74 ±0.96
	7.57±1.44

	
	56
	8.48±0.44
	9.06±0.42
	2.55±0.81
	7.66±0.70
	5.84 ±1.18
	6.48 ±0.52
	7.72 ±1.09
	8.04±1.56



Table S1

	Bacteria
	Control
	
	Supplemented

	Lamb age (days)
	Observed OTUs
	Chao
	Shannon
	
	Observed OTUs
	Chao
	Shannon

	7
	152
	185
	3.87
	
	140
	171
	3.77

	14
	185
	238
	4.25
	
	165
	215
	4.24

	35
	159
	192
	4.33
	
	167
	192
	4.11

	56
	195
	234
	4.50
	
	192
	222
	4.21

	Age effect
	P<0.01
	P<0.05
	ns
	
	
	
	

	SC effect
	ns
	ns
	ns
	
	
	
	

	Interaction
	ns
	ns
	ns
	
	
	
	

	
	
	
	
	
	
	
	

	Eukaryota
	Control
	
	Supplemented

	Lamb age (days)
	Observed OTUs
	Chao
	Shannon
	
	Observed OTUs
	Chao
	Shannon

	7
	23
	33
	1.63
	
	45
	64
	2.17

	14
	17
	23
	1.99
	
	36
	52
	1.84

	35
	12
	13
	1.20
	
	15
	19
	1.31

	56
	7
	8
	0.92
	
	12
	15
	1.15

	Age effect
	P<0.0001
	P<0.0001
	P<0.05
	
	
	
	

	SC effect
	P<0.001
	P<0.001
	ns
	
	
	
	

	Interaction
	ns
	ns
	ns
	
	
	
	

	
	
	
	
	
	
	
	

	Fungi
	Control
	
	Supplemented

	Lamb age (days)
	Observed OTUs
	Chao
	Shannon
	
	Observed OTUs
	Chao
	Shannon

	7
	10
	11
	1.90
	
	17
	20
	2.03

	14
	10
	12
	1.83
	
	23
	38
	2.32

	35
	7
	7
	1.28
	
	10
	10
	1.66

	56
	6
	6
	0.95
	
	7
	9
	1.35

	Age effect
	P<0.0001
	P<0.0001
	P<0.05
	
	
	
	

	SC effect
	P<0.001
	P<0.001
	P<0.10
	
	
	
	

	Interaction
	P<0.05
	P<0.01
	ns
	
	
	
	

	
	
	

	Archaea
	Control
	
	Supplemented

	Lamb age (days)
	Observed OTUs
	Chao
	Shannon
	
	Observed OTUs
	Chao
	Shannon

	7
	0
	0
	0.14
	
	0
	0
	0

	14
	5
	10
	0.37
	
	14
	39
	0.38

	35
	31
	43
	1.24
	
	42
	56
	1.21

	56
	21
	29
	0.73
	
	26
	35
	0.87

	Age effect
	P<0.0001
	P<0.001
	P<0.0001
	
	
	
	

	SC effect
	ns
	ns
	ns
	
	
	
	

	Interaction
	ns
	ns
	ns
	
	
	
	



[bookmark: OLE_LINK2]Table S2



	Bacteria
	Control
	
	[bookmark: OLE_LINK1]Supplemented

	Lamb age (days)
	Observed OTUs
	Chao
	Shannon
	
	Observed OTUs
	Chao
	Shannon

	35
	211
	270
	4.59
	
	192
	237
	4.36

	56
	210
	269
	4.71
	
	228
	265
	4.87

	
	
	
	
	
	
	
	

	SC effect
	ns
	ns
	ns
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Eukaryota
	Control
	
	Supplemented

	Lamb age (days)
	Observed OTUs
	Chao
	Shannon
	
	Observed OTUs
	Chao
	Shannon

	35
	12
	16
	0.95
	
	25
	33
	1.64

	56
	10
	15
	0.87
	
	17
	20
	1.42

	
	
	
	
	
	
	
	

	SC effect
	P<0.01
	P<0.05
	P<0.01
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Fungi
	Control
	
	Supplemented

	Lamb age (days)
	Observed OTUs
	Chao
	Shannon
	
	Observed OTUs
	Chao
	Shannon

	35
	15
	22
	1.17
	
	11
	16
	1.21

	56
	2
	3
	0.07
	
	10
	18
	1.25

	
	
	
	
	
	
	
	

	SC effect
	ns
	ns
	ns (P=0.059)
	
	
	
	

	
	
	
	
	
	
	
	

	Archaea
	Control
	
	Supplemented

	Lamb age (days)
	Observed OTUs
	Chao
	Shannon
	
	Observed OTUs
	Chao
	Shannon

	35
	5
	15
	0.31
	
	10
	14
	0.89

	56
	5
	6
	0.59
	
	17
	23
	0.54

	
	
	
	
	
	
	
	

	SC effect
	ns
	ns
	ns
	
	
	
	

	
	
	
	
	
	
	
	



Table S3




	Ingredient
	%

	Barley
	21.5

	Soyabean meal
	18.0

	Corn
	16.0

	Wheat
	16.0

	Wheat bran
	10.0

	alfalfa
	6.5

	Beet pulp
	5.0

	Sugar cane molasses
	3.5

	Sodium Carbonate
	3.0

	Mineral supplement
	0.5

	
	

	Chemical composition
	g/kg of DM

	Starch
	389

	Sugars
	66

	NDF
	209

	ADF
	87

	ADL 
	17

	CP
	188



Table S6



	Microbial group/genus/species
	Target gene
	Primers
	Reference

	Total bacteria
	16S rDNA
	5’-AGCAGCCGCGGTAAT-3’
5’-CAGGGTATCTAATCCTGTT-3’
	Bayat et al.

	Fungi
	ITS1
	5’-GAGGAAGTAAAAGTCGTAACAAGGTTTC-3’
5’-CAAATTCACAAAGGGTAGGATGATT-3’
	Bayat et al.

	Archaea
	16S rDNA
	5’-GAGGAAGGAGTGGACGACGGTA-3’
5’-ACGGGCGGTGTGTGCAAG-3’
	Bayat et al.

	Protozoa
	18S rDNA
	5’-GCTTTCGWTGGTAGTGTATT-3’
5’-CTTGCCCTCYAATCGTWCT-3’
	Bayat et al.

	Prevotella sp.
	16S rDNA
	5’-GGTTCTGAGAGGAAGGTCCCC-3’
5’-TCCTGCACGCTACTTGGCTG-3’
	Stevenson and Weimer 2007

	Fibrobacter succinogenes
	16S rDNA
	5’-GTTCGGAATTACTGGGCGTAAA-3’
5’-CGCCTGCCCCTGAACTATC-3’
	Bayat et al.

	Ruminococcus albus
	16S rDNA
	5’-CCCTAAAAGCAGTCTTAGTTCG-3’
5’-CCTCCTTGCGGTTAGAACA-3’
	Mosoni et al.

	Ruminococcus flavefaciens
	16S rDNA
	5’-CGAACGGAGATAATTTGAGTTTACTTAGG-3’
5’-CGGTCTCTGTATGTTATGAGGTATTACC-3’
	Bayat et al.

	Saccharomyces  cerevisiae
	26S rDNA
	5’- AGGAGTGCGGTTCTTTG -3’
5’- TACTTACCGAGGCAAGCTACA -3’
	Chang et al 2007


Table S7
References for Table S7: 
Bayat, A. R. et al. Effect of camelina oil or live yeasts (Saccharomyces cerevisiae) on ruminal methane production, rumen fermentation, and milk fatty acid composition in lactating cows fed grass silage diets. J. Dairy Sci. 98, 3166–3181 (2015).
Chang, H.W. et al. Quantitative real time PCR assays for the enumeration of Saccharomyces cerevisiae and the Saccharomyces sensu stricto complex in human feces. J. Microbiol. Methods. 71, 191–201 (2007).
Chaucheyras-Durand, F. et al. Live yeasts enhance fibre degradation in the cow rumen through an increase in plant substrate colonization by fibrolytic bacteria and fungi. J. Appl. Microbiol. 120, 560–570 (2016).
Mosoni, P., Martin, C., Forano, E. & Morgavi, D. P. Long-term defaunation increases the abundance of cellulolytic ruminococci and methanogens but does not affect the bacterial and methanogen diversity in the rumen of sheep. J. Anim. Sci. 89, 783–791 (2011).
Stevenson, D.M. & Weimer, P.J. Dominance of Prevotella and low abundance of classical ruminal bacterial species in the bovine rumen revealed by relative quantification real-time PCR. Appl. Microbiol. Biotechnol. 75, 165–174 (2007).

	Microbial group
	Targeted region
	Primers

	Bacteria
	V4 region of the 16S rDNA
	515f-806r

	Archaea
	Region of the 16S rDNA
	349f-806r

	Eukaryota
	Region of the 18S rDNA
	566f-1200r

	Fungi 
	ITS3-ITS4
	ITS3-ITS4



Table S8





Bifidobacteriaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	5830	40	15623	196	4822	7759	22	192	52	173	24	1904	Coriobacteriaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	732	149	972	86	669	1499	536	255	113	1265	6355	577	Bacteroidaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	66981	58622	76013	28117	21723	25780	2662	2742	39920	60907	1195	2071	Bacteroidales_BS11_gut_group	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	4	2	0	852	4	2	16268	17328	6	9	3574	11212	Bacteroidales_S24-7_group	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	673	4958	5242	3800	0	9	25	3032	7	1	21556	186	Porphyromonadaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	8140	18418	14841	5907	11045	12442	304	377	19480	30946	499	349	Prevotellaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	1039	6864	1961	535	10412	22077	49022	116732	8107	8064	43730	76300	Rikenellaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	6555	5737	8784	4838	149	3020	2546	16029	932	6936	2405	3041	Fibrobacteraceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	1	2	2	0	3	2	0	3676	0	0	1	0	Planococcaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	0	5904	5	9154	0	0	1	0	1	0	5	0	Lactobacillaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	173	1	558	4	26326	9247	0	2	1358	61	131	20	Streptococcaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	281	2	339	3	4911	1902	16	7	4510	8047	107	51	Lachnospiraceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	5307	1073	6008	3910	475	1411	3302	13896	1324	3284	18753	18010	Ruminococcaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	25235	10174	51832	5966	3339	7236	6207	9930	722	9014	6687	16086	Erysipelotrichaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	3386	2566	6124	504	2186	7913	384	550	1158	1508	4837	1722	Acidaminococcaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	3960	3592	7067	1697	1154	3356	3224	9519	247	1616	15190	6545	Veillonellaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	2087	251	3325	119	14108	11995	1696	3121	16493	6434	4777	7925	Fusobacteriaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	2	2	1	0	9912	4526	7	6	26244	8822	108	62	Planctomycetaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	1	1784	0	10149	0	1	0	0	0	0	0	1	Rhodospirillaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	1119	1968	2344	1324	0	1	6	270	0	0	11	292	Alcaligenaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	1826	1828	5317	690	1177	403	17	109	976	56	175	145	Neisseriaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	0	0	3	0	8248	1986	415	335	575	3427	631	645	Desulfovibrionaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	10864	5295	9855	4280	1063	2376	976	639	1932	4431	798	371	Campylobacteraceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	22438	997	9884	6727	622	1435	231	410	1426	3314	1180	959	Succinivibrionaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	3	307	5	0	111	0	25894	17863	0	1	2	150	Enterobacteriaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	7925	884	5074	461	2939	149	1	1	4897	700	5	11	Pasteurellaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	2	3	8	3	16649	8253	126	38	11269	20475	611	724	Spirochaetaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	15	628	5	216	8	349	2390	14787	1	9	65	1074	Verrucomicrobiaceae	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	2668	19320	21846	22027	8026	3780	19	8	6132	10356	3	13	Others	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	105	1295	19	571	6093	2323	3309	2731	3918	7148	4435	1933	Unclassified	J35	J56	J35	J56	J7	J14	J35	J56	J7	J14	J35	J56	11117	23887	6673	13637	69	638	2701	6679	118	1486	2120	7489	
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