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ABSTRACT
The current study investigated the effect of a high-amylase corn silage on lactational performance, enteric methane (CH4) emission, and rumen fermentation of lactating dairy cows. Following a 2-wk covariate period, 48 Holstein cows were blocked based on parity, days-in-milk, milk yield (MY), and CH4 emission. Cows were randomly assigned to 1 of 2 treatments in an 8-wk randomized complete block design experiment: (1) control corn silage (CON) from an isogenic corn without α-amylase trait and (2) Enogen Feed Corn harvested as silage (ECS) containing a bacterial transgene expressing α-amylase in the endosperm of the grain. The ECS and CON silages were included at 40% of the dietary dry matter (DM) and contained 43.3 and 41.8% DM and (%, DM): neutral-detergent fiber, 36.7 and 37.5 and starch, 36.1 vs. 33.1, respectively. Rumen samples were collected from a subset of 10 cows using the ororuminal sampling technique on wk 3 of the experimental period. Enteric CH4 emission was measured using the GreenFeed system (C-Lock Inc, Rapid City, SD). Dry matter intake was similar between treatments. Compared with CON, MY (38.8 vs. 40.8 kg/d), feed efficiency (1.47 vs. 1.55 kg/d), and milk true protein (1.20 vs. 1.25 kg/d), and lactose yields (1.89 vs. 2.00 kg/d) were increased, whereas milk urea nitrogen (14.0 vs. 12.7 mg/dL) was decreased by ECS. There was no effect of treatment on energy corrected MY (ECM), but there was a trend for increased ECM feed efficiency (1.45 vs. 1.50 kg/kg) by ECS compared with CON. Daily CH4 emission was not affected by treatment; emission intensity was decreased by ECS (11.1 vs. 10.3 g/kg milk), but CH4 intensity on ECM basis was not different between treatments. Rumen fermentation, apart from a reduced molar proportion of butyrate by ECS (14.6 vs 11.3%, respectively), was not affected by treatment. Only minor effects of treatment on rumen microbes and milk fatty acid profiles were observed. Apparent total-tract digestibility of nutrients and urinary and fecal nitrogen excretions were not affected by ECS. Overall, ECS inclusion at 40% of dietary DM increased milk, milk protein, and lactose yields and feed efficiency and tended to increase ECM feed efficiency, but had no effect on ECM yield. The increased milk yield with ECS led to a decrease in enteric CH4 emission intensity, compared with the control silage. 
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MATERIALS AND METHODS 
Microbial Diversity
Aliquots of rumen samples were stored frozen in a -80°C freezer for bacterial population analysis using tag-encoded FLX amplicon pyrosequencing and Gray28F 5’GAGTTTGATCNTGGCTCAG and Gray519R 5’GTNTTACNGCGGCKGCTG primers. Archaea pyrosequencing was performed using Archaea349F 5’GYGCASCAGKCGMGAAW and Archaea806R 5’GGACTACVSGGGTATCTAAT primers. For more details on these analyses, see Hristov et al. (2013a) and Dowd et al. (2008a,b).
RESULTS AND DISCUSSION 
Microbial Diversity
Methanobrevibacter spp. (Supplemental Table S4; *insert doi*) was the dominant archaea genus which agrees with data from previous research in lactating dairy cows fed diets as TMR (Whitford et al., 2001). In the current study, the predominant bacterial orders were Bacteroidales and Clostridiales (Supplemental Table S1; *insert doi*). At the genus level, Prevotella spp. was the dominant bacterial genus and was not affected by ECS. However, distribution of Rikenella and Bifidobacterium were decreased (P ≤ 0.02) in cows fed ECS relative to CON. Rikinella has been previously reported at greater relative abundance when cattle are fed diets with lower starch concentrations because of their limited affinity for amylose, as was the case for CON (McCann et al., 2014). Moreover, Bifidobacterium has been strongly correlated with acetate and butyrate production in previous experiments (Lyons et al., 2018); therefore, the greater abundance of Bifidobacterium observed for CON agrees with the greater molar proportion of butyrate reported for CON relative to ECS. Previous studies supplementing amylase have seen increases in Selenomonas ruminantum, Megasphera elsdenii and Butyrivibrio fibrisolvens, which are non-amylolytic species growing in a maltodextrin substrate originated from starch degradation (Tricarico et al., 2005, 2008). This, however, was not observed in the current experiment. Entodiniomorphida was the major protozoal order accounting for more than 95% of the taxonomic composition for both treatments (Supplemental Table S2; *insert doi*). Further, there was tendency (P = 0.09) for cows fed ECS to be lower in Entodiniomorphida in favor of an increased (P = 0.04) Vestibuliferida population, when compared to CON. The difference in Vestibuliferida between treatments was also documented in the family level with Isotrichidae being lower (P = 0.04) for CON, compared with ECS. This observation disagrees with Nozière et al. (2014), where the authors observed a tendency for isotrichids to decrease when amylase was being supplemented.  Additionally, it has been proven that isotrichids show chemotaxis to sucrose, glucose, and fructose (Dehority and Tirabasso, 1989). Therefore, it is likely that the increase in Isotrichidae in rumen fluid of cows fed ECS resulted from a migration in response to the increased starch intake relative to CON. These results further strengthen the premise that there was more starch available in the rumen of cows fed ECS. To the best of our knowledge, this is the first experiment that has aimed to characterize rumen microbial diversity in response to ECS. 
	


REFERENCES
Dehority, B. A., and P. A. Tirabasso. 1989. Factors Affecting the Migration and Sequestration of Rumen Protozoa in the Family Isotrichidae. Microbiol. 135:539–548. http://doi.org/10.1099/00221287-135-3-539. 
Dowd, S. E., T. R. Callaway, R. D. Wolcott, Y. Sun, T. McKeehan, R. G. Hagevoort, and T. S. Edrington. 2008a. Evaluation of the bacterial diversity in the feces of cattle using 16S rDNA bacterial tag-encoded FLX amplicon pyrosequencing (bTEFAP). BMC Microbiol. 8:1–8. http://doi.org/10.1186/1471-2180-8-125. 
Dowd, S. E., Y. Sun, P. R. Secor, D. D. Rhoads, B. M. Wolcott, G. A. James, and R. D. Wolcott. 2008b. Survey of bacterial diversity in chronic wounds using Pyrosequencing, DGGE, and full ribosome shotgun sequencing. BMC Microbiol. 8:1–15. http://doi.org/10.1186/1471-2180-8-43. 
Hristov, A. N., C. Lee, T. Cassidy, K. Heyler, J. A. Tekippe, G. A. Varga, B. Corl, and R. C. Brandt. 2013. Effect of Origanum vulgare L. leaves on rumen fermentation, production, and milk fatty acid composition in lactating dairy cows. J. Dairy Sci. 96:1189–1202. http://doi.org/10.3168/jds.2012-5975. 
Lyons, T., A. Bielak, E. Doyle, and B. Kuhla. 2018. Variations in methane yield and microbial community profiles in the rumen of dairy cows as they pass through stages of first lactation. J. Dairy Sci. 101:5102–5114. http://doi.org/10.3168/jds.2017-14200. 
Mccann, J. C., T. A. Wickersham, and J. J. Loor. 2014. High-throughput methods redefine microbiome and its relationshing with nutrition and metabolism. Bioinform. Biol. Insights 8:109–125. http://doi.org/10.4137/BBI.S15389.Received. 
Rico, D. E., and K. J. Harvatine. 2013. Induction of and recovery from milk fat depression occurs progressively in dairy cows switched between diets that differ in fiber and oil concentration. J. Dairy Sci. 96:6621–6630. https://doi .org/10.3168/ jds.2013-6820. 
Tricarico, J. M., J. D. Johnston, and K. A. Dawson. 2008. Dietary supplementation of ruminant diets with an Aspergillus oryzae α-amylase. Anim. Feed Sci. and Tech. 145:136–150. http://doi.org/10.1016/j.anifeedsci.2007.04.017. 
Tricarico, J. M., J. D. Johnston, K. A. Dawson, K. C. Hanson, K. R. McLeod, and D. L. Harmon. 2005. The effects of an Aspergillus oryzae extract containing alpha-amylase activity on ruminal fermentation and milk production in lactating Holstein cows. Anim. Sci. J. 81:365–374. http://doi.org/10.1079/ASC50410365. 
Whitford, M. F., R. M. Teather, and R. J. Forster. 2001. Phylogenetic analysis of methanogens from the bovine rumen. BMC Microbiol. 1:1–5. http://doi.org/10.1186/1471-2180-1-5. 

Table S1. Effect of high-amylase (Enogen) corn silage on bacterial taxonomic composition (as % of total sequence reads) in ruminal contents of lactating dairy cows1
	Item
	Treatment2
	SEM3
	P-value4

	
	CON
	ECS
	
	

	Bacterial order
	
	
	
	

	Bacteroidales
	43.8
	38.7
	2.58
	0.22

	Clostridiales
	23.0
	21.9
	3.41
	0.71

	Sphingobacteriales
	6.77
	5.89
	0.791
	0.53

	Erysipelotrichales
	5.25
	3.93
	0.439
	 0.06

	Cytophagales
	4.10
	2.91
	0.513
	0.14

	Selenomonadales
	3.35
	3.01
	0.603
	0.70

	Spirochaetales
	2.23
	2.56
	0.446
	0.61

	Enterobacteriales
	1.77
	12.9
	3.531
	0.13

	Bifidobacteriales
	1.51
	0.51
	0.177
	0.004

	Chromatiales
	1.24
	0.99
	0.354
	0.63

	Fibrobacterales
	1.12
	1.83
	0.496
	0.32

	Bacterial family
	
	
	
	

	Prevotellaceae
	26.1
	26.0
	2.91
	0.99

	Ruminococcaceae
	8.24
	5.57
	2.59
	0.16

	Rikenellaceae
	7.14
	4.13
	0.710
	0.02

	Sphingobacteriaceae
	6.64
	5.81
	0.773
	0.47

	Porphyromonadaceae
	5.38
	4.13
	0.690
	0.24

	Erysipelotrichaceae
	5.25
	3.93
	0.439
	0.07

	Clostridiaceae
	5.17
	5.20
	0.823
	0.98

	Eubacteriaceae
	5.12
	5.48
	0.350
	0.49

	Bacteroidaceae
	4.75
	4.07
	0.577
	0.43

	Cytophagaceae
	4.06
	2.90
	0.508
	0.14

	Lachnospiraceae
	3.98
	5.09
	0.512
	0.16

	Spirochaetaceae
	2.23
	2.56
	0.446
	0.62

	Veillonellaceae
	1.83
	1.85
	0.411
	0.96

	Enterobacteriaceae
	1.77
	12.9
	3.531
	0.13

	Acidaminococcaceae
	1.52
	1.16
	0.344
	0.48

	Bifidobacteriaceae
	1.51
	0.51
	0.177
	0.004

	Halothiobacillaceae
	1.24
	0.99
	0.354
	0.62

	Fibrobacteraceae
	1.12
	1.83
	0.496
	0.34

	Bacterial genus
	
	
	
	

	Prevotella
	25.8
	25.8
	2.96
	0.99

	Ruminococcus
	7.29
	4.86
	2.476
	0.16

	Rikenella
	6.26
	3.66
	0.632
	0.02

	Eubacterium
	5.10
	5.46
	0.354
	0.50

	Bacteroides
	4.45
	3.94
	0.572
	0.55

	Clostridium
	3.97
	3.93
	0.707
	0.97

	Turicibacter
	3.35
	2.69
	0.299
	0.16

	Solitalea
	2.59
	2.70
	0.366
	0.84

	Pontibacter
	2.36
	1.61
	0.372
	0.19

	Sphingobacterium
	2.10
	1.66
	0.358
	0.41

	Treponema
	2.02
	2.41
	0.418
	0.53

	Mucilaginibacter
	1.93
	1.32
	0.518
	0.43

	Tannerella
	1.75
	1.41
	0.323
	0.47

	Arsenophonus
	1.73
	12.7
	3.531
	0.14

	Bifidobacterium
	1.51
	0.51
	0.177
	0.004

	Succiniclasticum
	1.51
	1.12
	0.351
	0.45

	Barnesiella
	1.46
	1.25
	0.236
	0.54

	Cytophaga
	1.31
	0.92
	0.151
	0.11

	Selenomonas
	1.24
	0.92
	0.319
	0.71

	Thioalkalibacter
	1.24
	0.99
	0.354
	0.62

	Fibrobacter
	1.12
	1.83
	0.496
	0.34

	Bulleidia
	1.05
	0.75
	0.208
	0.34

	Lachnoclostridium
	1.00
	1.05
	0.155
	0.83

	Saccharofermentans
	0.92
	1.05
	0.144
	0.54

	Bacterial species
	
	
	
	

	Prevotella ruminicola
	17.2
	14.1
	1.90
	0.29

	Rikenella spp.
	6.26
	3.66
	0.632
	0.02

	Ruminococcus bromii
	4.32
	2.31
	1.668
	0.42

	Bacteroides spp.
	3.67
	3.29
	0.592
	0.66

	Prevotella sp.
	3.60
	4.01
	0.680
	0.69

	Eubacterium spp.
	3.52
	3.43
	0.211
	0.76

	Turicibacter spp.
	3.32
	2.68
	0.298
	0.16

	Clostridium spp.
	2.57
	2.61
	0.347
	0.95

	Solitalea canadensis
	2.53
	2.63
	0.355
	0.85

	Prevotella spp.
	2.45
	2.05
	0.195
	0.19

	Sphingobacterium spp.
	2.10
	1.63
	0.357
	0.38

	Mucilaginibacter sp.
	1.93
	1.32
	0.518
	0.43

	Pontibacter sp.
	1.85
	0.97
	0.404
	0.16

	Ruminococcus sp.
	1.81
	1.29
	0.862
	0.26

	Tannerella spp.
	1.75
	1.41
	0.323
	0.47

	Arsenophonus spp.
	1.73
	12.7
	3.531
	0.06

	Succiniclasticum ruminis
	1.51
	1.12
	0.351
	0.45

	Clostridium sp.
	1.32
	1.26
	0.412
	0.71

	Thioalkalibacter halophilus
	1.24
	0.99
	0.354
	0.62

	Cytophaga spp.
	1.21
	0.83
	0.149
	0.11

	Treponema spp.
	1.17
	1.29
	0.236
	0.73

	Fibrobacter succinogenes
	1.06
	1.74
	0.473
	0.32

	Selenomonas ruminantium
	1.03
	0.63
	0.285
	0.43

	Bulleidia spp.
	1.01
	0.73
	0.207
	0.36

	Prevotella multisaccharivorax
	0.88
	2.02
	0.614
	0.22

	Prevotella albensis
	0.42
	1.67
	0.647
	0.21

	Prevotella histicola
	0.23
	1.00
	0.335
	0.30


1The percentage represents the percentage of the total sequences analyzed within the sample. Samples analyzed as described in Hristov et al. (2013) and Dowd et al. (2008a,b).
2Treatments were Control (CON) and Enogen (ECS) corn silages, both at a 40% inclusion rate on DM basis.
3Largest SEM published in table, n = 10 (data are from 10 cows, 5 per treatment). 
4Main effect of treatment, performed on log-transformed data.

Table S2. Effect of high-amylase (Enogen) corn silage on protozoal taxonomic composition (as % of total sequence reads) in ruminal contents of lactating dairy cows1
	Item
	Treatment2
	SEM3
	P-value4

	
	CON
	ECS
	
	

	Protozoal order
	
	
	
	

	Entodiniomorphida
	99.4
	96.9
	0.92
	0.09

	Vestibuliferida
	0.18
	1.64
	0.597
	0.04

	Eukaryota
	0.05
	0.72
	0.502
	0.47

	Protozoal family
	
	
	
	

	Ophryoscoledcidae
	99.5
	96.8
	0.91
	0.08

	Isotrichidae
	0.18
	1.64
	0.597
	0.04

	Protozoal genus
	
	
	
	

	Entodinium 
	93.4
	85.2
	3.37
	0.12

	Epidinium 
	3.90
	10.5
	3.487
	0.37

	Polyplastron 
	1.49
	0.16
	1.030
	0.75

	Dasytricha 
	0.14
	1.51
	0.632
	0.30

	Protozoal species
	
	
	
	

	Entodinium sp. 
	90.9
	81.2
	3.52
	0.09

	Epidinium sp. 
	3.90
	10.5
	3.487
	0.37

	Entodinium longinucleatum 
	2.57
	4.00
	2.931
	0.79

	Polyplastron sp. 
	1.50
	0.16
	1.030
	0.75

	Dasytricha sp. 
	0.14
	1.51
	0.632
	0.30


1The percentage represents the percentage of the total sequences analyzed within the sample Samples analyzed as described in Hristov et al. (2013) and Dowd et al. (2008a,b).
2Treatments were Control (CON) and Enogen (ECS) corn silages, both at a 40% inclusion rate on DM basis.
3Largest SEM published in table, n = 10 (data are from 10 cows, 5 per treatment). 
4Main effect of treatment, performed on log-transformed data.

Table S3. Effect of high-amylase (Enogen) corn silage on fatty acid composition of milk fat in dairy cows1
	Item
	Treatment2
	SEM3
	P-value4

	
	CON
	ECS
	
	

	4:0
	4.79
	4.51
	0.077
	0.01

	6:0
	2.59
	2.51
	0.042
	0.16

	8:0
	1.47
	1.45
	0.028
	0.69

	10:0
	3.48
	3.54
	0.081
	0.56

	cis-9 10:0
	0.27
	0.28
	0.008
	0.25

	11:0
	0.07
	0.07
	0.005
	0.72

	12:0
	3.88
	4.03
	0.096
	0.21

	iso-13:0
	0.02
	0.02
	0.001
	0.53

	a-13:0
	0.07
	0.08
	0.003
	0.04

	13:0
	0.11
	0.12
	0.005
	0.43

	iso-14:0
	0.07
	0.07
	0.005
	0.79

	14:0
	11.7
	11.9
	0.14
	0.09

	iso-15:0
	0.20
	0.20
	0.003
	0.83

	a-15:0
	0.38
	0.39
	0.007
	0.14

	cis-9 14:0
	0.78
	0.85
	0.033
	0.11

	15:0
	0.96
	0.98
	0.029
	0.67

	iso-16:0
	0.18
	0.18
	0.010
	0.61

	16:0
	27.6
	27.1
	0.38
	0.32

	iso-17:0
	0.05
	0.05
	0.002
	0.37

	cis-9 16:1
	1.02
	1.04
	0.043
	0.71

	a-17:0
	0.37
	0.38
	0.008
	0.21

	17:0
	0.17
	0.19
	0.006
	0.01

	cis-9 17:1
	0.15
	0.15
	0.005
	0.98

	18:0
	12.4
	11.9
	0.24
	0.12

	trans-4 18:1
	0.03
	0.03
	0.001
	0.89

	trans-5 18:1
	0.02
	0.02
	0.000
	0.16

	trans-6,8 18:1
	0.31
	0.32
	0.006
	0.61

	trans-9 18:1
	0.26
	0.26
	0.005
	0.72

	trans-10 18:1
	0.50
	0.50
	0.020
	0.98

	trans-11 18:1
	1.06
	1.10
	0.058
	0.64

	trans-12 18:1
	0.52
	0.51
	0.011
	0.65

	cis-9 18:1
	18.1
	18.5
	0.37
	0.32

	cis-11 18:1
	1.08
	1.15
	0.028
	0.02

	cis-12 18:1
	0.37
	0.37
	0.011
	0.64

	cis-9,cis-12 18:2
	2.31
	2.44
	0.056
	0.06

	cis-6,cis-9,cis-12 18:3
	0.31
	0.32
	0.007
	0.04

	20:0
	0.13
	0.13
	0.015
	0.80

	cis-9,cis-12,cis-15 18:3
	0.31
	0.32
	0.007
	0.04

	cis-11 20:1
	0.14
	0.12
	0.015
	0.41

	cis-9,trans-11 CLA
	0.45
	0.49
	0.023
	0.22

	n-6 20:2
	0.02
	0.02
	0.001
	0.44

	n-6 20:3
	0.14
	0.12
	0.005
	<0.001

	n-6 20:4
	0.16
	0.16
	0.005
	0.65

	n-3 20:5
	0.02
	0.02
	0.001
	0.51

	Others
	1.04
	0.99
	0.025
	0.16

	Total trans FA
	2.71
	2.74
	0.090
	0.76

	ΣSFA
	70.6
	69.9
	0.51
	0.20

	ΣMUFA
	24.5
	25.1
	0.45
	0.23

	ΣPUFA
	3.72
	3.89
	0.085
	0.08

	ΣDe Novo5
	28.9
	29.1
	0.36
	0.67

	Σpreformed6
	38.6
	38.9
	0.60
	0.72

	Σmixed
	28.6
	28.2
	0.40
	0.38

	ΣOBCFA7
	2.80
	2.87
	0.046
	0.28


1Analyzed as described in Rico and Harvatine (2013).
2Treatments were Control (CON) and Enogen (ECS) corn silages, both at a 40% inclusion rate on DM basis.
3Largest SEM published in table; n = 48 (n represents number of observations used in the statistical analysis).
4Main effect of treatment. 
5De novo FA (< C16) are synthesized by the mammary gland. 
6Preformed FA (> C16) originate primarily from extraction from plasma.
7Odd- and branched-chain FA. Sum of C11:0, iso C13:0, anteiso C13:0, C13:0, iso C14:0, iso C15:0, anteiso C15:0, C15:0, iso C16:0, iso C17:0, anteiso C17:0, C17:0, and C17:1 cis-9. 

Table S4. Effect of high-amylase (Enogen) corn silage on archaeal taxonomic composition (as % of total sequence reads) in ruminal contents of lactating dairy cows1
	Item
	Treatment2
	SEM3
	P-value4

	
	CON
	ECS
	
	

	Archaeal genus 
	
	
	
	

	Methanobrevibacter 
	73.7
	77.8
	6.55
	0.66

	Thermoplasma 
	25.8
	22.1
	6.47
	0.70

	Methanobacterium 
	0.49
	0.04
	0.191
	0.18

	Archaeal species 
	
	
	
	

	Methanobrevibacter sp.
	38.5
	46.1
	6.20
	0.41

	Methanobrevibacter spp. 
	35.2
	31.7
	8.00
	0.76

	Thermoplasma sp. 
	25.8
	22.1
	6.47
	0.70

	Methanobacterium alcaliphilum 
	0.49
	0.04
	0.191
	0.18


1The percentage represents the percentage of the total sequences analyzed within the sample. Samples analyzed as described in Hristov et al. (2013) and Dowd et al. (2008a,b).
2Treatments were Control (CON) and Enogen (ECS) corn silages, both at a 40% inclusion rate on DM basis.
3Largest SEM published in table, n = 10 (data are from 10 cows, 5 per treatment). 
4Main effect of treatment, performed on log-transformed data.
