OBJECTIVES:
· Objective 1: Estimation of genetic variation associated with animal health using classical animal breeding and genomic techniques to facilitate sustainable beef cattle production systems. 
· Objective 2: Meta-analyses of economically important traits of cow productivity and fertility to assess breed and production system combinations
· Objective 3: Documentation of genetic components pertaining to heat tolerance adaptive traits in sustainable beef cattle production systems.
· Objective 4: Investigation of early cow-life performance (first four parities) affecting lifetime production in Brahman and Brahman-Angus cows

PROCEDURES:
Procedures for Objective 1:
University of the Virgin Islands:
Due to the impact of a category 5 storm (Maria) in September 2017, and the damage to UVI caused by the storm, there was no data collected or analyzed for the project at this location.  

University of Georgia:
Line 1 Hereford is an important line of cattle that has been developed and maintained as a closed population since 1934. This resource population provides a unique opportunity to study inbreeding in a highly inbred population with a relatively complete pedigree. Furthermore, the majority of breeding animals in the population are highly inbred providing the opportunity to assess the effect of parental inbreeding on progeny performance and fitness. Availability of genomic data will provide an additional tool to assess inbreeding and inbreeding depression. Thus, the objectives of this study were to: 1) assess inbreeding using pedigree and genomic information 2) determine the effects of global and chromosome specific inbreeding on growth and fertility traits and 3) evaluate the effects of parental inbreeding on progeny performance.
Pedigree and genomic based estimates of inbreeding were calculated. Three different estimators of inbreeding coefficients based on genomic information were used. The first estimator of genomic-based inbreeding (FGRM) was calculated using the diagonal elements of genomic relationship matrix (GRM). Because the small size of the population used in this study and the high inbreeding, estimates of the minor allele frequencies (MAF) for the markers used in the calculation of GRM are likely not be even close to the base population frequencies. To assess the sensitivity of the results to the estimated MAF, an MAF of 0.50 was assumed to all SNPs and genomic inbreeding was calculated. 
Autozygosity across chromosomal segments can be measured based on runs of homozygosity (ROH). The later could be used to estimate genomic inbreeding (FROH).To identify ROH segments based on SNP chip data, PLINK v1.09 software, a whole-genome association analysis toolset, was used. 
Inbreeding depression was estimated by regressing trait phenotypes on inbreeding coefficients. For Growth traits (BWT, WWT, YWT, and ADG) were analyzed separately. To determine the effect of chromosome specific inbreeding, FROH of an individual was further partitioned into the relative contribution of each the 29 autosomal chromosomes. The latter were computed as the ratio between the length of the chromosome covered by ROH and the total length of the genome.

Texas A&M University:
· Added ~200 new images (Bos indicus crosses) at McGregor, Menard 
· Added ~200 new images (Bos taurus crosses) private breeder in Kansas.  
· Totals of images for GWAS:  ~1500 Bos indicus, ~1100 Bos taurus, ~500 Hereford
· Repeated images from TX, KS herds ~ 600 cows
· Targeting a manuscript to document scleral pigmentation changes and lesions.
· Teat size scores and udder support scores 1 to 9 per BIF (2010) guidelines collected at:
1. Birth,	when calves are weighed and tagged*
2. Mid-lactation,	3-4 mo calf age
3. One week post-weaning
*Observations at birth will be on different days according to calving.  The other observations should be done as much as possible in a single day, and as much as possible by the same person.
· 3 years of repeated udder and teat scores at 4 Texas research units for whiteface cows; 2 years of Brahman at 2 locations
· Now have ~700 cows with records
· Collecting on all cows (Bos indicus crosses) at College Station.
· The nutrition research herd at McGregor will be replaced with many whiteface heifers; will add this group to these data.
· We should investigate udder pigmentation inheritance—only one year of data at Menard.

Mississippi State University
Took photographs of each eye on 42 purebred Hereford and Hereford-cross calves to assess eye pigmentation. Pictures were sent for quantification and contribution to this objective.

Data were collected on fall calving purebred Angus, Hereford cows and spring calving commercial cows. Udder and teat scores were recorded within 24 hours after calving. Data will be combined with other stations at the end of the project for analysis.

 University of Arkansas:  Assess genetic control of udder characteristics across lactation and parity. Cattle will be evaluated for Udder conformation traits and scored according to BIF guidelines (2010) for Udder Suspension and Teat size.  Scores for each trait range from 1 to 9 with 9 indicating tight suspension and small teat size and will be evaluated at calving, mid-lactation and weaning.  In addition, any udder abnormalities such as evidence of mastitis, dead quarters, tumors, injuries or other diseases will be recorded.  Cow traits related to reproductive performance and calf traits to include sire/sire breed of calf, birth weight and date, weaning weight and date and post weaning performance will be recorded.

Procedures for Objective 2:
Texas A&M University:
No report.  Accumulation of records.  Brown Loam herd records being organized in a manner to permit combination with other units’ records.  

Mississippi State University
Cow performance and fertility data were collected from fall and spring calving herds and will be combined with other stations at the end of the project for analysis. 

University of Arkansas:  
Cattle will be evaluated for hair shedding scores from March through July (28 day intervals, 5 scores) from 2012 through 2018.  Shedding scores will be 1 through 5:  where 1 = slick short summer coat (100% shed); 2 = hair coat is mostly shed (75% shed); 3 = hair coat is halfway shed (50% shed); 4 = hair coat exhibits initial shedding (25% shed); and 5 = full winter coat (0% shed).  In addition, cow traits related to reproductive performance, growth performance, and culling will be recorded.  Calf traits to be recorded include sire/sire breed of calf, calf vigor, birth weight and date, weaning weight and date, and post weaning growth.

University of Florida:  
· Collection of phenotypic data from the UF multibreed Angus-Brahman (MAB) and Brahman herds (health, survival, fertility, growth, ultrasound, carcass, meat palatability), and eight Florida Brahman herds (fertility, growth, ultrasound, and carcass).  Number of animals with records = 15,642.
· Collection of tissue samples from calves, sires, and dams from UF MAB, UF Brahman, and Florida Brahman breeders (n = 4,488).
· Statewide Brahman and Brahman-Angus database: phenotypes, pedigree, genotypes (GeneSeek GGP50k, GGP250k).  Phenotypic and pedigree data came from UF, Florida Brahman breeders, and ABBA (American Brahman Breeders Association).  Number of animals with one or more phenotypic records = 15,642 (9,327 Brahman and 6,315 Angus and Brahman-Angus crossbreds).  Number of animals in the pedigree file = 23,971 (16,966 Brahman and 7,005 Angus and Brahman-Angus crossbreds).  Number of animals with genotypes = 3,951 (2394 GGP250k and 1,557 GGP50k).
· Genomic-polygenic and polygenic predictions for twenty growth, fertility, ultrasound, carcass, and tenderness traits in the statewide multibreed Brahman-Angus multibreed population.  Number of evaluated animals = 23,958.
· FORTRAN and SAS software for editing of phenotypes, genotypes, and pedigree data, and construction of input files for imputation and genetic evaluations using genomic-polygenic and polygenic models. 
· [bookmark: _Hlk514930128]Characterization of meconium microbiota and its association with fetal development, establishment of postnatal gut microbiota, and subsequent animal growth (K. C. Jeong).

Procedures for Objective 3:
Texas A&M University:
· Collected monthly shedding scores on about 60 Angus cows 
· Was thinking a good time to combine with UA and MSU data.
· Began scoring quantity only on Bos indicus cross cows because most don’t strongly exhibit a growth/shedding pattern like Angus, but irregular intervals.

Mississippi State University
Hair shedding scores and BCS were collected on all spring and fall calving cows. Scores were also collected from several trials from ongoing stocker research.

University of Florida:
· Collection of phenotypic data describing thermal tolerance in Bos Indicus influenced populations and characterization of the genetic component underlying these traits.
· Statewide Brahman and Brahman-Angus tissue sample (blood, ear-notches, semen) and DNA repository housed at the Animal Science Department of the University of Florida (UF MAB, UF Brahman, Florida Brahman herds).

Kansas State University:  A total of seven groups of 120 cross-bred steers, at least 240 days of age, with an approximate initial body weight of 284 kg are being used in a 91 day (21d adaptation and 70d test) feed and WI trial to establish baseline measurements, followed by a 35 day water restriction (this restriction will be preceded by a 35 day step-down in WI for a total study length of 161 days for each group of cattle).  Only steer calves will be used to facilitate generation of truckload lots and eliminate sex effects.  Within groups, all animals are blocked into two groups by weight and randomly allocated in a completely randomized block design to one of four pens (12.2 x 30.5 m) with 30 animals per pen.  Each pen provides 186.5 m2 of shade and is equipped with an Insentec feed and WI system comprised of six feed bunks and one water trough.  Due to the capacity of the facility, each replication consists of 120 calves, for a total of seven replications in a ~3.5 year period (n=840).  In addition to the cattle involved in the intake trial, at least 20 additional animals per replication will be maintained as a control group, receiving normal management in the feedyard.  For the control group, we collect daily pen WI using water meters and carcass data upon harvest.  For the cattle in the WI barn, each replication begins with a 21 day acclimation period following arrival at the Willard Sparks Beef Research Center (WSBRC) at Oklahoma State University in Stillwater, OK, in which cattle adjust to the growing ration, experimental facility, Insentec feed system, pen mates, and recover after transport.  After the acclimation period, a 70 day feed and WI trial is conducted to assess relationships between WI and genetics, and the health, performance, and behavior of low vs. high WI animals. To be in compliance with feed intake guidelines outlined by the Beef Improvement Federation (BIF, 2012), weights are taken at least every 14 days (Figure 1).  At the conclusion of this 70 day intake trial, each individual animal will have a baseline WI established.  Animals in groups 1-3 were managed on a slick bunk protocol (SLICK) and animals in groups 4-5 were provided ad libitum access to feed.  All animals had ad libitum access to water during the baseline period.
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The Insentec system allows us to reduce WI each week for four weeks until a reduction of 50% of each individual steer’s baseline WI is achieved.  Steers are allowed to acclimate to the 50% restriction for one week before being sustained at this level of WI for the final restriction phase (35 days).  This restriction phase serves several purposes, including simulation of reduced WI that results from increased water adulterants and decreased water quality.  It will also serve to evaluate the possibility of using mild water restriction as a management tool during extreme drought (provided that a relatively easy method for slight water restriction could be implemented on-farm and animal well-being is not significantly impacted).  We will monitor the animal’s performance during this time as compared to the control group performance and behavior (social activity and quantitative heat stress measures) as well as their own data from the baseline period related to behavior, performance, health (blood cell counts, hematocrit levels, electrolyte balance), and feed intake.  Those animals which exhibit the most consistent performance, show minimal thermal stress during this period, maintain immunity and health status (blood cell counts within a normal range and lack of visible disease), and display the lowest decline in hydration levels (including hematocrit and electrolyte balance), will be deemed those most adaptable.  Microbial populations are sampled during both phases of the study and will be evaluated to determine how these populations change during restriction as well as to identify any fixed differences between those animals most efficient and adaptable versus those least adaptable.  The water restriction level we chose is moderate compared to some literature estimates (Thornton and Yates 1968), and our procedure was tested on a small group of beef cattle prior to initiating this study to ensure that the level of restriction is appropriate and does not severely impact animal welfare.  All animal procedures have been approved by the Oklahoma State University Animal Care and Use Committee.
Throughout the study, ambient and pen environmental conditions are monitored using a Davis Vantage Pro 2 weather station and Onset HOBO data loggers which continuously record temperature, humidity, solar radiation, black globe temperatures, and wind speed.  Animal behavior is monitored using both live observations and the Noldus© Information Technology camera and software system.  At the conclusion of the water restriction phase, animals continue to the finishing phase under normal management, and carcass quality attributes (hot carcass weight, kidney/pelvic/heart fat percentage, 12th rib backfat, ribeye area, marbling score, USDA quality grade, and USDA yield grade) are collected at harvest using camera grading systems.  Although tissue samples are not a funded component of this grant, we have collected tissue samples wherever possible to maximize the value and usefulness of this discovery population.  We plan to use these tissues to evaluate differences in gene expression between low and high water intake cattle and we also hope to use them to evaluate whether any prolonged epigenetic changes are induced by water restriction.

Procedures for Objective 4:
Texas A&M University:
· Records from McGregor for approximately 60 Brahman cows.
· Records from Overton for approximately 200 Brahman cows.

University of Florida:
· Structural equation and genome wide association analyses for growth, carcass quality and meat quality in a multibreed Angus-Brahman population (R. Mateescu).
· Association between proteolysis and tenderization and pH decline and calpain-1 autolysis in Angus, Brahman and Brangus (T. Scheffler).

 ACCOMPLISHMENTS:
Objective 1:
Texas A&M University:
Table 1.  Descriptive statistics for udder scores of white face cows at College Station (76) and Menard (45)
	
	N
	Mean
	SD

	Spring udder 1
	379
	6.16
	1.82

	Spring teat 2
	379
	6.34
	1.69

	Mid udder 3
	336
	6.38
	1.61

	Mid teat 4
	336
	6.39
	1.60

	Wean udder 5
	375
	6.63
	1.79

	Wean teat 6
	375
	6.69
	1.74


1Udder and teat scores per Beef Improvement Federation Guidelines:  1 = very pendulous udder; very large, balloon-shaped teats; 5 = intermediate, moderate size udders or teats; 9 = very tight udder; very small teats.

Table 2. Brahman udder scores

	
	
	Udder score
	
	Teat score

	
	Birth
	Mid
	Wean
	Birth
	Mid
	Wean

	Mean
	3.46
	3.21
	3.86
	   3.78
	   5.29
	5.77

	SD
	1.13
	1.66
	1.61
	1.90
	1.57
	1.93

	Min
	1
	1
	1
	1
	3
	2

	Max
	5
	8
	8
	7
	8
	9



University of Arkansas:
The objective of this study was to determine if any relationships existed between udder conformation and production traits in cows housed at the University of Arkansas beef research unit near Fayetteville.  An Angus-based fall calving cowherd (n~200) was observed and udder scores were recorded at birth, mid-lactation and at weaning.  Cows were evaluated on a scale from 1 to 9 for udder suspension and teat size according to BIF guidelines.  A score of 1 indicated a very pendulous suspension and large, balloon shaped teats and a score of 9 represented a tight suspension and refined teat size. 
		
Phenotypic data for cow age, calf weaning weight, BCS of cow at weaning, BW of cow at weaning, BCS of cow pre-breeding, BW of cow pre-breeding, , birth weight of calf along with adjusted calf birth weight and adjusted 205-day with collected and analyzed in PROC GLM of SAS.  Cow age was significantly different with respect to udder suspension (P<.0001).  Those cows that were scored with an udder suspension of 7 and 8 were younger (4.6 and 5.1 respectively) than those scored with an udder suspension of 5 and 6 (7.2 and 6.1 respectively) and scores 5 and 6 were different from one another.  Cow age significantly differed with teat size (P<.0001) as well following the same trend as udder suspension score.  Score of 7 and 8 were younger than cows associated with teat scores of 5 and 6.  The effect of udder suspension on adjusted 205-day weight was significant (P<.003) where cows with the udder suspension of 4 were the heaviest (540 lbs) and cows with scores of 7 and 8 were the lightest (472 lbs. and 469 lbs. respectively).    

Objective 2:
University of Florida:  
· Phenotypic analyses of udder and teat scores in the UF MAB and Brahman herds (2016 to 2018; number of records = 628; number of cows = 386).
· Udder score means by Brahman fraction at calving, 6 months, and weaning: Upward trends as Brahman fraction increased (Figure 1a; better udders towards Brahman).
· Teat score means by Brahman fraction: Upward trend at calving, and slightly negative trends at 6 months and at weaning (Figure 1a; better teats at calving; unclear at later stages; more data needed).
· Udder and teat score means by age of cow: Downward trends at calving, 6 months, and weaning (Figure 1b; better udder and teat shape in younger cows).
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Figure 1a.  Udder and teat score means by Brahman fraction
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Figure 1b.  Udder and teat score means by age of cow

· Genomic-polygenic and polygenic predictions for twenty growth, fertility, ultrasound, carcass, and tenderness traits in the statewide multibreed Brahman-Angus multibreed population.  Number of evaluated animals = 23,971.  Phenotypic and pedigree data came from UF, Florida Brahman breeders, and ABBA.  Number of animals with one or more phenotypic records = 15,642 (9,327 Brahman and 6,315 Angus and Brahman-Angus crossbreds).  Number of animals in the pedigree file = 23,971 (16,966 Brahman and 7,005 Angus and Brahman-Angus crossbreds).  Number of animals genotyped with GeneSeek GGP250k = 2,394.  The twenty traits were analyzed in four sets: a) Growth set (birth weight direct (BWD), weaning weight direct (WWD),  weight gain from weaning to yearling direct (GWD), birth weight maternal (BWM), and weaning weight maternal (WWM)); b) Reproduction set (yearling weight adjusted to 305 days of age (YW), reproductive tract score (RTS), age at first calving (AFC), and calving interval (FCI); c) Ultrasound-carcass set (ultrasound weight (UW), ultrasound ribeye area (UREA), ultrasound fat (UBF), ultrasound percent intramuscular fat (UPIMF), slaughter age (SLA), hot carcass weight (HCW), ribeye area (REA), backfat thickness (FAT), and marbling score (MAR)); and d) Tenderness set (Warner-Bratzler shear force (WBSF) and tenderness score (TEND)).

Table 2a.  Description of Genomic-Polygenic EBV and Accuracies for the growth and reproduction sets of traits
	Trait
	N
	Mean
	SD
	Min
	Max

	Sol bwd
	23958
	1.32
	2.75
	-11.52
	13.34

	BIF Acc bwd
	23958
	0.22
	0.14
	0.00
	0.74

	Sol wwd
	23958
	3.22
	7.79
	-36.60
	39.79

	BIF Acc wwd
	23958
	0.19
	0.12
	0.00
	0.71

	Sol gwd
	23958
	-0.76
	6.00
	-43.09
	39.47

	BIF Acc gwd
	23958
	0.08
	0.10
	0.00
	0.68

	Sol bwm
	23958
	-0.81
	1.89
	-6.73
	8.73

	BIF Acc bwm
	23958
	0.14
	0.14
	0.00
	0.90

	Sol wwm
	23958
	-0.27
	5.12
	-30.55
	29.71

	BIF Acc wwm
	23958
	0.17
	0.13
	0.00
	0.71

	Sol yw
	23958
	-2.03
	13.82
	-107.01
	78.11

	BIF Acc yw
	23958
	0.12
	0.12
	0.00
	0.71

	Sol rts
	23958
	-0.11
	0.41
	-3.21
	1.91

	BIF Acc rts
	23958
	0.34
	0.05
	0.00
	0.69

	Sol ac1
	23958
	-0.30
	14.53
	-147.57
	105.25

	BIF Acc ac1
	23958
	0.75
	0.02
	0.58
	0.88

	Sol ci1
	23958
	2.58
	12.93
	-88.74
	128.50

	BIF Acc ci1
	23958
	0.41
	0.05
	0.00
	0.73



Table 2b.  Description of Genomic-Polygenic EBV and Accuracies for the ultrasound-carcass and tenderness sets of traits
	Trait
	N
	Mean
	SD
	Min
	Max

	Sol uw
	23958
	-2.75
	10.93
	-69.47
	78.44

	BIF Acc uw
	23958
	0.07
	0.12
	0.00
	0.69

	Sol urea
	23958
	-0.06
	1.55
	-10.56
	12.14

	BIF Acc urea
	23958
	0.07
	0.11
	0.00
	0.68

	Sol ubf
	23958
	-0.01
	0.05
	-0.40
	0.66

	BIF Acc ubf
	23958
	0.32
	0.08
	0.00
	0.75

	Sol upimf
	23958
	-0.08
	0.20
	-1.18
	1.64

	BIF Acc upimf
	23958
	0.06
	0.10
	0.00
	0.67

	Sol slage
	23958
	0.77
	9.49
	-71.87
	70.12

	BIF Acc slage
	23958
	0.20
	0.12
	0.00
	0.71

	Sol hcw
	23958
	-2.54
	11.88
	-62.08
	65.41

	BIF Acc hcw
	23958
	0.07
	0.12
	0.00
	0.66

	Sol rea
	23958
	-0.41
	2.38
	-15.05
	18.99

	BIF Acc rea
	23958
	0.18
	0.11
	0.00
	0.70

	Sol fat
	23958
	-0.04
	0.15
	-1.07
	1.96

	BIF Acc fat
	23958
	0.04
	0.08
	0.00
	0.61

	Sol marb
	23958
	-19.12
	37.08
	-137.90
	254.40

	BIF Acc marb
	23958
	0.05
	0.10
	0.00
	0.63

	Sol wbsf
	23958
	0.09
	0.18
	-0.74
	1.08

	BIF Acc wbsf
	23958
	0.02
	0.07
	0.00
	0.85

	Sol tend
	23958
	-0.16
	0.30
	-1.62
	1.13

	BIF Acc tend
	23958
	0.03
	0.08
	0.00
	0.85
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Figure 2a.  Genomic-polygenic EBV (GEBV) for four traits in the growth set
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Figure 2b.  Genomic-polygenic EBV (GEBV) for four traits in the reproduction set
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Figure 2c.  Genomic-polygenic EBV (GEBV) for six traits in the ultrasound-carcass set
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Figure 2d.  Genomic-polygenic EBV (GEBV) for two traits in the tenderness set

· Association between proteolysis and tenderization and pH decline and calpain-1 autolysis in Angus, Brahman and Brangus. Early postmortem muscle pH decline influences protease activation and therefore tenderization. Brahman often shows slower proteolysis and less extended tenderization. Thus, the objective of this study was to determine pH decline, calpain-1 autolysis and protein degradation from Angus, Brahman and Brangus beef aged to 14d.  Steers were part of a long-term genetics study involving Angus, Brahman, and Angus-Brahman crossbreds. Three genetic groups were: Angus (A; 0.8-1), Brahman (B; 0.8-1) and Brangus (A 0.625; B 0.375). Steers (n = 6 per breed group) were harvested and the pH decline was assessed in the Longissimus lumborum at 1, 3, 6, 9 and 24h postmortem. Longissimus lumborum muscle samples were collected at 1, 3, 6 and 24h and 7 and 14d postmortem. Calpain-1 autolysis and troponin-T degradation (TnT) were evaluated with Western blotting. Tenderization in aged steaks was assessed using Warner-Bratzler shear force (WBSF; 7 and 14d) and sensory analysis (14d). Data were analyzed using SAS and the model included the fixed effects of breed, time and their interaction. Time was considered a repeated measure (pH, calpain-1 and troponin-T). Means were compared using Tukey-test. 
· Breed affected pH decline (P = 0.049). Brahman showed higher pH than Brangus, particularly within the first 6h postmortem. Rate of autolysis tended to be different between breeds (breed x time, P = 0.06). At 24h postmortem, Brangus showed greater calpain-1 autolysis compared to Brahman. Similarly, breed influenced the rate of TnT degradation during the aging period (breed x time, P = 0.001). At 24h, Brahman had less TnT degradation compared to Brangus, but not Angus. However, after 7d aging, Brahman had less TnT degradation than Angus; and at 14d, Brahman showed less TnT degradation compared to both Angus and Brangus. No differences were found for WBSF-7d (P = 0.092) or WBSF-14d (P = 0.292) between breeds, but breed affected (P = 0.004) sensory tenderness. 
· Longissimus from Brahman exhibited slower rate of pH decline that coincided with slower tenderization, evidenced by reduced calpain-1 autolysis at 24h postmortem and less troponin-T degradation. Although breed did not affect WBSF, it decreased sensory tenderness, with Brahman beef considered slightly tough after 14d aging. The slower rate of acidification in Brahman indicates ATP levels are maintained longer; this may prolong calcium uptake by the sarcoplasmic reticulum and mitochondria, thereby delaying calpain activation and tenderization.
· Structural equation and genome wide association analyses for growth, carcass quality and meat quality in a multibreed Angus-Brahman population.  Structural equation (SE) models involving latent variables are useful for formulating hypothesized models deﬁned by theoretical causal variables and relations between these variables. The objectives of this study were: a) to identify latent variables concerning beef growth, carcass quality and meat quality as latent phenotypes, and b) to perform a genome wide association study (GWAS) for these latent variables to identify QTLs with direct and indirect effects on them. A total of 726 steers from an Angus-Brahman multibreed population with records for 21 phenotypes were used. Genomic DNA from 480 animals was genotyped with GeneSeek GGP250k. A single-step genomic best linear unbiased prediction (ssGBLUP) model was used to estimate the amount of genetic variance explained in each latent variable by 20 adjacent-SNP windows across the genome. Three types of effects for each window were considered: a) identify a theoretical model for beef growth, carcass quality and meat quality that would closely fit the variance-covariance structure of the sample data, and b) perform a GWAS for the growth, carcass quality and meat quality latent variables to identify genomic regions with direct and indirect effects on these latent constructs. The final structural model included carcass quality as an independent latent variable and meat quality as a dependent latent variable, where carcass quality was evaluated based on quality grade (QG), fat over ribeye (FOR) and marbling (MARB), and meat quality was assessed using juiciness (JC), tenderness (TD) and connective tissue (CT). From 571 associated windows (643 genes) able to explain at least 0.05 percent of the additive variance, 159 windows (179 genes) were associated with carcass quality, 106 windows (114 genes) were associated with carcass and meat quality, 242 windows (266 genes) were associated with meat quality, and 64 windows (84 genes) were associated with carcass quality, having an indirect effect on meat quality. Three biological mechanisms can explain the association of the identified genes with the latent constructs for carcass and meat quality: a) postmortem proteolysis of structural proteins and cellular compartmentalization, b) cellular proliferation and differentiation of adipocytes, and c) fat deposition.
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Figure 4a.  Relationship between observed variables and the latent variables carcass quality and meat quality in Longissimus dorsi muscle from an Angus-Brahman multibreed herd in the final SE model. The estimation of unstandardized loadings is presented. Marbling (MARB), juiciness (JC); fat over ribeye (FOR); quality grade (QG); tenderness (TD); connective tissue (CT).
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Figure 4b.  Percentage of the genetic variance explained by the latent phenotypes for carcass quality (top), uncorrected meat quality (middle), and meat quality (bottom) explained by 20 adjacent-SNP windows in Longissimus dorsi muscle from Angus-Brahman crossbred steers. The amount of additive variance explained was 29.2% for carcass quality and 41.3 % for meat quality.
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Figure 4c.  Amount of additive variability of the latent variables for meat quality and carcass quality explained by 20 adjacent-SNP windows harboring genes identified in the Longissimus dorsi muscle from animals in an Angus-Brahman multibreed herd. Only windows that explained more than 0.15% of the additive variance are shown. Gray nodes are the latent phenotypes for carcass quality and meat quality constructed by the SE analysis. Red nodes are windows explaining variability in carcass quality; yellow nodes are windows explaining variability in carcass quality and in meat quality simultaneously; blue nodes are windows explaining variability in meat quality. The black edge shows the causal relationship between the latent variables carcass quality and meat quality; blue edges represent the relationship between a chromosomal window and a latent variable; green edges relate the effect of the window on the latent phenotypes carcass quality and meat quality. Red, yellow and blue node sizes represent the amount of genetic variability explained by the window in each latent phenotype. Seven windows had no reported gene inside them.

· Characterization of meconium microbiota and its association with fetal development, establishment of postnatal gut microbiota, and subsequent animal growth.  The sterile womb dogma has been challenged during last decade with the detection of commensals in fetal environment. There is uncertainty, however, whether microbiota in the fetus influence offspring’s development. This research showed that the establishment of microbiota starts even in the fetus and its composition is associated with birthweight in a cattle model. We collected meconium samples from 268 newborn calves and found that 182 meconium samples contained bacterial DNA. The associations among meconium microbiota and birthweight as well as gut microbiota development during preweaning (about 3 months of age) were investigated. Newborn calves were divided into 3 different groups (low, medium, and high) based on birthweight. Meconium from the low birthweight group tended to have higher microbial richness (P = 0.076) compared to meconium from the high birthweight group, including pathogens such as Pseudomonas, Legionella, and Actinobacillus. The relative abundance of Bacillus (P = 0.039) was higher in the low birthweight group. Moreover, meconium in the low birthweight group contained more genes involved in amino acid metabolism and xenobiotics biodegradation. Conversely, meconium from the high birthweight group contained more microbial genes involved in fructose/mannose and glycerolipid metabolism as well as secondary bile acid biosynthesis pathways. During the preweaning stage, calves in the low birthweight group grew more slowly (P < 0.001), and their gastrointestinal tract microbiota structure was different than calves in the high birthweight group (P = 0.013).  In conclusion, microbes likely colonize the fetus and influence fetal development that may affect the establishment of the gastrointestinal tract microbiota during the early stage of life.
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Figure 5a. Breed composition did not influence meconium microbiota. The meconium microbial richness from Chao1 index (A) and diversity from Shannon index (B) showed no significant differences among breed groups. The PcoA plot for the unweighted UniFrac distance (C) and the weighted UniFrac distance (D) showed no significant dissimilarities in meconium microbial membership and abundance among breed groups. Error bars are SEM. nBG1 = 27, nBG2 = 34, nBG3 = 21, nBG4 = 42, nBG5 = 26, nBG6 = 32.
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Figure 5b. Gut microbiota differed among preweaning calves from different birthweight groups. The gut microbial richness and diversity of preweaning calves in different birthweight groups were analogous according to Chao 1 Index (A) and Shannon Index (B). The PCoA plot based on unweighted UniFrac distance and ANOSIM analysis showed that gut microbial membership of preweaning calves was significantly different among birthweight groups (C), and gut microbial community structure tended to change with birth weight according to the weighted UniFrac distance (D). (E) The heatmap shows differences in microbial prevalence among birthweight groups. Only microbial taxa with variation in prevalence higher than 20% were extracted and included in the heatmap. The relative abundance of taxa changed with birth weight at both phylum (F) and genus levels (G). (H) LDA scores of the differentially abundant KEGG pathways enriched in gut microbiota of preweaning calves. Error bars are SEM. nlow = 50, nmedium = 63, nhigh = 48.

Objective 3:
Texas A&M University:
Table 3.  Descriptive statistics:  monthly coat scores of Angus cows

	Month
	N
	Mean
	SD
	Min
	Max

	April 16
	53
	2.64
	1.27
	1
	5

	May 16
	53
	2.64
	1.27
	1
	5

	June 16
	45
	1.33
	0.74
	1
	4

	July 16
	50
	1.12
	0.44
	1
	3

	Sep 16
	34
	1.44
	0.50
	1
	2

	Oct 16
	53
	1.70
	0.75
	1
	3

	Dec 16
	42
	4.55
	0.77
	3
	5

	Jan 17
	57
	4.84
	0.49
	3
	5

	Feb 17
	62
	4.79
	0.55
	3
	5

	March 17
	61
	4.95
	0.28
	3
	5

	April 17
	58
	3.79
	1.10
	1
	5

	June 17
	53
	1.57
	0.93
	1
	5

	July 17
	63
	1.83
	0.93
	1
	4

	Aug 17
	56
	1.41
	0.65
	1
	4

	Sep 17
	62
	1.87
	0.84
	1
	4

	Oct 17
	59
	3.08
	1.10
	1
	4

	Nov 17
	59
	3.64
	1.28
	1
	5

	Dec 17
	60
	4.95
	0.28
	3
	5

	Jan 18
	58
	4.76
	0.57
	3
	5

	March 18
	59
	4.93
	0.37
	3
	5

	April 18
	58
	4.76
	0.47
	3
	5

	May 18
	56
	2.98
	1.15
	1
	5



Mississippi State University
Birth weight was negatively correlated with udder (-0.20) and teat (-0.20) scores (P<0.001). Breed significantly affected udder scores with Angus dams having the higher scores (6.76 ± 0.14) when compared to Charolais (6.14 ± 0.20) and Hereford (5.99 ± 0.25) which were similar (P<0.05). Teat scores followed the same pattern as Angus dams had significantly higher scores than Charolais and Hereford which were not different (P<0.05). Dams 11 yr or older had the lowest udder scores while 4 yr olds and 5 to 10 yr olds were intermediate with 2 and 3 yr olds having the highest (P<0.005). Results were similar for teat scores with 11+ yr old cows having the lowest teat scores while 5 to 10 yr olds were higher but lower than 2, 3, and 4 yr olds which were similar (P<0.05). There were no differences in WW due to udder scores for the three breeds. For teat scores, WW was significantly different in Angus with calves weaning the lightest from dams with a score of 1 and heaviest from dams with a score of 2, 3, and 5 (P<0.05). Breed and age differences existed for udder and teat scores. A relationship existed between Angus teat scores and calf weaning weights.

University of Arkansas:
The objective of this study was to measure variation in hair coat shedding and determine if any relationships existed between coat shedding and production traits in cows housed at the University of Arkansas beef research unit near Fayetteville. An Angus-based commercial beef cattle herd (n ≈ 200/yr) was observed from 2012 through 2018. Once monthly from March until July, at approximately 28-day intervals, mature cows and replacement heifers were evaluated for shedding on a scale from 1 to 5. A score of 5 indicated the cow/heifer had a full winter coat and a score of 1 represents a slick, short summer coat. For each cow, the first month a score of 3 (approximately 50% shed) or less was reached was considered the month of first shedding (MFS), and 3 levels were recognized reflecting MFS in May, June, July or After July (if cow had not shed by July).  Phenotypic data for cow age, calf weaning weight, BCS of cow at weaning, BW of cow at weaning, BCS of cow pre-breeding, BW of cow pre-breeding, pregnancy rate, birth weight of calf and age of the cow were collected and analyzed in PROC GLM of SAS. Frequency of MFS occurred with the following order: June>July>May>After July>April. Cow age was significantly different (P < 0.01) with MFS group means for oldest cows found in May and June, intermediate aged cows exhibited MFS in July and youngest cows in April and After July with respective ages being 5.72, 5.95, 4.98, 3.5 and 3.25.  Cow BW prebreeding was significantly greater (P < 0.01) for cows that exhibited MFS in May and June compared to cows that exhibited MFS during other months.  Adjusted calf birth weight was highest (P < 0.01) greatest for cows found in May, intermediate aged cows exhibited MFS in April and lesser for cows in June, July and least for cows exhibiting MFS After July with respective adjusted weaning weights being 501, 495, 480, 477, and 437.  In these data, MFS score did not affect (X2 > 0.52) AI or overall pregnancy rates with cows exhibiting AI pregnancy rate of 47, 51, 52, 55, and 59%, respectively. 

University of Florida: Collection of phenotypic data describing thermal tolerance in Bos Indicus influenced populations and characterization of the genetic component underlying these traits. First step in the process of revealing the genetic architecture of traits defining thermal tolerance using Bos indicus influenced cattle is to estimate the genetic parameters. Vaginal temperature was measured at 5-min intervals for 5 days in 286 cows over two years (2015 and 2017) from the multibreed herd (ranging from 100% Angus to 100% Brahman) of the University of Florida. Ambient environmental conditions were monitored using HOBO data loggers, which continuously record temperature, humidity, solar radiation, black globe temperatures, and wind speed which were used to calculate a temperature humidity index (THI). There was a breed effect on body temperature with Angus and 3/4 Angus cows had a vaginal temperature higher 39°C even during lower heat stress conditions while Brahman cattle were the only ones able to maintain a lower vaginal temperature throughout the 24h-day during high heat stress conditions (Figure 6a). Heritabilities for all different vaginal temperature measures (Table 6a) were low or medium and ranged from 0.11 to 0.27. The lowest heritability estimate is for vaginal temperature under high THI conditions (0.11), while heritability for vaginal temperature under low or average THI was slightly higher (0.25 and 0.20, respectively).

Table 6a. Genetic (σ2a) and residual (σ2e) variance and heritability (h2) estimates for difference in vaginal temperature between the high and low THI (Temp Diff Hi-Low) , vaginal temperature under high THI (Temp High), vaginal temperature under low THI (Temp Low), and vaginal temperature under average THI (Temp Mean)

	Trait
	σ2a
	σ2e
	h2

	Temp Diff Hi-Low
	0.17
	0.45
	0.27

	Temp High
	0.07
	0.56
	0.11

	Temp Low
	0.14
	0.42
	0.25

	Temp Average
	0.09
	0.35
	0.20




[image: ]
Figure 6a. Least square means for difference in vaginal temperature between the high and low THI, vaginal temperature under high THI (Temp High), vaginal temperature under low THI (Temp Low) for 6 different breed groups.

Another study assessed the phenotypic variability in core body temperature and sweating rate and to evaluate the effect of coat type, temperament, and body weight on core body temperature and sweating rate in Brangus heifers.  During August and September of 2016, 725 Brangus heifers on pasture were evaluated in four separate groups (n = 200, 189, 197, and 139). Coat score, sweating rate, chute score, exit score, and live weight were recorded as the animals passed through the chute. Vaginal temperature was recorded every 5 minutes for 5 consecutive days. There was significant variation in vaginal temperature between heifers in the same environmental conditions (σ2u = 0.049), suggesting opportunities for selective improvements. A repeatability of 0.47 and 0.44 was estimated for sweating rate and vaginal temperature, respectively, suggesting that one measurement would be able to adequately describe the sweating capacity or ability to control the body temperature of an individual. Vaginal temperature increased as THI increased, with approximately one-hour lag time in the animal’s response (Figure 6b). Vaginal temperature (P = 0.015) and sweating rate were lower (-5.49 ± 2.12 g/(m2·h), P < 0.01) for heifers that demonstrated a calmer behavior in the chute. Animals with shorter, smoother hair coats had significantly lower vaginal temperatures when compared to animals with longer hair coats (P < 0.01). Heifers weighing more maintained a significantly lower vaginal temperature (P <.0001). Our results showed that hair coat, temperament, and weight influenced vaginal temperature regulation.

[image: ]
Figure 6b. Thermal environment during two extreme days in group 2 and 3 of heifers (left panel). Data represents least squares means THI during low heat stress days (open circles) and high heat stress days (closed circles). Right panel shows least squares means ± SEM for vaginal temperature of the same group of heifers during a low heat stress day (open circles) and a high heat stress day (closed circles).

Kansas State University:  We have almost completed data collection for all calves to be fed within the Insentec facility.  We have been successfully building a large phenotypic database and sample database that tracks samples across project years to facilitate data analysis and maintenance of biological samples.  

Cashley Ahlberg, a graduate student at KSU, has completed a large portion of analyses for her dissertation, and she successfully defended in May 2018.  Her analyses are detailed below.  

Test Length Guidelines:
A manuscript detailing these test length guidelines has been accepted by the Journal of Animal Science (https://academic.oup.com/jas/advance-article/doi/10.1093/jas/sky209/5001189?guestAccessKey=eb316e77-1b78-489e-a7e4-388f10ebaab2).  There are currently no accepted guidelines for test length of water intake trials, such as those found for average daily gain (ADG) and feed intake (DMI) in the Beef Improvement Federation Guidelines.  We analyzed data in 7 day increments from the beginning and end of a 70-d feed and gain intake test to determine the appropriate length of test for collecting water intake (WI) phenotypes.  Correlations between intakes calculated over a shortened test duration and those from the full test were analyzed using SAS and determined to be accurate when the Pearson and Spearman correlations exceeded 0.95.  The Fisher option was also utilized to test whether correlations were significantly different from 0.95.  
From our results and threshold, we determined that WI phenotypes could be accurately collected within a 35-42 day test period.  This would allow the simultaneous collection of feed intake and water intake phenotypes during a concurrent test, and would also allow the decoupling of intake and gain during these trials.

Table 1:  Correlations between shortened test durations for daily water intake and the full 70-d intake test in the forward direction (from day 0 to day 70).  P denotes Pearson and S denotes Spearman.
	 
	 
	Day of test

	Grpa
	Type
	7
	14
	21
	28
	35
	42
	49
	56
	63
	70

	1
	P
	0.64
	0.73
	0.82
	0.88
	0.93
	0.96
	0.98
	0.99
	0.996
	1

	 
	S
	0.59
	0.70
	0.78
	0.84
	0.90
	0.94
	0.97
	0.99
	0.995
	1

	2
	P
	0.72
	0.79
	0.84
	0.88
	0.91
	0.92
	0.93
	0.94
	0.98
	1

	 
	S
	0.61
	0.74
	0.80
	0.84
	0.87
	0.89
	0.90
	0.91
	0.98
	1

	3
	P
	0.73
	0.79
	0.81
	0.82
	0.91
	0.95
	0.97
	0.99
	0.998
	1

	 
	S
	0.71
	0.78
	0.80
	0.82
	0.91
	0.95
	0.97
	0.99
	0.997
	1

	4
	P
	0.82
	0.89
	0.94
	0.97
	0.99
	0.99
	0.99
	0.997
	0.999
	1

	 
	S
	0.87
	0.91
	0.95
	0.96
	0.98
	0.99
	0.99
	0.996
	0.998
	1

	5
	P
	0.84
	0.87
	0.90
	0.92
	0.95
	0.97
	0.98
	0.99
	0.996
	1

	 
	S
	0.82
	0.85
	0.89
	0.92
	0.95
	0.96
	0.98
	0.99
	0.996
	1

	Slk
	P
	0.71
	0.81
	0.85
	0.88
	0.94
	0.96
	0.98
	0.98
	0.995
	1

	 
	S
	0.67
	0.78
	0.82
	0.86
	0.93
	0.96
	0.98
	0.98
	0.995
	1

	AL
	P
	0.89
	0.93
	0.96
	0.98
	0.99
	0.99
	0.995
	0.997
	0.999
	1

	 
	S
	0.93
	0.95
	0.96
	0.97
	0.98
	0.99
	0.99
	0.996
	0.998
	1

	All
	P
	0.83
	0.89
	0.92
	0.94
	0.97
	0.98
	0.99
	0.99
	0.997
	1

	 
	S
	0.79
	0.86
	0.88
	0.90
	0.95
	0.97
	0.98
	0.99
	0.998
	1



Water Intake Prediction:
After testing several variables including min, mean, and max temperature, humidity, windspeed, and solar radiation (as well as previous day temperature metrics), we found that the variables that impacted WI of individual animals the most included mean temperature, humidity, solar radiation, and windspeed for the current day.  Each of these variables were fit into the model in a stepwise fashion until all variables were included to examine the differences in WI between different groups of cattle as well as different seasons (winter and summer) and feed management protocols (slick bunk and ad-libitum) when accounting for various environmental parameters.  Results are shown in Table 2 below.

Table 2:  Differences in WI between groups when utilizing additional environmental variables into the model.
	Groupa
	Season
	Baseline1
	+Solar, MJ/m2
	+Temperature, oC
	+Humidity, %
	+Wind Speed, km/h

	1
	Summer
	10.72b
	10.30b
	9.74b
	9.85b
	9.84b

	2
	Winter
	6.90c
	7.69c
	8.74c
	8.58c
	8.60c

	3
	Summer
	8.63d
	8.28d
	7.84d
	8.00d
	8.00d

	4
	Summer
	10.80b
	10.25b
	9.44e
	9.54e
	9.51e

	5
	Winter
	8.44e
	8.85e
	9.47e
	9.26f
	9.28f

	SP vs WP
	 
	2.34***
	1.34*** 
	-0.09
	0.21* 
	0.18* 

	Slk vs AL
	 
	-0.87***
	-0.79*** 
	-0.68*** 
	-0.59*** 
	-0.58***

	SP Slk vs AL
	 
	-1.13*** 
	-0.96*** 
	-0.65*** 
	-0.61*** 
	-0.59*** 

	WP Slk vs AL
	 
	-0.77*** 
	-0.58*** 
	-0.37*** 
	-0.34*** 
	-0.34*** 


1Water intakes as a percent of body weight when no weather factors were accounted for
b-fSignificant difference between groups for each analysis
We built an overall prediction model, a seasonal prediction model (winter and summer) and a bunk management prediction model utilizing the same environmental parameters along with dry matter intake (DMI) and metabolic mid-weights (MMWT).  Results are presented in Table 3 below.  

Table 3:  Estimates and partial coefficients of determination for each variable and WI prediction model generated.
	
	Overall
	
	Summer
	
	Winter
	
	Slick
	
	Adlib
	

	Variable
	Estimate
	Partial R2
	Estimate
	Partial R2
	Estimate
	Partial R2
	Estimate
	Partial R2
	Estimate
	Partial R2

	Intercept
	-4.18
	
	-9.74
	
	-4.24
	
	-2.25
	
	0.71
	

	DMI
	2.00
	0.124
	2.32
	0.155
	1.76
	0.290
	1.86
	0.15
	2.63
	0.05

	MWTS
	0.22
	0.057
	0.11
	0.040
	0.22
	0.032
	0.20
	0.01
	-0.009
	0.11

	TAVG
	0.57
	0.194
	1.31
	0.137
	0.26
	0.033
	0.45
	0.19
	0.76
	0.23

	HAVG
	-0.15
	0.025
	-0.17
	0.006
	-0.09
	0.032
	-0.14
	0.03
	-0.06
	0.01

	WSPD
	-0.16
	0.001
	-0.27
	0.003
	-0.06
	0.0006
	-0.08
	0.004
	-0.11
	0.01

	SRAD
	0.14
	0.003
	-0.03
	0.000001
	0.13
	0.003
	0.18
	0.001
	0.23
	0.001

	R2
	
	0.40
	
	0.34
	
	0.39
	
	0.39
	
	0.41



From this analysis we concluded that WI can be predicted, but there is substantial individual-animal variation in WI that is not accounted for through modeling of environmental data, size, and feed intake.

Genetic Parameters:
Genetic parameters were estimated using a single-step genomic BLUP (ssGBLUP) approach.  We did not possess pedigree data on these animals, so SNP marker data (approximately 150,000 SNPs) was utilized to both estimate breed composition as well as build the genomic relationship matrix necessary for the ssGBLUP analysis.  Genetic parameter estimates (variance components and heritabilities) are presented for both WI and efficiency and DMI and efficiency in Table 4. 
Table 4:  Genetic parameter estimates for water and feed efficiency traits
	Trait
	Genetic Vara
	Residual Vara
	Phenotypic Varb
	Heritabilityb

	WI, kg
	23.32 (8.76)
	36.75 (8.07)
	60.47 (3.75)
	0.39 (0.14)

	DMI, kg
	  0.94 (0.26)
	  0.46 (0.20)
	  1.41 (0.09)
	0.67 (0.16)

	ADG, kg
	  0.04 (0.01)
	  0.06 (0.01)
	  0.09 (0.01)
	0.37 (0.15)

	RWI, kg
	14.83 (6.21)
	25.67 (5.73)
	40.50 (2.53)
	0.37 (0.15)

	RFI, kg
	  0.49 (0.14)
	  0.26 (0.12)
	  0.75 (0.05)
	0.65 (0.17)

	W/G, kg
	22.95 (8.26)
	36.38 (7.60)
	59.33 (3.68)
	0.39 (0.13)

	F/G, kg
	  0.42 (0.34)
	  2.11 (0.33)
	  2.52 (0.15)
	0.16 (0.14)



[bookmark: _GoBack]SUMMARY OF RESULTS:
1) In spite of the high autozygosity, inbreeding depression is limited which could be due to incomplete reporting or/and population adaptation to ancient inbreeding
2) Recent inbreeding negative effects could be attenuated by make use of the variation in genomic inbreeding
3) Parental inbreeding could affect the progeny performance
4) The level of autozygosity and its effects on performance varies across chromosomes indicating that inbreeding will have different effects for different traits.
5) Large amounts of variation exist within water intake in beef steers.  Preliminary analyses of the SNP data on groups 1-5 indicate that WI is moderately heritable.  Future analyses include generation of genetic correlations between WI and other economically important production traits as well as preliminary genome-wide association analyses.  As all groups are completed, we will augment currently analyses to ensure that values do not change substantially as new records are added to the analysis/population.  
6) Water intake research can help producers better manage water resource during drought and may enable selection for increased water efficiency to conserve on-farm water resources.
7) Scleral lesions were the most frequently observed in all breed types.
8) Age of cow only appeared to be primarily influential for Angus cow coat scores in transition seasons (spring and fall).
9) These data indicate that udder suspension and teat size score does differ with age and that udder suspension does have an effect on adjusted 205-day weight.
10) Udder and teat quality are among the most important functional traits of beef females. Unsound udders and teats are associated with reduced productive life and inferior calf performance, and poor udder and teat conformation is a major reason why cows are culled from the breeding herd.  Understanding the implications of theses scores could improve the culling process and improve production efficiency.
11) Hair shedding scores, although subjective, are well within the reach of both commercial and seedstock breeders.  By using these scores and understanding their implications in cattle production will aid them in the match of genetic resource to production resources.  This could easily increase current overall production.
12) In these data, MFS score influenced cow BW prebreeding, adjusted calf birth weight, and adjusted calf weaning weight. Shedding of the winter hair coat was not noted to also affect pregnancy status. 
13) Udder score means by Brahman fraction at calving, 6 months, and weaning indicated that cows with higher Brahman percentages tended to have better udders.  A similar trend existed for teat score means at calving (cows with higher Brahman percentages had better teats); a slightly negative trend towards Brahman occurred at 6 months and at weaning.  Conversely, udder and teat score means at calving, 6 months, and weaning showed consistent downward trends as cows aged, thus younger cows tended to have better udders and teats than older cows at all lactation stages.
14) The successful completion of the first genomic-polygenic evaluation of animals in the Florida Multibreed Angus-Brahman population for twenty growth, fertility, ultrasound, carcass, and tenderness traits showed the feasibility of developing a statewide genetic evaluation system for sub-tropically adapted animals based on phenotypic, pedigree, and genotypic data from experimental and private herds.  This system required the development of a statewide database (phenotypes, pedigree, genotypes) and a tissue sample and DNA repository.  The feasibility of extending this system to the US Southern Region merits to be explored.  
15) Proteolysis and tenderization in Angus, Brahman and Brangus is related to Ph decline and calpain-1 autolysis. Longissimus from Brahman exhibited slower rate of pH decline that coincided with slower tenderization, evidenced by reduced calpain-1 autolysis at 24h postmortem and less troponin-T degradation. The slower rate of acidification in Brahman indicated that ATP levels were maintained longer, prolonging calcium uptake by the sarcoplasmic reticulum and mitochondria, thereby delaying calpain activation and tenderization.
16) Structural equation analysis and genome wide association for growth, carcass quality and meat quality in an Angus-Brahman multibreed population indicated that three biological mechanisms could explain the association of identified genes with latent constructs for carcass and meat quality: postmortem proteolysis of structural proteins and cellular compartmentalization, cellular proliferation and differentiation of adipocytes, and fat deposition. 
17) Meconium microbiota was associated with fetal development, establishment of postnatal gut microbiota, and subsequent animal growth. Meconium from the low birthweight group tended to have higher microbial richness compared to meconium from the high birthweight group, including pathogens such as Pseudomonas, Legionella, and Actinobacillus. Microbes likely colonize the fetus in its early stages influencing fetal development and affecting the establishment of gastrointestinal tract microbiota pre and postnatally.
18) Heritabilities for all different vaginal temperature measures were low or medium and ranged from 0.11 to 0.27. The lowest heritability estimate was for vaginal temperature under high THI conditions (0.11), while heritability for vaginal temperature under low or average THI was slightly higher (0.25 and 0.20, respectively). Coat score and temperament influenced vaginal temperature responses to heat stress in Brangus heifers. Vaginal temperature increased as THI increases, with a one-hour lag time in the animal’s response. Temperament was important for both sweating rate and vaginal temperatures, with calm cattle having lower sweating rates and maintaining lower body temperatures, suggesting that heifers with a calmer demeanor respond better in hot conditions.

image6.png
Mean Udder Score Wean, units

8.0
7.5
7.0
6.5
6.0
5.5
5.0
4.5
4.0
35

. .
P . ¢ * *
hd . * . B
- * o MK * o -
. o —— . .
. N .
* .
L 2
y = 0.014x + 6.078
R?=0.0206
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Brahman Fraction, 32nds





image7.png
Mean Teat Score Wean, units

8.0
75
7.0
6.5
6.0
5.5
5.0
a5
40
35
3.0

y =-0.0043x + 6.1633
R?=0.0027

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Brahman Fraction, 32nds




image8.png
Mean Teat Score Calving, units

5.5

5.0
4.5

y =-0.1742x + 6.6995

4.0
35

R?=0.7948

3.0

5 6 7 8
Cow Age, yr

10 11 12





image9.png
Mean Udder Score 6 mo, units

7.5

4.5

4.0

3.5

y =-0.2034x + 7.4949
R? = 0.8422

5 6 7 8
Cow Age, yr

10 11 12





image10.png
Mean Teat Score 6 mo, units

7.0

35

3 4 5 6 7 8 9 10 11 12
Cow Age, yr





image11.png
Mean Udder Score Wean, units

8.0
75

a5
a0
35

Y =-0.2063x + 7.6052
R?=0.8191

5 6 7 8 9 10 11 12
Cow Age, yr




image12.png
Mean Teat Score Wean, units

8.0
7.5

7.0

6.0

5.5

5.0
4.5

4.0

y = -0.1298x + 6.9506
R? = 0.7655

35

4 5 6 7 8
Cow Age, yr

10

11

12





image13.png
EBV Birth Wt Direct, kg

15.0

10.0

b
(=)

o
o

1
bl
(<)

*

s ‘0. * s “
* L 2N
R Y £ 3
.
* *
X2
LR s s
e * .
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Brahman Fraction, 32nds





image14.png
@ e e e e 9 <9
© © ©6 6 6 o © © o
¥ N N = o & 0 g

50.0

8 ‘123110 IM Suluesp Ag3

]
o
wn

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Brahman Fraction, 32nds





image15.png
w
k=
©
c
£
]
o
]
=
S
<
]
=
@
>
@
w

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Brahman Fraction, 32nds





image16.png
=
S
-

-10.0
-20.0
-30.0
-40.0

2 9 2
S
8 R S
A

By ‘Jeusazey I Sulueap A3

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Brahman Fraction, 32nds





image17.png
35 WB1dM Buipieap AgID

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Brahman Fraction, 32nds





image18.png
EBV Reprod Trract Score, units

20

1.0

.
: .
.
:
- R L

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Brahman Fraction, 32nds





image19.png
EBV Age First Calving, d

150

100

50

-100

-150

-200

0 2 4 6

8 10 12 14 16 18 20 22 24 26 28 30 32
Brahman Fraction, 32nds





image20.png
EBV First Calving Interval, d

100

50

o

.

..
. .
|.!il'lll|'!lil|" I'l |
’ .

+

.
li"ll

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Brahman Fraction, 32nds





image21.png
15

Twn ‘ealy aAaqry 1N AQ3

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Brahman Fraction, 32nds





image22.png
20

15
1.0
-1.0
-15

-0.5

% ‘484 dsnweaul 1N Ag3

-2.0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Brahman Fraction, 32nds





image23.png
Zwd ‘ealy aAaqry Ag3

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Brahman Fraction, 32nds





image24.png
its

ing, unif

EBV Marbl

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Brahman Fraction, 32nds





image25.png
r—
pRm—
Po—
wraenncage-s

8§ 8 &8 § 8 8 8§

- s 9

p ‘@3y J4a3yBne|s Ag3

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Brahman Fraction, 32nds





image26.png
PRy ——— .

1 ‘IM sse218) 10H Ng3

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Brahman Fraction, 32nds





image27.png
. P ——

8y ‘92404 1e9YS gM NG

w

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Brahman Fraction, 32nds





image28.png
awme > wor

SHUN ‘91038 SSAUIBPUSL AG3

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Brahman Fraction, 32nds





image29.png
0.85 0,-55

Carcass
quality





image30.png
005 010 015 020 025 030

0.00

0.1 02 03 04

0.0

0.1 0.2 0.3 04 0.5

0.0

SNP Variance explained by windows of 20 adjacent SNPs
Carcass quality

1 2 3 4 5 6 7 & 9 10 11 13 15 16 18 19 21 23 25 27 29
SNP Variance explained by windows of 20 adjacent SNPs
Uncorrecetd meat quality

1.2 3 4 5 6 7 8 9 10 11 13 15 16 18 19 21 23 25 27 29
SNP Variance explained by windows of 20 adjacent SNPs
Meat quality

1.2 3 4 5 6 7 8 9 10N 13 15 16 18 19 21 23 25 27 29





image31.png
ENSBTAG00000045986

CASKIN2

ENSBTAG00000027274

GPR179

19w8 19W4 18w3

w2

ENSBTAG00000048046

MYOI1A

TAC3

ZBTB39

|_ GPR182
1 R3HDM2

] AOX1

I—' IGSF10

ITGB3

ENSBTAG00000001621

19w9 MCM9

ASF1A

w4

Carcass quality

. L P— PCDHAS

ENSBTAG00000015439

ENSBTAG00000046717

1
L ENSBTAG00000003200

ENSBTAG00000025428

L SHISA2

55 TRNA

IL36G

IL36A

Meat quality .3

DIS3

TwSs

PIBF1

15wl ®

13w4 |
19w13 w3 ) PCDHA3

13w3  12w4

NCOAS

CD40

SNORD35

CDH22

PENK

ENSBTAG00000014274

ENSBTAG00000046673
PTPRT

TMEM94

U6

ENSBTAG00000007350

PCDHB14

PCDHBI11

ZFYVE26

RADSIB

7SK





image32.jpeg
D PC2 (14.9%)

4000- P < 0.0001 ® Meconium

3000-

3 °
£ 2000 £
5 a H
1000-
Meconium Cow feces  Soil Meconium Cow feces  Soil
PC3 (4.86%) o .
PC1(1B4%)  PC3 (475% PC1 (57.39%)
E F G

100 . p_Verrucomicrobia 100 =i_Wicrococcaceae 2 )

- =1_Pasteurellaceae 2 =g_Clostridium
g =p_Placiomycses o g% #g_Streptococcus
= =p__Chloroflexi = f b Wy Sisohyiosoos

w 0000 16 'g_ Staphylacoccus
g ;g MpuAcincieckria g B g ug_ Bacillus
- =p_Bacteroidetes 4 * ={_Lachnospiraceae 812 "g_Enterococous
v} - |
- " p_Proteobacteria 2 :;—g;’;‘r‘vy"f“’“:;f:e 210 "g_Trabulsiella
8 o ® 40 _Staphylococ L =g_Citrobacter
$ x p_Firmicutes g =i _Peplostreptococcaceae & H
5 k| ~f_Streptococcaceae g 6 'g_Enterobacter
3™ 3 20 ={_Clostridiaceae 24
&
10 2
0 [ 0

Meconium Cow feces  Soil Meconium Cow feces sl Meconium  Cow feces  Soil




image33.jpeg
r, = 04459
A P <0.0001

ADG (kg/day)

20 30 40 50
Birthweight (kg)
me % P<0.0001
- 1000
Y
2
5
500
o

Newborn  Preweaning

9
Fe2 (282%)

PC1 (21.20%)

PC3 (4.58%)

B P <0.0001

b

Low  Medium  High

D! * P<0.0001

Shannon
a2 @

»

Newborn  Preweaning

PC2 (9.78%)
P=0.001 & Newborn calf

‘4 &% o Preweaning calf
% .

PC3 (9.78%) PC1 (49, 53"7:)

E Newborn

G mm Newborn

'
A

B Preweaning

B : Crenarchacota
b: Euryarchaeota

e Bacteroidete
: Bacteroidetes

g: Chioroflex

: Cyanobacteria

I: Elusimicrobla

i Lentisphaerae

k: Planctomycetes.
I: Proteobacteria
[ m: Spirochactes.
. Tenericutes.
B o: Verrucomicrobia

= Praweaning

Ry
L e —

3
H

e

32
LDA SCORE (Iog 10)




image34.png
High and Low Body Temperature

0.50 Body Temperature, Difference (High - Low) 302
0.40 39
030 388
020 386
0.10 - 384

0.00 38.2
100%Angus 75%Angus  Brangus  50%Angus 25% Angus 0% Angus 100% Angus 75%Angus  Brangus  50%Angus 25%Angus 0% Angus




image35.png
&7
& 208
8
8 396
e
8 5 e
E g
E & S w2
2 2
© 8 5 a0
2 =
g 7 5
g 5 %8
- %
27 386
i
384
75
7 382
012345678 91011121314151617 181920212223 2425 1234567809101112131415161718192021222324

Time of day (h) Time of day (h)




image1.png
Figure 1: Study design. Body weight (BWT), white blood cells (WBC), hematocrit (HMT),
complete blood cell counts including hematocrit (CBC), and serum samples for electrolyte

analysis (ELT) were collected at the specified times.
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