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Topics

• Discovery of genetic risk factors for BCHF

• Identifying animals at risk for disease

• The problem of congestive heart failure in beef cattle
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Cattle with congestive heart failure are appearing with 
increased frequency in Western Plains feed yards 

• These yards are experiencing significant 
losses to “brisket disease”

Pair #26:  WY01_20170927_5263_6447

Clinical diseaseUnaffected

Clinical features
1 dot = 5k cattle on feed sold

• These are well managed cattle with high 
genetic merit

• For some operations, this disease is their 
largest single economic loss
• Nebraska Producer 1:  > $250 k annually

• Nebraska Producer 2:  = $944 k from 2013 to 2018



Other clinical signs

Jugular distension
Pair #22 NE04_20170822_854_25

Intermandibular edema
Pair #89 NE04_20180409_916_262



Postmortem differences
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Outbreaks clustered by source

• 40 of 600 (May, 2017) 

Up to 7% loss observed in single-source groups (lot)

• 39 of 500 (January, 2018)

Disease clustering by source suggests underlying genetic causes



Goals of our research

2. Develop a DNA test for animals at risk
 Facilitate selective breeding for reduced risk

 Reduce the number of diseased cattle

 Identify and manage cattle at risk

1. Understand how the disease works
 Essential for prevention and treatment

3. Develop a blood test for diagnosing disease 
 Manage cattle with signs of heart failure
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Study design (2016)
• 100 matched case-control pairs

• Four feedyards ~4000 ft
• Pen riders identify clinical cases

• Presumptive diagnosis
• Clinical presentation, necropsy, histopathology

• Preserve tissues
• DNA, RNA, protein

• Matched controls
• Source, arrival date, gender, and breed type
• None developed clinical BCHF before harvest

Heaton et al., F1000Research 2019, 8:118

https://f1000research.com/articles/8-1189/v1


21 trips over 15 months and 15,000 miles



Pairs

102

Altitude (ft)Site

Totals:

Sources

37

NE01 764,075 20
NE02 173,816 9
WY01 64,143 6
WY02 34,198 2

Average: 4,058

Sample Summary

• 95 black, 5 red, 2 red whiteface

• 71 males, 31 females

• 2017 - 2018



What types of clinical cases did we see?

Clinical cases at every stage of the feeding cycle



First result:  EPAS1 was not associated with BCHF



The search was expanded to the whole genome

• 102 matched case-control pairs

• Whole genome sequencing (30 M variants)

• Illumina BovineHD BeadChip (777 k markers)
2 months, ~$20k

2-3 years, $300k, 78/204 (38%) sequenced Dec. 2019 

Dr. Mark Boggess

Dr. Tim Smith

Mention of trade names is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the USDA.



McNemar’s test for association 

Dr. Greg Harhay

• PLINK does not have a suitable McNemar’s analysis package
• Fisher's exact test, Cochran-Mantel-Haenszel test

• Custom software written in MATLAB programming language

• Each of 562k SNPs were analyzed 12 ways:
“risk factor” vs “protective factor”

“T” allele 

• 1 copy (dominant)

• 1 or 2 copies (dominant or additive)

• 2 copies (recessive)

“C” allele 

C/T SNP example



OR = 7

OR = 8

Manhattan plot of McNemar’s test for association 

Bonferroni, α = 0.05



21 SNPs significantly associated with BCHF



Top 21 SNP associations with BCHF

Marker used in 2-SNP test:  BovineHD0700027239 (BCHF5, ARRDC3, 2 copies, risk allele =“A”)

Linked to marker used in 2-SNP test:  BovineHD0300024366 (BCHF2, NFIA-AS2, 1 or 2 copies, risk allele =“A”)



ARRDC3 missense variant C182Y associated with BCHF

2-copies Y182: OR = 7.0
CI95 = 3.0 to 16.5
p-value = 1 x 10-7

Possible function:  In mouse and human, the arrestin domain-containing 3 protein gene (ARRDC3) is widely expressed and regulates 
body mass and energy expenditure.  

It also interacts with β2-adrenergic receptor in the early endosome and prevents receptor recycling.

Patwari et al., Cell Metab 2011;14: 671–683

Tian et al., J Biol Chem 2016;291:14510–14525



NFIA gene region associated with BCHF

ARRDC3 + NFIA:
OR =15.3
CI95 = 4.8 to 49.3
p-value = 7 x 10-11

Chromosome 3 (Mbp) 
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NFIA-AS2: OR = 8.7
CI95 = 2.6 to 28.6
p-value = 2 x 10-5

Possible function:  “..the transcription factor nuclear factor I-A (NFIA) is now shown to 
drive the brown fat genetic program through binding to lineage-specific cis-regulatory 
elements.” Shapira and Seale, Nat Cell Biol. 2017;19:1006–1007



What can we do with 2 SNPs today?

• It will take years to sort out all the effects of the top 21 
genomic regions associated with BCHF.

• ARRDC3 and NFIA-AS2 markers are associated with up to 
15-fold risk 

• Can we make use of these markers now to help affected 
beef producers? 



Beef diversity panel (96)
Feedlot cattle, BDVPI (96)

Cases, BCHF validation (81/102)

Can we test for disease risk with 2 SNPs?

Dr. Abe Oommen
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Collecting 1077 ear notches from an affected herd

• Processed cattle at full speed (120/hour)

• A pig ear-notcher and pickling brine solution

• Stable at room temperature storage until use



Genotyping ARRDC3 and NFIA-AS2 for 1077 calves

Mention of trade names is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the USDA.

1 day, 2 people, 128 ear notches, 16 machines (1 run)



Sorting animals for breeding in an affected herd
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Sorting animals for disease risk in an affected herd
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Conclusions

 ARRDC3 and NFIA variants are major risk 
factors for heart failure in feedlot cattle. 

 A 2-SNP test sorts animals by risk group

 Other loci were also significantly associated 
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Special credit and thanks go to the pen riders and 
feedyard operators that made this project possible
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