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58-8042-0-093Agreement No.:

REGENTS OF THE UNIVERSITY OF MINNESOTACooperator:

The Agency agrees to extract genomic DNA of 30 Jersey bulls from semen, construct next-generation sequencing libraries, 
sequence the resulting libraries to a depth of ~15x coverage, and align the resulting reads against version 1.1 of the ARS-
UCD bovine reference genome (or the current version at the time data are generated).

THE COOPERATOR AGREES TO:

MUTUAL AGREEMENTS:

U.S. DEPARTMENT OF AGRICULTURE
RESEARCH, EDUCATION, AND ECONOMICS

Statement of Work

Agency receives funds. 1.

09/07/2021

Type of Action: New

Control No.:53504

Objective:
Declining fertility in dairy cattle is a serious threat to the profitability of dairy cattle. Fertility is one of the traits affected most by 
crossbreeding. The discovery of genetic variants and their mechanism underlying reproductive heterosis will facilitate 
developing new strategies to improve dairy fertility. This proposed research is the first attempt to understand reproductive 
heterosis in dairy cattle and aims at the discovery and utilization of genetic variants and mechanisms underlying dairy 
reproductive heterosis for genetic improvement of dairy fertility. Specific objectives supporting this overall objective include: 
1) Detect chromosome regions and assessing genetic mechanism associated with reproductive heterosis using genome-
wide association study (GWAS); 2) Fine-map and identify candidate causal variants underlying reproductive heterosis by an 
integrated analysis of comparative genomics, and 3) Improve Holstein using heterosis variants and mechanisms. This 
research will yield a list of genome variants associated reproductive heterosis and their specific effects potentially including 
additive, dominance and epistasis effects, verification and fine mapping 3 million SNPs from the sequence data of 
hypothetical Holstein x Jersey crosses, functional relevance from mouse comparative analysis and from comparative 
analysis of genetic selection in Holstein cattle since 1964. The total contribution of all heterosis variants as well as the total 
contribution of candidate variants for gene editing will be estimated. The results from this research will be a significant 
contribution to the scientific understanding of reproductive heterosis in dairy cattle and to the genetic improvement of dairy 
fertility utilizing heterosis variants and mechanisms.

Approach:
Aim 1: Detect chromosome regions and assessing genetic mechanism associated with reproductive heterosis using 
genome-wide association study (GWAS). The GWAS analysis will identify chromosome regions and genetic variants with 
significant effects on the fertility traits in the crossbreeding population. Assessment of genetic mechanism is achieved by 
testing the significance of additive and dominance of each SNP, and epistasis effect of each pair of SNPs. For SNPs with 
significant dominance effects, we will further assess whether the dominance effects were incomplete dominance or 
overdominance. For epistasis effects, we will determine the exact type of the epistasis effects. 

Aim 2: Fine map and identify candidate causal variants underlying reproductive heterosis by an integrated analysis of 
comparative genomics. This analysis will verify heterosis variants from GWAS, find other variants potentially associated with 
reproductive heterosis using frequency comparison based on sequence data, and investigate functional relevance of 
heterosis variants to fertility by comparison with mouse knockout genes affecting fertility and chromosome regions affected by
genetic selection since 1964. Candidate variants associated with reproductive heterosis will be identified and their contribution
to heterosis evaluated.

Aim 3: Explorative study of using heterosis variants and mechanisms to improve Holstein fertility, and to predict optimal mating
to maximize reproductive heterosis. SNP effects from crossbreds representing fertility heterosis will be added to the mixed 
model for genomic prediction of fertility traits in Holsteins, and the accuracy change due to crossbred SNP effects will be 
evaluated using validation studies.

The Cooperator agrees to conduct genomewide association analyses to identify genomic regions that underlie heterosis 
effects on fertility, fine-map causal variants that explain reproductive heterosis, conduct a comparative analysis of identified 
variants with genes known from mouse knockout models to affect fertility, and use the results of those studies to develop 
mating plans that maximize reproductive heterosis in Holstein cattle.

AGENCY AGREES TO:



58-8042-0-093Agreement No.:

REGENTS OF THE UNIVERSITY OF MINNESOTACooperator:

U.S. DEPARTMENT OF AGRICULTURE
RESEARCH, EDUCATION, AND ECONOMICS

Statement of Work

3. Both parties mutually agree to share in the analysis and interpretation of results, and jointly submit manuscripts to peer-
reviewed journals.

Correspondence and documentation submitted by the Cooperator to the Agency PI in reference to this agreement should cite 
Agreement No. 58-8042-0-093                                      .

 2.

09/07/2021

Type of Action: New

Control No.:53504



Recipient Name:

Agreement No.:

PRINCIPAL INVESTIGATOR

FUNDS

REQUESTED BY

PROPOSER

FUNDS
APPROVED BY

AGENCY

(If different)

A. Salaries and Wages

1.  Senior/Key Person(s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.  Other Personnel (Post-Doctoral Associates, Graduate Students,
     Undergraduate Students) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3.  Support Personnel/Secretarial/Clerical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total Salaries and Wages 

B. Fringe Benefits (If charged as Direct Costs)

C. Total Salaries, Wages, and Fringe Benefits (A plus B)

D. Equipment
(Provide supporting data. List items and dollar amounts for each item exceeding $5,000.)

E. Materials and Supplies

F. Travel (List destination and amount for each trip)
1. Domestic (Include Canada, Mexico, and U.S. Possessions)

2. Foreign

G. Publication Costs

H. ADP/Computer Services

I. Subawards

P. COST SHARING

O. TOTAL AMOUNT of this REQUEST (M minus N)

N. Amount of Deobligation (If applicable)

M. Total Direct and Indirect Costs (K plus L)

L. Indirect Costs (Specify rate(s) and base(s) for on/off campus activity.)
(Where both are involved, identify itemized costs included in on and off campus bases.)

K. Total Direct Costs (C through J)

J. All Other Direct Costs (Provide supporting data. List items and dollar amounts.)

 $0.00

 $0.00

 $30,000.00

 $2,000.00

 $0.00

 $0.00
 $0.00

 $0.00

 $0.00

 $32,000.00

 $0.00

 $32,000.00

 $0.00

 $32,000.00

 $0.00

 $0.00

 $0.00

 $0.00

 $0.00

 $0.00
 $0.00

 $0.00

 $0.00

 $0.00

 $0.00

 $0.00

 $0.00

 $0.00

REGENTS OF THE UNIVERSITY OF MINNESOTA

58-8042-0-093

YANG DA

 $0.00

 $0.00

 $0.00

 $0.00  $0.00

 $0.00

 $0.00

 $0.00

 $0.00  $0.00

 0.00 %

 $0.00

Rate :

Base :

GRANT AND COOPERATIVE AGREEMENT BUDGET

NewType of Action:

U.S. DEPARTMENT OF AGRICULTURE
RESEARCH, EDUCATION, AND ECONOMICS

REE-455 (10/15)

 $0.00



Semen purchase and DNA sequencing  $30,000.00

Materials and Supplies

U.S. DEPARTMENT OF AGRICULTURE
RESEARCH, EDUCATION, AND ECONOMICS

AGREEMENT BUDGET JUSTIFICATION
FOR 58-8042-0-093

  

Travel - Domestic

Travel to scientific meetings  $2,000.00


