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Introduction
Research �nto the molecular bas�s of �nher�tance 
�s progress�ng at a rap�d pace. Technolog�es that 
permit the identification of molecular genetic 
d�fferences (�.e., d�fferences �n deoxyr�bonucle�c 
ac�d (DNA) sequence among an�mals) are also 
evolv�ng very rap�dly. Several DNA-based tools are 
be�ng marketed �n the beef �ndustry; and, some as 
select�on tools. These tools are known by a var�ety 
of names �n the academ�c commun�ty and w�th�n the 
beef �ndustry (e.g., genom�c tests, DNA markers, 
molecular markers). For s�mpl�c�ty I w�ll refer to 
them as “DNA tests.”

DNA tests present opportun�t�es and challenges 
to the U.S. beef �ndustry. Accurate DNA-based 
select�on tools w�ll g�ve beef cattle breeders 
opportun�ty to �dent�fy an�mals w�th super�or 
breed�ng value (BV) as soon as a t�ssue sample 
can be collected, potentially leading to significant 
sav�ngs �n t�me and money assoc�ated w�th 
performance test�ng and genet�c evaluat�on. 
However, the current state of nat�onal cattle 
evaluat�on (NCE) �n the beef �ndustry prov�des no 
clear d�rect�on to breeders regard�ng how best to use 
these new DNA tests �n the�r select�on programs.

In this paper I will attempt to: 1) briefly describe 
the d�fferent types of DNA tests currently marketed, 
2) d�scuss the potent�al as well as the l�m�tat�ons 
of current DNA tests for select�on, 3) and present a 
model for NCE that prov�des better �nformat�on to 
beef cattle breeders.

I would l�ke to express my s�ncere apprec�at�on 
to the current and former members of the BIF 

Comm�ss�on on DNA Markers for the�r work dur�ng 
the past year: B�ll Bowman, Ronn�e Green (former 
member), Steve Kappes, Ronn�e S�lcox, and Darrell 
W�lkes.1 The �deas and concepts presented here 
reflect their work. I would also like to thank John 
Pollak2 and the Nat�onal Beef Cattle Evaluat�on 
Consort�um for the�r cooperat�on and support.

Current DNA Tests
There are a var�ety of DNA tests ava�lable to the 
beef �ndustry today. The number of DNA tests 
marketed w�ll l�kely �ncrease rap�dly over t�me. 
Follow�ng �s a l�st of the broad types ava�lable based 
on the�r appl�cat�ons. All are based on �dent�fy�ng 
d�fferences (or �n some cases s�m�lar�t�es) �n DNA 
base-pa�r sequence among an�mals. The number 
of base-pa�rs �nvolved, and the lab techn�ques 
employed vary.

Parentage	Identification/Validation tests are used 
to �dent�fy or val�date the parents of calves. They 
�nvolve test�ng the calves and at least one parent.

Identification/Traceability tests are used to 
track an�mals and the�r t�ssues through the food 
product�on cha�n as an�mals and the�r products 
change ownersh�p and move from locat�on to 
locat�on. Var�at�on �n DNA �s used to �dent�fy 
�nd�v�dual an�mals. Each an�mal be�ng tracked must 
be tested.

Management tests are used to pred�ct the future 
phenotypes of the animals tested in specific  
 
1 Amer�can Angus Assoc�at�on, USDA-ARS, USDA-
ARS, Un�vers�ty of Georg�a, and ABS Global, respect�vely.
2 Cornell Un�vers�ty.
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product�on-market�ng systems. They are based on 
�dent�fy�ng d�fferences �n total genet�c mer�t among 
an�mals (�.e., add�t�ve and non-add�t�ve genet�c 
mer�t).

Selection tests are used to est�mate breed�ng value 
(�.e., d�st�ngu�sh among an�mals on the bas�s of the�r 
progeny performance). Tra�ts may be qual�tat�ve 
or quant�tat�ve �n nature. Qual�tat�ve tra�ts are 
controlled by one or a few loc�, and phenotypes 
generally fall �nto d�st�nct classes (e.g., presence 
of horns, coat color, and certa�n genet�c defects). 
Quant�tat�ve tra�ts are controlled by many loc�. 
Quant�tat�ve phenotypes may be measured on a 
cont�nuous scale (e.g., we�ghts) or �n classes (e.g., 
pregnant or open).

The focus of what follows is on DNA tests for 
quantitative traits used for selection. Some DNA 
tests may be marketed for both management and 
select�on purposes. These tests may measure non-
add�t�ve as well as add�t�ve genet�c var�at�on. When 
used as select�on tools the�r value depends on the�r 
ab�l�ty to measure add�t�ve genet�c var�at�on.

Accuracy
In s�mple terms, DNA tests measure d�fferences 
among an�mals �n DNA sequence (somet�mes 
called genotypes). DNA tests for select�on are 
developed by genotyp�ng large numbers of an�mals 
w�th�n a populat�on and comput�ng stat�st�cal 
assoc�at�ons among genotypes and phenotypes of 
the target tra�t. The phenotypes may be measured 
on the an�mals that were genotyped or on the�r 
progeny. Alternat�vely, assoc�at�ons may be 
computed between s�re genotypes and s�re EPD. 
The genotypes may be DNA sequences from 
w�th�n a s�ngle gene, or a “panel” of several genes. 
The process of develop�ng a DNA test �s called 
“discovery.” The discovery process attempts to find 
genotypes that are h�ghly pred�ct�ve of des�rable 
progeny phenotypes.

Hence, DNA tests measure genotypes for the 
purpose of pred�ct�ng phenotypes. To be useful �n 
genet�c �mprovement, a DNA test must accurately 
pred�ct the phenotypes of progeny. In other words, 
the DNA test must accurately pred�ct breed�ng 
value.

Accuracy �s a genet�c evaluat�on term that �s 
fam�l�ar to most breeders. BIF reports accuracy as 
a number between 0.0 and 1.0. Accuracy measures 
the degree or strength of the assoc�at�on between a 
pred�ctor of breed�ng value (l�ke an EPD) and the 
true breed�ng value. The stronger the assoc�at�on 
between the pred�ctor and the true breed�ng value, 
the h�gher the accuracy. Another way of descr�b�ng 
accuracy �s that accuracy measures the amount of 
var�at�on �n true breed�ng value accounted for by the 
pred�ctor.

Quant�tat�ve tra�ts are controlled by hundreds �f 
not thousands of genes. Quant�tat�ve tra�ts are also 
affected by non-genet�c factors that genet�c�sts 
s�mply refer to as env�ronmental effects. If we could 
genotype all the genes that affect a certa�n tra�t, and 
�f we could pred�ct how every allele of each gene 
affects the tra�t, �n theory we could expla�n all the 
add�t�ve genet�c var�at�on for the tra�t and pred�ct 
the breed�ng value of an an�mal for that tra�t w�th an 
accuracy of 1.0.

Current DNA tests are based on from a few to 
over 100 genes. The number of genes measured �s 
l�kely to �ncrease rap�dly over the next few years. 
Although we know that all genes do not have equal 
effects, for any g�ven tra�t the accuracy of the DNA 
test (�.e., �ts ab�l�ty to accurately pred�ct breed�ng 
value) �s expected to �ncrease as the number genes 
accounted for �ncreases.

Validation and Assessment
DNA tests are developed based on assoc�at�ons 
between var�at�ons �n DNA sequence w�th var�at�ons 



6

�n phenotypes. The an�mal populat�ons used to 
develop a test may or may not be representat�ve 
of �ndustry populat�ons. The concept of val�dat�on 
generally involves the confirmation of rejection 
of these assoc�at�ons �n populat�ons d�fferent from 
those �n wh�ch the tests were developed. Val�dat�on 
stud�es are cons�dered to be more rel�able �f they are 
conducted by sc�ent�sts who have no vested �nterest 
�n the tests (e.g., development, commerc�al�zat�on, 
or market�ng).

The concept of assessment �nvolves determ�n�ng 
how specific DNA tests are associated with 
each other and w�th non-target phenotypes. In 
other words, assessment seeks to determ�ne how 
compet�ng DNA tests overlap and how non-target 
traits will be influenced by selection based on these 
tests.

The Breeder’s Dilemma
The status of current DNA tests and NCE presents 
a d�lemma for beef cattle breeders. The components 
of th�s d�lemma are related to the concepts of 
accuracy, val�dat�on, assessment, and the need for a 
common currency for genet�c evaluat�on.

F�rst, the accuracy of current DNA tests for 
pred�ct�ng breed�ng value �s essent�ally unknown. 
In other words, the fract�on of add�t�ve genet�c 
variation explained by any specific DNA test 
�s unknown. S�nce most current DNA tests are 
based on genotyp�ng only a fract�on of the genes 
that affect the target tra�t, �t’s safe to assume the 
accurac�es of these tests are low. S�m�lar to an EPD 
w�th a low accuracy, the breed�ng value est�mated 
by a DNA test w�th a low accuracy �s l�kely to be 
qu�te d�fferent from the true breed�ng value.

Second, to date components of commerc�ally 
ava�lable DNA tests have been val�dated v�a 
publication in peer-reviewed scientific journals or 
by the Nat�onal Beef Cattle Evaluat�on Consort�um 

(NBCEC) serv�ng as an �ndependent th�rd party. 
However, not all DNA tests have been scientifically 
val�dated. Val�dat�on serves to reduce r�sk for 
breeders us�ng the DNA tests as select�on tools.

Th�rd, currently there are three genom�c compan�es 
market�ng DNA tests �n the Un�ted States. For 
some tra�ts (e.g., marbl�ng, tenderness), each of the 
compan�es markets compet�ng tests.  The results 
of these compet�ng tests are reported �n d�fferent 
un�ts. It’s safe to assume that compet�ng tests are 
not �dent�cal (�.e., they don’t measure the same 
genes), and are not equally accurate. Yet, �t’s also 
safe to assume that compet�ng tests are pos�t�vely 
correlated; �n other words, the �nformat�on on 
breed�ng value prov�ded by the tests overlaps. 
Breeders need some way to compare and comb�ne 
these compet�ng tests as they seek to compare 
an�mals w�th test results from d�fferent compan�es.

Fourth, a cr�t�cal part of des�gn�ng a breed�ng plan 
�s cons�derat�on for how select�on based on a set 
of target tra�ts m�ght produce genet�c changes �n 
�mportant non-target tra�ts. Genet�c�sts call these 
changes “correlated responses” wh�ch are due to 
genet�c correlat�ons among tra�ts. Currently, we no 
very l�ttle about expected correlated responses to 
select�on us�ng DNA tests. It �s unknown �f select�on 
on a subset of genes the affect a tra�t have the same 
correlated responses as trad�t�onal select�on on the 
tra�t.

F�fth, DNA tests seek to est�mate breed�ng value 
just as EPD est�mate breed�ng value. Although 
based on d�fferent sources of �nformat�on (DNA 
sequences versus phenotypes and ped�grees), the 
�nformat�on prov�ded by DNA tests and EPD for 
the same trait overlap. There is no valid scientific 
way for breeders to compare or comb�ne DNA tests 
and EPD to est�mate breed�ng value. It’s safe to 
assume that DNA tests prov�de val�d �nformat�on on 
breed�ng value—�nformat�on that can be collected 
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at b�rth; however, we have no way of compar�ng 
these est�mates to an EPD, or us�ng th�s �nformat�on 
to �mprove an EPD.

In North Amer�ca, EPD have become the currency 
of genet�c evaluat�on of beef cattle. EPD are the 
genet�c currency of the beef �ndustry. The beef cattle 
�ndustry needs a NCE system of that ut�l�zes all 
sources of �nformat�on on econom�cally �mportant 
tra�ts to est�mate a s�ngle est�mate of breed�ng value 
w�th an accompany�ng accuracy value. The beef 
�ndustry needs EPD that are computed us�ng all the 
�nformat�on ava�lable—ped�grees, phenotypes, and 
DNA tests. 

A Proposed Model
Performance test�ng and genet�c evaluat�on 
are be�ng conducted on an �ncreas�ng number 
of econom�cally relevant tra�ts. The types of 
�nformat�on ava�lable (�.e., ava�lable from a 
pract�cal and econom�cal v�ew) var�es among tra�ts. 
Types of �nformat�on �nclude ped�gree relat�onsh�ps, 
performance measurements (�.e., phenotypes), and 
DNA test results. Phenotypes may �nclude d�rect 
and �nd�rect measurements on the same tra�ts. 
For example, carcass backfat may be measured 
�nd�rectly v�a ultrasound or d�rectly after slaughter. 
Table 1 �llustrates the var�ous comb�nat�ons 
poss�ble. Because most an�mals marketed �n the 
U.S. as seedstock have known parentage the table 
assumes that ped�gree relat�onsh�ps are known.

Some economically relevant traits are difficult to 
measure and there are no DNA tests for these tra�ts 
ava�lable. These tra�ts w�ll l�kely be the focus of 
future research. In a second category are tra�ts for 
wh�ch phenotypes are regularly measured �n the 
field, systematically data-based, and for which 
EPD are computed. The emergence of DNA tests 
now perm�ts the est�mat�on of breed�ng values 
on an�mals for wh�ch l�ttle or no phenotyp�c 
�nformat�on �s ava�lable (a th�rd category). A 

current example would be tenderness. Tenderness 
phenotypes are difficult and expensive to measure, 
but DNA tests are ava�lable. In a fourth category 
are tra�ts where both phenotypes and DNA tests 
are ava�lable. A current example would be carcass 
marbl�ng.

Over the past year the BIF Comm�ss�on on DNA 
Markers and the Nat�onal Beef Cattle Evaluat�on 
Consort�um (NBCEC) worked to address these 
�ssues presented above and that accommodates tra�ts 
w�th d�fferent types and amounts of �nformat�on 
collected. Our gu�d�ng ph�losophy �s summar�zed 
by the follow�ng statement drafted by the BIF 
Comm�ss�on:

The BIF Commission believes that 
information from DNA tests only has value 
in selection when incorporated with all 
other available forms of performance 
information for economically important 
traits in NCE, and when communicated in 
the form of an EPD with a corresponding 
BIF accuracy. For some economically 
important traits information other than DNA 
tests may not be available. Selection tools 
based on these tests should still be expressed 
as EPD within the normal parameters of 
NCE.

F�gures 1 and 2 schemat�cally present a proposed 
model for NCE that �ncorporates ped�gree 
relat�onsh�ps, performance phenotypes, and DNA 
test �nformat�on �n the computat�on of EPD and 
accurac�es. The model w�ll accommodate tra�ts 
w�th d�fferent amounts and types of �nformat�on 
(�.e., ped�gree relat�onsh�ps, �nd�rect and d�rect 
measures of phenotype, and DNA tests from 
mult�ple compan�es). As env�s�oned th�s model 
would accommodate w�th�n-breed NCE as well as 
mult�-breed NCE. The proposed model assumes 
that breed assoc�at�ons w�ll cont�nue to bear major 
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respons�b�l�ty for the del�very of EPD to the beef 
�ndustry.

Stat�st�cal procedures for �ncorporat�ng DNA test 
�nformat�on �nto NCE and the computat�on of EPD 
and assoc�ated accurac�es w�ll be descr�bed �n 
other media. Briefly, the method utilizes DNA test 
results �n a manner analogous to us�ng correlated 
tra�ts �n more trad�t�onal NCE. The method perm�ts 
�ncorporat�on of several compet�ng DNA tests (e.g., 
tests for the same tra�t) as well as ped�gree and 
performance �nformat�on. The method �s appl�cable 
to any tra�t for wh�ch some �nformat�on on breed�ng 
value �s ava�lable (�.e., phenotypes and (or) DNA 
tests; 3 of the 4 cells �n Table 1).

Evaluation of a DNA test as a Selection Tool
As represented �n F�gure 1, I have assumed 
that the NBCEC w�ll coord�nate val�dat�on and 
assessment efforts. At present, the future of NBCEC 
�s uncerta�n. Nevertheless, the part�c�pat�on of an 
�ndependent th�rd party �n the model �s cr�t�cal.

Under the proposed model, evaluat�on of a DNA 
test as a select�on tool �ncludes the concepts of 
val�dat�on and assessment; but also prov�des 
�nformat�on on the accuracy of select�on based 
on the DNA test. Evaluat�on of a DNA test as a 
select�on tool �ncludes: 1) est�mat�on of the genet�c 
relat�onsh�p between the DNA test and the target 
tra�t (phenotype), 2) est�mat�on of the genet�c 
relat�onsh�ps among compet�ng DNA tests for the 
target tra�t, 3) est�mat�on of genet�c relat�onsh�ps 
between the DNA test and non-target tra�ts, and 
4) computat�on of EPD and the�r assoc�ated 
accurac�es. Complet�on of these tasks w�ll requ�re 
the genotyp�ng (�.e., runn�ng the DNA tests) of 
reference populat�ons, and stat�st�cal analyses of 
datasets that �nclude DNA test scores, ped�gree 
relat�onsh�ps, and phenotypes for the tra�ts of 
�nterest. Results of these evaluat�ons should be  
 

reported to the public in an efficient and timely 
manner.

Inclusion of DNA Test Information in NCE 
Programs
Results of the evaluat�on phase (outl�ned above) 
w�ll prov�de all the needed stat�st�cal parameters 
needed for NCE. The dec�s�on to �nclude a DNA 
test �n a NCE system should be made by the breed 
assoc�at�on or the organ�zat�on respons�ble for 
publ�sh�ng the EPD. Cons�derat�on should be g�ven 
to the her�tab�l�ty of the tra�t, the ava�lab�l�ty of 
producer-collected phenotypes, and the �ncrease �n 
accuracy prov�ded by the add�t�on of the DNA test 
�nformat�on.

Reference Populations
As used here (F�gure 1), reference populat�ons 
are: 1) ped�greed herds representat�ve of and 
genet�cally l�nked to commerc�al populat�ons �n the 
beef �ndustry, 2) managed �n product�on/market�ng 
systems representat�ve of the beef �ndustry, and 3) 
measured for econom�cally relevant tra�ts. Herds 
useful for the purposes descr�bed here �nclude: 
1) cataloged data from research stud�es, and 2) 
ex�st�ng herds. Ownersh�p may be publ�c or pr�vate; 
however, as env�s�oned here the most useful 
on-go�ng reference populat�ons are l�kely to be 
federally owned and managed.

Access to qual�ty reference populat�ons �s 
absolutely cr�t�cal to the success of a NCE system 
that �ncorporates DNA test �nformat�on. The 
part�c�pat�on of USDA-ARS and Agr�culture 
Canada w�ll be v�tal to the successful 
�mplementat�on of DNA-based select�on tools �n the 
beef �ndustry.

Databases 
After a DNA test has been approved for �nclus�on 
�n NCE, DNA test scores w�ll need to be stored and 
accessed in an efficient manner. Figure 2 presents 
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a schemat�c of how NCE would �ncorporate DNA 
test �nformat�on on an ongo�ng bas�s. The proposed 
model w�ll requ�re the storage and use of potent�ally 
large databases of DNA �nformat�on. Important 
cons�derat�ons �nclude: 1) the marketed DNA tests 
are expected to change frequently over t�me, 2) 
mult�ple compan�es are l�kely to market DNA tests 
for the same target tra�t, and 3) access to the raw 
data may need to be restr�cted. Hence, �t w�ll be 
�mportant that the database(s) accommodate these 
aspects.

The qual�ty of any EPD �s dependent on the qual�ty 
of the data used to compute the EPD. Much l�ke 
select�ve report�ng of phenotyp�c measurements 
may b�as EPD computed from ped�gree and 
phenotypes, select�ve report�ng of DNA tests may 
b�as EPD computed from DNA tests. It w�ll be 
�mportant for breed assoc�at�ons to �mplement 
pol�c�es that encourage complete report�ng of all 
DNA tests.

A Dynamic Future
The pace of change �n the beef �ndustry cont�nues 
to be rap�d. The evolut�on of genom�c tools for the 
beef �ndustry may be even more rap�d. Part�c�pants 
�n th�s year’s BIF convent�on w�ll get a gl�mpse 
of several new emerg�ng technolog�es. As NCE 
systems evolve to accommodate new technolog�es, 
�t w�ll be �mportant to do our best to �mplement 
systems that embrace a dynam�c future.

One of the most significant changes on the horizon 
�s that future DNA tests w�ll undoubtedly be based 
on many more genes. Developments �n molecular 
technolog�es now perm�t the genotyp�ng of tens 
of thousands of gene segments at the same t�me. 
Th�s number w�ll no doubt cont�nue to �ncrease. 
Although these technolog�es are not w�thout 
significant challenges, they should lead to new DNA 
tests based on hundreds, �f not thousands of genes,  
 

lead�ng to �mportant �mprovements �n the accuracy 
of breed�ng value est�mates based on DNA tests. 

Just as agr�culture �s a global �ndustry, genom�cs 
�s a global �ndustry. The future w�ll see greater 
collaborat�on among federal sc�ent�sts across 
nat�ons, as they seek to d�scover and evaluate 
DNA tests �n d�fferent product�on/market�ng 
env�ronments.

Conclusion
The grow�ng genom�cs �ndustry represents a 
great future for select�on tools and the genet�c 
tailoring of cattle for specific production/marketing 
env�ronments. L�ke most new technolog�es, 
genom�cs br�ngs new challenges. Nat�onal cattle 
evaluat�on must adapt to �nclude DNA test 
information so that beef breeders can make efficient 
use of the �nformat�on prov�ded by these tests. As 
the beef �ndustry moves forward nat�onal cattle 
evaluat�on w�ll depend on the partnersh�p of any 
�ncreas�ng number of �ndustry segments, �nclud�ng 
seedstock producers, breed assoc�at�ons, federal 
and un�vers�ty research �nst�tut�ons, seedstock 
marketers, and genom�c compan�es.

Table 1. Traits categorized according to 
information available.

DNA Tests Industry-collected
Phenotypes
No Yes

No
Yes

--- EPD
EPD EPD
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