








(1) The sire and maternal grandsire are the two closest
ancestors whose GTA is usually known with a high degree
of accuracy.

(2) Research has shown that if sire summaries with at least a
medium range of R are available for the sire and maternal
grandsire, the remainder of pedigree information adds
little to the accuracy of pedigree evaluation.

(3) The cost of using information only on bulls is very much
less than that on cows because of the differences in the
size of the data files on bulls vs. cows. The major cost
increase that would be incurred to utilize cow informa-
tion in the pedigree evaluation cannot be justified
because there is not a commensurate increase in accuracy.
However, the use of cow information would undeniably have
considerable public relations value.

The relative value of pedigree information varies according
to the amount of progeny information available. With little or no
progeny information, a bull's pedigree 1is of considerable
importance for estimating his expected GTA. Pedigree information
is very useful for selecting bulls for progeny testing. It is a
valuable addition to the sire summaries with lower R, especially
single-herd summaries. It is clear that valuable pedigree infor-
mation has been overlooked in the past probably due at least
partly to the complexity of including it with daughter informa-
tion. Obviously, a bull should not be widely used in Artificial
Insemination (AI) on the basis of nothing but pedigree
information. We would not have suitable confidence in his genetic
superiority. On the other hand, the suggestion that pedigree
information is worthless, or is worthless as soon as any progeny
data are available, is equally unjustified. That is tantamount to
denying that yield is inherited. The proper way to utilize
pedigree information is to weight it along with progeny
information according to the genetic worth of each source. This
is exactly what the MCC does. The genetic grouping procedure
makes use of pedigree information in a manner that is very close to
Selection Index Theory but in a slightly conservative manner,
giving pedigree information slightly less emphasis than is
justified by genetic theory.

Here is how the MCC makes use of pedigree information.
First, a Pedigree 1Index for genetic transmitting ability is
computed for each bull from sire and maternal grandsire
information. Second, bulls are divided into classes within each
breed depending on the presence or absence of sire and maternal
grandsire information and ranked within classes. Third, each
ranking is divided into genetic groups, each group usually
encompassing about a 50-pound range in milk yield. Fourth, a
group average is calculated for each genetic group. The genetic
group average is factor GA in part [5] of the PD74 formula. The
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range in values of the genetic group averages will usually be less
than the range of the Pedigree Indexes. We do not anticipate that
any GA for any breed will go beyond the range of +1,200 pounds of
milk under the 1974 base. 1In fact, over half of the bulls in each
breed have group averages within the range of -200 to +200.
Hopefully, this distribution will be shifting upward because of
genetic progress.

Two other major improvements were adopted at the time of
implementation of the MCC. Records—-in-Progress (RIP's) were
included where available in all sire summaries. This is an
outgrowth of the USDA's previous procedure where a separate
Preliminary Sire Summary run was conducted that included RIP's. A
study 1/ showed that the Preliminary Sire Summaries were accurate
predictors of the later Official Summaries and that it would be
beneficial to include RIP's in the Official USDA-DHIA Sire
Summaries and Cow Indexes. These RIP's have been made available
to USDA through the cooperation of the Dairy Records Processing
Centers and the financial support of the National Association of
Animal Breeders.

New USDA-DHIA Age and Month-of-Calving Factors 2/ were also
implemented. These factors were calculated by improved procedures
that account both for age of the cow at calving and the month of
the year in which she calved. These factors enable more accurate
standardization of lactation records used in NCDHIP, in genetic
evaluation and other research.

Most of the improvements in the MCC that result in more
accurate Sire Summaries also increase the accuracy of the Cow
Indexes. This occurs for two reasons:

(1) The direct increase in accuracy of evaluating each cow's
individual yield data as shown in parts of [3] and [4] of
the PD74 formula.

(2) The increased accuracy of genetic information of each
cow's sire that results from the MCC and is used in the
Cow Indexing procedure.

Details of the new USDA-DHIA Cow Indexing procedure are
described in the fourth article of this publication.

l/Powell, R. L., H. D. Norman, and F. N. Dickinson. 1975.
Analysis of the USDA-DHIA preliminary sire summary. J. Dairy Sci.
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2'-/Norman, H. D., P. D. Miller, B. T. McDaniel, and others.
1974. USDA-DHIA factors for btandardizing 305-day lactation
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THEORETICAL BACKGROUND FOR THE USDA-DHIA
MODIFIED CONTEMPORARY COMPARISON SIRE SUMMARY PROCEDURE
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In 1962 the Herdmate Comparison replaced the Daughter-Dam
Comparison as the Official USDA-DHIA sire evaluation procedure.
The change created the opportunity for dairymen using this infor-
mation to increase manyfold their within-herd genetic improvement.
Over a period of years such improvement created problems in the
accuracy of the Herdmate Comparison because bulls were not used
randomly and daughters of individual bulls were compared with
herdmates of substantially different merit.

In 1970 Cornell University implemented a linear model
procedure for sire evaluation with the Northeast AI Sire
Comparison,l/  -The procedure compares daughters of artificial
insemination (Al) sires on their first lactation records. This
summary eliminated the need to assume that the bulls were mated at
random with respect to other bulls and also considered that the
bulls selected were not of a single population. USDA's commitment
to evaluate all bulls made it unfeasible to utilize this model.
The required techniques for obtaining solutions for the number of
bulls needed was not available in 1971 when an alternative to the
Herdmate Comparison was initiated at USDA. Whether these tech-
niques can be developed to the paint where mixed model methods can
be utilized in the near future for the number of bulls required
needs to be determined.

In evaluating all bulls, a procedure seemed necessary to
adjust for the location or distribution of daughters across herds
in addition to the number of daughters. Considerable controversy
still exists over whether sire summaries need to include more than
first lactation records. The . exclusion of second and later
records simplifies procedures by not having to consider individual
cow variation or the extent of selection in herdmates, and allows
the use of a smaller data file. Sampling variance of sire esti-
mates can be reduced by including more than first records,
principally because of the additional daughters with comparisons,
and also because of some additional records on each daughter and
additional herdmates in each comparison. The unanswered question
seems to be whether bulls' gfankings on the performance of their
daughters at various ~lecations change enough to be worth
considering. -

l/Cornell University, Department of Animal Science. 1970.
Northeast Al Sire Comparison. Ithaca, N.Y.
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Selection Index Theory has been widely used in the field of
animal breeding. Because of the complexity, however, there has
been a reluctance to expand its use in sire evaluation to consider
information on other reiatives when daughters are available.
Pedigree information is more reliable than a single herd summary.
2/ Such information can be as valuable as having nine daughters
in nine herds. Therefore, a substantial increase in accuracy can
be achieved by including the additional information in (1) the
first summaries of most bulls and (2) all summaries of low Repeat-
ability (R) bulls. The success of using pedigree information in
predicting the future performance of bulls' daughters has been
shown in many studies 2/ ‘Such success would seem to be underrated
because most pedigree estimates were based on the Herdmate
Comparison procedure. This additional information on relatives
should be included in the sire estimates.

In 1971 the following procedure was developed as an alterna-
tive procedure to eliminate the major weaknesses in the Herdmate
Comparison method. In the process of changing the procedure a
number of additional revisions to the dairy record system were
made. Among these were the implementation of new age-month of
calving adjustment factors 3/ and the inclusion of in-progress
records of more than 40 days.,4/-) The first summaries calculated
using these new procedures were dvailable to the dairy industry in
the fall of 1974.

Improvements in Weighting for Accuracy of Information

The USDA-DHIA Herdmate Comparison 5/ was one of the few sire
evaluation procedures used that made any adjustment for environ-
mental correlations. 1In that method, the R of the sire summary was
influenced by the distribution of daughters across herds. The
estimates of the sire's transmitting ability (Predicted Differ-
ence) was thus affected because the sire's R was used to regress
the daughter-herdmate deviation to the population mean.

Z/Norman, H. D. Factors that should be considered in a
national sire summary model. 1974. J. Dairy Sci. 57:955-962.

é/Norman, H. D., P. D. Miller, B. T. McDaniel, and others.
1974. USDA-DHIA factors for standardizing  305-day lactation
records for age and month of calving. U.S. Agr. Res. Serv. ARS-
NE‘.40 e

i/Powell, R. L., H. D. Norman, and F. N. Dickinson. 1975.
Analysis of the USDA preliminary sire summary. J. Dairy Sci.
58:551~-557.

2/Plowman, R. D., and B. T. McDaniel. 1968. Changes in USDA
sire summary procedures. J. Dairy Sci. 51:306.
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In the USDA-DHIA Herdmate Comparison procedure, if a large
number of daughters were added in a single herd when there were
single daughters in several herds, the R of the sire summary could
actually decrease. The summary was less reliable because a larger
proportion of the progeny information was from one herd and equal
weight was given to the yield of each daughter having the same
number of records. If information were combined in a more
effective manner (that is weighting by the expected accuracy of
information considering the environmental correlation), the adding
of daughters in any herd would result in at least a slight increase
in the Repeatability of the summary. Sire summary procedures that
ignore environmental correlation, if it exists, overestimate R,
therefore giving less than optimum estimates of transmitting
ability if some herds have more than one daughter.

The USDA-DHIA Herdmate Comparison 6/ considered herd effects
as random and in calculation added a single regional breed-year-
season average into the herdmate average, resulting in the
adjusted herdmate average. Each adjusted herdmate average was
then given equal weight for comparison to the daughter yield in
combining information across daughters. Daughters with larger
numbers of herdmates by greater numbers of sires provided more
information about a bull's true genetic merit than did those with
only one or a few herdmates but did not receive proper credit for
the additional information provided.

The daughter and herdmate milk yield are defined in the new
procedure with a model which more completely considers known
genetic and environmental sources of variation. The sire summary
model uses the distribution of daughters across herds to give more
effective evaluations assuming environmental correlation |is
present. Daughter milk yield is explained by the following model:

= HT, + S, + (HS) , +

Yhgijk hg hegij T Shgijk

where,

thijk is the yield of the kth record of the jth daughter of
the ith sire in the hth herd and gth year-season;

HThg is an effect common to all observations in the gth year-
season in the hth herd;

S; is an effect common to daughters of the ith sire;

(HS),; 1s an effect common to daughters of the ith sire in the
hth herd;

é/See footnote 5, page.lﬁ
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Ch.ij is a cow effect of the jth daughter of the ith sire in
the hth herd; and,

®hgijk is unexplained variation associated with the kth

record of the jth daughter of the ith sire in the hth herd and
gth year-season.

Each effect in the model except HThg is assumed to be an

uncorrelated random variable distributed with mean zero, and
variances, Iozs,Iczhs,Iozc or Ioze, respectively.

Thus, for example, the variance of randomly selected records
in a specific herd is:

Var (Y = E{[HThlg + Si + (Hs)h'i + C

h'gijk’ h'gij ¥ ®h'gijk!

- 2
E[HTh,g + si + (HS)h.i + ch,.ij + eh'gijk]}

= E{[si + (HS)h,i + C + e

hrgis hraisel P
#ij gij

=E{Szi + (HS)? hri * c? + e? + Cross Products}

i h'gij h'gijk

= 2 + 2 + 2 + 2
g %hs Oc O'e

Likewise,

the variance of randomly selected daughter records of a
specific sire in a randomly selected herd is:

Var(Yhgl jk) = (Jhs + 0 + o? e’

the variance of randomly selected daughter records of a
specific sire in a specific herd is:
= 2 2
Var(Yh'gi'jk)} OC + 0o e’
and the variance of randomLy selected records of a specific
cow in a specific herd is: 2
Var(Yh 'gi j'k) = 0%
Since each herdmate's y1eld'18 described with the same model
as each daughter's, the variancq of total or average herdmates'’
yield for a sire can be calculated in the same manner. For the
herdmate yield, the cow and error effects are confounded since
each herdmate has but one record in the herd and season of
interest. Thus, |

3hgij = Chgij * ®hgijk-
11




The model is therefore:

thij = HThg + Si + (HS)hi + ahgij'
where,
Si = the herdmate's sire effect, distributed with mean
zero and variance IOZS, i=1, ..., B,
ahgij = cow + error effect of the herdmate, distributed with

mean zero and variance I(o?> + o2 i =1, n,_ ..
(0* . o) J r TR

The ith sire of herdmates has Nphgi Progeny in the gth season
]

in the hth herd. For simplicity in definition bull i', whose
daughters are being evaluated, was excluded from summation thus
giving herdmate yield instead of herd yield. The herdmate average
(Yh'g' ) for daughters of the i'th sire in the g'th season in the

h'th herd is:

_ B nh'g'i B
Yh'g'-. =i£l jzl Yh'g'ij/nh'g'.=[nh'g'-HTh'g' +i£lnh|g|isi
B B nh‘g'i
+Zn, 4:;(HS) ,. + % )} all"]/nll
i=1 h'g'i h'i i=1 j=1 h'g'ij h'g'.
The variance is, therefore:
Var(yhlgl-.) = E{thgu.._E(§h|gl..)}2
B B B "h'g'i
=E{n_, . HT,, + +Z n,.y 4:5:. + L nyy ,:(HS), ,. + T by R
h'g'.""h'g i=1 h'g'i™i i=1 h'g'i h'i i=1 j=1 h'g'ij
B B
E(nh'g'-HTh'g')-Ei(ilnh'g'isi)—Ei[Elnh'g'i(HS)h'i]
B nh'g'i
- 2
E:EZ_—;]_ ]E_]_ ahlgllj)} /nhlgl
B
- 2
—](_z;]_nh|g|1 /nh'g‘ ) (o S + Ozhs) + Uza/nhlgl




B
= 2 2 2 2 2 2
i(zzlnh'g'i /nhlgl. ) (o s + 0 hS) + (O'c + Oe)/nh'g'.

The variance of daughter-herdmate deviations of individual
records are calculated in the same manner as the variances of
daughter yield and herdmate average yield. Each cow's records are
then combined weighting by the inverse of their variances, thus
utilizing the accuracy with which each appeared. Following this,
daughter averages are also combined within and between herds by
the inverse of their respective variances. Examples of the
weighted daughter averages and their variances used in combining
daughter information are given below:

Weighting records within daughters.--The variance of daughter
herdmate deviations [Dh'gi'j'k =_Yh'gi'j'k - Yh'g..] of randomly

selected records of a specific cow (j') are:

B
+ I n
i=1

(02 + o2

2
Var (D h'giz/nh'g. ] hs)

= 2
hlgiljlk) O'e
[1]
2 2
+(0*, +'°'e)/nh'g.
This variance is used in combining information across records
within daughters. The resulting weighted deviation from herdmate

average (Bh' i.j..f)for rh'i'j' records of the j'th daughter is:

’B rhliljl
heoivge. SH 0 20 Phgiegee/
(2]
L havy
Var(Dh|gi.j.k)}/{ kE]_ 1/Var(Dh|gilj|k)}o

The variance of weighted aveiage herdmate deviation yields of
rh'i‘j' randomly selected records of a specific daughter is:

SR
h'i'j"
Var('ﬁhl.iljl.)’l/{ ki:;]_ l/Var(Dh.gi.j.k)} . [3]

1

‘ If all the daughter's records have an equal number of herd-
,mates and herdmate sires with the same distribution of herdmate
\sires, then, [

Var(i\jhl.iljl.) = Vari(Dhlgiljlk)/rhlilji'
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Weighting daughter information within herds.~-The variance of

weighted average herdmate deviation yields (Bh. ) of randomly

.i'j.
selected daughters (j) with rh'i'j records in a specific herd (h')

sired by a specific bull (i') is:

a?

Var(Bh'.i'j.) * Y%

+Var(8h|.iljl.)' y [4]

This cow variance is used in combining information across daugh-
ters within a specific herd. The resulting weighted daughter

deviation from herdmate average (Bh' i ) for dh'i' daughters of
the i'th bull for the h'th herd is: = °°
S : d
3 RIS var (3
h'.i'.. j=1 h'ei'd. ar toh

h'i® 5
)}/1 ¥ 1/Var (D,

. )} .[5]
j=1 )

.i'j. +i'j
The variance of weighted average herdmate deviation yields
(Bh'.i'..) of dh'i' randomly selected daughters with unequal
numbers of (rh'i'j) records in a specific herd (h') sired by a
specific bull (i') is:
Apryo
Var(Bh..i;..) = 1/{ j§1 l/Var(Bh.

)}. (6]

.i'j.

If all cows have the same number of records and herdmate informa-
tion, then the expected cow variance is the same for each cow, and

) = varB g0 /a0

Weighting information across herds.--The variance of daughter
information from each herd is used in weighting across randomly
selected herds. This variance of weighted herdmate deviation

yieldi(Bh.i...) of dhi' randomly selected daughters with unequal

n,
Var(Dh.

numbers of (rhi'j) records in any randomly selected herd (h) sired
by a specific sire (i') is:
: N,
Var (B, ;1 ) = o?yg + Var(By. ju ). {7]
The weighted daughter deviation from herdmate average (B;.i' )

across p different herds for bull i' is thus: e
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p
¥ -={r; (B,

¥ > B
st T .)/Var(.h_i.._)}/l{]z 1/var (Dy ;4 )} [8]

=1 ¢

The variance of weighted average herdmate deviation yields
GRS

of (r

) of 4 i randomly selected daughters with unequal numbers
hivj) records from p randomly selected herds sired by a
specifiéibﬁﬁliti'}gis:

l/Var(B’h.i. )} . [9]

n p
Var (D it ) = l/{Z

.ei'.. h=1 .o

As indicated in equation 7, as the numbers of daughters and
records increase 1in any randomly selected herd, the expected
variance of average yield aproaches the herd-by-sire variance.
The variance of weighted yield in a single herd cannot decrease
below this, thus placing an upper limit on the value of informa-
tion coming from one herd. If, in contrast, the daughters are
located in more than one herd (equation 9), the expected variance
of weighted herdmate deviation yield can approach zero as the
number of herds in the sample increases. If the herd-~by-sire
variances in the procedure were assumed to be zero, the weighf}ng

7

across herds would be the same as in the Herdmate Comparianhf

Considering the Genetic Level of the Herdmates' Sires

The changes in weighting thus far described give an improved
Herdmate Comparison sire evaluation. Without additional improve-
ments, however, the procedure would be most effective when all
bulls are from a single population and selected for use at random
within each herd. The more genetic differences among subpopula-
tions, the greater the bias in ranking bulls in a Herdmate
Comparison procedure.

Therefore, a second and very important modification is made
to the Herdmate Comparison. Each daughter-herdmate deviation is
adjusted for the average genetic value of the herdmates' sires.
This change results in a measure of the differences among all
bulls instead of the difference between each specific bull and the
average of whatever other bulls are represented in the daughters’
herdmates.

The herdmate deviation is replaced by a modified deviation.
This means in simplified terms that the equation for the herdmate
deviation: 5

l/See footnote 5, page l&.
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(Daughter Average - Adjusted Herdmate Average) +
0.1 (Adjusted Herdmate Average - Breed Average)

is replaced by:

Daughter Average - Herdmate Average + Average Genetic Merit of
Herdmate Sires.

The improvement in the modified deviation formula over the
0ld herdmate deviation is that each daughter-herdmate deviation is
adjusted for the genetic merit of individual herdmates' sires.
Thus, the "average" correction for the genetic level of the herd
is replaced by a correction for each individual herdmate's sire.

Correcting for genetic differences in herdmates' sires
requires a change in the expected variance from equation 1. The

variation attributed to the herdmates' sire (OZS) is reduced to

zero if these bulls have accurate information and intermediate for
sires of herdmates with lower Repeatabilities.

The variance of a daughter's records deviated from herdmate
average adjusted for the average genetic value is considered in
this procedure to be:

= 0% + 0% {

Var(Dh'gi'j'k) e s

Mgy (1R P/nyag 2
[10]

% of

™ m

2 2 2 2
hs{i nh'gi }/nh'g. e o (je)/nh'g.'

1

The adjustment for herdmates sires 1is used to calculate
repeated and improved modified deviations by a procedure known as
iteration. That is, the correction to the daughter-herdmate
difference for each individual herdmate sire is repeated. The new
modified deviation on each sire is again used as improved correc-
tions in calculating the average genetic value on herdmates'
sires. This iterated adjustment for genetic merit of the
herdmates within herd and season eliminates the bias that exist
when bulls are not selected at random. Iterating on a within herd-
year basis eliminates genetic differences in herdmates' sires
among bulls sampled at the same time and genetic differences for
those sampled at different times (genetic trend).

Adjustment for genetic differences in herdmates' sires to
produce the modified deviations results in meaningful phenotypic
differences among daughter yield for most bulls in the data (the
few bulls not compared in the same herd-year-season with other
bulls receiving wide distribution cannot be evaluated by this
procedure). Iterated bull differences in daughter yield are
unregressed with respect to the number of daughters and thus do
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not reflect that portion of the differences due to heredity versus
environmental variation. The modified deviations are, therefore,
multiplied by the Repeatability, and in this manner are regressed
to the genetic group means.

The R of each sire summary is calculated by:

0,2
R = — = .
o s + Var(D..i'..)

Combining Pedigree Information with Daughter Yield

In the Herdmate Comparison, daughter yield was regressed
toward zero. Thus, no advantage was taken of the fact that
additional information was available about the population from
which the bull was selected. This pedigree information can be
considered if bulls having similar pedigree indexes are grouped
together and individual bull deviations are regressed to the
average performance of the bulls' daughters in that group.
Assuming there are a sufficient number of bulls in each, the group
average represents the genetic merit for transmitting ability of
the population from which the bull was selected while the
individual bull deviations represent a combination of both
phenotypic and genetic variation. A sire estimate of transmitting
ability is calculated by regressing the bull deviation to the
genetic group average using the Repeatability:

Sire's Estimated Transmitting Ability = Genetic Group Average +
R (Modified Deviation - Genetic Group Average)

If pedigree grouping is an ineffective method of character-
izing bulls from different populations, then all group means will
be nearly equal and information on relatives will not improve
estimates of sires' transmitting ability. If pedigree grouping
proves to be as effective as theory suggests, substantial accuracy
will be added in predicting milk and fat yield of the future
daughters of most bulls.
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