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SUMMARY
An inherited condition has been discovered in dairy cattle wherein
identified animals have half the normal activity of uridine monophosphate (UMP)
synthase and are heterozygotes for a trait expected to be lethal in the
homozygous state. UMP synthase is an enzyme that converts orotic acid to the
pyrimidine UMP, which is needed for the formation of nucleic acids. Daughters
of heterozygous bulls had 330 kg more 305d, 2x, mature equivalent milk
production than daughters of normal bulls that were siblings of the heterozygous
bulls. Heterozygous females in second or later parities had the most 305d, 2x,
mature equivalent milk production and longest calving intervals while
heterozygous females in their first parity had the least milk production and
shortest calving intervals. Normal females in both parity groups were
intermediate for both milk production and calving interval.
INTRODUCTION
Uridine-5'-monophosphate (UMP) synthase (McClard et a l . 1980) is an enzyme
that converts orotic acid to the pyrimidine UMP, the precursor of all other
pyrimidine nucleotides. The enzyme is found in all cells of cattle and because
UMP synthase is needed for the formation of ribonucleic acid and
deoxyribonucleic acid, it is essential for normal growth and development.
Robinson et a l . (1983, 1984b) have described a condition in Holstein cattle
where some animals have half the normal activity of UMP synthase in
erythrocytes.
Genetic hypothesis.
Shanks et a l . (1984) summarized the genetic information on these animals
and concluded that all data was consistent with a single locus, two allele model
in which these animals were heterozygotes. Over 100 matings between individuals
that were normal for UMP synthase produced only normal offspring. Matings
between normal and heterozygous individuals yielded half normal and half
heterozygous offspring. Matings between heterozygotes have resulted in both
normal and heterozygous offspring.
Hereditary orotic aciduria.
In an analogous human condition, hereditary orotic aciduria, homozygotes
are essentially devoid of the enzyme (Kelley, 1983). Afflicted infants excrete
massive quantities of orotic acid (substrate for UMP synthase), exhibit
megaloblastic anemia, and have retarded growth and development. Without
treatment with exogenous pyrimidines, morbidity and mortality ensue. Human
heterozygotes have half the normal level of the enzyme and are asymptomatic
except for a slight elevation in urinary orotic acid (Kelley, 1983).
Reproductive concern.
In cattle, heterozygous females excreted elevated levels of orotic acid in
milk and urine when lactating (Robinson et al . 1984a). Based on genetics of the
78

human condition, 25? of matings between heterozygous cattle would be expected to
generate offspring without any activity of UMP synthase. Lack of activity would
correspond to the homozygous recessive genotype and animals without activity of
UMP synthase are expected to die prematurely. No homozygous recessives have
been observed. Our current hypothesis, is that activity of UMP synthase is one
of many enzymes that influence fertility. But, probably it is not an
explanation of a large number of cases of infertility, because the frequency of
heterozygotes was estimated at just less than 2 % from a sample of 880 Holstein
cows (Robinson et a l . 1984b), only one-quarter of matings between heterozygotes
are implicated as having reduced fertility, and matings between heterozygotes
have been averted through avoidance of inbreeding. However, UMP synthase is
important to the concept that reproduction is a composite of the performance of
many physiological and enzymatic factors.
Objective.
Objectives of studies reported in this paper were to quantify differences
in productive and reproductive performance of heterozygotes for deficiency of
UMP synthase. Two independent studies will be reported. In the first,
performance of daughters of known normal and known heterozygous bulls were
evaluated for differences in milk and fat yield, milkfat percentage, and
predicted differences of milk, fat and milkfat percentage. In the second,
normal and heterozygous females were compared on their own performance for milk
and fat production, deviations from herdmates for milk and fat production, and
their calving intervals.
PERFORMANCE OF DAIRY BULLS
The data for this study is the complete USDA-DHIA sire summary list for
winter 1984 on twenty bulls. Bulls were descendants of one bull, identified as
bull-X, and included 11 sons, 8 grandsons and one double grandson. These bulls
were the first twenty male descendants of bull-X that were evaluated for
activity of UMP synthase in erythrocytes and that had available production
information. Ten cc of blood per bull was graciously supplied by the three
artificial insemination organizations managing the bulls. Following analysis of
the blood samples, six bulls were determined to be heterozygous for UMP synthase
as they had half the normal activity of UMP synthase. The remaining 14 bulls
had normal activity of UMP synthase. Bulls were born between 1970 and 1979 with
the six heterozygotes evenly divided between births in 1977 and 1978.
Descendants of one bull were studied because no heterozygous bulls were
found in an initial random sample of bulls. Additionally, studying descendants
of a single bull limits the initial genetic variability and inferences about
normal and heterozygous bulls can be defined more precisely. Inferences will
not indicate expected performance of heterozygous bulls relative to the entire
Holstein population.
Performance variables (Y i ^ ) were analyzed with the following model:
= y + Additive relationship (RELA)^ + DUMPSj + RELA*DUMPS^j + residualjjk
where Y ^ ^ represented 305d, 2X, mature equivalent milk, milkfat percentage, and
fat production and predicted differences of milk, percent fat, and fat; p
represented overall mean; RELA, represented the additive relationship between
the sampled bull and bull-X, either .5 or .25; DUMPSj represented normal or
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deficient activity of UMP synthase; RELA*DUMPSi • represented interaction between
additive relationship and DUMPS; and r e sidual.^ represented random error. The
305d, 2 X , mature equivalent milk, milkfat percentage, and fat production were
average performances of daughters. Predicted differences of milk, percent fat,
and fat were genetic estimates for each sire.
Results.
Marginal means and standard errors of means for daughter performance and
genetic estimates are in Table 1. The one difference that was significant at 5%
level was a 330 kg advantage in milk production for daughters of heterozygous
bulls relative to daughters of normal bulls. Differences for the other traits
between normal and heterozygous bulls were not significant (P > 0.05) although
numerically the yield advantage favored heterozygotes and percentages favored
the normal bulls.
Table 1.

Marginal means and standard errors of means for daughter
performance and genetic estimates.

Variables

Normals (14)
X
SE

Heterozygotes (6)
X
SE

305d, 2x, ME milk production, kg*

8220

8550

Milkfat percentage

80

3.58

.04

120

3.50

.06

305d, 2x, ME fat production, kg

294

4

301

6

Predi cted difference milk, kg

120

40

220

70

Predicted difference percent fat
Predicted difference fat, kg

*

.00
4.5

.03
2.4

-.02
6.1

.05
3.8

P < 0.05

Differences between generations, as measured by additive relationships,
were small and nonsignificant. Interaction between generations and DUMPS were
nonsignificant. Therefore, linkage between milk production and DUMPS remained a
viable explanation of the association between milk production and DUMPS.
Milk production of daughters of heterozygous bulls was greater than milk
production of daughters of related normal bulls.

80

PERFORMANCE OF DAIRY FEMALES
In our second study, lactation records on 1,417 normal and 34 heterozygous
females from twenty-three herds were analyzed for differences in performance.
Seventeen of these herds were part of a 1982 survey of milk orotate
concentrations in Illinois herds (Robinson et a l . 1984b). The remaining herds
were selected on the basis of pedigree information and producer interest. All
known heterozygous cows from Illinois and their normal herdmates were included
for analysis.
Performance variables were evaluated for differences due to herd, stage of
lactation, parity, DUMPS and parity by DUMPS interaction. Stage of lactation,
parity and DUMPS were binomial variables. Stage represented sampling at 60 days
or earlier postpartum relative to collecting the sample after 60 days. Parity
represented first versus second or later lactations. DUMPS represented normal
or heterozygous females. Performance variables included 305d, 2x, mature
equivalent milk and fat production, milk and fat deviations from herdmates, and
calving interval.
Results.
Herds were a significant source of variation in milk and fat production and
calving interval. Herds were not a significant source of variation in milk and
fat deviations from herdmates which is consistent with use of deviations to
reduce herd effects. Stage and parity were significant sources of variation in
all variables. In general, the earlier stage was associated with shorter
calving intervals and less production. First parity cows also had shorter
calving intervals and less production than cows in second or later lactations.
On this small sample, mature equivalent adjustments were inadequate to eliminate
all effects of parity.
None of the differences for performance variables between normal and
heterozygous females were significant. Marginal means and standard errors of
mean for interaction of parity and DUMPS are in Table 2. Milk production was
greatest for heterozygotes in second or later parities, whether measured as
305d, 2x, mature equivalent milk production or as deviations from herdmates for
milk production. First parity heterozygotes gave the least milk and normal cows
of both parity groups were intermediate for milk production.
Calving intervals tended to follow the same pattern as milk production.
Heterozygotes in second or later parities had the longest intervals, first
parity heterozygotes had the shortest intervals, and normal cows of both parity
groups were intermediate for calving interval. The association was so close
that the ratio of milk production to calving interval only ranged from 18.0 to
18.5 kg/d for the four groups.
Why these associations exist is unknown, but pleiotropy, linkage and chance
are all viable explanations. Support for causal associations is also unknown.
Theoretically, heterozygotes for UMP synthase would, 25? of times when mated to
other heterozygotes, be associated with increased embryonic or calf mortality.
This has the potential to increase their calving intervals. But, matings
between heterozygotes have been minimal because producers have avoided close
inbreeding. All heterozygous bulls are closely related to each other and most
heterozygous females are also closely related to themselves and to
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Table 2.

Marginal means and standard errors of mean (in parenthesis below
mean) for interaction of parity and DUMPS.

Variables

Parity
DUMPS

1
Heterozygotes

1
Normals

>2
Normals

62
Heterozygote:

305d, 2 x , mature equivalent milk
production, kg*

681 0
(499)

7363
(93)

7547
(83)

8118
(287)

305d, 2 x , mature equivalent fat
production, kg

258
(18)

269
(3)

277
(3)

297
(11)

Deviations from herdmates for
milk production, kg

-352
(506)

260
(96)

414
(86)

997
(292)

Deviations from herdmates f or
fat production, kg

-5
(19)

8
(4)

16
(3)

36
(11)

Calving interval,d ^

379
(28)

402
(5)

409
(5)

446
(20)

0

P < 0.10

*

P < 0.05.

heterozygous bulls. Therefore matings between heterozygotes cannot account for
the observed differences in calving interval. Although differences in calving
interval among normal and heterozygous females (first and second or greater
parities) can, when associated with 15 to 25 kg milk/day, account for the
differences in milk production among the parity and DUMPS groups.
Over 100 animals have been identified as heterozygotes for UMP synthase.
The present study indicates that these animals have potential for greater milk
production than their normal siblings. Normal offspring from heterozygote by
heterozygote matings do exist but the question continues whether premature
offspring loss also results from these matings. Fortunately, the current
incidence of heterozygotes is estimated at less than two percent of the Holstein
population.
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