
There are more than 5000 autosomal recessive ge-

netic diseases in humans. Similarly, a small num-

ber of such diseases are also identified in animals

and many of them are equivalent to human dis-

eases. In cattle, the autosomal recessive genetic

diseases are breed-specific. Some of them are Hol-

stein-specific, which include mainly factor XI de-

ficiency syndrome (Brush et al. 1987), complex

vertebral malformation (Steffen 2001), bovine

leukocyte adhesion deficiency (Kerhli et al. 1990),

bovine citrullinaemia (Harper et al. 1986), and de-

ficiency of uridine monophosphate synthase

(Robinson et al. 1993a).

With the wide use of artificial insemination

(AI) and international trading of semen and breed-

ing bulls, these genetic diseases have already been

spread to a large population, as animal carriers of

the diseases look normal. In India, where Holstein

Friesian (HF) bulls and their semen are

extensively used for crossbreeding programmes

with indigenous cattle, it has become necessary to

screen all HF and HF crossbreds, especially AI

bulls, to minimize the risk of spreading these dis-

eases among future bulls or bull mothers.

The present study investigates the occurrence of

2 genetic diseases, which are specific to HF: bo-

vine citrullinaemia and deficiency of uridine

monophosphate synthase (DUMPS).

Calves affected with bovine citrullinaemia ap-

pear normal immediately after birth. However, by

the 2nd day of life they become depressed and feed

poorly. By the 3rd day, they are often seen aim-

lessly wandering about their enclosure or standing

with their head pressed against a fence or wall. Be-

tween the 3rd and 5th day, the disease progresses

rapidly. The calves appear to be blind and then
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they collapse. Death usually occurs within

12 hours of onset of these clinical signs (Healy

et al. 1990). The clinical signs of citrullinaemia are

believed to be a consequence of an accumulation

of ammonia in the brain of the affected calves.

Citrulline concentration in their blood,

cerebrospinal fluid, eye fluid and cerebral tissue is

greatly elevated. It has been established that bo-

vine citrullinaemia is a consequence of a defi-

ciency of argininosuccinate synthetase (ASS),

one of the enzymes of the urea cycle. Bovine

citrullinaemia is caused by a transition of cytosine

(CGA/arginine) into thymine (TGA/stop codon)

at codon 86 of the gene coding for arginino-

succinate synthase, leading to impaired urea cycle

(Dennis et al. 1989).

In mammalian cells, the last step of pyrimidine

nucleotide synthesis involves the conversion

of orotate to uridine monophosphate (UMP) and is

catalysed by UMP synthase (Robinson et al.

1983). The mutation (CT) in a gene for UMPS

at codon 405 leads to a premature stop codon,

which subsequently produces a functionally im-

paired enzyme (Schwenger et al. 1993). Embryos

homozygous for DUMPS do not survive to birth

and usually die early in gestation, so no homozy-

gous recessive animal was detected so far.

The embryos appear to be aborted or reabsorbed

approximately 40 days after conception, leading to

repeated breeding problems (Robinson et al.

1993a; Lee et al. 2002).

Effects of carrier bulls in breeding programmes

are deleterious, because if a bull is carrying one

copy of the mutant gene (a heterozygote) and is

mated with an unaffected cow, they will produce

50% heterozygous carriers in the population.

If 2 heterozygous carriers are mated, then 25% of

their offspring will be affected with the disease,

50% will be carriers, and only 25% will be normal.

Considering the lethal effect of the diseases

in dairy animals, the present investigation was un-

dertaken to detect carriers in Indian dairy cattle

(mainly bulls) so that the incidence of genetic dis-

orders in dairy cattle can be reduced. This will also

help in reducing economical losses to the orga-

nized farms or semen banks on rearing of carrier

animals.

During the last four years, the blood samples

were collected into heparinized blood-collecting

tubes, from 642 phenotypically normal animals,

mainly Holstein Friesian (337) and HF crossbred

(305) bulls or bull calves located at sperm stations

across the country. A few semen samples were

also collected where bulls were not available.

DNA was extracted from blood cells and semen

samples by a standard phenol-chloroform method.

The quality and quantity was estimated by using

a spectrophotometer and agarose gel electrophore-

sis prior to PCR amplification.

For detection of a mutation in a gene coding for

argininosuccinate synthase, as described by Grupe

et al. (1996), the 185-bp DNA fragment was am-

plified by polymerase chain reaction (PCR). PCR

was set up under sterile conditions in PCR tubes

containing 100 ng of genomic DNA template,

0.4 pM each of forward (5’ GGC CAG GGA CCG

TGT TCA TTG AGG ACA TC 3’) and reverse

(5’ TTC CTG GGA CCC CGT GAG ACA CAT

ACT TG 3’) primers, 1 × PCR buffer (10 mM

Tris-Cl : pH – 9.0, 50 mM KCl, 0.01% gelatine

and 1.5 mM MgCl2), 200 �M each dNTP and

1.0 U of Taq DNA polymerase in a final reaction

volume of 25 �L. The PCR was carried out in

a thermal cycler (Biometra). Initial denaturation

was achieved at 94oC for 3 min, followed by 40 cy-

cles of 30 s for 94oC, annealing for 30 s at 55oC,

and extension for 30 s at 72oC , followed by final

extension for 10 min at 72oC.

For detection of a possible mutation in a gene

coding for UMP synthase, as described by

Schwenger et al. (1993) with minor modifications,

the 108-bp DNA fragment was amplified by PCR.

The PCR components are the same as in

citrullinaemia except forward (5’-GCA AAT

GGC TGA AGA ACA TTC TG-3’) and reverse

(5’-GCT TCT AAC TGA ACT CCT CGA GT-3’)

primers. The amplification conditions include

predenaturation at 94oC for 3 min, followed by

35 cycles of 60 s for 94oC, annealing of primers for

60 s at 60oC, and extension for 60 s at 72oC, fol-

lowed by final extension at 72°C for 10 min.

The PCR products of expected size were ana-

lysed on 2.5% agarose gel, stained with ethidium

bromide and visualized under UV-transil-

luminator. The PCR products were next digested

overnight by using AvaII and AvaI restriction en-

zymes for citrullinaemia and DUMPS, respec-

tively, in 1 × reaction buffer at 37oC. The digested

products were visualized on 4% agarose gel and

documented on Gel Doc System (DNR imaging

system, Israel).

All the enzymes and dNTPs, etc., used in

PCR-RFLP were procured from Genei,

Bangalore, India, except AvaII from Promega,

USA. Reagents required for DNA isolation were

procured from Sigma, USA.

The amplified 185-bp product upon digestion

by AvaII, to detect the point mutation in a gene
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coding for argininosuccinate synthase, yielded

two bands of 103 and 82 bp, respectively, for nor-

mal animals. None of the animals showed 3 bands

of 185, 103, and 82 bp, so no animal out of 642

was found to be a carrier of the disease. Similarly,

the amplified 108-bp product upon digestion by

AvaI, to detect point mutation in a gene coding for

uridine monophosphate synthase, yielded 3 bands

of 53, 36 and 19 bp, respectively, for normal ani-

mals. None of the animals showed 4 bands of 89,

53, 36 and 19 bp, so no animal was found to be

a carrier of the disease.

The incidence of bovine citrullinaemia was

found to be high in Australia, where this mutation

is reportedly widespread. Healy et al. (1991)

found that 50% of Australian national HF herds

and 30% of breeding bulls in AI centres were de-

scendants of Linmack Kriss King (LMKK), which

was a carrier of citrullinaemia. In other countries,

like the USA and Germany, the incidence of the

citrullinaemia is very low (Robinson et al. 1993b;

Grupe et al. 1996). In India, only one case of

citrullinaemia has been reported in a HF bull im-

ported from Australia, which could be a descen-

dant of LMKK (Muraleedharan et al. 1999).

The bull was immediately culled from the sperm

station to prevent the spread of the mutant gene

in HF and HF crossbred populations.

The deficiency of uridine monophosphate

synthase results in early embryonic death of ho-

mozygous offspring. In late 1987, the condition

was declared an undesirable enzyme defect by the

Holstein Association of America (HAA) and

a screening programme was initiated by using

a biochemical assay involving estimation of eryth-

rocyte UMP synthase. Heterozygotes or carriers

have half of the normal activity of this enzyme

(Shank and Robinson 1990). Most of the DUMPS

carriers identified in North America (n = 438) and

Europe (n = 314), were the offspring of Happy

Herd Beautician, a 5th best U.S. Holstein bull in

1987 (Holstein Association, 1987). Two HF carri-

ers were found among 314 AI bulls, 682 bull

mothers and 155 young bulls in Hungary (Fesus

et al. 1999). Mutations in the UMPS gene were

also identified in 1.79% bulls and 0.96% cows in

Argentina (Poli et al. 1996). Taiwan also recently

reported two carriers out of 1468 HF animals

screened for DUMPS (Lin et al. 2001). Although

some HF individuals were found to be carriers

of citrullinaemia and DUMPS in many countries,

we could not detect any carrier in our study group.

This is similar to the finding of Kamiñski et al.

(2005), who did not find any carrier among 2209

animals genotyped for DUMPS in Poland.

Our similar studies related to bovine

citrullinaemia and DUMPS in Indian cattle of

other European breeds (76 Jersey and 20 Jersey

crossbred) and zebu cattle (n = 32) revealed that

none of the animals was a carrier of citrullinaemia

and DUMPS (unpublished). This indicates that

those diseases may be breed-specific only. Any-

way, results of the present study suggest that there

are no carriers of citrullinaemia and DUMPS in In-

dian dairy cattle.
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