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Livestock Research Institute, Council of Agriculture, Taiwan

Abstract

This study analyzed the prevalence of genetic defect carriers of Bovine Leukocyte Adhesion Deficiency
[BLAD], Complex Vertebral Malformation [CVM], Deficiency of Uridine Monophosphate Synthase
[DUMPS], and mule foot in the Holstein cow population in Taiwan. In total, 1688 cows from 31 herds
were analyzed and 9 [0.53%] and 30 [1.78%] were BLAD and CVM carriers, respectively. No DUMPS or
mule foot carriers were discovered. Frozen semen of genetic defect-carrying bulls is no longer imported
to Taiwan in accordance with import restrictions on frozen bull semen implemented in 2005. However,
pedigree analysis revealed that some defective alleles remain in Taiwanese dairy herds because of
the mating program. The main source of the defect genotype is dam carriers. Close monitoring is thus
necessary for eliminating the recessive genetic defects from the Holstein cattle population in Taiwan.

Keywords: BLAD; CVM; DUMPS; Mule foot; Holstein cattle

Introduction

Autosomal recessive defects in Holstein cows cause considerable economic losses in dairy
farming. Thus, comprehensive cattle screening for genetic defects is essential. Conventionally,
single-gene detection is used for such screening. However, simultaneous detection of all known
genetic defects is essential for effectively preventing further transmission of defective alleles
in the cattle population [1]. Zhang et al. [2] suggested that it is better to choose multiplexed
chip-based technology for high-throughput genotyping of large numbers of genomic SNP [2].
The Igenity-Prime 50k SNP chip, produced by Neogen Corp. [Lincoln, NE, USA] and certified
by the Council of Dairy Cattle Breeding [CDCB, USA], includes nearly 42000 genetic markers
that enable highly accurate genomic testing. This chip simultaneously provides economically
relevant breeding information as well as genotypic evaluation results for conditions such
as BLAD, CVM, DUMPS, and mule foot. It's a high throughput and uses a popular allele
discrimination method to generate allele specific products [3,4]. We recently analyzed carrier
frequencies of the genetic defect bovine brachyspina [BS] in the Holstein cows in Taiwan and
corrected the contrasting case of brachyspina genotype [5].

In Taiwan, no studies have focused on the prevalence of BLAD, CVM, or mule foot carriers
among cattle, and only one reported the carrier frequency of DUMPS [6]. We determined the
carrier frequencies of the aforementioned genetic defects in Holstein cows from several herds
in Taiwan through genomic testing and investigated the transmission of these defects (Table
1).
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Table 1: CVM and BLAD carrier frequencies among 31 herds of Holstein cows in Taiwan.
Herd | No-of Genotyped CVM Genotype Frequency of CVM BLAD Genotype Frequency of BLAD
Cattle Normal | Carrier Carrier (%) Normal Carrier Carrier (%)

1 30 29 1 3.33% 29 1 3.33%
2 109 104 5 4.59% 109 0 0.00%
3 76 76 0 0.00% 76 0 0.00%
4 163 160 3 1.84% 159 4 2.45%
5 20 19 1 5.00% 20 0 0.00%
6 19 19 0 0.00% 19 0 0.00%
7 67 67 0 0.00% 67 0 0.00%
8 20 19 1 5.00% 20 0 0.00%
9 39 38 1 2.56% 39 0 0.00%
10 40 40 0 0.00% 40 0 0.00%
11 10 8 2 20.00% 10 0 0.00%
12 10 9 1 10.00% 10 0 0.00%
13 9 9 0 0.00% 9 0 0.00%
14 9 9 0 0.00% 9 0 0.00%
15 110 107 3 2.73% 108 2 1.82%
16 15 15 0 0.00% 15 0 0.00%
17 43 43 0 0.00% 43 0 0.00%
18 5 5 0 0.00% 5 0 0.00%
19 20 20 0 0.00% 20 0 0.00%
20 11 11 0 0.00% 11 0 0.00%
21 409 404 5 1.22% 409 0 0.00%
22 23 23 0 0.00% 23 0 0.00%
23 19 19 0 0.00% 19 0 0.00%
24 10 10 0 0.00% 10 0 0.00%
25 242 237 5 2.07% 242 0 0.00%
26 6 6 0 0.00% 6 0 0.00%
27 10 10 0 0.00% 10 0 0.00%
28 9 9 0 0.00% 9 0 0.00%
29 10 10 0 0.00% 10 0 0.00%
30 17 17 0 0.00% 17 0 0.00%
31 108 106 2 1.85% 106 2 1.85%

Total 1688 1658 30 1.78% 1679 9 0.53%

Material and Method genetic evaluation results included key traits, production traits,

Hair follicle or blood samples were collected from 1688 random
cows from 31 herds in sample collection cards and processed at
75 °C for 30 minutes. The animal use protocol listed above has
been reviewed and approved by the Institutional Animal Care and
Use Committee of Livestock Research Institute. The documents
were accompanied by the sampled cows’ information including
birthdate, sire, dam, and granddam. The sample collection cards
were mailed to Neogene Corp., which tested the samples with
Igenity-Prime 50k SNP chips. Sample processing and genotype
analysis were performed in a CDCB-certified laboratory, and
the data were emailed to the CDCB for genetic evaluation. The

reproductive traits, type traits, genetic defects, and parental
confirmation. The genotype information for determining the sires
of the genetic defect carriers was obtained from https://www.
naab-css.org/dairy-cross-reference.

Result

We subjected samples from 1688 cows from 31 herds to
genomic testing and simultaneously screened potential carriers
for multiple genetic defects. No CVM carrier was detected in 19
herds. One to five carriers were noted in the other herds, with
carrier frequencies of 1.22%-20%. The CVM carrier frequency was
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1.78% [30/1688]. For the BLAD genotype frequencies, only four
herds contained BLAD carriers, and one to four carriers were noted
in these herds for carrier frequencies of 1.82%-3.33%. The BLAD
carrier frequency was 0.53% [9/1688]. By contrast, no DUMPS or
mule foot carriers were discovered in the current study.

Discussion

The simultaneous detection of multiple genetic defects
may reduce testing costs and time and gain more amount of
information from one experiment. The Ingenuity-Prime 50k SNP
chip, comprising nearly 42,000 genetic markers, enables highly
accurate testing for forecasting of economically relevant breeding
information and genetic screening for conditions such as BLAD,
CVM, DUMPS, and mule foot. The prevalence of BLAD, CVM, DUMPS,
and mule foot alleles among cattle has been reported in many
countries; however, only one such study, on the DUMPS allele [6],
was conducted in Taiwan. Our goal is to prevent dairy cattle with
genetic defects from breeding, thus reducing losses to the dairy
farming industry.

CVM carrier frequency in cattle has also been reported in the
decade in Brazil [1.53%][7], China [2.90%][8], Lithuania [1.00%]
[9], Poland [16.62%][10], Macedonia [1.10%][11], Mexico [10.30%)]
[12]. BLAD carrier frequency in cattle has also been reported in the
decade in Brazil [0.77%][7], China [0.49%][13], Lithuania [0.50%]
[9], Macedonia [2.20%][11], Mexico [0.00%][12]. Although through
the monitoring and moreover developed their breeding programs
that could reduce the prevalence of genetic defect [14]. The CVM
and BLAD defect alleles were still in the Holstein cow population
in Taiwan. Some herds even have higher CVM or BLAD defect
prevalence. On the other hand, no DUMPS or mulefoot carriers
were discovered in the current study that is similar to findings in
Turkey [15], Poland [16], India [17], and Iran [18]. However, Lin
et al. [6] reported a DUMPS carrier frequency of 0.14% in Taiwan.

Our pedigree analysis demonstrated that the sire of all three
CVM carriers, HOUSA000070625861, could be traced back to a
common ancestor, the US Holstein sire Carlin-M Ivanhoe Bell (Table
2). Excluding 4 cows with unknown sires or sires without CVM
genotype information, 88.46% [23/26] of carriers’ sires had the
normal genotype for the CVM allele. In other words, the main source
of the CVM genotype was the dams. Similar results were found
for the BLAD genotype (Table 3). Excluding 1 cow with unknown
sires, all sires [100%, 8/8] carried the normal genotype for the
BLAD allele. In pedigree analysis for CVM and BLAD transmission,
the defective allele was transmitted to three generations, despite
the sires carrying the normal genotype. Such recessive allele
transmission through dams was also noted in Poland [10]. Routine
genetic defect screening of dairy cattle and the current restriction
of frozen semen imports can effectively prevent the introduction
of inferior livestock to Taiwan. Because the defective alleles no
longer enter the dairy cattle population in Taiwan, we can infer that
the main sources of the genetic defect are dam carriers. Although
the carrier frequencies are <2%, close monitoring is crucial for
eliminating defective alleles from Taiwanese dairy herds. Dairy
farmers with herds containing high CVM or BLAD defect carrier

frequencies should be counseled in appropriate mating strategies
to gradually eradicate the defective alleles (Figure 1).

Table 2: Genotype of the sire of a CVM carrier.

Normal Carrier Uncertainty
2
3% Unknown sire

23 2

HOUSA000070625861 (3)

Sire without CVM genotype
information

*From the Carlin-M Ivanhoe Bell family.

Table 3: Genotype of the sire of a BLAD carrier.

Normal Carrier Uncertainty

8 0 1

Unknown sire

99F206 ¥

A/

105F327 *
D

A 101F507 *+

TL &

107F818 +
D

Figure 1: Pedigree analysis of BLAD genotype
transmission. TL, BLAD-free animals; TD, BLAD
carriers.
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