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Abstrak

Tujuan: Bovine Leukocyte Adhesion Deficiency (BLAD) adalah kelainan genetik pada sapi Friesian
Holstein (FH) yang dapat menimbulkan dampak ekonomi secara signifikan terhadap pembibitan
sapi perah. Mutasi c.383A>G pada gen Cluster of Differentiation Molecule 18 (CD18) diketahui
berkaitan dengan BLAD. Penelitian ini bertujuan mendeteksi mutasi gen CD18 yang menyebabkan
BLAD pada sapi FH di Provinsi Jawa Barat.

Metode: Genom DNA diekstraksi dari 88 sampel darah sapi FH yang diambil dari Cibungbulang -
Bogor (n=34), Ciampea - Bogor (n=31), dan Sukabumi (n=23) dengan kit ekstraksi DNA GB300,
Geneaid™. Mutasi gen CD18 dideteksi dengan analisis PCR-RFLP menggunakan enzim restriksi
endonuklease Tagl.

Hasil: Semua sampel pada penelitian ini menghasilkan dua fragmen DNA, yaitu 359 bp dan 260 bp
dengan genotipe homozigot monomorfik (BB). Sapi FH dengan genotipe BB diindikasikan sebagai
sapi normal dan tidak membawa BLAD.

Kesimpulan: Semua sampel sapi FH pada tiga populasi di Jawa Barat bebas dari kelainan genetik
BLAD. Identifikasi BLAD pada sapi FH di tempat lain termasuk sapi pejantan di Pusat Produksi
Semen di Indonesia diperlukan untuk mencegah penyebaran gangguan genetik ini.

Kata Kunci: BLAD; Kelainan genetik; Gen CD18; Sapi FH; Mutasi; Jawa Barat

Abstract

Objective: Bovine Leukocyte Adhesion Deficiency (BLAD) is a genetic disorder in Holstein-Friesian
(HF) cattle that have a significant economic impact on dairy cattle breeding. Mutation c.383A>G in
Cluster of Differentiation Molecule 18 (CD18) gene was known as related to BLAD. This study
aimed to detect the CD18 gene mutation that causes BLAD of HF cattle in the West Java Province.
Methods: The genomic DNA was extracted from 88 blood samples of HF cattle from
Cibungbulang-Bogor (n=34), Ciampea-Bogor (n=31), and Sukabumi (n=23) by the GB300 DNA
extraction kit, Geneaid™. The CD18 gene mutation was detected by PCR-RFLP analysis using the
Tagl restriction endonuclease.
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Results: All samples in this study produced two fragments DNA, i.e., 359 bp and 260 bp with the
monomorphic homozygote genotype (BB). HF cattle with BB genotype indicated as normal cattle

and did not carry BLAD.

Conclusions: All samples in the three populations of West Java were free of BLAD genetic disorder.
Identification of BLAD on HF cattle in other places, including bulls in the Center of Semen

Production in Indonesia was needed to prevent this genetic disorder.

Keywords: BLAD; Genetic disorder; CD18 gene; HF cattle; Mutation; West Java

INTRODUCTION

Bovine Leukocyte Adhesion Deficiency
(BLAD) genetic disorder was discovered the
first time in 1980 in North America and then
spread to Europe, East Asia, and South Asia
[1]. For the first time, BLAD was brought by
Osborndale Ivanhoe bulls and then passed on
to his offspring, Penstate Ivanhoe Star. It was
passed again to his offspring, Carlin-M
Ivanhoe Bell. Carlin-M Ivanhoe Bell was used
as a superior male for HF cattle that are
spread almost across the country through
artificial insemination [2]. Since that time,
BLAD has only attacked HF cattle and no
studies have reported in other breeds [3, 4].

BLAD or granulocytopathy syndrome is
a genetic disorder in Holstein-Friesian (HF)
cattle and their offspring because of the
autosomal recessive genes. A  genetic
mutation in exon 2 at the nucleotide position
383 of the Cluster of Differentiation Molecule
18 (CD18) gene affects a substitution from
Adenine to Guanine, which is converting
Aspartic to Glycine amino acid at the
polypeptide position 128 (D128G) [5]. The
mutation caused heterodimer integrin (32
molecules unexpressed on the neutrophil
surface. The (2 integrin is an adhesion
molecule that plays an important role in the
mechanism of neutrophil diapedesis through
vascular endothelial to attack infectious
agents in the tissues [6]. Consequently, BLAD
animals suffer from frequent and recurrent
bacterial infections, increased susceptibility to

pathogens, delayed wound healing, poor
body condition, and fatal illness-causing
premature death of affected animals. Thus,
the infected calves seldom reached
adulthood, and this condition has a bad
economic impact on dairy farming [7].

The population of HF cattle in Indonesia
has reached 550,141 heads in 2018 and 119,349
heads (21,7%) spread in West Java [8]. Bogor
and Sukabumi are the districts in West Java
that have a high population of HF cattle, i.e.
7,000 heads and 3,900 heads, respectively [9].

The frequency of HF cattle carrying
BLAD is quite high in the world. In Indonesia,
BLAD presence has already detected in
Enrekang (South Sulawesi) and Baturraden
(Central Java) [10, 11]. This study aimed to
detect CD18 gene mutation that causes BLAD
of HF cattle in the West Java province.
Identification of BLAD on HF cattle in other
places is an important step to prevent this
genetic disorder.

MATERIALS AND METHODS

Samples and DNA extraction

Samples were obtained from 88 head of
HF cattle from different farms in West Java,
such as Kunak (Cibungbulang-Bogor) (n=34),
Tegalwaru (Ciampea-Bogor) (n=31), and
Sukabumi (n=23). Three milliliters of blood
samples were taken from a jugular vein and
collected at a vacutainer tube containing an
anticoagulant (Ks-EDTA). The genomic DNA
was extracted using DNA Isolation Kit

Table 1. Primer sequences, position, and the expected product sizes

Genetic Expected
Primer Sequence 5'to 3’ Position Reference
Defect Product Size
BLAD-F: GCTTAGCAGCTGGTGGTAGAG 831-859
BLAD 619 bp [15]
BLAD-R: CCGTGAGCCTCTTACCAGAGA 1437-1460
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Figure 1. Visualization of PCR product (619 bp). M, DNA ladder 100 bp; 1-7, PCR product

(GB300 DNA extraction kit, Geneaid™,
Taiwan). DNA was then stored at -20 °C for
the next analysis.

Detection of CD18 gene mutation

Detection of BLAD used Polymerase
Chain Reaction-Restriction Fragment Length
Polymorphism (PCR-RFLP) method.
Amplification used a pair primer (Table 1)
and primer was constructed based on
GenBank Accession Number Y12672. DNA
target sequence was amplified by the PCR
technique  using  the Thermalcycler
(Eppendorf) machine.

The amplifications were carried out in 10
UL reactions containing 1 uL of DNA
template (consisting of 50-100 ng/uL DNA), 1
puL of 10 pmol/uL of each primers (BLAD-F
and BLAD-R), 5 pL of PCR Mastermix (My
Tag™ Red Mix-Bioline), and 2 pL of
water-free nuclease. PCR process was
performed following condition: 94°C for 3

Table 2. The genotyping BLAD of HF cattle in this study

min, 35 cycles of 94°C for 1 min, 58.9°C for 1
min, 72°C for 2 min and final elongation 72°C
for 10 min. Amplicons were run on 1%
agarose gel wusing Biorad PAC 300
electrophoresis machine on 80 Volt for 1 hour.
The gel was stained using EtBr for 1 hour and
visualized using UV transilluminator.
Identification of BLAD carriers was
performed by digestion of the amplified
products with Tagl (TC*GA) restriction
endonucleases (Product by
Thermoscientific™). A total of 3 uL PCR
products were digested with 0.5 puL of the 5
units Tagql enzyme and then incubated at 65°C
for 3 hours and visualized on 2% agarose gel.
It was electrophoresed on 100 Volt for 1 hour
and visualized with UV Transilluminator.

Data analysis

Data analysis was performed by grouping
the restriction electrophoresis results into
dominant homozygotes/normal (BB),

Frequency of

. Genotype Allele
Regions N
BB Bb bb p (normal) q (mutant)
[(2(BB)+(Bb)):2N] [1-p]
Cibungbulang, 34 34 (100%) 0 (0%) 0 (0%) 1 0
Bogor
Ciampea, Bogor 31 31 (100%) 0 (0%) 0 (0%) 1
Sukabumi 23 23 (100%) 0 (0%) 0 (0%) 1
Total 88 88 (100%) 0 (0%) 0 (0%) 1
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Figure 2. The result of electrophoresis CD18 gene digestion by the Tagl. M, DNA ladder 100 bp; P, PCR

product; 1-6, BB genotype of HF cattle

heterozygotes/carrier ~ (Bb), or recessive
homozygotes/mutant (bb) that viewed based
on the number and size of bands. The
determination of mutant allele frequencies is
based on the Hardy-Weinberg equation bellow
[12]:

_ 2(BE) + (Bh)
- 2N

Note:
p =normal allele frequency
q = mutant allele frequency
BB = number of normal cattle
Bb = number of the carrier
bb = number of mutant cattle
N =number of all samples
Furthermore, the data was presented by
descriptive analysis.

RESULTS

In total, 88 HF cattle samples from Kunak
(Cibungbulang - Bogor), Tegalwaru (Ciampea
- Bogor), and Sukabumi were successfully
amplified using the PCR method. The
amplicon of all samples was obtained an
appropriate size in the form of a single band
measuring 619 bp (Fig. 1) and digested with
the Tagl enzyme (Fig. 2) for genotype analysis.
Mutation of the CD18 gene was detected
using Tagl restriction enzyme (TC*GA). Based
on the restricted prediction, there are three
patterns of genotypes i.e. BB, Bb, and bb. The
BB genotype was showed with two digested

fragments, 359 bp and 260 bp, while the Bb
genotype was produced with 3 fragments
(619, 359, and 260 bp). Then, the bb genotype
was performed 1 fragment 619 bp, in which
the Tagl enzyme could not recognize the
mutation point. The result of genotype
analysis in this study showed that all of the
samples have BB genotype (Table 2).

Table 3. Frequency of BLAD carrier cases among

HF cattle in different countries

Frequency
Country References
of Carrier

USA 23 % [6]
13 % [19]
11.3 % [20]
9% [21]
Taiwan 5.8 % [22]
Poland 4.8 % [23]
Czech 7.9 % [3]
France 10 % [24]
Germany 13.5 % [25]
Argentina 2.88 % [26]
Japan 16-17 % [27]
Brazil 5.7 % [28]
Iran 3.33 % [29]
India 3.23 % [1]
Pakistan 1% [15]
Indonesia 4 % [11]
0.624 % [10]
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DISCUSSION

The PCR technique followed by RFLP is
a reliable assay for genotyping the BLAD
because of the ease of use, cost-effective, and
only involved basic equipment and reagent.
In this process, Tagl endonuclease cuts only
the wild type allele (TCGA) while the
mutation destroys the recognition site. Thus,
the affected animals (homozygous recessive)
had one long unrestricted segment because
mutation prevents the restriction [13, 14]. The
Tagl digested the CD18 gene fragment and
produced three genotypes, including one
genotype for carrier animal (heterozygote)
and two genotypes for the normal animal [15].
The Tagl restriction point was located at base
1,198 with the specific primers (Fig. 3).

The CD18 locus had two alleles (B and b)
where the BB genotype was a dominant
homozygous allele (normal), the Bb genotype
was the heterozygote allele (carrier), and the
bb genotype was a recessive homozygous
allele (mutant) [15]. In this study, all samples
produced two DNA fragments of 359 bp and
260 bp, so that all samples were categorized of
BB genotype (normal homozygotes). The
nucleotide point of 383 CD18 gene was not
changed from “A” to “G”, which is converted
aspartic acid to amino acid glycine [5]. It
showed that all samples were not indicated
BLAD disorder.

BLAD-Forward

731

Nasrulloh et al (2020) Livest. Anim. Res. 18(2): 116-123

The cattle that born from the sires and
maternal grandsire carriers of BLAD have a
25% chance of having a BB genotype, 50% a
Bb genotype, and 25% a bb genotype. The
mutant cattle (bb) cannot be found in
adulthood due to premature death, whereas
heterozygous alleles are recessive, calves can
grow to adulthood as careers [16].

In clinically reviewed, cattle with BLAD
are not significantly different from healthy
cattle [13]. Clinical symptoms of cattle with
BLAD include
recurrent pneumonia, persistent neutrophilia,
periodontitis, ulcerative and granulomatous
stomatitis, and delayed wound healing [4].
The BLAD can cause premature death due to
the body's inability to fight pathogenic
microbial infections.

BLAD cases in HF cattle were detected in
several countries with different frequency i.e.
USA, Taiwan, Poland, Czech, France,
Germany, Argentina, Japan, Brazil, Iran,
India, Pakistan, and Indonesia (Table 3). In
Indonesia, BLAD cases were detected by 4%
of the 80 HF cattle in Baturraden and 0.624%
of the 80 HF cattle in Enrekang [10, 11]. In
West Java ie. Cibinong, Lembang, and
Pangalengan, BLAD cases have been
investigated and no cattle with BLAD or
carrier were found in all samples [17, 18]. The

recessive  homozygous

massive spread of BLAD genetic disorder in
cattle is caused by the extensive use of elite
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ttagcagectg
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ctatgtcaga
accagcataa
goccatgaac
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ggoagotact
thﬂCCCCﬂﬂ

tggtaagagg

gtggtagagsz
dacatgacac
acgtgtgett
gagaatoggg
CCCCoCCacc
gcagttgogt

ctgatggacc
gacctgotoo
ccatcttooo

gogcagogcy
ctocacggococo

BLAD-Reverse

aggatggoca
aggocottaco
tctatatctec
gooctgaaatg
agagtooctga
CCCagaccag
tcaacgtgac

toctocctacto
gggccotcaa
ctgaaacccoo
ccaggococcoct
ctocactgtoo

goggagooott
agagagacca
tgtatccago
gaatctgaat
ggttctgagy
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coccaggoaco
cgggocttoo
gggtcococttog

ggoagtttgo
agaatgatta
ccagatgttt
catcatatcc
tgocataagt
cccaaatcct
accccatoga
Tagl (TC GL)
acgtcaagas
gocattggtgs
teotgoacete
tacccctete
tggacaagac

Figure 3. Location of Forward and Reverse Primer of CD18 gene and restricted point using the
Taql enzyme (based on GeneBank Accesion No. Y12672
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sires heterozygous carriers, and this spread is
accelerated by artificial insemination
programs throughout the world [4].

The case of BLAD in the world,
especially in Indonesia must be carefully
considered because it can cause an economic
loss. Economic losses arising not from a
decrease in milk production, but because of
the early death of the calf that has a genetic
mutation [17]. For example, the dairy farm
industry in America loses around US$ 5
million per year due to that effect [6].

The steps in controlling genetic defects
like BLAD are to implementing planned
mating patterns and applying good recording
management such as establish pedigree
records for the animals in a herd [4]. It can be
done by visually inspecting pedigrees by
developing a simple spreadsheet program, or
by using a computerized mating program.
Detecting CD18 gene mutation in the sires,
especially from breeding centers, and do not
use the sires or maternal grandsire carrying
BLAD by the artificial insemination or natural
mating.

CONCLUSION

PCR - RFLP is an effective method for
detecting genetic mutations that caused
BLAD. The population of dairy cattle in
Kunak (Cibungbulang-Bogor), Tegalwaru
(Ciampea-Bogor), and Sukabumi in West Java
Province did not carry BLAD. This result
showed that there was no risk yet of BLAD's
spread in the three areas, but identification of
BLAD on the huge HF cattle population areas
is always needed to prevent this genetic
disorder.
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