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Abstract

Bovine forebrain zinc finger like (FEZL) is one of the candidate genes
associated with mastitis resistance in dairy cattle. The present study was
undertaken to evaluate variation in exon 1 of FEZL gene in Bos indicus
(Sahiwal) and crossbred cattle. A total of 114 Karan Fries cattle and 111
Sahiwal cattle were genotyped for 12G/13G polymorphism associated with
mastitis resistance/susceptibility. The results revealed a predominant presence
of 13G allelic variant in Indian cattle with an overall frequency of 98.2%. In
Karan Fries cattle, 96.5% animals possessed 13G/13G homozygous genotype
while 3.5% animals possessed 12G/13G heterozyous genotype. The allelic
variant (12G) reportedly associated with mastitis resistance was completely
absent in Bos indicus (Sahiwal) cattle. The observed inheritance of 12G
resistant alleles in Karan Fries cattle might have been derived through
introgression from exotic Friesian cattle. Screening FEZL locus in additional
samples and breeds may help to establish association with mastitis in Indian
cattle.
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Introduction

Mastitis is inflammation of mammary gland resulting from introduction and multiplication of pathogenic
microorganisms such as Staphylococcus aureus and Streptococcus agalactiae in the udder. It causes huge economic
losses in dairy cattle by adversely affecting animal health, quality of milk produced and the economics of milk
production. Selective breeding of dairy cattle for reduced susceptibility/increased resistance to mastitis is a potential
long-term solution to mitigate the disease. However, the genetic progress is hindered by low estimated heritability’s
that ranged from 0.048 to 0.134 (Chegini et al., 2016). Indirect selection based on somatic cell score and candidate
gene markers may help increasing the efficiency of such breeding programs. A fair amount of genetic research
related to udder health has already been performed that resulted in the identification of several quantitative trait loci
(QTLs) related to mastitis resistance in cattle (Ogorevc et al., 2008; 2009). Beyond fine mapping, the ultimate target
of QTL analysis is the identification of causal gene or QTN (quantitative trait nucleotide) itself which facilitate
detection of resistance genes and alleles (Rainard and Riollet, 2005). Bovine forebrain embryonic zinc finger like
(FEZL) is one of the candidate genes associated with resistance to mastitis in dairy cattle.

Forebrain embryonic zinc finger-like (FEZL) factor is involved in transcriptional regulation of neuronal
development (Hirataet al., 2004). The FEZL gene variations have been showed to have significant association with
somatic cell count (Sugimoto et al., 2006; 2011; 2013) and clinical/sub-clinical mastitis (Ali et al., 2019) in cattle.
A three-nucleotide insertion mutation within exonl region of bovine FEZL gene resulted in an additional glycine
residue within a stretch of 12G(glycine) region. This additional glycine residue i.e. 13G stretch has been reported
to be associated with higher somatic cell counting Holstein-Friesian cattle (Sugimoto et al., 2006). Mastitis induces
FEZL expression in mammary gland, and induced FEZL promotes expression of the axon-attracting molecule
semaphorin 5A (SEMAS5A). Enhanced SEMASA induces expression of at least nine genes related to host immune
response, including TNF-a and IL-8. FEZL with 12G glycine stretch promotes higher semaphorin 5A expression as
compared to FEZL with 13G glycine stretch (Sugimoto et al., 2013). The relative lower expression of semaphorin
5A in cattle having FEZL 13G variant leads to impaired immune response and increased susceptibility to mastitis.

Considering the physiological basis for association of FEZL gene variation with mastitis resistance/susceptibility,
it would be of significance to estimate the frequency distribution of 12G/13G allelic variant in the Indian cattle
populations. Till date, very little information is available on FEZL allelic variants in Bos indicus cattle and their
crossbreds in India. Hence, the present study was undertaken with the objectives of estimating the frequency
distribution of reportedly susceptible (13G) and resistant (12G) FEZL allelic variants in Sahiwal (B. indicus) and
Karan Fries (B. indicus X B. taurus) cattle.

Materials and Methods
Sampling and DNA Extraction

Blood samples were collected from 111 Sahiwal and 114 Karan Fries cattle maintained at Cattle Farm, National
Dairy Research Institute (NDRI), Karnal. About 10 ml of blood was collected in a sterile 0.5% EDTA (10 pl/ml of
blood) coated vacutainers by jugular venipuncture method. The collected blood was stored in the refrigerator at 4°C
till further processing for extraction of DNA. DNA was isolated from blood using standard phenol-chloroform
method as described in Sambrook and Russell (2001) with minor modifications. The quality of DNA was checked
by comparing the bands with reference DNA in 0.8% agarose gel electrophoresis and the quantity was determined
using Nanodrop.

Genotyping FEZL Allelic Variants

In order to genotype 12G/13G polymorphism within exon 1 of FEZL gene, methodology proposed by Sugimoto et
al. (2011) was used. The PCR reaction was performed with the following primer pairs: Forward: 5’(FAM)-
ACTCTGAGCTCTGGAAAAGCAG-3"; Reverse: 5-CACACGCCACAAGTTGGTTT-3". Polymerase chain
reaction was carried out in a final reaction volume of 20 pL, containing ~50ng of genomic DNA, 5 pmole of each
primer, 200 uM of each dNTP, 2.5 pL of 10X buffer with 1.5 mM MgCI2 and one unit of Taq DNA polymerase
(Bangalore Genei Pvt. Ltd., Bangalore, India). Amplification was performed using programmable thermal cycler
(PTC-200, MJ Research, USA) with an initial denaturation at 95°C for 2.5 min followed by 35 cycles of 94°C - 30s,
57°C-30s and 72°C - 1min, with a final extension for 5 min at 72°C. Following PCR, alleles were resolved using
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an ABI automated DNA analyzer (Applied Biosystems, USA) along with GS500LIZ as internal lane control.
Genotype data were extracted using GENEMAPPER 4.0 (Applied Biosystems, USA). The methodology proposed
by Sugimoto et al. (2011) to genotype 12G/13G variation within FEZL gene focused on estimating the size
difference of amplicon covering the INDEL polymorphism. The forward primer conjugated with FAM dye was
utilized to detect amplicons of ~130bp size (Figure 1) during the process of fragment length analysis in the
automated DNA analyzer.
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Figure 1: Amplified PCR product labeled with FAM dye and resolved in 2.5% agarose gel electrophoresis prior to

genotyping

The genotypes were called based on specific peaks corresponding to different allele sizes. The expected amplicon
size for 12G homozygous genotype was a single peak at 125 base pairs; single peak at 128 base pairs corresponded
to 13G homozygous genotype while double peaks at 125 and 128 base pairs corresponded to 12G/13G heterozygous
genotypes. The raw data of representative samples from ABI automated DNA analyzer using GENEMAPPER
software is presented in Supplementary Figure 1.
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Supplementary Figure 1: Unextracted raw data from ABI automated DNA analyzer showing the amplicon specific
peak (Blue-Conjugated with FAM dye); Peaks in orange represent standard size DNA markers (GS500L1Z)
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Results and Discussion
Frequency Distribution of FEZL Allelic Variants in Sahiwal and Karan Fries Cattle

The results of genotyping for the 12G/13G polymorphism within FEZL gene are presented in Table 1. The results
revealed a predominant presence of 13G allelic variant in the studied Indian cattle with overall frequency of 98.2%.

Table 1: Results of genotyping 12G/13G polymorphism within exon 1 region of FEZL gene in Sahiwal and Karan

Fries cattle
Genotype _ Sahiwal _ Karan Fries
No. Animals Frequency No. Animals Frequency
13G/13G 111 1 110 0.965
12G/13G 0 0 4 0.035
12G/12G 0 0 0 0
Total 111 1 114 1

In Karan Fries cattle, 96.5% of the animals had 13G/13G genotype, while 3.5% of the animals possessed 12G/13G
heterozyous genotype (Figure 2). In case of Sahiwal cattle, all the genotyped animals were found to be 13G/13G
homozygotes with the absence of 12G alleles. Similar finding on the absence of 12G allele has been reported earlier
in Jersey cattle. Sonstegard et al. (2005) reported the characterization of FEZL effects on somatic cell score in North
American dairy cattle. They reported QTN genotypes for 2379 dairy bulls which included mostly Holstein and few
Jersey sires. None of the Jersey sires (N=49) were found to possess 12G allelic variant (resistant variant) while less
than 3% of the Holstein sires (N=2325) were found to possess the 12G allelic variant. Among these 2325 sires, only
six (0.26%) were homozygous for 12G allelic variant. Later, in a study on Japanese Holstein cattle, Sugimito et al.
(2011) genotyped 12G/13G polymorphism in 917 Holstein sires and reported 97 sires with heterozygous genotypes
(10.58%).
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Figure 2: Extracted FEZL genotypes using GENEMAPPER with peaks at 125bp and 128bp for 12G/13G
heterozygote (above) and 128 bp peak for 13G/13G homozygote (below)

The frequency of 12G/13G heterozygotes (3.5%) observed in Karan Fries cattle is lesser than those reported for
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Holstein cattle. However, Sahiwal, the indigenous Bos indicus cattle was found to be almost fixed with 13G allele
reportedly associated with higher somatic cell score. This finding seems to be interesting when considered with the
consistent reports of higher mastitis incidence in Sahiwal cattle as compared to other breeds. Singh (1979) reported
a comparison of mastitis incidence in indigenous and crossbred cattle with 31.1%, 20.9%, 16.3% and 15.3% in
Sahiwal, Red Sindhi, Tharparkar and crossbred cattle. Satyapal (2003) reported an incidence of 20.66% incidence
of mastitis in Sahiwal cattle and 14.12% in Karan Fries cattle. Similarly, Khate and Yadav (2010) reported mastitis
incidence in 26.43% Sahiwal cattle and 18.91% Murrah buffaloes. Higher mastitis incidence in Sahiwal cattle as
compared to Karan Swiss and Karan Fries cattle was also reported by Jingar et al. (2014) and Danish et al. (2018).
Higher incidence of mastitis in Sahiwal cattle implies that they are relatively more susceptible to mammary gland
infections as compared to other breeds. Further, complete fixation of susceptible alleles at FEZL-12G/13G locus
along with genes at other loci could possibly be one of the potential reasons for the higher susceptibility of Sahiwal
cattle to mastitis. Large scale association studies in Sahiwal cattle are needed to further validate the role of bovine
FEZL allelic variants in the susceptibility/resistance to mastitis in Bos indicus cattle.

Another interesting feature of the present study is the presence of “12G-FEZL” allele in Karan Fries cattle, that has
been reported to confer relatively more resistance to mastitis in Japanese Holstein-Friesians (Sugimoto et al., 2006,
2011; 2013). The inheritance of this allele in Karan Fries cattle albeit at low frequency might have been through the
Friesian genes which had been used as source of exotic germplasm for the development of this synthetic breed. It
seems that the occurrence of 12G variant is found comparatively higher in Bos taurus cattle than Bos indicus cattle.
However, such a proposition needs to be verified by genotyping this locus in a wider population of cattle including
diverse indigenous cattle breeds.

Conclusion

In conclusion, the present study is the first report on the distribution of bovine FEZL allelic variants in Indian cattle.
The results revealed a predominant presence of 13G allelic variant in the studied Indian cattle populations with an
overall frequency of 98.2%. The allelic variant reportedly associated with mastitis resistance (12G) was completely
absent in Bos indicus cattle while its frequency was about 3.5% in crossbred cattle. The observed inheritance of 12G
resistant alleles in Karan Fries cattle might have been derived through introgression from exotic Friesian cattle.
Screening FEZL locus in additional samples and breeds may help to establish association with mastitis in Indian
cattle.
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