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performance in the given population. Animals have been selected to improve their productivity in
order to increase the profitability to the farmer. As a result, selection of animals is made for
higher production and a shortened productive life. The reproductive performance of Friesian
cows under intensive and semi-intensive management system in Bangladesh is poor. Animal
selection has historically been based on production traits, and not much attention was given to
Al recording. Many attempts were taken scatterly to increase productive and reproductive
potential of Bangladeshi cattle for different periods with variable achievements. Therefore, in this
review article we have addressed the new tools and information that could be used to determine
the level of productive and reproductive performance and to evaluate genetic factors using
admixture analysis of cows bred by Al sires which affect reproductive traits of crossbred Friesian

dairy cows reared in selected areas in Bangladesh.
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INTRODUCTION

Genetic improvements have been achieved in several species by combining within breed selection with reproductive
technologies (such as artificial insemination and embryo transfer) to more effectively disseminate elite genomes.
Moreover, the poor reproductive parameters will be leading to a substantial economic loss because of prolonged calving
intervals, increased insemination and veterinary costs, higher culling rates and excessively late age at first calving which
can result in reduced lifetime milk yield and increased replacement costs (Andersen et al., 2003; Kadarmideen et al.,
2003). Bangladesh is known for its huge livestock population and is estimated to have 24.24 million heads of cattle (DLS,
2018-19). Although cattle population size in Bangladesh is satisfactory but their productivity is very low compared to exotic
dairy animals. Milk and milk products of some countries may still be contaminated by radioactive substances that have an
unsafe impact on public health particularly for youngsters. The sustainability and profitability of Local x Friesian x Friesian
(LxFxF) crossbred cows seemed to be more suitable for dairy farming under rural context in Bangladesh. This is why the
number of crossbred cattle is expanding day to day with the extent of artificial insemination (Al) practices all around the
country (Rahman et al., 2016). Livestock farmers usually rare cows of indigenous, cross-breed (particularly between
indigenous and exotic) and exotic breed types (Marshall, 2014). Genetic merit has a substantial impact on biological
efficiencies of dairy cows (Khaton et al., 2015). For the improvement of dairy production genetic merit and/or animal
husbandry practices should be improved but often reproduction is neglected (Rahman, et al., 2016; Plaizier et al., 1998).

Genetic potential of animals enhances livestock development. To achieve this genetic potential, optimum nutrition,
disease control and managemental practices should be scheduled (Ansell, 1985). Records of the productive and
reproductive traits are crucial factors determining the profitability of dairy industry (Sarder et al., 2007; Lobago et al.,
2007). Productive and reproductive performance and poor genetic merit of cattle are considered as the major constraint
against growth in dairy industry in Bangladesh. To overcome this constraint, Al has been practiced as a breeding tool to
improve genetics of adopted indigenous cattle by using semen of exotic bulls from temperate countries since 1960s. But
the success of Al remained far beyond stakeholders’ expectations. Due to haphazard breeding evidenced by insemination
of cows without keeping proper records, selection of future dam and sire has become difficult for improvement of dairy
sector. About 6.0 million Als were performed in cattle in Bangladesh in 2016-17 by the Department of Livestock Services
(DLS), NGOs, cooperative unions and private organizations. It is generally found that about two services are required for
one conception. On the other hand, average calving interval ranged from 365-536 days and average postpartum service
period is ranged from 103-161 days among the indigenous and crossbred Friesian cattle (Kamal, 2010; Shamsuddin et al.,
2006).

Furthermore, there is inadequate identification of animals and record keeping on production traits in Bangladesh.
Considering the above mentioned facts, it is important to identify the best crossbred Friesian dam and sire with respect to
performance traits using genomic tools (Genomics uses recombinant DNA technology to analyze the structure and
function of the complete set of DNA within an organism. This includes using electrophoresis and purification systems to
isolate DNA templates, PCR and sequencing to determine the sequence and map of the DNA base code, microarrays-
Low-density SNP assays (Mrode et al., 2016)) and genotyping to determine the similarity and differences between
sequences, mass spectrometry for analysis of oligonucleotides and next generation sequencers to analyze whole
genomes. The beginning of most assays require a clean, good quality DNA template (Wikipedia/www.biocompare.com))
for improvement of dairy sector Bangladesh. The population of Friesian crossbreds is increasing in many countries in
tropics including Bangladesh, as the Friesian crossbred cows produce high amount milk in their lactation and sustainability

of this breed in Bangladesh is also satisfactory in such a temperate climate. It is essential to have knowledge of genetic
correlation with performances of the population to predict gains from breeding programmes and to predict breeding value
of the Friesian crossbreds (Ashutosh et al., 2013). Considering the above mentioned facts and circumstances, the
objectives of this review are to evaluate the parameters for productive and reproductive performances and how genomic
tools will affect genetic progress in Friesian crossbred cattle for the selection of best father and mother to be used in Al
programmes resulting in sustainable dairy development in Bangladesh.

Productive and reproductive performances

The reproductive and productive traits of performance, i.e., age at maturity, age at first conception, age at first calving,
days open, service per conception, Calving to first Service Interval (CFSI), calving interval, lactation length, dry period,
lactation milk yield and parity are important to find out the actual efficiency of performance (Sattar et al.,2005, Abdel and
Alemam, 2008, Tadesse et al., 2010, Alemayehu and Moges, 2014, Haftu Kebede, 2015, Mamun et al., 2015, Mengistu
and Wondimagegn, 2018).
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Reproductive Traits

Age at maturity

Sexual maturity is the age when heifer for the first time shows signs of oestrus which subsequently and continuously
is displayed in regular cycles. Time of sexual maturity depends not only on age but also is result of the effect of numerous
genetic (process of sexual maturation, display of sexual maturity) and environment factors (nutrition, climate, rearing,
housing, care, etc.). After reaching sexual maturity, animals require an adequate period for further body development in
which necessary breeding maturity of the animal will occur. Beginning of the breeding maturity is variable and depends
mainly on the body weight of animals (Smiljakovic et al., 2007, Novakovic et al., 2011). In case of heifers of high
yielding breeds, sexual maturity is reached at the age of 9-11 months and average body mass of 250-280 kg

(Sejrsen and Purp, 1997). Most of the recommendations refer to first insemination of heifers at the age of 14 to 15 months

and body mass of = 350 kg, in order to achieve age at calving of 24 months (Antov et al., 1998).

Age at first conception

Age of dairy cattle at first conception is one of the major reproduction properties. Age of calves at first calving depends
mainly on age at first conception. Age at first conception is determined by the date of birth and date of first conception
(Novakovic et al., 2011). Age at first conception includes the period from the birth of the heifer to first insemination at the
age when the animal has reached breeding maturity enabling it normal gravidity. Age when animal reaches sexual
and breeding maturity has for long time been in the center of attention of expert and scientific public in regard to the
possibility for shortening of the generation interval. Age at first calving is an important factor influencing the yield and
composition of milk (Pirlo et al., 2000). Age at first conception is one of the most important fertility properties in dairy cattle.
It has a direct impact on age at first calving since duration of gravidity has physiologically constant value. There is a
positive relation between the body mass at first calving and milk yield in the first lactation. This relation is an important
basis for defining levels of body development and age of heifers at first conception/calving. Age at first conception is
determined within defined time limits. Bottom limit is date of birth, and top limit date of conception (Novakovic et al., 2011).

Age at first calving (AFC)

It is defined as the beginning of a cow’s productive life. Generation interval is closely related to age at first calving
which influences response to selection. Friesians of temperate regions attain their puberty earlier than in the tropics (8-9
months as compared to about 20 months in the tropics) and their age at first calving is between 17-20 months compared
to about 30 months in the tropics (Zaied, 1995, Ajili et al (2007), Rahman and Aleman, 2008,) reported that the mean age
at first calving is higher than 29.3 months in Tunisian Friesian-Holstein cows; 823 days (27.2 months) in Holstein Friesian
cows in Pakistan Niazi and Aleem (2003). On the other hand, Sattar et al., (2005) reported that the age at first calving of
Holstein Friesian cows in Pakistan was 988+9.81 days (32.7 months). The prolongation of age at first calving in HF cows
could be attributed to factors such as poor nutrition and management practices including poor heat detection at the time of
mating the heifers. In the same way year, season and breed of the sire significantly affected age at first calving (Abuzaid,
1999). It is expected that heifers would exhibit fast growth and attain higher weights at comparatively younger ages
(Tadesse et al., 2010).

Days open (DO)

Days open is the part of the calving interval, longer days open associated with decreased profitability in the dairy farm.
The mean days open was highest at short rainy season, while there was no significant difference between long rainy
season and dry season. On the other hand, the mean days open significantly decreased from 1 to 5t parity, increased at
6th parity while decreased again after parity seven (Mengistu and Wondimagegn, 2018). Cows in the first parity dad
significantly longest DO, while shortest at 7" parity (Peters, 2007). The longer days open of cows calved in parity one and
decreasing trend of days open with advancement in age (Asimwe and Kifaro, 2007).

Service per conception (SPC)

Reproductive efficiency is measured by service per conception (SPC). It is one of the tools for measuring SPC. It
expresses the fertility level of dairy herds. It is simple and easy to calculate and understand. Although it is a good measure
of reproductive status, but still, it usually does not indicate the reasons behind it in heifers and cows that fail to conceive.
However, the breeding system largely influences the SPC. It is higher uncontrolled natural breeding and low where hand-
mating or artificial insemination is used. Herd, season, placenta expulsion time, lactation length and milk yield affect the
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SPC significantly (Esslemont et al., 1985, Rahman and Alemam, 2008).) defined the term SPC as the total number of
services given to a group of cows over a defined period divided by number of services which results in a diagnosed
pregnancy not less than 42 days after service to culled cows included.

Calving to first Service Interval (CFSI)

Calving to the next service is defined as calving to the first Service Interval. Optimum level service period (SP)
consistency indicates regularity and stability of the reproductive status of the animal, especially the oestrus cycle (Rahman
and Alemam, 2008). The average CFSI is similar to the value of 111 days and lower than 170 days respectively in HF
breed in Turkey and Tanzania (Kifaro,2007, Cilek, 2009 ) and 142 days in Ethiopia (Shiferaw et al., 2003). The longer
than the ideal interval of 60-90 days could be attributed to different factors (Berry et al., 2003). The delaying in interval to
first service is due to greater negative energy balance in modern dairy cows was suggested by many researchers.
Negative energy balance also delays the resumption of ovarian activity (Butler and Smith, 1989). A variety of
environmental factors delay ovulation and estrus after calving (Rhodes et al., 2003). Limited energy intake, lower body
reserves, increased partitioning of energy to milk production are the main factors for delaying calving to first service
interval. On the same way parity also influences CFSI (Tedesse et al., 2010, Elgaj, 2003). The greater nutritional stress
being imposed on younger cows due to requirements for growth as well as lactation is reflected by the significantly longer
CFSI obtained in parity.

Calving Interval (Cl)

Calving interval is that period of time between calvings that is measured in months. It is additionally outline that the
quantity of time (days or months) between the birth of a calf and therefore the birth of a subsequent calf, each from
identical cow. It is in all probably the most effective index of a herd’s fruitful reproductive efficiency. Recommencement of
ovarian activity within the postnatal does not essentially result in conception and ways of stimulating oestrus should be
thought in relevance to their effect on conception (Holness et al., 1980) and indirectly on calving intervals. The Calving
interval (Cl) was considerably palgued by genotype, year, season, poor nutrition, poor housing, failure to detect heat by
the farmer, age and alternative factors like sex of the calf, placenta expulsion time and womb pathology (Choudhuri et al.,
1984, Britt et al., 1986, Msanga et al., 1999, Hammoud et al., 2010, Haftu Kebede, 2015). In temperate regions, calving
interval typically ranges between twelve to 13 months (Spike and Mcedows 1973; Barr, 1975). The mean calving intervall
of foreign and locally born Friesian cows in Sudan was 16.0 and 15.9 months, respectively. There is general agreement
that the calving interval isn’'t but 14 months (Abuzaid, (1999)). The birth intervals of Holstein Friesian are twenty six days
lesser than native cows (Mamun et al, 2015). Poor management of the present farm as well as poor breeding
management has vital result on calving interval particularly within the tropics (Mengistu DW and Wondimagegn KA, 2018).

Productive Traits

Lactation length

Lactation length is defined as the period between two consecutive calvings during which cows are capable of
producing milk or lactating. Many researchers in tropical countries have reported the mean of lactation length (Abdel
Rahman and Alemam, 2008). Hatfu Kebede, 2015 reported that the lactation length in his study was shorter than the
optimum value of 305 days required to maintain the optimum calving interval of 12-13 months. The shorter lactation length
may be due to factors such as improper feeding regimes, inadequate dry period and prevalence of diseases.

Dry period

It is the period of off milking. Smith (1959) stated that dry period is necessary in order to accomplish one or more of
the following:

a) To refresh the body with nutrients those were depleted during lactation.

b) To repair and regenerate the alveolar system.

¢) To gain new stimulation for lactation as the result of parturition following gestation.

Thus an optimum dry period is essential for maximum production of milk in subsequent lactation. The standard length
of dry period is a period of 60 days (Rahman and Alemam, 2008). Dry period of indigenous cows was higher than HF
cows which in turn increased lactation length in HF cows (Nahar, 1987, Mamun et al., 2015).
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Lactation milk yield (LMY)

The production of milk during a lactation amount is popularly known as lactation yield. Duration of calving, parity,
interaction between parity, season of birth, parity and herd considerably (p <0.001) influenced lactation milk yield (LMY).
On the contrary, the effectof season on birthand herd of cow weren't noteworthy (Tadesse, 2010). Improved
management, adaptation of Holstein Friesian breed to the surroundings through time or both will increase the trend in
lactation milk yield over the period of calving. Mean lactation milk yield flourished from parity one to parity 3rd. The
increased trend in lactation milk yield (LMY) up to third parity and decreased trend thereafter is similar to the results
reported in Holstein Friesian cross in Sudan (Ahmed et al., 2007). The age variation (i.e. difference of lactation number)
is one among the necessary non-genetic sources of variation in milk yield (Martinez et al., 1988).

Dairy farming and reproduction

The reproductive performance of the dairy cattle influences the efficiency of dairy farming (Peters and Ball, 2004).
Reproduction in livestock is decisive for production of the necessary replacement stock, for reducing unproductive periods,
for initiation of milking, for increasing period of milk production and income (Das et al., 1986). Poor reproductive efficiency
of a farm losses the farm in various ways include fewer calves being born due to longer calving intervals, increased
veterinary expenditures due to more problematic cows, increased number of services to achieve conception as a result of
poor heat detection, and increased number of replacement heifers needed for non-voluntary reproductive culls. In this
study, it reveals that the overall reproductive and productive performance of Friesian dairy cows kept at Kitulo Livestock
Multiplication Unit (Kitulo LMU) is low to moderate. To achieve the better results in reproductive and productive efficiency
of Bos taurus cows in tropical environment, proper management of the animals through various phases of life from calving
to maturity is necessary to ensure their early age of service and calving, better conceivability, decrease calving interval
and increase milk yield. Therefore, for better reproductive and productive performance of the herd, management practices
at the farm need to be improved (Kashoma et al., 2015).

Broadly, Indigenous and crossbreds types of dairy cattle are available in Bangladesh. The mean production per day of
indigenous and crossbred cows is 1.5 L and 2.5 L respectively (Saadullah, 2001). On the other hand, Islam et al., (2014)
found that the average milk production of Holstein Friesian crossbred cows ranges from 2.5-8.5 L and which was 2.5-5.8 L
in Indigenous cows. Biologically, potentiality of milk production enhances by the age at puberty, early first calving, number
of parity and shorter calving interval and milk yield. The genotype of breeds and parities differs the intensity of production
traits (Djemali and Freeman, 1987; Rahman et al., 1987). In Bangladesh, the productive and reproductive performance in
dairy cows at both subsistence and semi-intensive or intensive farming system had been subjected to several studies
(Shamsuddin et al., 1987, Alam and Ghosh, 1988; Ghosh et al., 1988) where delayed puberty, long post-partum intervals
with or without uterine disorders had been predicted. Although the crossbred cows are capable to produce higher quantity
of milk but they are susceptible to diseases and their veterinary cost is also higher. For this genetic merits can be
developed through selection, crossbreeding and upgrading for better production and profit. In Bangladesh, cattle
population size is satisfactory but their productivity is not satisfactory when compared with exotic dairy animals like
Friesian cows.

Moreover, management practices in dairy farms vary from areas to areas, which have profound effects on production
and reproduction (Mamun et al., 2015). Accurate quantitative knowledge of factors affecting productive performance of
animals is the pre-requisite for effective management of dairy farming (Bagnato and Oltenacu, 1994). But the pure exotic
breed (e.g. Holstein Friesian) is not so suitable in context of Bangladesh in relavent of environmental conditions because
pure breed may require low temperature, better feeding and management. The disease prevention capacity in pure breed
is also lower than that of native cattle. On the other hand, the native cattle are well adapted as well as high disease
resistance than exotic pure breed. The crossbred cattle performed better than that of exotic and native cattle in terms of
adaptability and production (Rahman et al., 2017). However, fertility rate of crossbred dairy cattle suffered from genetic
performance, poor reproduction, and lower level of management, poor inception rate, long post-partum anestrus and
calving interval (Kiwuwa et al.,, 1983, Madalena et al., 1990; Mengistu and Wondimagegn, 2018). Genetic,
environmental/management factors or both could be related with lower reproductive performance. Consequently, it is
essential to evaluate the reproductive performance of dairy cattle and factors affecting their performance periodically
(Tadesse et al., 2010). Many environmental factors affect the performance of dairy animals. The animal’s true genetic
ability and create a bias in the selection of animals may suppress by these environmental factors (Lateef et al., 2008,
Tadesse et al., 2010).
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Environmental impact on production

The most effective route to reduce the harmful environmental impact of livestock is to extend productivity: the carbon
footprint of one kilo dairy farm trade was reduced by forty one percent over the identical period despite the 250% increase
in total milk production (Capper et al., 2013). However, exclusive stress on production has junction rectifiers to harmful
correlative responses in of milk created within the U. S. in 2007 was thirty seventh of that in 1944, and also the carbon
footprint of the whole U.S.A. different traits, notably those related with fitness. For instance, though selection of milk
production in dairy cattle was very palmy, there was a considerable unsought decline in fertility over the identical period
(Pryce et al., 2004). Thus, selection schemes now progressively attempt to balance animal health, fertility, production and
environmental impact (Georges et al., 2018). The productive and reproductive performances under the existing
management system need to be monitored regularly for the success of dairy production namely periodical evaluation. For
future planning and managemental strategies to develop the sector, the periodical evaluation of factors affecting
productivity of animals is very important (Kebede, 2015).

Effects of nutrition on reproduction

The aim of a dairy farm is to get one calf from a cow once year (Shamsuddin et al., 2006a), Nutrition plays a vital role
to initiate puberty and reproductive potency in all animals (Shamsuddin et al., 2006a and Bindari et al., 2013).The topmost
priority is to be given on energy and protein to optimize reproduction in dairy cows. Minerals and vitamins should even be
balanced within the diet. Overfeeding of nutrients might also impair the reproduction (Yugal Raj Bindari et al., 2013).
Nutrition and reproduction have the interaction for the implications of reproductive performance (Smith et al., 2010). In
puberty, heifers manifest estrus signs and ovulate for the first time. Inadequate nutrition in mature cows delays puberty in
heifers and as well as prolong the calving interval. Crossbred heifers, especially Friesian are often bred at 15-18 months
with good nutritional management. The age at puberty varies from 24-36 months in South Asian zebu cattle (Mukasa,
1989). Calves of 8-12 months of life are usually fed poor quality milling byproducts when the reproductive organs are
developing. Replacement heifer management programs are rare in several countries like Bangladesh. Heifers are often
fed surplus dairy cows feed. Parasitic infestation or poor nutrition causes anemia that delays sexual maturity in heifers
(Kamal, 2010). Under nutrition leads to loss of body weight and body condition, delays the onset of puberty, will increases
the post-partum interval as well as post-partum conception, interferes with normal ovarian cyclicity by decreasing
gonadotropin secretion and will increase infertility (Capuco et al., 1990; Boland et al., 2001).

High feed intake

¥

High blood flow to digestive tract

High bloecd flow to the liver

¥

Estrogen and progesterone removed from liver

¥

Low estrogen and progesterone level in the blood

Changes in reproduction

Decreased duration of estrus (Standing heat)
Increased double ovulation rate (Increased twining)
Decreased conception rate

Increased Pregnancy loss

Figure 1. Schematic representation of the potential physiological pathway that may produce the changes observed in
high-producing lactating dairy cows [Thomas et al., 1997]
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Growth of heifers and first birth age are delayed by these factors (Shamsuddin and Aryal, 2009). Poor body condition
score (BCS) usually leads to anestrus for a few years, that prolongs the interval from birth to first service and after to
subsequent birth. Lower BCS cows had longer intervals from birth to first ovulation and fewer detected estrus than cows
with a better BCS (Siddiqui, 2008; Shamsuddin et al., 2001). Higher energy diet on the breeding day of cows will have a
few chances of conception and high levels of glucose within the blood at the time of early embryo development may be
detrimental to embryos (Siddiqui et al., 2002).

Genetic evaluation

Rankings of animals which will generate progress on a breeding objective are supported by the genetic analysis
system. For genetic analysis, animal models are used for many of the traits. During this model, solely the phenotype of a
specific cow is taken into account as a function of her own additive genetic merit. On the contrary, in the sire model, solely
the genetic contribution of the cow’s sir is taken into account. Animal and sire models are special cases of mixed linear
models (Henderson, 1984) whereas genetic effects are thought-about as random. Best linear unbiased prediction (BLUP)
is the favourite estimation procedure (Henderson, 1963, 1984). This suggests that the environmental effects are calculable
only from the data, whereas the genetic effects are calculable (or predicted) combining information from data with prior
knowledge of pedigree relationship between animals. The BLUP model most ordinarily used which might be created and
solved comparatively simply (Ducrocq V and Wiggans G, 2015). Current limitations in genetic improvement of cattle by Al
in Asian countries like Bangladesh are poor animal identification, lack of pedigree and performance data aggregation for
sire and bull mother. In smallholder cows, the post-Al conception rate was reported to be fifty one percent (Siddiqui et al.,
2013). In conjunction with the skill of the Al technicians, the conception rate varied widely (Siddiqui et al., 2013). Poor heat
detection was additionally detected as a vital limiting factor for conception.

In another study using progesterone RIA, Shamsuddin et al,. (2006) determined that oestrus was accurately detected
in at most thirty percent of cases. Another thirty percent of cows were detected as in oestrus after they weren’t (false
positive) and forty percent cows remained unobserved after they were in oestrus (false negative). Banu et al., (2012)
detected poor estrus in buffaloes, wherever the cyclicity was evaluated by determining progesterone in milk using ELISA.
Moreover, the Al technicians usually do not follow the breeding policy for using semen for Al that must be strictly regulated
by the Directorate of Livestock Services (DLS). Further, identification of animals and record keeping on production traits in
Bangladesh is inadequate. Considering the above mentioned facts, it is important to identify the best crossbred Friesian
dam and sire with respect to performance traits using genomic tools for improvement of dairy sector Bangladesh.

A comprehensive storage and management of genomic and performance data would assist Artificial Insemination(Al)
centers to establish a data flow system and increase interactions with farmers for choice of best sire in future. Now a days
science offers many opportunities whose conjunct applications would bring positive changes in conventional animal
breeding, particularly in developing countries. For examples, (1) application of Al conjoined with Radioimmunoassay (RIA
or ELISA) of hormones to confirm successful mating and therefore to extend manifolds the dissemination of desired
genetics, (2) nuclear and nuclear-derived molecular techniques for genetic characterization of animals and identification of
marker(s) that drives favourable traits from parents to offspring and (3) database applications and software system to
manage, analyze and create report from massive datasets involving genomics, phenotypes and their attainable
interactions. Application of recent technologies permits the characterization of the genome with markers at a decreasing
price. In developed countries the utilization of genomic tools is quickly increasing and leading to economical genetic
improvement programmes. It is time to coalesce tested tools and strategies for the validation of technologies through
adaptive research to the requirement of developing countries like Bangladesh for a speedy, vertical growth in animal
productivity. Low price genomic tools for parentage testing are accessible and may be reconciled for use in developing
countries like Bangladesh, and are needed for genetic improvement programmes. Moreover, it is attainable to develop low
price genomic tools for measuring breed composition of crossbred animals, verify purity of purebred animals and match
information with applicable genetics to pick out superior stocks for breeding. Correct parentage and breed composition will
be combined with performance data to elevate the selection process:

Within-breed selection
A process by which sires and dams that above average breeding values are selected as parents to produce the next
generation of animals.
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Genetic gains

It means differences in the average breeding values of the population before and after selection. Genetic gain is a
function of the amount of genetic variance, the accuracy of selection, the intensity of selection and the generation interval.

Quantitative trait loci ( QTL)
Regions in the genome that encompass genetic variants with an effect on a quantitative trait of interest.

Genome- wide association studies (GWAS)
Scan of the entire genome to identify genetic variants for which variation in genotype is associated with variation for
one more phenotypes of interest.

Genomic selection (GS)
An ensemble of methods to estimate the breeding values of individual animals on the basis of genome-wide-single
nucleotide polymorphism genotype information.

Single nucleotide polymorphism arrays (SNP arrays)
Microarrays used to determine the genotype of individuals for hundreds to millions of SNPs at once.

Progeny testing (PT)
An approach by which the breeding value of an animal is estimated from phenotypic measures made on its progeny.

Genetic architecture (GA)
The description of the number, location and effects of the genetic variants that affect a phenotype of interest.

Genotype imputation (Gl)

The in silico prediction of the genotype of an individual for non genotyped variants on the basis of known
genotypes at neighbouring variants and a reference population with genotype information for all variants imputation
exploits the nonrandom association of alleles at neighbouring variants, referred to as linkage disequilibrium.

Epigenome

The combination of chemical modifications of the DNA sequence (such as cytosine methylation) or nucleosomes
(such as methylation of Lys 27 of histone H3) that mark functionally distinct segments of the genome (such as active
enhancers) and are inherited mitotically and/or meiotically (Georges et al., 2019).

Haplotypes

It means combination alleles at multiple variant positions transmitted by a gamete. The term is often used to describe
variants that are located close to each other in the genome. Estimation of the proportional contributions of ancestral
populations in admixed (crossbred) individuals is important to clarify the population structure, historical background and
pattern of admixture along the genome of admixed individuals (Khayatzadeh, 2017). Recent advances in high-throughput
genotype sequencing technology have provided unprecedented opportunities to learn about the evolutionary history of
admixed populations at both global and local levels.

e Global genetic ancestry establishes ancestral proportions averaged across the genome of an individual.
e Local genetic ancestry is the identification of the ancestral origin of distinct chromosomal segments within an
individual genome.

There is a growing concern in association studies about confounding effects, due to considerable discrepancy
between the allele frequencies in the cases and the controls. An accurate inference of locus-specific ancestry in admixed
populations has improved the genetic disease (Parkinson, Diabetic disease, Alzheimer and other diseases) association
studies in human genetics (Sankararaman et al., 2008; Rosenberg et al., 2010; Seldin et al., 2011; Hu et al., 2013).
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Genetic admixture

Genetic admixture is that the presence of DNA in a personal species, as a results of interbreeding between
populations or species that are reproductively isolated and genetically differentiated. Admixture leads to the introduction of
recent genetic lineages into a population. For autosomal DNA test, admixture analysis is one of the components
(Wikipedia). To estimate the ancestry and therefore the genetic structure of the cattle population, one ought to use
admixture software (a software tool for optimum likelihood estimation of individual ancestries from multilocus SNP
genotype datasets) eg. version 1.3.0 (Alexander et al., 2015). Genomic ancestry of a specific breed is going to be fixed in
genomic regions of native breeds or crossbreds once it's advantageous for survival or production in harsh environments.

To look at this situation, twenty five Friesians and 162 local cattle made by crossbreeding of milch breeds in Kenya
were sampled and genotyped utilizing 50K SNPs. Utilizing principal component analysis (PCA), the admixed native cows
were found to contain many foreign breeds, namely Guernsey, Norwegian Red, and Holstein. Local ancestry mapping was
performed based on the similarity of haplotypes to understand the influence of parental breeds on genomic regions. As a
consequence, it seems that no genomic region has been below the entire influence of a specific parental breed.
Nevertheless, in most genomic regions (>80) the ancestry of Holstein-Friesian was substantial. The analysis of native
ancestry could be a useful approach to realize the whole genomic structure and should reveal regions of the genome
needed for specialized adaptation once combined with methods for looking for the recent changes of haplotype frequency
in an admixed population (Kim et al., 2014). To estimate the ancestry and also the genetic structure of the Iraqi cows
population, admixture version 1.3.0 and Genesis software (version 0.2.6b) (http://www.bioinf.wits.ac.za/ software/genesis/)
ware used. The analysis was conducted at genome-wide autosomal level, first with Iragi breeds and four reference breeds
(Holstein-Friesian, N'Dama Guinea, Sheko, and Nellore) and then including the entire set of breeds (Alshawi et al., 2019).

Principal component analysis (PCA) and discriminant analysis of principal components (DAPC) were used to examine
the admixture in the Kenyan cattle population. DAPC is a method which optimizes the segregation of individuals into
default groups utilizing a discriminant function of principal component (Jombart et al., 2010). Membership probability was
obtained to present the overall genetic background of an individual on the basis of DAPC. Western breeds, namely
Holstein, Guernsey, and Norwegian Red cattle as well as two Kenyan cattle populations were included for this analysis. To
measure differentiation of populations single marker Fsr (Wright, 1951) across the genome was estimated. In the same
way, to analyze population admixture and Fst (Jombart and Ahmed, 2011) the software package adegenet in R was used.
The genome of crossbred (admixed) individuals could be a mosaic of ancestral haplotypes formed by recombination
occurring at each generation (Sankararaman et al., 2008; Price et al., 2009a). In a very recently crossbred population,
ancestral populations are mixing for a comparatively tiny number of generations, leading to a brand new population with
totally different proportions of the initial populations.

Moreover, admixed populations give the special chance for learning recent selection signatures happened after
admixture. The genetic admixture of Friesian was the highest relating predominant individual breed characteristics
followed by Jersey and Sahiwal with local cows (mainly Pabna cattle). One amongst the vital reasons of this admixture is
random and unplanned breeding and such scenario originated from non/zero-record keeping system Shahjahan et al.,
(2017). Knowing on top of mentioned facts, application of genomic tools to assist for the selection of animals with
increased productivity traits has been in practice in several developed countries. Low density single nucleotide
polymorphism (SNP) marker will be used for analyses of diversity, genetic structure of sires and breedable females,
admixture analysis of breedable males and females based on genotypes originated from low density SNPs. Analyses of
genome-wide SNP knowledge from cattle breeds give the chance to analyze gene flow and admixture processes that
have contributed to the evolution of domestic cattle. Use of high-density genome-wide SNP markers can investigate
genetic origins, admixture patterns and demographic histories of cattle populations (Upadhyay et al., 2016). Moreover,
association between the amount of admixture and performance data of crossbred Friesian cows are determined.
Generally, females, either as herd replacements or bull dams are measured with lower accuracy info than their bull
counterparts. For instance, bulls are also a part of a post-weaning growth test with feed potency and ultrasound measures
wherever females are also restricted to weight traits solely.

Females are similarly deprived in terms of progeny numbers where a 3-year previous female can have one progeny
record, wherever a 3-year previous bull will have twenty or a lot of. Although some females will have several records, this
typically coincides with older cows and longer generation intervals, which might be counter-productive. Genomics can
greatly increase the accuracy of selection in cows and can contribute to improved progress through this selection pathway.
Moreover, with a genomic test at low value, thousands of choice candidates are often genotyped followed by greatly
increasing the choice intensity.
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Genetic parameters estimation

Genetic parameters quantify the rate of genetic change that it is possible to achieve. Genetic parameters are required
for estimation of genetic merit. Of these parameters, the heritability is one of them. Other genetic parameters include the
effects of dominance, individual genes, breed, inbreeding and heterosis (crossbreeding) (Ducrocq et al., 2015). Estimation
of genetic parameters such as heritability and genetic correlation is the pre-requisite for the assessment of genetic worth
of animals (Das et al., 2013). Estimation of heritability and genetic correlation of economic traits will help in planning
further genetic improvement programme of any breed. Accordingly, heritability of production and reproduction traits such
as lactation milk yield, lactation length, peak milk yield, dry period, age at first service, age at first calving, post-partum
onset of heat, services per conception and calving interval (Aaron et al., 1987, Deb et al., 2008, Verma et al., 2018).
Moreover, genetic parameters of Holstein crossbred cows were evaluated in commercial dairy farms in Bangladesh (Das
et al., 2013). However, Das et al., (2013) used a traditional method for genetic evaluation of heritability in crossbred cows
and genome based method will be used in the present research work.

Genomic tools have been used to determine the animal’s breed composition, verify parentage and coat colors in
community managed dairy cattle and sheep breeding (Mrode et al., 2016; Muniz et al., 2016). It is now well accepted that
the best way to implement genomic information into genetic improvement programmes is simply to allow the genomic
information to contribute to the animal genetic evaluation. Research is continuing to develop the best methods to
incorporate genomic information into traditional genetic evaluation programmes (Kachman et al., 2008). As genomics will
allow the identification of elite females that is not possible previously, it will bring new opportunities for improvements in
reproductive technologies. By identifying elite cows by application of genomic tools will help rapid generation of elite cows
by embryo transfer and in-vitro embryo production programme. With increased accuracy of selection in females by using
genomic tools, the genetic merit of the resulting embryos can be increased. Embryo transfer can also be combined with
sexed semen technology that is now available to change the way bulls are developed.

Genomic selection (GS)

Genomic selection is a very recent innovation. For genomic selection, genomic tools are now available and are
routinely used for most livestock species. One of them is reasonably priced low-density SNP technology in the selection of
females (Boichard et al., 2012, Clay, 2012 and Ponsart et al., 2014). Strong evolutions have started, including reduction in
genotyping costs, phenotyping strategies for new traits, approaches for the creation or the replacement of reference
populations, increase in robustness and persistency of genomic predictions using causal mutations identified from genome
sequences, or genomic prediction of genetic environment interactions (Dekkers, 2012 and Boichard et al., 2016).
Genomic selection for yield alone increases feed intake but also results in a larger negative energy balance (EB) and more
body tissue mobilization during lactation. This follows from the size of the genetic correlation between yield and feed
intake (i.e., the expected correlated response in feed intake from selection on yield alone cannot completely cover the
extra requirements for the increased yield) and is also illustrated by the negative genetic correlation of yield with 1)
measures of EB, 2) BW (Veerkamp, 1998). Even though a negative EB during early lactation is normal for mammals
(Robinson, 1986), magnitude and duration of the negative EB are generally related to reduced health and fertility
(Treacher et al., 1986; Harrison et al., 1990; Waltner et al., 1993; DeRouen et al., 1994). For example, bulls with a very
high EBV (Estimated Breeding Value) for dairy form (low BCS) had daughters with more reproductive problems (Rogers et
al., 1999) and a more positive EB, a higher BW during lactation or BW gain all had a favorable genetic correlation with
days until first luteal activity (—0.40 to —0.80) (Veerkamp et al., 2000).

SNP chips for genomic selection
The current, most practical approach to detect SNPs is the SNP chip. SNP chip is a small piece of plastic or

glass with dozens to hundreds of thousands of small dots on it that bind DNA. Each dot corresponds to a specific SNP and
a small bit of adjacent DNA, and for a given animal, the SNP can be present in zero, one, or two copies, corresponding to
having been inherited from neither, one, or both parents (https://www.illumina.com/products-lllumina. Inc. San Diego,CA).

The genomic era (Genomic selection) for dairy cattle began in 2007 with the event of assays which will be accustomed to
genotype large numbers of SNPs at low price (Matukumalli et al., 2011). Since then it's become potential to get genomic
evaluations of adequate accuracy as shortly as a DNA sample is processed (Meuwissen et al., 2001). The last decade has
seen exponential growth within the development of genomic tests for economically necessary traits in beef cattle
improvement. What started as small SNP markers for beef quality traits has developed into a variety of panels of SNPs for
a variety of traits within the half decade. A lot of this enlarged development output will be attributed to rapidly changing
technology and also the sequencing of the bovine genome (Elsik et al., 2009) leading to dramatic reductions in genotyping
expenditure. In 2005 genotyping took a major breakthrough with the first large SNP panel for cows, the ParAllele 10K chip
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(Barendse et al., 2007; Sargolzaei et al., 2008). After the very fruitful Bovine SNP50 BeadChip® (The most common SNP
chip used for cattle is from the company lllumina (lllumina Inc., San Diego, CA). This chip has around 50,000 SNPs and
thus is called a 50K SNP chip, but only about 40,000 of these are reasonably useful for a variety of reasons; for example,
some SNPs provide redundant or ambiguous information), the illumina company discharged two additional genotyping
chips in 2010: a low density chip (Bovine3K®) with 2900 SNPs and a high-density chip (BovineHD®) with 777,962 SNPs.
The Bovine3K reduced the value of genotyping, thereby increasing application to females (Ducrocq et al., 2015). Following
this the lllumina Bovine SNP50 bead chip was discharged, greatly bringing down the value per genotype and substituting
the 10K. The 50K SNP chip provides useful markers for most alleles of genes affecting phenotypes of cattle. Especially
important is that essentially all phenotypes, from docility to protein content of milk can be evaluated (Lee et al., 2008).

urmna
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Figure 2. BovineSNP50 v3 BeadChip

The BovineSNP50 v3 BeadChip microarray kit contains 53,218 highly informative SNPs uniformly distributed
across the entire genome of major cattle breed types, empowering applications such as genome-wide enabled selection,
identification of quantitative trait loci, evaluation of genetic merit of individuals, and comparative genetic studies
(https://www.illumina.com/products).The results of the bovine SNP50 array are quite promising in dairy cattle and it is clear
that genomic selection is beyond question operating with outstanding results among breed (Cole et al., 2009; Hayes et al.,
2009; Schenkel et al., 2009). Recently, Park et al., (2015) identified the dramatic improvement of British aurochs alleles in
north European bovine breeds utilizing genome-wide single nucleotide polymorphisms (SNPs).

BovineHD DNA Analysis Kit

The BovineHD BeadChip is a comprehensive genome-wide bovine genotyping array, providing the power to
interrogate genetic variation across any breed of beef and dairy cattle. lllumina developed this product in collaboration with
major bovine agricultural thought leaders, including USDA-ARS, UNCEIA-INRA, Pfizer Animal Genetics, and the
University of Missouri.

Figure 3. BovineHD DNA Analysis Kit
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BovinelLD BeadChip

The BovineLD BeadChip microarray kit enables accurate genotyping to understand the impact of genetics on milk
production, reproduction, health, and more. Delivering scalable, expert-selected content at an economical price, it allows
you to extend genomic selection to the entire herd.

illummna’
Ny

§ 3590006
LR TR

Figure 4. BovinelLD v2.0 BeadChip

The BovinelLD v2.0 BeadChip, together with the Infinium BovineSNP50, Infinium BovineHD, and iSelect Custom
BeadChips, creates a broad genotyping portfolio that breeders can rely on to characterize genetic variation and accurately
estimate genomic breeding value. While the BovineHD and BovineSNP50 BeadChips provide power to interrogate genetic
variation in high-value animals and support genome-wide studies, the BovineLD v2.0 BeadChip enables the cost-effective
genotyping of lower-value animals (https://www.illumina.com/products).

With the execution of genomic selection in dairy cattle there has in addition been a noteworthy change in
breeding program design and structure. Firstly, highly proven sires were affected very little through the inclusion of
genomics into breeding worth prediction as their proofs were already highly accurate. However, genomics had a
phenomenal impact on the ranking of cows. Not like sires that have very correct proofs supported many daughters
evaluated across a variety of numerous herds, cow evaluations are measured on a restricted range of lactation records
which can be instigated by environmental factors like superior treatment of targeted cow families.

Once choosing dams of sires, genomics has elucidated a lot of clearly the true genetic difference between
selection candidates. Admixture levels were determined by Freeman et al., (2004) employing a type of methods- Ancestry
informative or population associated alleles (PAAs) were selected using population from India, the Near East and Europe.
Statistical methods like multivariate analysis, the admix program and model-based Bayesian admixture analysis
approaches were also used. Therefore, genomic selection has been very successful in cattle as a result of it provides a lot
of genetic gain at a similar or lower price. However other necessary and sometimes consequences are the large
opportunities it offers for traits tough to select, for traits not yet designated, however necessary for sustainable production,
and for a much better management of the genetic variability in the future. Veerkamp et al., 2001, reported that there were
genetic correlations among body condition score (BCS), milk yield, and fertility in first-parity cows. A better genetic merit
for milk yield has unfavorable effects on fertility; however the genetic correlation suggests that BCS (at some stages of
lactation) would possibly facilitate to alleviate the unfavorable result of selection for higher yield on fertility. Heritability and
genetic correlation was estimated by Becker (1985) using paternal half sib method.

Genetic Correlation (rg)

Genetic Correlation is the correlation between an animal's genetic value for one trait and the same animal’s
genetic value for the other trait (Searle, 1961). This is a measure of genetic factors shared between two traits. Once two
traits are extremely genetically correlated, the genes that contribute to the traits are typically co-inherited (Lynch & Walsh,
1998). Whereas traditionally used in animal breeding (Lynch & Walsh, 1998), in a very broader three research context,
genetic correlations contribute to understanding the progress and pathways of traits, population level gene flow and
therefore the co-occurrences of traits (Via & Hawthorne, 2005).
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For this reason, genetic correlations play a crucial role in evolutionary biology, and estimates of genetic
correlations are also employed in theoretical modeling of human populations. Calculation of genetic correlations (rg)
depends on the additive genetic variance and covariance between traits.

Genetic Correlation (rg)
Covs XY

ro(xy) = Vos2 (X) as2 (Y)

where,

X and Y are two different traits
Covs XY is the sire component of covariance between traits X and Y.

2 2
os (X)and os (Y) are the sire component of variance for trait X and Y respectively (Verma et al., 2018).

Phenotypic Correlation (rp)
Phenotypic Correlation is the correlation between records of two traits on the same animal and is usually estimated by
the product- moment correlation statistic (Searle, 1961).

Phenotypic correlation is calculable as-

Covs(XY) + Cove(XY)
\/[O'SZ(X) + ge2 (X)][os2 (Y) + ce2 (V)]

rp(xy) =

Where,

Covs (XY) is that the sire element of variance between traits X and Y

oge (X)and oe (Y) are unit the error element of variance for traits X and Y, severally (Verma et al., 2018).

Therefore, the estimation of genetic correlation among BCS, fertility, milk yield, day’s open and other traits of
performance of crossbred Friesian cows is of essential for dairy development. Traditionally genetic correlations area unit
calculated from pedigree information victimization applied mathematics strategies to partition phenotypic (co)variance into
genetic variance and genetic co-variance (Henderson, 1986). Newer strategies create use of genome-wide single
nucleotide polymorphism (SNP) information and therefore the terribly little coefficients of relationship between terribly
massive numbers of unrelated individuals as to calculate these parameters (Lee et al., 2012). This approach assumes that
the genetic correlation is the same across the gene frequency spectrum. In addition, as genotyping becomes cheaper,
genome-wide SNP information is turning into additional promptly and widely accessible than pedigree information (Bulik-
Sullivan et al., 2015a; Ni et al., 2017).

CONCLUSION

Proper management of the animals from birth to maturity is important to confirm their early age of service and borth,
higher possibleness, lower birth interval and high milk yield. Management practices at the farm need to improve for higher
reproductive and productive performance of the herd. Therefore, the estimation of genetic correlation among BCS, fertility,
milk yield, day’s open and different traits of performance of crossbred Friesian cows is of essential for dairying. In this
discussion it's discovered that unplanned breeding between or among breeds that affect the performance of cows’
population. To beat the prevailing problem, research ought to be done on breed composition to clarify existing genetic
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makeup and specific breed results on the variation of production. Based on performance, specific breed ought to be used
for insemination or controlled natural/sexual activity by superior breeding bulls of that breed to scale back genetic
admixture and increase performance.

ACKNOWLEDGEMENTS

The author appreciatively acknowledges International Atomic Energy Agency (IAEA), Vienna, Austria for funding the
research (CRP D31028), Contact No: 20654), Department of Surgery and Obstetrics, BAU Mymensingh for giving the
chance of research and eventually Department of Livestock Services (DLS) for giving the opportunity of such an
innovational research.

CONFLICTS OF INTEREST

The authors have not declared any conflict of interests.

REFERENCES

1. Abdel Rahman IMK and Alemam TA, 2008. Reproductive and productive performance of Holstein-Friesian cattle under
tropical conditions with special reference to Sudan. Agricultural Reviews, 29(1): 68-73.

2. Abuzaid AH, 1999. Critical study on the performance of exotic dairy cows under Butana Dairy Farm conditions in Sudan.
M. Sc. Thesis, University of Khartoum, Sudan.

3.  Ahmed M-K A, Teirab AB, Musa L M-A and Peters KJ, 2007. Milk production and reproduction traits of different grades
of zebu x Friesian crossbreds under semi-arid conditions. Archive fur Tierzucht Dummerstorf/Archives for animal
Breeding, 50(3): 240-249.

4. Ajili N, Rekik A, Gara Ben and Bouraoui R, 2007. Relationships among milk production, reproductive traits, and herd life
for Tunisian Holstein-Friesian cows. African Journal of Agricultural Research, 2(2): 047-051.

5. Alam MGS and Ghosh A, 1988. Reproductive performance of cows: its relation to parity and season. Bangladesh
Veterinary Journal, 22: 51-61.

6. Alemayehu T and Moges N, 2014. Study on reproductive performance of indigenous dairy cows at smallholder farm
conditions in and around Maksegnit town. Global Veterinaria, 13(4): 450-454.

7. Alexander D, Novembre J, Lange K, 2015. Fast model-based estimation of ancestry in unrelated individuals. Genome
Research, 19(9): 1655-1664.

8. Alshawi A, Essa A, Al-Bayatti S and Hanotte O, 2019. Genome analysis reveals genetic admixture and signature of
selection for productivity and environmental traits in Iragi cattle. Frontiers in Genetics, 10: 609.

9. Andersen IM, Heringstad B, Klemetsdalm G, Svendsen M and Steine T, 2003. Heifer fertility in Nor-wegian dairy cattle:
variance components and genetic change. Journal of Dairy Science, 86: 2706-2714.

10. Annual Report, 2018-19. Department of Livestock Services (DLS), Ministry of Fisheries and Livestock, People’s
Republic of Bangladesh. PP. 49.

11. Ansell RH, 1985. Cattle breeding in the tropics. World Animal Review, 54: 30-38.

12. Antov G, Cobic T, Antov A, Latinovic D, Plavsic M, 1998. Influence of dietary levels and body size of heifers on
milk yield in the first lactation. Contemporary Agriculture, 1-2, 169-174 (Washington, DC: International Food Policy
Research Institute)

13. Asimwe L and Kifaro GC, 2007. Effect of breed, season, year and parity on reproductive performance of dairy cattle
under smallholder production system in Bukoba district, Tanzania. Livestock Research for Rural Development, 19(10):
1-9.

14. Bagnato A and Oltenacu PA, 1994. Phenotypic evaluation of fertility traits and their association with milk production of
Italian Friesian cattle. Journal of Dairy Science, 77(3): 874-882.

15. Bangladesh Economic Survey, 2013-2014. Economic Advisory Sub-section, Economic Section, Ministry of Finance,
Government of Peoples’ Republic of Bangladesh, Dhaka. pp. 104-105.

16. Banu TA, Shamsuddin M, Bhattacharjee J, Islam MF, Khan AHMSI and Ahmed JU, 2012. Milk progesterone enzyme-
linked immunosorbent assay as a tool to investigate ovarian cyclicity of water buffaloes in relation to body condition
score and milk production. Acta Veterinaria Scandinavica, 54: 30.

17. Barendse WA, Reverter RJ, Bunch BE, Harrison, Barris W, and Thomas MB, 2007. A validated whole-genome
association study of efficient food conversion in cattle. Genetics, 176: 1893-1905.

102
Res. Agric. Livest. Fish. Vol. 8, No. 1, April 2021: 89-107.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Banu%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=22554129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shamsuddin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22554129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhattacharjee%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22554129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Islam%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=22554129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmed%20JU%5BAuthor%5D&cauthor=true&cauthor_uid=22554129

Rahman et al. Genomic tools and dairy development

18.
19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,
44,

45,

Barr HL, 1975. Influence of oestrus detection on days open in dairy herds. Journal of Dairy Science, 58: 718-723.
Becker W.A, 1985. Manual of quantitative genetics. Publication of Washington State University, Pullman, USA. pp. 101-
117.

Berry DP, Buckley F, Dillon P, Evans RD, Rath M and Veerkamp RF, 2003. Genetic relationship among body condition
score, body weight, milk yield and fertility in dairy cows. Journal of Dairy Science, 86: 2193-2204.

Boichard D, Chung H, Dassonneville R, David X, Eggen A, Fritz S, Gietzen KJ, Hayes BJ, Lawley CT, Sonstegard TS,
Van Tassell CP, VanRaden PM, Viaud-Martinez KA, and Wiggans GR, 2012. Design of a bovine low-density SNP array
optimized for imputation. PLoS (Public of Science) One 7(3): e34130.doi: 10.1371/journal. pone.0034130.

Boichard D, Ducrocq V, Croiseau P and Sebastien, 2016. Genomic selection in domestic animals: Principals,
applications and perspective. Comptes Rendus Biologies, 339: 274-227.

Boland MP, Lonergan P, Callaghan O, 2001. Effect of nutrition on endocrine parameters, ovarian physiology, and
oocyte and embryo development, Theriogenology, 55: 1323-1340.

Britt JH, Schott RG, Armstrong JD and Whitacre MD, 1986. Determinants of estrous behavior in lactating Holstein cows.
Journal of Dairy Science, 69: 2195-2202.

Bulik-Sullivan BK, Loh PR, Finucane HK, Ripke S, Yang J, Neale BM, 2015a. LD score regression distinguishes
confounding from polygenicity in genome-wide association studies. Nature Genetics, 47(3): 291-295.

Bulik-Sullivan BK, Loh PR, Finucane HK, Ripke S, Yang J, Neale BM, 2015a. LD score regression distinguishes
confounding from polygenicity in genome-wide association studies. Nature Genetics, 47(3): 291-295.

Butler WR, Smith RD, 1989. Interrelationship between energy balance and postpartum reproductive function in dairy
cattle. Journal of Dairy Science, 72: 767-783.

Capper JL and Bauman DE, 2013. The role of productivity in improving the environmental sustainability of ruminant
production systems. Annual Review of Animal Biosciences, 1: 469-489.

Capuco AV, Wood DL, Bright SA, Miller RH, Britman J, 1990. Regeneration of teat canal keratin in lactating dairy cows.
Journal of Dairy Science, 73: 1051-1057.

Choudhuri, Banerjee G, GC and Guha H, 1984. Studies on the breeding efficiency traits and some of the factors
affecting them in the Hariana-type cows. Indian Veterinary Journal, 61: 585-590.

Cilek S, 2009. Reproductive traits of Holstein cows raised at Polatli state farm in Turkey. Journal of Animal and
Veterinary Advance, 8: 1-5.

Clay JS, 2012. Aiding selection decisions for dairy females using genomics and sexed semen. In ‘Proceedings of the
38th ICAR Session’, 28 May-1June,Cork.http://www.icar.org/Cork_2012/Manuscripts/Published/Clay.pdf [verified 23
October 2013].

Cole JB, Vanraden, PM, and O'Connell, JR, 2000. Distribution and location of genetic effects for dairy traits. Journal of
Dairy Science, 92: 2931-2946.

Das A, Miah G, Gupta MD and Khan Kl, 2013. Genetic parameters of Holstein crossbred on commercial dairy farmers
in Chittagong, Bangladesh. Indian Journal of Animal Research, 47(4): 327-330.

Das A, Miah G, Gupta MD and Khan MKI, 2013. Genetic parameters of Holstein crossbred on commercial dairy farms in
Chittagong, Bangladesh. Indian Journal of Animal Research, 47(4): 327-330.

Deb GK, Mufti MM, Mostari MP, and Huque, KS, 2008. Genetic evaluation of Bangladesh Livestock Research Institute
cattle breed-1: Heritability and Genetic Correlation. Bangladesh Journal of Animal Science, 37(2): 25-33.

Dekkers Jack CM, 2012. Application of genomics tools to animal breeding. Current genomics, 13: 207-212.

DeRouen, SM, Franke DE, Morrison DG, Yatt WE, Coombs DF, White TW, Humes, PE and Greene BB, 1994.
Prepartum body condition and weight influences on reproductive performance of first-calf beef cows. Journal of Animal
Science, 72: 1119-1125.

Djemali M, Freeman AE and Berger PJ, 1987. Reporting of dystocia scores and effects of dystocia on production, days
open, and days dry from dairy herd Improvement data. Journal of Dairy Science, 70: 2127-2131.

Ducrocq V and Wiggans G, 2015. Genetic improvement of dairy cattle. The genetics of Cattle, 2" Edn (eds D.J. Garrick
and A. Ruvinsky). pp. 371-392.

Elhag MA, 2000. Factors influencing postpartum reproductive traits of Crossbred dairy cows in the Sudan (Doctoral
dissertation, MSc. Thesis. Faculty of Veterinary Medicine, University of Khartoum.

Elsik CG, Tellam R and Worley KC, 2009. The genome sequence of taurine cattle: a window to ruminant biology and
evolution. Science, 324 (5926): 522-528.

Esslemont RJ, Bailey JH, Cooper MJ, 1985. Fertility Management in Dairy Cattle, Collins, London. pp. 70-93.
FAOSTAT, 2013. Food and Agricultural Organization, United Nation, statistics division. URL: http://
faostat3.fao.org/browse/Q/QA/E.

Freeman AR, Meghen CM, Mac Hugh DE, Loftus RT, Achukwi MD, Bado A, Sauveroche B and Bradley DG, 2004.
Admixture and diversity in West African cattle populations. Molecular Ecology, 13: 3477-3487.

103
Res. Agric. Livest. Fish. Vol. 8, No. 1, April 2021: 89-107.


https://www.letpub.com/index.php?page=journalapp&view=detail&journalid=9366

Rahman et al. Genomic tools and dairy development

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Georges M, Charlier, C, and Hayes B, 2019. Harnessing genomic information for livestock improvement. Nature
Reviews Genetics, 20: 135-156.

Ghosh A, Alam MGS, Pandit KK and Kamaruddin KM, 1988. Seasonality of postpartum performance at indigenous
cows of Bangladesh. The Bangladesh Veterinarian, 5: 73-75.

Gimbi AA, 2006. Assessment of reproductive performance of smallholder dairy cattle in Rungwe district, Tanzania and
possible interventions. Thesis for Award of PhD Degree at Sokoine University of Agriculture, Morogoro, Tanzania. pp.
270.

Guo-li Z, Qi Z, Hai-guo, F and Shan-li G, 2006. Genetic variation of growth hormone gene and its relationship with milk
production traits in Chinese Holstein cows. Asian-Australian Journal of Animal Science, 19: 315-317.

Haftu Kebede, 2015. Productive and reproductive performance of Holstein Friesian cows under farmer’'s management in
Hossana Town, Ethiopia. Internationl Journal of Dairy Science, 10(3): 126-133.

Hammoud MH, EL-Zarkouny SZ, Oudah EZM, 2010. Effect of sire, age at first calving, season and year of calving and
parity on reproductive performance of Friesian cows under semiarid conditions in Egypt. Archiva Zootechnica, 13(1):
60-82.

Harrison RO, Ford JW, Young AJ, Conley and Freeman AE, 1990. Increased milk production versus reproductive and
energy status of high producing dairy cows. Journal of Dairy Science, 73: 2749-2758.

Hayes BJ, Bowman PJ, Chamberlain AJ and Goddard ME, 2009. Invited review: Genomic selection in dairy cattle:
progress and challenges. Journal of Dairy Science, 92: 433-443.

Henderson CR, 1963. Selection index and expected genetic advance In: Hanson WD and Robinson HF (eds) statistical
genetics and plant breeding, Publ. 982. National Academy of Science, National research council, Washington, DC.
pp.141-163.

Henderson CR, 1984. Applications of linear models in animal breeding. University of Guelph. Guelph, Ontario, Canada.
Henderson CR, 1986. Recent developments in variance and covariance estimation. Journal of Animal Science, 63: 208-
216.

Holness DH, Hale DH and Hopley JDH, 1980. Ovarian activity and conception during the post-partum period in
Afrikander and Mashona cows. Zimbabwe Journal of Agricultural Research, 18(1): 3-11.

Hu YN, Willer C, Zhan XW, Kang HM and Abecasis GR, 2013. Accurate Local-Ancestry Inference in Exome-Sequenced
Admixed Individuals via Off-Target Sequence Reads. American Journal of Human Genetics, 93: 891-899.

Islam MA, Alam MK, Islam MN, Khan MA, Ekeberg D, Rukke EO, Vegarud GE, 2014. Principal milk components in
buffalo, Holstein Friesian Cross, Indigenous Cattle and Red Chittagong Cattle from Bangladesh. Asian Australasian
Journal of Animal Science, 27: 886-897.

Jombart T and Ahmed I, 2011. New tools for the analysis of genome-wide SNP data. Bioinformatics, 27: 3070-3071.
Jombart T, Devillard S and Balloux F, 2010. Discriminant analysis of principal components: a new method for the
analysis of genetically structured populations. Baseboard Management Controller (BMC) genetics,11: 94.

Kachman SD, 2008. Incorporation of marker scores into national genetic evaluations. Proceedings of the 9th genetic
prediction workshop, Beef improvement federation, Kansas City, MO.pp. 92-98.

Kadarmideen HN, Thompson R, Coffey MP, Kossaibati MA, 2003. Genetic parameters and evaluations from single and
multiple trait analysis of dairy cow fertility and milk production. Livestock Production Science, 81: 183-195.

Kamal MM, 2010. A Review on Cattle Reproduction in Bangladesh. International Journal of Dairy Science, 5(4) : 245-
252.

Kashomal IP, Mwingira SM, Weremal CW and BM Kessy, 2015. Productive and reproductive performance of Friesian
cows at Kitulo livestock multiplication unit, Tanzania. Tanzania Veterinary Journal, 30: 33-41.

Khaton R, Sarder MJU and Gofur MR, 2015. Biometrical studies of reproductive organs of dairy cows of different
genotypes in Bangladesh. Asian Journal of Animal Sciences, 9: 388-395.

Kifaro GC, 1984. Production efficiency of Bos taurus cattle in Mbeya region. MSc Thesis. Sokoine University of
Agriculture, Morogoro, Tanzania. pp. 52-95.

Kim ES and Rothschild MF, 2014. Genomic adaptation of admixed dairy cattle in East Africa, Frontier Genetics, 5: 443.
Kiwuwa GH, Trail JCM, Kurtu MY, Worku G, Anderson FM and Durkin J, 1983. Crossbred dairy cattle productivity in
Arsi region, Ethiopia (Research report No. 11, International Livestock Centre for Africa (ILCA), Addis Ababa, Ethiopia).
pp 1-2.

Lateef M, Gondal KZ, Younas M, Sarwar M, Mustafa Ml and Bashir MK, 2008. Milk production potential of pure bred
Holstein Friesian and Jersey cows in subtropical environment of Pakistan. Pakistan Veterinary Journal, 28: 9-12.

Lee SH, Yang J, Goddard ME, Visscher PM, and Wray NR, 2012. Estimation of pleiotropy between complex diseases
using single-nucleotide polymorphism-derived genomic relationships and restricted maximum likelihood. Bioinformatics,
28: 2540-2542.

Lee |, Lee H, Lee, 2008. Study on the food habits of Korean native goats (Capra hircus) fed with various roughage
sources. Journal of The Korean Society of Grassland and Forage Science, 28 (2): 119-128.

104
Res. Agric. Livest. Fish. Vol. 8, No. 1, April 2021: 89-107.


http://koreascience.or.kr/journal/GCJHBG.page
http://koreascience.or.kr/journal/GCJHBG.page

Rahman et al. Genomic tools and dairy development

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

Lobago F, Bekana M, Gustafsson H and Kindahl H, 2007. Longitudinal observation on reproductive and lactation
performances of smallholder crossbred dairy cattle in Fitche, Oromia region, central Ethiopia. Tropical Animal Health
Production. 39: 395-403.

Lynch M and Walsh B, 1998. Genetics and analysis of quantitative traits. Sunderland, Massachusetts: Sinauer
Associates. pp. 980.

Madalena FE, Lemos AM, Teodoro RL, Barbosa RT and Monteiro JBN, 1990. Dairy production and reproduction in
Holstein-Friesian and Guzera crosses. Journal of Dairy Science, 73: 1872-886.

Mamun MJA, Khan MAS, Sarker MAH, Islam MN, 2015. Productive and reproductive performance of Holstein Friesian
crossbred and indigenous cow under smallholder farming system. Bangladesh Journal of Animal Science, 44(3): 166-
170.

Marshall K, 2014. Optimizing the use of breed types in developing country livestock production systems: a neglected
research area. Journal of Animal Breeding and Genetics, 131: 329-340.

Martinez ML, Lee AJ and Lin CY, 1988. Age and Zebu-Holstein additive and heterotic effects on lactation performance
and reproduction in Brazil. Journal of Dairy Science, 71: 800.

Matukumalli LK, Lawley CT, Schnabel, RD, Taylor, JF, Allan, MF, Heaton, MP, O’Connell J, Moore SS, Smith, TP,
Sonstegard, TS and Van Tassel CP, 2009. Development and characterization of a high density SNP genotyping assay
for cattle, PLoS (Public Library of Science) ONE, 4(4): e5350.

Mengistu DW and Wondimagegn KA, 2018. Evaluation of the reproductive performance of Holstein Friesian dairy cows
in Alage ATVET College, Ethiopia. International journal of livestock production, 9(6): 131-139.

Meuwissen THE, Hayes BJ and Goddard ME, 2001. Prediction of total genetic value using genome wide dense marker
maps. Genetics, 157(4): 1819-1829.

Mrode R, Jianlin H, Mwacharo JM and Koning DJ, 2016. Novel tools to inform animal breeding programs. Livestock and
Fish Brief 14. Nairobi: International Livestock Research Institute.

Msanga YN, Bryant MJ and Katule AM, 1999. Effect of environmental factors and proportions of Holstein blood on days
to first insemination and calving interval of crossbred dairy cattle on smallholder farmers in Northeast Tanzania. In:
Proceedings of the Tanzania Society of Animal Production, 26: 161-175.

Mukasa-Mugerwa E, 1989. A review of reproductive performance of female Bos Indicus (Zebu) cattle. International
Livestock Center for Africa (ILCA) Monograph 6. ILCA, Addis Ababa, Ethiopia.

Muniz MMM, Caetano AR, McManus C, Cavalcanti LCG, Facanha DAE, Leite JHGM, Faco O, Paiva SR, 2016.
Application of genomic data to assist a community-based breeding program: A preliminary study of coat color genetics
in Morada Nova sheep. Livestock Science, 190: 89-93.

Nahar N, Mostafa KG and Amin MR, 1987: Comparative study on the performance of F1 cross-bred cows. Bangladesh
Journal of Animal Science, 18: 55-62.

Ni G, Moser G, Wray NR, Lee SH, 2018. Estimation of genetic correlation using linkage disequilibrium score regression
and genomic restricted maximum likelihood. American journal of human genetics. 102(6): 1185-1194.

Niazi AAK and Aleem M, 2003. Comparative studies on the reproductive efficiency of imported and local born Friesian
cows in Pakistan. Biological Sciences, 3(4): 388-395.

Novakovic Z, Sretenovic L, Aleksic S, Petrovic MM, Pantelic V, Ostojic- Andric D, 2011. Age at first conception of high
yielding cows. Biotechnology in Animal Husbandry, 27(3): 1043-1050.

Park SDE, Magee DA, McGettigan PA, Teasdale MD, Edwards CJ, Lohan AJ, 2015. Genome sequencing of the extinct
Eurasian wild aurochs, Bos primigenius, illuminates the phylogeography and evolution of cattle. Genome Biology,16:
234.

Peters AR, Ball PJH, 2004. Reproduction in cattle, 3" edition, Blackwell, UK. pp. 252.

Pirlo G, Miglior F, Speroni M, 2000. Effect of age at first calving on production traits and on difference between

milk yield returns and rearing costs in Italian Holsteins. Journal of Dairy Science, 83: 603-608.
Plaizier JCB, Lissemore KD, Ketton D and King GJ, 1998. Evaluation of the overall reproductive performance of dairy
herds. Journal of Dairy Science, 81: 1848-1854.

Pryce JE, Royal MD, Garnsworthy, PC and Mao | L, 2004. Fertility in the high- producing dairy cow. Livestock
Production Science, 86: 125-135.

Rahman MH, Ali MY, Juyena NS and Bari FY, 2017. Evaluation of productive and reproductive performances of local
and crossbred cows in Manikganj district of Bangladesh. Asian Journal of Medical and Biological Research, 3(3): 330-
105
Res. Agric. Livest. Fish. Vol. 8, No. 1, April 2021: 89-107.



Rahman et al. Genomic tools and dairy development

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.
111.

112.

113.

114.

115.

116.

334

Rahman MM, Gofur MR, Rahman MS, Bari FY, & Juyena NS, 2016. Effect of Genotype on Reproductive and
Productive Performances of Dairy Cows under Rural Context in Bangladesh. International Journal of Livestock
Research, 6(6): 9-24.

Rahman MS, Ahmed M and Ahmed AR, 1987. A comparative study on some productive and reproductive performance
of dairy cows at Savar Dairy cattle improvement farm. Bangladesh Veterinary Journal, 21: 55-61.

Rhodes F M, McDougall S, Burke C R, Verkerk G A and Macmillan K L, 2003. Invited Review: Treatment of Cows with
an Extended Postpartum Anestrous Interval. Journal of Dairy Science, 86: 1876-1894.

Robinson JJ, 1986. Changes in body composition during pregnancy and lactation. Proceedings of the Nutrition Society,
UK, 45: 71-80.

Rogers GW, Banos G, and Sander Nielsen U, 1999. Genetic correlations among protein yield, productive life, and type
traits from the United States and diseases other than mastitis from Denmark and Sweden. Journal of Dairy Science, 82:
1331-1338.

Rosenberg NA, Huang L, Jewett EM, Szpiech ZA, Jankovic | and Boehnke M, 2010. Genome-wide association studies
in diverse populations. Nature Reviews Genetics, 11: 356-66.

Saadullah M, 2001. Smallholder Dairy Production and Marketing in Bangladesh. Paper presented at South-South
Workshop on Smallholder Dairy production and marketing. National Dairy Development Board (NDDB), 13-16, March,
Anand, India. pp. 7-21.

Sankararaman S, Sridhar S, Kimmel G, Halperin E, 2008. Estimating local ancestry in admixed populations. American
Journal of Human Genetics, 82(2): 290-303.

Sarder MJU, Rahman MM, Ahmed S, Sultana MR, Alam MM and Rashid MM. 2007: Consequence of Dam Genotypes
on Productive and Reproductive Performance of Dairy Cows under the Rural Condition in Bangladesh. Pakistan Journal
of Biological Sciences, 10: 3341-3349.

Sargolzaei M, Schenkel FS, Jansen GB, 2008. Extent of linkage disequilibrium in Holstein cattle in North
America. Journal of Dairy Science, 91: 2106-2117.

Sattar A, Mirza RH, Niazi AAK and Latif, 2005. Productive and reproductive performance of Holstein-Friesian cows in
Pakistan. Pakistan Veterinary Journal, 25(2): 75-80.

Schenkel FS, Miller SP, Jiang Z, 2009. Association of a single nucleotide polymorphism in the calpastatin gene with
carcass and meat quality traits of beef cattle. Journal of Animal Science, 84(2): 291-299.

Schenkel FS, Sargolzaei M, Kistemaker G, Jansen JB, 2009. Reliability of genomic evaluation of Holstein cattle in

Canada. In: Interbull International Workshop: Genomic Information in Genetic Evaluations, Uppsala, Sweden. January
27-28. pp. 51-58.

Sejrsen K, Purp S, 1997. Influence of pre-pubertal feeding level on milk yield potential of dairy heifers: a review.
Journal of Animal Science, 75: 828-835.

Searle SR, 1961. Phenotypic, Genetic and Environmental Correlations. Biometrics, 17(3): 474-480.

Seldin MF, Pasaniuc B and Price AL, 2011. New approaches to disease mapping in admixed populations. Nature
reviews genetics, 12(8): 523-528.

Shahjahan M, 2017. Genetic admixture and performance diversity of high yielding dairy cows surrounding the
Baghabari Milk Vita areas of Bangladesh. Asian Journal of Medical and Biological Research, 3(1): 127-133.
Shamsuddin M, Ahmed JU, Alam MGS and Modak PC, 1995. Effect of age of semen on conception rate under farm
condition. Bangladesh Veterinary Journal, 21: 51-58.

Shamsuddin M, Bhuiyan MMU, Chanda PK, Alam MGS, Galloway D, 2006. Radioimmunoassay of milk progesterone as
a tool for fertility control in smallholder dairy farms. Tropical Animal Health and Production, 38 (1): 85-92.

Shamsuddin M and Aryal MP, 2009. Nutrition and Reproductive Management. In: Handbook of Dairy Nutrition

Bangladesh, Robinson, P.H. and U. Krishnamoorthy (Eds.). Association for Social Advancement (ASA) International
Marketing, New York. pp. 208-215.

Shamsuddin M, Bhuiyan MMU, Sikder TK, Sugulle AH, Chanda PK, Alam MGS and Galloway D, 2001. Constraints

Limiting the Efficiency of Artificial Insemination of Cattle in Bangladesh. International Nuclear Information System, 32(1):
9-27.

106
Res. Agric. Livest. Fish. Vol. 8, No. 1, April 2021: 89-107.


https://www.sciencedirect.com/journal/the-american-journal-of-human-genetics
https://www.sciencedirect.com/journal/the-american-journal-of-human-genetics
https://www.sciencedirect.com/journal/the-american-journal-of-human-genetics
https://www.sciencedirect.com/journal/the-american-journal-of-human-genetics
https://www.sciencedirect.com/journal/the-american-journal-of-human-genetics

Rahman et al. Genomic tools and dairy development

117.

118.

119.

120.

121.

122.

123.
124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Shiferaw Y, Tenhagen BA, Bekana M and Kassa T, 2003. Reproductive performance of crossbred dairy cows in

different production systems in the central highlands of Ethiopia. Tropical Animal Health and Production, 35: 551-561.
Siddiqui MAR, Das ZC, Bhattacharjee J, Rahman MM, Islam MM, Haque MA, Parrish JJ and Shamsuddin M,

2013. Factors affecting the first service conception rate of cows in smallholder dairy farms in Bangladesh. Reproduction
in Domestic Animals, 48(3): 500-505.

Siddiqui MAR, 2008. Laboratory tests to predict bull fertility and the value of sperm nuclear shape analysis. PhD Thesis,
Department of Surgery and Obstetrics, Bangladesh Agricultural University, Mymensingh. pp. 108.

Siddiqui MAR, Shamsuddin M, Bhuiyan MMU, Akbar MA and Kamaruddin KM, 2002. Effect of feeding and body

condition score on multiple ovulation and embryo production in zebu cows. Reproduction in Domestic Animals, 37(1):
37-41.

Smiljakovic T, Petrovic MM, Poleksic V, Alm H, Petrovic MP, Radovic C, Pejcic S, 2007. Anatomical-physiological basis
of reproduction of domestic animals. Biotechnology in Animal Husbandry, 23(1-2): 105-112.

Smith RD and Chase LE, 2010. Nutrition and reproduction. Integrated Dairy Reproductive Management. (Angus
journal.com.118-119)

Smith VR, 1959. Physiology of lactation. lowa state university press, Ames, lowa, USA. 5"ed pp. viii + 291.

Spike PL and Mcedows CE, 1973. Calving interval trends in Michigan dairy herds. Journal of Dairy Science, Abstract.
56: 669.

Tadesse M, Thiengtham J, Pinyopummin A and Prasanpanich S, 2010. Productive and reproductive performance of
Holstein Friesian dairy cows in Ethiopia. Livestock Research for Rural Development, 22(2)

Thomas MG, Bao B, Williams GL, 1997. Dietary fats varying in their fatty acid composition differentially influence
follicular growth in cows fed iso-energetic diets. Journal of Animal Science, 75: 2512-2519.

Thornton PK, 2010. Livestock production: recent trends, future prospects. Philosophical transactions of the royal society
B: Biological Sciences, 365(1554): 2853-2867.

Treacher RJ, Reid IM, and Roberts CT, 1986. Effect of body condition at calving on the health and performance of dairy

cows. Animal production, 43:1-6.
Upadhyay M, Chen W, Lenstra JA and Goderie CRJ, 2017. Genetic origin, admixture of primitive European cattle and
aurochs. Official journal of the genetics society. Heredity, 118: 169-176 (www.nature.com/hdy)

Veerkamp RF, 1998. Selection for economic efficiency of dairy cattle using information on live weight and feed intake: A
review. Journal of Dairy Science, 81: 1109-1119.

Veerkamp RF, Koenen EPC and Jong G De, 2001. Genetic correlations among body condition score, yield, and fertility
in first-parity cows estimated by random regression models. Journal of Dairy Science, 84: 2327-2335.

Veerkamp RF, Oldenbroek JK, van der Gaast HJ, and van der Werf JHJ, 2000. Genetic correlation between days until
start of luteal activity and milk yield, energy balance and live weights. Journal of Dairy Science, 83: 577-583.

Verma UK, Kumar S, Yousuf S, Ghose AK and Aswal APS, 2018. Genetic evaluation of first lactation traits in Red
Sindhi cattle. International Journal of Livestock Research, 8(2): 210-216.

Via S, Hawthorne DJ, 2005. Back to the future: genetic correlations, adaptation and speciation. In Genetics of
Adaptation, 123: 147-156. Springer, Dordrecht.

Waltner SS, McNamara JP, and Hillers JK, 1993. Relationships of body condition score to production variables in high
producing Holstein dairy cattle. Journal of Dairy Science, 76: 3410-3419.

Bindari YR, Shrestha S, Shrestha N and Gaire TN 2013. Effects of nutrition on reproduction- A review. Advances in
Applied Science Research 4(1): 421-429.

Zaied AA 1995. The effect of local environment on reproductive and productive traits of exotic breeds in Arab World. In

Arab Organization of Agricultural Development. Paper in the International forum of evaluation of exotic cattle breeds and
their adaptation to the environment in Arab World, Tunisia (Arabic).

107
Res. Agric. Livest. Fish. Vol. 8, No. 1, April 2021: 89-107.


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Siddiqui%2C+MAR
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Das%2C+ZC
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bhattacharjee%2C+J
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Rahman%2C+MM
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Islam%2C+MM
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Haque%2C+MA
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Parrish%2C+JJ
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Shamsuddin%2C+M
http://www.lrrd.org/lrrd22/2/cont2202.htm
http://www.lrrd.org/lrrd22/2/cont2202.htm
http://www.lrrd.org/lrrd22/2/cont2202.htm

