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1. INTRODUCTION

The legendiy Vechur cattle is considered as one of the dwarf cattle breeds of

the world. It originated from Vechur village of Kottayam district in Kerala. The

dwarfiiess of this breed is emphasized by the fact that its height ranges from 83-105

cm for bulls and 81-91 cm for cows. The coat colour of the animals of this breed can

be light red, black, fawn or white. Farmers favour Vechur cattle because of their

small body size, good adaptation and high disease resistance traits. The Vechur
cattle are usually maintained by the farmers of Kerala as house cows on the fodder
available in and around the house and the kitchen wastes. A Vechur cow produces

on an average 2-3kgs of milk per day which is mainly used for household
consumption. These animals are also highly adapted to hot humid climate of the
state and hence do not require sophisticated managemental practices.

One of the unique characteristics of Vechur breed is the smaller size of the
milk fat globules when compared to that of other cattle breeds. The mean size of the
fat globules in Vechur cattle was found to be 3.21 p and they range from 2.54-4.07p.
The size of milk fat globule of Vechur cattle is higher than that of goat, but smaller
than that of crossbred cattle and buffalo. Estimation of iodine value for milk fat
indicates that Vechur milk has less unsaturated fatty acids when compared to the
milk of other cattle breeds. The smaller size of fat globules associated with larger
surface area indicates high levels of phospholipids. Phospholipids play a major role
in the development of the nervous system. Higher levels of saturated fatty acids
enhance the digestibility of fat, facilitating the use of Vechur milk in malabsoiption
syndromes. Milk of Vechur cows is believed to be more suitable for feeding infants
and the sick.

The Govsnunent policy of grading up local cattle with Red Sindhi was
started in 1950's. The massive crossbreeding policy was applied to all the local
cattle including Vechur cattle thereby increasing the population of crossbreds in the
state. The crossbred cows produce double the amount of milk than indigenous cows



making them more preferable. This has led to an almost near extinction of the

Vechur cattle.

The Vechur cows produce relatively high quantity of milk when compared to

other local genotypes of cattle in the state. In order to exploit this ability, there arose

a necessity to identify genetically superior animals and use them for breeding

purposes. Earlier, selection was performed based on the individuality or on the

pedigree records. With the introduction of artificial insemination, it was possible to

assess the superiority of the sires based on their large number of progenies. Even

though this method of selection is widely used, the rate at which genetic progress

made is rather slow. To increase the rate of genetic progress, selection has to be

performed at a very early age itself and with higher degree of accuracy when

compared to conventional methods.

Recent advances made in quantitative genetics suggest that genetic gain can

be achieved using genetic markers that are closely linked to genes that affect

quantitative traits. It is possible to detect linkage of QTL to marker loci by scoring

the individuals genotype at the marker locus and their phenotype for the quantitative

trait. From the difference in the mean phenotype among marker genotype classes,

the presence of QTL linked to marker can be inferred. This makes possible to select

animals based on their genotype at the QTL in a procedure called Marker Assisted

Selection (MAS).

The use of microsatellite markers in the whole genome scans led to the

discovery of several QTL's affecting the various economic traits located on several

different chromosomes of the bovine genome. Microsatellite markers were found to
be linked to QTL and this formed the basis for MAS. A high density genetic linkage

map gives all the information on the different polymorphic microsatellite markers

associated with the QTL of interest. It is therefore possible to identify the

individuals inheriting the alleles for marker loci linked to a favourable allele at the

QTL. Marker assisted selection also increases the scope for selection of QTL and

making selection decisions even before the trait is manifested.



The Vechur cattle because of its unique characteristics are of great demand

by the farmers and animal lovers in different parts of the state and country.

Presently random mating is being carried out for the cattle maintained at the Vechur

Conservation Centre, care taken to avoid inbreeding. This cattle have not been

subjected to any form of selection be it conventional or advanced. Marker Assisted

Selection is the most advanced method of selection currently practiced. MAS can be

applied on the Vechur cattle in order to select genetically superior animals pertaining

to economic treiits.

A successful attempt had been made for molecular characterization of

Vechur cattle, maintained at the Vechur Conservation Centre, Mannuthy. No

attempt has so far been made to perform MAS in the existing Vechur cattle

population. The purpose of this study was to study the association of different

microsatellite markers with the economic traits for milk composition phenotypes like

milk fat percentage, protein percentage, solids not fat (SNF) and production

parameters like age at first calving (AFC) and intercalving period so as to apply this

information for future selection.



Review of Literature



4

2. REVIEW OF LITERATURE

2.1 ISOLATION OF GENOMIC DNA

DNA sample for use in microsatellite typing can be obtained from the blood,
semen, milk and tissue samples. Different methods are adopted for extraction of

DNA from various tissues. The method for extraction of DNA from blood and

semen are reviewed.

2.1.1 Blood

Andersson et al. (1986) isolated DNA from 10 ml of whole blood by using

proteinase K followed by phenol, chloroform — isoamyl alcohol extractions to

remove the protein. DNA was recovered by ethanol precipitation.

Jeanpierre (1987) developed a simple method of DNA purification from

blood involving the use of proteinase K which works efficiently in guanidium

hydrochloride solutions followed by ethanol precipitation of DNA.

To overcome the obstacles involved in the use of hazardous organic solvents

like phenol and chloroform. Miller et al. (1988) devised a salting out procedure for

extraction of DNA from the nucleated cells of the huffy coat obtained from anti-

coagulated blood.

Oliver et al (1989) prepared DNA from 25 ml of blood collected in

heparinised vacutainers using phenol chloroform method of isolation. The DNA was

spooled out after precipitation with ethanol, dried and resuspended in TE buffer.

Trommelen et al (1993) extracted DNA from blood using phenol chloroform

method. Ethanol precipitated DNA was dried and dissolved in lOmA/Tris HCl (pH

8.0) and 3pg/ml of 1mA/ Sodium EDTA.

Apparao et al (1994) developed a rapid and modified method to extract

genomic DNA from the venous blood of cattle, buffaloes, goat, sheep and pigs.



Aravindakshan et al. (1998) compared three different methods of DNA

extraction (Guamdine hydrochloride method, phenol — chloroform extraction method

and high salt method) and concluded that extraction of DNA from cattle white blood

cells by both phenol chloroform and high salt methods produced good yield of high
molecular weight DNA.

2.1.2 Semen

Andersson et al. (1986) used a modified protocol for isolation of DNA from

semen samples. The semen sample was treated with sperm lysis buffer and

proteinase K to digest the proteins followed by standard phenol and chloroform -

isoamyl alcohol extraction,

Bahnak et al. (1988) modified the method used for isolation of RNA to

extract DNA and found that sperm cells readily lysed in guanidinum thiocyanate

without homogenization and resulted in good yields of DNA.

Trommelen et al. (1989) used a modified method to extract the DNA from

semen where the pellet consisting of sperm cells was resuspended in lOmMTris HCl

(pH-8.0), 10mA/ Sodium EDTA, lOOmA/NaCl, 5% SDS, SOOpg/ml of proteinase K

and 6mg/ml of dithiothretiol. After incubation at 65°C for 4 hours, DNA was

extracted by phenol chloroform method.

Ng-Kwai-Hang et al (1991) extracted DNA from semen of one to two

insemination straws after washing the sperms with PBS to remove the diluent. The

pellet was then treated with sperm lysis buffer followed by phenol and chloroform-

isoamyl alcohol extraction of DNA.

Nadesalingam et al (2001) extracted DNA from semen straws (200-500 pi).
Semen was washed thrice in I X SSC and 2niA/EDTA to remove the ciyoprotectant

and then treated with proteinase K to remove the contaminating epithelial cells

before the extraction process.



2.2 MICROSATELLITE ANALYSIS

2.2.1 Polymerase Chain Reaction

The polymerase chain reaction (PGR) was developed by Mullis et al (1986).

This technique involves enzymatic amplification of a specific sequence of DNA

using two oligonucleotide primers that flank DNA segment to be amplified resulting

in 10 fold increase in amoimt of target sequence. Analysis of allelic variation with

as little as 1 ng of DNA was possible with PGR.

According to Saiki et al. (1988) a thermostable DNA polymerase isolated

from Thermus aquaticus enable in vitro DNA amplification to be performed at

higher temperatures and significantly improves the specificity, yield, sensitivity and

the length of the products amplified.

White et al. (1989) stated that the product of each cycle of polymerase chain

reaction can again serve as a template for attachment of primer thereby doubling the

amount of DNA fragment produced in the previous cycle. Each cycle results in

exponential accmnulation of a specific target to several millions in few hours.

Weber and May (1989) used polymerase chain reaction to type polymorphic

DNA markers and amplification was possible using a simple template molecule.

Eckert and Kunkel (1990) described Taq polymerase as the enzyme of choice

in amplification of genetic information. This enzyme is capable of DNA synthesis
using a wide range of in vitro reaction conditions though it lacks 3' - 5' proofreading
exonuclease activity. Fidelity of DNA synthesis in vitro by Taq DNA polymerase

responds strongly to change in relative MgGb concentrations and pH.

The concentration of enzyme and primers as well as the annealing and
extatision time and number of cycles affect the specificity of the PGR (Erlich et al,
1991).

Don et al (1991) interpreted the appearance of spurious small bands in the
PGR product spectrum to be due to mispriming of one or both of the oligonucleotide



primers internal or external to the target template. The occurance of spurious bands

can be reduced by increasing the annealing temperature in PGR.

Arezi et al. (2003) stated that PGR being an exponential process, very small

changes in the amplification efficiency can result in dramatic differences in the

amount of final product even if the initial number of target molecules is the same.

2.2.2 Evaluation of allelic size

Dideoxy sequencing ladders consists of four chain terminating reactions G,

A, T, G which are run along with amplified microsatellite products to assign band

size in order to facilitate genotyping in microsatellite analysis.

Sanger et al. (1977) devised a new method for determining the nucleotide

sequences in the DNA by making use of the 2'-3'- dideoxy and arabinonucleoside

analogues of the normal deoxynucleoside triphosphates, which act as specific chain-

terminating inhibitors of DNA polymerase.

According to Biggin et al. (1983), incorporation of (dATP [a^^S]), instead of

[a^^P] dATP as the radioactive label in dideoxy sequencing reactions lead to an

improved resolution of bands in a sequencing gel autoradiograph. The decay

characteristics of are well suited for use in the dideoxy sequencing method.

A chemically modified phage T7 DNA polymerase was used for DNA

sequencing by dideoxy method to increase the electrophoretic resolution and to

ensure uniform radioactive intensity of the bands in the gels (Tabor and Richardson,

1987).

Dideoxy sequencing ladders produced using Ml 3, MPIO DNA as template
was used as gel size standards by Weber and May (1989).

Tautz (1989) resolved PGR reaction products directly on 6% sequencing gel

using sequencing reaction as marker.



Bishop et al. (1994) used M13 and MP18 SS DNA sequencing ladders for

comparison and computation of the approximate allele size of the amplified PGR

products.

Allelic size of microsatellite PGR product can be evaluated by running the

amplified products along with DNA sequencing reaction sample on a

polyacrylamide gel. The size of G, A, T, G dideoxy termination band can be

calculated by its distance from the sequencing primer and the size of the PGR

product can be determined by comparison with the bands of Ml3 ladder (Oh and

Mao, 1999).

2.2.3 Endlabeling

Incorporation of radioactivity in the PGR enables the visualization of the

amplified microsatellite products run on polyacrylamide gels. This is possible in two

ways- (i) the radioisotope can be directly incorporated in the polymerase chain

reaction or (ii) the forward primer can be endlabeled with the radioisotope.

y^^P ATP, y^^P GTP and dATP are the isotopes commonly used for this

purpose. Endlabeling of forward primer with radioisotope is reviewed.

Gyllensten and Brlich (1988) labeled oligonucleotides with (/^P)
dATP by using polynucleotide kinase.

Litt and Luty (1989) analysed primer preparations by electrophoresis on a

standard DNA sequencing gel after 5' endlabeling with polynucleotide kinase and

(/^P) ATP.

Bacteriophage T4 polynucleotide kinase catalyses the transfer of the y-P04 of
ATP to a 5' terminus of DNA or RNA (Sambrook et al., 1989).

'  The 5' end of the primers were endlabeled using y P-ATP and

polynucleotide kinase and 1 pM of this labeled primer was used in each PGR
reaction (Tautz, 1989).



The insulin — like growth factor I (IGFl)CA strand oligonucleotide primer

was endlabeled for 1 hour at 37®C in a 50 pi reaction consisting of 72 pA/ (480 ng)

primer, 33 pAfy^^P-ATP at 3000Ci/mM, lOmMMgCb, SmMDTT, ISOmMTris (pH

- 7.6) and 50 units T4 polynucleotide kinase (Weber and May, 1989).

Bishop et al. (1994) stated that ̂ ^P endlabeled primers are preferred over

direct incorporation of ̂^P into amplified products. Direct incorporation resulted in

increased sub banding and hindered scoring.

According to Kappes et al. (1997) primers of amplified products can be

endlabeled to reduce sub banding.

Segev et al. (1998) endlabeled one of each pair of primer with T4 kinase and

Y(^^P) ATP. 4ng of this labeled primer and 20 ng of the unlabeled primer were used

in a 10 pi PGR reaction containing 5-20 ng genomic DNA.

A 50 pi endlabeling reaction consists of 40 pAf of one primer, 1 pi bovine

serum albumin 15 pi of 10 X T4 kinase buffer, 40 pCi (y^^P)ATP and lOU T4 DNA

polynucleotide kinase. Mixture was allowed to incubate for 10 min. at 37°C

followed by heat inactivation of the enzyme at 95®C for 5 minutes (Oh and Mao,

1999).

Nadesalingam et al. (2001) used 0.5 pM of kinase endlabeled (y^^P dCTP)

forward primer in 12.5 pi volume PGR reaction.

2.2.4 Electrophoresis

The amplified PGR products are run on denaturing polyacrylamide gels to

facilitate the separation of the microsatellite products according to their size.

Biggin et al. (1983) used gel containing 6% acrylamide and 460 gms of

urea/liter, polymerized by addition of 1.5 pi of 25% ammonium persulfate stock

solution and 1.5 pi of N, N, N', N' - tetramethyl ethylene diamine per ml of gel mix.

The gels were dried and saran wrap removed for subsequent autoradiography of

- labeled reaction products.
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Tabor and Richardson (1987) electrophoresed sequencing reactions

incorporated with (a-[^^S] thio)dATP on polyaciylamide gels containing 7M Urea
and buffer of ICQ vaM Tris borate (pH 8.3) and 1 mM EDTA. Kodak OM-1 films

were used for autoradiography to provide higher contrast and resolution.

3-5 pCi of a- [^^P]dCTP was included in each PGR reaction tube and the

amplified samples were run in alternate lanes of a DNA sequencing gel. Gels were

autoradiographed for 1-3 days usually without intensifying screens (Litt and Luty,

1989).

Weber and May (1989) used y^^PATP endlabeled primer in SOpl PGR

reaction. Aliquots of amplified DNA along with two volume of formamide sample

buffer were electrophoresed on standard polyaciylamide sequencing gels after which

the gels were fixed, dried and processed for autoradiography.

Tautz (1989) used y^^PATP endlabeled primer in the PGR reaction. The

amplified PGR products were resolved on 6% sequencing gels, gel dried and

autoradiographed.

Bishop et al. (1994) radioisotopically labeled PGR products with 0.1 pGi of

[a-^^P] dATP. The amplified products diluted with equal volume of loading buffer

was electrophoresed on 7% denaturing polyaciylamide gels between 3 and 6 his at

40 V/cm. Gels were vacuum dried for 15 min onto 3MM chromatography paper and

exposed overnight on X-ray film.

Primers endlabeled with y[^^P] ATP was used in 10 pi PGR reaction and the

products were separated on a 40% formamide and 8.3 M/L urea — 6%

polyacrylamide gels. The gels were dried and autoradiographed for 4-48 hrs at room
temperature or at 70°G (Segev et al, 1998).

, MicrosatelHte PGR products are analysed either on polyaciylamide or high

resolution agarose gels. Polyacrylamide gels offer better band resolution and higher

sensitivity when used with labeled PGR products (Oh and Mao, 1999).
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Curi and Lopes (2002) used 6% polyaciylamide gel to permit good

separation of amplified DNA fragments of different sizes. A constant potency of

40W was applied for 2-4 hrs (depending on the average size of the alleles) for

firagment migration.

2.2.5 Microsatellite Markers

Microsatellites are short (1-6 bp) simple tandemly repeated nucleotide

sequences present as multiple copies in the genome.

Litt and Luty (1989) stated that (TG)n repeats (microsatellites) might be

polymorphic when 12 different allelic fragments was detected in 37 unrelated

individual by using PGR to amplify the microsatellite.

Simple sequence stretches are generally considered to be hypervariable in

length, this variability mostly resulting firom slippage occurring during replication or

DNA repair. Simple sequence loci hypervariability thus opens a new way for

determining individual identity (Tautz, 1989).

Weber and May (1989) stated that variation in the number of repeats within a

block of tandem repeats appear to be a universal feature of eukaryotic DNA,

regardless of length of the repeat. The DNA sequences flanking microsatellite

sequences can be used as primers to PGR amplify tandem repeat sequences in

specific genomic loci.

Weber (1990) stated that the repeat sequences may be perfect repeat

sequences without interruptions in the run of GA or GT dinucleotides, imperfect

repeat sequences with one or more interruptions in the run of repeats or compound

repeat sequences with adjacent tandem simple repeats of a different sequence.

Informativeness of (dG-dA)n (dG-dT)n polymorphisms were found best predicted by

longest run of uninterrupted GA or GT repeats.

Bishop et al. (1994) reported an additional 172 microsatellites to the 118

previously reported microsatellites of the bovine genome map. Highly polymorphic
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markers made available on high density linkage maps helps to identify polygenic

loci affecting quantitative traits.

Enrichment of single stranded DNA library using CA or GT primers

provided a sufficient source of microsatellites resulting in high percentage of

informative markers (Stone etal, 1995).

Rubinsztein et al. (1995) stated that microsatellites can evolve

directionally and at different rates in closely related species.

Progressive discovery of new microsatellites had enabled the development of

a comprehensive linkage map of bovine genome. A high resolution linkage map

with 1250 polymorphic loci covering 2990 cM was published by Kappes et al

(1997).

Microsatellites are useful for comparative genetics and genomic mapping

because of their high degree length polymorphism and their abimdant and even

distribution in the genome (Oh and Mao, 1999).

Noor et al (2001) stated that extreme caution has to be exercised in use of

microsatellite as their flanking region size shows continuous variation and in some

species an altogether different variable region is present between primer sequences.

According to Sonstegard et al (2001) web sites containing reference linkage

maps like that available from the USDA meat animal research centre contains

additional information related to ease of scoring genotypes and PGR amplification

characteristic which helps in selection of most useful marker map for any given

location in the genome.

2.3 QUANTITATIVE TRAIT LOCI

A large number of genes affect the traits of economic interest and are

collectively known as Quantitative Trait Loci (QTL). QTL is a segment of

chromosome affecting a trait and does not imply a single locus.
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According to Soller (1990), the first experiment designed to map loci

affecting quantitative traits through Imkage to Mendelian marker loci was carried out

inl923 and the advent of DNA level markers had made possible the attempts to map

most of quantitative trait loci affecting traits of economic importance in dairy cattle.

Weller et al. (1990) stated that the progeny of a sire hetero2ygous for both a

marker locus and a linked QTL which inherit different alleles for the marker will

have different trait means thus making it possible to map QTL of economic

importance in cattle using daughter and granddaughter designs.

A bovine genetic linkage map can be used for mapping of QTL with high

probability of success as most of the microsatellite loci are linked to QTL controlling

various economic traits facilitating its detection (Barendse et al.y 1994).

Bovenhuis et al. (1997) reported that several studies have indicated that

knowledge about genetic markers linked to genes affecting quantitative traits can

increase the selection response of animal breeding programs especially for traits that

are difficult to improve when using traditional selection methods.

Arranz et al. (1998) stated that whole genome scans are undertaken in the

elite dairy cattle populations to identify segregating QTL's.

2.3.1 QTL affecting milk production traits

Ron et al. (1994) verified the presence of segregating QTL having significant

effect on milk production linked to locus D21S4.

Bovenhuis and Weller (1994) identified different QTL's affecting milk, fat

and protein production linked to milk protein genes like p-lactoglobulin, K-casein

and P-casein.

Georges et al. (1995) identified the presence of highly segregating QTL

affecting milk production on chromosomes 1,6,9,10 and 20.
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Two QTL alleles were identified, one of which causes an increase in milk

production accompanying a dilution in fat and protein constituent (Arranz et ah,

1998).

Ashwell et ah (1998) found strong associations between two microsatellite

markers viz., BM415 and BM6425 and QTL affecting protein percentage on

chromosome 6 and 14 respectively.

Lipkin et ah (1998) conducted a quantitative trait loci mapping in dairy cattle

by means of selective milk DNA pooling which showed evidence of a linkage

existing between the marker ILSTS006 and a QTL affecting protein percentage.

Ron et ah (1998) found that the locus CSSM66 has a significant effect on fat

percentage at P<10"' and a highly significant effect on fat jdeld which has a

correlation of 0.54 with fat per cent.

Velmala et ah (1999) scanned the cattle chromosome six with ten

microsatellites and a casein haplotype and identified the existence of two QTLs with

an effect on milk production traits.

Kuhn et al. (1999) reported the presence of a QTL with effects on milk fat

and milk protein yield on BTA6.

Heyen et al (1999) confirmed the presence of a QTL for fat percentage on

chromosome 14 by using daughter design in a half sib family of Israeli Holstein

dairy herds.

van Tassell et al. (2000) used 105 markers located throughout the bovine

genome to identify associations between microsatellite markers and QTL affecting

milk production. The results of this study concluded that a QTL affecting milk yield

may be present on BTAIO and a QTL affecting protein per cent may be present on

BTA3,6,14 and 28.

Literature based survey of significant marker-associated effects on milk

production traits given by Mosig et al. (2001) shows that marker ILSTS096 was

associated with milk yield, protein yield, protein per cent, fat yield and fat per cent
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and marker BL41 was associated with fat per cent and protein per cent on

chromosome 3, marker HUJII77 was associated with protein per cent on

chromosome 4 and marker BM4305 was associated with protein per cent and milk

yield on chromosome 4.

Ashwell et al. (2001) conducted a whole genome scan to identify QTL and

concluded that QTL affecting fat yield and fat percentage may be present on BTAIO.

Plante et al (2001) confirmed the presence of QTL on 10 chromosomes of

Holstein cattle affecting milk production trait, previously identified in other studies.

Nadesalingam et al (2001) used least square interval mapping approach

based on daughter yield deviations of sons for 305 day milk, fat yield, protein yield,

fat percentage and protein percentage. A significant QTL affecting fat and protein

yield and fat per cent were identified on chromosome 1 and QTL for milk yield and

protein per cent on chromosome 6.

Ron et al (2001) reported significant effects on milk production traits

associated with markers BM143 and BM415 by ANOVA analysis across all families

with heterozygous sires.

Suggestive QTL for one or several of the five milk traits (milk yield, protein

per cent, protein yield, fat percentage and fat yield) were detected on chromosomes

3, 5,6,11,13,18 and 20 (Olsen et al, 2002).

Rodiiguez-Zas et al (2002a) reported that marker BL41 was associated with

decrease in milk yield during mid lactation and the marker HUJII77 was associated

with changes in milk yield and protein per cent suggesting a QTL with pleiotropic

effects or multiple QTL in the region.

Rodriguez-Zas et al (2002b) used single marker, interval mapping and

composite interval 'mapping to identify a QTL on BTA3 affecting protein yield and

another QTL affecting fat yield.

Freyer et al (2003) confirmed the presence of a pleiotropic QTL for fat and

protein yield on BTA6.
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Viitala et al. (2003) identified a new QTL affecting all yield components on

BTA12 in Finnish Ayrshire cattle by granddaughter design.

Weller et al. (2003) found out the association between the 225 allele of the

ILSTS039 and K allele of DGATl with decreased milk production and increased fat

production and fat and protein percentage.

Ashwell et al. (2004) confirmed that a mutation in the bovine acyl CoA

diacyl glycerol acyl transferase (DGATl) gene on BTA14 is associated with a major

effect on milk fat content. Another mutation in the bovine grpwth hormone receptor

gene is associated with effect on milk yield and composition.

The central region of BTA6 and the centromeric region of BTA14 were

found to have genome wide significance on protein and fat percentage respectively

in a complete genome scan conducted on Israeli Holstein by Ron et al. (2004).

2.4 MARKER ASSISTED SELECTION

Stuber et al. (1980) stated that marker loci with no direct effect on the

characters of interest can be utilized in selection because of statistical associations

(linkage disequilibrium) between alleles at the marker loci and QTL's.

Lande and Thompson (1990) suggested that further increase in relative

efficiency of Marker Assisted Selection (MAS) was possible when individuals that

do not express the phenotypic traits of interest can be selected on the basis of their

molecular markers. MAS can be applied to sex limited traits or when additional

selection has to be exerted on juveniles before the development of the adult

phenotype.

Several studies have indicated that knowledge about genetic markers linked

to genes affecting quantitative traits can increase the selection response of animal

breeding programs especially for traits that are difficult to improve when traditional
o

selection methods are used (Meuwissen and van Arendonk, 1992).
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Brascamp et al. (1993) studied dairy cattle QTL to identify those that can be

utilized in marker assisted selection. MAS has been evaluated for dairy cattle and

have shown that rate of genetic gain can be increased by implementation of MAS.

Bishop et al. (1995) opinioned that it was possible to increase the selection

intensity and shorten the generation interval by integrating several reproductive

technologies (embryo transfer, IVM, IVF and culture) with MAS for QTL's and

quantitative information.

Ruane and Colleau (1996) showed that the use of markers to estimate QTL

effects more accurately led to an increased QTL response but a reduced polygenic

response beginning from first generation of selection.

Spelman and Garrick (1997) stated that utilizing genetic markers in

conjunction with phenotypic observation will provide more information on the

genetic merit of the animal than phenotypic information alone.

According to Davis and deNise (1998), MAS program relies on 3 phases for

commercialization of technology (i) the detection phase in which QTL are located

and their effects on phenotype measured (ii) the evaluation phase in which markers

are evaluated in commercial populations and (iii) the implementation phase in which

the markers are combined with phenotypic and pedigree information in genetic

evaluation for predicting the genetic merit of the individuals within population.

The top down marker assisted selection scheme identifies sires that are

heterozygous for the locus based on grand daughter design and uses quantitative
tract loci information in pre-selection of grandsons entering progeny testing. The

bottom up MAS scheme identifies sires heterozygous for QTL based on daughter
design and uses information in the pre-selection of sons entering progeny testing

(Spelman and Garrick, 1998).

' Sonstegard et al. (2001) said that information from genetic markers that

identify desirable alleles of economically important traits could be used along with

breeding values to guide mating decisions resulting in genetic gains over a broader

range of traits. In addition marker assisted selection (MAS) could be used to select
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the most desirable phenotypes affected by non additive gene action or epistatic

interactions between loci.

Georges (2001) said that MAS could be distinguished into three distinct

phases depending on accuracy of information available about Economic Trait Loci

(ETL), In MAS I, an ETL is located with respect to relatively distinct flanking

markers. Associations between specific marker and ETL alleles hold within specific

families only and needs to be re-established for each family to allow MAS. In MAS

n, an ETL has been fine mapped with respect to closely linked markers which are in

linkage disequilibrium with ETL. Associations between specific marker haplotypes

and ETL alleles hold across the populations and need not be re-established for

individual family.

According to Stella et al (2002) maximum progress was obtained, when

selection was applied for each generation for several sets of markers neighboring

multiple potential QTL, rather than only on markers near the single most likely QTL.

/

Schulman and Dentine (2005) used two stages of selection using marker

information and progeny testing and reported that response in total genetic gain was

faster with MAS than with traditional selection.

2.5 STATISTICAL ANALYSIS

2.5.1 Heterozygosity

The average heterozygosity per locus (H) is defined as the mean of

population heterozygosity at a locus over all structural loci in the genome.

Estimation of average heterozygosity and genetic distance requires a large number of

loci rather than a large number of individuals per locus when total number of genes

to be used is fixed. Population heterozygosity at a locus is given by H = l-2pi where

Pi is the fi-equency of the i'*' allele at a locus in the population (Nei, 1978)
&

According to Ott (1992), newly generated markers should be screened for

high polymorphism on the basis of a small panel of individuals in order to classify a
marker as having heterozygosity of 70% or higher.
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Van Hooft et al. (1999) reported a mean observed heterozygosity of 0.61 per

marker for all the markers and a mean observed heterozygosity of 0.67 for

polymorphic markers in an analysis conducted on 101 markers for polymorphisms.

2.5.2 Polymorphic Information Content (PIC)

Informativeness gives the probability that a given offspring of a parent

carrying the rare allele at the index locus will allow deduction of parental genotype

at the marker locus. PIC of each marker locus is therefore given by the summation of

the product of the mating frequencies and the probability that an offspring will be

informative (Botstein et al, 1980). Formula for calculating the polymorphic

information content is given by

PIC = 1- (S pi^ ) - S S 2piV

i=l i=l j=i+l

(Hai-Guo et al., 2003, Li et al, 2004 and Jang et al, 2005)

Velmala et al (1995) reported a PIC value of casein hapldtypes as 0.70 in a

study conducted on Finnish Ayrshire cattle.

The PIC values varied from 0.03 (ETH3) ifi Sahiwal cattle to 0.89 (HEL9) in
0

H^ana cattle with an average of 0.55, 0.62 and 0.65 in Sahiwal, Hariana and Deoni

cattle respectively in the genetic diversity study of Indian native cattle by Mukesh et

al (2004)
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3. MATERIALS AND METHDOS

Fifty pure bred Vechur cattle maintained at Vechur Conservation Centre,

Mannuthy were used for the polymorphism study of the markers. Thirty four

animals belonging to seven different families were used in this microsatellite study.

3.1 SOURCE OF DNA

The blood and semen samples were used as source of DNA. Five ml of

blood was collected aseptically using BDTA as anticoagulant.

In case of bulls used in the study, the semen samples were used to isolate the

DNA. Both firesh and frozen semen straws containing around 300-500 million

sperms were used for the study.

3.1.1 Isolation of genomic DNA from blood

DNA was extracted from whole blood using phenol chloroform method. The

procedure used was as follows.

•  Five ml of blood was collected in a 15 ml centrifuge tube.

•  Two third volume of ice-cold RBC lysis buffer (ISOmMNHUCl, lOmM KCl,

O.lmMEDTA) was added mixed well and kept in ice with occasional mixing

for 10 minutes for complete lysis of RBC.

•  The leukocytes were pelleted by centrifuging at 3500 rpm for 15 minutes and
the supernatant containing lysed RBC's was discarded.

•  The pellet was resuspended in ice-cold RBC lysis buffer and the above two
steps were repeated till a clear pellet without any unlysed erythrocytes were
obtained.

&

. The pellet was then washed twice with 10 ml of Tris Buffered saline (TBS-
HOmMNaCl, O.SmMKCl, 0.25mAf Tris) by vigorous vortexing foUowed by
centrifugation at 3000 rpm for 10 min.
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•  The washed white blood cell pellet was resuspended completely by vortexing

in 5 ml of saline EDTA buffer (SE - 75mA/NaCl, 35mA/EDTA) and to this

mixture 0.25 ml of 20% SDS and 25 pi of proteinase K (20mg/ml) were

added, mixed well and incubated at 50®C for a minimum of 3 hours.

•  To the digested sample, 300pl of 5M NaCl was added and mixed by

vortexing. An equal volume of phenol (pH 7.8) saturated with Tris HCl was

added, mixed and centrifuged at 3500 rpm for 15 minutes.

•  The aqueous phase containing the DNA was collected in fresh tubes to which

an equal volume of saturated phenol: chloroform : isoamylalcohol (25:24:1)

was added. The contents were mixed thoroughly and centrifuged at 3500 rpm

for 15 minutes.

• The aqueous phase containing the DNA was collected in a fresh tube to

which an equal volume of chloroform : isoamylalcohol (24:1) was added,

mixed and centrifuged at 3500 rpm for 15 minutes.

•  The supernatant was transferred to a sterile 50 ml beaker and 1/10 the volume

of 3M sodium acetate (pH 5.5) was added.

•  To this mixture an equal volume of chilled isopropyl alcohol was added and

the precipitated DNA was spooled out using a fresh micropipette tip, washed

in 70% ethanol and air-dried.

• Dried DNA was resuspended in 0.5 ml of Tris EDTA buffer (TE - 10mA/

Tris, 0.1mA/EDTA) and stored at—20°C.

3.1.2 Isolaton of genomic DNA from semen

Semen sample containing approximately 300-500 million sperms (1-2 ml

fresh semen) was used for isolation of DNA. The sample was washed twice

with 10 ml of PBS and centrifuged at 3500 rpm for 10 minutes. The pellet

was resuspended in 2 ml of PBS by vortexing.
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•  6 ml of warm sperm lysis buffer (100mA/ Tris, 500mA/ NaCl, 10mA/ EDTA,

1% SDS, 2% Mercaptoethanol) was added mixed well and incubated at 55°C

in water bath for 30 minutes with occasional mixing

•  lOOpl of Proteinase K (20mg/ml) was added and incubation was continued

for 3 hours at 55®C.

•  To the completely digested cellular protein, equal volume of saturated phenol

(pH 7.8) was added, mixed thoroughly for 10 minutes and centrifuged at

3500 rpm for 15 minutes.

•  To the upper aqueous phase collected in a fresh centrifuge tube, equal

volume of saturated phenol : chloroform : isoamylalcohol (25:24:1) was

added and mixed for 10 minutes. The tubes were centrifuged at 3500 rpm for

15 minutes. The aqueous supematant was collected in fresh centrifuge tubes.

•  To the aqueous phase collected, an equal volume of chloroform :

isoamylalcohol (24:1) was added, mixed well for 10 minutes and then

centrifuged at 3500 rpm for 15 minutes.

•  The above step was repeated once again and aqueous phase was transferred

to a sterile 50 ml beaker. To this one-tenth volume of 3M sodium acetate

(pH 5.5) was added and mixed well.

•  Equal volume of chilled isopropyl alcohol was added and the precipitated

DNA was spooled using a fresh micropipette tip. The spooled out DNA was

immediately washed with 70% ethanol and air-dried. The air dried DNA was

resuspended in 500 pi TE buffer and stored at -20°C.

3.2 DETERMINATION OF YIELD AND PURITY OF DNA

^ 20 pi of the DNA stock solution was diluted to 2 ml with sterile distilled

water. Optical densities (OD) were measured at 260 nm and 280 nm wavelengths in

a UV spectrophotometer. Yield and Purity of DNA samples were estimated as

follows.
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3.2.1 Yield

An OD of 1 at 260 nm wavelength corresponds to approximately 50 pg/ml of

double stranded DNA. Concentration of DNA stock solution was calculated as

follows.

Concentration of DNA stock solution (pg/ml) = OD260 x Dilution factor x 50

The total )deld of DNA obtained from blood was calculated by multiplying

the concentration with the volume of DNA stock solution.

3.2.2 Purity

Purity of DNA sample was assessed by estimating the ratio between the

readings at 260 nm and 280 nm wavelengths. A ratio of 1.6-1.8 indicated the

presence of DNA. The ratio below 1.6 and above 1.8 indicated the presence of

protein and RNA respectively. The quality of the DNA sample was assessed

electrophoretically on 0.7% agarose gel in IXTris acetate EDTA (TAB) buffer in

horizontal submarine gel electrophoresis.

3.3 POLYMERASE CHAIN REACTION

3.3.1 Template DNA

Working solution of DNA was prepared from the DNA stock solution by

diluting with sterile triple distilled water to get a final concentration of 50ng/pl. One

pi of this working solution was used in every 10 pi reaction.

3.3.2 Selection of primers

A panel of 10 microsatellite markers was selected and primers were custom
synthesized. The polymorphisms of each of these markers were determmed and five
markers viz. HUJn??, ILSTS096, BM4305, BL41 and BM1508 with higher degree
of polymorphism were chosen for the study. The sequences of the forward and
reverse primers for each of the microsatellites are as follows.
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Marker Primer sequence (5'-3')

HUJII77 F CTCCATCAAGTATTTGAGTGCA

R  GTGTTCATAGCCCTACCCAC

ILSTS096 F GTGACCTGGAGAAGTTTTCC

R  ACCACGCTCTGACTTGTAGC

BM4305 F CCAAGACATGAAAGCAATCTG

R  CTCTAGGTACATCCATGTTGCA

BL41 F CCTCGCCATCTTTATTCCT

R  AAGATCAACTTATTATTCCTCACAGTGG

BM1508 F CAGGTGTACAGCAAACTGAATC

R  CGTCAAAACATTCGTTCAGG

The primers were reconstituted using sterile ultra pure water to make a stock

solution of 200pM/|il concentration. The reconstituted primers were incubated at

room temperature for one horn* and then stored at -20®C. Working solutions were

prepared from dilutions of stock solutions.

3.3.3 Endlabeling of primers

The forward primer of each marker was radio endlabelled at the 3' end with

ATP. Endlabelling was carried out usiug DNA endlabelling kit.

For a 10 |xl endlabelling reaction, the following components were added in

order.

1 OX Polynucleotide Kinase (PNK) buffer - 1 pi

Forward Primer (200 pM/pl) - Ipl

T4 Polynucleotide Kinase (5U/pl) - 0.5 pi

/^PATP(10pCi/ml) - Ipl

' Nuclease frbe water - 6.5 pi

This mixture was incubated at 37°C for 30 minutes and final volume was

made up to 40 pi with double distilled water.
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3.3.4 PCR conditions

PGR reactions were carried out in an automated thermal cycler. Each 10 jxl

PCR reaction consisted of lnl of lOX PCR buffer {lOmM Tris (pH 8.3), 500mA/

KCl), 200|xA/dNTP, MgCP whose concentration varies from 1.25mA/ per reaction

for markers ILSTS096, BM4305 and BM1508 to 1.5mA/per reaction for the markers

BL41 and HUJII??, Ipl of endlabeled primer with a concentration of 5pA//|il, 5pA/

of reverse primer and 0.3U of Taq DNA polymerase. Thermal cycling was carried

out for 35 cycles and the samples were finally cooled to 4®C arid stored at —20°C.

3.4 AGAROSE GEL ELECTROPHORESIS

The amplification of the products after PCR was checked on 1% agarose gel

in IX Tris acetate EDTA (TAE) buffer in horizontal electrophoresis unit. One pi of

PCR product with 1/6"* volume of 6X gel loading buffer (0.25% Bromophenol blue,
0.25% Xylene cyanol, 40% sucrose) was loaded on the agarose gel. Hae ///digested

pBR322 DNA was used as molecular size marker.

3.5 DENATURING POLYACRYLAMIDE GEL ELECTROPHORESIS

Denaturing polyacrylamide gel electrophoresis was performed on a vertical

DNA sequencer. 6% denaturing polyacrylamide gel (6% Urea, 0.5X TBE) set

between two glass plates separated by 0.35 mm thick spacers was used for this

purpose. A sharp toothed comb was used which enabled the loading of 40 samples

on a single gel.

The PCR products mixed with 2.5 pi of formamide loading buffer (0.02%

Xylene cyanol, 0.02% Bromophenol blue, lOmM EDTA, 98% deionised formamide)
was denatured at 95°C for 5 min and kept in ice. 3.5 pi of the denatured product was
loaded in each well. Sequenced products of Ml 3 DNA phage were run in the centre
of the gel, which is required for genotyping of the products.

The gels were run at 40W for 2-3 hrs depending on the expected size range of
the product at 45°C. Bromophenol blue and xylene cyanol dye has a mobility
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equivalent of approximately 25 base pairs and 100 base pairs respectively and hence

used as an indicator of the mobility of the amplified PCR product.

3.6 SEQUENCING OF M13 BACTERIOPHAGE DNA

Single stranded Ml 3 phage DNA was sequenced using the DNA Sequencing

Kit Version 2.0 (M/s Amersham Biosciences Corporation 1 USA).

Annealing mixture

The following components are added together in order.

Ml3 phage DNA (0.2pg/|il) - 5 pi

5X sequenase reaction buffer - 2 pi

Forward primer (0.5pM/pl) - 1 pi

Double distilled water - 2 pi

This mixture was mixed well, incubated at 65°C for 2 minutes, cooled to

room temperature over 15-30 min and chilled on ice.

Dilution of Labeling Mix

The labeling mix available in the kit was diluted in the ratio of 1:4 as follows

5X Labeling mix - 0.5 pi

Water - 2.0 pi

Dilution of enzyme

TTie enzyme (sequenase version 2.0) was diluted with sequenase dilution
buffer in the ratio of 1:8 as follows.

" Sequenase enzyme (13U/pl) - 0.5 pi
Sequenase dilution buffer - 3.5 pi

Four tubes labeled G, A, T, C were filled with 2.5 pi of each dideoxy
termination mixtures (ddGTP, ddATP, ddTTP and ddCTP).
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Labeling reaction

To the ice cold annealed DNA mixtures, the following were added.

Dithiothretiol (DTTO.IM) - 1 |xl

Diluted labeling mix - 2 pil

Diluted enzyme - 2 |j,l

dATP (10^Ci/ml) - 1^1

The contents were mixed well and incubated at 37°C for five minutes.

The reaction was stopped by addition of 4 pi of stop solution and stored at -

20®C.

3.7 DRYING OF GELS

The glass plates were separated carefully and the gel transferred to a filter

paper. The gel was covered with kling film and dried in a gel drier.

3.8 AUTORADIOGRAPHY

The dried gels were placed in a cassette (Kiran Hypercassette) fitted with

intensifying screen and a X-ray film (Kodak, 35.5 x 43.2 cm) was loaded in the

cassette. The X-ray film was developed after 24-48 hrs depending on the intensify of

the radioactive signal.

3.9 GENOTYPING OF MARKERS

The number of different alleles for each marker was counted. The size of

each allele was determined by comparison with Ml3 sequencing ladder. The

frequency of each allele was worked out.

3.10 MILK ANALYSIS

Milk samples (100 ml) collected fi-om Vechur cows were analysed for fat %,

protein % and solids not fat (SNF). Fat percentage was estimated by Gerber's

method (IS: 1224 - Part 11977). Total solids were estimated by gravimetric method
(IS: 1479 - Part n 1961). Protein percentage was determined by Micro Kjeldhal
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method (AOAC, 1990). Solids not fat (SNF) content of milk was determined by
finding the difference between total solids and fat content of milk.

3.11 DATA COLLECTION

Data for milk yield, age at first calving, intercalving period and pedigree

were collected from the records maintained at the Vechur Conservation Centre,

Mannuthy, Thrissur.

3.12 STATISTICAL ANALYSIS

3.12.1 Heterozygosity

3.12.1.1 Direct count heterozygosity

Hetero2ygosity of microsatellite markers was calculated by the following
statistical formula (Nei, 1978).

H=l-2:Pi^

Where Pi was the frequency of i^ allele at a locus in the population.

3.12.1.2 Unbiased Heterozygosity

The unbiased heterozygosity was calculated using the formula of Pandey et
a/. (2002).

k

H = [2ii/(2n-l)][l-(SP^)]
i=l

Where Pi is the ftequency of i'^ allele and n Is the number of observations.

3.12.2 Polymorphic Information Content (PIC)

Polymorphic Information Content (PIC) was caleulated using the formula.



n

pic = i-(5:Pi^)
i=l
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n-l n

S  2 2 Pi^ Pj^
i=l j=i+l

Where Pi and Pj stand for frequency of band i and band j in one population

and n is the number of alleles from a certain locus.

3.12.3 Analysis of economic traits in population

One way analysis of variance was performed to find the effect of the families

for different production parameters like milk fat percentage, protein percentage,

SNF, total solids, peak yield, days to attain peak yield, age at first calving (AFC) and

intercalving period. This was done using the method of Snedecor and Cochran

(1985).

3.12.4 Analysis of economic traits in the families

A simple T-test was performed to identify the families which differ

significantly from each other for the production parameters viz. milk fat percentage,

protein percentage, SNF, total solids, peak yield, and days to attain peak yield, AFC
and intercalving period. The method used was that suggested by Snedecor and

Cochran (1985).

3.12.5 Analysis of allelic effect

The production traits showing significant difference were analysed for their
allelic effects. The allelie effect was calculated for the alleles o'f all the ancestors.
Large sample Z-test was used to compaie the mean of the population having the
allele to those of tfee population not having this allele for the different production
parameters. Method foUowed was that suggested by Snedecor and Cochran (1985).



Results



30

4. RESULTS

4.1 ISOLATION OF GENOMIC DNA

DNA was isolated from whole blood, fresh and frozen semen samples using

phenol: chloroform extraction procedure.

4.1.1 Yield and Quality of DNA

Good quality DNA was obtained from blood, fresh and frozen semen. The

purity of DNA was checked by agarose gel electrophoresis. Pure DNA appeared as

a single band.

4.2 PGR ANALYSIS

Five markers were selected based on their polymorphisity and the established

association with QTL in cattle. The primers were custom synthesized for use in PGR

for amplification of DNA samples. Five markers viz., HUJII77, ILSTS096, BL41,

BM1508 and BM4305 were typed on 50 unrelated DNA samples collected from the

Vechur cattle.

4.3 NUMBER, SIZE AND FREQUENGIES OF ALLELES

The PGR products were first checked in agarose gel and then resolved on

denaturing polyacrylamide gels. The amplified products were visualized as bands by
autoradiography of the dried gels. The number of alleles was coimted and their size
were obtained by comparison with the sequence of Ml3 DNA run alongside the
samples in the gel. The alleles for each marker appeared as double/single bands and
the frequencies of the alleles for each locus were worked out separately. The
number, size range and frequencies of alleles for each locus are presented in Table

4.1.
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4.3.1 HUJII77

The HUJn77 locus was found to be highly polymorphic with 14 alleles

ranging in size from 193-225 bp. The polymorphism at the HUJn77 locus is

presented in Plate. 1. The allele size and frequencies obtained are presented in Table

4.2. The allele of size 221 bp had the highest frequency at the HUJII77 locus. The

lowest frequency was obtained for the alleles of size 193, 195 and 219 bp.

4.3.2 ILSTS096

The products obtained at the ILSTS096 locus ranged in size from 188-212

bp. The poljTiiorpshism at the ILSTS096 locus is presented in Plate. 2. Twelve

alleles were identified at the ILSTS096 locus. The allele size and frequencies

obtained are presented in Table 4.3. The highest frequency obtained at the ILSTS096

locus was for 208 bp size allele. The allele of size 194 bp had the lowest frequency.

4.3.3 BL41

The allele size and frequencies obtained are given in Table 4.4. Eleven

alleles were prevalent at the BL41 locus sizes from 238-258 bp. Plate.3 shows the
polymorphism at the BL41 locus. The allele of size 250 bp had the highest frequency

at the BL41 locus. The allele having the lowest frequency was 254 bp in size.

4.3.4 BM1508

The least polymorphic of the five markers studied was BM1508, with 9
alleles ranging in size from 103-119bp. The polymorphism at the BM1508 locus is
shown in Plate. 4. The allele size and frequencies are presented in Table 4.5.
Highest frequency was present for the allele of size 107 bp and the lowest frequency
obtained at this locus was for 119 bp size allele.
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4.3.5 BM4305

Plate.5 shows the polymorphism at the BM4305 locus. The 11 alleles were

identified at the BM4305 locus and their size ranged from 146-168 bp. The allele

size and frequencies obtained are tabulated in Table 4.6. The allele of size 158 bp

had the highest frequency of 0.21 and the lowest obtained was for allele of size 154
bp (0.03).

4.4 STATISTICAL ANALYSIS

4.4.1 Heterozygosify

The heterozygosity value (H), indicates the usefulness of the markers in the
study of genetic polymorpshism and was calculated by the method of Ott (1992).
Heterozygosity values obtained were 0.899 for HUJII??, 0.862 for ILSTS096, 0.868
for BL41, 0.840 for BM1508 and 0.875 for BM4305 respectively. Unbiased
heterozygosity was calculated using the method of Pandey et al. (2002). Unbiased
heterozygosity values obtained for HUJII77, ILSTS096, BL41, BM1508 and
BM4305 were 0.932, 0.899,0.909,0.889 and 0.917 respectively

4.4.2 Polymorphic Information Content

Polymorphic Information Content (PIC) gives the level of informativeness of
the markers and was calculated using the method of Botstein er al. (1980). Highest
PIC value was obtained for HUjn77 (0.890) followed by BM4305 (0.863). The PIC
values for BL41, ILSTS096 and BM1508 were 0.854,0.847 and 0.820 respectively.
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Table 4.1 Number of alleles, Heterozygosity and PIC

Observation HUJn77 ILSTS096 BL41 BM4305 BM1508

No. of alleles 14 12 11 11 9

Size range of alleles 193-225 188-212 236-258 146-168 103-119

Direct Count

heterozygosity
0.899 0.862 0.868 0.875 0.840

Unbiased

heterozygosity
0.932 0.899 0.909 0.917 0.889

PIC 0.890 0.847 0.854 0.863 0.820

Table 4.2 Allele sizes and frequencies at HUJII77 locus in Vechur cattle of Kerala

S.No. Size in base pairs Allele frequencies

1 193 0.02

2 195 0.02

3 199 0.12

4 201 0.05

5 203 0.10

6 205 0.03

7 209 0.13

8 211 0.09

9 213 0.10

10 217 0.04

11 219
0.02

12 221
0.17

X M

13

14

223

225

0.04

0.07
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Table 4.3 Allele sizes and frequencies at ILSTS096 locus in Vechur cattle of Kerala

S.No. Size in base pairs Allele frequencies

1 188 0.02

2 190 0.04

3 192 0.03

4 194 0.01

5 196 0.03

6 198 0.11

7 200 0.14

8 202 0.13

9 204 0.11

10 206 0.10

11 208 0.25

12 212 0.03

Table 4.4 Allele size and frequencies at BL41 locus in Vechur cattle of Kerala

S. No. Size in base pans Allele frequencies

0.03

0.06

_5_

J_

2.
_w
11

236

238

240

242

244

246

250

252

254

256

258

0.19

0.10

0.05

0.14

0.21

0.09

0.02

0.07

0.04
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Table 4.5 Allele sizes and frequencies at BM1508 locus in Vechur cattle of Kerala

S.No. Size in base pairs Allele frequencies

1 103 0.02

2 105 0.12

3 107 0.24

4 109 0.17

5 111 0.16

6 113 0.16

7 115 0.07

8 117 0.05

9 119 0.01

Table 4.6 Allele size and frequencies at BM4305 locus in Vechur cattle of Kerala

Allele frequenciesSize in base pairs
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4.4.3 Production parameters of different families

The mean values of fat% of milk of seven families are presented in Table 4.7

Analysis of Variance for fat% of seven families is given in Table 4.10. Fat% in milk

of animals of seven families studied was found to be sigmficantly different.

Students't' test was performed to compare the mean fat percentage of each of the

seven families with the population mean. The mean fat percentage of V43 and V88

families were found to be significantly different.

The mean values of the protein%, total solids and Solids Not Fat (SNF) of the

milk of five familie-! are presented in Table 4.8. Analysis of Variance for these milk
constituents are presented in the Tables 4.11, 4.12 and 4.13 respectively. No
.i,;»ifi^.nt difference was found for these constituents in the five ftmilies studied.

The mean peak yield, days to attain peak yield, age at first calving (AFC) and
intercalving period of seven famiUes are presented in Table 4.9. There were no
significant differences for peak yield, days to attain peak yield and intercalvmg
period. The Analysis of Variance for these traits are presented in the Tables 4.14,
4.15 and 4.16 respectively. The effect of families on AFC was found to he

and the Analysis of Variance is given in the Table 4.17. Students't' test
was performed to compare the family means with the population mean of AFC and
V43, V44, V88 and VI17 famiUes were found to differ significantly finm the other
families studied.

4.4.4 AUelic Means

4.4.4.1 HUJII77 locus

of Production parameters for different ancestral famiUes

• Allelic means for 6t pereentage of seven families are given in Table 4.18.
c4„rio«tc't' test revealed significant difference in fat

Statistical analysis usmg Students t test rev e
f  .lleles of size 205,209,221 and 223 bp. The means for AFC drd notpercentage for alleles 01 Size ,



37

show any significant difference for the alleles at the HUJII?? locus and are presented

in the Table 4.19.

4.4.4.2 ILSTS096 locus

Allelic means of fat percentage and AFC at the ILSTS096 locus are

presented in Table 4.20. Significant difference was obtained for fat percentage for
allele of size 208 bp. But there were no significant difference in AFC between the

alleles of the locus.

4.4.4.3 BL41 locus

Mean fat percentage for animals with 252 bp size allele was found to be
significantly different firom that of animals without this allele. The allehc means of
fat percentage at BL41 locus is presented in Table 4.21. The allehc means for AFC
showed a significantly higher value for animals with 238 bp size allele and is
presented in the Table 4.22.

4.4.4.4 BM4305 locus

Allelic means at BM4305 locus for fat percentage differed significantly for
the allele of size 158 bp. There was no significant difference for AFC with regard to
the alleles of the locus. Allelic means for fat percentage and AFC at BM4305 locus
is given in Table 4.23.

4.4.4.5 BMl508 locus

A APr fit the BMl508 locus are given inAllelic means of fat percentage and AFC at the B g
,  r • 11 ̂  Kn nt this locus showed sigmficant difference

the Table 4 24. The allele of size 113 bp at tms lociu,

for mean fat petcentage. There was no significant difference for AFC of the different
alleles at this locus.
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Table 4.7 Families and mean fat percentage in the milk of progenies

S.No.FamilyFat%

1V87 (4)4.475±0.17''

2V88 (9)5.42±0.27"

3V43 (2)5.58±0.24''

4V117(4)4.47±0.15''

5V009 (5)4.40±0.10''

6V44 (2)4.5±0.08''

7V83 (2)4.17±0.08''

Figures in parenthesis are number of observations

Table 4.8 Families and mean values of protein percentage, total solids and
SNF in the milk of progenies

SNF% Total solids % . Protein %

3.20±0.07

3.05±0.19

2.95±0.03

3.10±0.07

3.22±0.n

Family

V87 (2)

V88 (5)

V43 (2)

V117(2)

V009 (4)

8.70±0.14 11.25±0.88

9.13±0.22 11.80±0.81

9.20±0.14 12.75±0.17

8.65±0.17 11.90±0.42

9.10±0.18 12.15±0.59

Figures in pienthesis aie number oi observations
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Table 4.9 Families and mean values of peak yield, peak days, AFC and intercalving

period in the milk of progenies

s.

No

Family Peak

Yield

(kgs)

Days to attain
peak yield

AFC

(days)
Intercalving
period (days)

1 V87 1.86±0.25

(3)

27.66±4.83

(3)

942.60±38.34

(5)

423.87i49.58

(2)

2 V88 1.87±0.23

(9)

30.33±5.26

(9)

980.00i30.23"

(9)

418.17i24.93

(6)

3 V43 3.30±0.77

(2)

37.00±2.82

(2)

1294.50i67.52" 544.79i56.95

(2)

4 V117 2.10±0.36

(6)

20.66±3.19

(6)

961.83i57.73"

(6)

420.37i21.10

(4)

5 V009 1.58±0.42

(6)

18.16±3.57

(6)

1065.00i41.01 404.65il2.55

(5)

6 V44 1.56±0.35

(3)

21.33±5.96

(3)

a878.66il7.86"

(3)

406.87i37.56

(2)

7 V83 0.66±0.13

(3)

18.66±8.82

(3)

1077.00i75.97

(3)

413.70i7.99

(2)

8 Mean 1.87±0.14

(39)

27.1 Oil.96

(39)

1084.65i50.86

(41)

425.75±13.34

(23)

Means bearing the same superscript do not differ significantly (P<0.05)
Figures in parenthesis are number of observations

Table 4.10 Analysis of variance for effect of famiUes on milk fat percentage of
progenies

F ValueMean Sum ofSum of SquaresDegrees of
Freedom

Source Squares

3.8560281.38411

0.358947

8.304657

7.537886

15.84254

Between Families

''(P<0.05)
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Table 4,11 Analysis of variance for effect of families on protein percentage of

progenies

Source Degrees of
freedom

Sum of

Squares
Mean Sum of

Squares
F Value

Between Families 4 0.11788 0.2947 0.336523^^

Error 10 0.87572 0.087572

Total 14 0.9936

NS-Non Significant

Table 4.12 Analysis of variance for effect of families on total solidsof progenies

Source Degrees of
freedom

Sum of

Squares

Mean Sum of

Squares
F Value

Between Families 4 4.213833 1.053458 2.620869^^

Error 10 4.0195 0.40195

Total 14 8.233333

NS-Non Significant

Table 4.13 Analysis of variance for effect of families on the Solids Not Fat (SNF) of
progenies

F ValueMean Sum ofSum of SquaresDegrees of
freedom

Source

Between Families

Sauares

0.719479^^0.1748330.699333

3.129333

NS-Non Significant
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Table 4.14 Analysis of variance for effect of families on peak yield of progenies

Source Degrees of
Freedom

Sum of Squares Mean Sum of

Squares
F Value

Between Sires 6 9.663194 1.610532 1.960663^^

Error 25 20.53556 0.821422

Total 31 30.19875

NS-Non Significant

Table 4.15 Analysis of variance for effect of families on the days to attain peak yield
in progenies

Source Degrees of
Freedom

Sum of Squares Mean of Sum

Squares

F Value

Between Sires 6 1476.996 246.1659 1.376723^^

Error 25 4470.142 178.8057

Total 31 5947.137

NS-Non Significant

Table 4.16 Analysis of variance for effect of femiUes on Intercalving period in
progenies

F ValueMean of Sum

Sauares
Sum of SquaresDegrees of

Freedom
Source

1.3744245339.318

3884.769

32035.91
Between ancestor

62156.3

94192.21
Total

NS-Non Significant
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Table 4.17 Analysis of variance for effect of families on AFC of progenies

Source Degrees of
Freedom

Sum of

Squares
Mean Sum of

Squares
F Value

Between Sires 6 288915 48152.51 3.567291*

Errors 27 364455.2 13498.34

Total 33 653370.2

* (P<0.05)

Table 4.18 Allelic Means of milk fat percentage at HUJII77 locus in Vechur cattle.

S.No. Alleles Fat%

1 203 (2) 5.6±0.42

2 205 (4) 4.52±015''

3 209 (2) 4.22±0.12''

4 213 (8) 5.3±0.27

5 219(3) 4.63±0.14

6 221(5) 43±oI?

7 223 (4) 6.3±0.ir

Figures in parenthesis are number of observations
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Table 4.19 Allelic means of AFC at HUJII77 locus in Vechur cattle

S.No.AllelesAge at first calving (days)

1199(3)1069.33±131.39

2203 (2)1071.00±90.50

3205 (6)944.15±31.99

4209 (5)997.60±52.39

5213 (14)1200.92±130.96

6219(3)1033.66±57.93

7221 (10)1020.70±65.33

8223 (6)1040.66±52.17

Figures in parenthesis are number of observations

Table 4.20 Allelic Means of fat percentage and AFC at ILSTS096 locus in Vechur
cattle

Mean Values

Age at first

calving (days)

996.83±50.18

(6)

Alleles

5.63±0.47

1087.5±89.89 5.40±0.32

1082.88±116.90 4.62±0.10

1020.68±25.05 4.96±0.17

(P<0,05)

Figures in parenthesis are number of observation
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Table 4.21 Allelic Means of fat percentage at BL41 locus in Vechur cattle

S.No.AllelesFat%

1244 (6)5.32±0.34''

2246 (15)4.98^:0.19"

3252 (8)4.50±0.12"

Figures in parenthesis are number of observations

Table 4.22 Allelic Means of AFC at BL41 locus in Vechur cattle

S.No.AllelesAge at first calving

(days)

1541.00±229.49"

EB—
1095

238 (3)

244(7).85±58.86'

1017.66±31.

972.11±42.99'

246 (24)

252 (9)

Means bearing same superscript do not differ significantly (P<0.05)
Figures in parenthesis are number of observations
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Table 4.23 Allelic Means of fat percentage and AFC at BM4305 locus in Vechur

cattle

S.No. Alleles Mean Values

Fat% Age at first calving

(days)

1 148 5.20±0.49''

(3)

1024.83±52.60

(6)

2 158 4.27±0.15''

(2)

1064.12±74.85

(8)

3 160 5.02±0.18''

(15)

1098.24±78.28

(25)

4 166 4.9^0.22°

(10)

1034.09±48.81

(11)

5 168 4.90±0.22''

(13)

1077.00d:69.32

(16)

Means bearing same superscript do not differ significantly (P<0.05)
Figures in parenthesis are number of observations
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Table 4.24 Allelic Means of fat percentage and AFC at BM1508 locus in Vechur

cattle

S.No.AllelesMean values

Fat%Age at first calving

(days)

105

107

4.97±0.39''

(5)

5.12±0.2T

(14)

1015.71±47.77

(7)

1014.82±25.02

(23)

1094.92±0.27''

(8)

1164.14±131.50

(14)

1114.89±0.22"

(10)

(3)

1027.30±45.54

(13)

1032±90.24

(7)

Means bearing same superscnpt do not differ signincantly (P<0.05)
Figures in parenthesis are number of observations
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5. DISCUSSION

Genetic marker technologies such as marker assisted selection, parentage

identification and gene introgression can be applied to livestock selection
programmes. Genetic markers can bring higher retums to the breeding programme
by improving the milk yield with utilization of these markers in selection (Brascamp
et at, 1993). In marker assisted selection, genetic markers are used to identify
specific regions of the chromosomes where the genes affecting the quantitative traits
are located and this information is used in selection programmes to identify the
individuals with favourahle combination of QTL (Davis and DeNise. 1998). MAS
has the potential to increase the selection intensify and to reduce the geneiation
interval. This beneficial effect of MAS can he achieved by genotyping the animal at
the very early stage of development irrespective of the sex.

Microsatellites are short (1-6 bp) simple tandemly repeated nucleotide
sequences present as multiple copies in the genome (Litt and Luty, 1989). Weber
and May (1989) reported the use of polymerase chain reaction to detect and type
polymorphic DNA markers with improved sensitivity and speed.

5.1 PGR PARAMETERS

•^A n„t on the genomic DNA extracted from thePCR amplification was earned out on the gen
five microsatellite markers viz., HUJU??,

ui nA the Vechur cattle using ft • • j rblood of the The PGR conditions were optimized for
ILSTS096, BL41, BM4305 an ^ stringency of
each of the five markers stud.^
primer hyhndization is increase eonstituents like enzyme and primers

and other conditions like annealmg tune, extens
affect the specificity of the PCR.
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5.1.1 MgCh

Concentration of MgCb varied for the five sets of primers used in the study.
Concentration of MgCb in the PCR mix was optimized at 1.25mMper lOpl reaction
for the markers ILSTS096, BM4305 and BM1508. Kemp et al (1995) used 1.5mM
concentration of MgCb in a 5pl reaction for PCR amplification of the ILSTS096
locus. In the present study higher concentrations of MgCh (l.SmMin lOpl reaction)
was used in the PCR amplification of HUni77 and BL41 locus. Shalom al
(1994) reported the use of l.SmM MgCb in the PCR for the amplification of the
HUJII77 marker locus.

5.1.2Anneaiing Temperature

The annealing temperature varies depending upon the markers used.
Annealing temperature was optimized at 58°C for the markers
and BM4305. Kemp « al. (1995) used an annealing temperature of
amplifteation of rite ILSTS096 loeus. Shalom a, a/. (1994) reported that annealmg
temperature of SS'C ean be used for the amplification of the HUjn77 ocus. e

, Studv PCR amplification of the BL41 locus was carried out at an annealmgpresent » sealing tempetature of 58T
temperature of 60 C. B P Amplification of the
for the amphfieatton o

3M1508 loe. w. om a^.^
markers used in this study a,, number of non specific products

for fills is the apparent — noted in ease of the
produced at a higher temperature lower than that of 60»C was
marker BL41 where t e use o nroduets. According to Erlich et al.
found to produce more number of non spe j i„eorporation rate to less than
(.991) higher annealing temperature reduc«i the mism rp
IQ'^ nucleotides per cycle.
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5.1.3 Template DNA, Primers and Taq DNA polymerase

The concentration of other constituents of the PGR namely the template

DNA, dNTP, forward and reverse primers and Taq DNA polymerase did not show
any variation for the five markers studied except for BL41 which varied in the
concentration of dNTP. The concentration of both the forward and reverse primers
was optimized at 5pM in lOpl reaction for all the five marker studied. The optimum
concentration of Taq DNA polymerase was found to be 0.3U per lOpl reaction.

5.1.4 dNTP

-fte concentration of dNTT was optimized at 250pA/ each perlOpI reaction
for Bl/tl and the other four markers were optimized at a concentration of 200pA/
each per lOpl reaction. The possible explanation for the higher concentrafon of
dNTP required is that BL41 marker has a higher product size when compar^ to the
other four markers used in the study and low concentration of dNTP can mhrbrt 4e
PCR amplification. The use of limiting dNTP concentrations 'fidelityofDNAreplieationbyTaqDNApolymerase(Bspos,toernl.,19 ).

5.2 NUMBER, SIZE AND FREQUENCES OF ALLBLES

5.2.1 HUJn77

. • a,..his locus ranging in size fiom 193-225 bp.Fourteen alleles were o t^e ^ dd, locus. Shalom el at.
The allele of size 221 bp had e gh ^ lg7 ̂  213 bp.

^  1 «ileles for this marker rangmg m(1994) reported eleven rd ^ d. the Uterature
The increase m the num er , . a indicus cattle. There were no

be because this study was conducted ur Bos
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5.2.2 ILSTS096

Twelve alleles were identified at the ILSTS096 locua in Vechnr cattle
ranging in size ftom 188-212 bp. According to Kemp ct al. (1995) the alleles
obtained at the ILSTS096 locus ranged in size fi-om 192 to 208 bp. There were no
previous reports of use of this marker in Bos indicos cattle.

5.2.3 BL41

In the present study eleven alleles were identified at the BMl locus ratting
•  • from 238 to 258 bp. Bishop et al. (1994) reported eight aUeles at em size from 238 to 258 p Tie aUele of size 250 hp was
locus in cattle ranging m size from 258 to up
found to have the highest frequency at this locus (0.21).

5.2.4 BM1508

Nine alleles were reported for first report of use of this marker
^  1QQS') This study may be ttie nrsi fstudies (Stone er a/.. 1995). im

in Bos indicus cattle.

5.2.5 BM4305

ttle eleven alleles were obtained at the
In the present smdy on on genetic linkage

BM4305 locus ranging in si« ̂  ̂ ̂  fiom 148-168 bp.
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5.3 STATISTICAL ANALYSIS

5.3.1. Heterozygosity

An important characteristic of a genetic marker is its heterozygosity, which is
the probability that a random individual is heterozygous for that marker. When
untyped individuals are present in a pedigree, the allele frequencies will be equal hut
if equality is assumed, it tends to lead to a strong false evidence for hnkage (Ott,
1992).

In the present study, heterozygosity was estimated from
cA rtf fiftv unrelated individuals. The estimates

markers HUJII77, ILS , HUjn77 (0 899) and the lowest for
markers studied, heterozygosity was ^t
BM1508 (0.840). Barendse at al (1 )
HUJII77 marker locus for

present study. The reason compared to Bos taurus
alleles obtained at this locus for Bos m ,c

-■ '—:rr:-r——^ - -
-r - •" """■were u.9Z, w-o-'j "•

HEL6 locus (Anilkumar, 2003).

5.3.2. Polymorphic Information Content (PIC)
r marker It is the probability that a given

PIC gives the informativeness o a ^1,
offspring of a parent carrying ,„ci (Botstein at at., 1980). In the
deduction of the parental genot^es (, 820 forpresent study, the PIC values ,^,308 respectively.
the markers HUJH''''' PIC of more than 0.5 is considered to be highlyAccording to Botsteiner of. (1980).
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informative. All the five markers used in the study was found to be highly
polymorphic vrith PIC value greater than 0.8. According to Weber (1990) PIC
greater than 0.8 is obtained for sequences having 24 or more repeats and the
informativeness of the marker was found to increase with increasing average number
of nrpeats. A similar work was carried out in Vechur cattle using tbree difi-erent
markers and the PIC value obtained in this smdy was 0.92, 0.85 and 0.88
respectively at the DRB3, ETH131 and HEL6 locus (Arrilkumar, 2003).

5.4 PRODUCTION PARAMETERS OF THE SEVEN SIRE FAMILIES

5.4.1 Milk fat percentage

in the present study the average firf/. of milk collects! fiom a ,»pulafion
23 Vechur cows was 4.9±0.77. Tire average milk fat% of the milk samples

• H of 44 weeks for a population of 15 Vechtrr cows wasevery week over a perrod of 44 weeks fo P P ^
5 95±0 12 and 6.62±0.13 for mommg and evenmg
Z—- -

Milk fat percentage or vck.u

cattle.

ftmilies the V43 and V88 fimiUes were found
In this swdy involvmg seven • ^ I^eficial to select the

m be significantly different for v43 family (5.58^.42)
V43 and V88 ancestors as the me significantly higher than that of the

M  /c AO-i-O was found to dc a
find the V88 family (5.42±0.2 )and the V88population mean (4.93±0.16).

S.4.2MilkpN'««'»P'"'""®'
.. -.-a in the present study of a population

The mean protem ^ promin percentage did not differ
of 16 Vechur cows was
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significantly in the five sire families studied. The small sample size used in this

study may be the reason for the lack of significant difference among the five families

for protein percentage.

5.4.3 Total Solids

The average value of total solids of milk of 16 Vechur cows in the present
study was estimated as 13.75±0.19 percent. The average percentage of total solids
of morning and evening milk of 15 Vechur cows was estimated ̂  14.79±0.13 and
15.53±0.12 respectively (Venkatachalapathy and lype, 1998). The five families did
not differ significantly for total solids in milk. This may be due to the smaU sample
size used in the study. Hence it is advocated to conduct this study m a large
population.

5.4.4 Solids Not Fat (SNF)

In the present study the average SNF estimated from the milk ofld Vechur
eows was 8.88±0.11 percent. Venkatachalapathy (1996) gave
percentage of Solids Not Fat in a study conducted on 15 Vechur co^ ̂  8-8^^^
end 8 92±0.14 for morning and evening milk respectively. Joshi er al. (2005)

rted the average SNF of milk of Nimari. Ongole, and Umblacheiy as 7.95±0.05,
ni±l 30 and 7 89±0 03 respectively. The SNF content of milk of Vechur did not8.68±1.30 • -,c„f.hese indigenous breeds of cattle. The SNF of
show much vanation bcm e gve femilies smdied.milk of Vechur did not show any sigmficant dine

5.4.5 Age at first calving (AFC)

A  rtV^tflined for a population of 41 Vechur
I  .1,. nresent study the average AFC obtameu ror v y

.  . 12001) estimated the average AFC in
. 1084 65450.86 days. Abraham (2U0i)
.Largode cows as 1080433.55 days and 1147.5468.0 days respectively.Vechur and of Gir, Sahiwal, Red

Joshi e< a/. , .jg, 7±20.4, 1290.7464.2 and 1566.843.8 days
sindhi and Hariana as 1530.2460.1,
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respectively. Least Square Means of AFC in Gir estimated in a study conducted on
56 animals were 1345.90±26.6 days (Umrikar et al, 1990). Vinoo el al. (2005)
reported a mean AFC of 52.95±2.21 months in a study conducted at four Ongole
cattle breeding farms. In the present study the V43, V44, V88 and VI17 femilies
were found to differ significantly for AFC. The mean AFC of V43 femily
(1294.50±67.52 days) was found to be greater than that of the poptUation mean
(1084 65±50.86 days). Hence it is recommended to select against the V43 ancestor
for improving the AFC. The mean AFC of V88 (980.00±30.23 days), V117
(961 83±57 73 days) and V44 (878.66±17.86 days) families were found to be
aignificantly lower than that of population mean (1084.65^50.86 days). The mean
AFC of the V44 family was the lowest and was significantly different from the other
two families. Hence it is advisable to select the V44 ancestor to reduce the AFC.

5.4.6 Peak Yield

The average peak yield of a population of 39 Vechur eows was estimated es
1 8740 14 kgs in the present study. The mean peak yield given by Sennayam et a
(.987) in a study involving ̂ ^^;;«^7;::^ror.rRaTcoras

'■'T 28 dwat^cattle. According to Joshi et al. (2005) the average peak yteld ofinvolving 28 dwarf ca ^ ^^kgs per day evenof the 77tlwal, Thtupark., Red Sindhi and Kankrej
though some cows of th , „^„,„„day The peak milk yield of Vechur
produced record peak yields J g„eds. The peak
cattle was found to be lower ,,ff,„ignificantly.yields estimated for the seven famtl.es did

5.4.7 Days

.«Ti,pr of days required to attain peak yieldcrant ctudv the average number ox a yIn the present study ^ 27.10±1.96 days. The average
f tQ Vechur cows was estin a population of 39 Ae records of 101 Rathi cows were

days to attain peak fie es
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35.94±1.88 days (Qureshi et ai, 1993). According to Girija (1994) the mean

number of days to attain peak yield in a study involving 28 dwarf cattle was

estimated as 23.23±1.70days. The mean days to attain peak yield of Vechur cows

was found to be almost same as that of the indigenous cattle. The mean days to

attain peak yield did not show any significant difference for Ae seven families
studied.

5.4.8 Intercalving Period

In the present study the average intercalving period obtained for a population
of 23 Vechur cows was 425.75±13.34 days. In a study of production traits of 472
Tharparkar cows, the eaiving intervai obtained was 470.32±7.06 days (Sennayan el
al., 1987). Umrikar et al. (1990) reported a mean calving intervai of 606.g±21.00
days in a study eonducted on 55 Gir cows. The intercalving period of the Vechur
cow obtained in the present study was found to be slightly lower than that of the Oir
and Tharparkar cattte. The intercalving period of the seven families studied did not
show any signifieant difference. This may be due to the feet that the present study
was conducted in a smaU population. Hence it is advocated to conduct tins study m a

population so that selection can be applied effectively for .educing the
intercalving period.

5.5 ALLELIC means OF PRODUCTTON PARAMETERS FOR DIFFERENT
families

5.5.1 HUJII77 locus

TT.eanimaiswiththeaUeieofsiae223bpattheHUin77.ocusw^|.^
P?le^tage of 6.3^.11 which was found to be stgrniicantly lugher than

•  T Icentage of those animals without this alieie. The alleles of size 205,209
rrZ a mean fat parentage of 4.52.0.15, 4.22.0.12 and 4.51=0.13

gnificantly lower than that of the individuals not having theserespectivdy^^^ If(2001) teported that the marker HUJn77 was associated with
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significant association for protein percentage. Rodriguez-Zas et al. (2002a) found

that marker BL41 was associated with variation in milk yield and fat percentage.

The frequency of this allele in the population was found to be 0.09. Hence it is

advisable to select against this allele to improve the milk fat percentage of the

population.

At the BL41 locus animals with the allele having a size of 238 bp was having

a mean AFC of 1541.00±229.49 days. The mean AFC of this allele was found to be

significantly greater than that for individuals without this allele. There were no

earlier reports indicating association between this marker and AFC. The frequency

of this allele in the population was 0.06; selection can be applied against this allele to

prevent its frequency from increasing in the population.

5.5.4 BM4305

Allelic mean of fat percentage for the allele of size 158 bp at the BM4305
locus was significantly lower than the mean of those not having this allele. Mosig et
al. (2001) reported association of BM4305 marker with protein percentage and milk
yield on chromosome 4. No published reports were available showing association
between this marker and QTL affecting fat percentage and AFC. Selection against
this allele will be effective in bringing up the fat percentage of milk as they occur
with a higher frequency of 0.21 in the population.

5.5.5 BM1508

,  ti 1 r.f dze 113bp at the BM1508 locus had a
Thp animals with the allele of size i P . „ ,

than the mean of those individuals without this allele.significantly lower mean BM1508 with milk fat

Heven al (1999) reported the association of niaikcr
,  The frequency of this allele in the populaUon was 0.16. Thereforepercentage. ^ improve the milk fat

seWion can be perfotmed agatnst tins allelepercentage in the Vechur cattle populatton
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the QTL for protein percentage on chromosome 4. The marker HUJn77 was
associated with changes in milk yield and protein percentage (Rodriguez-Zas et al,

2002a). There were no earlier reports of linkage existing between the marker
HUJn77 and QTL affecting fat percentage.

According to Heyen et al. (1999) the HUJn77 marker is located on the same
chromosome as the 1LSTS096 and BL41 and these two markers have strong
association with milk fat percentage. This may be the reason why the HUJn77
marker alleles influence the milk fet percentage. Selection can be apphed for 223 bp
size allele to improve the milk fat percentage as the frequency of this aUele (0.04)
was low in the population. It is advisable to select against the 209 and 221 bp ̂
alleles in this population as these alleles are present in the population wrth a
moderate frequency of 0.13 and 0.17 respectively. It is not necessary to se «
Tgainst the 205 bp size alleles as the frequency of this allele (0.03) is low m the
population.

5.5.2 ILSTS096 locus

-ae aUeUc mean 6t percentage for animals having 208 bp allele at 4e
4 96±0 17 Heyen er al. (1999) found that the markerlocus w- pmtein percentage.

n.STS096 looted ° ^STS096 was asso^^^
According to Mosig e ( ^ppntaee fat yield and fat percentage.
influencing milk yield, protem yield, ^ ^ ^ found to be
Xhe mean fht farrcent^e ^ ..le. As this aUele is
iCt^CncroPO-^theselectionforthisaUelemaynotbeefr.^^^^

5.5.3 BL41 locus

f size 252 bp having a mean fat percentage of 4.50
rsilt-t'nower than that of individuals not having this

±0.12 was found to be s gm ^ ILSTS096 showed
aUele. Heyen et nl. (1999) reported that th
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5.6 EVALUATION OF ANCESTORS

Even though the sire V43 can be selected for Improving the ftt percentage of
dre Vechur population, the mean AFC of this sire family was found to be grea^

dte population mean indicating selection against this sire. Selection cm. be
applied for the sire V88 as the mean fat percentage of this sire is sigmfic»dy gt^ter

« 1 .1 one Vin Hi the ILSTS096 locus which has a posrave
223 bp at HUJUT? locus and 208 bp at ttie ii.&
influence on fat percentage.

The AFC of the sire ftunily V88 and the sire family VI17 were found to
significantly !f 2^31 the BM1508
for this ancestors but the ^

on fat percentage.

. a n, differ significantly ftom population mean forfet The V87 sire family di n have the alleles of size 205bp at

percentage or for AFC. This sire w^^^^ ^ ̂ i^„ence on
ti,e HUJn77 locus and 238 bp a ,pp,y selection on
fat percentage and AFC respectiv^^ V009 fimiily did
tins sire for improving fat perc^nt^ p„p^hon mean,
not differ signifieantly either for fa P ^ „,,ative influence «„
Tins dam was found to have the 25 P ^ ^ g^j^hon should not be
. fat percentage. Hence it a « ^ ̂,eies of size 221 bp
applied for «.e V83 sim i. ̂ BM4305 Imius respectively j 1^8 boattheHUJu/f
252bp and 158 P ^ ̂̂̂p^ge.
which has a nega
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If we consider the two economic traits with significant effect together namely
AFC and fat percentage, selection of V88 will be beneficial in having significant
higher milk fat percentage and lower AFC m comparison to popnlation mean. Them

Vechnr cattle maintained at the Vechnr Conservation Centm by adoptmg me
breeding of V88 sire.
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6. SUMMARY

The DNA samples prepared for the study consists of a panel of 50 unrelated

samples from Vechur cattle and another panel of 33 combination of ancestors and

offspring of Vechur cattle. The DNA was extracted from both blood and semen

using phenol chloroform method. Good quality DNA was obtained from both the

whole blood and semen samples which appeared as a single band on agarose gel

electrophoresis.

Five microsatellite markers viz. HUJn77, ILSTSOPb, BL41, BM4305 and

BM1508 were selected based on their polymorphisity and association with the QTL
influencing milk production. Primers were custom synthesized and five markers
showing higher degree of polymorphism were chosen for the study. The unrelated
genomic DNA samples of the Vechur cattle were typed using these five
microsatellite markers. The forward primer of each marker was endlabeled at the
3'end with Y ATP using DNA endlabeling kit.

The PGR conditions were standardized for each marker. A 10 pi PGR
reaction contained 50ng of template DNA. Ipl lOX PCR buffer. 1..25-1.5mMMgClr
depending upon the pHmer. 200 gMof dNTP and 0.3U of
The markers ILSTS096. BM1508 and BM4305 were standardmed at I.25m3/ofM^n^rOtLarkers HU3n77 and BM. were standardi^ at 1.5m.of MgC.

u  ir i4 nil 1 % aearose gel and then resolved on 6 /iThe PGR products wem chec e^^ ^ ^ ̂
denatu^g ^ aetennined by comparison with the
double/smgle bands. The of the sel

^\A^ -5 nhftae DNA run m the centre ot tne gsequenced products of Ml 3 p g

*:4r^A at the HUJI77 locus wlth its size ranging
aileles were identified at tne nuji/'Fourtee fvom 188-212 bp were obtained at

ft m 193 225 bp. Twelve alleles rangmg in a • • •^om 193 225. rangmg m size

are ILSTS096

from 238-25o op-
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from 146-168 bp. The BM1508 locus was found to be the least polymoiphic of the
five markers studied with nine alleles ranging in size from 103-119 bp.

The heterozygosity value indicates the useflilness of the markers in the stndy
of genetic polymorphism. Direct count heterozygosity values0.895 and0.840wereobtahredforthemarkersHUin7^«^^^^^
and BM1508 respectively. Unbiased heterozygosity v u
0 917 and 0.889 were obtained for the HUni77, 1LSTS096, BWl. BM4 05 and
BM1508 markers respectively. PIC value ranged from 0.82 for BM1508 locus to
0.89 for HUJn77 locus.

Genomic DNA of the ancestors and progenies were genotyped for thes
nfrcrosatellite markers.

yield and J^ly. Milk fat percentage, protein pereenta^.
vechur conservab- 6om the

SNF and total ^1 ^ „,4od. Total
Vechur cows. Milk P „,aiod. Micro Kjeldhal method was
solids of milk was detemune y determined from the

•  milk protein percentage. bJNi- wcu,
need to determme the miiK pru t-

the total solids and fat percentage of milk.difference between the total son

the different production parameters like milk
Family means for the peak

percentage, protein percentage, to of each ancestor. The
yield and intercalving penod were percentage and AFC. The
ofrrer parameters like protein perce g . eigniiicantly for the fanuhes
peak yield and intervcalving penod drd
studied. *

j A, V43 ftmilies were found to differ
rtf the V88 and the v*t:>-nie fat percentage of the ^ 6,

•  ificantly ftp" ® c a2±0 27 and 5.58±0.42 respectively andsigmfieantly 5.42±0.27 an
percentage of V88 an
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they were found to be significantly greater than population mean. The V43, V44.
V88 and vn? femilies were found to differ significantly for AFC. The mean AFC
(1294 50±67.52 days) of V43 family was found to be significantly greater than the
population mean (1084.65±50.86 days). The V44, V88 and VI17 fimilies h^ a
mean AFC significantly lower than that of the populauon. The mean AFC
(878.66±17.86 days) of V44 family was sipiificantiy lower than that of V88 an
VI17 families.

The allele of size 223 bp at the HUJn77 locus having a mean fat pereen^
of 6 3±0 11 was found to be significantly higher than mean fet percentage of thoseThoudi significance was observed, there are no
animals without this allele. Thougn sigmucmi^ .

1.*, HTTm?? marker and QTL associated with fatestabfished ^ found to have significantly
percentage. The alle es o si , individuals not

improve the milk fat percentage.

... . .u.. TT cTg096 locus was found to be
The allellc effect of 208 bp size ^ ^ele.

not be effective.

,  ,52 bp at the BL41 locus had a mean fat
The animals with allele o si individuals not having this allele. As

percentage significantly lower than t^o^ .elect
ibe population contains a m^.^ ^^e 238 bp was fo^md to
egainst this allele. ^ y^er than dia. foe

rirse^ll - Jed against this aUele to prevent Its fieguency fiom
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The allele of size 158 bp at the BM4305 locus was found to be significantly
lower than the mean of those not having this allele. Hiough there are no published
reports of linkage existing between this marker and QTL affecting fat percentage,
selection against this allele is necessary as this allele is present m high firequency m
the population.

n,e allele of size 113 bp at the BM1508 locus had a sigiuficantly lower mean
for fat percentage than the mean of those individuals, without this allele. It ts
advisable to select against this aUele to increase the milk fat percentage m the
population.

Of the seven ancestors studied, selection for V88 sire will be b^eficial
u  fat oercentage of this sire is significantly higher and the meanbecause the mean fat percentage There is a possibiUty of

AFC is significantly lower than the pop a ton ■
^proving the 6t percentage ̂  3,„p«„„ine breedingnudntained at the Vechur Conservation Centre, Mannumy

of V88 sire.
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ANNEXUREI

COMPOSITION OF REAGENTS AND BUFFERS USED IN THE STUDY

40% Acrylamide

,  380gAcrylamide

NN - Methylene bisacrylamide 20 g
1000 ml

Water to

1.5%Agarose fivTAE buffer

0.9 g of agarose powder ^til boiling and cooled
in a conical fla^k. Solution hea«d m a nncrowav
slowly.

10»/. Ammoniam persulphate
100 mg

APS

Water to 1

6% Denaturing Acry'a"'"" ^ ̂
0.5XTBEGclm« -

TEMED ^ ^ j25 ml
10% APSMixed well without air bubbles

iTA (0.511^' a-iim dihydrate) in 80 ml of disttUed
,  d 18 61 g of EDTA (<haodi ' „,nn,e made up to 100Dissolved e -th NaOH solution an"hy bringing the pHto^B^ dautoclaving.

, stored a. room temperature aft
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Ethidium Bromide (10 mg/ml)

100 mg ethidium bromide dissolved in 10 ml distilled water. Solution
Stored at 4®C in dark coloured bottle.

Formamide dye/Stop buffer

Deionised formamide - ^8%
Xylene cyanol

Bromophenol blue

0.5A/EDTA

0.025%

0.025%

lOmAf

Gel loading buffer
Bromophenol Blue 0.25%
Xylene cyanol

50 mg

0.25% 50 mg

40% ^ S

Phenol (Saturated, pH 7.8) 65®C in a waterbath.
Commereially available q. 5Af Tris HCl (pH 8.0)

Hydroxyquinolone added to a final ^ 30 min on a magnetic

MilkeWd. ™'T .... exiwclion ®
5.1.

Disodium hydrogen Ph
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Contents weighed and mixed with 800 ml distilled water on a magnetic
stirrer and pH adjusted to 7.4 using dilute HCl. Final volume made opto 1000 ml.

RBClysis buffer

Ammonium chloride
• j 10 mM 0.74DD g

Potassium chlonde

EDTA ° ® ^ ,
Dissolved the contents in distilled water and volume made up to 10

Stored at d'C after filtration and autoclavmg.

Sodium acetate (3 M, pH 5.5) . 70 ̂  distilled water and pH

r r glatial IrcTd. "dir made up to 100 ml. autoclavedadjusted to 5.5 with glaciai a
and stored at room temperature.

sodium chloride (5 3f) ^ ^d volume
Dissolved 29.22 g of so mm temperature.

.  tn 100 ml Solution filtered and storedmadeuptolOOmi. o
Mnride - EDTA (SE) buffer (pH 8.0)

Sodium chloride

75 mM ®Sodium chlonde , 30dg

gps 20 g UP to 100 mlPi^tiue-water to make up

Stirred



IV

Sperm lysis buffer

Contents

0.5% SDS 10°/°
10mA/Tris(pH8.0) 1

2% Mercaptoethanol 100%
10 m tV/EDTA (pH 8.0) 0.5 M
lOOmAfNacl

Stock solution For making 100 ml
5 ml

1 mi

2ml

2 ml

2ml

All reagents except mercaptoethanol added and volume made upto 98 ml.
Heated to 65°C just before use and added mercaptoethanol.

Trisis Acetate EDTA (TAB) buffer (SOX)

48.4 g
Tris base

., 11.42 ml
Glacial acetic acid

0.5 M EDTA (pH 8.0)
Distilled water up to 1000 mlAutoclaved and stored at room tempera

FDTA (TBE) buffer (pH «j) 1®''
Trls-Borate E ^

55.0 g
Boric acid

m A j ^ Volume made up toEDTA ^ . oH adjusted to 8.3. voi
.4 - 700 ml of distilled water an PDissolved m 70 mmpera««-,000 ml. auhtclaved and stored at

0.5X TBE Gel mix
40%Acrylamide
lOX TBE buffer

MixedlnttTOOjldi^^^^^^^
Volume ms''®



Tris Buffered Saline (TBS) (pH 7.4)

Sodium chloride HOmM 8-18 g
Potassium chloride 0.5 vaM

0.25 vaM 0.0303 g
Tris base

Dissolved in 900 nd disiiUed wa.ee and pH adjusted to 7.4. Made up dte
volume to 1000 ml, filtered, autoclaved and stored at 4 C.

Tris EDTA(TE) buffer (pH 8.0) laiUg

Tris base 0.3722 g

EDTA

^  J- trsH the oH to 8.0. Made up thei„ 900 ml distilled water and adjusted dt

volume to 1000 ml,

Tris lil/(pH8.0)

121.14 g
Tris base

,  pHadjustedto8.0.filteredandstoredatroomDistilled water up to 1 htr • P

temperature.



ANNEXURE II

SOURCES OF IMPORTANT CHEMICALS AND ENZYMES USED IN
THIS STUDY

(A) CHEMICAL

Acrylamide (Molecular Biology grade)
Agarose (Low EED)
Ammonium chloride

Ammonium per sulphate
N-N-Methylene Bis acrylamide
Boric acid

Chloroform

Crystalline phenol
Di-sodium hydrogen orthophosphate

dNTPs.

EDTA

Ethanol
Ethidum bromide

6 X gel loading buffer
Glacial acetic acid
Hydroxy quinolone
Isoamyl alcohol
Methanol

Potassium chloride
Sodium acetate

TEMED

Tris base

-SRL, Bombay

-Bangalore Genei Pvt. Ltd.

-SRL, Bombay

-SRL, Bombay

-SRL, Bombay

-SRL, Bombay

-Merck

-Merck

-SRL, Bombay

-Finzymes

-SRL, Bombay

-Merck

-BDH lab, England
-Bangalore Genei Pvt. Ltd.

BDH-E, Merck (India) Ltd..Qualigena Chemicals. Mumbai
-Merck

-SRL, Bombay

-SRL, Bombay

-SRL, Bombay

-SRL, Bombay

-SRL, Bombay

.SRL, Bombay

-SRL, Bombay

-SRL, Bombay
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(B) PRIMERS

InVitrogen (India ) Pvt. Ltd.

(C) MOLECULAR MARKERS
pBR322 DNA IHae ID digest
Ml 3 sequencing ladder

-Bangalore Genei Pvt. Ltd.

-Aroersham Pharmacia Biotech,
USA.

(D)
enzymes

Taq DNA polymerase
Proteinase-K

PNK

-Bangalore Genei Pvt. Ltd.
-Bangalore Genei Pvt. Ltd.
-Bangalore GeneiPvt. Ltd.

(E) kits
DNA-End-labellingkit
Sequenase version 2.0 DNA

sequencing kit

-Bangalore Genei Pvt. Ltd.

-Amersham
Pharmacia Biotech,

USA.

^  ISOTOPES
^32 P-ATP
a35 s-dATP

-BRIT, Bombay
-BRITCJonaki), Hyderabad.
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ANNEXURE-III

abbreviations

PGR

DNA

SSL?

PAGE

PIC

BTA

QTL

MAS

AFC

SNF

EDTA

DTT

TEMED

APS

PNK

H

cM-

\il

pg

mg

roM-

cm

nm

mCi

,bp

rpm

SDS

dNTP.

Polymerase Chain Reaction
Deoxy Nucleic Acid
Simple Sequence Length Polymorphisms
Polyacrylamide Gel Electrophoresis
Polymorphic Information Content
Bos taurus Autosome
Quantitative Trait Loci
Marker Assisted Selection
Age at First Calving

Solids Not FatEflryleneDiamineTeraaceticAcd
DithiothretiolN,N.N.NTetramethylethylened.ami
Aimnonium Persulphate
Polynucleotide Kinase
Heterozygosity

Centimorgan

microlitres

microgram

milligtai^

millimolar

centimeter

nanometer

niillicurie

basepairs

Deoxy



IX

Dideoxy Adenosine Triphosphate
Dideoxy Cytosine Triphosphate.
Dideoxy Guanosine Triphosphate

ddOTP- Dideoxy Thymidine Triphosphate
ddTTP.
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ABSTRACT

A study was conducted in Vechur cattle of Kerala to study the association of
microsatellite marker alleles with the milk production and composition traits and to
evaluate seven aneestors using microsatellite markers. Blood and semen was used as
the source of DNA in this study. DNA samples were extracted from fifty unrelated
animals and thirty three ancestors and progenies. Five microsatellite markers with

linkage to QTL controlling milk production traits like milk yield, &t
percentage and protein percentage wete used. The DNA samples obtained from the
fifty unrelated Vechur cattle wete typed using these five microsatellite markers. The
five markers were found m be highly polymorphie with the PIC value ranging from
0.82 at the BM1508 locus to 0.89 at the HUJfiTT locus. Data
yield, days to attain peak yield, AFC and intercalving period were eollected fr
vechur Conservation Centre, Mannuthy. Milk samples collected from the Vacb
conservation Centre were used to det^e the milk fet percentage, protem
percentage, SNF and total solids.

nii AFC were found to differ significantly in
The mean fat percentage and AFC were touuu

different families. Statistical analysis revealed that the V43 and V88 fanuhes h^ a
fat percentage significantly greater than the population mean. The mean AFCmean fat perce ^igmfieantly greater than the populafon mean.

of V43 family was ̂  a mean AFC significantly lower than that of
^0 V44, V88 and VU7 fa^U^^^ and was also
population mean. ,ceV88andV117famiUes.
signifieantly different from the V88 an

.. ,^vsis was carried out for the thirty three combinations ofMicrosamlhte an y effect of

ancestors and progeny - ^ ^C. The
microsatelli^ " .,^223 bp size allele at the HUJI177 locus was found

.allelic mean for a P ^„pared to those animals without this allele even
,0 be signif"'^*"' i^jioating linkage between this marker and QTL
though there were 110 ^ ^ percentage for 205,209 and 221 bp
affecting '
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at the HUJIIT? locus was significantly lower when compared to those of animals

without this allele.

The mean of the animals with 208 bp allele at the ILSTS096 locus was found

to be significantly greater for fat percentage when compared to the mean of those
without this allele. There are earlier published reports indicating linkage between

this marker and QTL affecting fat percentage. Selection for this allele will not be
effective as it is already present in high frequency in the population.

The 252 bp allele at the BL41 locus had an allelic mean for fat percentage
significantly lower than that for animals without this allele. The 238 bp size allele of
Uus locus had an allelic mean for AFC significandy greater than that for animals
rvtthout this allele. Earlier reports establish linkage between this marker and QTL
affecting fat percentage but not AFC. Selection can be applied agamst this allele to
prevent its frequency fi-om increasing in the population.

The allelic mean of 158 bp allele at the BM1508 locus had a mean fat
percentage significantly lower than that for the animals without this allele. There m
earlier reports of linkage of this marker with QTL affecting protein pen=entage but
not fat percentage. Selection against this allele is necessary as tins aUele ts present m
high ftequency in the population.

a  -mals with 113 bp aUele had an allelic mean of fat percentage significantiy
.  , .Uout this allele. This marker has linkage with

lower than that for the anima s wx ^ against this allele to
QTL affecting milk fat population.increase the milk fat percentage in til

the V44 sire can be selected for improving the &t percentage,
f this sire was found to significantiy greater than that of the



Ill

The sire V88 can be selected for improving the fat percentage as well as

reducing the AFC. There is a possibility to improve the Vechur cattle maintained at

the Vechur Conservation Centre, Mannuthy for fat percentage and AFC by adopting

line breeding for V88 sire.


