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The ornithine dccxboxylast (ODC) and growth hormone (GH) genes are 

carxiidate genes for milk production traits in dairy cattle. In this study, the bovine 

ODC gene was doncd and characterized, followed by studies of genetic variations of 

the ODC and GH genes in Holsteins A cDNA coding for bovine O X  was tiin 

isolated and anaiyzed. The done (1755 bp) consists of 5'- and 3'-untranslated regions 

of 185 and 187 nucleotidg respectively, 2nd an open reading frame of 1383 

nucleotides encoding an ODC protein of 461 amino adds. Cloning and sequence 

analysis of the ODC genornic gene (9452 bp) revealed that the gene consists of 12 

cxons separated by 11 intronr The structure and nudeotide sequence of the gete 

were shown to be highly conserved among several mammalian species Southern blot 

analysis identEed 4 restriction fragment length polymorphirms (RFLPs) at the ODC 

locus. Two of them, a Tag1 and a MspI, were mapped to the ODC gene and PCR- 

based methods for rapid detection of the 2 RFLPs were developed. These 

polymorphisms were analyzed in 127 Holstein bulls and 3 of the 4 possible 

combinations from the 2 polymorphisms were observed indicating the presence of 3 

ODC alleles (designated Al, A2 and A4). There were significant changes (x' test: 

Pe0.005) in allele frequency between bulls born in 1950-1970 and bulls born in the 

1980s. The frequency of the A2 allele increased, whereas, that of the A4 allele 

decreased in the bulls born in the 1980s. In addition, significant effect of ODC 

genotypes on milk protein content was observed. To search for sequence variations 

in the bovine GH gene, 7 gene hgments covering almost the entire length of the 



gene (27 kb) were PCR amplified and subjected to single strand conformation 

-polymorphism (SSCP) ady& SSCPs were detected in 4 of these fragments and a 

total of 6 diallelic polymorphians were found in a sample of 128 Holstein bulls Two 

of the polymorphisms, a T to C transition in the third intron and an A to C 

transvenion in the fifth mn, were shown to have significant effects on either milk 

yieid (Pe0.0006 and 0.0004, rrspcctivthl), fat content (PeO.0225 and 0.0217, 

respectively) or protein content (Pe0.0038 and 0.0037, respectively). The average 

effects of the gene substitution for the two polymorphincs were similar, with t 300 

kg for milk yield, r 8 kg for fat content and t7 kg for protein content per lactation. 

The results. of this study indicated that both OM: and GH genes are highly 

polymorphic and some polymorphisms are trait-associated. The use of these 

polymorphisms as genetic marken may have potential in the future for improving 

milk performance in daj. cattle. 



Les &a de Somithine dhrboxylasc (ODC) et de I'hormone de croissancc 

(GH) sont deux gtnes intkemnts pour des traits de production laititre c h a  l a  

bovim Dans ccne ttudc, le gine de SODC a ttb done et caraaCrk5, puis l a  

variations gtnttiqua d a  g i n s  de SODC a de la GH ont t t t  analy&s c h a  la 

Holsteh Lc done (1758 pb) mmprmd d a  egions non-traduites en 5' et en 3' de 

185 et 187 nucltotides respcctivcment, aimi qu'un cadre de lecture de l383 

nucltotides qui code pour une p r o t h e  ODC de 461 a d d s  amink Lc donage et 

I'analyse de dquenm du gtne de I'ODC (9452 pb) a Mt que le gtne est wmposi 

de 12 exons stpark par 11 introns La structure et la dquznce de nudeotides du 

gtne ont dtmontrt ttre hautcment wnservta au sein des mammiferh. Quatre 

polymorphiimes de longueur des fragments de d c t i o n  (RFLPs) ont it6 identi£i& 

sur le locus de I'ODC par Southern blot Dew Centre em, un TuqI et un MspI, ont 

ire localisb au niveau du gene. Deux mtthodes de dttenion par la rkction de 

polymtrisation en chaine (Pa) ont t t t  tlabories pour dtterminer rapidement Ie 

gtnotype sur ces deux sites c h a  127 taureaux de race Holstein Trois des quatre 

combinaisons possibla B partir de c a  deux sites de restriction ont it6 obsefics 

donnant lieu B trois alltles d i r e c t s  pour Ie gtne de I'ODC (dbignb Al, A2, et 

A4). Des changements significatifs (x' test: Pc0.005) dam la friquence des allkles 

entre les taureaux nQ entre 1950 et 1970 et Ies taureaux n b  entrc 1970 et 1980 ont 

CtE observb. La frtquence de I'alltle A2 a augmcntte alon que ccUe de I'alltle A4 

a diminuEe chct Ies taurcaux n k  entre 1980 et 1990. De plus, un effet significatif du 

iii 



genotype de I'ODC nu la tencur en protiincs du kit a & observi. Dam le but de 

chercher d a  variations dam la s6quenct de I'hormone dc croissana, sept fragments 

du gene qui cowrent prcsque la totaliti du &e, (27 kbp) ont €36 amplifiis par Pm 

et analysk par la technique de conformation polymorphiquc de simple brim (SSB). 

Six diallelique polymorphismes ont Cti dite* dam qua* de m fragments B 

I'inttrieur d'un Cchantillon de 128 taurcaux de racc Holstdn. Dcux dc ca fragments 

avaient deux polymorphismcs chacun alors quc Ics deux a u t m  fragments en avaicnt 

chacun un seul. Pour deux de ca polymorphismes, une transition dc T B C dam Ic 

troisPme intron et une aansvcnion de A B C dam le &quitme exon ont Cti 

observtes. Ces deux polymorphismes avaient dcs effcts significatifs sur la production 

de lait (Pc0.0225 et 0.0217, rapectivcment) ou sur le contenu dcs protiincs (PC 

0.0038 et 0.0037, respeaivemcnt). La moycnne des effets de la substitution gtnitique 

pour les dew polymorphismes Ctait similaire, avec a 300 kg pour la production de 

lait, 2 8 kg pour lc contenu en gas, et 2 7 kg pour Ic contenu en prottics par 

lactation. Les r&ultats de cette ttude montrent que les g2na de I'ODC et de la GH 

sont fortement polymorphiques et que certains de ces polymorphismcs sont assodes 

h des traits de production. L'utilisation dc ces polymorphismcs commc marqueun 

gtnttiques pourrait avoir du potentiel pour amtliorer la performance de la 

production laitiere c h n  Ics bovins dam Ie futur. 
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CONTRIBunONS TO KNOWLEDGE 

1) A cDNA coding for bvbe OM3 was doned and characterized for the fim 

time. It is also the first reported ODC cDNA in domestic animals The nudeotide 

sequence of the @NAhas been ~bHiitted to C-enBank (Accession number: M92441) 

and the amino add sequence of the enzyme has been deduced from the d lNA 

sequence. 

2) Four R R S s  in the bovine ODC gene wen  detected using the doned 

cDNA as a probe in Southern hybridization. An 4 polymorphisms were reported for 

the first time and it is the first study showing that the bovine ODC gene is highly 

polymorphic 

3) A genomic done containing the bovine ODC gene was isolated and the 

nucleotide sequence of the bovine ODC genomic gene (9452 bp) was determined 

The structure of the gene was elucidated and several regulatory elements were found 

in the promoter region of the gene. The nudeotide sequence of the bovine ODC 

gene has been submitted to GenBank (Accession number: U36394). 

4) Two of the polymorphic sites, namely a MspI and a Tag1 restriction site, 

were mapped on the ODC gene and both polymorphism wcre characterized by 

sequence analysis. PCR-based methods for rapid detection of the 2 polymorphism 

were developed and some ODC alleles wcre shown to be associated with selection 

for milk production. 

6) Almost the entire length of the bovine GH gene was screened for the first 

time for sequence variations by using SSCP analysis Six diallelic polymorphisms were 



identitied and characterized. Four of than wcn new and wcn reported for the first 

time. Two GH polymorphisms wcn found to be mondy associated with milk 

production traits in daj, cattle. 
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Studies in thmretical quantitative genetics havc suggested that geneticgain can 

be achieved using genetic markm that arc closely linked to genes that affed 

quantitative traits (Soller and &ckmann. 1983; Smth and Sipson, 1986). The dins 

genotyping of an animal for the marker loci linked to quantitative trait loci (QTL) 

would increase the accuracy of selection by avoiding the confounding effects of 

environmental factors which arc inherent in the present selection methods Two main 

approaches have been proposed to the identification of genetic markers linked to 

QTL (Routman and Chcverud, 1994). One approach is to saturate the genome with 

markers and evaluate the effect of each marker on the trait by crossing lines and 

testing for co-segcgation of markers and traits The other approach, or "candidate" 

gene approach, is to evaluate the effect of genes of hown physiological function on 

a trait of interest. For large species with a long generation interval which produce few 

offspring such as dairy cattle, this approach is particularly practicable as the 

development of specific lines with large population size is not economically feasible. 

Successful applications of this approach for many traits in different species have been 

descnied recently (Sneyers ef aL, 1994; Casas-Carrillo a d, 1994; Rothschild a al, 

1996; Lagziel ef al, 1996). In dairy cattle, genes associated with mammary growth, 

development and function are excellent candidate genes for Sinkage studies with milk 

related traits. Genes coding for ornithine decarboxylase (ODC) and growth hormone 

(GH) are two such candidate genes. 

ODC is the first and key enzyme in the biosynthesis of polyamines that are 



essential for DNA replication, ceIl proliferation, development and growth (Pegg, 

1986). It has been shown that tmphic hormones such as prolactin (PRL) and GH that 

are associated with lactation are required to induce differentiation of bavine 

mamary  epithelial cells (Huynh ef aL, 1991; Flint and Gardner, 1994), and both 

mitogenic and lactogenic effects of PRL, insulin and hydrocortisone appear to be 

mediated through the polyamine pathway (RilIema ef al, 19n 1986, Bedford and 

Zadwomy, 1990). In addition, ODC is highly expressed in the lactating mammary 

gland and a dramatic decrease in expression immediately precedes the onset of 

mammary involution (Strange et aL, 1992). Furthermore, genetic variants of ODC 

have been identified in a number of species that have been divergently selected for 

growth related traits (Bulticld et al, 1988; Gray and Tait, 1993). Thus, it is possible 

that particular variants of ODC could be assodated with increased mammary gland 

function and thus influence milhg  performance. 

GH is the central hormone of the somatotropic axis, which in conjunction with 

insulin-like growth factors (IGFs), is essential for postnatal growth in animals (Scanes 

and Daughaday, 1995). Numerous studies have shown that treatment with exogenous 

GH affects many growth-related traits such as rate of gain, feed efficiency and lean 

meat deposition (Scanes, 1995). GH also affects both the growth and function of the 

bovine mammap gland (Knight et al, 1982). When administered to young, peri- 

pubertal heifers, GH stimulates a significant inaease in mammary gland development 

(Sejrsen et al, 1986). Similarly, administration of GH to lactating dairy cows induces 

a well-documented rise in mi production (Bauman, 1992; Burton et al, 1994). Some 

studies have also indicated that selection for milk yield is associated with increased 



plasma levels of GH @eel and Bauman, 1987; Bmncack a al, 1988; Luka a al, 

1989) and GH variants can influence the circulating concentrations of GH (Schln a 

al, 1994). Therefore, tht GH gene is a promising candidate gene for studying gene- 

specific DNA polymorphisms in assodation with milk performance and growth 

The main objectives of this study were to done and characterize the bovine 

ODC gene, to identify DNA polymorphisms in both the ODC and GH genes, and to 

further investigate into the association of the polymorphisms with milk production 

traits in Holstein dairy cattle. Such knowIedge should provide the basis for 

characterizing the molecular nature of the anelic variation which affects quantitative 

traits and the dewlopment of marker-assisted selection for milk production in dairy 

cattle. 



2J Molecnlar methods for detecting DNA sequence polymorphisms 

2 I-I Resni'crion fmgmou length po&morphicm (RFLP) 

RFLP was the first DNA-level polymorphism described by Botstein a al. 

(1980). The 6xovq of RFLP was based on the finding of a group of so-called 

restriction enzymes, each of which is able to cut the DNA molecule at a large number 

of specific s i t s  Base changes can alter the DNA sequences that are recognized by 

these enzymes, abolish& sites or creating new sites for particular enzymes. Deletion 

or transpositions of large elements will make simultaneous changes in the restriction 

patterns of a number of enzymes. As a result, a given restriction enzyme will not 

always cleave a given DNA molecule at the same point in different individuals. 

Consequently, fragments of d i i r en t  length will be formed when the DNA of the 

different individuals is digested The unequal-sized fragments will travel at different 

rates through the gel and the band formed, following hybridization (with radiolabelled 

DNA fragment of a homologous sequence) and autoradiography, will be located at 

different positions on the film. In this way, a RFLP will have been demonstrated. 

The main advantages of RFLPs are that they are inherited codominantly, 

available in all tissues and organs, at all ages, in both sexes and independent of gene 

activity or gene products. However, because the production of a new allele depends 

on a point mutation, the number of alleles at a given locus is limited and so is the 

level of polymorphism. 



21.2 Variable Nunber of tandem repean (lNlX) 

Following the dimvery of RFLP, another type of RFLP, baxd on 

minisateXta (Jeffreys ef al., 1985a) or variable number of tandem repeats (VNTR, 

Nakumura el al, 1987) has been developed. Minisatellites are regions of DNA that 

contain a number of repeated sequences in tandem, and the length of the restriction 

fragment is determined by the number of copies of the repeats within the 

minisatellites. There is considerable variability among individuals as to the number 

of repeats of a sequence at a particular locus When digests of total 

cellular DNA are probed with radiolabled repeats, an autoradiogaph with large 

numbers of bands will be observed that cannot easily be assigned to specific loci. 

Because molecular size and intensity of bands are unique, no two individuals from an 

outbred population would have identical pattems.This characteristic justifies the term 

'DNA fingerprint' (Jeffreys el al, 1985b). The advantage of using DNA fingerprints 

is that pol~vmorphiim is abundant, and differences at many loci can be revealed in a 

single assay. On the other hand, it is difficult or impossible to follow the segregation 

of individual loci. 

21.3 Random amplified poiymophic DNA (R4PD) 

The RAPD technique is a PCR-based method which was developed by 

Williams el aL (1990) and Welsh and McCleUand (1990). It d i i en  from standard 

PCR in that the normal pair of 20- to 30-base primers specific for a particular gene 

region is replaced by a single 10-base primer. This primer, by chance alone, may be 

complementary to the sequence at avariety of sites in the genome. Occasionally, the 



primer will hybridize at sites dose together and in opposite orientation so that the 

PCR reaction can proceed, and a fragment win be amplified. Each 10-base primer 

usually produces a number of bands, and by using an array of different primers a 

large number of markers can by developed in a very short time. 

Because the sequences of the 10-base primers arc arbitrary, nothing need be 

known about the sequence of the template DNA This eliminates an enormous 

amount of labour associated with cloning and sequencing to obtain specific primers 

However, most RAPD markers show dominant inheritance This feature can be a 

disadvantage for applications where it is important to distinguish homozygotes from 

heterozygotes. 

21.4 Single snnnd confomdon polymorphism (SSCP) 

SSCP is another PCR-based technique which was 6rst described by Orita ef 

al. (1989a.b). In SSCP analysis, a DNA sequence of interest (or a cDNA that has 

been reverse t ransmid from mRNA) is first amplified by PCR The PCR product 

is then heated to dissociate the strands, and analyzed by non-denaturing 

polyacrylamide gel electrophoresis. Under nondenaturing conditions, single stranded 

DNA fragments will fold into unique conformation determined by their primaxy 

sequence because the structure is stabilized by intramolecular interactions. This 

secondary structure is difficult to predict theoretically and is highly dependent on 

variables such as temperature and ionic concentrations. Experience in many 

laboratories has confirmed that even a single base substitution in a PCR fragment 

several hundred nucleotides in length can induce a conformational change that is 



detectable as altered mcFli;~r). in the gel  The original method required radioaaivity, 

but nonradioactive methods using ethidium bromide or s i h  staining for DNA 

detection were later dmloped (Hongyo a aL, 1993; Oto a al, 1993). 

Like RFLPs, SSCP variants are inherited in Mendelian fashion, and therefore 

they should be useful genetic markers Moreover, SSCP analysk has the advantage 

over RFLP analysis in that it can detect DNA polymorphisms and point mutations 

at a variety of positions in DNA fragments 

2 3  Approaches for identifying quantitative trait loci 

221 Candidate gene approach 

The candidate gene approach is the method moit suitable for use on natural 

populations. In this approach, genotypic values are measured at loci with known 

physiological and biochemical relationships to the phenotype of interest To carry out 

a candidate gene study, one first identifies a gene of interest based on prior 

knowledge of trait development and physiology. Molecular variants are then identified 

and they are often RFLPr Once molecular variants are identified, the phenotype of 

interest is measured and the genotypes identified in a sample drawn from a defined 

population. The pher-otypic mean of each genotypic class is obtained and tested 

statistically for significant differences using analysis of variance or regression methods. 

If the gene has an effect on phenotype, then differences among genotypic means are 

expected. An excellent example of a candidate gene study is the work of Rothschild 

and colleagues (1996) on a gene afftcting liner size in pigs. They identified a PvulI 

RFLP in the estrogen receptor (ESR) gene, a candidate gene involved in 

7 



reproduction, and demonstrated that one ESR allele., originating from the Meishan 

breed, is significantly associated with larger litter size. 

The major advantages of this approach, other than the ease of use in natural 

populatiom, are that the results arc physiologically interpretable and yield a direct 

estimate of the genotypic effect at  the QTL iaelf. However, the method does have 

some disadvantages. It requires a considerable knowledge of the physiology and 

biochemistry of the phenotype. Otherwise, the probability of success for the candidate 

gene chosen is very small. Most importantly, no new genes are found 

2 2 2  Marker locur approach 

As in the candidate gene approach, the marker locus approach involves 

correlating genetic variants with a phenotype of interest However, in this case the 

measured loci are not expected to be the actual loci affecting a trait, but instead are 

chosen as markers for various areas of the genome. Ideally, the marker loci are 

spread across the entire genome so that variable markers are amiable every 10 to 

20 centiMorgans or less apart. With such a high density of marker loci, it is likely that 

marker loci will be in linkage disequilibrium with QTL resulting in a correlation 

between quantitative trait values and marker genotypes. 

As a first step in canying out a marker locus study, one needs to compare an 

appropriate pair of genetically and phenotypically divergent populations, such as two 

inbred strains (Edwards et al, 1987. 1992). High levels of genetic divergence assure 

that a large number of markers will differ between populations. The populations are 

then crossed to produce an F1 generation which is either intercrossed to produce an 



F2 generation or backcrossed to one parent population or the other. The phenotypes 

of interest and -ker genotypes are m e a d  in the backaoa or R generation and 

the phenotypes are then correlated with marker genotypes. The crossing design 

assures intermediate allele frequencies and maximal samples for each genotype 

Several studies have used the marker locus approach and have typically detected 

many likely QTLs of moderate phenorypic effect (Weller et al, 1988, Edwards ul, 

1987, 19922 Horvat and Medrano, 1994; Iakshmanan a al, 1994). 

To take the fullest advantage of linkage maps for quantitative studies, Lander 

and Botstein (1989) developed a method called interval mapping. This method uses 

the linkage map to "scan" the intervals between adjacent markers. When a QTL is 

present the flanking markers form a two locus genotype that contains information 

about the location and effect of the QTL By using linked markers for analysis, it is 

possible to compensate for recombination between the markers and the QTL, 

increasing the probability of statistically detecting the QTL and also providing an 

unbiased estimate of the QTL effect on the character. Interval mapping, using a 

molecular linkage map of an entire genome, was first demonstrated on an 

interspecific backcross of tomato (Paterson et al, 1988) and has subsequently been 

used successfully for several quantitative trait linkage studies (Stuber et al, 1992; 

Jacob er al, 1991; Paterson et al, 1991). 

The advantages of the marker locus approach are that it sunrcys the entire 

genome and allows mapping and quantitative assessment of unknown quantitative 

trait loci. However, it has several disadvantages relative to the candidate gene 

approach. Only indirect measures of QTL genotypic values are available through the 



interval mapping method. The measures of genetic effect obtained may be dEEcult 

to interpret in spec& physiological and biochemical terms because the loci 

discovered arc of unknown function. F i ,  since the approach relies on divergent 

populations, crosses, and backcrosses, it is not well suited to the study of quantitative 

trait loci in natural populations. 

223 Selective genotyping 

Despite technological improvements in the speed and accuracy with which 

molecular markers can be assayed, it can still be time consuming and expensive to 

assay large populations. When the time and expense of assaying molecular markers 

is significantly greater than measuring the quantitative trait of interest on each 

individual, it is possible to use a modified approach to detect QTL The approach, 

also proposed by Lander and Botstein (1989h starts with a large segregating 

population (F2 or backcross). A quantitative measure of the trait of interest is taken 

on each individual in the population. Marker analysis is performed only on individuals 

in the extreme tails of the distribution (k those with the lowest and highest values 

for the trait). If the allele frequency at any molecular marker locus differs significantly 

between the two tails, it is inferred that a QTL. controlling the trait of interest is 

located near the marker. 

The benefit of this approach is in the saving of time and resources in assaying 

molecular markers. Given the same number of individuals assayed for molecular 

markers in total population analysis versus selective genotyping, the statistical power 

of detecting QTLwill be greater for the latter (Lander and Botstein, 1989). However, 



it should be noted that with this approach, more segregating individuals must be 

analyzed for the quantitative phenotype to collect enough individuals in both tails 

And also, it is often impractical to use thk method to map more than one Uait, since 

the individuals with a m m e  phenotypa for one trait are not likely to represent the 

extremes for other traits 

2 2 4  Gmnddnughrer designs 

To detect QTL with molecular markers normally requires analysis of fairly 

large segregation populations. Although most p h n  and some animals readily 

produce offspring in such large numbers, not all speaes do. The granddaughter 

design developd by Weller et al. (1990) is particularly useful for mapping QTLs in 

dairy cattle where offspring numbers are limiting. In this design, sons rather than 

daughters, of a heterozygous elite sue are scored for markers and divided into two 

groups on the basis of the marker allele transmitted from their sire. Each of the sons 

is then progeny tested to estimate his quantitative trait value. This method .allows a 

very large number of phenotypes to be measured without the expense and time of 

surveying a large number of genotypes Using this approach, Georges et d. (1995) 

successfully identified QTL underlying the genetic variation of milk production in an 

elite dairy cattle population. 

2 3  Ornithine decarboxylase (ODC) 

23.1 Poiyamine mefabolirm 

Polyamine biosynthesis begins with two decarboxylation reactions working in 



parallel (Figure 2.1). Ornithine is dccarbcmylated to puuesdne by 0% and S 

adenosylmethionine (SAM) is transformed to decarboxylatcd SAM by SAM 

decarbcmylast. Decarboxylated SAM is used to make spamidine by transfer of its 

aminopmpyl moiety to putrcscine and to make spamine by another aminopropyl 

Pamfer to spermidine. Putrcscinc is an obligatory activator of SAM dccarboxylaw 

in mammals and fungi. Therefore, ODC is a dominant controlling factor of the entire 

pathway (Kashiwagi et alv 1986). Spermidine and spermine are both prominent in 

mammals as end products of the pathway, and the putrcscinc pool is usually low 

(Kashiwagi ef al, 1986). In fungi, spcrmidine is the major polyamine (Stevens and 

W i e r ,  1979). Putrcscinc and spcrminc are usually present at V10 or less the level 

of the spermidine pooL 

23.2 Roles of polyamines 

Polyamines are essential for normal growth, as many studies with mutants and 

pathway inhibitors havc shown (Marton and Morris, 1981; Stcglich and Schcffler, 

19872 Tabor n al, 1980). Upon severe polyamine deprivation, protein and nudeic 

acid elongation rates diminish, the fidelity of translations is impaired (Marton and 

Morris, 1987). and chromosomes may disintegrate in later stages of starvation 

(Pohjanpclto and Knuutila, 1982). Prcdsc molecular mechanisms underlying these 

effects havc not been defined. 

Spermidinc and sperminc, bearing three and four net positive charges, 

respectively, arc the most cationic small molecules of the cell. They therefore bind 

polyanionic macromolecules such as DNA, RNA, and phospholipids (Igarashi et al, 
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lW). The polyamina are different from other multivalent cations such as M@+ in 

having a distributed chars  whmc spacing may allow them to interaa more flmibly 

with the phosphates of DNA and RNA (Marton and Monis, 1987). In vim, 

spermidiie and spermhe have profound and beneficial effects upon macromolecular 

tzmsictions in DNA replication (f(rasnow and Crazarrlli, 1982), uansaiption, and 

translation. In many cases polyamina simply stabilize interactions between 

macromolecules rather than occupy speci6c biding sites. One of the few spedfic 

roles that is known for a p o w e  in macromolecular synthesis is in the synthesis 

of hypusine, a post-translationally modified Iyq-1 residue in eucaryotic initiation factor 

5A (Park, 1989). This modification arises by the oxidation of the aminobutyl group 

of spermidine after its transfer to a speci6c lysine residue (Schnier ef al, 1991). 

2.3.3 ODC prorein 

ODC proteins have been isolated from a considerable array of species (Tabor 

and Tabor, 1984) and in aU cases, the enzyme has been found to be dependent on 

pyridoxal5'-phosphate for actmty. The complete amino acid sequences of mow,  rat 

and human ODC have been deduced from the nudeotide sequences of cDNAs 

containing the full coding region of the ODC mRNA (Gupta and Coffino, 1985; 

Kahana and Nathans, 1985; Hickok et al, 1987, Wen et al, 1989). The encoded 

proteins contain 461 amino acid residues with a molecular mass of about 51 KDa and 

represent the subunit of the homodimeric native enzyme. The mra l l  identity of the 

amino acid sequences of mouse, rat and human ODC proteins is greater than 90 %. 

The mouse ODC, which is virtually identical to the enzyme from human and 



rat, is the best studied O X  The lysine residue rapomible for biding with pyridaral 

5'-phosphate is Lysd9 (Poulin a nl, 1992). This lysine is present within a highly 

consemed region of mammalian ODCs. Mutation of this residue to alanine or 

arghine drastically reduces the ODC activity (Tsirka and Cofio ,  19% Coleman a 

al., 1993; Tobias and Kahana, 1993; Coleman a PI, 1994). In addition, there are 

several other highly consemd regions in the amino acid sequence of OM3 including 

residues 164-171, 193201 and 357-361. Mutation of residues within these regions 

namely Lys-169, His-197 and Cys-360 to alanines abolishes or grcay reduces activity 

indicating that these sequences contribute towards the catalytic site (Lu er PL, 1991; 

Coleman er al, 1993). 

A point mutation of glycine to aspartic acid at position 381 which abolishes 

ODC activity in an ODC deficient mutant CHO cell line was reported by Pilz er al. 

(1990). The equivalent glycine in m o w  OM= is Gly-381, and this residue appears 

to be essential for dimerization as its mutation to many other amino acids, including 

aspartic acid, prevented the formation of d i ier  (Tobias er d, 1993). 

ODC has a very short half-life in mammalian cells. Deletion of the C-terminal 

region of the mouse ODC from residue 423 onwards results in the stabilization of the 

protein (Lu er al, 1991; Ghoda er crl, 1989; Rosenberg-Hasson er al, 1991; Ghoda 

er al, 1992). Furthermore, addition of the 37 C-terminal residues from ODC to 

dihydrofolate reductasc inaeased the rate of degradation of this hybrid protein 

(Loetscher er al, 1991). This suggests that this region of the mammalian ODC protein 

contains a recognition signal for rapid degradation and the region does include the 

critical pan of residues 423-449, a PEST @reline-glutamate-se~e-threoninc) region 



that was postulated to be such a recognition signal (Rogers ad., 1986). These results 

are entirely consistent with comparison with the Tryponax,ma ODC that lacks this 

carboxyl sequena and is not rapidly degraded (Ghcda a d, 1990). However, the 

exact role of the PEST sequence is unclear. Removal of five or more of the residues 

from the extreme C-terminus or deletion of some internal portions of the Cterminal 

domain also stabilize mouse ODC (Ghcda er al., 1992). 

23.4 ODC gene 

Sequences of recombinant genomic clones containing the yeast (Fomi and 

Sypherd, 1987), trypanosome (Phillips et al, 198/), mouse (Kaa and Kahana, 1988). 

rat (Wen er nl, 1989) and human (van Steeg er ul, 1989, Fitzgerald and Flanagan, 

1989) ODC gene have been described The genomic sequences of yeast and 

trypanosome lack introns, whereas 11 introns interrupt those of mammals. The 

positions of the 12 exons in the mammalian genes were inferred by comparing the 

nucleotide sequences of ODC cDNA and genomic DNA. The first two exons make 

up most of the long 5'-UTR, and the last exon makes up part of coding region as well 

as the long Y-UTR. A comparison of the mouse, rat, and human genes reveals a 

striking conservation of genomic organization. The splice sites utilized are identical 

in the proteinsoding region of all three genes, yet the introns of the human gene are 

generally larger than those of the mouse and ra t  The nucleotide sequence in the 

coding region of exons is highly conserved, as well as an 82 % identity within the first 

148 bp of the 5'-flanking regions of the mouse, rat and human ODC genes 

(Fitzgerald and Ranagan, 1989). The well conserved 5'-flanking region contains 



several promoterlenhancer elements such as a TATA bax, a putative CAAT box, a 

CAMP response element (CRE) and Kwal putative S'l Pamcription factor biding 

sites (GC box) (Heby and Passon, 1990). The S-5nkingsequence and the promoter 

of the mouse ODC gene, when placed upmcam of the bacterial chlorampheniml 

acetylnamferase (CAT) gene and introduced into mouse cells, directs the cxprcssion 

of the bacterial gene and is comparable in strength to the Rous sarcoma virus long 

terminal repeat (Brabant et al, 1988, Katz and Kahana, 1988). 

A single aanscript of 2.2 kb ODC mRNA has been obscmed in human 

(Hickok er al, 1990). H-e:, two transcripts of ODC mRNA, 20-24 and 2627 

kb in length, have been detected in the mouse and rat (Bergcr ef al, 1984; Kahana 

and Nathans, 1984, Wen ef al, 1989). The size heterogeneity is mainly due to 

different lengths of the 3'-UTR, consistent with the presence of two polyadenylation 

signals in the gene (Hickok er al, 1986). 

23.5 ODC regulation 

ODC is one of the most highly regulated enzymes known m y  c 

on ODC showed that regenerating tissues (Russell and Snyder, 1968), hormonally 

stimulated tissues, and mitogenically activated cells in culture displayed rapid, 10- to 

100-fold augmentation of ODC activity (Abrahamsen and Morris, 1991), followed by 

a decline even before the cells initiate DNA synthesis (Degen and Morris, 1980). The 

transient expression of ODC activity suggested a dynamic balance between synthesis 

and inactivation, consistent with the short half-life of the enzyme (Russell and Snyder, 

1968). 



The DNA sequences surrounding the promoter of the mammalian O X  gene 

are highly consuved and contain multiple rcguIatory elements (Fitzgerald and 

Flanagan, 1989, Moshier a aL, 1992). These elements may regulate the 

responsiveness of the gene to a -ety of growth stimuli (Abrahamsen and Morris, 

1991). One of the most studied elements is a CRE element on the promoter of the 

m o w  ODC gene (Abrahamsen a al, 1992). The stimuli which are capable of 

activating second messenger CAMP elevate cAMPdependent protein kinase (PKA) 

through a signal transduction pathway. PKA regulates sKdfic CRE site biding 

factors which induce ODC gene transaiption. Site mutation of the CRE element 

diminishes greatly the stimulation by CAMP-related stimuli. 

The ODC cDNA cloned from a variety of species all have a long, highly 

conserved 5'-UTR of 275 to 310 nL In all cases, this 5'-rn is predicted to have 

extensive secondary structure and contains a small open reading frame located about 

150 nt 5' to the initiator codon AUG. Both of these features are well known to 

reduce translational efficiency in other mRNAs (Henhey, 1991; Kozak, 1992). The 

rate of translation of the full-length ODC mRNA is very poor in reticulocyte lysates 

and is improved by deleting large sections of the 5'-UTR (Ito et al., 1990; Manzella 

and Blackshear, 1990; van Steeg et al., 1991; Kashiwagi ct al, 1991). Attachment of 

the 5'-UTR of ODC &A to a reporter &A reduces synthesis in cells and in 

reticulocyte lysates (Ito et a[, 1990, Manzella and Blackshear, 1990; Grens and 

Scheffler, 1990; Shantz and Pegg, 1994). All these experiments provided evidence 

suggesting the importance of the 5'-UTR of ODC mRNA in translational 

replation. 



In many experiment systems, the rate of ODC synthesis does not correlate 

with the level of ODC mRNA and the cellular polyamhe content has been proposed 

to influence the translational effaency of ODC mRNA (Hayashi, 1989; Heby and 

Person, 1990; Davis ef nl, 1992). Polyamines an needed for general protein 

synthesis but excess pol-yamine levels inh~bit synthesis from all m R N k  In the case 

of ODC mFWA, it has been suggested that polyamines at low concentration promote 

translation by binding to the GC-rich region of ODC 5'-UTR and changing its 

conformation (Kashiwagi et al, 1991). However, an increase in the content of 

polyamines reduces ODC synthesis both in reticulocyte lysates (Kameji and Peg& 

1987; Ito et all 1990; Kashiwagi er all 1991) and in cells (Davis ef all 1992; Ldvkvist 

et al., 1993). Exposure to polyamhe analogues has a similar effect in repressing ODC 

synthesis without affecting the mRNA content (Pegg ef all 1988). Removing or 

truncating the 5'UTR from the ODC mRNA abolishes the effects (Lijvkvist et dl 

1993; Ito er all 1990; K a s h i i  a al, 1991). 

The degradation of ODC at the posttranslational level is subject to control by 

the levels of cellular polyamines. Exogenously added polyamines nGt only suppress 

ODC induction in response to various stimuli, but also elicit a rapid decay of 

preinduced ODC activity (Seely and Peg& 1983). The molecular mechanism for this 

polyamine-mediated degradation has not been darified. Nevertheless, polyamines 

have been shown to induce the synthesis or release of a 265 KDa ODC-inhibitory 

protein, named antizyme (Murakami and Hayashi, 1985), which binds nonsovalently 

to ODC The binding of antizyme to ODC is extremely strong and promotes the 

degradation of ODC by exposing the domain at the Gterminus (Li and Coffino, 



1993). Although the site of biding to antizyme is not known precisely, it has been 

identified by deletion analysis as lying bwecn residues 117 and 140 (Li and Coffino, 

1992). It cac be speculated that the rapid diaodation of the ODC subunin pcrmia 

antizyme binding. The presena of antiyme would then prevent dimerization and 

expose the regions needed for proteolysk 

U . 6  0DC m a candidare geMforgrowth-related Pain 

As discussed above, polyamine metabolism plays a central role in allular 

growth and proliferation and ODC is the first rate-limiting enzyme in the pathway of 

polyamine synthesis Therefore, change of O X  activity resulting from genetic 

variations of the gene could alter the biosynthesis of polyamine thus affecting a l l  

growth and differentiation. 

Alterations in the ODC gene, such as amplification of ODC gene copy number 

(Thomas, a aL. 1991) and decreased methylation of OM: DNA sequena (Wahlfors, 

1991) have been reported to result in upregdated ODC gene expression in 

neoplastic growth. Sequence variations in the ODC mRNA between two murim 

species, M u  dornesticu~ and Murpahari, which have different Imb of ODC protein 

in their kidneys have been reported (Johannes and Berger, 1992). In the 5'-LITR, 

which is likely to play an important role in controlling translation, the Mus pahari 

transcript contains several single-base changes, as well as a 12-base deletion. These 

changes confer a distinct predicted secondary structure to this region of the mRNA 

and therefore have been suggested to be responsible for decreased efficiency of ODC 

mRNA translation in M u  pohan' (Johannes and Bcrger, 1992). Comparison of the 



nucleotide sequence of ODC cDNA obtained from human hepatoma tissue with that 

of ODC cDNA obtained M m  nontumorous tissue revealed three point mutations 

(Tamori u al, 1995). The mutations are accompanied by replacements of amino 

acids in hepatoma tissue with o tha  amino acids or a stop codon and it was suggested 

that the formation of m c a t e d  and stabilized ODC protein due to the mutations was 

responsible for higher ODC activity in the hepatoma tissue (Tamori er al, 1995). 

Studies of lines of mice selected for lean body mass (Bishop and Hill, 1985; 

Sharp er al, 1984) have shown that there is a significant genetic component affecting 

this trait Using replicated lines of mice differing in lean body mass, Gray and Tait 

(1993) have demonstrated that significantly higher levels of ODC mRNA and ODC 

activity are present in the high lean body mass line than the low lean body mass line 

when measured between days 10 and 13 of gestation RFLe analysis of the expressed 

ODC gene has shown that a HaeIII polymorphism has been selected in the high lean 

body mass line (Gray and Tait, 1993). This suggests that selection for variation in 

ODC may be a component conmbuting to high lean mass. A recent study showed 

that the Haelll polymorphism -ated with the Send of the ODC structure gene 

in the high lean mass line is associated with inaeased aanscription of the gene (Gray 

er al, 1995). 

In chickens, it was reported that there were significant differences among 

levels of ODC in broiler l i e s  selected for growth, the same broiler linc in which 

selection had been relaxed and a White Leghorn egg layer strain (Bulfield et al, 

1988). The study showed that at one week of age, the selected line of broiler chickens 

had about 20-fold higher ODC activity than in layer chickens and that in broiler lines 



where selection had been relaxed, ODC levels were intermediate. These differences 

occurred at an age when body was similar and prior to a major difference in 

growth rate. RFLP analysis of genomic DNA from rwo divergently selected broiler 

chicken limes with the Yend of the ODC gene revealed five Mspl polymorphic bands 

and two of them were found to be present at  a higher frequency in individuals of the 

lean line compared to the fat line (Zhang, 1995). Recently, a Hind111 polymorphism 

was found in the chicken ODC gene. Analysis of the polymorphism in a closed 

random mating White Leghorn chicken population revealed that the polymorphism 

was associated with some egg production traits (Aggrey el al, 1996). 

2.4 Growth hormone (GH) 

24.1 GH prorein 

GH, also known as somatotropin, is a protein hormone produced and secreted 

into the circulation mainly by the pituitary gland. It is structurally and functionally 

related to a family of polypeptide hormones which includes prolactin and placenia 

lactogen (Miller and Eberhardt, 1983). 

Characterization in various species revealed that GH is a single-chain 

polypeptide of about 22 KDa made up of 190 to 199 amino acid residues (Miller and 

Eberhardt, 1983; Scanes and Campbell, 1995). The biologically active conformation 

of GH is maintained by two disulfide bridges that link, respectively, large and small 

peptide loops (Chamer and Martal, 1988). Based on the study of the crystal structure 

of porcine GH (Abdel-Meyid et al, 1987), it was demonstrated that the GH 

molecule consists of a bundle of four a-helices in an antiparallel arrangement which 



brings the parts that interact with the GH-biding sites of the GH-receptor into 

proximiq. 

In addition to the 22 KDa GH which accounts for about 70-75% of human 

pituitary GH, there is a second abundant GH which has a molecular weight of 20 

KDa and constitutes about 10% of the pituitary GH (Lcwis ef nl, 1978). This GH 

variant lacks 15 internal amino adds (residues 32-46) compared with the 22-KDa 

form. Besides, glycosylated GH variants have been detected in the murine pituitary 

gland (Sinha and Jacobsen, 1987) and similar variants have been sugested to be 

present in human (Ray et at, 1989), porcine ( S i  ef al, 1990) and rat (Bollenger 

a al, 1989) pituitary. Some narurally occurring fragments of GH in pituitary extracts 

have also been observed in several species. Another source of GH heterogeneity 

comes from the oligomerization between the same or different GH monomers, which 

occurs either covalently or non-covalently to form di-, tri; tetra, or even pentameric 

forms (Baumann, 1991). 

24.2 GHgene 

In humans, pituitary GH is expressed by the hGH-N gene (N for normal), a 

member of the GH-chorionic somatomammotropin ( h a )  gene family (Parks, 1989). 

This family consists of five similar genes (hGH-N, hCSL, hCSA, hGH-V and hCS-B) 

aligned on the long arm of chromosome 17, of which only the hG-I-N gene is 

expressed in somatotroph cells. The hGH-N gene, which is contained within a 26kb  

DNA fragment (Fiddes a at, 1979), is composed of five cxons and four introns. This 

gene is similar in structure to other mammalian GH genes (Miller and Eberhardt, 



1983) but is smaller than the chicken GH gene (35 kb), which contains expanded 

inuon sequences Fanaka er nl, 1992). The hGH-V gene (V for variant) is another 

GH gene which encodes a protein with structural homologies to pituitary GH but is 

expressed only in the placenta. The hCS genes express placental lactogens, which 

have close homology (85%) to hGH. Two GH genes are only known to be present 

in the human genome but not in the other 1' genomcs. 

Primary transcripts of the hGH-N gene are subjected to alternative splicing to 

produce mRNAs that code for the 22- and 20-KDa GH respectively, whereas the 

hGH-V gene only produces a 22-KDa GH which differs by 13 amino acid from the 

22-KDa hGH-N gene product. The promoter region which contains the biding sites 

for transaiption factors and RNA polymerase I1 extends about 500 bp 5' to the start 

site for gene transcription and is highly conserved among mammals. There are more 

distant enhancer sequences which assist the tissue specific expression of the gene 

(Parks, 1989). 

24.3 GH and growrlr 

There is abundant evidence that GH is required for growth in all species 

examined. Growth is reduced or completely suppressed in the absence of GH. For 

instance, in rats hypophyectomizcd after 2.5 day of age, there is a complete 

cessation of growth irrespective of whether body weight gain or tail growth is 

considered and growth is restored by GH administration. (Gluckman er al., 1981; 

Groesbeck et al., 1987). Administration of polyclonal antisera against GH has been 

demonstrated to decrease growth in a number of species ( S i a  and Vanderlaan, 



1987; Gardner and Flint, 1990; Flint and Gardna, 1993). Lesions in pituitary gland 

or hGH-N gene in children have been shown to cause severe retarded growth 

(Holder et dl 11980; Parks, 1989) and mutations in the GH gene is known to be 

responsible for causing dwarfism in the Snen-smith mice (Holder ef al, 1980). 

Dramatically increased growth rate have been observed in m i a  carrying GH 

transgenes and expressing high levels of GH (Palmiter er dl 1982; 1983). while 

transgenic mice expressing a mutant form of bovine GH have been shown to display 

reduced growth (Chen et all 1990; 1991). In agricultural animals, exogenous GH 

enhances growth performance. The effeca of chronic administration of GH on 

growth rate as well as feed efficiency and carcass quality in many meat producing 

animals have been recently summarized (Scanes, 1995) 

GH regulates growth through hypertrophy, hyperplasia, or both, as a result of 

tissue differentiation, cell proliferation, and protein synthesis. GH can exert its effects 

either directly or indirectly through the actions of a mediator, insulin-like growth 

factor4 (IGF-I, Holly and Was,  1989). IGF-I is produced in many tissues (primarily 

in liver) in response to GH and enhances the proliferation and maturation of many 

tissues, including bone, cartilage, and skeletal muscle. IGF-I is suppressed or 

undetectable in the serum and tissues of GH-deficient individuals but can be 

stimulated by GH administration (Scanes and Daughaday, 1995). GH stimulation of 

IGF-I expression can either occur in a paracrine manner at the target tissue or 

through a distal endocrine manner by IGF-I production at tissues such as liver 

(Scanes and Daughaday, 1995). 



24.4 GH and laandon 

It is well established that GH stimulates mik production (galactopoiesb) in 

dairy cattle. As early as in the 193Cls, extracts of anterior pituitary glands were shown 

to increase the amount of milk produced by cows (Asirnov and Krorm, 1937). These 

furding were confirmed by Foney and Young (1940), who also showed that the 

galactopoietic effect was particularly dramatic during dedininglactation. Shortly after, 

the galadopoietic component of the extracts was identitied as anterior p i tuhy GH 

(Young, 1947; Cotes et ol, 1949). The galactopoietic effect of GH in daiy cows was 

repeatedly confirmed thereafter (Brumby and Hancock, 1955; Machlin, 19n. Biines 

ex at, 1980). With the advent and sophistication of recombinant DNA techniques in 

the 1980s, sufficient quantities of recombinant bovine GH (rbGH) were made 

available allowing further studies of the galactopoietic effects of GH. Bauman ef al. 

(1985) demonstrated significant increase (23-41%) in milk yield from dairy cows that 

were treated with varying daily doses of rbGH (135,27 or 405 mdcow), which were 

higher than the increase (16%) observed when 27 mg pituitary-derived GH was 

injected. Since then, numerous trials have confirmed the galactopoietic effects of 

rbGH when administered during single lactation trials (Bauman and Vernon, 1993; 

Bauman n al, 1994). In the majority of these trials, rbGH administration increased 

milk yield within 2-3 days of initiating treatment and prolonged the persistency of 

lactation. Average gains in milk yield of 3-5 kdday are reported for dairy cows of 

different breeds, genetic potential, parity, and geographical location, and translate 

into lactational increases of 10-15% (Peel and Bauman, 1987; Thomas ef at, 1991; 

Mullet, 1992). These milk yield responses to rbGH have been confirmed for multiple 



lactations of its use (Annexstad a aI., 1990; Leonard et al, 1990; McBride ef al, 1990; 

Gibson et al, 1992). ?he effect of GH on increasing milk production was observed 

whether bGH is administered as a daily injestion, as an intravenous puke every 2 h, 

or as a continuous subcutaneous infusion (Fronk ef aZ., 1983). 

The galactopoietic effect of GH may be mediated or potentiated by peripheral 

or local!y produced IGF-L The roles of IGF-I in the galactopoietic effect of GH are 

3ut fully established. Adminjmation of bGH is followed by increases in the 

concentration of IGF-I (Davis ef aI, 1987; Vicini ef al, 1991) in the circulation. It 

seems likely that these changes in circulating concentrations of IGF-I contribute to 

the galactopoietic effect of GH. Indeed, IGF-I has been found to increase mammary 

DNA synthesis in viao (Baumrudter and Stemberger, 1989) and thus is involved, 

presumably, in stimulating mammary cell proliferation and tissue growth. Moreover, 

IGF-I infused direnly into one mammary gland of goats has recently been found to 

rapidly increase milk production (Prosser et aI, 1994). Whether GH also exerts its 

effect directly on mammary gland is not confirmed. Evidence against a direct effect 

of GH on the mammary gland includes the failure of bGH to stimulate milk 

production in sheep and goats when GH is infused into the mammary artery 

(McDcwell el at,  1987). Conversely, demonstration of the presence of GH receptors . 

in bovine mammary tissue would support a direct galactopoietic effect of GH (Hauser 

cr al., 1930; Glimm et al., 1990). 

24.5 GH gene potymorpltimtr 

Molecular genetic studies have shown that considerable polymorphisms exist 



in the GH gene of various spedes. Deletions, h e s h i f t  mutations and nonsense 

mutations in the human GH gene have been identified to be responsible for Familial 

Isolated GH Defiaency (Phillips III and Cogan, 1994). In mice, polymorphkm in the 

GH gene was detected with the restriction enzyme H i  and the polymorphism was 

found to be correlated with 42-day weight (Wielman ef nl, 1990; Wie lman  and 

Hodgetrs, 1992). Polymorphisms of the porcine GH gene was reported by Nielsona 

and Larsen (1991) who identified a DmI- and a TqI-RR9.  In addition, Kirkpatrick 

(1991) reponed a Hoe11 and a MspI polymorphism in the second intron of the gene. 

However, both studies made no anempt to correlate the RFLPs with production 

traits. In chickens, four RFLF's in the GH gene were revealed by Southern analysis; 

one at a SocI site and three at MspI sites (Fotouhi ef al, 1993). These RFLPs were 

shown to respond to selection for size of the abdominal fat-pad in meat-type buds 

(Fotouhi et 01,1993) and egg production traits in a series of egg layers (Kuhnlein and 

Zadworny, 1994). The search for the bovine GH po1ymo;phisms was initiated by 

Beckmann et 01. (1986). So far several R W s  have been identified in the bovine GH 

gene. These include a MspI polymorphic site at the third intron (Cowan et al, 1989, 

Hillen et 01, 1989), an Ah1 polymorphism at the fifth a o n  which is associated with 

a codon substitution that results in either valine or leucine being present in the GH 

protein at position 127 (Lucy et 01, 1993; Zhang ef al, 1993) and an 

insertioddeletion of 21 kb DNA fragment in the f'region of the gene (Hallerman 

et 01, 1987; Cowan et 0 1  1989, Hilbert et al, 1989). Recent studies suggested that 

there could be some associations benveen these polymorphisms and milk production 

as well as growth traits in different breeds of cattle (Rocha et 01, 1992; Lucy et 01, 



1993; Lrt a al, 1993; Hoj a aL, 1993; Sncyers a aL, 1994). 

15 Condnsions 

The development of ncombinant DNA methodologies allowed for detection 

of genetic polymorphisms at the level of DNA molecule A number of different types 

of DNA polymorphisms have been described, and each has its advantages and 

disadvantages 

Sewral apprcacha have been developed for identifying QTL The candidate 

gene and the marker locus approaches arc two major approaches, each having its 

own advantages and disadvantages. For the most part, the advantages of one 

approach are the limitations of the other, making them complementary rather than 

mutually exclusive. For large species with long generation interval and which produce 

few offspring such as daiy cattle, the candidate gene approach is the most suitable 

method for QTL studies. 

Candidate genes are those with known physiological and biochemical effects 

on :he traits of interest. ODC is an enzyme which is associated with DNA synthesis 

and cell proliferation, and the gene is strongly expressed in lactating mammary gland 

GH is well known to have profound effects on growth, lactation and mammary gland 

development. Therefore, both genes are excellent candidate genes for milk 

production traits. 

So far, no studies have been conducted to characterize the bovine ODC gene 

and whether genetic variations adst in the gene nas not been revealed The gene 

coding for GH has been cloned and characterized and several RFLPs in the gene 



have been identified. However, RFLP analysis limits the detection of those sequence 

variations that change restriction enzyme recognition sites Additional DNA 

polymorphisms may be present that can o a  be detected by more sophisticated 

techniques such as SSCP. 

The following study was undertaken to done and characterize the bovine ODC 

gene as a first step for further studying geneticvariability of the gene. In addition, the 

SSCP technique was exploited to search for additional sequence variations in the 

bovine GH gene. DNA polymorphisms identified in both genes were further analyzed 

for their association with milk production traits in dairy cattle. 
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3.1 Abstract 

A CDNA coding for omithine decarboxylase (ODC) was h k t e d  from a bovine 

h e r  cDNA library. The done (1758 bp) consisted of S- and 3'-untranslated regions 

of 185 and 187 nudeotides, respectively, and an open reading frame of 1383 

nucleotides encoding an ODC protein (hfr. 51542 &!tons) of 461 amino adds. 

Comparison of the nudeotide and the predicted amino add of the CDNA to other 

mammalian ODCs showed a very high degree of homology both at the DNA and 

protein levels. The bovine ODCmRNAwas identified by Northern blot to be a single 

species with a molecular size of 235 kb. Primer extension analysis indicated that the 

5'-untranslated region of the bovine ODC mRNAwas 312 nucleotides long. Southern 

blot analysis of bovine genornic DNA revealed restriction fragment length 

polymorphisms when deaved with restriction enzymes Atl Mspl TqI and BgZL 



32 Introduction 

The polyarning putrescine, spermidine, and spermine, are low molecular 

weight plycations that have been shown to exert an e x a a o r d i i  degree of conml 

over the growth, development and division of an cells (F'egg, 1986). Ornithine 

decarboxylase (ODC: EC4.1117) catalyses the conversion of ornithine to putrescine, 

the first and rate limiting step in polyamine biarynthesk The level of ODC activity 

is close to zero in quiescent, nonpmliferating cells, but is readily induced by a wide 

variety of trophic stimuli, such as hormone, growth factors and drug (Peg and 

McCann, 19822 Peg,  11986). Numemus studies have shown that regulation of ODC 

can occur at multiple levels, including gene transcription; mRNA translation; protein 

turnover and post-translational modifications (Tabor and Tabor, 1984, Pegg, 1986). 

In dairy cattle, animal selection has resulted in an approximate doubling of 

milk production over the last 40 years (Fallen and Liebrand, 1991). however, very 

little is known about the biochemical or genetic changes which have accompanied this 

increase in milk production Genetic variants of ODC have been identified in a 

number of species which have been divergently selected for gowth related traits 

(Bulfield et al., 1985; Grey and Tait, 1993) and it is possible that particular variants 

of ODC could be associated 4 t h  increased mammary gland function. Indeed, trophic 

hormones such as prolactin (PRL) which arc associated with lactation have been 

shown to be required to induce differentiation of bovine mammary epithelial cells 

(Huynh et al, 1991) and both the mitogenic and lactogenic effects of PRL appear to 

be mediated through the polyaminc pathway (Rillema et al, 1986; Bedford and 

Zadworny, 1990). As a first step in characterizing ODC at the molecular level, we 



have doned a bovine ODC cDNA and shown that the ODC gene is highly 

polymorphic in Holsteins. 

33  Materials and Methods 

3.3.1 dlNA doning and &ride wqucnce annlysit 

A cDNA library was comtructed from mRNA isolated from the liver of a 

Holstein cow using the lambda ZAP I1 cloning kit according to the manufacturer's 

protocol (Stratagene, La Jolla, CA, USA). Approximately, 5 x 110' plaques were 

screened with chicken ODC CDNA as a probe @OD23: 2068bp, Zhang u aZ., 1992) 

which had been radioactively labelled by using a TI QuikPrimem kit (Pharmacia, 

Baie d'Urfe, P.Q, Canada) and [a-?]dCTT (ICN, f i e ,  CA, USA). Four positive 

plaques were isolated Following phagemid recovery, strands were partially sequenced 

using a T7 sequencing kit (Phannacia, Baie dVrfe, P.Q, Canada). Preliminary 

sequence analysis of the 5' and 3' ends of these d o n a  revealed that three of them 

were truncated cDNA products but otherwise identical to the larga clone (pY11). 

To facilitate sequence analysis, the cDNA insert (1758 bp) from pYll was subcloned 

into pUC18 following digestion with HindIII, HincII, Avd or MboII to generate 

overlapping fragments and the sequence for both + and - strands was completely 

determined. DNA sequence data were processed and analyzed using the computer 

program DNASIS (HIBIO, Brisbane, CA, USA). 

3.3.2 Nonhem analysis 

Total RNA was isolated from cultured bovine mammary epithelial cells 



(Huynh er al., 1991) by acid guanidine thiocyanate-phenolJ11oroform extraction 

(Chomaymki and Sacchi, 1987) using RN&ol'IMB -TEST, INC Friendnvod, 

TX, USA). Twenty pg of the RNAwas fractionated on a 1 % agarose gel containing 

22  M formaldehyde and transferred to a Zaa-probe membrane (BIO-RAD, 

Richmond, CA, USA) in 2Ox SSC The bovine ODC cDNA (pY11) was labelled with 

[a-=P]dCTP (ICN) and hybridized to the filter in 10 % dcxtran sulphate, 40 % 

deionised formamide, 5x Denhardt's solution, 4% SSPE, 1 % SDS and 100 pdml of 

Herring sperm DNA at 42C overnight. The membrane was washed twice with 

?xSC, 0.1 % SDS at 42'C for 15 min followed by washing with 0 5  x SSC, 0.1 8 SDS 

at 470C for 15 min and with O . I S C ,  0.1% SDS at 5@C for 20 min prior to 

autoradiogaphy. 

3.3.3 Primer atemion 

A s y n t h e t i c  o l i g o n u c l e o t i d e  p r i m e r  ( 2 1 - m e r s ;  5'- 

AAACACACAATCTGCTGTCTC-3') complementary to nudeotide position -178 to - 
158 (the A of the AUG translation initiation codon is designated number 1) of the 

ODC mRNA was end-labelled using polynucleotide kinase and [~-?]ATP. The 

labelled primer (101 cpm) was hybridized to 12 pg of total RNA at 30°C overnight 

is a reaction mixture of 30 pl containing 2M m M  TrisHQ (pH 85) 40mM MgCI, 

and 400 mM KCI. The nucleic adds were precipitated with ethanol and redissolved 

in 20 p1 of 50 mM Tris.HCl (pH 7.6). 60 mM KQ. 10 mM M f i  1 rnM 

dithiothreitol containing 0 5  mM each of dNTPs, RNase inhibitor (1 unitlpl 

RNAguard, Pharmacia) and Moloncy Murine Leukemia Virus Reverse Transcriptase 



(2 unitslpl, Phannacia) and incubated for 2 hrs at  37'C The extended products were 

fractionated on a 7 M urea/% % polyaayiamide sequencing gel and visualized by 

autoradiography. 

3.3.4 Southern blot amam of bovinegenomic DIVA 

High molecular weight genomic DNA was isolated from bovine semen from 

20 unrelated Holstein sires as previously described (Zadworq and Kiihnlein, 1990). 

These sires represented the extremes (10 highest and 10 lowest) of breed dass 

average (BCA) values for bulls which were progeny tested for milk production traits 

at the Centre d'insemination arti6cielle du Quebec (Saint-Hyacinthe, Quebec, 

Canada) in 1992 The averages were +4&6,3.8 and -375 2 4.1 for the top and low 

ranked sires, respectively. F i e  pg of DNA was digested overnight with 5 unitslpg of 

various restriction enzymes (Pharmada). The digested DNA was separated by 

electrophoresis in a 1 % agarose gel at 29 V for 18 hrs and transferred overnight to 

Zeta-probe membrane (BIO-RAD). The cDNA insert from the bovine ODC cDNA 

clone (pY11) was xP-labelled by random prime extension and hybridized to filter 

bound DNA in 4x SSPE, 10 % dextran sulphate, 50 % deionized formamide, 1 % 

SDS and 5 mg/ml skim milk powder at 42OC overnight. The filters were washed as 

for Northern analysis and subjected to autoradiography. 

3.4 Results and discussion 

3.4.1 Claamcte&alion of the bovine ODC cDNA 

The cDNA and the structural gene for ODC have been cloned from several 
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mammalian species including human (Hickok ef al, 1987; 1990) rat (van h e n  ef 

al, 1987; van Steeg er 01,1988; Wen ef al., 1989) and mouse (Kahana and Nathans 

1985; Brabant et d, 1988; Katz and Kahana, 1988). As revealed by sequence analysis, 

the coding sequence is highly consuved, as is the general arrangement of introns and 

exons in the gene. S i l y ,  bovine ODC cloned in this study had substantial 

homo lo^ to other mammals. Due to the presence of substantial secondary suucture 

located in the mRNA at 5' end in other animals which may conmbute to cloning 

artefacts (Coffino, 1985, Widegren a 01, 1991). a genomic clone was partially 

sequenced (1634 bp) to confirm ttie cDNA sequence. This done contained rxons 2 

(143 bp) and 3 (134 bp) which had 100 % homology with the cDNA clone. Exon 1 

was not present in the genomic done although 1144 bp of intron 1 was also 

sequenced. 

The sequence of pYll (GenBank and EMBL Accession number: M92441) was 

1758 nucleotides and consisted of 5'- and 3'-untranslated regions (UTR) of 185 and 

187 nucleotides, repectively, and a coding region of 1383 nucleotides. The protein 

predicted from the open reading frame contained 461 amino acids (51,342 daltons) 

which was identical to that reported for other mammalian ODC cDNAs. comparison 

of bovine with other mammalian ODC cDNAs showed that the amino acid sequence 

was highly conselved and had an overall homology of 93 % with the human (Hickok 

er a!., 1987), 91 % with the rat (van Kranen ef al. 1987) and 90 % with the mouse 

(Kahana and Nathans, 1985), respectively. About 40 % of the differences in amino 

acid residues occurred in the 50 residues at the ca-boxyl terminus. However, these 

differences did not substantially change the PEST regions (stretches enriched in 



proiine, glut-c acid, serine, and threonine) which have been shown to modulate 

protein turnover (Ghoda er al, 1990; Loetscher er al., 1991). 

The synthesis of ODC is, in part, regulated at the translational I m L  AU the 

mammalian ODC cDNAs reported contain an unusually long 5'-UTR of about 3 0  

nucleotides which markedly affects the rate of translation (Grens and SchelBer, 1990; 

ManzeUa and Blackshear, 1990). The general arrangement of the 5'-UTRs is well 

conserved. It consists of a GC-rich region of about 150 nudeotides at the 5' end and 

a short open reading frame located about 150 to 170 nudeotides upstream of the true 

initiation codon. The 5'-UTR of the bovine ODC done was 185 nucleotides and did 

not represent the full length. Nevertheless, a high degree of secondary structure with 

GC stem loops was observed with a free energy of formation of -595 k d m o l  

(Zuker and Steider, 1981). The comparable region in human, rat and mouse UTRs 

has a free energy of formation between -76.1 and -84.7 k d m o l .  Since secondary 

structures with predicted free energies greater than -42 kcaUmol have been shown to 

inhibit in vim translation of rat ODC transcripts by more than 50 % (Manzella and 

Blackshear, 1990), it is likely that the 5'-UTR of the bovine ODC is an important 

regulatory element of translation as has been suggested for other species. 

In all other mammalian ODC cDNAs, a short open reading frame is observed 

about 150 to 170 nucleotides upstream of the initiation codon. The function of this 

potential leader peptide has not as yet been resolved (van Steeg er al, 1988; 

Manzella and Blackshear, 1990). In the bovine, an open reading frame in this region 

was not observed. We are uncertain as to the significance of this difference between 

the bovine and other mammals but do exclude the possibility of a cloning artefact 



since a genomic done containing aons 2 and 3 region was sequenced It is possible, 

however, that a similar open reading iiame may be located further upmeam in the 

5' UTR. Further analysis is required to clarify this issue. 

There is a large difference in homology among species between the 5'- and the 

3'-UlXs, respectively (Figure 3.1). Homology at the 5'-UTR amongst the bovine, 

human, and mouse was low (less than 60 % in 185 nucleotida upstream of the 

initiation codon), whereas homology at the 3'-UTR was high (greater than 80 % in 

157 nudeotidcs downstream of the stop codon). The 5'-UTR is considered to have 

a major role in the control of translation of ODC yet is relatively poorly conserved 

amongst mammalian species. The extraordinary degree of nucleotide conservation 

which occurs in the coding region (more than 86 %) is indicative of a very slow rate 

of evolutionary divergence and reflects the importance of this enzyme in animal 

growth and differentiation. That the 3'-UTR should also be consemed to the same 

extent may imply that it plays a key role in regulation. What this role may be is at 

this time not clear. Deletion of this region has been shown to decrease the rate of 

translation (Grens and Scheffler, 1990; Manzella and Blackshear, 1990) and an 

interaction between the 5'- and 3'-UTRs has been proposed as a mechanism for 

reducing the inhibition of transcription imposed by the 5'-UTR secondary structure 

in vino (Grens and Scheffler, 1990). However, computer analysis of complementarity 

between the 3'-UTR sequence and sequence in both the 5'-UTR and the coding 

region did not reveal any obvious interacting domains. 

3.42 Detemtinahon of rite size and the mnscriprion srnn sire of bovine ODC mRNA 



To determine the size of the bovine ODC transcript, the bovine cDNA was 

used to probe RNA isolated from bovine mammary epithelial cells by Northern 

blotting. As shown in Figure 32, hybridization of the blot to the probe revealed a 

single mRNA speaes of about 235 kb. This result is in agreement with that reported 

in human (Hickok er al, 1987) in which only a single transcript of about 7'5 kb was 

detected, but is different from that in the m o w  (Kahana and Nathans, 1985) and 

rat (Wen e! nl, 1989) where two mRNA species of 22 and 2 6  kb were always 

present, presumably due to the alternative usage of the polyadenylation signals 

(Hickok e! a!, 1986; Wen er al., 1989). 

To determine the transcription start site of the bovine ODC mRN4 we 

examined the bovine RNA by primer extension. The extension product was shown 

by electrophoresis to be a single band with a size of 155 bp (Figure 33) as 

determined by comparison to a known sequence fragment This indicates that the 5'- 

UTR of the bovine ODC mRNA is 312 nucleotides long which is 127 bp longer than 

that present in the cDNA we have isolated. This size is very close to the reported 

length of 5'-UTR in humans (335 nt; Hickok et al, 1987) and murine mRNA (330 

nt; Gupta and Coffino, 1985). 

3.4.3 Generic variabilify of the ODC gene in HoLsteim 

Southern blot analysis of bovine genomic DNA revealed the ODC locus to be 

highly polymorphic Restriction fragment length polymorphism (RFLPs) were shown 

when DNA from 20 unrelated individual bulls was cleaved with restriction enzymes 

PsrI, MspI, Tag1 and BglI (Figure 3.4) but not with EcoRI, Sad, HindIII, BamHI, 



&I, and QnL The overall frequenaes of the various polymorphic bands are shown 

in Table 3.1. With the exception of RFLPs associated with BglI digestion, then were 

no significant differences between the animals which had been ranked for high (+48 

BCA) or low (-37 BCA) lactational performance. However, in the case of BglI, the 

21 kb band was presen: in hetemygaus form in only 1 individual (frequency = .05) 

which was ranked in the high performance group, whereas, in the low performance 

group this band was present in 5 individuals in heteroynous form and in 1 individual 

in homozygous form (frequency = 35). Whether or not the presence of this RELP 

has any physiological relevance is not known. However, in murine species an HaeIII 

RR9 has been shown to be associated with increased ODC bioactivity during 

embryogenesis in mice lines selected for high lean body mass (Grey and Tait, 1993). 

Similarly, genetic variants which affect the efficiency of translation of ODC mRNA 

have also been identified (Johannes and Berger, 1992). Since ODC is the first and 

key regulatory enzyme in the biosynthesis of polyamines, which are essential for 

protein biosynthesis, DNA replication and cellular differentiation (Pegg, 1986). it is 

possible that genetic variants would affect mammary gland gowth and/or involution 

or interact differently with trophic hormones which modulate lactation. The DNA 

polymorphisms at the ODC gene identified in the present study may serve as genetic 

markers for correlating ODC genetic variants with milk production traits, however. 

funher investigation is required. 



Table 3.1 Frequency of RFLP alleles at the ODC locus in Holsteins 

Enzyme n Band size (kb) Allele frequencies 

Pa I 17 5.0 

55 

M@ 20 35 

4.8 

TaqI 20 63 

6.9 

20 2 1  

2 7  



Comparison Among Nndeotide Seqnenas 185 bp Upstream of the Initiation Codon (+I) 

Bovine -185 CCGCTCTGAG ACAGCAGATT -AT TGAACATTTC CACTGCTGCA 5 0  
Human AG****C*GC GTCTGCiCt* CCCCA*GGGG CTGG*C*GCG GCGCCTG*GC 1 6 5  
Rat *G*G*GC*CC TTG*GGlT*A ***GCGGCT* CTCCATGGGT *CAGCIA**C 2 8 6  

Bovine -135 CAGAGAGCAC ACGCATCPTC GGTGGACTPG GAA!LTCCTGG GGAATTGCCT 1 0 0  
Human GCTCTGAG*T TGT**CK;CP W*CCtAGG* CiCA*G*A*A **G***TGGA 2 1 5  
Rat GCPTCCCTGT G*TGTGAG*G TT*CCi*CAC TCCAGGAGAC A*C***CAGA 3 3 6  

Bovine - 85  TTGTGAAAAG TTGGCATAAT CCCmAAAT TCCATCTCPT TTACGTXTC 1 5 0  
Huaan A*TCCTGG** AGTTGCCTT* GTGAGA*GC* GGA*ATAT** C*TTCAG*** 2 6 5  
Rat G*TGACCTT* *GA*AGCTGG * * A * A A m A  ATTCCA***C *AGGT**=CT 

+1 
Bovine -35 T A m T G T T G  TGTCTCAAAA AGACGTCAAG AAACCAX.. .......... 
Human C**C*CT*A* *T*TC**T*G GA**A***** ***T****.. .......... 
Rat GTC**AT*GT *TCAGAGGC* CAT**AG**C C*******.. .......... 

Comparison Among NucIeotide Sequences 181 Downstream of the Stop Codon (underlined) 

Bovine 1 W A T A C C A C  TCTTGTAGCT GTTAACTt-CG AGTTTAGCTT GATTTAAGGG 
Human ******G*** ***~***tt+ +********A t**t****** **A******* 
Rat *****G***T ********** c***c****A ********** **G**c*c** 

Bovine 1 5 1  GGG-TCACAC TTATCTGTGT TCCTATGGAA ACTATTTGAA TATTT..... 
Human -**-****** **t*t***** ********** ********t* t****...., 
Rat ***G****** ***-****** ********** **--t***** *****..... 

Figure 3.1 Comparison of 5' and 3'- untranslated regions of bovine, human and rat 
ODCs 185 and 187 nucleotides uvstream and downstream of the true initiation codon 
and stop codon, respectively. potential initiation and stop codons in the leader 
sequence are underlined. Asterisks indicate nudeotide identity. 



Figure 32 Northern analpis of total RNA from bovine mammary epithelial cells 
using pYll  as the hybridization probe. RNA size was determined by comparison to 
an ethidium bromide-stained RNAmolecularwcight marker (Boehringer Mannheim, 
Laval, P.Q. Canada) 



Figure 3 3  Mapping of the 5' end of bovine ODC mRNA by primer extension. Lanes 
A, C, G, T are a known DNA sequence used for size determination. Lane P, the 
extended product. 



Pst l Msp l Taql Bgll 

Figure 3.4 Southern blot analysis of bovine genomic DNA showing restriction 
fragment length polymorphisms when cleaved with PstI (A), MspI (B), TaqI (C) and 
BgII (D). The sizes (kb) of the restriction fragments are shown on the right of the 
respective blots. Cleavage with PstI revealed 2 hybridization patterns (A). The 
individual shown in lane 1 is homozygous for the 5.0 kb PstI fragment, while the 
individual in lane 2 is heterozygous for the 55 and 5.0 kb bands. No animals 
homozygous for the 55 kb fragment were observed DNAsamples digested with MspI 
also revealed 2 patterns (B). The majority of animals appeared homozygous for the 
3.5 kb fragment (lane 1). Animals showing the other pattern demonstrated two bands 
of 3.5 and 4.8 kb (lane 2). Again, no individuals homozygous for the 4.8 kb fragment 
were observed in the samples investigated. Digestion with the restriction enzyme TaqI 
exhibited 3 distinct patterns (C), with one heterozygous for the 6.9 kb and 6.3 kb 
fragments (lane 1) and two homoygous for 6.9 kb and 6 3  kb fragments, respectively 
(Lane 2 and 3). With Bg& two aUelic polymorphic bands of 2 1  kb and 27 kb and 3 
non-pol.vmorphic bands of 6.0, 32 and 2 4  kb were detected (D). Lane 1 shows a 
heterozygous individual, while lane 2 and 3 represent homozygous animals for the 27  
kb and 2.1 kb fragments, respectively. 



Connecting statement I 

In chapter 3, we have described the doning of a cDNA coding for bovine 

ODC and the use of the CDNA as a probe for detection of RFLPs in the ODC gene 

Hwver ,  neither the Send nor the Tend of the CDNA is complete and the strong 

secondary structure in the 5'-UTR of the ODC mRNA may lead to CDNA doning 

artefact in the region. To further characterize the bovine ODC gene at the molecular 

level, the following research was undertaken to study the bovine ODC genomic gene. 

Cloning and sequence analysis of the bovine ODC genomic gene elucidated detailed 

structure of the ODC gene, confirmed the CDNA sequence and provided information 

for mapping the previously identified polymorphismr 
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4.1 Abstract 

Bovine ornithine decarbmylasc (ODC) gcnomic d o n a  were isolated from a 

bacteriophage lambda DASH genomic library. A total of 9452 bp sequence was - 
determined which coven the entire sequence of the bovine ODC gene. Sequence 

analysis showed that the bovine ODC gene consisted of 12 exons which encode a 

protein identical to that infci~ed h m  a bovine ODC D N A  Comparison of the 

structure and nudeotide sequence of the bovine, human and mouse ODC g n e s  

revealed that the gene was highly conserved Primer extension analysis demonstrated 

that the transcription start point of bovine ODC mRNAwas located 378 bp upmeam 

from the A residue in the translation initiation codon The 5'-untranslated region 

(UTR) of ODC mRNA was highly G+C rich, particularly in its 5'-most portion, and 

computer predictions suggested a very stable secondary structure for this region, with 

an overall free enera of formation of -134.4 kcaVmoL Consewed sequences and 

potential promoter elements including a TATA box, a possible CCAAT element, SP1 

transcription factor binding sites (GC boxes) and CAMP response elements (CRE) 

were identified in the 5'-flanking region of the gene. Two polymorphic restriction 

sites, a TaqI and a MspI, were mapped to the ODC gene and PCR-based methods 

for detection of the 2 polymorphisms were developed. 



42  InPoduction 

The polyamines puaesdne, spermidhe and spermhe arc present in all 

prokaryotic and eukaryotic cells and appear to be indispensable for cellular growth 

and differentiation (Tabor and Tabor, 1984; Peg& 1986). Ornithine decarbcuyhse 

(ODC: EC 4.1.1.17). which catalyses the conversion of omithine to putrescinc, is the 

major site of regulation of polyamine biosynthesis in 1' tissues. The enzyme 

is characterized by a very short half-life and by rapid and dramatic changes in its 

activity in response to a wide variety of trophic stimuli, such as hormones, growth 

factors and drug (Peg, 1986; Abrahamscn and Morris, 1991). Numerous studies 

have shown that the enzyme activity is highly regulated by multiple processes 

including gene transcription, &A translation, protein turnover and post- 

translational modifications of the enzyme protein (Tabor and Tabor, 1984; Peg, 

1986). 

Our laboratory is interested in studying the genetic variants of candidate genes 

which are associated with economically important traits in animals. Since ODC is 

tightly associated with DNA synthesis and cell proliferation, it could be an cxcellefit 

candidate gene to study for its relationship to traits such as growth rate and milk 

production. In some species, ODC has been implicated as a candidate gene which 

affects the growth rate (Bulfield et al, 1988, Gray and Tait, 1993). In addition, 

whereas, ODC is highly expressed in the lactating mammary gland of mice, its levels 

fall precipitously in association with the expression of sulfated glycoprotein-2 (SGP-2) 

at the onset of involution of the mammary gland (Strange ef al, 1992). The SGP-2 

gene products is associated with the apoptotic pathway and thus ODC is postulated 



to be a major component of tissue remodelling pathways (Strange n nl, 19922 

Packham and Cleveland, 1994). In dairy cattle, genetic variants of ODC could be 

associated with mammary gland activity or irtcract with trophic hormones during 

lactation, thus affecting milk performance. We have previously reported the cloning 

of a bovine ODC cDNA and the identification of several restridor. fragment length 

polymorphism (RRSs) in the bovine ODC gene using the cloned cDNA as a probe 

(Yao et al, 1995). To further characterize the bovine ODC at the molecular level, we 

have cloned the bovine ODC genomic gene and determined its entire nucleotide 

sequence. Using the sequence information, we mapped a polymorphic UrpI and a 

TaqI site to the ODC gene and developed PCR-based methods for detection of the 

2 polymorphism in dairy cattle. 

4 3  Materials and methods 

4.21 Genomic gene cloning 

A genomic library was constructed from DNA isolated from the liver of a 

Holstein cow using a lambda DASH cloning kit according to the manufacturer's 

protocol (Stratagene, La Jolla, Caii USA). The library were screened by plaque 

hybridization with bovine ODC cDNA as a probe (pY11: 1758 bp, Yao et al, 1995). 

Plaques were plated at a density of 5x104 plaque forming unitsldiih (150x15 mm) and 

transferred in duplicate onto Hybond-N (Amersham, Oakville, Ont., Canada) filtzrs. 

Phage DNA on the filters was denatured in 15M NaQ O5M NaOH for 2 minutes, 

neutralized in 1JM NaC3, 05M TrisHQ (pH 8.0) for 5 minutes. The filters were 

then baked at 80°C for 2 hours. The cDNA i w r t  from pYll was 32~-radiolabelled 



by random primer extension using a T7 oligolabelling kit (Pharmacia, Baie d'Urfe, 

P.Q, Canada) and hybridized to the replicate filters for 1620 hrs at 4Z°C in a 

solution containing 5x SSC, 05x Denhard's solution, 20mM Tris (pH 7.6), 8% dextran 

sulphate, 24% deionized formamide, 0.1% SDS and 100 pdml of Herring sperm 

DNA The filters were washed mice with 2x SSC, 0.1% SDS at 42OC, 3 times with 

05x SSC, 0.1% SDS and once with 0.1 x SSC, 0.1 % SDS at 50°C and subjected to 

autoradiopphy. Plaques yielding positive hybridization signals were replaced for 

secondary and tertiary rounds of screening with densities of 50 to 200 plaques per 

dish (100x15 mm). Four positive phage plaques, pODC2-I, pODC2-5 pODC2-4 and 

pODC2-7 were selected for further characterization. 

4.3.2 DNA sequencing 

Phage DNA from positive clones was purified by polyethylene glycol 

precipitation and analyzed by Southern blotting. Three BtI fragments (4.4, 0.8 and 

1.2 kb) and one Hind111 fragment (26 kb) from pODC2-2 and one AccI fragment 

(4.2 kb) from pODC2-7 were subcloned into pUC18 plasmid for sequence analysis 

(Figure 1). Nested deletions of the subclones were constructed by unidirectional 

digestion with exonuclease I11 using a double-strand nested deletion kit (Pharmacia) 

according to the manufacturer's protocol. Sequence was determined by the dideoq- 

chain termination method of Sanger (1977) using a T7 sequencing kit (Pharmacia) 

with [US]d~TP as the labelled nucleotide. The GC-rich regions were sequenced using 

Deaza GIA T7 sequencing mixes (Pharmacia) to eliminate compressions. DNA 

sequence data were processed and analyzed using the computer progam DNASIS 



(HIBIO, Brisbane, CalE, USA). 

4.33 Rimer enension anaIysis 

A s y n t h e t i c  o l i g o n u c l e o t i d e  p r i m e r  (20 -mers ;  5'- 

GCCTCGCTCCCTCCCGCGGA-3') complementary to nucleotide 67 to 86 of emn 

1, corresponding to the 5'-UTR of ODC mRNA, was end-labelled using 

polynucleotide kinase and [y?]ATP. The hybridization and extension conditions 

were as described (Yao et al, 1995). The extended prcducts were fractionated on a 

7 M ureaB % polyacrylamide sequencing gel. A sequence of the DNA which was 

obtained using the same synthetic oligonucleotide as sequencing primer was included 

for determination of the transcription start point (tsp). 

43.4 PCR-RFLP a n a m  

P e  locations of a TaqI and a MspI RFLP previously identified by Southern 

blot analysis (Yao er al, 1995) were predicted, based on the bovine ODC genomic 

sequence information. The PCR was used to amplify 2 gene fragments covering the 

7 polymorphic sites, respectively. One fragment is 1393 bp in length (position 2342 

to 3734) which contains the polymorphic TaqI site. The other one is 796 bp long 

enclosing sequence from position 5413 to 6208 which harbours the polymorphic MspI 

site. The sequences of the forward and reverse strand primers, respectively, were 5'- 

GTCAGGAAGATRXCTAGAGA-3' and 5'-TGGAmGCATAGATAATCC3' for 

the 1393 bp fragment, and 5'-ACCACAGGATATGCAGACTGG-3' and 5'- 

GCACCCATG?TffCAAAGAEjc3' for the 796 bp fragment PCR was performed 



in a reaction volume of 25 pl using 100 ng of DNA, 0 5  pM of each primer, Ix PCR 

buffer (10 mM Tris-HCI (pH 9.0), 15 mM MgQ, and 50 m M  KCI), 5% deionized 

formamide, 200 pM and 0.625 units of n2emucs thermop- (Tth) DNA 

polymerase (Pharmaaa). DNA was denatured at 94% for 5 min prior to the start of 

temperature cycle and subsequently the amplification was carried out for 35 cycles 

at 92OC x 30 sec, 50°C x 80 sec and 72% x 120 sec for the 1393 bp fragment, and at 

92OC x 30 sec, 61°C x 80 sec and 72°C x 90 sec for the 7% bp fmgment using a DNA 

thermal cycler (Perkin Elmer Cetus Corp., New Jersey, USA). Seven p1 of the 

amplified DNA were digested with 5 units of TuqI (for the 1393 bp fmgment) or 

IlfspI (for the 7% bp fmgment) at 37% for 2 hours. The digested DNA fragments 

were then separated by electrophoresis in a 15% agarose gel in Ix TPE (90mM Tris- 

phosphate, 2mM EDTA). The gel was stained with ethidium bromide and visualized 

under UV light 

4.4 Results and discussion 

4.4.1 Isolation of the bovine ODC gene 

Approximately 500,000 plaques from a bovine genomic libmy were screened 

with bovine ODC cDNA as the hybridization probe. Four positive plaques were 

detected. Phage from these plaques were purified by two more rounds of screening. 

DNA was then isolated from purified phage and digested with Not1 which excises the 

inserts from lambda vector. Analysis of the digested DNA by agarose gel 

electrophoresis demonstrated that pODC2-1, pODC2-2 and pODC2-7 contained 

inserts of about 15 kb, and pODC2-4 contained a bovine genomic hgment of about 



17 kb. Transfer of the electrophoreticaUy separated DNA to a membrane followed 

by hybridization with either end fragment of the bovine ODC cDNA showed that 

pODC2-1 and pODC2-4 or@ hybridized to the 3'end fragmenf and pODC2-7 only 

hybridized to the Send fragment, while pODC2-2 hybridized to both fragments. The 

insert ofthe clone pODC2-2 was therefore subcloned into pUC18 plasmid. Three BrI 

subclones (4.4,O.S and 12 kb) and one 26 kb I F i  subclone which overlaps the 

5 Psrl fragments were generated. In addition, a 4 2  kb AccI fragment from pODC2-7 

was cloned which covers the S-flanking region and the exon 1 of the gene (Figure 

4.1). 

4.42 Srrucnue and sequence of the bovine ODC gene 

Unidirectional nested deletions were prepared for each of the overlapping 

subclones by limited digestion with exonuclease 111 and S1 nuclease and sequenced 

by the dideoxy chain termination method (Sanger et al, 1977). A total of 9452 bp 

sequence (GenBank and E m L  accession number: U36394) was determined by 

connecting the overlapping fragments which cover the entire sequence of the bovine 

ODC gene. Schematic representation of the structure of the bovine ODC gene is 

presented in Figure 4.1. As shown, the gene consists of 12 exons separated by 11 

introns. The exon-intron junctions were deduced by comparison of the genomic 

sequence with the ODC cDNA sequence (Yao et al, 1995) and all the introns are 

bordered by GTIAG sequences which conform to the gt-ag splice rule (Aebi et al, 

1986). The first two exons plus 32 bp of the 3rd exon represent the 5'-untranslated 

region (UTR) of the bovine ODC mRNA The remaining part of the 3rd exon, the 



4th through 11th exons and the &-st 142 bp of the l2th exon encode the ODC 

protein (461 amino adds). The rest of the 12th exon from the termination codon 

(TAG) to the polyadenylation signal (AATAAA) cornsponds to the 3'-UlT of the 

ODC mRNA There is only one nudeotide difference (GIA) between the bovine 

ODC genomic and cDNA sequences. The difference is at position 5654 of the 

genomic sequence (corresponding to position 1010 of the cDNA sequence) which was 

later identified to be a spontaneous mutation giving rise to a MspI polymorphism. 

Comparison of the nucleotide sequence of the bovine ODC gene with those 

of human (van Steeg er nl, 1989; Hickok et al, 1990) and m o w  (Katz and Kahana, 

1988) shows that the genomic organization of the gene is highly conserved. Both the 

sizes and positions of protein-ccding aons  are completely conserved among the three 

species. The non-ccding exons of bovine and other " ODCs have a lower 

sequence homology (72-80% between bovine and human, 3969% between bovine 

and mouse) compared to the coding aons  (82-94% between bovine and human, 80- 

93% between bovine and mouse). The introns are, as expected, less conserved and 

display size heterogeneity among the species. In general, the introns of the bovine 

gene are shorter than those of human but longer than those of mouse (Table 4.1). 

Unlike human and m o w  ODC genes which contain 2 AATAAA 

polyadenylation signals separated from each other by about 400 nucleotides (Katz 

and Kahana, 1988, Hickok er al, 1990), we observed in the present study that the 

bovine ODC gene has only one AATAAA polyadenylation signal which corresponds 

to the 1st AATAAA in human and mouse, and no additional AATAAA sequences 

were found in 715 nucleotides downstream from this signal. The alternative utilization 



of the 2 si@ has been suggested to cause the two ODC mRNA speaes detected 

in mouse (Berger er al, 1984; Kahana and Nathans, 1984; Hickok ef al, 1986). 

Howwer, the use of the 2nd signal in human was not observed as longer ODC 

mRNA in human cells and tissues have never been detected (Hickok ef al, 1981). 

Our obsemtion is consistent to our previous finding that only one ODC mRNA 

speaes was detected in bovine cells (Yao a d7 1995). 

The transaiption start point (tsp) of the bovine ODC gene was determined 

by primer extension analysis using a 5'-k~belled oligonucleotide complementary to 

nucleotide +67 to +86 of the gene. The length of the extended products was 

determined on a denaturing poljaaylarnide gel by comparison with the sequence 

ladder obtained £ram the gene fragment using the same primer. Clearly a single band 

of 86 bp is discernable which corresponds to a G residue (a C in normal sequence, 

Figure 4.2). This position is numbered +1 in the genomic gene sequence. 

4.4.3 Sequence anaIysir of the promoter region of the bovine ODC gene 

The nucleotide sequence (position -300 to +240) around the promoter region 

of the bovine ODC gene is shown in Figure 43. A number of sequence motifs that 

are identical or similar to consensus sequences for transcription regulatory elements 

were identified in the Sflanking region of the gene. These putative regulatory 

elements include a TATA box (-40), a potential CCAAT (CCGAT) element (-92), 

2 CAMP response elements (CRE, -180 and -58) and 2 GC boxes (CCGCCC or 

inverted form GGGCGG, -208 and -125) that represent potential biding sites for 

SP1 transcription factors. In addition, there are 4 GC boxes (+22, +90, +115, and 



+123) present in exon 1 and another one at the beginning of inuon 1 (-I-222). The 

GC box at position -125 is identical to the fun comcmus sequence GCCCCGCCCC 

@ynan and ljian, 1985) for SPI binding sites. 

The sequence in the promoter *on of the bovine ODC gene is highly GC 

rich, particularly between -1 to -300 (753 %). This is a characteristic typical of 

housekeeping genes (Kim er al, 1986, Bid, 1986). Alignment of the 300 bp 5'flanking 

region of the bovine ODC gene with the corrrsponding regions of human and m o w  

genes revealed a highly consemd region of approximately 120 bp (Figure 4.4). 

Sequence identities among the three species in this portion of the Sfllanking region 

are 84.6% to 87.8%. The conserved region contains the TATA box, the potential 

CCAAT element (CCAGT) and the co=;!etely matched GC box (-125) that are all 

fully conserved among the three species. Such highly conserved sequences are most 

likely to have a role in regulating ODC gene transcription. Indeed, both the GC box 

and the CCAGT sequence have been shown to be functional in a study (van Steeg 

er al., 1990) using a bacterial reporter gene encoding CAT. 

4.4.4 Tke 5'-UTR of the bovine ODC &A 

Primer extension of the present stvdy indicated that ODC mRNA transcription 

is initiated at a C residing 378 nudeotides upstream of the translation initiation site. 

This result does not agree with our previous estimate of the length (312 bp) for the 

5'-UTR of the ODC mRNA (Yao ct al, 1995). The oligonucleotide primer (178 to 

158 nucleotides upstream of the translation start site) used in the previous primer 

extension study was designed on the basis of available 185-bp 5'-UTR of the bovine 



CDC cDNA. Due to this limitation, the distance between the primer annealing site 

and the tsp is long. This may c a w  reverse transcxiptase to stop or pause in certain 

regions, particularly in regions with extensive secondary structure. Therefore, the 

primer extension product (155 bp) obsewed in the previous experiment may have 

resulted from incomplete -ption. 

The 378 bp long 5'-UTR of the bovine ODC mRNA is longer compared to 

those of the other mammalian species (eg. 334 bp for human, 310 bp for m o w )  and 

it is the larger aons  2 and 3 which mainly account for this difference (see F i y e  

4.2). The significance of the considerably longer aons  2 and 3 in the bovine ODC 

gene is unknown. 

Like the human and mouse ODC, the 5'-UTR of the bovine ODC mRNA is 

very rich in GC content, particularly in the region of cxon 1 (203 bp) where GC 

content reaches 82%. Computer analysis (Zuker and Stiegler, 1981) of the sequence 

of the whole 5'-UTR of the bovine ODC mRNA predicted a highly stable secondary 

structure with an overall free energy of formation of -134.4 kcal/mol (Figure 45). 

Almost the en:i -L J ' . L ~  is involved in these structures. This predicted structure 

appears to be r.l .r .:mplex than those found in the mouse (Kak and Kahana, 1988) 

and hum8 ;,-;if .OK ef al, 1990) mRNk The formation of extensive secondary 

structure b. ltc Send of mRNA is well known to reduce translational efficiency in 

other &As (Hershey, 1991; Kozak, 1992). Studies with rodent ODC have shown 

that the rate of translation of the full-length ODC mRNA is very poor in reticulocyte 

lysates and is improved by deleting large sections of the 5'-UTR (Ito er al, 1990; 

Manzella and Blackshear, 1990; van Steeg et al, 1991). It is likely that the secondary 



structure predicted for the bovine ODC mRNA could affect its translation. 

A short open reading frame (OW) which encodes a peptide sequena of Met- 

Gly-Leu-Ala-Arg-Arg-&-&Val-Leu was found at the Tend of bovine cmn 1 

(position +I70 to +202). Such small ORFs have also been found in the 

corresponding regions of human and m o w  genes. The peptide sequences encoded 

by the human and mouse O m s  are MetGly-Leu-Ala-Cys-Gly-Ala-TrpAla-Leu and 

Met-Gly-Glu-AlaSer-Arg-Ala-Thr-Val-Leu, respectively. The bovine peptide 

sequence is 60% identical to the human and 70% to the m o w  sequences. Such 

potential leader peptides have been suggested in other systems to aGea the 

translation of the downstream major ORF (Werner et ul., 1987). Manzella and 

Blackshear (1990) reported that when the 3'-most 160 bp sequence (containing the 

small OW, of the rat ODC 5'-UTR was anached to the growth hormone reporter 

rnRNA, translation was repressed and this effect was abolished by the mutation of 

the AUG initiation codon of the small ORF. In contrast, several other studies showed 

that the small O W  present in the 5'-UTR of ODC mRNA had little or no effect on 

translation (van Steeg et al., 1991; Kashiwagi et al., 1991; Grens and Schemer, 1990). 

4.4.5 PCR-RFLP amlysk of the bovine ODCgene 

Based on the restriction map of the bovine ODC gene and our previous 

Southern blot analysis (Yao et al., 1995), we mapped two polymorphic restriction 

sites, a TaqI and a MspI, to the bovine ODC gene. The polymorphic TaqI site was 

found to be in the first intron and the MspI site in the middle of the ninth exon. The 

regions covering either site were amplified by PCR and analyzed by digestion with 



respective restriction emymes.Thc polymorphic T q I  site is the only TaqI site present 

in the amplified 1393 bp fragment which is restricted into a 1224 bp and a 169 bp 

fragment when the TaqI site is present. Similarly, The 7% bp fragment containing the 

MspI site is cleaved to a 240 bp and a 556 bp fragment when the MspI site is present 

Sequence analysis of respective PCR fragments rewaled that the absence of the TaqI 

site (ToqI 1-1) was due to a G to T change at position 2512 and the absence of the 

MspI site (MspI[-1) was due to a G to A change at position 5654 (Figure 4.6). The G 

to A transition changes the codon CCG to CCA. However, it is a silent mutation as 

both triplets code for the same amir:. add, proline. 

Implementation of marker-assk:ad selection programs will first require 

identification of candidate genes or anonymous genetic markers associated with the 

traits of interest In dahy cattle, genes associated with mammary gland growth and 

lactation are excellent candidate genes for milk production. ODC is believed to play 

an essential role in the growth and differentiation of cells by regulating the 

biosynthesis of polyamines. It has been shown that ongoing polyamine synthesis is 

essential for prolactin to stimulate the synthesis of milk products (Golden and 

Rillema, 1993) and the expression of the ODC gene in lactating mammary gland is 

extremely high and drops dramatically after weaning, suggesting that the ODC gene 

is tightly associated with lactation (Strange er al., 1992). Genetic variants of ODC in 

mice have been shown to affect both transcription and translation of the gene 

(Johannes and Berger, 1992; Gray and Tait, 1993; Gray et 01, 1995). It is possible 

that in dairy cattle, genetic variants of ODC would affect mammary gland gowth and 

(or) involution or interact differently with trophic hormones that modulate lactation. 



The 2 polymorphisms could be further studied for their mrreiatiom to milk 

production train in daky cattle. The PCR-based methods for detection of the 2 

polymorphisms should make gcnotyping a krge number of animals for quantitative 

analysis feasible. 
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Figure 4.1 Schematic representation of the structure of the bovine ODC gene. The solid boxes represent exons which 
are numbered underneath. The position of the TATA box, ATG initiation codon, TAG termination codon and AATAAA 
polyadenylation signal are indicated. The restriction endonuclease sites shown are as follows: A, Accl; B, BmtM; H, 
Hirtdill; M, Mspl; P, Psfl; T, Taql. The two vertical arrowheads indicate the polymorphic Taql and MspI sites. The extent 
of the overlapping subclones are displayed under the structural map. The numbers below the bottom line indicate length 
in kilobase pairs (kb). 



Figure 4 2  Determination of the transcription start point by primer extension 
analysis. A synthetic oligonucleotide primer complementary to nucleotide 67 to 86 in 
exon 1 was end-labelled and hybridized to 12 pg of total RNA from bovine mammary 
gland epithelial cells (Huynh et al, 1991). The extended products were resolved in 
a 7 M urea-8% polyaqlamide sequencing geL Lanes A, C, G, T show a sequencing 
reaction ladder obtained from the gene fragment using the same primer. Lane P is 
the mended product. The deduced nucleotide sequence (complementary) around the 
tsp is displayed on the left.with the tsp marked by an asterisk 
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Figure 4.5 Potential secondary structure in the 5'-UTR of bovine ODC mRNA. The entire 5'-UTR of the bovihe ODC 
mRNA was subjected to secondary structure analysis using the mfold program (Wisconsin OCO compuler package) 
based on the method of Zucker and Steiglcr (1981). The calculated free energy of the entire structure Is -134,2 kcallmol. 





In the previous 2 chapters, we have dcicribed the cloning and characterization 

of the bovine ODC gene and the development of PCR-based methods for detection 

of a MspI and a TaqI polymorphism in the ODC gene. The following chapter 

describes the analysis of the 2 polymorphisms in a total of 127 Holstein bulls using 

the PCR-based methods and the identification of ODC alleles that arc associated 

with selection for milk production in Holstein bulls 
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5.1 Abstract 

Restriction fragment length polmorphisms (RFLPs) for ornithine 

decarboqdase (ODC) gene were tested for associations *th milk related naio in 

Holsteins. Analysis of 127 bulls revealed the presence of two FUXPs, one at a MspI 

site and another at a Tag1 site. Three of the possible four RFLP combinations were 

observed indicating the presence of three ODC alleles (Al, A2 and A4) in the bull 

population sampled There were significant changes (X' test: Ps0.005) in allele 

frequencies between bulls born in 1950-1970 and bulls born in the 1980s. The 

frequency of the A2 allele increased, whereas, that of the A4 allele decreased in the 

1980s. Milk protein yield among the daughters of bulls with AlAZ genotype was 10 

kg higher (PS0.007) than bulls with A1A4 genotype per lactation. These results 

suggest that selection for milk production may have resulted in the change of 

frequencies of ODC alleles and different ODC genotypes may have different effects 

on milk protein yield. 



52 Introduction 

Marker-assisted selection may provide the opportunity to make significant 

genetic gains in the improvement of economically important traits in livestock (Soller 

and Beckmann, 1983; Smith and Sipson, 1986). Implementation of this approach 

will first require identification of candidate genes or anonymous gene markers 

associated with the traits of interest. Candidate gena  are those with a known 

relationship between physiological or biochemical processes and an economically 

important trait. In dairy cattle, genes assodated with mammary gland growth, 

development and function are excellent candidate genes for milk production train 

The polyamines are low molecular weight polycations that influence cell 

proliferation and growth (Tabor and Tabor, 1984, Pegg, 1986). Ornithine 

decarboxylase (ODC, 4.1.1.17) catalyses the conversion of ornithine to putrescine, the 

rate limiting step in polyamine biosynthesis (Pegg, 1986). The level of ODC is 

induced in quiescent cells exposed to a wide variety of stimuli such as growth 

hormone (GH), corticosteroids, testosterone and growth factors (Tabor and Tabor, 

1984). Evidence is accumulating that growth factors inthence morphogenesis and 

differentiation of the mammary gland (Imagawa et al., 1994). In particular, it has 

been shown that trophic hormones such as prolactin (PRL) and GH that are 

associated with lactation are also required to induce differentiation of bovine 

mammary epithelial cells (Huynh et al, 1991; Flint and Gardner, 1994), and both 

mitogenic and lactogenic effects of PRL, insulin and hydrocortisone appear to be 

mediated through the polyamine pathway (Rillema a af., 1977, 1586; Bedford and 

Zadworny, 1990). In mice, ODC gene is highly expressed in lactating mammary gland 



and drops dramatically after weaning (Smge er d, 1992). Genetic variants of ODC 

have been identified in a number of speacs that have been divergently selected for 

growth related traits (Bulfield et aZ, 1988; Gray and Tait, 1993) and it is therefore 

possible that particular variants of ODC could be assodated with increased mammay 

gland function and thus influence milk related traits 

The objectives of the present study were to estimate allele frequencies of ODC 

polymorphisms in Holstein bulls, and to further evaluate the genotypic effects of 

ODC variants on milk production traits. 

53 Materials and methods 

5.3.1 Amplficarion of DNA by poiymerase chain renction (PCR) 

High mo1:cular weight genomic DNA was isolated from 127 proven Holstein 

bulls, as described (Zadwomy and Kiihnlein, 1990). Pairs of primers were designed 

according to the sequence of the bmine ODC gene (GenBank accession number: 

U36394, Yao et al, unpublished data) to ampw 2 fragments in the bovine ODC 

gene by PCR. One fragment was 1393 bp in length (position 2342 to 3734) which 

contained a polymorphic Tag1 site. The other fragment was 7% bp in length (position 

5413 to 6208) which harbored a polymorphic MspI site. The sequence of the forward 

and reverse strand primers, respectively, were SGTCAGGAAGAlTCTCTAGAGA- 

3' and 5' TGGATTTGCATAGATAATCC-3' for the 1393 bp fragment, and 

S'ACCACAGGATATGCAGAmGG-3' and 5 ' G C A C C C A T G ' I  

3' for the 7% bp fragment. The PCRs for both fragments were performed in a 

reaction volume of 25 pl using 100 ng of DNA, 05 pM of each primer, Ix PCR 



buffer, 5% deionized formamide, 200 dNTP and 0.625 units of Thermu 

tiamophilur (Tth) DNA polymerase (Pharmacia, Baie d'urfe, Qukbec, Canada). The 

amplification was carried out for 35 cycles at 92"C x 30 s, 50°C x 80 s and 720C x 120 

s for the 1393 bp fragment, and at 9Z°C x 30 s, 61°C x 80 s and P C  x 90 s for the 

796 bp fragment using a DNA thermal cycler (Perkin Elmer Cetus Corp, New Jersey, 

USA). 

5.3.2 RFLP a+ 

For RFLP analysis of the 2 fragments, 7 pl of each amplified DNA were 

digested with 5 units of TaqI (for the 1393 bp hgment), or MspI (for the 796 bp 

fragment) at 37OC for 2 hours. The digested DNA fragments were then separated by 

electrophoresis in a 15% agarose gel in Ix TPE (90mM Tris-phosphate, 2mM 

EDTA). The gel was stained with ethidium bromide and visualized under W light 

5.3.3 Production train 

,411 estimated breeding values were provided by the Canadian Holstein 

Breeders Association. The bull's breeding values for milk related traits (kg milk, kg 

fat and kg protein) were estimated with the Best Linear Unbiased Procedure (BLUP) 

based on an animal model with a relationship matrk. Readjustments were made for 

effects of age and month of calving of daughters. The model included fixed effects 

of herd-year-season and age group of sires. The breeding values were expressed as 

deviations from the mean. 



5 3 4  Stalim'cal maiy5k 

Differences in allele frequencies bvnn bulls born between 1950-1970 and 

bulls of the 1980s were tested with Chi square The effects of ODC genotypes on the 

bull's estimated breeding values for kg milk, kg fat and kg protein were analyzed 

according to least squares methods As the breeding values are the best available 

estimates of the additive genotype of the bulls, no emironmental effects were 

included in the modeL The effect of birth-year of the bulls were included in the 

model to account for genetic trend in the bulls from the 1950s to the 1980s. The 

model used was as follows: 

where Yijk is the breeding value (kg milk, kg fat or kg protein) of the ka bull; p is 

the least square mean of the trait, Year, is the effect of the $ birth-year of the bull, 

a, is the effect of the ja genotype; and eij, is the random residual effect. Due to small 

numbers, bulls with genotypes AlAl (n=7) and A4A4 (n=4) were removed from the 

analysis. Difference in milk related traits values exhibited by the genotypes were 

compared by least square means. 

5.4 Results 

Restriction fragment length polymorphisms at the ODC locus were recognized 

following digestion of the PCR products with MspI and TqI restriction enzymes. 

When the Tag1 site is present, the 1393 bp fragment is cleaved into a 1224 bp and 



a 169 bp fragment (Figure 5.1A). The TqI polymorphic site is located at the end of 

intron 1 and it occurs as a result of a G to T base substitution. When the MspI site 

is presen& the amplified 796 bp fragment is cleaved into a 556 bp and a 240 bp 

fragment (Figure 5.1B). The MspI polymorphic site is located in the middle of cxon 

9 and results from a G to A base substitution. From the MspI and TqI polymorphic 

sites, 4 possible alleles (Al, AZ, A3, and A4) were expected, however, the A3 allele 

was not observed. Table 5.1 shows the allele frequencies of Al, A2 and A4 in the 

1950-1970 and 1980-198/ groups, respectively. The differen= in allele frequencies 

between the two groups was significant ( ~ ~ ~ , , = 1 2 1 8 ;  P~0.005). 

Estimates of milk related traits for ODC genotypes are presented in Table 5 2  

Bulls with AIAZ genotype: had greater kg milk protein (P~0.007) than bulls with 

A1A4 genotype. The difference in kg milk protein between bulls with AIAZ and 

A2A4 genotypes was also significant (PsO.05). There were no differences (B0.05) 

in kg milk and kg fat between the ODC genotypes. 

5.5 Discussion 

This study reports on the identification of a candidate gene for quantitative 

traits based on a combined genetic and biochemical approach. This type of study 

provides biological data to augment statistical insight into the nature of genes 

affecting quantitative variation. Both MspI and TqI ODC polymcrphisms have been 

previously reported (Yao ef 01, 1995). RFLP analysis in the Holstein population 

investigated revealed three ODC alleles. Comparing the allele kequencies in bulls 

born between 1950-1MO and bulls of the 1980s indicated that the A2 allele had 
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increased, whereas, the A4 allele had decreased Over the past 40 years, dairy 

improvement has resulted in an approximate doubling of milk production (Fallen and 

Liebrand, 1991).Therefore,tbisresult suggests that selection for milk production m y  

be associated with the changes in the ODC allele frequencies. The result could also 

be due solely to genetic drik However, estimates of genotypic effects of the ODC 

variants inTable 5 2  indicate significant difference between different ODC genotypes 

for milk protein yield 

There is a large body of literature suggesting that polyamina can influence 

protein synthesis in a variety of ways affecting both the rate and the fidelity of 

translation (McCann, 1982; Takernoto er al, 1983; Tabor and Tabor, 1984). ODC is 

the key replatory enzyme in the biosynthesis of polyamines Thus a particular variant 

of the ODC gene could alter the rate of polyamine synthesis. It has been shown that 

the rate of casein synthesis is enhanced when spem-dine is combined with the agents 

which stimulate the rate of RNA synthesis (Rillema et al, 1977). It is therefore 

possible that the replatory mechanism of ODC directly or indirectly affects milk 

protein biosynthesis. This could imply that allelic variation in the ODC gene would 

have an effect on milk protein yield or composition 



Table 5.1 Allele frequency of ODC polyrnorphisms at lClspI and TnqI 

restriction sites in two groups of Holsteii bulls 

Allele' 

':Al, Presence of MspI and TaqI sites; 

AZ, Presence of MspI site only. 

A4, Absence of MspI and TaqI sites. 

Alleles where only the Tag1 site was present were not observed. 



Table 5 2  Least square means (f standard error) of breeding value for milk 

related traits in Holstein bulls with different ODC gu~olypes 

Genotype No. of Bulls Milk Fat Protein 

a'b means within columns with diiorent superscripts differ significantly (P<0.05). 





In the previous three chapten, w z  have studied one of the candidate genes, 

ODC, by cloning and RFLF' d y s i s  of the gene. GH gene is another amactive 

candidate gene for milk production in cattle Although DNA plymorphisms of the 

gene have been previously studied by several groups, most of the work were based 

on Southern blot analysis that limits the detection of single base changes which do 

not alter any recognition sequences of restriction enzymes Tke following chapter 

d e c n i  a comprehemive screening of sequena variations in the bovine GH gene 

by using SSCP analysis and the detection of polymorphisms that an strongly 

associated with milk production traits. 
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W Abstract 

Sequence variations in the bovine growth hormone (GH) gene wcre 

investigated by single strand conformation polymorphism (SSB) of 7 

amplified fragments covering almost the entirr gene (27 kb). SSCPs wcre detected 

in 4 of these fragments and a total of 6 6ialIelic polymorphisms were found in various 

regions of the gene in a sample of 128 Holstein bulls. Two of the polymorphism, a 

T to C transition in the third intron (designated GH4.1) and an A to C t r d o n  

in the fifth a o n  (designated GH62). wen shown to be assodated with milk 

production traits. Bulls with GH4.1C/GH4.1Cgenorype had higher milk yield compared 

to GH4.lCIGH4.It (PS0.005) and GH4.1'/GH4.1t (P_<O.m) bulls, respectively. Bulls 

with GH4.lCIGH4.Ic genotype had higher kg fat (P~0.0076) and protein (PsO.0018) 

compared to bulls with GH4.1c/GH4.1* genotype. Similar effects wcre obsemd with 

the GH62 polymorphism on milk production traits with the GH6.2 allele being the 

favourable allele. The average effects of the gene substitution for GH4.1 and GH62 

are similar, with t 300 kg for milk yield, 2 8 kg for fat content and 27 kg for 

protein content per lactation The positive assodation of the GH4.1C and GH6P 

alleles with milk production traits may be wN for improving milk perfonnancc in 

dairy cattle by selection at the DNA level 



62 Intmdoction 

In dairy cattle, the pninaxy focus of selection, at  leas in North America, has 

been to i m p m  milk yield and tremendous gab have been achievcd using classical 

quantitative genetin Although the genes which affect a polygenic trait such as milk 

production traits arc unknown, a number of potential candidate genes have been 

recognized. Candidate genes arc selected on the basis of known relationship between 

physiological or biochemical pnxrsses and a trait, and arc tested as putative 

quantitative trait loci (QTL). Current knowledge in dairy biology indicates that 

g ~~etically superior animals differ from lesser animals mainly in their regulation of 

nutrient utilization and that growth hormone (GH) uwts a key control in nutrient 

use (Baumann, 1992). mammary development (Sejrsen a al, 1986). growth (Brier a 

al., 1991), and also modulates intermediary metabolism and other physiological 

processes e.g. aging (Copras ef al., 1993) and immune responsiveness (Blalock, 1994). 

Thus the GH genc is a promising candidate gene worth studying for its effects on 

milk and growth related and immune response traits. Selection for milk yield has 

been shown to be associated with increased blood levcls of GH (Peel and Baumann, 

1987; Bronczek er al, 1988; Lukes a al, 1989). This suggests that variations in the 

levels of GH could be used as an indicator for potential milk yield and thus be 

incorporated into a selection i n d a  However, blood levels of GH are dependent on 

physiological states of the animal and vary with the stage of lactation or even the time 

of day. For this reason, estimating breeding value on the basis of GH levels would 

require multiple measurements over the coursc of several lactations 

There is evidence for an assodation of genetic variants of the GH genc with 
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plasma ltvels of GH (Schlee a aL, 19941 suggesting that at  least some variations of 

the GH lev& arc caused by mutations in the GH gene inclf. IdentScation of such 

mutations would permit selection at the DNA level without MceSSitating 

measurement of GH levels In order to detect such mutations, we have used single 

strand conformation polymorphism (SSCP) amlysis (Orita et al, 19S9a.b). a 

technique bawd on the prinaple that single-stranded DNA molecules form spcci6c 

sequence-based SCCOndary structures under nondenanaing conditions. Our objective 

was to screen the entire length of the bovine GH gene for sequence variations and 

study the associations of changes in potential GH s q u e n a  variants with changes in 

milk production traits in Holsteim 

63 Materials and methods 

63.1 DNA samples 

Semen samples h m  128 Holstein bulls representing bulls w d  for artificial 

insemination from 1950 to 1987 were obtained h m  the Centre d'insernination 

artificielle du Quebec (Saint-Hyacinthe, Quebec, Canada), the Western Ontario 

Breeders Inc. (Woodstock, Ontaria, Canada) and the United Breeder Inc (Guelph, 

Ontario, Canada). Genomic DNA was extracted as previously described (Zadwomy 

and Kuhnlein, 1990). 

6.3.2 DNA amplifcation with polymerase chain reaction (PCR): 

Based on the published nucleotide sequence information of the bovine GH 

gene (Gordon er al, 1983), pairs of oligonucleotide primers were synthesized to 



amplify 7 GH hgments (designated GHl, GHZ, GH3, GH4, GHS, GH6 and GH7). 

The gene from -641 bp upsueam of the k t  exon to 411 bp dowmacam of the last 

exon, except a l55 hp fragment from position l225 to 1379 were analyzed for each 

bulL The primer sequences, location and size of the amplified fragments are shown 

(Table 61). PCR was performed in a reaction vo111me of 25 pl using 100 ng of DNA, 

05 pM of each primer, lx PCR buffer (10 mM Tris-HQ (pH 9.0j 15 mM MgQz 

and 50 mM KU), 5% deionized fonnarnidc, 200 p M  dNTP and 0.625 units of 

ntermus thamophilus (Tth) DNA polymerase (Pharmada). The amplification was 

carried out for 35 cycles at 92T x 30 scc, 5% x 80 scc and 72T x 90 sec using a 

DNA thermal cycler (Perkin Elmer Cetus Corp.). 

633 SSCP analysis 

SSCP was carried out with a Bio-Rad "Mini-Protein II" (Bio-Rad) vertical get 

One pl of the PCR product was diluted with 15 pl of a solution containing 95% 

formamide, 20 mM EDTA, 0.05% bromophenol blue and 0.05% xylene cyanoL The 

mixture was then denatured at lWC for 5 min, cooled in ice for 5 min and loaded 

on a nondenaturing 12-20% aqlamide:biiaykmide (491) geL Electrophoresiswas 

performed in lx Tris borate (pH &3>EDTA buffer at 10-125 voltslm for 624 hours 

at room temperature. DNA was deteaeu by silver staining. 

6.3.4 Sequence analysis 

DNA fragments which displayed a modified electrophoretic pattern were 

selected for sequendng. For blunttnd ligation into plasmid vectors, the amplified 
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PCR products were concentrated by ethanol precipitation and subjected to 

electrophoresis in a 1% agmse gcL The DNA was isolated from the gel using DEAE 

cellulose membrane (Sambrook u uZ., I=), phosphorylated at the 5 *-terminus by 

T4 polynudeotide kinase (Pharmacia) and ligated into the SmaI site of pUC18 

plasmid DNA sequences were determined by the dideaxy-chain termination method 

of Sanger ef at. (1977) with [%J~ATP using a T7 sequencing kit (Pharmacia). 

63.5 Production nnin 

All estimated breeding values were provided by the Canadian Holstein 

Breeders Association. The bull's breeding values for milk related traits (kg milk, kg 

fat and kg protein) were estimated with the Best Linear Unbiased Procedure (BLUP) 

based on an animal model with a relationship matrb. Preadjustments were made for 

effects of age and month of calving of daughtexs. The model included fixed effects 

of herd-year-season and age group of sires. 

63.6 Statistical analysir 

The effect of GH genotypes on the bull's estimated breeding values for kg 

milk, kg fat and kg protein for each polymorphic site were analyzed using least 

squares methods. As the breeding values are the best available estimates of the 

additive genotype of the bulls, no environmental effects were included in the model. 

The effect of birth-year of the bulls were included in the model to account for genetic 

progress made in the bulls from the 1950s to the 1980s. The model used was as 

follows: 



where Yi,, is the breeding value (kg milk, kg fat or kg protein) of the I?" bull; p is 

the least square mean of the Year, is the effect of the $ bid-year of the bull 

(genetic trend); a, is the effect of the jZb gemtype (j=1,2,3); and ei,, is the random 

residual effect Type III sum of squares were used to evaluate the effect of GH 

polymorphisms Difference in milk related train values exhibited by the g e n o p  

were compared by least square means. Average additive gene substitution effects of 

the milk production traits were calculated for the alleles of the GH p o ~ o r p h i s m s  

which have significant effects on the traits according to Falconer (1989). 

6.4 Results 

Seven GH fragments (GH1-GH7) which cover almost the entire length of the 

bovine GH gene were amplified The position and length of the hgments are shown 

in Figure 6.1. No SSCPs were detected in the GH2, GH3 and GH7 regions under 

various electrophoretic conditions (data not shown). However, analysis of the GH1, 

GH4; GH5 and GH6 fragments did reveal polymorphisms The optima! conditions 

of SSCP analysis for the 4 polymorphic fragments are listed in Table 6.2 

Analysis of the 464 bp GH1 fragment revealed 2 SSCP alleles. The faster 

migrating band was designated as A,, and the slower one as B, (Figure 62.4). The 

heterozygous individual (AIBJ) presented 3 distinct bands indicating that only one 

strand of an allele had a novel conformation with a diEferent elenrophoretic mobility. 



The other strand, posstning the complementary sequence change, did not have a 

new conformation to cause a mobility shift and continued to migrate with the 

corresponding strand of the other allele Sequence analysis revealed that the 

difference in mobility was due to a deletion (AI) or an insertion (B,) of a TGC repeat 

at position between 125 and 142 (Figure 6.11 resulting in 5 TGC repeats for the A, 

allele and 6 TGC repeats for the B, allele (Figure 62B). 

Figure 6 3 A  shows the SSCP pattern of the GH4 fragment of the gene. Three 

alleles were observed and designated as A, B, and C, respectively, on the basis of 

increasing distances in the geL AU pwible genotypes, AJ, B,B, C F ,  A,Ba A,C, 

and B,C, were observed in the samples examined. For homoygous i n d i ~ d d s  (lanes 

1, 2 and 3), three bands were obsemd under the SSCP conditions used. The two 

slowest migrating bands may represent two diflerent conformations of the same 

strand. Sequence analysis of the region revealed 2 mutations in the third muon of the 

gene (~igure  6.1). Both mutations are T to C transitions with one at position 1547 

and the other one at 1692 (Figure 63B). Three of the four possible combinations 

from the two mutations, C'"7...T.T'm, T.T'T7...T'692 and CW7...C1m, were observed, 

representing SSCP allelesA,, B, and C, respectively. The polymorphisms in the GH 

fragment at the 1547 and 1692 mutation sites were designated GH4.1 and GH4.2, 

respectively. 

The 366 bp GH5 region harboured one mutation at position 2017 as 

determined by sequence analysis. The mutation was a T to C transition which gave 

rise to 2 alleles (designated A, and B,) detected by SSCP (Figure 6.4). As in the case 

of GH1, only three bands appeared in the heteroygous samples due to the same 



electrophoretic mobility of two of the four strands 

Figure 65.4 shows the SSCP results for the GH6 fragment. Thrrt different 

alleles, A, B, and C,, wen identified and all the possible genotypes were obsemd 

Sequence determination of the entire length of the fragment revealed 2 polymorphic 

sites at positions 2141 and 2291 resKctively (Figure 65B). Both were base 

substitutions and located in the fW exon (Figure 61). The mutation at  position 2141 

was a C to G aansvcrsion, while the mutation at 2291 was a .  A to C transversion. 

SSCP analysis detected 3 (A,: @41.Am; B,: C?'41-A2291 and C,: C ? " J . ? )  of the 

4 possible combitions from the 2 mutations. The other possible a m b i t i o n  

(GX4'...C129') either does not produce unique band migration or does not exist in the 

sample population investigated The polymorphisms in the GH6 fragment at  positions 

2141 and 2291 were designated GH6.1 and GH6.2, respectively. The sequence 

changes, nucleotide positions and allelic designation of the ti polymorphisms in the 

bovine GH gene arc presented in Table 6.3. In this table, alternative alleles of each 

polymorphism were assigned a superscript on the basis of the nucleotide present 

The effects of the genotypes of the 6 GH polymorphisms on the breeding 

values for milk yield, fat content and protein content per lactation were examined in 

128 Holstein bulls using least square methods Least square means of the three GH 

genotypic classes of the 6 polymorphisms are presented in Table 6.4. Bulls with 

GH4.1clGH4.1C genotype had higher milk yield compared to GH4.1CIGH4.1' (Ps0.005) 

and GH4.lrlGH4.I' (Ps0.0022) bulls, respectively. Bulls with GH4.ICIGH4.lC genotype 

had higher kg fat (Ps0.0076) and kg protein (P50.0018) compared to bulls with 

GH4.1clGH4.1'genotype. Similar effcctswere observed with th GH62 polymorphism 



on milk production traits with the GHdP allele bemg the favourable allele pable 

6.4). No associations m.05) were found between the genotypes of the other GH 

polymorphisms (GH1, GH4.2, GH5 and GH6.1) and milk production traits. The 

average effects of alleles of GH4.l and GH62 polymorphisms an given in Table 65. 

The average effects of the gene substitution for GH4.1 and GH62 were similar and 

amounted to 2 300 kg for milk yield, r 8 kg for fat content and 27 kg for protein 

content per lactation. 

6 5  Discussion 

DNA sequence variations have been cowcntionaily identified as restriction 

fragment length polymorphism (RFLP). However, RFLP can only be detected when 

DNA polymorphisms are present in the recognition sequences for the corresponding 

restriction enzymes or when a deletiodirt ion is present in the region detected by 

a speciiied probe. SSCP analysis overcomes this limitation and allows the detection 

of any sequence changes which lead to mobility differences of single-stranded DNA 

molecules. Using this technique, we detected a total of 6 polymorphic sites in the GH 

gene, indicating that SSCP is a useful tool to identify DKA polymorphisms. 

The 5 'region of the GH gene contains regulatory sequences which control the 

expression of GH and interact with a large number of &acting (Crone et al, 1990) 

and transacting factors (Counois et at, 1990). Modulation of the affinity of binding 

of any of these factors by minor sequence changes in the region may affect GH 

transcription and thus the concentration of GH measured in the blood. Therefore, 



the GH1 SSCP involving a ddetionhmarion of a TGC repeat in the Stflanking 

region (506 to 524 bp upstream from the tramcription initiation site) of the gene 

becomes of interest for furtbcr study. However, no significant asodatiom between 

the GHl polymorphism and milk production naia were obsemd, suggesting that the 

repetitive TGC sequence may not be invoked in the regulation of the gene. 

Using Southern hybridization with bovine GH cDNA as a probe, Cowan et al. 

(1989) and Hilben et al. (1989) detected a MspI-RFLP in the GH gene and mapped 

it to the thud intron Restriction fragment analysis of the GH4 fragment which covers 

the third intron mnfirmcd the presence of this polymorphic site. Our analysis 

revealed that the 345 bp fragment (GH4) habours a non-polymorphic MspI site 

(position 14381439) which cleaves into two fragments of 59 and 286 bp upon 

digestion with MspL The 286 bp fragment is further cleaved to yield a 109 and a 177 

bp fragments when the polymorphic MspI site is present Using the sequence 

information of Gordon et al. (1983), we mapped the polymorphic MspI site to 

position 1547-1548. Sequence analysis of the GH4 fragment showed that this 

pol~morphism was caused by a C to T transition at position 1547. Our sequence did 

not agree with that of Hoj et al. (1993) who reported that the loss of the MspI site 

resulted from the insertion of a T at position +837 (relative to translation start 

codon) and a C to G change at position +838. However, the sequences flanking the 

MspI site in our analysis agreed with the GH gene sequence reported by Woychik et 

al. (1982) but did not match the sequence reported by Gordon et al. (1983) where 

a T between 154C-1541 and a G benveen 1549-1550 were absent MspI-RFLP analysis 

of all the samples showed that the A, and C, SSCP alleles were all MspI (+), while 



the B, allele was UrpI (-), showing the consistency of the two methods. 

Estimates of genotypic effects of the GH4.1 variants in Table 4 indicate an 

assodation with milk production traits In our study of the GH4.1 polymorphism, the 

GH4.P allele (UrpI+) was the favourable allele with a substition effect of 300 kg for 

milk yield, 8 kg for fat content, and 7 kg for protein per lactation Our results 

contradict the studies of H0j ef d. (1993) who reported a positive assodation of of 

MspI(-) with milk fat content in Red Danish and Norwegian dairy cattle, and Lee e! 

al. (1994) who also observed a positive association of MspI(-) with milk fat contest 

in Holstein cows Based on a 9 fragment-allelic combition, Lagdel et al. (1996) 

recently reported a GH haplotype of Bas indim origin which was positively 

associated with milk protein percentage. 

The GH6.1 polymorphism is also known as AM-RFLP which was previously 

characterized by Zhang er al. (1992; 1993) and Lucy er d. (1993). It is caused by  a 

C to G nucleotide change in the fifth exon of the GH gene which gives rise to 2 

alleles that are responsible for alternative forms of bovine GH with a leucine or 

valine amino acid residue at position 127. Restriction analysis of all 128 bulls revealed 

that the Ah1 restriction recognition site was present in the B, and C, (AM+) but not 

in the A, allele (AM-). Eppard ef d. (1992) demonstrated that lactating Holstein 

cows injected with valine variant recombit-derived bovine GH, had greater milk 

yield than cows that received leucine variant GH. However, Lee ef al. (1993) and 

Lucy el al. (1993) reported a decreased milk yield associated with valine variant 

bovine GH in Holstein cows. Further studies by W e e  u d. (1994) in German Black 

and White bulls revealed that animals homaygous for the leucine variant had higher 
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plasma levels of GH than their hetem~ygous counterparts. In our sample the 

frequency of the GH6.f allele (equivalent to the d i n e  variant) was low and only one 

GH61~IGH6F homozygote carrier could be identifed. Dierences of least square 

means between the homozygote GH61C/GH61C (n=106) and the heterozygote 

GH6lCIGH6lr (n=21) for milk yield, fat content and protein yield were not 

significant (P>0.05). 

The GH6.2 polymorphism is due to an A to C transversion which changes the 

codon AGG to CGG in the E th  exon of the gene. However, either triplet codes for 

the same amino acid, arginic This mutation changes the recognition sequence 

(CITNAG) of the restriction enzyme D&L Therefore, this polymorphism could also 

be identified as DdeI-RFLP. Assessment of the 128 individuals investiped indicated 

that all 95 individuals homoygous for GH4.lC were also homozygous for GH6.T: all 

29 heterozygotes GH4.lc1GH4.1' were heterozygotes GH6201GH6.2: and of the 4 

homozygous GH4.lrIGH4.lt individuals, 2 were GH6.2CIGh6..," homozygotes and 2 

were GH6.PIGH6.ZC hetemzygotes. This observation indicates extensive linkage 

disequilibrium between the 2 polymorphism and may explain why significant 

associations were found for both polymorphism. The effects of GH4.1 and GH6.2 

on milk production traits could be attributed to variations in the expression of the 

bovine GH or due to tight linkage disequilibruim with another mutation. 

Previous studies using Southern analysis revealed RFLPs in the bovine GH 

gene with BglI, BamHI, EcoRI, AtI, AuII and TaqI, all of which were caused by an 

insertioddeletion went of lkb DNA fragment in the 3'region of the gene 

(Hallerman et al, 1987; Cowan er al, 1989; Hilbert er al., 1989). The exact location 



of the de l e t iod in ion  is unknown but was proposed to iwohre a segment 300 bp 

to 1300 bp downstream from the polyadenylation site @lbert ef al, 1989). Analysis 

of the PCR products of the GH7 fragment (454 bp) that m r s  the polyadenylation 

site and 429 bp 3' from the site revealed that in some individuals, a single major 

band of 454 bp (expected) was present, while in others, beside the same major band 

with approximately half of the intensity, 2 additional minor bands of 500 and 550 bp. 

respectively, were present (data not shown). Assessment of 108 bulls revealed that 

those individuals with a single major band were all homozygous for MspI (+), while 

the ones showing one major band with less intensity plus 2 minor bands were allIlfsp1 

(+I-) animals with few exceptions. Based on the observation by Hoj ei al. (1993) that 

the insertion allele was linked to the MspI (+) allele and the deletion allele was 

linked to the MspI (-) allele, we therefore conclude that those animals with a single 

amplification are homozygous for the insertion of the 1 kb fragment, and those with 

2 additional bands are heterozygous for the deletion and insertion. We further 

conclude that the GH sequence reported by (Gordon et al, 1983) contains part of 

the I kb insertion at the 3 end as hypothesized by (Hallerman et al, 1987) and that 

the PI4 primer (reverse primer for GH7, position 2829-2850) is located in this region. 

The presence of the 2 minor bands in heterozygous animals could be explained as 

non-specific amplifications due to the elimination of the PI4 primer binding site by 

deletion of the 1 kb fragment. 

Associations between single genes or putative QTL and quantitative traits 

without taking into account the breeding structure and gene flow may be spurious 

because of non random association of gametes (Kennedy et al., 1992). In this study, 



the estimated breeding values are based on an animal model which aaolmts for the 

relationships between all animals and the bias of selection The birth-year of the bulls 

was fined to acmunt for genetic trend m improvements over the past 40 years. 

However, a definitive fondusion requires segregation &CS. 

In summary our study revealed 6 different polymorphisms in the bovine GH 

gene, four of which have not been reported previously. The assodation of two of 

these polymorphisms GH4.1 and GH62 with milk production traits suggem that 

these markers may be useful for selection at the DNA IcveL 



Table 61 Sapsme and position of oligonudeotide primers 

for PCR analysis of the bovine GH gene 

Fragment Primer =ma sequence Location Sii@p) 

'Based on the nucleotide sequence of bovine GH gene from GORDON et al. (1983). 



Table 6.2 Optimal conditions for SSB andysis of CHI, GH4, GHS and GH6 

fragments of the bovine GH gene 

GH fragment Gel percentage(%) Voltage (v) Running time (h) 

GHI 20 

GH4 15 

GH5 20 

GH6 12 



Table 63 Six polymorphisms in tbe bovine GH gene idcntificd by SSCP andysis 

Polymorphisms Sequence Nudeotide Allele 

change position designation 

Gi1 del-ins TGC 125-140 G H ~ ~ - G H I '  

GH4.1 C-T 1547 GH4S-GH4.1' 

GH42 T-C 1692 G H 4 2 - G H 4 2  

GH5 T-C 2017 GH5'-GHF 

GH6.1 C-G 2141 GH6Jc-GH61g 

GH62 A-C 2291 G H 6 2 0 - G H U  



protein content in Holstein bulls with diaerrnt GH gmorypes 

Polymorphirm GH Genotypes P values 

GH1 

Milk 
Fat 
Protein 

GH4.1 

Milk 
Fat 
Protein 

GH42 

Milk 
Fat 
Protein 

GH5 

Milk 
Fat 
Protein 

GH6.1 

Milk 
Fat 
Protein 

GH6.2 

Milk 
Fat 
Protein 

values are means t S t  cxprcsscd m kg. 
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Table 6.5 Average additive gene substitution effects of alleles of GH4.1 and GH6.2 

polymorphisms on milk yield, fat content and protein content of milk 

Traits 

GH alleles Milk (kg) Fat (kg) Protein (kg) 



Figure 6.1 Map of the bovine GH gene with the position and length of the GH 
fragments. Open arrowheads indicate the locations of the polymorphic sites 



A1 allele 8, allele 
Figure 6 2  Detection of a Zallele SSCP in the GH1 fragment of the bovine GH 
gene. (A) Banding pattern of GHI SSCP. Lanes 1-3, individuals with genotypes 
BIBl, A,BI and A#,, respectively. ['I and ["I designate alternative single strands 
from the same allele. (B) Sequencing analysis of the GH1 fragment showing the 
deletion/insertion of a TGC repeat at position between 125 and 142 A ,  allele: 
deletion of TGC; B, allele: insertion of TGC 
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A C G T  
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Figure 6 3  Detection of a fallele SSCP in the GH4 fragment of the bovine GH 
gene. (A) Banding pattern of GH4 SSCP. Lanes 1-6, individuals with genotypes 
A d n  BJ,, C,C,, A@& A,C, and B,C, respectively. [ I ]  and ["I designate 
alternative single strands from the same allele. (B) Sequencing analysis of the 
GH4 fragnznt showing the 2 mutations at positions 1547 (upper portion) and 
1692 (lower portion, sequences shown are antisence strands). A,: C1547...T1m; B4: 
T1547...~16%. C . c1574...~16PZ. 

t 4' 
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Figure 6.4 Detection of a Zallele SSCP in the GH5 fragment of the bovine GH 
gene. (A) Banding pattern of GH5 SSCP. Lanes 1-3, individuals with genotypes 
A5B5, B5B5 and A d , ,  respectively. [ I ]  and r] designate alternative single strands 
from the same allele. (B) Sequencing analysis of the GH5 fragment showing the 
mutatioc at position 2017 (sequences shown are antisence strands). AS: T2O1'; B5: 
~ 2 0 1 7  
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Figure 6.5 Detection of a 3-allele SSCP in the GH6 fragment of the bovine GH 
gene. (A) Banding pattern of GH6 SSCP. Lanes 16, individuals with genotypes 
A&, A$,, A g 6 ,  B$,, B g ,  and C g 6 ,  respectively. and ["I designate 
alternative single strands from the same allele. (B) Sequencing analysis of the 
GH6 fragment showing the 2 mutations at positions 2141 (upper portion) and 
2291 (lower portion, sequences shown are antisence strands). A,: G"~~ . . .A~ ' ;  B6: 
C21J1...~w1; C6: C2141...Cw1. 



CHAPTER 7. GENERAL CONCLUSIONS 

The identification of genetic markers associated with milk production 

performance could have a peat economic impact on the dajr industry. Such genetic 

polymorphism could be employed in marker-assisted selection programs for genetic 

improvement of dairy cattle. Considering the importance of ODC and GH in 

mammary gland development and functions, we have chosen these two genes to 

search for genetic variants which are linked to milk production traits. 

Cloning of the bovine ODC D N A  revealed detailed information of ODC at 

the molecular level and provided avaluable tool for studying genetic variability of the 

gene in cattle. Using the cDNA as a hybridization probe in Southern blot analysis, 

we have shown that the ODC gene is highly polymorphic in Holsteins. 

The structure of the bovine ODC gene was revealed by cloning and sequence 

analysis of an ODC genomic clone. The gene was shown to be highly conserved in 

mammals. Mapping of the MspI and the TaqI polymorphisms on the ODC gene with 

the genomic sequence information facilitated development of PCR-based methods 

for rapid genotyping the 2 RFLPs in a relatively large sample of Holstein bulls. Of 

the 3 available ODC alleles (combinations of the 2 RFLPs), significant changes in 

allele frequencies were observed between bulk born in 1950-1970 and bulls born in 

the 1980s. The changes are possibly associated with selection for milk production. 

However, genetic drift could not be excluded. 

Cloning of the ODC genomic gene aI;o provided sequence information in the 

5'-flanking region of the gene and a number of potential promoter elements were 



identified in this region Further studies may focus on searching for sequence 

variations in this region. Sequence changes in this region are likely to modulate the 

biding of the regulatory factors and thus affect 0DC geae expression. 

We have successfully applied the SSCP technique to detect DNA 

polymorphisms and SSCPs were detected in 4 of the 7 amplified GH fragments A 

total of 6 polymorphisms were found in various regions of the GH gene. Two of the 

polymorphisms, a T to C transition in intron 3 (GH4.1) and an A to C transversion 

in exon 5 (GH6.2). were shown to be strongly associated wirh m i  production traits. 

Whether the effects of the 2 polymorphisms on milk production reflect an altered 

expression of GH associated with the particular alleles or whether it is due to linkage 

to a neighbouring gene requires further studies. 

Based on our observations, we found that the 2 polymorphism are likely 

linked. The GH4.1 polymqhisrn (equivalent to a MspI-RFLP) has been previody 

reported to be linked to an insertion,deletion of 1 kb DNA fragment in the Yregion 

of the gene and our study also confirmed this linkage relationship. Therefore, the 

effects of the 2 polymorphisms could be due to their linkage to this 1 kb fragment 

downstream of the gene. The insertioddeletion event in the Region may play a role 

in determining the rate of transcription of the gene, however, further studies at the 

transcriptional level are still required. 

The association of the 2 GH polymorphism with milk production traits 

suggests that these markers may be useful for selection at the DNA level. However, 

further segregation studies using a "granddaughter" design should be carried out to 

draw a definitive conclusion. 



APPENDICES 

Appendix 1. Nucleotide and deduced amino add sequence of bovine ODC cDNA 
(GenBank and EMBL accession number: M92441). Nudeotide 1 is the start of the 
open reading frame. 



CC GCT CTG AGA CAG CAG ATP GTG TGT TPA TTG AAC ATT TCC ACT 
GCT GCA CAG AGA GCA CAC GCA TCT TCG GTG GAC TTG GAA TTC CIY; GGG 
AAT TGC CTT TGT GAA AAG TPG GCA TAA TCC CPT TAA ATT CCA TCT CTT 

N S F S N E E F D C H F L D E G  
AAC AGC Tl'T AGC AAT GAA GAG 'MT GAC TGC CAT T T C  TTG GAT GAA GGC 

F T A K D I L D Q K I N E V S Y  
m ACT GCC AAG GAT ATT CPG GAC CAA AAA ATT AAT GAA GTT TCT TAT 

S D D K D A F Y V A D L G D I L  
TCT GAT GAT AAG GAT GCC TTC TAT GTT GCG GAC CTG GGA GAC ATT CPG 

K K H L R W L K A L P R V T P F  
AAG AAA CAT CTG AGA TGG TTG AAA GCT CPT ccr CGG GTC ACC ccc m 

Y A V K C N D S R T I V K T L A  
TAT GCC GTC AT& TGC AAT GAT AGC AGA ACC ATA GTG AAG ACA CTC GCT 

A I G T G F D C A S K T E I Q L  
GCC ATT GGG ACA GGA m GAC TGT GCC AGC AAG ACT GAA ATA CAA TTG 

V Q S L G V P P E R I I Y A N P  
GTG CAG AGT CTC GGG GTG CCC CCA GAG AGG ATT ATC TAT GCA AAT CCA 

C K Q V S Q I K Y A A N N G V Q  
TGT AAA CAA GTG TCT CAG ATT AAG TAT GCT GCC AAT AAC GGA GTC CAG 

M M T F D S E V E L M K V A R A  
ATG ATG ACT TTP GAT AGT G.9A GTT GAG CTG ATG AAA GTT S C C  AGG GCA 

H P K A K L V L R I A T D D S K  
CAT CCA AAG GCC AAG TTG GTT T P A  CGG ATC GCC ACT GAT GAT TCC AAA 

A V C R L S V K F G A T L K T S  
GCA GTC TGT CGC CTC AGT GTC AAA m GGT GCC ACA CTC AAA ACC AGC 

R L L L E R A K E L D I D V I G  
AGG CTT CTT TTG GAA CGG GCG AAA GAG CTA GAT ATT GAT GTC ATT GGT 

V S F H V G S G C T D P E T F V  
GTC AGC TTC CAC GTG GGA AGT GGC TGT ACT GAT CCT GAG ACC m GTG 

Q A I S D A R C V F D M G A E V  
CAG GCC ATC TCT GAT GCC CGC TGT GTC m GAC ATG GGC GCT GAG GTT 

G F N M Y L L D I G G G F P G S  
GGT TTC AAC ATG TAT CTG CPT GAT ATT GGT GGT GGC m CCT GGA TCA 



E D V K L K F E E I T S V I N P  
GAG GAT GPA AAG CTT AAA m GAA GAG ATC ACC AGT DTA ATC AAC CCA 

A L D K Y F P S D S G V R I I A  
GCA CTG GAC AAG TAT m CCA TCA GAC TCT GGA GPG AWL ATC ATA GCT 

E P G R Y Y V A S A F T L A V N  
GAG CCA GGC AGA TAC TAT GTT GCA TCA GCT TTC ACG CTC GCA GTT AAT 

I I A K K L V L K E Q T G S D D  
ATT ATT GCC AAA AAA CTT GTA TTA AAG GAA CAG ACA GGC TCT GAT GAT 

E E E S T D R T F M Y Y V N D G  
GM GAG GAG TCA ACT GAT CGG ACA m ATG TAT TAT DTG AAC GAT GGA 

V Y G S F N C I L Y D H A H V K  
GTA TAT GGG TCA TTC AAC TGC ATC CTT TAT GAT CAC GCA CAC GTG AAG 

P L L Q K R P K P D E K Y Y S S  
CCT CTT CTG CAG AAG AGA CCC AAA CCA GAT GAG AAG TAT TAT TCA TCC 

S I W G P T C D G L D R I V E R  
AGC ATC TGG GGA CCG ACC TGT GAC GGC CTG GAC CGC ATT GTT GAG CGC 

C N L P E M H V G D W M L F E N  
TGT AAC CTG CCT GAG ATG CAT GTG GGT GAT TGG ATG CTC m GAG IWC 

M G A Y T V A A A S T F N G F Q  
ATG GGT GCT TAC ACT GTT GCT GCT GCT TCT acc TTC AAT GGA TTC CAG 

R P T I Y Y V M S G P T W Q L M  
AGA CCC ACC ATC TAC TAT GTG ATG TCA GGG CCA ACG TGG CAA CTG ATG 

Q Q I R T Q D F P P G V E E P D  
CAG CAG ATC CGG ACC CAG GAC TTC CCG CCT GGA GTG GAG GAG CCG GAC 

V G P L P V S C A W E S G M K R  
GTC GGT CCC CTG CCC GTG TCC TGT GCC TGG GAG AGC GGC ATG AAG CGG 

H S A A C A S T R I N V *  
CAC TCG GCA GCC TGC GCT TCC ACG CGT ATT AAC GTG TAG ATA CCA CTC 

TTG TAG CTG TTA ACT GCG AGT TTA GCT TGA m AAG GGT TTG GGG GGG 
ACC ATT TAA CTT AAT TAC TGC TAG TTC TGA GAT GTC TAT GTG AGT AGG 
GTT GGC ACA GGT GCA CCA ATG TGG AAG ACT GGG AGA TGG GGT CAC ACT 
TAT CTG TGT TCC TAT GGA AAC TAT TTG AAT ATT T 



Appendix 2. Nucleotide sequence of the bovine O X  gene (GenBank and EMBL 
accession number: U36394). Flanking and intronic sequences are indicated by 
lowercase letters, whereas, the exons arc indicated by uppercase letter. Nucleotide 
1 is the transcription start point. 



ttaggctccaaaatcactgcagatggtgactgcagccatgaaattaaaagatgcttgctc 
cttaaaauaaaaactatcfacaaacctaaacaacatattaaaaaa-taaaaacataacttta - - -  - 
c ~ a ~ & a ~ ~ g t & ~ a a ~ ~ c c a a a ~ & t s s f c t t ~ ~ c a ~ g t c a t a t a ~ ~ a t ~ t t a ~  
agttggaccataaagaaagctgagcaqgaagaattgatgctttcgaactgtggtgttgg 
agaaatctcttgagagtcccttggactgtaaggagatcaaaccagtccatcctaaaggaa 
ataaatcctgaatattcactggaaggactgaggctaaagctccaatactttggccaccgg 
atttgataagcccactgactagaaaaagaccccga~~gaaagattgaaggcaggag 
gagaaggggatgacagaggatgagatggctggatggcatcaccgactcaaccaacaggag 
t c t g a t c a a g c t c c a g g a g g a g a t g g t g a c g g a c a g g g a c c  
t g g g g t c g c a a t g t c g g a a a c g a c t g a g c g a c t g a a c a a t c c  

gacatgtcagacgcggttcaatacgctcagcggctcgagagctgcccagagctgtgcctc 
ttaattt~ccc4ctaacc~ctacc~cttctacctccta~~~~~cttcatcstq~ct~aa 

acgctgccatccggcgggcgttcagaggcaggttttgcaatccttcggctggqtgccag 
aggagagcagccttaggcggccggccgggcgcgcggagccccg~~gtccgcgg~ggt 
~ c 9 c a t 9 c 9 c 9 9 9 ~ 9 9 c g 9 c g 9 9 c ~ 9 9 9 a 9 9 9 9 c 9 9 9 ~ 9 ~  
tgacgtcgatcagccggcgacccccacccctccctctccccatcccgggttggccccgcc 

cactcagatcgctagagctgagataacccgtgtgtaactgatactgctcggccgggctta 
aaaata-ttaacaaaatctttaaataacttaataatttaaaaaaaa-tccttaaattattaa 

t t c a g t t g c g g t t t g a a t t g g t a c c t g t c t a a c g t t t c c ~ c  
gttttgctaatccatgtcattttaagtaacgtagccataacagaaaacacccaaaggtgt 
tctasaataaactttctctatatcaaaaattactuaaaaactttaaaaaatacaaaa 

tcctctgggcgaattaggaaactaggaggttgacaaagccagcaagtcacattagatcaa 
gtctcgcaagttctcccatgcatgggtttggatttatggcaggct~ccccctgggcct 
ctcataatatcccatqcca~astaaatccaaccwaaccatt~cctacctctaacaataa 



gafttttfftaga~gca&kaaaca&tg&g&~aattagCtt 
tctcaggaaaatttagagcactcagtaaattgataacaatg~cactaaaagt 
tcttctgtataagacttagcaaatgtcagaaatagcaa~tatggcagctttgc 
taaattgctatcatggtg-ttttaagcttcgagagaaaaacaggtctgaaataaagtaagc 
taactgtcatgaagccttttccctctcagtggactaagtgcaggaaa~ctgaaacct 
gtattctgcattttagcaggaatgttQgagtgcCmmgaggtggacaaaactatat 
gggcttccttggtagctgagctggtaaagaatccacctgcaatgctgggttccatccccg 
9gt=ggaagattctctagagaaggg=tsgcaa-~9tattctt9ccts9a9a 
atcccatggacagaggagcctggcgggctacagtccatggggtcacaaagagtcagacac 

aggagttactaagtattaagacttctga~g~tttgt~cccfatttg&TlTGTX 
T G T C T C A A A A A G A c G T C A A G A A A C C A l ' G A A C A ~ G A G T r r G A C I Y ; C C A  
TITCTM;CATWLAGGCITTAcTGcCAAGGATATTCTGGACCAAAAAATTAATGAA~ 
TTATTCPgtaagtatatatgaagtctatgctggtagtgcagctttgagaatgttaggcag 
atgaatgggaaacttgagaggggtcttatggaaatgtmrftagg9aatt99gasttta 
attggctgtggatcctccagtaacaatagtgattatcatqtccatgattgactagagtag 
ggttcatgagaatgatgggcaagagaagggaaggctgtgccttggtcacatctgttaaat 
tgctgatgggtctcctgtaaccactcttattgcasWm;nTAAGGAn;C~CPATGpTc. 

TTGGGACAGGATTTGACTGTGCCAGCAAGgtgagcaaaagcagcagaactcaaatqatgt 
ctgtaatggccctqgtgctcccagcagggcagatcagaattactttqcttgagcagagga 

f ~~tafficaGtttaa~cttaac&~ct~&tacafttttcat~actfgttaafct~~c 
tga t tgac t taa t t t t c t tgac tc tagGCTGA~CAACATGTATCKCMGAT 
ATTGGIY;Gn;GCTTTCCIY;GATCAGAGGAn;TAAAGCPTAAAmGAAGA~atttat 
aacaaaattacagtctgtagctcttaggttcctttttgaaatgtttcaaaacttatatgt 
t a c a a c t a a t a a c c a a a a g g g a c t g t a c a a a c a t g a a a g t  



g t g t t t g g t t c t g a t a a g a a t t a g q t a c t t t c c a g g g t t s  
gtagaattaagaaattgcttagaattaaataataacaattattttttgtttttctcccca 
tattaagaatatatgctttaaaaaa~ttggaataamcaatgaaaggaaaattcctcca 

GPTCCPAn;GAAACPAmGAATAmGPfiPATATGGATPPPTATrCACrrrPCAAACA 
n;CPACPAAAGGmCAACPGCPWLGCAAGCDPPK;TGGCPK;TGPATCAGCAGWLTAGG 
CCAGAAG~ADLY;TPDPGACCGGPPrPAACAAAAAGGAATAAAggatcttgacataact 
tggcactgggaagtttttacggtgtgttcatttcaggcggctcacctgagcgtgtgttat 
aqstqqqaatttstttttttccctcrtaaqctqaqaaaattaccccaaaaqactqagqaqq 

gtggttccccaccctggatgctgactgagcttggcacgccagagccccttgttaactaag 
tggtctttgcctgttacagcggctgcctaggcggggtacacagggccctctgagccctgc 
CtccagagaccagtctcatatttgcaccttqaMcacacacaqqaaaaqstacagttac 
a a a c t & g & t t g a L c a g a g t t q t i g c t c t t & t c t g a c ~  
c t c a a c t t g g a c c c c a c a c c t c a g a a a a a g g g t g g ~ a a g a c  
aggaattgtgaatccttgccgtagctctggacaggagggcaggccacgtaagagccagag 
tcacttgaqtaagtctctcactggccccagtcctgcag 
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