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Abstract 

The gene encoding chieken growth hormone (G H) was Isolated from a ehickt.'Jl 

genomic li bra ry. The size of the gene was 4 kb. ft WliS digcsted with Pst 1 and 

subcloned into pUe] 8. Three of the Pst 1 fnlgments were lIsed for restriction 

fragment length polymorphisms (RFLPs) analysis at the OH locus in two chkkcll 

strains (tat and lean line). Four pl.llymorphic ~ites were detected using li Pst 1 fraglllt'1l1 

(PlI) as a probe. One polymorphism was located at a Sad restriction sitc (PS 1), ilnd 

three at Mspl sites (PM 1, PM2 and PM3). A method based on polymerase chaill 

reaction (PCR) was developed for detecting polymOi phisms at PM3 site. A fragmcnt 

of 823 base pairs which contained the PM3 polymorphic site was al11plitïed. Thrce 

genotypes (+/+, -1- and +/-) were distinguished hy examining the MspI digested PCR 

products in either agarose or polyacrylamide gel. 

Ten anonymous cDNA clones were also iSlllated t'rom a chickcn Iivcr cDNA 

Iibrary and used for RFLPs analysis. Three of these clones were round to be able to 

detectcd RFLPs at Mspl sites In chicken strains (strain 7, 8, Y, SR, Sand K) 

indicating that a high frequency of genes are polymorphie and can be used as 

markers in mapping experiments. One of the thret.~ clones was present on a haploid 

genetic element. Segregation analysis showcd that the inheritance of this haploid genc 

wali determined by the genotype of the t'emale parent. 
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Résumé 

Le gène de l'hormone de croissance (G H) a été isolé à partir d'une librairie 

génomique de poulet. La taille du gène est de 4 kb. 1\ a été digéré avec Pstl et 

cloné dans pue IR Trois fragments Pstl ont été utilisés pour l'analyse du 

"Polymorphismes de Longueur de Fragments de Restriction" (PFLR's) au niveau du 

locus OH dans deux lignées de poulets (gras et maigre). Ql'atre sites 

polymorphiques ont été détectés ü l'aide d'un fragment Pstl (PlI) utilisé comme 

sonde. Un polymorphisme él été localisé sur lin site de restriction SacI (PSI), et trois 

sur des sites Mspl (PM l, PM2 et PM3). Une méthode basée sur la réaction de 

polymérisation en chaîne (PCR) a été développée pour détecter les polymorphismes 

élU site PM3. Un fragment ùe 823 bases contenant le site polymorphique PM3 a été 

amplifié. Après avoir digéré les produits de PCR avec MspI et les avoir séparés par 

electrophorèse sur des gels ù'agarose ou de polyacrylamide, trois génotypes (+/+ i-I­

.i + /- 1) ont pu être déterminés. 

Aussi, dix clones provenants d'une librairie d'ADNe de foie de poulet ont été 

utilisés pour l'analyse par ~FLP. Trois de ces clones possèdent des RFL~'s à des 

sites Mspl dans certaines lignées de poulets (lignées 7, 8, 9, 8R, S & K). Ceci 

indique quO un grand nombre de gènes sont polymorphiques et peuvent être utilisé~ 

comme marqueurs pour faire du "mapping". Un des trois clones se comporte comme 

un élément génétique haploide et une analyse de ségrégation a montré que 

J'héritahilité de ce gène haploide était déterminée par le génotype du parent femelle . 
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1. Introduction 

Restriction fragment length polymorphisms (RFLPs) have been widely used as 

genetk markers since the initial discovery of RFLPs associated with human f3- and 

1- globin locI. Many examples of RFLPs detected by human gene probes or randomly 

c10ned DNA ~egments have been reported. Analysis of RFLPs became an essential 

tool to map single genes (8otstein el al., 1980), to diagnose genetic diseases (Gusella 

el a!., 1983) and tn identify markers associatecl with variations in complex genetic 

traits (Lander and Botstein, 1989; Paterson el al., 1988; Soller and 8eckman, 1983). 

RFLPs as genetic markers have their particular llsefulness in genetic improvement 

programs of plants and domestic animaIs. The advantage of using this kind of genetic 

markers is that they lack dominance, exist in multiple allelic forms, do not have 

pleiotropic effects on other characters and do not require expression for their 

detection. Landegren el al. (1988) and Tanksley el al. (1989) reported the application 

of RFLPs to plant breeding practices. Soller anù Beckman (1986) and Kuhnlein el 

al. (1989, 1l)l)Ob) thSClIssed the a pplicatinn Dt RFLP analysis to pOliltry breeding. 

RFLPs can he detected hy using clones nt specifie genes or random DNA segments 

as probes (Cooper and Schmidtke, 1984). 

It is weil known that chicken growth hormone (GH) intluences a number of 

distinct aspects of the physiolo!,'Y of chickens, including growth, metabolism of Iipids, 

carhohydrates and proteins and endocrine secretion (Scanes el al., 1983). It is alsa 

involved in the regulation of the immune system (Gala, 1991) . 

RFLPs in the GH gene of chickens were identified by using the turkey GH cDNA 
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gene as a probe (Fotouhi t!I al., 1993). Four polymorphie sites wcre found at Sacl and 

Mspl restriction sites, respectively. These polymorphisms eHn potentmlly be lIsed as 

genetic markers to select for abùominal fat ~ontent or for resistance to avian lellkosis 

virus (ALV) and Marek's disease (MD). 

The full potential lIsdulness of RFLPs in poultry hrceding is Iimited hy the 

paucity of prcsently availablc markers. Furthermorc, the traùitional Southern hlotting 

method for RFLP detection is too labour intensive for determining genotypcs in il 

large breeding population. In the present stuùy we planned to identi(y more gcnctic 

markers and to develop a rapid assay for the detection of the G H-RFLPs known tu 

be associated with economically important traits. 

T.le objectives Dt this study were: (1) to isola te the GH gene t'rom a ehicken 

genomic library; (2) to sequence the gene and locate the exact position of the known 

GH gene polymorphisms (PS 1, PMI, PM2 and PM3); (3) to develop a PCR-hased 

method ta de te ct these polymorphisms; and (4) to isolate other polymorphie cDNA 

clones which can be used as genetle markers for mapping specltlc production traits 

in chickens. The tirst part of the thesis is foclised on the t'irst three ohJectives. In the 

second part, random cDNA clones were ~creened for polymorphisms. Three out of 

ten clones were found to be polymorphie. They were testeù for co-selection with 

disease resistance and tor correlation wlth two proJuction traits, the hOllsing body 

weight (HBW) anù the age at t'Irst egg (AFE) . 
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Il. Literature Review 

1. Growth hormone and growth hormone gene 

1.1. Growth hormone 

3 

Growth hormone (GH) is a protein hormone produced hy the somatotrophs of 

the anterior pituitary gland of hirds and other vertebrates. The secretion of GH in 

birds is LInder hypothalamic control and involves three peptidergic releasing factors, 

namely the growth hormone-releasing factor (GRF) (stimulatory), the thyrotropin­

releasing hormone (l'RH) (stimulatory) and somatostatin (SRIF) (inhihitory) (Scanes 

and Lauterio, 19R4). 

1.2. Growth Hormone and Growth 

The hormone control of growth in poultry and ather species is complex. The 

available evidence supports the concept that growth hormone and the thyroid 

hormones are the principal hormones responsible for the attainment of normal 

growth in the domestic fowl (Sc~mes el al., 19R3). The plasma GH concentration 

varies during the developrnent and growth. It is high in the rapid growth period of 

early age and low in later stages of development and in the adult. This change of 

plasma GH concentration with age has heen observed in the domestic fowl (reviewed 

hy Seanes and Harvey, 19R2), turkeys (Harvey et al., 1977; Proudman and Wentworth, 

1(80) and ducks (Harvey and Phillips, 1980). lt may be pertinent that neanatal 

plasma concentrations of GH are higher in faster growing hroiler strains of chickens 
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than in slower growing "Iaying type" strains (Seunes and Harvey. 19X2). Furthermore, 

the plasma concentration of GH declines with age earlier in "oroiler" tlmn in "Iaying 

type" strains (Seanes and Harvey, 1982), amI earlier in "oroiler strains" selected for 

growth th an in random-hred hnes (Burke and Marks, 19X2). 

The ahility of mammalian G H to affect the growth and metahnlism of hirds is 

controversial. In early studies with relatively impure OH preparations, no etTect of 

ovine or bovine GH was ohserved on the growth rate of intact ehkkens (Lihby el al .• 

1955; GIick, 1960). Using purer hovine GH preparations. Tojo el al. (197X, 1(79) 

similarly found no effects of mammalian GH on the growth of intact chieks or on the 

epiphyseal cartilage of hypophysectomized chicks. However, the administration of 

porcine GH to hypophysectomized chicks markedly stimulates body and skeletal 

growth (Scanes el al., 19X4). 

The growth response of transgenic mice appears to he inde pendent of the species 

specificity of the coding sequence of the growth hormone gl;!nc, since onvine, human 

or porcine growth hormone coding sequence fused to the metallothionein promoter 

give essentially similar increases in growth rate (Pahntter el al., llJX2, 19H3; Michalska 

el al., 1986a). For domestic animais, however, the coding sequence may need to 

encode the hormone specifie to each species, sinee transgenie pigs expre~sing the 

human or the bovine growth hormone did not show any increase in gwwth rate 

(Hammer et al., 1985; Pursel el al., 19H6), whereas over-expres~ion of the porcine 

coding sequence led to an increase by about 25% (Michalska et lIl., 19H6b) . 
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1.3. Growth hormone und nther production traits 

In addition to a major impact on growth, GH plays a role in mammary gland 

development and lactation in dairy cattle. Further, it was shown that cells involved 

in immunity have specifie receptors for GH and that hovine GH (in mouse cell 

culture) or human G H (in human œil culture) significantly stlmulated erythroid 

colony formation (Go Ide élnd Bersch, 1977). GH i!' also involved in the regulation of 

the immune system (Gala, 1991). Marsh el al. (1984) investigated the effect of bovine 

GH administration to sex-Iinked dwarf chicks which show distinct abnormalities of the 

immune system with a poor primal)' antihody responsr. and a low weight bursa of 

Fahricius and thymus. Treatment with GH wa~ found to increase the primary 

antibody response a nd the bursal weight. G lick ( 1(60) also reported that 

administration of bovine GH increased the weight of the bursa of Fabricius. 

According to Scanes el al. (1983), GH also affects intermediary metabolism in 

chickens and etfects on hpid, carbohydrate and protein metabolism have been 

documented. It is thought to é1ct on Iipid metaholism hy ~tlmulating lipolysis, inhibiting 

Iipogenesis in the liver, and increasing glucose uptake by adIpose tissue (Scanes and 

Harvey, 1982; Rudas and Scanes, 1983). Studies provide strong support that GH is 

the pituitary hormone responslble for some of the effects observed following 

hypophysectomy. FOI instance, administration of GH increases hpolysis by chicken, 

turkey, and hypophyseclOmized pigeon (Harvey el al., 1977). Similar effects of GH 

have been ohserved 111 hypophysectomized ducks t'rom ill vivo studies. Bovine GH has 

becn found to increase the concentration in the circllatirm of fatty acids, glucose and 
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amino acids, and it also acts tn increase the release of insulin and decrease that of 

glucagon (Foltzer el al., 1975; Foltzer and Miahle, 1976). 

1.4. The structure of growth hormone gene 

Growth hormone (GH), prolactin (PRL) and chorionic somatomammotmpin (CS, 

placental lactogen) are a family of polypeptide hormones. They are related hy 

function, immunochemistry, and structure. They have similar sizes (190 to 199 Hmino 

acids among various species) and protein structures (Miller and Eherhardt, 19H3). 

In 1977, Seehurg and coworkers t'irst isolated and charactenzed the rat OH 

cONA. Thereafter the human (Roskam el al., 1 (79), bovine, porcine (Woychick el al., 

1982; Seeburg el al., 1(83), ovine (Byrne el al., 1987), and turkey (Foster el al., 19(0) 

GH cDNA clones have been isolated and characterized. 

The chicken OH has a molecular weight of 23 KOa and contains 191 amino acids 

(Scanes, 1987). The gene is located on the long arm of the chromosome t (Shaw el 

al., 1988). The chicken cONA sequence has been reported by Lamb el al (1988). It 

encodes a 25 amino acid amino terminal precursor segment and a 191 amino acid 

mature apopro.ein segment. The cDNA sequence ot chicken GH has 70% to 78% 

homology with other mammalian GH cDNAs (Queell and Korn, 1984). Chicken and 

duck GH cON As show 92% homology throllghout the coding regi(lJ1 élnd 90% 

homology in t:le S' untranslated regions (Chen el lIl., 199B). 

The genomic sequence of chicken GH was reporteù by Tanaka ef al. (J<J92) while 

our study was in progress. Their lIeqllence inclllùed SOO bp of the 5'-tlankin1~ region . 
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The chicken GH gene consisb of t'ive exons and four introns as has been observed 

in the mammalian GH gene. It is about 3.5 kh in size. The promoter region of 

chicken GH gene has no overall homolob'Y with those of mammalian GH genes, but 

contains a short sequence which is highly homologous to the antisense strand 

sequence of thè proximal G HF-l/pit-l binding site in the promoter region of the 

mammalian G H gene (Seeburg el al., 1(77). 

2. Restriction fragment length polyrnorphisms (RFLPs) and animal breeding 

2.1. RFLPs as genetic markers: 

Genetic maps comprising c1osely-spaced DNA markers are useful for genome 

analysis. DNA markers that are shown to be genetically linked to a trait of interest 

can be used ln gene c1oning, medical diagnostics, and tor trait introgression in plant 

and animal hreeding prngrams (Landegren el al., 1988; Tanksley el al., 1(89). Clues 

to the location of gene come t'rom comparing the inheritance of a trait with the 

inheritance of markers of known chromosomal location. Coinheritance or genetic 

linkage of disease gene and marker indicates that they are physically close together 

on the chromosome (White and Lalouel, 1(88). A marker must he polymorphic, that 

is it must exist III ditf'~rent fonns so that the chromosome carrymg the mutant gene 

can he distingllished l'rom the chromosome with the normal gene hy the [orm of the 

marker it also carries (Botstein el al., 1980; Wyman and White, 1980). 

RFLPs constitute markers t'or alleles at a particlllar locus. When a mutation 

occurs in a restriction cutting site of a specifie gene owing ta base change, deletion, 
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insertion or rearrangement, the length of fragments after digestion of genomic DNA 

with restriction enzymes will change. The steps for detecting RFLPs are digestion of 

the genomic DNA with éI restriction enzyme, sepatéltion of the DNA fragments in é\ 

agarose gel, transfer of the DNA l'rom the aga rose gel to a memhrane, hyhriùization 

of the memhrane with the raùio-Iahellcd ONA segment of interest and 

autoradiography of the hybridized membrane lIsing an X-ray film. 

The first RFLPs were reported hy Arher and KlIhnlein (1967). Sincc then many 

examples of RFLPs detected by human gene probes or randllm cluned DNA 

segments have been reported (Cooper and Schmidtke, 1YX4). RFLPs can he more 

efficiently detected using long probes to screen multiple restriction sites at a given 

locus (Litt and White, 1985) and by using restriction endonuclease such as Taql or 

MspI which c1eave at sequences containing the highly mutahle erG douhlet (Barker 

et al., 1984). 

RFLPs have been extensivdy used to search for markers linkeù to ùisease loci 

whose gene product Î.; unknown (Glisella., 1983). RFLPs closely linked to, or within 

disease loci can be lIseù for antenatal diagnosis, carrier ùetection and counselling, 

provided that sllfficient pedigree data exist for a glven family tn estahli!lh linkage 

between marker alldes and the ùlsea~e (Wcatherall, 1 YH5). RFLPs are also lIscd in 

population genetics. As an example the stuùy ut RFLPs é1!lsociateù with haplotypcs 

led ta the discovery of meiotic recomhination hot-spots in gene c1usters (Chakravarti 

el al., 1984) . 
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2.2. RFLPs and animal breeding: 

RFLPs have heen lIsed in animal hreeding especially since the discovery of 

hypervariahk locI (Imnbatellites and milrosatellites; Bell el al., 1982; Goodbourn el 

al., 19K3; Jetfreys el al., 19k5a; Nakamura el al., 19K7; Simmler el al., 1987). There 

are many possible applications of RFLP analysis in animal breeding. For example 

identification ot stolen animaIs, verification of semen samples used in artificial 

insemination, determination ot pedigree, linkage analYlIis and the search for 

quantitative trait loci of economÎC importance (Beckmann and So\ler, 1983; Soller and 

Beckmann, 1983). Parent-offspring testing in the wild could lead to a more detailed 

understanding of the genetic structure of natural populations, and could ctlso be used 

to maximize outhreeding in captive colonies ot endangered species. 

Sollcr èlnd 8eckman ( 1986) discussed the application of RFLP analysis in poultry 

hreeding. In chlckens, Kllhnlem el al. (1989) used RFLP analysis to gain eviden.;e 

whether endogenous virus (ev) genes affect production traits in White Leghorns. 

Further, the analysis of RFLPs have heen applied by Kuhnlein el al. (1990b) for 

determining inhreeding coettïcieilts ln strains of chickens, which may be useful in 

estimating the likehhood of response to selection. Hillel el al. (198~) used human 

minisatellite prohes which cross-hyhridized to DNA of several species of poultry 

(chic ken, duck, turkey ami goose), and detected a high frequency of polymorphisms. 

The resulting RFLPs are indlvidual specitie, and allow the discrimination even 

between closdy related birds. The pattern of poultry DNA tïngerpriming is different 

l'rom that of hUl11ans and other animais having a higher average proportion of large 
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DNA fragments. Uni el al. (1992) reported a study utilizmg RFLP analysis 10 identify 

the MHC Class IV genotypes in randomly selected chiekens t'rom a commercial meat­

type grand parent tine. A high frequency of polymorphisl11s was ohserved following 

digestion with each of the two restril ~ion enzyme Pvull and 8gll. DUlllllgton e/ al. 

e 1990) analyzeù DNA fingerprints of cnickens which were sekcted for high and Inw 

body weight for 31 generations hy using Jeffreys' minisatellite prohe 33.6. 

Montgomery's study (1992) also showed that sheep and cattle cDNA prohes, 

including candidate genes for production traits, revealed a high trequency of RFLPs 

suitable for genetic mapping in sheep. 

2.3. RFLP of grnwth hormone gene: 

OH gene polymorphisms have been found in many dinerent animais and in some 

cases have been assoeiated with production traits. N ielsen élnd Larsen ( 19(1) reportl.!d 

RFLPs of the OH gene in pigs. The polymorphie sites were detected with the 

restriction enzymes Dral élnd Taql. A comparbon of Danish pig populations showed 

significant differences among the frequencies of the different éllldes. In aùùition, 

HadI and Mspl polymorphisms in the second Întron ot the porcine growth hormone 

gene were identified by Kirkpatrick (1991). RFLPs al the ovine locus for growth 

hormone were ()h~erved by m~ing Taqi and PvuII. 80th RFLPs are controlled by 

three co-dominant and one recessive null allele as determined trom data on a large 

number of sire-dam-offspring combinati(,ns t'rom two merino t1ocks, Meùium Peppin 

and Medium Non-Peppin (Parsons el al., 19(2) . 
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GH gene polymorphisms at Mspi sites have been found to be co-selected with 

selection for milk fat content in lines of cattle (HoJ el al., 1993). In chickens, Fotouhi 

el al. (1993) Identitïed GH DNA pnlymorphisms which respond to divergent selection 

for abdominal tat content in brOiler chickens. In their study, four DNA 

polymorphisms were ohserved hy using Southern blotting, one at a Sad restriction 

site and three at MspI restriction sites. 

2.4. Improvement of RFLP detection: 

The traùitlonal DNA Southern blot ha~ been the method most commonly used 

for detecting RFLPs (Sollthern, 1975). The basic steps involved in demonstrating 

RFLPs include: (i) DNA extraction, (ii) preparation of probes and (iii) DNA analysis, 

which includes digestion of DNA with restriction enzymes, electrophoresis and 

hlotting, followed by hyhridization and autoradiography ot the blots. 

Little information is as yet available on the average nurnher of probes and 

restriction enzymer that need to he tested in order to detect a useful polymorphism, 

where a useful polymorphism is defined as one for which allelic frequencies are in the 

range 0.1 to 0.9 (Beckmann and Soller, 1983). Jeffreys (1979) detected two useful and 

one fart! polymorphism 1J1 human DNA lIsing a ,8-g1ohin cDNA probe and eight 

restriction enzymes. Wyman and White (19~O) tested five randomly chosen uninue 

DNA prohes and two restriction enzymes aga1J1st human DNA. One of the probes 

uncovered a locus showing a high degree of polymorphism with bath enzymes. Rom 

(1982) t'mmd polymorphism in DNA from four strains of tomato digested with a 
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single enzyme and tested against a single randol11 DNA prohe. The frequcllcy of 

detected polymorphisllls per probe x enzymc mmhinatilln tested can he expected to 

vary wldely hetweell ~pecies and populations. Nevertheles!>, on the hasis of thc ahove 

results, It seems Justifiablt' to assume that a range ot 10-20 probe x cnzyme 

combinations have to he tested to provide an lIsdul polymorphlsm (Beckmann and 

Soller, 1983). 

Although Southern blotting is and will he the main approach to search fOl new 

RFLP as genetic markers, the dlsadval1tage ot SOllthcrn hlottmg (including DNA 

fingerprinting) for detecting a known RFLP is that It i~ tlllle-col1sllming and lahoriolls, 

especially when a large number of sélmples are dealt with (Beckmann amI Sollel', 

1983). Recently a new techlllque was developed which providcs another possihility 

to rapidly analyze hom()logoll~ segment~ from a large nUlllber of mdividuals. This 

technique called "J1olymerase chain reaction" (PCR) is utilized to amplify :t spcdlic 

DNA sequence for ib subsequent c1oning, seqllencing or analysis by restrictioll 

enzymes (Erlich and Arnheim, 19(2). There me a Ilumber ot advanlage~ tu using a 

PCR assay for determining the genotype of a DNA séllllple tor a known RFLP. The 

assay takes only a few hours compared tn Southern blottmg (Sollthcrn, 1(75), which 

can take days or week~. Further, PCR can he automated and thus a large nUlllhcr ot 

samples can he rapidly typed with little labour. Furthermore, only picograms or 11éInO­

grams of DNA are needed for PCR, whereas microgram~ are nccded lor Southern 

blotting of genomlc DNA. In one PCR reaction, many di~tinct genetic loci can he 

typed at the same time hy multiplex amplitication lI~ing multiple primer pairs. As a 
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rcsult of tht:!~e economies, a numher of lahoratories have established PCR assays for 

known RFLP markers and many ~earche~ for new polymorphisms have focused on 

thost:! that can he a~saycd by peR. 

3. Polymera~e Chain Reaction (PCR) and ils application to RFLPs detection 

3.1. PCR technology: 

In 19H4, a team of ~cientist~ at Cetu~ Corporation developed a DNA 

amplification proœdure based on an in vitro rather tllan an in vivo proœss, known 

as the polymerase chain reaction (PCR) (Saiki el al .. 19H5: Mullis et al., 1987). This 

method can produce large amount~ of a lIpecitic DNA tragment from a complex 

DNA template In a slInple enzymatic reaction. The amount ot DNA needed for PCR 

(Fig. 1) is Ie~~ them a microgram of total genomic DNA, and can be as Httle as a 

single DNA moJccule. The two oligonucJeotide primerll which provide the starting 

point~ for DNA ~ynthe~i~. DNA polymera~e. and a mixture of ail four 

deoxynudeotlde preLlIr~or~ are added tu a tuhe containing the DNA. Each cycle of 

rcactioll indudes thrcc Mt:!p~. primer anneahng. DNA lIynthesis and DNA 

denaturation. Ahout 30 to 60 cyde~ are usually needed (lnnis el al., 1988). The 

tcmperature in each lItep ot éI cycle ill Important and requirell that the reaction is 

carried out ln a thermal cycler with very accurate temperature control. 

The PCR I~ an extraordinarily powertul tool for the analy~is of genes. It is used 

for cJoning gene~ (Paaho et al .. 19H9), for in d/m mutagenesis (Higuchi et al., 1988), 

for mapping and sequèllcmg large genomes (Wong el al., ]987; Innis el al., 1988), and 
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for diagnosing human inhented disorùers (Laure el a/ .• 19XH; Brisson-Nod el a/ .• 

1989). The speeù. specificity. and sensitivity ot PCR has revollitionized moleclIlar 

genetics. 

3.2. PCR-based method for detection of RFLPs: 

The m01!t hasic rellllirement for ùetecting RFLPs hy PCR analysis is a set of 

primers that tlank the ~pecitïc polymorphie DNA reginn. Once the pnmers have hecn 

designeù and the PCR proÙllcl amplitJed. vanoll~ proœdllrc1! can he lI~eù ln 

determine the genotype ot the amplltieù DNA !'Icgment. Direct DNA ~eqllenclflg can 

be lIseù. whlch b the mo~t comprehen~lve way of reveahng polymorpllisms. The 

sequence analysis of amplified DNA wa~ initially performeù on cloned PCR prOlJucts 

(Scharf el a/., 1986), hut the increase in specitlcily ot PCR when thermostahle DNA 

polymera!\e i~ useù, has made direct scqllcncing of PCR product~ the preferrcll 

approach for mnst applications. 

An alteratlve approach i!\ hél~ed on gel e1ectrophorctic methods. Sequence 

difference~ can be detected by running the two DNA samplc~ in adJélccnt lant:s of an 

acrylamide gel that has a gradient of a DNA denatllrant along the axb ot DNA 

migration (Fisher el al .. IY83). 

Another approach i~ calleù PCR/SSO (seqllcnce-~pecitic ollgonllcIeotiùe) typing. 

Short lahellt:d oligonllcltot\de prohe~ (allelt:-~pccitic prohe1!) arc used to distinglllsh 

single nllcIeotide ditference!\ in immobilizcd PCR producb (the dot hlot method) hy 

ensuring through appropriate hyhrillization condition~ that the pro he will only hinll 
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to completcly complementary target sequences (Saiki el al., 1986). 

The PCR reaction can also serve to recognize sequence variants occurring at the 

3' end of one of the primer:-.. A primer mismatched at its 3' end with the template 

strand is much less dliciently extended hy DNA polymerase (particularly if it lacks 

the 3'-5' exonuclease activity) than a completely complementary primer. This 

approach is termed allele-specific amplification (Wu el al., 1989). 

A new technique called single-:-.tranded conformation polymorphism (SSCP) 

analysis is especially useful (Watson el al.. 1992). A single nuc1eotide difference 

hetween two short single-stranded DNA molecules induces a difference in the 

conformation adopted hy the two strands following denaturation. Remarkably, the 

conformational dttkrence tS sutttcient to produce changes in the molecules' 

eJectrophoretic mohilities on neutral polyacrylamtde gels. The method was developed 

hy using genomic DNA fragments produced hy digestion with restriction enzymes, but 

it has now heen simplitïed hy using PCR tn amplify those regions of a gene that may 

conta in mutations. 

RFLPs can also he detected by the oligonucleotide Iigation assay (OLA) 

(Landegren el al., 1988). This recently deveJnped assay is capa hIe of detecting single 

hase differences and is hased on the usage of the enzyme DNA ligase. In this 

procedure, an amplifled sample is divided into two aliquot. Two 20-nucleotide long 

prohe oligol1udeotldes that ahut each another on the same strand are annealed to 

the denatured PCR prmt ueL One is allele-specitïc (capture prohe) while the other 

serves as Cl reporter. Successful ligation (captor of the reporter probe) indicates 
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sequence identity betweel1 the aile le-specifie prohe and the PCR product, while 

absence of ligatiol1 indicates the presence of a mutation. 

Williams et al. (1990) lIsed a PCR hased method to detel~t DNA polymorphisms 

by arbitrary primers, these polymorphisms are useful as genetic markers, and are 

called randomly amplified polymorphie DNA (RAPD) markers . 
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III. Trait-assnciated Growth Hormone (,ene Pnlymorphism: 

Development of a PCR-Based Methnd for their Detection 

1. Materials and Methods: 

1.1. Genomic library 

IH 

The chicken genomic library was purchased t'rom Stratagene. lt was made t'rom 

genomic DNA isolated t'rom blood of eight tllonth old Cornish Whit~ Rock chickens. 

The cosmid vector pWEI5 (Fig. 2) was linearized with the restriction enzyme BamHI 

and the genomic DNA was partially digested wlth Sall~AI, which crea tes 8al111-11 

compatible ends. DNA fragments in the range of 35 to 41 kh were isolatcd and 

Iigated to the Iinearized vector DNA. They l'mm a concatclller of vector and genomic 

DNA fragments which can he packaged into phage lamhda hy a packaging cxtract 

which recognizes and package~ any Iigated DNA that carries two cos sites 35 10 45 

kb apart. These segments of DNA werc then introduœd into E. coli by infection. 

They become circularized inside the E. coli cells and replicate like on.linary drllg­

resistant plasmids. 

1.2. Probe preparation 

The probe used to screen the chicken genomic lihrary in this stlldy was the entire 

turkey GH cDNA (RtJ4 hase pairs). The turkey GH cDNA gene (tGB) shares tJ5% 

homology with the chickcn GH sequence (Foster el al., ItJ'JO). The tGH sequence 

(clone pGH-25) was Iigélted into the EcoRI site of the rlasmid pUel3 (Fig. 3) and 
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was kindly provided by C. Karatzas. 

A small-scale isolation (miniprep) of the plasmid pGH-25 was carried out 

according to Sambrook ellil. ( J 9H9). In brief, hacteria carrying the plasmid pGH-25 

were used to inoculate 15 ml of Luria-Bertani culture medium (LB) containing 100 

J.Lg/ml ampicillin in a 50 m! tube. 1/1(,:uhation was overnight at 37f1C in a water bath 

with shaking (250 rpm). Luria-Bertani culture medium co lsists of 10 g Bacto­

tryptone, 5 g Bacto-yeast extract und 10 g NuCI per litre (pH 7.2). Aliquot of 1.4 ml 

of overnight culture were centrifuged in 1.5 ml Eppendorf tubes at maximum speed 

for 20 seconù in a micrm;entrifuge. The bacterial pellet was re-suspended in 200 J.LI 

of 50 mM glucose, J () mM EOTA, 25 mM Tris pH KO and kept on ice. Then 300 J.LI 

of freshly prepared 0.2 M NaOH, 1 % SOS was aùded to lyse the cells. The protein 

and bacterial ONA were precipitated hy the addition of 200 J .. d of 3 M potassium 

acetate, pH 5.2. The precipitate was removed hy centrifugation at 13,000 rpm for 8 

minutes. The supernatant was extracteù once with one volume of phenol-chloroform­

iSllamyl akohol (25:24: 1 v/v) and once with one volume of chloroform-isoamyl alcohol 

(24: 1 v/v), followed hy precipitation with 2 volumes of 95% ethanol. The pellet 

(plasmid ONA) was washed with 70% ethanol repelleted hy centrifugation, dried and 

dissolved in 50 J.LI of 5 mM Tris-HCI, 0.1 mM EOT A (pH 7.5) per tube. The RNA 

present in the sample was degraded hy incuhatmg the sample with RNase (20 J.Lglml) 

for one hour at mom temperature. 

The plasmid pG H-25 was digested with restriction enzyme EcoRI in the presence 

of 2x One-Phor-AII buffer (Pharmacia) at 3711C for 2 hours. Following the digestion, 
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the insert (R94 hp) was separated t'rom the vector (2.7 kh) l'ly c1ectrophoresis on a 

1 % low melting temperature (LMT) agarose gel. The tG H sequence was recovereù 

from the LMT agarnse hy the procedure descrihed hy Samhrook el al. ()9H9). 

Briet1y, the gel slice containing the tGH l'land was eut out l'rom the gel anù placet! 

in an Eppendorf tuhe. Three ml of douhle distilled water was added tm cach gram 

of gel. The agarose was dissolved hy heating at 65°C for ) () minutes. This preparation 

was used directly for preparing the prol'le. 

The probe was laheiled hy the randol11 priming mcthod (Feinbcrg and Vogelstein, 

1983) with a-~2P-dCTP using Phamarcia's T7 Quick Primer/lahelling kit. Each rcaction 

.nixture was prepared hy denaturing 50-100 ng of the prohe hy boiling for 10 minutes. 

The reaction was placed on ice, JO 1 .. 1.1 rcagent mix cOlltaining ATP, lTP, GTP and 

primer sequences, 5 J.d of ~2aP-dCTP and 1 J.d T 7 DNA polymerase were added and 

the reaction was incuhated at 37°C for 2-4 hours. In this reaction the primers hind 

to the ssDNA randomly and the DNA polymerasc incorporates the nucleotides 

including the radioactive dCTP starting t'rom the primers and using the ssDNA as il 

template. The labelled prohe was purified hy tiltration through a Sephadcx column 

(Nick-column, Pharmél·;ia). The radioactive prohe wa!. denaturcd oy ooilir:g for JO 

minutes and was chilled on ice . 
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Fig. 2. Constr~ction of the genomic library. The cosmid vector was linearized with 
8arnHI, and chicken genomic DNA was partially digested with Sau3A 1. The DNA 
fragments were Jigated to the vector p WEIS, to form concatemers. The DNA was 
packaged into phage lambda which was then used to infect E. coli. 
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M p8H-25 

.-2.7 kb 

--884 bp 

Fig. 3. Turkey GH cDNA gene (pGH-25) digested with EcoRI restriction enzyme, 
separated by electrophoresis in 1 % low melting temperature agarose gel. The 2.7 kb 
fragment is vector pUe13, the 894 bp fragment is tGH cDNA gene which was used 
as a probe. M indicated lambda DNA double digested with EcoRI + HindIII . 
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1.3. Isolation of the chicken growth horm()ne gene from a cnsmid library 

1.3.1). Preparation of the membranes for cnlony screening 

23 

To screen the library a smail aliquot of hacteria was removed l'rom a stock of 

bacteria of the cosmid library stored at -70"C without thawing out the stock. The 

aliquot was resuspcnded in LB medium, and titrated to find the concentration of the 

hacteria. The bactaia were diluted and plated on LB/Amp agar plates (1 l of LB 

medium contains 15 g bacto-agar, 100 x 15 mm plate diameter) to give about 1500 

colonies. The plates were incubated overnight at 37()C. The colonies were partially 

transferred to Hybond nylon membranes in replicate (Sombrook el al., 1989). The 

first membrane was left in contact with the plate for one minute and the second one 

for two minutes. The membranes were marked \Vith a needle for orientation. The 

bacteria on the membrane were Iysed and the DNA dellatured by treating tne 

membrane in 0.5 N NaOH twice for 5 minutes each. The membranes were 

neutralized hy soaking in 1 M Tris-HCl and 1.5 M NaCl, 0.5 M Tris-HCl, pH 7.5. The 

memhranes were air-dried for 30 minutes, sandwiched between two sheets of 3 MM 

paper anû haked at soue for 2 hours. 

1.3.2). Prehybridization and hybridizatic)fl 

Prehybrithzation, hyhridization élnd washing were performed according to 

Kuhnlein el al. (198<»). Briefly, the membranes were prehybridized at 42°C for 2 to 

4 hours hefore adding the probe. Following the addition of 2* 106 cpm/ml of 

radiolahellcd tGH, the hybridization was carried at 42() for 16 to 24 hours, in a 
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"rotissary" style incuhator (Rohhins Scientific). Prehyhridization and hyhridizatiol1 

buffer contained 24% deionized formamide, 4.~ x SSc, 20 mM Tris (pH 7.6), O.S x 

Denhardt's solution, H% dextran sulphate. 0.1 % SDS and 0.1 p.glml denatured 

Herring sperm ONA. 

The filters were washed at 42()C for 15 minutes each with 100 ml of 2 x SSC/O.l % 

SOS; 0.5 x SSC/O.l % SOS; 0.1 x SSC/O.l % SOS. If the filtcr was still highly 

radioactive, it was washed at 52"C with the la st solution for another 30 minutes. The 

filters were air-dried and then suhjected to élutoradiography tor 1 ()-24 hours at -701lC 

using Kodak X-ray film (XAR-5) and two DuPont Croncx intcnsifying screens. The 

films were deve\oped for 2 minutes and fixed for 5 minutes. 

The hyhridisation signais were traeed back tn the COI respomlillg colonies on the 

ag.if plate ami the colonies were picked. In l110st cases il was flot possihle to pick 

single colonies. In these cases the hacteria l'rom the correl'ponding arCH were 

suspended in LB broth and plated on LB/Amp plates at appropr;:lte concentrations 

and the screening procedure was then repeated until a single positive colony coukl 

be isolated. 

1.4. Subcloning of genomic fragments of the GU gene 

1.4.1). Preparation of the chicken GH gene fragments und the "cctnr 

The purified G H-containing cosmid ONA was ùig~steù with PstI as described 

ahove and complett:ncss ot the digc!>tion wa!> te!\ted hy gel clectrnphorcsis. The 

dephosphorylated Vèctor pUC i X wm. prepared accon.ling t,) eMahlishec.J prot<Jcols 
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(Sam brook el al., 1989). In brief, 4 /.Lg of pUC18 was digested to completion with 25 

units of Pstl restriction enzyme. The digested pldsmid was heated at 65° for 10 

minutes, chilled on ice and 0.17 /.Lg of calf intestinal phosphatase (CIP) was added. 

The reaction wa~ incuhatt-J at 37°C for 40 minutes followed hy heat inactivation of 

the enzyme by incuhating at 85°C for 15 minutes. The digested and dephosphorylated 

pUC18 was then gel-purified hy standard procedures (Samhrook el al., 1989). 

1.4.2). Ligatinn of chicken GH gene fragment with pUCl8 

The digested cosmid DNA was Iigated with the purified PstI-cut and 

dephosphorylated pUCH~ vector. The ligation reaction contained 50 /.Lg of pUC18 

DNA, 100 ,u.g of digested cosmid DNA, 0.5 mM ATP, lx One-Phor-All buffer (10 

mM Tris-acetate, pH 7.5, JO mM magnesium acetate, and 50 mM potassium acetate) 

and 4 units 1'4 DNA ligase (Pharmacia) in a reaction volume of 10 /.LI. Ligation was 

carried out at 16 Oc tor 16 hours. Two control reactions were included in the Iigation. 

One contained pUCH~ digested with Pstl, the other contained pUC18 digested with 

Pstl and dephosphorylated hut no digested cosmid DNA. 

1.4.3). Transformation 

The ligated DNA was lIsed to transform competent E. coli DH5œ which had heen 

prepared according to the method descriheù hy Sambwok el al. (1989). In brief, a 

100 /.LI aliquot of competent cells which had heen stored at -70 Oc was thawed by 

warming the tuhe with the hand. It was then kept on iee for 10 minutes and 3 /.LI of 
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the Iigation mixture was gently mixed with the rnmpetent œlls hy swirling. After a 30 

minute incubation on ice, the cells were heat shockell hy incuhatillg at 42 (le for <JO 

seconds and chilled on iœ for 2 minutes. An aliqllot of 400 J.d prc-warmcd (.17 \IC) 

LB media was added to the cell suspension fnllowed hy incuhation at 37 Oc for 45 

minutes with shaking. Aliquots nt 50 J . .1.1 and 200 J-I.l of the ccli suspension were then 

spread on LB/Amp plates and the plates were incuhated at 37 (lC overnight. A 

positive control with untreated pUeH~ DNA was also indllded in the transformation 

reaction as were the con trois for the Iigatiol1 reactlon. A negative control only 

included competent cells without DNA. 

1.4.4). Screening of recombinant plasmid with GH cDNA 

The screening procedure for identifying plasmids carrying G H gene fragments was 

the sa me as for screening the cosmid library (see 111.1.3.). 

1.5. Sequencing 

The subclones of the chicken GH gene were sequcnccd by Sanger's dideoxy­

mediated chain-termination method (Samhrook el al., 19H9) using the T 7 scquencing 

kit from Phamarcia. ln brief, the templatc DNA (2 /-Lg) was dcnatured with 0.4 M 

NaOH for 10 minutes and precipitated hy adding 2 v()llIme~ of 100% cold ethanol 

and 0.1 volumes of 3 M sodium acetate. The pellet was washed with 70% ethanol, 

air dried and tJ1en redissolved in 10 /-LI of HzO. Two /-LI ot O.g J..I.M !o.equenct~ primers 

(UniversaJ or Reverse primer), 2 /-LI ot the annealing huffcr containing 1.5 mM MgCI2 
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and 1 mM DTT were added and the reaction incubated at 37°C for 20 minutes. 

While the annealing reaction was incuhating, four tuhes were marked with "A", "C", 

"G" and "T" and 2.5 J.d ot each ddATP, ddCTP, ddGTP or ddTTP was pipeted inta 

the correspol1ding tuhe~. Al' ter lOcuhation at 37°C, the annealing reaction was left at 

room temperature for 15 minutes. Tht>n a mixture of dNTPs, 35S_dATP and T7 DNA 

polymerase was added and the incuhation at room temperature continued for another 

5 minutes to allow initiation of DNA synthesis from the primer. Immediately after the 

5 minute incubation al room temperature, the reaction mixture was distributed into 

the four tube~ cOlltaining the ddNTP~. The reactioll wa~ stopped hy the addItion of 

formamide. After denaluration, the tragments were separated by 8% 

polyacrylamide/urea (8 M) gel electrophoresis (Bio-Rad sequencing apparatus). The 

gel was run at 2200 V, at soue for 2, 4 and 6 hours, re~pectively. fixed with 10% 

methanol/IO% acetic acid and dried in a Bio-Rad gel drier. Autoradiography was 

carried out al room tcmperature for 16-24 hours. 

1.6. Detection of RFLPs by using clones of the chicken genomic GR gene as probes 

1.6.1). DNA samples of chicken 

The tat hile (FL) and kan IlOe (LL) were derived by Leclercq (1988). These two 

lines were deve!oped trum a hase population established from chickens of six 

different mcat type strains of widcly different origins. Selection for leanness and 

fatness was on the sire side and based on the weight of the abdominal fat pad. In 

each generation between 9 and 15 sires and 14 to 67 dams were used as breeders . 
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After selection for 6 generations, the two strains were imported to the pouhry unit 

at Macdonald Campus in 1982 and \Vere maintained without selection. Between 60 

and 70 sires and the same numher of dams were used to propagate each stmin. 

DNA wa~ extracted from 100 J..Ll of heparinized hlOlKi according to Jeffreys and 

Morton (1987). In brief, 100 IJ.I of hlond wa~ diluted with 5 ml of 1 x SSC (0.5 M 

NaCI, 0.015 M sodium citrate, pH 7'()) and spun for 15 minutes at 7()()O xg. The 

supernatant was discarded and the pellet was resuspended by vortexlflg in 2 ml of 0.2 

M sodium acetate (pH 7.0). Then 100 IJ.I 20% SOS was added to lyse the cdls. The 

gcnomic DNA was extracted twice with one volume ot phenol-chlorotorm-isoamyl 

aIcohoi (25:24: 1 v/v) and once with chlorotorm-isoamyl akohol. and precipitated with 

two volume~ ot 95% ethanol. The DNA was fishcd out with a pasteur pipette with 

a sealed end, washed twicc with 70% cthanol, air-dricd, and dis~olvcd in TE huffer 

containing 5 mM Tris-HCI, 0.1 mM EDTA (pH KO). The concentration of DNA \Vas 

measured in a spectrophotometer at a wavelength ot 260 nm and 280 nm. and 

adjusted to a concentration of 250 J..Lglml. 

1.6.2). Digestion of genomic DNA by restriction enzymes 

The genomic ONA (5 IJ.g in 20 J.d) was digested with 25 units of restriction 

enzyme in the presence of 2.5 J..Ll 10 x One-Phor-AII huffer (sec ahllve). AneT an 

overnight incubation at 37 Uc the ~ample was heated at H5"C tor JO minute~ and 

chilled on ice . 
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1.6.3). Gel electrophnresis 

To each sample, 5 J.LI of Ficollloading buffer (15% Ficoll type 400 (WN), O. ~5% 

xylene cyanol (w/v), 0.25% bromophenol blue (w/v» was added. The DNA fragments 

were separated hy electrophoresis in a 1 % agarose gel. The gel was prepared in 1 x 

TPE hutler (HO mM Tris-phosphate, H mM EDTA, pH KO; Sambrook el al., 1989) 

by melting the agaro!le in a microwave oven tor 5-6 minutes. The aga rose was cooled 

tn 50 Oc and poured into a gel tray (size 20 cm x 15 cm) containing a 15 or 20 weil 

comb. After the aga rose gel solidified, the tray with the gel was placed into the 

electrophoresis suhcell (Bio-Rad). Butler (1 x TPE) was added until the gel was 

submersed hy about 5 mm. The DNA séll11ples were loaded into the wells anù the gel 

WélS run at 29 V for 18 hours. After complet ion of the electrophore!'l' , the gel was 

stained with 0.5 p.g/ml cthidium bromide for 15 minutes and the quality of the 

digestion checked under UV Iight. 

1.6.4). Southern Blotting 

The DNA was transferred l'rom the aga rose gel onto a Zeta probe membrane 

(Bio-Rad) hy alkali blotting (Southern, 1975). In brief, the gel was trimmed to 14 x 

17 cm and treated with 200 ml of 0.25 M Hel for 25 minutes to depurinate the DNA. 

Capillary blotting was carried out in a "transfer tower" built in a tray as follows: 4 

sheets of 3 MM paper as wicks, gel (upside down), zeta-probe membrane (pre­

treated with hot 0.1 % SOS), 4 sheets nf 3 MM paper (size of the gel), 10 cm stack 

of paper towels, glass plate, and a weight of about 250 g. A solution of 0.4 M NaOH 
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was placed into the tray. Air huhhles were removed hy rolling gently with il pipet over 

the surface of each layer. After 20 hours at room temperature, the memhrane was 

removed and rinsed with 2 x SSC containing 0.1 % SOS. 

1.6.S). Prehybridization and hybridization 

The prehybridization and hyhridization procedure was the same as descrihed in 

section 111.1.3.2), hut the buffers were different. The pœhybridizatioll huffer 

contained 5 J.'g/ml skim milk powder (Carnation), 4 x SSPE (0.72 M NaCI, 40 mM 

sodium phosphate pH 7.4,4 mM EDTA), 50% deionized formamide, 1% SOS and 

0.5 I,g/ml herring sperm ONA. The hyhridization hutfer WélS the saille as the 

prehybridization butTer, exœpt that it contained \0% dextran sulphate, 2* lOb cpm/ml 

heat denatureù radioactive probe and no herring sperm DNA. 

1.7. PCR amplification of target sequences from GH gcne loci 

A PCR reaction was designed tn amplify a 629 base pair region trom the chicken 

GH gene which contained the PM3 polymorphic site. Two primers located in the 5' 

tlanking region and the t'irst intron of GH gene, respectively, were designed hascJ on 

the genomic sequence of Tanaka el al. (llJ92) (Fig. H). The !'equence of the forward 

primer (PM3F) was 5'-GTTGCAAATAACAGCAGAAT-3' and the reverse primer 

(PM3R) 5'-CCTCGACATCCAGCTCACAT-3'. A seconù pair of primers was 

designed to amplify a 690 hp fragment which conta,ned the PM! polymorphie site. 

PM1F (5'-TCCTTTCTTGGATGTGTTCA-3') and PM 1 R (5'-
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GTGATGCfGTClTfGCTCCA-3') were hoth located in the fourth intron. 

In the PCR reaction, 200 ng genomic DNA was used in 100 J.l.1 of a reaction 

mixture containing 1.25 J.l.M of each primer, 10 I .. LI of 10 x reaction buffer (10 mM 

Tris-HCI, pH 9.0, 1.5 mM MgCI2, 50 mM KCI), 5 mM of each dNTP, 5% formamide, 

2.5 units of Till DNA polymerase (Pharmacia). The reaction solution was overlaid 

with a drop of mineraI oil to prevent evaporation. The reaction was carried out in a 

thermal cycler (Perkin Elmer Cetus Corp, New Jersey, USA). The reaction mixture 

was t'irst heateù at 95°C for 3 minutes, Til! DNA polymerase was added followed by 

35 cycles. Each cycle consisted of 30 seconds at 94°C (denaturation), 2 minutes at 

56°C (annealing) and 2 minutes at 7t'C (extension). 

1.8. Analysis uf the PCR products amplified from GH gene 

Aliquots of 10 ~I ot the PCR products were digested with 7 units of MspI 

restriction enzyme without adding additional buffer at 37°C for 2 hours. The samples 

were heated at 65()C tor 10 minutes and chilled on ice. Two J.l.1 of 6 x loading butTer 

containing 30% glycerol and 0.25% bromophenol hlue were added. The fragments 

were separated by e1ectrophoresis on a 7% polyacrylamide gel (P AG) (Sam brook el 

al., 1(89) at 140 volts for i.5 hOllr. 

Following electrophoresis, the gel WélS stained with ethidium bromide (0.5 J.l.g/ml), 

and visllalized umIer UV Iight and photographed with a polaroid MP-4 camera and 

type 400 film at an aperture of 5.4 and an exposure time of one second . 
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2. Results and discussion 

2.1. Isolation nf the chicken G H gene 

2.1.1). Identification of GH clones in a genomic cosmid Iibrary 

Screening of about 50,000 colonies yidded four colonies which hyhridized to the 

turkey GH cDNA probe. Since it was not possihle to pick individllal colonies, bacteria 

from the potential-positive areas were streakcd out on a plate. Single colonies were 

picked, spotted on a plate, incubated and screened again. Fig. 4 shows an example 

of such a second sereen. The "osmid DNA was puritïed t'rom colonies which werc 

positive in the second sereen. It was digested with different enzymes, hlotted outo 

nylon membrane and hyhridized again with tGH cDNA. Of four cosmids, threc had 

exactly the same structure and one was a false positive. 

2.1.2). Subclnning of the Pstl fragments uf the (i" gcne 

Fig. 5 showed the slIbcloning strategy. First, 1 tried tn isola te and purify single 

bands and subclone them into pUCIH. However, several attempts faill.!d, presumahly 

because the reeovery of DNA was too low or the DNA was not pllrified enough. The 

PstI-digested cosmid DNA was therefore directly Iigated with the dephosphorylated 

and Iinearized plJCH~ plasmid to t"'itablish a suh-genomle Iihrary (Fig. 5). The ligation 

mixture was used tn transform competent E.coli DH5a cell~. After several rounds 

of screening with the tllrkey OH cDNA prohe, several po~itivc ~uhcl()ncs were 

identified which had insert size of about 1600 bp or 1500 bp. Thesc positive ~lIhcl()ne~ 

had inserts with the same size as Pli and PI. Another suhclone was isolated trom the 
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Fig. 4. Second sereen showing positive clones. The arroYis indicate positive colonies 
containing OH gene recombinant cosmids . 
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Fig. S. Subcloning strategy of GH gene. The OH cosmid DNA was digested with Pstl 
and ligated to the PstI-digested and dephosphorylated plasmid vector pUelS to fonn 
a sub-genomic library. This sub-Iibrary was screened with tG H cDNA probe using the 
same procedure as in screening for positive cosmid clones. 
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sub-genomic Iibrary hy using the cosmid fragment PIII as a probe (Fig. ]0). The 

clones containing PI, Pli and PIII insert are referred to as pUCGH2, pUCGH4 and 

pUCGH19. 

2.1.3). Restriction map of the cloned genomic GH gene 

A restriction map of the cJoned GH gene together with its flanking regions was 

obtained by analyzing partial PstI digests, single-, double- and triple-digests of the 

cosmid with PstI, BamI-lI, Sad and Mspl. The probes used in these analyses were the 

Pstl subcIoned GH gene fragments PI, PlI, PIII and tGH cDNA. The 

autoradiographs from which the maps were derived are show in Figs. 6, 7, 8 and 10. 

Ali the fragments wh(}~e arrangement is discussed below are indicated in Figs. 9 and 

11. 

Hyhridization with clone PlI is shawn in Fig. 6. Digestion with Pstl, SacI or 

8amBI produced a single strongly hybridizing fragments of molecular wcight (MW) 

1.65 kb (P2), 3.8 kb (B]) and 4.6 kb (S 1), respectively. Both PstI/BamHI and 

Pstl/Sacl double digestion also produced P2, hence the fragment P2 is entirely 

contained in fragments BI and SI. BamHI and Sad douhle digestion yielded BSt (3.6 

kb), the fragment BI has a Sad site within 200 bp of either end. As expected from 

this arraIlgement, triple digestion with PstI, BamHI and SacI yielded P2. 

MspI digestion yielded two fragments Ml (7.8 kb) and M2 (1.8 kb). Double 

digestion with MspI and BamHI yielded two new fragments, BMl (3.5 kb) and BM2 

(0.66 kb), indicating that both MspI fragments have a BamHI site. Since BMI is 
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larger than M2, it must have originated l'rom Ml and hence 8M2 l'rom M2. 

Further, PstI/MspI digestion yielded two new fragments PM 1 (1.3 kb) and PM2 

(0.46 kb). Since PMI is larger than PM2, it must be lm the SatllC side BM 1. The 1\ame 

argument allows to orient SM1 and SM2 in respect to BM 1 and BM2. As expected, 

triple digestion with PstI, BamHI and MspI yielded PM 1 and PM2. 

Hybridization with PHI is shown in Fig. 7. Single digests yiclded fragments P3 

(1.05 kb), BI, SI and ML In double digests, P3, BS 1, BM 1 and SM 1 arc ohserved. 

This pattern is expected if P3 is located tn the left of P2 between the l'ifst Sacl site 

and the first PstI site. Partial digests with PstI yieldl!d a fragment of 2.65 kh which is 

the sum of P2 and P3. Hence the two tragments are presumahly adjacent to each 

other. 

Hybridization with PI is shown in Fig. 8. Pstl and BamHI digestion yielded single 

hybridizing fragments of 1.5 kb (P 1) and 6.4 kb (82). respectively. The douhle digest 

with PstlIBamHI yielded a fragment of the size of PI, indicating that Pl is nested 

within the fragment 82. SacI digestion yielded the fragment SI (4.6 kb) and two new 

fragments S2 (2.4 kb) and S3 (0.45 kb). Sinee douhle dige~tlon Psti/Sacl did not affect 

S3, it must be nested within Pl. As expeeted from this arrangement, two additional 

fragments PS 1 (0.9 kb) and PS2 (0.34 kb) are observed. Based on signal strcngt.h, PS 1 

must originate from S2 and PS2 from SI. Thus, there are two Sad sites in the 

fragment Pl oriented as shown III Fig. 9. 

MspI digestion yielded M2 (1.8 kb) and two new fragmcnt~, M3 (0.81 kb) and M4 

(0.32 kb). Double digestion with MspI and PstI did not affect M4 but yielded two new 
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fragments PM3 (O.S kb) and PM4 (0.5 kb). Based on signal strength PM3 originates 

from M3 and PM4 l'rom M2. Thus there Hre also two Ms pl sites in Pl orientated as 

shown in Fig. 9. 

The BamHI/SacI double digestion yielded S2 and S3 and a new fragment 8S2 

(1.05 kb). It indicates that S2 and S3 are within BI and that SI has a BamHI site. 

With this information a map can be drawn and ail the fragments observed in the 

digestions with the other restriction enzymes can be explained and are indicated in 

Fig. 9. 

Hybridization with tGH cON A is shown in Fig. 10. Single Pst! digestion yielded 

fragments Pl, P2 and a new fragment of 1 kb (P4), this new fragment may be located 

between fragments Pl and P2. The P3 fragment did not hybridize with tGH cDNA. 

3amHI dige~tion yielded B 1, B2 and a cros~-hybridisation fragment (2.5 kb). SacI 

digestion yielded fragments SI and S3. MspI digestion yie\ded fragments Ml, M2 and 

M4. 

PstIIBamHI double digestion yielded fragments Pl and P2 PstI/SacI double 

digestion yielded fragments P2, P4 and S3. PstI digestion with MspI yielded fragments 

PM l, P4, PM4, PM2 and M4. This result indicates that in fragment P2 has a MspI 

restriction site and in fragment Pl has two MspI sites. 8amHI/SacI double digestion 

yielded fragments BSI and S3. BamHI/MspI double digestionyielded fragments BMI, 

BM2, BM3 and M4. SacI/MspI double digestion yielded SMl, SM2, SM4 and M4. 

PstI/8amHliSac! triple digestion yielded fragments P2, S3 and PS2. PstI/SacI/MspI 

triple digestion yielded PM l, P4, PM2 and SM4. The fragments P3, S2, M3, PSI, 
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Fig. 6. Southern blot of the GH cosmid clone digested with Pstl (P), BamHI (B), 
SacI (S) and MspI (M) restriction enzymes, or partially digested with PstI for 15 and 
30 minutes. The filter was hybridized with the subcloned chicken G H gene fragment 
PlI . 
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Fig. 7. Southern blot of the GH cosmid clone digested with PstI (P), BamHI (B), 
Sacl (8) and MspI (M) restriction enzymes, or partialJy digested with Pst! for 15 and 
30 minutes. The filter was hybridized with the subc10ned chicken OH gene fragment 
PIII. 
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Fig. 8. Southern blot of the GH cosmid clone digested with PstI (P), BamHI (B), 
SacI (S) and MspI (M) restriction enzymes, or partially digested with PstI for 15 and 
30 minutes. The filter was hybridized with the subcloned chicken GH gene fragment 
PI. 
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Fig.9. Restriction map of GH genet The restriction sites indicated on the map are 
Pstl (P), BarnHI (B), Sad (S) and MspI (M). Map A was established by using the 
subcloned GH gene fragments Pli, PIII and is located in the 5' side of the GH genet 
Map B was established by using subcloned GH gene fragment PI and is located in 
the 3' side of the GH genet The fragments marked with square boxes are the 
fragments which only hybridized with subcloned PstI fragments, while the fragments 
marked with clrdes are the fragments which hybridized with both subcloned Pstl 
fragments and the turkey GH cDNA probe. 
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Fig. 10. Southern blot of the OH cosmid clone digested with PstI (P), BamHI (B), 
Sacl (S) and MspI (M) restriction enzymes, or partially digested with Psti for 15 and 
30 minutes. The filter was hybridized with turkey GH cDNA 
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Fig. Il. Composite restriction map of the c10ned GH gene. The restriction sites 
indicated on the map are Pstl (P), BamHI (8), SacI (S) and MspI (M). Pl (1.5 kb), 
P2 (1.6 kb), and P3 (1.0 kb) indicate the Pstl digestion fragments which were 
subcloned PI, PlI and PlI l, respectively. The P3 fragment did not hybridize with the 
turkey GH cDNA probe, indicating that it did not contain cDNA sequence. 
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PM3 and BS2 (Fig. 9) did not hybridize with tGH cDNA probe, indicating that these 

fragments are located in introns or flanking regions. 

From a comparison of the fragments above with Figs. 6, 7, 8 and 9 a complete 

restriction map of chicken GH gene with its flanking regions was obtained (Fig. 11). 

The restriction map was in agreement with the map of Fotouhi el al. (1993) which 

had been established from the hybridization pattern of genomic DNA with tGH 

cDNA. 

2.1.4). Analysis of the chicken GD gene sequence 

The positive subclones pUCGH4, pUCGH2 and pUCGH19 were sequenced by 

using the M13 universal and the reverse sequencing primers. The number of base 

pairs sequenced were 1070 for pUCGH4 (700 bp from the universal primer and 370 

bp from the reverse primer, Fig. 13); 640 for pUCGH2 (420 bp from universal 

primer and 220 bp from reverse primer, Fig. 14); 540 for pUCGH19 (290 bp from 

the universal primer and 250 bp from the reverse primer, Fig. 15). 

White sequencing of the subclones was in progress, the chicken genomic GH 

sequence was published by Tanaka et al. (1992). Sequence comparison revealed that 

pUCGH4 extended from a PstI site in the first intron ta a PstI site in the third intron. 

Based on optima.l homology, the sequence starting from the universal primer side 

(Fig. 13: PUCGH4U.sEQ) corresponded to the sequence of Tanaka et al. (1992) 

starting from position 1050 in the 3'·direction (Fig. 12). The 700 base pairs sequenced 

revealed 95.9% homology. The sequence from the reverse primer (Fig. 13: 
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PUCOH4R.SEQ) corresponded to the sequence starting from position 1756 in the 

S'-direction (Fig. 12). Only the first 258 bases of the 370 base pair sequence are 

homologous to the sequence of Tanaka et al. (1992). 

The insert of pUCGH2 was located in the fourth intron, starting at position 2758 

and extended past the published sequence in the 3'-direction (Fig. 12). The 420 base 

pairs sequenced from the universal primer (Fig. 14: PUCGH2U.SEQ) had 97.9% 

homology with the sequence of Tanaka et al. (1992). The 250 base pairs sequenced 

from the reverse primer (Fig. 14: PUCGH2R.SEQ) were 3' to the reported sequence. 

With pUCGH19 no homology with the sequence of Tanaka et al. (1992) was found. 

Since the primary goal of the sequencing work was ta develop primers for the 

purpose of developing PCR assays for RFLPs in the OH gene which are associated 

with traits, the sequence work was stopped without attempting to solve discrepancies 

as saon as the work of Tanaka el al. (1992) was published. It has to be note d, 

however, that sequencing of a PCR product (see below), indicated the presence of 

a 200 bp sequence in the 5'-proximal part of the OH gene which is not present in the 

sequence of Tanaka el al. (1992). It indicates that thcre may be extensive differences 

in the genomic OH gene between different strains of chickens and pursuit of further 

sequence work may be warranted . 
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Figo 12b. The chicken GR gene sequence (from Takana et al., 1992) showing introns (smallletters) and exons (capital 
letters). The areas of homology with the Pst! clones are underlined (PlI from position +426 to + 1757, PI from position 
+2758 to the 3' end). Polymorphie sites are marked with boxes (PMI, PM2. PM3 and PSI) and PCR prL'ller locations 
are underlined with arrows. 
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ACACCATCN.'M'Mc:.\CACACArc;cMc:.cTJ"'..cCACC':AC"'..MGT"TTCACCf:TCMAGA 
: 1. :.:::01 •• : 1 rI" 1 1.1 1& 

TTTCT"--A="C--ACrCATCTCAGCTGc:ATGTCCA-GCCTT ..... T ..... CC--~ 
no 160 170 lia lia 

140 no no J'~ no 190 
'l"rTMACACAAATMC'I'C\CTÇA':'CCTACAGc:TCTCTCCCAC-CATec:.\CAGCCCACC'I''' 

:1 •••• ,::: ::,:'1 .. 'I::ln. ::1 :: 1:::,,'0111111 
C'M' ___ c:ACACTG"CCTC-.:A'ATCC'T,,~!'CCCACAC"CCCACAIOCCCAG<ô'I''' 

.00 tl0 no flO tOO no 
100 110 110 110 HO 110 

"TGCACCCAC'n'CTCATCCCAG1'GMCGCAG~TGC~CGCTCCMA 
n1~1:'.su.n:.. ::llI1.0::rr·.::111111 ISlls.nallllsllI" 
"TCC~C<:AG":I;,v.c;c;CACAc:.\GTGeCAT"..GCJ\CCA~CMA 

"CI '70 tlO ttQ 1000 lOlO 
"0 170 

TC:GGCTC'G~C 
, t;.:X UI:.::J:,:·:I 
TAGGCTC-~C~-:-rc, 

10ZO 10lD 
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Fig. 13. Comparison of the sequence of pUCGH4 (PlI) with the genomic sequence 
of Tanaka el al (1992). Position 1540 corresponds to position + 1050 and 670 to 
position + 179 in Fig. 12. 
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,tLl NAHE 
SEQUENCE 
lW/CE 

PUCCH2U. SEQ 
427 aPI 96 A: 

l - 427 
151 C: 105 C: 1!1 T: 

Moor KORXAt. 

CUTO" 

TAJlCE'l' 

16 

.. quence. on data diak 

: 4 

••• HOKOLOGY RECION5 R~rERENCE ••• 

NO. TARGET FILE DEFINITION 
1 CKGtNCH. DNA 

Katcll' OVer. INIT OPl' 
97.9 421 1654 1654 

optlalzed acore: 165. 91.9' lctentity ln 427 bp overlap, initial acore: 1654 

10 20 lO 40 50 60 
PUCCH2U.SrQ CTCCACCTCCATCTCCACCACCACTTCCACATCTTACTCTCCACTGATACCAGCGCAGCT 

X:::: ::: :::::::::::::::::::::::::::: :::::::::::: :::: ::::: 
CKGtNGH.~NA CTCCATCTCAATCTCCAGCACCACTTCCAGATCTTACTGTCCACTCATACGAGCACAGGT 

3250 3260 3210 l210 3290 3300 
70 10 90 100 110 120 

PUCCH2U.S!Q CCTGACAACCCATACGCAGACCATCTCCATCCCTTCCACTGCTCCTTACTTACCCCAAAC ......................................................................................................................... ............. ............. ..... ........ .............. ........... . 
CXC!NGH.DMA CCTGACAAC~ATACGCAGACCATCTCCATCCCTTCCACTCCTCCTTACTTACCCCAAAC 

lllO ll~O 3130 lHO )350 3360 
110 140 150 160 110 110 

PUCGH2U.SEQ TCTTCCGACCCACGCTCCCTGACCACTCGCTGCACCTCACAGCTCCACGACCTCCACGGC 
: : : : : : : : : : : : :: :::::::::::;:::::::;::::::::;::::::: ::::::: 

,CJ<C tHCH. DNA AC'JWrcCCACCCACGCCGGGT<lAGCAG'I'GCGTCCAC'..cTCACAGCTC."CACCACGCCCACGGC 
3110 3l'0 3390 3400 lUO 3420 

190 200 UO 220 210 240 
PUCCH2U.S!Q 'l'GCGTCACAGCTCTCTCCACTACAAMCTGCAGC.V.ACACACCATCAGT'l'TGCCAGCACC 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :: ~::::::::::: 

CICCtNCH.DNA 'l'CGGTCACAGCTC'l'GTCCJ.CTACAAMCTGGACCAMGACACCATCAC1'Tt'GCCAGCACC 
l430 3440 34'"0 3460 )410 3410 

l50 260 270 lIO ao lOO 
PUCCH2U.SEQ CCCTCCCTCAGCCGr~GCCCTCTCGTCCCACAGCACCTGGAGCACCCCACCCCGCGGCGC 

: : : :: :::::::::::::::::::::::::::::::::::::::::::::::::::::: 
CXCEIICR.DNA CCCTCCCTCAGCCCCAGCCCTCTCCTCCCACAGCAGCTCGAGCACCCCACCCCCCCGCGC 

3490 l500 3510 3520 )530 3540 
310 320 no 340 350 360 

PUCCH2U.SEQ CCGCAGCTCCTCACACCCACCTACCACAACTTCGACATCCACCTCCCCAAGCAGGACGCC 
: : : : : : : : : : : : : :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :: ::::::::: 

CICGEHGH.D"A CCGCAGCTCCTCAGACCCACCTAeCACAACTTCGACATCCACCTGCCCAACGAGCACCCC 
)5~0 3560 3510 35.0 )590 3600 

370 310 )90 400 410 420 
PUCCH2U.SEQ CTCCTCAACAACTACCGCCTGCTGTCCTGCTTCAACAAGCATCTGCACAACCTCGACACe 

: : : : : : : : : : : : : : :: :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
C~CENCH.D"A C.~CTCAACAACTACGCCCTCCTGTCCTGCTTCAACAACCATCTCCACAAGGTCGACACC 

3610 3620 36JO 3640 l650 3660 

PUCCH2U.SEQ TACCTCA 
::::: :X 

CKCENCK.DNA TAC~~A 
3670 

FILE MAKI! 1 PUCGH2R.SEQ 

SEQUEllel 22411'1 42 AI 102 Cr 36 GI 43 T. 

••• SEQU!NCE LIST ••• (SINCLI) 

10 20 JO 40 50 60 
5' Cl'GCACGTCC CACCCTCACe Cl'TCACCACC AGGGGTCTCG CCeCCCACTC CTCMCCCCC 

70 10 90 100 110 120 
AAGACGC'l"t'C TCC'rCCCc.v. ACACAGCTC'l' AGCCTr.CTCA TCCCAGACCC 1"l'CCCCACCC 

130 140 150 160 110 110 
TCCTGATCCC ATCCTCACiG'l' CTCATCCTCA TCCC.ATTNCA G'1'CC:TC.ATCC CCACGCCCAO 

190 200 210 220 
T'l'CCCCACTC TCAGACCCAC GTCCCAACCC: CACCCTAT'l'C Cc.u. l' 

49 

Fig. 14. Comparison of the sequence of the sub-cfone pUCGH2 (PI) with the 
sequence reported by Tanaka el al (1992). Position 3250 corresponds to position 
+2758 in Fig. 12. The sequence starting from the reverse primer (PUCGH2R) was 
3' to the sequence determined by Tanaka el al. (1992). 
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FILE NAME PUCGH19U . SEQ 

SEQUENCE 295BPi 71 Ai 64 Ci 87 Gi 73 T. 

*** SEQUENCE LIST *** ( SINGLE) 

10 
5' CTGCAGAA'l'G 

70 
CTCAGTTCAG 

130 
GCAGCATGGG 

190 
CTGATCATAC 

250 
AGCCCACAAC 

20 30 40 
ATGTAACCCT TGGCAGAGCA GTCTGGTAAG 

80 90 100 
GAAATGCGTA AGTTAAATCT CCATTGTGTC 

140 150 160 
CTGTAGGACT CCCTTGGGGT TGTGGAGCTG 

200 210 220 
TCTCACCCAC AGGGCACAGT GTCTTGGGGC 

50 
TTAGGTAT'l'G 

110 
CTCTACAG'l'T 

170 
GAGCTGAGGG 

230 
TAGTGATGGG 

290 
AAACCCAGGG 

60 
TATTTGTTGG 

120 
CTGTCAGGGG 

180 
AGACCTÀGAC 

240 
ATCATTCATT 

260 270 280 
ATGGCAAGTG AATGAACCAG GGCCAGGGAA TCTCC 3' 

FILE NAME : PUCGH19R.SEQ 

SEQUENCE: 250BP i 70 Ai 42 Ci 44 Ci 94 T. 

(SINGLE) 

10 20 JO 40 50 
5' CTGCATATAA GCTGTGCAAA TGCGCACTTG GAAATGCACA ACTAATTTGT 

60 70 80 90 100 
GGACCTGAGA TCATTTAAAA TGTGAACTTG GTCAGTACCT GAGATCTTTT 

110 120 130 140 150 
ATATNTTCTA AGATAGTTTC AGAGCCTGTA TATACTTAAC ATT'l'CTCTCT 

160 170 180 190 200 
GAAAGTTTTT TTGTTAACAT TCCATTCATT AAAATTGTGA GTCTGATGAG 

210 220 230 240 250 
TGTCTCATAT ACTAAGTCGG TAGATTTCCA CATTCAGCTC CCTTTTTGTG 

Fig. 15. The sequence of the sub-clone pUCGH.19. The 295 bp read fr~m the 
universal primer and the 250 bp from reverse ~nmer had n? homolog't ~lth the 
sequence of Tanaka et al. (1992). The correspond mg fragment 10 the restnctlon map 
(Fig. 11) is PIII. 
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2.2. Analysis of chicken genomic DNA by hybridization with chicken genomic GH 

gene fragments 

Fotouhi el al. (1993) searehed l'Of growth hormone DNA polymorphism using the 

turkey OH cDNA gene as a probe. Four polymorphie sites were identified, one at the 

SacI restriction site (PSt), three at the MspI restriction sites (PMI, PM2, and PM3), 

located in the first, second and fourth intron, respectively. The individual genotypes 

were first derived by comparing band presence or absence (homozygote vs 

heterozygote) and band associations, and then confirmed by restriction mapping of 

sorne selected individuals. Table 1 shows GH genotypes of four individuals from two 

strains developed by Leclereq (1988) at four polymorphie sites (Fotouhi el al., 1993). 

Chickens #8 and #10 were from the fat tine and #21 and #25 from the Iean line. 

At the PSI restriction site, ail individuals are homozygous for the absence of the 

restriction site (+/-)(-/-) except #8, which was heterozygous. At the PMI site, the 

individuals were -/- homozygotes exeept #21, whieh was a heterozygote (+/-). At the 

PM2 site, chiekens #8 and #10 are +/+ homozygotes, whereas, chickens #21 and 

#25 are heterozygotes. At the PM3 site, chickens #8 and #25 were -/- homozygotes, 

and #10 was a +/+ homozygote and #21 was a heterozygote. 

Fotouhi el al., (1993) found that the frequency of sorne polymorphisms of the GH 

gene were correlated to disease resistance, egg production and age at sexual maturity 

of chickens. PSI and PM3 were found to be associated with resistance to Avian 

Leukosis virus (ALV) and Marek's disease (MD). Significant correlations were also 

found between the age at seltl.lal maturity and fl'equency of homozygotes for one of 
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the PM3 polymorphisms (Kuhnlein et al., 1993). The polymorphism at PM 1 and PM2 

were fixed in the fat line but segregated in the lean line (Fotouhi el al., 1993). Ali 

these polymorphie sites ean potentially be used as genetic markers h. poultry brecding 

programs. 

To ifi'.!cstigaiC: whether the cloned chicken GH gene fragments can be used for 

deteeting these RFLPs in the OH gene, genomic DNA from two chickens of the fat 

tine (#8 and #10) and the lean line (#21 and #25) of Leclercq (1988) were analyzed 

for RFLPs using the fragments PI, PlI and 1:>111 as probes. Each sample was digested 

with restriction enzymes Pstl, BamBI, SacI and MspI, or double digested witb pair­

wise eombinations of these enzymes, respectively, and analyzed using the standard 

Southern blotting procedure. The restriction map based on the analysis of the cloned 

OH gene (Fig. 11), the sequence of Tanaka et al. (1992) and the analysis of Fotouhi 

et al. (1993) is shown in Fig. 16. It indieates the fragments expected to be observed 

when hybridyzing with the cloned chicken OH gene fragments. 

Fig. 17 and 18 show the result obtained with PI as a probe, which represents 1.5 

kb downstream of intron IV of the GH gene (Fig. ) 0). Although sorne major bands 

which may represent hybridization to GH gene fragments were observed, the hlot 

revealed multiple minor bands whose sizes varied with the restriction enzyme used 

for digestior.. It indkates the. presence of repetitive sequences in PI which rnay 

hybridize to other regions of the genome. These repetitive sequences may be in the 

unsequenced part of the PI fragment. Hence PI can not be used for RFLP analysis. 

Fig. 19 and 20 show the results from hybridization with PlI. With the exception 

l 
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of a set of weak bands which we attribute to cross-hybridization, aIl observ~d bands 

and the corresponding molecuJar wcights agree with the map shawn in Fig. 16. 

PlI appears ta be an ideal probe to analyze the previously described GH RFLPs. 

In particular, SacI digestion of the chicken #8 which is PSI +/PSl- shows two bands, 

S2 and SI, whilc the other three chickens which are homozygous for PSl- only show 

band SI. 

Genomic DNA digested with MspI produces more complex patterns. PlI is 

expected to reveal RFLPs at PM2 and PM3. As expected, chicken #8 (PM1-/PMl-j 

PM2+/PM2+; PM3-/PM3-) produces M2 and Ml, chicken #10 (PMI-/PMI-; 

PM2+IPM2+; PM3+/PM3+) produces M3 and Ml and chlcken #25 (PMI-/PMI-; 

PM2+IPM2-; PM3-IPM3-) produces Ml, M2 and M4. Chicken #21 is heterozygous 

for ail three MspI polymorphisms. It produces bands Ml, M2, M5 and M6. Since M2 

and Ml> rather then M3 and M4 are observed, the two gametes must be (PM2+, 

PM3-) and (PM2-, PM3+) respectively and not (PM3+, PM2+) and (PM2-, P~12-) . 
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Table 1. The genotypes of chickens used in Southern hlotting analysis1 

Genotype 

PSI PMI PM2 PM3 

#8 +/- -/- +/+ -/-

Fat line -------------------------------------------------.• -----•. ----_.--.-.-.•.. -.---.--.--.--

#10 ./- -/- +/+ +/+ 

#21 -/- +/- +/- +/-

l.ean line ---.-------------.. -------------......• -----------.---------.-------------.--------------

#25 -/- -/- +/- ./-

1 The genotypes were determined by Fotouhi et al. (1993). PSI design a tes a Sacl site 

and PMl, PM2 and PM3 designate MspI restriction sites where polymorphisms were 

observed. '+' indicates the presence of a restriction site and '.' the absence of a 

restriction site. 

2 The fat line and le an line are two lines developed by l.eclercq (1988) from a 

common genetic base population and divergently selected for fatness . 
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S' 

Fil. 16. The restriction map of GH gene with PstI (P), BarnHI (B), Sacl (S) and 
MspI (M) digestion showing the polymorphie sites. Closed boxes are exons and open 
boxes are introns. PMI, PM2, PM3 and PSI indicate MspI and SacI polymorphie 
sites, respectively. 
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Fig. 17. Restriction enzyme analysis of two chickens of the fat line (#8 and #10) 
hybridized with PI. In lanes 1, 2, 3, 4 DNA was digested with PstI, BarnHJ, Sacl or 
MspI, respectively. In lanes 5, 6 and 7 DNA was double digested with Pstl and 
BarnHI, Sacl and MspI, respectively. 
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Fig. 18. Restriction enzyme analysis of two chickens of the lean tine (#21 and #25) 
hybridized with PI. In lanes 1, 2, 3, 4 DNA was digested with PstI, BamHI, Sacl or 
MspI, respectively. In lanes 5, 6 and 7 DNA was double digested with Pstl and 
BarnHI, Sacl and MspI, respectively. 



• 

• 

58 

8 10 

12341.7123~1'7 

-
- -.. 
..,---. ---

',' .. 
. 11- • 

.-

.... 
-- ...... -.. 

Fig. 19. Restriction enzyme analysis of two chickens of the fat line (#8 and #10) 
hybridized with PlI. In lanes 1, 2, 3, 4 DNA was digested with PstI, BarnHI, Sacl or 
MspI, respectively. In lanes 5, 6 and 7 DNA was double digested with Pstl and 
BamHI, Sacl and MspI, respectively. 
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Fig. 20. Restriction enzyme analysis of two chickens of the Jean Une (#21 and #25) 
hybridized with PlI. In Janes 1,2, 3, 4 DNA was digested with PstI, BamHI, SacI or 
MspI, respectively. In ianes 5, 6 and 7 DNA was double digested with Pstl and 
BamHI, SacI and MspI, respectively. 
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2.3. Assay for the GH-RFLP PM3 using the polymerase chain reaction 

In this study, a PCR-bascd method to detect GH gene RFLPs was developed. 

Two primers (PM3F, PM3R) for amplification of a 627 bp fragment which contained 

the polymorphie site PM3 were dcsigned on the basis of the chicken GH gem! 

sequence (Tanaka al al., 1992). In addition to the polymorphie o;üt.! PM3, the 

amplified segment contained a second MspI site whieh was not polymorphie (Fig. 16). 

It was therefore expected that digestion of the PCR product with Mspl would 

produce two or three fragments, depending un the genotype. The -/- homozygote 

(absence of an Mspl restriction site at PM3) would be expec;ted to produce two 

fragments of 284 bp and 343 bp. The +/+ homozygote (presence of an Mspl 

restriction site at PM3) would be expected ta produee three fragments of 284, 218 

and 125 bp. The + /- heterozygote would be expeeted ta produce four fragments of 

284, 343, 218 and 125 bp (Fig. 21). 

Fig. 22 shows the amplified peR products and their MspI digests for three 

chickens of the + / +, + /- and -/- PM3 genotypes, respectively. The results were as 

expected by from the mapping studles of Fotouhi el al. (1993). 

However, based on the GH gene sequence of Tanaka el al. (1992), the sile of 

PCR amplified fragment should have been 627 bp, and not 840 bp as in our 

determination. In particular, r'He of the MspI fragments, fragment B (Fig. 22), was 

about 200 bp longer than the sequence expected from Tanaka's chicken GH gene 

sequence. This addition al sequence was located in the! first intron, which in the 

chickens analyzed here rnay be larger than in the chickt!O analyzed by Tanaka el al . 
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(1992). 

The second pair of primer PMIF and PMIR was expected to amplify a 690 bp 

fragment which contains the !lOlymorphic site PMI in intran 4. No amplification was 

observed using different annealing temperatures and formamide concentrations (52, 

54, 56, 58 and 60°C with 5% formamiae and 54°C with 0, 1%, 2% and 3% 

formamide), different concentration of template DNA (100, 75 and 50 ng in 50 #-,1 

reaction volume), different concentrations of primer (1.5, 2.0, 2.5,3.0,3.5 and 4.0 #,M 

in 50 #,1 reaction volume), different concentrations of magnesium (1.5, 1.7, 1.8, 1.9, 

2.0 and 2.1 mM final concentration) and different annealing times (1 and 2 minutes). 

Pre-digestion of genomic DNA with NotI (which does not eut the GH gene) and 

BarnHI restriction enzyme (which does not eut the region to be amplified) did not 

imprave the peR amplification and multiple fragments were still amplified. 

Comparison of the primer with Tanaka's sequence by computer, indicated that PMIF 

primer has 7 bp (CCI"I"I'Cf) at the 5' end with were present in two repeat region 

in the second intran . 
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Fig. 21. Expected PCR product and its MspI digests. Two primers (PM3F, PM3R) 
were designed for amplification of a 627 bp fragment whieh eontained the 
polymorphk site (PM3) and non-polymorphie MspI site (MspI). The arrows indicate 
the position of the MspI site. Digestion of PCR product with Mspl would produce 
two (a and cl, three (b, c and d) or four fragments (a, b, c and d) for genotype -1-, 
+/+ and +/-, respectively. 
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Fig. 11. Analysis of the PM3 genotype by PCR and MspI digestion. The peR 
products were separated by 7% PAGE and visualized by DNA silver staining. Lane 
1 and 2 are the molecular weight markers (~X-174-RF DNA HaeIII digest and 
pBR322 DNA-MspI digest). Lane 3, 5 and 7 are undigested peR products. une 4, 
6 and 8 are PCR products digested WÎth Ms pl restriction enzyme. The genotype were 
+ /- (lanes 3 and 4), + / + (Janes 5 and 6) and -/- (Ianes 7 and 8). 
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IV. Restriction Fragment Length Polymorphisms Associated with 

Production Traits Reveaied by Random cDNA Probes 

1. Introduction 

64 

Restriction fragment length polymorphisms can be detected by using 

rninisatellites, genornic DNA or cDNA as probes. Minisatellite probes consisting of 

tandem repeats of core sequences shared by sorne of these l'egions detect 

polymorphisrns at many loci (Jeffreys et al., 1985a). Genomic DNA and cDNA probes 

can be used to detect polymorphie sites within specifie genes (Litt and White, 1985). 

The differenee between a genornie DNA clone and eDNA clone from the sarne gene 

is that cDNA clone does not contain intelVening sequences (introns). Furthermore, 

if the genornic DNA clone used as a probe con tains a repeated sequence, it will 

hybridize to rnany areas of the genome and rnay make RFLP analysis impossible. In 

the first part of my study, MspI polymorphism in a known gene, GH gene, was 

studied. In this part, poiymorphisms in unknown genes were explored. 

The production traits we analyzed were body weight (BW), age at sexual rnaturity 

measured as the age at first egg (AFE), egg production and Marek's disease 

resistanee. In this study, the genomic DNA of chickens from strain 7, 8, 9, 8R, Sand 

K (Gavora, 1979; Gavora et al., 1986; Gavora and Spencer, 1983; Kuhnlein et al., 

1989) were used to detect RFLP with cDNA probes. In order to save time, DNA 

from 15 individuals of each strain were pooled. These strain pools were run on one 

gel together with a random individual of eaeh strain and then hybridized to each 
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probe. Differences in the DNA band pattern or band intensity between pools or 

between pool and individuals indieate the presence of polymorphisms. 

The recognition sequence of MspI contains the dinudeotide CpG whieh is highly 

mutable. Ms pl restriction enzyme therefore gives rise frequently to RFLPs (Cooper 

and Schmidtke, 1984). Barker el al., (1984) estimated that in the hum an population, 

one out twenty MspI sites are polymorphie. DNA polymorphisms revealed by MspI 

digestion have therefore been used to diagnose human genetic disease (Cooper and 

Schmidtke, 1984). 

The analysis of Fotouhi et al. (1993) and my own study (see chapter III in this 

thesis) reveaJed several MspI polymorphisms in the chicken growth hormone gene. 

It was therefore reasonable to choose this enzyme in our se arch for RFLPs detected 

by ancnymous cDNA clones. 

Production traits are controlled by multiple genes, each gene contributing a little 

to the trait performance. Mutations arising from base substitutions, insertions, 

deletions, translocations or rearrangements may alter the gene and protein 

expression. My ra tionale was to search for polymorphie sites in random genes and 

then corrclate the polymorphisms to production traits. If a polymorphism is found to 

be associated with a trait, there are two possibilities, (1) the polymorphism has a 

direct effect on the production trait due to an alteration of the gene expression or the 

gene product or (2) the polymorphism is linked to a mutation which affects the 

production trait. In either case, the "olyrnorphism can he used in marker-associated 

selection . 
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2.1. Strains or chicken 

66 

The chicken strains 7, 8, 9, 8R, S, and K were used in this study. Strains 7, 8, 9 

and 8R were derived from four North American commercial stocks of White 

Leghorns. Strain 7 was kept non-selected by random mating since 1958. Strains 8 and 

9 were derived from strain 7 in 1969 and selected for egg production ûnd related 

traits (Gowe and Fairfull, 1984). Strain 9 was selected for high egg production rate 

from the first egg to 273 days of age and Strain 8 was selected for high number of 

eggs produced per hen housed from the first egg to 273 days of age. Between 1969-

1976, inbred tines were deveJoped from strains 8 and 9 by selecting the best females 

based on their performance from the best sires and dams of a large population of 

birds per strain. After 3 generations of selection, strain 8R was derived from the 10 

best inbred lines of strains 8 and 9 in 1979 (Gavora, 1979; Gavora et al., 1986; 

Gavora and Spencer, 1983). 

Strain Sand K are two White Leghorn strains, wbicb were derived from a 

common genetic base (Kuhnlein et al., 1989) at Cornell in 1936 and were kept as 

c10sed breeding populations, except that a few commercial Kimber chickens were 

inter-mated with strain K in 1936 and 1940. Since 1936, strain K bas been selected 

for resistance to Marek's disease and high egg production, whereas strain S bas been 

selected for susceptibility to Marek's disease. The two strains were introduced to the 

Animal Research Centre of Agriculture Canada (Ottawa) in 1966 and were since 

maintained by random mating without selection . 
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2.2. cDNA Iibrary 

A cD NA library was purchased from Stratagene. The library had been made from 

broiler-breeder chicken liver RNA c10ned into Uni-ZAP™ XR (Lambda ZAPR II 

vector). Briefly, the vector was digested with EcoRIlXhoI and treated \Vith Calf 

Intestinal Alkaline Phosphata se (ClAP) and the cDNA was synthesised from mRNA 

by using reverse transcriptase. The single-stranded termini of the double-stranded 

cD NA were digested with T4 DNA polymerase and EcoRI adaptors were ligated to 

the blunt ends. Followed by XhoI digciition which released the EcoRI adaptor and 

residuallinker pr!mer from the 3'-end of the cDNA. The released !inker fragments 

were separated from the cDNA by Sepharose CL-4B chromatography. The cDNA 

was then precipitated and Iigated to the Uni-ZAP XR vectoc arms. The vector size 

was about 40.8 kb. The average insert size of cDNA was about 1 kb. The lambda 

library was packaged using GigapackR II Gold packaging extract and plated on the 

E.coli cellline PLK-P'. 

2.3. Isolation or random probes from cDNA library 

2.3.1). Preparation of indicator bacteria 

The host strain XLI-Blue cells had been shipped as glycerol stock in NZY media. 

Bacteria were removed with a sterile wire loop from a frozen (-70°C) stock and 

streaked onto an NZY agar plate (one litre NZY broth contains 5 g NaeI, 2 g 

MgS04.7H20, 5 g Yeast Extract, 10 g NZ Amine and adding 15 g Difco Agar). After 

incubation at 3~C overnight, a liquid culture in LB media supplemented with 0.2% 
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maltose and 10 mM MgS04 was inoculatcd with a single colony. The culture was 

grown overnight with vigorous shaking at 30°C . The bacteria were pelleted by 

centrifugation at 1000 xg for 10 minutes and then gently resuspended in 0.5 volumes 

of 10 mM MgS04• 

2.3.2). Plating 

The cD NA library was titrated by using the following steps. Ten ",lof the 

packaged phages from the Iibrary were diluted with 990 I .. d of SM buffer (5.8 g NaCI, 

2 g MgS04, 50 ml 1 M Tris-CI, pH 7.5, and 5 ml 2% gelatin per litre). From this 

stock solution a series of 1:10 dilution was made with SM buffer uotit the original 

library was diluted 106 f()ld. Ten 1-'1 of each titration was plated with 200 1-'1 of O.D'600 

= 0.5 XLI-Blue cells. 

Plating was carried out by following the ZAP-cDNAfM synthesis kit protocol 

(Stratageoe). In brief, phages and XLI-Blue cells were pre~incubated at 31lC for 15 

minutes with gently shaking, then 2.5 ml of prewarmed (4SoC) top agar (NZY broth 

with 0.7% aga rose) were added and poured immediately onto a prewarmed (1~C) 

NZY agar plate. The plates were incubated overnight at 3"fJC. 

Single plaques were isolated by caring with a Pasteur pipette and suspending the 

core in 0.5 ml SM buffer, containing a drop of chloroform. The titre of a single 

plaque suspension was about 2.5 x HP phages/ml. 
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2.3.3). Isolation of lambda phage DNA 

In arder ta isola te insert-containing lambda phage DNA, 200 Jjl of a single plaque 

suspension were plated with 600 ~I indicator bacteria on a plate (150 x 15 mm). Mter 

incubation overnight at 31'C, 7 ml isolation buffer (10 mM Tris pH 7.5, 10 mM 

MgS04) was added and the plate gently shaken on a shaking platform at room 

temperature for 1.5 hours. The isolation buff"r was collected from the plate in ta a 

15 ml tube, and centrifuged for 10 minutes at 4000 xg in a bench top centrifuge. The 

supernata"t (about 6 ml per tube) was transferred ta a new tube. Two I .. d of DNase 

(1 mg/ml) were added ta the sup',matant. The tube was incubated al 3'te for 15 

minutes with shaking ta digest bacterial genomic DNA One volume of 20% PEG 

8000,2 M NaCI, 10 mM Tris and 10 mM MgSO .. was added. After one hour at OoC 

the tubes were centrifuged at 104 xg for 10 minutes. The pellet was suspended with 

0.5 ml of TE buffe,' containing 0.1 M NaCI. The DNA was extracted twice with 

phenol/chloroform (1:1 vlv) and once with chloroform and precipitated with two 

volumes of 100% cold ethanol. The pellet was washed twice with 70% ethanol, air 

dried and dissolved in 60 #-,1 TE buffer containing 20 Jjg.lml RNase. The concentration 

of isolated DNA was approximately 200 Jjg/ml as estimated by ethidium bromide 

staining and comparison wilh a molecular marker in an agarose gel. 

2.3.4). Isolation of the loser. DNA for probes 

Lambda phage DNA (about 1.2 #,g) was double digested with restriction enzyme 

SacI and Xhol by first incubating the DNA with 15 units of SacI in lx One-Phor-AlI 
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buffer. The reaction volume was 40 J,.d. After incubation at 31lC for 2 hours, 15 units 

of XhoI and 2x One-Phor-All buffer (final concentration) were added (total volume 

60 ~l) and incubation was continued at 3r>C overnight. 

The insert was separated fwlTt vector by electrophoresis in a 0.8% low-melting 

temperature agarose gel at 50 V for 1.5 hOUT. The gel was stained with cthidium 

bromide and the DNA bands visualized under UV Iight. The insert band was cut out 

by using a razor blade (Fig. 23). The gel slice containing the insert band was weighed 

and 3 ml of H 20 was added for each gram of gel. The tube was hcated at 65°C until 

the gel was completely melted. The homogenized DNNagarosc solution was stored 

at ·20oC and used for probe labelling. 

2.3.5). ln vivo excision of phagemid 

Phagemid DNA was prepared by following the in vivo excision protocol of 

Stratagene. In brief, a plaque was cored from an agar plate and transferred into a 

sterile microcentrifuge tube containing 0.5 ml of SM buffer and 20 ~l of chloroform. 

The tube was vortexed and incubated at coom temperature for 1 ta 2 hours. 

Two hundred J.d of XLI-Blue celIs (OD600 = 1.0, pre-selected for the F' episome 

by growth on LB/tetracycline agar plates) were infected with 200 ",lof the single 

{-laque phage stock (containing > 1 x lOS phage particles) in a 15 ml tube, and 1 1'1 

of R408 helper phage (> 1 x 1<fi pfu/ml; Stratagene) was added. The mixture was 

incubated at 3T>C for 15 minutes. After adding 5 ml of 2x YT broth (10 g NaCI, 10 

g Yeast Extract and 16 g Bacto-Tryptone per litre) the tube was further incubated 
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at 3t>C for 3 hours with shaking. The cultured hacteria were heated at 70°C for 20 

minutes, and then centrifuged at 4000 xg for 5 minutes. The supernatant was 

decanted into a sterile tube. This stock contained the pBluescript phagemid packaged 

as filamentous phage pal'ticle. Bacterial cells incubated with R408 helper phage alone 

without recombinant Uni-ZAP XR phage were used as a negative control. 

An aliquot of 200 #-lI of XLI-Blue host cells was infected with 200 #-lI of phagemid 

stock from the step above in a 15 ml tube and the tube was incubated at 3~C for 15 

minutes. Fifty #lI of the cultured bacteria was plated on an LB/amp plate and 

incubated overnight at 31>C. Colonies appearing on the plate contained the 

pBluescript double stranded phagemid with the cloned DNA insert. The bacteria 

infected with helper phage alone did not grow since they did not contain ampiciUin 

resistance genes. B:lcterial clones were further purified by replating on LB/amp plate 

and re-isolating single-colonies. 

For the isolation of phagemid DNA, a single colony was picked into a 15 ml 

Conical tube with 4 ml LB media/Amp and incubated at 31>C overnight. The 

phagemid DNA was then extracted by using the standard method for Mini­

preparation of plasmid DNA (see 111.1.2.). The insert was isolated by digesting the 

phagemid DNA with Scal and XhoI, followed by gel-electrophoresis. 

2.4. Soutbern blotting for detecting polymorpbism 

Chicken genomic DNA was extracted as described in 111.1.6.1). The DNA pools 

for each strain were made by mixing equal amounts of DNA from 15 individuals of 
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each strain. DNA digestion, gel electrophoresis, Southern blotting, prehybridization 

and hybridization were the sa me as described in 111.1.6.5). 

2.5. Trait associations of RFI.Ps 

To test the association between RFLPs detected with Probe #2, #5 and #9, two 

groups of individuals for eaGh trait ( housing body weight -- HBW and age at first egg 

-- AFE) were formed by taldng the samples from two tails of the trait distribution in 

both strain 8 and strain 9. Each group consists of 15 individuals. The difference in 

frequency of a RFLP between two grvups (high and low HBW or early and late 

AFE) was tested s1atistically by using a Chi-Square test (Siegel and Castellan, 1988) . 
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Probe 
M 8 9 10 

... V.ctor 

::J In •• rt 

Fig. 23. The cDNA clones double digested with SacI and Xhol restriction enzyme. 
The fragments were separated by electrophoresis on a 0.8% LMT agarose gel. M is 
a molecular weight marker, and 8, 9 and 10 are lambda ZAP clones. 



• 

• 

74 

3. Results and Discussion 

3.1. Detection of RFLP by using individunl and pooled DNA 

A total of six strains were analyzed for RFLPs by comparing "strain pools" and 

selected individuals by Southern blotting with 10 diffcrt!nt random clones. Comparison 

of band intensities among pools and between pools and individuals revealed three 

different classes of probes, those which hybridized to repetitive DNA (Fig. 24), thase 

whieh did not reveal RFLP's (Fig. 25) and those which showed RFLPs (Fig. 26, 27, 

28). The results obtained with the 10 clones are summarized in Table 2. 

Figure 26 shows the result from hybridization with Probe #2. In strains 8, 9 and 

SR two bands (Al and A:z) were observed while strain 7 and ail îndividuals only 

produced a single band (Al or A 2). Henee strains 8, 9 and BR segrc~gated for an 

RFLP. Sinee strain 7 is the un-selected control strain of strain S, 9 and SR, it îs 

possible that Al had been co-selected with selection for egg prodm:tion trait and 

disease resistanee which was exercised in the latter three strains. Similarly, strain S 

segregated for Al and A2 while strain K which had been seleeted for egg production 

traits and MD resistanee is of the Al genotype. 

The hybridization result with Probe #5 is shown in Fig. 27. Four bands were 

observed in ail the pools. Two bands were present at equal intensity in ail samples, 

while the other two bands (BI' 8 2) varied, indieating an RFLP. Four of the 

individuals sam pIed were B282) one was BIBI and one was B281• Among the strains 

studied, aIl showed the same rt:lative band intensities except BR, where BI was less 

intensive indicating that the frequency of BI in strain 8R was 10\11. For the other 
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strains, there was no indication that the selection affected the frequency of alleles. 

Probe #9 (Fig. 28) revealed polyrnorphisms in strain 7, 8, 9 and 8R, but not in 

strain Sand strain K. Further, segregation in strain 7, 8, 9 and 8R was about equal, 

indicating that the RFLP frequencies were not affected by selection. 

3.Z. Analysis of trait·as~ociated RFLPs witb Probe #2, #S and #9 

The bulk analysis of strains showed that there were polymorphisrns in the genes 

represented by the cDNA probes #2, #5 and #9 and that the selection for egg 

production traits and Marek's disease did affect the frequency of sorne of these 

aile les. We questioned whether any of these polymorphisms revealed by probe #2, 

#5 and #9 were associated with one or more of the production traits whicb were 

subject ta selection. Two production traits, bousing body weight (HBW) and age at 

first egg (AFE), were studied in strain 8 and strain 9. For each trait, two groups of 

chickens were analyzed, representing the iwn tail-ends of the trait distribution. Each 

group containing 15 individuals was analyzed for RFLPs with probe #2, #5 and #9. 

Table 3 and 4 show comparison of the frequency of different genotypes between 

high and low HBW and between early and late AFE. Here, Al and Al denote the 

alleJes revealed by hybridization witb probe #2, BI and B2 wlth probe #5, and Cl and 

<; with probe #9. The difference in frequency of an allele between high and low 

HBW, and between early and late AFE were tested by chi-square test (Siegel and 

Castellan, 1988) . 
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Table 2. Summary of the hybridization results with ten cDNA probes l 

Probe 

No. 

Polymorphisms in different strains 

7 8 9 

1 N N N 

2 N Y Y 

3 N N N 

4 N N N 

5 Y Y Y 

6 N N N 

1 N N N 

8 N N N 

9 Y Y Y 

10 N N N 

1 Y = polymorphie and N = not polymorphie. 

2 Fixed for the opposite aUele . 

SR 

N 

Y 

N 

N 

Y 

N 

N 

N 

Y 

N 

s 

N 

Y 

N 

N 

Y 

N 

N 

N 

N 

N 

16 

K 

N 

N2 

N 

N 

Y 

N 

N 

N 

N 

N 
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7 • • lA S K 

" lit, ,", ,il, .", .", " 

Fig. 24" Southern blot of pools of genomic DNA (P) and genomic DNA from 
individuals (1) hybririized with the cDNA probe #1, revealing repetitive DNA The 
DNA was digested using MspI and the various strains are indicated. 
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Fig. 25. Southern blot of pools of genomic DNA (P) and genomic DNA from 
individuals (1) hybridized with the cDNA probe #7, revealing monomorphic DNA . 
The DNA was digested using Mspl and the various strains are indicatcd. 
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Fig. 26. Southern blot of pools of genomic DNA (P) and genomic DNA from 
individuals (1) hybridized with the cDNA probe #2. The DNA was digested u~ing 
Mspl and the various strains are indicated. Mspl polymorphisms are present in strains 
8, 9, 8R and S. 
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Fig. 27. Southern blot of pools of genomic DNA CP) and genomic DNA frorn 
individuals (1) hybridized with the cDNA probe #5. The DNA was digested using 
MspI and the various strains are indicated. Mspl polymorphisms are present in strains 
7, 8, 9, SR and S. 
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7 8 9 8R S K 

P PI PI PI PI PI 

.. 

Fig. 28. Southern blot of pools of genomic DNA (P) and genomic DNA from 
individuals (1) hybridized with the cDNA probe #9. The DNA was digested using 
MspI and the various strains are indicated. MspI polymorphisms are present in straim: 
7,8,9 and 8R. 
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Th~ results are shawn in Table 3 and 4. The average frequency of Az allele was 

0.86 in strain 8 and 0.90 in strain 9. Statistical nnalysis by X2 test indicated that the 

differences of the frequency of the A2 allele bctwccn high and low IIDW and 

between early and late AFE in both strains were not signifieant at P ~ 0.10 . 

. With probe #5, the average frequency of B2 allele was 0.76 in strain 8 and 0.75 

in strain 9. There was a trend towards an increase of the B2 allcle in the group of 

higher HBW and eartier AFE, respectively. However the differcnces were Ilot 

significant at P $ 0.10 except between high and low HBW in strain 8. 

The average frequency of C,! aile le was 0.45 in strain 8 and 0.48 in strain 9. There 

were no signifjcant differences at P ~ 0.10 betw~en high and low HBW, bctwecn 

early and la te AFE in both strains. 

With Probe #9, only the Cl or the Cz allele was observed in each individual, 

indicating the absence of heterozygotes. Fig. 29 shows an example of 20 individuals 

sampled from strain 8, ten from the late AFE group and ten from the high IIBW 

group. It indicatcs that the gene whkh encodes the cDNA #9 is present in a haploid 

state. lt raised the possibility that the gene was located on the sex chromosome, since 

aIl the individuals stuùied were females and the sex chromosome pattern of bird is 

opposite to mammals (male: ZZ and fcmate: ZW). A gene located on eithcr of the 

sex chromosomes, would be present in a single copy in females. In males the gene 

would be absent if located on the W chromosome, and present III a diploid state if 

located on the Z chromosome. In the latter case we would expect to observe 

heterozygotes among the males. To test this hypothesis, 85 individuals from strain 7, 
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68 females and 17 males, were analyzed. Among the males 5 ~ and 12 CI genotype 

were observed and among females 26 <; and 42 Cl genotypes were ohserved. Thus, 

frequency of Cz allele among male.; is 0.294, and among fenmles is 0.382. 

Heterozygotes were again absent among the males. Thus the gene which codes for 

cD NA #9 is present in haploid state and is not located on the sex chromosome. 

We further investigated whether this haploid geaetic element is inherited from 

the female, the male or at random. Ta answer these que:.;tions, a segregation analysis 

of the probe #9 polymorphism was conducted in 13 families consisting of 6 male 

parents, 13 female parents and 95 offspring. The results are presented in Table 5. 

When both parents had the Cz genotype, ail offspring wcre <;; and when both 

parents were Cl' ail offspring were Cl genotype. Thus the genotypes of the parents 

were stably inherited. In matings where the genotypes of the two parents differed, ail 

the offspring inherited the maternaI genotype. There was a single exception and we 

should check this offspring with its parents by using DNA fingerprinting to verify 

whether the individual was indeed the offspring of the particular parents. The result 

indicate that similar to rnitochondria, the offspring's genotype were determined by the 

fernale parent. However, at this stage, we can not exclude the possibility that this 

genetic element cornes from mitochandria DNA. 
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Late AFE High HBW 
~------------------~I~i --------------------~ 

1 2 3 4 6 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 

• ...... _ ••. .ce -Cl - _ _ •• -C2 

• 

Fig. 29. RFLPs reveaJed by probe #9 in 20 individua)s of strain 8. The first 10 
individuals (rom late AFE and the second 10 individuals from high HBW. No 
heterozygous genotypes have been found. Fragments Cl and <; indicate 
two genotypes. 
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Table 3. Frequency of genotypes at three anonymous loci in chickens with high and 
low housing body weight, respectively 

Strain 8 Strain 9 
Genotype 

High Low High 

Al/Al 0 0 0 

Probe #2 Al/A2 3 5 4 

AiAz 12 9 11 

Frequency of Az 0.90 0.82 0.87 

o 2 o 

Probe #5 3 4 6 

12 9 

Frequency of B2 0.90 0.80 

Cl/Cl 8 10 5 

Probe #9 C1/Cz o o o 

7 4 10 

Frequency ofCz 0.47 0.29 0.69 

• Significantly different at p S 0.10 between high and low bousing 
body weight 

Low 

1 

o 

14 

0.93 

1 

5 

9 

0.77 

7 

o 

8 

0.53 
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Table 4. Frequency of gcnotypcs at three anonymous loci in chickens with carly and 
IHte onset of egg-Iaying, respectively 

Strain 8 
Genotype 

Early 

Al/A) 0 

Probe #2 Al/Az 2 

Az/\z 12 

Frequcncy of Az 0.93 

B1/81 1 

Probe #5 B1/82 5 

B2/8Z 8 

Frequency of 82 0.75 

7 

o 

7 

Freq uency of <; 0.50 

Late 

2 

2 

11 

0.80 

2 

6 

7 

0.67 

7 

o 

8 

0.53 

Strain 9 

Early 

0 

3 

12 

0.89 

0 

6 

8 

0.79 

9 

o 

5 

0.36 

Late 

0 

3 

12 

0.90 

2 

7 

6 

0.63 

10 

o 

5 

0.33 
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Table 5. Segregation of probe #9 polymorphisms in strain 7 

Parent Offspring 
Genotype Genotype 

Father Mother <; Cl 

<; ~ 15 0 

Cl Cl 0 32 

C; Cl 0 25 

Cl ~ 22 1 

• 
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v. Conclusion 

Advances in molecuJar biology have provided and will continue to provid~ new 

tools and methods which can be used in animal breeding. In the next century, two 

research areas will be of particular importance and will bring revolutionary changes 

in animal breeding. These two areas are deve \opment of techniques to identify and 

characterize genes and the development of gent' transfer. In this study, the focus was 

on the first area, to identify genes or genetic markers which are associated with 

production traits. 

Two approaches were explored in the present stl.\Udy, (1) localizing polymorphisms 

in a known gel:~, the OH gene, and developing a rapid method to detect these 

polymorphisrns; and (2) searching for polymorphisms ~n unknown genes using cDNA 

clones isolated randomly from a chicken cDNA lib raI] as probes. 

In the first approach, we want ta develop a efficient method ta de te ct 

polymorphisrns in the chicken OH gene. Traditionally, restriction fragment length 

polymorphism analyses are conducted by DNA Sauthern blotting. The linùtation of 

using DNA Southern blotting in animal breeding is that it is time-consuming and 

laborious, especially when large number of samples are analyzed. We explared an 

alternative method, the polymerase chain reaction (peR), and traditional Southern 

blotting. There are two advantages of using PCR instead of Southem blotting: 1) A 

PCR detection only takes a few hours ta finish white Sauthem blotting may take a 

severa} days; 2) PCR can be automated, allowing large number of samp)es to he 
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rapidly analyzed with relatively little labour. The only pre-requisite is that ~he 

sequence of the regions flanking the polymorphie site has ta be known for 

designation of peR primers. The solution is either to study polymorphisms in known 

genes, whose sequences is published or ta iso)ate the gene of interest, localize the 

polymorphisms in the gene and sequence regions flanking the polymorphie sites. The 

MspI polymorphisms of OH gene were mapped by Fotouhi et al. (1993) in the 

approximate position of the gene by using a turkey GH cDNA. However, ta ùevelop 

a PCR aS'dy for these polymorphisms, the sequences flanking the poiymorphie sites 

had to be determined. We therefore had to isolate the chicken GH genomic gene and 

sequence the gene. 

After screening about 50,000 colonies from a gellomic library, a cosmid clone 

containing the GH gene was isolated. The GH g~ne was subcloned into the plasmid 

pUC18 and about 2200 bp were sequenced. This sequence work was halted when 

Tanaka et aL (1992) published the genomic sequence of the chicken GH gene. 

Comparing our sequence with the chicken GH cDNA and the published genomic 

sequence indicated that we had found the correct clone. In addition, RFLPs detected 

at Msp! and SacI sites using the genomic subclone PlI were identical to thase 

detected by Fotouhi et al. (1993) using cDNA as a probe. 

Using the sequence information published, we developed PCR-based method for 

the MspI RFLP at the site PM3. The genotypes of individuals at th;s site determined 

with our PCR-based method were in agreement with Fotouhi's determinations by 

Southem blotting. The PCR-based method can be commercially adapted in marker-
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assisted selection programs. 

Surprisingly, when using primers based on the sequence information from Tanaka 

el al., (1992) to amply the PM3 alleles, the ampIified fragment was always 200 bp 

larger than predicted. This could be due to an insertion in the first intron of the GH 

gene, retlecting a difference between strains. 

Application of molecular genetics to poultry breeding is Iimited due ta the 

availabiIity of informative genetic markers associated with production traits. Thus, 

scarching for new genetic markers is important. In the second part of the thesis, 

polymorphisms at MspI restriction sites were studied in 6 different strains of chickens 

by using ten random cDNA clones. Bulk analysis using pooled samp]es and one 

individual from each strain led ta the rapid identification of those clones which reveal 

RFLPs. Among ten clones, three gave rise ta RFLPs at MspI sites. 

One MspI polymorphic site was detectcd with cach probe. Ta investigate the 

association bctween production traits and the MspI polymorphism detected with the 

three cDNA probes, further studies were conducted in two strains for two traits, 

HBW a 'Id AFE. However, no significant associations could he detected within the 

relatively small number of individu aIs. 

To our surprise, the MspI polymorphism revealed by Probe #9 was present on 

a haploid genetic element. This could be the discovery of a new chromosome which 

is present in a haploid state. The segregation analysis in 13 families including 6 males, 

13 females and 95 offspring showed that the inheritance of tbis polymorphism was 

stringently detennined by the genotype of the femate paIent • 



• 

• 
,.:f,' 

91 

VI. References 

Arber W., and Kuhnlein U. (1967). Mutationeller Verlust den B-spezifischcn 
Restriction des Bakteriophagenfd. Path. Microbiol. 30:946·952. 

Barker D., Shafer M., White R. (1984). Restriction sites containing epG show a 
higher frequency of polymorphism in human DNA. Cell 36: 131-138. 

Beckmann J.S., and Soller M. (1983). Restriction fragment length polymorphisms in 
genetic improvement: methodologies, mapping, and costs. Theor. Appt. Genet. 67:35-
43. 

Beckmann J.S. (1988). Oligonucleotide polymorphisms: A new tool for genomic 
genetics. Biorrech~ology 6: 1061-1064. 

Bell G.I., Selby M.J., Rutter W.J. (1982). The highly polymorphic region near the 
human insu lin gene is composed of simple tandemly repeating sequences. Nature 
295:31-35. 

Botstein D., White q.L., Skolnick M., Davis R.W. (1980). Construction of a genetic 
linkage map in man using restriction fragment length polymorphisms. Am. J. Hum. 
Genet. 32:314-331. 

Brisson-Noel A., Lecossier D., Nassif X., Gicquel B., Levy-Prebault V" Hanee A.J. 
(1989). Rapid diagnosis of tuberculosis by amplification of mycobecterial DNA in 
clinical samp]es. Lancet ii:1096-1071. 

Burke W.H., Marks H.L (1982). Growth hormone and pro]actin ]eve]s in non­
selected and selected broiler lines of chickens from hatch to eight weeks of agl . 
Growth 46:283-295. 

Byrne C.R., Wilson B.W., Ward K.A. (1987). The isolation and characterisation of tL.~ 
ovine growth hormone gene. Aust. J. Biol. Sci. 40:459-468. 

Chakravarti A., Buetow K.H., Antonarakis S.E., Waber P.G., Boehm C.D., Kazazian 
H.H. (1984). Nonuniform recombination within the Human p-globin gene cluster. 
Am. J. Hum. Genet. 36:1239-1258. 

Chen H.T., Pan F. M., Chang W. C. (1988). Purification of duck growth hormone and 
c10ning of the complementary DNA. Biochimica et Biophysica Acta. 949:247-251. 

Cooper D.N.1 and Schmidtke J. (1984). DNA restriction fragment length 



,........---------------------------- --- -- ---- -------------------, 

• 

• 

92 

polymorphisms and heterozygosity in the human genome. Hum. Genet. 66:1-16. 

Dunnington E.A., Gal O., Plotsky Y., Haberfeld A, Kirk T., Goldberg A, Lavi V., 
Cahaner A, Siegel P.B., Hillel 1. (1990). DNA fingerprints of chickens selected for 
high and low body weight for 31 generations. Animal Genetics 21:247-257. 

Erlich H.A., and Arnheim N. (1992). Genetic analysis using the polymerase chain 
reaction. Annual Reviews Inc. 26:479-506. 

Feinberg A.P., and Vogelstein B. (1983). A technique for radiolabeUing DNA 
restriction endonucIease fragments to high specifie activity. Analytical Biochemistry 
132:6-13. 

Fisher S.G., and Lerman LS. (1983). DNA fragment differing by single base pair 
substitutions separated in denaturing gradient gel: Correspondence with melting 
theory. Proc. Nat!. Acad. Sei. USA 80:1579-1583. 

Foltzer c., Leclercq-Meyer V., Mialhe P. (1975). Pituitary and adrenal control of 
pancreatic endocrine function in the duck 1. Plasma glucose and pancreatic glucagon 
variations following hypophysectomy and corticocosterone. Diabetes Metab. 1:39-44. 

Foltzer c., and Mialhe P. (1976). Pituitary and adrenal control of pancreatic 
endocrine functÎon in the duck II. Plasma free fatty aeid and insulin variations 
following hypophysectomy and replacement therapy with growth hormone and 
corticoeosterone. Diabetes Metab. 2:101-105. 

Foster D.N., Foster L.K., Kim S.U., Enyeart J.J. (1990). Turkey growth hormone 
complementtary DNA nucleotide sequence. Science 69(Suppl.1):52. 

Fotouhi N., Karatzas C.N., Kuhnlein U., Zadworny D. (1993). Identification of growth 
hormone DNA polymorphisms Which respond to divergent selection for abdominal 
fat content in chickens. Theor. Appl. Genet. 85:931-936. 

Gala R.R. (1991). Prolactin and growth hormone in the regulation of the immune 
system. Proc. Soc. Exp. Biol. Med. 198:513-527. 

Gavora J.S. (1979). Genetic techniques for controlling Marek's diseuse and for 
improvement of multiple economic traits in high performance egg production 
chickens. 18th Natl. Breeders, Roundtable, Memphis, TN. 33-57. 

Gavora J.S" Simonson M., Spencer J.L., Fairfull R.W., Gowe RS. (1986). Changes 
in the frequency of hjstocompatibility haplotypes in chickens under selection for both 
high egg production and resistance to Marek's disease. Z. Tierz. Zuchtungsbiol 
103:218-226. 



• 

• 

93 

Gavora J.S., and Spencer J.L. (1983). Breeding for immune responsiveness and 
disease resistance. Anim. B100d Groups Biochem. Genet. 14: 159-180. 

Glik B. (1960). The effect of bovine growth hormone dcoxycorticosterone And 
cortisone on the weight of the hursa of fabricius, adrcnal glands, heart and body 
weight of young chickens. Poultry Sei. 39:1527-1533. 

Goodbourn S.E.Y., Higgs D.R., Clegg J.B., Weatnerall D.J. (1983). Molecular basis 
of length polymorphism in the human -globin gene complex. Proe. Natl. Acad. Sei. 
USA. 80:5022-6. 

Golde D.W., and Bersch N. (1977). Growth hormone: Species specifie stimulation of 
erythropoie~is in vitro. Science 196:1112-1113. 

Gowe R.S., and Fairfull R.W. (1984). Effect of selection for part record number of 
eggs from housing vs. selection for hen-day rate of production from age at first egg. 
Ann. Agric. Fenn. 23:196-203. 

Gusella J.F., Wexler N.S., Conneally P.M., Naylor S.L, Anderson M.A., Tanzi R.E., 
Watkins P.C., Ouina K., Wallace M.R., Sakaguchi A.Y., Young A.n., Shoulson L, 
Bouilla E., Martin J.B. (1983). A polymorphie ONA marker geneticaHy Iinked to 
Huntington's disease. Nature (london) 306:234-238. 

Hammer R.E., Pursel V.G., Rexroad J.C.E., Wall RJ., Boit O.J., Ebert K.M., 
Palmite .. R.D., Brinster R.L. (1985). Production of transgenic rabbits, sheep and pigs 
by mieroinjection. Nature (Land) 315:680-683. 

Hmvey S., and Phillips J.G. (1980). Growth, growth hormone and corticosterone 
secretion in fresh water and saline-adapted ducklings. Gen. Comp. Endocrinal. 
42:334-345. 

Harvey S., Godden P.M.M., Scanes C.G. (1977). Plasma growth hormone 
concentration during growth in turkeys. Br. Poult. Sci. 18:547-551. 

Higuchi R., Krummel R, Saiki R.K. (1988). A general method of in vitro preparation 
and specifie mutagenesis of DNA fragments study of protein and ONA interactions. 
Nue. acids rec, 16:7351-7367. 

Hillel l, Plotzy Y., Haberfeld A., Lavi V., Cahaner A., Jeffreys AJ. (1989). DNA 
fingerprints in poultrj. Animal Genetics 20:145-155. 

Hoj S., Fredholm M .• Larsen N.J., Nielsen V.H. (1993). Growth hormone gene 
polymorphism associated with selection for milk fat production in tines cattle. Animal 
Genetics 24:91-96. 



• 

• 

94 

Innis M.A., Myambo K.B., Gelfand D.H., Braw M.A.D.(1988). DNA sequencing with 
thermos aquatics DNA polymorase and direct sequencing of polymerase chain 
reaction-amplified DNA. Proe. Nat!. Aead. Sci. USA 85:9436-9440. 

Jeffreys A.J. (1979). DNA sequence variants in the GT _, AT _, u- and l3-globin genes of 
man. Cell 18:1-10. 

Jeffreys A.J., and Monton D.B. (1987). DNA fingerprintts of dogs and cats. Anim. 
Genet. 18:1-15. 

Jeffreys A.J., Wilson V., Thein S.T. (1985a). Hypervariable "mini satellite" regions in 
Luman DNA. Nature 314:67-73. 

Kirkpatrick B.W. (1991). Haell and Mspl polymorphisms are detected in the second 
intran of the porcine growth hormone gene. Animal Genetics 22:180-181. 

Kuhnlein V., Gavora J.S., Spencer J.L., Bernon D.E., Sabour M. (1989). Incidence 
of endogenous viral genes in two strains of white lenghom chickens selected for 
susceplibility or resistance ta Marek's disease and egg plOduction. Tneor. App!. 
Genet. 77:26-32. 

Kuhnlein V., and Zadworny D. (1990b). N:olecular aspects of poultry breeding. 4th 
World Congress on genetics applied to Livestock Production. XVI:21-30. 

Kuhnlein V., Fotouhi N., Hartmann W., Karatzas c., Gavora J.S., Fairfull W., 
Zadworny D. (1993). DNA polymorphisms in the chicken growth hormone gene: 
influence of selection for disease ! esistance and trait associations. Unpublished. sei. 

Lamb I.c., Galehouse D.M., Foster D.N. (1988). Chicken growth hormone cDNA 
sequence. Nuclcic aeid research 16:9339. 

Landegren U., Kaiser R., Sanders J., Hood L (1988). A Ligase-mediated gene 
detection technique. Science 241:1077-1080. 

Lander E.S., and Botstein D. (1989). Mapping Mendelian factors underlying 
quantitative trait using RFLP linkage maps. Genetics 121:185. 

Laure F., Rouzioux c., Veber F.) Jacomet C., Courgnard V., Blarche S., Burgard M., 
Griscelli c., Brechot C. (1988). Detection of HIVI in infants, and children by means 
of the polymerase chain reaction. Lancet ii:538-541. 

LecJercq B. (1988). Genetic selection of meat-type chickens for low abdominal fat 
content. In: Leclercq B., Whitehaed C.C. ( eds.). Leanness in domestic birds . 
ButtelWorth and Co., London Boston Singapore Sydney Toronto Wellington. pp. 25-



• 

• 

95 

40. 

Libby D.A., Meites l., Sehaible P.J. (1955). Growth hormone cffccts in chickcns. 
Poultry Sei. J4:1329-1331. 

Litt M., and White RL. (1985). A highly polymorphie locus in human DNA rcvealeù 
by eosmid-derived probes. Proc. Natl. Acad. Sei. USA 82:6206-6210. 

Marsh J.A., Gause W.c., Sandhu S., Scanes C.O. (1984). Enhanced growth anù 
immune development in oraff chickens treated with mammalian growth hormone and 
hydroxide. Proc. Soc. Exp. Biol. Med. 175:351-360. 

Michalska A., Vize P., Ashman R.J., Stone B.A., Quinn P., Wells J.R.E.. Scamark 
R.F. (1986b). Expression of porcine growth hormone cDNA in transgcnic pigs. Aust. 
Soc. Repord. Biol. 18:13. 

Michalska A., Vize P., Quinn P., Wells J.R.E., Seamark R.F. (1986). Transgenic mice­
growth regulation by porcine growth hormone gene constructs. Aust. Soc. Reproù. 
Biol. 18: 12. 

Miller W.L., and Eberhardt N.L. (1983). Structure and evolution of the growth 
hormone gene family. Endocrine Reviews 4:97-130. 

Montgomery G.W., Sise J.A., Penty J.M., Tou H.M., Hill D.F. (1992). Sheep linkage 
mapping: restriction fragment length polymorphism detection with heterologous 
cDNA probes. Animal Gene!ics 23:411-416. 

Mullis K.B .• and Faloona F. (1987). Specifie synthesis of DNA in vitro via a 
polymorase catalyzed chain reaetion. Meth. Enzymol. 55:335-350. 

Nakamura Y., Leppert M., O'Conn~lI P., Wolff R., Holm T., Culver M., Martin C., 
Fujimoto E., Hoff M., Kumlin E., White R. (1987,. Variable number 01 tandem 
repeat (VNTR) markers for human gene mapping. Science 235:1616-1622. 

Nielsen V.H., and Larsen N.J.(1991). Restriction fragment length polymorphisms at 
the growth hormone gene in pigs. Animal Genetics 22:291-294. 

Paabo S., Higuchi R.G., Wilson A.C. (1989). Ancient DNA and the polymerase chain 
reaction. J. Biol. Chem. 264:9709-9712. 

Pal miter R.D., Norstedt G., Gelinas R.E., Trumb,lIler M.B., Roscnfed M.G., Birnberg 
N.C., Evans R.M. (1983). Metallothionein-human GH fusion genes stimulate growth 
in mice. Science 222:809-814 . 



• 

• 

96 

Palmiter R.D., Brinster RL., Hammer R.E., Trumbauer M.E., Rosenfeld M.G., 
Birnberg N.C., Evans R. M. (1982). Dramatic growth of mice that develop from eggs 
microinjected with metallothionein-growth hormone fusiongenes. Nature (Iond) 
300:611-615. 

Parsons Y.M., Cooper D.W., Piper L.R., Adams T.E. (1992). RFLPs at the ovine 
locus for growth hormone. Animal genetics 23:571. 

Paterson A.H., Lander E.S., Hewitt J.O., Peterson S., Lincoln S.E., Tanksley S.D. 
(1988). Resolution of quantitative traits into Mendelian factors by using a complete 
linkage map of restriction fragment length polymorphisms. Nature 335:721. 

Proudman J.A., and Wentworth B.C. (1980). Ontogenesis of plasma growth hormone 
in large and midget white strains of turkeys. Poult. Sci. 59:906-913. 

Pursel V.G., Hammer R.E., Boit D.J.,Wall R.J., Palmiter R.D., Brinster R.L. (1986). 
Transgenic swine transmit foreign gene to progeny. J. Anim. Sci. 63:Suppl. 1, 203. 

Queen C., Korn L.J. (1984). A comprehesive sequence analysis program for the IBM 
personal computer. Nucleic Aeid Research 12:581-599. 

Rom M. (1982). Development of restriction fragment length polymorphism 
techniques in plants as a tool for strain identification and breeding. MSc Thesis, 
Department of Genetics. The Hebrew University of Jerusalem, ~srael. 

Roskam W.G., Rougeon F. (1979). Molecular cloning and nuc1eotide sequence of the 
human growth hormone structure gene. NucJeic Acids Res. 7:305. 

Rudas P. and Scanes C.G. (1983). Influences of growth hormone on glucose uptake 
by avian adipose tissue. Poultry Sei. 62:1838-1845. 

Saild R.K., Scharf S.J., Faloona F., Mullis K.B., Horn G.T., ErUch H.A, Arnhein N. 
(1985). Enzymatic amplification ofbeta-globin sequences and restriction sites analysis 
for diagnosis of sickle cell anomia. Science 230:1350-1354. 

Saiki R.K., Bugawan T.L, Hom G.T., Mullis K.B., Erlich H.A., (1986). Analysis of 
enzymatically amplified ~-globin and HLA-DQa DNA with aUeIe-specifie 
oligonucleotide probes. Nature 324:163-166. 

Sambrook J., Fritsch E.F., Maniatis T. (1989). Molecular cloning: A Laboratory 
Handbook. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York. 

Scanes c.G., Harvey S. (1982). Hormone, nutrition and metabolism in birds. Aspecs 
of avian endocrinology: Practical and theoreticaJ implications (C.G. Scanes et al., eds) 



• 

• 

97 

Grad. studies. Texas Tech. Univ. pp.173-182. 

Scanes C.G., Harvey S., Marsh J.A., King D.B. (1983). Hormones and growth in 
poultry. Poultry Science 63:2063-2074. 

Scanes C.G. and Lauterio T.J. (1984). Growth hormone: Its physiology and control. 
The Journal of Experimental Zoology 232:443-452. 

Scanes C.G. (1987). The physiology of growth hormone and other growth factors in 
poultry. CRe Critical P,eviews in Poultry Biology 7:51-105. 

Scharf S.J., Hom G.T., Erlich H.A. (1986). Oir<!ct cloning and sequence analysis of 
enzymatically arnpHfied genornic sequence. Sciences 223:1076-1078. 

Seeburg P.H., Shine J., Martial J.A., Baxter J.O., Goodman H.M. (1977). Nucleotide 
sequence and amplification in bacteria of structure gene for rat growth hormone. 
Nature 270:486-496. 

Seeburg P.H., Sias S., Adelman J., Deboer H.A, Haytlick J., Jhurani P., Goeddel 
D.V., Heyneker H.L. (1983). Efficient hacterial expression of bovine and porcine 
growth hormone. DNA 2:37. 

Shaw E.M., Shoffner R.N., Foster D.N., Guise K.S. (1988). Mapping of growth 
hormone gene on chicken chromosomes by in situ hybridization. Nucleie Acids 
Research 16:122. 

Siegel S., and Castellan N.J. (1988). Noparameter Statistics for the behavioral 
sciences. Second Edition. McGraw-Hill Book Company. 

Simmler M.C., Johnson c., Petit c., Rouyer F., Vergnoud G., Weissenbach J. (1987). 
Two highly polymorphie minisatellites from the pseudoautosomal region of the human 
sex chromosomes. EMBO Jaumal 6:963-969. 

Soller M., and Beckmann J.S. (1983). Genetic polymorphism in varietal identification 
and genetic improvment. Theor. Appl. Genet. 67:25-33. 

Soller M., and Beckmann J.S. (1986). Restriction fragment length poJymorphism in 
poultry breeding. Poultry Science 65:1474-1478. 

Southern E.M. (1975). Detection of specifie se,;uences among DNA fragments 
separated by gel electrophoresis. J. Mol. Biol. 98:503-517. 

Tanaka M., Hosokawa Y., Watahiki M., Na Kashima K. (1992). Structure of the 
chicken growth hormone-encoding gene and its promoter region. Gene 112:235-239. 



• 

• 

98 

Tanksley S.D., Young N.D., Paterson A.H., Bonierbale M.W. (1989). RFLP Mapping 
in plant breeding: new tools for an old science. Bioffechnology 7:257-264. 

Tojo H., Fujii M., Noiri H., Ogawa K., Hattori M. (1979). Purification and properties 
of chicken growth hormone. Jpn. J. Zootech. Sei. 50:863-869. 

Tojo H., Noiri H., Ogawa K. (1978). Fractionation of the chicken pituitary for growth 
hormone. Jpn. J. Zootech. Sei. 49:75-77. 

Uni Z., Hillei l, Waiman R, Cahaner A., Heller D.E. (1992). Restriction fragment 
length polymorphism analysis of major histocompatibility complex class IV (B-G) 
genotypes in meat-type chickens. Animal Genetics 23:379-384. 

Watson J.O., Gilman M., Witkoski J., Zoller M. (1992). Recombinant DNA. W.H. 
Freeman and Company, New York. pp.557-559. 

Weatherall O.J. (1985). The new genetic and clinical practice. 2nd edn., Oxford 
University Press. Oxford. 

White R., and Lalouel J.M. (1988). Chromosome mapping with DNA markers. Sei. 
Am. 258:40-48. 

Williams J.G.K., Kubelik A.R., Livak K.J., Rafalski J.A., Tingey S.V. (1990). DNA 
polymorphisms amplified by arbitrary primers are useful as genetic markers. Nucleic 
Acids Research 18:6531-6535. 

Wong C., Oowling C.E., Saiki R.K., Higuchi R.G., Erlich H.A., Kazazian H.H. (1987). 
Characterization of j3-thalassemia mutations using direct genomic sequencing of 
amplified single copy DNA. Nuture 330:384-386. 

Woychiek R.P., Camper S.A., Lyons R.H., Horowits S., Goodwin E.C., Rottman F.M. 
(1982). Cloning and nucleotide sequencing of bovine growth hormone gene. Nucleic 
Acids Researeh 10:7197-7210. 

Wu D.Y., Ugozzoli L., Pal B.K., Wallace R.B. (1989). Allele-specific enzymatic 
amplification of p-globin genomic DNA for diagnosis of sickle eeU anaemia. Proc. 
Natl. Acad. Sei. USA. 86:2757-2760. 

Wyman A, and White R. (1980). A highly polymorphie locus in human DNA. Proc. 
Natn. Aead. Sei. USA. 77:6754-6758 . 


