
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



A silver-staining study of  the nucleolus organizer regions 

of the chromosomes of domestic sheep (Ovis aries ) 

A thesis presented in partial fulfilment o f  the requirements 

for the degree of Doctor of Philosophy in Genetics 

at Massey University 

Leigh Marian Henderson 

March 1979  



ABSTRACT 

A study was made of various aspects o f  the nucleolus organizer 

regions (NORs ) on sheep mitotic chromosomes , using the Ag-AS and 

Ag-I techniques .  The sheep used in this study were carriers o f  

the t 1 , t2 and t 3 Robertsonian translocat ions in various hetero­

zygous and homozygous combinations . The lo cations of  the NORs 

wer e  determined to be at  the telomeres on the metacentric 

chromosomes lp , 2q and 3q and on the acrocentric chromosomes 4 

and 25 . The identity of  the NO-chromosome was confirmed by a 

duplicate G-banding and Ag-1 technique . The terminal location 

o f  the NORs indicates that they do no t have a. causat ive role 

in acrocentric association or Robertsonian translocation in 

domestic sheep . They also do no t coincide with the regions in 

which secondary constrictions are somet imes seen . 

Individual animals were found to have a characteristic 

silver-staining pattern . The chromosomal distribution of  the Ag­

s taining NORs (Ag-NORs ) ,  the frequency and size of the Ag-NORs 

were fairly constant in different cells o f  an individual and in 

r eplicate cultures of an animal . Dif ferences between cells 

and replicates in Ag-staining involved variation in the frequency 

o f  staining o f  Ag-NORs with small Ag-depo sits . Overall , the meta­

centrics had the highest frequency of Ag-NORs , followed by 

chromosome 25 and then chromosome 4 .  

The association frequency of  individual NO-chromosomes was 

found to be  positively correlated with the frequency of  Ag-NORs 

and the size of  the Ag-deposit . The frequency of each pairwise 

combination of associating chromosomes was determined solely by the 

frequency of Ag-NORs of the component chromosomes . No evidence was 

found for a non-randJm fusion o f  NORs . These obser?ations p rovide 

an explanat ion of the reports of non-random partic ipat ion of  

acro centric chromosomes in satellite association in  man . The 

increased association o f  NO-chromosomes with large depo sits could 

be  due to an increased chance of  fusion of larger nucleol i  or to 

differences in the disintegrat i on rate o f  different sized nucleoli . 



The presence of a NOR on the chromosome 25 / t3 polymorphism 

was utilized in inheritance studies of Ag-stainability . Five 

pedigree groups  in which this chromosome was segregating were 

s tudied and in all cases the size o f  the Ag-deposits and 

frequency of s taining was consistent between consecutive generations . 

The value of  Ag-staining in genetic mapping s tudies is discus sed . 

In 3 animals , the Ag-staining patterns of transformed lympho­

cytes and fibroblasts were compared and found to be similar . 

A comparat ive study was made o f  5 species of  the Bovidae: 

domestic sheep (Ovis aries ) , domestic goa t (Capra hircus ) , 

aoudad (Ammetra�us lervia ) ,bharal (Pseudo is nayaur ) and cattle 

(Bos taurus ) . Five NO-chromosome pairs were found in sheep , 

goat , aoudad and cattle and these chromosomes have homologous 

banding pat terns . The bharal has at  least  four NO-chromo some 

pairs homologous to sheep . These results indicate a conservation 

of the NORs during evo lut ion in this family . 

Based on the results  of the frequency of  Ag-staining 

o f  NORs , the heritability of Ag-s tainab ility and the cons tancy 

of  Ag-staining pat terns found in the t issue s tudies , the nature 

of the Ag-staining is discussed and a model on the basis of the Ag­

s tainability o f  individual chromosomes is  presented . 
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