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INTRODUCTION 

C a t t l e  w e r e  d o m e s t i c a t e d  a t  a  v e r y  e a r l y  s t a g e  of  

human c i v i l i z a t i o n .  They s e r v e d  t h r o u g h  a y e s  a s  o b j e c t s  o f  

w o r s h i p  a n d  m y t h o l o g y .  Drawings  a n d  c a r v i n g s  o n  t h e  w a l l s  o f  

c a v e s  i n  1 n d i a  and E g y p t  d e p i c t  c a t t l e  a s  b e a s t s  o f  b u r d e n .  

The e x c a v a t i o n s  o f  Mohan jodaro  a n d  Harappa  i n d i c a t e  t h e  u s e  o f  

c a t t l e  i n  I n d i a  a s  e a r l y  a s  5 0 0 0  y e a r s  a g o .  The G r e a t  Ox o r  

Aurochs , w h i c h  C a e s a r  m e n t i o n e d  i n  h i s  w r i t i n g s  i s  c o n s i d e r e d  

t o  be o n e  of t h e  p r o ~ e n i t o r s  o f  t h e  modern d a i r y  breeds. 

L i v e s t o c k  h u s b a n d r y  h a s  b e e n  p r a c t i c e d  i n  I n d i a  f rom 

v e r y  a n c i e n t  t i m e s  and s u c h  a  l o n g  a s s o c i a t i o n  w i t h  t h e  a r t  o f  

r e a r i n y  o f  a n i m a l s  a n d  t h e  w i d e l y  v a r y i n g  a g r o - e c o l o y i c a l  

c o n d i t i o n s  o f  o u r  c o u n t r y  a n d  o r i g i n  o f  l i v e s t o c k  h a s  r e s u l t e d  

i n  y r e a t  d e a l  o f  d i v e r s i t y  i n  l i v e s t o c k  g e n e t i c  r e s o u r c e s  o v e r  

t h e  y e a r s .  Over  t i m e ,  however ,  t h e r e  h a s  b e e n  d e t e r i o r a t i o n  

i n  t h e  q u a l i t y  of l i v e s t o c k  e s p e c i a l l y  b e c a u s e  o f  i n c r e a s e  i n  

number w i t h o u t  c o r r e s p o n d i n g  i n c r e a s e  i n  f e e d  r e s o u r c e s  and 

o r y a n i s a t i o n s  t o  u n d e r t a k e  s y s t e m a t i c  g e n e t i c  improvement .  

I n  I n d i a ,  c a t t l e  p l a y  a v i t a l  role i n  r u r a l  economy. 

B u l l o c k s  a r e  s t i l l  a n  i m p o r t a n t  s o u r c e  o f  m o t i v e  power i n  

a g r i c u l t u r a l  o p e r a t i o n s  a l t h o u g h  t h e y  a r e  f a s t  b e i n g  r e p l a c e d  

by m a c h i n e s .  M i l k  i s  t h e  m a j o r  s o u r c e  o f  a n i m a l  p r o t e i n  i n  



t h e  d i e t  s f  a l a r g e  number of people. Among t h e  v a r i o u s  m i l c h  

a n i m a l s ,  t h e  c o w  i s  t h e  a n i m a l  of c h o i c e  a s  t h e  e n v i r o n m e n t a l  

c o n d i t i o n s  a r e  g e n e r a l l y  f a v o u r a b l e  f o r  i t s  upkeep .  I n d i a  h a s  

n o t  o n l y  t h e  l a r g e s t  p o p u l a t i o n  o f  c a t t l e  a n d  b u f f a l o e s  b u t  

a l s o  the w o r l d ' s  best breeds of d r a u g h t  c a t t l e  and d a i r y  

b u f f a l o e s .  F u r t h e r ,  t h e y  a y e  aC!apted t o  t r o p i c a l  h e a t  and 

r e s i s t a n t  t o  m o s t  o f  t h e  t r o p i c a l  d i s e a s e s .  

The i n d i g e n o u s  zebu  c a t t l e  ( B o s  - i n d i c u s )  d i f f e r  f rom 

Bas t a u r u s  f o u n d  i n  Europe  a n d  N o r t h  America  i n  body - -- 
c o n f o r m a t i o n .  The z e b u  i s  c h a r a c t e r i s e d  by  a  p r o m i n e n t  hump, 

a l o n g  f a c e ,  u p r i g h t  h o r n s ,  d r o o p i n g  e a r s ,  a  d e w l a p  and  

s l e n d e r  1-egs.  The c o l o u r  v a r i e s  f r o m  w h i t e  t o  g r e y  and  b l a c k .  

Zebus h a v e  r e l a t i v e l y  l o w e r  b a s a l  m e t a b o l i c  r a t e ,  b e t t e r  

c a p a c i t y  f o r  h e a t  d i s s i ~ a t i o n  t h r o u g h  c u t a n e o u s  e v a p o r a t i o n  

a n d  t h u s ,  a d a p t e d  t o  t r o p i c a l  h e a t  a n d  r e s i s t a n t  t o  d i s e a s e s .  

Tn I n d i a ,  m a j o r i t y  o f  c a t t l e  ( a b o u t  75-80 p e r  c e n t )  

a r e  n o n - d e s c r i p t  and  mos t  o f  t h e  z e b u  c a t t l e  are o f  t h e  d r a f t  

t y p e  T h e r e  a r e  26 b r e e d s  o f  I n d i a n  c a t t l e  which  c a n  b e  

c l a s s i f i e d  a s  m i l c h ,  d r a u g h t  and  d u a l  p u r p o s e  b r e e d s .  I t  i s  

e s t i m a t e d  t h a t  o n l y  a b o u t  1 5  t o  25 p e r  c e n t  o f  t h e s e  cattle i n  

I n d i a  b e l o n g  t o  t h e s e  d e f i n i t e  b r e e d s .  T h e s e  b r e e d s  h a v e  

e v o l v e d  i n  v a r i o u s  a g r o c l i m a t i c  a n d  e c o l o g i c a l  r e g i o n s  o f  t h e  

c o u n t r y  a c c o r d i n g  t o  t .e r e g i o n a l  n e e d s .  The p o l i c y  o f  t h e  

v a r i o u s  S t a t e  Governments  and  C e n t r a l  Government  was t o  



c o n s e r v e  t h e s e  b r e e d s  by e s t a b l i s h i n g  S t a t e  Government f a rms  

( ~ u r n a n i  e t  a l . ,  1 9 8 5 ) .  -- 

According t o  t h e  q u i n q u e n n i a l  L i v e s t o c k  Census ,  1987 ,  

t h e  c a t t l e  p o p u l a t i o n  h a s  been 34.24 l a k h s  which c o n s i s t s  of 

17.22 l a k h s  o f  d e s i  c a t t l e  and 17.02 l a k h s  o f  improved c a t t l e  

i n  K e r a l a .  The n a t i v e  c a t t l e  o f  K e r a l a  which have  been 

evo lved  t h r o u g h  s e v e r a l  g e n e r a t i o n s  of n a t u r a l  b r e e d i n g  

a g a i n s t  h i g h  humid i ty  due  t o  heavy r a i n f a l l ,  t h e  s o i l  poor  i n  

e s s e n t i a l  m i n e r a l s  and h o t  c l i m a t e ,  have  n o t  found a  place i n  

t h e  l i s t  o f  r e c o g n i s e d  b r e e d s  of c a t t l e  i n  I n d i a .  They h a v e  

been t r e a t e d  a s  n o n - d e s c r i p t  a n i m a l s  a lways ,  a l t h o u g h  t h e y  

p o s s e s  some s p e c i a l  f e a t u r e s .  K e r a l a  A g r i c u l t u r a l  University 

h a s  f e l t  t h e  need t o  c o n s e r v e  t h e  l o c a l  c a t t l e  and s t a r t e d  a 

p r o j e c t  f o r  t h e  purpose .  C h a r a c t e r i s a t i o n  and e v a l u a t i o n  of 

t h e s e  c a t t l e  i s  t h e r e f o r e  i m p e r a t i v e  t o  e x p l o r e  t h e  g e n e t i c  

d i v e r s i t y  w i t h i n  and between b r e e d s .  Among t h e  dwarf c a t t l e  

of K e r a l a ,  Vechur c a t t l e  w e r e  v e r y  p o p u l a r  r ?  C e n t r a l  

Travancore  u n t i l  30 y e a r s  back. They had t h e i r  o r i g i n  i n  

Vechur,  a  s m a l l  p l a c e  by t h e  s i d e  of  Vembanad l a k e  n e a r  

Vaikkom. The Vechur c a t t l e  and o t h e r  dwarf v a r i e t y  o f  c a t t l e  

i n  t h e  h i g h  r a n g e s  a r e  s m a l l  i n  s i z e  and h i g h l y  a d a p t e d  t o  t h e  

l o c a l  c o n d i t i o n s .  Velu P i l l a i  (1940)  h a s  s t a t e d  t h a t  o u t  o f  

t h e  l o c a l  b r e e d s  o f  Travancore ,  t h e  Vechur b reed  e x c e l l e d  f o r  

i t s  m i l k i n g  c a p a c i t y .  C r o s s b r e e d i n g  o f  l o c a l  c a t t l e  l i l i t l l  



e x o t i c  c a t t l e  and mass c a s t r a t i o n  o f  l o c a l  b u l l s  l e d  t o  t h e  

q u i c k  d i s a p p e a r a n c e  o f  t h e s e  n a t i v e  c a t t l e  from most  o f  t h e  

a r e a s  and c o n s e q u e n t l y  r e s u l t e d  i n  n e a r  e x t i n c t i o n  o f  t h e s e  

c a t t l e .  

C o n s e r v a t i o n  i s  t h e  management o f  t h e  b i o s p h e r e  so 

t h a t  i.t may y i e l d  g r e a t e s t  b e n e f i t s  t o  t h e  p r e s e n t  g e n e r a t i o n s  

w h i l e  m a i n t a i n i n g  i t s  p o t e n t i a l  t o  m e e t  t h e  needs  and 

a s p i r a t i o n s  of  f u t u r e  g e n e r a t i o n s .  I t  is a  p o s i t i v e  endeavour  

d i r e c t e d  u l t i m a t e l y  a t  t h e  p r e s e r v a t i o n ,  m a i n t e n a n c e ,  

s u s t a i n a b l e  u t i l  i s a t i o n ,  r e s t o r a t i o n  and enhancement  of 

natural r e s o u r c e s .  

With t h e  emergence o f  c r o s s b r e d  p o p u l a t i o n  of c a t t l e ,  

t h e  t r a d i t i o n a l l y  r e a r e d  l o c a l  c a t t l e  have  g r a d u a l l y  s u f f e r e d  

g e n e t i c  e r o s i o n .  Under t h i s  c i r c u m s t a n c e ,  t h e  p r e s e n t  work 

was u n d e r t a k e n  w i t h  t h e  f o l l o w i n g  o b j e c t i v e s .  

1. T o  c h a r a c t e r i s e  and e v a l u a t e  t h e  germplasm o f  l o c a l  dwarf 

c a t t l e  o f  K e r a l a .  

2 .  To s t u d y  t h e  Karyotype  and t o  e s t a b l i s h  t h e  morphology of 

chromosomes u s i n g  G-banding.  

3 .  To s t u d y  t h e  p o p u l a t i o n  s t r u c t u r e  by means o f  t h e  gene  

f r e q u e n c i e s  of d i f f e r e n t  b l o o d  p r o t e i n s .  

4 .  To s t u d y  t h e  growth  and p r o d u c t i o n  t r a i t s .  



C h a r a c t e r i s a t i o n  a n d  e v a l u a t i o n  would h e l p  i n  

f i n d i n g  o u t  t h e  g e n e t i c  d i f f e r e n c e s  o f  t h e  dwar f  c a t t l e  of 

K e r a l a  a n d  t h e  e v o l u t i o n a r y  differences i f  a n y  c a n  b e  found 

o u t .  T h i s  w i l l  h e l p  i n  d e c i d i n g  a b o u t  t h e  c o n s e r v a t i o n  of 

t h e i r  germplasm a s  a r e s e r v e  f o r  t h e  f u t u r e .  

The s t u d y  w i l l  a l s o  s h e d  l i g h t  o n  t h e  g e n e t i c  

p o t e n t i a l  and  p e r h a p s  t h e  u n u t i l i s e d  g e n e t i c  p o t e n t i a l  o f  t h e  

K e r a l a  c a t t l e  which  h a s  b e e n  i g n o r e d  till now. 
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The c h a r a c t e r i s a t i o n  and e v a l u a t i o n  of a  b r e e d  o r  t y p e  

i s  g e n e r a l l y  c a r r i e d  o u t  t h r o u g h  c y t o g e n e t i c ,  immunogenetic 

and polymorphism s t u d i e s  r e i n f o r c e d  by t h e  d e s c r i p t i o n  of 

growth  and p r o d u c t i o n  t ra i t s .  S i n c e , n o  s c i e n t i f i c  s t u d y  h a s  

been  conduc ted  i n  t h e  l o c a l  c a t t l e ,  i n f o r m a t i o n  on t h i s  a s p e c t  

i s  s c a n t y .  I n  v iew o f  compar ing  t h e  r e s u l t s ,  t h e  work done on 

t h e  above  a s p e c t s  i n  I n d i a n  and e x o t i c  b r e e d s  o f  c a t t l e  a r e  

r e v i e w e d  h e r e  unde r  t h e  f o l l o w i n g  heads .  

2 . 1  C y t o g e n e t i c  s t u d i e s  

2.1.1 Karyo type  and morphology of chromosomes 

A k a r y o t y p e  i s  a  s y s t e m a t i s e d  p r e s e n t a t i o n  of t h e  

metaphase  chromosomes c h a r a c t e r i s t i c  f o r  a n  i n d i v i d u a l  an imal  

or s p e c i e s .  The chromosomal s t u d i e s  p e r t a i n i n g  t o  d o m e s t i c  

a n i m a l s  was i n i t i a t e d  by Makino ( 1 9 4 4 )  who r e p o r t e d  t h a t  t h e  

d i p l o i d  chromosome number o f  t h e  c a t t l e  was 6 0  u s i n g  t h e  

t e s t : i c u l a r  t i s s u e  c u l t u r e s .  H e  c o u l d  n o t  o b s e r v e  any 

d i f f e r e n c e  between t h e  k a r y o t y p e s  of Bas t a u r u s  and Bas 

i n d i c u s .  The X and Y chromosomes w e r e  d e s c r i b e d  t o  b e  

a c r o c e n t r i c  i n  b o t h  s u b - s p e c i e s .  



The d i p l o i d  chromosome number i n  c a t t l e  was  f o u n d  t o  

be 6 0  w i t h  X chromosome as s u b m e t a c e n t r i c  a n d  a l l  t h e  

a u t o s o m e s  as a c r o c e n t r i c  ( C h i a r e l l i  et &., 1 9 6 0 ) .  

C r o s  s l e y  a n d  Cl...=ke ( 1 9 6 2 )  c o n d u c t e d  e x p e r i m e n t s  w i t h  

p e r i p h e r a l  b l o o d  l e u c o c y t e  c u l t u r e  and  m u s c l e  t i s s u e  c u l t u r e s  

a n d  c o n f i r m e d  t h e  d i p l o i d  chromosome number o f  c a t t l e  t o  b e  

6 0 .  They d e s c r i b e d  t h e  a u t o s o m e s  a s  a c r o c e n t r i c  a n d  X and  Y 

a s  l a r y e  a n d  s m a l l  s u b m e t a c e n t r i c  r e s p e c t i v e l y .  

G u s t a v s s o n  ( 1 9 6 6 )  c o n d u c t e d  s t u d i e s  i n  Bos t a u r u s  - 
a n i m a l s  o f  Sweden. E i g h t y  e i g h t  p e r  c e n t  o f  t h e  a n i m a l s  

a p p e a r e d  t o  h a v e  60 chromosomes,  1 2 2  a n i m a l s  h a v i n g  5 9  

chromosomes w i t h  o n e  a b n o r m a l  a u t o s o m e  and  f o u r  b u l  Is w i t h  

o n l y  58 chromosomes p e r  c e l l .  A l l  t h e  a n i m a l s  a p p e a r e d  normal  

a n d  u s e d  f o r  a r t i f i c i a l  i n s e m i n a t i o n  p u r p o s e s  a l s o .  The 

a b n o r m a l  chromosomes f o u n d  i n  t h e s e  c a t t l e  was  e x p l a i n e d  t o  b e  

a s  a r e s u l t  o f  i n t e r s p e c i f  i c  chromosomal po lymorph i sm.  T h i s  

t y p e  o f  v a r i a t i o n ,  e i t h e r  c e n t r i c  f u s i o n  o r  t r a n s l o c a t i o n  o f  

R o b e r t s o n i a n  t y p e ,  i s  common i n  i n v e r t e b r a t e s  b u t  n o t  i n  

a n i m a l s .  T h i s  R o b e r t s o n i a n  t y p e  o f  chromosome t r a n s l o c a t i o n  

d e s c r i b e d  i n  c a t t l e  was t h e  f i r s t  t y p e  o f  r e a r r a n g e m e n t  

o b s e r v e d  i n  d o m e s t i c  a n i m a l s .  

B a s r u r  and  Moon ( 1 9 6 7 )  compared t h e  Chromosome 

complements  o f  d o m e s t i c  c a t t l e ,  Bas t a u r u s  and American b i s o n  



(BOS b i s o n )  w i t h  t h o s e  o f  t h e i r  h y b r i d ,  t h e  c a t t a l o .  The -. - 
d i p l o i d  numbers  w e r e  60 a n d  t h e  a u t o s o m e s  and  t h e  X 

chromosomes were m o r p h o l o y i c a l l y  s i m i l a r  i n  c a t t l e  a n d  b i s o n ,  

however ,  t h e  Y chromosome i n  t h e s e  two s p e c i e s  d i f f e r e d  i n  

t h a t  it was a  s m a l l  m e t a c e n t r i c ,  i n  b i s o n .  The d i p l o i d  number 

o f  c a t t a l o  w a s  60 c o n s i s t i n g  o f  58 a c r o c e n t r i c  a u t o s o m e s  and 

two m e t a c e n t r i c  s e x  chromosomes w h i c h  w e r e  i n d i s t i n g u i s h a b l e  

f rom t h o s e  o f  c a t t l e .  

K i e f f e r  a n d  C a r t w r i g h t  ( 1 9 6 8 )  c o n d u c t e d  t h e  s t u d i e s  o n  

p u r e  Brahman, S a n t a  G e r t r u d i s  o r  c r o s s e s  i n  which  t h e  s i r e  was 

a Brahman and found  t h a t  t h e  m e t a p h a s e  chromosomes o f  Bos - 
i n d i c u s  m a l e  p o s s e s s e d  s u b t e r m i n a l  c e n t r o m e r e s  a n d  t h e  X was 

s u b m e t a c e n t r i c .  The Y chromosome i n  a l l  t h e  c a s e s  was 

m o r p h o l o g i c a l l y  s i r n i l a ' r  t o  58 a u t o s o m e s  i n  t h e  p o s i t i o n  o f  t h e  

c e n t r o m e r e .  The i n d i v i d u a l s  t h a t  w e r e  e i t h e r  members o f  B o s  - 

t a u r u s  s p e c i e s  o r  s i r e d  by a number o f  Bas t a u r u s  s p e c i e s  had 

Y chromosome w i t h  submedian  c e n t r o m e r e s .  The X chromosome of 

b o t h  t h e  s p e c i e s  had i d e n t i c a l  morpho logy .  The k a r y o t y p e  

c o n s t . r u c t i o n  a n d  chromosome r e p l i c a t i o n  p a t t e r n s  i n d i c a t e  t h a t  

t h e  Bos i n d i c u s  Y t o  b e  s i m i l a r  i n  o v e r a l l  s i z e  t o  Bos t a u r u s  - - 
Y .  The d i f f e r e n c e  i n  p o s i t i o n  o f  c e n t r o m e r e  o f  t h e  two 

s p e c i e s  c o u l d  h a v e  o r i g i n a t e d  t h r o u g h  a p e r i c e n t r i c  i n v e r s i o n .  

P o t t e r  et &. ( 1 9 7 9 )  c o n d u c t e d  a  c y t o g e n e t i c a l  s t u d y  

u s i n g  m e t a p h a s e  chromosomes f rom c u l t u r e d  l y m p h o c y t e s  o f  2 



Banteny  ( B i b o s  b a n t e n q )  steers,, 218 b u l l s  r e p r e s e n t i n g  1 3  p u r e  

breeds (z taurus t y p e ,  Bos i n d i c u s  t y p e  and S a n g a )  and 7 - 
c r o s s - b r e d s .  S t u d i e s  were made u s i n g  p h o t o g r a p h i c  k a r y o t y p e s  

o f  Giemsa s t a i n e d  a n d  C-banded chromosomes i n  e a c h  b r e e d  a n d  

G-banded chromosomes f r o m  3 b r e e d s  o f  Bos i n d i c u s  a n d  o n e  - 
c r o s s b r e e d  ( ~ u s t r a l i a n  F r i e s i a n  S a h i w a l )  c a t t l e .  The r e l a t i v e  

l e n g t h s  o f  chromosomes o f  Bos t a u r u s  a n d  Bas i n d i c u s  b u l l s  - 
w e r e  compared a n d  s i g n i f i c a n t  d i f f e r e n c e  i n  r e l a t i v e  l e n g t h s  

of  X chromosome w e r e  n o t e d  b e t w e e n  t h e s e  two s p e c i e s .  T h e r e  

was d i f f e r e n c e  i n  morphology o f  t h e  Y chromosomes;  Sanga ,  

Bant 'ny,  a n d  Bos t a u r u s  t y p e  b r e e d s  had  a s m a l l  s u b m e t a c e n t r i c  - 
Y chromosomes,  e x c e p t  for t h e  J e r s e y  w h i c h  had a m e t a c e n t r i c  Y 

chromosome. A l l  Bos i n d i c u s  t y p e  b u l l s  had  a n  a c r o c e n t r i c  Y - 
chromosome b u t  t h e  D r a u g h t  master b r e e d  h a d  two  f o r m s  o f  t h e  Y 

chromosome ( submet  a c e n t r i c  a n d  a c r o c e n t r i c )  . The G-banding 

p a t t e r n s  o f  Bos i n d i c u s  r e s e m b l e d  t h o s e  o f  Bas t a u r u s  and - 
e n a b l e d  p a i r i n g  o f  homologous  chromosomes.  C e n t r o m e r e s  o f  

a u t o s o m e s  were u n s t a i n e d  b u t  t h o s e  o f  t h e  s e x  chromosomes were 

d a r k l l j  s t a i n e d .  

S a h a i  ( 1 9 8 2 )  d e s c r i b e d  t h e  r e l a t i v e  l e n g t h  of 

chromosomes i n  zebu  c a t t l e .  I n  Red S i n d h i ,  it r a n g e d  be tween  

1 . 7 6  t o  5 . 6 1  a n d  i n  H a r i a n a  t h e  r a n g e  w a s  f r o m  1 . 7 6  t o  5 .68  

be tween  t h e  l a r g e s t  a n d  s h o r t e s t  chromosomes.  I n  b o t h  t h e s e  



b r e e d s ,  t h e  l a r g e s t  chromosome was X w i t h  5 . 6 1  a n d  5 . 6 8  

r e l a t i v e  l e n g t h s ,  r e s p e c t i v e l y  . 

Yadaxr e t  a l .  ( 1 9 8 4 )  r e p o r t e d  t h a t  t h e  chromosomal - - 
s c r e e n i n g  of 1 6 5  m a l e  c a t t l e  r e v e a l e d  8 6 . 7  p e r  c e n t  w i t h  

normal  chromosome complement  such as  29 p a i r s  o f  a c r o c e n t r i c  

a u t o s o m e s  a n d  a  s u b m e t a c e n t r i c  X .  The Y chromosome w a s  

a c r o c e n t r i c  i n  zebu  a n d  m e t a c e n t r i c  i n  e x o t i c  a n d  c r o s s b r e d  

o n e s .  

S t r a n z i n g e r  - e t  - a l .  ( 1 9 8 7 )  s c r e e n e d  52  b u l l s  o f  

d i f f e r e n t  b r e e d s  a n d  c c n f  i r m e d  t h e  d i s t i n c t  m o r p h o l o g i c a l  

d i f f e r e n c e  i n  t h e  Y chromosome b e t w e e n  Bos t a u r u s  a n d  Bos - - 
i n d i c u s  c a t t l e .  I n  Bos i n d i c u s  t h e  Y chromosome was - 
t e l ~ c e n t r i c  w h e r e a s  i n  B_os t a u r u s  it was m e t a c e n t r i c .  

Rayhunandanan ( 1 9 8 8 )  c o n d u c t e d  a s t u d y  i n  f o u r  g r o u p s  

o f  c a t t l e  s u c h  a s  l o c a l  n o n - d e s c r i p t ,  h a l f  b r e d  J e r s e y ,  h a l f  

b r e d  H o l s t e i n  F r i e s i a n  a n d  J e r s e y  c a t t l e  and f o u n d  t h a t  t h e  

n o r m a l  c a t t l e  p o s s e s s e d  a d i p l o i d  chromosome number o f  2n = 6 0  

w i t h  2 9  p a i r s  o f  a u t o s o m e s  a n d  o n e  p a i r  o f  s e x  chromosomes.  

T h e  m a l e s  w e r e  h e t e r o g a m e t i c .  A l l  t h e  a u t o s o m e s  w e r e  

a c r o c e n t r i c  i n  a l l  groups w h e r e a s  t h e  X chromosome was 

b i a r m e d ,  l a r g e  and s u b m e t a c e n t r i c .  The Y chromosome w a s  

p o l y m o r p h i c  b e i n g  a c r o c e n t r i c  i n  l o c a l  a n d  s u b m e t a c e n t r i c  i n  

e x o t i c  b u l l s .  



The r e l a t i v e  l e n g t h  o f  t h e  l a r g e s t  and  s m a l l e s t  

a u t o s o m e s  w e r e  6 .5080 a n d  1 . 3 4 7 3  p e r  c e n t  i n  l o c a l ,  6.4735 and 

1 .2250  p e r  c e n t  i n  h a l f - b r e d  J e r s e y , 6 . 2 1 9 0  a n d  1 .3788  p e r  c e n t  

i n  h a l f - b r e d  F r i e s i a n  a n d  6 .9125 a n d  1 . 3 0 9 6  p e r  c e n t  i n  J e r s e y ,  

r e s p e c t i v e l y .  The d i f f e r e n c e  i n  r e l a t i v e  l e n g t h  o f  a u t o s o m e s  

b e t w e e n  d i f f e r e n t  g e n e t i c  g r o u p s  was n o t  s i g n i f i c a n t .  The 

r e l a t i v e  l e n g t h  o f  X chromosome was  7 .2838  p e r  c e n t  and  7 .0313 

Pe r c e n t  6 .5138  p e r  c e n t  a n d  6.3166 per  c e n t  i n  l o c a l ,  h a l f -  

b r e d  J e r s e y ,  h a l f - b r e d  F i i e s i a n  a n d  pu re  J e r s e y  r e s p e c t i v e l y  

w i t h  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  g e n e t i c  g r o u p s .  The X 

chromosome o c c u p i e d  t h e  f i r s t  p o s i t i o n  w i t h  r e s p e c t  t o  

r e l a t i v e  l e n g t h .  The r e l a t i v e  l e n g t h  o f  Y chromosome was 

2 .9415 p e r  c e n t  2 . 5 7 4 5  p e r  c e n t  a n d  2 .9375 p e r  c e n t  i n  l o c a l ,  

J e r s e y  and  H o l s t e i n  F r i e s i a n  r e s p e c t i v e l y .  The d i f f e r e n c e  was 

n o t  s i g n i f i c a n t .  I n  t h e  k a r y o t y p i c  a r r a y  t h e  Y chromosome 

o c c u p i e d  a p o s i t i o n  b e t w e e n  t h e  1 5 t h  a n d  1 6 t h  p a i r  o f  

a u t o s o m e s ,  i n  l o c a l  and Holstein F r i e s i a n  whereas i n  Jersey it 

was b e t w e e n  1 5 t h  a n d  2 0 t h  p a i r .  The a r m  r a t i o  o f  X chromosome 

was 2 .043,  1 . 9 8 6 ,  1 .739  a n d  1 . 6 9 0  i n  l o c a l ,  h a l f - b r e d  J e r s e y ,  

h a l f - b r e d  F r i e s i a n  a n d  J e r s e y  r e s p e c t i v e l y .  I n  l o c a l  c a t t l e  

t h e  c e n t r o m e r e  was  l o c a t e d  away f r o m  mid p o i n t  compared t o  

o t h e r  g e n e t i c  g r o u p s .  The arm r a t i o s  o f  t h e  Y chromosome of 

J e r s e y  and  H o l s t e i n  F r i e s i a n  w e r e  1 . 2 1  and  1 . 6 6  r e s p e c t i v e l y .  

The c e n t r o m e r e  i n d e x  o f  X chromosome was 0 . 2 6 5 ,  0 . 3 2 9 ,  0 .338 



a n d  0 .372  i n  l o c a l ,  h a l f - b r e d  J e r s e y ,  h a l f - b r e d  H o l s t e i n  

F r i e s i a n  a n d  J e r s e y  r e s p e c t i v e l y .  

2.1.2 G-banding patterns of chromosomes 

C o n v e n t i o n a l  s t a i n i n g  t e c h n i q u e s  f a i l e d  t o  i d e n t i f y  

t h e  i n d i v i d u a l  a u t o s o m e  p a i r s  w i t h  t h e  e x c e p t i o n  o f  t h e  

l a r g e s t  (chromosome 1) a n d  t h e  smallest  (chromosome 2 9 )  i n  t h e  

genome. Wi th  t h e  a d v a n c e m e n t s  i n  b a n d i n g  t e c h n i q u e s  s e v e r a l  

i n v e s t i g a t o r s  h a v e  a t t e m p t e d  t o  c a r r y  o u t  u n e q u i v o c a l  

i d e n t i f i c a t i o n  o f  b o v i n e  chromosomes.  The  f i r s t  d e m o n s t r a t i o n  

o f  d i f f e r e n t i a l  s t a i n i n g  o f  chromosomes was a c h i e v e d  by 

Q u i n a c r i n e  f l u o r e s c e n c e  a n a l y s i s  by C a s p e r s s o n  e t  a l .  ( 1 9 7 0 )  . -- 
The standard s y s t e m  of  n o m e n c l a t u r e  a d o p t e d  s h o u l d  c l e a r l y  

a d h e r e  t o  t h e  s y s t e m  d e v e l o p e d  f o r  t h e  d e s c r i p t i o n  o f  human 

banded chromosomes l a i d  down i n  t h e  P a r i s  ( 1 9 7 1 )  c o n f e r e n c e  

p r o c e e d i n g s .  

The d e s c r i p t i o n  o f  t h e  G-banded chromosomes p r o c e e d  

f r o m  t h e  g e n e r a l  t o  t h e  p a r t i c u l a r  i n  o r d e r  o f  whole  

chromosomes,  p a r t s  o r  s e g m e n t s  down t o  i n d i v i d u a l  b a n d s .  The 

f o c a l  p o i n t  f o r  t h e  d e s c r i p t i o n s  o f  t h e  G-banded p a t t e r n s  i s  

t h e  c e n t r o m e r e  ( c e n t r i c  r e g i o n )  s i n c e  t h e  d e f i n i t i o n s  e m a n a t e  

f rom t h a t  p o i n t .  The c h r o m a t i d  arms o f  t h e  chromosomes were 

g i v e n  t h e  n o r m a l  d e s i g n a t i o n  o f  p  ( f o r  t h e  s h o r t e r  a r m s )  and  q  

( f o r  t h e  l o n g e r  a r m s ) .  G e n e r a l l y  t h e  c h r o m a t i d  arms w e r e  



s u b j e c t i v e l y  s u b d i v i d e d  i n t o  t w o  p a r t s  t h e  p r o x i m a l  p a r t  which  

i s  t h e  a r e a  f r o m  t h e  c e n t r i c  r e g i o n  t o  t h e  c e n t r e  o f  t h e  

c h r o m a t i d s  a n d  a  d i s t a l  p a r t  which  c o n s i s t s  o f  t h e  t e r m i n a l  

r e g i o n s .  I n  some cases w h e r e  t h e r e  was  a  c h a r a c t e r i s t i c  

b a n d i n g  p a t t e r n  t o w a r d s  t h e  c e n t r e  o f  t h e  chromosome arm, a  

t h i r d  p a r t ,  t h e  c e n t r a l  p a r t  was  i n t e r j e c t e d  be tween  t h e  

p r o x i r n a l  and  d i s t a l  p a r t s .  The chromosomes w e r e  v i s u a l i s e d  a s  

c o n s i s t i n g  o f  a  series o f  l i g h t  a n d  d a r k  areas. The terms 

l i g h t  b a n d s  and d a r k  b a n d s  w e r e  q u a l i f i e d  by t h e  u s e  o f  t h e  

t e r m  n a r r o w ,  f a i n t ,  b r o a d ,  d i s t i n c t  a n d  p r o m i n e n t .  The 

p a r t i c u l a r  arm a r e a  o f  t h e  band  i s  s p e c i f i e d  by t h e  u s e  of  

p r o x i m a l ,  c e n t r a l  and d i s t a l .  Two f u r t h e r  d e s c r i p t i o n s  o f  

l o c a t i o n  w e r e  u s e d ,  n e a r  t o  o r  a d j a c e n t  t o  c e n t r o m e r e  and 

t e r m i n a l .  

Hensen ( 1 9 7 2 )  r e p o r t e d  t h e  i d e n t i f i c a t i o n  o f  2 8  o u t  o f  

30  chromosome p a i r s  by t h e  q u i n a c r i n e  f l u o r e s c e n t  t e c h n i q u e .  

S c h n e d l  ( 1 9 7 2 )  r e p o r t e d  t h a t  a l l  t h e  chromosome p a i r s  

i n  c a t t l e  c a n  be i d e n t i f i e d  by t h e i r  b a n d i n g  p a t t e r n s  u s i n g  

Giemsa s t a i n i n g  p r o c e d u r e .  

S e v e r a l  s t u d i e s  h a v e  i n d i c a t e d  t h a t  i d e n t i , f i c a t i o n  of  

a l l  i n d i v i d u a l  homologo12 2 chromosome p a i r s  c a n  b e  o b t a i n e d  by 

e m p l o y i n g  t h e  G-banding t e c h n i q u e s  ( E v a n s  e t  a l . ,  1 9 7 3 ;  - - 



G u s t a v s s o n ,  1 9 7 3 ;  H a g e l t o r n  a n d  G u s t a v s s o n ,  1 9 7 4 ;  E l d r i d y e ,  

1 9 7 5 ;  G u s t a v s s o n  e t  a l . ,  1 9 7 6 ;  H a l n a n ,  1 9 7 6 ) .  -- 

L i n  -- e t  a l .  ( 1 9 7 7 )  d e v e l o p e d  a r e l i a b l e  t r y p s i n  Giemsa 

b a n d i n g  t e c h n i q u e  f o r  p r o d u c i n g  c l e a r l y  d i f f e r e n t i a t e d  G-bands 

o n  b o v i n e  chromosomes which p r o v i d e d  u n e q u i v o c a l  

i d e n t i f i c a t i o n  o f  i n d i v i d u a l  b o v i n e  chromosomes.  A t o t a l  o f  

310 b a n d s  were a s s i g n e d  i n  t h e  b o v i n e  k a r y o t y p e  f r o m  t h e  s t u d y  

c o n d u c t e d  i n  t h e  S immenta l  b r e e d .  

P o t t e r  e t  a l .  ( 1 9 7 9 )  o b s e r v e d  n o  d i f f e r e n c e  i n  t h e  G-  -- 
b a n d i n g  p a t t e r n  o f  t h e  a u t o s o m e s  a n d  s e x  chromosomes o f  B o s  - 
t a u r u s  and  Bos i n d i c u s ,  e x c e p t  f o r  t h e  Y chromosome o f  Bos - - 
i n d i c u s .  When t h e  G-banded Y chromosomes o f  Bos t a u r u s  and - 
Bos i n d i c u s  were compared,  b o t h  t h e  c e n t r o m e r e s  and t h e  - 
p r o x i m a l  s e c t i o n s  o f  t h e  l o n g  arms s t a i n  d a r k l y  a n d  t h e  s h o r t  

arms o f  B o s  i n d i c u s  w e r e  s i g n i f i c a n t l y  s h o r t e r  t h a n  t h o s e  o f  - 
Bos t a u r u s .  They c o n c l u d e d  t h a t  t h e  d e g r e e  o f  s i m i l a r i t y  o f  - 
G i e m s a  b a n d i n g  o f  chromosomes o f  t h e  two c a t t l e  t y p e s  was  n o t  

s u r p r i s i n y  a s  f e r t i l e  p r o g e n y  r e s u l t  f r o m  c r o s s b r e e d i n g .  

P a t h a k  ( 1 9 7 9 )  e x p l a i n e d  t h e  r ise o f  v a r i o u s  b a n d i n g  

t e c h n i q u e s  and  f o u n d  t h a t  f o r  l o n g i t u d i n a l  d i f f e r e n t i a t i o n  o f  

mammalian chromosomes o n e  c a n  u s e  e i t h e r  G-banding o r  t h e  Q- 

b a n d i n g  a n d  i f  p o s s i b l e  t h e  R-banding t e c h n i q u e .  



Ford  e t  d l .  ( 1 9 8 0 )  i n  t h e  I n t e r n a t i o n a l  C o n f e r e n c e  o n  -- 
S t a n d a r d i s a t i o n  of' bal ied k a r y o t y p e s  o f  d o m e s t i c  a n i n l a l s  

numbered t h e  chromosome p a i r s  o f  c a t t l e  Bas t a u r u s  1 t o  2 9  i n  

o r d e r  o f  d e c r e a s i n g  s i z e  w i t h  d e s c r i p t i o n  o f  t h e  X a n d  Y 

chromosome coming l a s t .  The i d e n t i f y i n g  f e a t u r e s  o f  t h e  

chromosomes w e r e  r e p o r t e d  f r o m  t h e  b a n d i n g  p a t t e r n .  

The s e c o n d  i n t e r n a t i o n a l  c o n f e r e n c e  on s t a n d a r d i s a t i o n  

o f  d o m e s t i c  a n i m a l  k a r y o t y p e s  f o r m u l a t e d  t h e  i n t e r n a t i o n a l  

s y s t e m  f o r  c y t o g e n e t i c  n o m e n c l a t u r e  o f  domes t i c  a n i m a l s  

(ISCNDA, 1 9 8 9 ) .  

The d e s c r i p t i o n s  o f  t h e  banded k a r y o t y p e s  o f  c a t t l e  

Ros t a u r u s  w e r e  g i v e n .  The number ing  o f  r e g i o n s  a n d  b a n d s  was - --- 
based o n  t h e  I n t e r n a t i o n a l  S y s t e m  f o r  Human C y t o g e n e t i c  

N o m e n c l a t u r e  ( I S C N ,  1 9 8 5 )  . The s c h e m a t i c  r e p r e s e n t a t i o n s  o f  

chromosomes c o r r e s p o n d e d  a p p r o x i m a t e l y  t o  410 G-bands. The 

number o f  r e g i o n s  and  b a n d s  i n  e a c h  chromosome p a i r  are 

p r e s e n t e d  i n  T a b l e  1. 

2.2 B i o c h e m i c a l  po lymorph i sm s y s t e m s  

B i o c h e m i c a l  d i v e r s i t y  p o p u l a r l y  known a s  b i o c h e m i c a l  

po lymorph i sm i s  t h e  o c c u r r e n c e  o f  v a r i e t i e s  a t t r i b u t e d  t o  

b i o c h e m i c a l  d i f f e r e n c e s  which  a r e  u n d e r  g e n e t i c  c o n t r o l .  

Biocherrd.cal po lymorph i sm c a n  b e  u s e d  i n  d e s c r i b i n g  t h e  

r e l a t i o n s  a n d  o r i g i n  o f  p o p u l a t i o n s  and  t h e  g e n e  f r e q u e n c y  



Tab le  1. The  number o f  r e g i o n s  and G-bands i n  t h e  d i f f e r e n t  
chromosome p a i r s  o f  Bos t a u r u s  (ISCNDA, 1989)  - 

Chromosome N o .  o f  No. o f  
p a i r  r e g i o n s  G-bands ______________-___-------------------------------------------- 

l b  2 1 2  

1 7' 2 11 

18 2 11 

1s 2 10 

--- ------------- ---------- ---------- I----------- -------------_ 
Contd.  



Table 1 (Contd.) _____________-____---------------------_---_------------------ 
Chromosome No. of No. of 

pair regions G-bands ___________________-_----------------------------------------- 



p r o v i d e s  a n  i n d e x  t o  t h e  b r e e d  s t r u c t u r e  (Naik, 1 9 7 5 ) .  The 

b i o c h e m i c a l  p o l y m o r p h i c  g e n e t i c  c h a r a c t e r s  c o n s i d e r e d  i n  t h e  

p r e s e n t  s t u d y  a r e  haernoglobin  a n d  t r a n s f e r r i n .  

2 .2 .1  Haemoglobin 

Haernoglobin,  t h e  oxygen c a r r y i n g  component  o f  b l o o d  

c a l l e d  a s  t h e  r e s p i r a t o r y  p r o t e i n  b e l o n g  t o  t h e  c l a s s  o f  heme 

p r o t e i n s .  They a r e  c o n j u g a t e s  o f  p r o t e i n s  w i t h  heme, a n  i r o n  

- p o r p h y r i n  compound. The p r o t e i n  p a r t  o f  haernoglobin  i s  

c a l l e d  g l o b i n  a n d  c o n s i s t s  o f  f o u r  p o l y p e p t i d e  c h a i n s ,  e a c h  

composed o f  a b o u t  1 4 0  animo a c i d s .  V a r i o u s  s p e c i e s  d i f f e r  i n  

t h e i r  h a e m o g l o b i n  s t r u c t u r e .  T h e s e  d i f f e r e n c e s  a r e  r e l a t e d  t o  

t h e  v a r i a t i o n s  i n  t h e  amino  a c i d s  of t h e  y l o b i n  p a r t  of t h e  

m o l e c u l e .  

- P a u l i n g  et 2. ( 1 9 4 9 )  i n i t i a t e d  t h e  s t u d i e s  on 

haernoglobin  a n d  o t h e r  p r o t e i n  v a r i a n t s ,  by e m p l o y i n g  p a p e r  

e l e c t r o p h o r e s i s .  

Haernoglobin v a r i a t i o n  i n  c a t t l e  was  f i r s t  d e s c r i b e d  by 

Cabannes  a n d  S e r a i n  ( 1 9 5 5 )  w i t h  t h e  u s e  o f  p a p e r  

e l e c t r o p h o r e s i s .  T h e s e  w o r k e r s  f o u n d  t h r e e  haernoglobin  

p h e n o t y p e s  i n  A l g e r i a n  c a t t l e .  O f  t h e  80  A l g e r i a n  c a t t l e  

t y p e d  6 4  had  a  s i n g l e  b a n d ,  1 5  h a d  a s e c o n d  f a s t e r  m i g r a t i n g  

component  a l s o  a n d  o n e  p o s s e s s e d  t h e  f a s t e r  component  a l o n e .  



Gene t i c a l  l y  d e t e r m i n e d  v a r i a b i l i t y  f o r  b o v i n e  

h a e m o g l o b i n s  was f i r s t  e s t a b l i s h e d  i n  A l g e r i a n  a n d  G i r  c a t t l e .  

Two v a r i a n t s  v i z .  Hb-A ( s l o w e r )  a n d  Hb-B ( f a s t e r )  w e r e  

r e c o g n i s e d  (Bangham, 1 9 5 7 ) .  

S a l i s b u r y  a n d  S h r e f f l e r  ( 1 9 5 7 )  s u p p o r t e d  t h e  t h e o r y  o f  

Bangham and d e s i g n a t e d  t h e  a d u l t  b o v i n e  h a e m o g l o b i n  t y p e s  a s  

B 
fIbA and  Hb , t h e  s l o w  and  f a s t  moving t y p e s  r e s p e c t i v e l y .  The 

v a r i a n t  which  was f o u n d  o n l y  i n  a n i m a l s  less t h a n  8 0  d a y s  o f  

a y e  w i t h  a  w i d e  r a n g e  o f  m o b i l i t y  a n d  d i f f u s e  band was 

F d e s i g n a t e d  a s  f o e t a l  h a e m o g l o b i n  o r  H b  . 

The o c c u r r e n c e  of  f o e t a l  h a e m o g l o b i n  i n  t h e  f o e t u s  and  

new-born was  a l s o  r e p o r t e d  by G r i m e s  e t  a l .  - - U 9 5 8 ) .  

They s t u d i e d  t h e  p o s t n a t a l  p e r s i s t e n c e  a n d  r e l a t i o n s h i p  o f  

f o e t a l .  h a e m o g l o b i n  w i t h  t h a t  o f  a d u l t  h a e m o g l o b i n  a n d  c o u l d  

f i n d  t h a t  t h e  v a r i a n t  FIbF was r e p l a c e d  by ~b~ i n  H o l s t e i n  

F r i e s i a n ,  Brown S w i s s  a n d  A y r e s h i r e  breeds b u t  i n  G u e r n s e y s  

B a n d  J - e r s e y s  and d i s a p p e a r a n c e  was o b s c u r e d  by H b  . The ~b~ 

B was f o u n d  t o  h a v e  t h e  e l e c t r o p h o r e t i c  m o b i l i t y  a s  t h a t  o f  Hb . 

Bangham a n d  Blumberg ( 1 9 5 8 )  r e p o r t e d  t h a t  B o v i n e  ~ b ~  

o c c u r r e d  o n l y  i n  J e r s e y ,  G u e r n s e y  a n d  S o u t h  Devon b r e e d s  o f  

B r i t a i n  a n d  t h i s  was c o n s i s t e n t  w i t h  o n e  o f  t h e  s u g g e s t e d  

a n c e s t r a l  l i n e  o f  t h e  J e r s e y  b r e e d  i . e . ,  f r o m  A f r i c a n  b r e e d s  

of c a t t l e .  



A c c o r d i n g  t o  t h e  o b s e r v a t i o n s  o f  Lehmann a n d  R o l l i n s o n  

A ( 1 9 5 8 )  Hb was r e l a t i v e l y  less  f r e q u e n t  i n  t h e  p u r e - b r e d  zebu  

c a t t l e  i n  A f r i c a  t h a n  i n  o t h e r  b r e e d s .  

A f o u r t h  t y p e  o f  h a e m o g l o b i n  a v i a n  H b C  was  r e p o r t e d  by 

V e l l a  ( 1 9 5 8 )  i n  c a t t l e  o f  - B o s  i n d i c u s  o r i g i n .  The m o b i l i t y  of 

C B  Hb was  f o u n d  t o  b e  i n  be tween  HbA a n d  Hb . 

S h r e f f  l e r  and  S a l i s b u r y  ( 1 9 5 9 )  s t u d i e d  t h e  

d i s t r i b u t i o n  and  i n h e r i t a n c e  of h a e m o g l o b i n  v a r i a n t s  i n  

American c a t t l e .  The g e n e  f r e q u e n c y  e s t i m a t e d  f o r  H B ~  was 

0 . 3 3  f o r  J e r s e y  a s  compared t o  0 .116 a n d  0 .117  f o r  Guernsey  

and  Brown-Swiss r e s p e c t i v e l y .  They p o i n t e d  o u t  t h e  p r a c t i c a l  

a p p l i c a t i o n  o f  e l e c t r o p h o r e t i c  s t u d i e s  o f  t h e  haemoglob in  

v a r i a n t s  v i z . ,  p a r e n t a g e  d e t e r m i n a t i o n ,  t r a c i n g  o f  b r e e d  

o r i g i n s  a n d  a d a p t a t i o n  o f  p h e n o t y p e s  t o  c l i m a t i c  c o n d i t i o n s .  

The a s s o c i a t i o n  o f  H B ~  g e n e  w i t h  i n d i c u s  l e d  

Lehmann ( 1 9 5 9 )  t o  exa ln ine  t h e  h a e m o g l o b i n  o f  I n d i a n  Zebu 

C a t t l e .  H e  f o u n d  t h e  g e n e  f r e q u e n c i e s  o f  HbA a n d  ~ b *  t o  b e  

e q u a l  i n  t h e  G i r  c a t t l e  a n d  t h e r e  was a l s o  a n  e x c e s s  o f  

h e t e r o z y g o u s  p h e n o t y p e s .  H e  a l s o  s u g g e s t e d  t h a t  i n  G i r  c a t t l e  

n a t u r a l  s e l e c t i o n  f a v o u r e d  h e t e r o z y o t e s .  

I n  a  s t u d y  on a d a p t a t i o n  o f  z e b u  a n d  B r i t i s h  b r e e d s  o f  

c a t t 1 . e  t o  s u b t r o p i c a l  e n v i r o n m e n t s  i n  r e l a t i o n  t o  e r y t - h r o c y t e  



c h a r a c t e r s  Evans  ( 1 9 6 3 )  f o u n d  t h a t  HbB was a s s o c i a t e d  w i t h  

t o l e r a n c e  t o  t r o p i c a l  cl imate.  

The f i f t h  v a r i a n t  ~b~ was o b s e r v e d  by  Efremov and 

B ~ e n d  ( 1 9 6 5 )  i n  c a t t l e  of A f r i c a n  o r i g i n .  T h i s  v a r i a n t  had a  

m o b i l i t y  s l o w e r  than that of ~b~ and occurred e i t h e r  

B i n d e p e n d e n t l y  o r  i n  c o m b i n a t i o n  w i t h  HbA o r  Hb . 

Work c a r r i e d  o u t  i n  s e v e r a l  b r e e d s  o f  I n d i a n  c a t t l e  by 

Naik and  S a n g h v i  ( 1 9 6 5 )  l e d  t o  t h e  d i s c o v e r y  o f  a new b u t  v e r y  

r a r e  haemoglob in  t y p e  H b  - K h i l l a r i  i n  t h e  K h i l l a r i  b r e e d s  of  

I n d i a  ( M a l v i ,  K a n k r e j  a n d  D a n g i ) .  

S r i v a s t h a v a  (1965) reported t h a t  ~b~ o c c u r r e d  o n l y  i n  

H c l s t e i n  c r o s s e s  a n d  was a b s e n t  i n  J e r s e y ,  Brown-Swiss and  

B Sindhi .  c r o s s b r e d s .  The g e n e  f r e q u e n c y  f o r  H b  was g r e a t e r  i n  

c a t t l e  of S i n d h i  l i n e a g e  t h a n  European  c r o s s e s .  

B a l a k r i s h n a n  and  N a i r  ( 1 9 6 6 )  c o n d u c t e d  e l e c t r o p h o r e t i c  

s t u d i e s  of h a e m o g l o b i n  i n  a g a r - g e l  t u b e s  i n  S i n d h i ,  S a h i w a l  

and T h a r p a r k a r  b r e e d s .  Though some b r e e d  d i f f e r e n c e s  c o u l d  b e  

n o t i c e d  i n  t h e  g e n e  f r e q u e n c y  of HbA a n d  HbB a l l e l e s ,  t h e y  

c o u l d  f i n d  n o  s i g n i f i c a n t  d i f f e r e n c e  w i t h  s e x .  

I n  a  s t u d y  o f  some A f r i c a n  b r e e d s  o f  c a t t l e  l i k e  

Muturu  (West A f r i c a n  dwar f  s h o r t  h o r n )  and  E'Dama, Braend e t  - 
a l .  ( 1 9 6 6 )  r e p o r t e d  a  new a l l e l e  ~ b ~  i n  a d d i t i o n  t o  ~ b ~  and  - 



B 
H b  . T h e  g e n e  f r e q u e n c y  o f  ~ b ~  v a r i e d  f r o m  0 . 1 3  t o  0 . 2 6  i n  

d i f f e r e n t  b r e e d s  w h i l e  a l l  t h e  N ' D a m a  a n i m a l s  were o f  Hb AA 

t y  P e  

N a i k  -- e t  a l .  ( 1 9 6 9 )  r e p o r t e d  a rare  h a e m o g l o b i n  v a r i a n t  

IlbX w h i c h  w a s  s i m i l a r  t o  ~b' w i t h  a l o w  f r e q u e n c y  i n  some 

I n d i a n  z e b u  c a t t l e  v i z . ,  ~ h i l l a r i ,  R a t h i  a n d  Kumaoni H i l l  

c a t t l e .  

Khanna - e t  - a l .  ( 1 9 7 0 )  r e p o r t e d  a  new h a e m o g l o b i n  

p h e n o t y p e ,  H b  BC i n  H a r i a n a  c a t t l e , i n  a d d i t i o n  t o  B B ,  BA, CA 

a n d  A A .  Age a n d  s e x  o f  a n i m a l s  w e r e  f o u n d  t o  h a v e  n o  e f f e c t  

o n  t h e  d i s t r i b u t i o n  o f  h a e m o g l o b i n  t y p e s  i n  c a t t l e .  

B r a e n d  ( 1 9 7 1 )  c a r r i e d  o u t  a  c o m p a r a t i v e  s t u d y  o n  a l l  

cattle h a e r n o g l o b i n  v a r i a n t s  r e p o r t e d  till t h e n .  H e  c o n c l u d e d  

t h a t  t h e  ~ b '  r e p o r t e d  b y  d i f f e r e n t  w o r k e r s  i n  d i f f e r e n t  b r e e d s  

c o u l d  be  c l a s s i f i e d  i n t o  t h r e e  g r o u p s  d e p e n d i n g  u p o n  t h e i r  

e l e c t r o p h o r e t i c  m o b i l i t y .  H e  f o u n d  a new haer r loglobin  v a r i a n t ,  

~ b "  i n  t h r e e  of t h e  l C 1  E a s t  A f r i c a n  Zebu c a t t l e  w i t h  a  g e n e  

f r e q u e n c y  o f  0 . 0 1 .  I t s  m i g r a t i o n  was  s l o w e v  t h a n  a n y  c a t t - l e  

h a e m o ~ g l o b i n  v a r i a n t ,  p r e v i o u s l y  r e p o r t e d .  

Khanna - e t  - a l .  ( 1 9 7 2 )  d i s c o v e r e d  a r a r e  h a e m o g l o b i n  

v a r i a n t  t e n t a t i v e l y  d e s i g n a t e d  a s  ~ b ~  Muk, i n  f o u r  p u r e - b r e d  

Afghan cattle, s i x  Afghan  x Kumaoni c r o s s b r e d s  a n d  o n e  Afghan  

x  J e r s e y  c r o s s b r e d  a d u l t  l a c t a t i n g  cow. T h e  new v a r i a n t  was  



n o t  o b s e r v e d  i n  p u r e  Kumaoni c a t t l e  a n d  i n  Red S i n d h i  and 

S a h i w a l  breeds. 

S c h w e l l n u s  a n d  G u e r i n  ( 1 9 7 7 )  compared  t h e  ~ b '  v a r i a n t  

i n  Brahman a n d  i n d i g e n o u s  S o u t h  A f r i c a n  c a t t l e  b r e e d s .  They 

s u g g e s t e d  t h a t  t h e  f a s t  moving v a r i a n t  i n  Brahman c a t t l e  be 

c a l l e d  kIbC and  t h e  slower m i g r a t i n g  t y p e  o f  S o u t h  A f r i c a n  

I 
b r e e d  b e  c a l l e d  a s  Hb . 

A r a r e  v a r i a n t  ~b~ C u t t a c k  was f o u n d  i n  a n  a g e d  Red- 

S i n d h i  cow ( S i n g h  a n d  B h a t ,  1 9 7 9 ) .  

Nandakumaran -- e t  a l .  ( 1 9 7 9 )  o b s e r v e d  t h r e e  h a e m o g l o b i n  

p h e n o t y p e s  Hb A A ,  Hb AB a n d  Hb BB c o n t r o l l e d  by t w o  a l l e l e s  

~ b ~  a n d  ~ b ~  i n  H a r i a n a  c r o s s b r e d s .  No s i g n i f i c a n t  d i f f e r e n c e s  

c o u l d  b e  n o t i c e d  b e t w e e n  d i f f e r e n t  p o p u l a t i o n s  w i t h  r e s p e c t  t o  

g e n e  f r e q u e n c i e s .  They a l s o  r e p o r t e d  t h a t  t h e  p o p u l a t i o n  was 

i n  a g r e e m e n t  w i t h  t h e  o b s e r v e d  a n d  e x p e c t e d  p h e n o t y p e  

f r e q u e n c i e s .  

Haemoylob in  pn lymorph i sm among 2 3  d i f f e r e n t  h e r d s  

b e l o i ? y i n y  t o  p u r e  b r e d  and c r o s s b r e d  I n d i a n  c a t t l e  ( S i n g h  and  

B h a t ,  1 9 8 0 a ,  1 9 8 0 b )  r e v e a l e d  a  t r e n d  t o  i n c r e a s e  i n  

h e t e r o z y y c  sit.; i n  c r o s s b r e d  c a t t l e  o v e r  t h e  r e s p e c t i v e  

p a r e n t a l  p o p u l a t i o n .  



S t a r c h  g e l  e l e c t r o p h o r e s i s  f o r  h a e m o g l o b i n  

po lymorph i sm i n  t h r e e  g r e y  c a t t l e  b r e e d s  o f  I n d i a  c a r r i e d  o u t  

by S i n g h  a n d  B h a g i  ( 1 9 8 1 )  r e v e a l e d  good a g r e e m e n t  be tween  

o b s e r v e d  a n d  e x p e c t e d  v a l u e s  o f  g e n o t y p e  f r e q u e n c i e s .  ';'he 

r e s u l t s  o b t a i n e d  w e r e  c o m p a r a b l e  t o  t b a t  o f  e a r l i e r  r e p o r t s  i n  

H a r i a n a  b r e e d .  They o b s e r v e d  a  v e r y  h i g h  f r e q u e n c y  o f  

h e t e r o z y g o t e  p h e n o t y p e  which  was a t t r i b u t e d  t o  t h e  a d a p t a t i o n  

o f  h e t e r o z y g o t e s  t o w a r d s  some e n v i r o n m e n t a l  f a c t o r s .  

S t u d i e s  by S i n g h  - e t  - a l .  ( 1 9 8 1 )  on  t h e  a v e r a g e  

h e t e r o z y y o c i t y  a t  h a e m o g l o b i n  l o c u s  f o r  p u r e  b r e d s  a n d  

c r o s s b r e d s  r e v e a l e d  t h a t  t h e  same was  o n l y  1 9 . 6  t o  33 .6  p e r  

c e n t  i n  p u r e  b r e d s  a s  compared  t o  3 5 . 3  t o  4 2 . 7  p e r  c e n t  i n  

corssbreds. 

Nandakumaran -- e t  - a l .  ( 1 9 8 2 )  e s t i m a t e d  t h e  g e n e t i c  

v a r i a b i l i t y  i n  f o u r  c r o s s b r e d  p o p u l a t i o n s  u s i n g  g e n e  

f r e q u e n c i e s  a t  s i x  p o l y m o r p h i c  l o c i .  The  h e t e r o z y g o c i t y  

o b s e r v e d  i n  t h e  f o u r  p o p u l a t i o n s  a t  t h e  h a e m o g l o b i n  l o c u s  was 

0 .3956  ( H o l s t e i n  x  H a r i a n a ) .  0 . 4 4 0 1  (Brown-Swiss  x  H a r i a n a ) ,  

0.4€!73 ( J e r s e y  x  H a r i a n a )  a n d  0 .3787  ( p o o l e d  c r o s s b r e d s  h a v i n g  

3/4 e x o t i c  b l o o d ) .  

S h a n k e r  a n d  B h a t i a  ( 1 9 8 2 )  o b s e r v e d  t h r e e  h a e m o g l o b i n  

A C a l l e l e s  (Hb . ~ b ~  a n d  Hb ) w i t h  f i v e  d i f f e r e n t  g e n o t y p e s  v i z . ,  

Hb A A ,  Hb AR, Hb BR. HB AC a n d  Hb BC i n  S a h i w a l  and J e r s e y  



c a t t l e .  The g e n o t y p e  f r e q u e n c y  i n  m o s t  o f  t h e  b r e e d s  was 

h i g h e s t  f o r  H b  AA f o l l o w e d  by Hb AB a n d  Hb RB.  T h a r p a r k a r ,  

R e d - S i n d h i  a n d  H o l s t e i n - F r i e s i a n  b r e e d s  had o n l y  two a l l e l e s  

A B 
v i z .  H b  a n d  Hb . 

I n  t h e  F r i e s i a n  h e r d s  i n  I n d i a ,  S i n g h  et 2. ( 1 9 8 3 )  

o b s e r v e d  r e l a t i v e l y  h i g h e r  f r e q u e n c y  o f  Hb AB g e n o t y p e .  The 

A 
h i g h  i n c i d e n c e  o f  H b  a l l e l e  was  c o n s i s t e n t  w i t h  e a r l i e r  

r e p o r t s  o n  F r i e s i a n  h e r d s .  The low i n c i d e n c e  o f  H b  AB 

o b s e r v e d  i n  t h e  m i l i t a r y  f a r m ,  Meeru t  was  a t t r i b u t e d  t o  t h e  

low d i f f u s i o n  o f  zebu  g e n e s  among F r i e s i a n s .  

S i n g h  a n d  B h a t  ( 1 9 8 3 )  r e p o r t e d  s i g n i f i c a n t  d i f f e r e n c e s  

b e t w e e n  b r e e d s  a n d  bet..:.een h e r d s  w i t h i n  b r e e d s  for t h e  g e n e  

f r e q u e n c i e s  of a l l e l e s  a t  haemoylob in  l o c u s  i n  b r e e d s  s u c h  a s  

G i r ,  H a r i a n a ,  Kangayam, K a n k r e j ,  O n g o l e ,  R e d - S i n d h i ,  S a h i w a l  

a n d  T h a r p a r k a r .  

P o l y m o r p h i c  s t u d i e s  i n  B a l i  c a t t l e  by B e l l  e t  a l .  - - 
( 1 9 9 0 )  r e v e a l e d  a s e c o n d  v a r i a n t  ~ b '  B a l i  i n  a d d i t i o n  t o  t h e  B 

v a r i a n t .  T h i s  new v a r i a n t  o c c u r r e d  i n  ~ a l i  c a t t l e  e i t h e r  a s  

homozygotes  o r  h e t e r o z y g o t e s ,  t h e  m o b i l i t y  o f  which  was 

i n t e r m e d i a t e  b e t w e e n  t h o s e  o f  t h e  common A a n d  B v a r i a n t s  b u t  

c l o s e r  t o  B.  T h i s  a p p e a r e d  t o  be s i m i l a r  t o  t h e  v a r i a n t  C o f  

K h i l l a r i  and  C o f  As ian  c a t t l e ,  d i f f e r i n g  f r o m  t h o s e  o f  Kenyan 

c a t t l e ,  R h o d e s i a n  c a t t l e  and  ~ i t h u n .  



E l e c t r o p h o r e t i c  s t u d i e s  o n  h a e m o g l o b i n  l o c u s  i n  

d i f f e r e n t  b r e e d s  o f  I n d i a n  a n d  e x o t i c  c a t t l e  by s e v e r a l  

w o r k e r s  r e v e a l e d  d i f f e r e n c e s  i n  g e n e  f r e q u e n c i e s  o f  t h e  

h a e m o g l o b i n  a l l e l e s  b e t w e e n  h e r d s  a n d  b e t w e e n  b r e e d s  

( T a b l e  2 ) .  

2.2.2 Transferrin 

T r a n s f e r r i n  (Ti) i s  a  P I - g l o b u l i n  of a p p r o x i m a t e  MW 

8 0 0 0 0 .  I t  i s  a  y l y c o p r o t e i n  and  i s  s y n t h e s i s e d  i n  t h e  l i v e r .  

More t h a n  20 p o l y m o r p h i c  f o r m s  o f  T r a n s f e r r i n  h a v e  been  f o u n d .  

I t  p l a y s  a  c e n t r a l  r o l e  i n  t h e  b o d y ' s  m e t a b o l i s m  o f  i r o n  

b e c a u s e  it t r a n s p o r t s  i r o n  ( 2  m o l e s  o f  ~e~ + p e r  mole  o f  T f )  

i n  t h e  c i r c u l a t i o n  t o  t h e  s i t e s  w h e r e  i r o n  i s  r e q u i r e d .  Each 

t r a n s f e r r i n  m o l e c u l e  c o n s i s t e d  o f  t w o  s i m i l a r  p o l y p e t i d e  

c h a i n s  e i t h e r  o f  w h i c h  c o n t a i n s  a f u n c t i o n a l l y  i d e n t i c a l  m e t a l  

b i n d i n y  s i t e  ( E f r e m o v  -- e t  a l . ,  1 9 7 1 ) .  

The e x i s t e n c e  o f  g e n e  d e t e r m i n e d  t r a n s f e r r i n  

po lymorph i sm w i t h  3 v s r i a n t s  v i z . ,  Tf - A ,  Tf - D and  Tf - E 

was e s t a b l i s h e d  by Ash ton  ( 1 9 5 7 )  by s t a r c h  e l e c t r o p h o r e s i s .  

G e n e t i c a l l y  c o n t r o l l e d  d i f f e r e n c e s  were r e p o r t e d  i n  

the n - c j l o b u l i n s  of' B r i t i s h  b r e e d s  of d a i r y  c a t t l e  il, 

S m i t h i e s  a n d  Wickman ( 1 9 5 8 )  a n d  A s h t o n  ( 1 9 5 8 ) .  ~ i b l e t t  -- e t  a l .  

( 1 9 5 9 )  h a d  shown t h a t  t h e s e  g l o b u l i n s  w e r e  t r a n s f e r r i n s ,  t h e  

i r o n  b i n d i n g  p r o t e i n s .  I n  t h e  o r i g i n a l  s t u d i e s  a  number o f  



T a b l e  2. Haemoglobin  g e n e  f r e q u e n c i e s  i n  d i f f e r e n t  c a t t l e  b r e e d s  

Author: ( s ) B r e e d s  o f  H b A  H b B  HbC O t h e r  
c a t t l e  v a r i a n t s  

N a i k  ct s. Jersey 0.556 0.444 
(1963) 

Sen eit a l .  H a r i a n a  0.578 0.422 
(196Fy - 

D e s h i  0.705 0.295 

G i r  

T h a r p a r k a r  0.700 0.300 

S a h i w a l  0.625 0.375 

Red S i - ~ d h i  0.824 0.176 

B a l a k r i s h n a n  Red S i n d h i  0.700 0.300 
and  N a i r  
( 1 9 6 6 )  Sahiwal. 0.707 0.293 

T h a r p a r k a r  0.897 0.103 

Naik e t  a l .  
(1969) - 

Malvi 0.543 0.454 0.003 

G i r  0.509 0.491 

K a n k r e j  0.587 0.410 0.003 

R a t h  0.581 0.412 0.007 

Kumaoni 0.735 0.244 0.021 

Khanna e t  a l .  -- H a r i a n a  0.430 0.570 
(1970) 
- - _ - . - - - _ - _ _ _ _ _ - _ _ - _ - - _ - . - - - - - - - - - - - - _ - - - _ - - - - - - - - - - - - - - - - -  -------- 

Contd .  



T a b l e  2 ( C o n t d . )  
................................................................. 
A u t h o r  ( s ) B r e e d s  ..!f FIbA Hh ~ b ~  B 

O t h e r  
c a t t l e  v a r i a n t s  

................................................................. 

S i n g h  a n d  H a r i a n a  0 . 5 3 8  0 . 4 6 2  
Khanna ( 1 9 4 1 )  

H a r i a n a  x HF 0 . 7 9 6  0 . 2 0 4  

H a r i a n a  x 0 . 5 8 6  0 . 4 1 4  
J e r s e y  F 1 

H a r i a n a  x 0 . 6 5 8  0 . 3 4 2  
J e r s e y  F  

2 

S i n g h  e t  a l .  O n g o l e  0 . 7 8 0  0 . 2 2 0  
( 1 9 7 2 1 )  - 

H a r i a n a  0 . 3 8 0  0 . 6 2 0  

K a n k r e  j 0 . 4 4 0  0 . 5 6 0  

G i r  0 . 4 5 0  0 . 5 5 0  

S a h i w a l  0.57O 0 . 4 3 0  

R a t h  0 . 7 3 0  0 . 2 7 0  

S iny l?  a n d  Kumaoni  0 . 7 0 8  0 . 2 7 6  0 . 0 1 6  
Khanna  ( 1 9 7 3 )  

S ing :n  a n d  B h a t  1 n d i a n  Zebu 0 . 6 2 5  0 . 3 7 5  
( 1 9 7 9 )  C a t t l e  

)i F r i e s i a n  0 . 7 8 7  0 . 2 1 3  
C r o s s b r e d  

3 / 4  t r i e s i a n  0 . 8 8 6  0 . 1 1 4  
C r o s s b r e d  

N a n d a k u m a r a n  riaric 0 . 5 8 0 -  0 . 2 4 5 -  
e t  a l .  ( 1 9 7 9 )  - -- C r o s s b r e d s  7 4 6  0 . 4 2 0  
_ - - -_____ -____ - -_ - - - - - - - - - - - - - - - - - - - - - . - - - - - - . - - - - - - - - - - - - - - - - - - - - -  



T a b l e  2 ( C o n t d . )  
-----L----------------------------------------------------------- 

A u t h o r  ( s 1 Breeds of ~b~ 1.1 bB ~b~ Other 
c a t t l e  v a r i a n t s  

_-P- - - - -Y I - - - - - I - I -__ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

S i n y h  a n d  B h a t  H a r i a r i 3  0 .429  0 . 5 7 1  
( 1 9 8 0  a & b )  

S a h i w a l  0 . 8 0 7  0 . 1 9 3  

F r i e s i a n  1 . 0 0 0  

K a n k r e  j 0 .619  0 . 3 8 1  

O n g o l e  0.750 0 . 2 5 0  

Red S i n d h i  0 . 5 5 7  0 .443  

Kangayan  0 . 6 4 5  0 . 3 5 5  

T h a r p a r k a r  0 . 7 3 1  0 .269  

S i n g h  a n d  I I a r i a n a  0 . 4 7 9  0 . 5 2 1  
B h a g i  ( 1 9 8 1 )  

Malvi 0 . 6 9 3  0 . 3 1 0  

N a g u r i  0 . 5 2 1  0 .479  

S h a n k a r  a n d  Sah iwa l  0 . 7 4 8  0 . 2 4 3  0 . 0 0 3  
B h a t i a  ( 1 9 8 2 )  

T a r p a r k a r  0 .859  0 . 1 4 1  

Red S i n d h i  0 .702  0 . 2 9 8  

H o l s t e i n  0 . 9 0 0  0 .100  
F r i e s i a n  

J e r s e y  0 .548  0 . 4 0 4  0 .480  

Han a n d  L e e  K o r e a n  0 .890  0 .077  0 . 0 1 4  
( 1 9 8 2 )  C a t t l e  

_--_-_--__________----------------------------------------------- 
C o n t d .  



T a b l e  2 (Contd .  ) -------.---------------------------------------------------------- 
Author  ( h; ) B r e e d s  of ~b~ ~b~ ~b~ O t h e r  

c a t t l e  ~ r a r i a n t s  

H o l s t e i n  1.000 
F r i e s i a n  

S i n g h  e t  a l .  F r i e s i a n  
( 1 9 8 3 )  - 
Khanr~a and  Mi thun  0.040 0.960 
Tandon ( 1 9 8 7 )  

Mi thun  h y b r i d  0.400 0.130 0.470 
w i t h  c a t t l e  

L o c a l  zebu  0.810 0.190 
c a t t l e  

L o c a l  zebu  x 0.750 0.250 
e x o t i c  
( c r o s s b r e d  
c a t t l e )  

P o o l e d  0.710 0.290 
c r o s s b r e d  
( H a r i a n a  x 
~ x o t i c  ) 

~ l - T i m e r n i  a n d  S h a r a b i  0.640 0.460 
~ 1 - ~ u r r a n i  ( I r a q )  
( 1 9 9 0 )  

H o l s t e i n  1.000 

J o h n  
( 1 9 9 2 )  

H o l s t e i n  0.83 0.1'7 
F r i e s i a n  
c r o s  s b r  .--d 

Jerc; ,  0.67 0.33 
c r o s s b r e d  

Brown S w i s s  0.66 0.34 



d i f f e r e n t  t r a n s f e r r i n  p h e n o t y p e s ,  o b s e r v e d  by t h e  t e c h n i q u e  o f  

s t a r c h  ye1 e l e c t r o p h o r e s i s  w e r e  r e p o r t e d .  T h e s e  were 

A e x p l a i n e d  by t h e  a c t i o n  o f  t h r e e  a l l e l i c  g e n e s ,  Tf , ~ f ~  and 

E Tf . Each t r a n s f e r r i n  t y p e  w a s  m i g r a t i n g  i n  t h e  s t a r c h  g e l s  

a s  f o u r  p r o t e i n  band p a t t e r n  ( A s h t o n ,  1 9 5 9 a ) .  I n  a n o t h e r  

p u b l i c a t i o n ,  A s h t o n  ( 1 9 5 9 b )  r e p o r t e d  t h a t  t h e  c a t t l e  

t r a n s f e r r i n s  w e r e  c o n t r o l l e d  by  f i v e  a l l e l i c  g e n e s  c a l l e d  ~ f ~ ,  

T f B ,  T ' fDI  ~ f ~  a n d  T f F  i n  t h e  o r d e r  o f  d e c r e a s i n g  m o b i l i t y  i n  

s t a r c h  g e l  e l e c t r o p h o r e s i s .  The v a r i a t i o n s  i n  t h e  f r e q u e n c y  

of t h e s e  a l l e l e s  p r o v e d  t o  be q u i t e  i n f o r m a t i v e  a b o u t  b r e e d  

o r i g i n ,  s t r u c t u r e  and  r e l a t i o n s h i p s .  The ~f~ a n d  ~ f ~  a l l e l e s  

w e r e  c o n f i r m e d  t o  t h e  Zebu c a t t l e ,  ~ f ~  a l l e l e  was  a b s e n t  i n  

J e r s e y ,  G u e r n s e y  a n d  S o u t h  D e v ~ n  b r e e d s  w h i l e  ~ f ~  a l l e l e  

o c c u r r e d  r a r e l y  i n  mos t  o f  t h e  o t h e r  E u r o p e a n  b r e e d s .  T h i s  

a l l e l e  h a d ,  however ,  a h i g h  f r e q u e n c y  i n  t h e  Zebu c a t t l e .  

Improved t e c h n i q u e s  b a s e d  upon 

d i s c o n - t i n u o u s  b u f f e r  s y s t e m  made f u r t h e r  d i s t i n c t i o n s  p o s s i b l e  

b e t w e e n  t r a n s f e r r i n  p h e n o t y p e s  ( K r i s t  j a n s s o n ,  1 9 6 2 )  . The 

t r a n s f e r r i n  bands p r e v i o u s l y  a s s i g n e d  t o  t h e  a c t i o n  of o n e  

a l l e l e  T fD w e r e  s u b d i v i d e d  and  e x p l a i n e d  by two g e n e s .  T h i s  

r e p o r t  p r e s e n t e d  e v i d e n c e  which  i n d i c a t e d  t h a t  t h e  band 

p a t t e r n  o f  ~ f '  a l l e l e  c o u l d  b e  s u b - d i v i d e d  i n t o  two t y p e s  

c o n t r o l - l e d  by two a l l e l e ' s  which  p r o d u c e  d i f f e r e n t  t r a n s f e r r i n  

b a n d s .  T h e s e  w e r e  i n d i s t i n q u i s h a b l e  when t h e  o r i g i n a l  s t a r c h  



g e l  e l c t r o p h o r e s i s  p r o c e d u r e s  w e r e  e m p l o y e d .  T h e s e  v a r i a n t s  

w e r e  c a l l e d  a s  Tfd l  a n d  ~ f ~ ~  by  J a r n i e s o n  ( 1 9 6 5 ) .  

R r a e n d  a n d  Khanna ( 1 9 6 7 )  d e s c r i b e d  a r a r e  t r a n s f e r r i n  

p h e n o t y p e  Tf  N i n  t h e  N o r w e g i a n  ca t t l e .  

T h e  t r a n s f e r r i n  t y p e s  ~ f ~  a n d  T f F  h a v e  so f a r  b e e n  

r e p o r t e d  i n  A f r i c a n  a n d  I n d i a n  c a t t l e  b y  ( A s h t o n ,  1 9 5 9 b ;  

O s t e r h o f f  a n d  Van H e e r d e n ,  1 9 6 5 ;  A s h t o n  a n d  Lampkin ,  1 9 6 5 a , b ;  

B r a e n d  a n d  K h a n n a ,  1 9 6 8 ) .  T h e s e  t r a n s f e r r i n  g e n e s  h a v e  n o t  

b e e n  f o u n d  i n  t a u r u s .  T h e  f r e q u e n c y  o f  ~ f ~  a l l e l e  was  

q u i t e  h i g h  i n  t h e  I n d i a n  c a t t l e  a s  c o m p a r e d  t o  t h e  A m e r i c a n  

a n d  E u r o p e a n  c a t t l e  i n  w h i c h  it w a s  f o u n d  t o  r a n g e  f r o m  n i l  t o  

v e r y  l o w  f r e q u e n c y  ( J a m i e s o n ,  1 9 6 5 ) .  

O s t e r h o f f  a n d  Van Hee rden  ( 1 9 6 5 )  d e s c r i b e d  a n  

G a d d i t i o n a l  t r a n s f e r r i n  a l l e l e  c a l l e d  Tf  . S a r t o r e  a n d  B e r n o c o  

1 1 9 6 6 )  r e p o r t e d  a n  a l l e l e  c a l l e d  T f H  h a v i n g  t h e  f a s t e s t  

mobi 1 i t y  . 

~t l e a s t  a series o f  1 0  c o d o m i n a n t  a u t o s o m 3 1  a l l e l e s  

a t  t r a n s f e r r i n  l o c u s  h a v e  b e e n  d e s c r i b e d  ( J a m i e s o n ,  1 9 6 5 ;  

B r a e n d  a n d  K h a n n a ,  1 9 6 7 ;  Bouw a n d  Caterlee,  1 9 6 9 ) .  T h e s e  a r e  

F N E 
~ f ~ , ,  T f A l 1  T f A 2 /  T f B ,  T'fD1/ ~ f ~ ~ ~  Tf  , Tf , Tf a n d  ~ f ~  i n  

o r d e r  o f  d e c r e a s i n g  m o b i l i t y  i n  t h e  s t a r c h  g e l  a t  a l k a l i n e  pH. 



S i n g h  - e t  - a l .  ( 1 9 7 2 )  r e p o r t e d  2 2  p h e n o t y p e s  

A 1  B r e p r e s e n t i n g  c o m b i n a t i o n s  o f  t h e  Tf , ~ f ~ * ,  T f  , ~ f ~ l ,  * f D 2 ,  
E F Tf , Tf , and  T F ~  i n  f o u r  I n d i a n  c a t t l e  b r e e d s  v i z . ,  H a r i a n a ,  

Ongo le .  G i r  a n d  K a n k r e j .  I n  t h i s  s t u d y  T F ~  a n d  ~f~ were f o u n d  

t o  b e  t h e  most f r e q u e n t  a l l e l e  i n  a l l  t h e  f o u r  b r e e d s .  

G f o l l o w e Z  by ~ f ~ * .  ~f**, !TiB a n d  T f  . 

S i x t e e n  t r a n s f e r r i n  p h e n o t y p e s  c o n t r o l  l e d  by six 

A a l l e l e s  T f  , 7?fB, ~ f ~ l ,  l'fD2. T £ ~  a n d  ~f~ i n  o r d e r  o f  

decreasing m o b i l i t y  t o w a r d s  a n o d e  were o b s e r v e d  i n  ~ a r i a n a  

c r o s s b r e d s  (Nandakumaran ,  1 9 7 6 ) .  

S i n g h  ( 1 9 7 8 )  c o n f i r m e d  a r a r e  o c c u r r e n c e  o f  and 

~ f "  a l l e l e s  among d i f f e r e n t  i n d i g e n o u s  b r e e d s .  

~ o m i s s a r e n k o  ( 1 9 7 9 )  f o u n d  6  t r a n s f e r r i n  t y p e i  i n  

A y r e s h i r e  cows and  w e r e  t y p e d  a s  D D  ( 4 6 . 3 % ) .  AD ( 2 3 . 6 4 8 ) .  AA 

( 1 6 . 5 8 ) ,  ( 6 . 6 5 % ) ,  AE a n d E E  ( 3 - 4 % ) .  The number of 

homozyyOteS(66.74 p e r  c e n t ) p r e v a i l e d  o v e r  the h e t e r o z y g o t e s .  

S i n g h  and  B h a t  ( 1 9 8 1 a )  s t u d i e d  p h y l o g e n e t i c  

r e l a t i o n s h i p  between 8 I n d i a n  c a t t l e  breeds o n  t h e  b a s i s  oi 

b iochemica l  p o l y m o r p h i c  a l l e l e s .  The r e s u l t s  i n d i c a t e d  a 

c l o s e n e s s  of s h o r t - h o r r ~ e d  g r e y  c a t t l e  b r e e d s  v i z . ,  H a r i a n a ,  

Tha rpa rka r  and Ongole  w h i l e  K a r k r e  j stood d i s t i n c t l y  d i f f e r e n t  

f rom them. 



T h e  g e n e  f r e q u e n c i e s  o f  d i f f e r e n t  Zebu b r e e d s  s t u d i e d  

are f u r n i s h e d  i n  t h e  T a b l e  3 ( S i n g h  and Bhat, 1 9 8 1 b ) .  

A P r a s a d  e t  al. ( 1 9 8 3 )  r e p o r t e d  s i x  a l l e l i c  g e n e s  Tf , -- 
B D2 F 

Tf , ~ f ~ l ,  Tf , ~ f ~  a n d  Tf i n  o r d e r  o f  d e c r e a s i n g  m o b i l i t y .  

B F 
T h e  a l l e l e s  T f  a n d  T f  t c a e  c o n f i n e d  t o  Zebu b r e e d s  a n d  ~ f ~  

i s  a b s e n t  i n  - Ros t a u r u s  a n i m a l s ,  but. i t s  f r c q u e n c : ; ~ ~ ~ a  h i g h  i n  

z e b u .  T h e  f r e q u e n c y  o f  TF' all el el;^ l o w  i n  a l l  t h e  breeds 

s t u d i e Z .  I t  w a s  s u g g e s t e d  t h a t  T f E  m i g h t  b e  a s s o c i a t e d  w i t h  

t o l e r a n c e  a n d  c l i m a t i c  e x t r e m e s .  

Ashok S i n y h  e t  a l .  ( 1 9 8 9 )  o b s e r v e d  t e n  t r a n s f e r r i n  -- 
p h e n o t y p e s  v i z . ,  A A ,  D D ,  EE, AD, AB, DF FB, BE AF a n d  DE 

A D c o n t r o l l e d  by f i v e  t r a n s f e r r i n  a l l e l e s  Tf , ~ f ~ ,  Tf , T f F  a n d  

T f E .  I n  S a h i w a l ,  T f E  a n d  TfD w e r e  m o s t  f r e q u e n t  w h e r e a s  i n  

c r o s s b r e d s  ~ f ~  a n d  T f D  w e r e  m o s t  f r e q u e n t  f o l l o w e d  b y  t h e  

o t h e r  t h r e e  al. l e les .  

Ashok S i n y h  a n a  C h o u d h a r i  ( 1 9 8 9 )  r e p o r t e d  t h a t  seven 

B Dl F 
t r a n s f e r r i n  a l l e l o m o r p h i c  v a r i a n t s  T f A ,  Tf  , Tf , T f D 2 ,  'Tf , 

T f E  a n d  ~ f ~  i n  t h e  o r d e r  of d e c r e a s i n g  m o b i l i t y  were o b s e r v e d  

so f a r  i n  I n d i a n  c a t t l t  b r e e d s .  

2.3 G r o w t h  studies 

Body w e i g h t  a n d  m e a s u r e m e n t s  g i v e  a n  i n d i c a t i o n  o f  t h e  



T a b l e  3.  Gene f r e q u e n c i e s  o f  t r a n s f e r r i n  a l l e l e s ,  i n  d i f f e r e n t  t y p e s  o f  zebu  c a t t l e  

Tf  Breeds of c a t t l e  
C , , C + Q R  ................................................................................... 
"1 U c- 

G i r  H a r i a n a  K a n k r e  j Kangayam Ongole  Red S i n d h i  S a h i w a l  T h a r p a r k a r  
-----------------------------------------------------------------------------.--.------------- 



a d u l t  perfor lnancc an:: h e n c e  it i s  v e r y  i m p o r t a n t  i n  t h e  

economy o f  d a i r y  c a t t l e  p r o d u c t i o n .  

S t u d y  o f  g r o w t h  r a t e  o f  1 4 5  H a r i a n a  c a l v e s  o f  f i r s t  

c a l v i n g s  by K o h l i  -- e t  a l .  ( 1 9 6 2 )  r e v e a l e d  t h a t  male c a l v e s  w e r e  

h e a v i e r  t h a n  f e m a l e s  a t  b i r t h .  T h e r e  was  a n  i n c r e a s e  o f  1 0 0  

p e r  c e n t ,  1 5 0  p e r  c e n t  a n d  200 p e r  c e n t  o v e r  t h e  b i r t h  w e i g h t  

a t  t h e  a g e  of 3 ,  6 and 9 m o n t h s  r e s p e c t i v e l y  i r r e s p e c t i v e  o f  

t h e  s e x  o f  c a l v e s .  The a g e  o f  t h e  c a l f  h a d  s i g n i f i c a n t  e f f e c t  

o n  t h e  w e i g h t  o f  t h e  c a l v e s .  

T h e  g r o w t h  r a t e  o f  Red S i n d h i  m a l e  a n d  f e m a l e  c a l v e s  

m a i n t a i n e d  a t  N . D . R . I . ,  K a r n a l  was  s t u d i e d  by Mudgal  a n d  Ray 

( 1 9 G G ) . ,  T h e  b i r t h  w e i g h t  of m a l e  a n d  f e m a l e  c a l v e s  were 2 1 . 1 4  

+ 2 . 1 6  kg  a n d  2 0 . 0 7  + 2 . 1 9  kg r e s p e c t i v e l y .  T h e  c o e f f i c i e n t  - - 

of  r e g r e s s i o n  of g r o w t h  f r o m  b i r t h  t o  6 m o n t h s  p e r  f o r t n i g h t  

w a s  6 . 4 3  + 1 . 4 8  kg  i n m a l e  a n d  5 . 1 7  + 1 . 2 0  kg  i n  f e m a l e  - - 

c a l v e s .  A g r e a t e r  r e d u c t i o n  w a s  o b s e r v e d  i n  g r o w t h  r a t e  f r o m  7 

t o  1 2  m o n t h s  o f  a g e .  I r r e s p e c t i v e  o f  a g e  g r o u p  t h e  m a l e  

c a l v e s  g a i n e d  a h i g h e r  r a t e  t h a n  f e m a l e  c a l v e s .  

Tane-ja and B h a t  ( 1 9 7 1 )  s t u d i e d  t h e  g r o w t h  r a t e  o f  

S a h i w a l  f e m a l e s  m a i n t a i n e d  a t  M i l i t a r y  d a i r y  f a r m s .  The  

y r o w t h  r a t e  was s l o w  f r o m  b i r t h  t o  1 9 t h  week ( 0 . 4 5 8  k g / d a y  

when c o m p a r e d  t o  t h a t  f r o m  1 9 t h  t o  2 6 t h  week ( 0 . 5 2 6  k g / d a y ) .  

The  a v e r a g e  d a i l y  g a i n  f r o m  2 7 t h  t o  5 2  week w a s  0 . 4 1 1  k g .  



The  g r o ~ v t h  r a t e  o f  I-Iariiana f e m a l e  c a l v e s  i n  r e l a t i o n  t o  t h e  

b i r t h  w e i g h t  a n d  s e a s o n  o f  b i r t h  w a s  a n a l y s e d  by  A g a r w a l  a n d  

Tomar ( 1 9 7 2 )  . T h e  y r o w t h  r a t e  w a s  maximum u p t o  6 m o n t h s  o f  

a g e ,  t h e r e a f t e r  t h e  g e n e r a l  t r e n d  i n  g r o w t h  d e c l i n e d .  The  

y r o w t h  r a t e  o b s e r v e d  a t  6 ,  1 2 ,  1 8  a n d  2 4  m o n t h s  o f  a g e  v a r i e d  

s i g n i f i c a n t l y .  T h e  s e a s o n  of b i r t h  h a s  n o  s i g n i f i c a n t  e f f e c t  

o n  g r o w t h  r a t e .  

Chawla  a n d  r:is , - .  . -  ( 1 9 8 1 )  c o n c l u d e d  f r o m  a  s t u d y  

c o n d u c t e d  i n  689  S a h i w a l ,  639  Brown-Swiss  x S a h i w a l  a n d  3802 

H o l s t e i n  F r i e s i a n  x  S a h i w a l  t o  f i n d  o u t  t h e  r o l e  o f  e x o t i c  

g e n e s  o n  g r o w t h  r a t e  o f  z e b u  c r o s s e s  t h a t  body  w e i g h t s  a t  

v a r i o u s  i n t e r v a l s  o f  a g e  h a d  r e l a t i o n s h i p  w i t h  t h e  i n c r e a s e  o f  

HF i n h e r i t a n c e  f r o m  1 /8  t o  7 /8  e x c e p t  a t  b i r t h  a n d  a t  2 m o n t h s  

of a y e  w h e r e  it w a s  l i n e a r .  C r o s s b r e d s  w i t h  v a r i o u s  l e v e l s  o f  

Brown-Swiss  a n d  H o l s t e i n  F r i e s i a n  i n h e r i t a n c e  showed maximum 

g r o w t h  r a t e  d u r i n g  4 t o  6 m o n t h s  o f  a g e .  

T h e  y r o w t h  r a t e  of  d i f f e r e n t  c r o s s b r e d  c a l v e s  i . e . ,  

H o l s t e i n  F r i e s i a n  (HF)  x D e o n i ,  NF x A a t h  a n d  HF x ( D e o n i  x 

G i r )  w e r e  s t u d i e d  by K u l k a r n i  e t  a l .  ( 1 9 8 2 ) .  T h e  mean g r o w t h  -- 
r a t e  a t  3 ,  6 ,  9  a n d  1 2  m o n t h s  o f  a g e  w e r e  0 . 5 0 ,  0 . 4 ,  0 . 4 4  a n d  

0 . 4 0  ky f o r  8 2  m a l e s  a n d  0 . 4 6 ,  0 . 4 4 ,  0 . 4 2  a n d  0 . 4 0  k g  f o r  

f e m a l e s .  T h e  e f f e c t  o f  s i r e ,  b r e e d  o f  dam, s e x  a n d  p r e g n a n c :  

d u r a t i o n  ( d u r a t i o n  o f  i n t r a u t e r i n e  l i f e  o n  a n i m a l s  u n d e r  

s t u d y )  o n  g r o w t h  ra tes  were s i g n i f i c a n t .  



S r i v a s t h a v a  -. e t  g .  ( 1 9 8 6 )  a n a l y s e d  t h e  f a c t o r s  

a f f e c t i n g  body  w e i g h t  as.! m e a s u r e m e n t s  a t  b i r t h  i n  t h r e e  b r e e d  

c r o s e s .  The  b i r t h  w e i g h t  a v e r a g e d  2 8 . 2 3 ,  2 5 . 5 4 ,  2 9 . 7 5  a n d  

2 4 . 2 8  kg  r e s p e c t i v e l y  i n  H . F .  ( B . S .  x  H a r i a n a ) ,  H.F. x (J x  

H a r i a n a ) ,  R.S. x  (H.F. x H a r i a n a  a n d  J . H . F .  x H a r i a n a ) .  

H e i g h t s  a t  w i t h e r s  w e r e  6 8 . 6 1 ,  6 8 . 3 5 ,  69 .06  a n d  6 6 . 1 4  crns a n d  

body l e n y t h  a v e r a g e d  G9.73 ,  6 8 . 4 2 ,  7 0 . 8 0  a n d  6 5 . 8 3  crns 

r e s p e c t i v e l y  i n  t h e  f o u r  g r o u p s .  B i r t h  w e i g h t  was  

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  body m e a s u r e m e n t s .  

T h e  n o n - g e n e t i c  a n d  g e n e t i c  f a c t o r s  a f f e c t i n g  birth 

w e i y h t  a n d  l i n e a r  body m e a s u r e m e n t s  i n  J e r s e y  x G i r  F 2  ca !  e s  

a t  b i r t h  were s t u d i e d  by  Ashok S i n g h  ~ n d  P a r e k h  ( 1 9 8 6 ) .  The  

mean b i r t h  w e i g h t  ( i n  k g )  a n d  body  m e a s u r e m e n t s  s u c h  a s  l e n y t h  

h e i g h t  a n d  h e a r t  g i r t h  a n d  p a u n c h  g i r t h  ( i n  c m )  a t  b i r t h  w e r e  

2 4 . 1 9  - + 3 . 2 5 ,  5 9 . 2 7  + 0 . 6 6 ,  6 7 . 2 4  - + 0 . 2 5 ,  6 7 . 5 5  - + 0 . 2 4  a n d  

6 8 . 1 7  - + 0 . 3 0  r e s p e c t i v e l y .  T h e  s e a s o n ,  y e a r ,  p a r i t y ,  s i r e  and  

s e x  h a d  h i g h l y  s i g n i f i c a n t  e f f e c t  o n  t h e  b i r t h  w e i g h t ,  l e n g t h ,  

h e i g h t  a n d  h e a r t  g i r t h ,  :.?bile s e a s o n ,  y e a r ,  s i r e  a n d  s e x  d i d  

n o t  a £  f e c t  p a u n c h  g i r t h  a n d  p a r i t y  a n d  s i r e ,  t h e  body w e i g h t .  

T h e  a v e r a g e s  o f  a d u l t  body  w e i y h t s  a n d  body 

m e a s u r e m e n t s  of t h e  r e c o g n i s e d  I n d i a n  b r e e d s  o f  c a t t l e  ( D a i r y  

I n d i a ,  1 9 8 7 )  a r e  p r e s e n t e d  i n  T a b l e  4 .  



T a b l e  4 .  T h e  a d u l t  body w e i g h t s  a n d  m e a s u r e m e n t s  of I n d i a n  b r e e d s  
of c a t t l e  

Weight 
Body m e a s u r e m e n t s  (Metres) ----------- .................... - 

H e i g h t  --- L e n g t h  G i r t h  -.-_-----_-__---_-_---------------------------- --------_-__--__ 

AMK I'TMAHAL M 4 9 8 . 9  
F 3 1 7 . 5  

BACHAUR M 3 8 5 . 5  
F 3 1 7 . 5  

BARGUR M 3 4 0 . 0  
F 2 9 5 . 0  

DANG I M 3 6 2 . 9  
F 

DEONI M 5 8 9 . 7  
F 3 4 0 . 2  

GAOLAO M 4 3 1 . 0  
F 3 4 0 . 2  

GIR 

H A R I A N A  M 4 9 9 . 0  
F - 

KANKREJ M 5 8 9 . 6  
F 4 3 0 . 9  

KENKATHA M 3 4 4 . 5  

------_____________-------------------- ------_--_-_-___-_------_- 
C o n t d .  



Table 4  ( C o n t d .  ) 
_-_______________-_--- - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Body m e a s u r e m e n t s  ( M e t r e s )  
B r e e d  Weigh t  ............................... 

H e i g h t  L e n g t h  Girth 
-----.--_------_----------------------------------------.-----_---- 

K R I S H N A  VALLEY M 4 9 9 . 0  
F 3 4 0 . 2  

MALV I M 499 .0  
F 3 4 0 . 2  

MEWATI M 3 8 5 . 6  
(KOSI) F 3 2 6 . 6  

NAGOR 1 M 4 0 8 . 0  
F 3 4 0 . 0  

NIMARI M 390 .0  
F 3 1 7 . 5  

PONWAR M 3 1 7 . 5  1 . 4  1 . 4  1 . 6  
F 2 9 4 . 8  1 . 3  1 . 3  1 . 6  

RATH I: M 3 8 5 . 5  
F 3 2 6 . 6  

RED S I N D H I  M 4 5 4 . 0  
F 3 1 7 . 0  

SAHIWAL M 5 4 4 . 0  
F 4 0 8 . 3  

THARTARKAR M 5 4 4 . 3  
F 3 4 0 . 2  



D h a n g a r  a n d  P a t e l  ( 1 9 9 0 a )  s t u d i e d  t h e  g r o w t h  

p e r f o r m a n c e  o f  i n t e r s r - . . ~ a t e d  J e r s e y  x K a n k r e j  h a l f  b r e d  c a l v e >  

u p t o  s i x  months o f  a y e  The o v e r a l l  body w e i g h t  g a i n  d u r i n g  

b i r t h  t o  4 m o n t h s  a n d  4-6  m o n t h s  w e r e  3 7 6 . 9 9  - + 9 .2  a n d  5 1 7 . 0 6  

+ 1 6 . 7 9  g / d a y  r e s p e c t i v e l y .  The  a s s o c i a t i o n  b e t w e e n  b i r t h  t o  - 

4 a n d  b i r t h - 6  m o n t h s  w a s  s i g n i f i c a n t .  T h e  b i r t h  w e i g h t  d i d  

n o t  c o n t r i b u t e  t o w a r d s  d a i l y  g a i n  f r o m  b i r t h  t o  6  m o n t h s  

p e r i o d .  S e a s o n  s i g n i f i c a n t l y  i n f l u e n c e d  b o d y  w e i g h t  g a i n  of 

c a l v e s .  R e l a t i v e  y a i n u u a s  maximum d u r i n g  5-12 week p e r i o d .  

D h a n g a r  a n d  P a t e l  ( 1 9 9 0 b )  a t t e m p t e d  t o  g e n e r a t e  

p r c d i c ' t i o n  e q u a t i o n s  for estimation of body w e i g h t  f r o m  

d i f f e r e n t  b o d y  m e a s u r e m e n t s .  F o r  b i r t h  w e i g h t )  p r e d i c t i o n  

e q u a t i o n  w i t h  b o d y  l e n g t h  g a v e  t h e  h i g h e s t  a c c u r a c y  ( R ~  = 

7 4 . 7 2 %  1, Tl.,e p r e d i c t i o n  e q u a t i o n  w i t h  h e a r t  g i r t h  

a l o n g  w i t h  body  l e n g t h / h e i y h t  a t  w i t h e r s  c o v e r e d  v a r i a t i o n  t o  

t h e  e x t e n t  o f  75 .12-808 f o r  b o d y  w e i g h t  a t  4  a n d  6 m o n t h s  o f  

a g e .  B o t h  t h e  l i n e a r  a n d  e x p o n e n t i a l  e q u a t i o n  c o v e r e d  e q u a l  

v a r i a t i o n  t o  p r e d i c t  g r o w t h  r a t e  o f  c a l v e s .  

2.4 P r o d u c t i o n  performance 

The m i l k  p r o d u c t i o n  p e r f o r m a n c e  o f  t h e  I n d i a n  c a t t l e  

a n d  t h e  c r o s s b r e d s  w e r e  s t u d i e d  e x t e n s i v e l y .  T h e  p e r f o r m a n c e  

o f  Brown S w i s s  c r o s s b r e d s  m a i n t a i n e d  a t  t h e  I n d o  S w i s s  

P r o j e c t ,  M a d u p e t t y  h r s  r e p o r t e d  by N a i r  ( 1 9 7 3 )  a s  1 9 5 8 . 0  - t 



5 3 . 4  kg. K a t p a t a l  ( 1 9 7 7 )  r e p o r t e d  a 305  d a y  l a c t a t i o n  m i l k  

y i e l d  of 1 4 1 1  k g  for  r e r s e y  c r o s s b r e d s .  N a i r  a n d  K e l a t h  

( 1 9 7 7 )  s t u d i e d  t h e  f i r s t  l a c t a t i o n  y i e l d  o f  Brown ~ w i s s ' x  Zebu 

c r o s s b r e d s  m a i n t a i n e d  a t  t h e  f a r m e r s '  h o m e s t e a d s  a n d  f o u n d  i t  

t o  be  1 6 1 1 . 4 0  - + 1 2 . 7 9  1. 

G i r i j a  a n d  N a i r  ( 1 9 8 4 )  s t u d i e d  t h e  l a c t a t i o n  a n d  p e a k  

y i e l d  i n  c r o s s b r e d  c o w s  o f  t h e  t h r e e  l i v e s t o c k  f a r m s  o f  K e r a l a  

A g r i c u l t u r a l  U n i v e r s i t y .  T h e  t o t a l  l a c t a t i o n  y i e l d s  i n  J e r s e y  

a n d  Brown S w i s s  C r o s s b r e d s  w e r e  1 6 7 3 . 6 6  + 4 9 . 9 7  ky a n d  1 9 7 9 . 7 3  

+ 1 0 1 . 7 8  kg r e s p e c t i v e l y .  T h e  l a c t a t i o n  p e r i o d  i n  J e r s e y  - 

c r o s s b r e d s  was 4 2 3 . 4  - + 2 9 . 5 8  d a y s  a n d  t h a t  f . 2 r  Brown Swiss  

c r o s s b r e d s  was 3 4 9 . 7  - + 1 0 . 6 4  d a y s .  T h e  J e r s e y  s Zebu 

c r o s s b r e d s  a t t a i n e d  p e a k  y i e l d  by 4 4 . 7 5  2 1 . 2 3  d a y s  a n d  t h e  

Brown S w i s s  x Zebu c r o s s b r e d s  by 4 9 . 8 6  + 3 . 0 6  day.5. T h e  mean 

p e a k  y i e l d s  w e r e  7 . 9 1  - + 0 . 1 5  kg a n d  7 . 7 0  - + 0 . 3 1  k g  i n  J e r s e y  

a n d  Brown S w i s s  c r o s s b r e d s  r e s p e c t i v e l y .  T h e r e  w e r e  h i g h l y  

s i g n i f i c a n t  c o r r e l a t i o n s  b e t w e e n  p e a k  y i e l d  a n d  t o t a l  

l a c t a t i o n  y i e l d .  

T h e  a v e r a g e  f i r s t  l a c t a t i o n  305  d a y  m i l k  y i e l d  f o r  

Brown S w i s s  c r o s s e s  was  1 4 4 5 . 5  2 7 7 . 9  k g  ( I y p e  -- e t  a l . ,  1 9 8 5 ) .  

S t e p h e n  -- e t  a l .  ( 1 9 8 5 )  f o u n d  t h e  f i r s t  l a c t a t i o n  m i l k  

y i e l d  f o r  305  days i n  ~ e r s e y  h a l f  L r e d s  a s  1 3 5 9 . 2  - + 5 7 . 4  kg 

a n d  Brown S w i s s  h a l f  b r e d s  as  1 4 8 2  - + 1 9 . 7  k y .  



The production p a r a m e t e r s  i n  I n d i a n  c a t t l e  and  

crossbreds ( D a i r y  India, 19873 are p r e s e n t e d  i n  Table 5 .  

Iype -- e t  a l .  ( 1 9 9 3 )  r e p o r t e d  the 3 0 5  d a y  l a c t a t i o n  m i l k  

yield of 1 4 7 9 . 5  - + 1 0 . 3  1 predicted on t h e  b a s i s  of m i l k  

recording a t  f o r t n i g h t l y  i n t e r v a l s  i n  cross b r e d  c a t t l e  of 

Trichur d i s t r i c t  i n  Kerala. 



T a b l e  5 .  The l a c t a t i o n  y i e l d  and  l a c t a t i o n  l e n g t h  o f  I n d i a n  
c a t t l e  a n d  crossbreds  

l a c t a t i on  Lacta t ior l  
Breed y i e l d  l e n g t h  

(kg) ( d a y s j  
__------------------------------------------.--------------------- 

Indian breeds 

DevangS. 

D e o y i r  

Deoni  

G i r  

G a o l a o  

rrall. ikar 

Kangayam 643.6  + 10.5  - 212.0 + 30.0  - 
K a n k r e  j 

Khi:Lari  

R a t h i  

Red S : indh i  

S a h i w a l  

T h a r p a r l ~ a r  

Umblache  r y  

_________-_______-_---------------------------------------------- 
Contd .  



T a b l e  5  ( C o n t d . )  ................................................................. 
l a c t a t i o n  L a c t a t i o n  

Breed y i e l d  l e n g t h  
(kg) (days --------------------------------------------.--------------------- 

Crossbred cattle (Bos indicus F x Bos taurus M) 

H x F '  3 1 9 5 . 5  + 2 0 5 . 0  - 340.0  - + 0 5 . 1  

R x J 

T x F '  

S x F '  



Materials and Methods 



MATERIALS AND METHODS 

The l o c a l  dwar f  c a t t l e  m a i n t a i n e d  u n d e r  t h e  I C A R  

scheme o n  " C o n s e r v a t i o n  o f  ge rmplasm o f  V e c h u r  c a t t l e  o f  t h e  

c o a s t a l  area a n d  t h e  dwar f  c a t t l e  o f  t h e  h i g h  r a n g e s  o f  

K e r a l a "  fo rmed  t h e  m a t e r i a l  f o r  t h e  p r e s e n t  s t u d y  ( F i g . 1 - 5 ) .  

3.1 Cytogenetic studies 

3.1.1 Karyotype and morphology 

The K a r y o t y p e  a n a l y s i s  was  c a r r i e d  o u t  u s i n g  

p e r i p h e r a l  b l o o d  l e u c o c y t e  c u l t u r e  t e c h n i q u e  d e s c r i b e d  by 

Ha lnan  ( 1 9 7 7 )  a n d  Ha lnan  ( 1 9 8 9 )  w i t h  s u i t a b l e  m o d i f i c a t i o n s .  

Culture medium 

The b a s a l  medium u s e d  f o r  l y m p h o c y t e  c u l t u r e  was  RPM1- 

1 6 4 0  ( S I G M A ) .  The c o m p o s i t i o n  o f  t h e  medium i s  a s  f o l l o w s .  

Sodium b i c a r b o n a t e  
( 3 . 5  p e r  c e n t )  

p e n i c i l l i n  ( ~ O , O O O T L L ! ~ ? ~ )  - 0 .25  m l  

P h y t o h e m a g y l u t i n i n  s o l u t i o n  
(20-00 ug/ml)  - S I G M A  - 0.75 m l  

Double  d i s t i l l e d  w a t e r  
( a u t o c ! l a v e d )  u p t o  - 1 0 0  m l  





















I n t o  the c u l t u r e  v i a l  c o n t a i n i n g  5 m l  o f  t h e  medium 

and  2 m l  of a u t o l o g o u s  p l a s m a ,  0 . 7  m l  s f  whole b l o o d  was  added  

a n d  i n c u b a t e d  a t  3 7 O C  f o r  7 0  h o u r s .  A t  t h e  7 0 t h  h o u r  o f  

i n c u b a t i o n  3 . 0 5  m l  o f  C o l c h i c i n e  s o l u t i . c n  ( 1 0  u g / m l ) ,  w a s  

a d d e d  as a  m i t o t i c  arrester a n d  t h e  i n c u b a t i o n  was c o n t i n u e d  

f o r  4 5  m i n u t e s .  H y p o t o n i c  t r e a t m e n t  w i t h  prewarmed K C 1  

s o l u t i o n  ( 0 . 0 7 5  M) was p e r f o r m e d  f o r  s w e l l i n g  t h e  c e l l s  w i t h  

s u b s e q u e n t  d i s p e r s i o n  o f  chromosomes.  F ' i x a t i o n  o f  t h e  c e l l s  

was d o n e  u s i n g  f r e s h l y  p r e p a r e d  f i x a t i v e  c o n t a i n i n g  m e t h a n o l  

and a c e t i c  a c i d  3 :  S l i d e s  o f  m e t a p h a s e  s p r e a d s  were 

p r e p a r e d  a n d  s t a i n e d  w i t h  Giemsa ( 4 % ) .  

K a r y o t y i ~ e s  were p r e p a r e d  a n d  t h e  morpho logy  o f  e a c h  

chromosome was s t u d i e d .  The m o r p h o m e t r i c  s t u d i e s  i n c l u d e d  

r e l a t i v e  l e n g t h ,  arm r a t i o  a n d  c e n t r o m e r i c  i n d e x .  The 

m e a s u r e m e n t s  w e r e  Laken a s  p e r  t h e  Denver  c !onfe rence  i n  1963 

on human chromosomes.  The Pengthofchrornosomes i n  t h e  k a r y o t y p e  

was m e a s u r e d  u s i n g  a  set  o f  c a i i p e r s  w i t h  f i n e  p o i n t s .  

The s i z e  o f  t h e  chromosome was r e p r e s e n t e d  a s  t h e  

r e l a t i v e  l e n g t h .  I t  i s  t h e  ratio o f  t h e  l e n g t h  o f  t h e  

chromosome t o  t h e  t o t a l  l e n g t h  o f  t h e  h a p l o i d  s e t  of 

chromosomes c o n t a i n i n g  t h e  X chromosome. 

A r m  r a t i o  = 
L e n y t h  of t h e  l o n g  arm = 3 
L e n g t h  of t h e  s h o r t  a r m  P  



I -enq th  of the short arm = _e Centromeric index = - - Total length P+9 

The G-banding technique used was the one described by 

Thiayarajan (1993) which was a combination of the techniques 

of Sumner -- et al. (1971) and Seabright (1971). 

3.2 Biochemical polymorphism 

3.2.1 Haemoglobin 

Haemoglobin polymorphism was studied by polyacrylamide 

gel electrophoresis (Gahne - et - al., 1977) with suitable 

modifications. 

Buffers and solutions 

(a) Composition of the electrode buffer 

Tris - 40.4 g 

EDTA - 4.0 g 

Boric acid - 3.0 g 

Distilled water - a d - 2 L  

PM - 8.9 



(b) A c r y l a m i d e  stock s o l u t i o n  ( A )  

A c r y l a m i d e  (SISCO) - 32 g  

1 
N' - N m e t h y l e n e  b i s a c r y l a m i d e  ( S i s c o )  - 0 . 8  y 

D i s t i l l e d  w a t e r  - 1 0 0  m l  

( c )  G e l  b u f f e r  s t o c k  s o l u t i o n  ( B )  

To 1 2 . 5  m l  o f  1 . 5  M T r i s  s o l u t i o n ( 2 . 2 7  g of t r i s  

h y d r o x y  m e t h y l  amino  m e t h a n e  i n  1 2 . 5  m l  d i s t i l l e d  w a t e r )  was 

added 1 1 . 2 5  m l  of d i s t i l l e d  water, 0 . 0 7 5  ml o f  NNNN t e t r a  

m e t h y l a n e  d i a m i n e  (TEMED) a n d  0 . 0 4  m l  o f  p m e r c a p t o  e t h a n o l .  

The p H  was  a d j u s t e d  t o  8 . 3  w i t h  c o n c .  H2S04 a n d  t h e  f i n a l  

volume was a d j u s t e d  t o  25 m l  w i t h  d i s t i l l e d  w a t e r .  

( d )  Ammonium per s u l p h a t e  ( C )  

Ammonium p e r  s u l p h a t e  1 0 0  g was d i s s o l v e d  i n  5 0  m l  

d i s t i l  l e d  w a t e r .  

The a b o v e  s o l u t i o n s  w e r e  p r e p a r e d  a n d  u s e d  on t h e  same 

d a y .  

Working gel solution 

The w o r k i n g  g e l  s o l u t i o n  was  p r e p a r e d  a t  t h e  t i m e  of  

u s e  and  t h e  c o m p o s i t i o n  o f  t h e  s o l u t i o n  was  a s  f o l l o w s :  



A c r y l a m i d e  ( A )  

G e l  b u f f e r  (B) 

D i s t i l l e d  w a t e r  

TEME E) 

Ammonium p e r  s u l p h a t e  ( C )  

( e )  F i x i n g  s o l u t i o n  

Methano l  

A c e t i c  a c i d  

Distilled w a t e r  

( f ) S t a i n i n y  s o l u t i o n  

Coomass ie  b r i l l i a n t  b l u e  R 250 

M e t h a n o l  

G l a c i a l  a c e t i c  a c i d  

D i s t i l l e d  w a t e r  

The d y e  w a s  d i s s o l v e d  i n  t h e  s o l u t i o n  of m e t h a n o l  and 

d i s t i l l e d  w a t e r .  A c e t i c  a c i d  was t h e n  a d d e d  a n d  s t o r e d  i n  

d a r k  b o t . t l e s .  

( g  ) D e s t a i n i n y  s o l u t i o n  

E t h a n o l  

A c e t i c  a c i d  

D i s t i l l e d  w a t e r  

( h )  P r e s e r v i n g  s o l u t i o n  

E t h a n o l  

Acetic a c i d  



G l y c e r o l  

D i s t i l l e d  w a t e r  t o  make u p  1 0 0 0  m l  

The w o r k i n g  g e l  solution was prepared just b e f o r e  u s e  

w i t h  a d d i t i o n  o f  ammonium p e r  s u l p h a t e  a t  t h e  l a s t .  A f t e r  

m i x i n g ,  t h e  s o l u t i o n   as p o u r e d  i n t o  t h e  c e l l  t h r o u g h  t h e  

f u n n e l  a t  t h e  t o p .  A i r  b u b b l e s  i f  a n y  w e r e  removed by 

t a p p i n g .  p o l y m e r i s a t i o n  r e a c t i o n  was c o m p l e t e d  i n  30  m i n u t e s .  

Twenty m i c r o l i t r e s  o f  e a c h  s a m p l e  was  c h a r g e d  i n t o  t h e  

s l o t s  made o n  t h e  g e l ,  u s i n g  a m i c r o  s y r i n g e  a s  q u i c k l y  a s  

p o s s i b l e  t o  a v o i d  d i f f u s i o n  o f  t h e  i n i t i a l  s a m p l e s .  

The s a m p l e s  w e r e  s u b j e c t e d  t o  e l e c t r o p h o r e s i s  a t  250 v  

a t  1 5  mA. Once a  c l e a r  s e p a r a t i o n  o f  t h e  p r o t e i n  v a r i a n t s  was 

o b s e r v e d  which  u s u a l l y  o c c u r r e d  w i t h i n  1+ t o  2 h o u r s ,  t h e  

e l e c t r o p h o r e s i s  was  d i s c o n t i n u e d .  

Gel fixation and staining 

The g e l  w a s  t h e n  t r a n s f e r r e d  t o  t h e  f i x a t i v e  and k e p t  

i n  t h e  f i x i n g  s o l u t i o n  f o r  o n e  o r  two h o u r s .  T h i s  a v o i d s  l o s s  

o f  s o l u b l e  p r o t e i n s  and  m i n i m i s e s  t h e  d i f f u s i o n .  The g e l  was 

k e p t  i n  t h e  s t a i n i n g  s o l u t i o n  for  two  h o u r s .  

Destaining 

The g e l  was  t h e n  t r a n s f e r r e d  t o  t h e  d e s t a i n i n g  

s o l u t i o n  a n d  k e p t  3 t o  4 h o u r s .  The s o l u t i o n  w a s  f r e q u e n t l y  



c h a n g e d  u n t i l  t h e  b a n d l e s s  portion o f  t h e  g e l  become 

c o l o u r l e s s .  

The g e l s  w e r e  p r e s e r v e d  i n  t h e  p r e s e r v i n g  s o l u t i o n  f o r  

s u f f i c i e n t l y  l o n g  d u r a t i o n .  

The g e n o t y p e  and  g e n e  f r e q u e n c i e s  w e r e  e s t i m a t e d  by 

d i r e c t  c o u n t i n g  method.  

The h e t e r o z y g o c i t y  a t  h a e m o g l o b i n  l o c u s  was  estimated 

a s  p e r  t h e  method d e s c r i b e d  by N e i  a n d  Roy C h o u d h a r i  ( 1 9 7 4 ) .  

T h e  p o p u l a t i o n  w a s  t e s t e d  f o r  g e n e t i c  e q u i l i b r i u m  a t  

t h e  haernoglobin  l o c u s  by e m p l o y i n g  x2 t e s t  o f  s i g n i f i c a n c e .  

3.2 .2  Transferrin 

T r a n s f  e r r i n  po l  ymorphism was a l s o  s t u d i e d  by 

p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  a s  d e s c r i b e d  by Gahne - e t  

a l .  ( 1 9 7 7 ) .  T h e s e  g e l s  a l l o w e d  t h e  s i m u l t a n e o u s  p h e n o t y p i n g  - 
of t r a n s f e r r i n ,  p o s t  t r a n s f e r r i n  a l b u m i n  a n d  p o s t  a l b u m i n  i n  

t h e  b l o o d  se rum o f  c a t t l e .  The method was  s i m i l a r  t o  t h a t  f o r  

haemoylob in  e x c e p t  f o r  t h e  d i f f e r e n c e s  i n  t h e  c o m p o s i t i o n  of  

t h e  s o l u t i o n s  u s e d .  The se rum s e p a r a t e d  f rom t h e  b l o o d  was 

u s e d  f o r  t h e  e l c t r o p h o r e s i s .  



( a )  Com2os i t i on  o f  t h e  e l e c t r o d e  b u f f e r  

T r i s  - 1 6  g 

B o r i c  a c i d  - 4  Y 

D i s t i l l e d  w a t e r  - 2000 m l  

( b )  Ac ry l amide  s t o c k  s o l u t i o n  f o r  1 2  g e l s  ( S o l u t i o n  A )  

Acry l amide  - 160  g 

B i s a c r y l a m i d e  - 4 Y 

D i s s o l v e d  i n  350 m l  d i s t i l l e d  w a t e r  a n d  made up t h e  

volume t o  500 m l  and f i l t e r e d  u s i n g  Whatman f i l t e r  p a p e r  

( c )  G e l  b u f f e r  s t o c k  s o l u t i o n  ( S o l u t i o n  B )  

S t o c k  T r i s  - 45 g T r i s  i n  250 m l  d i s t i l l e d  w a t e r  

S t o c k  c i t r i c  a c i d  - 1 0  y c i t r i c  a c i d  i n  250 m l  

d i s t i l l e d  w a t e r  

Twenty m l  o f  s t o c k  t r i s ,  200 m l  s t o c k  c i t r i c  a c i d  and 

1 . 2  r n l  TEMED and 400 m l  o f  B  m e r c a p t o e t h a n o l  w e r e  mixed.  

( d )  Ammonium p e r  s u l p h a t e  ( S o l u t i o n  C )  

0.8 g o f  ammonium p e r  s u l p h a t e  d i s s o l v e d  i n  400 m l  

d i s t i l l e d  w a t e r .  



C a s t i n g  of gels 

The q u a n t i t y  of  s o l u t i o n s  r e q u i r e d  f o r  t h e  d i f f e r e n t  

l a y e r s  o f  t h e  g e l  a r e  g i v e n  i n  T a b l e  6 .  

T a b l e  6 .  The q u a n t i t y  of s o l u t i o n s  r e q u i r e d  f o r  t h e  d i f f e r e n t  
l a y e r s  o f  t h e  g e l .  

I l a y e r  I1 l a y e r  I11 l a y e r  
S o l u t i o n s  1 2 %  6% 8 %  

( 3  g e l s )  ( 1 2  g e l s )  ( 1 2  g e l s  ............................................................. 

D i s t i l l e d  w a t e r  28 m l  1 0 0  m l  45 m l  

S o l u t i o n  A 84 m l  4 5  m l  3 0  m l  

S o l u t i o n  B 56  m l  35 m l  1 5  rnl 

S o l u t i o n  C 56 m l  6 0  m l  30 m l  

TEME r) - - 60 u l  60 u l  

Twenty m i c r o l i t r e s  o f  s e r u m  was f i l l e d  i n  t h e  s l o t s  

a n d  e l e c t r o p h o r e s i s  was d o n e  as  i n  t h e  case o f  haemoglob in  a t  

20 rnA a n d  v o l t a g e  w a s  a d j u s t e d  t o  250 v .  T o t a l  t i m e  f o r  

e l e c t r o p h o r e s i s  was  6  h o u r s .  G e l  f i x a t i o n ,  s t a i n i n g ,  

d e s t a i n i n g  a n d  p r e s e r v a t i o n  o f  g e l s  w e r e  d o n e  a s  i n  t h e  case 

o f  h a e m o g l o b i n .  

The f r e q u e n c y  o f  d i f f e r e n t  a l l e l e s  and  g e n o t y p e s  were 

studied as in t h e  case of h a e m o g l o b i n .  



3 . 3  G r o w t h  s t u d i e s  

The body w e i g h t  and measurements such  a s  l e n g t h ,  c h e s t  

g i r t h  and h e i g h t  were t a k e n  f o r  a l l  t h e  a d u l t  an ima l s .  The 

b i r t h  we igh t  and body measurements and s u b s e q u e n t  f o r t n i g h t l y  

body we igh t s  and measurements o f  t h e  c a l v e s  u p t o  o n e  y e a r  of 

a g e  w e r e  r eco rded .  The a v e r a g e s  o f  t h e s e  v a l u e s  s e p a r a t e l y  

and f o r  t h e  f o u r  p e r i o d s  i .e .  f o r t n i g h t s  0-6, 7-12, 13-18 and 

19-24 w e r e  e s t i m a t e d  and s t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  was 

done by t h e  method s u g g e s t e d  by Snedecor  and Cochran ( 1 9 6 7 ) .  

From t h e  f o r t n i g h t l y  a v e r a g e s  on body w e i g h t s  and measurements 

g raphs  were p l o t t e d .  The a v e r a g e  d a i l y  we igh t  g a i n  w a s  

c a l c u l a t e d .  

3.4 P r o d u c t i o n  per formance  

Weekly morning and even ing  mi lk  y i e l d s  w e r e  r eco rded .  

The a v e r a g e s  of  t h e  weekly y i e l d s  w e r e  t a k e n  and graph was 

p l o t t e d .  The a v e r a g e s  of t h e  t o t a l  l a c t a t i o n  y i e l d ,  l a c t a t i o n  

l e n g t h ,  d a i l y  y i e l d ,  peak y i e l d  and days  t o  a t t a i n  peak y i e l d  

were c a l c u l a t e d  (Snedecor  and Cochran, 1 9 6 7 ) .  





RESULTS 

4.1 Cytogenetic studies 

4.1.1 Chr~m0~0me number and morphology 

The metaphase spreads and karyotypes of the male and 

female dwarf cattle were prepared (Figures 6 to 9 ) .  The 

karyotype analysis of 52 animals revealed a diploid chromosome 

number of 60 comprising of 58 autosomes and two sex 

chromosomes. The chromosomes were arranged within the 

karyotype in the descending order of the size from left to 

right in five rows of six pairs each, with the sex chromosomes 

occupying the last position. The females were with XX and 

males XY sex chromosomes. 

All the 29 pairs of autossifles were acrocentric in 

appearance. The X chrarnosomes in both sexes showed a biarrned 

submetacentric appearance. The Y chromosomes were 

acrocentric . 

4.1.2 Morphometric studies 

4.1.2.1 Relative length 

The relative i e n q t h  of ~hromosomes are presented in 

Fig.10. The reiative lexgth sf autosornes ranged from 1.758 



Fig.6. Metaphase spread of the female dwarf c a t t l e  



















F ig.10 Relative length of chromosomes 



to 5.431 per cent. The relative length of X chromosome was 

found to be 5.591 per cent and that of the Y chromosome was 

2.875 per cent. In the karyological array, the X chromosome 

oocu;pied the first position. 

4.1 .2 .2  Arm ratio 

All the autosomes and Y chromosome were acrocentric 

and hence measurements were available only for one arm, the 

arm ratio for autosomes as well as Y chromosome could not be 

estimated. 

The X chromosome was biarrned and the arm ratio was 

found to be 2.182. 

4.1.2.3 Centromeric index 

The autosomes and Y chrcz,~zmes were found to be 

acrocentric and hence the centromeric indices were zero. Only 

the X chromosome had centromeric index of 0.314. 

4.1.3 G-banding pattern of chromosomes 

The morphology of the chromosomes were studied in 

detail using the G-banding technique. The G-banded karyotypes 

of the male and female dwarf cattle are given in the Figures 

11 and 1 2 .  Idiograms were prepared for the G-banded 

chromosomes and presented in Figures 13 and 14. 



Fiy.11. G-banded k a r y o t y p e  of the female dwarf cattle 









F i y . 1 3 .  I d iog ram of the G-banded chromosomes 1-18 







A t o t a l  o f  7 2  r e g i o n s  and 3 1 4  G-bands were obse rved  i n  

t h e  k a r y o t y p e  o f  t h e  dwarf c a t t l e .  The r e g i o n s  of t h e  

chromosomes were i d e n t i f i e d  as  p e r  t h e  s t a n d a r d  nomenc la tu re  

f o r  - B o s  t a u r u s .  Based on t h e  G-banding p a t t e r n ,  t h e  

chromosomes o f  t h e  dwarf ca t t l e  are a s  f o l l o w s .  

Chro:mosome 1 - Four r e g i o n s ,  2 0  G-bands, 1 0  p o s i t i v e  bands.  

D i s t a l  p o s i t i v e  band. 

Chro:mosome 2 - Four r e g i o n s ,  1 7  G-bands, 8 p o s i t i v e  bands.  

D i s t a l  n e g a t i v e  band. 

Chromosome 3 - T h r e e  r e g i o n s ,  1 5  G-bands, 8 p o s i t i v e  bands .  

D i s t a i  n e g a t i v e  band. 

Chro:mosome 4 - T h r e e  r e g i o n s ,  1 5  G-bands, 7 p o s i t i v e  bands.  

D i s t a l  n e g a t i v e  band. 

Chro:rnosome 5 - T h r e e  r e g i o n s ,  1 2  G-bands, 6 p o s i t i v e  bands.  

D i s t a l  p o s i t i v e  band.  

Chro:mosome 6 - T h r e e  r e g i o n s ,  1 4  G-bands, 7 p o s i t i v e  bands.  

D i s t a l  p o s i t i v e  band. 

Chro:mosome 7 - Two r e g i o n s ,  1 3  G-bands, 6 p o s i t i v e  bands.  

D i s t a l  n e g a t i v e  band. 

Chroi~~osome 8 - Two r e g i o n s ,  1 4  G-bands, 7 p o s i t i v e  bands.  

D i s t a l  p o s i t i v e  band. 



Chromosome 9 - Two r e g i o n s ,  12  G-bands, 6 p o s i t i v e  bands. 

D i s t a l  p o s i t i v e  band. 

Chromosome 1 0  - Three r e g i o n s ,  1 2  G-bands, 6 p o s i t i v e  bands. 

D i s t a l  n e g a t i v e  band. 

Chromosome 11 - Two r e g i o n s ,  1 0  G-bands, 5  p o s i t i v e  bands. 

D i s t a l  n e g a t i v e  band. 

Chromosome 1 2  - Two r e g i o n s ,  11 G-bands, 5 p o s i t i v e  bands. 

D i s t a l  n e g a t i v e  band. 

Chromosome 1 3  - Two r e g i o n s ,  11 G-bands, 5 p o s i t i v e  bands. 

D i s t a l  n e g a t i v e  band. 

Chromosome 1 4  - Two r e g i o n s ,  1 0  G-bands, 5 p o s i t i v e  bands. 

Dista: p o s i t i v e  band. 

Chroinosome 1 5  - Two r e g i o n s ,  7 G-bands, 4 p o s i t i v e  bands. 

D i s t a l  p o s i t i v e  band. 

Chro~nosome 1 6  - Two r e g i o n s ,  8 G-bands, 4 p o s i t i v e  bands. 

D i s t a l  n e g a t i v e  band. 

Chrornosome 1 7  - Two r e g i o n s ,  8 G-bands, 4 p o s i t i v e  bands. 

D i s t a l  p o s i t i v e  band. 

Chromosome 1 8  - Two r e g i o n s ,  7 G-bands, 3 p o s i t i v e  bands. 

D i s t a l  n e g a t i v e  band. 



Chrom.osome 1 9  - Two r e g i o n s ,  1 0  G-bands, 5 p o s i t i v e  bands. 

D i s t a l  p o s i t i v e  band. 

Chrorrlosome 2 0  - Two r * j i o n s ,  8 G-bands, 4 p o s i t i v e  bands. 

D i s t a l  p o s i t i v e  band. 

Chrom~osome 2 1  - Two r e g i o n s ,  7 G-bands , 3 p o s i t i v e  bands. 

D i s t a l  n e g a t i v e  band. 

Chromosome 2 2  - Two r e g i o n s ,  6 G-bands, 3 p o s i t i v e  bands. 

D i s t a l  p o s i t i v e  band. 

Chromosome 2 3  - Two r e g i o n s ,  7 G-bands, 3 p o s i t i v e  bands. 

D i s t a l  n e g a t i v e  band. 

Chromosome 24 - Two r e g i o n s ,  7 G-bands, 3 p o s i t i v e  bands. 

D i s t a l  n e g a t i v e  band. 

Chromosome 2 5  - Two r e g i o n s ,  6 G-bands, 3 p o s i t i v e  bands. 

D i s t a l  p o s i t i v e  band. 

Chromosome 2 6  - Two r e g i o n s ,  5 G-bands, 2 p o s i t i v e  bands. 

D i s t a l  n e g a t i v e  band. 

Chromosome 2 7  - Two r e g i o n s ,  7 G-bands, 3 p o s i t i v e  bands. 

D i s t a l  n e g a t i v e  band. 

Chromosome 2 8  - One r e g i o n ,  6 G-bands, 3 p o s i t i v e  bands. 

D i s t a l  p o s i t i v e  band. 



Chro.mosome 29 - One r e g i o n ,  5 G-bands,  2 p o s i t i v e  bands .  

Chro~mosome Xp - Two r e g i o n s ,  7 G-bands, 4 p o s i t i v e  bands .  

Dis ta l  p o s i t i v e  band .  

Chromosome X q  - F o u r  r e g i o n s ,  10 G-bands,  5 p o s i t i v e  bands .  

Dis ta l  n e g a t i v e  band .  

Chromosome Y q  - One r e g i o n ,  7 G-bands, 3 p o s i t i v e  bands .  

D i s t a l  n e g a t i v e  band .  

P a l e  o r  dark  d i s t a l  p o s i t i v e  G-bands w e r e  o b s e r v e ?  

i n  chromosome numbers  1, 5,  6 ,  8,  9 ,  1 4 ,  1 5 ,  1 7 ,  1 9 ,  20 ,  22,)?i,  

2 8  and  t h e  ' p '  a r m  o f  X .  D i s t a l  n e g a t i v e  G-bands were s e e n  i n  

chromosome numbers  2 ,  3 ,  4 ,  7 ,  1 0 ,  11, 1 2 ,  1 3 ,  1 6 ,  1 8 ,  2 1 ,  2 3 ,  

2 4 ,  2 6 ,  2 7 ,  2 9  and  t h e  q a r m  o f  X .  The Y chromosome had t h e  q 

arm o n l y  w i t h  s e v e n  G-bands. 

4.2  B i o c h e m i c a l  po lymorph ism 

4 . 2 . 1  Haemoglobin  

Fifty two a n i m a l s  were t y p e d  f o r  t h e  haemoglob in  

v a r i a n t s .  They were found  t o  p o s s e s s  t w o  t y p e s  o f  haemoglobin  

v a r i a n t s  - t h e  f a s t  moving B a n d  t h e  s l o w  moving A t y p e .  

T h r e e  p h e n o t y p e s  v i z .  H b  AA,  H b  AB and  HbBB w e r e  o b s e r v e d  

( F i g . 1 . 5 ) .  



Fig.15. Haemoylobin polymorphism of the dwarf cattle 





The p h e n o t y p i c  and gene  f r e q u e n c i e s  w e r e  e s t i m a t e d .  

The f r e q u e n c i e s  o f  HbAA, 1ihAB and HbBB a r e  0 .404,  0.384 and 

0.212 r e s p e c t i v e l y .  The gene  f r e q u e n c y  o f  HbA a l l e l e  was 

B found t o  b e  0.596 and t h a t  o f  Hb a l l e l e  w a s  0.404. 

The g e n e t i c  v a r i a b i l i t y  o f  t h e  p o p u l a t i o n  a t  t h e  

haemoglobin l o c u s  was measured by h e t e r o z y g o c i t y  which came t o  

0.4815. 

The p o p u l a t i o n  w a s  t e s t e d  f o r  g e n e t i c  e q u i l i b r i u m  a t  

t h e  Hb l o c u s .  The o b s e r v e d  numbers and  t h e  e x p e c t e d  numbers 

were g i v e n  i n  t h e  T a b l e  7.  The e x p e c t e d  number of 

h e t e r o z y g o t e s  was more t h a n  t h e  o b s e r v e d  and  i n  t h e  c a s e  of  

homozygotes it was less. But t h e  d i f f e r e n c e  was n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  

4.2.2 Transferrin 

S i x  t r a n s f e r r i n  pheno types ,  Tf AA, Tf DD,  Tf E E ,  Tf 

A 
AD, Tf AE and Tf DE c o n t r o l l e d  by - 3  a l l e l e s ,  Tf , ~ f ~ ,  ~ f ~  i n  

o r d e r  of d e c r e a s i n g  m o b i l i t i e s  t owards  t h e  anode  w e r e  

obse rved  on t y p i n g  52  a n i m a l s  ( F i g . 1 6 ) .  Each a l l e l e  

e x h i b i t e d  f o u r  e l e c t r o p h o r e t i c a l l y  d i s t i n c t  bands ,  t h e  f a s t e s t  

of  t h e s e  f o u r  bands  b e i n g  t h e  weakes t .  The number o f  bands  i n  

a  h e k o z y g o u s  i n d i v i d u a l  depended upon t h e  m o b i l i t i e s  of  t h e  

bands  o f  two a l l e l e s  f o r  which it w a s  h e t e r o z y g o u s .  



T a b l e  7 .  The o b s e r v e d  and e x p e c t e d  number of haemoglob in  
p h e n o t y p e s  i n  t h e  d w a r f  c a t t l e  

H b .  P h e n o t y p e s  .............................................................. 
AA AB BB 2 

X v a l u e  
( d f  . 2 )  

O b s e r v e d  No. 2 1  2 0  11 

E x p e c t e d  1 8 . 4 9  25 .04  8 . 4 8  2 . 1 0  



F i g . 1 6 .  T r a n s f e r r i n  polymorphism of the dwarf c a t t l e  





r ~ '  ~ a e  p h e n o t y p i c  end gene  f r e r p e n c k e s  were e s t i m a t e d .  

The 2 z e q u z n c ~ e s  of TZ AA, TZ DD, Tf E E ,  Tf AD, TC AX snc3 Tf DE 

wcse O.L?L, ?.5E3, 6.125, 6.031, 0-53; and 0.219 r e z 2 e e t i v e l y .  

A D The gene  f r e q u e n c i e s  o f  Tf , T f  and ~f~ were 0.063, 

Ce573 and 0.359 r e s p e c t i v e l y .  

4 , 3  Growth studies 

The body measurements  such  a s  l e n g t h ,  h e a r t  e i r t h  and 

h e i a k t  and body w e i g h t s  of 3 1  c a l v e s  were s t u d i e d .  The 

r e c o r C i n g s  w e r e  done a t  f o r t n i g h t l y  i n t e r v a l s  f rom b i r t h  t o  

ene y e a r  of age .  The b i r t h  w e i g h t s  and body measurements  o f  

c ~ l v e s  a r e  p r e s e n t e d  i n  T a b l e  8.  Male c a l v e s  had h i g h e r  

we ig3 t  and body measurements  a t  b i r t h .  The mean b i r t h  we lgh t  

sz f e m a l e s  and males  were 10.78 - + 0.40 kg w i t h  a  c o e f f i c i e n t  

or v a r i a t i o n  of 15.02 p e r  c e n t  and 12.55 - + 0.31 kg w i t h  a  

c o e f f i c i e n t  of v a r i a t i o n  of  7.86 p e r  c e n t  r e s p e c t i v e l y .  

The mean body w e i g h t s  and  measurements  from birth t o  

o n t  y e a r  o f  a g e  a t  f o r t n i g h t l y  i n t e r v a l s  f o r  males  and females  

a r e  p r e s e n t e d  i n  f i g u r e s  1 7  and 18.  From t h e  g r a p h  it i s  

c l e a r  t h a t  t h e  g i r t h  a n e  b ~ d y  w e i g h t  shew3 a p o s i t i v e  

c o r r e l a t i o n  f rom b i r t h  Lo t h e  2 4 t h  :orknight .  The a v e r a g e  

Z o r t z i g i ~ t l y  body w e i g h t s  of female  and maie c a l v e s  



T a b l e  8. The mean b i r t h  w e i g h t  a n d  body m e a s u r e m e n t s  o f  c a l v e s  o f  t h e  d w a r f  c a t t l e  

F e m a l e s  Males O v e r a l l  
P a r a m e t e r  .................... .................... 

Mean CV% Mean CV% Mean CV% 
___^-_--____----_-------------------------------------------------------.-------------------- 

B i r t h  w e i g h t  1 0 . 7 8  - + 0.40 15 .02  12 .55+  - 0 .31  7.85 11.46 + 0 . 3 2  14.41 - 
( k g )  ( 1 6 )  (15) ( 3 1 )  

Leng th  ( c m )  45.93 - + 0.74 6 .46 46 .3  - + 0 . 5 1  3 .48  46.07 - + 0 .49  5 . 5 1  
( 1 6 )  ( 1 5 )  ( 3 1 )  

Heart g i r t h  5 3 . 0 3  - + 0.62 4.69 53.8  - + 0.89 5.24 53 .32  + 0 . 5 1  4.96 
(-1 (16) (15) (31) - 

( H e i g h t  (cm) 

Number of o b s e r v a t i o n s  g i v e n  i n  p a r e n t h e s i s  





Fig.18 Body weight and measurements in 
female calves 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 16 17 18 19 20 21 22 23 24  

Weeks 

+ Length + ~ e a r t  girth ~ e l g h l  * weight 



u p t o  o n e  y e a r  o f  a g e  are p r e s e n t e d  i n  T a b l e  9 .  T h e r e  i s  a 100 

p e r  c e n t  i n c r e a s e  i n  b i r t h  w e i g h t  by  t h e  5 t h  f o r t n i g h t  and  a  

t h r e e  f o l d  i n c r e a s e  by t h e  1 0 t h  f o r t n i g h t .  The a v e r a g e  

l e n g t h ,  g i r t h  a n d  h e i g h t  of calves a t  f o r t n i g h t l y  i n t e r v a l s  

are p r e s e n t e d  i n  T a b l e s  1 0 ,  11 and 1 2  r e s p e c t i v e l y .  

The w e i g h t  g a i n  f o r  f o u r  p e r i o d s  i . e .  f o r t n i g h t s  0-6,  

7-12,  13-18 a n d  1 9 - 2 4  o f  female a n d  rnale c a i v e s  w e r e  

e s t i m a t e d .  The g a i n  i n  w e i g h t  f o r  t h e  a b o v e  p e r i o d s  e x p r e s s e d  

a s  a p e r c e n t a g e  o f  t h e  i n i t i a l  w e i g h t  was a l s o  e s t i m a t e d  

( T a b l e  1 3 ) .  

The mean body w e i g h t s  a n d  m e a s u r e m e n t s  o f  30 a d u l t  

a n i m a l s  &re p r e s e n t e d  i n  T a b l e  1 4 .  The a v e r a g e  body w e i g h t s  

o f  f e m a l e s  a n d  males w e r e  126 .90  + 3 . 5 6  kg a n d  210.5 + 1 5 . 7 4  - -.- 

kg r e s p e c t i v e l y .  

4.4 Product! .Tn perfom-ance 

The w e e k l y  m i l k  y i e l d s ( 2 8  c o w s j w e r e  r e c o r d e d  f rom t h c  

f i r s t  t o  t h e  4 4 t h  week. The mean l a c t a t i o n  y i e l d ,  l a c t a t i o n  

l e n g t h ,  p e a k  y i e l d ,  d a y s  t o  a t t a i n  p e a k  y i e l d  a n d  d a i l y  y i e l d  

w e r e  e s t i m a t e d  a n d  p r e s e n t e d  i n  T a b l e  1 5 .  The mean t o t a l  

l a c t a t i o n  y i e l d  was 471.68 - + 38 .72  kg  w i t h  C . V .  o f  45 .29 p e r  

c e n t  i n  a n  a v e r a g e  l a c t a t i o n  l e n g t h  o f  217 + 1 6 . 5  d a y s  w i t h  a  - 



T a b l e  9 .  Average body w e i g h t s  ( k g )  o f  c a l v e s  o f  t h e  dwar f  
c a t t l e  a t  f o r t n i g h t l y  i n t e r v a l s  

Females  Males 
Fortr1ight.s  ..................... ..................... 

Mean CV % Mean cv % 
-----.--------------------------------------------------------- 

( A t  b i r t h  
w e i g h t )  

.............................................................. 
C o n t d .  



Table 9 (Contd.) .............................................................. 
Females Males 

Fortnights ..................... ..................... 
Mean CV % Me an CV b 

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

- -- 

Number of observations in females = 16 

Number of observations in males = 15 



Table 1 0 .  A v e r a g e  l e n g t h  (cms) of c a l v e s  of t h e  dwarf c a t t l e  
a t  f o r t n i g h t l y  i n t e r v a l s  

Fernales Males 
F o r t n i  yht s ..................... ..................... 

Mean CV 8 Mean CV '2, .............................................................. 

(At birth) 

-----,------------------ ....................................... 
Contd.  



Table 10 (Contd.) 

Females Males 
Fortnights ..................... ..................... 

Mean CV 8 Mean CV % -------------------------------------------------------------- 

- - -- - -- 

Number of observations in females = 16 

Number of observations in males = 15 



Table 11. Average heart girth (cms) of calves of the dwarf 
cattle at fortnightly intervals 

Females Males 
F o r t n i g h t s  ..................... ..................... 

Mean CV % Mean CV % ............................................................... 

( ~ t  birth) 

.............................................................. 
Contd. 



Table 11 ( C o n t d . )  ............................................................... 
F e ~ ~ ~ a l e s  Males 

F o r t n i g h t s  ..................... ..................... 
Me a n  CV % Mean CV % 

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

- - 

Number of observations in females = 16 

Number of observations i n  males = 15 



T a b l e  1 2 .  Average h e i g h t  (crns) of c a l v e s  of t h e  dwarf c a t t l c  
a t  f o r t n i g h t l y  i n t e r v a l s  

Females Males 
Fortzniyht s ..................... ..................... 

Me an CV % Mean CV % .............................................................. 

( A t  b i r t h )  

.............................................................. 
Contd. 



Table 12 (Contd.) 
-----------------------.--------------------------------------- 

Females Males 
Fortnights ----+--------------_I ..................... 

Me an CV % Mean CV % .............................................................. 

- 

Number of observations in females = 16 

Number of observations in males = 15 



Table 13. Growth rate of male and female calves of the dwarf 
cattle 

Actual daily gain in Weight gain as a 
Fortnights weight Ck9.j - percentage of t h e  

initial w e i g h t t 4  ............................ -------------------- 
Female Male Female Male ................................................................ 

Number of observations in females = 16 

Number of observations in males = 15 



Table 14. The mean body weight and measurements of adult 
dwarf cattle 

Females Males 
Parameter .................... ..................... 

Mean CV% Mean CV% ............................................................... 

Body weight 126.90 - + 3.56 16.39 210.5 - + 15.74 14.95 
(kg) (26 ( 4 )  

Length (cm) 

Heart girth 115.60 - + 1.32 5.82 146.0 - + 2.92 1.99 
(cm) (26) (4) 

(Heiyht (cm) 87.53 - + 0.82 4.80 107.5 - + 1.35 2.50 
(26) (4) 

- -- 

Number of observations given in parenthesis 



Table 15. T h e  mean  p r o d u c t i o n  p e r f o r m a n c e  of t h e  d w a r f  c a t t l e  

- 
P a r a m e t e r  No.of  Mean C . V . $  

COWS ______________---_------------------------- ------------------_ 

T o t a l  l a c t a t i o n  y i e l d  ( k g )  2 8  4 7 1 . 6 8  + 3 8 . 7 2  - 45 .29  

L a c t a t i o n  l e n g t h  ( d a y s )  2 8  2 1 7 . 0 0  + 1 6 . 5 0  - 3 2 . 2 0  

D a i l y  y i e l d  ( k g )  2 8  2 . 1 7  + 0 . 1 1  - 2 9 . 4 8  

P e a k  y i e l d  ( k g )  2 8  3 . 7 1  + 0 .16  - 2 1 . 5 1  

D a y s  t o  a t t a i n  p e a k  y i e l d  2 8  2 3 . 2 3  + 1 . 7 0  - 3 7 . 3 8  



C.V.  o f  32.2 p e r  c e n t .  The a v e r a g e  d a i l y  y i e l d  was 2.15 + - 
0.11  kg ( C V .  2 7 . 4 8 % ) .  The dwarf c a t t l e  a t t a i n e d  a mean peak 

y i e l d  of  3 .71  - + 0.16 kg ( C . V .  21 .51%)  i n  23.23 + 1.70 d a y s  - 
( C . V .  3 7 . 3 8 % ) .  

A g r a p h  was p l o t t e d  w i t h  t h e  a v e r a g e  weekly y i e l d s  

F i g  .IS. I t  shows t h a t  by t h e  3 r d  week peak  p r o d u c t i o n  i s  

a t t a i n e d  and t h e r e a f t e r  t h e  p r o d u c t i o n  d r o p s  showing a  less 

p e r s i s t e n t  t r e n d .  







DISCBJSSION 

5.1 Cytogenetic studies 

5.1.1 Chromosome number and morphology 

The d i p l o i d  ehromcsome numSar of t h e  dwarf  c a t t l e  was 

found t o  be 60 (Fig. 6 - 9 )  which a g r e e d  w i t h  t h o s e  report-d by 

C i ~ i i ~ r e l l i  . (1960), C r o s s l e y  and  C l a r k e  (19621 ,  

,- Jus;:av;son ( 1 9 6 6 ) )  B G s r u r  and Maon ( 1 9 6 7 )  and R a y h u n a n d a n ~ ~ n  

( 1 9 8 8 )  . 

~ l l  t h e  2 9  p a i r s  of au tosomes  wore a c r o c e n t r i c .  T h e  7: 

chromosomes i n  b o t h  sexes showed a bfarrred s u b m e t a c ? n t r i e  

a p p e a r t n c e  ann t h e  Y chromosomes were a c r o c e n t r i c .  These  

o b s e r v a t i o n s  were i n  ag reemen t  w i t h  t h o s e  o f  K i e f f e r  and 

C a r t w r i y h t  ( 1 9 6 8 ) )  P o t t e r  -- ei; al. (19791,  Yadav e t  a l .  (1984), -- 
Strazinger g .  ,19573 and Raghunandanan (1988) i n  - B o s  

i n d i c u s  c a t t l e .  T h e r e  had been  e x t e n s i v e  u s e  of exotic b u l l s  

s i n c e  35 y e a r s  i n  t h e  a r e a  f rom where  t h e  dwarf  c a t t l e  were  

c o l l e c t e d  and t h e  p r o b a b i l i t y  o f  i n h e r i t a n c e  f rom a n  e x o t i c  

s i re  i n  t h e  p a r e n t  g e n e r a t i o n  o r  e a r l i e r  g e n e r a t i o n  i s  q u i t t  

h i g h .  B u t  t h e  a c r o c e n t r i c  Y p o i n t s  t o  t h e  f a c t  t h a t  t h e  bull: 

s t u d i e d  had t h e i r  i n h e r i t a n c e  f r o m  l o c a l  dwarf  c a t t l e .  T h i s  

showed t h a t  t h e  chromosome p r o f i l e  of t h e  dwarf c a t t l e  



r e s e m b l e d  t h a t  o f  t h c  30s i n d i c u s  g roup .  A s  s u g g e s t e d  by - 
K i e f f e r  and C a r t w r i y h t  ( 1 9 6 8 ) ,  it c a n  be c o n c l u d e d  t h a t  t h e  

p o s i t i o n  o f  t h e  c e n t r o m e r e  o f  t h e  Y chromosome m i g h t  have  

o r i g i n a t e d  t h r o u g h  a  p e r i c e n t r i c  i n v e r s i o n .  K i e f f e r  and 

C a r t w r i g h t  ( 1 9 6 8 )  and P o t t e r  -- e t  a l .  ( 1 9 7 9 )  r e p o r t e d  s i m i l a r i t y  

i n  t h e  o v e r a l l  s i z e  of  t h e  chromosomes o f  Bos i n d i c u s  and Bos - - 
t a u r u s .  -- 
5.1.2 Morphometric studies 

5 .1 .2 .1  R e l a t i v e  l e n g t h  

The r e l a t i v e  l e 2 g t h  o f  au to somes  r a n g e d  f rom 1 .757  t o  

5 .431  pe r  c e n t .  The l a r g e s t  o f  t h e  chromosome was t h e  X 

chromosome w i t h  a  r e l a t i v e  l e n g t h  o f  5 .591 p e r  c e n t .  T h i s  das 

i n  ag reemen t  w i t h  t h e  r e p o r t s  o f  t h e  s t u d i e s  c o n d u c t e d  i n  t h e  

zebu c a t t l e  by S a h a i  ( 1 9 8 2 )  and Raghunandanan ( 1 9 8 8 ) .  

5 .1 .2 .2  A r m  r a t i o  

S i n c e  a l l  t h e  au tosomes  and  Y chrcmosome w e r e  

a c r o c e n t r i c  t h e  measurements  were  a v a i l a b l e  o n l y  f o r  o n e  arm 

and h e n c e  t h e  arm r 3 t i o  c o u l d  n c t  b e  estimated. Fo r  X 

chromosome t h e  arm r a t i o  w a s  estimated t o  b e  2.182. T h i s  

finding i s  i n  ayreemeilL with t h o s e  r e p o r t e d  by Raghunandanan 

(1988)  i n  l o c a l  c a t t l e .  



5 . 1 . 2 . 3  Cen t romer i c  i n d e x  

The c e n t r o m e r i c  i n d e x  was found t o  b e  z e r o  f o r  t h e  

autosomes and Y chromosomes as t h e y  were a c r o c e n t r i c .  The 

c e n t r o m e r i c  i n d e x  o f  0 .314  e s t i m a t e d  i n  t h e  p r e s e n t  s t u d y  i s  

com,parable t o  t h a t  o f  Rayhunandanan ( 1 9 8 8 )  r e p o r t e d  i n  l o c a l  

c a t . t l e  ( 0 . 3 6 5 ) .  

5.1.3 G-Banding p a t t e r n  of chromosomes 

The u s e  o f  t h e  band ing  p a t t e r n  i s  e s s e n t i a l  f o r  t h e  

a c c u r a t e  i d e n t i f i c a t i o n  o f  i n d i v i d u a l  chromosomes. The G- 

banding  t e c h n i q u e  d e s c r i b e d ,  p roduced  a  c h a r a c t e r i s t i c  banding  

p a t t e r n  i n  e a c h  chromosome and a l l o w e d  p a i r i n g  o f  homologous 

chromosome p a i r s  i n  t h e  dwarf c a t t l e  genome. The r e s o l u t i o n  

a f f o r d e d  by t h e  banding  p a t t e r n  i s  dependen t  on t h e  number of  

bands ,  t h e i r  s i z e ,  s t a i n i n g  i n t e n s i t y  and r e l a t i v e  d i s p o s i t i o n  

i n  the ch roma t id .  Banding p a t t e r n  r e s u l t e d  from t h e  

h y d r o l y s i s  of d i s c r e t e  a r e a s  o f  t h e  p r o t e i n  component of 

ch roma t in  by t r y p s i n ,  t h u s  a l l o w i n g  G i e m s a  s t a i n  t o  r e a c t  w i t h  

t h e  exposed  DNA ( P o t t e r  et &., 1 9 7 9 ) .  

The p a l e  o r  d a r k  p o s i t i v e  d i s t a l  bands  o f  t h e  

chromosomes 1, 8  and 1 9  ( F i g .  1 3  and 1 4 )  a g r e e d  t o  t h e  

d e s c r i p t i o n s  o f  L i n  e t  a l .  ( 1 9 7 7 )  and t h e  s t a n d a r d  bands of  -- 
Ros t a u r u s  (ISCNDA, 1 9 8 9 ) .  - -  



The d a r k  o r  p a l e  p o s i t i v e  d i s t a l  b a n d s  of chromosomes,  

5 ,  6 ,  9 ,  1 4 ,  1 5 ,  1 7 ,  2 0 ,  22  a n d  25 a r e  s i m i l a r  t o  t h o s e  

o b s e r v e d  by L i n  - e t  ., a l .  .- ( 1 9 7 7 )  i n  B o s  t a u r u s .  The d i s t a l  - 
n e c ~ a t i v e  b a n d s  o f  t h e  chromosomes 2 ,  3 ,  4 ,  7 ,  1 0 ,  11, 1 6 ,  1 8 ,  

21 ,  2 4 ,  26 ,  27 ,  29 a n d  t h e  ' q '  arm o f  t h e  X a g r e e  w i t h  t h o s e  

r e p o r t e d  by L i n  -- e t  a l .  ( 1 9 7 7 )  a n d  t h e  s t a n d a r d  G-bands o f  Bos - 
t a u r u s  (ISCNDA, 1 9 8 9 ) .  The d i s t a l  n e g a t i v e  b a n d s  o f  

chromosomes 1 2  and  1 3  a n d  t h e  ' q '  arm o f  Y r e s e m b l e d  t h o s e  o f  

Bos t a u r u s  ( I S C N D A ,  1 9 8 9 )  w h e r e a s  t h a t  o f  chromosome 23  - 
r e s e m b l e d  t h e  band o b t a i n e d  by L i n  -- e t  a l .  ( 1 9 7 7 ) .  

The G-banding p a t t e r n  o f  chromosomes 3 ,  7 ,  1 3  a n d  1 9  

were s imilar  t o  t h e  s t a n d a r d  b a n d s  o f  B o s  t a u r u s  described i n  - 
ISCNDA ( 1 9 8 9 ) .  A l l  t h e  o t h e r  a u t o s o m e s  and  t h e  'XI chromosome 

r e s e m b l e d  t h e  G-bands o f  - B o s  t a u r u s  r e p o r t e d  by L i n  et &. 

( 1 9 7 7 ) .  

The  G-bands o f  Y chromosomes w e r e  s i m i l a r  t o  t h o s e  o f  

t h e  ' q '  arm o f  - Bos t a u r u s  (ISCNDA, 1 9 8 9 ) .  

P o t t e r  - e t  - a l .  ( 1 9 7 9 )  r e p o r t e d  t h a t  t h e  G-banding 

p a t t e r n  o f  - Bos i n d i c u s  and  Bos t a u r u s  are s i m i l a r  e x c e p t  i n  - 
t h e  case o f  Y chromosome w h i c h  is  a c r o c e n t r i c  i n  B o s  i n d i c u s  - 
and s u b m e t r a c e n t r i c  i n  - Bos t a u r u s .  I t  i s  a l s o  r e p o r t e d  t h a t  

t h e  a c r o c e n t r i c  Y chromosome of Bas i n d i c u s  a n d  t h e  l o n g  a r m  

of t h e  s u b r n e t a c e n t r i c  Y chromosome o f  Bos t a u r u s  a r e  s imilar  - 



i n  t h e  G-banding p a t t e r n .  Seven  G-bcnds i n  t h e  Y chromosome 

o f  B 3  i n d i c u s  w a s  r e p o r t e d  by H a l n a n  ( 1 9 8 9 ) .  The t o t a l  

number o f  G-bands (314 Nos.)  o b t a i n e d  i n  dwar f  c a t t l e  were 

lesser t h a n  t h o s e  o f  - Bos t a u r u s  ( 4 1 0  N o s . )  a s  p e r  t h e  ISCNDA 

( 1 9 8 9 ) ,  b u t  more t h a n  t h a t  r e p o r t e d  by L i n  -- e t  a l .  ( 1 9 7 7 )  i n  

S immenta l  b r e e d .  

5.2 Biochemical polymorphism 

5.2.1 Haemoglobin 

T h e r e  w e r e  two h a e m o g l o b i n  v a r i a n t s  HbA a n d  HbB and  

t h r e e  p h e n o t y p e s  v i z .  HbAA,  HbAB a n d  HbBB o b s e r v e d  i n  t h e  

p o p u l a t i o n  ( F i g . 1 5 ) .  T h i s  was  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s  

of Sen -- e t  a l .  ( 1 9 6 6 ) ,  B z l a k r i s h n a n  a n d  N a i r  C1966) ,  Khanna e t  - 
a l .  ( 1 9 7 0 1 ,  S i n g h  e t  a l .  ( 1 9 7 2 1 ,  S i n g h  a n d  B h a t  ( 1 9 7 9 ) ,  S i n g h  - -- 
and B h a t  ( 1 9 8 0  a & b ) ,  S i n g h  and  B h a y i  ( 1 9 8 1 )  a n d  Khanna and  

Tandon ( 1 9 8 7 )  i n  S a h i w a l ,  Red S i n d h i ,  T h a r p a r k a r ,  G i r  a n d  

o t h e r  I n d i a n  b r e e d s  a n d  c r o s s b r e d s .  O t h e r  v a r i a n t s  l i k e  ~ b ' ,  

D 
H b  andHbKhi l lar i  w e r e  n o t  o b s e r v e d  i n  t h e  p o p u l a t i o n  s t u d i e d .  

T h e s e  v a r i a n t s  were  r e p o r t e d  i n  M a l v i ,  ~ h i l l a r i ,  D a n g i ,  

K a n k r ' e j  R a t h ,  Kumaoni and  S h a h i w a l  b r e e d s  by ~ r a e n d ; ~ l , d . ( 1 9 6 6 ) ,  

Naik  -- e t  a l .  ( 1 9 6 9 ) ,  S i n g h  a n d  Khanna ( 1 9 7 3 )  a n d  S h a n k a r  a n d  

B h a t i a  ( 1 9 8 2 ) .  The a b s e n c e  o f  t h e s e  v a r i a n t s  i n  t h e  p r e s e n t  

p o p u l a t i o n  s t u d i e d  showed t h a t  t h e s e  a n i m a l s  d i d  n o t  g e t  any  

g e n e  f r o m  t h e  a b o v e  men, ioned b r e e d s .  



Three haemoylohin phenotypes HbAA, HbAB and HbBB 

controlled by two alleles ~b~ and ~b~ were observed. The 

frequency of HB AA individuals was more and HbBB the least and 

the frequency of the allele ~b~ was more which is in 

accoxdance with the reports of Sen et al. (1966), Balakrishnan -- 
and Nair (1966), Sinyh and Khanna (1971) and Singh and Bhat 

(1979). 

The polymorphism in a population reflects genetic 

variability and the variation provides scope for selection. 

This was refTected in the present population also with a 

heterozyyosity of 0.4815. 

There was no significant difference between the 

observed and expected genotype frequencies at the haemoglobin 

locus studied. This showed that the population was in genetic 

equilibrium with respect to the haemoglobin locus. This was 

in accordance with the observation of Nandakumaran et al. - - 
(1979)and~in~h and Bhagi (1981). This was expected as no 

selection was followed based on the Hb locus. 

5.2.2 Transferrin 

Six transferrin phenotypes controlled by 3 alleles 

~ f ~ ,  ~f~ and ~f~ were observed in the dwarf cattle (Fig .16). 

These alleles and phe~;.-~:ypes were reported by Ashton (1959a) 

and Jamieson (1965) in European breeds as well as in zebu. 



The f r e y u e n c y  of ~ f ~  a l l e l e  i n  t h e  dwarf c a t t l e  was a s  h i g h  a s  

t h e  f r e y u e n c y  o f  t h e  a l l e l e  i n  zebu c a t t l e  r e p o r t e d  by Ashton 

(1959b)  and i n  I n d i a n  c a t t l e  r e p o r t e d  by Jamieson  ( 1 9 6 5 ) ,  

S ingh  -- e t  - a l .  ( 1 9 7 2 )  and Ashok S ingh  and Chaudhar i  ( 1 9 8 9 ) .  The 

a b s e n c e  o f  t r a n s f e r r i n  v a r i a n t s  l i k e  ~ f ~ ,  T f H ,  T f N ,  TfG and 

t h e  h i g h e r  f r e q u e n c y  o f  T f E  a l l e l e  a r e  p r o b a b l y  i n d i c a t i v e  of  

t h e  g e n e t i c  i s o l a t i o n  o f  t h i s  p o p u l a t i o n  f rom t h e  e x o t i c  

b r e e d s .  The a b s e n c e  o f  TfB and TfF a l l e l e s ,  which i s  p r e s e n t  

i n  G i r ,  H a r i a n a ,  K a n k r e j ,  Kankayam, Ongole,  Red S i n d h i ,  

Sahiwal  and T h a r p a r k a r  a l s o  i n d i c a t e s  a  s e p a r a t e  l i n e  of 

i n h e r i t a n c e  f o r  t h e  dwarf c a t t l e .  

5.3 Growth studies 

5.3.1 Calves 

The body w e i g h t s  and measurements  o f  c a l v e s  a t  b i r t h  

s t u d i e d ,  showed t h a t  c a l v e s  had a  v e r y  l o w  b i r t h  w e i g h t  (11.46 

+ 0.32 k g ) .  I t  i s  a b o u t  one  t h i r d  o f  t h a t  o f  t h e  c r o s s b r e d  - 
c a l v e s  and h a l f  of t h e  i n d i g e n o u s  zebu c a t t l e .  Male c a l v e s  

had a  body w e i g h t  h i g h e r  by 1 .8  kg. T h i s  a g r e e d  w i t h  t h e  

f i n d i n g s  o f  K o h l i  -- e t  a l .  ( 1 9 6 2 )  i n  Har iana  c a l v e s ,  and Mudgal 

and Ray (1966)  i n  Red S i n d h i  c a l v e s .  The b i r t h  

measurements o f  t h e  c a l v e s  o f  t h e  dwarf c a t t l e  were 

a l s o  s . i m i l a r l y  low (Leng th  46.07 crns, G i r t h  53.32 crns and 

He igh t  54.09 c m ) .  They were much lower t h a n  t h o s e  

r e p o r t e d  by Mudgal and Ray ( 1 9 6 6 ) ,  S r i v a s t h a v a  --  e t  a l .  



( 1 9 8 6 )  a n d  ~ s h o k  s i n g h  and  P a r e k h  ( 1 9 8 6 ) .  The a v e r a g e  d a i l y  

i n  w e i g h t  o f  c a l v e s  were lesser t h a n  t h o s e  r e p o r t e d  by 

T a n e j a  a n d  B h a t  ( 1 9 7 1 )  i n  S a h i w a l  c a t t l e ,  a n d  ~ u l k a r n i  et &. 

( 1 9 8 2 )  i n  ~ o l s t e i n  F r i e s i a n  c r o s s b r e d  c a l v e s .  The lesser body 

w e i g h t s  and  n ~ e a s u r e m e n t s  i n  t h e  dwar f  c a t t l e  may b e  d u e  t o  

t h e i r  s m a l l e r  body s i z e  as  a g a i n s t  t h e  o t h e r  I n d i a n  b r e e d s  and 

c r o s s b r e d s .  The c a l v e s  were b o r n  i n  t h e  f a r m  a n d  r e a r e d  u n d e r  

optimum c o n d i t i o n s  of f e e d i n g  a n d  management.  S t i l l  t h e  

f e m a l e s  we ighed  o n l y  67.7  k g  a n d  males 70 .6  kg by 2 4 t h  

f o r t n i g h t .  T h i s  c l e a r l y  b r i n g s  o u t  t h e  g e n e t i c  s p e c i a l i t y  o f  

t h i s  t y p e  of a n i m a l  i n  t h e  case o f  body w e i g h t s .  The a v e r a g e  

l e n g t h  o f  t h e  c a l v e s  w a s  h i g h e r  fo r  m a l e s  u p t o  9 t h  f o r t n i g h t  

b u t  became e q u a l  t o  t h a t  of females by 1 0 t h  f o r t n i g h t  a n d  t h i s  

c o n t i n u e d  t o  b e  less  u p t o  1 9 t h  f o r t n i g h t .  From 2 0 t h  f o r t n i g h t  

onwards  t h e  l e n g t h  was more for  t h e  males. B u t  i n  t h e  case of  

h e a r t  g i r t h ,  males h a d  h i g h e r  h e a r t  girth u p t o  1 3 t h  f o r t n i g h t .  

From 1 4 t h  f o r t n i g h t  o n w a r d s ,  u p t o  2 0 t h  t h e  f e m a l e s  h a d  h i g h e r  

g i r t h  m e a s u r e m e n t s  a n d  t h e r e a f t e r ,  t h e  m e a s u r e m e n t s  i n  b o t h  

sexes were  s i m i l a r .  H e i g h t  was  more i n  m a l e s  u p t o  1 3 t h  

f o r t n i g h t  b u t  s l i g h t l y  more  f o r  f e m a l e s  u p t o  t h e  1 8 t h  

f o r t n i g h t .  T h e r e a f t e r  t h e  males h a d  h i g h e r  h e i g h t .  

V a r i a b i l i t y  was  more  w i t h  w e i g h t  compared t o  l e n g t h ,  

h e a r t  g i r t h  and  h e i g h t .  H e i g h t  had t h e  l eas t  v a r i a b i l i t y  f o r  

t h e  d i f f e r e n t  f o r t n i g h t s .  



The body measurements  w e r e  low f o r  t h e  c a l v e s  a s  

e x p e c t e d  and i n  a c c o r d a n c e - w i t h  t h e  w e i g h t .  The body we igh t  

and h e a r t  g i r t h  a t  f o r t n i g h t l y  i n t e r v a l s  had t h e  maximum 

a s s o c i a t i o n  compared t o  l e n g t h  and h e i g h t  w i t h  body weigh t .  

The c o r r e l a t i o n  between g i r t h  and w e i g h t  a t  f o r t n i g h t l y  

i n t e r v a l s  was a l m o s t  p e r f e c t  ( r  = 0 . 9 9 3 ) .  

The w e i g h t  g a i n  p e r  day u p t o  t h e  6 t h  f o r t n i g h t  looked  

s i m i l a r  f o r  males  (0 .188 k g )  and f e m a l e s  (0 .162  k g ) .  But from 

7-12 t h e  d a i l y  w e i g h t  g a i n  was less for  m a l e s  compared t o  t h e  

f e m a l e s .  The males  showed a  g r e a t  r e d u c t i o n  i n  t h e  we igh t  

g a i n  e s p e c i a l l y  when e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  i n i t i a l  

w e i g h t .  I n  f o r t n i g h t s  1 3 t h  t o  1 8 t h  a l s o ,  t h e r e  i s  a  r e d u c t i o n  

i n  a c t u a l  g a i n  i n  we igh t  compared t o  t h e  f i r s t  two p e r i o d s .  

But t h e  f ema les  showed an  a c t u a l  i n c r e a s e ,  b u t  a s  a  p e r c e n t a g e  

of t h e  i n i t i a l  w e i g h t  t h e r e  was r e d u c t i o n .  P e r c e n t a g e  w i s e  

males  showed a  g r e a t e r  r e d u c t i o n .  The g a i n  i n  w e i g h t  f o r  

males  showed a  r emarkab le  improvement d u r i n g  19 th -24 th  

f o r t n i g h t  compared t o  t h e  p r e v i o u s  p e r i o d s  and p e r c e n t a g e  w i s e  

t h e  growth was h i g h e r  by a b o u t  1 5  p e r  c e n t  compared t o  t h e  

13th-1-8th f o r t n i g h t  p e r i o d .  But  i n  t h e  c a s e  of f ema les  t h e  

t r e n d  w a s  r e v e r s e  and less was t h e  w e i g h t  g a i n  compared t o  t h e  

p r e v i o u s  p e r i o d s .  



5.3.2 A d u l t s  

The a v e r a g e  body w e i g h t s  o f  t h e  a d u l t  f e m a l e s  and 

m a l e s  were 126 .90  - + 3.56 kg (CV 1 6 . 3 9 % )  a n d  210.5  + 1 5 . 7 5  kg - 
(CV 1 4 . 9 5 % )  r e s p e c t i v e l y .  T h e s e  v a l u e s  w e r e  lesser t h a n  t h o s e  

r e p o r t e d  f o r  t h e  r e c o g n i s e d  I n d i a n  c a t t l e  b r e e d s  ( D a i r y  I n d i a ,  

1 9 8 7 ) .  The a v e r a g e  body m e a s u r e m e n t s  a l so  g a v e  t h e  same t y p e  

o f  r e s u l t s  w h i c h  were lesser t h a n  t h o s e  r e p o r t e d  for  t h e  

I n d i a n  ca t t l e  b r e e d s .  

The cows weighed  o n l y  a b o u t  o n e  t h i r d  o f  t h e  

r e c o y n i s e d  b r e e d s  of I n d i a .  S i m i l a r l y ,  when t h e  h e i g h t  o f  t h e  

cows o f  o t h e r  b r e e d s  i s  a r o u n d  1 3 0  crns, it i s  s u r p r i s i n g  t h a t  

t h e s e  cows have  a n  a v e r a g e  h e i g h t  of o n l y  87  crns. The a v e r a g e  

l e n g t h  of t h e  cow was f o u n d  t o  be 9 7 . 5  c m  w h e r e a s  t h a t  o f  t h e  

other  I n d i a n  b r e e d s  was a r o u n d  1 3 0  crns. G i r t h  w a s  1 1 5 . 6  c m ,  

w h i l e  t h o s e  o f  t h e  I n d i a n  b r e e d s  a r o u n d  1 7 0  c m .  T h i s  l e a d s  t o  

t h e  c o n c l u s i o n  t h a t  t h e  i n d i g e n o u s  c a t t l e  o f  Kerala a r e  t h e  

s m a l l e s t  t y p e  a v a i l a b l e  i n  I n d i a  a n d  p e r h a p s  i n  t h e  w o r l d  

i t s e l f .  

5.4 P r o d u c t i o n  p e r f o r m a n c e  

The t o t a l  l a c t a t i o n  m i l k  p r o d u c t i o n  p e r f o r m a n c e  o f  t h e  

d w a r f  cattle ( 4 7 1 . 6 8  - + 38.72 k g )  e x c e l l e d  c e r t a i n  I n d i a n  

c a t t l e  breeds  s u c h  a s  K h i l l a r i  a n d  Umblachery  b r e e d s ,  which  

had 214.7  - + 1 2 . 2  k g a n d  323.9 - + 1 8 . 5  k g .  The a v e r a g e  



l a c t a t i o n  l e n g t h  o f  217 + 16.5 d a y s  o b s e r v e d  was s i m i l a r  t o  - 
t h a t  i n  Ongole b r e e d .  The a v e r a g e  peak  y i e l d  was 3.71 + 0.15 - 
kg which was lesser t h a n  t h e  a v e r a g e  p r o d u c t i o n  r e p o r t e d  i n  

c r o s s b r e d s  ( G i r i j a  and  N a i r ,  1 9 8 4 ) .  The peak  y i e l d  was 

a t t a i n e d  by t h e  23rd  day o f  l a c t a t i o n  a s  a g a i n s t  t h e  J e r s e y  x 

Zebu and  Brown S w i s s  x zebu c r o s s b r e d s  which a t t a i n e d  peak  i n  

44.75 and  49.86 d a y s  r e s p e c t i v e l y .  Eventhough t h e  p r o d u c t i o n  

pe r fo rmance  was lesser t h a n  t h e  c r o s s b r e d s ~  o r  some o t h e r  

r e c o g n i s e d  I n d i a n  b r e e d s ,  t h e  m i l k  p r o d u c t i o n  i n  compar ison  

w i t h  t h e  body s i z e  was r e a s o n a b l e ,  Most o f  t h e  cows were o l d  

and  have  p a s s e d  t h e i r  optimum a g e  for  m i l k  p r o d u c t i o n .  I t  i s  

t o  b e  assumed t h a t  t h e  a c t u a l  g e n e t i c  p o t e n t i a l  o f  t h e  a n i m a l  

i s  h i g h e r  t h a n  t h i s .  Average  peak  y i e l d  o f  3 .71  kg i s  

i n d i c a t i v e  o f  a  h i g h e r  m i l k  y i e l d .    act at ion l e n g t h  i s  s h o r t ,  

i.e. o n l y  217 d a y s ,  p r o b a b l y  d u e  t o  t h e  advanced a g e  of t h e  

a n i m a l s .  Whether t h e s e  a r e  s p e c i f i c  t r a i t s  o f  t h e  b r e e d  c a n  

b e  a s c e r t a i n e d  o n l y  w i t h  s t u d i e s  on young a n i m a l s  coming t o  

p r o d u c t i o n .  

I t  c a n  b e  c o n c l u d e d  t h a t  t h e  dwarf  c a t t l e  o f  K e r a l a  

which i n c l u d e  t h e  Vechur c a t t l e  h a s  u n i q u e  c h a r a c t e r i s t i c s  o f  

i t s  own and  g i v e  s e p a r a t e  i d e n t i t y  t o  t h i s  group.  The g e n e t i c  

c h a r a c t e r i . s a t i o n  of t h i s  t y p e  b r i n g s  o u t  t h e  n e c e s s i t y  of  

c o n s e r v a t i o n  of t h e i r  germplasm. 





SUMMARY 

The studies conducted to characterise and evaluate the 

dwarf cattle of Kerala revealed the following results. 

1. The diploid chromosome number of the dwarf cattle was 60, 

which comprised 58 autosomes and two sex chromosomes. 

The females were with XX and males XY sex chromosomes. 

2. All the 29 pairs of autosomes were acrocentric in 

appearance. The X chromosomes in both sexes showed a 

biarmed submetacentric appearance. The Y chromosomes 

were acrocentri c . 

3. The relative lengths of autosomes ranged from 1.757 to 

5.431 per cent. the relative length of X chromosome was 

found t.o be 5.591 per cent and that of Y chromosome was 

2.875 per cent. In the karyological array the X 

chromosome occupied the first position. 

4. The X chromosome was biasmed and the arm ratio and 

centromere index were found to be 2.182 and 0.314 

respectively. A l l  other chromosomes were acrocentric and 

hence the arm ratio and centromere index could not be 

estimated. 



5 .  A t o t a l  o f  72 r e c j i o n s  and  314 G-bands w e r e  o b s e r v e d .  A 

p a l e  o r  d a r k  d i s t a l  p o s i t i v e  G-bands w e r e  o b s e r v e d  i n  

chromosome numbers ,  1, 5 ,  6 ,  8 ,  9 ,  1 4 ,  1 5 ,  1 7 ,  1 9 ,  20 ,  

2 2 ,  25 a n d  t h e  ' P '  a r m  o f  X .  D i s t a l  n e g a t i v e  G-bands 

were s e e n  i n  chromosome numbers  2 ,  3 ,  4 ,  7 ,  1 0 ,  11, 1 2 ,  

1 3 ,  1 6 ,  1 8 ,  2 1 ,  23 ,  2 4 ,  26 ,  2 7 ,  29 a n d  t h e  ' q '  a r m  o f  X .  

The Y chromosome had  o n l y  t h e  ' q '  arm w i t h  s e v e n  G-bands. 

6 .  Two t y p e s  o f  h a e m o g l o b i n  v a r i a n t s  w e r e  o b s e r v e d  - a  f a s t  

moving R a n d  t h e  s l o w  moving A t y p e .  T h r e e  p h e n o t y p e s  

AA v i z .  Hb , HbAB a n d  HbBB w e r e  o b s e r v e d .  

7 .  The g e n e  f r e q u e n c y  o f  HbA a l l e l e  was  f o u n d  t o  b e  0 . 5 9 6  

a n d  t h a t  o f  HbB a l l e l e  was  0 .404.  The f r e q u e n c i e s  o f  

HhAAl H b A B  a n d  H b B B  w e r e  0 .404 ,  0.384 a n d  0 .212 

r e s p e c t i v e l y .  

8 .  The g e n e t i c  v a r i a b i l i t y  of t h e  p o p u l a t i o n  a t  t h e  

h a e m o y l o b i n  l o c u s  w a s  m e a s u r e d  by t h e  h e t e r o z y g o c i t y  

w h i c h  came t o  0 .4815.  The p o p u l a t i o n  was  i n  g e n e t i c  

e q u i l i b r i u m  w i t h  r e s p e c t  t o  haemog1obi.n l o c u s .  

ii n 
9 .  S i x  t r a n s f e r r i n  p h e n o t y p e s  Tf , T f D D ,  T f E E ,  T f A D ,  T i A E  

A a n d  T f D E  c o n t r o l l e d  by 3 a l l e l e s ,  Tf , ~ f ~  a n d  ~ f ~  i n  

o r d e r  of  d e c r e a s i n g  m o b i l i t i e s  t o w a r d s  t h e  a n o d e  w e r e  

o b s e r v e d .  



TfDD,  TfEE,  TfAD, ~ f ~ ~  10 .  The g e n o t y p i c  f r e q u e n c i e s  of Tf , 

and  TfDE were 0.031, 0.563, 0.125, 0.031, 0.031 a n d  0.219 

r e s p e c t i v e l y .  The g e n e  f r e q u e n c i e s  o f  T fA,  T f D  and  TfE 

w e r e  0.063, 0.578 a n d  0.359 r e s p e c t i v e l y .  The  f r e q u e n c y  

o f  t h e  T f E  a l l e l e  i n  dwarf  c a t t l e  was a s  h i g h  a s  

f r e q u e n c y  of t h e  a l l e l e  r e p o r t e d  i n  zebu  c a t t l e .  The 

a b s e n c e  o f  t r a n s f e r r i n  v a r i a n t s  l i k e  ~ f ~ ,  T f H ,  TfN and  

TfG a n d  h i g h e r  f r e q u e n c y  o f  T fE  a l l e l e  a r e  p r o b a b l y  

i n d i c a t i v e  of t h e  g e n e t i c  i s o l a t i o n  o f  t h e  p o p u l a t i o n  

f rom e x o t i c  b r e e d s .  The a b s e n c e  o f  TfB a n d  TfF  a l l e l e  

which i s  p r e s e n t  i n  G i r ,  H a r i a n a ,  K a n k r e j ,  Kangayam, 

Ongole ,  Red S i n d h i ,  S a h i w a l  a n d  T h a r p a r k a r  a l s o  i n d i c a t e s  

a  s e p a r a t e  l i n e  o f  i n h e r i t a n c e  f o r  t h e  dwarf  c a t t l e .  

11. The mean b i r t h  w e i g h t  o f  f e m a l e  and  ma le  c a l v e s  were 

10.78 kg - + 0.40 w i t h  a  C.V. o f  15.02 p e r  c e n t  a n d  12.55 

kg 2 0.31 w i t h  a  C.V. o f  7.86 p e r  c e n t  r e s p e c t i v e l y .  

The l e n g t h ,  h e a r t  g i r t h ,  and h e i g h t  ( i n  cms) a t  b i r t h  

were 45.93 - + 0.74 (C.V.  6 . 4 6 % ) ,  53.03 - + 0.62 (c.v. 

4 .70%) a n d  53.46 - + 0.54 (C.V. 4 .10%) r e s p e c t i v e l y  i n  

f e m a l e s .  The c o r r e s p o n d i n g  v a l u e s  i n  m a l e s  w e r e  46.3 - + 

0.51 (c.v.  3 . 4 9 % )  53 .8  - + 0.89 (c.v. 5 .24%)  a n d  55.1 - + 

0.74 (c.v.  4 .25%)  r e s p e c t i v e l y .  



1 2 .  The h e a r t  g i r t h  measurement  a n d  body w e i g h t  showed 

p o s i t i v e  c o r r e l a t i o n  f r o m  b i r t h  t o  t h e  2 4 t h  f o r t n i g h t  

( r  = 0 . 9 3 3 ) .  T h e s e  i s  a  1 0 0  p e r  c e n t  i n c r e a s e  i n  b i r t h  

w e i y h t  by t h e  5 t h  f o r t n i g h t  a n d  a  t h r e e  f o l d  i n c r e a s e  by 

t h e  1 0 t h  f o r t n i g h t .  

1 3 .  The a v e r a g e  d a i l y  g a i n  i n  w e i y h t  f o r  t h e  f o u r  p e r i o d s  

i . e . ,  f o r t n i g h t s  0-6, 7-12,  13-18 a n d  19-24 were 0 .160  + - 

0 .011 ,  0 .167  + 0.018,  0 .212 + 0 . 0 1 1  a n d  0 .139 + 0.015kq - - - 
r e s p e c t i v e l y  f o r  f e m a l e  c a l v e s  a n d  0 .188 + 0 .023 ,  0 .145 + - - 
0 .016 ,  0 .116  - + 0.025,  0 .242 - + 0 . 0 4 9 k ~ r e s p e c t i v e l y  i n  male  

c a l v e s .  D u r i n g  t h e  p e r i o d  f r o m  b i r t h  t o  6 t h  f o r t n i g h t  

t h e  g rowth  rates i n  males a n d  females w e r e  s i m i l a r .  The 

g a i n  i n  body w e i g h t  p e r  day  d u r i n g  t h e  p e r i o d s  f r o m  7 t o  

1 2 t h  a n d  1 3  t o  1 8 t h  f o r t n i g h t  w a s  c o m p a r a t i v e l y  less for  

m a l e s  but t h e  t r e n d  r e v e r s e d  d u r i n g  t h e  p e r i o d  of 

f ! o r t n i g h t s  f o r  1 9  t o  2 4 t h .  

1 4 .  The average body w e i g h t s  o f  a d u l t  f e m a l e s  a n d  m a l e s  were 

126.90 - + 3 . 5 6  kg (c.v. 1 6 . 3 9 % )  a n d  210 .5  + 1 5 . 7 5  kg  ( c . v .  - 
1 4 . 9 5 % )  r e s p e c t i v e l y .  The body m e a s u r e m e n t s  s u c h  a s  

l e n g t h ,  h e a r t  g i r t h  a n d  h e i g h t  ( i n  c m s )  i n  f e m a l e s  w e r e  

9'7.5 - + 1 . 1 2  (c .v .  5 . 8 5 % ) ,  1 1 5 . 6 0  + 1 . 3 2  ( c .v .  5 . 8 2 % )  and  - 
8 7 . 5 3  - + 0 . 8 2  (c .v .  4 . 8 2 % )  r e s p e c t i v e l y .  The 



c o r r e s p o n d i n g  f i g u r e s  i n  males  w e r e  111.5 + 3.77 (c.v.  - 
6 .76%) ,  146.0 - + 2.92 (c.v. 3 . 9 9 % )  and  107.5 + 1.35 (c.v. - 
2.50%) r e s p e c t i v e l y .  

15 .  The mean l a c t a t i o n  y i e l d  was 471.68 + 38.72 kg (c .v .  - 
45.29%) i n  a n  a v e r a g e  l a c t a t i o n  l e n g t h  of 217 + 16.5 days  - 
(c.v., 3 2 . 2 % ) -  The a v e r a g e  d a i l y  y i e l d  was 2.17 + 0.11 - 
kg (c!.v. 27 .48%) .  The dwarf c a t t l e  a t t a i n e d  a  mean peak 

y i e l d  of 3.71 - + 0.16 kg ( c - v .  21.51%) i n  23.23 + 1.70 - 
d a y s  (c .v .  3 7 . 3 8 % ) -  

C o n s i d e r i n g  t h e  morphology o f  t h e  Y chromosome, t h e  H b  

a s  w e l l  a s  Tf polymorphism and t h e i r  a l l e l i c  f r e q u e n c i e s ,  it 

i s  t o  b e  sumrnarised t h a t  t h e  s t o c k  of dwarf c a t t l e  o f  Kera la  

m a i n t a i n e d  a t  K e r a l a  ~ g r i c u l t u r a l  U n i v e r s i t y  i s  g e n e t i c a l l y  

i s o l a t e d  from t h e  e x o t i c  b r e e d s  and o t h e r  zebu b r e e d s .  The 

body s i z e  and m i l k  p r o d u c t i o n  of t h e  cow i n d i c a t e s  i t s  

s u i t a b i l i t y  f o r  a  f a r m e r  who r e q u i r e s  m i l k  j u s t  f o r  home 

consumption.  The s t u d y  s t r o n g l y  c o n f i r m s  t h e  n e c e s s i t y  o f  

c o n s e r v a t i o n  of t h e  dwarf c a t t l e  of K e r a l a  which i s  t h e  

s m a l l e s t  v a r i e t y  a v a i l a b l e  i n  1 n d i a  and p e r h a p s  i n  t h e  wor ld  

i t s e l f .  





REFERENCES 

Agarwal ,  P.C. a n d  Tomar, N.S. ( 1 9 7 2 ) .  A n o t e  o n  t h e  t r e n d  o f  

g r o w t h  i n  H a r i a n a  f e m a l e  calves. I n d i a n  - v e t .  2. 49 

( 4 )  : 370-373. 

Al-Tirnemi, Y . K .  a n d  Al -Murran i ,  W.K. ( 1 9 9 0 ) .  T r a n s f e r r i n  and  

h a e m o y l o b i n  t y p e s  i n  I r a q u i  l o c a l ,  S h a r a b i ,  and 

F r i e s i a n  c a t t l e  i n  I r a q  a n d  some p r o d u c t i o n  and  

a d a p t a t i o n  t r a i t s .  P r o c .  a. Conqr .  o n  ~ e n e t i c s  

a p p l i e d  t o  L i v e s t o c k  P r o d .  E d i n b u r g h  23-27 J u l y ,  

1 9 9 0 ,  X I V .  D a i r y  c a t t l e  G e n e t i c s  a n d  B r e e d i n g  

adaptation and  e o n s e r v a t i o n :  324-326.  (Anim. Breed - 
A b s t r .  59:8181)  . 

Ashok S i n g h  a n d  C h o u d h a r i ,  R . P .  ( 1 9 8 9 ) .  Serum t r a n s f e r r i n  

po lymorph i sm a n d  i t s  a s s o c i a t i o n  w i t h  g r o w t h  and  

r e p r o d u c t i v e  t r a i t s  i n  S a h i w a l  a n d  c r o s s b r e d s .  I n d i a n  

v e t .  J .  66: 933-937. - - 

Ashok s i n y h  a n d  P a r e k h ,  H.K.B. ( 1 9 8 6 ) .  N o n - g e n e t i c  and  

g z n e t i c  f a c t o r s  a f f e c t i n g  b i r t h  w e i g h t  a n d  l i n e a r  

body m e a s u r e m e n t s  i n  J e r s e y  x G i r  F2 c r o s s  c a l v e s  a t  

birth. I n d i a n  vet. J .  63 ( 2 ) :  128-132.  

Ashok S i n g h ,  Choudhar j . ,  R . P .  and  K i r m a n i ,  M.A. ( 1 9 8 9 ) .  

~ s s o c i a t i o n  b e t w e e n  some b l o o d  p r o t e i n s / e n z y m e s  

p o l y m o r p h i c  s y s t e m s  and  l i n e a r  body m e a s u r e m e n t s  i n  

S a h i w a l  a n d  c r o s s b r e d s .  I n d i a n  J .  D a i r y  S c i .  42  ( 3 ) :  - 
419-424. 



Ashton, G.C. (1957). Serum protein differences in cattle by 

starch-gel electrophoresis. Nature, London. 180: 917- 

919. 

Ashton, G.C. (1958). A genetic mechanism for blood protein 

polymorphism in cattle. Nature London. 182: 65-66. 

Ashton, G.C. (1959a). B-globulin polymorphism and early foetal 

mortality in cattle. Nature London. 183: 404. 

Ashton, G.C. (1959b). B-globulin alleles in some zebu cattle. 

Nature London. 184: 1135-1136. 

Ashton, G.C. and Lampkin, G.H. (1965a). Serum albumin and 

transfersin polymorphism in East ~frican cattle. 

Nature London. 205: 209-210. 

Ashton, G.C. and Lampkin, G.H. (1965b). Transferrin and post 

albumin polymorphism in East African cattle. Genet. 

Res. 6: 209-215. - 

Balakrishnan, C.R. and Nair, P.G. (1966). Haemoglobin 

polymorphism in Indian cattle. Indian J .  Genet. PI. - 
Breed. 26 A (Symposium No.): 374-385. 

Banyham, A.D. (1957). ~istribution of electrophoretically 

different haemoglobins among cattle breeds of Great 

Britain. Nature, London. 179: 467. 

Basrur, P.K. and Moon, Y.S. (1967). Chromosomes of cattle, 

bison and their hybrid, the cattalo. Am. J. Vet. Res. - - - - -  
28 (12): 1319-1324. 



Banyham, A.D.  and Blumberg,  B.S. ( 1 9 5 8 ) .  D i s t r i b u t i o n  of  

e l c t r o p h o r e t i c a l l y  d i f f e r e n t  haemoglob ins  among some 

c a t t l e  b r e e d s  o f  Europe  and A f r i c a .  N a t u r e  London. 

181 :  1551-1552. 

B e l l ,  McKenzie, H . A .  and Shaw, D.C.(1990) .  Haemoglobin,  serum 

a lbumin  and t r a n s f e r r i n  v a r i a n t s  o f  B a l i  ( B a n t e n g )  

c a t t l e ,  Bos ( B i b a s )  j a v a n i c u s .  Comp. Biochem. Phys io .  - 
B. Compara t i ve  B i o c h e m i s t r y  95 ( 4 ) :  825-832 (Anim. - 
Breed .  A b s t r .  58  (11): 7 1 6 5 ) .  -- 

Bouw, J .  and O o s t e r l e e ,  C .C .  ( 1 9 6 9 ) .  Blood g r o u p s  i n  a n i m a l s .  

The r e s e a r c h  i n  g e n e t i c a l l y  d e t e r m i n e d  c h a r a c t e r s  i n  

a n i m a l  cells and f l u i d s .  Ne th .  J .  Vet. S&. 2: 91- - 
116 .  

Braend, M .  ( 1 9 7 1 ) .  Haemoglobin v a r i a n t s  i n  ca t t l e .  Anim. Blood 

Grps .  Biochem. Gene t . ,  2: 75-79. 

Braend ,  M .  and Khanna, N.D.  ( 1 9 6 7 ) .  Serum t r a n s f e r r i n  of  

Norwegian r e d  c a t t l e .  A c t a  V e t .  Scand .  8 :  150-156. - - 
Braend ,  M .  and Khanna, N . D .  ( 1 9 6 8 ) .  Haemoglobin and 

t r a n s f e r r i n  t y p e s  o f  some W e s t  A f r i c a n  ca t t l e .  Ani. - 
Prod .  1 0  ( 2 ) :  129-134. - 

Braend ,  M . ,  Efremov, G .  and  R a a s t a d ,  A.  ( 1 9 6 6 ) .  G e n e t i c s  

bovine haemoglob in  D. heriditas 54: 255-259 ( A : , i m .  - 
Breed A b s t r .  34 :  1 9 9 1 ) .  -- 

Cabannes ,  R .  and S e r a i n ,  C . H .  ( 1 9 5 5 ) .  H e t e r o g e n e i t y  o f  b o v i n e  

haemog lob ins .  c .  r.  s o c .  B i o l . ,  149 :  7 .  - - -  



Caspersson, T., Zech, L. and Johanson, C. (1970). Differential 

banding of alkylating fluorochromes in human 

chromosomes. x. Cell. m. 58: 128-140. 

Chawla, D.S. and Mishra, R.R. (1981). The role of exotic genes 
on growth rate of zebu crosses. Indian 3. Anim. s. 
51 (2): 140-149. 

Chiareili, B., Decarli, L. and NUZZO, F. (1960). Analisi 

morphometicadei chromosome de Bos taurus. Cytoloqia, - 
13: 2. (cited 2y Raghunandanan, 1988). 

Crossley, 2. and Clarke, G. (1962). The application of tissue 

culture technique to the chromosome analysis of Bos - 
taurus. Genet. Res. 3: 167-168. - -  

Dairy India. (1.987) .  Cattle breeds in India. 149-160. 

Denver Report. (1960) . A proposed standard system of 

nomenclature of human mitotic chromosomes J. Hered. - 
51: 241. 

Dhangar, M.R. and Patel, J.M. (1990a). Growth performance of 

inter-se mated Jersey x Kankrej half bred calves. 

Indian J. Anim. Prod. Mqmt. 6 (2): 66. - - - 
Dhangar, M.R. and Patel, J.M. (1990b). prediction of body 

weight and gain in inter-se mated Jersey x Kankrej 

half-bred calves. Indian J .  Anim. Prod. Mqmt., 6 (2): -- 
70. 

Efremov, G. and Braend, M. (1965). A new haemoglobin in 

cattle. Acta. Vet. Scand., 6: 109-111. - -  



Efremov,  G . B . ,  S m i t h ,  L.L., B a r t o n ,  H.P. and  Huisman, T . J . J .  

( 1 9 7 1 ) .  S t u d i e s  on Bovine  t r a n s f e r r i n  i s o l a t i o n  a n d  

p a r t i a l  c h a r a d e r i s a t i o n .  Anim. Blood Grps .  Biochem. 

G e n e t . ,  2: 159-177. 

E l d r i d g e ,  F.E. ( 1 9 7 5 ) .  High f r e q u e n c y  o f  a R o b e r t s o n i a n  

t r a n s l o c a t i o n  i n  a h e r d  o f  B r i t i s h  Whi te  C a t t l e .  Vet. 
R e c .  96: 71-73. - 

Evans ,  J . V .  ( 1 9 6 3 ) .  A d a 3 t a t i o n  t o  s u b t r o p i c a l  e n v i r o n m e n t s  by 

zebu and B r i t i s h  b r e e d s  o f  c a t t l e  i n  r e l a t i o n  t o  

e r y t h r o c y t e  c h r a c t e r .  Aus t .  J. A q r i c .  14:  559. - - 
Evans ,  H . J .  , Bucklaud ,  R.A. and Sumner,  A.T. ( 1 9 7 3 ) .  

Chromosome homology and  h e t e r o c h r o m a t i n  i n  g o a t ,  

s h e e p  and  ox s t u d i e d  by b a n d i n g  t e c h n i q u e s .  

Chromosoma, 42: 383-402. 

Fo rd ,  C.E., P u l l o c k ,  D.L. and  G u s t a v s s o n ,  I .  ( 1 9 8 0 ) .  

P r o c e e d i n g  o f  t h e  f i r s t  I n t e r n a t i o n a l  C o n f e r e n c e  f o r  

t h e  s t a n d a r d i s a t i o n  o f  banded  k a r y o t y p e  o f  d o m e s t i c  

a n i m a l s .  H e r e d i t a s .  92: 142-162. 

Gahne,  B . ,  J u n e j a ,  R . K .  and  Grolmus,  J .  ( 1 9 7 7 ) .  H o r i z o n t a l  

p o l y a c r i l a m i d e  g r a d i e n t  g e l  e l e c t r o p h o r e s i s  f o r  t h e  

s i m u l t a n e o u s  p h e n o t y p i n g  o f  t r a n s f e r r i n ,  p o s t  

t r a n s f e r r i n ,  a l bumin  and  p o s t  a lbumin  i n  t h e  b lood  

p l a sma  o f  c a t t l e .  Anim. Blood G r p s .  Biochem. Gene t . ,  

8 ( 3 ) :  127-137,  

G i b l e t t ,  E . R . ,  Hickman, C.G.  and S m i t h i e s ,  0. ( 1 9 5 9 ) .  Serum 

t r a n s f e r r i n s .  N a t u r e .  183 :  1589-1590. 



Girija, C . R .  and Nair, B.R.K. (1984). Lactation and peak 

yields in crossbred cows. Kerala J .  Vet. s. 15 (1): 
1-7. 

Grimes, R.M., Duncan, C.W. and Lassiter, C . A .  (1958). Bovine 

haemoglobin. 1. Post natal persistence and relation 

to adult haemoglobin. - J. Dairy Sci. 41: 1527-1533. - 

Gurnani, M., Tripathi, V.N. and Bhatnagar, D.S. (1985). 

Transferable technologies for enhancing milk 

production. Anim. Breed document, NDRI ( I C A R )  Karnal, 

Hariana 1-8. 

Gustavsson, 1. (1966). Chromosome abnormalities in cattle. 

Nature, 211: 865. 

Gustavsson, I. (1973). Appearance and persistence of the 1/29 

translocation in cattle. In Les accidents 

chromosomiques de a reproduction by A .  Boue'et. C .  

Thibault. Insti. national de la Sante'et 'de la 

rechaerche ~edicale, pp. 147-153. (cited by Lin et 
a1.1977). - 

Gustavsson, I., Hageltorn, M. and Zeck, L. (1976). Recognition 

of the cattle chromosomes by the Q and G banding 

techniques. Hereditas. 82: 157-166. 

H a y e l t o r n ,  M. and Gustavsson, I. (1974). The application of 

new staining techniques in the identification of 

individual chromosomes pairs in domestic animals. In 

1st World Congress on Genetics applied to Livestock 

Production. Edited by Garsi, Loudres 17. Madrid-28, 

Spain, S.L. Padilla, Publisher 3: 203-211. 



H a l n a n ,  C.R.E. ( 1 9 7 6 ) .  Chromosome b a n d i n g .  A m o d i f i e d  method 

f o r  c o n s i s t e n t  G-banding i n  c a t t l e ,  h o r s e  and 

b u f f a l o e s .  Vet. E. 98: 138. 

H a l n a n ,  C . R . E .  ( 1 9 7 7 ) .  An improved  t e c h n i q u e  f o r  t h e  

p r e p a r a t i o n  o f  chromosomes f r o m  c a t t l e  whole  b l o o d .  

R e s ,  V e t .  S c i .  22: 40-43. - - -  

H a l n a n ,  C . R . E .  ( 1 9 8 9 ) .  C y t o g e n e t i c s  of Animals .  CAB I n t l .  p p .  

11-41  a n d  426-463.  

Han, S.K. a n d  L e e ,  K.M. ( 1 9 8 2 ) .  S t u d i e s  o n  t h e  po lymorph i sm o f  

h a e m o g l o b i n  i n  Korean a n d  H o l s t e i n  F r i e s i a n  c a t t l e .  

Korean  J .  Anim. S c i .  24  ( 6 ) :  517-521.  (Anim. Breed - - -  
A b s t r . ,  52  ( 1 - 3 ) :  2 5 5 ) .  

Hensen, K . M .  ( 1 9 7 2 ) .  B o v i n e  chromosomes i d e n t i f i e d  by 

q u i n a c r i n e  m u s t a r d  and  f l u o r e s c e n c e  m i c r o s c o p y .  

H e r e d i t a s ,  70: 225-234. 

I y p e ,  S . ,  G i r i j a ,  C.R.  a n d  Mukundan, G .  ( 1 9 8 5 ) .  I n f l u e n c e  of 

non g e n e t i c  f a c t o r s  o n  p a r t  a n d  c o m p l e t e  f i r s t  

l a c t a t i o n  m i l k  y i e l d  i n  c r o s s b r e d  c a t t l e  i n  K e r a l a .  

I n d i a n  J. Anim. S c i . ,  55 ( 9 ) :  779-781.  - - -  

I y p e ,  S. , R a d h a k r i s h n a n ,  J. a n d  Raghavan ,  K.C.  ( 1 9 9 3 )  . 
I n f l u e n c e  o f  s o c i o - e c o n o m i c  f a c t o r s  o n  m i l k  

p r o d u c t i o n  of c r o s s b r e d  cows i n  Kerala. I n d i a n  2. 
Anirn. S c i .  63  ( 1 2 ) :  1299-1301.  - -  

I .S.C.N. ( 1 9 8 5 ) .  An i n t e r n a t i o n a l  s y s t e m  f o r  human c y t o g e n e t i c  

Nonlenc la tu re .  ( E d i t e d  by S.  I a r g e r )  Basel, New York 

1 1 8  p .  



ISCNDA ( 1 9 8 9 ) .  I n t e r n a t i o n a l  s y s t e m  f o r  c y t o g e n e t i c  

n o m e n c l a t u r e  of  d o m e s t i c  a n i m a l s  D i  B e r a r d i n o ,  D . ,  

Hayes ,  H .  a :  Long,  S. ( e d s ) .  C y t o g e n e t i c  C e l l .  - 
G e n e t .  53:  65-79 ( 1 9 9 0 ) .  

J a m i e s o n ,  A .  ( 1 9 6 5 ) .  The g e n e t i c s  o f  t r a n s f e r r i n s  i n  C a t t l e .  

H e r e d i t y .  20: 419-441. 

J o h n ,  V.M. ( 1 9 9 2 ) .  P a r e n t a g e  c o n t r o l  i n  c a t t l e  u s i n g  b l o o d  

t y p e s .  M.V.Sc. t h e s i s  s u b m i t t e d  t o  K e r a l a  

A g r i c u l t u r a l  U n i v e r s i t y .  

K a t p a t a l ,  R . G .  ( 1 9 7 7 ) .  D a i r y  c a t t l e  c r o s s b r e e d i n g  i n  I n d i a .  

Wld. Ani .  Rev. (FAO) 22: 15-21.  - - -  

Khanna,  N . D .  a n d  Tandon,  S.N. ( 1 9 8 7 )  . E l e c t r o p h o r a t i c  

v a r i a t i o n s  o f  h a e m o g l o b i n  a n d  s e r u m  a m y l a s e  i n  Mithun 

a n d  i t s  h y b r i d s  a n d  t h e i r  c o m p a r i s o n  w i t h  c r o s s b r e d  

c a t t l e .  I n d i a n  v e t .  J. 64 (11): 961-964. - - 

Khanna,  N . D . ,  Ram, C . ,  Tandon,  S.N. a n d  P r a b h u ,  S.S.  ( 1 9 7 0 ) .  

S t u d i e s  on b i o c h e m i c a l  po lymorph i sm i n  b o v i n e s  1. 

Haemoglohin v a r i a t i o n s  i n  H a r i a n a  b r e e d  o f  c a t t l e .  J .  

G e n e t .  60 ( 2 ) :  159-163.  

Khanna,  N . D . ,  S i n g h ,  H.P. B h a t i a ,  S.S. a n d  B h a t ,  P.N. ( 1 9 7 2 ) .  

A r a r e  c a t t l e  h a e m o g l o b i n  v a r i a n t  i n  Afghan and  

Afghan c r o s s e s .  Anim. Blood .  Grps. Biochem. G e n e t .  -- 
3: 59-60. 

K i e f f e r ,  N.M. a n d  C a r t w r i g h t ,  T.C. ( 1 9 6 8 ) .  Sex chromosome 

po lymorph i sm 1,1 d o m e s t i c  c a t t l e .  - -  J. Hered. 59:  35 -37 .  



Kohli, M.L., Suri, K.R., Bhatnagar, U.K. and Kumar, S. (1962). 

The study of growth of Hariana calves. Indian J. 
Dairy Sci. 15: 52-53. 

~omissarenko, A.D. (1979). Genetic variants of transferrin and 

estimation of their selection values. Proc. XVI Intl. 

Conf. on Anim. Blood Grps. and Biochem. Polymorphism, 

Vol.11, Leningrad, U.S.S.R., 194-196. 

Kristjansson, F.K. (1962). Recent Research in serum protein 

polymorphism of livestock. 8th Europ Anim. Blood 

Grop. Conf. 1962 (mimeo). 

Kulkarni, A.N., Bonde, H.S. and Deshpande, K.S. (1982). Growth 

rate of different crossbred calves. Indian vet. J. 59 - - 
(2): 123-127. 

Lehmann, H. (1959). The haemoglobins of 103 Gir cattle. Man. - 
5: 66-67. (Anim. - Breed Abstr. 29 (2): 761). 

Lehmann, H. and ~ollinson, D.H.L. (1958). The haemoglobin of 

211 cattle in Uganda. Man. 3 (62). (Anim. Breed 
_I_ 

Abstr. 27: 1228). 

Lin, C.C., Newton, D.R. and Chruch, R.B. (1977). 

Identification and nomenclature for G-banded Bovine 

chromc~somes. Can. g. Genet. Cytol. 19: 271-282. 

Livestock Census (1987). Report of 14th quinquennial livestock 

census - 1987. Dept. of Anim. Husbandry, Govt. of 

Kerala. 



Makino,  S.  ( 1 9 4 4 ) .  K a r y o t y p e s  o f  d o m e s t i c  c a t t l e ,  zebu and 

d o m e s t i c  b u f f a l o  (chromosome s t u d i e s  i n  d o m e s t i c  

a n i m a l s ,  4 ) .  c y t o l o y i a ,  13: 247-264. 

Mudgal, V.D. and Ray, S.N. ( 1 9 6 6 ) .  Growth s t u d i e s  i n  I n d i a n  

B r e e d s  o f  c a t t l e - s t u d i e s  on  t h e  g rowth  o f  R e d  S i n d h i  

c a t t l e .  I n d i a n  J .  Vet. g. 36 ( 2 ) :  80-88. 

Naik ,  S.N. ( 1 9 7 5 ) .  B iochemica l  d i v e r s i t y  and  i t s  a p p l i c a t i o n  

i n  Animal B r e e d i n g .  P r o c .  Symp. o n  i n t r o d u c t i o n ,  

improvement ,  e v a l u a t i o n  o f  germplasm f o r  n-~i l k  

p r o d u c t i o n ,  N D R I ,  K a r n a l ,  62-67.  

Naik ,  S.N. and Sanghv i ,  L.D.  ( 1 9 6 5 ) .  A new haemoglob in  v a r i a n t  

i n  zebu ca t t l e .  Proc. I X t h  Europ. C o n f .  u. Blood 

Groups R e s .  ( ~ r a g u e ,  1 9 6 4 )  259-299. - 

Naik ,  S.N., Sukumaran,  P.K. and  S a n g h v i ,  L.D. ( 1 9 6 9 ) .  

Haemoglobin polymorphism i n  I n d i a n  zebu c a t t l e  

H e r e d i t y .  Land" 24: 239-247. - 
Naik ,  S.N., B a x i ,  A.J., B h a t i a ,  H.M. and Naik ,  P .V.  ( 1 9 6 3 ) .  

Blood g r o u p s ,  haemoglob in  v a r i a n t s  and  g lucose -6 -  

p h o s p h a t e  dehyd rogenase  s t u d y  i n  t h e  impor t ed  J e r s e y  

c a t t l e .  I n d i a n  v e t .  J. 40: 680-685. . -  - 

N a i r ,  B . R . K .  and K e l a t h ,  K . R .  ( 1 9 7 7 ) .  S t u d i e s  on  t h e  f i r s t  

l a c t a t i o n  y i e l d  o f  Brown S w i s s  x Zebu C r o s s b r e d  (F1) 

cows i n  Kerala . .  K e r a l a  J. Vet. s. 15  (1): 1-7.  

N a i r ,  P.N.R. ( 1 9 7 3 ) .  E v o l u t i o n a r y  c r o s s b r e e d i n g  a s  a basis  f o r  

c a t t l e  deve lopment  i n  Kerala s t a t e .  T h e s i s  s u b m i t t e d  

t o  t h e  U n i v e r s i t y  o f  Z u r i c h  f o r  t h e  award o f  t h e  

d e g r e e  o f  Doc to r  o f  Med ic ine .  



Nandakumaran, B.  ( 1 9 7 6 ) .  G e n e t i c  s t u d i e s  on some b l o o d  p r o t e i n  

polymorphism s y s t e m  i n  c r o s s b r e d  c a t t l e .  M.V.Sc. 

t h e s i s  s u b m i t t e d  t o  t h e  Agra U n i v e r s i t y .  

Nandakumaran, B . ,  Ta:?don, S.N. and  Khanna, N . D .  ( 1 9 7 9 ) .  

Haemoglobin v a r i a n t s  i n  H a r i a n a  c r o s s b r e d s .  K e r a l a  J. 

V e t .  Sci .  10: 9-16.  - -  

Nandakumaran, B . ,  Tandon, S.N. and  Khanna,  N.D.  ( 1 9 8 2 ) .  

~ e n e t i c  h e t e r o z y g o c i t y  and  g e n e t i c  d i s t a n c e s  between 

f o u r  c r o s s b r e d  p o p u l a t i o n s  o f  c a t t l e  employing  b lood  

p r o t e i n  polymorphism s y s t e m s .  I n d i a n  J. D a i r y  S c i .  35 

(1): 13-17.  

Ne i ,  M .  and Roy C h a u d h a r i ,  A.K. ( 1 9 7 4 ) .  Sampl ing  v a r i a n c e s  o f  

h e t e r o z y y o c i t y  and  g e n e t i c  d i s t a n c e .  G e n e t i c s .  76: 

379-390. 

O s t e r h o f f ,  D . R .  and Van Heerden ,  J . A . H .  ( 1 9 6 5 ) .  T £ ~  a  new 

t r a n s f e r r i n  a l l e l e  i n  c a t t l e .  P r o c .  9 t h  Erop.  Anim. 

Blood Grp. c o n f .  1 9 6 5 ,  311-312. 

Pa r i s  C o n f e r e n c e  ( 1 9 7 1 ) .  S t a n d a r d i s a  t i o n  i n  human 

c y t o g e n e t i c s ,  b i r t h  d e f e c t s .  O r i g i n a l  a r t i c l e  S e r i e s .  

N0.7. The N a t i o n a l  F o u n d a t i o n ,  N e w  York,  U.S.A. 1-46. 

P a t h a k ,  S .  ( 1 9 7 9 ) .  C y t o g e n e t i c  r e s e a r c h  t e c h n i q u e s  i n  humans 

and l a b o r a t o r y  a n i m a l s  t h a t  c a n  b e  a p p l i e d  most 

p r o f i t a b l y  t o  l i v e s t o c k .  J. D a i r y  - S c i .  62: 836-843. 

P a u l i n g ,  L . ,  I t a n o ,  H . A . ,  S i n g u r ,  S . J .  and  Wells, I . C .  ( 1 9 4 9 ) .  

S i c k l e  c e l l  anaemia  - a m o l e c u l a r  d i s e a s e .  S c i e n c e ,  

110: 543-548. 



P o t t e r ,  W.L., Up ton ,  P.C. ,  Cooper ,  J. a n d  Blackshaw,  A.W. 

( 1 9 7 9 ) .  C and  G-Banding p a t t e r n s  a n d  chromosomal 

morphology o f  some b r e e d s  o f  A u s t r a l i a n  C a t t l e .  

A u s t r a l i a n  E. J .  55: 560-566.  

Prasad, S . K . ,  Pandey ,  R . S . ,  N a i r ,  K.G.S. a n d  N a i r ,  P.G. 

( 1 9 8 3 ) .  ~ e n e t i c  po lymorph i sm o f  b l o o d  p r o t e i n s  i n  

I n d i a n  Farm Animals .  World Rev.  Anim. Prod .  1 9  ( 2 ) :  -- - - 
55-61.  

Raghunandanan,  K . V .  ( 1 9 8 8 ) .  Chromosome P r o f i l e  o f  Zebu x T a r u s  

c a t t l e  i n  K e r a l a .  Ph.D. T h e s i s  s u b m i t t e d  t o  K e r a l a  

A g r i c u l t u r a l  U n i v e r s i t y .  

S a l i s b u r y ,  G.W. a n d  S h r e f f l e r ,  D.C.  ( 1 9 5 7 ) .  Haemoglobin 

v a r i a n t s  i n  d a i r y  ca t t l e .  L. Dairy S c i .  40: 1198 .  - 

S a h a i ,  R .  ( 1 9 8 2 ) .  ~ y t o g e n e t i c  p r o f i l e  o f  c a t t l e ,  b u f f a l o ,  

s h e e p ,  g o a t  and  p i g .  P a p e r  p r e s e n t e d  a t  t h e  I n d .  S c i .  

Cony. P t .  111. V e t .  Med. S c i .  1 5 .  
_ C - -  

S a r t o r e ,  G .  and  B e r n o c o ,  D .  ( 1 9 6 6 ) .  R e s e a r c h  o n  B i o c h e m i c a l  

po lymorph i sm i n  i n d i g e n o u s  c a t t l e  of P i e d m o n t .  P r o c .  

1 0 t h  Europ .  Conf .  Anim. Blood  G r p s .  Biochem. 

Po lymorphs .  P a r i s .  1966 :  283-287. 

S c h n e d l ,  W .  ( 1 9 7 2 ) .  ~ i e m s a  b a n d i n g ,  q u i n a c u n e  f l u o r e s c e n c e  and  

DNA r e p l i c a t i o n  i n  chromosomes o f  c a t t l e  (Bos  - 
t a u r u s ) .  Chromosome 38: 319-328. 

S c h w e l l n u s ,  M .  a n d  G u e r i n ,  G .  ( 1 9 7 7 ) .  D i f f e r e n c e s  b e t w e e n  

h a e m o g l o h i n  v a r i a n t s  i n  Brahman a n d  i n  i n d i g e n o u s  

S o u t h e r n  A f r i c a n  c a t t l e  breeds. Anim. Blood G r p s .  - 
Riochem. G e n e t .  8: 161-169.  



S e a b r i g h t ,  M. ( 1 9 7 1 ) .  A r a p i d  b a n d i n g  t e c h n i q u e  f o r  human 

chromosomes.  L a n c e t .  2: 971-972. 

S e n ,  A . ,  Roy, D . ,  B h a t a c h a r y a ,  S. a n d  Deb, N.C. ( 1 9 6 6 ) .  

Haemoglobin  o f  I n d i a n  Zebu c a t t l e  a n d  I n d i a n  b u f f a l o .  

J .  Anim. S c i .  25: 445-448. - - - 
S h a n k e r ,  V. a n d  B h a t i a ,  S. ( 1 9 8 2 ) .  Haemoglobin  po lymorph i sm i n  

some z e b u  mulch b r e e d s  a n d  t h e i r  c r o s s b r e d s  w i t h  

e x o t i c  b r e e d s .  I1 World C o n g r e s s  o n  G e n e t i c s  a p p l i e d  

t o  l i v e s t o c k  p r o d u c t i o n .  4 t h - 8 t h  O c t .  1 9 8 2 .  (Anim. 

B r e e d  A b s t r .  51 ( 3 ) :  1 5 1 6 ) .  

S h r e f f  l e r ,  D . C .  and S a l i b u r y ,  G.W. ( 1 9 5 9 )  . D i s t r i b u t i o n  a n d  

i n h e r i t a n c e  of h a e m o g l o b i n  v a r i a n t s  i n  American 

c a t t l e .  J .  D a i r y .  s. 42: 1 1 4 7 .  - 

S i n y h ,  H .  ( 1 9 8 0 ) .  D o m e s t i c  a n i m a l s .  Second  e d i t i o n  ( R e v i s e d ) .  

P u b l i s h e d  by t h e  D i r e c t o r ,  N a t i o n a l  Book T r u s t ,  New 

D e l h i ,  1 - 3 .  

S i n g h ,  H.P. ( 1 9 7 8 ) .  E f f e c t  o f  b i o c h e m i c a l  po lymorph i sm o n  t h e  

p r o d u c t i o n  t r a i t s  i n  f a r m  a n i m a l s .  Ph.D. T h e s i s ,  P.G. 

S c h o o l ,  IARI, New D e l h i .  

S i n g h ,  H .  a n d  B h a t ,  P.N. ( 1 9 8 1 a ) .  P h y l o g e n e t i c  r e l a t i o n s h i p  

b e t w e e n  I n d i a n  c a t t l e  b r e e d s .  I n d i a n  J. Anim. s. - - 
51: 691-697 .  

S i n g h ,  H . ,  B h a t ,  P . N .  ( 1 9 8 1 b ) .  C u r r e n t  s t a t u s  o f  b l o o d  g r o u p s  

and  b i o c h e m i c a l  po lymorph i sm s t u d i e s  i n  zebu c a t t l e .  

I n d i a n  J .  Anim. G e n e t .  B r e e d .  3 (1):  8-24. - -  



Singh, H. and Bhat, P.N. (1983). Gene profiles of the 1ndian 

cattle breeds. SABRA0 Journal, 15 (1): 29-38 (Anim. 

Breed Abstr. 52 (4) : 1594). 

singh, H.P. and Bhagi, H.K. (19811. Haemoglobin polymorphism 

in three grey cattle breeds. Indian vet. 2. 58 (1): 

77-78. 

Singh, H.P. and Bhat, P.N. (1979). Note on a rare haemoglobin 

type among Indian Zebu cattle. Indian J .  Anim. Sci. - - 
49 (12): 1089-1090. 

Singh, H.P. and Bhat, P.N. (1980a). Kinetics of Friesian gene 

flow in populations arising from their crosses with 

Indian cattle breeds. Indian J. Anim. g. 50 (4): 

311-320. 

Singh, H.P. and Bhat, P.N. (1980b). Studies on haemoglobin 

polymorphism in blood of indigeneous cattle. Indian 

J. Anim. Sci. 50 ( 6 ) :  459-461. - - -  

Sinyh, H-P. and Khanna, N.D. (1971). Studies on Haemoglobin 

polymorphism in Hariana and Hariana crossbred cattle. 

Indian J .  Anim. Sci. 41 (1): 6-8. - -  
Singh, H.P. and Khanna, N.D. (1973). Haemoglobin C in Kumaoni 

hill cattle. Indian vet. J. 50 (3): 239-241. 

Singh, H., Kumar, S. and Bhat, P.N. (1983). Genotypic 

plasticity of Friesian herds in India. Indian J. 
Anim. Sci. 53 (12): 1287-1291. - -  



~ i n g h ,  H .P . ,   hat, P.N. a n d  S i n g h ,  R .  ( 1 9 8 1 ) .  Gene 

differentia ti^.^ i n  I n d i a n  c a t t l e .  I n d i a n  - J. - Anim. 

S c i .  51  ( 3 ) :  267-270. - 
S i n y h ,  H.P., B a t o b y a l ,  A . K . ,  B h a t i a ,  S.S. a n d  Khanna,  N.D.  

( 1 9 7 2 ) .  Haemoylobin  po lymorph i sm i n  s i x  I n d i a n  c a t t l e  

b r e e d s .  I n d i a n  J .  Anim. Prod. 3: 106-110.  

S i n g h ,  H.P., B a t o b y a l ,  A . K . ,  B h a t i a ,  S.S. a n d  Khanna,  N . D .  

( 1 9 7 2 ) .  Serum t r a n s f e r r i n  po lymorph i sm i n  I n d i a n  

c a t t l e  b r e e d s  - a n o t e .  I n d i a n  J .  Anim. S c i .  42 ( 9 ) :  - - -  
650-651. . 

S m i t h i e s ,  0. a n d  Hickman, C.G. ( 1 9 5 8 ) .  I n h e r i t e d  v a r i a t i o n s  i n  

t h e  s e r u m  p r o t e i n s  o f  c a t t l e .  G e n e t i c s  43: 374-385. 

S n e d e c o r ,  G.W.  and  C o c h r a n ,  W.G. ( 1 9 6 7 ) .  S t a t i s t i c a l  Methods 

6 t h  O x f o r d  a n d  I . B . H .  P u b l i s h i n g  Co., C a l c u t t a ,  

Bombay, New D e l h i .  258-296. 

S r i v a s t h a v a ,  R . K .  ( 1 9 6 5 ) .  Review o f  R e s e a r c h  i n  b i o c h e m i c a l  

g e n e t i c s .  S e m i n a r  o n  Animal B r e e d i n g ,  H a r r i n g h a t a /  

C a l c u t t a ,  1966 :  138-157.  

S r i v a s t h a v a ,  S .S . ,  Pandey ,  H . N . ,  N i v s a r k a r ,  A.E.  T a n e j a ,  V .X .  

a n d  G a r g ,  R . C .  ( 1 9 8 6 ) .  F a c t o r s  a f f e c t i n g  body w e i g h t  

and  m e a s u r e m e n t s  a t  b i r t h  i n  t h r e e  breed c r o s s e s .  

I n d i a n  J .  Anim. 3. 56 (1) :  131-134.  

S t e p h e n ,  M . ,  Mukundan, G., I y p e ,  S .  a n d  Chacko,  C.T. ( 1 9 8 5 ) .  

Compar i son  o f  milk p r o d u c t i o n  of J e r s e y  x local ,  a n d  

Brown swiss x l o c a l  c r o s s e s  i n  h e a v y  r a i n f a l l  a r e a .  

I n d i a n  J.  ~ n i m .  S c i .  55 ( 6 ) :  485-487. - - -  



Stranzinger, G., Elmiger, B. and Hetzel, D.T.S. (1987). 

Cytoyenetic studies on different cattle breeds in 

Australia. J. Anim. Breed Genet. 104: 2311-2314. 

Sumner, A.T., Evans, H.J., Buckland, R.A. (1971). New 

technique for distinguishing between human 

chrornosomes. Nature, E. 232: 31-32. 

Taneja, V.T. and Bhat, P.N. (1971). Genetic parameters of 

growth in sahniwal cattle. Indian J. Anim. - Sci. 41 

(10): 897-902. 

Thiagarajan, V. (1993). Preparation of mitotic chromosomes of 

farm animals. Compendium of lectures, Summer 

Institute on "Recent Advances in Breeding Livestock". 

3k.5.93-19.6.93. Madras Veterinary College, Tamil Nadu 

Vety. & Anim. Sci. Uni., Madras. 50-60. 

Vella, F. (1958). Haemoglobin types in Ox and buffaloes. 

Mature, 81: 564. 

Velu Pillai, T.K. (1940). Travancore State Manual Vol. 111. 

Published by the Government of Travancore. pp. 383. 

Yadav, B.R., Balakrishnan, C.R. and Tomar, O.S. (1984). 

Chromosome screening of male cattle and buffaloes. 

Indian - J. -- Anim. - Sci. 54 (6): 519-523. 



C H A R A C T E R I S A T I O N  AND E V A L U A T I O N  
OF THE D W A R F  O A T T L E  OF  K E R A L A  

BY 

C. R. GlRlJA 

ABSTRACT OF A THESIS 
Submitted in partial fultilment of 
the requirements for the degree 

doc to^ of Philosophy 
Faculty of Veterinary and Animal Sciences 

KERALA AGRICULTURAL UNIVERSITY 

Department of Animal Breeding and Genetics 

College o f  Veterinary & Animal Sciences 
MANNUTHY, THRlSSUR 

1994 



ABSTRACT 

The n a t i v e  c a t t l e  of Kerala have  been t r e a t e d  a s  non 

d e s c r i p t  a n i m a l s  a lways  eventhough  t h e y  p o s s e s s  some s p e c i a l  

f e a t u r e s .  The dwarf c a t t l e  o f t e n  c a l l e d  a s  Vechur were v e r y  

p o p u l a r  i n  C e n t r a l  T r a v a n c o r e  u n t i l  35 y e a r s  back .  With t h e  

emergence of t h e  c r o s s b r e d  p o p u l a t i o n  o f  c a t t l e  t h e  

t r a d i t i o n a l l y  r e a r e d  l o c a l  c a t t l e  have  g r a d u a l l y  s u f f e r e d  

g e n e t i c  e r o s i o n .  Under t h i s  c i r c u m s t a n c e ,  t h e  p r e s e n t  work 

was u n d e r t a k e n  t o  c h a r a c t e r i s e  and  e v a l u a t e  t h e  germplasm of  

l o c a l  dwarf  c a t t l e  o f  K e r a l a  by s t u d y i n g  ( a )  t h e  k a r y o t y p e  and 

morphology of chromosomes u s i n g  G-banding (b) t h e  p o p u l a t i o n  

s t r u c t u r e  by means o f  gene  f r e q u e n c i e s  o f  d i f f e r e n t  b lood  

p r o t e i n s  ( c )  t h e  growth and p r o d u c t i o n  pe r fo rmance .  The 

c h a r a c t e r i s a t i o n  and t h e  e v a l u a t i o n  would h e l p  i n  f i n d i n g  o u t  

t h e  g e n e t i c  d i f f e r e n c e s  o f  t h e  dwarf  c a t t l e  which w i l l  h e l p  i n  

d e c i d i n g  a b o u t  t h e  c o n s e r v a t i o n  o f  t h e i r  germplasm a s  a  

r e s e r v e  f o r  t h e  f u t u r e .  

The dwarf c a t t l e  m a i n t a i n e d  u n d e r  t h e  I C A R  scheme on 

" c o n s e r v a t i o n  o f  germplasm o f  Vechur c a t t l e  o f  t h e  c o a s t a l  

a r e a  and t h e  dwarf c a t t l e  o f  t h e  h i g h  r a n g e s  o f  K e r a l a "  formed 

t h e  m a t e r i a l  f o r  t h e  s t u d y .  



The characterisation and evaluation was carried out 

through the cytogenetic, immunogenetic and polymorphism 

studies as well as through the description of the growth and 

production traits. Karyotype analysis was carried out using 

peripheral blood leukocyte culture technique described by 

Halnan (1977) and Halnan (1989) with suitable modifications. 

G-banding of chromosomes were done by the method described by 

Thiayarajan (19931. Blood protein polymorphism systems such as 

Haemoglobin and transferrin were studied by poly acrylamide 

ye1 electrophoresis in horizontal dimension (Gahne et g. - 
1977) with suitable modifications. The statistical analysis 

of the growth and production data were done as suggested by 

Snedecor and Cochran (1967). 

The diploid chromosome number of the dwarf cattle was 

found to be 60, with 29 pairs of autosomes and one pair of 

sex chromosomes. All the autosomes and the 'Y' chromosome 

were acrocentric. The X chromosome was submetacentric. The 

relative length of the autosomes ranged from 1.757 to 5.431 

per cent. The relative length of the X and Y chromosomes were 

found to be 5.531 per cent and 2.875 per cent respectively. 

In the karyological array, the X chromosome occupied the first 

position. The X chromosome was biarmed and the arm ratio and 

centrome~~ index obtained were 2.182 and 0.314 respectively. 

The karyotype and morphometric measurements resembled the 



f i n d i n g  i n  Ros i n d i c u s  g r o u p  o f  c a t t l e .  The G-banding p a t t e r n  

o f  chromosomes r e v e a l e d  7 2  r e g i o n s  and 314 G-bands. The Y 

chromosome had 7 G-bands i n  t h e  ' q '  arm which r e sembled  t h e  

' q '  arm o f  Bos t a u r u s  d e s c r i b e d  i n  t h e  i n t e r n a t i o n a l  sys tem 

f o r  c y t o g e n e t i c  n o m e n c l a t u r e  of d o m e s t i c  a n i m a l s .  

T h e r e  w e r e  two haemoglobin v a r i a n t s  ~ b ~  and  ~ b ~  and 

t h r e e  pheno types  v i z .  I3bAA, HbAB and  HbBB. i n  t h e  p o p u l a t i o n .  

The h e t e r o z y g o c i t y  was found  t o  b e  0.4815. The p o p u l a t i o n  was 

found t o  be i n  g e n e t i c  e q u i l i b r i u m  w i t h  r e s p e c t  t o  t h e  

Haemoylobin l o c u s .  

S i x  t r a n s f e r r i n  pheno types  c o n t r o l l e d  by t h r e e  a l l e l e s  

TfA1 T f D  and T f E  w e r e  o b s e r v e d .  The f r e q u e n c y  o f  T f E  ( 0 . 3 5 9 )  

a l l e l e  i n  t h e  dwarf c a t t l e  was a s  h i g h  a s  t h e  f r e q u e n c y  o f  t h e  

a l l e l e  r e p o r t e d  i n  t h e  zebu c a t t l e .  The a b s e n c e  of  

t r a n s f e r r i n  v a r i a n t s  l i k e  TfF.  TfH1 TfN and  ~ f ~  and h i g h e r  

f r e q u e n c y  o f  ~ f ~  a l l e l e  a r e  p r o b a b l y  i n d i c a t i v e  o f  t h e  g e n e t i c  

i s o l a t i o n  o f  t h e  p o p u l a t i o n  f rom e x o t i c  b r e e d s .  The a b s e n c e  

F  o f  ~ f ~  and Tf a l l e l e  which i s  p r e s e n t  i n  G i r .  H a r i a n a ,  

K a n k r e j ,  Kangayam, Ongole ,  Red S i n d h i ,  Sah iwa l  and T h a r p a r k a r  

a l s o  i n d i c a t e s  t h a t  t h e  dwarf c a t t l e  h a s  n o t  i n h e r i t e d  genes  

f rom t h e  above  c a t t l e  b r e e d s .  

The body w e i g h t s  and measurements  o f  c a l v e s  a t  b i r t h  

s t u d i e d  showed t h a t  t h e  male  c a l v e s  had a  h i g h e r  body w e i g h t  



(12.55 - + 0.31 kg with a CV of 7.86 per cent) than female 

calves (10.78 t 0.40' kg with a CV of 15.02 per cent). The 

same trend was observed with regard to the birth body 

measurements also. Tie heart girth measurement and body 

weight showed a positive correlation from birth to the 24th 

fortnight. There is a 100 per cent increase in the birth 

weight by the 5th fortnight and a three-fold increase by the 

10th fortnight. The average daily gain in weight for the four 

periods i.e., fortnights 0-6, 7-12, 13-18 and 19-24 were 0.160 

+ 0.011, 0.167 + 0.018, 0.212 + 0.011and 0.139 + 0.015 - - - - 
respectively for female calves and 0.188 - + 0.023, 0.145 - + 
0.016, 0.116 - + 0.025, 0.242 - + 0.049kqrespectively in male 

calves. During the period from birth to 6th fortnight the 

yrowth rates in males and females were similar. The gain in 

body weight per day d~ring the periods from 7 to 12th and 13 

to 18th fortnight was comparatively less for males but the 

trend reversed during the period of fortnights for 19 to 24th. 

The average body weights of adult females and males 

were 126.90 + 3.56 kg (CV 16.39%) and 210 + 15.75 kg (CV - - 
14.95%) respectively. The body measurements such as length, 

heart girth and height (in cms) in females were 97.5 + 1.12 - 
(CV 5.85%), 115.60 + 1.32 (CV 5.82%) and 87.53 + 0.82 (CV - - 
4.82%) respectively. The corresponding figures in males were 



111.5 - + 3.77 ( C V  6 . 7 6 % ) ,  146.0 - + 2.92 ( C V  3 . 9 9 % )  a n d  107.5 + - 
1.35 ( C V  2 .50%) r e s p e c t i v e l y .  The a v e r a g e  body w e i g h t s  and 

measurements  were lesser t h a n  t h o s e  r e p o r t e d  i n  o t h e r  I n d i a n  

b r e e d s  and  c r o s s b r e d  c a t t l e .  

The t o t a l  l a c t a t i o n  m i l k  p r o d u c t i o n  p e r f o r m a n c e  of t h e  

dwarf c a t t l e  was 471.68 - + 38.72 kg (CV 45 .29%) i n  a n  a v e r a g e  

l a c t a t i o n  l e n g t h  o f  217 - + 16.50 d a y s  (CV 32.20%!. The a v e r a g e  

d a i l y  y i e l d  was 2.17 - + 0.11' kg (CV 29 .48%) .  ' The dwarf  c a t t l e  

a t C a i n . d  a  peak  y i e l d  o f  3.71 - + 0 . 1 6 ,  kg ( C V  21 .5%)  i n  23.23 - + 
1.703 d a y s  (CV 3 7 . 3 8 % ) -  The m i l k  p r o d u c t i o n  p e r f o r m a n c e  

even though  w a s  lesser t h a n  c r o s s b r e d s  or some r e c o g n i s e d  

I n d i 3 n  b r e e d s ,  t h e  m i l k  p r o d u c t i o n  i n  compar i son  w i t h  t h e  body 

s i z e  was r e a s o n a b l e .  

C o n s i d e r i n g  t h e  morphology o f  t h e  Y chromosome, t h e  Hb 

a s  w e l l  a s  Tf polymorphism and  t h e i r  a l l e l i c  f r e q u e n c i e s ,  it 

i s  t o  b e  summarised t h a t  t h e  s t o c k  o f  dwarf c a t t l e  o f  K e r a l a  

m a i n t a i n e d  a t  K e r a l a  A g r i c u l t u r a l  U n i v e r s i t y  i s  g e h e t i c a l l y  

i s o l a t e d  f rom t h e  o t h e r  c a t t l e  b r e e d s  o f  t h e  c o u n t r y  and  

w o r l d ,  The body s i z e  and  m i l k  p r o d u c t i o n  of t h e  cow i n d i c a t e s  

i t s  s u i t a b ' l i t y  for  a  f a r m e r  who r e q u i r e s  m i l k  j u s t  f o r  home 

consumpt ion .  The s t u d y  s t r o n g l y  c o n f i r m s  t h e  n e c e s s i t y  of 

c o n s e r v a t i o n  of t h e  dwarf  c a t t l e  o f  K e r a l a  which  i s  t h e  

s m a l l e s t  ~ r a r i e t y  a v a i l a b l e  i n  I n d i a  and  p e r h a p s  i n  t h e  wor ld  

i t s e l f .  
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