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Abstract:
Antigenic components from the leaves of several monosomic (2n-l) and disomic (2n) plants from each
of eighteen chromosome substitution lines of winter wheat, Triticum aestivum L. variety Kharkoff
MC22 (2n=42) were compared serologically.

Antibodies were produced in rabbits by injecting them with leaf extract antigens from 2 sources: (1) a
disomic which was derived from segregating monosomic and disomic lines of the variety Kharkoff
MC22 and (2) a single plant disomic selection. Two lots of crude sap and two lots treated with
ammonium sulfate saturation methods were used.

Ouchterlony's gel diffusion techniques revealed no differences between the different inject antigens or
between the monosomic and disomic antigens when reacted against any one antiserum. Precipitate
lines of partial or nonidentity were not present. All antigens were absorbed by any one of the 4 antisera
sources. A soluble precipitate complex occurred when crude antigen or absorbed antisera was reacted
against the purified antigen but was not antigenically important.

No differences could be found between antigens inherent in the monosomic and disomic genetic
condition when compared serologically. 
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ABSTRACT

A n t ig e n ic  components from the  l e a v e s  o f  s e v e r a l  monosomic ( 2 n - l )  and 
d isom ic  (2n) p l a n t s  from each o f  e i g h t e e n  chromosome s u b s t i t u t i o n  l i n e s  o f  
w i n t e r  wheat ,  T r i t i c u m  aes t ivum L. v a r i e t y  Kharkoff  MC22 (2n=42) were ' 
compared s e r o l o g i c a l l y .

A n t ibod ies  were produced in  r a b b i t s  by i n j e c t i n g  them w i th  l e a f  e x ­
t r a c t  a n t ig e n s  from 2 s o u r c e s : ( I )  a d isomic  which was d e r iv e d  from s e g ­
r e g a t i n g  monosomic and disomic  l i n e s  o f  the  v a r i e t y  K harkoff  MC22 and (2) 
a s i n g l e  p l a n t  d isomic  s e l e c t i o n .  Two l o t s  o f  crude sap  and two l o t s  
t r e a t e d  w i th  ammonium s u l f a t e  s a t u r a t i o n  methods were used .  •

O u c h te r l o n y 1s g e l  d i f f u s i o n  te c h n iq u e s  r e v e a le d  no d i f f e r e n c e s  be­
tween th e  d i f f e r e n t  i n j e c t  a n t ig e n s  o r  between the monosomic and disomic 
a n t i g e n s  when r e a c t e d  a g a i n s t  any one a n t i s e ru m .  P r e c i p i t a t e  l i n e s  o f  
p a r t i a l  o r  n o n i d e n t i t y  were not  p r e s e n t . All  a n t ig e n s  were absorbed  by 
any one o f  the  4 a n t i s e r a  s o u r c e s .  A s o l u b l e  p r e c i p i t a t e  complex o ccu r red  
when crude a n t ig e n  o r  absorbed  a n t i s e r a  was r e a c t e d  a g a i n s t  the  p u r i f i e d  
a n t i g e n  bu t  was not  a n t i g e n i c a l l y  im p o r ta n t .

No d i f f e r e n c e s  could be found between a n t ig e n s  i n h e r e n t  in  the 
monosomic and d isomic  g e n e t i c  c o n d i t i o n  when compared s e r o l o g i c a l l y .



INTRODUCTION

P l a n t  b r e e d e r s  and c y t o g e n e t i c i s t s  have long sea rch ed  f o r  workable 

methods to  eco n o m ica l ly  improve c e r e a l  crop  v a r i e t i e s  g e n e t i c a l l y .

With the  development o f  monosomic ( 2 n - l )  and nu l i som ic  (2n-2) l i n e s  

in  h ex a p lo id  w h e a t , a new te chn ique  o f  g e n e t i c  improvement became a v a i l ­

a b l e .  Through use o f  t h i s  t e c h n iq u e ,  complete chromosomes co n ta in in g  

genes o f  d e s i r a b l e  c e r e a l  q u a l i t y  o r  d i s e a s e  r e s i s t a n c e  may be s u b s t i t u t e d  

i n t o  an o th e rw is e  a c c e p ta b l e  g e n e t i c  complex.  The r e s u l t a n t  goa l  i s  a 

v a r i e t y  en g in ee red  t o  meet th e  p l a n t  b r e e d e r ' s  s p e c i f i c a t i o n s .

A majo r  problem in  t h i s  t e ch n iq u e  l i e s  in  p o s i t i v e  c y t o l o g i c a l  id e n ­

t i f i c a t i o n  o f  the  a n eu p lo id  c o n d i t i o n .  While m ic roscop ic  a n a l y s i s  r e v e a l s  

the  monosomic c o n d i t i o n ,  i t  may be s e a s o n a l l y  un t im e ly ,  as w e l l  as l a b o ­

r i o u s .  An a c c u r a t e , l e s s  time consuming,  method i s  needed.

S e ro logy ,  the  s tu d y  o f  blood serum, i s  used as a method in  b io -  

s y s t e m a t i c  and p l a n t  taxonomic compar isons.  By r e a c t i n g  immune s e r a  with  

homogenous a n t i g e n i c  m a t e r i a l ,  and r e l y i n g  upon the  s p e c i f i c i t y  of  the 

immune s e r a ,  co r respond ing  r e l a t i o n s h i p s  may be q u a n t i t a t e d  and e v a l u a t e d .

The n a t u re  o f  th e  b iochemica l  components o f  the  p l a n t  a re  determined 

by chromosomes. These u n i t s  o f  h e r e d i t y  d i r e c t  p ro c e s s e s  in c lu d in g  p r o ­

t e i n  s y n t h e s i s ; the  com pos i t ion  o f  such p r o t e i n s  being de te rm ined  by the 

n u c l e o t i d e  "code" i n h e r e n t  w i th i n  t h e . chromosomes.

Welsh and Hehn (1964) launched a s tu d y  to  de te rm ine ,  th rough  the  use 

o f  monosomic ( 2 n - l ) l i n e s ,  the  chromosome o r  chromosomes which c a r ry  

f a c t o r s  i n f l u e n c i n g  bread  f l o u r  q u a l i t y .  T e s t s  i n d i c a t e d  t h a t  chromosome 

ID (XVII) was v e ry  im p o r ta n t  in  the  d e t e r m i n a t i o n  of  bread f l o u r  cha rac -
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t e r i s t i c S o  The monosomic c o n d i t i o n  o f  t h i s  chromosome r e s u l t e d  in  d r a s t i c  

r e d u c t i o n  in  g l u t e n  s t r e n g t h  o f  the  f l o u r .  I t  was p o s t u l a t e d  t h a t  some 

s t r u c t u r a l  change in  p r o t e i n  had o c c u r re d  a l lowing  f o r  the  a l t e r a t i o n  of  

v a r io u s  p h y s i c a l  p r o p e r t i e s  o f  the  endosperm.

The o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  was to  de termine  i f  t h e r e  are 

d e t e c t a b l e  s e r o l o g i c a l  d i f f e r e n c e s  between a disomic  (2n) l i n e  o f  hard  

r ed  w i n t e r  wheat T r i t i c u m  aes t ivum L . em. T he l l  v a r i e t y  Kharkof MC22 and 

s e v e r a l  d e r iv e d  monosomic ( 2 n - l )  l i n e s  o f  th e  same v a r i e t y .  Meaningful  

d i f f e r e n c e s  could th e n  be u s e f u l  in  i d e n t i f y i n g  monosomic i n d i v i d u a l s .



REVIEW OF LIIERATUFE

S ero logy

Bordet  (Boyden 1942) i n i t i a t e d  i n t e r e s t  in  the  use o f  s e ro lo g y  

f o r  s tu d y in g  organism r e l a t i o n s h i p s  in  1895 when he reco g n ized  the 

a g g l u t i n i n  r e a c t i o n  as a " d i s t i n c t  phenomenon o f  immune serum".

Bordet  i n d i c a t e d  by f u r t h e r  s tu d y  t h a t  an i n j e c t e d  animal w i l l  not  

respond  to  th e  i n j e c t i o n s  o f  p r o t e i n s  from c l o s e l y  r e l a t e d  sp e c ie s  

and t h a t  t h i s  i n a b i l i t y  to  respond may se rve  as a guide  to  c lose  

r e l a t i o n s h i p s „

The discovery o f  the  p r e c i p i t i n  r e a c t i o n  i s  g e n e r a l l y  a c c r e d i t e d  

to  Kraus (Boyden 1942) .  In 1897 he mixed an t i s e rum  o b ta in e d  from 

goa t s  w i th  f i l t r a t e s  used f o r  i n j e c t i o n  and observed  the  p resence  of  

a p r e c i p i t a t e „

N u t t a l l  (1901) p ionee red  in  zoosys tem at ic s  by p u b l i s h i n g  on the 

p h y lo g e n e t i c  r e l a t i o n s h i p s  o f  many animals us ing th e  p r e c i p i t i n  

r e a c t i o n .  The i n t e n s i t y  o f  the  a n t i s e r u m - a n t i g e n  r e a c t i o n  was found 

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

a p p l i c a t i o n  o f  t h e s e  same t e ch n iq u es  to  p l a n t  s y s t e m a t i c s  was under ­

t a k e n  ..in the  same y e a r  by Kowarski (C h es te r  1937) .  Kowarski i n j e c t e d  

h e a t - r e s i s t a n t  wheat albuminose i n t o  r a b b i t s  and found t h a t  the i n ­

duced p r e c i p i t i n s  r e a c t e d  s t r o n g l y  w i th  wheat albumin e x t r a c t s  and 

weakly,  o r  no t  a t  a l l ,  w i th  the e x t r a c t s  o f  r y e , b a r l e y ,  o a t s  o r  p eas .

One y e a r  l a t e r ,  B e r t a r e l l i  (C h es te r  1937) s u c c e s s f u l l y  a p p l ied  

th e  p r e c i p i t i n  method in  the  d e t e c t i o n  o f  wheat f l o u r  con tam ina t ion  

by V ic ia  s a t i v a .
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B a l l n e r  and Burow (C hes te r  1937) working w i th  g r a i n s  in  1911 

showed t h a t  rye  i s  s e r o l o g i c a l l y  more c l o s e l y  r e l a t e d  to  wheat than  

to  b a r l e y  and o a t s .  They a l s o  found t h a t  r i c e  and maize were s t i l l  

more d i s t a n t l y  r e l a t e d  to  r y e . In 1911 Relander (C h es te r  1937),  

a f t e r  w o rk in g ,w i th  v a r i e t i e s  o f  b a r l e y ,  o a t s ,  V i c i a „ c l o v e r  and 

l u p i n e ,  succeeded in  s e r o l o g i c a l l y  s e p a r a t i n g  the  v a r io u s  s p ec ie s  

a n d , in  some c a s e s ,  the  v a r i e t i e s  o f  a s i n g l e  s p e c i e s .

Applying s e r o lo g y  to  the  s tu d y  o f  grape hybr ids  Rives (Baldwin 

e t  a l . .  1927) found in  1923 t h a t  c l o s e l y  r e l a t e d  g rape  hyb r id s  could 

be g r a f t e d  upon each  o t h e r .  Those which d id  not  show c lo se  s e r o l ­

o g i c a l  r e l a t i o n s h i p s  could not  be g r a f t e d  t o g e t h e r .  Green (1926) 

used s i m i l a r  t e c h n iq u e s  w i th  R u ta c e a e , Rosaceae, and Solanaceae  and 

came to  the  same co n c lu s io n  as R iv e s .

Baldwin,  F red ,  and H as tings  (1927) made a s e r o l o g i c a l  comparison 

o f  c u l t i v a t e d  legumes.  T h e i r  r e s u l t s  showed, " a l l  members o f  any 

c r o s s - i n o c u l a t i o n  group a re  c l o s e l y  r e l a t e d  w i th  r e s p e c t  to  the 

p r o t e i n  c h a r a c t e r i s t i c  o f  t h e i r  seeds  and , in  the m a j o r i t y  of  c a s e s ,  

a l l  legumes which p o sse ss  c l o s e l y  r e l a t e d  seed  p r o t e i n  complexes 

c ro s s  i n o c u l a t e ' " .

E a r l y ' a p p l i c a t i o n  of  s e r o l o g i c a l  methods was u n d e r ta k en  by 

Nelson and B i rk e la n d  (1929) to  a s s o c i a t e  s e r o l o g i c a l  correspondence  

and stem r u s t  r e s i s t a n c e .  Mindum durum (2n=28) and f o u r  common wheat 

v a r i e t i e s  (2n=42) -  M arqu is , Hard F e d e r a t i o n ,  North Dakota S e l e c t i o n  

1656-81 and Hope -  were u s e d . G e n e r a l l y ,  i t  was found t h a t  the 

v a r i e t i e s  o f  wheat  p o s s e s s in g  the  g r e a t e s t  number o f  g e n e t i c  f a c t o r s
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in  common showed the  c l o s e s t  s e r o l o g i c a l  r e l a t i o n s h i p .  For example,  

c lo s e  r e l a t i o n s h i p  was shown between Hope, s e l e c t i o n  1656-81,  and the  

common p a r e n t ,  Marqu is .  In co n c lu s io n  i t  was s t a t e d  " s i n c e  the 

g e n e t i c  com posi t ion  o f  the  v a r i e t y  i s  r e s p o n s i b l e  f o r  i t s  morpholog­

i c a l  as  wel l  as  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s ,  the  s e r o l o g i c a l  r e ­

a c t i o n s  may be used ,  w i th i n  l i m i t s ,  t o  a s c e r t a i n  th e s e  c h a r a c t e r ­

i s t i c s  . The a p p a re n t  p a r a l l e l i s m  in  s e r o l o g i c a l  r e l a t i o n s h i p  and 

r u s t  r e s i s t a n c e  seems to  o f f e r  d a t a  more hopefu l  f o r  s t u d y  than  any 

t h a t  g e n e t i c  o r  c y t o l o g i c a l  r e s e a r c h  such as chromosome d e t e r m in a t io n  

has so f a r  produced"".

During th e  p e r io d  1920-1930 many b o t a n i c a l  and z o o l o g ic a l  i n v e s ­

t i g a t o r s  f e l t  t h a t  th e  s e r o l o g i c a l  t e chn ique  would p rov ide  an o b j e c ­

t i v e  approach to  s y s t e m a t i c s .  A no ted  group o f  p l a n t  s e r o l o g i s t s  

emerged a t  K on igsbe rg , Germany headed by Gohlke in  1913 and l a t e r  by 

Mez (C h e s te r  1937) .  A f t e r  e x t e n s i v e  r e s e a r c h  Mez and Ziegenspeck in 

1926 (C h e s te r  1937) p u b l i sh e d  the  book ""Serodiagnostiche Stammbaum" 

showing a p h y l o g e n e t i c  t r e e  d e r iv e d  a lmost  e n t i r e l y  from compara t ive 

s e r o l o g i c a l  i n v e s t i g a t i o n s  o f  the  p l a n t  kingdom. Much c r i t i c i s m  o f  

the  system came from c l a s s i c a l  m orpho log ica l  s y s t e m a t i s t s  whose d a t a  

showed l i t t l e  c o r r e l a t i o n .  Gilg  and Schurhof f  (1927) ,  s e r o l o g i c a l  

i n v e s t i g a t o r s  in  B e r l i n ,  a t tem pted  to  d u p l i c a t e  r e s u l t s  o f  thje 

Stammbaum us ing  m od i f ied  t e c h n i q u e s .  Being r e l a t i v e l y  u n s u c c e s s fu l  

t h e y  s t a t e d ,  "The s e r o d i a g n o s t i c  method i s ,  f o r  i n v e s t i g a t i o n  of  

p l a n t  r e l a t i o n s h i p s ,  com ple te ly  u s e l e s s " .  O the rs ,  h o w e v e r , f e l t  t h a t  

s e r o l o g i c a l  t e c h n iq u e s  could  be used i f  supplemented by morphologic
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and c y t o l o g i c  d a t a .

S e r o l o g i c a l  r e s u l t s  and t e c h n iq u e s  o f  the  many z o o l o g ic a l  i n v e s ­

t i g a t i o n s  have been h e l p f u l  to  c e r t a i n  a s p e c t s  o f  b o t a n i c a l  s e ro lo g y .  

L e v i t  et_ al_. (1936) a f t e r  app ly ing  s e r o l o g i c a l  t e c h n iq u e s  in  a ge ­

n e t i c  s tu d y  o f  D rosoph i la  m e lan o q as te r  concluded t h a t  such methods 

could be used to  d e t e c t  the  p resence  o f  the  Y chromosome in  males and 

the  a t t a c h e d  X chromosome in  f em a les .  Cumley (1940) in  e v a l u a t i o n  of  

L e v i V s work f e l t  i t  p o s s i b l e  to  app ly  immunological  t e ch n iq u es  to  

th e  s tu d y  o f  the  e x p r e s s i o n  o f  i n d i v i d u a l  chromosomes o r  even genes .  

I rw in  and Cumley (1943) ,  working w i th  s e v e r a l  s p e c i e s  o f  doves ,  t h e i r  

hy b r id s  and b a c k c r o s s e s ,  concluded t h a t  the  s p e c i e s  s p e c i f i c  an t ig e n s  

o f  the  serum a re  c o n t r o l l e d  by g enes .  Thus, a g e n e t i c  b a s i s  of  

c l a s s i f i c a t i o n  i s  g iv e n  the  s y s t e m a t i s t  who uses s e r o l o g y  in  h i s  

work .

Hyun i n  1949 i n v e s t i g a t e d  th e  s e r o l o g i c a l  r e l a t i o n s h i p  of  d i f f e r ­

e n t  s p e c i e s  o f  th e  genus Q uercus . P r o t e i n s  were e x t r a c t e d  from seeds 

in  th e  f i r s t  s t a g e  o f  ge rm in a t io n  and i n j e c t e d  i n t o  r a b b i t s :  to  

s t i m u l a t e  a n t ib o d y  p r o d u c t i o n .  He found t h a t  h i s  r e s u l t s  agreed with  

th e  t r e a t m e n t  of  s y s t e m a t i c  b o t a n i s t s .

Recent b o t a n i c a l  i n v e s t i g a t i o n s  in  s y s t e m a t i c  s e r o lo g y  a t  R u tge rs '  

U n i v e r s i t y  began w i th  the  work of  Johnson (1954) on the  M agnoliaceae . 

S e v e ra l  genera  were compared w i th  Magnolia and then  s e v e r a l  s p ec ie s  

o f  Magnolia were compared t o  e s t a b l i s h  i n t r a g e n e r i c ,  s e r o l o g i c a l  

r e l a t i o n s h i p s .  I n t e r g e n e r i c  s e r o l o g i c a l  comparisons confirmed the 

c l a s s i c a l  taxonomy g ro u p in g s .  O the r  d a t a  p r e s e n te d  by Johnson
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i n d i c a t e d  t h a t  i n t e r - s p e c i f i c  d i f f e r e n c e s  in  Magnolia s u rp a s s  the  

i n t e r - g e n e r i c  d i f f e r e n c e s  in'  c e r t a i n  ca s es .  No e x p l a n a t i o n  of  t h i s  

a p p a re n t  paradox i s  p r e s e n t e d .

Lewis (1952) a p p l i e d  the  p r e c i p i t i n  r i n g  t e s t  in  an a t tem pt  to 

de te rm ine  the  n a t u r e  o f  c e r t a i n  com p e t i t iv e  i n t e r a c t i o n s  which occur  

between i n c o m p a t i b i l i t y  a l l e l e s  o f  Oenothera  o rq a n e n s i s  and a l so  to  

g ive  a c lue  to  the  n a t u re  o f  th e  i n c o m p a t i b i l i t y  sys tem.  P o l l e n  

e x t r a c t s  o f  fo u r  d i f f e r e n t  i n c o m p a t i b i l i t y  genotypes  were used as 

a n t i s e r a  s o u r c e s .■ The r e s u l t s  o f  t w e n t y - f i v e  d i f f e r e n t  combination 

t e s t s ,  w i th  the  e x c e p t io n  o f  two c ro s s  r e a c t i o n s , were found to  agree  

w i th  the t h e o r y  t h a t  the  "S" a l l e l e s  produce s p e c i f i c  subs tances  in  

th e  p o l l e n  each  o f  which i s  a n t i g e n i c a l l y  d i f f e r e n t .  I t  was a l so  

shown t h a t  the  s t y l a r  i n c o m p a t i b i l i t y  subs tance  i s  preformed and i s  

no t  the  r e s u l t  o f  an a n t i g e n i c  s t im u lu s  from the p o l l e n  tubes. ,

Hammond (1955) compared a number o f  genera  in  the  Ranunculaceae 

on the  b a s i s  o f  t h e i r  s e r o l o g i c a l  i n t e r a c t i o n s  and t h i s  c r i t e r i o n ,  

t o g e t h e r  w ith  c y t o l o g i c a l  and m orpho log ica l  d a t a ,  was used to  produce 

a new s y s t e m a t i c  t r e a t m e n t  o f  the  g e n e r a .

C o n s id e rab le  d isag reem en t  a ro se  among e a r l i e r  i n v e s t i g a t o r s  as 

to  whether  i n d i v i d u a l  p l a n t s  were s e r o l o g i c a l l y  homogenous o r  whether 

d i f f e r e n t  organs  o r  t i s s u e s  from the  same p l a n t  had d i f f e r e n t  a n t i ­

g e n ic  complements.  Mez b e l i e v e d  t h a t  p l a n t s  were homogenous but  the 

B e r l i n  group d i s a g r e e d .  C h es te r  (1937) no te d ,  however, t h a t  compar­

isons  between seed  p r o t e i n s  and p r o t e i n s  from o t h e r  p l a n t  p a r t s  were 

d i s t i n c t i v e l y  d i f f e r e n t .
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G e l l  e t  a l .  ( i960)  w i th  the  a p p l i c a t i o n  o.f immunological  methods 

s t u d i e d  the  taxonomy o f  15 Mexican s p e c i e s  and 22 South American 

s p e c i e s  o f  the  genus Solanum., E x t r a c t s  were p repa red  from the  tu b e rs  

and the  crude j u i c e s  were a d j u s t e d  to  y i e l d  a p r o t e i n  c o n c e n t r a t i o n  

o f  0 .5  p e r  c e n t .  The g e l l - d i f f u s ion  te chn ique  developed  by Elek 

(1948) and O uch te r lony  (1948,  1958, 1964) was used as modif ied  by 

immuno- e l e c t r o p h o r e s i s  developed  by Grabar  and Will iams (1953).

T h e i r  scheme o f  r e l a t i o n s h i p s  between s p e c i e s  of  the  Mexican s p ec ie s  

was s i m i l a r  to  t h a t  a l r e a d y  p o s t u l a t e d  on the b a s i s  o f  morphological  

and c y t o g e n e t i c a l  s t u d i e s .  The te chn ique  was i n e f f e c t i v e  in  s e p a r a t ­

ing the South American s p e c i e s .  The r e s e a r c h e r s  m a in ta in ed  t h a t  the 

s e r o l o g i c a l  method r e g a r d l e s s  o f  i t s  l i m i t a t i o n s  in  t h i s  s tu d y  could 

be used ,  t o g e t h e r  w i th  o t h e r  d a t a ,  in  taxonomical  o r  e v o l u t i o n a r y  

a p p r a i s a l s .

Wright  ( i960)  has r e f i n e d  f u r t h e r  i n v e s t i g a t i o n  o f  organ  s p e ­

c i f i c  a n t i g e n s .  By combining u l t r a c e n t r i f u g a t i o n  and immunodiffusion 

he was ab le  to  dem ons t ra te  an a n t i g e n  in  the  microsome f r a c t i o n  o f  

t h r e e - d a y  o ld  c o l e o p t i l e  t i s s u e  o f  whea t .  In o r d e r  to  exclude non- 

microsomal a n t i g e n s ,  the  an t i s e rum  was f i r s t  absorbed w i th  the 

s u p e r n a t a n t  o f  the  microsome f r a c t i o n .  The p r e c i p i t i n  band a s s o c i ­

a t e d  w i th  the  microsome f r a c t i o n  o f  th e  t h r e e - d a y  o ld  c o l e o p t i l e  

t i s s u e  was a b s e n t  from c o l e o p t i l e  t i s s u e  o f  a younger age and from 

r o o t  and l e a f  t i s s u e .  Wright  i n d i c a t e d  t h a t  "a non-organ  s p e c i f i c  

m e r i s t e m a t i c  p a t t e r n  o f  a n t ig e n s  has superimposed upon i t ,  dur ing
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d i f f e r e n t i a t i o n ,  a combination  o f  p r o t e i n s  c h a r a c t e r i s t i c  of  

d i f f e r e n t i a t e d  c e l l s " .

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

p l a n t  was proven by Kloz et. al..  ( i 9 6 0 ) .  By comparing the  a n t i g e n i c  

s u b s t a n c e s  from c o t y l e d o n s ,  s e e d l i n g  r o o t s ,  and mature le aves  of  

P h a s e o l u s . i t  was found t h a t  d i f f e r e n c e s  in  organ r e a c t i o n s  o f t e n  

exceeded d i f f e r e n c e s  in  s p e c i e s  r e a c t i o n s „ As an example , a s e r o l ­

o g i c a l  comparison o f  the  i n d i v i d u a l  organs o f  th e  same sp e c ie s  

(P . v u l g a r i s ) as a g a i n s t  d i f f e r e n t  s p e c i e s  r e a c t i o n s  showed the 

fo l low ing  p r e c i p i t i n  r e s u l t s :

( l )  Organ i n t e r a c t i o n s

(Antiserum a g a i n s t  co ty ledons  t e s t e d  a g a i n s t  s e r a  from the  

fo l low ing  s o u r c e s ):

Source

Cotyledons 
S eed l ing  ro o t s  
Mature leaves

Reac t ion  (Per c e n t )

TOOoO
8 .9
5 .2

(2) S pec ies  i n t e r a c t i o n s

Phaseo lus  v u l g a r i s  (Antiserum o f  le aves  a g a i n s t  s e r a  from 

le aves  o f  fo l low ing  s p e c i e s ) ;

P. v u l g a r i s 100.0
P . cocc ineus 89.7
G lvc ine  s o l a ' 41 .7
V ic ia  f aba 19.9

Tucker  (1963) working w i th  two su b sp e c ie s  o f  Marchan t ia

Polymorpha was ab le  to  show a s e r o l o g i c a l  d i f f e r e n c e  between them u s ­

ing d o u b l e - d i f f u s i o n  te c h n iq u e s  where a n t i s e r u m - a n t ig e n  and absorbed
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a n t i s e r u m - a n t i g e n  methods bo th  were used .  He concluded t h a t  " r e s u l t s  

show a n t i g e n i c  p r o t e i n s  may be e x t r a c t e d  from green  t i s s u e s  and used 

in  s tu d y  o f  p l a n t  r e l a t i o n s h i p s " .

S e r o l o g i c a l  s t u d i e s  were conducted w i th i n  f a m i l i e s  Cornaceae and 

Nyssaceae by F a i r b r o t h e r s  and Johnson. (1964).  Seeds were ground and 

the  c o l l o i d a l  p r e c i p i t a t e  a f t e r  p r o t e i n  e x t r a c t i o n  was i n j e c t e d  in to  

r a b b i t s . The p h o t r o n r e f l e c t o m e t e r  and Ouchte r lony  methods were used 

and i t  was g e n e r a l l y  concluded t h a t  s e r o l o g i c a l  g roup ings  ob ta ined  

f o r  the  ta xa  s t u d i e d  were in  agreement w ith  those  p r e s e n t l y  employed 

by some ta x o n o m is t s .

C ree l  (1964)-V compared the  s p e c i e s  o f  Agroovron s e r o l o g i c a l l y  

and su g g es ted  t h a t  no t  a l l  fo u r  s e c t i o n s  o f  the genus Aqroovron 

(G ou la rd ia  H . ,  Holopyron H .,  Agropyron and Eremopyrum) ,  as proposed 

by Holmberg (1926), were v a l i d .

S e r o l o g i c a l  r e l a t i o n s h i p s  were de termined  by Kleese and Frey 

(1964) between Avena s a t i v a  v a r .  Cherokee and s i x  o t h e r  o a t  v a r i e t i e s  

used as p a r e n t s  i n  c r o s s e s .  R e l a t i o n s h i p s  were a l s o  s t u d i e d  between 

4 corn  in b reds  used in  s i n g l e  c r o s s e s .  R e a c t i v i t y  was t e s t e d  quan­

t i t a t i v e l y  by p h o t o e l e c t r i c a l Iy  measuring the t u r b i d i t y  ( a f t e r  Boyden 

and D e f a l c o , 1943) from each a n t i g e n - a n t i b o d y  system.  The r e s e a r c h e r s  

concluded t h a t  the  s e r o l o g i c a l  r e l a t i o n s h i p s  o f  the  p a r e n t s  used in  

th e  o a t  c r o s s e s  ag reed  w i th  the  w i t h i n - c r o s s  v a r i a n c e  components f o r

l /  C r e e l ,  G.C. 1964. B io s y s te m a t i c  comparison of  s p e c i e s  in  the 
genus Agroovron G a e r t n . w i th  p a r t i c u l a r  emphasis on s e r o l o g i c a l  
s t u d i e s .  Ph.D. T h e s i s .  Montana S t a t e  U n iv e r s i t y .
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g r a i n  y i e l d  whereas comparisons to  heading d a t e  and h e i g h t  c o r r e ­

sponded on ly  in  i s o l a t e d  cases,.  S i m i l a r  methods used in  comparison 

and p r e d i c t i o n s  o f  the  corn in b reds  y i e l d e d  l e s s  c o n c lu s iv e  r e s u l t s .

Vaughn et_ a_l. (1965) used immunodif fus ion,  d o u b l e - d i f f u s i o n  

(method by O u c h te r l p n y ) and e l e c t r o p h o r e t i c  t e c h n iq u e s  in- taxonomic 

a n a l y s i s  o f  t h r e e  s p e c i e s  o f  the  gene ra  B r a s s i c a . Ev idence  based on 

seed  p r o t e i n s  s u p p o r te d  the  c l a s s i f i c a t i o n  o f  the  t h r e e  p l a n t s  in to  

t h r e e  ta x a  and a l s o  su p p o r t s  c l a s s i f i c a t i o n  by S c h u l t z  (1919) on 

morpho log ica l  g rounds .

L e s t e r  e t  a_l. (1965) compared 14 s p e c i e s  o f  B a p t i s i a  by means o f  

d o u b l e - d i f f u s i o n  and im m unoe lec t rppho re t ic  t e c h n i q u e s .  A few 

d e f i n i t e  and r e p e a t a b l e  d i f f e r e n c e s  could be d e t e c t e d ;  however, in 

g e n e r a l ,  the  s e r o l o g i c a l  d i f f e r e n c e s  appeared " c o n s e r v a t i v e "  when 

compared to  m orpho log ica l  c r i t e r i a .  The i n v e s t i g a t o r s  f e l t  t h a t  

" s e r o l o g i c a l  d a t a  shou ld  be r ega rded  as a d ju n c t s  to  o t h e r  s y s t e m a t i c  

knowledge on ly  on th e  b a s i s  o f  e m p i r i c a l  m a n i f e s t a t i o n s  o f  t h e i r  

u t i l i t y .  There i s  no c l e a r  j u s t i f i c a t i o n  f o r  r e g a rd i n g  s e r o l o g i c a l  

' d a t a  as i n t r i n s i c a l l y  e i t h e r  s u p e r i o r  o r  i n f e r i o r  to  o t h e r  s y s t e m a t i c  

c r i t e r i a " .

The O uch te r lony  d o u b l e - d i f f u s i o n  p l a t e  method was used by 

E s p o s i t o  et. a l .  (1966) f o r  the  s u c c e s s f u l  i d e n t i f i c a t i o n  and d i f f e r ­

e n t i a t i o n  o f  n ine  Medicaqo s a t i v a  L v a r i e t i e s .  S p e c i f i c  s e r o l o g i c a l  

t e s t s  were r e p o r t e d  as " s u f f i c i e n t l y  d e f i n i t e "  f o r  the  i d e n t i f i c a t i o n  

o f  seed p r o t e i n  pheno types .  The r e s u l t s  i n d i c a t e d  t h a t  i t  is. p o s s i b l e
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t o  i d e n t i f y  the  n ine  v a r i e t i e s  and to  d i s t i n g u i s h  one from a n o th e r .  

The r e s e a r c h e r s  i n d i c a t e d ,  however, t h a t  a combinat ion o f  g e n e t i c ,  as 

w e l l  as env i ronm en ta l  components,  may have in f lu e n c e d  seed  p r o t e i n  

c o n t e n t ;  t h u s ,  e i t h e r  o r  both  components may have been r e s p o n s ib l e  

f o r  v a r i e t a l  d i v e r s i f i c a t i o n s  d i s p l a y e d .

More r e c e n t l y ,  Damirgi  e t  al_. (1967) r e p o r t e d  app ly ing  a s e r o l ­

o g i c a l  t e ch n iq u e  in  a s tu d y  which was conducted to  de te rm ine  the 

d i s t r i b u t i o n  o f  r h i z o b i a l  s t r a i n s  o f  Rhizobium japonicum in  nodules 

o f  soybeans grown on c e r t a i n  s o i l s .  Homogenized nodule suspensions  

were used as a n t ig e n s  and the  a g g l u t i n a t i o n  t e s t  was used to  compare 

the  groups s e r o l o g i c a l l y .  The r e s u l t s  were then  used to  d i s t i n g u i s h  

s p e c i f i c  s t r a i n s  of  r h i z o b i a  found in  d i f f e r e n t  a rea s  and in  v a r ious  

s o i l s .

Rewarding c o n t r i b u t i o n s  in  the  r e s e a r c h  of  hy b r id s  has been 

b rought  about  by s e r o l o g i c a l  d e t e r m i n a t i o n s .  One o f  th e  c l a s s i c a l  

pape rs  on the  s e r o l o g i c a l  s tudy  o f  p l a n t  hybr ids  was t h a t  o f  Zade 

(A ls ton  and Turne r  1963) who p u b l i s h e d  a s tu d y  in c lu d in g  a s e r o l o g i c a l  

comparison o f  t h r e e  s p e c i e s  of  c l o v e r :  T r i fo l iu m  r e p e n s . T„ p r a t e n s e , 

and T „ hybr idum. At t h a t  t i m e , T . hybridum was reg a rd ed  as a hybr id  

o f  T. p r a t e n s e  and T. repens  ( t h i s  i s  ques t ioned  by r e c e n t  i n v e s t i ­

g a t o r s ) .  Zade r e p o r t e d  t h a t  T„ hybridum serum r e a c t e d  more s t r o n g l y  

w i th  the  supposed p a r e n t s  than  d id  r e c i p r o c a l  t e s t s  w i th  serum from 

the  p a r e n t s „ C h e s t e r  (1937) who d i s c u s s e d  t h i s  work mentioned "Zade

w i th  the  p r e c i p i t i n  t e s t  showed t h a t  T r i fo l iu m  p r a t e n s e  and T . repens 

a re  r e l a t e d  but  s e r o l o g i c a l l y  d i s t i n c t .  T h e i r  h yb r id  T. hybridum



-  .13

r e a c t s  so s t r o n g l y  w i th  bo th  as to  dem ons t ra te  i t s  h y b r id  n a t u r e " .

Had t h e r e  been no p rev io u s  assumption o f  the  h yb r id  n a t u r e  o f  T. 

hvbridum i t  may have been concluded t h a t  t h i s  s p e c i e s  was the  c l o s e s t  

o f  th e  t h r e e  to  some p r i m i t i v e  T r i f o l i u m  s t o c k .  The r e s u l t s  are open 

to  v a r io u s  i n t e r p r e t a t i o n s .

H a l l  (1959) when s e r o l o g i c a l l y  i n v e s t i g a t i n g  rye -w hea t  c rosses  

and p a r e n t s  c o n c l u s i v e l y  i n d i c a t e d  a l l  p r o t e i n s  immunoelect ro-  

p h o r e t i c a l l y  i d e n t i f i e d  in  the  wheat  could be t r a c e d  in  the  ry e -  

wheat  h y b r id  and s p e c i f i c  rye-w hea t  p r o t e i n s  could no t  be d e t e c t e d ,

I rw in  and Cumley (19.43) s t u d i e d  s e r o l o g i c a l  r e l a t i o n s  in  the 

P e a r ln e c k  dove,  the  r i n g  dove,  and t h e i r  h y b r id s .  They found in  the 

hy b r id s  a l l  t h e  a n t ig e n s  s h a red  by th e  p a r e n t a l  s p e c i e s  and most o f  

th e  c h a r a c t e r s  s p e c i f i c  to  each  p a r e n t .  In c o n t r a s t  to  H a l l ' s  r e p o r t ,  

a l l  o f  the  h y b r id s  posse ssed  a "h y b r id  subs tance  no t  found in  e i t h e r  

p a r e n t " .

Commenting on t e c h n iq u e s  to  d i s c l o s e  hybr ids  th rough  s e r o l o g i c a l  

m e t h o d s A l s t o n  and Turner  (1963) w ro te :  “Suppose,  f o r  example , t h a t  

s p e c i e s  A c o n t a in s  a n t ig e n  complement a+b and s p e c i e s  B con ta in s  

a n t ig e n  complement b+c.  Thus , ' b r e p r e s e n t s  the  common a n t i g e n i c  

s u b s t a n c e s .  The h yb r id  shou ld ,  t h e r e f o r e ,  possess  a complement 

a+b+c,  and a h y b r id  a n t i s e ru m ,  i f  absorbed  with  serum type A and then  

w i th  serum type  B, shou ld  be com ple te ly  n e u t r a l i z e d .  I t  should  then  

g iv e  a n e g a t iv e  re sponse  to  h y b r id  serum. Presumably t h e n ,  i f  a 

r e s i d u a l  a c t i v i t y  remained in  the  a n t i s e ru m  a f t e r  a b s o r p t i o n  with
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s e r a  A and B5 one o f  t h r e e  e x p l a n a t i o n s  might  h o l d :

(1) The p l a n t  was no t  a h y b r id .

(2) New " h y b r i d - t y p e "  a n t i g e n i c  s u b s tan ces  were p r e s e n t ,

(3) G e n e t i c  h e t e r p z y g o s i t y  in  one o r  both  p a r e n t s  l e d  to  

i n d i v i d u a l  d i f f e r e n c e s  in  a n t i g e n i c  complement.

However, i f  serum o f  the  "hybr id"  com ple te ly  n e u t r a l i z e d  a n t i s e r a  of  

type  A and t y p e ' B, t h i s  would o f f e r  s t r o n g  s u p p o r t  f o r  the  t r u e  

h y b r id  n a t u re  of  the p l a n t  in  q u e s t i o n .

I I .  C y to g e n e t i c s  -  Aneuploidy

The f i r s t  e x t e n s i v e  aneup lo id  g e n e t i c  program in  wheat was 

' i n i t i a t e d  by S e a r s . (1939) when he observed  two h a p l o id  p l a n t s  in  a 

f i e l d  c u l t u r e  o f  105 p l a n t s  grown from seed  o f  T r i t i c u m  v u lga re  v a r i ­

e t y  Chinese Spr ing  (n=2l )  „ Both o f  the  h ap lo id s  were com ple te ly  m a l e " 

s t e r i l e .  One was female s t e r i l e  but  the  o t h e r  s e t  14 seeds from 

f l o r e t s  p o l l i n a t e d  by normal wheat p o l l e n .  The 14 seeds  y i e ld e d  13 

mature p l a n t s  which ranged from 40-42 in  somat ic  chromosome numbers.

Each o f  th e s e  p l a n t s  was i n v e s t i g a t e d  c y t o l o g i c a l l y  a t  m e io s i s .  

Five o f  the  41 chromosome p l a n t s  showed I u n iv a l e n t  and 20 b i v a l e n t s ,  

and 2 showed 2 u n i v a l e n t s  and I t r i v a l e n t  each.  Of t h e  two 40 

chromosome i n d i v i d u a l s  one had 17 b i v a l e n t s ,  2 u n i v a l e n t s  and I r ing  

of  f o u r  and th e  o t h e r  had 19 b i v a l e n t s  and 2 u n i v a l e n t s .  Of the  fou r  

42 chromosome p l a n t s ,  2 were normal w i th  21 b i v a l e n t s  each ,  I had 

15 b i v a l e n t s ,  2 u n i v a l e n t s ,  2 t r i v a l e n t s ,  and a r i n g  o f  f o u r ,  and the 

o t h e r  had 19 b i v a l e n t s ,  I t r i v a l e n t  and I u n i v a l e n t .  Sears  hypoth ­

e s i z e d  t h a t  the  d i f f e r e n t  m e io t i c  c o n f i g u r a t i o n s  in  the  progeny

(
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were the  r e s u l t  o f  abnormal d i v i s i o n  o r  s e g r e g a t i o n  o f  the  21 

u n i v a l e n t  chromosomes a t  m e ios i s  o f  the  o r i g i n a l  h a p l o id  p l a n t .  The 

r e s u l t i n g  gametes which c a r r i e d  d u p l i c a t i o n s  o r  d e f i c i e n c e s  f o r  one 

o r  more o f  the  chromosomes when combined w i th  the  normal male gametes,  

would r e s u l t  in  progeny which were abnormal in t h e i r  chromosome 

numbers and p a i r i n g  c o n f i g u r a t i o n s .  Sears  proposed t h a t  the  o c c u r ­

rence  o f  the  r i n g s  o f  fo u r  was the  r e s u l t  o f  segmental  in t e rc h a n g e s  

which o c c u r re d  in  the  h a p lo id  as a r e s u l t  o f  c ro s s o v e r s  between 

p a i r e d  homologous chromosomes. The t e t r a s o m i c  c o n d i t i o n  was an 

u n l i k e l y  c o n t r i b u t i o n .

Sears  (1939) d i s c u s s e d  s e v e r a l  p o s s i b i l i t i e s  f o r  the use of  

chromosome a b e r r a n t s  in  a broad g e n e t i c  a n a l y s i s  o f  T . v u l q a r e .

An e f f o r t  was i n i t i a t e d  to  de te rm ine  homologies among the  monosomic 

i n d i v i d u a l s  by us ing  %. durum (n=14) as a common p a r e n t .  Another 

a r e a  of  s tu d y  i s  the  immediate e f f e c t s  on the  p l a n t  r e s u l t i n g  from 

d u p l i c a t i o n s  and d e f i c i e n c i e s  o f  chromosomes and p a r t s  o f  chromosomes. 

Monosomies and t r i s o m i c s  may a l s o  be used to  l o c a t e  genes on s p e c i f i c  

chromosomes of  common wheat .

By 1944 S ears  (1944) had o b ta in e d  s even teen  o f  th e  21 p o s s ib le  

n u l l i s o m ic s  and monosomies.  From o b s e r v a t i o n s  o f  the  n u l l i s o m ic  

i n d i v i d u a l s ,  t h e  f a c t o r s  governing seed c o l o r ,  pubescen t  nodes, 

squa 'reheadedness  and s u p p re s s io n  o f  s p e l t o i d y ,  and awn development,  

were a s s ig n e d  to  s p e c i f i c  chromosomes. S e a r s '  o b s e r v a t i o n  o f  the 

f requency  o f  t r a n s m i s s i o n  of  the  n u l l i s o m ic  and monosomic c o n d i t io n s
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from s e l f i n g  monosomic p l a n t s  i n d i c a t e s  the  n u l l i s o m ic s  a re  produced 

in  f r e q u e n c i e s  rang ing  from 3 to  10 p e r c e n t  while monosomic f requency  

ranged  from 75 to  85 p e r c e n t .  Burnham (1962) p o i n t s  o u t  t h a t  in  the 

p r o d u c t io n  o f  female gametes t h e r e  i s  approx im ate ly  50 p e rc e n t  chance 

o f  th e  u n i v a l e n t  being l o s t  in  th e  f i r s t  m e io t i c  d i v i s i o n  and a 50 

p e r c e n t  chance of  i t  being  l o s t  in  th e  second m e io t i c  d i v i s i o n .  The 

f i n a l  p e rc e n ta g e  o f  c e l l s  t h a t  r e c e i v e  the  u n i v a l e n t  may be about 

25 p e r c e n t .  D e f i c i e n t  female g a m e te s 5 a g a i n s t  which t h e r e  i s  no 

ap p a re n t  s e l e c t i o n ,  occur  on an average  o f  75 p e r c e n t  o f  the  time 

r e s u l t i n g  from t h i s  t r a n s m i s s i o n  -  no t  as a r e s u l t  o f  t h e r e  being a 

50-50 chance o f  the  u n i v a l e n t  p a s s in g  to  one pole  o r  th e  o t h e r  a t  

bo th  d i v i s i o n s .

Male t r a n s m i s s i o n  o f  ( n - l )  i s  r e p o r t e d  by Sears  (1944) as 

rang ing  from I to  15 p e r c e n t  depending on the  chromosome. This low 

number o f  f u n c t i o n in g  d e f i c i e n t  male gametes i s  presumably  due to  the  

e l i m i n a t i o n  o f  d e f i c i e n t  p o l l e n  th ro u g h  com pe t i t ion  w i th  normal 

p o l l e n .

From th e s e  s t u d i e s  of  t r a n s m i s s i o n  f requency .  Sears  (1958) was 

ab le  to  p r e d i c t  b reed ing  b eh av io r  o f  a t y p i c a l  monosomic p l a n t  fo r  

the  common wheat  v a r i e t y  Chinese Spr ing  (n -2 1 ) .
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Table I . Breeding  b e h a v io r  o f  a t y p i c a l  monosomic p l a n t .

Male
Female 21 Chromosome P o l l e n 96%:20 Chromosome P o l l e n  4%

21 chromosome 
eggs 25%

2 1 j j  p l a n t s  24% 2 0 n  + I j  p l a n t s  1%

20 chromosome 
eggs 75%

2011 + I l  p l a n t s  72% 21%% p l a n t s  3%

By 1958 Sears  r e p o r t e d  the  f i n a l  complete grouping  o f  a l l  21 

chromosomes in t o  7 homologous groups and a l s o  d e s ig n a t e d  the  genome 

to  which most chromosomes be longed .



MATERIALS AND METHODS

C y to g e n e t i c s

In the  p r e s e n t  s tu d y ,  t toenty-one monosomic l i n e s ,  each' mon- 

osomic f o r  a d i f f e r e n t  chromosome, of  th e  hard red w i n t e r  wheat 

T r i t i c u m  aes t ivum  L„ v a r i e t y  Kharkoff  MC22 ( s u b s e q u e n t ly  r e f e r r e d  to  

as KMC22), were o b t a in e d  as seed from Dr.  B. C. J e n k i n s , Department 

o f  P l a n t  S c ie n c e ,  U n i v e r s i t y  o f  M ani toba , Winnipeg, Canada. These 

l i n e s  had been produced by a b ack c ro ss in g  program w i th  KMC22 as the 

r e c u r r e n t  p a r e n t  on o r i g i n a l  c r o s s e s  w i th  Chinese Spr ing  monosomies. 

The back.crosses had been completed f o r  8 o r  9 g e n e r a t i o n s  to  in su re  

r e l a t i v e l y  pure g e n e t i c  r e c o v e ry  o f  the  Kharkoff  complement.  One 

e x c e p t io n  to  t h i s  was the  l i n e  monosomic f o r  chromosome 6D which had 

a h i s t o r y  o f  on ly  3 b a c k c r o s s e s .

The chromosome numbering sys tem used in  t h i s  s t u d y  i s  exp la ined  

as f o l l o w s : The f i r s t  numeral and c a p i t a l  l e t t e r  r e f e r  to  the

s p e c i f i c  chromosome in v o lv e d ,  the  s u b s c r i p t  l e t t e r  r e f e r s  to  one of  

two f a m i l i e s  developed  f o r  each  s u b s t i t u t i o n  l i n e  and th e  f i n a l  

numeral d e s i g n a t e s  the  o r i g i n a l  p l a n t  in  t h i s  l i n e  from which the 

p ro g en ie s  f o r  t h i s  s tu d y  were p ro p a g a t e d .  As an example,  I Da-2 

would d e s i g n a t e  s u b s t i t u t i o n  l i n e  ID, fam i ly  a,  and the  second 

p l a n t .

The tw enty-one  monosomic l i n e s , p e r p e t u a t e d  by s e l e c t i o n ,  were 

grown on an i n d i v i d u a l  p l a n t  b a s i s  du r ing  the  1965-66 season,  a t  the  

A g r i c u l t u r a l  Research  S t a t i o n ,  Bozeman, Mont aria. Head samples f o r  

p o l l e n  mother c e l l  c y t o l o g i c a l  a n a l y s i s  were takep  on p l a n t s  of
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monosomlc l i n e s  about  3 days p r i o r  to  emergence from the  b o o t . Head 

samples were p r e s e rv e d  and r e f r i g e r a t e d  in  Newcomer's f i x a t i v e  

(Newcomer 1953).  S l ide  p r e p a r a t i o n s  were made accord ing  to  

B e l l i n g 1s (1926) method o f  s t a i n i n g .  Chromosome counts  were made 

when p o s s i b l e ,  o th e rw is e  the  o c cu r ren c e  of  a u n i v a l e n t  in  the  c e l l  

was t a k en  as an i n d i c a t i o n  o f  a 'monosomic c o n d i t i o n .

Absolu te  i d e n t i f i c a t i o n  o f  monosomic l i n e s  o f  chromosome 4Aa-3 

and chromosome lDb-2 was made u n c e r t a i n  due to  the p re sen ce  of  

unusual  chromosome c o n f i g u r a t i o n s  a t  m e i o s i s .  These two l i n e s  were 

n o t  in c lu d ed  in  th e  s tu d y .  Line 7Ba-l  was not  inc luded  because 

n o n s e g re g a t in g  progeny i n d i c a t e d  the  o r i g i n a l  p a r e n t  was a d isomic .

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

unavo idab ly  missed  in  c e r t a i n  p l a n t s .  These p l a n t s  were al lowed to  

s e l f  p o l l i n a t e  and m a tu r e . Five p l a n t s  from each of  the  un iden­

t i f i e d  p a r e n t s  were grown in  the  greenhouse and examined c y t o lo -  

g i c a l l y .  I f  th e  p a r e n t  was a monosomic the  progeny would s eg reg a te  

f o r  the  aneu p lo id  c o n d i t i o n  in  an approximate r a t i o  o f  3 monosomic 

to  I d isom ic .  (Witnessed d e v i a t i o n  from t h i s  r a t i o  may be exp la ined  

by smal l  sample s i z e  and i r r e g u l a r i t i e s  o f  u n i v a l e n t  t r a n s m i s s i o n
i

i n h e r e n t  in  the  monosomic l i n e . )  I f  an examined p l a n t  was monosomic 

i n d i c a t i o n s  a re  t h a t  the p a r e n t  was monosomic, t h e r e f o r e ,  no o t h e r  

samples were observed  from the  o t h e r  4 p l a n t s . On the  o t h e r  hand, 

i f  a p l a n t  was d isomic  the  o t h e r  4 . p l a n t s  were examined a l s o .  I f  

t h e y  were a l l  d isomic  the  p a r e n t  was considered ,  a d isom ic ;  i f  a l l
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were not  Zn the  p a r e n t  was co n s id e re d  a monosomic= The p o s s i b i l i t y  

o f  m i s c l a s s i f y i n g  a p a r e n t  as a n u l l i s o m i c  o r  a monosomic was d i s ­

reg a rd ed  f o r  t h i s  s t u d y  because morpholog ica l  i d e n t i f i c a t i o n  o f  the  

n u l l i s o m i c  p l a n t  i s  p o s s i b l e ,  and c ro s s  p o l l i n a t i o n  i n  a n u l l i s o m ic  

i s  an i n f r e q u e n t  o c c u r r e n c e »

I I .  E x t r a c t i o n ,  Ant igen Trea tm en t ,  and P r o t e i n  D e te rm in a t io n

Concu r ren t  w i th  c y t o l o g i c a l  sam pl ing ,  the  l e av es  were c l ipped  

from f i e l d  p l a n t s  in  about  the  6 l e a f  s t a g e .  The p l a n t  t i s s u e ,  a f t e r  

be ing washed and b l o t t e d  d ry ,  was conf ined  w i th in  a s t a i n l e s s  s t e e l  

c y l i n d e r ,  s e m ip u lv e r i z e d  and s u b j e c t e d  to  3,000 pounds pe r  square  

inch  o f  p r e s s u r e . The crude p l a n t  sap  was drawn o f f  and f rozen  

w i t h i n  20 m in u te s .  Al l  p l a n t  samples o f  expressed  sap  were i d e n t i ­

f i e d  and k ep t  s e p a r a t e  th roughou t  th e  s tu d y .

The a n t ib o d y  sources  were th e  S in g le  p l a n t  s e l e c t i o n  and the 

s e l e c t i o n  l P a - 2 .  S e l e c t i o n  lDa-2 i s  a d e r iv e d  d isomic  from s e g r e g a t ­

ing monosomic and disomic l i n e s  o f  KMC22. The s e l e c t i o n  r e f e r r e d  to  

as a '’S in g le "  p l a n t  l i n e  i s  a p ro p a g a t io n  o f  a s i n g l e  p l a n t  s e l e c t i o n  

o f  th e  v a r i e t y  KMC22 from the  Montana S t a t e  Experiment S t a t i o n  b r e e d ­

ing program. These two s e l e c t i o n s  were grown under  greenhouse  

c o n d i t i o n s ,  v e r n a l i z e d  and al lowed to  r each  the  4-6 l e a f  s t a g e  be fo re  

p rocedures  were r e p e a t e d  f o r  sap  e x p r e s s i o n .  Five grams o f  green '  

t i s s u e  was found to  y i e l d  app ro x im a te ly  2 ml. o f  p l a n t  sap .

The ex p re s s e d  sap  from each s e l e c t i o n  was d iv i d e d  i n t o  2 l o t s .

One l o t  o f  each  s e l e c t i o n  was r e t a i n e d  i n  the  n a t i v e  crude s t a t e  and 

the  o t h e r  l o t  was t r e a t e d  by ammonium s u l f a t e  p r o t e i n  s a t u r a t i o n
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methods (Coldwick and Kaplan,  1955).  The f rozen  sap  was thawed and 

c e n t r i f u g e d  a t  4 ,000 .  x-g. f o r  5 m in u te s .  The s u p e r n a t a n t  l i q u i d  

was d i l u t e d  to  tw'&ee i t s  volume w i th  0.05  Molar phospha te  b u f f e r  

pH 7 .0  and s a t u r a t e d  to  20 p e r c e n t  w i th  ammonium s u l f a t e .  A f te r  

tw enty  minutes  o f  c o n s t a n t  a g i t a t i o n  under r e f r i g e r a t i o n ,  the  mix­

t u r e  was c e n t r i f u g e d  a t  15,000 x g . f o r  10 m inu te s .  The s u p e r n a t a n t  

p o r t i o n  was t h e n  made to  60 p e r c e n t  s a t u r a t e d  w i th  r e s p e c t  to  

ammonium s u l f a t e  and,  a f t e r  being a g i t a t e d  as b e f o r e ,  was c e n t r i ­

fuged a t  12,000 xg.  f o r  10 m in u te s .  The s u p e r n a t a n t  l i q u i d  from 

t h i s  f r a c t i o n  was d i s c a r d e d ,  the  p r e c i p i t a t e  was t a k en  up in  10 mis.  

o f  the  phosphate  b u f f e r ,  and d i a l y z e d  o v e r n ig h t  a t  2° c e n t ig r a d e  in  

1,500  mis .  o f  the  b u f f e r .  A f t e r  2 hours o f  d i a l y s i s ,  the  b u f f e r  

' was r e p l a c e d  by f r e s h  phosphate b u f f e r .  The p rep a red  m a t e r i a l  was 

th e n  p la ced  in  c lo se d  v i a l s  and f r o z e n .

The b i u r e t  method o f  p r o t e i n  d e t e r m in a t io n  o u t l i n e d  by Cambell 

e t  a l . (1964) was used, f o r  q u a n t i t a t i o n  o f  the  t r e a t e d  p r e p a r a t i o n s .  

The t r e a t e d  e x t r a c t s  were d i l u t e d  to  measure I m i l l i g r a m  o f  p r o t e i n  

p e r  ml. f o r  i n j e c t i o n .

I I I .  Sero logy

To produce  th e  a n t i s e ru m ,  f o u r  r a b b i t s ,  a l l  l i t t e r  ma tes,  were 

m a in t a i n e d .  The animals  were b led  p rev ious  to  any i n j e c t i o n  and the 

r e s u l t i n g  non-immune serum was f r o z e n . '  Inc luded  i s  th e  i n j e c t i o n  

schedu le  (Table I I ) .
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Table I I .  I n j e c t i o n  sc h e d u le .

Rabbit Number No. Davs from I n i t i a l I n i e c t i o n  (o)
T rea ted

lDa-2  S in q le
Crude

lDa-2 ' S inq le 0 14 16 18 20

01 I ml 2 ml 2 ml 2 ml 2 ml
02 I ml 2 ml 2 ml 2 ml 2 ml

03 I ml ■ 2 ml 2 ml 2 ml 2 ml
04 I ml 2 ml 2 ml 2 ml 2 ml

The thawed crude sap  was c e n t r i f u g e d  to  remove c h l o r o p l a s t s  

b e fo re  i n j e c t i o n .  Subcutaneous i n j e c t i o n s  were a d m in i s t e re d  in  4 

p l a c e s  a t  each  i n j e c t i o n ,  over  the  sh o u ld e r s  and in  th e  lumbar . 

r e g i o n .

A s u i t a b l e  an t ib o d y  l e v e l  was g e n e r a l l y  o b t a in e d  th e  seven th  

day a f t e r  the f i f t h  i n j e c t i o n  a t  which t ime the  an imals  were b led 

fo l low ing  the  method o f  C r e e l ,  e t  al..  (1965).  Immedia tely  fo l lowing 

each  b le ed in g  a 2 ml.  b o o s t e r  i n j e c t i o n  was g iven  to  m a in ta in  

a n t ib o d y  t i t e r .

A m o d i f i c a t i o n  o f  the  g e l - d i f f u s i o n  method d e s c r ib e d  by 

O uch te r lony  (1948) was used .  . The g e l - d i f f u s i o n  p l a t e s  were 90 mm. 

in  d ia m e te r  w i th  aga r  poured to  a dep th  o f  app ro x im a te ly  2 mm. , The 

Ionaga r  No. 2 was p repa red  as a 0 .6  p e r c e n t  (w/v) s o l u t i o n .  The 

s o l v e n t  f o r  t h e  agar-was p repa red  accord ing  to  C r e e l ,  e t  a_l. (1965).  

A p r e s e r v a t i v e  of  sodium a z i d e ,  I p a r t  in  2000, was added.  A f te r  

d i s s o l v i n g  th e  a g a r  in  the  s o l v e n t ,  11 ml. were p i p e t t e d  i n t o  the 

s t e r i l e  p e t r i  d i s h e s .  The p la c e s  were al lowed t o  s t a n d  s e v e r a l  

hours  be fo re  the  wel l  and t r e n c h e s  were made.
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G e l - d i f f u s i o n  p l a t e s  were c o n s t r u c t e d  r e a c t i n g  each an t i s e rum  

w i th  i t s  homologous a n t i g e n .  Comparisons could then  be made in v o l v ­

ing serum s p e c i f i c i t y  d i f f e r e n c e s  between animals as wel l  as d i f f e r ­

e n c e s ,  i f  any,  between crude o r  t r e a t e d  and lDa-2 o r  S in g le  a n t ig en  

p r e p a r a t i o n s .

Experiment I . Unabsorbed a n t i s e r a  w ith  s e l e c t e d  monosomic and 

d isomic  e x t r a c t  p r e p a r a t i o n s .

Wells and t r e n c h e s  were made in  the  aga r  p l a t e s  w i th  a t em pla te  

made accord ing  to  F i g . I .  Wells  were cu t  in  the cooled  a g a r  w ith  a 

number 3 cork b o r e r  (8 mm. in  d ia m e te r )  0 .8  mm. a p a r t  and 7 .5  mm. 

from the  t r e n c h  edge .  The t r e n c h  measured 5 x 76 mm.

o o o o o

O  O O O O

F ig .  I Template Design f o r  Experiment I .

A t o t a l  o f  t e n  e x t r a c t  samples from monosomic and d isom ic  p l a n t s  

w i th i n  each  o f  the  e i g h t e e n  monosomic l i n e s  were chosen f o r  s tudy  

(Table I I I ) .  The crude sap  was a l lowed  to  thaw, th e n  each well  was 

f i l l e d  w i th  a p p r o p r i a t e  crude e x t r a c t .  One p l a t e  accommodated p l a n t  

samples from I monosomic l i n e .  The t r e n c h  was f i l l e d  w i th  an t i se rum
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Table I I I .  Numbers o f  monosomic and disomic p l a n t s  s e l e c t e d  
f o r  s e r o l o g i c a l  i n v e s t i g a t i o n .

Number o f  P l a n t s
Monosomic Line Monosomic Disomic

IAb-I 6 4
2 Aa- I 7 3
3 Aa-2 
4Aa-32/

2 8

5 Ab-1 6 4

6Aa-l 6 4
7 Aa-I 7 3
IBa-I 6 4
2Ba-2 5 5
3Bb-l 3 7

4Ba-l 5 5
SBa-I 8 2
6Ba- l  . 

lDb-2=/

6 4
0 10

2Db-l 6 4
3Db-2 6 4
4Da-l 7 3
SDb-2 6 4
6Db-l 3 7

7Da-l 6 4

2 /  Lines  4Aa-3 and lDb-2 were not s t u d i e d  s e r o l o g i c a l l y  due to
the  p resence  o f unusual  chromosome c o n f i g u r a t i o n s  a t  m e io s i s .

3 /  Line 7Ba-l  was not  s t u d i e d  s e r o l o g i c a l l y  because the  o r i g i n a l  
p a r e n t  was a d isom ic .
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produced from one o f  the  4 a n t ig e n  s o u r c e s .  For t h i s  exper imen t the 

e i g h t e e n  monosomic l i n e s  were d iv i d e d  such t h a t  l i n e s  t e s t e d  

a g a i n s t  the  2 a n t i s e r a  sources  from crude e x t r a c t  a n t ig e n s  were not  

t e s t e d  aga in  a g a i n s t  the  2 a n t i s e r a  sou rces  from p u r i f i e d  e x t r a c t  

a n t i g e n .  The p l a t e s  were al lowed to  remain a t  room te m pera tu re  f o r  

48-60 hours  a f t e r  which th e y  were a t  optimum s t a g e  f o r  r ead ing  and 

r e c o r d i n g .  Reading was done by a l low ing  rays  from a f l u o r e s c e n t  

lamp to  pass  th rough  the  a g a r  a t  an o b l iq u e  a n g le ,  thus  making the 

p r e c i p i t a t e  l i n e s  c l e a r l y  v i s i b l e .  P l a t e s  were no t  run in  d u p l i c a t e  

because o f  the minimal supp ly  o f  a n t i s e r a .  They were no t  r e c h a r g e d .

P r e c i p i t a t e  l i n e s  t h a t  j o i n e d  from one a rea  o f  the  p l a t e  to  i t s  

a d j a c e n t  a rea  were i n t e r p r e t e d  as being formed by i d e n t i c a l  r e ­

a c t a n t s .  The fo rm at ion  o f  a s p u r ,  r a t h e r '  than  a smooth c u rv e , where 

th e  l i n e s  j o i n e d  was i n t e r p r e t e d  to  mean t h a t  n o n - i d e n t i c a l  but  

s i m i l a r  a n t ig e n s  were r e a c t i n g  w i th  the  same a n t ib o d y .  Lines which 

d id  not  j o i n ,  even though they  were c lo se  enough to  do so ,  were 

c ons ide re d  to  be caused by d i f f e r e n t  r e a c t i n g  a n t i g e n s .  The t o t a l  

number o f  common l i n e s  and the  mode o f  j o i n i n g  o f  a d j a c e n t  l i n e s  

were in c lu d ed  in  th e  c r i t e r i o n  o f  comparison.

Exper iment  I I . Absorbed a n t i s e r a  w i th  s e l e c t e d  monosomic and 

d isomic  e x t r a c t  p r e p a r a t i o n s .

A bso rp t ion  i s  a s e r o l o g i c a l  p ro c e s s  whereby a n t ig e n s  and t h e i r  

co r respond ing  a n t i b o d i e s  a re  a l lowed  to  r e a c t  and be removed p r i o r  

to  t h e i r  i n t r o d u c t i o n  on a g e l - d i f f u s i o n  p l a t e .  (Homologous
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r e a c t i o n s  a re  ev idenced  by a p r e c i p i t a t i n g  complex which may be 

s e p a r a t e d  by c e n t r i f u g a t i o n .)' The system as us§d in  t h i s  s tudy  may 

be i l l u s t r a t e d  in  t h i s  manner: I f  we suppose e x t r a c t  from the

disomic  p l a n t  s e l e c t i o n s  lDa-2 and s i n g l e  c o n s i s t s  o f  a n t ig e n s  F, G5 

H and I then  the  a n t i s e r a  would c o n t a in  homologous a n t i b o d i e s  f , g ,  

h and i .  A d isomic  p l a n t  s e l e c t i o n  would a l so  c o n t a in  an t ig e n s  F,

G, H and I .  However, due to  the  absence o f  a chromosome, the 

monosomic may c o n t a in  on ly  a n t ig e n s  F, G and H0 To d e t e c t  t h i s  

d i f f e r e n c e ,  chosen d isomies  and monosomies are  al lowed  to  absorb 

w i th  an t i s e ru m  f ,  g ,  h and i . The s u p e r n a t a n t  p o r t i o n  i s  then  r e ­

ac t e d  on a g e l  p l a t e  w i th  a n t ig e n  lDa-2 o r  S i n g l e . No p r e c i p i t a t i o n  

r e a c t i o n  should  be v i s i b l e  between a n t ig e n  F, G, H and I and ab­

sorbed  s e r a  f ,  g ,  h ,  i :  the  homologous complexes F f , Gg, Hh and I i  

were p r e c i p i t a t e d . A r e a c t i o n  s h o u ld ,  however,  be v i s i b l e  between 

monosomic a n t i g e n  F, G and H and absorbed  s e r a  f , g ,  h and i ;  the 

complexes F f , Gg, Hh were p r e c i p i t a t e d  but  an t ibody  i  remained f r e e  

to  r e a c t  w i th  I from a n t ig e n  lDa-2 o r  S i n g l e „

Wells  were cu t  in  the  a g a r  accord ing  to  the  d e s ig n  o f  F i g , 2.  

Absorbed serum w e l l s  (hollow) were 13.5  mm„ a p a r t  and were sepa ­

r a t e d  by 7 .5  mm. from the  a n t ig e n  w e l l s  ( s o l i d ) .
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F ig .  2 Template Design f o r  Experiment I I .

E x t r a c t  samples o f  the  10 monosomic and disomic  p l a n t s  from each of  

the  e i g h t e e n  monosomic l i n e s  was absorbed  w i th  th e  4 d i f f e r e n t  

a n t i s e r a .  Antigen  and a n t ib o d y  were mixed in  equal  volumes.  The 

complex was in c u b a te d  a t  37 degrees  c e n t ig r a d e  f o r  2 h o u r s , then  a t  

5 degrees  c e n t i g r a d e  o v e r n i g h t .  A f t e r  c e n t r i f u g a t i o n , the  s u p e r ­

n a t a n t  p o r t i o n  was p laced  in  the o u t s i d e  w e l l s  (F ig .  2 ,  hollow 

w e l l s ) .

The 4 c e n t e r  w e l l s  (F ig .  2 ,  s o l i d  w e l l s )  were f i l l e d  with  the 

a n t i g e n  p r e p a r a t i o n s  co r respond ing  to  the abso rb ing  a n t i s e r a .  A 

complete monosomic l i n e  c o n ta in in g  10 p l a n t s  could be r e a c t e d  w i th  

any one g iven  a n t i s e r a  on one p l a t e .  Four p l a t e s  p e r  l i n e  were 

made each  u t i l i z i n g  a d i f f e r e n t  a n t i s e r a .  P l a t e s  were no t  r e p l i ­

ca ted  o r  r e c h a rg e d .  Reac t ion  t imes  and read ing  was done in  the same 

manner as f o r  Experiment I .

For p r e s e r v a t i o n  p u r p o s e s , c e r t a i n  o f  the  g e l  p l a t e s  from 

Exper iment I were d r i e d  and s t a i n e d .  They were washed w i th  d i s ­

t i l l e d  w a te r  and 0 .85  p e r c e n t  s a l i n e .  The aga r  g e l  cou ld  then  be
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mounted on l a n t e r n  s l i d e s ,  d r i e d  and s t a i n e d  in  a 0 .5  p e r c e n t  s o l u ­

t i o n  o f  B uf fa lo  Black NBR (amino schw ar tz )  (J u t i l a , 1966)

4 /  J u t i l a , J . J .  1966. P e rsona l  communication.  D e p t . o f  Bot and 
M ic ro . Montana S t a t e  U n i v e r s i t y ,  Bozeman, Montana.



RESULTS AND DISCUSSION

Serology

Comparisons of  p u r i f i e d  p r o t e i n  e x t r a c t  from s ou rces  lDa-2 and 

S in g le  p l a n t  l i n e  p l a t e d  a g a i n s t  a l l  4 a n t i s e r a  sources  i n d i c a t e d  

t h e r e  wer§ .no d e t e c t a b l e  d i f f e r e n c e s  between the  two p u r i f i e d  a n t ig en  

s o u r c e s t D i f f e r e n c e s  in  the  number of  common l i n e s  among such a n t i ­

gens were ap p a re n t  only  as s e r a  were changed.  A n t i s e r a  01 and 04 

( F i g .  3) produced 3 common p r e c i p i t a t e  l i n e s  a g a i n s t  a l l  p u r i f i e d  a n t i  

gen s o u r c e s ,  whereas ,  serum 02 ( F ig .  3) and 03 only produced I common 

l i n e  w i th  the  t r e a t e d  a n t i g e n s .  Comparisons of  crude pr im ary an t ig en s  

from the  above sou rces  were a l s o  t e s t e d  a g a i n s t  the  4 a n t i s e r a . - /  

A n t i s e r a  Ol and 03 produced 3 common l i n e s , 02 produced I common l i n e  

( F i g .  4) and 04 produced 4 common l i n e s  ( F ig .  4 ) .

Combined comparisons of  crude and p u r i f i e d  S ing le  and lDa-2 p l a n t  

l i n e d  were t e s t e d  a g a i n s t  a l l  4 a n t i s e r a  s o u r c e s . F l o u r e s c e n t  l i g h t  

r e c o r d i n g s  i n d i c a t e d  s e r a  01 (F ig .  5 ) ,  03 and 04 ( F ig .  6) a l l  produced 

3 l i n e s  in  common a g a i n s t  a l l  primary  a n t ig e n  s o u r c e s .  Serum 02 

( F i g .  5) produced only  I common l i n e  a g a i n s t  a l l  pr imary a n t ig e n  

s o u r c e s .  D i f f e r e n c e s  between the  pr im ary a n t ig e n  s ou rces  were not  de ­

t e c t a b l e  by obse rv in g  the  number of  p r e c i p i t a t e  l i n e s  formed a g a i n s t  

any one serum.

5 /  Primary a n t ig e n  r e f e r s  to  those  a n t i g e n  p r e p a r a t i o n s  which were 
i n j e c t e d  as opposed to  the  te rm secondary  an t ig e n s  which are 
e x t r a c t s  from monosomic and disomic  p l a n t s .



F ig .  3 Gel d i f f u s i o n  p l a t e s  w ith  a n t i s e r a  in  t r e n c h e s  and a n t ig e n  in
w e l l s .  Wells  o f  each  p l a t e  are numbered 1-10 from l e f t  to  r i g h t  
and top  to  bottom. Antiserum 02 ( top )  and 04 (bottom) r e a c te d  
a g a i n s t  t r e a t e d  a n t ig e n  I Da-2 (well s  I ,  3 ,  5,  7,  9) and 
S in g le  (well s  2 ,  4 ,  6 ,  8 ,  10) .
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F i q . 4 Gel d i f f u s i o n  p l a t e s  w i th  a n t i s e r a  in  t r e n c h e s  and a n t ig e n  in
w e l l s .  Wells o f  each  p l a t e  a re  numbered 1-10 from l e f t  to  r i g h t  
and top  to  bottom. Antiserum 02 ( top)  and 04 (bottom) r e a c t e d  
a g a i n s t  crude a n t i g e n  I Da-2 (well s  I ,  3 ,  5,  7,  9) and 
S in g le  (w e l l s  2,  4 ,  6,  8 ,  10).
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Fig .  5 Gel d i f f u s i o n  p l a t e s  w i th  a n t i s e r a  in  t r e n c h e s  and a n t ig e n  in
w e l l s .  Wells o f  each  p l a t e  are numbered 1-10 from l e f t  to  r i g h t  
and top  to  bottom. Antiserum 01 ( top )  and 02 (bottom) r e a c t e d  
a g a i n s t  crude a n t i g e n  I Da-2 (well s  I ,  3, 5) and S in g le  (well s
7,  9 ) ;  t r e a t e d  a n t ig e n  I Da-2 (w e l l s  2 ,  4) and S in g le  (w el ls  6,
8 , 10 ) .
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F ig .  6 Gel d i f f u s i o n  p l a t e s  w i th  a n t i s e r a  in  t r e n c h e s  and a n t i g e n  in
w e l l s .  Wells o f  each  p l a t e  a re  numbered 1-10 from l e f t  to  r i g h t  
and to p  to  bottom. Antiserum 03 ( top )  and 04 (bottom) r e a c t e d  
a g a i n s t  crude a n t i g e n  I Da-2 (well s  I ,  3,  5) and S in g le  (w el ls  7,
9 )  ; t r e a t e d  a n t i g e n  I Da-2 (w e l l s  2 ,  4) and S ing le  (w e l l s  6 ,  8,
1 0 )  .
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I t  i s  p o s t u l a t e d  t h a t  each homologous system of a n t ig e n  and a n t i ­

body forms a s e p a r a t e  p r e c i p i t a t e  l i n e  in  the  agar g e l .  However, two 

or more a n t ig e n  p r e p a r a t i o n s  may r e a c t  w i th  one p a r t i c u l a r  an t i se rum  

i f  they  pos se s s  e i t h e r  a common a n t i g e n i c  component, or  i f  the  a n t i ­

body has v a r io u s  a c t i v e  groups c o r re spond ing  to  a l l  a n t ig e n s  t e s t e d  

(Kwapinski  1965).  •

I f  two a n t ig e n s  examined by th e  d i f f u s i o n  p r e c i p i t a t i o n  t e s t  pos­

s e s s  the  same d e t e rm in a n t  group e x c l u s i v e l y ,  the p r e c i p i t i n  l i n e s  r e ­

s u l t i n g  from the  r e a c t i o n  w i th  an an t ibody  co a le sce  in  the  space above 

or  ben ea th  the  a n t i s e ru m  t r e n c h .  This, i s  c a l l e d  " th e  r e a c t i o n  of 

i d e n t i t y " .  The r e a c t i o n  of  " p a r t i a l  i d e n t i t y "  i s  ev idenced  by. a s i n g l e  

spur  l i n e  be ing  formed in  a d d i t i o n  to  a common c o a l e s c e n t  l i n e .  The 

spur  formed on e i t h e r ,  s i d e  of  the  a n t i s e ru m  t r e n c h ,  a p a r t  from the 

common c o a l e s c e n t  p r e c i p i t a t i o n  l i n e ,  i s  produced by two d i f f e r e n t ,  

h e t e r o lo g o u s  a n t ig e n  p r e p a r a t i o n s ,  i f  each of  them p o sse ss  two d e t e rm i ­

n a n t s ,  eg .  AB and Ac, of  which one i s  common/ to  the  a n t i s e ru m .  I f  2 

a n t i g e n  p r e p a r a t i o n s  do no t  posse ss  any common d e t e rm in a n t  be ing  s e ­

r o l o g i c a l l y  n o n r e l a t e d ,  b u t  the  a n t i s e ru m  c o n ta in s  a n t i b o d i e s  w i t h • 

a c t i v e  groups to  b o th ,  c r o s s in g  p r e c i p i t a t e  l i n e s  o c c u r . This i s  

termed " the  r e a c t i o n  of  n o n i d e n t i t y " .

Only r e a c t i o n  l i n e s  of  i d e n t i t y  were observed in  t h i s  s tudy  which 

s e rv e s  to  i n d i c a t e  the  c o r r e s p o n d in g .h o ro lo g y  of  a l l  a n t ig e n s  t e s t e d .
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Experiment I . Unabsorbed a n t i s e r a  w i th  s e l e c t e d  monosomic and disomic 

e x t r a c t  p r e p a r a t i o n s .

S e l e c t e d  p l a n t  l i n e s  (secondary  a n t i g e n s )  a l l  produced p r e c i p i ­

t a t e  l i n e s  when t e s t e d  w i th  the  4 a n t i s e r a  s o u r c e s . T es t s  r e a c t i n g  

each an t i s e ru m  a g a i n s t  s e v e r a l  monosomies and disomies  from each p l a n t  

l i n e  y ie ld e d  a minimum number of  2 common l i n e s  and a maximum of 5 

common l i n e s  depending upon which serum was tested.= The v a r i a t i o n  en ­

c o u n te red  may be a t t r i b u t e d  to  t h r e e  main r e a s o n s :  ( I ) d e t e c t a b l e  

d i f f e r e n c e s  in  a n t i g e n i c  p r o p e r t i e s  between p l a n t  l i n e s ,  (2)  d i f f e r ­

ences in  serum s p e c i f i c i t y  and a n t ibody  t i t e r  due to  v a r i e d  animal 

re sponse  to  i n j e c t e d  a n t ig e n s ,  and (3) d i f f e r e n c e s  due to  d a t e s  of 

a n t i s e ru m  sampling = Gross d i f f e r e n c e s  between p l a n t  l i n e s  were not  

measured d i r e c t l y .  Conc lus ions  r e g a r d i n g  d i f f e r e n c e s  would be ob­

s cu red  by v a r i a t i o n  between a n t i s e r a  owing to  animal d i f f e r e n c e  or 

d a t e s  of  sampl ing  w i th i n  a s i n g l e  serum source  = E f f o r t s  were made to  

m a in ta in  the  serum a t  uniform s p e c i f i c i t y  by a d m in i s t e r i n g  weekly 

b o o s t e r  i n j e c t i o n s  th roughou t  the  s tu d y .  This  should minimize sample 

d a t e  v a r i a t i o n  in  the  s e r a .  The f a c t  t h a t  no d i f f e r e n c e s  were de ­

t e c t e d  in  the number of  common l i n e s  when the  pr imary a n t ig e n s  were 

t e s t e d  a g a i n s t  any one a n t i s e r a  i n d i c a t e d  t h a t  the  i n j e c t  an t igens  

were a n t i g e n i c a l l y  homogenous, Sera d i f f e r e n c e s  may th e n -b e  a t t r i ­

bu ted  to  between animal v a r i a t i o n ,  No d i f f e r e n c e s  were d e t e c t e d  in 

the  number of  common l i n e s  when monosomi.es and d isomies  w i th in  arty 

chromosome l i n e  were compared»
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D e te c t a b l e  p r e c i p i t a t e  l i n e s  v a r i e d  on any one p l a t e  from those  

w i th  nar row, e a s i l y  d e f in e d  margins t o  those  with  b r o a d , widely  d i f ­

fu s in g  f r o n t s .  Ouchte r lony  (1953) d e s c r ib e d  the  broad  l i n e s  as be ing  

a p o s s i b l e  r e s u l t  of  unequal  c o n c e n t r a t i o n s  between a n t ig e n  and a n t i ­

b o d i e s .  " I f , a f t e r  the  e s t a b l i s h m e n t  of  the  p r e c i p i t a t e ,  the  f u r t h e r  

d i f f u s i o n  of  the r e a c t a n t s  i n t o  the  p r e c i p i t a t i o n  zone occurs  a t  

d i f f e r e n t  r a t e s ,  which might be the  case  when the  c o n c e n t r a t i o n s  in 

the  b a s in s  a re  l a r g e l y  d i f f e r e n t ,  the  p i c t u r e  w i l l  s lowly  change in 

t h a t  the  p r e c i p i t a t e  w i l l  grow in  the  d i r e c t i o n  of  d i f f u s i o n  of  t h a t  

component which i s  in  e x c e s s .  Sometimes t h i s  w i l l  m a n i f e s t  i t s e l f  as 

a b roaden ing  p r e c i p i t a t e  w i th  a s h a r p ly  de f in e d  f r o n t  i n  the  d i r e c t i o n  

of  growth and a more d i f f u s e  back bou n d a ry ."  Any l i n e s  p r e v io u s ly  

v i s i b l e  could a l s o  be obscured by the  advancing f r o n t  which c o n t r i b u t e s  

t o  the  problem of l i n e  r e s o l u t i o n  and d e t e r m i n a t i o n .

Exper im ent  I I . Absorbed a n t i s e r a  w i th  s e l e c t e d . monosomic and disomic 

e x t r a c t  p r e p a r a t i o n s .

Each of  the  4 a n t i s e r a  was r e a c t e d  w i th  s e l e c t e d  monosomies and 

d isomies  in  an a b s o r p t i o n  p ro ced u re .  A f t e r  in c u b a t io n  and c e n t r i f u ­

g a t i o n ,  the  s u p e r n a t a n t  was p l a t e d  a g a i n s t  the pr imary a n t ig e n  used to  

b u i l d  the  co r re s p o n d in g  a n t i b o d i e s .  There was no d i s t i n g u i s h a b l e  r e ­

a c t i o n  when crude p r im ary  a n t ig e n  was used a g a i n s t  03 or  04 absorbed 

s e r a .  F u r th e r  s t u d i e s  r e a c t i n g  crude pr im ary  a n t ig e n  a g a i n s t  Ol and 

02 s e r a  produced no ev idence  of  unabsorbed a n t i b o d i e s .
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When p u r i f i e d  pr im ary a n t ig e n  was used a g a i n s t  any of  the  ab­

sorbed  s e r a  a heavy,  broad  s h o r t ,  p r e c i p i t a t i o n  complex was noted b e ­

tween absorbed  and a n t i g e n  w e l l s . These s i n g l e  l i n e s  measured 4 to  8 

mm„ in  l e n g th  and 2 to  3 mm. in  w id th ;  they  formed a d j a c e n t  to  ab-- 

so rbed  monosomic and disomic w e l l s  and d id  n o t  form a c o a l e s c e n t  

p a t t e r n .

An e f f o r t  t o  de te rm ine  the  source  of  the  l i n e s  by abso rb ing  

secondary  a n t ig e n  m a t e r i a l  in  an t i s e ru m  e x c e s s , as w e l l  as in  a n t ig en  

e x c e s s ,  p rovided  ev idence  i n d i c a t i n g  the  p r e c i p i t a t e  was n o t  an a n t i ­

gen -an t ib o d y  complex.  In e i t h e r  c a s e ,  the  l i n e s  were s t i l l  p roduced .

The l i n e s  were formed when any of  th e  unabsorbed crude  an t ig e n  

p r e p a r a t i o n s  were r e a c t e d  a g a i n s t  p u r i f i e d  primary  a n t i g e n .  The p u r i ­

f i e d  or crude pr im ary a n t ig e n s  d id  n o t  r e a c t  v i s i b l y  when p l a t e d  a- 

g a i n s t  0 .85  p e r c e n t  s a l i n e ,  0 .5  p e r c e n t  or  1 .0  p e r c e n t  ammonium 

s u l f a t e .

When the  d i f f u s i o n  ge l  c o n t a in in g  the  p r e c i p i t a t e  was su b je c t e d  

to  r i n s i n g ,  d ry ing  and s t a i n i n g  no l i n e s  were observed .  I n d i c a t i o n s  

remain t h a t  such l i n e s  were no t  a n t i g e n i c a l l y  im por tan t  and were not  

s u b j e c t  to  p r o t e i n  s p e c i f i c  s t a i n i n g  t e c h n iq u e s .

From a b s o r p t i o n  s t u d i e s ,  i t  may be concluded t h a t  th e  s e r a ,  a f t e r  

a b s o r p t i o n  w i th  any of  the  a n t i g e n s ,  d id  no t  c o n t a in  a n t i b o d i e s  capa­

b l e  of  forming a complex w i th  homologous a n t i g e n s . D e te c t a b l e  s e ­

r o l o g i c a l  d i f f e r e n c e s  between the  monosomic and disomic  c o n d i t i o n  in 

w i n t e r  wheat ,  v a r i e t y  KMC22, were no t  found.



38

The i n a b i l i t y  of  t h i s  s tudy  t o  d e t e c t  a n t i g e n i c  d i f f e r e n c e s  

shou ld  h a r d ly  se rve  as an ind i c tm e n t  a g a i n s t  the  u s e f u l n e s s  of  s e ro -  

b o t a n i c a l  t e s t s . C e r t a i n l y  s e r o l o g i c a l  te chn iques  remain u s e f u l  when 

accompanied by o th e r ,  mean ingful  and r e l a t e d  s t u d i e s .  The modif ied  

te ch n iq u e  of  Imm unoelec trophores is  could  p rov ide  more s p e c i f i c  d a t a .  

The use of  acry lamide  ge l  e l e c t r o p h o r e s i s  i s  a l s o  a p o t e n t i a l l y  

promis ing  t e chn ique  which could  y i e l d  d i f f e r e n c e s  t h a t  may r e s u l t  from

chromosome d e f i c i e n c e s .



SUMMARY

A n t ig e n ic  components from the  l e av es  o f  s e v e r a l  monosomic (2 n - l )  and 

d isomic  (2n) p l a n t s  from e i g h t e e n  chromosome s u b s t i t u t i o n  l i n e s  o f  w in te r  

wheat ,  v a r i e t y  K harkoff  MC22, were compared s e r o l o g i c a l l y .  The monosomic 

and d isomic  c o n d i t i o n  a ro se  as a r e s u l t  o f  s e g r e g a t io n  w i t h i n  each of  the 

e i g h t e e n  feelfed monosomic l i n e s .  Al l  l i n e s  were monosomic f o r  a d i f f e r ­

e n t  chromosome.

A nt ibod ies  were produced in  4 r a b b i t s  as a r e s u l t  o f  i n j e c t i o n  with  

l e a f  e x t r a c t  a n t ig e n s  from 2 s o u r c e s .  S e l e c t i o n  lDa-2 i s  a de r ived  

d isomic  from s e g r e g a t i n g  monosomic l i n e s  o f  KMC22. The s e l e c t i o n  " S in g le "  

p l a n t  l i n e  i s  a p r o p a g a t io n  o f  a s i n g l e  p l a n t  s e l e c t i o n  o f  the  v a r i e t y  

KMC22 from th e  Montana S t a t e  Experiment S t a t i o n  b reed ing  program. Each 

sou rce  was then d iv i d e d  i n t o  a crude sap  component and a t r e a t e d  e x t r a c t  

component.  The 20 to  60 p e r c e n t  ammonium s u l f a t e  s a t u r a t i o n  f r a c t i o n  was 

used in  the  s t u d y . ■ P r o t e i n  was q u a n t i t a t e d  by the  B i u r e t  c o l o rm e t r i c  

method f o r  the  t r e a t e d  f r a c t i o n s .

Double d i f f u s i o n  r e a c t i o n s  in  g e l  p l a t e s  were a p p l i e d  comparing a l l  

i n j e c t  a n t ig e n s  in  combinations  a g a i n s t  a l l  4 a n t i s e r a .  No d i f f e r e n c e s  

were found between the  i n j e c t  a n t ig e n s  when r e a c t e d  a g a i n s t  any one a n t i ­

serum. Observed d i f f e r e n c e s  between s e r a  may be a t t r i b u t e d  mainly  to  

d i f f e r e n c e s  in  animal r e s p o n s e .

Unabsorbed a n t i s e r a  from 4 sources  was r e a c t e d  w i th  crude a n t ig e n  ' 

e x t r a c t s  from s e v e r a l  monosomic and d isomic  p l a n t s .  Two to  5 common p r e ­

c i p i t a t e  l i n e s  were produced depending upon which a n t i s e ru m  was used.

Lines  o f  n o n i d e n t i t y  o r  p a r t i a l  i d e n t i t y  were not  p r e s e n t .  From these  

r e s u l t s  i t  i s  concluded t h a t  by use o f  t h i s  method t h e r e  a re  no d e t e c t a b l e
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s e r o l o g i c a l  d i f f e r e n c e s  between the  monosomic and disomic  c o n d i t i o n .

A n t i s e r a  was absorbed  w i th  monosomic and disomic  e x t r a c t  and the  i n ­

j e c t  a n t i g e n  p r e p a r a t i o n .  When crude i n j e c t  a n t ig e n  was used ,  a l l  r e a c ­

t i v e  complexes were removed.  When p u r i f i e d  a n t ig e n  was used a broad p r e ­

c i p i t a t e  l i n e  formed a d j a c e n t  to  a l l  absorbed  s e r a  w e l l s .  The l i n e  was 

v i s i b l e  in  p l a t e s  in  which crude a n t ig e n  was al lowed to  r e a c t  a g a i n s t  the 

p u r i f i e d  a n t i g e n .  F u r t h e r  s tu d y  as to  th e  n a tu re  o f  the  complex in d i c a t e d  

i t  was not  im por tan t  s e r o l o g i c a l l y .  The a b s o r p t i o n  s tu d y  prov ided  e v i ­

dence i n d i c a t i n g  t h a t  the  absence o f  a chromosome in  a h e x a p lo id  w in te r  

wheat p l a n t  o f  t h e  v a r i e t y  Kharkoff  MC22 does no t  c o n t r i b u t e  s u f f i c i e n t  

p r o t e i n  d i f f e r e n c e s  to  be s e r o l o g i c a l l y  d e t e c t e d  when compared to  the 

d isomic  c o u n t e r p a r t .  '
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