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T h e  D - G e n o m e  and the Contro l  of  Wheat  Gluten  

I t  was r ecen t ly  r epo r t ed  b y  BOYD and  LEE 1 t h a t  
s imi la r  p a t t e r n s  were o b t a i n e d  b y  s t a r c h  gel electro-  
phores i s  for  g lu ten  p ro te ins  of t he  hexap lo id  w h e a t  
v a r i e t y  ' C a n t h a t c h '  ( A A B B D D )  a n d  for i t s  t e t r ap lo id  
d e r i v a t i v e  ' T e t r a c a n t h a t c h '  (AABB).  ' T e t r a c a n t h a t c h '  
differs  f rom ' C a n t h a t c h '  in  t h a t  i t  lacks t he  7 pa i rs  of 
ch romosomes  of t he  D-genome.  I n t e r p r e t a t i o n  of these  
resu l t s  was di f f icul t  s ince g lu ten  e x t r a c t e d  f rom a di telo-  
cen t r i c  l ine of 'Chinese Spr ing ' ,  def ic ien t  in t he  sho r t  
a r m  of c h r o m o s o m e  1D, showed  an  e lec t rophore t i c  pa t -  
t e r n  def ic ient  in 2 c o m p o n e n t s  of low m o b i l i t y  w h e n  
c o m p a r e d  w i t h  t he  p a t t e r n  for i ts  d isomic  pa ren t ,  an d  
because  b a n d s  in t he  same  region were  miss ing  in pa t -  
t e rn s  for 2 of 3 r e c o n s t i t u t e d  hexap lo ids  der ived  f rom 
crosses b e t w e e n  ' T e t r a c a n t h a t c h '  a n d  d i f fe rent  acces- 
s ions of A e g i l o p s  squarrosa  L. ,  t h e  c o n t r i b u t o r  of t h e  
D-genome.  

S u b s e q u e n t l y  i t  was  b r o u g h t  to  our  not ice  b y  Dr. 
K. W. SHEPHERD (Wai te  Agr icu l tu ra l  Resea rch  I n s t i t u t e ,  
Glen Osmond,  S o u t h  Aust ra l ia )  t h a t  the  samples  of 
' C a n t h a t c h '  a n d  ' T e t r a c a n t h a t c h '  e x a m i n e d  b y  h i m  
showed d i s t i nc t  p a t t e r n  differences.  I t  is now es tab l i shed  
t h a t  t he  g lu t en  of ' T e t r a c a n t h a t c h '  w h e a t  lacks  a t  leas t  
4 of the  g lu t en  p ro te ins  p re sen t  in w h e a t  of the  v a r i e t y  
' C a n t h a t c h ' .  Due  to a labe l l ing  error ,  2 samples  of 
' C a n t h a t c h '  were e x a m i n e d  or ig ina l ly  ins t ead  of the  
hexap lo id  a n d  i ts  t e t r ap lo id  der iva t ive .  Th i s  p a p e r  
p resen t s  p ro t e in  ana lyses  for  a u t h e n t i c  samples  of 'Can- 
t h a t c h '  and  ' T e t r a c a n t h a t c h '  and  p rov ides  a d d i t i o n a l  
resu l t s  wh ich  expia in  the  p a t t e r n s  o b t a i n e d  for  the  
r e c o n s t i t u t e d  hexaplo ids .  

M a t e r i a l s  a n d  methods .  W h e a t  samples  used are  l is ted 
in the  Table.  G l u t e n  p ro te ins  were e x t r a c t e d  f rom a 
single gra in  b y  g r ind ing  w i t h  0.4 ml  2 M  urea  (LEE2). 

S y n t h e s i s  

T h e  clarif ied e x t r a c t  was  appl ied  d i rec t ly  to  s t a r c h  gel 
for e lec t rophores is  in  a l u m i n i u m  l ac t a t e  buffer ,  p H  3.1, 
con t a in ing  2 M  urea  (GRAHAM3). 

Resu l t s .  S t a r c h  gel e lec t rophores i s  of t h e  g lu t en  p ro t e in s  
of ' C a n t h a t c h '  an d  ' T e t r a c a n t h a t c h '  (Figure 1) shows 
t h a t  ' T e t r a c a n t h a t c h '  lacks  3 s low-moving  c o n l p o n e n t s  
an d  1 of i n t e r m e d i a t e  m o b i l i t y  p re sen t  in  t h e  p a t t e r n  for  
' C a n t h a t c h ' .  No a d d i t i o n a l  b a n d s  were de t ec t ed  for 
' T e t r a c a n t h a t c h ' .  I t  t he re fo re  seems l ikely t h a t  t h e  syn-  
thes is  of these  4 c o m p o n e n t s  is cont ro l led  b y  genes  on  
ch romosomes  of t h e  D-genome.  

Theore t ica l ly ,  t he  syn thes i s  of these  c o m p o n e n t s  shou ld  
be  res tored  in a m p h i d i p l o i d s  r e su l t ing  I rom crosses 
b e t w een  ' T e t r a c a n t h a t c h '  an d  A .  squarrosa.  I n  o rde r  to  
ex ami n e  th i s  possibi l i ty ,  g lu ten  p ro t e ins  were ana ly sed  
for 2 r e c o n s t i t u t e d  hexap lo ids  (Figure 2), in  w h i c h  dif-  
f e ren t  accessions of A .  squarrosa  c o n t r i b u t e d  t h e  D- 
genome.  T h e  p a t t e r n  for each  r e c o n s t i t u t e d  h e x a p l o i d  
was s imi lar  to  t h e  p a t t e r n  for a m i x t u r e  of e x t r a c t s  f rom 
gra in  of t h e  pa ren t s .  S low-moving  componen t s ,  w h e n  
p re sen t  in t h e  p a t t e r n  for t h e  A .  squarrosa  p a r e n t  
(RL5271),  were  also p r e s en t  in t h e  r e c o n s t i t u t e d  hexa -  
p lo id ;  w h e n  a b s e n t  in t h e  A .  squarrosa  p a r e n t  (e.g. 
RL5003) ,  t h e y  were also a b s e n t  in the  r e su l t i ng  hexaplo id .  

1 W. J. R. BOYD and J. W. LEE, Experientia 23, 332 (1967). There 
is an error in the legend of Figure 2 of this paper. Labelling of 
the second, third and fourth patterns from the left should read: 
'Tetracanthateh' (AABB); 'Tetracanthatch' • A. squarrosa RL 
5261 (AABBDD); 'Tetraeanthatch' • A. squarrosa RL 5271 
(AABBDD). 

2 j .  w. LEE, J. Sei. Fd Agrie. 19, 153 (1968). 
8 j .  S. D. GRAHAM, Aust. J. biol. Sci. 16, 342 (1963). 

Fig. 1. Starch gel electrophoretie patterns of gluten proteins from 
Chinese Spring, Canthatch and the tetraploid from the latter. Origin 
at top. 

Fig. 2. Starch gel eleetrophoretic patterns for extracts of amphi- 
diploids and of parent accessions and for nfixed extracts of parent 
accessious. 
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T h e  a p p a r e n t l y  conf l ic t ing  resu l t s  of t he  or iginal  p a p e r  
can  there fore  be a c c o u n t e d  for b y  a label l ing  error  on  
one h a n d  a n d  b y  t h e  v a r i a t i o n  in  g lu t en  p ro t e in  p a t t e r n  
b e t w e e n  access ions  of A .  s q u a r r o s a  on t he  o the r  ha nd .  

Identification of wheat samples 

Accession Variety Source and previous 
No. (U.W.A. a) accession No. 

2921 Canthatch R.L. b 
2 9 2 2  Tetracanthatch R.L. 
2879 Chinese Spring U. of Mo. ~ P62-61.4-1 
2161 Chinese Spring DT 1D (long) U. of Mo. P56-17.1-3 

2992 Tetracanthatch • R.L. 
A.  squarrosa RL5271 

2990 Tetracanthatch • R.L. 
A.  squarrosa RL5003 

2993 A.  squarrosa var. strangulata R.L. RL5271 
2995 A.  squarrosa R.L. RL5003 
2994 A.  squarrosa var. typica R.L. RL5261 
5463 A.  squarrosa P.B.I. d C 
5464 A.  squarrosa P.B.I. E 
5466 A.  squarrosa P.B.I. A 
5 4 2 7  A.squarrosavar.s trangulata P.B.I. 

625 T. monococcum var. U. of Many 2B28 
nigro-flavescens 

5456 T. monococcum P.B.I. 6 
5454 T. monococcum P.B.I. 13 
5458 T. monococcum P.B.I. 10 
5453 T. monococcum P.B.I. 13A 
5460 T. monococcum P.B.I. 19 

University of Western Australia. b Rust Laboratory, Canada, 
Department of Agriculture, Winnipeg. c University of Missouri. 
d Plant Breeding Institute, Cambridge. e Department of Plant 
science, University of Manitoba. 

V a r i a t i on  of g l u t e n  p ro t e in  c o m p o s i t i o n  be tw e e n  geno-  
t y p e s  w i t h i n  a s ingle species is well e s t ab l i shed  for 
T r i t i c u m  a e s t i v u m  L .  em. Thell .  (ELTON a n d  EWART4, 
GRAHAM3). Th i s  o b s e r v a t i o n  c a n  now be e x t e n d e d  to  a 
n u m b e r  of  o the r  species  of whea t .  I n  t h e  p r e se n t  s t u d y ,  
cons iderab le  in t raspec i f ic  v a r i a t i o n  of g lu t e n  p ro t e in  
c o m p o s i t i o n  was  obse rved  for m o s t  of 14 access ions  of 
T .  m o n o c o c c u m  L., 6 access ions  of T .  a e g i l o p o i d e s  L. a n d  
11 access ions  of A .  s q u a r r o s a .  Figures  3 and  4 show 
e x a m p l e s  of p a t t e r n s  ob t a ine d  for access ions  of A .  s q u a r -  
rosa  a n d  T .  m o n o c o c c u m .  In t r a spec i f i c  p a t t e r n  v a r i a t i o n s  
obse rved  were in some  cases  as g rea t  as v a r i a t i o n s  b e t w e e n  
r e p r e s e n t a t i v e s  of d i f fe ren t  species.  I t  was  there fore  
h a r d l y  poss ib le  to  e s t ab l i sh  a n y  assoc ia t ion  be tween  pa t -  
t e rn  u n d  species.  

D i s c u s s i o n .  T h e  assoc ia t ion  b e t w e e n  s l o w - m o v i n g  g l u t e n  
c o m p o n e n t s  a nd  t h e  D - g e n o m e  obse rved  for a di telo-  
cent r ic  of 'Ch inese  Spr ing ' ,  for ' C a n t h a t c h '  a nd  for acces-  
s ion RL5271  of A. s q u a r r o s a  is a p p a r e n t l y  no t  a genera l  
p h e n o m e n o n  since b a n d s  in th i s  region are  l ack ing  in t he  
p a t t e r n s  for some  o the r  access ions  of A .  s q u a r r o s a  a n d  for 
some  b r e a d  whea t s .  

For  t h e  w h e a t - r y e  hybr id ,  T r i t i c a l e ,  YONG a nd  UNRAU 6 
a nd  BARBER et  al. e h a v e  r epo r t ed  t he  a p p e a r a n c e  of 
' new '  p ro t e in  b a n d s  wh ich  were p r e s e n t  in ne i t he r  pa r en t .  
These  r epo r t s  for T r i t i c a l e  c o n t r a s t  w i t h  t he  p r e s e n t  
o b s e r v a t i o n  t h a t  t he  p a t t e r n  for an  a m p h i d i p l o i d  is 
s imi la r  to  t he  p a t t e r n  ob t a ine d  for a m i x t u r e  of e x t r a c t s  
f r om gra in  of t h e  pa r e n t s .  Desp i t e  t h i s  s imp le  re la t ionship ,  
it  is no t  poss ible  to  infer  f r om t h e  p a t t e r n s  for  ' C a n t h a t c h '  

4 G. A. H. ELTON and J. A. D. EWART, J. Sci: Fd Agric. 13, 62 
(1962). 
F. C. YONG and A. M. UNRAU, Can. J. Biochem..r 1647 (1964). 

e H. N. BARBER, C. J. DRISCOLL, P. M. LOnG and R. S. VICKERY, 
Nature 218, 450 (1968). 

Fig. 3. Starch gel electrophoretic patterns of gluten proteins from Fig. 4. Starch gel electrophoretic patterns of gluten proteins from 
accessions of A.  squarrosa, accessions of T. monococcum. 
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and  ' T e t r a c a n t h a t c h '  t he  p ro te in  compos i t ion  of the  
par t icu lar  geno type  of A. squarrosa involved  in the  evolu- 
t ion of 'Can tha t ch '  since some bands  due to the  D-genome 
m a y  be obscured  by  those  con t r ibu ted  by  the  A- and 
B-genomes  and  since the  3 genomes  m a y  carry  genes 
in c o m m o n  for p ro te in  syn thes i sL  

Zusammenfassung. Die E n t f e r n u n g  des D-Genoms  aus 
der  Hande l sweizensor te  ,Can tha t ch~  f i ihrte bei  der  
St / i rkegelelektrophorese zum Ver lus t  von 4 K o m p o n e n t e n  
des Klebermus te rs .  Aus ~Tetracanthatch~> und verschie-  
denen  Geno typen  yon A. squarrosa nachgezf ichte te  Hexa-  
ploide zeigten bei der  St i i rkegelelektrophorese eine iihn- 

liche Z u s ammen s e t zu n g  wie die Mischung der  aus den 
en t sp rechenden  E l t e r n t y p e n  ex t r ah i e r t en  Prote ine .  

W. J. R. ~BOYD, J. W. LEE 
and  C. W. WRIGLEY 

Institute o/Agriculture, University o/Western Australia, 
and C.S.I.R.O. Wheat Research Unit, 
North Ryde (N.S.W., Australia), 74 October 7968. 

7 Helpful discussion with Dr. K. W. SHEPHERD and the technical 
assistance of Mrs. C. TRENOUTH are gratefully acknowledged. 

T h e  Inf luence  of Oestradio l -17/3  on  the Rat  Uter ine  N a  +, K+-Mg++ Act iva ted  A d e n o s i n e  T r i -  
p h o s p h a t a s e  Act iv i ty  

The admin i s t r a t ion  of oes t rogens  to  ovar iec tomized  
ra ts  can al ter  the  e lect rolyte  compos i t ion  of the  u terus  1,2. 
The following expe r imen t s  were unde r t aken  to inves t iga te  
the  possibi l i ty  t h a t  these  changes  are secondary  to 
a l te ra t ions  in the  Mg++-act ivated ATPase  ac t iv i ty  b rough t  
abou t  by  oestrogens.  

Materials and methods. The me thod  used was t h a t  of 
W. W. KIELLY. Spayed adul t  ra t s  (250 g • 25) were 
injected s.c. wi th  oestradiol-17fl  in arachis  oil in doses 
ranging  f rom 1-50 ~zg/rat. Animals  were killed by  cervical 
dis locat ion and the i r  uter i  were r emoved  quickly and 
washed  in ice-cold ex t rac t ing  solut ion (0.1 M KC1; 0.04 M 
NaHCO3; 0 .01M Na2COa) After  weighing on a tors ion 
balance,  a por t ion  of the  t issue was r emoved  for a dry  
weight  e s t ima t ion  and the  r emainder  was ground with  
sand in cold ex t rac t ing  solution. The final volume was 
ad jus ted  to 20 ml/g  t issue The suspension was centr i fuged 
for 15 min at  900 g and an equal  volume of de-ionized 
water  was added  to the  s u p e r n a t a n t  Af ter  1/2 h this  
was cent r i fuged at  1000 g for 30 rnin to s ed imen t  the  
ac tomyos in  precipi ta te .  The s u p e r n a t a n t  was assayed for 
ATPase  act iv i ty .  This was carried ou t  by  incuba t ing  the 
following at  37~ 0 . 1 m l  0 0 5 M  MgCI~, 0 . 3 m l  0 .2M 

Tris-HC1 buffer  p H  6.9 (in 0 .15M KC1), 0.1 ml  0 .02M 
adenos ine  3 ' , 5 ' - t r i phospha te  (disodium salt), 0.4 ml de- 
ionized water ,  0.1 ml supe rna tan t .  The react ion was 
s topped  af ter  5 min by  adding  1 Illl 5% perchloric  acid. 
P h o s p h a t e  assays were pe r fo rmed  by  a modif ica t ion  of 
t he  m e t h o d  of FISKE and SUBBAROW 3. 

The concen t ra t ion  of p ro te in  of the  s u p e r n a t a n t  was 
measured  by  a b iure t  me thod .  

Results and discussion. There  was no signif icant  change  
in Mg++-act ivated ATPase  ac t iv i ty  3 0 - 4 0 m i n  af ter  
admin i s t r a t i on  of 5 txg oest radiol  compared  wi th  ovariecto-  
rnized controls.  ATPase  ac t iv i ty  was decreased by  35, 
44 and 39% 7, 19-25 and 45-50 h respect ive ly  following 
50 ~zg oestradiol-17fl  admin is t ra t ion .  W i t h  1 ~zg oestra-  
diol-17fl the  change  in ATPase  ac t iv i ty  was similar  to 
t h a t  p roduced  by  50 ~zg oest radiol  (Table). 

1 D. F. COLE, J. Endocr. 7, 12 (1950). 
N. B. TALBOT, E. C. LOWRIE and E. B. ASTWOOD, J. biol. Chem. 
732, i (1940). 

a C. H. FISKE and Y. SUBBAROW, J. biol. Chem. 66, 375 (1925). 

Na +, K +, Mg ++ activated adenosine triphosphatase activity of uterine tissue homogenate after removal of actomyosin expressed as [zmolcs 
phosphorus/g protein �9 5 min 

Treatment Interval after Mean S.E. of mean No. of % difference 
administration animals from control 

0.1 ml oil 7 h 1618.7 185.1 8 --39.6 
1 [xg oestradiol-17fl 7 h 977.1 149.4 6 0.01 < P < 0.001 

0.5 ml oil 7 50 h 1352.3 99.3 17 
50 [2.g oestradiol-17/~ 7 h 875.5 131.35 6 --35 

0.01 < P < 0.001 

--44 
P > 0.001 
--39 
0.01 < P < 0.001 

50 ~g oestradiol-17fi 19 25 h 751.6 69.88 8 

50 [zg oestradiol-17fl 45 50 h 824.2 49.4 7 

0.1 ml oil 30-40 nfin 1662.7 195.1 7 
5 [xg oestradiol-17fl 30 40 rain 1867.5 66.76 6 +12.33 

0.2<P<O.1 


