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The Phylogenesis of Protein a-Amylase Inhibitors 
from Wheat Seed and the Speciation of Polyploid Wheats 
L. Vit tozzi  and V. Silano 

Labora to r i  di Ch imica  B io log ica ,  Is t i tuto S u p e r i o r e  di SanitY, Roma (I ta ly)  

S u m m a r y .  P r o t e i n  a - a m y l a s e  inh ib i to r s  e x t r a c t e d  with wate r  f r o m  seeds  of a number  of Triticum and Aegilops 
species were characterized according to their molecular weights and action specificities towards human salivary 
and Tenebrio molitor L. ~-amylases. Four inhibitor peaks, with molecular weights 60000, 44000, 22000 and 
11000, active towards the two amylases have been detected. Another inhibitor peak with molecular weight 11000, 
only active towards the insect ~-amylase, has been found in several species tested. Tr4ticum urartu showed 
only the 22000 inhibitor peak, while other diploid Triticum species did not exhibit any inhibitory activity. All the di- 
ploid Aegilops species tested contained ~-amylase inhibitors and the inhibitor patterns differed greatly even for 
c lo se ly  r e l a t ed  s p e c i e s .  In gene ra l ,  t e t r ap lo id  Triticum s p e c i e s  (turgidum and timopheevi) exhib i ted  a m y l a s e  in -  
h ib i tor  pa t t e rns  of h ighe r  complex i ty  than diploid Tritieum and Aegilops s p e c i e s .  

The r e l a t i onsh ip s  ex i s t ing  among the a m y l a s e  inh ib i to r  pa t t e rns  of the Tr4ticinae s p e c i e s  t e s t ed  a r e  c o n s i s t -  
ent with the hypothes is  of the polyphyle t ic  o r ig in  of t e t r ap lo id  wheats  by S a r k a r  and Stebbins (1956) and sugges t  
that the a m y l a s e  inh ib i to r s  f rom diploid spec i e s  all d e r i v e  f rom common  a n c e s t r a l  genes .  

In t roduct ion  

The na tu re  of the donor  of the B genome to polyploid 

wheats  is s t i l l  c o n t r o v e r s i a l ,  in sp i te  of the number  

of i nves t iga t ions  ava i l ab le  on s e v e r a l  diploid spec i e s  

showing s o m e  p r o p e r t i e s  r e l a t ed  to those  of the B 

genome .  K i m b e r ' s  (1973) r ecen t  hypo thes i s ,  that the 

s p e c i e s  donor  of the B genome might  be ex t inc t ,  c l e a r -  

ly h ighl ights  the d i f f i cu l t i e s  encoun te red  in the r e c o g -  

ni t ion of the B genome donor .  Although Agrvpyron 

triticum and Aegilops bicornis have been indica ted  

(McFadden  and S e a r s  1944; Sea r s  1 9 5 6 ) a s  involved  

in the phy logenes i s  of e m m e r  wheats ,  most  of the in-  

ve s t i ga t i ons  c a r r i e d  out up to now have c e n t r e d  on the 

hypothes i s  that  Aegilops speltoides,  or  a c l o se ly  r e -  

la ted  s p e c i e s ,  is the donor  of the B genome .  The e v i -  

dence  suppor t ing  the ro l e  of Ae. speltoides in the phy-  

l o g e n e s i s  of e m m e r  wheats  is based  upon sp ike le t  and 

c h r o m o s o m e  morpho logy ,  me io t i c  c h r o m o s o m e  p a i r -  

ing,  n u c l e a r  DNA content ,  ac id ic  phospha tase  e l e c t r o -  

phore t i c  pa t t e rns  and geograph ica l  d i s t r ibu t ion  pa t -  

t e r n s  ( Jenkins  1929; Pa thak  1940; Ri ley  et al. 1958; 

Rees  1963; Giorgi  and Bozzin i  1969; J a a s k a  1971).  

However ,  the va lue  of s o m e  of th is  data  has  been 

ques t ioned  by S e a r s  (1969) ,  and cy togene t i ca l ,  b io -  

c h e m i c a l  and morpho log ica l  ev idence  aga ins t  the ro l e  

of Ae. speltoides has been r e p o r t e d  (Kihara  and Ya-  

mash i t a  1956; S e a r s  1956; K i m b e r  1966; Ri ley  and 

Chapman 1966; Johnson and K i m b e r  1967; Bozzin i  

et  al. 1970; Athwal and K i m b e r  1972; Dvorak 1972; 

K i m b e r  and Athwal 1972). Recen t ly ,  Shands and K i m -  

be r  (1973) sugges ted  that Ae. speltoides could ins tead  

be the donor  of the G genome to Triticum timopheevi. 

Because  of the d i f f icu l t ies  encoun te r ed  in ident i fying 

an Aegilops s p e c i e s  able to fully account  for  the f e a -  

t u r e s  of the B genome,  o the r  p o s s i b i l i t i e s  have been 

explo i ted .  Accord ing  to S a r k a r  and Stebbins (1956),  

as  well as  o ther  au thors  (Zoha ry  and F e l d m a n  1962; 

Giorgi  and Bozzin i  1969; K i m b e r  and Athwal 1972), 

t e t r ap lo id  wheats may be polyphyle t ic  in o r ig in ,  that 

i s ,  they might  have a r i s e n  f rom i n t e r c r o s s i n g  of two 

or  m o r e  amphip lo ids ,  each  conta ining the A genome 

but with a d i f fe ren t  Aegilops second genom e .  On the 

bas i s  of the d i f f e r e n c e s  found among g e l - e l e c t r o p h o r e -  

t ic  pa t t e rns  of a lbumins  e x t r a c t e d  f r o m  t e t r ap lo id  

wheats  and a number  of Aegilops s p e c i e s ,  Johnson 

(1972) r e v i v e d  for  cons ide r a t i on  C a m a r a ' s  (1935)o ld  

hypothes i s ,  a cco rd ing  to which t e t r ap lo id  wheats  have 

a r i s e n  by autoploidy,  B as well as  A genomes  being 

d e r i v e d  f rom diploid wheats .  Other  b iochemica l  i n v e s -  

t iga t ion f rom this  Labora to ry  on a lbumin a - a m y l a s e  

inh ib i to r s  indica ted  however  that unident i f ied Aegilops 

s p e c i e s  had been involved  in the spec ia t ion  of po ly-  

ploid wheats  (Bedet t i  et  al. 1974). In th is  s tudy,  in 

fact ,  no a - a m y l a s e  inh ib i tory  ac t iv i ty  was de tec ted  in 

Triticum boeoticwn and i ts  d o m e s t i c a t e d  d e r i v a t i v e  

Triticum monococcum, whereas  all  the Aegilops s pec i e s  

t e s t ed  conta ined a lbumin a m y l a s e  inh ib i to r s .  Subse-  
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quen t ly ,  J o h n s o n  (1975)  iden t i f i ed  Triticum urartu as  

the  s p e c i e s  which  c o n t r i b u t e d  the  B g e n o m e  to e m -  

m e r  w hea t s ,  a l though  K o n a r e v  e t  al.  (1974)  had  con -  

c luded  f r o m  t h e i r  i m m u n o c h e m i c a l  s t u d i e s  on g l i ad in s  

tha t  T. urartu c o n t r i b u t e d  the  A g e n o m e  to e m m e r  

w h e a t s .  

As J o h n s o n ' s  i n v e s t i g a t i o n s  w e r e  m a i n l y  b a s e d  on 

the  a n a l y s i s  of a l b u m i n  f r a c t i o n s ,  and wheat  a m y l a s e  

i n h i b i t o r s  make  up as  much  as  t w o - t h i r d s  of wheat  a l -  

b u m i n s  ( P e t r u c c i  et  al.  1974) ,  we have  c o n s i d e r e d  

it  wor thwh i l e  to c a r r y  out f u r t h e r  i n v e s t i g a t i o n s  on 

a l b u m i n  a m y l a s e  i n h i b i t o r s  to c l a r i f y  the  n a t u r e  of the  

B g e n o m e  donor  s p e c i e s .  We c o m p a r e d  the  a m y l a s e  

i n h i b i t o r  c o m p o s i t i o n  of a n u m b e r  of Aegilop8 and 

Tr4ticw~ s p e c i e s  i n c l u d i n g  T. urartu. We a l so  i n t ended  

to g a t h e r  f u r t h e r  i n f o r m a t i o n  on t h e s e  n a t u r a l l y  o c -  

c u r r i n g  i n h i b i t o r s  which ,  up to now, have  been  s tud ied  

at  m o l e c u l a r  and s t r u c t u r a l  l e v e l s  m a i n l y  in Tr4tiaum 

aestivum ( F e i l l e t  and  N i m m o  1970; Sha ink in  and B i r k  

1970; Sodini e t  al.  1970; Can taga l l i  et  al. 1971; Saun-  

d e r s  and  Lang 1973; Si lano e t  al.  1973; P e t r u c c i  

e t  al. 1974; B u o n o c o r e  et  al.  1975; R e d m a n  1975; S i -  

lano e t  al.  1975; Deponte  et  al. 1976; P e t r u c c i  et  al.  

1976; B u o n o c o r e  e t  al. 1976) .  

Materials and Methods 

Extraction of or-amylase inhibitors was carried out 
with distilled water on 13-20 seeds of each species 
tested after embryo removal, according to Bedetti 
et al. (1974). Water extracts were submitted to gel 
filtration on a Sephadex G-100 column as previously 
described (Bedetti et al. 1974) and apparent mole- 
cular weights of the eluted inhibitor fractions were 
calculated from the corresponding retention volumes 
according to Andrews (1964). Inhibitory activity of 
the column eluate towards human salivary and 
Tenebrio molitor L. (yellow mealworm) ~-amylases 
was determined continuously as previously described 
(Vittozzi et al. 1976). Amylase inhibition was ex- 
pressed as arbitrary inhibition units. One inhibition 
unit represents the inhibitor amount that gives 30 % 
inhibition of the amount of amylase producing 0.3 ~eq 
maltose under described experimental conditions (Vit- 
tozz i  et al. 1976) .  

Results 

Water extracts obtained according to Bedetti et al. 

(1974) from seeds of a number of Tz~tieum and 

Aegilops species were submitted to gel filtration on 

a Sephadex G-100 column and the eluates were as- 

sayed for inhibitory activity towards human salivary 

and T.molitor o~-amylase s .  R e t e n t i o n  v o l u m e s  and  ap -  

p a r e n t  m o l e c u l a r  we igh t s  of the  i n h i b i t o r  peaks  o b t a i -  

ned  a r e  shown in F i g s .  1 and 2. 

One i n h i b i t o r  peak ( m o l e c u l a r  weight  22000) a c -  

t ive  t o w a r d s  both  the  m a m m a l i a n  and i n s e c t  a m y l a s e s  

was p r e s e n t  in the  e lu t ion  p r o f i l e  of  T. urartu, w h e r e -  

a s  no a m y l a s e  i n h i b i t o r y  ac t i v i t y  was d e t e c t e d  in 

T.monocoacum, T. boeotiaum o r  T. thaoudar. This  r e s u l t  

compares well with those previously reported by 

Johnson (1975), who showed that T. urartu contains 

albumin fractions absent from T. boeoticum and 

mo~o~oc~Mm. 

The a m y l a s e  i n h i b i t o r  p a t t e r n  of T. urartu was 

i den t i ca l  to tha t  of Aegilops mutica, but the  two t e t r a -  

ploid whea t s  t e s t e d  (Tr4ticum turgidum and Tri t icum 

timopheevi) c o n t a i n e d  a much  h i g h e r  n u m b e r  of i n h i -  

b i t o r  p e a k s .  In add i t ion  to the  t h r e e  i n h i b i t o r  peaks  

found in T. turgidum, T. timopheevi showed  an i n h i b i -  

t o r  peak  with m o l e c u l a r  weight  44000, a c t i v e  t o w a r d s  

the  two a m y l a s e s ,  which was p r e s e n t  in  Ae .spe l to ides  

and a b s e n t  f r o m  al l  the  o t h e r  Aegilops s p e c i e s  t e s t e d .  

As a l r e a d y  e s t a b l i s h e d  with the  manua l  a m y l a s e  a s -  

say  (Bede t t i  et  al.  1974) ,  T. turgidw~ showed  an i n -  

h i b i t o r  c o m p o s i t i o n  q u a l i t a t i v e l y  i den t i ca l  to tha t  of 

T. aestivum. 

R e g a r d l e s s  of the  s i m i l a r i t y  of t h e i r  g e n o m e s ,  the  

seven diploid Aegilop8 species tested showed very 

different inhibitor compositions (Figs. 1 and 2). From 

a q u a l i t a t i v e  s t an d p o in t ,  only Aegilops longissima 

showed  an i n h i b i t o r  p a t t e r n  i d e n t i c a l  to tha t  of 

T. turgidum. This  r e s u l t  i s  in a g r e e m e n t  with t h o s e  of 

J o h n s o n  (1972) ,  who found tha t  the  a l b u m i n  e l e c t r o -  

p h o r e t i c  p a t t e r n  of Ae. longlssima was s u b s t a n t i a l l y  

r e p r e s e n t e d  in the  p r o f i l e s  of t e t r a p l o i d  w h e a t s .  M o r e -  

o v e r ,  the  a m y l a s e  i n h i b i t o r  p a t t e r n  of T. turgidw~ can  

be ob t a ined  by adding  that  of T. urartu to tha t  of Ae. 

wWgellulata, o r  by c o m b i n i n g  m o r e  t han  two i n h i b i t o r  

p a t t e r n s  of F i g s .  1 o r  2. 

As a p p e a r s  f r o m  F i g s .  1 and 2, the  r a t i o s  of i n h i b -  

i t o ry  a c t i v i t i e s  t o w a r d s  h u m a n  s a l i v a r y  and f .  mol l tor  

c~-amylases  of i n h i b i t o r  peaks  with i d e n t i c a l  m o l e c u l a r  

we igh t s  v a r y  to a l a r g e  ex t en t  with  the  s p e c i e s  t e s t e d .  

A p o s s i b l e  e x p l a n a t i o n  for  t h i s  r e s u l t  migh t  be tha t  

t h e s e  i n h i b i t o r  peaks  c o n t a i n  d i f f e r e n t  a m o u n t s  of i n -  

h i b i t o r  c o m p o n e n t s  with d i f f e r e n t  a c t i v i t i e s ,  t o w a r d s  

the  two a m y l a s e s .  Such a h e t e r o g e n e i t y  h a s  a l r e a d y  

been  shown fo r  i n h i b i t o r  p e a k s  f r o m  T. turgldu~ and 

T. aestivum (Si lano st al. 1973; Bede t t i  et al. 1974; 
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F i g .  1. Gel f i l t r a t ion  pa t t e rn s  on Sephadex G-100 of Tenebrio molitor L. u - a m y l a s e  
inh ib i to r s  f r o m  Trl t ieum and Aegilops s p e c i e s .  About 2ml  of  wa te r  ex t r ac t  w e r e  
appl ied  on a Sephadex G-100 co lumn ( 2 c m  • 100 c m ) ,  e lu ted  with phosphate  buffer  
(pH 7 . 4 )  and a s s a y e d  for  inh ib i tory  ac t iv i ty  as p r ev ious ly  d e s c r i b e d  (Vi t tozzi  et  al .  
1976) 

P e t r u c c i  e t  al.  1974; Deponte e t  al.  1976), as  well 

as  for  those  f r o m  Ae. spe l to ides  and Ae. squarrvsa ( B e -  

det t i  et  al.  1974). 

Discussion 

As shown in Table 1, which summarizes the results 

of Figs. I and 2, with this study on seven Aegilops 

and seven Tritiaum species, we have detected five 

inhibitor types differing in their molecular weights 

or in their specific;ties towards human salivary and 

T. molitor ~-amylases. The presence of different in- 

hibitor types is a property common to both the 

Aegilops and Tz~tiew~ genus ,  but no s p e c i e s  was found 

to conta in  all  the f ive inh ib i to r  t ypes .  

When diploid Aegilops and Tz~tieum s p e c i e s  a r e  

c o m p a r e d ,  it appea r s  that  the f r equency  of s - a m y l a s e  

inhib i tor  peaks  i s  much h igher  in the Aegilops genus 

than in Trit icum. In fact ,  among T z ~ t i ~  diploid s p e -  

c i e s  only T. urartu conta ined  0 t -amylase  i nh ib i t o r s .  

M o r e o v e r ,  T. uremtu only exhib i ted  the 22000 inh ib i to r  

peak that was a lso  p r e s e n t  in the Aegilops s p e c i e s  

t e s ted ,  except  for  Ae. umbellulata and Ae. spe l to ides .  

The p r e s e n c e  of this  peak in T. u~artu might  indica te  

that s o m e  t r a n s f e r  of ~ - a m y l a s e  inh ib i to r  coding genes 

has o c c u r r e d  f r o m  Aegilops s p e c i e s  to diploid Tz~tieum 



282 L. Vit tozzi  and V. Si lano:  P h y l o g e n e s i s  of A m yla se  P r o t e i n  Inhibi tors  

Ioo I 

100 

50 

m. 0 
5 lOO 

~ 50 
. , Q  

~ 0 

.~ 100 

g 50 

�9 ~- 0 
o _  

~ 50 

~ 0 

60,000 22,000 
44,~00 

Not detectable peaks 

Not detectable peaks 

Not detectable peaks 

11,000 
~boeoticum 

(AA) 

T. thaoudar 
(AA) 

T.monoc 'cure 
(AA 

/ ~  T. urarh 

60,000 22,000 
44,000 

/ \  

[ Ae, Iongissima 
( S t S t ) 

Ae. speltoid 

Ae. bicorn#. 
( sbs b ) 

Ae. muUca 
(M t M t ) 

T. turgid Ae. umbellu 3ta 
(AA8[ (cUc u ) 

._ /\ _/\ 

o J " "  
100 T. aesUw Ae. squarro. 
50 ,~'P-,,- , / ~ .  , (AABB{)  . /  ~ , (00) 

0 50 70 90 110 5'0 70 90 
EFfluenl: volume EFfluent volume 

110 

F i g .  2. Gel f i l t r a t ion  pa t t e rns  on Sephadex G-100 of human s a l i v a r y  o~-amylase in -  
h ib i to r s  f rom Tri t iewn and Aegilops s p e c i e s .  About 2 ml of wa te r  ex t r ac t  were  ap-  
p l ied  on a Sephadex G-100 co lumn ( 2 c m  • 100 c m ) ,  e lu ted  with phosphate  buffer  
(pH 7 . 4 )  and a s s a y e d  for  inh ib i to ry  ac t iv i ty  as p r ev ious ly  d e s c r i b e d  (Vit tozzi  et  al .  
1976) 

s p e c i e s .  The c o r r e s p o n d e n c e  of the m o l e c u l a r  weights  

of the inhib i tor  peaks  obta ined f rom d i f fe ren t  diploid 

Aegilops s p e c i e s  sugges t s  that these  peaks  al l  d e r i v e  

f r o m  c o m m o n  a n c e s t r a l  g e n e s .  F u r t h e r  inves t iga t ions  

a r e  needed  to show whether ,  as  o b s e r v e d  in T. aestivum 

(Deponte e t  al.  1976), the inh ib i to r  peaks  with h igher  

m o l e c u l a r  weights  in the Aegilops spec i e s  a r e  c o m -  

posed of subunits  with m o l e c u l a r  weight 11000. If th is  

is  the c a s e ,  the appea rance  o r  d i s a p p e a r a n c e  of an in-  

h ib i tor  peak might  even  be the r e s u l t  of a r e l a t i v e l y  

s i m p l e  mutat ion capable  of af fec t ing  p o l y m e r i z a t i o n  

p r o p e r t i e s  of the bas ic  pept ide  units  of the a m y l a s e  

i nh ib i to r s .  T h e r e f o r e ,  the f ive inh ib i to r  types  of 

Table 1 might  d e r i v e  f r o m  a v e r y  l i m i t e d  number  of 

ancestral genes coding for II000 peptide units and 

the observed distributions of the inhibitor peaks in 

diploid Aegilops species might indicate a duplication 

of these ancestral genes followed by divergence of 

duplicated genes through mutation. 

Although the classification of species belonging 

to related genera has so far been mainly based upon 

cytological and morphological methods, there is in- 

creasing evidence as to the value of biochemical cri- 

teria, such as the additiveness of parental protein 

patterns, to establish evolutionary relationships 

among T~ticinae species (Johnson andHall 1965; John- 

son 1967; Waines 1969; Williams 1971; Bedetti et aZ. 

1974). Therefore, from our results, some conclusions 
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T a b l e  1. P r o p e r t i e s  a n d  p r e s e n c e  f r e q u e n c y  of  e - a m y l a s e  i n h i b i t o r s  f r o m  Tr~tieum a n d  Aegilops g e n e r a  

R a n g e  of  r a t i o s  of  
M o l e c u l a r  w e i g h t  i n h i b i t o r y  a c t i v i t y  
of  i n h i b i t o r  h u m a n  s a l i v a r y  T.molitor t o w a r d s  h u m a n  s a l i =  in  Aegilops 
f r a c t i o n  a m y l a s e  a m y l a s e  v a r y  a m y l a s e  to T. g e n u s  

molitor a m y l a s e  

A c t i v i t y  t o w a r d s  Presence f r e q u e n c y  * 

in Triticum 
g e n u s  

1 2 , 0 0 0  - + 0 . 0  4 / 7  
1 2 , 0 0 0  + + 0 . 2  - 2 . 0  2 / 7  
2 4 , 0 0 0  + + 2 . 0  - 5 . 5  6 / 7  
4 4 , 0 0 0  + + 2 . 0  - 4 . 0  1 / 7  
6 0 . 0 0 0  + + 0 . 9  - 6 . 0  3 / 7  

3/7 
o/7 
4 / 7  
1//7 
3 / 7  

* The seven species of each genus tested are those indicated in Fig. 1 
+ indicates inhibition; 
- indicates no inhibition. 

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

d r a w n .  In g e n e r a l ,  t e t r a p l o i d  Triticum s p e c i e s  

( turg id~  a n d  timopheevi) e x h i b i t e d  a m y l a s e  i n h i b i t o r  

p a t t e r n s  of  h i g h e r  c o m p l e x i t y  t h a n  d i p l o i d  Tr~ticum 

a n d  Aegilops s p e c i e s ,  s u g g e s t i n g  t h a t  d i f f e r e n t  Aegilops 

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

g e n e s  to t e t r a p l o i d  w h e a t s .  Such  a m i x e d  c o n t r i b u t i o n  

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

a m o n g  d i f f e r e n t  Triticum • Aegilops a m p h i p l o i d s  in  

a g r e e m e n t  w i t h  t h e  p o l y p h y l e t i c  o r i g i n  of  p o l y p l o i d  

w h e a t s  s u g g e s t e d  by  S a r k a r  a n d  S t e b b i n s  ( 1 9 5 6 ) .  The 

c o n c l u s i o n  o f  G i o r g i  and  B o z z i n i  ( 1 9 6 9 )  i s  of  i n t e r e s t  

h e r e ,  a c c o r d i n g  to w h i c h  a n  e x c h a n g e  of  c h r o m o s o m e  

s e g m e n t s  b e t w e e n  h o m o e o l o g o u s  c h r o m o s o m e s  in  h y -  

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

m u t a t i o n  r e s t r i c t i n g  t he  p a i r i n g  to  h o m o l o g o u s  c h r o -  

m o s o m e s ,  p r o b a b l y  p l a y e d  a n  e s s e n t i a l  r o l e  in  w h e a t  

s p e c i a t i o n .  T h e r e f o r e ,  in  o u r  o p i n i o n ,  t h e  h y p o t h e s i s  

of  p o l y p h y l e t i c  o r i g i n  of  p o l y p l o i d  w h e a t s  ( S a r k a r  a n d  

S t e b b i n s  1956)  s h o u l d  b e  t h o r o u g h l y  i n v e s t i g a t e d  w i t h  

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

T. timopheevi of t h e  44000  i n h i b i t o r  p e a k ,  p e c u l i a r  to  

Ae. speltoides,  points to  t he  i m p o r t a n c e  of  t h i s  Aegilops 

s p e c i e s  in  t h e  s p e c i a t i o n  of  T. timopheevi, t h u s  c o n f i r m -  

i ng  t h e  h y p o t h e s i s  of  S h a n d s  a n d  K i m b e r  ( 1 9 7 3 ) .  On 

t h e  o t h e r  h a n d ,  t h e  p r e s e n c e  in  t h i s  t e t r a p l o i d  w h e a t  

of  o t h e r  i n h i b i t o r  p e a k s  a b s e n t  in  Ae. speltoides c l e a r -  

ly  i n d i c a t e s  t h a t  o t h e r  Aegilops s p e c i e s ,  p o s s i b l y  

c l o s e l y  r e l a t e d  to  t h o s e  i n v o l v e d  in  t h e  p h y l o g e n e s i s  

of  e m m e r  w h e a t s ,  m a y  h a v e  c o n t r i b u t e d  to t h e  s p e -  

c i a t i o n  of  T. timopheevi. M o r e o v e r ,  o u r  r e s u l t s  a r e  

no t  in  a g r e e m e n t  w i t h  J o h n s o n ' s  ( 1 9 7 5 )  i d e n t i f i c a t i o n  

of  T. urartu a s  t he  B g e n o m e  d o n o r  s p e c i e s  to  

T. turgidum, a n d  i n s t e a d  i n d i c a t e  a p o s s i b l e  r o l e  of  

Ae. longissima i n  t h e  s p e c i a t i o n  of  e m m e t  w h e a t s .  
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