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An Immunochemical Approach to Species Relationship in Triticum 
and Some Related Species 

A. BOZZINI, P. CANTAGALLI, S. E. PIAZZI and SANDRA SORDI 

Summary. An immunological reaction, precipitat ion in gel, was produced using a rabbi t  antiserum directed to 
a specific protein constantly present in bread wheats (T. aestivum, genome AABBDD), but  absent in durum wheat 
(T. durum Desf., genome AABB). This protein was isolated in the soluble-protein fraction of bread wheat caryopses 
by combined biochemical and immunological techniques. 

The availabil i ty of such a specific ant i-bread wheat serum made possible the analysis of a series of varieties and 
species of wheat  and of some closely related (Secale, Aegilops) and less closely related (Hordeurn, I-[aynaldia) taxa  to 
determine whether the protein was present or absent. 

]-[orde~tm vulgare, Haynaldia villosa, Trilicum monoccocum and Triticum turgidum gave a negative result, while 
positive results were obtained in T. aestivum, T. timopheevi, T. zhukovskyi, Secale eereale, Aegilops speltoides, ,de. 
ncutica, Ae. comosa, Ae. caudata, Ae. umbellulata, Ae. squarrosa, and also in the artificial anaphiploids (Ae. speltoides • 
T. monococcum) and (Ae. caudata • T. monococcurn). 

I t  is concluded tha t  these results agree closely with the classification of Triticum proposed by MacKey in 1966. The 
investigated protein not only permits the differentiation of T. aestivurn from T. turgidum, but  also T. turgidum from 
T. limopheevi at tetraploid level and T. monococcum from all the diploid species of Aegilops. 

Introduction 

Serod iagnos t i c  me thods  have  been used for severa l  
decades  to e luc ida te  some p rob lems  of p l a n t  t a xono -  
my,  b u t  wi th  r a t h e r  inconclus ive  resul ts .  This  pa r t i a l  
success is p r o b a b l y  due to the  t echn ique  used in an t i -  
serum p repa ra t i on .  Often,  t o t a l  p ro te in  ex t r ac t s  have  
been inocu la t ed  into  the  animal ,  so t h a t  the  con- 
sequent  immunolog ica l  r eac t ion  was d i rec ted  towards  
a large,  and  of ten ve ry  wide,  p ro t e in  spec t rum.  I t  
is ev iden t  t h a t  th is  m e t h o d  has  a precise va lue  only  
when r a the r  genera l  sy s t ema t i c  re la t ionsh ips  are  
be ing  s tud ied  (Jensen,  t968).  W h e n  re la t ionsh ips  
among  species wi th in  the  same genus  or among  
closely r e l a t ed  genera  are be ing  considered,  a pre l imi-  
n a r y  b iochemica l  cha rac t e r i za t i on  of the  p ro te in  
becomes  necessa ry :  screening is then  based  on a re- 
duced  n u m b e r  of immunolog ica l  r eac t ions  b y  the  
an imal  and  allows the  p r e p a r a t i o n  of an t i s e ra  h igh ly  
specific for only  one or a few prote ins .  

Recen t ly ,  Cantaga l l i  et  al. (t969) descr ibed  an 
immunolog ica l  m e t h o d  to de tec t  the  i l legal  m i x t u r e  
of durum whea t  wi th  Triticum aestivum for maca ron i  
p roduc t ion .  This  m e t h o d  is based  on an immunolog-  
ical  r eac t ion  of p r ec ip i t a t i on  in gel o b t a i n e d  wi th  
a r a b b i t  an t i s e rum d i r ec t ed  to a specific p ro te in  which 
is c o n s t a n t l y  p resen t  in b r e a d  whea t s  (T. aeslivum, 
genome A A B B D D ) ,  b u t  which is absen t  in maca ron i  
whea t s  (T. durum, genome AABB)  (Piazzi  and  
Cantagal l i ,  1969). 

This  p ro te in  has  been i so la ted  in the  soluble  p ro te in  
f rac t ion  of b r e a d  whea t  seeds (caryopses)  b y  bio- 
chemical  techniques  (Cantagal l i  and  Piazzi ,  1968). 

The  a v a i l a b i l i t y  of th is  specific a n t i b r e a d  w h e a t  
se rum m a d e  possible  an ana lys i s  of some closely 
r e l a t ed  (Secale, Aegilops) and  less r e l a t ed  (Hordeum, 
Haynaldia) species, to a sce r ta in  the  presence or 
absence of the  pro te in .  

I t s  presence  could  be t a k e n  as ev idence  of a close 
t a x o n o m i c a l  and  genet ic  re la t ionsh ip .  Moreover ,  
compar i son  of these  d a t a  wi th  the  knowledge  of whea t  
phylogenes i s  based  on o the r  i n fo rma t ion  would  be 
in te res t ing ,  bo th  to e v e n t u a l l y  ob ta in  fu r the r  evidence 
and  for assessing the  va lue  of the  immunochemica l  
me thod .  

Material and Methods 

a) Species analyzed 
Caryopses, freed of glumes, were ground, including 

the embryo and pericarp, and soluble proteins were 
extracted from the flour obtained using a phosphate 
buffer (Na2HPO4.2H20:  0,025M; KH2PO4:0,041 M; 
NaCI: 0,48M) pH 6.6, following the method already 
reported (Cantagalli e t  al., 1969). Species analyzed are 
classified according to MacKey (1966) for Triticum and 
according to Kihara (1949) for Aegilops. Species and 
varieties analyzed are listed in tables t and 2. 

b) _Protein extraction and preparation 
o/the speci/ic antiserum 

Bread wheat flour obtained from the T. aestivum 
variety Rex (200 g) was mixed with 400 ml of phosphate 
buffer pH 6.6. The suspension was left for 24 hours at  
4 ~ and then centrifuged to eliminate the insoluble 
fraction. 

The extract  was filtered through Sephadex G t00 
(Cantagalli and Piazzi, 1968) and the solution containing 
the protein was concentrated, sterilized by filtration and 
inoculated into rabbits,  using several injection cycles. 
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Tab le  t .  Synthesis o/the positive or negative immunoreactions with speci/ic rabbit anti-bread wheat serum on species closely 
related or less closely related with Triticum 

Group Genus Species Subspecies Variety Cultivar Genome Reaction 

Diplo ids  Hordeum 
(2 n = 14) Hordeum vulgare l . eonessa  --  

Haynaldia 
Haynaldia villosa 

Secale 
Secale cereale RR + 

d egilops 
A egilops speltoides lig,~stica SS + 
A egilops speltoides aucheri SS + 
A egilops mutica Mt Mt - /  
A egilops comosa MM + 
A egilops caudata CC + 
A egilops umbelhdata CuCu + 
A egilops squarrosa D D  + 

Trilie.um 
Trilic,tm monococcum AA -- 
Triticum monococcum /lavescens AA -- 
Triticum monococcum macedonicum AA --  
Triticum monococcum boeolicum thaoudar AA -- 

Te t r ap lo id s  
( 2  n = 28) Triticum 

Triticum tu, rgidum dicoccoides a A A B B  -- 
Tr#icum turgidum dicoccoides b A A B B  --  
Triticum turgidum dicoccum vernal A A B B  -- 
Triticum turgidum carthlicum A A B B  -- 
Triticum turgidum turgidum plinianum A A B B  --  
Triticum turgidum turgidum durum * A A B B  -- 
Triticum turgidum turgidum polonicum A A B B  -- 
Triticum turgidum turgidum polonicum ispahanicum A A B B  -- 
Triticum timopheevi araraticum a A A G G  q- 
Triticum timopheevi araraticum b A A G G  + 
Trilicum timopheevi timopheevi A A G G  + 

Hexap lo ids  
(2 n = 42) Triticum 

Triticum zhukovskyi A A G G A ' A '  q- 
Triticum aestivum vulgare * A A B B D D  q- 
Triticum aestivum sphaerococcum A A B B D D  + 

Art i f ic ia l  (Ae. speltoides • T. monococcum boeoticum) SSAA + 
A m p h i d i p l o i d s  (A. caudata • T. monococcum boeolicum) CCAA -F 

�9 See Table 2 

The  se rum o b t a i n e d  a t  t he  end  of t he  t r e a t m e n t  was  
a b s o r b e d  r e p e a t e d l y  w i t h  durum w h e a t  flour. Cont ro l  of 
th i s  s e rum was m a d e  b y  i m m u n o d i f f n s i o n  and  i m n m n o -  
e lec t rophore t i c  t e c h n i q u e s  (Piazzi  and  Cantagal l i ,  1969). 

c) Immunodi//usion and immunoelectrophoretic analysis 

T h e  imlnunod i f fu s ion  ana lys i s  was  car r ied  ou t  accord-  
ing to a s l ight  modi f i ca t ion  of F l a n d r e ' s  a n d  D a m o n ' s  
m i c r o m e t h o d  (1961). Two ml of 1~ o " a g a r o s e "  so lu t ion  
in b a r b i t a l  buffer ,  p H  8.2. IS. 0,05, was  s t ra t i f i ed  on  
microscopic  slides. Af te r  " a g a r o s e "  gel i f icat ion a series 
of holes  were m a d e  accord ing  to t he  bes t  r e q u i r e m e n t s  for 
analysis .  Af te r  r e m o v i n g  the  agarose  f rom the  holes,  
t hese  were filled w i th  a n t i s e r u m  a n d  t h e  samples  to  be  
ana lyzed .  

The  i m m u n o e l e c t r o p h o r e t i c  ana lys i s  was  car r ied  ou t  
accord ing  to Scheidegger ' s  m i c r o m e t h o d  (1955) on  iden t -  
ical " a g a r o s e "  slides. An  electr ic  field of 4 m A / c m  
(50 rain.) in b a r b i t a l  buffer ,  p H  8.2 IS. 0A, was used for 
t he  an t i gen  migra t ion .  Af te r  e lec t rophores is ,  a n t i s e r u m  

was added  in l inear  holes. The  slides were m a i n t a i n e d  in 
di f fus ion a t  room t e m p e r a t u r e  in a d a m p  e n v i r o n m e n t  
for 4 8 - - 7 2 h r s .  W a s h i n g  was  car r ied  ou t  in b a r b i t a l  
buf fer  so lu t ion  (ba rb i t a l  buf fer  p H  8.2, IS. 0.1, 20~ 
dist i l led w a t e r  80% and  KC1 0.683/o g/v  added)  w i t h  
several  changes  of solut ion,  for 3 - - 4  days.  Before  s t a in -  
ing, the  slides were p laced  in a 1% t a n n i c  acid so lu t ion  
for l 0 rain., dr ied a t  room t e m p e r a t u r e ,  and  s t a ined  w i t h  
0 1% Coomassic  blue so lu t ion  (10~ acet ic  acid, ~0 ~ 
me thano l ,  40% dist i l led water ) .  D e s t a i n i n g  was car r ied  
ou t  b y  wash ing  severa l  t imes  in the  fol lowing so lu t ion :  
10% acet ic  acid, 503/o m e t h a n o l ,  10~ glycerol a n d  303/o 
dist i l led water .  Pos i t ive  a n t i g e n - a n t i b o d y  reac t ions ,  
showing  t he  presence  of specific b r e a d  w h e a t  soluble-  
p ro te in ,  were r ep re sen t ed  by  clear  l ines (or arcs) of precipi-  
t a t i o n  in the  gel. 

Experimenta l  Results  
P i c t u r e s  s h o w i n g  s o m e  t y p i c a l  r e s u l t s  of i m m u n o -  

d i f f u s i o n  a n d  i m m u n o e l e c t r o p h o r e t i c  a n a l y s i s  a r e  
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Table 2. Synthesis of the positive or negative immunoreactions with specific rabbit anti-bread wheat serum on different 
varieties of Trificum durum and Tritic~tm aestivum 

T. durum Cultivars (negative reaction) 
T. aeslivum Cultivars (positive reaction) 

Italian lines Foreign lines 

I) Cappelli 
2) Castelporziano (Cp t3 132) 
3) Castelfusano (Cp C 48) 
4) Garigliano 
5) Capeiti 
6) Maliani 1 D 
7) Maliani 8D 
8) Sincape 9 
9) Aziziah 

1o) SS O t i t  
I 1) Casteldelmonte (Gr A 145) 
12) Lakota 
13) B 52 (Grifoni) 

1) Brescia 
2) Campodoro 
3) Chianti 
4) Combine 
5) Diamante 
6) Ella 
7) Farnese 
8) Fiorello 
9) Flaminio 

10) Fontarronco A 
11) Fortunato 
12) Funo 
13) Funello 
t 4) Funone 
t 5) Funotto 
16) Gagliardo 
17) Lama 
18) Leonardo 
19) Leone 
20) Lepre 
21 ) Libellula 
22) Lince 
23) Lontra 
24) Lucciola 
25) Lupo 
26) Madif 21 
27) Mara 
28) Mentana 
29) S. Pastore 
30) Strampelli 

1) Admonter 
2) Bezostaja t 
3) Brucker Harrach 
4) C16dor 
5) Dankowska Selekcyjna 
6) Fehmarn Weiss 
7) Novi Sad 
8) Odesskaja 
9) Probus 

10) Rekord 
t l)  I~ex 
t2) Turma l in  
13) Zenith 

shown in figs. t and 2, respectively. Though some 
slight differences in the intensity of precipitation of 
the protein are evident, the reactions are always clear, 
making evaluation (positive or negative) very easy. 
The immunoelectrophoretic analysis demonstrates 
that  the isolated protein migrates towards the anode. 
From table 1, which presents a summary of results, 
it is clear that,  with the exception of Hordeum 
vulgare, Haynaldia villosa, Triticum monococcum and 
Triticum turgidum, all the other species, varieties 
and artificial amphiploids give a positive reaction. 
In all these lines, therefore, the protein isolated from 
bread wheat is present. Also all the diploid species of 
Aegilops have the synthesis of this specific protein in 
common. 

D i s c u s s i o n  

The data obtained in this research are in close 
agreement with the classification of Triticum pro- 
posed by  MacKey (1966). The investigated protein 
not only permits easy differentiation between T. 
aestivum and T. turgidum, but also distinguishes, at 
the tetraploid level, T. turgidum from T. timopheevi, 
and, at the diploid level, Triticum monococcum from 
all the Aegilops species. Although certainly not 
conclusive, these data are contrary to the taxonomic 
revision of Triticum and A egilops proposed by Bowden 

(1959) and recently supported by Sears and Morris 
(t968). 

From a rapid comparison of data, it is evident tha t  
the presence of this protein in T. aestivum should be 
related to the presence of the D genome (from Aegilops 
squarrosa). The presence of the protein in T. timo- 
pheevi and related wild types (T. araraticum) and 
its absence in the whole T. turgidum group underline 
a clear diphyletic origin; T. tfmopheevi has retained 
the genetic information coming from the Aegilops 
donor species. The positive serological response of the 
artificial amphiploids (Ae. speltoides • T. monococcum 
thaudar) and (Ae. caudata • T. monococcum), resulting 
from the union of a negative (Triticum monococcum) 
with two positive species (Ae. speltoides and Ae. 
eaudata), seems to indicate epistasis of the protein 
forming ability; this is demonstrated even further by 
T. zhukovskyi. The absence of the protein in the 
T. turgidum group remains, however, an unsolved 
problem. 

The universal response of many taxa of 1". turgi- 
dum, of such different ecogeographical origins, points 
towards a monophyletic origin for this group, as 
already hypothesized by Giorgi and Bozzini (1969a) 
on cytological grounds. Genetic information leading 
to the synthesis of the investigated protein should 
have been lost -- if we accept the Aegilops origin of 
the B genome in wheat -- in the early phases of 
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Fig. 1. I m m u n o d i f f u s i o n  ana lys i s  of soluble pro te ins  of Tr i t i -  
cure var ie t ies  and  of re la ted  and  un re l a t ed  species (1...t6). 

As  -~ Specific r abb i t  an t i - b r ead  w h e a t  s e r u m ;  
I - -  A e g i l o p s  squarrosa;  
2 = A egilops urnbel lu la ta  ; 
3 = A e g i l o p s  spel to ides  a, tcheri;  
4 = T r i t i c u m  a e s l i v u m  sphaerococc~n~; 
5 - -  H o r d e u m  vulgare;  
6 - -  Hay~,~aldia vi l losa;  
7 =: T r i t i c , t m  i s p a h a n i c u m  ; 
8 : -  T r i t i c u m  p o l o n i c u m ;  
9 - -  T r i t i c u m  a e s l i w t m  cv. P robus ;  

10 = Tr i t i cunz  d u r u m  cv. Cappell i ;  
t l  - T r i t i c u m  a e s t i w t m  cv. Cledor;  
t2  --  T r i t i c u m  d u r u m  cv. L a k o t a ;  
13 = T r i t i c u m  a e s t i v u m  cv. M e n t a n a ;  
14 : T r i t i c u m  a e s t i w t m  cv. F u n o ;  
t 5 - -  T r i t i c u m  a e s t i v u m  cv. Bezos t a j a  1 ; 
16 : Tri t icu~n a e s t i v u m  cv. S. Pas to re  

speciation of T. turgidum, thus giving indirect evi- 
dence for the hypothesis proposed by Giorgi and 
Bozzini (1969b) on the possible mechanism of syn- 
thesis and speciation of tetraploid wheats. 

The negative response of Hordeum and Haynaldia 
is also interesting, as it shows that this protein is not 
common to many unrelated genera. The presence of 
the protein in Secale is in line with the affinity of 
Secale with Triticum: it is well known that they can 
easily cross and produce viable amphiploids (Secalo- 
tricum and Triticale). 

In conclusion, the data submitted gives much 
information which integrates well with the present 
knowledge on the speciation of Triticum and Aegilops. 
The value of the immunological technique in plant 
taxonomy seems to be confirmed by the similarity of 
its results to data obtained by cytogenetical and 
morphological analyses. With particular reference to 
wheat speciation, this method could integrate with, 
and also give impulse to, the recently developed bio- 
chemical methods based on protein (Johnson et al., 
t965, 1968) and enzyme (Bhatia, 1968) electro- 
phoresis, because of its higher specificity and sen- 
sitivity. 
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