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Summary. Thionins are high sulphur basic polypeptides 
present in the endosperm of Gramineae. In wheat there 
are three thionins encoded by genes located in the long 
arms of chromosomes 1A, IB and ID. Rye has one thio-
nin encoded by a gene which has been assigned to chro-
mosome IR after analysis of the Imperial-Chinese Spring 
rye-wheat disomic addition lines. Commercial varieties 
and experimental stocks with a IB/IR substitution carry 
the thionin from rye (J3R) instead of the «B thionin from 
wheat. The J3R thionin gene is not located in the large 
chromosomal segment representing most of the short arm 
of chromosome IR. 

DI, located in the long arms of chromosomes 1A, IB, and 
ID, respectively (Fernández de Caleya et al. 1976). 

Thionins were thought to be absent from rye (Redman 
and Fisher 1969) but we have recently reported the purifí-
cation of a thionin from this species which differs in at 
least four sequence positions from the j3-purothionin iso-
lated from T. durum (Hernández-Lucas et al. 1978). We 
report here the chromosomal location of the gene en
coding this thionin. 

Materials and Methods 
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Introduction 

Thionins are high sulphur, basic polypeptides of about 
5.000 molecular weight which were first discovered by 
Balls et al. (1942a,b) in the endosperm of hexaploid 
wheat (purothionins) and then reported to be present in 
barley (Redman and Fisher 1969) and in 22 species of the 
Aegilops-Triticum group (Carbonero and García-Olmedo 
1969). The purothionins have been sequenced by Othani 
et al. (1975) and also by Mak and Jones (1976a,b) who 
pointed out their structural homology with the viscotox-
ins from the European mistletoe (Viscum álbum), which 
were sequenced by Samuelson et al. (1968). 

Purothionins inhibit papain, are toxic to experimental 
animáis and possess antimicrobial and uterus-contracting 
properties (Coulson et al. 1942; Stuart and Harris 1942; 
Balls et al. 1942; Fernández de Caleya et al. 1972; Her
nández-Lucas et al. 1974). 

In hexaploid wheat (Triticum aestivum L.) there are 
three genetic variants, designated j3, a# and arj purothion
ins, which are encoded by genes Pur-Al, Pur-Bl, andfwr-

Rye, Sécale cereale L., INIA C/171-M, hexaploid wheat, Triticum 
aestivum L., cv. 'Aragón 03' and tetraploid wheat, T. durum L, 
cv. 'S. Capelli' were obtained from J.V. Torres (INIA, Madrid, 
Spain). Imperial rye-Chinese Spring wheat disomic addition lines 
were the gift of E.R. Sears (Univ. of Missouri, Columbia, USA). 
Orlando, Saladin and St 2153/63 IB/IR substitution and Kavkas 
translocation lines were donated by D. Mettin (Martin-Luther Uni-
versity, Halle, DDR). Zorba, Weique, Salzmünde and Riebesel 
47/51 IB/IR substitutions, as well as Avrora and Kavkas IB/IR 
translocations, were donated by F.J. Zeller (Techn. University, 
Munich, DFR). Hexaploid triticale Cachirulo 1642 and octoploid 
triticale EN611.76 were obtained from E. Sánchez-Monge (E.T.S. 
LAgr., Madrid, Spain). 

Analytical Procedures 

Samples of grain (lg) were milled in a Culatti mili and extracted 
with 8 volumes of petroleum ether (bp 50o-70o). The solvent was 
evaporated in vacuo to a volume of about 0.5 mi. Crude thionins 
were precipitated with 3 volumes of 1N HC1 in ethanol. The pre
cipítate was washed with 3 volumes of cold ethanol and 3 volumes 
of petroleum ether (bp 50°-70°) and the last traces of solvent were 
allowed to evapórate at room temperature. Horizontal starch gel 
electrophoresis was performed in a 0.015 M alluminium lácrate/ 
lactic acid buffer, pH 3.2, containing 3M urea, for 3 h at 20 v/cm 
and 4°C. 



When only a limited sample was available, thionins were ex-
tracted with 0.05 N H2 S04 and fractionated by two-dimensional 
electrophoresis as described by Fernández de Caleya et al. (1976). 

Staining of gels was carried out with water soluble 0.5%o 
Nigrosine (Fluka catalog no. 72470) in methanol-water-acetic acid 
(5:5:1) for 14-16 hr. The gels were destained with 70% ethanol 
after a rinse with tap water. 

Reflectance densitometry was performed with a Chromoscan 
densitometer (Joyce & Loebl) using a 654 nm filter. 

Results and Discussion 

Electrophoretic patterns of thionins separated both by the 
one-diinensional and the two-dimensional methods are ex-
emplified in Fig. 1. Densitometric profíles of thionins cor-
responding to representative genetic stocks are shown in 
Fig. 2. Thionin phenotypes of all stocks analysed in this 
study are listed in Table I. 

The a/0 ratio in T. dumm (genomes AABB), which 
possesses one gene coding for aB purothionin (Pur-Bl) 
and one for 0 purothionin (Pur-Al), is 1/1. In T. aestivum 
(AABBDD), which has an additional gene encoding a^ 
purothionin (Pur-Dl), this ratio is 2/1 (Fernández de Cale
ya et al. 1976). The thionin from rye (Sécale cereale, RR) 
is of the 0 type (|3R) and, accordingly, the a/0 ratio of 
hexaploid triticale (AABBRR) is 1/2 and that of octo-
ploid triticale (AABBDDRR) is 1/1. These are the expect-
ed phenotypes if the thionin gene from rye is expressed in 
the wheat backgrounds. It is interesting to note that the 
above ratios are observed when the extraction is carried 
out with either petroleum ether or with sulphuric acid, 
while in rye no thionin was obtained with petroleum ether 
unless polar lipids from wheat were previously added to 
the rye flour (Hernández-Lucas et al. 1978). 

In order to lócate the gene encoding the thionin from 
rye, the 7 disomic additions of Imperial rye chromosomes 
to the hexaploid wheat Chínese Springwere analysed. All 
of them had the hexaploid wheat phenotype (a/0 = 2/1), 
except that corresponding to chromosome 1 R, which had 
the octoploid triticale phenotype (a/0 = 1/1). The homo-
eology between chromosome IR from rye and group 1 
chromosomes from wheat has been previously deduced 
from cytological and biochemical evidence (Shepherd 
1968; Shepherd and Jennings 1971; Zeller and Fischbeck 
1971; Zeller 1973; Mettin et al. 1973). The assignment of 
the thionin gene to chromosome IR further supports the 
proposed homoeology. 

A number of commercial wheat varieties and experi
mental strains have been demonstrated to be IB/IR sub-
stitutions using cytogenetic methods (see Zeller 1973; 
Mettin et al. 1973). All such stocks analysed by us (Ta
ble 1) have the hexaploid triticale phenotype (a/0 = 1/2), 
indicating that in all cases the IR chromosome involved in 
the substitution carried a gene encoding for a 0 type thi
onin. It has been shown that cultivars 'Avrora' and 'Kav-

Fig. la and b. a One-dimensional starch-gel electrophoresis of 
thionins from T. aestivum (1), Triticale 6n (2), rye (4) and Triti
cale 8n (5) and a B thionins purified from T. dumm (3). b Two-
dimensional electrophoresis of thionins from Triticale 6n 

a/6=i/i 

AABB AABBDD AABBRR AABBDDRR Add. lRIR S u b s t . l B / l R 

Fig. 2. Densitometric tracings of one-dimensional electrophoretic 
patterns of thionins from T. dumm (AABB), T. Aestivum {AAB
BDD), Triticale 6n (AABBRR), Triticale 8n (AABBDDRR), IR 
chromosome disomic addition Une (Imperial rye-Chinesc Spring 
wheat) and Zorba IB/IR substitution stock 

Table 1. Thionin phenotypes of rye-wheat chromosome additions, 
substitutions and translocations 

Stocks 

T. aestivum 
Aragón 03 
Chínese Spring 

T. dumm 
S. Capelli 

Triticale 6n 
Triticale 8n 
Additions* 

IR IR 
2R2R 
3R3R 
4R4R 
5R5R 
6R6R 
7R7R 

<*/0 

2/1 
2/1 

1/1 
1/2 
1/1 

1/1 
2/1 
2/1 
2/1 
2/1 
2/1 
2/1 

Stocks 

IB/IR Substitutions 
Zorba 
Salzmünde 
Weique subst. 
Riebesel 47/51 
St2153/63 
Saladin 
Orlando 

IB/IR Translocations 
Avrora 
Kavkas 

a/0 

1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 

2/1 
2/1 

Imperial rye-Chinese Spring wheat additions. 



kas' both possess a single pair of wheat-rye translocation 

chromosomes in which the major part of the short arm of 

chromosome IR is present (Zeller 1973; Mettin et al. 

1973; Bennett and Smith 1975). These cultivars have the 

thionin phenotype of a hexaploid wheat (a/]3 = 2/l), 

which means that the translocated segment of chromo

some IR does not carry the structural gene for the rye 

thionin. This is what would be expected if the rye gene is 

located in the long arm of chromosome IR, a position 

which would be homoeologous with respect to those of 

the purothionins genes, which are located in the long arms 

of group 1 chromosomes. 

The present results further illustrate the usefulness of 

biochemical systems to demónstrate homoeology (ances

tral homology) down to the level of chromosomal seg-

ments (Rodríguez-Loperena et al. 1975; Hart et al. 1976; 

Kobrehel 1978). It should be also pointed out that the 

thionin system can be used as a marker in the manipula-

tion of chromosome IR, which has been shown to be a 

source of disease resistance genes. This is of great interest 

in practical breeding (see Zeller 1973). 
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