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Summary. A study on a series o f  genetic markers was 
run on five hybrids o f  foxtail millet, Setaria italica, and 
on one interspecific hybrid S. viridis x S. italica 
(S. viridis is the wild relative o f  S. italica). Seven 
enzymatic systems were investigated using starch gel 
electrophoresis (esterase, alcohol dehydrogenase, gluta- 
mate oxaloacetate transaminase, acid phosphatase, 
malate dehydrogenase, 6-phosphogluconate dehydro- 
genase, cathodic peroxidase). This genetic analysis o f  
the 6 F2 has allowed us to define 12 polymorphic loci: 
Est-1, -2 and -3, Adh- l ,  Got-1 and -2, Acph-1, Mdh-1 
and -2, Pgd-1 and -2, and Pox-1. All o f  them behaved 
like dimers, except Est-1 and Est-2 which showed 
monomeric structures. Two other markers were ex- 
amined: waxy endosperm, which appeared to be con- 
trolled by one locus, and anthocyanic pigmentation o f  
the collar, for which at least two loci are responsible. 
Studies of  linkage carried out on three F2 showed two 
linkage groups: Mdh-1, Pox- l ,  Wx,  Est-3, and a locus 
for collar colour, and Est-2, and one or two other loci of  
colouring. 
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Linkage - Waxy endosperm 

Introduction 

Setaria itafica is a highly self-pollinated diploid cereal 
o f  the Old World which shows a remarkable mor-  
phological diversity (Nguyen Van and Pernes 1984). 
S. viridis is the closest wild relative o f  S. italica, as is 
shown by the possibilities o f  hybridization between 
these two species and the existence of  intermediate 
forms (Williams and Schreiber 1976; De Wet et al. 
1979). 

The well established method of  isozyme analysis 
through electrophoresis can be used advantageously in 
the genetic and taxonomic studies o f  the complex of  
S. viridis and S. italica. This article deals with the 
genetics o f  some markers - enzymatic and others - o f  
these two species. 

Material and methods 

Plant material 

Six hybrids and their F2 progenies were used for genetic 
analysis, one being an interspecific S. viridis • S. italica. The 
origins of the parental strains used are given in Table 1. They 
were chosen from a sample of 223 strains of S. italica and 
from 45 strains of S. viridis and studied for all markers 
presented here. 

Electrophoresis and staining techniques 

Two types of organs were used: well-developped leaves, and 
3-day-old germinations (grown at 24 ~ 

Two classical gel systems were used to separate the iso- 
enzymes. The first system (Li Bo) was a tris-citrate and lithium 

Table 1. Codes and origins of parental strains of the six 
hybrids studied 

Hybrid Parent ~ Parent 
n o .  

Code Origin Code Origin 

H 1 37-80 China 511-80 
H2 64-79 China 65-79 
H3 176-82 France 67-79 
H4 43-80 Denmark 8-79 
H5 50-79 China 678-80 
H6 65-79 China 14-80 

West Germany 
China 
China 
Nepal 
France 
France 
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hydroxide-boric acid buffer system, pH 8.3 (Scandalios 1969). 
The second gel system (His 5.7) was a L-histidine citrate gel, 
pH 5.7 (Stuber et al. 1977). 

Staining methods were those of Brewer (1970); Stubber 
etal. (1977); Goodman et al. (1980b), with a few modifica- 
tions (staining pH, reaction concentrations). 

Test of the waxy endosperm in seeds 

Seeds were crushed in a few drops of Lugol (4.4 g KI, 2.2 g I2, 
100 ml distilled water, which was diluted 50 times just before 
using). Waxy starch showed up pink, while non-waxy starch 
showed up blue. 

Results  and discussion 

For each enzyme, one to three levels of  polymorphism 
was found. The study of  geographical variability and of  
phenotypes and alleles frequencies will be presented 
separately (Jusuf et al., in preparation). 

Genetical analysis 

Enzymes. Results are presented in Table 2. Only two 
enzymes, Est-1 and Est-2, showed a monomeric be- 
haviour: Est-1 showed two closely-linked bands in the 
strains tested. Hybrids between "fast couple o f  bands" 
and "slow couple of  bands" showed the four parental 
bands and no intermediate band. Variations observed 
at the Est-2 level concerned both migration mobility 
and the colouring of  the only band (brownish or red). 
As we used two substrates in our staining solution (a- 
and fl-naphtyl acetate), and according to Zouros and 
Van Delden (1982), variations in colouring can be 
interpreted by the substrate specificity o f  the different 
alleles. In hybrids 1 and 3, the red phenotype (fl- 
specific) appeared to be dominant  over the brownish 
one. For hybrid 4, which was a cross between plants 
with slow and fast brownish bands phenotypes, two pa- 
rental bands and no intermediate band were seen. 

Other enzymes showed dimer behaviour. These 
results were surprising only for peroxidase since these 
enzymes generally have active states as monomers  in 
higher plants (Garcia et al. 1982). 

Interpretation o f  zymograms was more complicated 
for Got-2, Mdh-1 and Pgd-2, since the interaction of  
two loci had to be considered. Thus, the presence o f  
three band phenotypes in strains suggested the exis- 
tence o f  interloci heterodimers. Genetic analysis con- 
firmed this interpretation (Table2). In particular, 
hybrids 1 and 3 had five bands for Mdh-1, including all 
parental bands (one o f  which was common to both 
parents). For each of  these enzymes, we had to consider 
the existence o f  1) a monomorphic  locus (not coded 

here), as being at the origin of  one band common to all 
the zymograms, and 2) a polymorphic locus (here 
coded Got-2, Mdh-1 or Pgd-2) with active or null 
alleles. Such interloci heterodimers have been fre- 
quently described for other species and in particular in 
maize (Goodman et al. 1980 a). 

Waxy endosperm. The study of  F2 seeds of  hybrid 2 
allowed us to define four classes of  colouring with 
lugol, ranging from blue (Wx) to pink (wx). The F2 
segregation ratio was 1 : 1 : 1" 1 (400 seeds, ~(3~= 
0.18, P = 0.98), suggesting that this character, expressed 
in triploid tissue (albumen), is controlled by only one 
locus. In order to define a posteriori the genotype for 
waxy endosperm of  F2 plants studied in electropho- 
resis, we tested F3 seeds (20 for each plant F2), and 
confirmed these results (segregation ratio 1 : 2 :  1, 
x~3)= 3.38 , P=0.18) .  

Anthocyanic colouring of the collar (stem base). The 
segregations studied here were o f  the ratio 3red:  
1 green (H2, 3, 4 and 5, uz from 0.03-0.62) or 9 : 7 (HI 
x 2 =0.04), and suggested the interaction of  at least two 
independent loci in colar colour. These loci will be 
coded here Col with a sub-index indicating progeny: 
Collm, Col2m Colin, etc. 

COI1H1 Est-2 
I I 

10.22 5:3.25 

Es t -3  IVidh-1 
1 I 

34.49 • 2.98 

G o t - 2 ,  Pgd-1, Pgd-2, Col 2H1 

Pox-1 Col H2 Wx 
I ] I 

41.80 4- 4.02 32.29 • 3.69 

b Adh-1 , Mdh-2 

Pox-1 Mdh-1 
I _ _ _ 2 _  

? 

COlH3 Est-2 

3 8 . 8 6  +_. 4.87 

C Acph-1 

Fig. I a-e. Linkage maps for HI, 2 and 3 progenies. Unlinked 
loci are mentioned under linkage groups, a HI progeny; b H2 
progeny; e H3 progeny 
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Linkage 

Analysis o f  genetic linkages, according to Al lard  (1956), 
was only done on three hybr id  progenies (H1, 2 and 3). 

One or two l inkage groups showed up for each cross 
(Fig. 1). Loci denoted  Colin and ColH3, both l inked to 
Est-2, showed very different recombinat ion  rates with 
this locus in the two progenies.  It is p robable  that 
ColH2 and ColH3 are different loci, but  further studies 
are required for confirmation.  In this case, at least three 
loci are p robab ly  involved in collar  colour determina-  
tion. In foxtail-millet  as for other  species, colour 
characters must  be studied carefully. 
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