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Summary. From a total of 138 green androgenetic rye
lines, 25 were fertilized and examined in field tests: 7
were heterozygous and 18 were homozygous. Of the ho-
mozygotes, 4 turned out to be selfincompatible, while 14
set seed after selfing. Four characters were analyzed in de-
tail: 100 kernel weight, plant height, ear length, and alkyl-
resorcinol content. Here we present the first approach in
prescreening selfcompatible androgenetic doubled-haploid
rye plants with the single grain procedure. The usefulness
of this method was confirmed by quantitative resorcinol
determination in the following generation. Furthermore,
it was demonstrated that all the homologues of the alkyl-
resorcinol were equally reduced. For all characters the
means of the different anther derived lines exceeded the
means of the controls in both directions, to the positive as
well as to the negative side. The incorporation of such a
haploid breeding step into breeding programs is discussed.

Key words: Alkylresorcinol — Doubled-haploids — Rye —
Secale cereale — Selfcompatibility

Introduction

The use of haploids and, in particular, homozygous dou-
bled-haploids, is progressing from model plants to crops
and is slowly expanding into the fields. However, the
world’s most important crops, the cereals, are very difficult
in this respect. The impressive success using doubled an-
drogenetic haploids, for example in China, depends pre-
dominantly on enormous labour input. Despite this dis-
advantage, new rice, wheat and maize lines derived from
cultured anthers have been released as varieties in China
(Hu Han and Hao Shui 1980). It is claimed that the ef-

* Dedicated to Professor Dr. G. Melchers, on the occasion of his
75th birthday, who initiated this work by forming the project-
groups ‘Haploide in der Pflanzenziichtung’

ficiency of plant breeding could be increased by their use.
Using parthenogenetic haploids of barley it has also been
demonstrated that variety production could be enhanced
(Wienhues cit. Wenzel 1980). We concentrated our ef-
forts in cereal tissue culture on the exploitation of the pos-
sibilities opened up by using in vitro derived plants for
the improvement of the outbreeder Secale cereale.

In previous papers we reported on the production of
haploid rye lines via anther culture and stressed that, in
addition to homozygosity itself, the major objective of
the incorporation of haploids into applied breeding pro-
cedures would be the introduction of selfcompatibility
(Thomas and Wenzel 1975; Wenzel et al. 1977). Further-
more, we intended to reduce the alkylresorcinol content
(Hoffmann and Wenzel 1977). This latter point is of im-
portance as the use of rye in feeding young animals is re-
ported to be limited because of toxic effects of this com-
pound (Wieringa 1967). Hoffmann and Wenzel (1977) de-
scribed a single grain screening technique which allows the
first evaluation of the alkylresorcinol content without de-
stroying the grain, thus enabling the growth of plants
from analyzed grains. This is of direct applicability when
selfcompatible inbred lines are available which give toxin
free progenies by selfing. Such a first approach in screen-
ing selfcompatible doubled-haploid rye plants is reported,
together with data characterizing androgenetic rye lines in
the field.

Materials and Methods

The plant material used for the extraction of haploid rye lines con-
sisted predominantly of F, hybrids combined from commercial
winter rye varieties and selfcompatible lines descended from mu-
tated progenies of a hybrid between Secale cereale and S. vavilovii
(Kuckuck 1976). The commercial varieties belonged predominantly
to the ‘Kustro’ variety group. In addition to these, a Russian (Mos-
kow dwarf, MZ) and a Bulgarian (M II) short stalk line were incor-
porated (obtained by H. Kuckuck, Hannover). For hybridizing the
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doubled-haploids, androgenetic selfcompatible and incompatible
lines were crossed with a selfcompatible I, of the ‘Carstens’ variety
group (L 217; obtained by H.H. Geiger, Stuttgart-Hohenheim).

The tissue culture derived A, plants were grown in greenhouses
under semicontroled conditions (18-24°C). After selfing, the A,
were grown during 1979 and 1980 in the field at Scharnhorst.
Selfing and crossing were performed either in isolation chambers or
by bagging the spikes; hand pollination was only tried in plants
which did not set seeds after the other treatments. Emasculation
was performed by cutting. In 1978, the 1979 material was arti-
ficially vernalized for 8 weeks at 4°C after some cloning, and was
then planted in the field in late April. The material from 1980 was
precultured in Jiffy strips and transplanted at the end of October.
The test plots had a size of 1 X 2m. The distance between the plants
was 10 ¢cm and between the rows 20 cm, which resulted in 100
plants per plot. Hundred kernel weights were measured using a
Numigral M machine (Falling Number, Hamburg); stalk and ear
length were measured in the field at seed set. The methods for an-
drogenesis and for single grain screening of the alkylresorcinol con-
tent have been published previously (Wenzel et al. 1977; Hoffmann
and Wenzel 1977). To make the screening method more efficient,
small and shrunken grains were removed as they might have given
a misleadingly low alkylresorcinol content. As a blank the alkyl-
resorcinol value of the wheat variety ‘Caribo’ (alkylresorcinol con-
tent 0.4%) was chosen. Quantitative analysis of the total alkyl-
resorcinol was carried out according to Musehold (1973) and sepa-
ration of homologues on thin-layer-plates according to Musehold
(1978).

Theor. Appl. Genet. 60 (1981)

repeated combinations and more recently by Friedt and
Foroughi-Wehr (1981). Possible explanations for such a
strong influence of the genotype on the androgenetic po-
tential have been discussed in detail for potato (Wenzel
and Uhrig 1981). However, even using this high produc-
tive pollinator the problem of the high number of albinos
among the anther-derived plants could not be solved in
rye.

In total we could regenerate 138 green lines of gameto-
phytic origin and 13 lines of sporophytic origin from a
total of 21 different responsive anther donor hybrids.
From the 138 androgenetic lines, 82 either did not sur-
vive heterotrophic conditions, did not produce flowers, or
could not successfully be doubled by colchicine. From
the 40 plants further examined, 15 were sterile and 25
could be selfed (21) or at least crossed (4). From the self-
compatible plants, 7 turned out to be heterozygous (Wen-
zel et al. 1976), the others were homozygous. As self-

Table 2. Comparison of plant height, ear length and 100 kernel
weight of homozygous androgenetic lines and the F, of their an-
ther donor hybrids (control)

A, line Anther  Plant height Earlength 100 kernel
donor [em] [cm] weight [g]
161 6 120+ S 10.1+£1.0 3.0+£0.8
Results 164 6 1206 0 82:08 35:0
176 6 90+ § 87+03 20=0
Description of Selfcompatibility 181 6 110+ 15 8307 1440
184 6 90 + 10 90+£20 200
] . 199 6 100 £ 20 9.2+10 33:0.2
Under optimal preculture conditions uP to 10% of the control F, 6 90 = 20 84+20 28:08
plated rye anthers from the donor hybrid 6 (Mut 530 X 175 10 65+ 0 82+1.0 15£0.2
M II; Table 1) developed macroscopic structures on the 191 10 120+ 0 11.2+04 20:0
modified potato extract medium (Wenzel et al. 1977). ;g; ig ggi 1(5) 3’17 * 8'1 f.gigs
. . . . . kS Az 220
Other hy})nds having this M II as pqﬂmator also yleld(?d control F, 10 90 + 30 88+1.0 26%03
regeneration rates above average. This was confirmed in
Table 1. Characterization of regenerated plants from anther culture experiments in rye
F, anther donor Regenerated green lines Fertility
No. Parents total 1x Spon- No. Sterile Incom- Selfcompatible
taneous flowers patible
2x Homozygous Heterozygous
1 Mut 408 1 1 - - — - 1 -
2 Pekuro X MZ 1 — 1 - - - - 1
3 MZ X Mut 511 2 — 2 - - - — 2
4 MZ X Mut 530 4 - 4 - - - - 4
5 MZ X Kustro 3 2 1 2 — — 1 —
6 Mut 530 X M II 64 14 21 29 11 1 7 -
7TMut543 X M II 2 2 - - 1 1 - -
8 Mut 530 X Kustro 1 - 1 — 1 — - —
9 Mut 543 X Kustro 5 1 4 4 — - 1 -
10 Perolo X S. vavilovii 18 4 8 10 2 2 4 —
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Table 3. Comparison of plant height, ear length and 100 kernel weight of hybrids between homozygous
androgenetic lines or the F, of their anther donors (control) and an I, of the Carstens variety group

F1 A line Plant height  Ear length 100 kernel
(AXI,) [em] [em] weight [g]
No. Fertility donor
a 161 selfcomp. 6 110+ 10 8414 3.2+0.3
b 168 incomp. 6 95+ 20 1000 34 +0.1
c 175 selfcomp. 10 130+ 0 10.3 0.2 2.5+0.5
d 177 incomp. 10 120 S 10.3£0.1 3.1+0.1
e 188 incomp. 10 125+ 0 10.0£1.0 34+04
f 191 selfcomp. 10 110+ 10 128+ 0.8 34+0.2
control (F, X 1,) 6 95+ 20 8.4+20 3.0£1.0
control (F, X I,) 10 85+ 5§ 7.6 +0.6 24+20

compatibility is dominant, no sterile heterozygotes were
found (Table 1). In the homozygous lines and in some of
their hybrids with an I, of the ‘Carsten’ variety group,
100 kernel weights, stalk and ear length were estimated
(Tables 2 + 3). As can be seen in Table 2, the variability of
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Fig. 1. Variation in plant height and 100 kernel weight of single
plant progenies from 2 selffertilized doubled-haploid androgenetic
rye plants

100 kernel weight, plant height and ear length is relatively
low in comparison to the F, of the anther donor material
which served as controls. The means of the different anther
derived lines exceeded the means of the controls on both
the positive and the negative side. The behaviour of anther
donor line 10, which was still closely related to the wild
variety, was particularly striking. The A, 191 gave rela-
tively high values, while line 209 already showed pheno-
typically the appearance of S. vavilovii. The 100 kernel
weight was still much higher than S. vavilovii which has a
100 kernel weight of 0.7 g. In Table 3 the results from 6
of the hybrids are summarized: the controls were combi-
nations of the F, of the anther donor plant with the same
selfcompatible ‘Carstens’ I, (L217). In comparison to the
selfed A, lines, most hybrids did express hybrid vigour,
measured in stalk and ear length as well as in kernel weight.
But there was only a small tendency in F; b (A; 168 X I,
L 217) of a change in the correlation long stalk: long ear.
The phenotypic uniformity of the F,’s was striking and
was higher than expressed in Table 3 due to the different
culture conditions in 1978/79 and 1979/80 (in the first
year artificial vernalization made hand planting in spring
necessary while in the next year the plants were sown in
autumn). Figure 1 demonstrates a result which under-
lines the findings in selfed double-haploid lines of wheat
(Picard 1981) that such progenies may vary if single plant
descends are separated. From the two A, lines 162 and
165 of rye in 1978 different single seed descends were
harvested. Six lines descended from the originally haploid
A, 162, 13 lines from the spontaneously doubled A, line
165. Four and 11 progenies respectively were grown sepa-
rately in 1979 and 1980. In 1979 all lines of 162 were
rather uniform within the plot and also amongst the plots.
However, A; 165 already showed slight differences in
the first year amongst the plots and these differences be-
came more evident after selfing and regrowing in 1980. The
general increase from 1979 to 1980 in the characters mea-
sured again depended partially on the different growing
conditions in the two years.
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Alkylresorcinol Estimations

An androgenetic line of A; 6 (Mut 530 X M II) was pre-
dominantly selected for screening as it was the most abun-
dant. In the A, 2000 seeds were screened: 27 grains were
found with a very low content and 10 kernels with a very
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Fig. 2. Alkylresorcinol content of single plant progenies from a
doubled-haploid androgenetic rye plant after previous single grain
screening (+ = progeny from a high resorcinol grain; — = progeny
from a low resorcinol grain). To avoid misinterpretations the cor-
responding 100 kernel weights are given
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Fig. 3a-e. Chromatogram of acetone extracts of rye grains from
lines with different contents of alkylresorcinols. By applying
equal amounts of substance it can be seen that the reduction of
the toxin in ‘low lines’ d, e or the increase in ‘high lines’ a is due to
a uniform alteration and not to an increase or reduction/elimina-
tion of single homologues (b and ¢ = A, and A, of the anther
donor)
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high content. The A, plants were grown and selfed. From
these selfed A, plants the total alkylresorcinol content of
the A, seeds were estimated. In Figure 2 the results of
this final test are represented. The alkylresorcinol content
of the anther donor plant in the F, and of the microspore
derived A, plants equaled 1%; that of the single grain
method preselected material showed values between 0.4
and 1.5%. The difference between the group preselected
as alkylresorcinol rich (+ in Fig. 2) and as poor (— in Fig.
2) is highly significant (t3s = 54; tss for P 0.001 = 3.6).
The distribution of the values further demonstrates that
we did not involuntarily select for the kernel weight via
the ‘physiological marker’ alkylresorcinol content (Fig. 2).
Two lines gave an extreme low value. Furthermore it was
tested if the reduction was due to a uniform decrease of
the different resorcinols or if single compounds were re-
duced or eliminated. Figure 3 demonstrates that the ho-
mologues were reduced uniformly. This might be of im-
portance for the toxidity behaviour. In further tests the
other breeding characters of these alkylresorcinol-poor
and selfcompatible homodiploid lines will be estimated.

Discussion

The results of the alkylresorcinol content of the selected
plants demonstrate that, by using the single grain screen-
ing technique, alkylresorcinol-poor lines can be quickly
enriched within a large bulk of grains. Furthermore, it
should be noted that all measurable compounds were re-
duced. This is in addition to the effect on the toxicity
which is important for resistance breeding programs. Re-
sistance, e.g. to fungi, might demand a specific spectrum
of different alkylresorcinol derivatives, or might be closely
linked to such compounds. The stability of the pattern
found reduces the danger of destroying specific resistances
and this should be true also for forthcoming breeding pro-
grams. Regarding the analysis of the androgenetic lines
we have shown that the anther culture passage delivered
selfcompatible inbred lines, when initiated from heterozy-
gous selfcompatible F, anther donor hybrids. The quality
of most of these hybrids was not very impressive; in our
opinion this was not due to their inbred nature but be-
cause of their close relation to the wild variety S. vavi-
lovii. If it would have been possible to produce larger num-
bers this question could have been clarified, since valuable
combinations should appear amongst a larger population.
However, even then it might not be ideal to extract the
haploids from such early crosses, as for example the F,
S. cereale X S. vavilovii. The extraction should possibly
be performed after some backcrossing and preselection.
As long as the preselection has gone in the right direction
and a positive selection pressure can be applied — supposi-
tion of which is a precise breeding aim, e.g. alkylresorci-
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nol content — this would not be too critical. However,
since only negative selection procedures are applicable in
most cases, the advantage of not missing anything by
starting from an early cross will be replaced by the disad-
vantage of being forced to screen a large population of
rather still expensive in vitro-born plants. A further prob-
lem of a direct application is the spontaneous formation
of diploid plants. This should not be too great a problem,
as fertile homozygous diploids are desired. However, as
heterozygotes appear spontaneous diploids have to be
screened again.

In the experiments reported only a few characters were
studied in relatively small trials. A further, more intensive,
testing is in progress with special attention to the com-
bining ability of the selfcompatible lines (H.H. Geiger).
In conclusion, we have shown that androgenetic haploids
are useful, particularly for the rapid incorporation of self-
compatibility and alkylresorcinol poorness. For real ap-
plications however, a still more efficient yield of haploids
is necessary.

Acknowledgement

We would like to thank the directors at the Max-Planck-Institut
fiir Zellbiologie, Professor H.G. Schweiger, and at the Max-Planck-
Institut fiir Ziichtungsforschung, Professor J. Straub, for their
help in continuing this rye project, which was started in the pro-
jectgroups ‘Haploide in der Pflanzenziichtung’ at the Max-Planck-
Institut fiir Pflanzengenetik. The skilful technical assistance of
W. Lehmann and S. Moshammer is gratefully acknowledged. We
thank Dr. J. Nelson for correcting the English manuscript.

Literature

Friedt, W.; Foroughi-Wehr, B. (1981): Mdoglichkeiten und Grenzen
des Einsatzes von Zellkulturen in der Resistenzziichtung. 31.
Saatzuchtleitertagung, Gumpenstein (in press)

Hoffmann, F.;Wenzel, G. (1977): A single grain screening technique
for breeding alkylresorcinol-poor rye. Theor. Appl. Genet.
50,1-2

Hu Han; Hao Shui (1980): The present status of investigations on
plant tissue and cell culture in China. In: Plant Cell Cultures:
Results and Perspectives (eds. Sala, F.; Parisi, B.; Cella, B.;
Ciferri, O.) pp. 99-104. Amsterdam, Oxford, New York: Else-
vier/North-Holland

Kuckuck, H. (1976): Spontane Kreuzungen zwischen Secale vavi-
lovii Grossh. und Secale cereale L. Z. Pflanzenziicht. 77, 1-9

Musehold, J. (1973): Zur quantitativen Bestimmung einer toxi-
schen phenolartigen Substanz des Roggenkorns. Z. Pflanzen-
ziicht. 69, 102-106

Musehold, J. (1978): Diinnschichtchromatographische Trennung
von 5-Alkyl-Resorcin-Homologen aus Getreidekornern. Z.
Pflanzenziicht. 80, 326-332

Picard, E. (1981): Some variations obtained in yields and behaviour
of doubled haploid progenies from wheat cultivars. In: Pro-
ceedings of the U.S.-France Conference on Plant Tissue Culture
(ed.: Earle, E)). New York: Praeger Publ. (in press)

Thomas, E.; Wenzel, G. (1975): Embryogenesis from microspores
of rye. Naturwissenschaften 62, 4041

Wenzel, G. (1980): The potential and limits of classical genetics
in plant breeding. In: Plant Cell Cultures: Results and Perspec-
tives (eds. Sala, F.; Parisi, B.; Cella, R.; Ciferri, O.) pp. 3348.
Amsterdam, Oxford, New York: Elsevier/North-Holland

Wenzel, G.; Hoffmann, F.; Thomas, E. (1976): Heterozygous micro-
spore-derived plants in rye. Theor. Appl. Genet. 48, 205-208

Wenzel, G.; Hoffmann, F.; Thomas, E. (1977): Increased induc-
tion and chromosome doubling of androgenetic haploid rye.
Theor. Appl. Genet. 51, 81-86

Wenzel, G.; Uhrig, H. (1981): Breeding for nematode and virus
resistance in potato via anther culture. Theor. Appl. Genet.
(in press)

Wieringa, G.W. (1967): On the occurrence of growth inhibiting
substances in rye. Wageningen: H. Veenman en Zonen

Received March 12, 1981
Communicated by H.F. Linskens

D1. F. Hoffmann

Max-Planck-Institut fiir Zellbiologie

Rosenhof

D-6802 Ladenburg bei Heidelberg (Federal Republic of Germany)

Dr. G. Wenzel

Max-Planck-Institut fiir Ziichtungsforschung
(Erwin-Baur-Institut)

D-5000 Koln 30 (Vogelsang), (Federal Republic of Germany)



