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Chinese Spring was introduced as a \ sttl4dard va!'{ety fq.r chromosome con~· R"
stitution of common wheat (Sears, ] 953) -"J\ c~r9'rt~osomat i~terchange will be I-::j

present when part of a chromosome is exchan~d with part of another one. A ~ ~
number of translocations were already identified by several authors (Table 1). 1-" O
Most frequent varieties having one single reciprocal translocation rclative to Chinese ~ ~
Spring were analyzed. Three varieties have shown two translocations each involv- o txJ
ing two chromosomcs. One strain designated as Eligulate was described being § ~
homozygous for two translocations involving three chrornosomes.

In the strain W 70 a 86 (Blaukorn) 10 diffcrent chromosomes have undergone
transloeations.

This investigation was condueteJ to determine the intcrchanges of the variety
Solo in relation to the standard variety Chincsc Spring.
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Materiais and Methods

Solo is a short strawed wheat variety bred at the Bayerische Landesanstalt für
Bodenkultur und Ptlanzenbau at Wcihenstephan. It shows field resistance to stem
rust and carries three genes for mildew resistance (Baier, 1972; Baier et ai.,
1973). Chromosomc pairing in pollen mothcr cells (P.M.C.) at first meiotic
metaphasc was analyzcd in hybrids bet ween monosomic plants of each of the 21
Chinese Spring monosomic lines used as fell1ale parents with Solo. The F, plants
were grown in the green house at approxill1ately ] 8°C with halogell illumination.
Thc somatic chromosoll1e number of the monosoll1ics of Chinese Spring and the
monosomie E erosses were determined usit1g the Feulgen method. Two or more
anthers were taken from eaeh spike in the first ll1eiotie metaphase stage, fixed in
Carnoy's solution and stained by basie fuchsin. The pairing configurations were
observed in several cclls of each anther.
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Results and Discussion

Frequently one or two quadrivalents were observed in the crosses of Solo with
the euploid and monosomic !ines of Chinese Spring. ln one single cell out of
1,400 three quadrivalents appeared (Tablc 11). Trivalents were observed in



some crosses with or without the presence of univalents. Appearance of trivalents
and absence of univalents in cel1s showing trivalents was used to identify the"
critical crosses. As is evident from Table II, chromosomes 2A, 7A, 5B, 7B, 4D
and 7D are involved in translooations; in all other crosses the appearance of tri-
valents was accompanied by at least two univalents.

The meiotic cells of the monosomic crosses with 5B and 7B developed tri-
valents without univalents in more than 50% and a trivalent with or without
univalents in more than 70% of the cells analyzed (Table II). Taking into account
the lower number of P.M.C.s with a trivalent in the other fo.ur critical monosomic
crosses it is assumed that chromosomes 5B and 7B are involved in one reciprocal
translocation. This conclusion is supported by the results of Law and Worland
(1972) with concem to the 5B/7B translocation in wheat cultivar Bersee which
aIso appeared in high percentage as quadrivalents and trivalents in P.M.C.s of
disomicand monosomic hybrids with Chinese Spring lines. ln Table I several other
çases of mainly European varieties are listed which are characterized by a 5B/7B
translocation. Presumably Solo and all these varieties carry the same chromosomal
interchange.

Comparing chromosomes 2A, 4D, 7A and 7D there are indications that 7A and
7D are involved in another reciprocal translocation based on the percentage of
P.M.C.s with trivalents with or without univalents. Furthermore the trivalent in
the crosses involving monosomic 7A as well as 7D in most cases showed a 'frying
pan' configuration. This configuration was not observed in the other four critical

Chromosomes
involved

No.of
interchanges

Indian
Thatcher
Poso
S 615

3B-7B
4A-6B
5B-7B
2B-3B,4A-6B

ssp. carthlicum
(tetraploid)
Sonora

S 2303
Eligulate
Holdfast
Cappelle-Desprez
Wachtel
Poros
Vilmorin 27
Bersee
Hybride du Joncqois
Maris Ensign
Synthetic hexaploid
W 1007/53

4A-IB
4A-6A-7B
3B-3D
5B-7B,3B-3D
ID-6D
7B-2D
5B-7B
5B-7B
5B-7B,3B-3D
7B-2D
6B-7D
3A, 2B and two
unidentified
IA, 2A, 5A, 6A, 3B,
7B, I D, 3D, 6D, 7D

W70a 86
(Blaukorn)

Sears, 1953
Sears, 1953
Sears, 1953
Larson, 1954, cited by
Rileyel ai., 1967
Dalal and Sadanaga,
1963
Baker and Mclntosh,
1966

Riley el aI., 1967
Riley el aI., 1967
Robbelen, 1968
Meltin, 1969
The and Baker, 1970
Law, 1971
Law, 1971
Larsen, 1973
Larsen, 1973
Zeller, 1973
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, - monosomic crosses. 2A and 4D most probably represent the third reciprocal inter-
A change.

The percentage of trivalents aIlows an assessment of the relative Iength of the
interchanged segments. The data in Table II justify the concIusion that the 5B/7B
translocation incIudes a relatively long, the 7A/7D and 2A/4D translocations

TABLE II

Chromosome configurations at metaphase I in FI plants from crosses of Chinese Spring monosomics with Solo

Number of cells in each pairing
configuration
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'", . IA 83 40 77 17 I 17 2 2 239 4
IB 14 II 19 10 8 I 62 2
ID 2 I II 5 3 23 I

2A 42 I 35 I 14 5 8 106 3 20,7 25,5
2B 8 4 18 13 3 48 I
2D 9 4 27 3 3 46 I

3A li 3 12 8 2 36 2
3B 5 I 7 3 3 2 23 2
3D 3 14 4 22 I

4A 13 7 25 5 2 53 2
4B tO 7 9 II 5 2 2 46 2
4D 20 7 41 7 2 5 8 2 3 96 3 7,3 18,8

5A 12 11 21 8 8 I 63 3
5B 12 5 4 34 13 2 70 3 51,4 70,0
5D 31 12 32 9 2 87 2

6A 8 1 7 2 2 20 I
6B 25 15 30 4 3 3 I 81 4
6D 19 I 24 7 3 2 2 58 2

7A 15 20 8 13 6 21 2 87 2 39,3 49,4
7B 15 8 I 2 40 16 9 2 94 2 52, I 72,3
7D 21 4 36 10 10 14 4 12 2 114 3 19,3 36,8

'CS' disomic x 'Solo'

• 4 cells with 21 "§ § , = univalents
5 cells with 20" + 2' " = bivalents

II cells with 19" + I" " " , = trivalents
6 cells with 18" + I"" + 2' " " = quadrivalents
3 cells with 17" + 2" "
3 cells with 17" + I" " + 4'



shorter segments. 2A/4D appears to involve a very short segment because of the
low frenquency af trivalents in the appropriate manosomic crosses. Futhermore in
the euplaid and noncritical manosomic crosses only one ceIl appeared to show
three quadrivalents.

Figure 1 demonstrates the chromosome canfiguration in the manosomic F,
hybrid of Chinese Spring manotelosomic 7A L with Solo. The trivalent in this
figure which is monosomic for 7A and presumably involves 7D of Chinese Spring
and the corresponding reciprocalIy interchanged chromosomes af Solo appears to
be smaIler than the quadrivalcnt. The quadrivalent may be formed either from
2A/4D or 5B/7B. On the basis of both the frequency of trivalent formation and
size of chromasomes more probably the 5B/7B translocation showed up.

The gene Pm 1 for resistance to pawdery mildew is looated on the distal end
of chromosame 7A (Sears and Briggle, 1969). ln separate studies to locate this
gene in Solo by means of the F2 manasamic analysis (Baier, 1972; Baier et al..
1973) it was observed that the 7D cross had the highest deviatian from normal
segregation but did not fit the expected ratia in the critical manosomic cross. This
oan be explained by passible pairing af the 7A translocation segment from Solo
chromosame 7D with the normal 7A chromosome from Ohinese Spring which may
occur when a trivalent is formed. Table II shows that a trivalent occurred in
39% of the observed P.M.C.s.

Fig. 1. Chromosome configuration at first metaphase of a PMC of the monosomic F,
hybrid from the CTOSS Chinese Spring monotelosomic 7AL X Solo, showing 17 bivalents, on
quadrivalent and one trivalent.



A significant deviation from the normal segregation ratio also was observed in
the F2 of the monosomic cross with 7A. This deviation possibly is caused by ir-
regular distribution of the three chromosomes from a trivalent. Sears (1953) re-
ported that the two translocated ohromosomes from a trivalent commonly go to one
pele and the normal one to the other. From a P.M.C. with a trivalent it will be ex-
pected that two types of pollen grains are generally formed: type 1 with n-I chromo-
somes but without a translocated chromosome and a second type which contains the
two translocated chromosomes. ln this case the latter type also would carry the re-
sistance gene on the translocated chromosome. Since Morris and Sears (1967)
pointed out that 96% of the ovaries are pollinated from pollen with "n" chromo-
somes, it seems highly probable that segregation from mildew resistance will deviate
rather strongly as observed in the 7A cross. The cytogenetic problems which may
arise from this situation have been extensively described by Sears (1953) and by
Unrau et aI. (1956).

The deviation of segregation mtias in chromosomes 7A as well as 7D indicates
that the terminal end of the long arm of 7A participates in rhe assumed translocation
and lends further support to the earlier conclusion that 7A/7D are involved in one
of the three reciprocal translocations in Solo.

The genes involved in the 5B/7B and 2A/4D translooations had no detectable
influence on segregation of other characters analysed in this study.

Acknowledgements

These investigations formed part of a Doctoral thesis carried out at the Teoh-
nical University of Munich-Weihenstephan while A. C. Baier was a recipient af a
scholarship from the Deutscher Akademischer Austauschdienst (DAAD).

References

Baier, A. C. 1972. Monosomen-Analyse morphologischer, physiologischer und cytogenetis-
cher Merkmale des kurzstrohigen Sommerweizens 'Solo'. Doctoral thesis. Technische
Universitat München, 118 pp.

Baier, A. C., Zel1er, F. 1., Oppitz, K., and Fischbeck, G. 1973. Monosomen- Analyse der
Mehltau- und Schwarzrostresistenz des Sommerweizens 'Solo'. Z. Pflanzenzüchtg. 70: 177-
194.

.Baker, E. P., and McIntosh, R. A. 1966. Chromosome translocations identified in varieties
of common wheat.. Cano J. Genet. Cytol. 8: 592-599.

Dalal, K. C., and Sadanaga, K. 1965. Identification of the chromosomes involved in trans-
10cation in F, hybrid of two species of tetraploid wheat. Cano 1. Genet. Cytol. 7: 88-95.

Larsen, J. 1973. The role of chromosomal interchanges in the evolution of hexaploid
wheat, Trilicum aeslivum. Proc. 4th Int. Wheat Genet. Symp., Mo. Agr. Exp. Sta.,
Columbia, Mo., U.S.A.

Law, C. N. 1971. EWAC Newsletter 3: 45-46.'
Law, C. N., and Worland, A. 1. 1973. Aneuploidy in wheat and its uses in genetic analysis.

Annual Report 1972. Plant Breeding Institute, Oamb., 25-65.
Mettin, D. 1969. EWAC Newsletter 2: 21-35.
Morris, R., and Sears, E. R. 1967. The cytogenetics of wheat and its reIatives. In 'Wheat and

Wheat Improvement' (ed. K. S. Quisenberry and L. P. Reitz), Amer. Soe. Agron, Madison,
U.S.A., 13: 19-87.

Riley, R., Coucoli, H., and Chapman, V. 1967. Chromosomal interchanges and the phylogeny
of wheat. Heredity 22: 233-248.

Robbelen, G. 1968. Desynapsis aIs Fehlerquel1e bei der Aufstel1ung von Monosomen-
Sortimenten des Weizens. Z. Pflanzenzüchtg. 60: 1-18.

Sears, E. R. 1953. Nul1isomic analysis in common wheat. Amer. Nat. 87: 245-252.
Sears, E. R. 1954. The aneuploids of common wheat. Mo. Agr. Exp. Sta. Res. BulI. 572:

59 pp.



n f:1.~t~.
i\~: '~.;~?~~~.:. A. C. BAIER ET AL.

Sears, E. R., and Jrtggtê,,·t.~-i~!sl69...· Mappih~' the gene. Pm 1 for resistance to Erysiphe
gramillis f.SJp. tritici on chip~osome.7.ô.."Qf .wheat. Cr~?'p.;Sd.9: 96-97.

The, T. T., and Baker, E. P. [970: Homoeologous refafionships between Agropyroll illter-
medium chromosomes and wheat. Wheat Inform Serv. 31: 29-31.

Vnrau, 1., Person, C., and KlIspira, J. 1956. Chromosome substitlltion in hexaploid
wheat. Cano J. Botan. 34: 629-640.

ZeIler, F. J. 1973. lB/ IR wheat-rye chromosome sllbstitutions and translocations. Proc.
4th Int. Wheat Genet. Symp., Mo.; Agr. Exp. Sta., Columbia, Mo., V.S.A.

ZeIler, F. J., and Baier, A. C. 1973. SlIbstitlltion des Weizenchromosomenpaares 4A durch
das Roggenchromosomenpaar 5R in dem Weihenstephaner Weizenstamm W 70 a 86
(Blaukorn). Z. Pflanzenzüchtg. 70: 1-10..

EMPRESA BRASILEIRA DE PESQUISA

AGROPECUÁRIA-EMBRAPA

DATA DE DEVOLUÇÃO
30-~-~

-

,

I


