
p t t b t K » ^ 

Cytogenetic approaches to breeding and propagation 
of male sterile parent lines for hybrid varieties of rye 

0000 0004 50 

'-M V*~. Ï. : Ó ' ! H »i * " * 

v;', à '*' :>ï*< ; îJ '* i 'A if ,-KSfcHOOL 

19 " : iSl7-- OLOOIO)!? - Ö 3 



Promotor: dr.ir. J. Sybenga, hoogleraar in de erfelijkheidsleer. 



M/0tfO»,?6î 

STELLINGEN ^mm^m 

1. Hybride veredeling van rogge, gebruikmakend van genetische mannelijke 

steriliteit en gebalanceerde chromosoomsystemen, is technisch mogelijk; 

uit een oogpunt van economische haalbaarheid en van kwekersrecht is 

nader onderzoek wenselijk. 

Dit proefschrift. 

2. Interstitiële chiasmata bij reciproke translocaties tussen (sub-)-

metacentrische chromosomen geven aanleiding tot een alternate-1 : 

adjacent-1 centromeeroriëntatie verhouding van 1 : 1 . 

Dit proefschrift. 

3. Khush' bewering, dat een verschil in frequentie van de twee mogelijke 

tertiaire trisomen in de nakomelingschap van een translocatie trisoom 

wordt bepaald door de keuze van het extra chromosoom, wordt ondersteund 

noch door waarnemingen noch door theoretische overwegingen. 

G.S. Khush, 1973. Cytogenetics of aneuploids. Academie Press, New York 

and London. 

Dit proefschrift. 

4. Evenals de oorspronkelijke weigering te aanvaarden dat de aarde rond is, 

vindt het fictieve onderscheid tussen altenate-1 en alternate-2 centro­

meeroriëntatie bij ringquadrivalenten van reciproke translocaties zijn 

wortels in een tekortschietende interpretatie van een tweedimensionele 

waarneming aan een driedimensioneel systeem. 

I.A. Boussy, 1982. Genetics 100: 505-509. 

D.G. Cochran, 1983. Genetics 104: 215-217. 

5. Indien Koornneef en van der Veen veronderstellen dat een lage transmissie 

van het telocentrische chromosoom karakteristiek is voor telocentrische 

trisomen, houden zij onvoldoende rekening met het verloop van de méiose 

bij deze trisomen. 

M. Koornneef and J.H. van der Veen, 1983. Genetica 61: 41-46. 

M. Koornneef, 1982. Proefschrift, Landbouwhogeschool, Wageningen. 

6. De rol van de méiose bij het tot stand komen van landbouwkundig 

interessante combinaties van erfelijke eigenschappen verdient her­

nieuwde aandacht. 

(f//rAuU/ß-u^ 



7. Het nog steeds door veel agronomen veronderstelde traditionalisme van 

de kleine boer in ontwikkelingslanden getuigt van een zelfde instelling 

bij eerstgenoemden. 

8. Een verplichte landelijke registratie van erfelijkheidsgegevens is niet 

bezwaarlijk, als deze zich beperkt tot genetische gegevens en indien er 

ten hoogste adviezen aan mogen worden ontleend. 

9. Het ontbreken van uitroeptekens in wetenschappelijke publicaties betekent 

geenszins dat daarmee geen emoties gepaard gaan. 

10. Het kostenbesparend effect van individuele warmteverbruiksmeting voor 

bewoners van goed geïsoleerde, centraal verwarmde nieuwbouwflats is niet 

afdoende bewezen; dit systeem werkt kostenverhogend voor niet-buitenshuis 

werkenden en landgenoten met een tropische oorsprong. 

11. 'No-nonsense' als typering voor het beleid van de huidige regering is 

beledigend ten aanzien van vorige kabinetten. 

12. Creationisme is geen wetenschap, maar bijgeloof. 

13. Ongeloof in bijgeloof is ook geloof. 

Proefschrift van J.N. de Vries 

Cytogenetic approaches to breeding and propagation of male sterile parent 

lines for hybrid varieties of rye 

Wageningen, 13 januari 1984. 
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Omslag: 

het iso-7RS telo-7RL compenserend trisoom, hier in een translocatie 

300 (5RL, 7RS) heterozygote achtergrond, hangt de heer B. Weijman 

weliswaar boven het hoofd, maar het is nog geen hybride rogge die 

hij oogst. 



Woord vooraf 

Het spreekt vanzelf, dat niemand een lezer kan verbieden, meteen maar het 

eerste hoofdstuk op te slaan om zijn of haar honger naar nieuwe kennis te 

stillen. Bovendien: de bladzijden hierna liggen te ritselen van ongeduld. Eén 

misverstand zou dan licht post kunnen vatten, namelijk dat dit boekje tot stand 

is gekomen door de inspanningen van een enkel persoon. Het onmogelijke is 

echter nu eenmaal niet mogelijk. 

Professor J. Sybenga ben ik zeer dankbaar voor de voortreffelijke manier 

waarop hij mij tijdens het onderzoek heeft begeleid. Jaap, jouw ideeën, en je 

interesse voor alles wat ik met het door jou ontwikkelde basis-materiaal aan 

het uitspoken was, hebben hun stimulerende werking niet gemist, getuige onder 

meer de hoeveelheid half onderzocht en heel interessant materiaal dat nog 'op 

zolder' ligt. Dat het wat lang heeft geduurd voor ik achter de schrijftafel 

ben gaan zitten, heeft niet alleen te maken met mijn geringe weerstand tegen 

de verleiding, de mogelijkheden van het materiaal zoveel mogelijk uit te buiten, 

ook een zekere drempelvrees voor het eerste artikel speelde een rol. Jouw motto 

"Als iets echt moet, dan kan het ook" heeft wat dat betreft de nodige wonderen 

verricht, en voor je kritische kanttekeningen bij mijn vaak wat wijdlopige 

betogen ben ik je blijvend zeer erkentelijk. 

Professor J.H. van der Veen, U als beheerder van de vakgroep Erfelijkheids­

leer zeg ik dank voor de gastvrijheid die mij de afgelopen vier jaar is geboden. 

De 'Barak' mag dan zijn langste tijd hebben gehad, de herinneringen aan de 

bevolking ervan zijn onuitwisbaar. Threes van Cruchten, jij hebt er niet slechts 

toe bijgedragen dat ik me snel op de vakgroep thuisvoelde, je hebt ook een 

belangrijk aandeel gehad in het combineren van allerlei chromosoomafwijkingen 

waaruit in latere generaties veel interessants tevoorschijn kwam. Mijn dank 

gaat ook uit naar Sonja van der Schaaf voor haar werk, op de vakgroep, maar ook 

thuis waar de microscoop een plekje had gevonden naast de kinderkamer. Henny 

Verhaar, jouw aandeel in het onderzoek dat aan dit proefschrift ten grondslag 

ligt, is zeer groot. Dank ook voor alle discussies over de meest uiteenlopende 

onderwerpen. Het soms gepeperde gehalte ervan is ongetwijfeld te danken aan 

onze uiteenlopende standpunten, ofschoon ik me ook wel eens heb afgevraagd of 

er een verband is met die 'héérlijke soep', die jij altijd heter eet dan 'ie 

ooit opgediend wordt. Hans (met een 'M') de Vries ben ik zeer erkentelijk voor 

zijn bijdragen, zowel op cytogenetisch als op fotografisch vlak. Het besef, dat 

jouw achternaam in ons land nogal eens voorkomt, begint in het buitenland steeds 

verder door te dringen. Hubert Booij, ook jou bedank ik voor het fotowerk dat 



je 'tussendoor' hebt willen doen. 

De wereld houdt buiten de barak niet op te bestaan. Ramon Giraldez dank ik 

langs deze weg nogmaals voor zijn inbreng in de ontwikkeling van de Giemsa-

kleuringstechniek, waarvan hier nog steeds met overgave gebruik wordt gemaakt. 

Om wat dichter bij huis te blijven: Piet Stam heeft mij, door het schrijven van 

een listig computerprogramma, voor heel wat rekenwerk behoed, waarvoor ik hem 

zeer erkentelijk ben. Erg veel werk heb ik Trees Makkes juist bezorgd. Het 

uitmuntende typewerk op de paginaas hierna is van haar. Dat er een aardig net 

boekje moest komen, heeft me altijd wel voor ogen gestaan. Dat het uiteindelijk 

prachtig is geworden, is geheel te danken aan jouw inzet. De bijdragen van 

Aafke Sieswerda en Marion van Hunnik mogen hier uiteraard niet onvermeld blijven, 

evenals de bereidheid van Cees Bos, zolang wat 'hard-ware' ter beschikking te 

stellen. De verzorging van de planten, ook van de 'zwakke soorten', was bij de 

heren Weijman, van IJmeren, van Blijderveen en Arends in vertrouwde handen. Dit 

gold ook ten aanzien van het verwijderen ervan - op verzoek uiteraard. 

De hulp van een groot aantal stagiaires van de STOVA en doctoraalstudenten 

van de LH heeft de grote 'omzet' aan worteltoppen en meeldraden, die nu eenmaal 

onontbeerlijk is voor het doen van kwantitatieve uitspraken, mede mogelijk 

gemaakt. Met plezier denk ik terug aan de samenwerking met Jolanda ter Brugge, 

Ronald Eijlander, Francesco Holtus, Joke Janse, Eric Jongedijk, Christa Kievit, 

Sandra Miller, Joke Mouris, Paul Sales, Gerard Schaafsma, Aart van Voorst, Eppie 

van der Wal en Arnold Willems. Zo'n rijtje is wat onpersoonlijk, maar de tekst 

zou van het papier lopen wanneer ik ieders specifieke bijdrage zou beschrijven. 

Daarom op deze plek alleen de welgemeende opmerking dat het werk van ieder van 

jullie onmisbaar is geweest en dat ik er veel van heb kunnen opsteken. Van harte 

hoop ik dat jullie er ook wat aan hebben gehad. 

Een goeie tijd... wat is daarin belangrijker dan goeie lotgenoten? Paulette 

Wauben was er één. Jouw nuchtere kijk op de zaken was zeer verfrissend, evenals 

onze wekelijkse zwempartij, ofschoon die ook zo nu en dan in het water viel 

omdat je weer zo'n voortreffelijk maal had bereid. Henk Nijhoff was een andere. 

Jouw wijze levenslessen waren mij een riem onder het hart, vooral wanneer ik 

sigaren bij me had (uit voorzorg) en jij nog wel ergens een bed had staan (uit 

nazorg). Dank tenslotte aan iedereen van deze vakgroep die ik niet met name heb 

genoemd, maar er wel toe heeft bijgedragen dat ik hier plezierig heb gewerkt. 

Pa en Moe, bedankt dat jullie me hebben laten studeren. En Marleen bedankt 

voor de hulp bij het tillen van de laatste loodjes. 
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General introduction 

A major objective of plant breeding is the exploitation of the heterotic 

potential of crop plants. For generatively propagated crops, this is most 

effectively achieved by breeding hybrid varieties. Hybrid varieties have the 

additional advantage of being uniform. 

To make hybrid breeding economically attractive, the extra benefit of 

growing a hybrid should amply cover the extra cost of the sowing seed. Part 

of the extra cost is the result of special techniques and systems involved 

in the prevention of self-fertilization of the female parent (or: 'seed 

parent') of the hybrid, and the maintenance and propagaxion of this parent 

for renewed cycles of hybrid seed production. 

Prevention of self-fertilization of the seed parent is required to ac­

complish that each plant of the crop is a hybrid. To prevent selfing, use 

can be made of emasculation, by hand (tomato) or mechanically (maize), che­

micals (Cucumis species), incompatibility (Brassica species), cytoplasmic 

male sterility ('CMS'; sugar beet, maize) or the segregation of male sterile 

plants in the progeny of fertile heterozygotes for a male sterility allele 

(genetic male sterility, 'GMS'). 

In cultivated rye [Seoale oereale L.), several combinations of CMS and 

corresponding fertility restoring genes have become available during the 

last decade, offering the opportunity to breed and propagate male sterile 

parent lines with relative ease (Geiger, 1982). As yet, however, successful 

use in hybrid rye breeding programs is being made only of one type of cyto­

plasm, named 'Pampa' (Morgenstern and Geiger, 1982) implicating that this 

cytoplasm probably will be shared by all hybrid varieties released. The 

southern corn leaf blight epidemic of maize in 1970 (Tatum, 1971), caused by 

the specific interaction between the T-race of Helminthosporium maydis and 

the 'Texas' cytoplasm extensively used as the source of male sterility of 

the seed parents in hybrid seed production, is a dramatic illustration of 

the potential danger of such narrow-based CMS-approach to hybrid breeding. 

Therefore, although the use of CMS is advantageous with regard to operatio­

nally, it is, in view of the vulnerable genetic base of the hybrids, use­

ful to develop alternative systems to breed and propagate male sterile seed 

parents for hybrid rye. 



A number of systems have been worked out for other crop plants, making 

use of genetic male sterility (GMS) and extra chromosomal material which 

usually is structurally modified. In these systems, male sterility is mono­

genic recessively inherited. The extra genetic material carries the dominant 

male sterility allele, while the normal chromosome complement carries the 

récessives. Owing to certation, the extra material carrying the dominant 

allele is only transmitted through the female haplophase. Consequently, all 

pollen taking part in reproduction contains a normal, haploid set of chro­

mosomes. This pollen exclusively carries the recessive male sterility al­

lele, provided that no crossing-over takes place resulting in the transfer 

of the dominant or recessive male sterility alleles, respectively, to the 

normal chromosome complement or the extra genetic material, respectively. 

The propagation of an all male sterile seed parent is accomplished by re­

peated cycles of pollinating male sterile disomies by fertile plants having 

the chromosomal and allelic properties mentioned. The latter are maintained 

by selfing (see below). 

For barley hybrid breeding, Ramage (1965) proposed to use balanced ter­

tiary trisomies for the propagation of the male sterile seed parent. These 

trisomies carry an extra translocation chromosome on which the dominant male 

sterility allele is located, as close to the translocation breakpoint as pos­

sible to reduce crossing-over between allele and breakpoint. The normal chro­

mosomes carry the récessives. Certation prevents pollen to take part in re­

production, so that disomic male sterile offspring will be produced by pol­

lination of male sterile disomies by fertile tertiary trisomies. The polli­

nator is maintained by selfing. Since female transmission of the extra chro­

mosome is permitted, the selfed progeny of the pollinator will contain both 

fertile tertiary trisomies and karyotypically normal sterile disomies. Elimi­

nation of the latter requires extensive karyotyping of the progeny, unless 

di- and trisomies can be distinguished morphologically, in which case hand 

elimination of the disomies before flowering is still necessary. To avoid 

these laborious and time consuming procedures, a self-reproducing system to 

maintain the pollinator can be developed, making use of a monogenic reces­

sively inherited lethality marker, of which the dominant allele is again 

closely linked with the translocation breakpoint, whereas recessive alleles 

are carried by the normal chromosomes (Wiebe and Ramage, 1971). 
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The use of duplication(-deficiency) heterozygous disomies, in which one 

translocation chromosome is present instead of a corresponding normal chro­

mosome, has been proposed by Patterson (1973) for hybrid breeding of maize. 

The recessive male sterility allele is carried by the normal complement, 

while the dominant allele and the translocation breakpoint are closely 

linked. When the duplication is relatively large and the deficiency small, 

only pollen with a normal chromosome make up carrying the recessive allele 

is expected to be reproductive, at the same time permitting female trans­

mission of the duplication-deficiency karyotype with the dominant allele. 

Similarily, also for maize, Phillips and Springer (1972) suggested to use a 

disomic double duplication heterozygote in which the absence of two normal 

non-homologous chromosomes is compensated by two translocation chromosomes, 

originating from two different interchanges in which both absent chromosomes 

are involved. In this system, plants have no deficiencies, and owing to cer-

tation caused by the three-fold presence of the two "between breakpoint" re­

gions, only karyotypically normal pollen is reproductive. For rye, Sybenga 

(1982) proposed the use of compensating trisomies in which the absence of 

one normal chromosome is compensated by the presence of two modified chromo­

somes. In the XYZ-system designed by Driscoll (1972) for wheat, the extra 

genetic material carrying the dominant male sterility allele is obtained 

from related species or genera like rye, barley, Aegilops, Agropyron and 

Triticum monococcum (Driscoll, 1981). 

Thus, the basic idea behind all GMS-based systems for hybrid breeding is 

to prevent that pollen serves as a vector for the dominant allele of a male 

sterility gene (and, if desired, a lethality gene), at the same time permit­

ting female transmission. Therefore, pollen transmission of the modified 

extra genetic material carrying this allele, as well as recombination with 

the récessives on the normal chromosome complement should be absent. The 

eggs, on the other hand, should be able to transmit the extra material in as 

high a frequency as possible for an efficient maintenance of the deviant 

karyotype upon selfing. The prevention of male transmission, however, re­

quires extra chromosomal material of sufficiently large size, which con­

flicts with the requirement of high female transmission, and with the fact 

that the viability of plants carrying the extra material should not be 

affected too drastically. Another conflict arises from the necessity of 

frequent formation of chiasmata between the extra genetic material and 

homologous segments of the normal chromosome complement, offering the 

11 



opportunity for recombination between the dominant alleles on the extra and 

the récessives on the normal chromosomes. 

Subject of the present thesis are a number of aspects related with the 

construction of modified chromosomal systems, which, in combination with 

GMS, may be of use in the breeding and propagation of male sterile parent 

lines of hybrid rye {Seoale aereale L.). 

Chapter 1 contains a description of 17 monogenically inherited morpholo­

gical markers, of which a number are lethal or conditionally lethal, whereas 

one causes male sterility. Thirteen of these markers are devided over six 

linkage groups which are assigned to six of the seven chromosomes of rye. Of 

nine markers, the arm location is established. Four markers could not be lo­

calized. The first linkage maps of chromosomes 2R and 5R are presented. 

Chapter 2 deals with recombination in the segment between the centromere 

and the breakpoint of a translocation chromosome. Chiasma formation in this 

'interstitial' segment is usually reduced, offering a potentially favourable 

location for male sterility and marker genes in GMS-based hybrid breeding. 

The translocation described in this chapter represents a clear exception to 

the rule of reduced interstitial chiasma formation. 

Basic requirements for an efficient construction of two balanced chromo­

somal systems are discussed in chapters 3 and 5. Chapter 3 describes the ori­

gin of four tertiary trisomies, in each of which an extra translocation chro­

mosome is present. Chapter 5 deals with the origin of four telotertiary com­

pensating trisomies, in which one normal chromosome is replaced by a translo­

cation and a telocentric chromosome. 

Chapter 4 reports about the behaviour of the four tertiary trisomies of 

which the isolation is described in chapter 3. The extra translocation chro­

mosome in all four includes a segment of varying length of chromosome 5R, on 

which the dominant allele of a conditionally lethal marker ('tigrina') is lo­

cated, whereas the normal chromosomes carry the recessive alleles. The suita­

bility of the four 'balanced' tertiary trisomies (BTTs) for use in hybrid 

breeding programs is evaluated, taking into account meiotic behaviour, male 

and female transmission of the extra material, recombination between the 

tigrina gene and the translocation breakpoint, and the occurrence in selfed 

BTT-progenies of deviant karyotypes which may disturb the system. In rela­

tion to the telotertiary compensating trisomies isolated (chapter 5 ) , some 

of these aspects are shortly elucidated in the 'GENERAL DISCUSSION'. 

12 
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1. Chromosomal location of 17 monogenically inherited 
morphological markers in rye (Seca/e céréale L) 
using the translocation tester set. 

by 

J.N. de Vries and J. Sybenga 

Department of Genetics, Agricultural University, 

Gen. Foulkesweg 53, 

6703 BM Wageningen. 

The Netherlands. 

ABSTRACT 

The combined segregation of translocations and markers is investigated 

in backcrosses and F2s involving 17 monogenically inherited morphological 

markers and 8 reciprocal translocations in rye. Chromosomal location is es­

tablished for an and atl (chromosome 1), dw3 (chromosome 11) ,dw2 , mo and Ps 

(chromosome 111), Igl (chromosome IV), wh (chromosome V) and br, ct2, gr, 

ti and wil (chromosome VI). (Chromosome nomenclature follows de Vries and 

Sybenga, 1976). Arm location is determined for an and atl (lb), Igl (IVb),wh 

(Va), br and ti (Via) and ct2, gr and wil (Vlb), using a number of trans­

location, derived trisomies. No markers could be localized on the satel­

lite chromosome (VII). Four markers remain unlocalized: lg2 is not located 

in Via, sr is not linked with dw2, and wi2 shows independent segregation 

from wil and translocation 240, involving chromosomes II and VI. Reduced 

fertility of translocation homozygotes prevented the localization of ms. 

The correspondence between these findings and the linkage groups presented 

by Schlegel and Mettin (1982), as well as the relationship between our 

chromosome nomenclature and that of the Tritioinae are discussed. 

Keywords: Seoale aereale L. - gene localization - linkage groups - translo­

cations - trisomies. 
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INTRODUCTION 

In recent years, important progress has been made with the localiza­

tion of genes on the chromosomes of rye (Staate oeveale L.) in studies 

which involved wheat-rye chromosome substitutions, additions and translo­

cations. In these investigations the location of genes for resistance to 

several wheat pathogens, as well as a number of biochemical and molecular 

markers such as isozymes, endosperm proteins and repetitive DNA sequences 

has been established. Descriptions of simply inherited morphological 

traits within the species S. aereale have been available for many years, 

but reports concerning their linkage relationships and chromosomal loca­

tion are relatively scarce (reviews by Schlegel and Mettin (1982) and 

Appels (1982)). The development of a variety of tester stocks for inter­

national use would considerably accelerate the progress in this field. 

Important first steps in this respect are the proposals and intentions of 

the 'International workshop on rye chromosome nomenclature and homoeology 

relationships' (Sybenga, 1983), including an inventory of all available 

material and the choice of the addition set of 'Imperial' rye to 'Chinese 

Spring' wheat as the standard set. 

In their review, Schlegel and Mettin (1982) have described the arran­

gement of 12 genes in four linkage groups, of which two groups are assig­

ned to specific chromosomes. 

The present article deals with the linkage relationships and the chro­

mosomal location of 17 monogenically inherited markers in rye, some of 

which are probably identical with genes mentioned by Schlegel and Mettin 

(1982). For chromosomal location, use was made of the Wagingen transloca­

tion tester set (Sybenga and Wolters, 1972; Sybenga, 1983) covering the 

complete genome. 

In studies involving telocentric-, tertiary- and telocentric tertiary 

compensating trisomies, the arm location of six markers could be establish­

ed. This article only provides preliminary data from these investigations. 

More extensive reports will be published later. 
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MATERIALS AND METHODS 

Marker genes (table 1) 

According to the recommendations of the 'International workshop on rye 

chromosome nomenclature and homoeology relationships' (Sybenga, 1983), 

two-letter gene symbols are used, referring to the main fenotypic characte­

ristic. A dominant allele is indicated by a capital letter. Genes having 

phenotypically similar effects are designated by the same symbol, followed 

by an Arabic numeral differentiating between the genes. New symbols (table 

1) are proposed for a number of genes previously described by Sybenga and 

Prakken (1962). 

For several markers, identity with genes described in other studies 

was proven or may be considered plausible. The genetic identity of a 

('canary grass; Sybenga and Prakken, 1962), and m ('monstrosum'; obtained 

from Fedorov, Vavilov Inst., Leningrad in 1967, code number 'gaS') was 

proven by a cross between an anthocyaninless (an an) 'canary grass' mother 

and a 'monstrosum' plant with anthocyanin. The Fl having anthocyanin, 

showed the characteristic strongly branched ears. The new gene symbol mo 

will be used to replace both a and m. The mutant ct2 was obtained from 

Fedorov also in 1967 (code number 'go8 ' ) , who named it 'compactum'. 

Fedorov, Smirnov and Sosnikhina (table 1) symbolized the compactum gene as 

at. In view of the origin of the material, it may be assumed that ot2 and 

at are identical. The material provided by Kobyljanski in 1974 (Vavilov 

Inst., Leningrad, code number 'WIR 10415')was phenotypically similar to 

compactum. Crosses between this material and that obtained from Fedorov 

yielded compactum Fl plants which proved the presence of ct2 in 

Kobyljanski's material. 

A cross between the compactum genes ctl ('awnless', at; Sybenga and 

Prakken, 1962) and at2 segregated normal and compactum plants in the F2 

in a 9:7 ratio (Sybenga, unpublished), showing that ctl and at2 are un-

identical and unlinked genes with complementary action. 

Next to ct2 , 'WIR 10415' contained a gene for male sterility (ms) and 

a factor determining winter or spring habit (wil)• ms may well be similar 

to Kobyljanksi's vf2 (table 1). With regard to their source, also identity 

of wil and the winter type gene ae is not excluded, but allelism test are 

still lacking. 
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Although the descriptions from various authors show a high degree of 

resemblance, direct evidence for the similarity of the anthocyanin genes 

an, a and vi (table 1) is not available yet. (The gene an is identical 

with a described in references 11, 12 and 13 of table 1 ) . All crosses, ex­

cept those involving ct2, wil and rns from 'WIR 10415', were made between 

plants from self compatible spring type lines, mainly of Petkus rye ori-
o 

gin. Plants were grown in a greenhouse at 18-20 C; from populations which 

segregated for both ct2 and wil, winter type plants were grown to maturity 

in the field. When available F2s of crosses between markers were grown 

when evidence for linkage had been obtained by gene localization using 

reciprocal translocations. Data concerning the F2 between dw2 and mo 

(table 5) are from Sybenga and Prakken (1962). 

Translocations (table 2) 

Use was made of a selection from the tester set of reciprocal trans­

locations (Sybenga, 1983) described by Sybenga and Wolters (1972) and de 

Vries and Sybenga (1976). In this article the chromosome nomenclature of 

these authors will be applied. In table 2 the proposals concerning the 

correspondence with the standard nomenclature of the Tritiainae (Sybenga, 

1983) are provisional. The suggestion of Schlegel and Mettin (1982) re­

sults from an extensive literature survey, while the proposal of Sybenga 

(in prep.) is based on preliminary data from crosses between the translo­

cation tester set and the'Imperial-Chinese Spring'standard addition set. 

In general, all translocation heterozygotes of table 2 when selfed give 

rise to an offspring with translocation homozygotes (TT), -heterozygotes 

(TN) and normal (NN) plants, segregating 1:2:1. Exceptions are TN 303 and 

TN 242. From TN 303, homozygotes have never been recovered, although both 

female and male translocation (T)-gametes have proven to be transmitted. 

In TN 242 one duplication gamete is fertile on the female as well as on 

the male side, which results in viable duplication heterozygotes (Sybenga 

and Verhaar, 1980) and even homozygotes. Most TT and TN plants are viable 

and fertile, although male fertility of TT indivuals may in a few instan­

ces be somewhat reduced. 
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Table 2. Reciprocal translocations of rye used in this study, 
a and S : short arm ; b and L: long arm 

Code 
number 

240 
242° 
248 
273 
282 
303 
305° 
501 

de Vries 
Sybenga 

lla-Vlb 
111-Vb 
Va-VIla 
Vla-Vllb 
la-Vlb 
lb-Vlb 
111-Vla 
IVb- VIb 

and 
(1976) 

Schlegel and 
Mettin (1982) 

2RS-5RL 
7R -6RL 
6RS-1RS 
5RS-1RL 
3RS-5RL 
3RL-5RL 
7R -5RS 
4RL-5RL 

Sybenga 
(in prep.) 

3RS-5RL 
2R -6RL 
6RS-1RS 
5RS-1RL 
7RS-5RL 
7RL-5RL 
2R -5RS 
4RL-5RL 

a: Recent observations have shown that the breakpoints of translocations 
242 and 305 are located in different arms of chromosome 111. 

Table 3. Expected frequencies of the four backcross- and the six F2 classes in 
terms of the recombination fraction r. Between brackets: designations for 
numbers observed 

Backcross data 
Phenotype Karyotype 

TN NN 
Segregation 
oi marker 

Dominant 

Recessive 

Segregation of 
translocation 

— (V 
r , 
2 ( n3 
1/2 

| ( n 2 ) 

~ ( n 4 ] 

1/2 

1/2 

1/2 

1 (n) 

F2 data 
Phenotype 

Segregation of 
translocation 

Karyotype 
TT TN NN 

Segregation 
of marker 

1 (n) 
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Gene localization 

Crosses were made between plants with normal (NN) karyotype, homozy­

gous for the marker gene, and wild type translocation homozygotes (TT) as 

far as available. Fl seedlings were karyotyped for safety and selfed and/-

or backcrossed with homozygous recessive NN plants, and the offspring ka­

ryotyped and scored for the marker. 

Since gametes which carry a duplication for one chromosome segment and 

a deficiency for another are not functional (except with TN 242), the fre­

quencies of Fl gametes taking part in the reproduction may be written as: 

gamete TA NA Ta Na 
_ 1-r 1-r r r 

frequency — — - -

in which r is the recombination fraction between a locus A-a and a trans­

location breakpoint. Table 3 contains the expected frequencies of the four 

backcross and the six F2 classes in terms of p, based on the assumption 

that r is the same in both female and male gametogenesis. To detect lin­

kage, contingency tests were carried out in the case of backcrosses, while 

r was estimated from (n +n ).n (table 3 ) . In the case of F2 data, lin­

kage was detected using a log-likelihood ratio test, and estimates of r 

were obtained by maximization of 

M 2^1 ,-, 2^2 ro 2,n3 , 2,"4 , 2 "5 ,. „ 2 "6 nj (1-r ) (1-r+r ) (2r-r ) (r ) (r-r ) (l-2r+r ) 
n 'n 'n !n„!n'n ' 4 ' 2 ' 4 ' 4 ' 2 ' 4 

1 2 3 4 b o ( 4 - u i o \ 

(table 3) 

When segregations of the marker and/or the translocation do not fit their 

expected 3:1 and 1:2:1 ratios respectively, this procedure leads to an un­

derestimation of v-

Kramer (1954), applying principally the same procedure for barley, pre­

sents a different likelihood term. With regard to the translocation only 

two classes, semi-sterile and fertile were distinguished, corresponding to 

TN and (TT+NN) respectively. In rye, however, semi-sterility is no adequ­

ate marker, and the translocations used can be scored readily in root 

tips. 

Backcross and F2 data involving translocation 242 are compiled in the 

same way, disregarding all plants carrying a duplication. To obtain com­

parable estimates of v this is legitimate, as 'normal' translocation hete­

rozygotes eliminate their duplication offspring also, but at an earlier 

stage. The duplication class did not yield additional information. 
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Karyotypes were classified in root tip mitoses after pretreatment in 

saturated alpha bromonaphthalene for 2 hours at 24 C, fixation-maceration 

in 1 N HCl for 12 min. at 60 C and Feulgen staining. For any specific com­

bination of a marker gene and a translocation all available backcross or 

F2 data were pooled, as heterogeneity was not significant. Backcross data 

of an and br involving translocation 282 (table 4A) are from Sybenga and 

Mastenbroek (1980). 

RESULTS 

Segregation data on backcrosses and F2s between markers and translo­

cations are found in tables 4A and 4B. Table 4A lists the data from po­

pulations in which linkage between the marker and the translocation could 

be detected, whereas the markers and translocations of table 4B showed 

independent segregation. 

Table 5 contains F2 data from crosses between five pairs of marker 

genes of which location on the same chromosome for each pair was evident 

from their linkage with translocations. 

DISCUSSION 

The correspondence between our chromosome nomenclature and that of the 

Tritieinae (between brackets) is based on the proposal of Sybenga (see 

table 2 ) . 

Chromosome I (7R) 

Chromosomes I and VI are involved in translocations 282 and 303. With­

out providing segregation data, Sybenga and Wolters (1972) already men­

tioned linkage between an and translocation 282 while no linkage was found 

with translocations involving chromosomes VI and II (240) and VI and Vll 

(273) respectively. They concluded that an is located on chromosome I. 

Sybenga and Mastenbroek (1980) investigated the meiotic behaviour of trans­

location 282 and obtained evidence for the location of an in arm lb. The 

difference between the recombination fractions of an with translocations 

282 and 303 (table 4A) is discussed extensively by de Vries (1983). 

Linkage between an and ctl (table 5) is very close, because in an F2 

(repulsion phase) of 662 plants no recombinants were found. It may be safe­

ly concluded that an and ctl are located on the same arm of chromosome 1. 
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Chromosome II (ZR) 

Translocation 240 involves chromosomes 11 and VI. Tables 4A and 4B 

shows a close linkage of dw3 with the translocation breakpoint of trans­

location 240, and independent segregation from translocations 273 and 282 

involving chromosome VI and Vll, and 1 and VI respectively, and consequent­

ly dwZ is located on chromosome 11. 

Table 4A. Linkage between 12 marker genes and 8 reciprocal translocations in rye. 
B: backcross, n: population size, v: estimated recombination fractionjS^, : stan­
dard deviation of the estimated recombination fraction; r is significantly diffe­
rent from 0.5, and single factor ratios lit their expectations at the 5% level, 
unless indicated 

Gene/ Chromo-
trans— somes in-
location volved 

an -282 
an -303 
c t I -282 
dw3-240 
mo -242 
mo -242 
mo -305 
mo -305 
Ps -242 
Ps -305 
dw2-305 
Igl-501 
b)h -242 
wh -248 
br -282 
ti -282 
ti -273 
ct2-240 
wil-240 
wil-501 

1-V1 
I-Vl 
I-Vl 
Il-VI 
II1-V 
111-V 
111-V1 
111-VI 
111-V 
11I-VI 
III-V1 
1V-VI 
V-1I1 
V-Vll 
Vl-I 
VI-1 
V1-VI1 
VI-11 
Vl-11 
V1-1V 

B or 
F2; 
notes 

B;a 

B;i 
B;c 
F2 
B 
F2 
B 
F2 
B 
F2;d 
B 
F2;e 
F2 
F2 
B;a 
B;c 
B 
F2;/ 
F2;f 
F2;£ 

n 

320 
429 
349 

55 
58 
52 
60 
71 
34 
58 
68 

244 
51 
50 

320 
349 
184 

95 
95 

105 

Dominant 
TT 

7 

-
-

16 

-
16 

-
18 
-
3 

-
-
5 

10 
7 

-
-

22 
22 
10 

TN 

160 
45 

168 
26 
23 
16 
33 
34 

5 
25 
26 
-

27 
28 

158 
171 

76 
32 
36 
47 

NN 

187 
10 

0 
12 

6 
1 
0 
9 
9 
5 
-
6 
0 
-
1 
5 

18 
13 
17 

Recessive 
TT 

144 

-
-
0 

-
2 
-
0 
-
8 
-
0 
1 
0 

144 

-
-
0 
0 
3 

TN 

9 
149 

5 
2 
6 
6 
1 
1 

17 
10 
4 

11 
3 
0 

11 
2 
9 
7 
3 

11 

NN 

48 
166 

11 
17 

6 
25 
18 

3 
3 

33 
26 

9 
12 

-
175 

94 
16 
21 
17 

V + s 
- V 

0.050+0.012 
0.217+0.020 
0.043+0.011 
0.041+0.027 
0.310+0.061 
0.326+0.076 
0.033+0.023 
0.014+0.014 
0.235+0.073 
0.327+0.072 
0.132+0.041 
0.149+0.041 
0.216+0.064 
0.0 
0.056+0.013 
0.009+0.005 
0.076+0.020 
0.264+0.052 
0.166+0.041 
0.323+0.054 

a : from Sybenga and Mastenbroek (1980) 
b : segregation of TN 303 disturbed (0.02<P'0.05) 
c : same backcross 
d : segregation of Ps disturbed (0.02<P<0.05) 
e : only récessives karyotyped (n = 37); segregation of TN 501 1:2:1 in random 

sample of 30 F2 plants (see text) 
ƒ : same F2s ; see also table 7a 
g : segregation of TN 501 disturbed (P<0.01); same F2 as ct2-501 in table 4B; 

see also table 7b. 
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Table 4B. Independent segregation of 6 markers and 7 reciprocal interchanges in 
rye. r is not significantly different from 0.5 and single factor ratios fit their 
expectations at the 5% level, unless indicated. For further legend see table 4A. 

Gene/ 
trans­
location 

dw3-273 
dw3-282 
mo -240 
mo -273 
mo -282 
Ps -240 
Ps -273 
lg-I-240 

Igl -305 
l^Z-242 
Igl-273 
e£2-501 
c£2-248 
WÜ-248 

Chromo­
somes in­
volved 

Vl-Vll 
I-Vl 
11-V1 
VI-VII 
I-Vl 
Il-Vl 
Vl-Vll 
11-VI 
Ill-VI 
111-V 
VI-VII 
IV-VI 
V-VI1 
V-VI1 

B or 
F2; 
notes 

F2 
F2;a 
F2 
B 
F2 
B 
B;b 
F2;e 
F2;e 
B 
B 
F2;d 
F2;e 
F2;e, 

n 

54 
96 
73 
92 

105 
55 
72 

341 
108 

35 
24 

105 
96 

ƒ 96 

Dominant 
TT 

12 
7 
7 

-
21 
-
-
-
-
-
-
9 
7 
5 

TN 

16 
43 
29 
17 
38 
10 
14 
-
-
7 
5 

45 
39 
38 

NN 

15 
23 
18 
29 
21 
14 
10 
-
-

10 
7 

21 
24 
26 

Recessive 
TT 

1 
2 
3 

-
6 

-
-
9 
1 

-
-
4 
7 
9 

TN 

5 
14 
11 
22 
11 
14 
24 
25 

5 
7 
5 

13 
9 

10 

NN 

5 
7 
5 

24 
8 

17 
24 
16 

3 
11 

7 
13 
10 

8 

r + s 

0.428+0.082 
0.507+0.062 
0.536+0.071 
0.554+0.052 
0.472+0.060 
0.491+0.067 
0.528+0.059 
0.430+0.050 
0.389+0.115 
0.486+0.084 
0.500+0.102 
0.423+0.059 
0.544+0.062 
0.629+0.059 

a: segregation of TN 282 disturbed (P<0.01) 
b: segregation of Ps disturbed (P<0.01) 
a: only récessives karyotyped (see text) 
d: segregation of TN 501 disturbed (P<0.01); same F2 as wil-501 in table 4A; 

see also table 7b 
e: segregation of TN 248 disturbed (0.01<P<0.02); same F2s 
ƒ: r is significantly different from 0.5 (P=0.04) due to fortuitous dis­

turbance of uil-segregation among TT-individuals 

Table 5. Phenotype segregation in F2s derived from crosses between five pairs of 
marker genes. C or R: coupling or repulsion phase. +,+: dominant alleles of both 
markers expressed, +,2: expression of dominant allele of marker 1, recessive of 
marker 2; 1,+: expression of recessive allele of marker 1, dominant of marker 2; 
1,2: recessive alleles of both markers expressed, r estimated according to Stevens 
(1940). r differs significantly from 0.5, and single factor ratios fit 3:1 expec­
tation at the 5% level in all instances 

Markers 
1 - 2 

an - atl 
Ps - mo 
Ps - dw2 
mo - dw2 
ct2 - wil 

C 
or 
R 

R 
C 
C 

Rg 
cb 

+ > + 

343 
173 

92 
219 

64 

Segregation 
+ ,2 

144 
28 

3 
94 

6 

1,+ 

175 
36 

0 

5 
107 

1,2 

0 
28 
40 

21 

- V 

0.0 
0.297+0.035 
0.022+0.013 
0.315+0.123 
0.117+0.035 

from Sybenga and Prakken (1962). Owing to cryptomeric masking of the Dw2-dw2 
segregation by mo mo, double récessives could not be recognized 
TN 248 segregated in the same F2, independent from ot2 and wil (see table 4B) 
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Chromosome III {ZR) 

Translocations 242 (between III and V) and 305 (between III and VI) 

both involve chromosome 111. Linkage between these translocations and mo 

was established in backcrosses as well as in F2s (table 4A), while no 

linkage was observed with translocations not involving chromosome III 

(table 4B). Evidently, mo is located on chromosome III. 

Backcross data of Ps and translocation 242 as well as F2 data of Ps 

and translocation 305 revealed linkage (table 4A), although in the latter 

case the significance was marginal (X = 5.069; P~ 0.025) due to a short-
2 

age of Ps-individuals. The expression of Ps is influenced by both genetic 

background and environmental factors, and the Ps-shortage may well be 

attributed to the circumstance that this F2 was grown during winter. It is 

concluded safely however, that Ps is located on chromosome III. This con­

clusion is confirmed by the linkage between Ps and mo in an F2 (coupling 

phase) of 265 plants (table 5 ) , and is also in agreement with the inde­

pendent segregation of Ps from translocations 240 and 273 (table 4B), 

which both do not involve chromosome III. 

Translocation 305 and dw2 appeared to be linked also (table 4A). 

Moreover close linkage between dw2 and Ps was found in an F2 (coupling 

phase) of 135 plants (table 5 ) , while Sybenga and Prakken (1962) already 

presented data on the linkage between dw2 and mo, symbolized as d2 and o 

in their report (table 5). It is evident that dw2 is also located on 

chromosome 111. 

The most probable arrangement of dw2, Ps and mo on chromosome III is 

given in fig. 1. The relatively large standard deviations of the recombi­

nation fraction (table 5) and the map distance (fig. 1) between dw2 and 

mo are due to cryptomeric masking of the Dw2-dw2 segregation by mo mo, so 

that only the classes MoDw2 and Modw2 are available for the estimation of 

r. Because three point tests in which dw2 , Ps and mo are involved simulta­

neously have not yet been carried out, an alternative arrangement, with dw2 

between Ps and mo remains possible. The position of the genes relative to 

the centromere, as well as their arm location are not known yet. 

Fig. 1. Most probable arrangement of dw2, Ps and mo on chromosome 111. 
Position of centromere unknown. Map distance and standard 
deviations in cM, corrected according to Kosambi (1944). See also 
table 5. 

Ill 

26 

dw2 Ps mo 
i i i — 
1 2.2 + 1.3- -I 34.2+5.4 1 
I 3 7 1 + 20.4 1 



Chromosome IV (4R) 

Table 6 shows the segregation of translocation 501 (involving chromo­

somes IV and VI) among 37 out of 39 Igl Igl seedlings from an F2 of 244 

individuals. The segregation of the marker does not fit its 3:1 expecta­

tion due to a clear shortage of Igl Igl plants (table 4A). To avoid ex­

tensive karyotyping, only root tips of light green plants were examined. 

Translocation 501 segregated 1:2:1 in a random sample of 30 F2 seedlings, 

of which two were Igl Igl. 

In table 6 the deviation from the 1:2:1 segregation of translocation 

501 in the Igl Igl-class, which is expected under the assumption of r = 

0.5, is highly significant, whereas in F2s between Igl and translocations 

240 and 305 in which chromosome IV is not involved, no deviations from 

random segregation in the Igl Igl-class were found (table 4B). Also, no 

linkage could be detected in backcrosses between Igl and translocations 

242 (III-V) and 273 (VI-VII). It is therefore concluded that Igl is 

located on chromosome IV. 

In all F2s in which Igl segregated (table 4A and 4B), a significant 

shortage of Igl Igl plants was found, while in backcrosses between compa­

rable translocation heterozygous Fl mother plants and Igl Igl plants with 

a genetic background different from the mother (table 4B), the observed 

segregation was in good agreement with 1:1. Apparently, there is certation 

against pollen with genotype Igl. In addition, embryolethality may play a 

role, because F2s with lower germination rates tended to show a greater 

Igl shortage. As in the backcrosses no Igl shortage was observed, an 

effect of inbreeding on embryolethality must also be assumed. 

Table 6. Karyotype distribution among 37 out of 39 Igl Igl seedlings from 
an F2 (n = 244) between Igl and translocation 501 (1V-V1); 247 seeds were 
sown. 

Karyotype TT TN NN Total 

observed 0 11 26 37 
expected (r = 0.5) 9.25 18.5 9.25 37.0 x2 = 42.62 (P<0.01) 
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Chromosome V (6H) 

Chromosome V is involved in translocations 242 and 248. Linkage was 

established in F2s between both translocations and wk (table 4A), which 

must be located on chromosome V. No recombinants were found in the F2 

with translocation 248. 

Ckvomosome VI (5R) 

Chromosome VI is involved in translocations 240 (1I-V1), 273 (VI-V11), 

282 (1-VI) and 501 (IV-V1). 

Sybenga and Wolters (1972) already found linkage between br and trans­

locations 240, 282 and 273,- and between ti and translocations 240 and 

282, and they concluded that br and ti are located on chromosome VI. Table 

4A lists the recombination fractions between ti and translocations 273 and 

282 found in the present study in addition to the data from Sybenga and 

Mastenbroek (1980) concerning br and translocation 282. Using a telocen­

tric trisomie for the short arm of VI, the latter authors demonstrated the 

location of br in this arm. In F2s (repulsion phase) between br and ti of 

several thousands of plants, no recombinants were found, and F3 progeny 

testing did not reveal recombination either (Sybenga, unpublished). It is, 

therefore, concluded that br and ti are very closely linked, and both lo­

cated in the short arm of VI. 

Independent segregation of translocation 248 (V-VI1) from ct2 and wil 

respectively (table 4B) was found in the F2 of the cross TT wil Wil Ct2 Ct2 

x NN wil wil at2 ct2 . The same F2 however revealed linkage between ct2 and 

wil , (table 5), suggesting the location of both markers in one chromosome, 

different from V or VII. Linkage between ct2 and wil was established also 

in two F2s which involved translocations 240 (II-V1) and 501 (IV-VI) re­

spectively (table 7a-b). Moreover, linkage between wil and both these 

translocations appeared to be significant (table 4A), even in spite of a 

disturbed segregation of translocation 501. In addition, ct2 is linked 

with translocation 240 (table 4A), but no sufficient support for weak 

linkage with translocation 501 was found (table 4B). Nevertheless it is 

evident that ct2 and wil are both located on chromosome VI. F2s with br 

and ti were not available. 

28 



Table 7. Segregation in the F2 from Wil Wil Ct2 Ct2 TT x wil wil atZ ct2 NN, involving 
translocations 240(a) and 501 (b), respectively, r is significantly different from 
0.5 at the 5% level, except with ct.2-501. For fit of single factor ratios with their 
expectations, see tables 4A and 4B 

(a) 

(b) 

Karyotype 

TT 
TN 
NN 

Total 

Karyotype 

TT 
TN 
NN 

Total 

+ ,+ 

22 
32 
11 
65 

+ ,+ 

7 
41 
16 
64 

+ ,ct2 

0 
4 
2 
6 

+ ,at2 

3 
6 
1 

10 

Phenotyp 
wil 

0 
0 
7 
7 

+ 

Phenotyp 
wil , + 

2 
4 
5 

11 

e 
Wil 

0 
3 

14 
17 

e 
wil 

1 
7 

12 
20 

,0t2 

,ct2 

Total 

22 
39 
34 
95 

Total 

13 
58 
34 

105 

Linkage 
between: 

Wil-
wil-
ct2-

-ct2 
-240 
-240 

Linkage 
between: 

wil-
wil-
ct2-

-Ct2 
-501 
-501 

0 
0 
0 

0 
0 
0 

r + 

148+0 
166+0 
264+0 

r 

040 
041 
052 

r + s 
- V 

210+0 
323+0 
423+0 

046 
054 
059 

Table 8. (a) segregation observed in an F2 involving translocation 240 
and the complementary genes wil and wi2; (b) expected frequencies in 
terms of the recombination fraction r between wil and TN 240, assuming 
independent segregation of wi2 from wil and TN 240 respectively; (c) 
expected segregation when v = 0.152 (cf. table 4A) 

(a) Phenotype Karyotype 
TT TN NN 

Total 

Spring type 
Winter type 
Total 

10 
18 
28 

40 
27 
67 

23 
7 

30 

73 
52 

125 

(b) Phenotype Karyotype 
TT TN NN 

Total 

Spring type 

Winter type 

Total 

2 2 
6r-3r 6-6r+6r 

16 16 

2 2 
4-6r+3r 2+6r-6r 

16 16 

1/4 1/2 

3-3r2 

16 

1 Q 2 

l+3r 
16 

1/4 

9/16 

7/16 

1 

(c) Phenotype Karyotype 

Spring type 
Winter type 
Total 

TT 

6.58 
24.67 
31.25 

TN 

40.83 
21.67 
62.50 

NN 

22.90 
8.35 

31.25 

Total 

70.31 
54.69 

125.00 

The observed segregation (a) fits the expectation (c): x2= 5.13; d.f. 

29 



gr is also located on chromosome VI. Its localization will be discus­

sed in the section concerning the arm location of several markers. 

Chromosome VII (IB) 

None of the markers investigated in this study could be localized on 

the satellite chromosome. 

Four markers lg2 , ms, sr and wi2 have remained unlocalized. From the 

segregation of lg2 in the offspring of a compensating trisomie involving 

the telocentric of Via, it was concluded that this marker is not located 

on the short arm of chromosome VI. Due to scoring difficulties, sr could 

not be localized. In an F2 between sr and dw2 - in which sr could be 

scored unequivocally - the markers segregated independently from each 

other. 

Correct scoring of ms was hampered by male sterility of translocation 

homozygotes, which occurred in several F2s. 

Sybenga (pers. comm.) observed segregations of spring vs. winter types 

in several F2s, indicating the action of two complementary winter type 

genes with independent segregation. Surikov and Romanova (1978) also as­

sume participation of two factors in the control of winter or spring ha­

bit. In the present study, one F2 involving wil and TN 240 showed a segre­

gation between spring and winter types of 73:52 (table 8a), deviating sig­

nificantly from the expected 3:1 ratio (x2 = 18.37), but fitting a 9:7 

ratio (y2 = 0.23), so that we suppose that there is a second winter type 

gene wi2 , complementary with and segregating independently from wil• Table 

8b contains the frequency expectations of the six F2 classes under the as­

sumption that wi2 is not linked with translocation 240 either, while r is 

the recombination fraction between wil and TN 240. When 0.152 is substi­

tuted for r (table 4A), the expected numbers of table 8c are found. The 

expectation fits the observed segregation (x2 = 5.13; P=0.25) which sup­

ports the assumption that there is no linkage between wi2 and TN 240, in­

dicating that wi2 is not located on IIa or Vlb. 

Linkage groups 

Linkage group numbering in this article corresponds with the chromo­

some nomenclature of the Tritioinae, and follows the proposal of Sybenga 
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(table 2), which deviates from that given by Schlegel and Mettin (1982). 

Table 9 summarizes the conclusions of the present study, while also an 

attempt is made to relate the results with the linkage groups described by 

Schlegel and Mettin in their review. Except for ar:, at 2, wil and mo (see 

'MATERIALS AND METHODS'), identity of a marker from the present study with 

any one mentioned by Schlegel and Mettin in their table 8 is, in view of 

the source of the markers considered improbable. 

As for linkage group 1, no marker genes are localized on the satellite 

chromosome so far. 

Linkage group 2 contains the markers mo, Ps and dw2• Smirnov and Sos-

nikhina (1981) reported linkage between m (identical with mo, see table 1) 

and a gene el (elymoides), and between el and at, from which they con­

cluded that these markers are located on one chromosome. Based on the 

recombination fractions between m and el (r = 0.315) and el and at {r = 

0.435), and the independent segregation of m and at, an arrangement m-el-ot 

was proposed. Provided however, that ct2 is identical with at (see table 1 

and the discussion on linkage group 5), the localization of m and at in 

the same chromosome is in disagreement with the findings of the present 

study. It may be argued whether the very high recombination fraction be­

tween el and at found by Smirnov and Sosnikhina, provides sufficient evi­

dence to conclude that el and at are located in one chromosome. Conside­

ring the closer linkage between el and m (= mo), it was decided here to 

place el in linkage group 2, together with mo, Ps and dw2 (table 9). 

Linkage group 3 only contains dw3, and Igl is the only marker in 

linkage group 4. 

Table 9. Linkage groups of rye. Numbering of linkage groups provisional, 
according to the correspondence between our chromosome nomenclature and 
that of the Triticinae as proposed by Sybenga (in prep.). Gene symbols 
between brackets are from table 8 in the review of Schlegel and Mettin 
(1982) 

Linkage group Chromosome Markers 

1 VII 
2 III mo,Ps,dw2(el) 
3 II dw3 
4 IV Igl 
5 VI br,ct2,gr,ti,wil(ae,hs) 

V wh 
1 an,otl(a,wlb,vi,w) 

wi2,sr,ms,lg2(at,Hl) 
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Linkage group 5 contains the markers br, ct2, gr, ti and wil. The com-

pactum gene ct2 was provided to our department by Fedorov in 1967 (code 

number 'go8 ')• Fedorov, Smirnov and Sosnikhina in their publication sym­

bolized this gene as at (table 1 ) . Sturm et al. (1982) referring to these 

authors, reported the localization of at on their chromosome B. According 

to Schlegel and Mettin (1982), this chromosome corresponds with 7R, which 

is our chromosome I (Sybenga, in prep.). Provided that ct2 and et are iden­

tical, Sturm's findings and the localization of ct2 on chromosome VI (5R) 

in the present study are in conflict, because the morphological differen­

ces between chromosomes 5R and 7R are distinct. 7R is (sub)metacentric and 

has terminal C-bands in both arms of which the one in the shorter arm is 

often more pronounced, while 5R is subacrocentric with only one pronounced 

terminal C-band in the short arm (Schlegel and Mettin, 1982). Crosses be­

tween ct2 and at are required to test their identity. Until then at cannot 

be assigned to any of the linkage groups established here. The same ap­

plies to the dwarf gene Hi which has been located on chromosome B also 

(Sturm and Engel, 1980). A recombination fraction between Ht and at of 

0.39 is mentioned by Schlegel and Mettin (1982). 

Surikov and Romanova (1978) reported linkage between their markers ae 

(winter type) and hs (glabrous leaf sheath) (r = 0.323 + 0.024). With re­

gard to their source, it is not unlikely that wil and ae are identical 

(see table 1 ) , although again results of allelism tests are not available. 

Under this reserve ae and hs are placed in linkage group 5. 

Linkage group 6 only contains wh. 

Linkage group 7 contains an and otl, closely linked. Several authors 

(see references of table 1) have described one main factor with monogenic 

recessive inheritance, effecting the anthocyanin colouring of the caryop-

sis (xenia), coleoptiles and nodes of rye seeds and plants while its ex­

pression may be influenced by one or more other genes. Sturm et al. (1981) 

reported the localization of a similar factor (a) on their chromosome C, 

corresponding with chromosome 3R according to Schlegel and Mettin (1982). 

Provided that an and a are identical - which has not been tested yet - and 

the proposal of Schlegel and Mettin is correct, there is disagreement 

between the findings of Sturm et al. and the localization of an on chro­

mosome I (7R) in the present investigation. However, since the morpholo­

gical differences between chromosomes 3R and 7R are not as distinct as 

between 5R and 7R (Schlegel and Mettin, 1.c.),identity of chromosome C 

with I is not excluded, which may be tested by a cross between Sturm's 

trisomie C and translocation 282, involving chromosomes 5R and 7R. 
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Arm location 

To establish the arm location of a marker, use can be made of telo­

centric trisomies, which is illustrated by the localization of ti and br 

on the short arm of VI. Tertiary and telocentric tertiary compensating 

trisomies (Khush, 1973) can also be applied, and may even provide accurate 

details on the markers' position. 

Examples are given here of the use of tertiary trisomies in the loca­

lization of Vgl and ti, and of telocentric tertiary compensating trisomies 

in the localization of ct2 , gr, wil and wh- The location of an on chro^ 

mosome arm lb has been established earlier by Sybenga and Mastenbroek 

(1980). 

Table 10 shows the segregation of the gene Igl in the selfed offspring 
IV of a tertiary trisomie with chromosome VI of translocation 501 as the 

extra chromosome. As discussed earlier, shortage in the Igl class is ob 

served in several F2s, giving segregations significantly deviating from 

3:1 (table 4A and 4B). The opposite applies to the Igl segregation in 

table 10, where a significant excess of Igl individuals is found (x
2 = 

20.35). This segregation can only be explained, when the dominant allele 

Lgl is in the exchanged segment of chromosome VI , with recessive alleles 

Igl on both normal chromosomes IV. (This is a balanced tertiary trisomie, 

symbolized by -&• ^ ^— . Since the exchanged segment of translocation 

chromosome VI corresponds with the terminal part of the long arm of 

chromosome IV (cf. de Vries and Sybenga, 1976), it is concluded that lgl 

is located terminally in IVb. 

Based on the low recombination of br in a telocentric trisomie for the 

short arm of chromosome VI, Sybenga and Mastenbroek (1980) supposed that 

this marker is located fairly close to the centromere. This would also 

apply to t i , due to the very close linkage between ti and br. The same 

authors point out however, that the distance between the locus and the 

centromere might have been underestimated as a result of reduced pairing 

in the centromere region of telocentric trisomies. The segregation of ti 

in the selfed offspring of a balanced tertiary trisomie with chromosome 
VI Ti ti ti 

III of translocation 305 as the extra chromosome (genotype : 
& J P T N N ' 

table 11) revealed that the tigrina locus (ti) is located in the small 
VI 

exchanged segment of chromosome III which corresponds with the terminal 

part of Via, so that ti has indeed a more terminal position than previous­

ly assumed. 
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Table 10. lgl segregation in the selfed 
offspring of a balanced tertiary tri­
somie with an extra translocation chro­
mosome V I ™ of 501. VI-" carries the 
dominant Lgl allele, while both copies 
of IV carry the récessives (see text). 
Presence of one copy of VI ^ indicated 
by 'T', of IV by 'N ' 
Phenotype Karyotype 

Table 11. t i segregation in the selfed 
offspring of a balanced tertiary tri­
somie with an extra translocation chro­
mosome II1V 1 of 305. II1V 1 carries the 
dominant Ti allele, while both copies 
of VI carry the récessives (see text). 
Presence of one copy of 111"-'- indicated 
by 'T', of VI by 'H' 
Phenotype Karyotype 

Lgl 
lgl 
Total 

TTNN* 

1 
0 
1 

TNN 

18 
5 

23 

NN 

14 
27 
41 

Total 

33 
32 
65 

Ti 
ti 
Total 

TNN 

158 
1 

159 

NN 

2 
202 
204 

Total 

160 
203 
363 

IV 
VI transmitted by pollen and egg 

Table 12 contains data concerning the segregation of ct2, gr and wil 

in backcross- and selfed offsprings of a telocentric tertiary compensating 

trisomie, in which one chromosome 11 is replaced by telocentric IIa and 

chromosome II of translocation 240 ("compensating trisomie 240-IIa"). 

The two normal homologues of chromosome VI are present in this trisomie, 

while the exchanged segment of chromosome II corresponds with a large 

part of the long arm of VI (fig. 2 ) . 

Table 12. Segregation of at 2, gr and wil in offsprings of compensating 
trisomie 240-Ila (fig. 2). 'T' indicates simultaneous presence of translo­
cation chromosome Ilvl and telocentric lia, 'N' represents one copy of VI. 
(a) ct2 segregation in a cross between compensating trisomie 240-IIa in 
which one copy of VI carries a dominant, the other a recessive ct2 allele, 
and ct2 at2 NN male tester parents, (b), (c) and (d) segregation of gv, wil 
and ct2 respectively in the selfed offspring of a compensating trisomie 
240-IIa in which one of the copies of VI carries the dominant, the other 
the recessive alleles of these genes. In all instances, the dominant al-
lelle is located on the exchanged segment of II VI 

(a) Phenotype Karyotype 

Ct2 
at2 
Total 

TNN 

27 
1 

28 

NN 

63 
39 

102 

Total 

90 
40 

130 

(c ) Phenotype Karyotype 
TNN NN Total 

(b) Phenotype 

Total 

(d) Phenotype 

Karyotype 
TNN NN Total 

Karyotype 

Ct2 
ot2 
Total 

TNN 

21 
0 

21 

NN 

52 
12 
64 

Total 

73 
12 
85** 

no ears observed in 5 gr plants (compare table 12b) 
ct2 scoring impossible in all 15 gr plants and in 9 out of 13 wil 
plants (compare tables 12b and c) 
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Fig. 2. Telocentric tertiary compensating trisomie 240-IIa . 
Telocentric 11a and chromosome l l v l of translocation 240 
compensate the absence of one normal chromosome 11. Both normal 
chromosomes VI are present. 
Numbers indicate different positions of the gene gr (see text): 
1 - on lib; 2 - on 11a and interstitially in I I V I ; 3 - on 11a 
but not interstitially in I I V I ; 4 - on Vlb. 

telo 113 C 

lVI 

II 

VI 

VI 

The location of wil and ct2 on chromosome VI has already been discus­

sed, and from tables 12a, c and d it is concluded that both markers are 

located in the long arm Vlb. 

Grass type (gr ) individuals spontaneously segregated in the same F2 

population. In table 12b, the gr segregation among the 21 trisomies de­

viates significantly from 3:1 (y2 = 7.0), so that evidently this marker is 

also located on one of the 'compensating' chromosomes, i.e. either in telo 

IIa, in translocation chromosome II , or both (fig. 2 ) . The gr segrega­

tion among the 88 normal individuals (table 12b) fits a 3:1 ratio (y2 = 

2.97), indicating that both the dominant and the recessive gr allele are 

present in the normal genome. Since in compensating trisomie 240-IIa the 

normal chromosome II is present single, it is concluded that the gene gr 

is located on chromosome VI (arm Vlb, position 4 in fig. 2 ) , of which both 

normal homologues are present. Data on linkage of gr with wil and ct2 are 

not yet available. 

A diagram of chromosome VI with the approximate position of its 

markers is given in fig. 3. 

Fig. 3. Arrangement of the markers br, at 2, gr, ti and wil on chromosome 
VI. C is centromere. Arrows indicate breakpoint positions of 
translocations 240 and 305. Position of gr relative to wil and ct2 
is yet unknown. Recombination fractions are from table 7a. 

VI. 
br a 

ti wi1 ct2 
_ , , 1 1 — 

4. r. 4. 0.166+0.041 I 0.148 + 0.040 \ 
305 2 4 0 0.264+ 0.052 1 35 



Table 13. wh segregation in the selfed offspring of compensating tri­
somie 248-VIla. Simultaneous presence of translocation chromosome Vll 
and telocentric Vila indicated by 'T', of normal chromosome V by 'N'. 
Both copies of V carry the recessive wh allele, while Vll^ carries the 
dominant allele on its exchanged segment (see text) 

Phenotype 

Wh 
wh 
Total 

Karyotype 
TTNN* 

5 
0 
5 

TNN 

79 
0 

79 

NN 

3 
138 
141 

Total 

87 
138 
225 

V 
* : chromosomes Vll and Vila transmitted by pollen and 

The segregation of wh in the selfed offspring of a balanced telocen­

tric tertiary compensating trisomie in which one of the satellite chromo­

somes is replaced by the telocentric of the satellite arm and chromosome 

Vll of translocation 248 ("compensating trisomie 248-VIla, genotype 

) is given in table 13. The localization of wh on chromosome V, 
T N N 

which is present two fold in the trisomie, has been discussed in a previ­

ous section. Because the small exchanged segment of chromosome VII is 

identical with the terminal part of Va, it is concluded from table 13 that 

wh is located terminally in the short arm of chromosome V. 
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