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Identification of Rye Chromosomes: the Giemsa Banding Pattern 
and the Translocation Tester Set 
J.M. de Vries and J. Sybenga 

Dept. of Genetics, University of Agriculture, Wageningen (The Netherlands) 

Summary. The Giemsa banding pattern is given for eleven reciprocal translocations of rye, Secale cereale L., 
together involving all chromosomes at least once, and one telocentric substitution. It is possible to correlate 
the identification system based on the Giemsa pattern with that based on the translocation tester set. The loca- 
tion of the translocation break points could be determined very exactly for a number of translocations, some- 
what less exactly for others. The variations in the banding pattern, resulting from genetic, environmental and 
technical variation, make definite identification with the nomenclature system of the different rye additions to 
wheat difficult. An attempt is made, but some caution is necessary. 

Introduction 

The Giemsa banding technique has not been as success- 

ful in plants as in animals. This is probably mainly 

due to the structure of the cell boundary and the con- 

stitution of the cytoplasm and perhaps also to differ- 

ences in the chemical composition of the chromoso- 

mes. Yet several instances have been reported of 

successful identification of chromosomes, and even 

short segments of chromosomes, on the basis of 

Giemsa banding. One example is rye, which takes an 

intermediate position in banding pattern: it does not 

have the detailed pattern of mouse and man, but it 

does have several characteristic large bands (predo- 

minantly at the chromosome ends) and a number of 

smaller and very small bands, some of which are also 

quite characteristic. Because of the great interest in 

rye cytogenetics, several authors have attempted to 

develop new, or to adapt existing, techniques of Giem- 

sa banding to rye. There appears to be considerable 

variation in the results, which may be due to genetic 

differences between the materials used, differences 

in the biochemical or physiological condition of the tis- 

sues worked with and to slight, or occasionally con- 

siderable, differences between the techniques applied. 

It is usually difficult to decide which factor has oper- 

ated in each case where a different outcome is obser- 

ved. There is clearly a genetic factor, but even with 

the same material grown under apparently the same 

conditions and with, as far as can be judged, thesame 

techniques, rather variable results may be obtained. 

Although the most characteristic terminal bands tend 

to be rather constant (with a few exceptions), as are 

a few large and small interstitial bands, many of the 

smaller bands are variable in expression. Proximal 

bands appear quite clearly in some instances, but often 

do not appear at all. 

There are four main fields of interest in Giemsa 

banding of rye chromosomes for identification purpo- 

ses : 

a) Identification of all individual chromosomes in the 

normal rye complement (Sarmaand Natarajan 1973; 

Verma and Rees 1974). 

b) Identification of chromosomes, chromosome arms 

or even smaller segments in structural (transloca- 

tion etc. ) and numerical (trisomic) variants. 

c) Identification of individual rye chromosomes and 

their possible structural rearrangement in addition 

lines of rye, primarily to wheat (Darvey and Gustaf- 

son 1975; Gill and Kimber 1974). 

d) Tracingthe fate of individual rye chromosomes in 

interspeeific hybrids and amphidiploids, mainly Tri- 

ticales (Darvey and Gustafson 1975; Merker 1973). 

Analysis of the Giemsa banding pattern of rye is also 

interesting for comparisons with wild S ecale species 

in studies of the evolution of the genus. 

We have attempted first to describe again the nor- 

mal genome of rye, secondly to locate the breakpoints 

of the translocations in the tester set, and thirdly to 

correlate the nomenclature of rye chromosomes as 

based on the translocation tester set of Sybenga and 

Welters ( 1972 ) with that based on the additions to wheat. 

This is of special interest, since in the latter the na- 

ming of the rye chromosomes has been made to cor- 

respond with that of the wheat homoeologous groups. 
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Materials and Methods 

In addition to the normal complement, eleven reci- 
procal translocations, all except a few described ear- 
lier as being part of the "tester set" of Sybenga and 
Wolters ( 1972), two telocentric substitutions and the 
standard B-chromosome were analysed. The material 
was derived from the combination of different inbred 
and outbred lines with a preponderance of Petkus ori- 
gin, and was mainly of spring type. Of the rearrange- 
ments, homozygotes as well as heterozygotes were 
studied. The few normal types studied were derived 
from the same general genetic population as the trans- 
locations. 

The Giemsa technique used is a variant of thetech- 
niques reported by several authors. Seedlings were 
germinated in petridishes for 36hrs (adapted from 
Wolff and Luippold 1956). This was followed by a 3 hrs 
treatment in 0.5 ~ colchicine, fixation in 1:3 acetic 
alcohol for 5(-15) min., 45 ~ acetic acid for 30 min. , 
and 5 ~ cellulase + 5 ~ pectinase for 2- 4 hrs. Squash 
preparations were made in 45 ~ acetic acid, using egg- 
albumen-glycerine coated cover slips. The slides were 
made slightly greasy. After removing in absolute al- 
cohol the coverslips were dried overnight in open air 
at room temperature. The next day a 4 I/2 min. 
Ba(OH)2(air-free, saturated) treatment at 23.5~ 
was followed by thorough rinsing in running water. 

Subsequently the coverslips were treated in 2 • SSC 
at 60~ (lh.) and then cautiously rinsed in gently 
running water. After drying in air the preparations 
were stained in I ~ Giemsa (Gurr improved R66) for 
15 rain. at pH 6.8 with occasional stirring of the solu- 
tion. Differentiation was accomplished by a 15 rain. 
rinse in gently stirred buffered (pH 6.8) water. After 
drying, via a xylene series, permanent slides were 
made in Euparal. 

This technique, although somewhat more discrim- 
inative, resembles the C-banding techniques of ani- 
mal cytology, which are considered to stain princi- 
pally the constitutive heterochromatin. This may be 
one reason why finer bands are less clearly stained 
than the large bands and why in plants, the banding 
patterns are in general not as detailed as those in a- 
nimals produced with the G-banding techniques in- 
volving trypsin-SSC treatments. In plants, the tryp- 
sin treatment is not effective. 

Results 

The Bands (Figs. 1,2) 

a) Centromeric (proximal) bands appeared infre- 

quently with our technique and, when they appeared, 

were similar for all chromosomes. As these bands 

did not contribute to the identification of particular 

chromosomes, no attempts were made to improve 

their intensity and/or the frequency of their appear- 

ance. 

b) Distal bands were very characteristic and were 

the main means of recognizing chromosome arms. 

They varied from absent to large, and an arbitrary 

scale of ten units was introduced to describe them 

(0,0 +, S-, S, S +, M-, M, M +, L-, L). Some bands 
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Fig. I. Classification of bands (compareFigs. 2, 3, 4). 
a: Constant terminal band, large size (L) 
b: Constant terminal band, small (S) 
c : Terminal band varying between small (S) and medium 
(M) 
d: Constant interstitial band of small size (ci) 
e: Facultative interstitial band, relatively large (fi) 
f: Facultative interstitial band, small (fi) 

were much more constant than others, but in general 

only a few were really variable in size. In the drawings 

the area over which these varied has been shaded. 

Some very small bands could disappear in weakly stain- 

ed cells. 

c) "Constant" interstitial bands (ci). Except for a 

few, these bands tended to be small. Their frequency 

was low. They were quite characteristic for the seg- 

ments in which they occurred. 

d) "Facultative" interstitial bands (fi). Small, 

often somewhat indistinct bands appearing rather in- 

frequently. In some cells their frequency could be re- 

latively high, but generally there was little system 

and correlation in their appearance. A few were suf- 

ficiently characteristic to aid identification of speci- 

fic chromosome segments. 

The normal karyotype (Fig. 2 ) 

The classification is that of Sybenga andWolters ( 1972 ). 

Since, in fact, the definite classification has been 

made with the aid of the translocations andtelocentric 

substitutions discussed in the next section, it would 

seem logical to consider the normal karyotype after 

the translocations. To simplify the discussions, how- 

ever, it was decided to start with a description of the 

normal karyotype. 
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Fig.2. The Giemsa banding pattern of the rye genome 
a : Diagrammatic 
b: Photomicrographs of the actual chromosomes 

Chromosome I : metacentric; arm length ratio 1.0 - I. I. 

Small terminal band on both arms, one (S) sligthly 

larger than the other (S-). Narrow, constant inter- 

stitial band (ci) close to larger terminal band. Single 

facultative narrow interstitial band (fi) in both arms; 

that in arm with smaller terminal band more proximal 

than the other. 

ChromosomeII: metacentric; arm length ratio I. I - 1.2. 

Large terminal band in one arm, medium (M) band in 

other. No further features ever observed. 

Chromosome Ill : submetacentric; arm length ratio 

l. 2 - I. 3. Somewhat variable, medium to large ( M - L- ) 

band in shorter arm, short (S- - S) band in longer 

arm. No further clear discriminating features. 

Chromosome IV: submetacentric, arm length ratio 

1.4 - 1.6. Small terminal band (S) in shorter arm, 

no terminal band (0) in longer arm. Clear narrow, 

constant interstitial (ci) band in long arm. Faculta- 

rive double interstitial (fi) bands subterminal and at 

1/3 from centromere, again in long arm. 

Chromosome V: subacrocentric, arm length ratio 

1.6 - 1.8. Medium terminal band (M) in short arm, 

and very small terminal band (0 +) in long arm. Nar- 

row, constant interstitial (ci) band near end of long 

arm. Facultative but often rather conspicuous (fi) 

band near middle of long arm. Small facultative (fi) 

often conspicuous bands distally almost terminally, 

especially in long arm, less frequent distally in short 

arm. 

Chromosome VI: subacrocentric, arm length ratio 

1.8 - 2.1. Banding pattern very similar to that of 

chromosome V, but with somewhat less frequent and 

less conspicuous facultative bands, particularly in 

distal portion of long arm. Terminal bands in long arm 

never observed. 

Chromosome VII : (satellite chromosome) : subme- 

dian, arm length ratio 1.2 - 1.3. The only chromoso- 

me consistently recognizable without the aid of banding. 

Medium terminal band (M) in short, satellited arm, 

somewhat variable (M - M +) medium terminal (M) 

band in long arm. Substantial, constantly appearing 

but slightly variable interstitial band (ci) just proxi- 

mal to secondary constriction. Facultative small in- 

terstitial bands (fi) in central and distal positions in 

long arm and in central position in short arm. 
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Standard B-chromosome; small, acroeentric, arm 

length ratio 3.5 - 5.0. Large but (in our material) 

only rather light staining terminal band in long arm. 

No terminal, but one ci band in short arm. One con- 

stant, (ci) and two facultative (fi) narrow, rather 

light staining interstitial bands in long arm. Small, 

rather constant, light staining centromeric bands. 

The banding pattern is similar to that of all literature 

reports, but the staining intensity is rather low in our 

material. 

On the basis of these descriptions it should be pos- 

sible to correlate this classification with those given 

elsewhere in the literature, but the correspondence 

between the different reports is somewhat discoura- 

ging. Possible reasons have been discussed in the in- 

troduction. An attempt to correlate the different no- 

menclature systems will be made in the discussion. 

Translocations and telocentric substitution 

Two complete telocentric substitutions were available, 

for chromosomes II and VII. Since chromosome VII 

can be recognized unequivocally, only chromosome II 

will be considered. Since it was of special importan- 

ce for the identifications, the telocentric substitution 

was identified as chromosome II by testing against the 

translocation tester set. Very consistently one of the 

two telo' s carried a large terminal band, the other a 

medium band. In the normal set only one chromosome 

with this constitution can be distinguished, which, 

therefore, must be chromosome If. 

Translocation 240 (chromosomes II and VI, Fig. 

3 a) . exchanged segments very different in length, re- 

sulting in recognizable translocation chromosomes. 

The small translocation chromosome necessarily con- 

tains the complete short arm of VI and at the end of 

the other arm has a translocated segment of II. Inthat 

particular arm a large terminal band is present, indi- 

cating which arm of II is involved. The other arm has 

a M terminal band, which (therefore) characterizes 

the short arm of VI. The large translocation chromo- 

some carries a M band in the shorter arm, corres- 

ponding in length with the M-carrying arm of If. The 

longer arm lacks a terminal band, and must corres- 

pond distally with the long arm of VI. In the stockused 

very little could be observed of smaller interstitial 

bands. The breakpoints can, therefore, only be located 

approximately on the basis of length comparisons. Ho- 

mozygotes for translocation 240 lack normal chromo- 

some VI, and thus permit a description of V, which is 

the only subacrocentric chromosome left. Occasional- 

ly, chromosome IV may resemble V in shape, andthus 

homozygotes for translocation 240 can only helpto des- 

cribe V when some distinctive characteristics of IV and 

V are known. 

Translocation 242 ( chromosomes III and V, Fig. 3 b ). 

Again, the translocation chromosomes can be recog- 

nized. The short translocation chromosome has one 

complete arm derived from V. It carries a clear M 

band, as present in the short arms of V and VI. The 

other arm of this chromosome is completely free of 

terminal bands. This is peculiar, since both arms of 

Ill carry a clear terminal band. It would suggest a 

"simple" translocation, but it is known that at meiosis 

the heterozygote forms ring quadrivalents in 10 )~ of 

the PMC's in some material, requiring the presence 

of a considerable exchanged segment. It is possible 

that part of the terminal band of Ill is transferred to 

the remnant of the long arm of V where it is not ex- 

pressed as a band. In the long translocation chromo- 

some the variable L terminal band of the shorter arm 

of III appears as a terminal band, but the S terminal 

band of the longer arm of Ill now appears as an inter- 

stitial band in the long arm of the large translocation 

chromosome. The end of this arm does not carry a 

band recognizable in the material studied; it is deriv- 

ed from the long arm of V. The constant and faculta- 

tive interstitial bands of V reappear. The proximal 

faeultative band in the long arm of V now is located in 

the short arm of the small translocation chromosome, 

close to the end. This shows that the breakpoint must 

have been just distal of this band. For this transloca- 

tion, therefore, the breakpoints can be determined 

rather accurately. 

Translocation 248 (chromosomesV and VII, Fig.3 c) . 

The exchanged segments are not very different, but 

since the satellite is clearly increased in size and the 

short arm of V has become just enough shorter to be 

recognized, the translocation and the arms involved 

can be recognized even in normal preparations. The 

exchanged segments each carry a M terminal band. 

This translocation together with 242 permits a good 

characterization of chromosome V (compare Fig.2). 

The location of the breakpoint can be determined rath- 

er exactly even without banding, which in this material 

did not add to the accuracy. 
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Fig.3. Diagrams of the banding pattern for eleven translocations of rye, 
together with the normal chromosomes involved. The breakpoints are 
indicated by arrows 

Translocation 256 (chromosomes V and VII, Fig. 3 d) . 

The non-satellited, long arm of VII is involved andhas 

become much shorter. The facultative small intersti- 

tial bands were too unclear in the material used to 

serve as a landmark for locating the breakpoint inthis 

arm. The short arm of V is involved also , is consider- 

ably longer and now carries a M + terminal band. This 

translocation also is useful for characterizing chro- 

mosome V. The breakpoint could not be located very 

accurately. 

T r a n s l o c a t i o n  273 ( c h r o m o s o m e s  Vl  a n d  V I I ,  F i g .  3 e ) 

r e s e m b l e s  2 5 6 ,  bu t  n o w  i n v o l v e s  t h e  s h o r t  a r m  o f  VI 

in addition to the long arm of VII. It helps in charac- 

terizing VI, which closely resembles V, but does not 

yield much further information. 

Translocations 282, 300, 303 (Figs.3 f' g'h; 4 a) are 

an interesting set, since all involve chromosomes I 

and VI (the long arm of which is shortened). In parti- 

cular, 282 and 300 are very similar in appearance, 

both involving the same arm of I. Translocation 303 
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Fig.4. Comparisons of a number of translocations with breakpoints at 
different locations in the same chromosomes. 
a: 282, 300 and 303 
b: 242 and 305 
c : 248 

involves the other arm and also has a different appear- 

ance as the long arm of VI is even more reduced than 

in the other two. In 282 and 300 the translocation 

transfers the S terminal band of I to the (original- 

ly) long arm of VI. The segment lost from I must 

be small as VI I is small. In both cases the S- expres- 

sion of this arm seems to be reduced to 0 +, but how 

consistent this is remains unclear. The segment re- 

moved from VI to I contains the interstitial band of VI 

in the case of 300, but not so for 282. Since the small 

VII chromosomes of both translocations are very sim- 

ilar, the I segment transferred to VI must be slightly 

larger for 300 than for 282. This leaves little room for 

variation, and thus the breakpoints are fairly exactly 

determined. In translocation 303, the breakpoint in 

the long arm of VI must be quite proximal, as this arm 

is very small after translocation, and it can be seen 

to contain the ci and S segments of the arm derived 

from I. The breakpoint in I must be rather distal. Al- 

though in the material used the interstitial bands in I 

and VI could not be clearly observed, because of the 

shortness of the translocation arm of the VI I chromo- 

some, the breakpoints can be fairly exactly located. 

Translocation 305 (chromosomes Ill andVI, Fig. 3 i , 

4 b) . Unlike most translocations involving the subacro- 

centric chromosomes V and VI, in this case the short 
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arm of VI is involved. As in 242, the long arm of III 

is involved, but the breakpoint must be close to the 

centromere, as the translocated Ill VI arm is quite 

small and still carries the entire M terminal band of 

the short arm of VI. For the same reason the break- 

point in the short arm of VI must be quite distal, just 

inside the terminal band. In the nontranslocated arm 

of VI Ill, the normal ci band of the long arm of VI was 

clearly recognized. 

Translocation 306 (chromosomes V andVIl, Fig. 3 j ) 

involves the same chromosomes as 248 (Fig.3c,4 c) 

but differs from it conspicuously in shape. One break- 

point is in the short arm of VII, proximal to the sat- 

ellite, transferring the satellite to V, where the break- 

point is in the long arm. The location of the breakpoints, 

curiously, presents some problems. An interstitial 

band is observed in the translocated V VII arm, close 

to the satellite and too far out in this arm to be the con- 

stant interstitial band of V. It is smaller, however, 

than the band normally appearing near the secondary 

constriction in the satellite chromosome. A rather 

narrow interstitial band also appears in the translo- 

cared arm of VII V, which is somewhat less distal than 

is normal for the ci band in the long arm of V, and 

also more proximal than the ci band in Vll. The most 

probable conclusion is that the breakpoint is rather 

proximal in VII and that the i band of VII is transfer- 

red to V, where its expression is reduced. The termi- 

nal segment transferred from V to Vll must then show 

an unusual extension. 

Translocation 501 (chromosomes IV and VI, Fig. 3 k ) 

in appearance resembles 240, 242, 282 and 300. A 

large segment of the long arm of VI, including the sub- 

terminal ci band, is transferred to the long arm of IV. 

In IV, the breakpoint must be distal of the ci band, 

since this band appears in the large translocation chro- 

mosome. Where exactly in the long arm of VI the other 

breakpoint is located is not clear, as the facultative i 

band in VI did not show up in the translocation mate- 

rial used. From length comparisons, however, the 

location can be determined quite accurately. 

Discussion 

One of the purposes of this analysis was to correlate 

our rye chromosome nomenclature (based on arm 

length ratio and used in designating the chromosomes 

involved in the translocation tester set) with the no- 

menclature used in rye-wheat cytogenetics. In the 

latter case, the rye chromosomes are present as ad- 

ditions to wheat, and it is reasonably well established 

with which wheat chromosomes they are homoeologous. 

Thus, rye chromosome 1 is designated as RI and is 

homoeologous to wheat chromosomes At, B1, DI. 

Comparison of our results with those of Gill and Kim- 

ber (1974) and Darvey and Gustafson (1975) might 

thus make it possible to correlate the two systems of 

nomenclature. We will also consider the analysis by 

Verma and Rees (1974) of a S. cereale • S. vavilovii 

derivative, closely related to S. cereale. 

It is clear that there are considerable differences. 

These may be due to variations in the techniques, dif- 

ferences in the condition of the material, differing ex- 

pression of certain bands resulting from genotypic dif- 

ferences in the rye chromosomes, differing expression 

of certain barlds in wheat vs. rye genetic background 

and, perhaps, chromosomal rearrangements. Never- 

theless, a few chromosomes can be recognized beyond 

doubt. 

Chromosome IR, for instance, clearly corresponds 

with our VII, the satellite chromosome. In wheat, the 

secondary constriction (as is the nucleolus at inter- 

phase) of this chromosome is suppressed. 

Chromosome 2R is variable in shape in the differ- 

ent sources of Darvey and Oustafson (1975) but meta- 

centric in Gill and Kimber' s (1974) photograph. We 

believe it to correspond to our II, although the two 

heavy terminal bands we observed do not both occur in 

Gill and Kimber's (1974) 2R. Our II fits in the range 

of Darvey and Gustafson's (1975) 2R, but our main 

argument that 21R is II is that there is no other convin- 

cing candidate. 

Chromosome 3R also might be If, but we are more 

inclined to believe that it is I. Darvey and Gustafson 

(1975) observe only occasional doubleness of one of 

the two bands, and they, as well as Kimber, report 

occasional small interstitial bands, as in our I. Incur 

material I is median, like 3R in the literature reports, 

but I is not usually one of the largest chromosomes of 

the set as Darvey and Gustafson (1975) report for 3R. 

One complication with I is that it is involved in the 

translocations which have occurred in the evolution of 

S. cereale (Van Heemert and Sybenga 1972). This 

should have made substitution comparisons inconclu- 

sive for this chromosome but this does not appear from 

the literature. 
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S i n c e ,  in t h o s e  o ld  t r a n s l o c a t i o n s ,  on ly  one  s e g m e n t  

of t h i s  p a r t i c u l a r  c h r o m o s o m e  w a s  e x c h a n g e d ,  p e r h a p s  

i t s  e f f e c t  w a s  too s m a l l  to be d e t e c t e d  in s u b s t i t u t i o n s .  

F o r  t h e s e  t h r e e  c h r o m o s o m e s  (VI I ,  II and  I ) ,  c o r r e s -  

p o n d e n c e  wi th  V e r m a  and  B e e s  (1974)  w a s  g o o d .  

C h r o m o s o m e  4 R / T B  a p p a r e n t l y  i s  i n v o l v e d  in a 

t r a n s l o c a t i o n  of o ld  o r i g i n  a n d ,  f o r  t h i s  r e a s o n ,  t h e  

o t h e r  two c h r o m o s o m e s  i n v o l v e d  in the  c o m p l e x  jus t  

m e n t i o n e d  a r e  t he  f i r s t  c a n d i d a t e s :  tII and  V ( V a n  

H e e m e r t  and S y b e n g a  1972) .  tt  would h a v e  b e e n  m o r e  

s a t i s f a c t o r y  if it had  b e e n  p o s s i b l e  f i r s t  to e s t a b l i s h  

c o n v i n c i n g  c o r r e s p o n d e n c e  b e t w e e n  D a r v e y  and  G u s -  

t a f s o n  s (1975)  and  o u r  c l a s s i f i c a t i o n  and s u b s e q u e n t -  

ly to c o n c l u d e  tha t  o u r  HI and  V c o r r e s p o n d  wi th  41R/7R 

and 7F{/,IY{. In v i ew of  t h e  m a n y  u n c e r t a i n t i e s  e n c o u n -  

t e r e d ,  h o w e v e r ,  we  f ee l  tha t  the  p r e s e n t  a p p r o a c h  is  

the  b e s t .  A c c o r d i n g  to D a r v e y  and G u s t a f s o n  ( 1 9 7 5 ) ,  

IB,'71R ( p r o b a b l y  c o r r e s p o n d i n g  wi th  7R of Gil l  and  

K i m b e r  1971) h a s  a c h a r a c t e r i s t i c  i n t e r s t i t i a l  b a n d  

in the  long a r m  and  a few s m a l l  approximate ly  t e r m i -  

nal  b a n d s  in t he  s a m e  a r m ,  c o m b i n e d  wi th  a r a ~ h e r  

h e a v y  band in t he  s h o r t  a r m ,  so  it i s  m o r e  p r o b a b l y  

i d e n t i c a l  to V than  to III.  The s u b m e d i a n  l o c a t i o n  of  

t he  c e n t r o m e r e  and  t h e  o f t e n  p r o n o u n c e d  t e r m i n a l  band  

in the  long a r m  a r e  not s u f f i c i e n t  r e a s o n  to r e j e c t  t h i s  

c o n c l u s i o n ,  a s  t h e r e  i s  enough  v a r i a t i o n  in t h e  m a t e -  

r i a l  to c o v e r  t h i s  d e s c r e p a n c y  s a t i s f a c t o r i l y .  V e r m a  

and  B e e s '  (1974)  5,  h o w e v e r ,  h a s  a l a r g e  b a n d  in t he  

l ong  a r m  which  i s  d e f i n i t e l y  d e v i a n t  f r o m  o u r s ,  but 

c o r r e s p o n d s  wi th  t he  long a r m  of  4Ft /7R of 1Darveyand  

G u s t a f s o n  ( 1 9 7 3 ) .  T h e i r  4 and 6 c o r r e s p o n d  wel l  wi th  

o u r  IV and VI .  

C h r o m o s o m e  3F{ o b v i o u s l y  c o r r e s p o n d s  wi th  o u r  VI,  

c h r o m o s o m e  6R wi th  o u r  tV and  c h r o m o s o m e  71R/4R 

(Gi l l  and K i m b e r  1974, c h r o m o s o m e  4R)  wi th  o u r  III .  

The 3 of V e r m a  and B e e s  (1974)  h a s  s o m e w h a t  d i f f e r -  

ent  b a n d s  c o m p a r e d  wi th  o u r  III ,  but not s e r i o u s l y  s o .  

A l t h o u g h  wi th  s o m e  r e s e r v a t i o n s  ( d e s c r e p a n c i e s  

m a y  h a v e  b e e n  i r o n e d  out too  e a s i l y ) ,  t h e  f o l l o w i n g  

t a b l e  can  now b e  c o n s t r u c t e d :  

D a r v e y  and  G u s t a f s o n  (1975) S y b e n g a  and  W o l t e r s  (1972) 

Gi l t  and K i m b e r  (1974)  

1B VII 
2R II 
3B I 

4 a / T a  v 
5R VI 
6R IV 

7R/41R Ill 

In view of the variation observed in the rye chro- 

mosomes of different origin, and even the same origin 

under different conditions, it is necessary to have 

some more certainty. This is rather difficult to obtain. 

In an attempt to combine the translocations of the tes- 

ter set with the addition lines receivedfromDrs. Sears 

and Driscoll (the same source as used by Darvey and 

Gustafson 1975), we found seriously reduced associa- 

tion between homologous rye chromosomes and some 

increased association between homoeologous wheat 

chromosomes. This resulted in trivalent formation in- 

volving wheat chromosomes, and insufficient trivalent 

formation between rye chromosomes in the cases where 

a rye addition chromosome should have associated with 

two partly homologous translocation chrom=,somes of 

rye. This made the analysis inconclusive. In a few in- 

stances, however, rather convincing indications were 

observed. One was that Sears' addition line D(4B/TR 

according to Darvey 1973) would correspond with our 

I rather than with V. This is not entirely impossible, 

but rather improbable, especially since it wouldbe hard 

to consider 3R equivalent to our V, which would be ne- 

cessary if the two chromosomes hadto be interchanged. 

More disturbing is the indication that Sears' F (6R 

according to Darvey 1973) would be either Ill or V. It 

closely resembles IV. The conclusion that 2R would be 

It is confirmed. 

Our checks on the correspondence between Sears' 

and Riley's series also did not agree with Darvey's 

on all points. For instance, 4B/TR and 7B/4R seemed 

to be interchanged. We must consider the possibility 

that in the widely distributed material of these addi- 

tions and related material some errors have slipped 

in, which one must be aware of when drawing conclu- 

sions as to which chromosome is involved in eachpar- 

ticular case. 
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