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Summary. The meiotic identification of nine pairs of 
chromosomes at metaphase I of meiosis of Triticum 
aestivum (B genome, 4A and 7A) has been achieved 
using a Giemsa C-banding technique. As a result, the 
analysis of the pairing of each chromosome arm in 
disomic and monosomic intervarietal hybrids between 
'Chinese Spring' and the Spanish cultivar 'Pan6 247' 
could be carried out. Differences in the chiasmata 
frequencies per chromosome arm cannot be explained 
on the basis of relative arm lengths only. Possible 
effects of arm-to-arm heterochromatic differences on 
meiotic pairing are discussed. 
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Introduction 

Wheat telocentric chromosomes were first obtained by 
Sears in 'Chinese Spring' and have been used by Sallee 
and Kimber (1979) in a study of the pairing and 
chiasma frequencies of 41 of the 42 telocentrics. They 
suggested a relationship of these parameters to relative 
arm length, genomes and homoeologous groups. It was 
concluded that pairing and chiasma formation in the 
telocentrics'could be a most reliable basis for predict- 
ing the behaviour of whole chromosomes. Dvorak and 
McGuire (1981) studied differences among homo- 
logous chromosomes of different cultivars of wheat and 
related species using telocentric lines. 

The C-banding staining method permits chromo- 
some characterization in accordance with the pattern 
of bands of individual chromosomes. Studies on in- 
dividual chromosomes in karyotype analysis of hexa- 

ploid wheat using Giemsa techniques have been pre- 
viously reported (Gill and Kimber 1974; Gerlach 1977; 
Zurabisvili etal. 1978; Jewell 1979; Seal 1982; Arm- 
strong 1982; Van Niekerk and Pienaar 1983; Ferrer 
et al. 1984). However, very little Giemsa staining has 
been carried out on the meiotic chromosomes of wheat. 
This particular analysis has been performed on other 
species and hypotheses have been made on the effect 
of heterochromatic regions on pairing (review of 
Yamamoto 1979) and chiasma formation (review of 
John and Miklos 1979). 

The present study was undertaken in order to 
investigate the meiotic behaviour of nine pairs of 
chromosomes of Triticum aestivum L. (4A, 7A and the 
seven of the B genome) in intervarietal hybrids. The 
effect of arm length and amount and/or distribution of 
heterochromatin on meiotic pairing well be taken into 
account. 

Material and methods 

The following hybrids of common wheat (Triticum aestivum 
L.) formed the material for this study: F 1 'Chinese Spring' x 
'Pan6 247' ('CS' x 'P-247') (2n = 42); F 1 monoi 'Chinese Spring' 
x 'Pan~ 247' (2n = 41), i = IA, 5A, 7A, 2B, 3B, 5B and 7B. 

Anthers for meiotic analysis were collected from sister 
plants that were grown in the greenhouse under optimal 
conditions until flowering. These were fixed in Carnoy's 
fixative (alcohol-acetic acid 3:1) and meiotic analysis were 
made using both Feulgen and C-banding staining methods. 
Giemsa staining was made according with a technique pre- 
viously reported (Jouve et al. 1980). 

Results 

The total number of ring bivalents, rod bivalents, 
univalents and open quadrivalents ('Chinese Spring' 
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and 'Pan6 247' differed in a intervarietal  t ranslocation;  
Ferrer  et al. 1984) were analyzed in metaphase  I cells 
stained by the Feulgen method.  The pa i r ing  level was 
measured as the total number  of  bound  arms with 
respect to total number  of  pa i red  chromosomes  per  
cell, always taking into considerat ion the number  of  
bound arms per cell as no. quadr ivalents  x 3 + no. ring 
bivalents x 2 + no. rod bivalents, and total number  of  
paired chromosomes as the total number  of  chromo-  
somes present in the cell minus the total number  of  
univalents. 

A mean value for this pa ramete r  was ob ta ined  per  
hybrid (Table 1). This figure permits  compar i son  of  
hybrids with different chromosome numbers  (2n = 42 
or 2n = 41), and monosomics are thus compara t ive ly  
equivalent to euploids with respect to meiot ic  pair ing.  

The probabi l i ty  of  pai r ing of  the euplo id  plant  may  
represent the expected probabi l i ty  of  euplo id  hybr ids  
and corresponding values for monosomics  have been 
compared with that by means of  a Student 's-t-test .  If  
monosomic condit ion differences are the basis for the 
differences in pair ing between hybrids,  these should be 
grouped according to their  par t icular  tendencies. The 
results of  the appl icat ion of  the Student 's- t- test  are 
given in Table 1. The hybrids  were separa ted  in two 
groups: 

Group 1 
Monosomic hybrids having no differences in pa i r ing  
with respect to the euploid hybrid:  mono 7 A ' C S ' x  
'P-247', mono 2B ' C S ' x  'P-247', mono 3B ' C S ' x  'P-247'  
and mono 5B 'CS'  x 'P-247'. 

Group 2 
Monosomic hybrids having significant differences in 
pairing at the 5% level with respect to the euplo id  
hybrid:  mono  1A 'CS'  x 'P-247 ', mono 5A 'CS'  x 'P-247' 
and mono 7B 'CS'  x 'P-247'. The differences were attri-  
butable to the higher frequency of  bound arms of  this 
monosomic plants. 

The C-banding method of  staining meiot ic  chromo-  
somes of  PMCs from anthers of  sister plants was 
applied to those chromosomes previously s tudied by 
the Feulgen method. The meiot ic  pai r ing of  nine 
identifiable pairs was investigated. The heterochro-  
matic characteristics of  meiot ic  cells have been pre- 
viously reported (Ferrer  et al. 1984). An id iogram is 
shown in Fig. 1. Examinat ion of  the he te rochromat ic  
regions indicates that  individual  4A and 7A chromo-  
somes and seven of  the B genome chromosomes have 
characteristic band ing  patterns,  making it possible to 
identify them in meiot ic  configurations (Fig. 2). Fre-  
quencies of  bound arms were calculated on the basis of  
the presence of  one or more chiasmata  per  arm in 
paired chromosomes. 
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Table 1. Values of Student's-t-test obtained by comparing 
mean values of pairing in monosomic and disomic hybrids of 
common wheat 

Hybrid Mean bound No. of t-values 
arms/paired PMCs 
chromosomes 

'CS'x 'P-247' 0.9150 +-- 0.040 112 
m7A 'CS'x 'P-247' 0.9244 +__ 0.040 151 1.8800 
m2B 'CS' x 'P-247' 0.9061 +-- 0.043 100 1.5614 
m3B 'CS'x 'P-247' 0.9155 - 0.043 100 0.0877 
m5B 'CS' x 'P-247' 0.9205 - 0.044 100 0.9549 
mlA 'CS' x 'P-247' 0.9285 _ 0.048 110 2.2288 
m5A 'CS' x 'P-247' 0.9305 - 0.045 100 2.6724 a 
m7B 'CS' x 'P-247' 0.9330 - 0.049 101 2.9508 ~ 
Group 1 b 0.9162 + 0.007 
Group 2 b 0.9370 + 0.003 

Significant to the 5% level 
b See text 

U 
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Fig. 1. Idiogram of the nine pairs of somatic chromosomes 
analyzed. The pattern of bands corresponds to that previously 
reported (Ferrer et al. 1984). Data on arm relative lengths are 
taken from Sallee and Kimber (1979). For each pair, left 
= 'Chinese Spring' and right = 'Pan6 247' 

The translocation that  differenciates the karyo type  
of  'Chinese Spring' and 'Pan6 247' involves the long 
arm of  the 4A chromosome and an unident i f ied arm of  
the 2A chromosome. Open quadrivalents  have been  
recorded as open bivalents bound by the short  a rm of  
the 4A chromosome. 
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Fig. 2 a - c .  C-banding pattern in 'Chinese Spring' x 'Pan6 247'. a Metaphase plate of euploid hybrid showing the nine pairs of 
identified chromosomes; b Metaphase plate of hybrid mono IA 'CS' x 'P-247', arrows indicate interstitial chiasmata; e 1B, 4B and 
5B bivalents showing interstitial chiasmata 

Pairing arm frequencies are given in Table 2. The 
mean frequency of  pairing for each arm was calculated 
from data of  the same chromosome arm in different 
hybrids of  the same group. These results are included 
in Table 2 and were lower than those estimated with- 
out arm identification from Feulgen staining observa- 
tions (Table 1). 

The Student's-t-test comparison of  the mean values 
for all arms included in group 1 (0.9162 __- 0.007), and 
corresponding values, having taken into consideration 
only the nine identified chromosomes (0.881 _-0.017), 
had a value of  4.2927. When the comparison was made  
with respect to data collected from the B genome 
chromosomes, the test had a value of  3.1314, which is 
significant, as in the preceding case. 

A corresponding Student's-t-test applied to the 
chromosome arm of  group 2 had values of  4.1077 and 
3.5944, also significant. 

The correlation coefficient estimated from mean fre- 
quencies of  pairing per chromosome arm between both 
group 1 and group 2 hybrids had a value o f  r = 0.9942, 
and was positive and significant. The meiotic behav- 

iour of  same chromosome arms in different hybrids 
was not significant. 

A correlation coefficient calculated from data on 
arm relative lengths (Sallee and Kimber 1979) and 
mean values of  pairing o f  the same chromosome arm 
had the following values: group 1, b = 0.00547, signifi- 
cantly different from zero; group 2, b = 0.00446, not 
significantly different from zero. However,  within 
group 1, chromosome arms with similar lengths showed 
significant differences in meiotic pairing intensity, and 
an effect o f ' ch romosome  length on meiotic pairing 
intensity could not be discarded in the hybrids o f  
group 2. 

Data on 2 ~ of  a contingency test, comparing the 
meiotic behaviour of  different chromosome arms per 
group of  hybrids, are given in Table 3. Groups  o f  arms 
were made having in common no significant difference 
in the intensity of  pairing. 

From all the above mentioned results the following 
must be taken into consideration: 
1) chromosome arms having differences in the amount  
and distribution of  heterochromatin and similar lengths 
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Table 2. Mean pairing arm-to-arm (bound arms/paired chromosomes) frequencies for each hybrid and group of hybrids. Mean 
values of pairing for the nine pairs analyzed and for the seven of the B genome are also given 

'CS' m7A'CS '  m2B'CS'  m3B'CS '  m5B'CS '  Group 1 m l A ' C S '  m5A 'CS '  m7B'CS '  Group2  
x'P-247' x'P-247' x 'P-247'  x 'P-247'  x 'P-247'  x 'P-247'  x 'P-247'  • 

1B L 0.959 0.970 0.980 0.948 0.978 0.967 0.987 0.913 0.977 0.959 
1B s 0.724 0.687 0.790 0.639 0.659 0.699 0.638 0.674 0.705 0.672 
2B L 0.889 0.870 - 0.870 0.820 0.862 0.893 0.851 1.000 0.915 
2B s 0.939 0.970 - 0.950 1.000 0.965 0.964 0.957 0.977 0.966 
3B L 0.980 0.980 0.980 - 1.000 0.985 0.939 1.000 1.000 0.979 
3B s 0.930 0.858 0.760 - 0.878 0.856 0.939 0.915 0.886 0.905 
4B L 0.969 0.950 0.990 0.990 0.980 0.976 1.000 0.979 1.000 0.993 
4B s 0.929 0.940 0.949 0.848 0.780 0.889 0.867 0.957 0.886 0.903 
5B L 0.980 1.000 1.000 0.990 - 0.993 1.000 1.000 1.000 1.000 
5B s 0.780 0.732 0.520 0.626 - 0.665 0.630 0.826 0.818 0.758 
6B L ff874 0.939 0.979 0.948 0.957 0.939 0.987 0.936 1.000 0.974 
6B s 0.716 0.798 0.796 0.618 0.574 0.700 0.645 0.745 0.705 0.698 
7B L 0.896 0.959 0.990 0.949 1.000 0.959 1.000 0.891 - 0.945 
7B s 0.760 0.806 0.830 0.806 0.780 0.796 0.805 0.869 - 0.837 
4A L 0.943 0.978 0.946 0.947 1.000 0.963 0.976 0.935 1.000 0.970 
4A s 0.724 0.826 0.817 0.649 0.667 0.737 0.878 0.783 0.721 0.794 
7A L 1.000 - 1.000 0.970 1.000 0.993 0.988 1.000 1.000 0.996 
7A s 0.980 - ff960 0.970 0.940 0.963 0.964 1.000 0.977 0.980 
Mean for 

9 pairs 0.887 0.891 0.893 0.857 0.876 0.881 0.894 0.902 0.916 0.904 
Mean for B 

genome 0.880 0.889 0.880 0.848 0.867 0.873 0.878 0.894 0.913 0.895 
No. of 

PMCs 100 100 100 100 50 450 84 47 44 175 

Table 3. Distribution numbers of bound and unbound arm-to-arm results in each one of the group of  hybrids analyzed. Z 2 
contingency test, comparing the observed distributions for group of arms showing similar behaviour, are also given 

Arm Group 1 Group 2 Contingency Z 2 
analyzed 

Bound Unbound Total Bound Unbound Total Arms which are Group 1 Group 2 
arm arm arm arm compared 

1B L 426 24 450 167 8 175 5BL-7AL-3BL-4B L 6.168 _a 
2B L 303 47 350 159 16 175 d.fi = 3 
3B L 342 8 350 169 6 175 1BL-7BL-7AS-2B s 3.738 4.698 
4B L 435 15 450 173 2 175 d.~ = 3 d.~ = 3 
5B L 393 7 400 174 1 175 4AL-6B L 1.710 0 
6B L 409 41 450 166 9 175 d.~ = 1 
7B L 422 28 450 123 8 131 4BS-3BS-2B L 3.658 0.146 
4A L 397 53 450 166 9 175 d.~ = 2 d.~ = 2 
7A L 347 3 350 174 1 175 4AS-6BS-IBS-5BS 1.539 10.104 b 
1B s 311 139 450 115 60 175 d.E = 3 d.fi = 3 
2B s 335 15 350 169 6 175 6BS-IBS-5B s 1.544 2.186 
3B s 297 53 350 160 15 175 d.s = 2 d.~ = 2 
4B s 402 48 450 161 14 175 4AS-7B s 11.536 ~ 0.104 
5B s 263 137 400 127 48 175 d s  = 1 d s  = 1 
6B s 312 138 450 117 58 175 
7B s 353 97 450 106 25 131 
4A s 308 142 450 139 36 175 
7A s 338 12 350 171 4 175 

' Not calculated because of low frequency in unbound arm 
b Significant to the 5% level 
~ Significant to the 1% level 

class 
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(4A L and 4BL; 4A s and 7AS; 7B L and 4BL; 7B L and 

7A L) showed significant differences in meiot ic  pair ing.  
This was higher for the lower banded  arms than the 
others. 
2) chromosome arms that exhibited subtelomeric bands 
(4B L and 2B s) showed a higher  level of  pa i r ing  with 
respect to the expected values ob ta ined  on the basis o f  
their length only. 
3) chromosome arms 4B L, 5B L and 1B L (Fig. 2b,  2c) 
showed a higher number  of  interst i t ial  ch iasmata  than 
the others. 
4) chromosome arms 6B s and 1B s are satel l i ted (nu- 
deo la r  organizers) and have in common the presence 
of  large dark bands of  heterochromatin.  They showed a 
level of  pairing lower than expected on the basis o f  
their length only. 

Dicussion 

The hybrid 'Chinese S p r i n g ' x  'Pan6 247' showed a 
high level of  stabili ty (20.51 b iva len t s /PMC)  with 
respect to 'Chinese Spring'  parental  (20.8 b iva len ts /  
PMC according with Sallee and Kimber  1979). The 
minor fall in meiotic pair ing observed in the hybr id  is 
in agreement with the general observat ion that  hybr ids  
between different lines of  wheat  are more  i r regular  at  
meiosis. 

Differences in meiot ic  s tabi l i ty  of  different  mono-  
somic Fl hybrids have been previously repor ted  (Mor-  
rison 1953; Person 1956; Khan 1962; Sasaki et al. 1963). 
The higher level of  pair ing presented by monosomics  
of  group 2 (1A, 5A and 7B) than that of  group 1 (7A, 
2B, 3B and 513) is associated with the decrease  in 
frequency of  multivalents. However,  the high correla-  
tion coefficient between pai r ing value frequencies of  
the same chromosome arms in both group of  hybr ids  
indicate a particular strong relationship in its behaviour.  

Differences in pairing intensity among wheat genomes 
have been observed in intervarietal hybrids of common wheat 
(Dvorak and McGuire 1981), in analysis of meiotic behaviour 
of telocentrics of 'Chinese Spring' (Sallee and Kimber 1979), 
and in the study of genome relationships in interspecific 
hybrids involving T. aestivum and species with homoeologous 
genomes (Chapman and Riley 1966; Feldman 1966; Dvorak 
1976; Kimber and Hulse 1978; Hutchinson et al. 1982). Data 
demonstrated a decreased pairing intensity in chromosomes of 
B and closely related genomes (B' of /i. timopheevi and T. 
zhukowskyO. 

Sallee and Kimber (1979) assumed that different pairing 
intensity showed by chromosomes of different genomes could 
be related with their differences in length. Thus, the mean 
number of chiasmata in 'Chinese Spring' per unit relative arm 
length was significant higher in the D genome chromosomes 
than in the chromsosomes of A and B genomes. Our results 
are in agreement with this hypothesis. 

Dvorak and McGuire (1981) studied the factors that 
influence the variation in the pairing frequencies among 

genomes of T. aestivum. They suggested that the differentia- 
tion at the level of pairing could be related to the amount of 
DNA and heterochromatin present in chromosomes - hetero- 
chromatin having a detrimental effect on chromosome pairing 
at metaphase I. This could explain the differences in pairing 
found when a general comparison between the behaviour of A 
and B genomes is carried out. Moreover, the effect of 
heterochromatin is clearly observed from comparative results 
of homoeologous chromosomes of the groups 4 (4A and 4B) 
and 7 (7A and 7B). The degree of heterochromatin effects on 
meiotic pairing of chromosomes having similar length has 
been observed in other materials (Sybenga and de Vries 1972; 
Thomas and Kaltsikes 1976; Jouve et al. 1982; Naranjo and 
Lacadena 1982). 

Our results on C-banding meiot ic  analysis o f  wheat  
permit  us to suppose the existence of  an over lapp ing  
effect of both arm length and amount  and d i s t r ibu t ion  
of  heterochromatin on pairing. 

Interstitial and subtelomeric  C-bands  o f  hetero-  
chromatin could facilitate the main ta inance  of  chias- 
mata (Santos and Gira ldez  1978; Loidl  1979; Na ran jo  
and Lacadena 1982). The increased pa i r ing  level that  
the arms 4B L and 2B s exhibit  could be expla ined  in 
terms of heterochromatin interfering in the te rmina l i -  
sation of  chiasmata. This assumpt ion is suppor ted  by  
the observation of  an enhanced frequency of  bound  
arms at metaphase I relative to length of  4B L and 2B s. 
These chromosome arms, and also 5B L (with interst i t ia l  
heterochromatin) and 1B L ( telomeric he te rochromat in) ,  
showed a great number  of  intercalary ch iasmata  
(Fig. 2). 
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