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Two intervarictal hybrids of common wheat, Triticum aestivum L., are meiotically analyzed using the C-banding staining
method. The C-banding pattern of nine meiotic chromosomes (4A, 7A, and the seven of the B genome) permitted their
unequivocal rccognition at first metaphase plates. The pairing frequency of each B-genome chromosome arm was scored. Data
en the pairing frequency of the arms, separately considered, are applied to calculate expected pairing of whole chromosomes
and whole genomes. The application of mathematical models to predict the genome pairing using either equal or different
frequencies per chromosome arm is discussed.
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Deux hybridesintervariétales de blé commun, Triticum aestivum L., ont été analysées par la méthode de coloration des
bandes C des chromosomes, lors de laméiose. L e pattern des bandes C de neuf chromosomes (4A, 7A et les sept du génome
B) a permis de les reconnaitre sans équivoque dés les premiéres plagues métaphasiques. La fréguence d'appariement de chaque
bras des chromosomes du génome B a été notéc. Ces données sur la fréguence d'appariement des bras de chromosomes,
considérées séparément, ont été utilisées pour le calcul d'estimes d'appariement de chromosomes entiers et de génomes entiers.
L e recours a des model es mathématiques pour prédirc I'appariement de génomes, soit par des fréquences égales ou différentes

par bras chromosomique, est discuté.

Mon c./és: analyse méiotique, Triticum aestivum L., bandes C.

Introduction

A clear understanding of individual chromosome
behaviour in Triticum is essential to any comprehension
of the causes or factors interfering with chiasma oc-
currence, and could be of interest for the planning of
practica] experimentsto allow the introduction of alien
variation.

Mather (1936) showed genetically that the first chias-
ma.is generally independent of the length of the chro-
mosome arm. Sallee and Kimber (1978) demonstrated
cytologically in wheat that there is a selection pressure
for a minimum number of chiasmata per chromosome,
irrespective of the length of the chromosome. Further,
they demonstrated that the pairing of telocentricsis a
reliable measure of the pairing of bibrachial chromo-
somes, thus providing a firm basis for the quantification
of chromosome pairing in hybrids (Kimber and Hulse
1978).

Driscoll et al. (1979) assumed the occurrence of one
chiasma per pair of synapsed arms and that the fre-
quency of thisevent is equal for all arms, and developed
amodel enabling the prediction of chromosome pairing
in hybrids (up to pentaploid) and in both euploid and
aneuploid species. Further, this theory was extended to
hybrids involving six genomes and to more complicated
situations where both homol ogous and homoeol ogous
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pairing occurs in the absence of chromosome 5B of
wheat (Driscoll et al. 1980).

This paper deals with the extension of the method
described by Kimber and Hulse (1978) in calculating
the expected pairing frequencies in wheat. It differs
from that method in that the arms of the B genome
are considered separately; pairing frequencies at first
metaphase are scored from pollen mother cells (PMCs)
stained by Giemsain two intervarietal hybrids.

Materials and methods

The chromosome pairing at first metaphase of pollen
mother cells of different arms of the B genome was inves-
tigated in two hybrids between common wheat "Chinese
Spring' and the Spanish cultivars “Pané 247" and 'Alonso
Pefia 114'.

Anthers for meiotic analyses of PMCs were fixed without
previous treatment in acetic acid — alcohol 1:3. Squash prep-
arations of the fixed material were stained following the
Giemsa C-banding technique described previously (Jouve
et al. 1980).

Results and discussion

The C-banding pattern of nine meiotic chromosomes
of common wheat (4A, 7A and the seyen of the B
genome) was reported previously (Ferrer et al. 19844).
The individual chromosomes were analyzed as uni-



FIG. 1. (a) C-banded meiotic chromosomes (B genome and 4A) at first metapnase or metosis: 11s-/0 are 1-1, re-
spectively, from left to right. Short and long arms are at the left and right, respectively, for ah | bivalents. (b) First metaphase
plate of the hybrid “Chinese Spring' x 'Fané 247" showing three ring bivalents + four open bivalents (I B, 4B, 5B, and 7B
all bound by their long arm). (c) First metaphase plate of the hybrid 'Chinese Spring' x 'Alonso Pefia 114" showing six ring
bivalents + one open bivalent (I B bound by itslong arm). Scale bar = 10 hm.

valents and bivalentsin F1 crosses between mono-
somics of “Chinese Spring' and two Spanish cultivarsto
aid their unequivocal recognition and characterization.
Using the C-banding technique, it is possible to dis-
tinguish among seven B-genome chromosomes which
showed minor intervarietal variation and can be de-
scribed as follows (Fig. 1). (i) Chromosome 1B (sub-
metacentric): it presents a secondary constriction in its
short arm and exhibits an obvious band near the telo-
merein itslong arm: it presents more heterochromatin
and more dispersed C-bands than any other in the B-
genome karyotype. There is no intervarietal variation.
(ii) Chromosome 2B (submetacentric): it shows adark
band close to the centromere in its short arm and a fine
subterminal band in the same arm. A faint terminal
band in the large arm not exhibited in “Chinese Spring'
was rarely visible in some bivalentsin chromosome 2B
of “Pané 247' and 'Alonso Pefia 114'. (iii) Chromo-
some 3B (submetacentric): it has one centromeric dark
band and one intercalary band in each arm in Tané 247"
and 'Alonso Pefia 114'. A short band in the telomeric

region of the short arm is also observed. The intercalary
band of the short arm is absent in “Chinese Spring', thus
allowing for the recognition and identification of the
bivalent and for unequivocal distinction from 2B in both
hybrids. (iv) Chromosome 4B (submetacentric): it
shows one intensely stained subterminal band in its long
arm in both hybrids and one faint intercalary hand in the
centromeric region. Thereisno intervarietal variation.
(y) Chromosome 5B (subtelocentric): it exhibitsan in-
tensely stained region around the centromere and one
intercalary band in itslong arm which was variable in
size among the 5B chromosome of different karyo-
types. It was middlesized in Pané 247" and very patent
in "Chinese Spring' and 'Alonso Pefia 114'. (vi) Chro-
mosome 6B (submetacentric): it has large pericentro-
meric dark bands of heterochromatin, one small inter-
calary band in itslong arm and a secondary constriction
in the short arm. The satellite region is clearly dis-
tinguished from both arms in the bivalents because of its
strongly condensed chromatin. This feature permits a
clear distinction of the 6B bivalent from 4A and 7B.
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TABLE 1. The observed and expected chromosome-to-chromosome pairing in the B genome of two intervarietal
hybrids of common wheat. The expected meiotic figures are calculated under the assumptions of a mean arm
pairing frequency either equal or different for each pair of chromosome arms

“Chinese Spring' x 'Pané 247

'‘Chinese Spring' x 'Alonso Pefia 114'

Chromosome RB OB, OB, U X' RB OB, OB, U )2
1B OBS 132 58 7 3 247 37 14 2
EXP, 152 224 224 3.2 68.71*** 2344 30.8 30.8 4 12.08***
EXP2 13205 57.95 6.95 3.05 0.00006 2472 369 138 2.1 0.01
2B OBS 166 9 24 ! 257 24 15 4
EXP, 152 224 224 32 9.31x** 2344 309 309 4 10.85%**
EXP, 166.25 875 2375 125 0.047 2546 26.3 17.3 18 0.22
3B OBS 174 21 4 ! 244 31 18 7
EXP, 152 224 22.4 3.2 19.84*** 2344 309 309 4 3.15
EXP2 17355 2145 445 055 0.010 2405 346 217 3.2 0.438
4B OBS 177 13 8 2 248 22 24 6
EXP, 152 224 22.4 3.2 17.56%** 2344 309 309 4 3.96*
EXP2 175.75 14.25 9.25 0.75 0.409 2446 254 254 2.8 0.50
5B OBS 147 48 2 3 241 30 25 4
EXP, 152 224 224 3.2 4509Q* ** 2344 309 309 4 2.32
EXP2 14527 49.73 372 127 0.080 2403 306 258 33 0.014
6B OBS 129 47 18 6 209 51 29 I
EXP, 152 224 224 3.2 61.09*** 2344 309 30.9 4 16.77***
EXP2 129.36  46.64 1764 6.36 0.030 206.3 537 317 8.3 1.28
7B OBS 138 42 14 6 203 83 12 2
EXP, 152 224 224 3.2 19.66*** 2344 309 309 4 102.83***
EXP2 136.8 43.2 15.2 4.8 0.040 205 80.9 101 4 0.07
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NOTE: RB, ring bivalent, OB,, open bivalent bound by large arrn; OB,, open bivalent bound by short arin; U. univalent; OBS, observed;

EXP, expected.
*Significant at the 0.05 level.
***Significant at the 0.001 level.

This chromosome does not exhiba intervarietal vari-
ation. (vii) Chromosome 7B (submetacentric): it shows
large bands dispersed around the centromeric regions
and afineintercalary band in the long arm. Thereis no
intervarietal variation.

The results on individual behaviour of the seven B-
genome pairsin relation to the meiotic configuration
(ring or rod bivalents, and univalents) are givenin Table
I (OBS). Two hundred and three hundred PMCs were
investigated from the hybrids "Chinese Spring' x Tané
247" and "Chinese Spring' x '‘Alonso Pefia 114, re-
spectively.

Results on )(2 of a contingency test comparing the
intensity of pairing distribution (ring bivalents, rod bi-
valents open by their long or short arm, and univalents)
of each among the seven B-genome pairs in both
hybrids seem to demonstrate their different behaviour:
x2 = 108.35, df = 12, and P < 0.001 for "Chinese
Spring' X Tané 247'; and x2 = 100.33, df -= 12, and
P <0.001 for “Chinese Spring' x ‘Alonso Pefia 114'.

The differencesin pairing intensity among B-genome
pairs can be attributed to differencesin chiasma
frequencies of each chromosome arm. Moreover, the

different pairing frequencies of each chromosome arm
can be used to predict the meiotic behaviour of whole
chromosomes and whole genomes by the method of
Kimber and Hulse (1978).

Chromosome length and presence of heterochro-
matin have been considered as the main factors af-
fecting the intensity of pairing until now. Early in the
analysis of pairing it was assumed that the chiasma
frequency tended to be proportional to the length of the
chromosome. However, Mather (1936, 1937, 1940) in
an analysis in which the position and frequency of
crossing-over was converted mathematically to chiasma
frequencies, demonstrated that shorter chromosomes
exhibited disproportionately high chiasma frequencies.
Sallee and Kimber (1978), carried out an analysis of
meiotic behaviour of telocentrics of “Chinese Spring'.
A correlation comparing data of chiasma frequency per
chromosome arm and the relative arm length of the
same chromosome arm showed that regression of
chiasma frequency on length was not significant. They
concluded that there is some selection pressure for a
minimum number of chiasmata per arm or per chromo-
some irrespective of the length of that chromosome.
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The amount of DNA and heterochromatin present in
chromosomes could also influence the variation in the
pairing intensity among chromosome arms (Santos and
Giraldez 1978; Loidl 1979; Naranjo and Lacadena
1982). Ferrer et al. (1984b) cytologically determined in
wheat that differencesin chiasmata frequencies per
chromosome arm could not be explained on the basis of
relative ami length only and supposed the existence of
an overlapping effect of both the arm length and the
amount and distribution of heterochromatin in pairing.

Whole-chromosome pairing frequency prediction

The probability of ring, rod (open by both long and
short arms), and univalents can be easily calculated
from the individual arm probabilities of pairing by the
simple arithmetic method of Kimber and Hulse (1978).
If the probability of pairing of the long arm is piand that
of the short arm is p, then the expected probability for
different meiotic figuresis asfollows:

To estimate the expected frequencies of meiotic
configurations for each chromosome pair in the hy-
brids, two different assumptions could be applied:
(i) ahl the pairs of chromosome armsin the B genome
pair at the same frequency (p) that represents the

mean of all observations for that genome =
total number of bound armsin the cells)

total number of armsin the cells
pair of chromosome arms in the B genome pair at a
different frequency (p,, andp,, wherei 1B, 2B, ...,
7B) that represents the mean of all observations for each
chromosome arm separately.

The use of equivalent values to express the mean
pairing per chromosome arm was discussed by Driscall
et al. (1978) and Sallee and Kimber (1978), who as-
sumed that this does not introduce any significant
perturbation into the calculation. Thisis correct for the
type of calculations that those and other authors have
made. However, the consideration of pairing fre-
guencies of arms separately could improve the results of
application of models dealing with the prediction of
synapsis of complete chromosomes or the whole
genome, as will be demonstrated later in this paper.

The expected meiotic figures for either equal (EXP,)
or different (EXP2) frequencies of pairing together with
the observed (OBS) ones are presented in Table 1.
When equal probability of synapsis per arm was as-
sumed x2 tests comparing observed and expected values
gave mainly significant deviations. However, no signif-

and (u) each
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In asimilar way the probability of formation of the
remaining patterns of pairing could be estimated.

The frequencies of the observed and expected mei-
otic configurations calculated by both procedures are
recorded in Table 2. It can be seen that deviations
between the distribution of type of cells and the ex-
pected ones were higher when an equal frequency of
pairing per pair of chromosome arms was assumed
(EXP,), than in the other case (EXP2).

The evidence presented in this paper can lead to a
better understanding of the meiotic behaviour of B-
genome chromosomes of wheat. First, it is clear that
application of C-banding to analysis of meiotic bi-
brachial chromosomesis a good method to score the
frequencies of pairing of each pair of chromosome
arms, avoiding the possible underestimation of the
chiasmata frequencies obtained when telocentrics are
used. The analyses of chromosome pairing made in this
paper provides new evidence for the differencesin
pairing frequency of chromosome armsin wheat in-
vestigated by Saltee and Kimber (1978) using telo-
centrics. The datarecorded in this contribution are in
agreement with the assumption that the pairing of
telocentric chromosomes is areliable measure of the
pairing of bibrachial chromosomes such as was demon-
strated by those authors. Second, the prediction of rnei-
otic behaviour in analyses of chromosome pairing for
each of the seven B-genome chromosomes is better
when individual frequencies of pairing per arm are used
than under the simplifying assumption that all chromo-
some arms pair with the same frequency. Finally, the
expected frequencies of cellswith different patterns of
ring and rod bivalents, and univalents are more accu-
rately calculated considering the arm-to-arm different
pairing frequencies than assuming a similar behaviour
for each pair of chromosome arms.
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