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Relationship between pairing frequencies and
genome affinity estimations in Aegilops
ovata X Triticum aestivum hybrid plants

BEGONA FERNANDEZ-CALVIN & JUAN ORELLANA
Departamento de Genética, ETSI Agrénomos, Universidad Politécnica de Madrid, 28040 Madrid, Spain

Meiotic associations at metaphase I have been analysed in Aegilops ovataX Triticum aestivum
hybrid plants (genome constitution ABDUM) with low and high homoeologous pairing by using
C-banding. Five different types of meiotic associations involving Aegilops and wheat genomes were
identified. Pairing affinities between Aegilops and wheat genomes have been analysed from meiotic
associations at metaphase I in low and high homoeologous pairing hybrid plants as well as from
different meiotic configurations (bivalents and multivalents) in those hybrids with a high pairing
mutant (phlb). Those kinds of distinguishable associations revealed the same relative order:
AD-UM>A-D>U-M>AD-B>UM-B in both low and high homoeologous pairing hybrids.
The mean number of associations per total associations (relative contribution) for the different
distinguishable types of pairing was well maintained among hybrids with different levels of pairing
(low and high) as well as in different meiotic configurations (bivalents and multivalents) in the high
pairing plants. T hese results seem to indicate that the affinities expressed between the genomes that
are in competition for pairing are independent of the meiotic configurations considered and on the

level of pairing analysed.
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Introduction

In the tribe Triticineae, genomic analysis (based on
chromosome pairing in interspecific hybrids) has been
extensively employed (Lilienfeld & Kihara, 1951;
Kimber, 1984). The studies of evolutionary rela-
tionships have two inter-related concerns: theoretical
and practical. The species related to wheat could be
useful in wheat improvement because they are resistant
to wheat diseases, such as stem rust and mildew
(Pasquini, 1980). The analysis of cytogenetic relations
could provide information about the success of trans-
ferring them into cultivated wheat from wild species.
Meiotic behaviour in wheat is regulated by genes
that affect chromosome pairing (see Sears, 1976). The
gene Ph, located on the long arm of chromosome 5B,
has the most important effect and its inactivation
induces homoeologous pairing in hybrid combinations.
The manipulation of such a genetic system allows
homoeologous pairing between wheat and Aegilops
chromosomes and therefore is valuable in transferring
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useful characteristics into crop species (Thomas, 1981;
Riley et al., 1981).

Ae. ovata X T. aestivum hybrid plants with low and
high pairing have been analysed on several occasions
to determine the meiotic behaviour and genetic regula-
tion of chromosome pairing (Abu Bakar & Kimber,
1982; McGuire & Dvordk, 1982; Claesson ez al.,
1990) and the possibility of transferring some useful
characteristics (Lacadena & Azpiazu, 1969; Farooq et
al., 1990); but in those studies meiotic pairing was con-
sidered as a whole because no cytological marker was
available to determine genome-specific associations in
the hybrids.

The use of C-banding methods allows more detailed
studies to be made of chromosome pairing at meta-
phase I in interspecific combinations in order to deter-
mine patterns of pairing between different genomes
that are in competition, and can provide an important
advance over conventional pairing analysis.

The purpose of this work was to analyse the meiotic
associations between different genomes at metaphase I
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in Aegilops ovata X Triticum aestivumn interspecific
hybrid combinations with low and high homoeologous
pairing by using a C-banding method.

Materials and methods

Pentaploid hybrid plants (genome constitution
ABDUM) were obtained from crosses between allo-
tetraploid Aegilops ovata (Aeov) (genome constitution
UUMM]} as female and hexaploid wheat Triticum
aestivum cv. Chinese Spring (CS) and its high pairing
mutant (phlb) (Sears, 1977) (genome constitution
AABBDD) as males. In order to obtain meiotic cells,
anthers of Aegilops-wheat hybrids were fixed in
acetic:ethanol 1:3 and stored for 1-4 months at 3-4°C.
The fixed material was squashed and stained following
the Giemsa C-banding technique described previously
(Giraldez et al., 1979).

Results and discussion

General aspects of pairing in the pentaploid hybrids

The pairing was extremely low (0.88 associations per
cell) in the hybrids of Ae. ovata with Chinese Spring
(AeovCS), only open bivalents were observed and
multivalents were not found (see Fig. 1 and Table 1).
The level of pairing increased considerably in those
hybrids in which the Pk locus was inactive (Aeovphlb)
(13.43 associations per cell) and multivalents were fre-
quently observed (see Fig. 2a and Table 1). If all

Fig. 1 Metaphase I of AeovCs hybrid plant. Arrows indicate
chromosomes of B genome.

chromosomes for a given homoeologous group were
paired, the largest meiotic configuration to be expected
should be a pentavalent, however hexavalents were
found in high homoeologous pairing hybrid plants.

Table 1 The number of different meiotic configurations observed for the five distinguishable types of pairing in the low and

high homoeologous pairing hybrid crosses

Meiotic configurations

Bivalents
AD-UM AD-B UM-B A-D U-M Univalents Multivalents
Number

Plants O R O R O R O R O R AD UM B I1I IV V VI ofcells
AeovCS-1 10 — — — 1 — 4 — 4 — 402 401 209 — - — — 30
AeovCS-2 4 - — - - — 8 — 5 —_ 390 396 210 — - — — 30
AeovCS-3 16 — 2 - - — 5 - 4 — 392 396 208 — - - = 30
Aeov(CS-4 18 - — - - - 10 - 5 — 382 392 210 — - — — 30
AeovCS-5 15 - - - — 4 — 3 - 367 371 194 — - — — 28
Total 73 — 4 — 1 — 31 — 21 — 1933 1956 1031 -— — — — 148
Aeovphlb-1 66 9 15 3 13 — 25 16 33 - 93 153 159 74 13 1 1 30
Aeovphlb-2 67 7 7 1 11 — 31 12 32 4 110 133 164 61 12 3 3 29
Total 133 16 22 4 24 — 56 28 65 203 286 323 135 25 4 4 59

R =ring bivalents; O = Open bivalents; III = trivalents; IV = quadrivalents; V= pentavalents;, VI =hexavalents.



This type of configuration can be explained by the
existence of translocations involving different genomes
in the hybrids. The existence of reciprocal transloca-
tions between different homoeologous group has been
described in Ae. ovata (Furuta, 1981) in wheat (Sears,
1954; Baker & Mclntosh, 1966; Kobrehel & Feillet,
1975), and it is well known that this cytogenetic
mechanism has accompained the evolutionary process
of the Triticineae group.

In all cases, the number of bound arms per cell for
the different types of homoeologous associations at
metaphase I has been calculated as the minimum
number of chiasmata that can explain each meiotic
configuration. In those configurations where three
chromosomes arms were associated at the same point,
namely, as in the frying pan and Y-shaped trivalents,
the type of association could not be ascertained and,
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consequently, they were considered undetermined
{Un) (Fig. 2d). The number of bound arms for each
type of specific association observed in low pairing
hybrid plants was the same as the number of meiotic
configurations observed, due to the presence of only
rod bivalents (Table 1), however in high homoeologous
pairing hybrid plants ring bivalents and multivalents
were frequent (Table 2). In previous studies of Ae.
ovata X T. aestivum hybrid differences with respect to
the number of bound arms per cell have been reported
both in the presence and absence of chromosome 5B,
this is in agreement with the results obtained in this
work (see Table 3). McGuire & Dvordk (1982) sug-
gested that the variation found among hybrids involv-
ing different accessions of Ae. ovata probably reflects
genotypic variability for the homoeologous pairing
control within this species. The major evidence for the
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Fig. 2 (a)Metaphase I of Aeovphl1b hybrid plant. Arrows indicate chromosomes of B genome. (b) Pentavalent. (¢) Quadrivalent.
(d) Y-shaped trivalent. () V-shaped trivalent. Chromosomes implicated in each configuration are indicated.
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therefore the number of possible chromosome com-
binations to be associated is higher than with the other
types (two or three genomes).

existence of gene(s) that affect(s) homoeologous pairing
TElae o in Ae. ovata was describled by Lacadena & Azpiazu
E|lS8 K (1969), who found the highest recorded pairing level
Elaa < (6.68 mean number of bound arms per cell) in hybrids
- N« where chromosome 5B was present.
2 = 2y o High homoeologous pairing has been analysed by
= - — most other authors only when chromosome 5B was
:S‘ 2w 2 F absent, and it is well known that there is a promotor
.§ < | ==« gene of homoeologous pairing located in the short arm
- Q@ of chromosome 5B (see Sears, 1976). In our example,
= 2 lwno < as well as in the hybrid analysed by Farroq et al. (1990),
g ke this promotor gene is operative but its effect may not
3 g | q be important because our results are similar to those
gm k| % IS 9 found when this arm is absent in the hybrids (see
T |$ls Table 3).
Q ] )
E |E21dlca @
ﬁ gl <82 3 Genome identification and associations types
on
& The application of a C-banding technique revealed the
= T lso v existence of three different identifiable chromosome
2 £ 25 8 groups at meiosis in Ae. ovara-wheat hybrid plants: (i)
g ? genomes A and D of wheat were characterized by the
S oI IR absence of prominent C-bands, (ii) B genome of
E Rlog o Chinese Spring showed prominent pericentromeric
Z a | < oz C-bands and (iii) U and M genomes of Ae. ovara had
2 § | = dispersed and intercalary C-heterochromatin. In the
-§ g 5 N o pentaploid hybrids {genome constitution ABDUM),
2 = - 10 different types of homoeologous association at
Py S 0 metaphase I could occur but only five types were dis-
< 2 9:: SEARA tinguishable, i.e. between A or D genomes and U or M
2 2 chromosomes (AD-UM), between A or D chromo-
EO -g E somes and B genome (AD-B), between U or M
B 21 A 52 8 chromosomes and B genome of wheat (UM-B),
=z << between A and D genomes (A-D) and between M and
o U chromosomes (U-M).
5 Bloo « If pairing takes place at random among the five
"Q £ 2 ¢ wheat and Aegilops genomes one would expect the
L Eu following relative order: AD-UM>AD-B=UM-B
23 D=8 R > A-D=U-M, in a ratio 4:2:2:1:1, that is the meiotic
§ £ Al ~n o pairing would depend only on the number of genomes
3 g | implicated in each type of association. However, in all
cE-N M situations the five types of distinguishable associations
g g 5 § o showed the following relative order; AD-UM> A-D
_is = g — >U-M> AD-B > UM-B in both low and high homo-
€2 -g Q eologous pairing hybrids. This result indicates that
g2l 2l8)l = o wheat (A and D) genomes and Aegilops (U and M)
wOo |l &< ) . .
52 | .8 genomes show greater affinity with each other than do
55|53 wheat-wheat (AD-B) or Aegilops-wheat (UM-B)
EZ| %A v genomes. The more frequent type should be AD-UM
Em <l < — as it involves four different genomes (AD-UM) and
=
o 3
¥ Q
=
&5

Aeovphlb-2 81

Aeovphlb-1 84
Total

Plants



Table 3 Mean number of bound arms per cell in wheat~Ae. ovata hybrids previously reported
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Chromosome Chromosome Mean chiasmata
Cross number 5B per cell Reference
CS X Ae. ovata 35 Present 043 Abu Baker & Kimber, 1982
Ae. ovata X T. aestivum 35 Present 1.05 Claesson et al., 1990
ssp. aestivum
T. aestivim ssp. 35 Present 0.76 Claesson et al., 1990
aestivum X Ae. ovata
CS X Ae. ovata 35 Present 2.32 McGuire & Dvorak, 1982
CS Mono 5B x Florence 35 Present 6.68 Lacadena & Azpiazu, 1969
Aurore X Ae. ovata
CS x Ae. ovata 35 Present 1.40 _Farroq et al., 1990
Ae. ovara X CS 35 Present 0.88 This work
Ae. ovata x CS phlb 35 Present 1343 This work
CS phlb X Ae. ovata 35 Present 12.50 Farroq et al., 1990
CS Nulli 5B X Ae. ovata 34 Absent 12.88 Abu Bakar & Kimber, 1982
CS Nulli 5B X Ae. ovata 34 Absent 13.29 McGuire & Dvorik, 1982
CS Mono 5B X Mentanna X 34 Absent 13.54 Lacadena & Azpiazu, 1969
Ae. ovata

CS = Chinese Spring.

Genome affinities and genome relationships in wheat
and Ae. ovata

The type of association in which equal numbers of
genomes are implicated could supply additional infor-
mation about the genome affinities expressed, if they
exist, because the same mean number of associated
arms at metaphase I is expected for all those types if
preferential pairing does not occur. The comparisons
carried out between U~M and A-D types, both in low
and high pairing hybrids, indicate that the affinities
expressed between U and M genomes of Ae. ovata are
similar to those of A and D genomes of wheat but com-
parisons involving the high pairing hybrids should be
interpreted cautiously as only two plants have been
analysed. Likewise, associations between U and M
genomes with the B genome of wheat are similar to the
A or D ones with B, because no significant deviation
was detected (see Table 4). These results presumably
indicate that the B genome of wheat is no more closely
related to the other wheat genomes than to genomes of
Ae. ovata. Dvordk & McGuire (1981) suggested that
the differences in the amount of heterochromatin could
explain the variation in chromosome pairing among
wheat genomes. Ferrer et al. (1984) studied the meiotic
pairing of nine wheat chromosomes (B genome, 4A
and 7A) and concluded that the effect of hetero-
chromatin is clear in the homoeologous chromosomes
of groups 4 (4A and 4B) and 7 (7A and 7B).
C-heterochromatin content, however, might be respon-
sible for the lower pairing usually observed for the B
genome when it is compared with A or D genomes, but

it is also probable that chromosomes of the B genome
exhibit lower pairing as a characteristic in their own
right. Unfortunately the variability for C-hetero-
chromatin, which is necessary to distinguish between
both mechanisms, has not been described in wheat.

If the mean number of associated arms at metaphase
I is taken as a measure of the genome relationships
among the different genomes that are present in hybrid
combinations, one could expect that the affinities
would be maintained in hybrids with different levels of
pairing (low and high) as well as in different meiotic
configurations (bivalents and multivalents) within the
same level of pairing.

The differences between the hybrids analysed (low
and high pairing) make it necessary to develop a new

Table 4 Comparisons between the mean number of
associations per cell observed for those types of pairing
involving the same number of genomes (AD-B/UM-B,
A-D/U-M), in both low and high homoeologous pairing
crosses. In all cases paired ¢ tests were performed

Type of association

AD-B UM-B A-D U-M
AeovCS 003 0.01 0.21 0.14
t-value 1.081 2.310
(df.=4)
Aecovphlb 1.10 0.58 3.80 1.91
t-value 1.486 7.000
(df.=1)
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method that takes into account the amount of pairing
for the different distinguishable types of associations
relative to the total associations. Thus, the mean
number of associations per total number of associa-
tions represents the ‘relative contribution’ of each type
of pairing. In order to analyse whether different types
of meiotic configuration exhibit differences or not in
their relative contribution, the mean number of
associations per total associations for each type of pair-
ing was compared between bivalents and multivalents
in the high pairing hybrid plants. It is apparent from the
data in Table 5 that the amount of pairing for the differ-
ent distinguishable types of associations, relative to the
total associations, was maintained in different meiotic
configurations, as no significant deviation was
detected. This results seems to indicate that in these
hybrid combinations the affinities expressed are inde-
pendent of the type of configurations considered. The
comparisons carried out between the relative contribu-
tions for the five types of association between hybrids
with different level of pairing were only significant for
the AD-B type (see Table 6). These results suggest that
in this pentaploid hybrid the affinities expressed are
well maintained at different levels of pairing; i.e. the
increase in pairing due to the Pk gene inactivation is
distributed equally among different types of associa-
tion.

Comparisons with other wheat-Aegilos hybrids

In wheat~-Ae. variabilis and wheat-Ae. kotschyi
hybrids (genome constitution ABDUS) it has been
recently reported that the relative contribution is not
maintained in different meiotic configurations (bi-
valents and multivalents) or in different levels of pair-
ing (Fernandez-Calvin & Orellana, 1991). The results
obtained thus support the idea that chiasma fre-
quency plays an important role in the relative contribu-
tion of each type of specific association to the total
amount of pairing observed at metaphase I, mainly due
to the presence of a differential excess of ring bivalents
(with at least two chiasmata) in the high pairing hybrids,
which provoke deviations in the relative contribution
in different meiotic configurations as well as in hybrids
with different level of pairing. Obviously, in the
Chinese Spring X Ae. ovata high pairing hybrids there
is an increase in ring bivalents. In fact, this tendency
can be observed in these hybrids, so, the A-D type
exhibits the highest ring bivalent frequencies in the high
pairing hybrids in spite of this type not being the most
frequently occurring in the low pairing hybrids (Table
1). This increase, however, may not be sufficiently dif-
ferent to allow the detection of deviations in the rela-
tive contribution.

If pairing frequencies can be taken as a measure of

Table 5 Comparisons of the relative contribution for all types of distinguishable associations between bivalents (II) and
multivalents (Mult) in high-pairing hybrids

Mean number of associations/total associations

AD-UM AD-B UM-B A-D U-M

I Mult I Mult I Mult 11 Mult I Mult
Mean 041 043 0.8 0.10 0.06 0.03 028 029 0.18 0.10
t-value 1.000 0.385 7.999 0.999 2.333
(df.=1)
:a}l))lgdti Comparisons of the relative contribution for all types of distinguishable associations between low- and high-pairing

ybrids

Mean number of associations/total associations

AD-UM AD-B UM-B A-D U-M

() phib CS phlb CS phlb CS phib CS phlb
Mean 0.56 042 0.03 .08 0.01 0.05 0.23 028 0.17 0.14
t-value 1.726 3.682* 0.752 1.315 2.066
(df.=5)

*Significant at the level of 5 per cent.



Aev/Aek

0.15
0.10

U-M/U-S
0.612
1.397

0.17
0.14

Aev/Aek Aeov

0.24
0.33

0.284
0.461

A-D/A-D

0.23
0.28

Aev/Aek Aeov

0.18
0.26

7.058***
5.316**

UM-B/US-B

0.01
0.05

Aev/Aek Aeov

0.03
0.07

1.196x 1077
0.474
Ae. kotschyi.

AD-B/AD-B

0.03
0.08

Aev/Aek Aeov

0.39
0.24
Ae. variabilis, Aek

** Significant at the level of 1 per cent.

5.607%*
4.226**

AD-UM/AD-US

Aeov

0.56

042
Ae.ovata, Aev

Table 7 Comparisons by r-test between the mean number of associations/total associations (relative contribution) observed for those types involving the same and

different genomes in low and high pentaploid hybrids with different parental Aegilops

** Significant at the level of 0.1 per cent.

Aegilops
parental
CS
t-value
(d.£=16)
phlb
t-value
(df=6)
Aeov
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the affinities between the genomes that are in competi-
tion, one should expect that these affinities are
expressed in the same way in different wheat-Aegilops
hybrid combinations for those specific types of associ-
ation that can be distinguished in all hybrids, i.e. the
A-D and AD-B types should show the same relative
contribution in Ae. ovata-wheat as in Ae.variabilis-
wheat and Ae. kotschyi-wheat hybrids at the same level
of pairing, unless these genomes (A,D,B) exhibit strong
interactions with genomes S of Ae. variabilis and Ae.
kotschyi or M of Ae. ovata that alter their own affinit-
ies. In order to determine whether the expression of
affinities between homoeologous chromosomes in
hybrid combinations could be altered by the presence
of different genomes, the mean number of associations
per total associations for those types that involve the
same and different genomes was compared between
pentaploid hybrids involving different Aegilops species
(Ae. ovata and Ae. kotschyi or Ae. variabilis). It is
apparent from the data in Table 7 that the pairing
affinity between A and D genome chromosomes (A-D)
of T. aestivum and between A and D with B chromo-
somes {AD-B) is the same in hybrid combinations with
a different genome constitution. This seems to indicate
that the relative contribution within wheat genomes in
these hybrid combinations is unaffected by the exist-
ence of different Aegilops genomes, although the affin-
ities expressed between wheat and Aegilops genomes
are different in both pentaploid hybrids.

The types of pairing involving wheat and Aegilops
chromosomes do not contribute in the same way in
both types of genome combination (ABDUS,
ABDUM), probably due to the existence of different
affinities. Therefore, the U and S genomes of Ae.
variabilis and Ae. kotschyi are derived from those of
Ae. umbellulata and Ae. sharonensis, respectively
(Tanaka, 1955), and it is reasonable to assume that
most of US-B associations are actually B-S, due to the
close evolutionary proximity between B and S genomes
(Kushnir & Halloran, 1981). On the other hand Ae.
ovata is an allotetraploid of Ae. umbellulata (U
genome) and Ae. comosa (M genome) (Kihara, 1954;
Kimber & Abu-Bakar, 1979). There is clearly there-
fore less affinity between M and B genomes and thus
the UM-B associations are lower. It is worth mention-
ing that U-M and U-S§ associations show the same
relative contribution in both hybrid combinations. The
differences between the more frequent types (AD-UM
> AD-US) can presumably be attributed to pairing
between D and M genomes (Maan & Sasakuma, 1978).

The constancy of the relative contribution of those
types that only involve wheat genomes might be
explained by the existence of a compensating effect
with respect to the affinities between wheat and
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Aegilops chromosomes in both genome combinations.
The meiotic analysis of new pentaploid wheat-
Aegilops combinations, using differential staining
methods, could provide new information about the fac-
tors that can affect the expression of the genome affin-
ities and consequently obtain a better understanding of
the evolutionary process in the Triticineae.
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