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This thesis.
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Viegas, W.S5S.: unpublished.
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Only in situ DNA/TRNA hybridization studies can resolve difficulties found
in the interpretation of in vitro hybridizations.
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The enormous and valuable gene pool existent in wild species of wheat and
other species of the grass family contains potential sources for the im-
provement of wheat.
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INTRODUCTION

Chromosome pairing is the first prerequisite for the recombina-
tional transfer of genes. The identification of the genes and procesases
regulating chromosome behaviour in genergl and chromosome pairing in -par-
ticular is important for the understanding of the fundamental mechanisms
involved in, and ultimately determining the results of plant breeding.

In our studies, species of the sub-*ribe of the Triticinae have
besn used. This sub-tribe includes the genera Triticum, Aegilops (many
species of which are presently often considered to belong to Tritieum),
Agropyron, Fremopyron, Haynaldia and Secale. Between these genera hybrid-
ization is possible. Wheat Ihexaploid and diploid speciss of the genus
Iritiewn) 1is the most important crop plant in the world, and its improve-
ment is of great consetguence. In this improvement, the related genera of
the Triticinae, which are a consideréble repository of desired characters
(Sears, 1976), can play an important role. )

The hain obstacle to the transfer to wheat of gerea from its
relatives has been the low degree of pairing in the F1 hybrids and thair
derivatives. The identification in the long arm of chromosome 5B of poly-
ploid wheats of a major suppressor gene {Ph) preventing pairing between
homoeologous chromocsomes (Okamoto, 19573 Riley and Chapmen, 1958), and
the subsequent possibility of fts elimination allowed the transfer of
alien genés by recombination to wheat. Several othér genes either sup-
pressing or promoéing homclogous and homoeologous chromosome pairing at
normal or low temperatures in wheat were discovered afterwards (for a re-
view see Sears., 1976). The complexity of thi genetic system regulating
chrompsome association appeared to be even greater than previously sus-
pected when genes carried by 7. speltoides and T. tripsaccides were found
to inhibit the éctiéﬁ of Pk in F{ hybrids. Moreover, gemes in B-chromo-
somes bf these species were found -to have a suppressive effect on chromo-
some pairing. ' )

Chromosome S50 of wﬁééf;is of special interest. Besides having

genes which control chramosome association at normal (in SDS] and low tem-
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perature (in SDLl. it carries a weak nucleolar organlzer, one of the three
existing in T. aestivum, Rexaploid bread wheat. The effect of chromosome
50 on the total number of rONA copies has been suggested to be higher than
may be expected from the sole effect of the nucleolar organizing 'reginn
(NOR) 1t carriess. ’

- Throughaut this thesis I have emphasized the role of chromosome
5D (and to a lesser extent that of 5B), and its interaction with the ge-
nomes Aaf diploid Triticinse, including the B-chromosomes of 5. cereale
(rye), in the control of meiosis.

The first three articles bear special relevance to-the interac-
tion between genes on B-chromosomes of rye and on chromosomes 5B and 5D

of T. aestivum. The flrst concerns chromosome asscciation in the F, hy-

brid 7. ageetivum X 5. ecereale, the second in T. aqestivum 1itself, wggreas
the third 1s on meiotic regularity in general, again in the hybrid. In
this paper, the analysis of the effect of rye B-chromesomes in the euploid
and nulli-58 is by M. Neijzing.

In the fourth paper, a spontansous mutaticn in the long arm cof

50, Inhibiting homoeologous pairing in F, hybrids between wheat and clase-

ly related diploids is studied. The m;Lant was discovered by T. Mello-
-Sampayo.

The fifth deals with the detection in diploid triticinae of
genes compensating for the ébsence of the Ltp (low temperature pairingl
gene In chromosome 50.

The sixtm is the start of a2 new approgach to the analysis of
pairing regulation: by surveying the role of genes and nucleolar organiz-
ers in chromosome 5D in the control of rDNA multiplicity, it permits a
first exploration of a possible effect of rDNA multiplicity on melotic

behaviocur.
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THE EFFECT OF B-CHROMOSOMES OF RYE

ON CHROMOSOME ASSOCIATION IN F. HYBRIDS

1
TRITICUM AESTIVUM X SECALE CEREALE

IN THE ABSENCE OF CHROMOSCME 5B OR 5D, RESPECTIVELY

WANDA - 5. VIEGAS

Instituto Gulbenkian de Cieéncia, Oeiras, Portugal*

SUMMARY

T. aestivum var. Chinese Spring (monocsomic 5B and 50 respective-
ly) was crossed with 5. cereale [with and without B-chromosomes}. The
resulting nullisomic SB hybrids exhibited a high degree of chromosome as-
sociation both at 20%C and 10°C. The presence of B-chromosomas slightly
reduced association, whether 5B is present or not,.

In nullisomic 5D hybrids B-chromosomes of rye raise chromosome
associaticn at 2Z0°C compared to hybrids with SD, with as well as without
B's. At 10°C, due to the absence of the Lip gene on 50, chromosome asso-
ciation in nulliso@ic 50 hybrids is low, and no effect of rye B-chromo-
somes 1s detectable.

The hypothesis that B-chromosomes of rye carry {(an) asynaptic
gaenels) decreasing effective pairing, and (an) independent post-synaptic
gene(s) 1increasing chiasma frequency on effective pairing sites, is pre-

sented.

* The work was supported by a fellowship of the Gulbenkian Foundation and
partly carried out while the author was at the Department of Genetics,

Agricultural University, Wageningen, The Netherlands.
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INTRODDUCTION

In common wheat Triticum aestivum var. Chinese spring (2n=6x=42)
meiotic chromosome association is controlled by a number of suppressor and
pramoter genes which are located in several chromosomes of the complement.

In normal plants, the overall effect of this regulatory system
is to create a balanced situation in which pairing occurs only ‘between
homologous chromosomes, and at a sufficient level. Pairing between homo-
eologous chremosomes, i.e., those of different related genomes is sup-
pressed mainly by a strong "dominant” suppressor gene, Ph, in the long arm
of chromosome 5B (Dkamoto, 1857; Sears and Okamoto, 1958; Riley and
Chapman, 1958; Wall et al., 1971). Minor homoeologous and general pair-
ing suppressors were also found in SDL, SAS and 4D (Mello-Sampayo and Ca-
nas, 19733 Driscoll, 1973). Dominant alleles cof promoters of homoeo-
logous pairing have been referred to be carried by chromosomes 5DL, SAL
and SBS (Feldman, 1966; Riley et al., 19663 Feldman and Mello-Sampayc,
1967; Riley and Chapman, 1967) and in chromosomes SDS {(Feldman, 1968)
and SAS [Dvorak, 197B6).

Environmental factors influence the guantitative expression of
the genetic component of chromosome péiring (E1lliot, 1955; Jain, 1957,
Dowrick, 1957). Riléy (1966) was able to demonstrate a significant de-
crease 1n chromoseme association at low temperature in the absence of
chromosome 50. A low temperature gene (LEp) on the long arm cof chromosome
5D of T. aestivum var. Chinese spring was found to stabilise melotic pair-
ing under low temperatures (Hayter, 1568]. An equivalent to the Lip locus
was presumed to exist on chromosome 5A of tetraploid wheats {Hayter and
Riley, 1967].

Two diploid species of Triticum, often considered to belong to
the related penus Aegilops, Triticum speltoides (= Aegilops speltoides)
and Triticum tripsacoides (= Aegilops mutical have accessory chromosomes
which have a suppressive effect on homoeologous pairing, in hybrids with
Triticum aestivum. This effect was found to be very similar to that of Ph
of chromosome 5B (Dover and Riley, 1972). Dover (1973} observed, however,
that B-chromosomes of T. tripsacotdes induced asynapsis in F1 hybrids T.

aestivum X T. tripsacocides at low temperatures. It is known that the
5




presence of B-chromosomes in rye increases the variability of the frequah-
cy of chiasmata (Jones and Rees, 1867), They do not compensate for the
absence of Ph of 58 ir wheat (Roothaan and Sybenga, 1876).

The present paper deals with the study of hybrids between 7.
aestivum (normal and monosomic for chromosome 5B or 50) and inbred lines

of 5. ecereale with and without B-chromosomes, at two temperatures.

MATERIAL AND METHODS

All wheat genotypes used were derived from stocks briginally ob-
tained by E. Sears (University of Missouri) of Triticum aestivum varlsty
Chinese spring (2n=6x=42). They were either monosomic 50, monosomic 58 or
nuliisomic 5B-tetrasomic SA.

Secale cereale plants with standard B-chromosomes were from an
original Transbaikal accession obtained from A. Mintzing at the University
of Lund. These B-chromosomes had been transferred earlier to rye material
of the Genetics Department, University of Wageningen. This was done by
crossing imbred lines of rye without B-chromosomes with the original
Transbaikal accessions carrying B-chromosomess. Plants from subsequent
generations were crossed and backcrossed six tihas with different inbred
lines.

Hybrids were aobtained by crossing Triticwm aestivwn (monosomic
50, monosomic SB‘OP nullisomic 5B-tetrasomic 5A), as the female parent,
and Secale cereale (with or without B-chromosomes].

The hybrids were cytologically selected from the segregating F1
generation. Chromosome numbers in all the tested plants were checked in
the root-tips of germinating seedlings after pre-treatment with 1-breomo-
naphtalene and fixation in acetocarmine. The hybrids studied were
either normal or devoid of chromosomes 5B or 5D, or disomic for 5A, with
or without B-chromosomes of rye.

The plants were grown in winter in Portugal in the greenhouse
(normal temperature 20%C * 29C) until they were one month o;d. well before

the differentiation of meiotic cells. Then, they were sectioned in two

halves. One of these was kept in the greenhouse and the other transferred
5
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to & growth chamber at i0°C temperature and continuous light.

To estimate the chiasma frequency, anthers at first metaphase of
melosis were fixed in acetic-alcohol (1:3) and acetocarmine sgquash prepa-
rations weré made. For each hybrid samples of 50-100 pollen mother cells
(PMC's) were studied in three to five plants of each type. In the statis-
tical analysis t-tests were used throughout.

At first metaphase of meiosis, the abservation of chiasmata im-
plicates that pairing occurred and that it was followed by crossing-over
between synapsed regions of chromosomes. Metaphase association of chromo-
some arms looked convincingly like chiasmata and were considered as such.
Since the presence of more than one chiasma per association was very
rare, for convenience all associations were considered equivalent toc one

chiasma.

RESULTS

Chromosome association at 20%C and 10°C in F, hybrids Triticum

aestivum (normal and monozsomic 5D) X Secale cerealsz %with and without B-
-chromosomes} is summarized in Table 1 (109C) and Figure 1 [209C). It was
not considered necessary to present tables and distributions (figures} for
both temperatures.

In pilants grown at 10%C no significant differences in chromosomz
association, which was notably low, were detected. In the absence of B-
~chromosomes of rye no difference couldlbe observed between plants with or
without chromosome 50 at both temperatures. A significant discrepancy be-
comes apparent at 20C when chromoscme association of plants carrying rye
B-chromosomes was compared. A rise 1in pairing was found in absence of
chromosome 50, caompared to that in the presance of this chromosaome. The
increase in chiasma frequency observed was from 0.58 in 28+2B plants to
2.28 in 27+2B, which is statistically sigpificant at P "= 0.001. Three
B-chromosomes or one B-chromosome with a long-arm iso-chromosome have a
very similar effect. The low chiasma frequency of 0.80 at 10°C (in the

presence of rye B-chromosomes] in the absence of 50 must be concluded



to be due to the destabilizing effect of absence of Ltp at low tempera-
ture. The difference with 2.28 at 20°C is significant (P = §0.001).

Normal hybrid Nullisomic 5D
{2n =28) (2n=27)
M= .92 + .07 M=.78 £ .06

N= 250

‘N=200

CELL %

Normal| hybrid + 2B Nullisomic 5D+2B
12n =28+ 2B) {(2n =27+2B)
iso M=.58+.07 M=2,27 +.08
3 N=150 N= 250
T
<

NUMBER OF CHIASMATA

Figure 1. Distribution of chiasma frequencies per cell in
hybrids 7. aestivum X 5. cereale at 20°C in the
presence and absence of chromosome 50 of wheat

and of B-chromosomes of rye.

Low means of 0.74 and.0.56 chiasmata per cell were observed at
first metaphase in F1 hybrids of normal T. aestivum X Secale cereale at
20%C ard . 10°C, respectively (Table 1). At this level an effect of ab-

sence of 5D cannot be expressed.
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Hybrids deficient for chromosome 5B showed higher pairing at
both temperatures [Table 2,.Figuré 2). At 20¥C, 1t was observed theat the
presence of two or four B-chromosomes of rye have a slight but not signif-
icant suppressive effect on association, whether chromosome 5B 1is prasent
or not (P = 0.08). '

Hybrids nullisomic for 5B showed nc effect of rye B-chromoscmes
(Roothaan and Sybenga, 13876], but, as expected, homoeclogous associfation
was greatly increased. Addition of an extra chromosome 5A (disomic In the
hybrid) resulted in a further rise in number of chissmata per cell, both
at 10°C and at 20°C. At 20°C the average chiasma fregquency in nulli 5B,
disemic 5A was 8.59, in nulli 5B 6.71, which 1s statistically significant
even when the extra bivalent due to disomy of 5A is taken into account
(P = 0.05) (Figure 2). B-chromosomes of rye reduced chiasma frequengies

slightly and not significantly. They incresased the varisbility.

Normal Hybrid . M= S7o4
2n=22

Nul:_ll_g? M Bs?lt.lz

Nultli 58 Dlsomic SA M- s.sdta:s
n=28 \

Narmal Hybrid =.47403
2N=20028 N 200

Nulli 58 P77 M=4.551.09
2n=27428 7/ Naz225

Nulli 58 Disomic sa Mz8.81345
an=28+18 N_15

CELL %

5 6 7 8 9 10 1 12 13
NUMBER OF CHIASMATA

Figure £. Distribution of chiasma freguencies per cell in
F, hybrids . aestivum X% §. ceregle at 209C in
the presence and absence of chromosome 5B of
wheat and of B-chromosomes of rye, 'with chromosome

5A of wheat in monosomic and disomic condition.

10




1

86°0 2e-°0 01'o gsra | vz'o 98y 0Z'0 | 8b*¢ 00"t 8¢9 | ¢rrzT | Jussge 8Z+YSTP+8Z 081
90°1 ¥6°0 FA R Z8'0 § Z1°C 259 0Z'0 1 ¥5'9 85°T 96t | ZE'vT | 3ussge 9Z+vaTP+8Z 991
0o°1 26°0 Z0'0 96'0 { ¥C'0 Z1'6 r0°0 | 9€°¢ 89°1T 89°5 | ST"€T | juesge QzZ+YSTP+87 591
92°6 2Z'0 | BE*Z I Thh ¥6*S | 95°ZT { 3ussge YSTP + 82 Z91
1z ¥ 1 0Z'0 pLtT | 210 85°s oz'0 { 09y as-o 20"t | nzrs1 | 3vesge av'+ /2 a1z
ar'1 oF°1 -- 0T § 0Z°T bT°g -- ity P CE*t | 95741 | avesge av + 42 691
08°0 g99'n +¥0°0 zZe'o { 620 TP -- ary Z0'0 iy | 89'BT | 3uesae . B2+ T 51z
¥9°0 ¥2°0 - te*0 | Ze*0 ab*¢ -- $8°9 95°0 89z's | ZE'eT | 3ussqge az + £z zz
¥6°0 ¥6°0 -- ¥6°0 | 210 vete -- ¥i'e -- vZ'€ | Z9°6T | 3uesqe Az + /2 141
P11 960 91°'0 Ze'o | ¥0°0 zZe't -- 09°% zZ'0 8E°v | 0B°¢T | 3juesqe gz + /2 041
66°0 8870 FAR ¥£'C { BZ"0 gy Z0'C | 92°¢y 050 84'€ | Zy'BT | 3ussge gz+sz - | got
06*t $1°0 | Z8@°'¢c 050 Z0'€ | v5°9T | 3uasge £z v12
0Z2'g o-- gt ¥£'0 Zs'p | g2°41 | 3uasge L2 €12
ar-s 10 | 05t M ZU't | 85°41 | auesqge iz i
02°0 020 - 0g'0 | ov°o 9/'0 - 90 -- 9/°0 | gb 9z | 3uesaad a9z + 8z 651
Z0°1 95°0 g0'0 06'0 | 80°0 Z5°0 -- Zs‘o - Z5°'0 | 96°9Z | jussaxd g9z + 82 ZiT
80°1 ¥5°0 ¥1°0 08°0 | ZT°0 T P60 -- ¥5'0 -~ b5'0 | Zg*9z | 3jussaxd gz + 8z ce
zZ0°1 ¥6°0 800 98°0 | Z1°0 350 -- 85°0 -- 950 | gergz | jussaad g9z + 82 ¥g
#5°0 -- ¥5°C -- vs'0 | zergz | Iusssad 8z 961
zZg'o -- z¢'0 -- 29*0 | 9£'9z | Iuesaad [:}4 £8
Z5°0 -- Z25°0 -- 25'0 | ¢8°9Z | Iussaad 8z ze
133/d | WwloLl | SONIH | Sa0d 1133/d Y101 ] SINIM | sOod N
YAIND ALYl VYAINN as aN s
WSYIHD SIN3ITVvAIB WSVIHI SLNITVATH WOMHD | WOSOWaNHD | ANWTd
SAIWDSOWOYHD -8 SIWNDSOWDHEHO-V

*(3uetd xad STT22 0S) *(SBWOSOWOIYD-F INOYITM PUR YITM)
QO 2lpeden #]poegs X {(y§ Olwosediai-gs ITWOSTITAU PuR QS STWOSOUOW ‘[EWIOU) ) wnat38ar uMorIaL SPTIaAY ﬁu_
UT STSOTalt JO WOFSTATP 318dT4 8Y3 #0 aseydelaw uf (2 F Js0T) =anjessdual MO 32 UCTIETOO0SSE SWOSOWOIYD uesly - 2 81qe|




DISCUSSION

Hybrids between Triticwn aestivum and either T. speltoides (de-
gilops speltoides) or T. tripsacoides (degilops mutica) show that a di-
genic system existing in the last two diploid species is epistatic to the
suppressor gene, Pk, carried by chromosome 5B of 7. aestivum (Rilay et
al., 1961; Riley and Law, 1565]. On the other hand, hybrids deficient
for chromosome 5B have shown low homoeologous pairing, if accessory chro-
mosomes from 7. spelteides or T. tripsacoides are present (Dover and Riley
1972).

The genome of Secale cereale has no apparent effect in raising
homoeologous pairing in normal hybrids with 7. aesiivum. In the absence
of chromosome 5B, the hybrids, as expected, display higher chromcsome as-
sociation at 10°C and 20°C (Figure 2). An increased dosage of chromosome
5A, significantly raises chromosome association in nullisomic 5B hybrids
even further. Therefore, the effect of the-pairing prometer carried by
chromosome 5A (Feldman, 1866} is ‘additive to the effect of the absence of

58. The presence of accessory chromosomes of rye in F, hybrids T. aesti—

vum X S. cereale seem tc have a slight suppressive efféct on chromosome
association whether chromosome 58 is prssent or not, at 20°C (Figure 2).

In these hybrids chromosome associatlon is usually very lopw and
the variability is always wvery hipgh, both between P.M.C.'s and betwsen
plants of the same genotype. Sometimes chromosome associations are ob-
served in rye as a consequence of chromosome stickiness and the existence
of large heterochromatic segments at the-énd of the chromcsomes (Lima-de-
-Faria, 1852; Sarma and Natasrajan, 1873). This non-homclogous associa-
tion is a source of error in the interpretation of meiotic configurations
(John and Lewls, 19685}. These problems make it sometimes difficult to de-
tect differences in chromosome association induced for instance by B-chrn—
mosomes of rye. This may be the reason why the différence5 in chromosome
pairing were not statistically significant (9% level of confidencel.

No differences in chromosome association were detected in hy-
brids with or without chromesome 50, eithef-at low or normal temperatures.

Chromasome 50 is referred as a carrier of a temperature stabilizer (Lip)
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gene of chromosome pairiﬁg (Riley, 1966). It was expected that the ab-
sence of this chromosome in the hybrids would produce a slight decrease in
association at low temperature. That this difference was not detected in
the present experiments, probably is a consequence of the low level of as-
sociation in T. aestivum X S. cereale hybrids.

Plants deficient for chromosome 5D and simultaneously carrying
two ar three B-chromosomes. at 20°C show a significant rise in chromosome
pairing in relation to the hybrids carrying the same desage of B-chromo-
somes but not deficient for chromosome 50 [(Figure 1].

Jones and Rees (1367) have found that B-chromosomes of rye in-
creased variability in chiasma frequencies among P.M.C.'s and an intra-
-bivalent asymmetry in chromosome arm assoclation and chiasmata distribu-
tion. Taking into consideration the overall constancy of mean number of
chiasmata, which they found in all combilnations (with or without E;chrumu—
somes) it may be concluded that B-chromosomes increase the density of
chiasma in each pairing chromosome arm (segment]. In our hybrids the in-
crease in chiasma frequency might be similarly explained by an effact of
B-chromosomes on chiasma density., in the absence of chromgsome 5D,

Homoeologous chromosome association between wheat and rye is al-
ways low. Besides the presynaptic effect. of genes affecting the proper
alignment of chromosomes (Feldman, 19668] thers may exist ip those regions
where homoeologous chromosomes associate at pachynema, a discontinuous
succession of homologous segments for legitimate synapsis. These seg-
ments are potential crossover regions. Increased 1local density of
chiasmata would correspond to a higher probability of crossing - over per
unit length of paired segments. This would result in a higher praobability
of crossing-over at metaphase I per palred homologous segment.

If rya B-chromozomes have an effect on chromosome behaviour in
absance of 5D irrespective of temperature {(although not detectable at low
temperatures)} which they do not have in the presence of 5D, necessarily 5D
must have meilotic effects in addition to Lip. Also, rye B-chromosomes
must have several effects. Perhaps, like some genntybes of de. speltoides
but unlike their B-chromosomes, rye B's might slightly overrule PR in 5B

and permit some homoeologous pairing unless counteracted by a general
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pairing restricting gene in 5D. Thus, two effects should he attributed to
50 (1. Ltp; 2. slight asynapsis) and three to rye B-chromosomes {1. hamo-
‘eolaogous pairing in the presence of 5B; 2. general pairing restriction;
3. increased chiasma formation on effective pairing sitss). Under normal
conditions effect 3 balances Z, together causing increased wvariatien. In
absence of 50, effect 1 is sufficiently’ strong in combination with 3, to
counteract 2, but at low temperatures there simply is not enough pairing
for 1 and 3 to havé a detectable effect. In the presence of 50, the com-
bined pairing restricting effects of 50 and effect 2 are strong enough to
balance 1 and 3.

This explanation is, of course, speculative. It is not clear
for instance, why Ilhcreased chiasma formation at effective pairing sites
does not greatly increase chiasma frequency in combinations of rye B-chro-

mosomes and a double dose of 5A, which carries a pairing promotor.
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THE EFFECT OF B-CHROMOSOMES OF RYE

ON CHIASMA FREQUENCY IN TRITICUM AESTIVUM

WANDA S. VIEGAS

Instituto Gulbenkian de Ciéncia, Oeiras, Portugal*

SUMMARY

The influence of B-chramosomes of Secale eereale on chromoscme
association at metaphase of the first division of meiosis in an inter-va-
rietal T. agestivum hybrid Chinsse spring X Lindstrim (carrying rye B-chro-
mosomes)} was studied in the presence and sbsence of chromosome 5D of
wheat,

The presence of rye B-chromosomes did not change the normal pat-
tern of chromosome association in disomic and significantly though slight-
ly increased chiasma freguency in moncsomic 5D plants at 20°C. When chro-
mosome 50 was absent, this increase was more pronounced, especially in re-
épect to the numhgr of ring bivalents. It is suggested that this increase
is a conseguence of an additive effect of postsynaptic genefs] in rye B-
-chromosomes which locally increased chiasma frequency in A-chromosomes,
and of the absence of [(a) desynaptic genels] of chrompsome 50. Even 1in
nullisomic 50 plants, at 10°C, where a high degree of asynapsis was ab-
served, the addition of B-chromosomes increased chromosome association,
but then there was no observable increase in the monosomics, which at 10%C

did only show a slight reduction in pairing.

* The work was supported by a fellowship of -the Gulbenkian Foundation and
partly carried out while the author was at. the Department of Genetics,

Agricultural Unlversity of Wageningen, The Netherlands.
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INTRODUCTION

The chromgsomes of the three constituent genomes of hexaploid
wheat, Triticum aestivum (2n=6x=42) although clossly related, do not pair
at meiosis (Sears, 1852). The mechanism which prevents homceologous pair-
ing is complex and believed to be based:nn a delicate balance between sup-
pressor and promoter genes for pre-meiotic and meiotic association (Feld-
man, Mello-Sampayo and Sears, 1966), Okamoto (1857) and Riley and Chapman
(1958) found that the main suppressor gene(s) for homoeclogous pairing
(PR) was [were) located on chromosome 58. Other suppressor genes have
been detected on the short arm of chromosomes 3D and 3A (Mello-Sampayo and
Canas, 1973) and on chramosome:4D0 (Driscoll, 1973). Several pairing pro-
moting genes have been identified in both arms of chromosomes 5D (Feldman,
1981, 1968) and 5A (Felcman. 1968; Dvorak, 1878} and on the short arm of
.chromosome 5B (Riley and Chapman, 1867; Feldman and Mello-Sampayo, 19B67).
The long arm of chromosomes 3D and 3B and the short arm of chromosome 2A
also carry other promoter genes (Driscoll, 1972: Sears, 1954],

A low temperature stabilizer gene (Lip}, the ahsence of which
results in a high degree of asynapsis at 459C and lower, has been identi-
fied in chromosome 50 of T. agestivum [Riley, 196E). An eguivalent to Zip
was presumed to exist on chromosome 5A of tetrapleid wheats {Hayter and
Riley, 1967). The presence in related diploid species of genes comparable
to Lip was demonstrated by goocd chromosome association at low temperature
in nullisomic 5D 'hybrids 7. aestivumXT. tripsaccides (=degilope mutica)
(Vardi and Dover, 19721, T, aestivum X T. speltoides (= Ae. speltoides}
(Attia et al., 1977; Viegas, 1879b) and T. aestivum X T. longissimum
(= Ae. longtesima) (Attia, 1877). Viegas (1978al, however, found nc com-
pensation for the Lip gene in hybrids T. aestivum X Secale cereale, in the
absence of chromosome 50.  B-chromosomes of T. tripsacotdes induce asyn-
apsis at low temperature in F1 hybrids_ T. aestivum X T, tripsacoides
{Vardi and Dover, 1572}, aﬁperentlyfpnunteracting 8 Qtp gene elsewhere in
the genome. B-chromosomes of rye [é} eereale) in nullisomic SO0 hybrids 7.
aestivum X 5. cereale increase chromosome association at ZDéc but hardly
at 10°C (viegas, 19792).
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The present work is concerned with the study of the effect of B-
-chrcmosomes of S. cereagle on chromosome association in an inter-varietal
T, gestivwm hybrid Chinese spring X Lindstrom (disomic, moncsomic énd
nullisomic 50) at normal (Z0¢C) and low temperature (10°C), with rye B-

-chromosomes from Lindstrom.

MATERIAL AND METHODS

Plants of 7. aestivum var. Chinese spring (euploid- and monosomic
50) were grown from seed stocks originally obtained by Dr. E. Sears, Uni-
verslty of Missouri; seeds of Lindstrom strain of 7. gestivwm were ab-
tained from Dr. A. Mintzing, institute of Genetics, University of Lund,
Sweden. The Lindstrom-strain is a spring wheat carrying accessory chromo-
somes which were transferred by crossing a variety from Nepal with a spring
rye varlety from Transbaikal, Siberia, followed by spontaneous chromosome
doubling and backcrossing to a wheat variety. Inter - varietal hybrids
Chinese spring X Lindstrom were made using the wariety Chinese spring as
the female ﬁarent, either as normal disomic or as a monosomic 50. The
control (without Bjchramosomesj was also obtained from the same crosses.

Cn \the basis of analysis of root-tip mitoses [pre-treétment in
1-bromcnaphtalene, fixatioﬁ ahd staining in acetocarminel the desired F1
hybrids were selected (disomic and monosomic 5D both with and without B-
-chromesomes of rye), grown under normal greenhouse conditions, and selfed.
Disomic, monosomic and nullisomic 50 hybrids with or without B-chromosomes
were subsequently selected from the segrepating F2 generation, again using
root-tip mitoses of germinating seedlings.

The F2 hybrids wers grown in the greenhouse in winter time.
Plants were longitudinally split after one month of growth, so that two
independent, geneticelly identical, plents were obtained. One of these
was kept at 20%C, cther at 109C, both under continuous light.

To estimate chiesma frequency, anthers at metaphass of the first
division of meiosis were fixed in acetic alcohol (1 : 3) and permanent

squash preparations were made with Euparal after acetocarmine staining.
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From each hybrid combination, samples of 50-150 pollen mother
cells (PMC's) were studied, and the number of chiasmata per cell and the
frequency of different configurations, recorded. Since almost never more
than one chiasma was observed in a chromosome arm, for convenience the
number of associated arms at MI was considered equivalent to the number of
chiasmata, and used in its place. To be able to compare chiasma frequen-
cies of disomic plants, where 42 chromosomes are available for chlasma
formation, with monosomic 5D and nullisomic 50 plants where only 40 can
erossover, a numerical carrection was used. The extra bivalent of disomic
plants can be & ring or a rod, the probabilities of which were assumed to
be identical to those seen in the other chromosomes. Comparisaons between
differsnt combinations were made using t-tests. As only one nullisomic 50
plant was available, the.t-test used, -in this case.wa; based on the stan-

dard error of the cell population.

RESULTS

Chromosome association in inter - varietal 7. agestivwm hybrids
Chinese spring X Lindstrom 1is summarized .in Tables 1 and 2 for plants
grown at 20°C and 10°C, respectively. These hybrids were either disomic,
monoscmic or nullisomic 50, and wifh or without B-chromosomes of 5. ce-
reale.

20%C _

In disomic 50 hybrids growing at 209C + 2°C no significant dif-
ference in chiasma frequency was cbserved between plants without or with
_B-chrnmosumés (36.42 + .93 and 35.79 % .58, respectively). In monosomic
50 hybrids the presence of B-chromosomes significantly 1increased (.05>P>
>,02) the level of chromosome association (mean chiasmata per ceil 31.70 £
+ 1.09 and 34.71 % .32, respectively). Compsarlisons betwesen disomic and
monosamic 50 plants without B—éhromosomés. did not, however, show- any .
difference. No significant difference was observed between the same hy-
brids when B-chromosomes were present. The presence of B-chroemosomes in

nuellisomic 50 plants significantly increased (P =0.02) chromosome associa-
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ticn (mean chiasmata per cell in plants withput B8's 35.0 £ .81 and in
plants with B's 37.07 + .78). In the absence cof B-chromosomes, values of
chromosome associatlion in nullisomic 50 hybrids were not different from
the ones observed both in disomic and in monosomic 5D plants. When nulli-
somic 50 plants with B-chromosomes were, however, compared with either di-
somic 5D-with B's or monosomic 50-with B's plants, a significant Increase

(P<.02) in chromosome associatlon could be observed.

10%cC

Tabile 2 summarizes mean: chromosome.asscciation at 10°C for the
same hybrid combinations described for 20%C. Chromosome assoclation in
disomic hybrids with or without B-chromosomes did not show any significant
difference (mean chiasmata per cell 36.38 * .37 and 56.17 *+ .33, respec-
tively). The absence cof one chromasome 5D in these hybrids (monosomic 50)
induced a significant drop (P<.01) in chromosome assoclation (mean chiasma
per cell 30.0Z * .38 in the absence of B-chromosomes and 30.26 + .35 in
their presence), when compared with wvalues found for disomics SC. No dif=«
ference was observed in monosomic 50 plants with or without B-chromosomes,
however. Mean chiasmata per ceil in nullisomic 50 hybrids was much lower
in the absence of B-chromeosomes (3.75 * .87) than in their presence
(8.35 * 2.65) the difference being highly significant (P<.D1). Compari-
sons between nulliscmic 50 plants.without B-chromosomes and disomic or
monosomic 50 plants showed a very signlificant decrease in chromosome asso-<
ciation (P<.001]). The same pattern was .observed when B-chromosomes :ware

presant in all of these hybrids.

Cﬁmparisuns between disomic 50 plants growing at 20%C and 10°C,
with or without B-chromesomes, showed no differences in chromosome asso-
ciation. Monosomic 50 plants growing at 20°C consistently showed -higher
chrompsome association, with or without B-chromosomes, as compared with
the same plants at 10°C {P<.02].: The same pattern was observed for nulll-
somic 5D plants but here the difference of the means showed an even higher
reduction brought about by the 10%C treatment (P<.001).

It was observed throwughout 2ll these hybrids that the influence
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of the B-chromosomes was independent of their number.

DISCUSSION

In general the genetic interactiﬁn between B-chrompsomes and A-
-chromosomes 1s complex. At least it seems that it can control both %he
level of c:hmrﬁnsoms pairing and the level of chiasma formation. In hy-
brids T. aestivum X T. tripsacoides, at low temperature, B-chromosomes of
T. tripsacoides are able to induce a high degree of asynapsis due to pre-
-meiotic chromosome impairment, in spite of the presence of Lip genes
(Vardi and Dover, 1972). Morsover, B-chromosomes from T. tripsacoides and
T. speltoides at normal temperature in hybrids T. aesl‘;‘ivwn X T, tripsacoi-
des, X T. speltoides,have a similar effect to the Pk gene. This has I:.»een
detected when chromosome 5B is absent, through a marked redection in the
extent of homoeologous pairing (Dover and Riley, 1972).

Comparlsons between plants without B-chromosomes and plants with
B—chrpmosomes showed that the presence of B-chromosomes enhances chromo-
some association in nullisomic 5D hybrids grown sither at 10°C or at 20°C.
This rise was mainly due to a. larger count of ring bivalents. In mono-
somic 50 plants at 20°C, but not at 10°C, an incre;sed chiasma frequency
was also observed and was due to .a shift among  the bivalent configura-
tions. A significant increase (.05>P>.2] in the number of rings was ob-
served in monosomic 50 plants with B-chromosomes (14.75 * .33) when com-
pared with those without B-chromosomes (11.88 + 1.03), the fregquency of
univalents in beth combinations being very similar. This corresponds to a
decrease ih the number of rod bivalents {from 7.94 + .96 in plants without
B-chromosomes te 5.21 £ .32 in plants with B-chromosomes).

This increase in chiasma frequency in chromosomes already having
one chiégma confirms the hypothesis previcusly put forward that the post-
-synaptic effect of B-chromnsbmes of rye on chromosome- association in
nullisomic 50 hybrids 7. aestivum ¥ 5. cerzale is mediated through an in-
crease of crossing-over per unit length of paired chreomosome (Viegas,

1873a). The absence of chromosome 5D seems to be fundamental to detect the
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effect of B-chromosomes in these hybrids. In the absence of chromo-
saome 5B no effect on chromosome association was induced by the presence of
B-chromosomes [(Roothaan and Sybenga, 1876). Jones and Rees (1967) also
showed that in rye the presence of B-chromosomes enhances the appearance
of A-chromosomes with an increased number of chiasmata, simultaneously
with a greater varlability cof chromosome: association among PMC's,being the
averall mean number of chiasmata in all the. combiratione almost constant.
The sffect of B-chromosomes of rye in the inter-varietal hybrids of wheat
studied showed no dosage dependence. Plants with 2 to 8§ B's induced the
same guantitative  effect on chiasma frequency. This dosage indepen-
dence was similar to that found in B-chromosomes of T. tripsacoides and T,
spelioides (Vardi and Dover, 1972). Association of B-chromosomes at norm-
al temperature is low and quité rare in plants growing at 10°C. The de-
gree of pairing seems to be generally independent from thelr noticeable
effect on the enhancement of chromosome association of A-chromosomes, in
the absenee of chromosocme 5D.

Chromosome 50D of T. aestivum carries a low temperature stabili-
zer gena (Ltp) for chromosome association tha absence of which induces a
high degree of asynapsis, at 15°C (Riley, 1966). It has been demonstrated
that Lizp of chromosome 5D contrels the pre-meiotic chromosome pairing
(Bayliss and Riley; 1972b)}. In the inter-varietal hybrids of wheat stﬁd—
iec at 10%C, the effect of Lip gene was confirmed, both for plants with B-
-chromosomes and without B - chromosomes. Nullisomic and monosomic 50
plants always show a decrease in chromosome association at 10%C, as com-
pared with disomic plants.

At 20°C, different dosages of chromosome 30, in the presence of
B-chromosomes, showed that the density of crassing-owver is modifiec when
chromosome 5D 1is absent. MNullisomic 5D plants had highser chiasmata fre-
quencies than monosomics or disomics. This increase was mainly due to a
shift in the number of ring and rod bivalents, the univalent freguencies
in all these combinations being wvery similar (not, of course, considering
the single univalent in monosomicsl). The freguencies of -rod bivalents
from nuliisomic 50 plants (2.77 % .77) showed a significant decrease (.02>

>P>.01) when compared either with disomic 5D (5.85 * .54} or monoscemic 5D
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plants (5.21 * .33). This decrease in the number of rods was complementa-
ry to the correspending, increase (.072>P>.01) observed in the frequencies
of ring bivalents (14.12 £ .55 in disomics; 14.75 * .33 in monasomics and
17.14 + .79 in nullisomic 50 piants}. No significant change was, however,
observed in the-'chiasma frequency per cell between disomic and mecnosomic
5D plants with B-chromosomes.

Béyliss and Riley {1872a} studlied chromosome associaticn of su-
ploid and nullisomic 50 plants of 7. gestfowm, at 23.5%C. Their data show
that in the absence of chromoscme 50 an incrsase in the number of ring
configurations with more than two chiasmata was observed, -when compared
with the euploid (average number of these rings 2.9 and 4.8, respsctivelyl
The average frequency of chiasmata per chromoscme was not, however, sig-
nificantly differsnt between both combinations. Mello - Sampayo and
Miller (19879} analysing mono-telosomic SDL, heterU'isoéumic 5DL and tetra-
somic 50 plants of T. qestfwvwn, at 209C, found that an -increasing dosage of
5DL induced a corresponding increase in the number of rod bivalents, not
changing the chiasma frequency, as well. The results ohbtained by Bayliss
and Riley suggest that the increase in the density of chiasmata per chro-
mosome paired in nullisomic 50 hybrids can be attributed to the existence
of a desynaptic gene on that chromosome. Moreover, the data of Mello—ng-
payo show that the effect of this desynaptic gene of SDL is correlated
with increasing dosageg of it. .

In the presence of 50, the effect of B-chromosomes of rye on the
promotion of chiasmata ih paired chromosomes of inter-varietal hybrids of -
wheat, cannot be observed. Inversely, a higher density of chiasmatsa per
chromosome palred may be obtained in plants where 50 is absent and B-chro-

mosomes present, by their additive effects.
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ABSTRACT

Meiotic synchreny and between-cell variation in chiasma frequen-
cy were analysed in nulli 5B and nulli 5D hybrids between Triticum aesti-—
vum (wheat) and Secale cereale (rye) with and without B-chromoscmes of
rye. As a measure of (al)synchrony the variance in apparent time elapsed
since a fixed starting point {beginning zygotene) was used.

There was no effect of rye 8-chromosomes nor of absence of chra-
mosome 5B on meintic synchrony and variation in chiasma freguency.

Absence of 50 appesred to cause a decrease of synchrony at 20%C
and 15°C but genetic wvariation between plants alsoc played an important

role,

INTRODUCTION

In addition to genes which are responsible for their multiplica-
tion, usually acting at or just after meiosis, and which they nesd for
their maintenance in absence of selective advantage, B-chromosomes in sev-

eral species bave been found to carry genes coding for effects not evi-

30



dently related to their own functioning.  B-chromosomes of Adegilops spel-
toides and Ae. mutiea carry genes which restrict homoeologous pairing be-
tween Triticum gestivum (wheat) chromosomes, much as the Ph gene in chro-
mosome 58 does (Dover and Riley, 1972: Vardi and Dover, 1972). A similar
effect have B-chromosomes of Loliwm perenne in L. peremne X L. temulentum
hybrids (Evans and Macefleld, 1972). Viegas [197%a, 1978b) found an ef-
fect of B-chromosomes of Secale cereale [rye) on chromosome palring in
wheat in absence of chromosaome 50, which carries the low temperature pair-
ing regulating gene Lf{p. Rye B-chromosomes do not have an effect, like B-

-chromosomes of Ade. speltoides and Ade. mutica, on homoeclogous pairing of

‘'wheat (Roothaan and Sybenga, 1976]. In the course of the latter werk it

was observed that synchronisation and 1n.general the regular course of
meiosis were better (fewer chromatic inclusions, doubled nuclei, etc.) in
the presence of rye B-chromosomes in tetraplold (4x =28+ B's) rye-whéat
hybrids than in their absence. This observation was not quite in line
with expectation: 1in rye, B-chromosomes have been shown to have the ten-
dency to increase veriation between cells in respect toc chiasma frequency
{Jones and Rees, 1967). Synchrony-1is an important aspect of meiotic con-
trol in forms where it is a natural phenomenon: PMC's in anthers of sev-
eral plant species, spermatocytes in cysts in the testes of 'several ani-
mals, etc. In anthers of many cther plant species, however, and in EMC's
in some cases, meiosis is sequential. Then, the regularity of the se-
quence could be subject to analysis. In rye and wheat, melasis in anthers
tends to show considerable synchrony, but. in their hybrid, in addition to
other indications of genstically conditioned meiotic unbalance [(chromatic
inclusions, degenerating cells, etc.) meiosis 1is somewhat less strictly
synchronized. Since regular meiosis 1is of considerable interest for Tri-
ticale breeding, 1t was decided tou conduct a more thorough experiment on
the presumed regulatory effect of rye B-chromosaomes.

Whereas the +requency of doubled nuclei, chromatic inclusions,
degenerating cells, anaphase budges, etc. can be screened relatively read-
ily and guentitatively, a parameter like synchronization is much less eas-
ily expressed in a simple form, especially when fixed preparations at dif-

ferent stages of meiosis are scored.
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In synchronous meiosis, there is 1little variation im stage be-
tween PMC's in an anther around the aversge. Since for each cetl the stage
can be determined, and for each consecutive stage its duration and thus
for each stage the distance in time from the average per anther, the vari-
at;on around the average, expressed as a variance, is a good measure of a-

synchrony. This total variance has two companents: the between-stage

variance Ug which can be estimated, and the within-stage variance cﬁ.
which must bBbe consiructed in another way as wighin stages no reliable dif-
ference between cells can be observed. Thus g, . = o2 + o2,

total b W-

For estimating the average we assume a starting point of meiosis
at tims 0. For each successive stage the mid-point is taken to represent
the time progressed since the start of meiosis, for sach cell in this
stage. When doing so, and for esfimating the within-stage variance we as-
sume an even distribution of cells in a stage. This is not guite correct,
but the best chotcs présently availabls. For the average stage a normal
distribution may be more appropriate, but for stages earlier and later
there must be a skewing towerds the average. This means that with our ap-
proach the asynchrony will be somewhat overestimated, especially when
stages of long duration are represented by a considerable number of cells
but less than the modal number.

Besides meiotic asynchrony, several other abnormalities have
besn observed in hybrids: chromatic inclusions, qeganerating cells, fail-
ure of cytokinesis, etc. Thelr occurrence was too infreguent and irregu-
lar to serve as a‘basis for analysis of meiotic regularity. A third para-
meter 1s between-cells variance of chiasma frequency. In normal hybrids
between wheat and rye, there are very few chiasmata, but in nulli-5B hy-
brids, which lack the FZ {homoeologous pairing restrictingl gene, sach
cell can have several. We have given the chiasma distributfon in a few

such cases.

MATERIAL AND METHODS

Heads of wheat (Triticum aestivwm] var« (Chinese springl, mono
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58 and mono 50 were crossed with inbred lines of rye (Secale cereale)
without B-chromosomes and with rye plants with B-chromosomes, backcrossed
3 to 4 generations fo the inbreds mentioned above.

In the progeny., hybrid plants with and without 5B or 5D and with
or without rye B-éhromosomes were selected, using Feulgen staining after
AN-HC1 fixatlon and hydrolysis at 59°C. The hybrids were grown in a coopl-
ed greenhouse during summer and in a climate chamber at 15°%C. Florets
were fixed approximately at meiotic first metaphase in 1:3 acetic alcohol.
Squash preparations were made in 45% acetic acid after prolonged staining
in acetocarmine. Preparations were made permanent in Euparal.

Estimates for the duration of the successive meiotic stapes have
been given in the literature for a number of species and hybrids of the
Triticinae. No information, however, was svailable which could be used
directly for our material. We have derived the most probable durations
by sxtrapolation from the most relevant estimates published (Table d]. As
the starting polint we bhave chosen the beginning of zygotene, earlier
stages not being present 1in the fixations. The histegram of Figure 1,
which 1is an example of one of our analysis, gives a visual impression of

the distribution of cells about the stages.

29% 0.5 Hour

w
X
oy
(=]
-

Time

Diakinesis
Metaphase 1
Anaphase 1
Telophase
Interkinesis

Figure 1. Example of the distribution of cells over meiotic
stages in one anther of a wheat-rye hybrid, lack-

ing chromosome 5B [plant 74791-5).
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The average 'stage for an anther is obtained by multiplying for
esach stage the mid-point of that stage by the number of cells in it, add-
ing the values for all stages and dividing by the number of cells.

The between stage

; Zng v - %'[? Ny “i}z

2
[
b n-1
and within stage
o2 = . - a2
O = Tam © By ny 1By - oay)
in which ny is the number of cells observed in stage i; | the time at the
midpoint; n the total number of cells observed in the antherj a; the time

at the begining of stage 1 and I:J.i the time at the end.
As the variances may not be assumed to be normally distributed,

non-parametric methods were used in the statistical analysis.

RESULTS

The results have been summarized in Tables 2 and 3. The vari-
ances of Table 2 appear to be very wvariable within classes. No between-
-class differsnce can be demonstrated using the Kruskal-Wallis test (Table
4). The means are very similar for all classes, and it is clear that nei-
ther rye B-chromosomes nor absence of 5B affect melotic synchranization,
separately or combined. Also the effect of B-chromosomes on the variance
of chiasme frequencies is neglipgible, although there is a slight indica-
tion of redﬁced variance in the absence of 58 when rye B-chromosomes are
present. This is in contradiction with the effect on rye. where B-chromo-
somes tend tc increase the variance (Jones and Rees, 1967). As in the
case of Roothaan and Sybenga (1978) there is a slight negative correlation
between chiasmata in A and B chromosaomes. This is expected, as it is the
same material.

The data of Table 3 are different. There is a clear effect of
absence of chromosome 5D {P<0.005) slightly reinforced by rye B-chromo-

somas, which have no effect of themselves. This is true for 22°C and 15°C.
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Table 2 - The mean stage (u), total veriances (6*), chiasma frequencies
hybrids of T. aesti-

and 1ts variances of PMC's at meiosis in F

vum X 8. eereqle, in the presence and sbsence of 5B and rye B-

-chromosomes.

ranged from 200 to 700).

(The average of PMC's observed for each anther

CHROMDSDMES
A . g
2 2 P CHIASMATA

PLANT N? " %y Y Ctot. FREG VAR  FREQ VAR

28 + 2B :

74786-16 17.03 1.48 0.21 1.69 0.28 0.32 1.10 0.93

74790-4 17.43 1.08 £.14 1.22 -- - .- --
" 18.05 1.00 0.17 1.17 -- -- .- --
" 15.66 0.59 0.25 0.84 1.14  1.30 1.59 (.34
n 15.79 0.77 0,32 1.09 0.82 0.96 1.64 0.27
» 14.47 5.24 0.86 6.10 0.96 1.10 1.26  0.69

74600-1 17.09 1.39 0.18 1.58 D.46 0.46 1.36  0.25
. 16. 14 0.17 0.24 0.41 0.70  0.58 1.30 0.43

74807-17 15.44 1.68 0.37 2.05 0.44 0.37 1.40 Q.38
- 13.47 9.45 1.3 10.76 0.52 +0.54 1.34  0.37

74807-18 15.98 0.086 0.26 0.32 0.82 1.41 1.40  0.49

27 + 28

74786-11 16.67 0.89 0.19 1.08 4,58 2.61 1.08 0.32

74786-15 15,35 2,04 0.41 2,45 5,12  5.53 1.12  0.17

74786-16 15.68 0.46 0.23 0.69 6.64 2.72 1.22 0.29

74790-1 16.45 0.B0 0.23 1.03 4,16 4.79 1.00 D0.0A
. 16.19 0.20 0.23 0.43 4,96  3.50 1.06 0.18
. 15.54 1.49 0.36 1.85 4,92  2.60 1.02 0.14
" 15.70 0.87 0.30 1.17 5.56  3.63 1.16  90.27
- 16.01 ¢.76 0.15 0.91 4.60 2.42 1.02 0.10

74790-8 17.10 1.41 0.18 1.60 6.42 5.55 1,12 0.16

74803-1 17.13 1.48 0.17. 1.65 7.34  3.64 0.94 0.72

74807-1 15.80 0.49 0.23 0.42 8.14 2.78 1,20 0.33

74808a-8 15.79 0.25 D.23 0.48 7.48  4.27 1,06 D.24
28 . .

74787-4  17.4B 1.56 0.19 1,75 0.84 1.06 -- --
- 19,30 1.89 0.23 2.12 0,73 1.92 -- -
o 19.04 2,20 . 0.20 2.40 0.95 0.73 -- --
- £ 19.25 0.51 0.28 0.79 -- -- -- --

. 14.26 5.44 0.90 6.34 1.24 ° 1.20 - --

74791-8 16.62 0.67 0.18 0.85 G.B6  0.58 -- --
. 17.93 2.46 0.19 2.35 0.72°  0.36 -- --
- 13.40 . 4.B9 1,09 5,78 0.60 . D.55 -- --
- 14.95 2.85 0.49 3.34 1.42  1.58 -- --

74791-15 15.97 0.05 0:26 0.31 0.9 1.01 -- --

27 : :

74781-5 16.89 1.09 1,16 1.25 5.62 4.34 -- --

74701-7 16.00 0.00 0.27 0.27 7.02  8.28 -- --
» 15.83 0.53 0.22 0.75 7.12  3.70 -- --
" 15,22 2.84 n.52 3.38 6.98 7,34 -- --

© 74791-10 14,01 0.30 0.15 0.45 -- -- -- --

. 18.31 1.22 0.22 1.44 7.43 5,98 -- --
- -49.19 1.27 0.23 1.50 -- -- -- -

74791-12 47.00 2.04  0.25 2.29 7.10  5.17 -- --

74787-1 14.08 17.97 1.18 19.15 5,32 7.3 -- --
» 19,03  39.13 2.08°  41.22 -- -- - --




Toale 3 - The mean stage (W) and the total variances (6%) of PFMC's at
meiosis in F, hybrids of T. aestivum (normal or monosomic SD) X
% S. cereale (with snd without B-chromosomes), grown at 22%C and
15%C (200-500 PMC's per entryl.

PLANT 2 2 2 z 215% 2 2
M % %  “tot s % O  Teot
28 + 2B
45 -16.07 0.087 0.258 0.337 16.05 0.070 0.260 0.330
20 15.05  0.083 0.260 0.323 16.40 0.109 0.250 0.359
27 16.00 0.000 0.270 0.270 16.23 0.268 0.228 0.4%6
28 16.08 80.000 0,270 0.270 --= - --= ==
27 + 28 .
44 17.15 B.614 0.545 9.159 18.13 8,316 0.547 B8.8B3
23 1/.20 8.4956 0.4B63 8.959 16.36 5.525 0.358 ©6.883
21 17.07 4.478  0.268 4,746 16.68 B6.08B0 0.200 6.280
19 16.37 5.163 0.374 6.537 48.55 10,256 0.707 10.963
27+1B+iso0B .
43 16.30  0.274  3.2M11 0.485 16.17 0.182 °0.235 0.418
43 16.30 0.299 0.273 D0.%12 18.03 1.6486 0.115 1.761
28
5 16.03 0.049 €.262 0.3NM 15.88 0,025 0.265 0.290
11 -15,87 0.000 0.254 0.264 16.01 0.009 0.268 0.277
30 15.98 0.036 0.263 0.299 16.00 0.000 0.270 0.270
31 16.00 0.000 0,270 0.270 16.023 0.032 0.264 0.298
27 .
49 15.66  2.1%9 0.329 Z.488 15.85 0.197 0.246 D.443
g 15,600 1.474 0,340 1.8B14 14.18 11,322 0.758 12.080
3 15.64 1.708 0.231 1.939 15.87 (0.456 0.206 0.6562
45 17.33  2.308 $.2058 2.506 16.24 6.785 0.410 7.185
17 16.80  1.8M11 0.243 2.060 17.87 3.866 0.176 4,042
Table 4 - The influence of the rye B-chromosome and the 5B and 5D chromo-
somes of wheat on the synchrany of the meiosis of Tritfcoum X Se—
cale — hybrids tested with the Kruskal-wallis test Btatistic H}
CONSTRAST TABLE H
With and without 2B's (22°C] 2 Z2.43 D.‘1U<F[x%= 2.431<0.20
With and without 5B (22%C) 2 0.92 D.?O(F(x§-= 0.9231<8,80
With and without 28's [(22°C) 3 c.57 D.7U<P(x§= 0.671<0.60
With and without 5D {22°2) 3 13.20 Px$=13.20)<0.05%
With and without 2B8's (15°C) - 3 1.22 0.20<P (x3= 1.22)<0.30
With and without 50  (15%C) 3 10,93 P (xj=10.93)<0,05%
Without SD at 15°C and 22°C 3 0.24 0.3 <P[x§= 0.241<0.7
Without 5C at 15°C and 22°C 3. 1.34 70,2 <P(x3= 1.341<0.3

*HD is rejected
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DISCUSSION

The contention that rys B8-chromcsomes might have a positive ef-
fect on meiotic regularity in wheat-rye hybrids is not born out by the
present results. Nor is there an effect of the absence bof chromosome 5B
of wheat. Bennett [(1873) found that absence of 58 increased the total du-
ration of meiosis in wheat. If this is proportionally distributed about
all stages, it should not affect the variation as studied by us.

An interesting new observation is the apparent strong disturbing
effect of the absence of chromosome 5D of wheat. It is this chromosome
which carries the low temperature peiring regulating gene. At 159C the-
effect in meiotic synchrony seems to be more pronounced, but the variation
is such that any conclusion would bes premature. It is remarkable that in
this material the variation is so much lower than that in Table 2. Howev-
er, when the single plant without 50 and with one normal and one iso B of
rye is considered, the variation becomes more prenounced. The data of
Table 2 strongly suggest a considerable between-plant (= between genotype)
variation in meictic synchrony. Between preparations within plants and to
some extent bewteen fixaticns within plants this variation is much smaller.
In fact, the entire range in synchrony observed between types in Table 3,
1s present within tyﬁes in Table 2. Especially at 15°C the variation be-
tween (and consequently within somel plants seems to inerease. This sug-
ge§ts spome caution in the interpretation cof the effect of wheat chromosome
50 on meiotic synchrony. It may be ncted that Bennett (1973} found nc ef-

fect of 5D on total duration of melosis.
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A SUPPRESSOR FOR CHROMOSOME ASSOCIATION

IN A MUTANT ISOCHROMOSOME SDL OF TRITICUM AESTIVUM

WANDA S, VIEGAS, MOSHE FELDMAN* and T. MELLO-SAMPAYD

Instituto Gulbenkian de Ci&ncias, Oeiras, Portugal

SUMMARY

Unusual asynapsis was detected in a plant of Triticum aestivim
var. Chinese spring disomic for an isochromosome of ths long arm of chro-
mosome 50, The two isochromosomes themselves also paired less frequently
than those 1in di-lsosomics of other chromosomes arms. Chromosome pairing
in F, hybrids of this plant with Secale céreale, T, longiesimen (=Aegilope
gharonenaia) and T, longissimm (= Ade, longissima, intermediate pairing
line) showed that the isochromﬂsnmé carried a suppressor of chromosome
association, not normally present in SDL.

The possibility that the pairing suppressor in this isochromo-
some has been transferred from SBL through homoealogous chromosome palring
and recombination gannot be discarded. It ssems more likely, however,
that 1t rose by mutation or duplicaticn from a pre-existing but otherﬂise

undetectabla gane. The isochromosame is therefore designated as SDLM.

INTRODUCTION

Common wheat Triticum aestivum {2n=6r=42) carries thrse differ-

ent genomes A, B and O donated by three independent but closely related

* Pragent address: Weizman Institute of Science, Israel.
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diploid species from the Sub-Tribe Triticinae. Chromosomes of each genome
have close genetic affinities to corresponding (homoeologous) chromosomes
of the other two genomes, but homoeologous chromosomes do not normally as-
sociate at meiosis. A major suppressor of homoeologous chromosome asso-
ciation designated Ph and located in the long arm of chromosome G&B [SBLI
was found to be responsible for this effect (Okamoto, 1857; - Riley and
Chapman, 1958;l Wall, Riley and Gale, 1871). Minor suppressors w:are‘ found
in the short arms of chromosome 30 (30°) and 3A (3A°] (Mello - Sampayo,
1871; Driscoll, 1972). Thae long arm of chromosome 5D ISDL) was shown to
carry a stabilizer gene for chromosome association designated Ltp which
prevents asynapsis at low temperature (Riley, 1966; Hayter and Riley, .1967]

A monosomic plant c-F_T. aegtivum cultivar Chinese spring carry-
ing a single iscchromosome SDL was grown from a seed sample obtained from
l]'r; €.R. Sears, University of Missouri. Mono-isosomic SDL, di-isosomic
SDL and nullisomic 5D individuals were recovered from selfing. Mono-iso-
somic and nullisomic plants showed regular meiosis. A relatively low de-
grea of chromosome pairing was observed in di-isosomic SDL plants.

We want to report dats showing thet this abnormal or mutant iso-
chromosome SDL (i=c SDLM] carried a general suppressor of chromosome asso-

clation.

MATERIAL AND METHODS

F‘I hybrids T. aestivum X S. cereale and T. aestivum % T. lon—
gtagitmum (= Ae. sharonemsis) show very low chromosome association at
melosis. In order to raise homoeologous chromesome associatien in such
hybrids a deficiency for the short arm of chromoscme 30 [SDS=EDSJ was in-
cluded in the wheat parent. It had been demonstrated earlier that SDS
carried a suppressor for chromosome association [Mello-Sampayo, 1871).
Wheat plants were obtained which carried simultaneously an isochromosome
SDL and a telocentric E!DL (=3Dx) together with a' normal chromosome of

M

each kind (heteroiso so* -heteratelo BDL], so four types of gametes were

M

L L
expected from these plants: normal, telosomic 30 , isosomic 50 M and
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telosomic 3DL-isosumic SDLM. These double heterosomic wheat plants were
crossed as female parents with both S. cereale cultivar Centeio do Alto,
from Northern Portugal and with 7. longissimum (= Ae. sharconensis) from a
seed stock obtained from Dr. M. Tanaka. Kyotc University. All four F1 hy-
brids which were expected from the four gametic variants were obtained in
crosses with rye, whereas in those with 7. longiesiman (= Ae. sharonensis)
it was not possible to recover the one carrying both telo SDL and iso
SDLM. F1 hybrids telcsomic SDL and isosomic EBL were also obtained from
crosses T. aestivum l[heterotelo SDL—heteroisu SBL] X S. cereale.

An accession of T. longissimum (=degilops longilssima, intermedi-
ate pairing - I.P.) was found to induce an intermediate type of homoeo-
logous association (Mello-Sempayo, 1971] in F1 hybrids with 7. aestivum.
Plants of this accession were crossed with 7. gestivwm either normal or

mono-isosomic 5DL and from these crosses three types of hybrids wers

obtained: normal?1nullisomic 50 and isosomic SDLM.

A search was made among different di-isosomic combinations (di-
-iso 28", di-iso 58", di-isa 58", di-iso 68°, di-iso 50" and di-1so 50%)
of T. aestivum for rates of PMC's with paired vs. univalent isochromo-
somes. All these plants, except di-isc SBL and di-isa SULN, were from
stocks maintained at the Weizman Institute wf Science. They concern
plants in which aéynapsis was never detected at meiosis. In di-iso SBL,
however, mcsaic effects of asynapsis in PMC's such as in di-iso SDLN, WEere
Ffound.

A plant, disomic for two telocentric 5DLM (ditelosomic SDLM] was
obtained through misdivision of the isochromosome and subsequent doubling
of the resulting telocentric. Crosses were performed between this di-
telosomic plant and ditelcsomic SBL individuals.

All plants were grown in greenhouse conditions at spring time.
Acetocarmine sqguashes in anthers pre-fixed in Carnaoy [6: 3:1} were per-

formed.
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RESULTS

In di-iscsomic SDLM plants, limited areas of squashed PMC's
showed a very high number of rod kbivalents and univalents at the first di-
visiuﬁ of meiosis (Figure 1 - 1].

ﬁ
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Figure 1 - Metaphases of the first division of meiosis. 1 - Asynaptic ef-
fect in di-iscsomic EDLM in T, aestivum var. Chinese spring.
Note the unusual number of rod bivalents and univalents. 2 - A
pronounced homoeolo%?us.chromosome association in a F1 hybrid T.
aegtivum (ditelo 30°) X S. cereale [(arrow indicates heteromor-
phic bivalent involving SDL]. 3 - Reduced association in a F1
hybrid T. aestivum (di-isosomic SDLM-dite]:osomic agb) X5, ce-
reale (single arrow indicates 3DL in a homoaalpgous heteromor-
phic bivalent, double arrow isochromosome SDEM).' (Magnifica-
tion between X 1,000 to X 1.500).
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shows meiotic data on F,_ hybrids Triticum aestivum X

1
Chromosame associqtipn as expressed by mean chiasmata

(.345 #

Table 1
X Secale cereale.
per cell was very low in hybrids originated from normal gametes

+ .04]. When hybrids were deficient for the short arm of chromosome 3D

the homoeologous chromosome pairing (Z2.25 £ .05) rose very significantly

L

In telosomic BDL4isosomic 5D M hybrids, chromosome

(P<,001), as expected.
association fell drastinally [.BE5 + .14] as compared with the previous
(P<.DO1).

ones An identical effect in decreasing {P<.001} chromosome as- -

sociation was observed in F, hybrids carrying telocentric SDL together

with an isochromosome EBL (.7;5 * ,01) which is known teo carry the Ph sup-
prassor of chromosome association (Figure 1 - 2, 3).

Table 1 - Chromosome association at MI (average number of chiasmata per
cell) in F1 (2n=28) of Triticum aestivum (heteroiso SDLN—hetero—
telo 3DL or heteroiso SDLM

(two plants of each typel.

—heteratelo 30°) 9 X Secale cereale o

WHEAT CHROM CHROM 5D N?

CAMATE - D ompr, UNIVALENT BIVALENT TRIV CHIASMA.
: 100 27.12+.28  .30£.05 --  .30+,05
Normal — Normal — Normal .55 57 5or g1 394,08 --  .39%.06
Telosomte [ 0 ol oo 00 21.65%,28 3.02:.14 .16 3.48+,15
oot or 100 21.37£.29 3.02%4.14 .16 3.5B8+.17
Isospmic L 400 27.92+.04 .04 -- .04
SDE Normal — Iso 50"y 41ng  57.884.05 .06 -- .06
s
Telao 30" - L L 100 26,55, 16 .41*.08 .01 .73+,08
-Tso '50'-M Telo 307 Iso 30"y  4pg  2.04%.16  .98+.10 --  1.00%.10
T
Telo 30°-- L L 400 26.47+.17 .74+.08 .02  .80+.09
Telo 30 1Iso 5B :
leo 58 100 26.53%.17  .75%.08 .01 ,79+.08
SDLN = mutant lang arm of chromosome SO.

X T. longissimum (=Ae. sharonengis}

In F1 hybrids T. aestivum

ftable 2) a significant drop in chromosome association in hybrids carrying
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an 1isochromosome SDLI,,1 was also observed (chiasma freguency per cell in
normal .545 + .04 and in the presence of iso SDLP,| .235 = .01, The ab-

sence of chromosome SD (in nullizomic 50 hybridg]. however, did not sig-

Table 2 - Chrnﬁusnme association at MI [average chiasmata par csll) in F‘I

(2n=28) Triticum aestivum (heteroiso SD -heterotelo BDL]tJX Tri-
ticum longigeimum (=Ade. sharonensis) 6‘(two plants of gach type)

g:MIEEATTE EER:D? CH;?N CH;!DOM Pl'llvll‘q’s‘ UNIVALENT BI‘JALEI-\JT TBIV CHIASMA.
tomel 20 tomel fomel [ ZUIC G200 002 D0t
PREC 2 womal PG00 DG Ozaniot 02300
somic 50 27 Nommel Avsent oo iV IC Voeor - 107608
EIDLP.,I - mutant long arm of chromosome 5D,

nificantly change the mean chromcsome assoclation compared to that in
normadl hybrids {mean chiasma per cell .985 * .04 ‘and .945 + .04, respec-
tivelyl. It may be stated that a suppressing effect in chromosome asso-
'ciation was mediated through the mutant isochromosome SDL , and this. is
evident for the high doses of 5D M present. _

A third element of proof of the asynaptic effect of isochromo-

some sob comes from the deta on F, hybrids T. aestivum X T, longisaimm

(= de. Z;lgissima. I.P.) (tabie 3). 1Again the inclusion of ~the isochro-
mnsume'SDl’M in the genetic background of the hybrids decreased very sig-
nificantly (P<.001] the chromosome association (fraom 5.385 = .4 to 2.52 %
t .08, respectively). This was not observed in hybrids that were nulli-
somic 50, in which no change in chromoseome association (mean chiasma per
cell 5.25 £ .4} when compared with the normal hybrida was detected.

Double heteromorphic bivalents were ubserﬁed'at_meiusis in F1

heterotelosomic SDLN-heterutelosomic SBL plants. This showed that the
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" Table 3 - Chromoscme association at MI (average chiasmata per cell) in F1

(2n=28) Triticum aestivum (heteroiso 5DLM-heterotelo SDL) g X Tyi-

ticum longissimum (=Ae. longilsaima, intermediate pairing type) o'

CHRCM .
WHEAT . CHROM Ne
. e .

CAMETE [gnJ ey pporg UNIVALENT BIVALENT TRIV QUAD - CHIASMA.

100 17.49¢.32 4.57£.16 0.35 0.08 5.84%.18

. 100  17.07%.20 4.92%,17 0.29 0.05 6.10%,23

Normal 28 Normal 4,5 4g.30%#.32 4.41%.16 0.14 0,01 5.31%.13

100 20.45%.37. .3.71%*.18 0.6 0.02 4.23%.21

Isosomic Ie 100 22.39%.33 2.31%,14 0.11 --  2.59%,17

ot 28 f 100 23.42%.31 2.12%.14 0.11  --  2.36.17

M 50, 100 23.00%.32 2.42%.15 0.08 --  2.B2t.17

Nulli- 27 Ab t 100 16.93*.42 4.5%1+.20 0.24 0.03 5.B2%.25%

50 SeNt 400 18.24%.37. 4.04%,180.25 .0.01 4.889%.20
SDLM - mutant long arm of chromosome 5D

telocentric SDL!V| studied did not carry trenslocated segments of the long
arm of chromosames 5B.
The data presented in table 4 give avidence of the asynaptic ef-

fect mediated both by di-iso SDLN and by di-iso SBL: . Comparisons of iso-

Table 4 - MI chromosome configurations in PMC's in several di-isosomics of
Triticwn aestivum wvar., Chinese spring (2xn=42). (S and L repre-

sent short and long arm, respectively).

MEAN UNIVALENTS ISOCHROMOSAME

T;EiN$F (excluding CONFIGURATION gglﬁ;
isochromaosomes) . UNIVAL BIVAL
D+ 1sb 25;' 0,93 13 11 24
Di-iso 563 1.56 * .16 17 12 23
Di-iso 6B 1.54 * .26 21 18 39
Di-isq 50 1.14 & .14 24 24 48
Di-iso 50-, 1.89 * .23 54 - 27 81
 Di-iso sB" 3,58 +..31 51 26 77

SDL and SDLM normal and mutant long érm of ctiromesome 50
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chromosome configurations showed for both combinations the number of uni-
valents to be consistently higher than in the remeining di-isc plants (di-

-ise ZBL. SES, EBS
L

and SDL]. The ratic of univalent over bivalent config-

uratiens for 50, and SBL ig Z:1, where for the remaining di-iso combipa-

tions 1s 1:1. stults concerning di-iso SBL fully agree with Feldman's
(1972) previcgus observations of unusually higher rates of PMC's with uni-
valent isochromoscmes in di-isosomic plants carrying high dosages of Ph
sSUppressor. The effect of iso SDLM can be considersd an overall sup-
pression of association that is not restricted to homoeclogous chromo-

somes.

DISCUSSTON

The data presented give evidence of a suppressing effect on

chromosome pairing of the mutant isochromoscme 5DL ‘The palring of homo-

M
enlogous chromosomes was significantly lower in any hybrid combination

carrying that isochromosome than in those, comparable, not carrying it.
Particularly when mean chromoscme  association in telo HDL-iso SDLM and
telo SDL-iso EBL hybrids with rye was compared (Table 1) it was found that
a similar degree of suppression of chromosome pairing was obtained.

The consistently higher number of PMC's with two univelent 1so-

chromocsomes SDLM in di-isosomic EDLM plants as compared with that 1in di-
-isosomic ZEL, 585, EBS and SDL individuals, of non-aysnaptic expression

L
[(Table 4], can be used in support of the conclusion that iso 50 M carries a
general suppressor of chromosome assaciation. It was found that isochro-
moSs ome EBL produces a similar effect on raising the number of PMC's with

isochromasome SBL univalents, in di-isosomic SBL plants.

There is no means of telling, at the moment, how the mutant

locus or loci appeared in SDLM.

origin ecan be made. First of all, it can be said that there is no evi-

But some pertinent speculation about its

L L
dence that the Ph suppressor was transferred from 5B %o S50 through homo-

eologous pairing. Extensive search for a bivalent made out of the two
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homoeologous telecentrics in double heterasomic SBL-SDL plants was made

without any success. It can not be excluded that a smalT segment carryling
the critical element could be transferred without being detected through
asspociation ét the first metaphase of meiosis.

Mutation of the antimorphic type has been considered & reason-
able possibility for a promoter to change into a suppressor gene {Feldman,
1968; Sears, 197B].

A stabilizer of chromosome assoclation [Lfp) was described in
chromosome SDL (Hayter and Riley. 1967), Its role is to prevent synapsis
at low temperature. A spontaneous allelic alternate might have arisen
which could suppress chromosome association at normal temperaturse, and low
temperatures would aggravate this effect. '

A fourth hypothesis is that normal SDL carried a weak suppressgr
gene that was undetectable through the normal procedure of scoring chromoa-
some pairing -at metaphase of the first division of melosis in di-isosomic
plants. A duplication may have occurred raising the suppressing effect to
a detectable level. A duplication of that kind has already been suggsested
for Ph suppressor on chromosome 5B (Mello-Sampayo, 1972).

Finally, a mutation of pleiotropic effect bould have occurred,
which 1induced asynapsis as well as other different effects within the
cell, A higher nucleolar organizer activity has been found in root-tip
cells of di-isosomic SDL” plants. Higher transcriptional rates for rRNA

in these cells have been measured (Viegas and Mello-Sampayo, 1975].

ACKNOWLEDOGEMENTS
We are very grateful to Or. J. Sybengs for reading the manu-

script and giving helpful suggestions. The excellent typewritten work of

Ms. Anabela Silva is also to be acknowledged.

49




REFERENCES

DRISCOLL, C.: Behstic.supprBSSion of homosologous chromoseme
pairing in hexaplold wheat. Canad. J. Genet. Cytol. 14, 39-42 (1972).

FELDMAN. M.: The effect of chromosomes 58, 50 and 5A on chromo-
somal pairing Triticﬁm aestivum. Proc. Natl. Acad. Sci.USA 55, 1447-1453
(1866). -

FELDMAN, M.: Regulation of somatic association and heintic
pairing in common wheat. 3rd Int. Wheat Genet. Symp., 169-178 (1968].

HAYTER, A.M. and RfLEY, R.: ﬁuplicate genetic activities af-
fecting meiotic chromosome pairing at low .tempefatures fn' Triticum.
Nature 216, 102B-1829 (1867).

MELLD-SAMPAYO, T.: Promotion of homoeologous pairing in hybrids
T, aestivum X Ae. longiesima. Genet. Iber. 23, 1-9 (1971).

MELLO-SAMPAYD, T.: Compensated monosamic 5B - trisomic 5A plants
in tetraploid wheat. Canad. J. Genet. Cytol. 14, 463-475 (1872).

4 OKAMOTO, M.: Asynaptic effect of chromosome V. Wheat Inf.

Serv. 5, 6 (1957).

RILEY, R.: Genotype environmenfal interaction affecting chiasma
frequency in Triticum aestivwn. Chromosomas Today 1, 57-65 (1966].

RILEY, R. and CHAPMAN, V.: GCenetic control of ths cytblngically
diploid behaviour of hexaploid wheat. Nature {(lLond.] 182, 713-715 (1858].

SEARS, E.R.: Genetic control of chromosome pairing’ in wheat.
Ann. Rev. Genet. 10, 31-51 (1976).

VIEGAS, W. and MELLO-SAMPAYO, T.: Nucleclar organization in the’
genus Tritioum. Broteria (Ciencias Naturais) 44, 121-133 (1975).

WALL, A.M., RILEY, R. and GALE, M.D.: The positiomn of a locus
on chramosome 5B of Triticum aestivum affecting homoeologous meiotic pair-
ing. Genet. Res. 18, 329-338 {1871).

50



http://Tri.ti.cxan

GENES IN DIPLOID TRITICINAE,
COMPENSATING FOR THE ABSENCE
OF THE TEMPERATURE REGULATING GENE LTP
IN CHROMOSOME 5D OF TRITICUM AESTIVUM

WANDA S. VIEGAS
Instituto Gulbenkian de CiBnecia, OCeiras, Portugal*

SUMMARY

Hybrids of Teiticwn aestivum (monosomic 5D or ditelosomic 5ot x
X T. speltoides (= AegiZopa-speltoi&bs} showed that the genotype of T.
speltoides carries (a) gene(s) which can partially compensate for the ex-
pected decreaae in chromosome association at low temperatures (10°C), in.
the absence of chrﬁmnsume 50. In hybrids of T. aestivim (normal, ditele-
somic 3DL or ditelcsomic 3DL-monnsomic 5D0) X 7. longiseimem (= de. sharon-
ensis), this comperisation was not observed.

In normal F, hybrids of T, durum X T. longissimum partial chro-

mosome association oclurred at 10%C and this stabilizer effect may be .ex-
ﬁlained by the presenée of‘a'Ltp—like gene on chromosoms 5A. When a line
of T. durum carryihg a humdzyguus translocated 5B-5D chromosome was used
in the crocsses an evan higher chromosome association was observed.

These rasults sugegest either the existence of & promoter gene
for chromosome association in the 5D translocated segment or the loss of a
weak suppressor gane in the removed segment of 5B. It was concluded that

the translocated 50 segment did not carry the Ltp stabilizer gane.

* The work was supported by a fellowshin of the Gulbenkian Foundation and
partly carried out while the sutheor was. &t the Department. of Geneties,

Apricultural University, Wageningen, The Netherlandsﬂ
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INTRODUCTION

Triticum aestivum is an allobexaploid species (2n=6z=42) with a
genomic constitution AABBODD. The three genomes, each derived from a dif-
ferent diploid species, are genetically related. BSears and Okamoto (1838)
have shown that the corresponding chromosames of those three genomes do
indeed carry duplicate genes. - -

' In melosis o-F T. agestivunm chromasome pairing normally takes
place only between fully homologous partners, as a consequence of the bal-
anced effect of sewveral promoter and suppressor genes affecting the pre-
meiotic alignment of chromosomes (Feldman, 1966). This results in an-en-
tirely blvalent-forming meiotic constitution.

In addition to genetic components there are also environmental
factors that influence the quantitative expression of chromosome pairing
in wheat. Low and high temperatures have been found to generally diminish
chromosome pairing in wheat. However, temperature sensitivity is under
genetic control, with a major factor in chromosome 5D (Riley, 1966). The
long arm of this chromosome ISDL] carrles a gene (Lip] that sustains such
pairing (Hayter, 1969]. Bayliss and Riley (1972a) showed that lowering
of chiasma frequency at low temperatures in plants of T. aestivum defi-
clent for chrnmuso'mé S50 was correlated with failure of zygotens chromoéurne
peiring. -Morsover, thay showed that the temperaturs-sensitive stage lias
in premeiotic interphase before premeiotic ONA synthesis (Bayliss and
Riley, 1972b},. ChRromosome 5A also exerts a weak stabilizing effect on
chromosome association at low temperature (Riley, Chapman, Young and
Belfield, 1966). Hayter and PRiley (1987) demonstrated the presence of
another Lip gene 1n tetraplold wheat (2rn=4x=28; genomic constitution
AABB) which is epistatic to the ZLip gene carried by the D genome, and
which sustains chlasma formation at low temperatures. Vardi and DCover
(1972) found a gene in Triticum tripsacoides (= Aegilops mutica) which was

able to compensate for the absence of Ltp in F. hybrids T. aestivum (mono-

; 1
somic 50) X 7. tripsacoides, lacking 5D. A genetic system which compen-
sates for the absence of Ltp at different levels was also found in F1 hy-

brids 7. aestivum (monosomic 50) X 7. speltoides [= Ae. speltoides) (Attia,
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Lelley and Robbelen, 1977].

This paper reports the variation in chromosome pairing at low
. temperatures in'F1 hybrids between 7. gestivum X T. longisstmum (= de.
sharonenste), T. durum X T. longissimaen and T. aestivum X T. speltoides,
in the presence or absence of chromosomes 50 and 30. Low temperature ef-

fects were also tested in F, hybrids between T. lomgigsimum and a tetra-

1
ploid variant of wheat in which a considerable segment of the long arm of
chromosome 58 was substituted for a corresponding segment of the long arm
of chromosome 50. It was hoped that results obtained in this translocated

5B-5D0 line would show if the replaced 5D segment did carry the Lip gene.

MATERIAL AND METHODS

Plants of 7. aesttivum var. "Chinese spring" (2n=42) and 7. durim
variety "lLd 222" (2n=2B) were grown‘at the Biology Center, Oeiras, from
seed stacks orlginally received from Dr. E.R. Sears, University of Mis-
souri., The hexaploid seeds were either normal, monosomic SC, ditelosomic
SDL or ditelosomic 3DL (= 30a).

A tetraploid wheat homozygous for a translocated S5B-50 chromo-
some, where a considerable segment of the long arm of chromosome 50 was
substituted for the corresponding segment of the long arm of chromosoma
5B, was isolated by Dr. Mello-Sampayo. The genetic background of the line
is the same as T, durum variety "Ld 222" because several backcrosses were
done using this v;fiety. This line is usually denominated as "Resende”.

Seeds of 7. longiseimm (2n=14) and T. speltoides (?n=14) were
originally cbtained from a stock kept at the National Institute of Genet-
ies, Kyoto University.

Normal hybrids of 7. aestivwm X T, longissimem are nearly asyn-
aptic. In order to detect any effect of low temperature on the freguency
of chiasmata, it was necessary to increass the lavel aof chromosome assa-
ciation in such hybrids. This was done through .the use of a BDL telo-
centric line, which had lost the suppressor gene for chromosome associa-

tion lceated on the short arm of chromosome 3D, Ditelosomic BDL and mono-
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somic 50 plants were crossed to each other, and the F. hybrids were used

as female parents in crosses with T, longissimum, 1The resulting seeds
were classified at mitosis in order to select the desired combinations
(normal euploid, telosomic SDL and telosaomic BDL-nullisnmic s0).

T. durwm variety "Ld 222" and tetraploid "Resende" were crossed
with T. longissimun. Due to the low number of germinated seeds embryo
cultures, using "Difco” orchid agér. were tried and in many cases embryos
wsre-ubtained by this method. Triploid seeds were made using the tetra-
ploid as the female parent and main endosperm donor.

Crosses were also made between T. cestfvum {normal, monosomic
5D, ditelosomic sty x T speltoides using hexaploid wheat as the faémale
parént. F1 hybrids carried eithe: an entire gametic complement of common
wheat or they were independently deficisnt for chromoscme 50 or for the
short arm of the same chromosame.

All the El hybrids WETE grown in winter at normal greenhouse
conditions (temperature 2D?C‘1 2%C). Fixation of flowers in acetic acid-
' 1 hybrid.

Plants were then transferred tc achamber with continuous light at 10%C 2

-alcohol (1:3) was done ?irst in the greenhouse for each F

*+ 29C, and before sampling for melotic stages the plants were left there
for at least a weeh, which ensured that sampled anthers had uvndergone
their complete meiotic development at the controlled temperature (Bayliss
and Riley, 1972a, b). Then meiocyte samples were again taken from each
plant, after differént perieds. Some of these plants were feturned to the
original greenhouss conditions. and further melocyte samples were taken in
order to study chromosome pairing recovery.

Chromosome assnciatinn was studied at the metaphase cf the first
division of meiosis fmetaphasa I} in pollen mother cells stalned with
acetocarmine. Frequency of chiasmata per .cell, as considered hers, refers
specifically to the freguency of chromosome asscciation, which is an ex-
pression of the 1intensity of homoeologous chromasome pairing in each

plant.
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RESULTS

A gradual decrease in chromosome associlation was noticed in most
Fl hybrids studied, over the period of treatment at low temperatures, un-
til & 1level at which it stabilizes. Reversely, chromgsome association
gradually returned to normal level when the plants were again exposed to
greenhouse conditons.

-F1 hybrids 7. aestivum X T. longissimum showed a véry low degres
of chromosome association, both at normal and low temperatures (chiasma
frequency per cell 0.85). The absence of the short arm of. chromosome 3C
(= 3DB) resulted in an increase in chromosome sssociation (chiasma- fre-
guency per cell 7.18). At normal temperature, the absence of the short
arm af chromosome 30 end of the whole chromosome 50, resulted in levels of

pairing similar to those observed in the absence of BDS alone (Figure 1J).

104 © Normal euploid
@+ M Telo 3DL
AO% [ Tele 3DL~Nulli 3D

CHIASMATA PER CELL

(=]

0 1C 20 30 40 50
DAYS OF COLD TREATMENT

Figure 1 - Chiasmata per cell in F1 hybrids T. aestivum X T.
longiestmum at metaphase I of meiosis. Straight
lines: values abtained after different periods (D -
40 days) at low temperature [10°C). Dotted lines:
recovery to narmal after transfer back to 20%C.

(Each point represents the average of 50 PMC’s).
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Table 1 - Mean chromosoms pairing at First metaphase of meiosis in F, hybrids Triticwn aes-
tivwm ¢ (normal, ditelosomic 30" and ditelosomic 30 -monosomic 50) X Triticum

Longisaimm 4

PLANT CHROM CHROM  cheom  COLD RECOVS QUADRTY cpyrasm e

e e 30 by TREAT ERY UNIV  BIV TRIV AND FACELL - PMC's
(DAYS) [DAYS) OTHERS

127 28 present present -- - 26,20 0.90 - - 0.90 50

127 28 prasent present 9 -- 25.34 0.83 -- - 0.83 50

127 28 prasent present 28 -- 28.44 0,78 -- - D.7a 50

127 26 present present - 15 25.66 0.87 D.20 -- 0.91 laa

1 28 telo  present -- -- 16,02 5.59 0,20 0.05 B.78 100

1 Z8 telo present 18 - 17.98 4.70 0.18 0.02 5,38 oo

1 28 tele ° praesent 27 -- 18,10 4,90 0.36 0.02 E. 10 150

1 2B tele present 40 -- 16.98 4.50 0,22 - © 5.18 50

a 28 telo presant -- -- 15.58 5.53 0.34 0.08 6. 48 100G

3] 28 telo present 12 -- 19,17 - 4.086 0,17 0.04 5.82 100

a 28 toele presant 25 -- 18,50 4,54 0.14 - 6.16 -50

8 28 telo  present - 17 15.70 5.32 0.30 0.18 7.08 100

125 28 tele present -~ -- 14,24 6,73 0.10 - 7.60 50

125 28 telec prasent 23 -- 14,43 6.50 0.17 0.04 7.18 - S0

125 28 tele present -- 14 14.66 9.66 0.55 0,12 7.78 100

2 27 telo absent -- - 13,10 6.3i0 0.44 0,09 7.35 100

2 27 telao absent 10 - 22.06 2.41 0.04 - 2.56 100

2 27 tele absent, 22 -- 26.32 0.3¢ .-- - 0.34 100

2 27 telo absent 27 -- 28.35 0.32 - -- 0.32 100

-2 27 telo absent -- i3 18.26 3.72 0.10 -- 4.08 100

.2 27 telao absent - 16 18,23 3.70 0.1z == 4.12 100

2 27 tela absent -- 23 16.88 4.65 0.24 0.03 6.71 100

124 27 telo absent -- -- 15,40 5,50 0.20 - 7.18 50

124 27 telo absent i -- 23,68 1,668 -~ -- 1.70 50

124 27 talc absent 25 - 26.286 0.38  -- - 0.36 a0

124 27 teleo absent. -- 13 14.40 5.90 0.24% 0,02 7.68 S0

129 27 tele sbsent. -- -- 13.10 €.72 0.10 0.04 7.80 50

129 27 tela absent 9 . =- 21.92 2.5 -- -- 2.54 50

129 27 telo absent 31 -- 26.48 0.26 - -- d.28 50

129 27 teloc absent -- 12 14.08 5.80 0.36 0.06 7.18 S0

4 27 telo abhsent .- -- 14,256 6.06 0.18 0.02 7.02 100

L} 27 telo absent - 2B -- 26.40 0,30 -- -= D0.30 10¢

4 27 telo absent -- 13 17.40 4.52 0.16 0.02 6.14 1co
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These hybrids showed, however, a very significant drop in the freguency of
chiasmata (chiasma freguency per cell D.30) at 10°C. Some of these plants
were returned to 20%C and a gradual recovery to their normal frequencies
of chromosome assoclation was observed (Table 11,

Figure 2 shows the mean chromosome association et 20°C and 10°C
in Fl hybrids 7. dwurwm variety "Ld 222" X.T, longissimum (chiasma frequen-
cy per cell 3.50) to be higher than that observed in euploid hybrids 7.
aestivum X T. longissimum. The presence of a translocated 5B-50 segment
in P"Resende” hybrids, significantly increased chromosome association
(chiasma frequency per cell 4.72) in relation tec that of normal tripleid
hybrids. At 10°C, hybrids of T. longiseimm with "Ld 222" and those with

"Resende” showed & significant drop in the freqeuncy of chilasmata, which

A00 Normal suploid
«&8R Homoz transloc. 5B-50

CHIASMATA PER CELL

o] 20 40 eon
DAYS OF COLD TREATMENT

Figure £ - Chiasmata per cell in F1 hybrids 7. durum X T. lon-
giseimum and in F, hybrids between a line of T. durunm
carrying a homozygous translccated 5B-50 chromosome X
X T, longissimum at metaphase I of mefosis.. Straight
lines: wvalues obtained after different periods (0 -
- 43 days] at low temperatures (10°C). Dotted lines:
recover to normal after transfer back ta 20°C. (Each

point represents the average of 50 PMC's).
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Table 2 - Mean chromosomeg pairing at first metaphase of meipsis in F1 hybrids
(2rn=21) Triticwm durum ¢ {normal euploid and homazygous translacated

58-SD) X Triticum longisaimum d. (50 eells per plantl.

coLD ) CHIASM
TREATMENT REE?:S?Y ontva B LVALENTS ory e
{DAYS] RGDS RINGS. TOTAL CELL
Normal euploid
1 -- -- 14,24 2.76 0.22 2.98 0.26 3.72
1 15 -- 17.98 1,36 0.06 1.42 0.06 1,B0
1 25 - 18.68 1.16 -- 1.18  -- 1.16
1 40 -- 18.96 1.02 -- .02 -- 1.02
1 43 -- 19.08 0.96 - 0.96 -- 0.96
1 -- 15 14,96 2.34 90.38 2,72 0.20 3.50
2 -- -- 14,90 2z.50 0.18, 2.68 0.28 3.42
2 8 -- 15.18 2.14 0,12 2,26 0.10 2.58
2 17 -- 18,456 1.18 90.02 1.20 0.08 1.30
2 40 -- 19.02 0.88 0,08 D0.96 0.02 .08
z -- 10 15,26 2,56 0,10 2.66 0.14 3.04
z -- 17 14,66 2,62 0,18 2.8B0 0.24 3.46
3 -- -- 14,20 2,82 0.16 2.98 0.28 3.70
3 5 -- 14.70 2.84 0.22 3.06 0.06 3.40
3 12 -- 17.48 1.56 0.08 1.84 0.08 1.88
3 30 -- 18.48 1.16 0.04 1.20 D.04 1.32
Homz. transloc.
5D-5B
1 -- -- 13,68 2.52 0.B0° 3.12 0.36 4,44
1 5 -- 13.54 3.18 0.28 3.46 0.18 4.10
1 21 -- 16.42 2.12 0.08 2,20 0.06 2.40
1 as -- 16,74 1.90 0.08 1.98 0.10 2.2B
1 -- 20 13,40 3.04 0,34 3,38 0.28 4.28
2 -- -~ 12,58 3.18 0.58 3.76 0.30 4.94
i ] -- 13.54 3,08 0.26 3,34 0.26 4,12
2 23 -~ 16.586 1,98 0.14 2.12 0.06 2.38
2 a0 -- 17.42 1,48 0.22 1,70 0.06 2.04
z - 14 12,18 3.42 0.36 3.78 0.42 4.98
4 -- -~ 12,24 3.64 0.26 3.90 0.32 4.80
4 9 -- 15.18 2.04 --0.66 2.70 0.14 3.64
4 29 - 17,02 1,80 0.10 1.30 90.06 2.12
5 -- -- 12,12 3,52 0.44 3.86 D0.32 5.04
5 7 -- 14.40 2.50 D0.56 3.06 0.168 3,94
5 32 -- 17.06 1.82 D0.06 1.88 0.068 2.06
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was similar in both cases (Table 2}.

hybrids of T. aectivum X T. speltoides at 20%c had very high

levels of chromosome association [(chiasma frequency per cell 15.20). The

absence of the short arm of chromosome 50 or the entire chromosome 5D in

these hybrids did not modify the pattern of chromosome association at

20°C (Figure 3].

CHIASMATA PER GELL

20 A

Figure 3 - Chiasmata per cell in F

At low temperature, hewever, a significant drop in chro-

© Normal eoploid
W* Telo SDL
OAa%O NullisD

20 40 60 80
DAYS OF COLD TREATMENT

1 hybrids of 7. aestivum X T.
speltoides at metaphase I of meiosis. Straight
lines: wvalues obtained after different perieds (0 -
- 59 days) at low temperature (107°C). UOotted lines:
recovery to normal after transfer back to 20%C.

{Each point represents the average of 50 PMC's).

mosome association was observed in nullisomic 5B hybrids, with a subse-

quent recovery after a few days at 20%C. (Table 3).

58




Table 3 - Mean chromosome pairing at first metaphase of meiosis in F

1 hybrids

Triticum aestivum ¢ (pormal, monosomic 50 and ditelosomic SDL] X Iriti-

cwn longTssimm o

(50 cells per plant].

COLD

PLANT CHROM CHROM , RECOVERY CHIASMATA
N? ) 50 TREAT (DAYS) UnIVA  BIV  TRIV QUADRIY PER CELL
(DAYS)

2 28 present -- -- §5.72 5.52 1.48 1.66 16,52
2 28 presant 24 -- 7.66 8.30 0.74 0,32 13.26
2 28 prasent 42 -- 7.68 B8.50 O0.64 0.26 12.22
2 28 prasent -- 17 5.22 7,36 1.34 0.94 15,44
3 27 absent - -- 5.38 5.54 1,36 1,52 15.82
3 27 absent 13 -- 12.20 4.80 0.84 0.62 8.90
3 27 absent 23 -- 14.34 4,70 0.584 0.28 7.82
3 27 absent 30 - 16.86 4,42 0.38 0.048 5.94
3 27 absent 59 -= 19.38 3.40 0.22 :.04 4.14
3 27 absent -- 13 7.0z 5.82 1.08 1.24 14.08
1 27 absent - - 5.50 5.30 1.54 1.46 14.82
1 27 absent 8 -- 10.96 6.00 0.88 0.32 9.82
1 27 absent 23 -- 13.08 6.12 0.48 0.0B6 7.80
1 27 absent 38 -- 20.12 2.94 0.28 0.04 3.68
1 27 absent 59 -- 20.54 3.08 D0.10 -- 3.36
7 27 absent -- -- 5.36 6.06 1.10 1.54 15.82
7 27 absent 12 -- . 12.04 6.14 0.7B 0.10 9,12
7 27 absent 16 -- 13.80 5.18 O0.B4 0.0a 7.86
7 27 absent 40 - 17.30 4.02 0.42 G.10 5.60
B 27 absent. -- -- 9.50 E.64 1.22 D.14 12.50
B 27 absent 12 -- 14.06 5.36 0.566 0.12 7.90
6 27 absesnt 41 -- 17.77 3.93 0.35 0.08 5.27
B 27 absent 50 -- 20.34 2.94 0,28 -- 3.70
5] 27 absent -- 15 7.868 5.26 1.46 1.06 12.86
10 28 telo SDt -- -- 4.16 5.98 1.66 1.70 15.38
10 28 telo SDL 8 -- 6.58 B.76 1.54 0.78 15,18
10 28 telo SDL 24 -- 8.88 /.08 1.26 0.26 12.48
10 28 telo SDL 45 -- 9.56 7,06 {.84 b.40 11,40
10 28  telo 50 -- 18 5.14 5,54 1.74 1.60 15.56
11 25 tela SDt -- -- 4.88 6.54 1.35 1.40 15.86
11 28 telo 5DL 22 - 8.00 5.96 1i.64 0.79 13.43
11 28 telo 50 29 -- 11.5¢ 5.64 1.26 0.36 10.32
11 28 telo SDL 52 -- 11.38 5.82 1.30 D.2B 10.05
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DISCUSSION

The chromosomes cf species belonging to the Sitopsis section of
Triticun are closely related te those of the B genome of Tritiewm (Sears,
1956; Riley et al., 1958; Feldman, 1578). This close relationship re-
veals 1tself in the relatively consistent chromosome pairing shown in Fl
hybrids 7. durum X T. longisetimum (chiasma frequency per cell 3.50]. The
pressnce of a2 D genome in F1 hyorids T. aestivum X T. longissimum Induces
asynapsis {chiasma frequency per cell 0.85]. The most plausible explana-
tion derives from the presence of a cbromosome pairing suppressor gene
lacated on the short arm of chromosoms 30 (Mello-Sampayo, 1971]1. Evidence
for this hypothesis is primarily based on ths higher schromosoms associa-
tion shown by telosomic SDL plants (chiasma frequency per cell 7,18]}. A
very significant drop in chromosome association (chiasma frequency per

cell 0.30) was found in ‘F, hybrids T. aestivum X T. longissimem at low

temperature, when chromosnmi 50 and SDS were simultanéuusly absent. This
result aprees with what was expected, since Lip gene was missing.

A very different pattern was seen in hybrids with tetraploid
wheat. The hybrids "Ld 222" X T. longissimwn and "Resende" X T. lomgissi-
mam showed similarly shaped curves of chromosome association (expreéssed in
frequency of chiasmata per cell wversus number of days at low temperature)
which indicates that a "L¢p-like" gene is acting in both hybrids. Hayter
(1969) has suggested that T. durwm carried a Lip gene allele, since the
frequency of chiasmata ramains at a cnnsfant level with lower tempera-
turgs. A single dosage of this gene in F1 hybrids should be enough to
stabilize chromosome associalton to some degree, even if lower than that
of T. durum in the same situation.

The results obtained 1in "Resende” X T. longissimum show a con-
stant higher value of chromosome association, with increasing numEsr of

days at low temperature, as compared with "Ld 222" X% T. longissimum. It
A is possible that the translocated 5B-5D chromoscme of "Resende” is respon-
sible for this different level which is maintained either at normal or at
low temperatures.

It has been suggested (Mello-Sampayo, 1972; Mello-Sampayo and
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Viegas, 1873} that the intermediate type of pairing showrn in hybrids
carrying such translocated 5B-5D0 chromocsome 1s due either to the addition
of a promoter gene carried by the segment of SDL or to loss of a weak sup~
pressor gene carried in the distal segment of SBL. The pattern obtained
for chromcsome association in both hybrids (parallel curves) indicates
that:nn Ltp gene was carried by the translocated segment of 50. Moreover,
the observed pattern (a constant difference for chromosome association be-
tween both hybrids, over days of cold treatment), suggests that the effect
of the stabilizer pene for low temperature is the same in both curves. It
saems, then, that their difference may be explained just by the diffefent
starting levels of chromosome association.

Hybrids of T. aestivum with T. speltoides yielded two different
types of curves: when hybrids :had a normal 50 or telosomic SDL. a high
chromosome association at low temperature was observed; whben the hybrids
Qere deficient for chromesome S0 a drastic reduction iIn chromosome asso-
ciation occurred, at 109C. Both resuits confirm that the Lip gene 1s lo-
cated in the long arm of chromosome 50, This 1s seen in Figure 3, which
also shows that chromosome pairing stabilizes at a low but significent
level. This indicates that T. epeltoides carries a low temperature sta-
bilizer gene, which appears tc have a weaker effect than the one carried
by chromasome 5D (Attia, et al., 1977].

The availability and the interrelationship of pairing stabilizer
genes for low temperature in Triticinae species must be related tc their
geographical distriputian. Chromosome englneering designed to increase
their content in the genome of useful varieties, would enhance stability

for a wider temperature range.
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MODULATION OF rRNA GENE CONTENT

BY CHROMOSOME 5D IN WHEAT

WANDA S. VIEGAS

Instituto Gulbenkian de CiBncia, Deiras, Portugal*

SUMMARY

The number of ONA genes coding for ribosomal RNA in a number of
species and karyotypes of the sub-tribe Tritieinae was determined through
rRNA/DNA ©n vitro hybridization. One of the Nucleolar Organizing Regians
in wheét is carried by the short arm of chromosome 5D. The combinations
studied included aneuploid lines with different dosages of chromosome Sﬁ
or of its long arm {EDL]. At the hexaploid level, the deletion of the
short arm of this chromosome induced different alterations 1in total rDNA
depending on the morphological structure of the long arm (ditelosomic SDF
68%1 mono-lsosomic 507, 95%; di-isosomic 50", 84%)., In tetrasomic 5D
plants rRNA gene number was decreased by 30% in contrast with nullisomic
éD-tetrasomic 5A or 5B which only showed & slight reduction (10%). At the
tetraploid level, the presence of a segment of SDL in the genotype of T,
durum or the addition of two chromosomes 5D to the genotype of 7. di-
coecum increased by 189 and 33%, respectively the number of rRNA genes.

These results show not only that the short arm of chromosome 50D
carries very few rRNA genes in its NDR, but that there is nc correlation
between the number of rRNA genes and.of NOR's in 50, The existence of a
regulatory mechanism, located in SDL, which modulates thelnumhar of rRNA

- genes present in the NOR's of wheat chromosomes, is suggested.

* This work was supported by a fellowship of the Gulbenkian Foundation.
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INTRODUCTION

The chromosoms complement of eukaryotic organisms carries spe-
cific sites (Nucleolar Organizer Regions, NOR) of DNA coding for ribo-
somal RNA (Birnstiel, et al., 1971). These regions are crganized in reit-
arated sequences that code for 183, for 255 and some 55 ribosomal RNA
[rRNA). A considerable variation in the level of rONA gene redundancy
among. species has baen reported. In some species like Drosophila melano-
guster, Xencpus laevis, Zea maye, Datura innoxia and Nieotiana species,
it was observed that the number of rRNA genes was proportional to the num-=
ber of NOR's (Ritossa and Spiegelman, 1965; Wallace and Birnstisl, 1366,
Phillips et al., 1971; Cullis and Davies, 159743 Cullis, 1975). In sev-
eral other species such proportional relationship was not observed, under
certain genetic or developmental conditions (Gall, 1969; TYartoff, 1971
Spear and Gall, 1973)1. The gene redundancy for each NOR in higher plants
" was found to be variable in several studies on the rDNA zontent of aneu-
ploids and specles of differing ploidy (Timmis, Sinclair and Ingle, 1872;
Timmis and Ingle, 1973; Siegel st al., 13973; Maher and Fox, 1973}._

Nucleolar organizers have been under extensive study in hexa-
ploid wheat (2n=62=42) Triticum aestivum. In the variety Chinese spring,
Crosby [1957) observed four active nucleclar organizers in microspore
cells, which were assumed to be located in the short arms opf chromosomes
1A, 18, BB and 50. In ansuploid plants of the same wariety Mohan and
Flavell (19874]) and Liang et al. {1977), found shifts in the number of rRNA
genss which were n;:lt always proportiocnal to the number of existing NOR’s.
Changes in the number of NOR's carried either by chromosome 1B or by chro-
mosome 6B Induced proportional alterations in the number of rRNA pgenes.
The absence of the short arm of chromosome 1A was found to be responsible
for a high decrease in rDNA content, although the presence of four doses
of this chromosome did not alter the normal rODNA amount. An even more
complex situation could be observed in relation to chromosome 50 since
plants lacking the short arm of this chromosome (ditelosomic SDL] showed
a significant decrease in rRNA gene number.and s simllar effect was also

observed with an increased dosage of that chromosome, as in tetrasomic 5D
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plants [Flavell and 0’Dell, 1976). The complexity of these somehow unex-
fpected results, prompted us to further investligate this problem. Several
hexaploid and tetraploid wheet genotypes (5D chromosome variants) were
available for study using im vitro hybridization DNA/rRNA technlques. Ex-
perimental data concerning variation in the number of rRNA genes for these
anéuploid wheats is presented and their relevance on the genetic control

of rRNA gene multiplicity discussed.

MATERIAL AND METHODS

Seeds of T. aestivum var. Chinese spring, T. speltq synthetic,
T. durum var. Ld 222, T. dicoccum and T. tauschiil-Aegilops squarrosd were
all orlginally obtained from Dr. E.R. Sears.

In 7. aestivim ditelosomic.SDL plants the short arm of chromo-
gome 50 is absent. The same kind of deficiency exists in mono-1sosomic
SDL plants in which a single iscchromosome with a duplicate long arm of
chiromosome 50 is present. Di-isosomic BDL plants were derived directly
from the selfing of mono-isosomic SDL. In tetrasomic 50 plants, four
chromosomes 50 are present. Disomic 50 plants which were derived from
crossing monusomic-SD X tatrasomic 50 are referred to in this paper as di-
somic 50 "recoversd®. 7T, gpelta synthetic was derived from the cfossing
of T. dicocecum X T. tauschii with subsequent duplication of the haploid
genome by celchicine (McFadden and Sears, 1946). It is thought that T.
tausehii is the denor of the D genome of T. aestivwm (Kihara, 1544).

"Resende" is a stable line of T. durum var, Ld 222 in which a
large distal segment of the long arm of chromosoms 5D was homozygously
substituted for an homoeologous segment of the long arm of chromosome 5B. -
This line was originated through initial crossing of 7. aestivum "Chinesa-
spring” {nulli SB-tetra 5A) X T. durwm var. Ld 222, followed by five back-
crosses with Ld 222 (Mello-Sampayo and Viegas, 1973). "AALS" and "AAL1"
are disomic alien chromosome addition lines in which ‘chromosomes 50 and 40
of 7. tausehii were, respactively added to T. dicoccum. These 1ines were

obtained by Or. Noronha-Wagner (1969) from 7. spelta synthetic X 7. taus-
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ehii and successive backcrosses to T. diececewm for elimination of all but
one 7. tauschii chromosome and final selfing for recovery of disomic alien
chromnsnms;tundition. The added T. tausehii chromosome was identified as
50 (in AALQ] and 4D (in AAL1) through test crosses to the corresponding
ditelosomic lines of T. aestivum.

:in all the genotypes studied, root-tips of germinating seedlings
were used to cytologically check the chromosome number and the maximum
number of nucleoli per cell., Metaphase plates were studied after pre-
-treatment of the root-tips with 1l-bromunaphtalene and fixation in aceto-
-carmine. - The siiver impregnation technique used to stain the .ucleoli
fulloweq the method described by Fernandez-Gomez et al. (139B88).

Plants from all the genotypes were grown at 20%C under continu-
ous light and leaves were harvested after 2 months and they were stored at
-20°C, for DNA extraction.

ONA was extracted and purified according to the procedure de-
scribed by Flavell and Smith (1874}. ONA sampies were finally purified by
CsCl gradient centrifugation as described by Flamm. Bond and Burr (196E)
and recovered by ethanol precipitation from the diluted caesium chloride
gradient.

*H-labelled rRMA was extracted from wheat embryos of T. aestivum
var. Chinese spring which were incubated in a medium with 3H-uridine dur-
ing 16 haurs. Extraction and purification of 3H—lébelled rRNA was made
according to the procedure described by Payne and Dyer (1971). The
3H-rRNA which was pbtained had a specific activity of 39,474 cpm/ug.

& Hybridization betwsen DNA and H®-rRNA was made following meth-
ods previously described by Mohan and Flavell (1974). The percentage of
hybridization between rRNA and DNA was calculated from the specific activ-
ity of the rRNA and the DNA kept in the filter after hybridization. DONA
was calculated after acid hydrolysis by the method of Brown and Weber
(19681.

All measurements were corrected for the values obtalned in
filters without ONA. In each experiment six duplicate filters for each
ONA ware dincubated as well as six filters of ONA of Chinese spring

(controll and in many cases, duplicate DNA preparations were also used.
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_ Statistical analysis was carried out to compare the mean percentage of
each DNA which hybridized to rRNA using t-tests.

The number of genes per 2C genome was calculatad with the valuss
obtained for rRNA/DNA hybridization and the DNA content per nucleus for
each genotype, assuming a molecular weight of 2 x 10° daltons for the two
rRNA types combined. Tl:\e ONA amount per I'!_uc'.leus was assumed to be propor-
tional to the total chromosome length. The values used for chromosome arm

lengths wers taken from results published by Sears (1954]).

RESULTS

Table 1 shows the different hexaploid and tetraploid wheat geno-
types usdd in this work. The maximum number of nucleoli present per cell
i3 also shown as well as the assumed number of nucleolar organizers (NOR)
in eech genotype studied (ealculated in accordance with Crosby, 1957].
Although it has been suggested that there are elght NOR's in euploid 7.
aeativum, the maximum npumber of nu_clenli present has always been six, in
our material.

Ditelosamic SDL, mono-isosomic SDL. di-isosomic SDL, nullisomic
50 - tetrasomic 5A and nullisomic 5D - tetrasomic 5B, all have shown a de-
craase from six to four in the maximum pumber of nucleoli, since chromo-
some SD carries in its short arm a nucleolar organizer. In tetrasomic 50
plzants the presence of two extra nucleolar organizers increased the number
of nucleoli to aigm;.

Tetraploid wheats (7. durum and T. dicoccum) exhibit a maximum
of four nucleoli, The existence of a translocated segment 5B-50 in "Re-
sende” did not change this npumber of nucleocli. "In T. dicoeceum, however,
the addition of two chromosomes 50 (AALY) changed the number of nucleoll
from 4 to 6. Cells of the diploid 7. ftauschii{ never showad more than two
nucleoli. )

Estimates of the DNA contents of 2C nuclei in the different
combinations .were made taking into consideration the alterations in

total chromosome length which are thought to have occurred for each aneu-
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Tabla 4 - Number of NDR's and DONA content in diploid nuclel of some Triticinas species.

2n MAXIMUM DBSERVED ESTIMATED NUMBER -12
CHROMOSOME NUMBER OF NUCLEOLI |  OF NUCLEOLAR 10 n_zw\ o
2_._3.mmx PER CELL ORGANIZERS
T. aestivuwn {AABBDD]
Euploid L 42 6 8 36.20
Ditelo=omic 5D L 40 + 2 telocentries 4 5] 35.80
Mono-1lsosomic m_u 40 + 1 isochromoscme 4 B 35.80
Di-isosomic 50 40 + 2 dsochromosomes 4. B 36.55%
Nulli SD-Tetra 5A 42 * 4 ) ‘B 37.04
Nulli 50-Tetra SB 42 4 3] 37.35
Tetrasomic 5D 44 8 10 37.40
T. spelta [AABBDD)
Synthetic 4z 6 8 36.20
7. durum (AABB) .
Euploid 28 4 5 26.28
Homoz. trans. 5B8-50 28 4 & 25.28
[Resende])
T. dicoccum (AABR)
Euploid 28 4 6 26.28
Alisn add. 50 (AALY) 30 B B 27.45
Alien add, 40 (AAL1) 30 4 B B 27 .67
7. tauschi? (00) 14 2 z 9,84
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pleoid plant.

The estimation, by rRNA/DNA hybridization, of the multiplicity
of rRNA genes, in different wheat genotypes is _surnmar'ized in Table 2. The
values shown for "percent DNA hybridized to rRNA" represent means of at
least six replications. Corrections of these wvalues for normal hexaploid
DNA content have been carried out,

Ditelosomic EDL plants showed a significant decrease [P<0.001)
in the number of rRNA genes when compared with the euploid (7192 + 72 and
10518 + 210, respectively). In mono-isosomic SDL plants, where the same
deletion of the short arm has occurred, no significant alteration in the
rRNA number k9959 + 199) was, however, observed. In di-isosomic SDL
plants a decrease in rRNA was detected (8812 t 88, significant at P<.001).
An even higher reduction {7318 * 146) in rRNA genes was found in tetra-
somic SO plants (P < .001). Tﬁe study of a disomic 50 "recovered" plant
showed that this reduction is feversible since this plant reverted tc the
normal euploid level (10182 + 204). Nullisomic 5D - tetrascmic S5A and
nullisomic 5D-tetrasomic 5B plants showed only a slight decrsase in rRNA
gene content when compared with the euplold, even though neither SA nror SB
carry NOR's.

Significant differences in the number of rRNA genes can be ob-
served in species Qith the same level of ploidy. This is the situatiaon
seen when T. speltq synthetic (11637 + 233) is compared with T. aestivum
and when 7. durum var. Ld 222 [7717 + 309) 1is compared with 7. dicoccum
[B01% % 240). "Resende” showed & significant increase (P<,001] in the
rRNA amount (8686 * 290), when compared with Ld 222. A similar effect was
observed in "AALS" (9502 % 570) due to the addition to 7. dicoccum of two
chromosomes 50. Nc alteration was detected, however, by the addition of
chromosome 40 (AAL1) to the same "dicoccum"™ background. T, tauschii, a
diploid species, presented an average number of rRNA genes per 2C nucleus
equal to 4086 ¢ 82,

Global compariscns of all the genotypes studied in reference to

T. aestivum are presented in Flg. 4 and in the next segction.
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Table 2 -,I<Uﬂwuuumww03 rRNA/DONA in several specias of the sub-tribe Tritlcinae. Aneu-
pioids of polyploid wheat carrying different dosages of chromosome 50 are inm-
. cluded. :
PERCENT PERCENT HYBRIDIZATION rRNA GENE
GENDTYPE OF DNA HYBRINDIZATION CORRECTED TO NORMAL NUMBER/2C
(ug rRNA/100 pg ONA) | HEXAPLCID DNA CONTENT NUCLEUS
. aesgtivwm
Euploid L - 0.094 * ,002 0.084 + 002 10518 + 210
Oitelosamic 50 L . 0.085 * .0DO1 - 0,064 = ,001 7192 + 72
Mono-1sosomic mD 0.050 & .002 0.089 + .002 9859 + 199
Oi-isosomic 50 0.078 * .01 0,078 + .001 8812 + 8B
Nulli 50-Tetra 5A 0.082 + 002 0.084 + .DC2 9388 * 188
Nulli 5D-Tetra 5B 0.085 *+ .002 -0.088 £ .002 9813 + 196
Tetrasomic 5D 0,083 t .002 0.065 + .002 7318 = 1486
Disomic 50 "Recovered" 0.091 * ,002 0.091 = 002 10182 *+ 204
T. spelta
Synthetic 0.104 + ,002 0.104 + .002 11637 + 233
T. cdurwn
Euploid 0.095 + .004 0.069 + .004 7717 + 309
Homoz. trans. 5B-50
(Resende ) 0.118 + ,003 0.086 = .003 9EBE * 290
"T. dicoceum
Euploid . 0.074 * .004 0.054 + ,004 6011 + 240
Alien add. 5D [AALS) 0.112 *+ .0CE 0.085 * .0CB 9502 + 570
Alien add. 4D [AAL1) 0.078 *+ .001 0.060 *+ ,001 6671 + 67
T. tauschii 0.133 = .002 0.036 + .002 4086 + 82
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CISCUSSION

Within the available data comparisons between the number of rRNA
genes in the different karyotypes and the number of nucleolar organizers
(NOR’s) present, do not disclose clear 'ccrrelations.between those para-
meters. It is as 1f the chromosomal levgl of rDNA is subjected to quan-
titative regulation by genel(s) besides those lucated in the NOR's.

Fig. 1 shows a more global view of the resulfs. The number of
rRNA genes for each genotype is expressed as the percentage of the number
of the geneé determined in euploid T. aestivum, Combinations where the
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LEVEL OF PLOIDY

F'iguf'é 1 - Relat.ive values of rRNA/ONA hybridization in euploid
and aneuploid plants of Triticum spp. at different
levels of ploidy.

short arm of chromosome 50 was absent showed unexpected differences. The
number of rRNA genes in ditelosomic SDL plants appeared to be reduced by
32%, when compared with the euploid. In mono-lsosomic SDL plants, no sig-

nificant reduction was, however, detected. The presence of two isochromo-
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somas in di-isosomic EDL plants decreased the number of rRNA genes by 16%.

Chromosome 5D has been referred to as carrying a nucleolar orga-
nizer in i’gs short arm (Crosby, 19573. The different alterations 1iIn the
rRNA gene number induced by the deletion of the short arm of chromosome
50, indicates that ‘the role of this chromosome in the control of rRNA con-
tent is very complex. Comparisons between results obtained for ditelo-
somic and mono-isosamic SUL plants suggest the possible relevance on the
modulation of rRNA gene amount by the two different genotypes of the long
arms of chromosome 50. The increase in the total dosage of chromosome 50
(in tetrasomic SD plants) substantially reduced (-380%) the number of rRNA
genes. This seems to suggest the existence of a genels) in the long arm
of chremosame 5D which can suppress rRNA genes. Thg disomic 50 "recov-
ered” plant showed the normal euploid content of rRNA. This guantitative
revarsibility in monosomic S0 X tetrasomic 50 F1 plants, suggests a dose de
pendent regulatory mechanism located in SDL. It may be that a suppressaor
genel(s) as mentioned above, located in the long arm of chromosome 5D, be-
comes noticeable specially when present in high numbers. In the total ab-
sence of chromosome 5D as in nullisomic 5D-tetrasomic 5A or 5B only a
slight reduction in the rRNA gene amount was detected and this may corre-
spand to the lack of the respective NOR's, combined with loss of the sup-
pressor.

At the tetraploid lsvel, high wvaluss of rRNA ganes were mea-
sured, either when a segment of the long arm of chromosome 5D was substi-
tuted for the cqrreépcnding homoeologous segment of SBL in the genome of
P. durwm (as in "Resende”, +19%) or when twa entire chromosomes 50 were
added to T, dicoeccwr (as in "AALS", +33%). The high valuee measured in
total rRNA amount in "Resende” may be due to the existence of a genel(s)
that amplifies the total number of rRNA genes.

Qur results and those from Flavell and 0'Dell (1976} showed a
significant decrease in rONA amount in tetrasomic 5D plants, when compared
with the euploid, which was not detected in the plants measured by Liang
et al. (1977). A genetic divergence of the stocks analysed or differences
in the technigques used may be a possible explanation for the discrepant

results obtained. All the comparative results described are, however, con-
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sistent in what concerns the ‘absence of correlation between the number of
nucleolar erganizers, from chromosome SD of T. gestivum, and the number of
rRNA genes. Moreover, Flavell and D’Dell (1978), working on chromosomaly
balanced substitution lines, where subétitution of chromosome '5D 4»és
achieved in a constant background, found evidence that the number of rRNA
genes carried by chromosome 50 must be .a very small proportion of the
total amount. This again reinforces the hypothesis that tha. evident al-
tarations chserved in the total rRNA amount in the different combinations
with chromosome 50 are not due to alteration in the 'number of rRNA genes
from this chromosome but to the existence of a regulatory mechanism coded
by genes located in its long arm. '

In plants, very littlg is known about the amplification of rRNA
genes during development. Some authors have measured the number of TRNA
genes during the development 0? the wheat meryo, but the results obtained
until now are quite diverse (Chen and Osborne, 1970; Ingle and Sinclair,
1872].  The complexity of the situation described in this paper, did not
allow the construction of a global model to integrate all the data. It
may be that this bhas to wait until further experiments have bean per-
farmed. We put forward, nevertheless, the need for the existsnce of two
genes in the long arm of chromosome 50, with opposite effects, in the con-

trol of rRNA gene number.
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SUMMARY AND CONCLUSIONS

Results obtained and hypotheses that have been put forward to
integrate them, are summarized in this section.

1. Studies of chromcsome association in F1 hybrids Triticum
aestivum X Secale cereale with and without chromcsome 5B and in the pres-
ance or in the absence of B-chromosomes of rye, showed, as expected, that
in the absence of chromoscme 5B a high degree of pairing was observed.
The presence of B-chromosomes only stightly reduced chromosome assccia-
tion, whether chromosome 5B was present or not. )

2. InF, T. gestivum X S. ceveale hybrids, at 20°C, a signifi-
cant increase in the mean chiasma fregquency per cell in nulli 50 + B's
hybrids was observed. This interaction of genes carrisd by B-chromosomes
of rye with genes carried by A-chromosomes was only detected in the ab-
sence of chromosome 5D of wheat.

3. A substantial rise in chromosome association was also ob-
served in an inter-varistal T, gest{wwm hybrid Chinsse.spring X Lindstrtm
when chromosome 5D of wheat was absent and B-chromosomes of rye were pres-
ent, bath at 20°C and at 10°C. This was mainly due to a shift In the rel-
ative numbers of rod and ring. bivalents, since the number of univalents
was very low and similar. "Nﬁ charige in chromosome asiociatlon due to B-
-chromosomes was -detected when 50D was present.

4, Bayliss and Riley (1972} found in nullisomic 50D plants of 7T,
aeativum a higher frequency of ring bivalents (with more than two chlasmatal
than in disorﬁic 5D plants, being however, the wvalues of mean chiasmwata per
cell wvery similar iIn both plants. Mello-Sampayo and Miller (1579] de-
tected a reducticn in the number of ring bivalents with an increasing dos-
age of the long arm of chromosame‘ 5D. These data together with our re-
‘sults led us to suggest the existence of  a desynaptic geme in chromosome
50 which directly interacts with gene{s]) carried by B-chromosomss of rye.

5. It was also found that in F,] hybrids 7T, aestivum X S. cere-
ale, in the absence of chromosome 5D, synchronization within PMC's was re-

duced, which was not affected by the presence of B-chromosaemes neither by
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differsnces in temperature (22%C and 15°C). If the absence of chromosome 58
no alteration in the synchronization of meiosis was detectsd, but the
variation between plants covered the entire range observed between types
in the experiments with nulli 50.

E. Asynaﬁsis at low temperature is prevented by a stabilizer

genas of chromosome association (Ltp) located in the lang arm of chromoscme
8D of 7. gestivum. Studies: in the detection of compensatory genes, at
10%°C, for Lip in diploid relative species cof wheat were performed using F1
hybrids P, aestivum X 5. cereale, T. longissimmm (=de. sharonensis) and
T, speltoides, as well as T, durumX T. longissimum {= Ae. sharonensia)
-in which chromosome 50 was absent (nullisomic 50). Results obtained de-
monstrated the existence of a Lip-like gene in 7. speltoides and T. durum,
which . compensates to a certain degree the absence of chromosome 5D. No
compensation for the absence of L#p was, however, found in 5. cereale and
in T. longiseimum (= Ae. sharonensisl.

7. Asynapsis has also been detected in plants of T. aestivum
which were disomic for a specisl isochromosome of the long arm of chromo-
some 50 (iso SDLNJ. This suppressive effect in chromosome association was
svan more detectable in F1 hybrids T. qestivum {di-isasomic SDLM] X S. ce-
reale, T. longiseimun (= Aegilops sharonensis) and 7. longilssimm (= Ae.
longissima, intermediate pairing lipel.

8. Meiotic i1sochromosome configurations 1in several lines of T,
aestivum which were disomic for different isochromosomes, were studiesd.
A higher number of univalent isochromosomes was observed in di-isosomic
SDLN and SBL plants than in other di-isosomic combinations. The results
demonstrated that (al genel(s] of SDLM affecting chromasome pairing can be
considered as (a) general suppressor(s] of chromosome association rather
than a specific inhiEitor of homnaoloénus pairing.

9, Several hypotheses were put forward to explain the -appear-

ance of this suppressor gene[s] in isochromosome SDL Although we cannot

M’
discard the hypothesis thet it derives from a translocation with SB it
sgems, however, more likely that it arose by mutation or duplication of
a pre-existing But otherwise undatectable gene.

10. - Besides the described effects dependent on chromosome 50 of
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7. aqestivwn, it is also known that this chromosome carries in its shert

arm a nucleolar organizer. In ditelosomic SDL plants the total number of
rONA copies decreases substantially (-32%] and this was also cbserved in
plants carrying four doses of chromosome 50 {tetrasomic 50, -30%). In a
disomic 50 plant which had been derived from a teirasomic S0 the number of
rDNA copies wes, however, similar to that observed 1n euploids. Mono-iso-
somic SDL and di-isasomic SDL plants showed a reduction of only 5% and
16%, respectively, in the total number of rONA copies. )

11, In tetraploid wheats it was also observed that the iﬁtro-
ducticn of a segment of the long arm of chromosome 50 in the -complement
(as in "Resende"] or the addition of twc entire chromosomes 50 [as in
"AALS"] increased in 19% and 33%, respectively, the number of rRNA genes.

12. These results show that chromosome 5D plays an impartent
role on the control of the total number of rRNA genes although only a few
rDNA genes are carried by its nucleclar organizer. The existence of a
regulatory mechanism located in 5DL which modulatés the number of TRNA
genes is sugpested.

13. A higher transcriptional rate for rRNA in root-tip cells
of di-isosomic SDL|v| plants has been measured (Viegas and Mello-Sampayo,
18751. In these same plants a high degree of asynapsis was detected both

in hexaploid wheat and F, hybrids with diploid relstive species. These

1
observations taken together may mean a functional correlation between rDNA

multiplicity and the control of meioticubehaviour.

The results obtained throughout this work contributed especially
to a better uncderstanding of the role of chrumosome 50, since several new
aspects of this chromosome in different cellular mechanisms, were detected.
It was suggested that a new desyneptic gene and a gene to control synchro-
nization within PMC’s in meiosis should exist in 50. Moreover, VthQ long
arm of chromosome 50 should carry a suppressor of pairing (in a mutated
isochromosome SDL] and genel(s) regulating the total number of rDNAvcopies.
Also the existence of the Lip gene in this arm has been confirmed.

The way in which genes carrled by B-chromosomes interact with

genes carried by A-chromosomes has also besn a goal of this work. When an
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A-chromosome carrying a promoter of pairing is absent from the genetic
complement, the edditicn of B-chromosomes of fye increased chromcsome as-
saciation. ~On the contrary, in the absence of a suppressor gene, B-chro-
mosomes decreased .chromosome association. This seems to suggest a regu-
lating role Tor the genes carried by B-chromoscmes of rye in what concerns

the control of chromosome association.

To construct a more descriminative map of gene 1location for
chromosome 50D, subsequent crosses between ditelosemic SDL, SD5 plants and
the diploid relative species would be performed. In the same way, the
future study of chromosome association in plants carrying simultaneously
the isochromosome SDL and SDLM would give more informstion about the sup-

pressor gene existihg in 5DL It would also be possibie to evaluste 1If

M
the parallel made between the effect of this gene and Ph gene carried by
SDL is legitimate by the study of nulll 5B-iso SDLM

derstanding of the control of rDNA copies in 7. aestivum, will be achiev-

plants. A bettier un-

able through the future use of Zm situ hybridization DNA/rRNA technigues,

complementary to the results already obteined by in vitro technigues.
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