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Abstract. The compositional heterogeneity of DNAs of A (normal) and B (supernumerary) 
chromosomes of Aegilop8 speItoides, Ae. mutica and Triticum aestivum has been compared in 
order to elucidate the mechanism of B-chromosome disruption of meiotic pairing ininterspecific 
hybrids. Comparisons of % heterologous association after DNA/DNA hybridation at Co t 10 -2 
(highly repetitious DNA) and Cot 100 (moderately repetitious DI~A), and comparisons of 
nucleotide base divergence (ATms) and thermal elution profiles of homologous and heterologous 
duplexes, show that genotypes of Aegilops spp., having large numbers of Bs, do not carry 
additional families of repetitious DNA exclusive to B-chromosomes. l~either the presence of 
Bs nor the direction of DNA/DNA hybridisation affect the above parameters. No cryptic DNA 
satellites were revealed in A- and B-chromosome DNA after sedimentation in actinomycin 
D-CsC1 gradients; and there were no significant differences in buoyant densities of main-band 
DNA. Mean melting temperatures (Tra) ; transition temperatures (AT) and numbers and posi- 
tions of peaks of dissociating DNA fractions in profiles of differentiated melting curves of 
native DNAs were similar in strictly comparable denaturation conditions. One small AT-rich 
(<  5%) DNA fraction correlated with speltoides Bs was revealed; however, no corresponding 
fraction is associated with mutica Bs. The overall similarity in numbers and base composition 
of families of DNA (repetitious and unique) of As and Bs is discussed in relation to the origin of 
Bs and the origin of the meiotic diploidising system in haploid T. aestivum. 

Introduction 

The genetics and interactions of B (supernumerary) chromosomes with A- 
chromosome loci t h a t  control the level of meiotic chromosome pairing in hexaploid 
wheat  and its diploid relatives, are complex. F 1 hybrids  between wheat  (Triticum 
aestivum) and either of the two diploids, Aegilops speltoides and Aegilops mutica, 
fall into four classes with regard to the degree of meiotic chromosome pairing 
(Dover and Riley, 1972a) and the presence of B-chromosomes in some hybrids,  
in t roduced via the diploid parents, does no t  effectively alter the mean  level of 
pairing in each class (Vardi and Dover,  1972). However,  removal  of wheat  A- 
chromosome no. 5 B i n  F 1 hybrids  allows for the full pairing potent ial  of all chromo- 
somes to be expressed and all hybrids  exhibit  very  high levels of pairing (Dover and 
Riley 1972 b;  Dover,  1973). This is explained by  the absence of the restriction of 
pairing to str ict ly homologous chromosomes normal ly  effected by  a locus (ph) on 
the  long-arm of chromosome no. 5B (for review see Riley and Law 1965). Hybr ids  
t ha t  contain B-chromosomes and also lack chromosome no. 5B do not  exhibit  
high levels of pairing bu t  appear  almost  achiasmate (Dover and I~iley, 1972b). 
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Funct ional ly ,  the B-chromosomes are able to compensate for the absence of 
wheat  chromosome no 5B. No other loci, on the A-chromosomes of Aegilops spp. 
t ha t  affect meiotic pair ing in interspecific hybrids,  are able to perform a similar 
compensatory role. 

Similar restrictions of pair ing to homologues only in interspecific hybr ids  of 
Lolium spp. in  the presence of B-chromosomes, have been described by  Evans  and  
Macefield (1972). 

The B-chromosome "diploidising" effects, to quote Rees (1974) "are of obvious, 
indeed profound significance in  promot ing regular and  effective chromosome 
pai r ing"  in polyploids. However,  the origin of B-chromosomes in  general  and  the 
origin of the major  "diploidising" ph locus on chromosome 5B in wheat, which played 
a critical role in  the fert i l i ty and  successful evolut ion of the hexaploid (l~iley, 1965), 
are still elusive. Da ta  are presented below, characterising the na tu re  and  molecular 
heterogenei ty  of the DNA of B-chromosome carrying genotypes in  Aegilops spp. 
The light th rown on the origin of Bs and  5B in this species group is discussed. 

Materials and Methods 

Genotypes. Triticum aestivum var. Chinese Spring, (2n~6x=42). Aegilops speltoides 
4- B-chromosomes (2n= 144- Bs). Aegilops mutica ~_ B-chromosomes (2n ~ 14-[- Bs). Triticum 
aestivum tetrasomic for chromosome no. 5 B. 

Plants were grown singly in continuous light at 20~ The number of B-chromosomes in 
each plant was determined by cytological examination at first meiotic metaphase. Fig. 1 
(p. 157) depicts a squash, FeulgemstMned, preparation of a pollen mother cell of Ae. speltoides 
with 6 B-chromosomes inducing irregular meiotic pairing of A-chromosomes. DNA was 
extracted from individual B-chromosome containing plants; and either from single or popu- 
lations of plants of genotypes not containing B-chromosomes. 

Isolation o/DNA.  Total DNA was extracted using a method based on Bolton et al. (1965) 
with the inclusion of 0.2% diethylpyrocarbonate and without the use of phenol for deproteini- 
sation. This modification was introduced to avoid preferential extraction of d(A-T)n repetitive 
DNA by phenol (Horgan and Wells, 1968). 

Leaf and stem tissue was crushed in liquid N 2, ground to a powder in a coffee grinder, and 
ground further, in a mortar in an equal volume of 0.33H NaC1, 0.1H EDTA, 1% sodium 
lauryl sulphate, 0.2 % diethyl pyrocarbonate and acid washed sand. The mixture was shaken in 
2 volumes of chloroform containing 1% 2-octanol and centrifuged for 5 minutes at 7,500 • g. 
The aqueous phase was heated to 70~ for 5 minutes; cooled in ice and deproteinised with 
chloroform/2-octanol Mter addition of 1M sodium perchlorate. DNA was spooled from the 
aqueous phase with 2 volumes of ethanol and dissolved in 1 • SSC, (0.15M NaC1-L0.0ISM 
Na-citrate). The solution was treated with a-amylase (100 ~zg/ml), ribonuclease T1 (50~/100 ml), 
pancreatic ribonuclease (200 ftg/ml), and protease (500 ~g/ml). After treatment with enzymes 
the solution was deproteinised three times with chloroform 2-octanol (24:1) and diMysed 
against 0.12M phosphate buffer (PB) at pI-I 6.8. DNA was collected by centrifugation at 
115,000 • g for 16 hours. The pellet was dissolved in 0.12H PB or 0.1 • SSC and sheared to a 
mean size of 300 base pairs with sonication. Fragment sizes were determined by velocity 
sedimentation in 1M NaC1 in a Centrisean 75 analytical centrifuge, using the method of Studier 
(1965). DNA purity was checked by 260 mm: 280 nm absorbance (2:1) ; hyperchromicity (33 % 
-38%); retention on hydroxylapatite (HAP) in 0.12M PB at 60~ (~  95%) and absence of 
bands after sedimentation in neutral CsC1 gradients using Schlieren optics. 

Iodination o/DNA with 12~I. Total DNA was iodinated as described byMizuno and Macgre- 
gor (1974). A reaction mixture of 100 ~g of heat-denatured DNA, 3mCi of ~25I (Radioehemical 
Centre, ~ 14Ci/mg 5mCi/50 ~zl of dilute NaOH, adjusted to 6• 10 5H Na2SO a and 0.26~ 
H2S04), 4.5 • 10-diK KI, 2.25 • 10-aM T1C12. 4H20 (in 0.30MN a ~cetate--0.12M acetic acid, 
pH 5.0) was incubated for 50 minutes zt 70~ Reaction was terminated with 0.dN NaOH and 
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10-251 Na2SO a and  incubated a t  60~ for 20 minutes. Una t tached  iodine was removed on a 
1.0 • 36 cm Sephadex G-50 (medium grade) column. The DNA-12~I fraction was eluted with 
0.0851 PB and  bound to hydroxylapat i te  washed with 0.08M PB. The bound DNA was released 
with 0.5M PB, dialysed against  water and radioact ivi ty determined by  liquid scintillation 
counting on the all-channel using a toluene-tr i ton X-100 based scintillation cocktail. 

DNA/DNA Hybridization and Thermal Elution Jrom Hydroxylapatite. Sheared unlabelled 
DNA and shearedleSI-labelled DNA were mixed in 0.1251 PB at  a ratio of 3,000 : 1 respectively. 
The mixture was heat-denatured,  cooled quickly in ice to 60~ and incubated at  60~ (T m -  
25~ for periods of t ime to allow for rena tura t ion  of either highly repeti t ive (Cot 10 -2, moles 
1 - t -  sec -~) or highly repeti t ive plus moderately repeti t ive DNA (Cot 100, moles 1-1- see -1) only. 
Incubat ion  times were calculated from reassociation rates published for T. aestivum (Bendieh 
and  51cCarthy, 1970; Smith  and  Flavell. 1975) and Aegilops spp. (Dover, unpublished).  After 
incubation,  the DNA mixture  was fract ionated into single and double s t randed DNA by pas- 
sage through a waterjaeketed column of 0.5 g HAP in 0.125I PB at  60 ~ C. Single-stranded DNA 
was eluted with 3 •  ml washes of 0.1251 PB. Homologous and heterologous duplexes oI 
bound DNA were denatured by  raising the column temperature,  a t  2 ~ C intervals, from 60 ~ C to 
96 ~ C. Denatured single-stranded DNA was eluted with 3 • 2 ml 0.12M PB a t  each tempera- 
ture. Optical density and radioact ivi ty of each eluant  were determined. Thermal  stabil i ty and 
thermal  elution profiles are given below for labelled (heteroduplex} and  unlabelled (homo- 
duplex) DNA from mixtures initially incubated to Cot 100. Mean percentage heteroduplex 
formation was calculated from separate experiments a t  which the relative percentages of 
bound labelled and  unlabelled DNAs were determined at  60 ~ C and 96 ~ C only. This effectively 
eliminates overest imation of optical density and radioact ivi ty of bound DNA due to accumu- 
lation of high background effects when ealculated from separate 2~ intervals. At  96~ the  
DNA was eluted with 0.5M PB and  the  optical densities corrected for hypoehromicity and 
background U.V. absorbanee of the buffer and  HAP particles. A cheek on the efficiency of 
rena tura t ion  at  the chosen stringency of conditions was obtained by  fur ther  melt ing and 
incubat ion to Cot 100 of the single-stranded DNA not  binding to HAP a t  the  first  incubation.  
95%-97% of the unlabelled DNA (O.D.) and 93%-95% of the labelled DNA (radioactivity) 
eluted as single-stranded DNA after the second incubat ion in selected hybridisations.  

Step-wise thermal  elution of HAP-bound DNA of bo th  homologous and  heterologous 
duplexes after incubation of mixtures to Cot 10 -~ was not  possible due to the  low total  amounts  
of highly repeti t ive DNA retained a t  this Cot. Duplexes were denatured and  eluted a t  96~ 
with 0.551 PB and  optical densities of the eluants corrected for hypochromicity and  background 
ahsorbance as described above. 

Isopyenic Centri~ugation in Neutral CsC1 Gradients Be/ore and A/tear Binding with Actino- 
mycin-D. 10 ~zg na t ive  DNA plus 0.5 tzg of marker  DNA, Pseudomonas aeruyinosa (buoyant  
density 1.726 g c m  -3) in 10 mM Tris-HC1, pH 7.5, brought  to an initial density of 1.700 g c m  -3 
with CsC1, was centrifuged a t  44,000 r.p.m, for 20 hours at  25~ in an M.S.E. Centrisean 
analytical  ultracentrifuge. Tracings of the U.V. absorbance pa t te rns  at  equilibrium were 
recorded directly. Buoyant  densities were calculated relative to the marker  according to 
Mandel et al. (1968). 

Similar samples of DNA in 10 m ~  Tris-HC1 pH 7.5 and 1 m51 EDTA were mixed with 
aetinomycin-D in a ratio of 1 : 2 (DNA: actinomycin-D) (Peacock et al., 1973). CsC1 was added to 
an initial density of 1.66 g cm -a and the mixture  spun a t  44,000 r.p.m, for 20 hours a t  25 ~ C. The 
efficiency of the method was verified using total  DNA of 20 hour  old eggs of Drosophila 
melanogaster which was successfully fract ionated into main-band and  satellites. All U.V. ab- 
sorbance bands at  equilibrium were checked for protein and polysaccharide contaminat ion 
using Schlieren optics. 

Thermal Denaturation o/Native DNA : Separation o/Genotypie and Environmental Varia- 
tion. Native  sheared DNA samples of average size 300 base pairs were melted in 0.t  • SSC or 
0.12M PB in an electrically heated block a t  a constant  rise in temperature  of 0.5~ rain -1. 
Exper iments  were designed to minimise environmental  f luctuations between successive melts. 
Three samples of DNA of a genotype were melted simultaneously and changes in O.D. (hyper- 
ehromieity) and  temperature  were monitored continuously. Thermal  s tabi l i ty  profiles of the 
mean change in O.D. and s tandard  errors as a percentage of the  total  change were plot ted a t  
0.5~ intervals. Differentiation of these profiles, giving the mean percentage change and 
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standard errors in O.D. between consecutive temperatures were derived and plotted by 
computer, according to the relation (A(tl)--A(t2))/(A(tn)--A(tl)) • 100. A(tl) (t~)"'(tn) are the 
absorbanee values measured at temperatures t 1 and t2 etc. The temperature interval t l - - t  2 
was 0.5 ~ C. Differences between genotypes in melting characteristics could be confounded 
with environmental differences between melts. To eliminate this possibility samples of each 
genotype were also melted simultaneously in three or more consecutive experiments and mean 
derived curves and standard errors were plotted for each genotype. This method allowed for 
the separation of experimental and genotypc variation. Consistent differences between 
samples melted in this way could therefore be assigned to genotypic differences. 

Results 

I t  is not possible to extract the DNA of B-chromosomes in isolation. DNA was 
extracted from single plants with a determined number of B-chromosomes in 
addition to the normal complement of A-chromosomes. The amount of nuclear 
DNA in Ae. speltoides and Ae. mutica has been measured as 12.14 pg and 13.14 pg 
respectively at the 2C level (M. D. Bennett; personal communication). Each B- 
chromosome, just over half the size of an A-chromosome, represents the addition of 
an extra 5 % of DNA. An increase of 30 % in the DNA of individuals with 6 Bs, 
(Fig. 1) would be detected in experiments aimed at characterising the molecular 
heterogeneity of the DNA, if the B-DNA represented a separate molecular 
species. B-chromosomes accumulate rapidly within one or two generations 
(Vardi and Dover, 1972) and their pairing behaviour at meiosis supports the as- 
sumption that  they are identical, having a common origin. On this basis, a graded 
difference in DNA type in a range of plants having 0 to 6 Bs could safely be ascribed 
to the Bs themselves. Low numbers of Bs do not disrupt the regular A-chromo- 
some meiosis (Vardi and Dover, 1972); however, the presence of 6 Bs affects 
meiosis in the diploids themselves (Fig. 1). The 2C DNA content per nucleusof 
T. aestivum is 36.2 pg (Bennett, 1971). 

D N A / D N A  Hybridisation 

The mean percentage and standard errors of the degree of reassociationof 
excess sheared unlabelled DNA of T. aestivum and shared labelled DNA of Ae. 
s13eltoides:ABs, incubated to Cot 10 -2 and Cot 100 are given in Tables 1 and 2.A 
c oncentration ratio of 3,000 : 1 of unlabelled : labelled DNA effectively ensures that  
at a given Cot, reassociation of labelled molecules is on the basis of the number and 
type of shared sequences between the labelled and unlabelled molecules (Rice, 
1972); the fidelity of base matching depending on the stringency of the incubation 
conditions (Ullman and McCarthy, 1973). At Cot 10 -2 about 10% of the total ge- 
nome, representing the highly repetitive sequences and the "zero-time binding 
fraction" (Davidson et al., 1973; Smith and Flavell, 1975) were retained on HAP. 
At Cot 100 HAP-bound DNA accounted for 80% of the genomes of all genotypes 
(Tables 1 and 3) consisting of highly repetitive and moderately repetitive DNA 
families within T. aestivum (Smith and Flavell, 1975) and Aegilops spp. (Dover, 
unpublished). 

The percentage heteroduplex formation of excess of T. aestivum • Ae. speltoides 
•  was not significantly altered with the addition of 30% B-DNA at either 
Cot value. At Cot 100 (Table 1) the level of heterologous association was as high as 
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Fig. 1. Pollen mother cell of Aegilops speltoides (2n=14+6 B-chromosomes) at first meiotic 
metaphase: 4 univalents (including 3Bs); 5 bivalents; 2 trivalents (including one B-chromo- 

some trivalent). Bar-- 10 ~zm 

Table 1. Percentage heteroduptex formation between repeated nueleotide sequences of T. aesti- 
rum DNA and Ae. speltoides DNA with or without B-chromosomes, incubated to Cot 
100 moles 1-1 see -1. (Figures in brackets represent homoduplexes of unlabelled DNA.) Stan- 
dard errors are indicated. Excess unlabelled DNA and 12SI-labelled DNA were sonicated, 
heat-denatured and incubated together to Cot 100 at 60 ~ C. Percentage heteroduplex for- 
mation was determined by number of counts retained on hydroxylapatite at 60~ in 
0.12 M phosphate buffer. Percentage homoduplex formation was determined by optical den- 

sity of HAP retained DNA 

Cot 100 125I-labelled DNA 

Unlabelled DNA T. aestivum Ae. speltoides/O B Ae. speltoides/6B 

T. aestivum 62.6 ~ 1.2 65.9 ~- 0.5 66.3 4- 0.8 
(79.1 4-0.1) (80.44- 0.9) (82.3 4- 0.4) 

Ae. speltoides/OB 68.7 4- 0.1 66.6 ~: 4.3 65.5 4- 3.7 
(78.1 4- 0.1) (77.54- 0.9) (76.3 ~0.7) 

A e. speltoides/6 B 71.59 68.98 
(80.35) (79.78) 

homologous association of excess T. aestivum •  T. aestivum and  excess 
Ae. speltoides• •  Ae. speltoides~Bs. At Cot 10 ~ heterologous assoeL 
at ion was jus t  over half t ha t  of the relat ive homologous association (Table 2).. 

Thermal  elut ion profiles (Fig. 3a and  b) show tha t  dissociation of homo- 
duplexes and  heteroduplexes occurred over a wide range of tempera tures ;  indi- 
v idual  peaks indicate several species of DNA mel t ing a t  op t imum temperatures  
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Table 2. Percentage heteroduplex formation between repeated nucleotide sequences ol T. aesti- 
vum and Ae. speltoides DNA with  or wi thout  B-chromosomes and between T. aestivum 
and Ae. mutiea DNA, wi th  or wi thou t  B-chromosomes, incubated to Cot 10 -~ moles 1 -I  sec -1. 
(Figures in brackets represent homoduplexes of unlabelled DNA.) S tandard  errors are in- 
dicated. Excess uulabellcd DNA and 125I-labelled DNA were sonicated, heat -denatured and  
incubated together  to Cot 10 -2 a t  60 ~ C. Percentage heteroduplex formation was determined 
by  number  of counts retained on hydroxylapat i te  at  60 ~ C in 0.12 M phosphate  buffer. 
Percentage homoduplex formation determined by  optical densi ty of HAP retained D N A  

Co t 10 -2 125I-labelled DNA 

Unlabelled DNA T. eastivum Ae. spelto- Ae. spelto- Ae. mu- Ae. mu- 
ides /O B ides /6 B tica /O B tica/ 4B 

T. aestivum 5.5 ~:0.6 2 . 9 •  2 .2 •  1.87 0 . 9 •  
11.5:~ 0.6) (11.3~0.6)  (10.5:~ 0.3) (8.90) (9.7 :t: 1.1) 

Ae. speltoides/OB 4.0 3.8 
(16.6) (15.7) 
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Fig. 2a  and b. Thermal stabil i ty profiles of homologous and  heterologous repeated sequence 
DNA duplexes of T. aestivum and Ae. speltoides• A mixture  of excess 
sheared denatured DNA and sheared denatured 125I-labelled DNA (3,000:1) was incubated a t  
60~ in 0.12M PB to Cot 100. Duplexes formed were adsorbed on hydroxylapat i te  and eluted 
with 0.12M PB at  2~ intervals from 60~ to 96~ Mean curves of several replicate experi- 
ments  are drawn where appropriate.  (a) , - - .  homoduplex of T. aestivum• T. aestivum, 
. . . . . . .  heteroduplex of T. aestivum • 12~I-Ae. speltoides/OB, [] . . . .  heteroduplex of T. aestivum 
• speltoides/6B. (b) . - - .  homoduplex of Ae. speltoides/4BxAe,  speltoides/4B, 

o--o  homoduplex of Ae. speltoides/OB • Ae. speltoides/OB, ~ . . . . . .  heteroduplex of Ae. speltoides/ 
4B • aestivum, . . . . .  heteroduplex of Ae. speltoides/OB • aestivum 
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Fig. 3a--d. Thermal elution profiles of homologous and heterologous repeated sequence DNA 
dL~plexes retained on hydroxylapatite at 60~ in 0.12M PB. Conditions of incubation and 
elution are given in legend to Fig. 2. (a) - - - .  homoduplex T.  aestivum • T .  aestivum, �9 . . . .  het- 
eroduplex T.  aestivum • ]25I-Ae.speltoides/OB. (b) . - - .  homoduplex T.  aestivum • T .  aestivum 
�9 ---. heteroduplex T.  aestivum • 125I-Ae. speltoides/4B. (c) . - - .  homoduplex Ae. speltoides/OB 
• Ae.  speltoides/OB, �9 . . . .  heteroduplex Ae. speltoides/OB • aestivum. (d) .---homo- 
duplex Ae. speltoides/4B X Ae. speltoides/4B, �9 . . . .  heteroduplex Ae. speltoides/4B • 12~I-T. 

aestivum 

that  were determined by base composition and degree of base mismatching. The 
number and positions of peaks remained constant for the dissociation of homo- 
dup]exes and heteroduplexes in any one experiment irrespective of the presence of 
B-DNA of A e .  spel to ides .  

Mean thermal stability profiles (Fig. 2a) indicate a fall in melting temperature 
(ATm) (Table 4) between homoduplexes and heteroduplexes; however, the magni- 
tude of this AT,n was not significantly affected by the presence of B-DNA. 
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Table 3. Percentage heteroduplex formation between repeated nucleotide sequences of 
T. aestivum DNA and Ae. mutiea DNA with or wi thout  B-chromosomes, incubated to 
Cot 100 moles 1-1 see -1. (Figures in brackets represent homoduplexes of unlabelled DNA.) 

Standard errors are indicated. For experimental  conditions see legend to Table 1 

Cot 100 125I-labelled DNA 

Unlabelled D:NA T. aestivum Ae. mutiea/OB Ae. mutica/4B 

T. aestivum 62.6 =J= 1.2 63.2 ~ 1.4 14.2 t 1.2a 
(79.1 •  (77.9 ~0 .3 )  (78.6 -{- 0.1) 

Ae. mutiea/OB 58.3 18.2 a 
(77.4) (67.2) 

Ae. mutica/4B 23.5 J:: 0.4 a 
(75.5•  

a See tex t  for discussion. 
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Fig. 4a  and  b. Thermal stabil i ty profiles of homologous and  heterologous repeated sequence 
DNA duplexes of T. aest ivumXAe,  mutica and T. aes t i vumxAe ,  speltoides. In  (b) mixtures  
were melted, incubated and  simultaneously eluted from hydroxylapati~e under  similar ex- 
perimental  conditions, (see text).  Conditions of incubation and elution are given in legend to 
Fig. 2. (a) . - - .  homoduplex of T. aestivum x T. aestivum, =---, heteroduplex of T. aestivum • 
125I-Ae. mutiea/OB. (b) ~ homoduplex of T. aestivum X T. aestivum (from incubat ion 
mixture  of T. aestivum x12~I-Ae. 8peltoides/OB), o--o homoduplex of T. aes t ivumXT.  
aestivum (from incubat ion mixture  of T. aestivum • l~SI-Ae, mutica/OB), ~ . . . . .  heteroduplex 
of T. aestivum X125L Ae. speltoides/OB, [] . . . .  heteroduplex of T. aestivum X125I-Ae. mutiea/OB 
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Table 4. Mean differences and standard errors between thermal stabilities (ATm) of hetero- 
and homodup|exes of labelled and unlabelled repeated sequence DNA incubated to Cot 100, 
of T. aestivum, Ae. speltoides 4- B-chromosomes and Ae. mutica 4- B-chromosomes. :For 
experimental conditions see legend to :Fig. 2. Selected comparisons are taken from the literature 

Source of Source of Mean Mean References 
unlabelled DNA labelled DNA ATm ~ C % nucleotide 

mismatching a 

T. aeetivum Ae. speltoides/OB 2.1 ~=0.7 b 1.31 :~0.44 

T. aestivum Ae. speltoides/6B 2.5 • 0.5 1.56 • 0.31 

T. aestivum Ae. mutica/OB 3.61 • b 2.264-0.07 

Ae. speltoides/OB T. aestivum 2.54-0.5 1.564-0.31 

Ae. speltoides/4B T. aestivum 1.9 1.19 

T. monococcum T. aestivum 1.7 1.06 Bendich and 
McCarthy (1970) 

T. monococcum Ae. squarrosa 2.2 1.37 Bendich and 
McCarthy (1970) 

T. aestivum Secale cereale 6 3.75 Smith and 
Flavell (1974) 

S. cereale T. aestivum 7 4.37 Smith and 
Flavell (1974) 

a Calculated as 1.6 ~ C AT m = 1% nucleotide mismatching (Ullman and McCarthy, 1973). 
b Significantly different at p 0.05. 

Reciprocal  hybr id iza t ion ,  i.e., excess Ae. speltoides • Bs • label led T. aestivum 

revea led  similar  percentage  he te roduplex  fo rmat ion  a t  Cot 100 (Table 1), also 
i r respect ive  of the  presence of B-DNA.  The homoduplexes  and  he te roduplexes  
e]uted over  the  same t e m p e r a t u r e  range and  a t  the  same t e m p e r a t u r e  op t ima  
(Fig. 3 e and  d); and  the  AT m between duplexes  is of the  same magn i tude  as the  
previous  d i rec t ion  of hybr id i sa t ion  (Table 4) and  is s imi lar ly  no t  affected b y  the  
presence of B - D N A  (Fig. 2b) .  

I n  conclusion the  % he te rodup lex  fo rmat ion  a t  Cot 100 (under given condi t ions 
of s t r ingency),  the  s t ab i l i ty  of the  duplexes  and the  t he rma l  dissociat ion profiles 
of the  duplexes  are no t  affected b y  the  d i rec t ion  of the  hybr id i sa t i on  nor  b y  the  
presence of B-chromosome D N A  of Ae. speltoides. 

At  Cot 10 -2 the  % he te roduplex  fo rma t ion  of excess T. aestivum x label led 
Ae. speltoides:J=Bs was jus t  over  half  t h a t  found in excess T. aestivum • label led 
T. aestivum a t  the  same Cot and abou t  two- th i rds  t h a t  found in excess Ae. spelto- 

ides/OB• Ae. speltoides• (Table 2). However ,  the  % he te rodup lex  
fo rmat ion  is not  affected b y  the  presence of B - D N A  a t  th is  Cot. 

Resul ts  ob ta ined  from D N A / D N A  hybr id i sa t ions  using D N A  of Ae. mutica--  
Bs are  shown in Tables  2 and  a and  Figs.  4 and  5. There was a re la t ive ]y la rge  
difference in the  level of heterologous reassoeia t ion a t  Cot 100 be tween excess 
T. aestivum • label led Ae. mutica/OB (63 % ) and  excess T. aestivum • Ae. mutica/4B 
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Fig. 5a and b. Thermal elution profiles of homologous and heterologous repeated sequence 
DNA duplexes retained on hydroxylapatite at 60~ in 0.12M PB. Species of DNA, conditions 
of incubation and elution are given in legends to Figs. 2 and 4(b). (a) - - - .  homoduplex of 
T. aestivum • T. aestivum, .- - -. heteroduplex of T. aestivum • 12~I-A e. mutica/OB. (b) . - - .  ho- 
moduplex of T. aestivum • T. aestivum, �9 . . . .  heteroduplex of T. aestivum • 12~I-A e. speltoides/ 

0B 

(14 % ). However, the low level of homologous association of labelled Ae.  m u t i c a / 4 B  

to excess Ae.  m u t i c a / 4 B  (28 %) and to excess Ae.  mut ica/OB (18 %) calls for caution 
in the interpretation of these results. I t  is possible that  not all the free 125iodine 
was successfully removed during iodination and this has caused an overestimation 
of the amount of labelled DNA eluting at 60~ from HAP in 0.12M PB. 

Elution profiles of the thermal dissociation of homologous and heterologous 
duplexes from hybridization to Cot 100 of excess T.  a e s t i v u m x l a b e l l e d .  Ae .  

mut ica/OB (Fig. 5 a) show dissociation occurring over a similar range of temperature 
and at similar temperature optima. The thermal stabilities of these duplexes 
(Fig. 4a) indicate a mean AT m of 3.61•176 (Table 4). This is significantly 
different (at p=0.05) from the mean AT m of 2.1~-0.7~ between homologous and 
heterologous associations of excess T.  aes t i vum•  Ae .  speltoides/OB. A 

cheek on the genotypie basis of this difference between AT~s was made by simul- 
taneously melting, incubating and thermally dissociating in HAP-columns, 
connected in series, two mixtures of DNA: one excess T.  aest ivum • 
Ae.  speltoides/OB ; the other excess T.  aest ivum • labelled Ae.  mut ica/OB.  Elution 
profiles (Fig. 5a and b) and duplex stabilities (Fig. 4b) show that  this difference in 
ATms is maintained. 

Percent heteroduplex formation at Cot 10 -2 between excess T.  aes t ivum • 

labelled Ae.  m u t i c a •  (Table 2) was about half that  found in the hybridisation 
of excess T.  aes t ivum • labelled T.  aest ivum. The results tentatively indicate that  
the presence of B-DNA has not affected the % duplex formation; however, no 
standard errors can be put on the single experiment reported in one of the hybridi- 
sations concerned. 
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Fig. 6a--c. (a) and (c) Buoyant density patterns after analytical centrifugation in neutral 
CsC1 of native DNA of T. aestivum, Ae. speltoides:j=Bs and Ae. muticaiBs. 10 ~g DNA in 
10 mM Tris-HC1, pH 7.5 plus 0.5 ~g of marker DNA, Pseudomonas aeruginosa (buoyant 
density 1.726 gm cm a) were loaded and spun in CsC1 (initial density 1.700 gm cm -a) at 
44,000 r.p.m, for 20 hours at 25 ~ C. Buoyant densities calculated relative to the marker accord- 
ing to Mandel et al. (1968). (a) 1 T. aestivum, 2 Ae. speltoides/6B, 3 Ae. speltoides/3B, 4 Ae. spel- 
toides/OB, 5 Pseudomonas aeruginosa, (c) 1 T. aestivum, 2 Ae. mutica/OB, 3 Ae. mutica/3B, 
4 Ae. mutica/dB, 5 Pseudomona~ aeruginosa. (b) Buoyant density patterns in neutral CsC] 
of native DNA of Ae. speltoides/6B and Ae. mutica/4B after binding to actinomycin-D. Native 
unsheared main-band and satellite DNA of Drosophila melanogaster were similarly bound to 
actinomycin-D as a check on the success of the method. 10 ~g DNA were bound to 20 [zg 
actinomycin-D in 10 mM Tris-HC1, pH 7.5 and 1 m~r EDTA and spun in CsC1 (initial density 
1.66 gm cm -a) at 44,000 r.p.m, for 24 hours at 25 ~ C. 1 Ae. speltoides/6B, 2 Ae. mutica/4B, 3 Dro- 
sophila melanogaster (main-band I)NA and satellites). (c) 1 T. aestivum, 2 Ae. mutica/OB, 

3 Ae. mutica/3B, 4 Ae. mutica/dB, 5 Pseudomonas aeruginosa 

Centri/ugation in CsCl 

Samples of DNA of T. aestivum, Ae. 8peltoides• Bs and  Ae. mutica:~ Bs sedi- 
men ted  to equi l ibr ium in neut ra l  CsC1 solution, did no t  reveal bands  of satellite 
DNA in addi t ion to the ma in -band  (Fig. 6a and  c). The buoya n t  densities of 
DNA of Ae. speltoides/dB-6B are lighter t h a n  the ma i n - ba nd  densi ty  of Ae. 
speltoides/OB; 1.705--1.703 g cm -~ in Ae. speltoides/OB-6B respectively. The 
B-chromosomes of Ae. mutica induce a slight increase in m a i n - b a n d  dens i ty :  
1.702--1.705 g cm -~ in Me. mutica/OB-4B. Main-band  densi ty  of T. aestivum is 
1.702 g em-K 

Aet inomyein-D has the useful proper ty  of b inding to high GC-rieh m a i n - b a n d  
DNA, making it  lighter in densi ty  and  thus revealing cryptic satellites of similar 
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Fig. 7a and b. Mean melting curves and standard errors of native sheared DNA of Ae. spelto- 
idesq-Bs and Ae. mutica• For each experiment, genotypes were melted simultaneously at 
a temperature rise of 0.5~ rain -1 in either 0.1 • SSC or 0.12M PB for three successive melts; 
(see methods). Mean % relative change in hyperehromicity (O.D.) and standard errors are plot- 
ted by computer at half degree intervals. Temperatures (Tin), at which 50% change in optical 
absorbanee are indicated. (a) DNA extractions of single plants of 1. Ae. speltoides/OB, 2. Ae. 
speltoides/3B and 3. Ae. speltoides/6B melted in 0.1 • SSC. (b) DNA extractions of single 

plants of 1. Ae. mutica/OB, 2. Ae. mutica/2B and 3. Ae. mutica/4B melted in 0.12M PB 

GC content  as ma in -band  D N A  (Peacock et al., 1973). U.V. absorbance  b~nds of 
na t ive  D N A  of Ae. speltoides/6B, Ae. mutica/4B and  Drosophila melanogaster, 
af ter  b inding to ac t inomyc in -D (10 ~zg D N A :  20 ~zg ac t inomycin-D)  are  d e p i c t e d  
in Fig.  6b.  The  nuclear  D N A  of 20 hour  embryos  of D. melanogaster, used as a 
check on the  successful b inding of the  an t ib io t ic  to  DNA,  has  been f r ac t i ona t ed  
into  m a i n - b a n d  and  satel l i te  DNAs.  The m a i n - b a n d  DNAs  of Ae. s~eltoides/6B and  
Ae. mutica/OB show considerable  spread  a t  equi l ibr ium in ac t inomyc in -D  CsC1 
grad ien ts :  a ref lect ion of the  dif ferent ia l  b inding of ac t inomyc in -D to molecular  
species of D N A  t h a t  make  up  the  to ta l  m a i n - b a n d  he te rogene i ty  of A and  B 
chromosomes (see Discussion). No clear-cut  m a i n - b a n d  crypt ic  satel l i tes  were 
revea led  in e i ther  genotype.  
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Fig. 8. h~ean derived curves and standard errors from thermal denaturation profiles of DNA of 
Ae. speltoides:~Bs. Three samples of each genotype were melted simultaneously at a tempe- 
rature rise of 0.5~ rain -1 in 0.1 x SSC, (see methods). The frequence of dissociating D1NA 
molecules between temperatures t~ and t 1 were calculated with the relation (A(tl)--A(t~))/ 
A(tn)--A(tl) ) X 100. A(tl) (t2)""(tn) are the absorbance values measured at temperatures t 1 and t 2 
etc. Interval (t2--tl) was 0.5~ Arrows indicate small (A-T)n rich DNA fraction associated 
with genotypes carrying 3B- and 6B-chromosomes (continuous lines). Ae. speltoides/OB 

(broken line) 

Thermal Denaturation o/Native DNAs  

Precise comparisons and characterisation of the molecular heterogeneity of 
nat ive D N A  from differing genotypes can be made by  melt ing D N A  in controlled 
experiments designed to eliminate the confounding of environmental  with geno- 
typic  differences. Several parameters  of melting curves of D N A  reflect the intra- 
molecular composition of DNA. The temperature  at  50% change in absorbance 
(TIn~ is related to average % GC content.  The transit ion tempera ture  (AT~ 
between 17 %-83 % absorbance is a measure of the compositional heterogenei ty  of 
a D N A  sample which, for Gaussian distributions, is related to the % GC at two 
s tandard  deviations about  the mean (Mandel and Marmur,  1968), (see legend to 
Table 5). Differentiation of melting curves reveals regions of D N A  of differing 
average base composition melting at specific temperature  optima. Narrow Gauss- 
ian peaks in derived melting curves (Figs. 8-10) are indicative of discrete homo- 
genous fractions of D N A  dissociating over a range of temperatures  relative to 
their % GC content  (Huguet  and Jouanin,  1972; Michel, 1974; Dover,  1974). 

The randomisat ion of genotypes over successive melts is described in Materials 
and Methods, and the experimental conditions of individual sets of experiments are 
given in the legends to Figs. 7-10 and Table 5. Mean melting curves and s t anda rd  
errors of native D N A  of Ae. speltoides:~Bs and Me. mntiea-4-Bs (Fig. 7 a and b) 
show very  close proximation and the mean  Tins (Table 5) are no t  significantly 
different. Samples of D N A  of Ae. speltoides/OB and Ae. mutica/OB melted simul- 
taneously with D N A  of T. aestivum over three consecutive melts revealed no 
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Table 5. )Sean melting temperatures (Tm ~ C) ; mean transition temperature (ATm ~ C) between 
17% to 83% of absorbanee rise; mean compositional heterogeneity; and untransformed 
standard errors of native DNAs of T. aestivum, T. aestivum tetrasomie 5B Ae. speltoides 
4- Bs and Ae. mutica :t_ Bs. For randomisation of experiments and conditions of melting 

see legend to Fig. 7 and 10 

Source of DNA Solvent Mean Mean Compositional 
melting transition heterogeneity 
temperature temperature (% GC) 
(Tin ~ C) at 17-83% at two standard 

absorbance deviations about 
(ATm ~ C) the mean a 

Ae. speltoides/OB 0.1 • SSC 73.7-t-0.15 9.0~0.20 14.6~ 0.49 
Ae. speltoides/4B 0.1 • SSC 73.5~:0.40 9.1 =c0.30 14.9=t=0.73 
Ae. speltoides/6B 0.1 • SSC 74.18=[_ 0.25 8.78-/-0.30 14.1 -~ 0.73 

Ae. mutica/OB 0.12 ~/I PB 90.7 4-0.20 8.4•  0.20 13.2 =t= 0.49 
Ae. mutica/2B 0.12 M PB 90.14-0.10 8.14-0.10 12.4=t=0.24 
Ae. mutica/4B 0.12 M PB 91.4~= 0.14 8.74-0.15 13.9=t=0.37 

T. aestivum 0.12 N PB 87.34-0.21 8.64-0.20 13.7=[=0.40 
Ae. speltoides/OB 0.12 M PB 88.0=t_ 0.35 8.9~= 0.30 14.4J_ 0.73 
Ae. mutica/OB 0.12 M PB 88.64- 0.10 9.04- 0.25 14.6~: 0.61 

T. aestivum 0.12 M PB 89.40 • 0.75 8.38 4- 0.28 13.13 j -  0.68 
T. aestivum/tetrasomic 
chromosome no. 5B 0.12 ~ PB 88.47 4- 0.76 8.99 4- 0.11 14.61 =c 0.27 

a Calculated according to )Iandel and Marmur (1968) 2a = (AT -- 3.0) 2.44 on the assump- 
tion that distributions are Gaussian. (However see also Figs. 8-10.) 

s ignif icant  differences in mean  Tm. Simi lar ly  no signif icant  differences were found  
in composi t ional  he te rogene i ty  der ived  from ATs a t  17% -83%  absorbanee  
be tween any  of the  samples  of D N A  mel ted  under  s t r ic t ly  comparab le  condi t ions  
(Table 5). D N A  of T. aestivum t e t r asomie  for whea t  chromosome no. 5B showed no 
s ignif icant  differences in T m and  he te rogene i ty  as measured  b y  AT or in the  overal l  
profile of der ived  mel t ing curves (Fig. 10), when mel ted  s imul taneous ly  and 
consecut ively  wi th  euploid T. aestivum. 

Mean der ived  mel t ing profiles of Ae. 8peltoides/3B-6B show a smal l  AT-r ich  
D N A  fract ion ( < 5 % )  with  a character is t ic  mel t ing peak  (arrowed in Fig .  8). No 
equiva len t  peak  is observed in the  profile of D N A  of Ae. speltoicles/OB. Three  
samples  of each geno type  were mel ted  s imul taneous ly  in th is  exper iment .  However ,  
the  peak  pers is ted af ter  r andomisa t ion  of genotypes  over  successive mel ts  (Dover,  
1974). The  remainder  of the  mel t ing  profile of D N A  of genotypes  wi th  up  to 
6B-chromosomes was s imilar  to  t h a t  of 0B individuals .  All  profiles show the  
same character is t ic  skewed d i s t r ibu t ion  having  an ini t ia l  ear ly  mel t  of re la t ive ly  
fewer AT-r ich  D N A  fraet ions followed b y  subs tan t i a l  f raet ions of la te  mel t ing  
GC-rich DNA.  

No majo r  differences were observed in the  profiles of der ived  mel t ing  curves of 
Ae. m u t i c a •  (Fig. 9). The  presence of B - D N A  in genotypes  of Ae. mutica did  
no t  in t roduce  any  separa te  mel t ing peaks  similar  to  the  small  AT-f rac t ion  cor- 
r e la ted  with  the  B - D N A  of Ae. speltoides descr ibed above.  
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Fig. 10. Derived curves from thermal  denatura t ion  profiles of DNA from T. aestivum and 
T. aestivum tetrasomic chromosome no. 5B, melted simultaneously in 0.12M PB a t  tempera ture  
rise of 0.5~ min -x. Mean Tins and  s tandard errors from three replicate melts  are given in 
Table 5. For derivations of curves see legend Fig. 8 . -  T. aestivum tetrasomic 5B, ---  T. 

aestivum euploid 

Discussion 

Accessory (B) chromosomes to the main A-chromosome complement of higher 
organisms enjoy the dubious status of being considered biological curios, despite 
their reported presence in 700 species and their multitude of effects. Some con- 
tr ibutory factors to this situation are due to effects that  are indeed curious, such 
as the quantitative zig-zag changes in plant growth with odds-and-evens B 
frequency (Rces, 1974; Jones, 1975), and the increase in hybridisable ribosomal 
RNA genes of wheat in the presence of rye Bs, (Flavell and Rimpau, 1975). 
They carry no proper functional cistrons; their mode of inheritance is often 
non-Mendelian; they can have far-reaching implications for the genetic systems 
of B-carrying organisms by their diverse effects on A-chromosome meiosis; and 
their origin is enigmatic. 

I t  is through the effects of Bs on meiosis, in particular in the wheat complex 
of species, that  some insight might be gained on another perplexing problem--the 
mechanism of homologous chromosome recognition prior to meiotic synapsis. 

Meiotic pairing in hexaploid wheat is restricted to homologous chromosomes 
by the activity of a gene (ph) on wheat A-chromosome no. 5B, despite the genetic 
similarity of all three genomes (Riley and Law, 1965; Sears, 1969). The absence of 
5B induces high levels of homoeologous pairing: for example, all F 1 hybrids of 
T. aestivum• mutica fall into a "super-high" class of pairing when 5B is 
absent (Dover and Riley, 1972b; Dover, 1973). The B-chromosomes of Ae. spelto- 
ides and Ae. mutica are found to compensate for the absence of 5B, in that  a 
restriction in pairing is re-imposed in their presence in interspecific hybrids of T. 
aestivum/SB • Ae. speltoides ~Bs  and T. aestivum/5B • Ae. mutica -~Bs (Dover and 
Riley, 1972b; Vardi and Dover, 1972). The B-chromosomes have no effect on 
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meiosis in the two diploids except when present in high numbers (Fig. 1). Further- 
more, investigations have shown that  the Bs disrupt mitotic and meiotic spindles 
in interspecific hybrids and that  hybrids with Bs show much reduced levels of 
pairing when subjected to low temperatures during the premeiotic interphase 
(Vardi and Dover, 1972). These last two effects make sense when considered in the 
light of possible spindle participation in chromosome readiness for pairing (Dover 
and Riley, 1973), and the locating of the cold temperature sensitive stage and 
other events in early premeiotic interphase in wheat (Bayliss and Riley, 1972; 
Bennett  et al., 1974). 

I t  has been suggested that  one possible role of highly repetitious DNA (satel- 
lite), in particular that  located in contiguous blocks around the centromeres, 
might be in chromosome pairing or chromosome movement during division 
(Walker, 1971 ; Yunis and Yasmineh, 1971 ; Flamm, 1972). The 5B-like diploidising 
effect of B-chromosomes of Aegilops spp. arid of Lolium spp. (Evans and Mace- 
field 1972) and the B-effect on spindles in Triticum/Aegilops hybrids might be 
the result of B-chromosome satellite DNA interfering with chromosome behaviour 
controlled by A-chromosome satellite DNA. The present results of comparative 
experiments testing for DNA compositional similarities and differences, make it 
clear that the mechanism of interference is not due to an exclusive B-specific 
repetitive DNA. The Bs apparently contain representatives of all the families of 
repetitive DNA of As : the range and nature of the molecular heterogeneity of the 
DNA is similar in the two types of chromosomes. 

High % levels of heterologous DNA associations in all DNA/DNA combinations 
(Tables 1 and 3), at incubation conditions allowing for the reassoeiation of all the 
highly repetitive and moderately repetitive DNA (Cot 100) in 7'. aestivum (Smith 
and Flavell, 1975) and Aegilops spp. (Dover, unpublished) were found to be similar 
irrespective of the presence of B-DNA and irrespective of the direction of hy- 
bridisation. (In one instance, the low levels of hybridisation in combinations in- 
volving 125I-labelled Ae. mutica/4B must be treated with caution.) 

No major family of moderately repetitive DNA is present in the DNA of wheat 
that  is not also present in the DNA of A-chromosomes of Aegilops spp. ; and simi- 
larly the DNA of Aegilops spp. does not contain a repetitive DNA family exclusive 
to this genus. Furthermore, the addition of up to 30% B-DNA in 6-B genotypes 
does not add any family of repetitive DNA not already present in the DNA of 
A-chromosomes. This conclusion is supported by the similarities in elation 
profiles of dissociation of homologous and heterologous duplexes (Figs. 3 and 5). 
There are no thermally stable repetitive fractions of DNA specific to either ge- 
nus as are reported in several genera of rodents using similar assays (Rice, 1972). 

At incubation times allowing for the reassoeiation of only highly repetitive 
DNA (Cot 10-e), the % heterologous association between T. aestivum and either 
A e. speltoides =k Bs or Ae. mutica4- Bs is half that  found in the.control hybridisation 
of excess T. aestivum with labelled T. aestivum (Table 2). This indicates that  
there are some families of highly repetitious DNA in wheat not present in Aegilops 
spp. The presence of B-DNA does not significantly alter the % level of heterologous 
association at this Cot. 

Thermal stability profiles (Figs. 2 and 4) and ATms (Table 4) between homol- 
ogous and heterologous duplexes indicate that  the precision of complementary 
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base pairing is not the same in the two types of duplex and that  divergence in 
nueleotide sequence within similar repetitive DNA families has occurred. The 
presence of B-DNA in heterologous combinations does not alter the relative 
stability of the duplex. 

I t  is of interest to note that  the degree of divergence between the repetitive 
DNA of Ae. speltoides/OB and the repetitive DNA of T. aestivum is no greater than 
estimates of divergence of the DNAs of T. aestivum, T. monococc~tm and Ae. squar- 
rosa made under similar stringencies (Bendich and McCarthy, 1970) (Table 4). 
T. monococcum and Ae. squarrosa are the diploid donors of the A- and D-genomes of 
the hexaploid respectively (Sears 1969). A relatively smM1 divergence in DNA base 
composition supports the candidature of Ae. speltoides as the B-genome donor; 
although there are wide discrepancies in the reports on Giemsa banding patterns of 
810eltoicles chromosomes and B-genome chromosomes (Natarajan and Sarma, 
1974; Gill and Kimber, 1974). The repetitive DNAs of Ae. mutfca and T. aestivum 
have diverged to a significantly greater extent and place Ae. mutica between Ae. 
speltoides and rye (Smith and Flavell 1974) (Table 4) in terms of relative DNA 
base divergence. 

Buoyant density patterns in neutral CsC1 and in aetinomyein D-CsC1 gradients 
have not revealed DNA satellites in addition to main-band DNA in the presence of 
B-DNA of either species (Fig. 6). Main-band DNA buoyant densities are very simi- 
lar to main-band DNA T. aestivum indicating the same average % GC content. 
The presence of B-DNA induces small shifts in density, although in opposite 
directions in the two species, mean melting temperatures (Tms) of DNA of Ae. 
speltoides/OB-6B and Ae. mr (Fig. 7, Table 5) are not significantly 
different and suggest that  the shifts in buoyant density are not genotypieally 
determined. The large spread of main-band DNA (Fig. 6 b) suggests considerable 
heterogeneity in base composition of families of DNA binding differentially to 
actinomycin-D. 

Comparisons of dissociation peaks of separate homogenous families of native 
DNA of differing average base composition in mean derived melting curves of 
Ae. st~eltoidesdcBs (Fig. 8) and Ae. muticadcBs (Fig. 9) support the conclusions 
drawn from thermal elution of renatured heterologous duplexes of repetitive DNA 
and fraetionation of total DNA in actinomycin D-CsC1 gradients. The overall 
molecular heterogeneity of total DNA (repetitive and unique) of genotypes of 
Aegilops spp., having substantial % increases of total DNA with the addition of 
B-DNA, is no different in range or composition than the total DNA of genotypes 
having A-DNA only. There does not appear to be a major fraction of B-DNA that  
is exclusive to the B-chromosomes. There are no significant differences in mean 
T m (average % GC) or eompositionM heterogeneity (derived from AT) after ther- 
mal denaturation of any of the DNAs, listed in Table 5, in which legitimate 
comparisons may be made. The lack of resolvable differences in profiles of derived 
melting curves after simultaneous denaturation of DNAs of T. aestivum, As. 
speltoides/OB and Ae. mutica/OB points to the similarity in number and composition 
of families of DNA in these species (Dover, 1974). The melting of DNA of T. 
aestivum tetrasomic for A-chromosome no. 5B, that  carries the region controlling 
meiotic pairing in the hexaploid, has not revealed any differences in the overall 
heterogeneity of total DNA when simultaneously denatured with the DNA of 
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euploid T. aestivum (Table 5, Fig. 10). Whatever  the nature of this region, it does 
not appear to consist of a molecular species of DNA sufficiently distinctive in 
base composition or size to be resolvable as a separate dissociating peak in derived 
melting curves. 

There is a small AT-rich peak of dissociating DNA correlated with the presence 
of B-chromosome genotypes of Ae.speltoides (Fig. 8); a peak tha t  persisted after 
randomisation of genotypes over successive melts (Dover, 1974). I t  is possible 
that  the one observable difference between the DNA of Ae. speltoides:j:Bs is 
the fraction tha t  is responsible for the B-chromosome disruption of meiotic pairing 
and formation of spindles. However, these effects are shared by  the Bs of Ae. 
mutica in which no corresponding fraction of DNA was resolved (Fig. 9). 

Additional differences in A-chromosome and B-chromosome DNA might be 
resolvable after suitable weighting with Ag + or Hg+ ions and sedimentation to 
equilibrium in Cs~SO 4 or after centrifugation in alkaline CsC1. Detailed analysis of 
nueleotide base sequences of A- and B-chromosome DNA or analysis of differences 
in the distribution of target  sequences to restriction nucleases would need to wait  
for the successful separation of the two DNAs. 

Comparisons of DNA heterogeneity in terms of numbers and composition 
of molecular species support the interpretation tha t  the B-chromosomes contain 
representatives of all the families of repeated and unique sequence DNA found in 
the A-chromosomes of Aegilops spp. and T. aestivum. There are small differences in 
the composition of families of highly repetitive DNA (Cot 10 -~) and in the extent of 
base divergence of moderately repeated sequences between the A-DNA of the 
three species. However, the presence of B-DNA does not magnify nor diminish 
these differences. The lack of a resolvable difference, underpinning a DNA ex- 
clusive to Bs does not entirely support the suggestion (Walker, 1971 ; u  and 
Yasmineh, 1971 ; Flamm, 1972) that  satellite DNAs located around the centromeres 
in many  species might be responsible for chromosome behaviour. At the least, in 
the wheat  group of species, the complex set of interactions of A and B-chromo- 
somes affecting meiotic pairing and spindles (Dover, 1973), might not be explained 
so simply. "That  other links exist, on other levels, between these two affairs, is 
not impossible," (Samuel Beckett). 

Some light is shed on the origin of Bs and a possible origin of the pairing-control 
system of 5B. The apparent  similarities in base composition of all DNA families 
between As and Bs would indicate an origin of Bs from As and would suggest an 
interspersion of families of DNA on the A-chromosomes of Aegilops spp. similar to 
that  shown for wheat (Smith and Flavell, 1975) and Xenopus (Davidson et al., 
1973). Similarities in DNA heterogeneity of As and Bs of maize (Chilton and Mc- 
Carthy, 1973) and rye (Rimpau and Flavell, 1975) would point to the same origin 
for B-chromosomes. 

If  this interpretation is correct then it is possible tha t  the successful survival 
of Bs in a population in which they arise would depend on an immediate ban on 
A/B-chromosome pairing a t  meisois. Such a control "locus" might  first arise on 
the Bs; and so explain the ability of Bs, in preventing high levels of homeologous 
pairing, to compensate for the absence of 5B in interspecifie hybrids (Dover and 
Riley, 1972b). Translocation of the putat ive control region to A-chromosomes of 
Aegilops would form a basis for the varying ability of A-chromosome loci to control 
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the level of pairing in hybr ids  with wheat  (Vardi and  Dover, 1972 ; Dover and  l~iley, 
19723). I t  might  be of more t h a n  passing coincidence t h a t  the only two species of 
Aegilops (speltoides and  mutica) t ha t  have A-chromosome loci in terac t ing  with the  
5B-system of wheat  also carry B-chromosomes. 
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