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whereas Stirton 9798 had either laggards o r a  chro­
mosomal maldistribution during anaphase I. These 
abnorm alities resulted in additional micronuclei d u r­
ing telophase II and no  norm al telophase II cells 
were seen. The differences in chromosom e pairing 
am ong these plants are reflected in the fact that Hen­
derson Gaum  51 is considered as an autoploid, 
Henderson <6 Gaum  27 as a segmental alloploid len­
ding tow ards autoploidy, Henderson & Gaum  32 as a 
segmental alloploid tending towards alloploidy and 
Stirton 9798 as an alloploid.

T he pentaploid specimens, Stirton 9865 and Hen­
derson & Gaum  20, had respectively average 
chiasma frequencies o f 1,05 and 0,91 and chrom o­
some associations of 3,3] 14,85,, 0,25;j, 0,3[V and 6,3T 
13,6n  0 ,5ni. A lthough both plants had an average of 
3,4 univalents per cell during metaphase I, the num ­
ber of univalents varied from 1 to  6 in Stirton 9865 
and 0  to  10 in Henderson á  Gaum 20. During telo­
phase II Stirton 9865 had tw o cells containing an ad­
ditional micronucleus. Stirton 9865 is regarded as a 
segmental alloploid and Henderson & Gaum 20 as a 
segmental alloploid tending towards alloploidy.

The hexaploid specimen studied, Henderson & 
Gaum  31, had an average chiasma frequency o f 1,21 
and an  average chromosome association of 1,85, 
14,4|, 2,05m 1,3[V. All the metaphase I cells had at 
least one univalent (average =  1,9). Due to  the high 
chromosome num ber anaphase I could not be stu­
died. H alf of the studied telophase II cells were ab­
norm al, containing 1 to  3 additional micronuclei. 
T he absence o f higher order configurations than 
quadrivalents and the relatively low frequency o f tri- 
and quadrivalents seemed to  indicate that this speci­
m en has been a segmental alloploid.

R. transvaliensis x  R. longepedicellatus
This tetraploid hybrid specimen, Henderson 

Gaum  10, had an average chiasma frequency o f 1,07 
and 100% bivalents were formed. N o abnormalities 
were observed in any meiotic stage. The chrom oso­
mal b eh av io u r indicated  that this specim en 
represented an alloploid.

Rubus spccies
The herbarium  personnel were unable to  identify 

Henderson & Gaum 24. This plant was tetraploid 
and had a  chiasma frequency o f 1,16 and an average 
chromosome association of 2,24( 7,99n 0,65n] 1,951V. 
Anaphase I and telophase II were norm al, whereas 
metaphase I had an average of 2,6 univalents per 
cell. According to  the num ber o f multivalents 
formed, this specimen represented a segmental allo­
ploid tending towards autoploidy.

DISCUSSION

Most Rubus chromosomes have the ability to  par­
ticipate in the formation o f m ore than one chiasma. 
During diplotene/early diakinesis m ost bivalents oc­
cur as ringbivalents (Figs la  & 2a), whereas la ter di- 
akinesis stages have a  majority o f  chainbivalents 
(Figs lb  & 2b-2f). This might possibly be due to 
chiasma terminalization. T he form ation o f multiva 
lents may suppress the effect of chiasma terminaliza­
tion and thus increases the chiasma frequency.

It is sometimes difficult to  determ ine w hether me­
taphase I univalents originated from asynapsis or 
early segregation (Figs lc  & 2g & h). The occurrence 
o f univalents during diakinesis would suggest asy­
napsis. This segregation of univalents might be ran­
dom (for example see Fig. lc: only one univalent can 
be seen on  one side of the m etaphase p late and three 
on the o ther side o f the camera lucida drawing). The 
effect of univalents during m etaphase I is not very 
serious, because their occurrence is restricted to  
either high ploidy levels o r  uneven polyploid levels, 
where it is presumed that apomixis will occur.

Chrom osom e laggards are occasionally observed 
in diploid and tetraploid Rubus plants. T he num ber 
of laggards increases drastically in triploid plants 
where a  maldistribution of chrom osom es is also 
found.

An exceptionally high frequency o f apparently 
normal telophase II cells was observed (Figs I f  & 
2j). This may be due to  the form ation of microspores

FIG. 1.— Camera lucida drawings 
of different meiotic stages in 
R. x  proteus (Stinon 9865). a. 
diplotene/early diakinesis; b, 
diakinesis; c. metaphase 1; d, 
telophase I; e, anaphase II; f. 
telophase II: C . chainbiva- 
lent; H , horizontal division; 
L, univalents o r  early segre­
gating chromosomes; M. m e­
taphase chromosomes; O , 
quadrivalent; R. ringbivalent; 
S, secondary chromosome as­
sociation; T , trivalent; U , uni­
valent, ( x  1600.)
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with varying num bers of chromosomes rather than 
excluding laggards through micronuclei. During ana­
phase II chromatid segregation might occur without 
being preceded by the form ation of a  cell wall (Fig. 
Id  & 2i). Chrom osom e laggards from anaphase I 
might thus be incorporated into the tetrad  nuclei, A 
study of pollen fertility might prove interesting.

T he meiotic chromosome behaviour mentioned 
above indicates differences in different Rubus 
species complexes. These differences in chrom o­
some pairing (Table 1) indicate either differences in 
genome homology o r the existence o f genes inhibi­
ting chromosom e pairing in certain species.

All species belonging to  the subgenus Eubatus oc­
cur as exotics in South Africa. Both naturalized 
South African polyploid Eubatus species stud ied , R. 
affinis and R. cuneifolius, were apparently auto- 
ploid. All published chromosome num bers for R. af­

finis indicated a  somatic chromosome num ber o f 28 
(Gustafsson, 1933, 1939 & 1943; Heslop-Harrison, 
1953; Spies & Du Plessis, 1985) and , therefore, it is 
not known if the diploid form still exists. An excep­
tion from  the general autoploid situation was found 
in the octoploid R. cuneifolius specim en, Henderson 
& Gaum  50, which was a segmental alioploid and in 
R. flagellaris where the only studied specimen rep­
resented an alioploid. T he fact that the South Afri­
can specimen is tetraploid, whereas extra-African 
specimens were either octoploid or nonaploid (Ein- 
set, 1947; Faasen & Nadeau, 1976) is an indication 
that further studies of this group are necessary be­
fore any conclusions can be made.

T he existence o f triploid and tetraploid R. pascuus 
forms might suggest that the diploid form may still 
be present in South Africa. T he fact that all speci­
mens represented autoploidy o r tended towards au-

FIG. 2.— Microphotograph of different meiotic stages in different Rubus species, a -c ,  R. x  proteus [Stirton 9865): a , Diplote- 
ne/'early diakinesis; b, diakinesis; c. late diakinesis (note the decrease in the number of ringbivalents). d -f, diakinesis: e , R. x 
proteus, Henderson & Gaum  32; d & f. R. cuneifolius, respectively Liengme s.n. and Henderson <& Gaum  93. g, metaphase I (/?, 
x  proteus, Stirton 9865); h , early anaphase I (R. x  proteus, Henderson <& Gaum  31); i, late anaphase I (/?. apetalus, Henderson 
á  Gaum  6); j .  telophase II {R. pinnatus, Arnold  1335). ( x  1800.)
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toploidy supports this suggestion. It is further sup­
ported  by the fact th a t a diploid R. x  proteus speci­
men was observed. Since R. x  proteus originated as 
a  hybrid betw een R. pascuus and R. longepedicella­
tus, a  diploid hybrid specim en suggests diploidy in 
both parents.

The subgenus Idaeobatus contains two exotic and 
nine indigenous species in South Africa. T he chro­
mosomal behaviour o f these species is variable and 
autoploidy, segm ental alloploidy and alloploidy 
were observed. D ifferent systems might be  operat­
ing in som e species, resulting in either autoploidy 
and alloploidy (R. x  proteus) o r  alloploidy and seg­
m ental alloploidy (R. longepedicellatus & R. apeta­
lus) in the same species.

It would seem  that the m ajority of exotic Rubus 
plants in South Africa tends towards autoploidy 
(77,8% ), whereas the m inority o f indigenous Rubus 
specimens tends towards autoploidy (23,5% ). The 
suggested ploidy types of different Rubus species are 
summarized in Table 7.

T he high frequency o f autoploidy found in this 
Eubatus population , does not support an  intersubge­
neric hybridization theory  (Spies & Du Plessis, 1985) 
o r  even interspecific hybridization within the subge­
nus. H ow ever, it must be rem em bered that the 
specific delim itation in Rubus does not conform  with 
the biological species concept. Therefore, ‘interspe­
cific hybridization’ within a Rubus subgenus could 
lead to  autoploidy, A prerequisite for this assum p­
tion is tha t the current classification system m ust 
represent natural relationships. Plants within a  sub­

genus m ust, therefore, be more closely related to 
one ano ther than to  any species in ano ther subgenus. 
It is further assumed that karyotipic evolution, al­
though not directly correlated with morphological 
divergence, progresses along the sam e lines. Large 
genomic differences are, therefore, more likely to  be 
expected in different subgenera than within a  subge­
nus. Consequently, hybridization within a  subgenus 
is m ore likely to  involve smaller chromosom al differ­
ences and even interspecific hybridization within the 
subgenus would be m ore likely to produce segmental 
allopioids tending towards autoploidy.

In contrast to the South African Eubatus species, 
the Idaeobatus species have only 23,5% autoploids 
o r segmental alloploids tending tow ards autoploidy 
and 35,3% alloploids o r  segmental alloploids tend­
ing towards alloploidy. These figures indicate that 
hybridization might occur m ore frequently in the 
subgenus Idaeobatus than in the subgenus Eubatus 
in South Africa.

C rane & Thom as (1949) described preferential 
pairing in Eubatus x  Idaeobatus hybrids w hen each 
genom e is represented twice. T heir finding is not 
supported by this study in which tetraploid R. x  pro­
teus [a hybrid between R. pascuus (Eubatus) and R. 
longepedicellatus (Idaeobatus)] specimens varied 
from alioploid to  autoploid. Crane & T hom as (1949) 
also described intergenomic pairing with little re­
striction when each genom e is represented only 
once. This finding is supported by the chromosome 
behaviour of Henderson & Gaum  28.

The preferential pairing in Rubus is due to  m inor 
alterations o f the  genetic m aterial. T he degree of

TABLE 7, — The polyploid classification of some South African Rubus species (1 represents autoploidy, 2-4 segmental alloploidy, with 2 
tending towards autoploidy and 4 tending towards autoploidy and 5 represents alloploidy)

Species Specimen no. 2n=
1

Polyploid classification 
Autoploidy Alloploidy

2 3 4 5

Eubatus
R. o f finis’ Stirton 5746 28 X
R. cuneifolius' Liengme s.n. 21 X

Henderson & Gaum  93 28 X
R. pascuus* Henderson & Gaum  18 21 X

Stirton 9800 21 X
Stirton 9861 28 X
Stirton 9868 28 X

R. flagellaris' Henderson & Gaum  2 28 X

Idaeobatus
R. apeiatus G. Hemm  s.n, b 28 X

Henderson & Gaum  6 28 X
Wells 5000 28 X

R. longepedicellatus Henderson & Gaum  14 28 X
Stirton 9862 28 X
Henderson <£ Gaum  36 35 X

R. pinnatus Arnold 1335 28 X
R. X proteus Stirton 9866 21 X

Stinon  9798 28 X
Henderson & Gaum  27 28 X
Henderson & Gaum  32 28 X
Henderson & Gaum  51 28 X
Stirton 9865 35 X
Henderson & Gaum  20 35 X
Stirton 8135 56 X

R. tranvaliensis x
R. longepedicellatus Henderson á  Gaum  10 28 X
R. species Henderson & Gaum  24 28 X

'E xotic species
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chromosomal alterations varies in different Rubus 
species complexes. D ue to  these genomic differences 
in the hybrids, the hybrids varied from sterile to fer­
tile in some interspecific crosses involving plants on 
the sam e (Jinno, 1958; B ritton  & Hull, 1959; Haskell
& T u n , 1961) o r  at different (C rane & Darlington, 
1927; Crane & Thom as, 1949; Shoem aker & Stur- 
rock, 1959; B am m i, 1964) ploidy levels. T he implica­
tions of these phenom ena are that intersubgeneric 
hybridization will apparently result in alloploidy at 
tetraploid level and segmental alloploidy or alloploi­
dy a t o ther ploidy levels. However, according to  the 
present study, intersubgeneric hybrids may even re­
present autoploidy. T herefore, the type o f ploidy in 
Rubus can m ake only a  lim ited contribution to the 
knowledge o f hybridization am ong different species. 
T he reason for this phenom enon might be  that the 
current classification o f this genus is artificial and 
does not represent the true phylogenetic relationship 
between species.

T he relatively norm al meioses observed in diploid 
plants also seems to  contradict hybridization. How­
ever, intergenomic pairing with little restriction was 
described in such cases by Crane &  Thom as (1949), 
Consequently, seemingly norm al diploid plants 
might represent intersubgeneric hybrids,

Longley & Darrow (1924) described the subgenus 
Idaeobatus as being diploid with almost no  reproduc­
tive isolation betw een the different species. T here­
fore, hybridization am ong Idaeobatus species does 
not require chromosome doubling for the restora­
tion of fertility. Consequently, the high polyploidy 
frequency and especially the alloploid situation in 
the South African Idaeobatus species suggest hybri­
dization a t intersubgeneric level. T he fact that ap­
parently all hybrids represent their Idaeobatus par­
ents could be attributed to  several factors. E ither the 
hybridization hypothesis is incorrect, o r  the occur­
rence of matrocliny (M arkarian & O lm o, 1959) com ­
bined with oneway hybridization (introgression), 
suppressed the presence o f hybrids representing the 
subgenus Eubatus morphologically. T he chances of 
collecting only F, m atroclinous hybrids is extremely 
small and introgression was not described in any 
o th er intersubgeneric Rubus hybrids (C rane & 
Thom as, 1949; Jinno, 1958; Britton & Hull, 1959; 
Haskell & T un, 1961; Thom pson, 1961). It is, there­
fore, concluded that the assum ption that hybridiza­
tion occurs only within Idaeobatus species is e rro ­
neous due to  statistically insufficient m aterial stu­
died arid that the original assumption of intersubge­
neric hybridization is still valid.

U ITTREKSEL

Meiotiese chromosoomgedrag in die genus Rubus 
is relatief normaal. Poliploïdie kom in beide Suid- 
Afrikaanse subgenera, nl. Eubatus en Idaeobatus, 
voor. Die subgenus Eubatus bevat plante wat meren- 
deels na outoplo'idie neig, terwyl die subgenus Idaco-

batus varieer van outoploied, deur segmented allo- 
ploied tot by alloploïed. Uit die data word afgelei dat 
hierdie skynbare verskil toegeskryf kan word aan n 
statistics onvoldoende aantal plante en dat alloploïdie 
ontstaan het na intersubgeneriese verbastering.
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