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ABSTRACT

Meiotic chromosome behaviour in the genus Rubus is relatively normal Polyploidy occurs in both South African 
subgenera, i.e. Euhatus and Idaeobatus. The subgenus Eubatus contains plants tending mostly towards autoploidy. 
whereas the subgenus Idueuhattis varies from autoploid, through segmental alloploid to alloploid. It is concluded 
(hat (his apparent difference might be due (o the study of a statistically insufficient number of phmls and that 
alloploidy originated from imersubgeneric hybridization.

INTRODUCTION

The genus Rubus includes the blackberries, rasp
berries and dewberries and is regarded as one o f the 
w orld's most complex taxonomic groups. In an a t
tempt to  solve the Rubus riddle, all available taxo
nomic m ethods should be exploited. Among these 
m ethods cytogenctics could play a m ajor role. The 
cytogenetic contributions to  the taxonomy of Rubus 
can be separated into two distinct types o f data. The 
contribution may involve information regarding 
either the reproductive system o r it may involve the 
ploidy status and genom e analysis of the specimen.

The genus Rubus is subdivided into 12 subgenera, 
of which two are represented in South Africa. All 
species belonging to  the subgenus Eubalus Focke arc 
exotic in South Africa, whereas the subgenus Idaeo- 
baius Focke contains two exotic and nine indigenous 
species (Spies & Du Plessis. 1985).

L, H. Bailey did not describe any Rubus as a  hy
brid in his classical work 'Species Batorum ’ (1941). 
His criteria for hybridization included the presence 
of both parents in close proximity to  the hybrid and 
the hybrid must be morphologically interm ediate b e 
tween its parents. Strict application of these criteria 
resulted in the description o f a multitude o f different 
species. A nother paper in this scries will deal with 
the validity o f these criteria. This study is an attem pt 
to determ ine, through a study of meiotic chrom o
some behaviour, whether the indigenous polyploid 
species (Spies & Du Plessis. 1985) originated 
through alio-, segmental alio- or autoploidy. The 
chromosome behaviour o f the indigenous species 
will also be com pared with that of (he introduced 
species.

MATERIALS AND METHODS

The plants used during this study were listed in a 
previous publication (Spies & Du Plessis. 1985). 
Aceto-carmine squashes of anthers (Darlington & 
LaC our, 1976) were used to study chiasma frequen
cies chromosome associations, met a phase I, ana
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phase 1 and telophase II. At least 20 cells per plant 
were studied.

Diukineses were used to study chiasma frequen
cies and chromosome associations. Chiasma fre
quencies were calculated as the average number of 
chiasmata per half bivalent. This frequency was cal
culated by dividing the total num ber o f chiasmata 
observed by the somatic chromosome num ber. The 
cxpected frequencies of bivalent and multivalent for
mation for autoploid plants were calculated by using 
the method described by Spies (1984a).

RESULTS

The chiasma frequencies varied from 0.45 in a R. 
x proteus specimen to  1,41 in a  R. apetalusspecimen 
(Table I). The low chiasma frequencies observed in 
all triploid (2n =  21) and pentaploid (2n =  35) 
plants, could be attributed to  the high frequency of 
univalents. If a correction factor of Z was added for 
each univalent, values between 1,15 and 1,22 for tri
ploid and ! ,1 to  1,15 for pentaploids were obtained. 
T he correction factor (Z) is obtained by dividing the 
sum o f the num ber o f  univalents (U ) and a third of 
the num ber of trivalents (T) per cell by the somatic 
chromosom e number (N) {7. = [U + (T/3)]/N). The 
variation in chiasma frequency, after correction, was 
decreased and varied between KOI and 1.41.

Chrom osom e associations were presented as (he 
percentage of chromosomes bound as uni-, bi- or 
multivalents in Table I. Differences in chromosome 
behaviour between different species and even within 
a species were dem onstrated by the num ber of multi- 
valents formed. The num ber o f univalents during 
m etaphase I increased with an increase in ploidy le
vel (Tabic 2). Anaphase I (Table 3) and telophase II 
(Table 4) were normal in almost all diploid (2n = 14) 
and tetraploid (2n = 28) plants, whereas abnorm ali
ties occurred in triploid (2n = 21) and pentaploid (2n 
= 35) plants. These abnormalities included laggards 
and a maldistribution of chromosom es during ana
phase 1, as well as the occurrence o f additional 
micronuclei during telophase II.

T he expected frequencies o f bivalents and multi
valents formed in autoploids were determ ined for all 
the triploid and tetraploid plants. These results are 
presented in Tables 5 & 6. Chrom osom e behaviour 
in the different species was as follows:



598 B othalia 15, 3 & 4 (1985)

T A B L E  1. —  Chiasma frequencies anti chrom osom e associations in different Rubus species

Species Specimen no. T _ C hiasm a" %  o f chromosomes bound as:
zn=

frequency I II III IV

Eubatus
R. affinis' Stirton 5746 28 1,22(1,24) 0,75 76,57 2,25 20,43
R. cuneifolius' Stirton 8102 14 1,04 — 100 — —

Sririon 8154 14 1.09 _ 100 — —
Liengme s.n. 21 0,85(1,18) 30,09 60,19 9,71 —
Henderson & Gaum  93 28 1,19(1,27) 8,2 53,6 13,9 24,3

R. pascuus' Henderson & Gaum  18 21 0,8(1,15) 31.3 58,8 10 —
Stirton 9800 21 0,86(1,2) 30,48 58,1 11,43 —
Stirton 9861 28 if 1.06) 4,46 86,07 3,75 5,71
Stirton 9868 28 1,09(1.17) 6,14 74,86 6,43 12,57

R. fiagetlaris' Henderson & Gaum 2 28 1,08 0,36 99,64 — —

Idaeobatus
R. apetalus G. Hemm  s.n. a 14 1,11 — 100 — —

G. Hemm  s.n. b 28 1.41 — 79,4 — 20,6
Henderson á  Gaum  6 28 1.18(1,21) 1,25 87,14 3,75 7,86
Wells 5000 28 1.06 ____ 100 — ____

R. longepedicellatus Henderson & Gaum  22 14 1.12(1,14) 2,14 97,86 — —
Henderson & Gaum 14 28 1.04(1,06) 2,1 96,4 — 1,4
Stirton 9862 28 1 11(1,12) 0,57 99,43 — —
Henderson & Gaum  36 35 0.99(1,19) 14,9 62,6 14,6 8

R. pinnatus Henderson & Gaum  15 14 1.09 0,7 99,3 — —
Arnold  1335 28 1..24 — 84,6 — 15,4

R. ludwigii Admiraal & Drijfhout 2940 14 1.2 0.57 99,43 — —
Henderson & Gaum  41 14 1.18 — !00 — —

R. x  proteus Henderson & Gaum  28 14 1.1 — too — —

Stirton 9866 21 0.88(1,22) 29.76 56,67 13,57 —

Stirton 9798 28 0.45(1,01) 55.4 44,6 — —
Henderson & Gaum  27 28 1.09(1,14) 2,5 86,4 7,5 3,6
Henderson & Gaum 32 28 1.09(1,11) 1.6 96,8 1,6 —

Henderson & Gaum  51 28 1.18(1,19) 0.4 81,7 3 14.9
Stirton 9865 35 1.05(1,15) 9,57 84,86 2.14 3,43
Henderson & Gaum 20 35 0.91(1,1) 18 77,7 4.3 —

Henderson & Gaum  31 42 1.21(1,3) 4,4 68,6 14,6 12,4
R. iransvaliensis X
R. longepedicellatus Henderson & Gaum  10 28 1,07 — 100 — —

R. species Henderson & Gaum  24 28 1,16(1.26) 8 57,1 7 27,9

’Exotic species 
■'Corrected values

a) T he subgenus Eubatus Focke (all species are 
exotic)

Rubus affinis Wh. & N.
This tetraploid (2n =  28) species had an average 

chiasma frequency of 1,22 (Stirton 5746). The aver
age chromosome association was 0 ,2 1 ,10,71„ 0,21 m 
l,43jV and it varied from 14n to  8t[ 31v . Although 
early segregation o f chromosom es was observed dur
ing m etaphase 1 (3 cells had either 1 o r 2  univalents), 
anaphase I was normal in all the cells studied. No 
additional micronuclei were observed during telo
phase II. T he high correlation between the expected 
and observed chromosom e association frequencies 
indicated that this species was autotetraploid.

R. cuneifolius Pursh.
This weedy polyploid species had chromosome 

num bers o f 2n =  14, 21 and 28 (Spies & Du Plessis, 
1985). T he two diploid specimens, Stirton 8102 and 
8154, had respectively average chiasma frequencies 
o f 1,04 and 1,09. Both plants formed 7„ per cell d u r
ing diakineses. No univalents were observed during 
metaphase I and a  normal 7-7  anaphase 1 segrega
tion was observed. Both plants exhibited norm al te
lophase II cells.

The triploid plant, Liengme s .n ., had an average 
chiasma frequency of 0,85 and an average chrom o
some association of 6,3( 6,3n 0,7,([. Liengme s .n . had 
an average of 5,3 univalents (varying from 3 to 7 per 
cell) per cell during metaphase 1. Anaphase I 
showed an unequal segregation of chromosom es and 
laggards. The chromosome segregation varied from
11-10 to 13-8. Telophase II appeared normal. Triva- 
lents occurred and the plant was found to be an auto- 
ploid.

The tetraploid specimen, Henderson & Gaum  93, 
had an average chiasma frequency of 1,19 and an av
erage chromosome association of 2,3( 7,5n 1,3m 
1 >7iv An average of 2,3 univalents (varied from 0 to 
4) per metaphase I cell was observed. Anaphase I 
occasionally had 1 to  2 laggards. O ne telophase II 
cell contained an  additional micronucleus. T he ob
served frequency of chromosome associations corre
sponded with the expected frequency for au totetra
ploid plants and Henderson á  Gaum  93 could conse
quently be regarded as an autotetraploid.

R. pascuus Bailey
This species escaped from cultivation and became 

a weed in the eastern Transvaal, The two triploid 
specimens, Henderson & Gaum  18 and Stirton 9800,
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TABLE 2. — Number of univalents per metaphase 1 cell in some South African Rubus species

Specics Specimen no. 2n=

0 1 2 3

Percentage of cells with 
different numbers of 

univalents

4 5 6 7 8 9 10

Average
numberof
univalents

Eubatus
R. affinis’ Stinon  5746 28 85 10 5 0.2
R. cunefolius* Stirton 8102 14 100 0

Stirton 8154 14 100 0
Liengme s.n. 21 10 10 30 40 10 5,3
Henderson A Gaum  93 28 10 20 20 30 20 3,3

R. pascuus' Henderson & Gaum  18 21 5 5 5 20 20 20 10 15 6,2
Stirton 9800 21 10 50 20 20 5,5
Si in  on  9861 28 100 0
Stirton 9868 28 100 0

R. flagellar is’ Henderson & Gaum 2 28 100 0

Idaeobatus
R. apetalus G. Hemm s.n. a 14 100 0

G- Hemm s.n. b 28 too 0
Henderson & Gaum  6 28 100 0
Wells 5000 28 100 0

R. longepedicellatus Henderson St Gaum 22 14 70 30 0,6
Henderson & Gaum 14 28 100 0
Stinon 9862 28 100 0
Henderson & Gaum  36 35 5 5 10 20 15 15 20 10 5,1

R. pinnatus Henderson & Gaum  15 14 100 0
Arnold  1335 28 100 0

R. ludwigii Admiraal & Drijfhout 2940 14 100 0
Henderson & Gaum 41 14 100 0

R. x  proteus Henderson & Gaum 28 14 100 0
Stirton 9866 21 10 20 40 20 10 5
Stirton 9798 28 5 5 15 15 15 20 15 5 5 6
Henderson & Gaum 27 28 100 0
Henderson <S Gaum 32 28 70 20 10 0,4
Henderson <S Gaum  51 28 100 0
Stirton 9865 35 10 20 20 30 10 10 3,4
Henderson & Gaum 20 35 20 8 20 12 12 8 8 8 4 3,4
Henderson & Gaum 3! 42 40 30 30 1,9

R. transvaliensis x
R. longepedicellatus Henderson & Gaum 10 28 100 0
R. species Henderson & Gaum 24 28 5 10 38 24 14 9 2,6

* Exotic species

corresponded in regard to  their chiasma frequencies 
and chromosome associations (Table 1). They had 
an average chiasma frequency of 0,83 and an aver
age chromosom e association o f 6,5j 6,1(I 0,8m . The 
num ber of univalents during metaphase I varied 
from tw o to  eight per cell with an average of 6,4. 
A naphase I was only studied in Henderson & Gaum 
18 and  a chromosomal maldistribution (11-10 and
12-9) was observed, as well as up to five laggards. In 
spite o f the abnormal anaphase I, 80% telophase II 
cells appeared norm al in both plants. Both plants 
tended towards autoploidy.

T he two tetraploid plants, Stirton 9861 and 9868, 
had slightly different chiasma frequencies. These dif
ferences are reflected in different chromosome asso
ciations w here Stirton 9861, with its lower chiasma 
frequency, had more bivalents and less multivalents 
than Stirion 9868, with its higher chiasma frequency. 
B oth plants had normal m etaphase I , anaphase I and 
telophase II stadia and they represented autoploids.

R. flageltaris Willd.
T he tetraploid plant representing this species, 

Henderson & Gaum  2, had a  chiasma frequency of
1,08 and an average chromosom e association o f 0,1,

13,9h with a  normal metaphase I, anaphase I and 
telophase I I . This plant was found to be an  alloploid.

b) T he subgenus Idaeobatus Focke (with the ex
ception of R. phoenicolasius and R. niveus, all 
species are indigenous).

R. apetalus Poir.
The diploid specimen, G. Hemm  s .n ., had an av

erage o f i ,11 chiasmata per half bivalent and all cells 
showed only bivalents. No abnorm alities were ob
served during metaphase I , anaphase I and telo
phase II.

T he three tetraploid plants, G. Hemm  s .n ., Hen
derson & Gaum 6  and Wells 5000, differed signifi
cantly in regard to their cytogenetic behaviour. The 
average chiasma frequencies varied from  1,06 in 
Wells 5000 to  1,41 in G. Hemm  s .n . and the  average 
chromosome association from 14a  to  11,l u  1,4IV in 
the tw o plants mentioned. M etaphase I , anaphase I 
and telophase II were normal in all th ree plants with 
the exception o f one anaphase I cell o f Wells 5000 
where one laggard was observed. T he differences in 
chromosome association indicate that G. Hemm  s.n. 
and Henderson & Gaum 6  may be considered as seg
mental alloploids, whereas Wells 5000 may represent 
an alloploid.
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T A B L E  3. — Chrom osom e segregation during anaphase I in som e South A frican Rubus species

Species Specimen no. Chromosome segregation

Diploid plants 7+7 6+ 6  + 2
R. cuneifolius" Stirton 8102 100

Stirton 8154 100
R, apeiatus G. Hemm  s.n. 100
R. longepedicellatus Henderson & Gaum  22 90 10
R. pinnatus Henderson & Gaum  15 100
R. ludwigii Admiraal & Drijfhout 2940 100

Henderson & Gaum  41 100
R. x  proteus Henderson & Gaum  28 100

Triploid plants 11 + 10 12+9 13+8 10+10+1 10+9+2 9+ 9 + 3  9+8+4 9+7+5

R, cuneifolius' Liengme s.n. 60 30 10
R. pascuus * Henderson A  Gaum  18 20 20 20 10 10 10 10

Tetraploid plants 14+14 14+13+1 14+12+2 18+10 14+11+3 13+11+4 13+12+3

R. affinis' Stirton 5746 100
R. cuneifolius' Henderson <6 Gaum  93 70 20 10
R. pascuus * Stirton 9861 100

Stirton 9868 100
R. flagellaris' Henderson & Gaum 2 100
R. apetalus G. Hemm s.n. b 100

Henderson & Gaum 6 100
Wells 5000 90 10

R. longepedicellatus Henderson & Gaum  14 100
Stirton 9862 100

R. pinnatus Arnold  1335 100
R. x  proteus Stirton 9798 25 25 25 25

Henderson <6 Gaum  27 100
Henderson & Gaum  51 100

R. transvaliensis x
R. longepedicellatus Henderson & Gaum  10 100
R. species Henderson & Gaum  24 100

’ Exotic species

R. longepedicellatus (C .E . G ust.) C. H . Stirton
This species contained diploid, tetraploid and pen

taploid specimens. T he diploid specim en, Hender
son <& Gaum  22, had an average o f 1,12 chiasmata 
per half bivalent and an  average chromosom e asso
ciation o f 0,3, 6,85„. Three cells contained two uni
valents during metaphase 1 and one anaphase I cell 
contained two laggards. Telophase II was normal.

The tw o tetraploid specimens, Henderson <& 
Gaum  14 and Stirton 9862, had respectively an aver
age of 1,04 and 1,11 chiasmata per half bivalent and 
an average chromosome association of 0,59, 13,5„ 
0,1IV and 0 ,1 6 ,13,92„. M etaphase I, anaphase I and 
telophase II were norm al in both plants. Henderson 
& Gaum  14 was found to be a segmental alloploid, 
whereas Stirton 9862 represented a  true alloploid.

T he pentaploid plant, Henderson & Gaum  36, had 
an average o f 0,99 chiasmata per half bivalent and an 
average chromosom e association o f 5 ,2 ,10,95„ 1,7,,, 
0 ,7[V. M etaphase I had an average o f 5,1 (1-8) uni
valents per cell. Additional micronuciei were o b 
served during telophase II. T he absence of pentava- 
lents and low frequency of multivalents suggested 
that this plant was a  segmental alloploid.

R. pinnatus Willd.
Henderson <& Gaum  15, the diploid specim en, had 

an average chiasma frequency o f 1,09 and an aver
age chromosom e association o f 0,1, 6,95„. M eta
phase I, anaphase I and telophase II were normal.

Arnold  1335, the tetraploid specimen, had an av
erage o f 1,24 chiasm ata per half bivalent and an av
erage chromosome association o f 11,84,, 1,08IV. Me
taphase I, anaphase I and telophase II were normal. 
T he observed frequency of multivalents was lower 
than the expected and , therefore, this plant was a 
segmental alloploid.

R. ludwigii Eckl. & Zeyh.
T he specimens representing this diploid species, 

Admiraal <4 Drijfhout 2940 and Henderson & Gaum 
41, had average chiasma frequencies of 1,2 and 1,18 
respectively and average chromosome associations 
of 0,08, 6,96,1 and 7„. All studied m etaphase I , ana* 
phase I and telophase II cells were normal.

R. x  proteus
The diploid specimen studied, Henderson <£ 

Gaum  28, had an average chiasma frequency of 1,1 
and all cells contained 7„. No abnorm alities were 
seen during m etaphase I , anaphase I o r telophase 11.

T he triploid specimen, Stirton 9866, had an  aver
age chiasma frequency of 0,88 and an average chro
mosome association of 6,2, 5,95,, 0,9,,,. There were 
between three and seven univalents (average is 5) 
during m etaphase I. No additional micronuciei were 
observed during telophase II. This plant tended to 
wards autoploidy.

Four tetraploid specimens, Stirton 9798, Hender
son & Gaum  27, 32 and 51, were included in this
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T A B L E  4. —  N um ber o f micronuclei during  telophase II in some South African Rubus species

Species Specimen no. 2n=

Percentage of cells with 
micronuclei

Normal 
telophase II

Number o f  micronuclei
1 2 3

Eubatus
R- affinis’ Stirton 5746 28 100
R. cuneifolius' Stirton 8102 14 100

Stirton 8154 14 100
Liengme s.n. 21 100
Henderson & Gaum 93 28 90 10

R. pascuus’ Henderson & Gaum  18 21 80 20
Stirton 9800 21 80 20
Stirton 9861 28 100
Stirton 9868 28 100

R. flagellaris4 Henderson & Gaum 2 28 100

Idaeobatus
R. apetalus G. Hemm  s.n. a 14 100

G. Hemm  s.n. b 28 100
Henderson <& Gaum  6 28 100
Wells 5000 28 100

R  longepedicellatus Henderson & Gaum 22 14 100
Henderson <£ Gaum  14 28 100
Stirton 9862 28 100
Henderson <& Gaum  36 35 60 30 10

R. pinnatus Henderson <£• Gaum  15 14 100
Arnold  1335 28 100

R. ludwigii Admiraal & Drijfhout 2940 14 100
Henderson & Gaum  41 14 100

R. x  proteus Henderson <£ Gaum 28 14 100
Stirton 9866 21 100
Stirton 9798 28 50 30 20
Henderson <£ Gaum  27 28 100
Henderson <& Gaum  32 28 100
Henderson & Gaum  51 28 100
Stirton 9865 35 80 20
Henderson & Gaum  20 35 100
Henderson & Gaum  31 42 50 30 10 10

R. iransvaliensis x
R. longepedicellatus Henderson & Gaum  10 28 100
R. species Henderson & Gaum  24 28 100

'Exotic species

TABLE 5. — Comparison between expected and observed chromosome association frequencies in triploid Rubus specimens

R. cuneifolius R. pascuus R. pascuus R. x  proteus
Binomial Configuration Liengme s.n. Henderson <£ Gaum  18 Stirton 9800 Stirton 9866

E O E O E O E  O

P7 7..I 0 0 0 0 0 0 0  0
7p‘q
2 ip 'q ’

It h i 6[u 0 0 0 0 0 0 0,001 0
2| 2|[ 5|n 0,003 0 0,001 0 0,004 0 0,006 0

35Py 3i 3,[ 4U, 0,02 0 0,011 0 0,027 0,05 0,036 0
35pV
21p-V

4i 3,1, 0,092 0 0,063 0 0,112 0 0,132 0,1
Si 5h 2[ti 0,251 0.12 0,213 0,167 0,272 0,1 0,289 0,15

7pq6 6| 6ir Im 0,383 0,44 0,396 0,333 0.369 0,4 0,352 0,35
q7 7. 7„ 0,251

q =0,8206 
p=0,l794

0,44 0,316
q=0,8481
p=0,1519

0,5 0,215 
q =0,8027 
p=0,1973

0,45 0,184 0,4 
q =0,7853 
p=0,2147

E Expected frequency 
O  Observed frequency

species. T he average chiasma frequency varied from
0,45 in Stirton 9798 to  1,18 in Henderson & Gaum 
51. T he low chiasma frequency in Stirton 9798 might 
be attributed to  asynapsis. In a  num ber o f cells no 
chiasm ata were formed and 28 univalents were seen. 
This phenom enon resulted in an average chrom o
some association of 11,6] 4,7j, in Stirton 9798 com

pared to  an average of 0,2( 8,6jj 0 ,2(II 0 ,81V in Hen
derson & Gaum  51. The asynapsis further resulted in 
an average of 6 (1-10) univalents per m etaphase I 
cell. T he only o ther plant having univalents during 
metaphase I was Henderson & Gaum  32 with an  av
erage o f 0,4 per cell. Anaphase I and telophase II 
were normal in Henderson & Gaum  27, 32 and 51,
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Binomial

Configuration

P7

?IV

7p6q

6{v2||

21p5q2

5lV4II

35p*q3

4jv6n

35p3q4

3iv8ll

21p2q5

2 iv l0 n

7pq6

llV l2 n

q?

l* u
P** q**

R . affinis"
Stirton  5746 0,2318 0,7682
E 0 0,001 0,008 0,046 0,152 0,302 0,333 0,158
0 0 0 0 0 0,3 0,25 0,35 0,1

R. cuneifolius*
Henderson & Gaum 93 0,2886 0,7114
E 0 0,003 0,021 0,087 0,215 0,319 0,262 0,092
0 0 0 0,056 0 0,333 0,333 0,278 0
R. pascuus*
Stirton  9861 0,0638 0,9362
E 0 0 0 0 0,007 0,061 0,301 0,63
0 0 0 0 0 0 0,2 0,35 0,45
Stirton  9868 0,1704 0,8296
E 0 0 0,002 0,017 0,082 0,24 0,389 0,27
0 0 0 0 0 0,12 0,32 0,36 0,2

R. flageilaris*
Henderson <£ Gaum 2 0,0841 0,9159
E 0 0 0 0,001 0,015 0,096 0,348 0,541
0 0 0 0 0 0 0 0 1

R. apetalus
G. Hemm s.n. 0,3626 0,6374
E 0,001 0,01 0,053 0,157 0,275 0,29 0,17 0,043
0 0 0 0 0,08 0,20 0,08 0,36 0,28
Henderson & Gaum 6 0,1973 0,8027
E 0 0 0,005 0,032 0,122 0,281 0,361 0,199
0 0 0 0 0 0,053 0,105 0,368 0,473
Wells S000 0,0638 0,9362
E 0 0 0 0 0,007 0,061 0,301 0,63
0 0 0 0 0 0 0 0 1
R. longepedicellatus
Henderson & Gaum 14 0,0638 0,9362
E 0 0 0 0 0,007 0,061 0,301 0,63
0 0 0 0 0 0 0 0,1 0,9
Stirton 9862 0,1235 0.8765
E 0 0 0 0,005 0,039 0,166 0,392 0,397
0 0 0 0 0 0 0 0 1
R . pinnatus
Arnold 1335 0,2318 0,7682
E 0 0 0,008 0,046 0,152 0,302 0,333 0,158
0 0 0 0 0 0 0,16 0,76 0,08
R. X  proteus
Stirton 9798 0,0109 o,9891
E 0 0 0 0 0 0,002 0.071 0,926
0 0 0 0 0 0 0 0 1
Henderson <S Gaum 27 0,1426 0,8574
E 0 0 0,001 0,009 0,055 0,198 0,397 0,341
0 0 0 0 0 0,05 0,1 0.6 0,25
Henderson <t Gaum 32 0,1138 0,8862
E 0 0 0 0,004 0,032 0,149 0,386 0,429
0 0 0 0 0 0 0 0,15 0,85
Henderson & Gaum 51 0,1884 0,8116
E 0 0 0,003 0.024 0.102 0.262 0,377 0,232
0 0 0 0 0 0,083 0.292 0,375 0,25
R. transvaliensis X R. longepedicellatus
Henderson A Gaum 10 0,074 0,926
E 0 0 0 0 0,01 0,078 0,327 0.S84
O 0 0 0 0 0 0 0 1

* Exotic species
** p and q were used to  determine the expected values 
E Expected frequency 
O  Observed frequency



B othalia 15, 3 &  4  (1985) 603

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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