
through glass bead columns (7) or by 
Ficoll Hypaque gradient separation (8, 
11) bear insulin receptors. In contrast, 
human peripheral blood lymphocytes 
(17) or rat spleen lymphocytes (11) pre- 
pared by passage through a nylon wool 
column do not bear insulin receptors; 
however, receptors emerge upon the 
nonadherent effluent cells during lym- 
phocyte transformation induced by 
concanavalin A (18). Since the primary 
consequence of passing mononuclear 
cells through nylon wool columns is 
deletion of B lymphocytes (19) and 

macrophages (20), integration of these 
data would indicate that cells adherent 
to nylon wool bear insulin receptors 
(9) whereas nonstimulated splenic and 

peripheral blood T lymphocytes lack 
insulin receptors unless the nylon wool 
column damages insulin receptors. The 

present data indicate that immunoglob- 
ulin-negative cytotoxic lymphocytes 
(almost certainly T lymphocytes) bear 
functional insulin receptors. The mono- 
nuclear cells of patients with adult onset 
diabetes (21) exhibit deficient insulin 

receptors. Since insulin profoundly aug- 
ments LMC, the propensity of diabetic 

patients to suffer from recurrent and 
severe microbial infection may be due 
in part to altered lymphocyte metabo- 
lism resulting in suboptimal lymphocyte 
responsiveness. 
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Permanent Translocation Heterozygosity and Sex 

Determination in East African Mistletoes 

Abstract. Viscum fischeri has 2n = 23 chromosomes in male plants. These 
form 7 bivalents and a translocation chain of 9 chrolmosomes during meiosis. 
Pollen with 11- and 12-chromosome genomes is thus produced. Female plants 
have 2n = 22 chromosomes and produce 11 bivalents during meiosis. Sex deter- 
mination is technically a rare multiple X-multiple Y type, but more importantly 
it provides the mechanism whereby permanent translocation heterozygosity is 
maintained in the system. In a second species, Viscum engleri, male plants have 
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2n - 28 chromosomes, associating as 11 
meiosis. 

Recently we described an unusual 
case of translocation heterozygosity in 
an East African mistletoe, Viscum fisch- 
eri Engl. (1). A chromosome number 
of 2n = 23 was determined in male 

plants undergoing meiosis. In first mei- 
otic metaphase a configuration of 7 bi- 
valents and an open, multivalent chain 
of 9 chromosomes was consistently ob- 
served (Fig. 1). A regular, alternate 
(zigzag) orientation of the chain resulted 
in 4:5 disjunction at first anaphase, so 
that 11- and 12-chromosome genomes 
were transmitted via the pollen. The 11- 
chromosome set characteristically was 

comprised of 10 metacentrics or sub- 
metacentrics and 1 acrocentric, while 
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Fig. 1. First meiotic metaphase of a male 
plant of V. fischeri illustrating the chain 
of 9 chromosomes and the 7 bivalents. 
The chain is oriented in typical zigzag 
fashion prior to 4: 5 disjunction at first 
anaphase; chiamata are visible as the 
rounded enlargements along the chain. 
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of 9 chromosomes and the 7 bivalents. 
The chain is oriented in typical zigzag 
fashion prior to 4: 5 disjunction at first 
anaphase; chiamata are visible as the 
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bivalents and a ring of 6 chromosomes at 

the 12-chromosome set had 9 metacen- 
trics or submetacentrics and 3 acrocen- 
trics [for additional photographic docu- 
mentation, see (1)]. The exceptionally 
large chromosomes in Viscum greatly 
facilitate analysis (1). 

We also pointed out that if the trans- 
location heterozygosity in V. fischeri is 
permanent, then the system differs sig- 
nificantly from other permanent trans- 
location heterozygotes such as species of 
Oenothera and Isotoma (2). In V. fisch- 
eri the system involves structurally 
and numerically different genomes in 
which some chromosomes are acrocen- 
tric, and an open (chain) multivalent, 
whereas in other translocation heterozy- 
gotes even-numbered ring-forming ge- 
nomes with metacentric chromosomes 
are the rule. It was also noted that 
V. fischeri, being dioecious, is an obli- 
gate outcrosser, whereas inbreeding is 
characteristic of other permanent trans- 
location heterozygotes. 

Since the species is dioecious we also 
noted that the numerically different 
genomes were possibly related to the 
sex-determining system. One essential 

aspect for further study, therefore, was 
the karyological structure and meiotic 
behavior of female plants, which could 
not be determined from the original 
materials. A study of mitotic cells from 
shoot apices in female plants from two 

geographically diverse populations in 
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Kenya (Nairobi and Nyeri) has now 
been made. In both cases the somatic 
chromosome number is 2n = 22. The 
female genome is composed of 14 meta- 
centric, 6 submetacentric, and 2 acro- 
centric chromosomes (Fig. 2). Meiosis 
in the female plant has also been ob- 
served and 11 bivalents are formed. The 
female plants thus possess two 11- 
chromosome sets structurally identical 
with the 11-chromosome set identified 
in the male plants (1). Meiosis has now 
been studied in male plants from a total 
of ten populations from throughout 
highland Kenya. All possessed the typi- 
cal 7 bivalents and chain of 9 chromo- 
somes previously reported, leaving lit- 
tle doubt that the translocation heterozy- 
gosity is permanent. 

Viscum fischeri, however, is not a 
permanent translocation heterozygote 
in the classical sense. The transloca- 
tion hybridity is, in fact, linked 
to the sex-determining mechanism of 
the species. The female plants are pre- 
sumably homogametic, with two sets of 
11 chromosomes, while the males are 
heterogametic with one set of 11 and 
one of 12 chromosomes. The chain mul- 
tivalent which occurs in the male plants 
is therefore functionally a sex mul- 
tivalent (novemvalent), and the male 
therefore has 2n 14A + X1X2X3X4- 
Y1Y2Y3Y4Y5, where A stands for auto- 
some. Similarly the female presumably 
has 2n = -14A + X1X2X2X3X3X4X4; 
the sex-determining system is thus of 
the multiple X-multiple Y type. 

Multiple X-multiple Y sex-determin- 
ing systems are apparently rare. Among 
insects they are known in Drosophila, 
the beetle Blaps, and the centipede 
Otocryptops (3) and in flowering plants 
only in Humulus, hops (4). Other mul- 
tiple systems such as X,X,-YiY and 
X,,X,-X,O are more frequent. If the sex- 
determining system of V. fischeri is in- 
terpreted as a multiple X-multiple Y 
system then it is most unusual in plants, 
especially since hops only reach the level 
of X1X1X2X2-XIX2Y1Y2. Male and fe- 
male plants of V. fischeri have been 
analyzed to determine the geographical 
constancy of the system so far identified 
(5). 

Earlier we also reported translocation 
heterozygosity in Viscum engleri Tiegh. 
(n = 14) from the western Usambara 
Mountains of Tanzania (1). Study of 
additional materials of male plants has 
shown that all but 1 of the 20 plants 
now examined have the ring of 6 
chromosomes previously reported (Fig. 
3). The other plant examined had 10 
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Fig. 2. Mitotic chromosomes and karyo- 
type of a female plant of V. fischeri. 

bivalents and two rings of 4 chromo- 
somes. The ring of 6 chromosomes thus 
appears to be fixed, at least in most 
male plants of the populations studied, 
and may represent another case of sex- 
associated translocation heterozygosity. 
If this is the case it would appear that 
this phenomenon has some special adap- 
tive value in the dioecious Viscum spe- 
cies of the East African highlands. 

In V. fischeri all the chromosomes 
comprising the sex multivalent are surely 
not sex chromosomes in the restricted 
sense. Most elements of the sex multi- 

Fig. 3. First meiotic metaphase in a male 
plant of V. engleri illustrating the ring of 
6 chromosomes and the 11 bivalents. The 
inset in the lower right depicts a non- 
distorted ring of 6 chromosomes oriented 
in the typical zigzag configuration. 

valent must represent autosomes brought 
into the sex-determining system fortui- 
tously through reciprocal translocations. 
In general usage, however, all members 
of sex multivalents are considered to 
be sex chromosomes even though they 
lack such features as heterochromatin, 
which is typical of many sex chromo- 
somes, especially the Y. Where sex 
multivalents of at least quadrivalent 
complexity become established through 
reciprocal translocations, the sex-deter- 
mining system, per se, is probably inci- 
dental. The central issue should be the 
adaptive value of the fixed translocation 
system which happens to contain the 
gene, genes, or chromosomes that deter- 
mine sex. 

The maintenance of permanent trans- 
location heterozygosity requires a sys- 
tem in which the identity of two ga- 
metic sets is preserved during meiosis. 
In groups with fixed translocation het- 
erozygosity, such as Oenothera, this is 
accomplished by balanced lethals. The 
incorporation of translocation heterozy- 
gosity into the sex-determining system, 
however, would offer an alternative 
strategy of maintaining nonrandom seg- 
regation of the translocated genomes. 
The adaptive significance of the translo- 
cation system in V. fischeri is especially 
difficult to reconcile because heterozy- 
gosity is apparently preserved only in 
the male plants, since the female plants 
are homozygous for translocations. 
Further studies show that this phenom- 
enon occurs in other African mistletoes 
(5). 
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