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General Introduction 

In many groups of plants and animals the karyotype (i. e. 
the basic chromosome set of a species, characterised by the 
number, size and form of the chromosomes) can be used as 
a definitive species character. Cytology often has become a 
useful aid to the taxonomist, providing a basic genetic ob- 
servation to add to other morphological criteria used to 
define species relationships. In fact, determination of re- 
lationships within natural groups of species can scarcely 
be considered complete in an evolutionary sense without 
good cytotaxonomic data to reinforce conclusions based on 
morphological criteria. 

Like all systematic characters, the karyotype is subject 
to variation. In some cases closely related species may 
have distinctive karyotype differences, as in the herbaceous 
genus Crepis, with species containing either 3, 4, 5, 6, 7 or 
11 chromosomes, and with total chromosome relative 
lengths ranging from 21 to 100 (BABCOCK 1947). In other 
cases a single karyotype may be representative of a whole 
genus. The fly genus Drosophila has been particulay 
suitable for such study with its special salivary gland 
chromosomes which permit precise studies of pairing and 
band sequence in hybrids. Karyotype differences between 
species in this genus have been found to have arisen as a 
result of centric fusions, translocations, inversions, and 
losses or gains in amount of heterochromatin. The number, 
form and size of chromosomes also varies widely between 
species in grasshoppers (WHITE 1954). 

In contrast to these species there are certain genera of 
the Liliaceae and North Arnerican species of Tradescantia 
in which very little karyotype variation can be determined, 
and the Same karyotype is employed as representative of 
a group of species (SWANSON 1960). Conifer genera could well 
be included in this category. 

Review of Pinus chromosomes 

Since the work of SAX and SAX (1933) it has been known 
that the karyotype of many Pinus species comprises twelve 
long chromosomes, eleven of which are metacentric and 
with so little difference in length that it is most difficult 
to distinguish any particular one. Only the twelfth, being 
shorter and with a submedian centromere, can be regu- 
larly separated from the others. A short twelfth chromo- 
some of similar relative size is present in the karytype of 
all Pinus species reported to date, and it would appear to 
be a characteristic of the genus. In fact, on its morphology, 
it could be considered to be the Same basic chromosome, 
that is, it has been inherited by each species, perhaps with 
some minor change, from some progenitor of the genus 
Pinus. 

With one exception the relative uniformity of the other 
eleven chromosomes has limited the Progress of cytological 
analysis. SAYLOR (1964) studied the pine Group Lariciones 
(according to the classification of SHAW 1914) and found that 
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the eleventh chromosome could be distinguished by the 
presence of a submedian centromere. This characteristic 
of the eleventh chromosome was present in all 19 of the 
species of the Group studied but was not found in 20 spe- 
cies of 7 other Pinus Groups. It was suggested that the 
characteristic might be useful for taxonomic purposes, 
particularly in the cases of P. halepensis and P. pinaster. 

The general conclusion reached by SAYLOR (1964), SAX 

(1960), and others, regarding the evolution of Pinus is that 
the genus has been cytologically very stable, with very 
few changes in chromosome structure. Any such changes 
appear to have been rather small, the main source of evo- 
lutionary change towards speciation being by gene muta- 
tion. 

It had become apparent that further critical work on 
Pinus chromosomes required the use of some additional 
characteristic, since number and size of chromosomes and 
the position of the centromere were by themselves in- 
adequate. Secondary constrictions, observed in the chromo- 
somes of a number of conifer species (AASS 1955, NATARAJAN 
et at. 1961, SAYLOR 1961, 1964, SIMAK 1962, MERGEN and BURLEY 

1964), appeared to offer a means for positive identification 
of particular chromosomes, but in the usual preparations 
from root meristem cells these constrictions could not be 
found regularly enough at the Same positions to provide 
diagnostic markers. In fact, they seemed to appear at a 
variety of chromosome sites. 

In a recent paper (PEDBRICK 1967), the author described 
a new technique using preparations of female gametophyte 
tissue from which chromosomes at the premetaphase stage 
of mitosis could be studied (Fig. 1). At this stage, chromo- 
somes are longer than at metaphase and each shows a 
number of secondary constrictions of varying size. The 
more prominent of the constrictions could be readily lo- 
cated from cell to cell. By means of total chromosome 
length, arm ratio (the ratio of the lengths of the long and 
short arms of a chromosome), and the distribution of con- 
strictions, each chromosome can be readily identified and 
characterised. The reader is referred to the earlier paper 
for a full description of the technique used and the nature 
of the secondary constrictions, an understanding of which 
is essential to an appreciation of Pinus cytology. 

Fig. 1 .  - Premetaphase stage in a cell from female gametophyte 
tissue. Pinus canariensis, n = 12. Stained with Feulgen and aceto- 

carmine. X 1000. 




















