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Early studies showed that the karyotypes of pine species 
are very similar in chromosome number, chromosome 
length and centromere location. All species studied had a 
haploid complement of 12 chromosomes; the smallest chro- 
mosome was heterobrachial (i.e. submedian centromere 
location) while the remaining eleven had median centro- 
meres. 

More recently differences between karyotypes have been 
found that indicate a complete investigation of the genus 
is warranted. For example, group (designated subsections3) 
in this paper) differences based on centromere location 
were reported by SAYLOR (1964), and clear interspecific dif- 
ferences based on the location and size of secondary con- 
strictiom were found by PEDERICK (1967 and 1970)4). 

Karyotypes are described in this paper for all species 
of the subgenus Pinus except those of the subsection Syl- 
vestres (Lariciones) reported on earlier (SAYLOR, 1964). The 
descriptions are based primarily on chromosome arm 
lengths and centromere location. They represent over half 
of the information obtained by the author from a karyo- 
logical survey of the genus. 

Material and Methods 

Karyotype data were obtained from squash preparations 
of root-tip meristems of 2-12 month old seedlings. The 
root-tips were pretreated in oxyquinoline (0.3 g/l.) for 
24-36 hours a t  12O C, fixed in 3 : 1 ethyl alcohol-acetic acid 
for 1 4  hours, hydrolyzed in 1N HC1 for 10-15 minutes at 
60° C, and stained in aceto-carmine. 

Chromosome dimensions were obtained from projection 
drawings as described by SAYLOR (1961). To allow com- 
parisons, the data are presented in the Same manner used 
in previous reports. For each karyotype, the chromosomes 
are arranged from 1-12 according to a descending order 
of lengths of the short (U) arms. (Chromosomes with median 
and submedian centromeres are defined by short-arm : 
long-arm ratios of 0.75-1.00 and 0.50-0.75, respectively.) 

The diagnostic features utilized in making species com- 
parisons included: 

(1) Patterns caused by divergence of the long (b) arm 
lengths from a descending order comparable to that 
for the short (U) arms. (See Table 1, P. leiophylla 
chromosomes 5, 7 and 10.) 

(2) Places where the greatest differences in the lengths 
of the short (U) arms occur between adjacent chromo- 
somes other than between chromosomes 11 and 12 
whose a arms are always the most different. (See 
Table 1, difference in a arm lengths between chromo- 
somes 1-2 and 10-11 for P. leiophylla.) 

(3) Location of primary and secondary constrictions. 
I t  is recognized that this method of evaluation is subject 

to criticism because of the similarity in a arm lengths of 
chromosomes in adjacent positions and the resulting op- 
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portunity for reversals in the order of the chromosomes. 
This problem has been described by MATERN and SIMAIC 
(1968) and should be kept in mind in all analyses of the 
data. The karyotype patterns presented here are simply 
the best interpretation of the data from a sample judged 
adequate according to the agreement of data from different 
seedlings. The patterns described were present in more 
than 50 percent of the plates obtained for a given species, 
and they were obtained easily by minor adjustments for 
most of the other plates. Only the karyotype features 
particularly characteristic of the subsections (and on oc- 
casion for individual species or groups of related species) 
are discussed in any detail. 

Results 

As with all reports thus far, the karyotypes of the 46 
species included in this study were in general agreement 
with the basic karyotype originally described by SAX and 
SAX (1933) for the genus. Except for the smallest chromo- 
some, which was always heterobrachial and noticeably dif- 
ferent in size, the other 11 chromosomes usually possessed 
median centromeres and were generally similar in total 
length. Although it was not possible to illustrate each spe- 
cies studied, the photomicrographs in Figures 1-3 are re- 
presentative of each subsection and group of related spe- 
cies. 

The values in Table 1 are mean arm lengths, and do not 
provide critical information about interspecific difference 
in chromosome lengths. The apparent differences are most 
likely the result of unequal pretreatment periods, or dif- 
ferential reaction of the chromosomes to the pretreatment, 
or a combination of the two. 

The location of secondary constrictions is included in the 
karyotype descriptions. As indicated previously (SAYLOR, 
1961 and 1964), however, the reliability of these data must 
be considered marginal, because these constrictions usually 
do not appear consistently using the above techniques. Con- 
siderable variation existed in the ability to detect secondary 
constrictions among the various species. Those cases in 
which they were especially easy to determine are noted 
later in the discussion; for the others, they were apparent in 
approximately half the plates and thus are considered to be 
a t  least probable locations of major secondary constrictions. 
I t  was never possible in the analysis of these diploid root- 
tip figures to use location of secondary constrictions with 
the reliability and precision utilized by PEDERICK (1967 and 
1970) in studying the haploid female gametophyte chromo- 
mosomes. 

Leiophyllae 

Although grouped together in the Same subsection, P. 
leiophylla (Figure la)  and P. lumholtzii differ conspicuous- 
ly in several morphological traits. The karyotypes of these 
two species also differ in several features. The b arm pat- 
terns are completely different and there is no agreement 
in secondary constriction location (Tables 1 und 2). The 
karyotypes are most similar in the place where major dif- 
ferences occcur in lengths of a arms of adjacent chromoso- 
mes; in both species the greatest differences in a arm 
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