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fir and Formosan Douglas-fir (P. wiloniana). The basic chromo-

some number of the Formosan Douglas-fir was found to be 12,
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nimber for bigcone Douglas-fir is 12, as reported by Christiansen
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Christiansen in 1962 on the chromosome morphology of Douglas-
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median centromeres and six with subterminal centromeres. The

possible modes of origin and the implications of the differences

in chromosome numbers are discussed.
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A COMPARATIVE KARYOTYPE ANALYSIS OF
PSEUDO TSUGA MEN ZIESII [MIRB. J FRANCO
AND PSEUDOTSUGA WILSONIANA [HAYATA]

INTRODUCTION

The karyotype of a species is its basic set of chromosomes. On

a morphological scale, these can be characterized according to num-

ber, total length of the individual chromosomes comprising the set,

and position of primary and secondary constrictions (Swanson, 1964).

Within a species the karyotype remains remarkably constant,

but occasionally variations do occur. These are generally of a

transient nature, and are a result of some type of spontaneous

aberration such as a translocation. The fact that the karyotype of

a species is, for the mpst part, a fixed character does not mean

that over an extensive period of time it will remain unchanged. On

the contrary, karyotypes undergo gradual evolution, and presumably

the same forces that cause differences among the karyotypes of

certain individuals of a species are responsible for the slower

evolutionary changes which alter the chromosome morphology of

the population as a whole. Furthermore, different species within

a genus frequently have visibly different karyotypes. Thus, com-

parisons of chromosome morphology between related species can

yield valuable information on the processes of evolution and also

serve as valuable tools to the taxonomist (Swanson, 1964).
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The generally accepted basic number of chromosomes among

the Coniferales is 12, with some notable exceptions. For example,

the family Araucariaceae has 13 as its basic number, while Taxo-

diaceae and Cupressaceae each have 11 chromosomes in their basic

sets. Variations also exist at the generic level. For example,

within the Pinaceae (n = 12), Pseudotsuga has been reported to have

a haploid number of 13, while Pseudolarix has n = 22 chromosomes

(Khoshoo, 1963). However, the chromosome number determined

for Pseudotsuga is based on only one species, P. menziesii. Recent-

ly, examination of P. macrocarpa by Christiansen (1963), revealed

a haploid number of n = 12 for that species. Furthermore, some

workers have cast doubt on the validity of the reported number of

n = 13 for P. menziesii (Langlet, 1934; Durrieu-Vabre, 1958). One

can only conclude that more work needs to be done on Pseudotsuga.

The present study was undertaken in order to help clarify the

karyotypes of Pseudotsuga, and it presents findings which support

the contention that P. menziesii has a haploid number of 13. Also,

the karyotype of P. wilsoniana, which had not been analyzed before,

is presented. In addition, some results of investigations on differ-

ences in morphology between Douglas-fir and Formosan Douglas-fir,

conducted prior to making the karyotype analysis, are given.
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REVIEW OF LITERATURE

Geographical Distribution of the Pseudotsuga Species

Six species are currently recognized in the genus Pseudotsua

(Dallimore and Jackson, 1948; Ghre, 1958, Li, 1953). These are

Douglas-fir (P. menziesii (Mirbel) Franco), bigcone Douglas-fir

(P macrocarpaMayr), Japanese Douglas-fir (P. japonica Beissner

Formosan Douglas-fir (P. wilsoniana Hayata), Chinese Douglas-fir

(P. sinensisDode), and Forrest's Douglas-fir (P. forrestii Craib).

Dallimore and Jackson (1948) supply the following information

on the geographical distribution of the species. Both Douglas-fir

and bigcone Douglas-fir are found in the western part of the United

States. Douglas-fir extends from the Rocky mountains to the Pacific

coast in an east-west direction, and north-south from southern

British Columbia to the Santa Lucia mountains in California (Figure

1). Three varieties of Douglas-fir, menziesii, lauca, and caesia

are recognized. The first variety is the "typicalT' Douglas-fir of

the Pacific coast region; the second, the blue form of the Rocky

mountains; while the third variety is the gray form native to the

eastern slopes of the Cascade range. Bigcone Douglas-fir grows

on steep, rocky slopes in the mountains of Southern California

(Figure 1). It has a rather limited range, extending from the Santa

Ynez mountains to the southern border of CalIfornia.



Figure 1. Species distribution of P. menziesii var.
menziesii and P. macrocarpa. (The
distribution of P. menziesii is indicated
by the cross bars, while that ofF.
macrocara is shown in solid blackj
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Japanese Douglas-fir and Formosan Douglas-fir are both

native to Japan. Japanese Douglas-fir occurs in the southeast and

is restricted to the provinces of Tosa, Ku, and Yamato at eleva-

tions between 1, 000 and 3, 000 feet. No distribution maps are avail-

able for this species. Formosan Douglas-fir is found in the vicinity

of Mount Morrison in Formosa up to an ltitude of 9, 000 feet (Fig-

ure 2). Some authorities regard Formosan Douglas-fir as being

synonymous with Forrest's Douglas-fir, but the two species do

differ morphologically to some extent. Furthermore, since For-

rest' s Douglas-fir is found in the Mekong Valley in Yunnan, China,

a distance of roughly 1, 500 to 2, 000 miles from Formosa, it is very

possible that the two are different species, although differences in

geographical distribution alone should not be used to differentiate

species (Stebbins, 1957).

Chinese Douglas-fir is found at an elevation of 8, 500 feet in

Western China at Che- Hâi and Ding - Chuen. Unfortunately, no

species distribution maps could be found for it or for Forrest's

Douglas-fir.

Review of Previous Work

The first major publication on chromosome morphology

among the conifers was by Karl and Fally Sax in 1933. They exam-

ined endosperm tissue of 53 species representingl6 genera and



Figure 2. Species distribution of P. wilsoniana
(indicated by cross bars and arrow).
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found a basic number of n = 12 for most of the gymnosperms they

studied. Two exceptions in the Pinaceae were Pseudolarix, with

n = 22, and Pseudotsuga, with n = 13, The two investigators specu-

lated that Pseudolarix was originally a tetraploid species with base

number of 12. Loss of four chromosomes, most likely through

segmental interchange, resulted in a haploid number of n = 22

chromosomes. The fact that 20 of the chromosomes of Pseudolarix

have terminal or subterminal centromeres supports the hypothesis

that segmental interchange can play a role in the evolution of a karyo-

type. Sax and Sax also attributed the extra chromosome in Pseudo-

tsuga, whichwas apparently telocentric, to segmental interchange

and duplication. However, they pointed out that there had been no

meiotic figures observed in the genus, so that it was not possible to

determine precisely the origin of the extra chromosome. Besides

the telocentric chromosome, they found six chromosomes with ap-

proximately median centromeres and six with subterminal centro-

meres.

Langlet (1934) made brief mention of finding n = 12 for

Douglas-fir in an abstract of a paper by him on variation in Scotch

pine, However, the validity of this finding could not be ascertained

by the present author as no details were furnished as to materials or

method of analysis in the main text of Langlet's report Furthermore,

the remark seemed to have been made in passing and was evidently
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not intended by Langlet to carry much weight.

Madam Durrieu-Vabre (1958) found Ti = 12 chromosomes in

root tip metaphases of P. douglasii ( meTiziesii). She expressed

each chromosome in terms of a ratio (R) in which the numerator

was the value of the shorter arm; the denominator, that of the

longer arm. Her results showed that three chromosome pairs

possessed ratios of 1, two pairs of 3/4, one pair of 2/3, four pairs

of 1/2, and two pairs of 1/3. Thus, there were six pairs of chromo-

somes with median to submedian centromeres and six pairs with

subterminal centromeres. She then compared her work to that of

Sax and Sax (1933) and found that the idiogram presented by the

latter had three pairs of chromosomes with R = 1/2 instead of four

pairs as she had noted from her own work. Furthermore, she ob-

served that one chromosome pair from the work of Sax and Sax had

a ratio of 1/5, while another pair was telocentric and could not be

expressed as a ratio. She had found no such pairs in her own work.

Finally, Madam Durrieu-Vabre noted that she had found a satellite

in the long arm of chromosome 7 of which Sax and Sax had made no

mention.

Madam Durrieu-Vabre speculated that chromosome 7 possessed

an extremely fragile centromere that could be easily broken during

preparation of the tissue for observation. She suggested that the

telocentric chromosome found by Sax and Sax was actually the short
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arm of chromosome 7. The long arm formed the chromosome with

the ratio R = 1/5, the secondary constriction in the long arm being

mistaken for the centromere by Sax and Sax. Thus, by reconstruct-

ing the original data of Karl and Hal],y Sax, Madam Durrieu- Vabre

was able to achieve a close correspondence with her own data.

However, there are several points which must be questioned

concerning Madam Durrieu- Vabre s findings:

She did not identify her material or its origin other than

to say that it was P. douglasii. Without a proper

identification oL variety, P. douglasii could mean P.

menziesii varieties menziesii, glauca, or caesia.

Madam Durrieu-Vabre did not say whether or not she had

examined any meiotic figures.

She failed to relate how large a sample she took or

if other numbers of chromosomes other than 2n 24

were found in her examinations.

Zenke (1953) studied meiosis in P. menziesii var. viridis

(= menziesii). She reported thirteen bivalents at diakinesis of

meiosis which confirmed the findings of Sax and Sax (1933). Five

pairs of bivalents were large with apparently median to submedian

centromeres; six pairs were smaller and apparently had subterminal

centromeres. The exact classification of the two smallest pairs

could not be accurately discerned. Furthermore, she found at times
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certain irregularities in meiotic behavior such as lagging chromo-

somes and anaphase bridges. One would expect to find certain

irregularities if telocentric, or very nearly telocentric, chromo-

somes were present.

Barner and Christiansen (1962) published findings on the

chromosomes of P. menziesii var. viridis. They reported a

haploid number of n = 13, which agreed withthe findings of Sax

and Sax(1933) and Zenke (1953). The 13 chromosomes consisted

of five approximately isobrachial chromosomes, six heterobrachial

chromosomes, and two apparently telocentric chromosomes. Their

examinations were made on both meiotic and mitotic figures, and

at times, they observed meiotic irregularities of pairing and of

anaphase separation. These irregularities did not occur with great

frequency, and most cells were normal. Barner and Christiansen

speculated that the source of the abnormalities was the telocentrics.

This suggestion is reasonable as it has been shown that telocentric

chromosomes are usually unstable (Rhoades, 1940). However, the

fact that the numbers of meiotic irregularities observed were few

would indicate that the telocentrics have existed for a long enough

time to become fairly well established, or that they are not actually

telocentric. Finally, regarding the origin of the telocentrics, the

authors proposed that they could have been derived from a long

chromosome with a metacentric constriction by breakage. They did



11

not rule out the original proposal by Sax and Sax that the extra

chromosome was the result of duplication.

Christiansen (1963) studied root tip mitoses of P. macrocarpa

and reported 2n = 24 for that species. The karyotype included six

pairs of metacentric chromosomes and six pairs with subterminal

centromeres. His findings are important for two reasons:

The fact that differences in karyotype exist among species

of Pseudotsuga was definitely shown.

As bigcone Douglas-fir is generally considered to be

ancestral to Douglas-fir, though not necessarily a

direct progenitor, the theories of chromosome break-

age or duplication are strengthened considerably. Thus,

a better understanding of evolutionary forces may be

gained.



MATERIALS

Two seed lots, one of Douglas-fir and one of Formosan

Douglas-fir, were used for all investigations made. Both seed

lots were from single tree collections. Seeds of Douglas-fir came

from a tree located at the Corvallis Country Club in Corvallis,

Oregon, while seeds of Formosan Douglas-fir were obtained through

the courtesy of the Taiwan Forestry Bureau, from the Bureau's

collection at Ta Chia Chi, Taiwan.

12



ME THODS

Preliminary Tests

In order to provide examples of some of the morphological

and physiological differences between Formosan Douglas-fir and

Douglas-fir, several tests were made prior to conducting the karyo-

type analysis, These included:

Determination of average seed weight and germina-

tion response

Determination of average cotyledon number, and

growth response of seedlings over a three-month

period under controlled environmental conditions.

Determination of Average Seed Weight
and Germination Response

Fifty seeds from each seed lot were weighed individually on

a Mettler balance. Both seed lots contained 5 - 7 percent moisture.

After the weight deterrnination had been made and an average seed

weight determined for each lot, the seeds were soaked in waterfor

48 hours. At the end of this period, they were placed in plastic

containers filled with moistened vermiculite and storedin a cold

room at 35°F. After stratification for two weeks, the seeds were

transferred to a germination chamber where the temperature was

13



maintained at 84°F. during the day and 68°F. at night, while the

relative humidity was kept at 100 percent. Germination was checked

every day. A seedling was considered to have germinated when its

rdicle was as long as its seed coat.

Determination of Average Cotyledon Number,
and Growth Response of Seedlings Over a
Three-Month Period

As soon as the seeds had germinated, they were planted in

pots filled with 10 pounds of well-mixed forest soil gathered from

the A1 horizon at Burnt Woods, Oregon, and placed in a growth

chamber. Soil moisture was maintained close to field capacity.

There were ten seedlings per pot, and the seedlings in each pot

were the same age. The growth chamber was kept at 78°F. during

a 14 hpur light period and at 70°F. during the dark period. A

cotyledon count was made on thirty developing seedlings of each

species, and these same seedlings were grown for a three-month

period to study growth response. At the end of the three-month

growing period, the height of each surviving seedling, measured in

millimeters from the cotyledon scar to the tip of the seedling, was

determined.

14



Karyotype Analysis

Root tips from newly-germinated seeds were mounted on micro-

scope slides and examined for mitotic figures. Only a few cells that

showed division could be found on each plate, and of these, only a

very limited number had the chrothosomes spread suitably for analy-

sis. The chromosomes from nineteen cells distributed over seven

slides were measured to determine the karyotype of Formosan

Douglas-fir, while nine cells from seven slides were used for analy-

sis of Douglas-fir. For confirmation of the results, a number of

other slides were made, but a statistical analysis performed on the

data did not include these. No meiotic tissue was examined.

Techniques of Cytological Inve stigation

Pretreatment

When the radicles of the germinating seedlings reached about

5 mm in length, they were cut and placed in a 0. 1 percent Lindane

solution for a 4 - 6 hour period in order to shorten the chromosomes

and to break down the spindle apparatus. Lindane is a commercial

insecticide prepared by Dow Chemical Company. It consists of 25

percent wettable active ingredient- - the gamma isomer of cyclo-

chlorohexane and an inert carrier. Wilsonetal. (1951) reported

that it has a similar effect to colchicine on dividing cells. However,

15



it is considerably less expensive than colchicine.

Fixing

The root tips were transferred from the Lindane solution to

Carnoy's fixative (3 parts absolute alcohol: 1 part glacial acetic

acid). They were left in the fixative for approximately 24 hours.

Storage

In the event that the killed and fixed material could not be

processed immediately, it was stored in 70 percent ethyl alcohol.

The root tips were examined as soon as possible after fixation, as

prolonged storage in the alcohol causes plasmolysis of the cells

and affects staining quality.

Hydrolysis

Prior to staining and squashing, the root tips were placed

in 1 N hydrochloric acid for 10 - 15 minutes at 60°C. This action

softened the tissue and allowed for rapid penetration by the stain.

Staining

The root tips were removed from the acid and placed in

Feulgen stain for 30 60 minutes before squashing. The Feulgen

or Schiff' s reagent is a basic fuchsin stain, consisting of 1 g of basic

16



fuchsin and 1.9 g of sodium metabisulfite dissolved in 100 ml of

0. 1 N hydrochloric acid. It is specific for deoxyribonucleic acids

(DNA) and acts in the following way. The basic fuchsin in the dye

is decolorized by the sulfurous acid when the stain is prepared.

However, the action of a mild acid on DNA acts to remove the

purines from its structure according to the reaction,
H+

DNA apurinic acid + adenine + guanine (1)

and aldehyde groups are substituted in their place. The color of

the basic fuchsin is restored in the presence of the aldehydes and

staining of the chromosomal material occurs (Conn, 1929).

After they had been stained, the root tips were put into 45

percent glacial acetic acid for 10 minutes. This helped to further

soften the tissue and to set the stain (Johanson, 1940). The material

was then transferred to a microscope slide, a drop of aceto-carmine

added, and squashed. The aceto-carmine acts to intensify the stain

and is prepared by dissolving 1 g of carmine in 100 ml of boiling 45

percent acetic acid.

Squashing

Squashing was carried out as follows:

1. Thtt part of the root tip that stained the

darkest was carefully cut away from the

rest of the tissue and mace rated.

17



A cover glass was placed over the darkly

stained portion, and the microscope slide

passed over an alcohol lamp to drive out any

trapped air bubbles and to swell the macerated

ti s sue.

The slide was then placed between the folds

of a paper towel, and the cover glass was

tapped gently with a wooden dowel. This

action served to smear the cells into a thin

film and to remove excess stain.

Permanent Slides

Slides were made permanent by adding a small drop of Hoyer's

mounting medium (made up from 50 ml of water, 30 gm of gum

arabic, 200 gm of chioral hydrate, and 16 ml of glycerin) to the

slide just before squashing.

Measurement of Chromosomes

The plates were examined for cells which had mitotic chromo-

somes well spread out and, as nearly as possible, in one plane.

Such cells were photographed at 1, 450 X magnification (Figures 3

and 4). The photographs were then enlarged so that the longest

chromosomes were approximately five centimeters long. Next, the

18



Figre 3, Microphotograph of the chromosomes of Douglas-
fir magnified by 1, 450X.

Figure 4. Microphotograph of the chromosomes
Douglas-fir magnified by 1, 450X.

19
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eiilarged print was closely compared with the original cell viewed

through the microscope. Each chromosome on the print was out-

lined in ink, being careful to include details such as the position of

the centromeres, location of secondary constrictions, and location

of ends which might be hidden through overlapping. After this was

done, the chromosomes were considered to be ready for measure-

ment.

The actual measurements of the chromosomes were made in

the following manner;

The chromosomes on a given print were numbered (from

- 24 for Formosan Douglas-fir and from 1 - 26 for

Douglas-fir).

The measurements were made from the ends of the

chromosome arms using an engineer' s scale (60 units

to the inch), but the centromere regions were not

included in the measurements. Furthermore, any

curved chromosome arms were measured along a

series of straight lines tangent to the arc described

by the curve. The longer of the two arms of a given

chromosome was designated as the "a" arm; the

shorter, the 'b" arm (Saylor, 1961).

After measuring all the chromosomes of a print,

homologous pairs of chromosomes were chosen

20



according to careful examination of the original print

and matching of similar arm lengths. Secondary

constrictions were used as a guide to pairing when-

ever possible.

4. An average value for the total length and for the

lengths of the arms was obtained for each homologous

pair.

Determination of the Karyotype

After an average length had been computed for each pair of

chromosomes a relative value was estimated in order to permit

comparisons between cells. Total relative lengths were obtained

by computing an average chromosome length for a given cell and

then relating the absolute lengths to this standard.
1+2+... +12+13 (2)Average Chromosome Length =

Relative Length = Absolute Length (3)
Average Length

The relative lengths of the long and short arms of each chromo-

some pair were obtained by:

Computing the percentage of the total absolute length

that the long and short arms represented

Multiplying this percentage by the total relative

length previously computed.

21
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The chromosomes were arranged in order of descending

values of relative length with their centromeres on a horizontal line

and their short arms directed upward.



PRESENTATION OF RESULTS

Preliminary Tests

Determination of Average Seed
Weight and Germination Response

Average weight of the Douglas-fir seed was 12.4± 0. 16 mg

while the average weight of the Formosan Douglas-fir seed was

39.8±0.07 mg, or approximately three times greater. Figure 5

shows the considerable difference in size of the seeds from the two

lots. Concerning the germination response of the two seed lots, in

the case of Formosari Douglas-fir half the seeds had germinated 22

days after they had been placed in the germination chamber. For

Douglas-fir the time interval for half the seeds to germinate was

eight days. These results are shown in Figure 6.

Determination of Avera.e Cotyledon Number,
and Growth Response of Seedlings Over a
Three-Month Period

Average cotyledon number of Douglas-fir was 6. 8, while that

of Formosan Douglas-fir was 7. 1. The difference was not signifi-

cant. Average height for 23 specimens of Douglas-fir was 6.9±2. 2

cm, while that of 28 seedlings of Formosan Douglas-fir was 5. 2 ±

0. 9 cm. This difference was significant at the one percent level.
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Figure 5. Seeds of three species of Pseudotsuga
(from left to right, bigcone Douglas-fir,
Formosan Douglas-fir, and Douglas-fir).
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Karyotpe Analysis

Haploid Number

From the previous investigations on the chromosome morphol-

ogy of Douglas-fir, one can see that a controversy exists regarding

the haploid number of chromosomes which the species possesses.

Data of this study obtained from squashes of root tips from P.

menziesii var. menziesii, support the findings of Barner and

Christiansen (1962). Chromosome counts made on 50 cells dis-

tributed over 40 plates revealed a somatic number of 2n = 26 chromo-

somes. No other iumbers were observed, except in a few instances

when chromosome arms were broken during preparation of the

material. Furthermore, measurements of chromosomes from nine

cells distributed over seven slides, revealed five chromosome pairs

with approximately median centromeres, six pairs with definite

subterminal centromeres, and four chromosomes that appeared to

be telocentric.

Chromosome counts made on 30 cells distributed over 18 slides

revealed a somatic number of Zn = 24 chromosomes for Formosan

Douglas-fir. Once again, no exceptions to this number were ob-

served. The karyotype of this species as determined from 19 cells

distributed over seven slides, is similar to that observed in bigcone

Douglas-fir by Christiansen (1963). There are six chromosome
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pairs with median to submedian centromeres and six pairs with

subterminal centromeres.

Relative Unit Lengths of the Chromosomes

Tables 1 and 2 give the relative unit lengths of the chromo-

somes of Douglas-fir and Formosan Douglas-fir respectively. The

relative lengths of the various chromosomes were nearly constant

from cell to cell for both species, as revealed by analysis of vari-

ance. Thus, the value shown in Table 1 for a particular chromosome

is the average relative length based on nine cells. In Table 2 the

average is based on nineteen cells.

For Douglas-fir, the largest differences in relative lengths

between neighboring chromosomes occur between chromosomes 5

and 6 (21 units) and chromosomes 12 and 13 (12 units). Differences

between other neighboring chromosomes could not be readily dis-

cerned on the basis of relative length alone. As pointed out by Simak

(1962) when the differences in length between neighboring chromo-

somes are small, sometimes the longer chromosome will appear

shorter than its neighbor. A chromosome reversal is said to have

occurred in this event, which results in an erroneous classification

by length, Unless the probability of this event is considered, small

differences in relative lengths cannot be used as accurate criteria

for identification. In cases where there is no chance of a chromosome
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Table 1. Relative unit lengths of Douglas-fir chromosomes.

Chromosome
number: 1 2 3 4 5 6 7 8 9 10 11 12 13

Relative length: 144 136 128 128 120 99 92 87 83 80 77 69 57

Table 2. Relative unit lengths of Formosan Douglas-fir chromosomes.

Chromosome
number: 1 2 3 4 5 6 7 8 9 10 11 12

Relative length: 136 128 124 121 119 112 88 82 78 74 71 66

Table 3. Relative unit lengths of chromosomes Douglas-fir vs. Formosan Douglas-fir.

Chromosome
number: 1 2 3 4 5 6 7 8 9 10 11 12 13

Douglas-fir: 144 136 128 128 120 99 92 87 83 80 77 69 57

Formosan
Douglas-fir: 136 128 124 121 119 112 88 82 78 74 71 66
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reversal taking place, differences in relative lengths may be used

for identification purposes. For example, one can readily differ-

entiate between chromosomes 1 and 3 on the basis of relative

lengths. In this instance, there is a gross difference in length

between the two chromosomes (16 units), and there is little chance

of a reversal occurring.

Differences are largest between chromosomes 1 and 2 (8 units)

and 6 and 7 (24 units) in Formosan Douglas-fir. Again, differences

between the other neighboring chromosomes are not large enough to

be of value for identification.

Table 3 shows chromosomes from both species arranged side

by side in descending order according to relative lengths. However,

it is perhaps futile to try to make any direct comparisons, because

it would be impossible to say if a given chromosome from Douglas-

fir corresponded to one from Formosan Douglas-fir. One would

have to examine a hybrid between the two for possible homologies

in order to distinguish any relationships. Even if a hybrid were

available for examination, different selection pressures and isola-

tion may have altered the genotypes of both species. Thus, if there

had been homologies at one time, they may not be evident now.

Position of the Centromere

Using the criteria of Simak (1962) it is possible to classify the
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chromosomes of both Douglas-fir and Formosan Douglas-fir accord-

ing to whether their centromeres are located in median, submedian,

or subterminal positions. Chromosomes with median centromeres

Iiave a short/long arm ratio of R = 0.75 - 1.00. Chromosomes with

submedan centromeres have a ratio of R = 0. 50 - 0. 75, while those

with subterminal centromeres have a ratio of R = 0. 50, or less.

On this basis, Douglas-fir has five chromosome pairs with

median centromeres, six pairs with subterminal centromeres, and

two pairs with terminal centromeres. Formosan Douglas-fir, on

the other hand, has six chromosome pairs with median centromeres

and six pairs with subterminal centromeres. Table 4 gives the

brachial ratios computed for both species.

As recognized by Simak (1962), when the length of the short

arm is very nearly equal to that of the long arm, bending, differ-

ential contraction, and breakage may cause the long arm to appear

as the short arm. This phenomenon is very similar to that of

chromosome reversals. Thus, on the basis of relative length alone,

it is nearly impossible to differentiate the long arm from the short

arm 100 percent of the time. This failure to correctly identify the

arms gives rise to errors in locating the exact positions of the

centromeres. The shift in centromere position is probably not

large however. In the case of chromosomes with subterminal

ceritrqmeres, the long arm and the short arm cannot be reversed,
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and the position of the centromere can be located more precisely.

In any case, differences in relative arm length between

neighboring chromosomes are not great enough to be used for

identification purposes. Table 5 shows the relative lengths of the

long and short arms of both Douglas-fir and Formosan Douglas-fir.

Again, it is inadvisable to make a direct comparison between the

two species for reasons mentioned previously.

Occurrence of Constrictions

If secondary constrictions occur with regularity in a given

chromosome, they may be used for diagnostic purposes. Secondary

constrictions were found in certain chromosomes of both Douglas-fir

and Formosan Douglas-fir. Some of these constrictions appeared in

every cell examined and can be considered as characteristic features

of the chromosomes on which they occur.

In Douglas-fir, chromosome 3 had a secondary constriction in

the distal end of one of its arms. Since the constriction appeared to

be in the longer arm approximately half the time, and in the shorter

arm in the rest of the cases, an arm reversal was taking place,

Furthermore, the average arm length of both arms was equal. It

was, therefore, impossible to identify which arm the constriction

occurred in. The satellite formed by the constriction made up 19

percent of the total length of the chromosome. It is probable that



Table 4. Brachial ratios for Douglas-fir and Formosan Douglas-fir.

Table 5. Relative unit lengths of the long and short arms of the chromosomes of
Douglas-fir and Formosan Douglas-fir.

Chromosome
number: 1 2 3 4 5 6 7 8 9 10 11 12 13

Douglas - fir
Short arm: 70 66 64 61 56 28 25 25 23 26 23
Long arm: 74 70 64 67 64 71 67 63 60 54 54 69 57

Formo san
Douglas - fir
Short arm: 64 62 59 58 56 53 24 23 22 20 20 19

Long arm: 72 66 65 63 63 59 64 59 56 54 51 47

Chromosome
number: 1

Douglas - fir
ratio: short/long: .95

Formosan
Douglas - fir
ratio: short/long: . 88

2

.94

.94

3

1.0

.91

4

.91

.92

5

. 88

. 89

6

.39

.90

7

.37

.38

8

.40

. 39

9

.38

. 39

10

.48

. 37

11

.43

. 39

12

--

. 40

13
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the constriction is the result of nucleolar formation. However,

examination of meiotic figures would be necessary to confirm this

opinion.

In addition to the constriction found on chromosome 3, a

secondary constriction was found on chromosome 10. This con-

striction did not appear in all cells examined, but occurred regularly

enough that it may be taken as being real and not an artifact, This

constriction may be the same one seen by Barner and Christiansen

(1962) ii their work on Douglas-fir. It is located very close to the

centromere, and a small piece of chromatin comprising about 6

percent of the total length of the chromosome is isolated between

the constriction and the centromere.

A rather diffuse constriction was seen infrequently in chromo-

some 11 of Douglas-fir. This constriction was located in the long

arm approximately 22 units from the centromere. However, it was

only seen in five cells out of 50 examined, and if it is not an artifact,

then it does not occur with enough regularity to be of much use diag-

nostically.

Formosan Douglas-fir also had three chromosomes with

secondary constrictions. The first one occurred in the distal end

of the short arm of chromosome 4. The satellite formed by the

constriction comprised 18 percent of the total length of the chromo-

some, and it is possible that this chromosome is involved in
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nucleolar formation, although this remains to be shown.

Chromosome 6 had a secondary constriction in the distal end

of its short arm. Again the satellite formed by the constriction made

up 18 percent of the total length of the chromosome. However, while

the constriction in chromosome 4 appeared in every cell examined,

the constriction in chromosome 6 was evident only about one-half the

time.

Chromosome 11, which is heterobrachial, very infrequently

showed a diffuse constriction in the distal end of its long arm. This

constriction could be clearly seen in only three cells examined. Dar-

lington and La Cour (1940) and Simak (1965) reported that prechilling

of material to be examined can sometimes make secondary con-

strictions stand out more clearly. However, this method was not

used in the present study.

Comparison of the Karyotypes of Douglas-fir
and Formosan Douglas-fir

The karyotypes of Douglas-fir and Formosan Douglas-fir are

presented in Figures 7 and 8. The chromosomes are arranged in

descending sequence according to relative lengths and have their

shorter arms directed upward. The secondary constrictions are

depicted even in cases where they occurred very infrequently.



Figure 7. The Karyotype of Douglas-fir

Figure 8. The Karyotype of Formosan Douglas-fir



The Karyotype of Douglas-fir

The chromosomes of Douglas-fir can be grouped into three

classes based on ease of identification:

chromosomes 3, 10, 12, and 13 - easiest to identify

chromosomes 1, 2, 4, 5, 6, and 11 - distinguishable

on the basis of relative length with a good specimen

chromosomes 7, 8, and 9 - difficult to identify.

Chromosomes Easiest to Identify. Chromosome 3 has a

relative length of 128 units. It has a median centromere and a

satellite comprising 37 percent of the arm in which it is located.

Chromosome 10 has a relative length of 80 units. It has a

subterminal centromere and a rather peculiar secondary constric-

tion located very near the centromere. The secondary constriction

appears with enough regularity that it may be used to distinguish

this chromosome from chromosomes 9 and 11.

Chromosome 12 has a relative length of 69 units. It possesses

no primary or secondary constrictions and may be a telocentric

chromosome. Its relative length and lack of constrictions distinguish

it from the other chromosomes.

Chromosome 13 hasa relative length of 57 units. It lacks

constrictions of any type and may be a telocentric chromosome. It

is clearly the shortest chromosome of the set.
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Cliromosomes More Difficult to Identify. Chromosomes 1, 2,

4, 5, 6, and 11 are more difficult to identify but can probably be

distinguished on the basis of relative length with a good specimen.

Chromosome 1 has a relative length of 144 units and is the

longest chromosome of the set. It differs enough in relative length

from chromosome 2 (8 units) that in most cases the two could be

distinguished. Both chromosomes have median centromeres.

Chromosomes 4 and 5 have relative lengths of 128 units and

120 units, respectively. Both have median centromeres, and chromo-

some 5 is the shortest of the isobrachial chromosomes.

Chromosome 6 is clearly the longest of the heterobrachial

chromosomes and has a relative length of 99 units.

Chromosome 11 has a relative length of 77 units and a sub-

terminal centromere. Infrequently it displays a diffuse constriction

approximately 22 units from the centromere. Its relative length is

such that it could be distinguished from chromosomes 7, 8, and 9

in a good specimen.

Chromosomes Difficult to Identify. Chromosomes 7, 8, and 9

have relative lengths of 92, 87, and 83, respectively. They possess

subterminal centromeres and have no features which would be of

diagnostic value in distinguishing between them.



Karyotype of Formosan Douglas-fir

The 12 chromosomes of Formosan Douglas-fir can likewise be

grouped into three classes based on the ease of identification:

chromosomes 4 and 6 - easiest to identify

chromosomes 1, 7, and 12 - more difficult to identify

chromosomes 2, 3, 5, 8, 9, 10, and 11 - difficult to

identify.

ChromosomesEasiest to Identify. Chromosome 4 has a

relative length of 121 units, a median centromere, and a secondary

constriction located in the distal portion of the short arm. The

satellite formed by the constriction comprises 38 percent of the

length of the short arm.

Chromosome 6 has a relative length of 112 units, a median

centzomere, and a somewhat more diffuse constriction than chromo-

some 4 located in the distal portion of its short arm. The satellite

makes up 38 percent of the length of the short arm and does not occur

as regularly as that of chromosome 4. Both the difference in relative

lengths and the more diffuse nature of the satellite in chromosome 6

aid in distinguishing it from chromosome 4. In cases where the

secondary constriction does not show up in chromosome 6, it is

difficult to tell it apart from chromosome 5.

Chromosomes More Difficult to Identify. Chromosome 1 is the
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longest chromosome of the set and has a relative length of 136 units.

Chromosome 7 is the longest of the heterobrachial chromo-

somes and has a relative length of 88 units. At times it would be

difficult to distinguish it from chromosome 8.

Chromosome 12 is the shortest of the heterobrachial chromo-

somes. It has a relative length of 66 units.

Chromosomes Difficult to Identify. Chromosomes 2, 3, and

5 have median centromeres and cannot be told apart with certainty.

Chromosomes 8, 9, 10, and 11 have subterminal centromeres

and possess no characteristic marks to aid in their identification.

Thus, they would be difficult to differentiate on the basis of relative

lengths.

Comparisons With Results of Other Investigators

In order to compare the results of this study with those of

other investigators, measurements were made from the various

idiograms published by these scientists. This procedure was only

as accurate as the idiograms were drawn. The relative length of

each chromosome of an idiogram, based on the average chromo-

some, was first determined. Since Barner and Christiansen (1962)

and Christiansen (1963) presented idiograms for the Zn number of

chromosomes, a haploid idiogram was derived from their diagrams.

The assumption was made that two adjacent chromosomes, starting
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with chromosomes 1 and 2, constituted a pair. For example, chromo-

somes 1 and 2 were assumed to be a pair; 3 and 4, a pair, etc. Then,

after pairing the chromosomes up in this fashion, the average rela-

tive length of each pair was determined. The comparisons are pre-

sented in Tables 6 through 11, while Figures 9 through 19 are the

idiograms presented by the various workers for Douglas-fir, bigcone

Douglasfir, and Formosan Douglas-fir in paired and unpaired states.

Tables 6, 8, and 10 show that results for Douglas-fir of the

present study and those of Sax and Sax (1933) and Barner and Chris-

tiansen (1962) agree quite closely. The differences are small and

can probably be attributed to errors in measurement. On the other

hand, the data for Douglas-fir presented by Madam Durrieu-Vabre

(1958) differs significantly from that of the other investigators in

two respects:

She found 12 chromosomes in the haploid set.

Her measurements for chromosomes 1, 2, and 12 are

much smaller than those reported by the other

investigators.

Moreover, the rather close agreement between Madam Durrieu-

Vabre's results and those presented by Christiansen (1963) for

bigcone Douglas-fir and by the present author for Formosan Douglas-

fir should be noted (Tables 7 and 11). The major discrepancy seems

to be in the values reported for chromosome 12. It could be that



Table . Comparisons of the relative unit lengths of the chromosomes of Douglas-fir
as determined by several investigators (haploid set of chromosomes).

Table 7. Comparisons of the relative unit lengths of the chromosomes of bigcone Douglas-fir,
Douglas-fir, and Formosan Douglas-fir (haploid set of chromosomes).

Chromo some
number: 1 2 3 4 5 6 7 8 9 10 11 12 13

Sax and Sax (1933): 148 135 123 121 111 108 96 91 81 81 79 69 54

Durrieu-Vabre (1958): 126 121 120 114 111 108 99 98 88 87 84 45 --

Barner and
Christiansen (1962): 139 135 128 123 122 95 90 89 86 86 76 76 56

Thomas (1966): 144 136 128 128 120 99 92 87 83 80 77 69 57

Chromosome
number: 1 2 3 4 5 6 7 8 9 10 11 12

Christiansen (1963)
Bigcone Douglas-fir: 128 124 122 120 114 110 89 85 85 78 75 74

Durrieu-Vabre (1958)
Douglas-fir: 126 121 120 114 111 108 99 98 88 87 84 45

Thomas (1966)
Formosan Douglas-fir: 136 128 124 121 119 112 88 82 78 74 71 66



Table 8. Comparison of the relative unit lengths of the
chromosomes of Douglas-fir as determined by two
investigators jdiploid set of chromosomes).

42

Chromosome
number

Barner and
Christiansen (1962)

Thomas
(1966)

1 142 148
2 137 139
3 137 137
4 132 134
5 131 130
6 125 128
7 123 129
8 123 126
9 122 122

10 122 118
11 98 99
12 92 95
13 91 93
14 89 89
15 89 88

89 85
17 89 85
18 83 80
19 86 80
20 85 79
21 75 77
22 77 75
23 77 71
24 75 67
25 58 5

26 55 55



Table 9. Comparison of the relative unit lengths of the
chromosomes of bigcone Douglas-fir and Formosan
Douglas-fir (diploid set of chromosomes).
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Chromosome
number

Christiansen (1963) Thomas (1966)
Bigcone Douglas-fir Formosan

Douglas - fir

1 128 139
2 127 134
3 124 132
4 124 125
5 120 125
6 124 121
7 121 125
8 118 119
9 114 121

10 114 115
11 112 116
12 108 110
13 91 91
14 87 85
15 86 85
16 84 80
17 86 80
18 84 76
19 80 77
20 75 72
21 75 69
22 74 69
23 74 68
24 74 64



Table 10. Comparisons of the relative unit lengths of the short arms of the chromosomes of
Douglas-fir as determined by several investigators.

Chromosome
number:

Sax and Sax (1933):

Durrieu-Vabre (1958):

Barner and Christiansen
(1962):

Thomas (1966):

1

69

58

67

69

2

61

58

62

66

3

59

58

61

65

4

57

51

57

61

5

37

40

55

56

6

49

53

29

27

7

27

34

27

25

8

22

38

26

24

9

34

27

26

22

10

27

32

24

26

11

12

21

25

23

12

15

11

13

Table 11. Comparisons of the relative unit lengths of the short arms of the chromosomes of bigcone
Douglas-fir, Douglas-fir, and Formosan Douglas-fir as determined by several
investiators.

Chromosome
number: 1 2 3 4 5 6 7 8 9 10 11 12

Christiansen (1963)
Bigcone Douglas-fir: 60 61 60 59 55 53 23 25 26 26 28 28

Durrieu-Vabre (1958)
Douglas-fir: 58 58 58 51 40 53 34 38 27 32 21 11

Thomas (1966) Formosan
Douglas-fir: 65 61 59 57 56 54 24 24 21 21 19 19



2 3 4 5 6 7 8 9 10 11 12 13

Figure 9. Idiogram of Douglas-fir by Sax and Sax (1933) as Presented in Text

1 3 2 4 6 5 8 10 7 9 11 12 13

Figure 10. Idjogram of Douglas-fir by Sax and Sax (1933) Rearranged According
to Decreasing Relative Lengths
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"Peculiar" Secondary Constrictions Noted

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

FIgure 11. Diploid Idiogram of Douglas-fir by Barner and Christiansen (1962)
as Presented in Text

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Figure 12. Diploid Idiogram of Douglas-fir by Thomas (1966)
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1 2 3 4 5 6 7 8 9 10 11 12 13

Figure 13. Haploid Idiogram of Douglas-fir Constructed From the Diploid
Idiogram Presçnted by Barner and Christiansen (1962)

2 3 4 5 6 7 8 9 10 11 12 13

Figure 14. Haploid Idiograin of Douglas-fir by Thomas (1966)
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4 1 2 5 7 3 8 9 6 10 11 12

Figure i5. Haploid Idiogram of Douglas-fir by Durrieu-Vabre (1958)
Rearranged According to Decreasing Relative Lengths
of Chromosomes
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Figure 16. Diploid Idiogram of Bigcone Douglas-fir by Christiansen
(1963) as Presented in Text

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Figure 17. Diploid Idiogram of Formosan Douglas-fir by Thomas (1966)
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2 3 4 5 6 T7 8 9 10 11 12

Figure 18. Haploid Idiogram of Bigcone Douglas-fir Constructed From
the Diploid Idiogram Presented by Christiansen (1963)

Figure 19. Haploid ldiogram of Formosan Douglas-fir by Thomas (1966)

50
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Madam Durrieu-Vabre mistakenly received some seeds of bigcone

Douglas-fir. However, one cannot rule out the possibility that her

results for Douglas-fir are correct, for only P. menziesii var.

menziesii has been investigated so far. It may be that varieties of

Douglas-fir do exist with chromosome numbers other than 2n = 26.

In Tables 10 and 11 are comparisons of the relative lengths of

the short arms of the chromosomes of Douglas-fir, bigcone Douglas-

fir, and Formosan Douglas-fir as reported by the various investiga-

tors. Once again, results of this investigation and those of Barner

and Christiansen (1962) agree quite closely. The results of Sax

and Sax (1933) are, in general, quite similar also. The small dif-

ferences thatexist can be attributed to errors in measurement and

to arm reversals. It must be remembered that Sax and Sax did not

use pretreated material, and that they examined endosperm tissue

instead of root tips. Furthermore, new techniques and better equip-

ment have replaced those used by Sax and Sax in their studies.

Secondary constrictions that were observed in the present

study on some of the chromosomes of Douglas-fir were not men-

tioned by Sax and Sax (1933) in their investigation (Figures 9, 10, 12,

and 14). Barner and Christiansen (1962) mentioned finding a

peculiar' secondary constriction close to the centromere in

chromosomes 14 and 15 (Figures 11 and 13), but made no mention

of any others. In this study, a constriction was found that was
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identical to the one described by Earner and Christiansen, but it

occurred in chromosomes 19 and 20, which as a pair comprise

chromosome 10 of the haploid set (Figures 12 and 14). In addition,

there was a secondary constriction in the distal portion of one of

the arms of chromosome 3. Finally, in a very few instances, a

rather diffuse constriction in chromosome 11 was observed.

Madam Durrieu-Vabre (1958), who presented a haploid idio-

gram that was not arranged in order of descending values of relative

length, reported that there were two secondary constrictions in

chromosome 1 and one each in chromosomes 2, 6, and 7 (Figure 15).

(The present author rearranged Durrieu-Vabre's data according to

decreasing values of relative length in Tables 6, 7, 10, and 11 for

purposes of comparison.) Moreover, she depicted the constriction

in chromosome 6 as being rather close to the centromere, which

would make this chromosome correspond to chromosome 10 of the

present study. Furthermore, a comparison of the relative lengths

of chromosome 6 of Madam Durrieu- VabreT s study and chromosome

10 of this investigation shows that the two chromosomes are very

similar, being 88 and 80 units long, respectively. An identical

type of comparison reveals a close similarity between chromosome 2

of Durrieu-Vabres study and chromosome 3 of this investigation,

their relative lengths being 120 and 128, respectively.

Christiansen (1963) showed secondary constrictions in the long
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arms of chromosomes 5 and 12 of the diploid set of bigcone Douglas-

ir (Figures 16 and 18). This finding was somewhat analogous to the

results of the present study for Formosan Douglas-fir which revealed

secondary constrictions in the short arms of chromosomes 7, 8, 11,

and 12 of the diploid set (Figures 17 and 19). The fact that in the

first species the secondary constrictions were found in the long arms

of the chromosomes, whereas in the second species they occurred in

the short arms, may be an artifact due to the phenomenon of arm

reversals.



DISCUSSION

The evidence presented in this report substantiates previous

work which showed that the chromosome number of P. menziesii

var. menziesii is 2n = 26. Yet several questions are raised by

these findings:

How does one account for the results reported by

Madam Durrieu- Vabr e (1958)?

Why is the somatic number of Douglas-fir 2n = 26 but

only 24 in the other two species examined?

What factor or factors are responsible for causing

the change in chromosome numbers?

What does the difference mean in terms of a

hybridization program?

To answer the first question, it seems improbable that Durrieu-

Vabre was working with Douglas-fir. There are several reasons for

arriving at this conclusion:

There are discrepancies between Madam Durrieu-

Vabre' s measurements of relative length of chromo-

somes and those presented by the other investigators.

She found a haploid number of n = 12, whereas

examaination of both meiotic and somatic figures

by Barner and Christansen (1962) and examination
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of somatic figures by Sax and Sax (1933) and by the

present author revealed a haploid number of 13.

3. Madam Durrieu-Vabre's argument, that the haploid

number of 13 is an artifact resulting from chromo-

some breakage during pretreatment, does not seem

likely. If a particular chromosome was subject to

breakage during pretreatment, one would expect to

find at least some cells with Zn = 24 where no breakage

had occurred. Yet neither Barner and Christiansen

(1962) nor the present author found any such evidence.

Also, examinations of meiotic figures would be expected

to reveal irregularities that would result from breakage.

Yet, for the most part, meiosis in Douglas-fir is

quite regular with normal formation of 13 bivalents

at diakinesis (Zenke, 1953).

But if Durrieu-Vabre was not working with Douglas-fir, what

did she have? Several possibilities exist. She could have obtained

some root tip material, or some seeds, of bigcone Douglas-fir.

Madam Durrieu-Vabre did not specify the exact nature of her

material, whether seeds or seedlings. She said only that she had

abundant material of P. douglasii. If she obtained root tips from

germinating seeds, it isn't likely that she could have mistaken seeds

of bigcone Douglas-fir for those of Douglas-fir. The seeds of the
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two species are too different (Figure 5). However, if her material

came from seedlings or young trees, it would be possible to mistake

one species for the other, as their foliage characteristics are quite

similar. Furthermore, since her results agree fairly closely with

those of Christiansen (1963) for bigcone Douglas-fir, this latter

possibility seems likely.

There remains one final consideration. Suppose that Madam

Durrieu-Vabre was working with Douglas-fir, but with a variety

other than rnenzieii. As yet, no one has examined glauca or caesia

for karyotypes. The morphological characteristics of the three

varieties differ, and it is possible, though improbable, that their

chromosome numbers differ also. Very successful crosses have

been made between varieties caesia and menziesii by several workers

(Ching, unpublished data). The high seed set yielding an abundance

of apparently normal offspring that resulted from these crosses would

not be expected if the parent trees differed in chromosome numbers.

Recently, Griffin (1964) reported finding a small stand of

Douglas-fir 90 miles southeast of the previously reported southern

limit of the species within California. Furthermore, the stand was

located only 21 miles from one of bigcone Douglas-fir. Thus, the

geographic isolation between the two species is not as great as it

was previously thought to be. It would be interesting to examine

the chromosome morphology of this newly-discovered stand, for it
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may be that chromosomal races exist in Douglas-fir. There is

coiclusive evidence that they exist in other organisms. Swanson

(1964) cited Dobzhansky (1935) as having found seven different types

of Y-chromosomes in Drosophila pseudoobscura. Furthermore,

within the same species, there exists a system of inversions which

are associated with gene combinations of selective value for certain

habitats. The inversions act to preserve the favorable combinations

and thus to subdivide the species into chromosomal races (Dobzhan-

sky, 1947). In other cases, translocations are known to have become

established within a species and to have become so prevalent as to

form separate races according to chromosome morphology (Stebbins,

1957). In general, though, the establishment of such races involves

chromosomal rearrangements without changes in base number.

Concerning why there is a difference in chromosome numbers

between Douglas-fir and the other two species studied, there is

reason to believe that Douglas-fir arose from a species which had

24 chromosomes, although the evidence is largely indirect. First

of all, the basic number of chromosomes for the Pinaceae, to which

Douglas-fir belongs, is 12 (anonymous compilation, 1958). Secondly,

there are two species presently living, which have haploid comple-

ments of 12 chromosomes, and yet are widely separated geographi-

cally and have limited ranges. This latter piece of evidence would

seem to indicate a common ancestor that had 24 chromosomes.
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In support of this idea, Li, (1953) stated that the present coniferous

genera are practically all confined to lands bordering the Pacific

Ocean, and that their present habitats would appear to be marginal

areas of two ancient land masses. Thus, a common interconnecting

ancestor can be envisioned.

The fact that bigcone Douglas-fir and Douglas-fir exist in

close proximity does not necessarily mean that the bigcone species

gave rise to Douglas-fir, however. On the contrary, fossil evidence

indicates that both species arose independently from different pre-

cusors (Chaneyetal., 1944).

The first clearly recognized fossils of the genus, Pseudotsuga,

were found in California, and they dated back to the lower Pliocene,

According to Chaneyetal.(l944) these fossils are from a species,

P. sonomensis Dorf, to which Douglas-fir is clearly related, P.

sonomensis had needles which were apparently two ranked on the

twig, were nearly 20 mm long, andwere flat and narrow. Its cones

were somewhat smaller than those of Douglas-fir and were similar

in size to those of the presently living species, P. japonica Beissner,

which has the mal1est cones of the existing species of Pseudotsua

(Dorf, 1933; Dallimore and Jackson, 1948).

Fossil evidence of another species, P. premacrocarpa, dating

back to the middle Pliocene and therefore of more recent origin than

P. sinomensis, was also found in California. This species had
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broad, oval to oblong cones, 6.0 to 7.4 cm in length and 2.7 to 4.0

cm in width. According to Chaney et al. (1938) a remarkable simi-

larity exists between the fossil specimens and the present living

species, P. macrocarpa. Furthermore, they stated that P. pre-

macrocarpa is clearly distinct from P. menzisii which, in turn, is

directly referable to P. sonomensis.

Thus, the available evidence supports the concept that Douglas-

fir and bigcone Douglas-fir arose independently from different pre-

cursors, bigcone Douglas-fir from P. premacrocarpa and Douglas-

fir from P. sinomensis. However, to extend the chain of events back

even further would be futile on the basis of present fossil evidence,

for it cannot be discerned whether P. premacrocarpa arose from

P. sinomensis, or whether they both represented evolutionary

branches from a common forbearer.

If one concludes that Douglas-fir did originate from P. sino-

mensis, does this mean that the latter had24 chromosomes? Un-

fortunately, this question cannot be answered. As mentioned pre-

viously, one can only surmise that somewhere along the evolutionary

pathway, there was an ancestral species that had 24 chromosomes.

Perhaps it i not so important to pinpoint the ancestor as it is to

speculate on the method whereby a species with 24 chromosomes can

give rise to one with 26 chromosomes,

One proposal suggests that the extra chromosome is derived
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from a break in a metacentric chromosome, presumably across the

region of the centromere. This suggestion has merit in that it is

simple and yet accounts for the two apparently telocentric chromo-

somes found in Douglas-fir. However, upon closer examination,

one finds that it fails to consider several pieces of evidence:

Strictly telocentric chromosomes do not seem to appear

naturally (White, 1945). There may be exceptions,

where telocentric chromosomes occur in nature as

Cleaveland (1949) has found in certain species of

Protozoa. However, these probably represent

special cases, as Swanson (1964) pointed out, where

the centromeres are in almost constant association

with the centrioles. As centrioles have not been

demonstrated to exist in higher plants, it seems

unlikely that such organisms could possess telocentric

chromosomes.

Metacentric chromosomes have been broken across

their ceitromeres to give telocentrics, but these have

been found to be unstable (McClintock, 1932; Rhoades,

1940). Their instability is thought to be one reason

why they dontt occur naturally. However, the fact

that they function at all, even though quite inefficiently,

indicates that the centromere is a structurally complex
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region which is divisible (White, 1945). In fact,

Lima-de-faria (1958), who studied the centromeres

of maize, found that they possessed a quite complex

structure and appeared to be composed of chromo-

meres and fibrils.

3. Chromosomes formerly thought to be telocentric in

a number of species have been shown to be acrocentric

(White, 1945). That is, they are rod-shaped and

possess a tiny arm which cannot usually be seen.

In light of the se findings, it is improbable that the short,

rod-shaped chromosomes of Douglas-fir are truly telocentric, and

if they are not telocentric, then the centromere break hypothesis is

false.

Sax and Sax (1933) speculated that segmental interchange and

duplication through non-disjunction would account for the increase

in chromosome numbers in Douglas-fir, although they did not outline

any sequence of events that would clearly show how the present karyo-

type was derived. They believed that newly-formed interchange

individuals would be effectively isolated from the original population

through gametic sterility of any heterozygotes. This latter con-

sideration was based on findings in previous work done by them,

that conifers exhibited a prevalence of interstitial chiasmata at

mejosis. Thus, meiosis of individuals heterozygous for a
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translocation would be hampered by the rigidity of the interchange

rings due to the interstitial chiasmata. Non-disjunction would

result, and as a consequence, there would be a high degree of

gametic sterility due to duplications and deficiencies.

Regarding interstitial chiasmata and non-disjunction, Sa and

Anderson (1933) worked with spiderwort (Tradescntia) and found,

Segmental interchange rings made up of isobrachial

chromosomes attached by terminal chiasmata disjoined

more regularly than rings made up of heterobrachial

chromosomes.

In the case of T. edwardsiana, chains and rings

possessing only terminal chiasmata were non-

disjunctional in 35 percent of the cells examined.

However, when one subterminal chiasma was in-

vólved, the percentage of non-disjunction rose to

55 percent; with two subterminal chiasmata, 64

percent; and with three subterminal chiasmata,

100 percent of the cells showed non-disjunction.

With the ideas of Sax and Sax (1933) and those of Darlington

(1937), who theorized on the increase or decrease of chromosome

numbers through reciprocal translocations, an hypothesis was set

up in the following manner to explain the possible derivation of the

present karyotype of Douglas-fir.
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Figure 20 shows a Zn idiogram of a theoretical species of

Douglas-fir with 24 chromosomes. Suppose that a reciprocal trans-

location between two non-homologous chromosomes, both with sub-

terminal centromeres, occurs. The translocation is uneven, in-

volving the long arm of one of the chromosomes and the short arm

of the other. The result is a long chromosome with an approximately

median centromere and an extremely short chromosome made up of

almost nothing but a centromere. One must assume that the trans-

location cannot persist in the heterozygous state due to non-disjunction

resulting in deficiencies and duplications as outlined by Sax and Sax

(1933). However, if the individual with the translocation should

happen to produce some viable gametes carrying the interchange

types, selfing can occur, and the resulting individuals are homo-

zygous for the translocation. As Stebbins (1957) pointed out, at

meiotic metaphase the homozygous interchange type will form one

very large bivalent and one extremely small bivalent. The small

bivalent will very likely fail to disjoin at meiosis and both small

chromosomes will pass to the same pole. (This latter phenomenon

was actually observed in an artificially produced chromosome race

in Crepis tectorum by Gerassimova (1939) who was cited by Stebbins

(1957). ) Thus, two kinds of gametes are produced, one with no small

chromosomes and one with a duplication for the small chromosome.

The deficient gametes can be expected to abort if the two fragment
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chromosomes are genetically active. However, the gametes carry-

ing the duplication should be viable. In effect, a trisomic gamete

has been produced, If two further translocations occur, such that

one of the arms of each of two chromosomes with median centromeres

are transferred back to the small chromosomes, the present karyo-

type of Douglas-fir is derived. In the latter translocations one must

assume that the breaks in the isobrachial chromosomes occur very

near the centromeres, This is necessary to account for the two

telocentric, or very nearly telocentric, chromosomes found in

Douglas-fir.

The hypothesis as outlined above has several points in its favor:

It accounts for the present karyotype of Douglas-fir

without assuming breaks across the centromere region.

Increase in chromosome number in a manner similar

to that proposed has been found to occur in several

species of plants (Stebbins, 1957).

The presence of a chromosome in Douglas-fir longer

than any found in the two other species examined can

be explained if one assumes that it is the result of the

initial translocation.

The initial selfing, which established the homozygous

state of the translocation and effectively isolated it,

is possible in Douglas-fir. Several investigators have
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undergo selfing (Orr-Ewing, 1957, 1965, 1966).

However, selfing would not be the only method

whereby a homozygous state of the translocation

could be established. An alternative method would

be if two individuals each carrying the translocation

were to cross.

In the original translocation, one would expect only

50 percent viability of gametes if there was equal

selection for alternate and adjacent segregation from

the translocation ring. The number of viable gametes

would be further reduced if the presence of interstitial

chiasmata caused non- disjunction. However, this

should present no great deterrent to the establishment

of an individual homozygous for a translocation in a

long-lived species such as Douglas-fir which produces

ai abundance of seed.

The theory advanced by Sax and Sax (1933), of inter-

stitial chiasmata causing initial isolation of the trans-

location is not absolutely necessary to the method

outliied. Selfing, or crossing to a similar individual,

could have occurred regardless to give a homozygous

individual. From then on, the other series of events

66
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could have taken place resulting in the karyotype of

Douglas-fir which would not be expected to be inter-

fertile with the original population. Furthermore,

any heterozygous individuals produced may have

been selected against on the basis of their low fertility

as a result of adjacent segregation.

One must keep in mind that the derivation of Douglas-fir

outlined above is only an hypothesis. Nevertheless, it seems like

a very probable explanation in light of what is known about increase

and decrease in chromosome numbers. A test which may shed more

light on the evolutionary sequence of events which led to the establish-

ment of Douglas-fir as we now know it would be to examine meiosis

in crosses obtained between Douglas-fir and bigcone Douglas-fir for

homologies in pairing. This may be done at the Forest Research

Laboratory in Corvallis in the not too distant future.

Fossil records on pollen by H. P. Hansen (1947) indicated that

Douglas-fir expanded most rapidly in the late glacial stages. For

instance, it was scarce in the Pacific Northwest 15 - 20, 000 years

ago, but began to rapidly replace the pioneer species, lodgepole

pine, during the latter part of that period. Thus, the possibility

exists that Douglas-fir originated during the last great glaciation.

If so, the drastic variations in climate during this period could

have played a significant role in bringing about the chromosomal
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alterations (C]iristiansen, 1960; Stebbins, 1966). Li (1953) stated

that the polytypic genera with wide ranges (such as Pseudotsuga)

are thought to be in a recent cycle of speciation. He contended that

even though the genera may be of ancient origin, some or most of

the presently existing species have come into existence in relatively

recent times, As evidence for this supposition, Li called attention

to the fact that species of the larger northern genera are the ones

that presently occupy the lands opened up after glaciation and the

high mountain regions of the temperate zones.

On the other hand, the events leading to the establishment of

the karyotype may 1ave occurred during the Pliocene. This epoch

was characterized by widespread ontogeny along the Pacific coast

(Chaney, etal., 1944). Variations in climate which would force

adaptive changes could have easily occurred. Chaney (1956) stated

that during the Pliocene there was a progressive trend toward a

cooler and less humid climate. The rising Cascade Range began to

act as a climatic barrier causing rainfall in the eastern part of

Oregon to become greatly reduced. Furthermore, temperatures of

a continental type began to replace the mild, uniform temperatures

of earlier epochs. Consequently, only the hardier species which

were capable of withstanding colder temperatures and drouth sur-

vived. Concerning this last statement, Douglas-fir is more re-

sistant to. frost damage than either bigcone Douglas-fir or Formosan



69

Douglas-fir (Dallimore and Jackson, 1948).

Finally, what do the differences in chromosome numbers mean

in terms of using hybridization as a tool to improve our present

Douglas-fir stock? To answer this question, consider a cross be-

tween Douglas-fir and bigcone Douglas-fir. The offspring would be

expected to be aneuploid. Such crosses have been made by Ching

(1959) aid Orr-Ewing (1965), but there have been no examinations of

chromosome numbers in the progeny. Furthermore, due to the lack

of interfertility between the two parent types, there was little seed

produced so that the crosses could not be considered to be highly

successful. The real complications, however, should not arise until

the F1 progeny reach a degree of maturity when they can begin to

reproduce. Meiosis would be expected to be irregular, both because

of the differences in chromosome numbers and the pairing anomalies

that might exist. A high degree of sterility of the F1 would be the

consequence, Of course, there is the chance that an occasional

diploid gamete would be formed. In the event that two such gametes

united, an allopolyploid, or perhaps a segmental allopolyploid, would

result. It is unlikely that such an individual would be able to with-

stand competition. Khoshoo (1959, 1963), in reviewing the role of

polyploidy in the evolution of the conifers, found that in most cases,

polyploid seedlings and trees in gymnosperms were short, stumpy,

and very slow growing, thus making them poor competitors.
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Furthermore, there seems to be little chance of apomixis in Douglas-

fir. Both Allen (1942) and Orr-Ewing (1957) reported cases where

apparent agamospermy had occurred. In these cases, there was

believed to be a union between the ventral canal nucleus and the egg

nucleus. However, such a happening would be exceedingly rare and,

if it did occur, might result in polyploid individual providing that

both the egg and the ventral canal cell were in unreduced states.

Also, Khoshoo (1963) stated that vegetative reproduction is not

known, for the most part, among the conifers.

Therefore, it would seem that a hybridization program involv-

ing interspecific crosses would not be fruitful in terms of improving

our present Douglas-fir stock. However, the crosses should be

continued, on an experimental basis if for nothing more than to

increase our knowledge of the cytogenetics of Pseudotsuga.



SUMMARY

A karyotype analysis was conducted on root tip tissues of two

species within the genus Pseudotsuga. These were, Douglas-fir

(P. menziesii var, menziesii) and Formosan Douglas-fir (P. wilson-

iarta). Some controversy regarding the karyotype of Douglas-fir had

arisen from previous investigations of this species. One person,

Madam Durrieu-Vabre (1958) maintained that Douglas-fir had as its

basic set 12 chromosomes, while several other investigators, Sax

and Sax(1933), Zenke (1953), and Barner and Christiansen (1962),

had observed 13 chromosomes. Results of this study showed Douglas-

fr to have a somatic number of 26 chromosomes, of which 10 had

approximately median centromeres and 12 had subterminal centro-

meres. The remaining four chromosomes were thought to be nearly

telocentric. In addition, secondary constrictions were found on

chromosomes 5 and 6 of the diploid complement, which taken as a

pair constitute chromosome 3 of the haploid set. Secondary con-

strictions were also found on chromosomes 19 and 20, and 20 and

Z1, which taken in pairs constitute numbers 10 and 11 of the haploid

set, These results compared very favorably with those of the other

investigators who found a basic set of 13 chromosomes for Douglas-

fir.

On the other hand, Formosan Douglas-fir had a somatic
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number of 24 chromosomes, of which 12 had median centromeres

and 12 had subterminal centromeres, This was an identical situation

to that found by Christiansen (1963) for bigcone Douglas-fir. Also,

chromosomes 7 and 8, and 11 and 12 of the diploid set had secondary

constrictions. These make up chromosomes 4 and 6 of the haploid

complement.

Finally, several examples of the differences in morphology

and physiology between Douglas-fir and Formosan Douglas-fir were

provided. These included differences in average seed weight, ger-

mination response, cotyledon numbers, and growth response over a

three-month period.

In the discussion, Madam Durrieu-Vabre' s results concerning

the karyotype of Douglas-fir were evaluated in light of what the other

investigators had found. The conclusion was that either Madam

Durrjeu-Vabre was mistaken in her identification of the material

she used, o that chromosome variants exist within Douglas-fir.

An hypothesis on the derivation of the present karyotype of

Douglas-fir from a progenitor with 24 chromosomes was proposed.

The method involved a series of reciprocal translocations coupled

with non-disjunction resulting in duplication.

Finally, the effect of a difference in chromosome numbers on

an interspecific hybridization program was discussed.
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