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ABSTRACT 

Quantitative determination of DNA amounts per cell for 

66 Fraxinus americana trees, from 22 locations, was accom

plished by Feulgen microspectrophotometric methods. Measure

ments of arbitrary photometric units of relative absorbance 

of the DNA-Feulgen dye complex were adjusted to estimates of 

actual DNA amounts by the use of chicken erythrocyte nuclei. 

A direct correlation was found between observed DNA amounts 

and diploid, tetraploid and hexaploid levels. A deviation 

of observed ploidy DNA values from a direct multiplication 

factor suggests that aneuploidy may be operating in the 

population adaptation processes. South of 40° north latitude 

both diploid and polyploid individuals were represented 

while north of 40° north latitude only diploid individuals 

were found. 
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INTRODUCTION 

White ash (Fraxinus americana L.) has a natural range 

extending from Minnesota east to Nova Scotia south to 

Florida and west to Texas (Forest Service, 1965). A 

euploid series which includes diploids (2N = 46), tetra

ploids (2N = 92) and hexaploids (2N = 138) has been 

described for the species as well as distribution and 

evolutionary considerations (Wright, 1944). 

Various morphological criteria have been used to 

distinguish between ploidy levels of white ash. Wright 

(1945) found that stomata size proved reliable for poly-

ploid differentiation for white ash trees grown under 

constant conditions in the nursery. Stomata size as a cri-

terion for field-grown individuals, however, was found 

reliable only for separation of diploids from polyploids. 

Santamour (1962), using nursery grown white ash trees, 

found that bud and leaf scar morphology could be used to 

separate diploids from tetraploids. Hexaploids were similar 

in these characters to tetraploids, differing only by 

pubescence on leaf and twig. Miller (1955), however, points 

out that the pubescence character is too variable for both 

diploids and polyploids to be a sufficient distinguishing 

characteristic in itself. 

Several investigators have turned to cytophotometry 

for studying polyploidy. Southern (1967) attempted taxono-

mic clarification for species of Tulipa, and Becak, Becak, 

Lavalle, and Schreiber (1967) found DNA values for three 



species of frogs to correspond to their respective level 

of ploidy. Corresponding ratios of DNA quantity and ploidy 

have not always been found. Christensen (1966) reported 

that the intermediate level of ploidy had the greatest 

DNA values for species of Enchytraeus. Also, Grant (1969) 

determined that species of Betula with lower ploidy levels 

(2N = 28, 42, 56, 70) did have corresponding DNA values; 

the highest ploidy level (2N = 84) had a DNA value corres

ponding to approximately 63 somatic chromosomes. 

2 

Determination of chromosome numbers for polyploid species 

which have a large number of very small chromosomes is a dif

ficult, time consuming task. Since this problem becomes com

pounded when chromosomes of a large number of individuals need 

be determined, Feulgen cytophotometry was used in this study 

to correlate nuclear DNA content with chromosome number. 

Quantitative determination of nuclear Feulgen-DNA staining 

of white ash was measured in units of relative absorbance 

and converted to picograms (lo- 12g) by means of comparison 

measurements on chicken erythrocyte nuclei, the internal 

DNA standard (Berlyn and Miksche, 1976, p. 262). 

The purpose of this investigation was to explore 

the pattern of ploidy levels of white ash throughout its 

natural range and thereby aid in further understanding 

the genetic variation in the species. 1 

1Distinguishing Biltmore ash as a separate species from 
white ash is controversial (Bey, 1973) and is therefore 
considered a variety of white ash in this study. 



MATERIALS AND METHODS 

White ash seeds from three open-pollinated families 

for each of 22 natural stands were obtained from the U.S.D.A. 

Forest Service, North Central Forest Experiment Station, 

Carbondale, Illinois. Their origins are presented in Table 1. 

For DNA measurements, radicle apex cells of three 

embryos per half-sib family were prepared on one slide 

with each embryo squash separated by chicken erythrocytes 

(Berlyn and Miksche, 1976, p. 262). Altogether, 66 slides 

(3 half-sib families x 22 stands) were prepared for Feul

gen cytophotometry. 

Tissue and Slide Preparation: Seeds were removed 

from the intact samara (seed enclosed in pericarp) and 

placed in distilled water for five days at room temperature. 

The imbibed dormant seeds and chicken blood smeared slides 

were then simultaneously killed and fixed with Carney's 
---~~~ --~--~~- ~ 

No. 2, ethyl alcohol, chloroform, glacial acetic acid 

(6:3:1), fixative (Berlyn and Miksche, 1976, p. 32) for 2 

hours. Intermittent vacuum was applied during the first 

15 minutes of this period. 

Hydration was accomplished by 10 minutes in each of 

50% and 30% ethyl alcohol rinses, followed by 2 hours in 

distilled water. During the distilled water treatment, the 

embryos were dissected from the seed. Squash preparations 

were then made on cleared areas of a chicken blood smeared 

slide accordingly: (1) a 3 to 4 mm segment of radicle apex 

3 
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Table 1. White ash seed source data. 

Identification 
ow Number County and State ON 

1. NC-6786-04,07,09 Penobscot, Maine 44. 7 68.9 

2. NC-6803-01,04,07 Franklin and 
Clinton, N.Y. 44.4 73.7 

3. NC-6793-01,04,06 Onodago and 
Cartland, N.Y. 42.7 76.7 

4. NC-6769-02,04,06 Washtenaw, Mich. 42.2 83.7 

5. NC-6723-01,03,09 Forest, Wise. 45.7 89.0 

6. NC-6794-02,05,10 New Haven,'Conn. 41.2 73.0 

7. NC-6732-01,03,07 Wayne, Ohio 40.8 81.9 

8. NC-6778-02,07,10 Randolph and 
Tucker, W.V. 39.0 79.5 

9. NC-6798-01,04,05 Clermont, Brown, 
Warren and Clinton, 
Ohio 39.4 84.1 

10. NC-6795-01,07,09 Harrison, Crawford, 
Jackson and Wash-
ington, Ind. 38.4 85.7 

11. NC-6771-01,06,10 Effingham and 
Shelby, Hl. 3-9-; ± --8-&.4-

12. NC-6722-06,08,10 Saline and 
Gallatin, Ill. 37.6 88.3 

13. NC-6721-01,03,12 Jackson, William-
son and Union, Ill. 37.7 89.2 

14. NC-6792-03,05,10 Muhlen, Hopkins, 
and Christian, Ky. 37.2 87.4 

15. NC-6797-03,04,07 Johnston, Wake, 
Chatham and Orange, 
N.C. 35.7 78.7 

16. NC-6783-07,08,10 , Buncombe, N.C. 35.3 82.6, 

17. NC-6728-03, 06·,10 Franklin, Tenn. 35.2 85.9 
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Table 1. (Continued) 

Identification 
ow Number County and State ON 

18. NC-6735-02,06,08 Marion, Ark. 36.4 92.8 

19. NC-6740-02,04,06 Oktibbeha, 
Miss. 33.4 88.8 

20. NC-6737-05,07,10 George , Miss . 31.0 88.8 

21. NC-6738-01,03,10 E. Baton·Rouge 
Parish, La. 30.5 91.0 

22. NC-6768-94,05,06 Hardin, Texas 30.3 94.4 



was excised and placed on a cleared area; (2) the radicle 

segment was mashed and cells spread within the cleared 

area with a blunt glass rod; (3) material was squashed 

with a coverslip, large enough to cover a single cleared 

area (to prevent mixing cells), by downward pressure with the 

thumb; (4) 1 through 3 were repeated for two more embryos 

on two more areas of the same slide; (5) and finally, the 

slide was labeled and placed in a freezer compartment. 

Hydration, dissection, and steps 1 through 5 were repeated 

for all 66 slides (66 half-sib families). The slides were 

removed from the freezer one at a time and cover slips 

removed after methods of Conger and Fairchild (1953). 

The slides were then placed in staining trays to facilitate 

simultaneous hydrolysis and staining. 

Hydrolysis and Feulgen staining were accomplished 

by the following steps: (1) slides were placed in SN HCl 

at 21°C for 45 minutes (hydrolysis determination data are 

presented in Appendix II, Figure 13); (2) rinsed in cold 

distilled water (4°C) twice for 2 minutes; (3) transferred 

to 2.9 pH adjusted (Ghosh, 1969; Miksche, 1971; Jacqmard 

and Miksche, 1971) Schiff's reagent (Berlyn and Miksche, 

1976, p. 247) and placed in dark for 2 hours; (4) bleached 
; 

twice in 10 minute baths of potassium metabisulfite solu-

tion (Berlyn and Miksche, 1976, p. 247); (5) rinsed 2 times 

in distilled water for 10 minutes each; (6) dehydrated to 

absolute ethyl alcohol via 30% - 50% - 70% - 9.S% - 100% 

steps; (7) and allowed to air dry. 

To minimize non-specific light loss, preparations 

6 



were mounted for photometry in matching refractive index 

oil (n0 1.556, R.P. Cargille Laboratories, Inc., Cedar Grove, 

New Jersey). Upon completion of measuring, the coverslip 

and mounting oil were removed with xylene and preparation 

allowed to air dry for storage in the dark to decrease the 

possibility of fading of the Feulgen-DNA chromophore 

(Rasch, E.M. personal communication). 

Two-wavelength Cytophotometry: Two-wavelength cytopho

tometry was accomplished by using a Leitz Ortholux microscope 

equipped with a microphotometer head connected to a photo

multiplier tube. A Photovolt Multiplier Photometer galvano

meter, Model 520M, measured the light energy received by 

the photomultiplier tube. A quartz-iodine 12 v/lOOw 

lamp connected to a variable transformer provided the light 

source and an in-line mirror Leitz monochromator allowed 

wavelength selection. 

Measurements were taken using a 95X objective with 

immersion oil and the two-wavelengths of 545 nm and 500 nm 

were determined from spectral absorption curves (Ornstein, 

1952; ·Patau, 1952) (Appendix I, Figure 12). Tables were 

used to compute amounts of relative Feulgen absorption 

(Mendelsohn, 1958). 

Three tree (half-sib family) preparations were 

empirically selected to establish population profiles of 

the three ploidy levels. For each tree, relative DNA amounts 

of 75 nuclei were measured. The intent, by sampling a 

large cross section of each nuclear population, was to 

7 



determine if the nuclei were in a homogeneous state and to 

determine sample size. Since a cross section of each popu

lation, rather than a normal distribution was the intent, 

frequency distributions have been shown in Figure 14 of 

Appendix III to depict homogeneity for the nuclear popu

lations. Each population cross section sample does, however, 

conform to normal distributions (Appendix III, Figure 15) 

and therefore, parametric statistical analysis could be 

applied. 

To determine sample size, the 75 nuclear DNA amounts 

for each tree were assigned random numbers. Since the 

standard error of the mean was observed to level-off at 

25 measurements (Appendix III, Figure 16), the comparison 

between two mean "t" test was applied for 25 and 75 nuclear 

measurements on each tree. The "t" values of 0.13 (diploid), 

-0.12 (tetraploid), and 0.11 (hexaploid), each with 98 

degrees of freedom, showed no significant difference in 

mean DNA amounts between 25 and 75 measured nuclei. Therefore, 

25 nuclei were measured from each of the remaining tree 

preparations. 

Requirement of an Internal Standard: An internal stan

dard was used in this cytophotometric study to overcome the 

problem of presenting DNA amounts in relative units. The 

relative Feulgen-stained DNA absorption values of white 

ash nuclei were converted to absolute quantitites of DNA by 

using a reference standard with a pre-determined dry mass 

value. When considering estimates of actual DNA amounts based 

8 
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on comparative cytophotometry, the caution extended by 

Rasch (1974) is also applicable here and should be cons-i

dered. 

The chicken blood slides were obtained from the 

Institute of Forest Genetics at the North Central Forest 

Experiment Station; Rhinelander, Wisconsin, and possess 

a dry mass value of 2.62 pg per nuclei as determined by 

interference microscopy (Berlyn and Miksche, 1976, p. 262). 

Estimates of white ash DNA amounts were determined 

from the ratio expressed by the relative amount of DNA and 

dry mass value of DNA for chicken erythrocyte nuclei 

(Berlyn and Miksche, 1976, p. 262). This ratio is a reliable 

estimate of absolute DNA content for white ash nuclei 

because both cell types were simultaneously processed, 

had uniform hydrolysis curves (refer to Appendix I), 

and were measured under identical instrumentation conditions. 

Integrating Microdensitometry: Twelve trees from 10 

stands were measured by integrating microdensitometry. The 

estimated absolute DNA amounts obtained were compared with 

the same trees determined by two-wavelength cytophotometry. 

Relative absorption for both white ash and chicken 

erythrocyte nuclei by integrating microdensitometry was 

accomplished by using the type GN2 Barr and Stroud instrument. 

This instrument incorporates a mechanical scanning device 

which serially scans a nucleus and integrates the total 

quantity of light which has passed through the whole area 

of the nucleus. Measurements were taken at 560 nm using 

9 



the lOOX objective with double immersion (immersion of both 

objective and condenser lenses) ror'both the white ash 

and chicken erythrocyte nuclei. Each nucleus was scanned 

three times with the mean used as the relative DNA value. 

Conversion of relative DNA values obtained for white ash 

nuclei to estimated absolute DNA amounts was the same as 

that used for two-wavelength cytophotometry. 

Chromosome Count Determination: Chromosome counts were 

made on selected half-sib families after cytophotometric 

determinations for DNA amounts were completed, to insure that 

measured DNA amounts corresponded to levels of ploidy. 

To initiate germination, seeds were soaked for 3 days 

in distilled water after which the embryos were dissected 

and placed on 50 pM aqueous zeatin (Gendel, S., personal 

communication) moistened filter paper in petri dishes. After 

the roots had begun growing (approximately 10, 16 hour days) 

the seedlings were transferred to 0.25% Actidione solution 

(Sharma and Sharma, 1972; Cummings, Brewer and Rusch, 1965) 

for 4 hours at 25°C, and stained by the Feulgen procedure 

(Berlyn and Miksche, 1976, pp. 246-268). Squash preparations 

were made as previously described (refer to page 3) then 

restained with 45% aceto-orcein (occasionaly warming from a 

slide mounting hot plate) for 5 minutes. Cover slip mounts 

were made with immersion oil (refractive index 1.515). 

A zeiss Universal microscope with a Type 545 Polaroid

Land film holder mounted on a Zeiss CS-matic shutter was used 

with a green filter and Type 55, Positive-Negative Polaroid 

10 



4X5 Land Film to produce the photomicrographs. 

RESULTS AND DISCUSSION 

Two-wavelength cytophotometrically determined mean 

relative DNA absorption values of white ash and companion 

chicken erythrocyte nuclei are presented in Figure 1 and 

Table 4 of Appendix IV. Each of these mean values was 

determined from 25 white ash and 10 chicken erythrocyte nuclei 

for direct comparison. Since the white ash and chicken 

erythrocyte cells were simultaneously processed and measure

ment techniques maintained uniformly throughout the study, 

the difference in DNA level for white ash could not be 

attributed to a technical nature. Slide to slide variation 

of white ash DNA amounts was found to be independent of the 

slide to slide variation of chicken erythrocyte DNA amounts. 

Conversion of Relative DNA to Absolute Amounts: A 

total of 736 chicken erythrocyte nuclei were measured by two

wavelength cytophotometry. These values were pooled and a 

mean of 9.47 determined for the relative DNA amount per 

nucleus equivalent to the pre-determined dry mass value of 

2.62 pg (Berlyn and Miksche, 1976, p. 262). Pooling these 

nuclear DNA values was presumed valid since the slide mean 

values dapict a normal distribution (Appendix V, Figure 17) 

and the slide to slide coefficient of variation was 11%. 

This variation was of the same order of the 10% uncertainty 

seemingly inherent in comparative cytophotometry (Rasch, 

11 
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1974; Garcia and Iorio, 1966). Relative white ash nuclear 

DNA measurements were converted to absolute values from 

the following equation: 

2.62 pg = Xpg 
9.47 Relative white ash DNA value 

2.62 = Dry mass per chicken erythrocyte 
nucleus in picograms 

9.47 = Relative DNA amount per chicken 
erythrocyte nucleus determined 
by two-wavelength cytophotometry 

Relation Between Ploidy Levels and DNA Quantity: With 

the exception of one tree, observed DNA values fell within 

one of three levels. Fourty-six trees formed group 1 with 

mean DNA values ranging from 2.73 to 3.92 pg, group 2 con

tained 7 trees with mean DNA values ranging from 5.27 to 6.63 

pg and group 3 contained 12 trees with mean DNA values ranging 

from 7.79 to 9.90 pg. Table 2 shows estimates of DNA in 

picograms, standard deviation and standard error of the mean 

for _the bb trees (half-sih fmnilies). A correlation analy_sis 

of mean DNA values in each of groups 1, 2 and 3 and ploidy 

levels of 2N, 4N and 6N respectively yielded a highly signi

ficant r value of +0.98. This correlation has been depicted 

in Figure 2 with each level represented by its average DNA 

value. The results support both the previously reported 

euploid series (Wright, 1944) and the use of cytophotometry 

as a means of differentiating ploidy levels for the white 

ash complex. 

The one tree excluded from the above analysis (half-sib 

13 



Table 2. White ash DNA estimates in picograms. 

Seed Single Tree 
Source Collection 
Number* NUIIIb-er Ash 

X - Group 
s sx Number 

04 2.85 0.09 0.06 1 
·1 07 3.08 0.20 0.09 1 

09 3.10 0.17 0.08 1 
01 2. 75 0.10 0.06 1 

2 04 3.46 0.13 0.07 1 
07 3.02 0.06 0.05 1 
01 3.12 0.09 0.06 1 

3 04 3.30 0.14 0.07 1 
06 3.21 0.20 0.09 1 
02 3.25 0.15 0.08 1 

4 04 3.40 0.27 0.10 1 
06 3.92 0.31 0.11 1 
01 3.26 0.21 0.09 1 

5 03 3.31 0.16 0.08 1 
09 2.93 0.06 0.05 1 
02 3.32 0.18 0.08 1 

6 05 3.56 0.18 0.08 1 
10 2.82 0.16 0.08 1 
01 3.21 0.15 0.08 1 

7 03 3.49 0.33 0.11 1 
07 3.38 0.33 0.11 1 
02 3.68 0.30 0.11 1 

8 07 3.16 0.05 0.04 1 
10 3.90 0.36 0.12 1 
01 8.01 0.60 0.15 3 

9- -64 3- .-4-l {}-. l-1 ---6;-00 -i: 
05 3.09 0.12 0.07 1 
01 7.08 0.57 0.11 0** 

10 07 9.64 0.60 0.15 3 
09 9.90 1. 41 0.24 3 
01 2.83 0.15 0.08 1 

11 06 3.27 0.14 0.08 1 
10 3.02 0.12 0.07 1 

*Numbers correspond to number in Table 1 where NC number and 
location are given. 

**Putative pentaploid. 

14 
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Table 2. (Continued) 

Seed Single Tree 
Source Collection 
Number ~umoer Ash 

Group 
x s sx Number 

06 9.56 0.53 0.15 3 
12 08 2.81 0.18 0.08 1 

10 3.45 0.15 0.08 1 
01 2.98 0.08 0.06 1 

13 03 2.90 0.06 0.05 1 
12 8.24 0.80 0.18 3 
03 8.27 0.80 0.18 3 

14 05 8.60 0.46 0.14 3 
10 3.33 0.11 0.07 1 
03 7.79 0.36 0.12 3 

15 04 7.84 0.28 0.11 3 
07 8.20 0.27 0.10 3 
07 7.99 0.33 0.11 3 

16 08 8.03 0.46 0.14 3 
10 3.56 0.21 0.09 1 
03 3.20 0.07 0.05 1 

17 06 3.08 0.07 0.05 1 
10 3.10 0.05 0.04 1 
02 3.52 0.16 0.08 1 

18 06 2.73 0.11 0.07 1 
08 3.33 0.10 0.06 1 
02 3.27 0.14 0.07 1 

19 04 5.91 0.50 0.14 2 
06 3.01 0.04 0.04 1 
05 3.24 0.15 0.08 1 

w--- fH 2.-9-7 -fr.l7 -fr.W l 
10 3.48 0.13 0.07 1 
01 5.27 0.15 0.08 2 

21 03 5.61 0.20 0.09 2 
10 5.60 0.27 0.10 2 
04 6.28 0.26 0.10 2 

22 05 6.42 0.26 0.10 2 
06 6.63 0.24 0.10 2 
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family collection 6795-01) had a DNA value of 7.08 pg and was 

therefore approximately halfway between the tetraploid and 

hexaploid DNA levels: a putative pentaploid. To resolve this 

supposition, post cytophotometric chromosome count attempts 

were made but have not yet been successful. A combination of 

low seed viability (regrettably not measured) and the extreme 

difficulty of obtaining chromosome spreads, enabling an accu

rate count, have caused this failure. Additional seeds from 

this tree have been procured for the purpose of further 

chromosome count attempts. Since the techniques were main

tained uniformly throughout the study, the reason why this 

one tree did not conform to one of the three DNA levels 

measured for the other 65 trees would not be expected to be 

of a technical nature. Consistent with this reasoning, 

expected chromosome complements were found for representa-

tives of each of the three grouped DNA levels. 

Half-sib family collection 6778-10 with a mean nuclear 

DNA value of 3.90 ± 0.12 pg had a diploid complement of 46 
-~------ -- ---- --- . -

chromosomes within a maximum interpretation error of 6% 

(Figure 3). Collection 6768-05 with a mean nuclear DNA value 

of 6.42 ± 0.10 pg had a tetraploid complement of 92 chromo

somes within a maximum interpretation error of 10% (Figure 4). 

Collection 6795-09 with a mean nuclear DNA value of 9.90 + 

0.24 pg had a hexaploid complement of 138 chromosomes within 

a maximum interpretation error of 10% (Figure 5). 

The unlikelihood of attributing the DNA value measured 

for the putative pentaploid to a technical error was also 

substantiated by the result of comparing estimated absolute 

17 



Figure 3. White ash diploid complement of 
46 somatic chromosomes. Xl685 
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Figure 4. White ash tetraploid complement 
of 92 somatic chromosomes. Xl685 

Figure 5. White ash hexaploid complement 
of 138 somatic chromosomes. Xl685 

18 



DNA amounts for 12 trees by two-wavelength cytophotometry and 

microdensitometry. Table 3 shows estimates of DNA in pice

grams, standard deviation and standard error of the mean 

based on 25 measured nuclei per tree. Relative white ash 

nuclear DNA measurements by microdensitometry were converted 

to absolute values from the mean relative nuclear DNA amount 

of 260 chicken erythrocytes. A t~o-tailed paired "t" test 

yielded a "t" value of -2.498 with 11 degrees of freedom, 

not significant at the 1% level. Since the measurements by 

microdensitometry were completed 4 to 8 weeks before the 

generally greater cytophotometric measurements, no fading of 

19 

the Feulgen - DNA chromophore was observed. The result supports 

Table 3. Comparison of DNA amounts in picograms for two 
methods of microspectrophotometry. 

Tree Microdensitometry Cytophotometry 
Collection 

'!! Number s sx X s sx 

6778-10 3.29 0.24 0.05 3.90 0.36 0.12 
6793-04 3.51 0.25 0.05 3.30 0.14 0.07 
6723-01 3.07 0.13 0.03 3.26 0.21 0.09 
6723-03 3.13 0.27 0.05 3.31 0.16 0.08 
6769-02 3.08 0.14 0.03 3.25 0.15 0.08 
6735-08 3.09 0.23 0.05 3.33 0.10 0.06 
6798-04 3.05 0.18 0.04 3.41 0.17 0.08 
6728-03 3.44 0.15 0.03 3.20 0.07 0.05 
6732-03 3.30 0.18 0.04 3.49 0.33 0.11 
6732-07 3.38 0.17 0.03 3.38 0.33 0.11 
6722-10 3.23 0.20 0.04 3.45 0.15 0.08 
6737-10 3.17 0.27 0.05 · 3.48 0.13 0.07 

Average 3.23 0.16 0.04 3.40 0.18 0.05 

*Conversion to absolute values was based on the mean of 
260 relative chicken erythrocyte nuclear measurements. 



the reliability of the Feulgen - DNA staining procedure 

used, the internal standard used and also suggests that 

quantitative DNA determination expressed in actual mass 

units would allow direct comparison of investigations and 

investigators as was previously proposed (Dhillon, Berlyn 

and Miksche, 1976). 

Aneuploidy Consideration: Though the regression analysis 

between mean DNA amounts and the previously reported euploid 

series of 2N, 4N and 6N demonstrated a highly significant 

correlation, the average tetraploid DNA value of 5.96 pg was 

7.5% less than twice the average diploid DNA value of 3.22 pg 

and the average hexaploid DNA value of 8.51 pg was 11.9% less 

than three times the average diploid DNA value. In all 

probability, a combination of the inherent variation attri

butable to cytophotometry and the small number of measured 

tetraploid and hexaploid trees were responsible for these 

lower than expected readings. On the other hand, a curious 

observation has shown up with regard to the hexaploid measure

ments which may indicate yet another reason for the deviation 

from the ploidy multiplication factor. 

When the half-sib family mean DNA values for each of 

the 2N, 4N and 6N groups were plotted on normal probabil

ity graphs, a test for normality revealed that both the 

diploid and tetraploid values conformed to riormal distri

butions at the 5% level (Figures 6 and 7). The hexaploid 

values, however, displayed a deviation from normality at the 

5% level (Kung, 1973)(Figure 8). Of the 12 mean values 
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obtained for the hexaploid level, 3 of them were separated 

from the remaining 9 by a 10% margin. When these two hexa

ploid groups were plotted separately on normal probability 

graphs, each group displayed a normal distribution (Figures 

9 and 10). The average value for the group of 9 mean DNA 

values then became 8.11 ± 0.08 pg with a 16% difference from 

three times the average diploid value, while the average value 

for the group of 3 became 9.70 + 0.10 pg; only a 0.4% 

difference from expected. Since these 3 mean values came 

from trees confined to two provenances and were not subject 
2 to bias when they were measured , it is tempting to give 

serious consideration to Cimino's (1974) speculation that 

some loss of chromosomal material is responsible for the 

lower average found in 9 of the 12 hexaploid trees measured. 

Aneuploidy is not an uncommon occurrence in polyploids 

(Khush, 1973) and is probably operating in the population 

adaptation processes of white ash. Verification of such 

chromosomal phenomena could be accomplished by examining 

meiotic chromosome configurations of the putative aneuploid 

and known hexaploids and by performing a cytophotometric 

study of a more intense nature than attempted in this study. 

Ploidy Distribution: The 46 diploid: 7 tetraploid: 12 

hexaploid ratio obtained cytophotometrically was unexpectedly 

similar to the 42 diploid: 8 tetraploid: 13 hexaploid ratio 

2Measurements of DNA amounts for half-sib family collections 
were made at different times with tpe slides remaining 
unidentified until after the readings were completed. 
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observed by Wright (1944). Whether or not this is indica

tive of the frequency of polyploidy for the entire white 

ash population is yet to be determined since neither Wright's 

nor this study were constructed for answering this question. 

However, drawing attention to the ratio similarity was 

felt warranted because only the Wayne County, Ohio, proven-

ance was in common to both investigations. 

Diploid trees were found throughout the natural range, 

hexaploids were found between 40° and 35° north latitude 

and tetraploids were found south of 35° north latitude 

(Figure 11). The only intraprovenaQce mixture of ploidy was 
I 

either diploid and hexaploid or diploid and tetraploid. 

Wright (1944) found all three ploidy levels in two inter

mediate states (Pennsylvania and Maryland) as well as 

tetraploidy in one southern state (Alabama). The reason 

for this difference in polyploid location is not readily 

apparent. It may simply be due to the small number of 

trees sampled per provenance in this study or inaccurate 

chromosome number estimates from stomata size by Wright 

(1944). Regardless of this discrepancy, the results of this 

investigation indicate that south of 40° north latitude, 

polyploidy for white ash is extensive and this finding is 

in agreement with Wright (1944). 

From past evidence, the frequency of polyploidy 

would be expected to increase in a northernly direction 

with polyploids having a selective advantage in fluctuating 

habitats (Stebbins, 1960, 1971 and Grant, 1971). This is 

to say that polyploids were believed to be pioneer indi-
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Figure 11. Natural rang~ of white ash, location of provenances 
included in the study (circled numbers correspond to numbered 
provenances and further details listed in Tables 1, 2 and 4) 
and cytophotometrically determined ploidy levels found at each 
location. The putative pentaploid, which has not been shmm, 
was from provenance number 10. 
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viduals found spreading into new habitats due to some 

selective advantage over diploid individuals. This does 

not seem to be the case for the white ash complex. In 
' ' 

neither this investigation, Wright's (1944) nor Santamour's 

(1962), has polyploidy been found north of approximately 

40° north latitude. It is possible that white ash polyploid 

individuals do exist in the northern states and sampling 

was not extensive enough to find them. However, evidence 

indicates that, if at all present, the frequency of white 

ash polyploidy in its northern range is very low. Assuming 

that past glacial periods temporarily eliminated the northern 

range of white ash, it would appear that the pioneer indi

viduals possess a diploid chromosome complement. 

Additional study of the white ash complex will inevi

tably be forthcoming. Evolutionary trends, significance of 

aneuploidy and a complete knowledge of the ploidy levels 

29 

involved are a few of the areas which need additional research. 

The results of this investigation demonstrate that cytopho

tometrically determined nuclear DNA content was directly 

correlated to ploidy level and that the cytophotometric 

technique will be very useful in pursuing this line of 

study. 
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APPENDIX I 

Spectral A~sorption Curves 

Spectral absorption curves for both white ash and 

chicken erythrocyte nuclei were dete~rmined by the plug 

method (Berlyn and Miksche, 1976, pp. 248-251) using the 

instrumentation previously described (refer to page 7) 

for two-wavelength cytophotometry. For this method, homo

geneous Feulgen - DNA stained nuclei were sampled by 

measuring the quantity of light transmitted at different 

wavelengths through a nuclear plug (an area within the 

nucleus). Both spectral curves are displayed in Figure 12 

by setting the 560 nm optical density absorbancy for each 

curve equal to 100 for purposes of comparison (Garcia and 

Iorio, 1966; Rasch, 1974). Each point represents the mean 

of 5 white ash and 3 chicken erythrocyte nuclei. Since no 

significant differences in absorption maxima or general 

curve shapes were detected, the same wavelengths were chosen 

for both white ash and chicken eryt.hrocyte nuclei. A ~1 = 

500 nm and aA2 = 545 nm (Ornstein, 1952; Patau, 1952) were 

selected from regression lines in which y = ax + b. The 

equation for the white ash plotting was y = (0.97)(x) + 

(-439.08) and the chicken erythrocyte plotting was y = 

(0,93)(x) + (-414.24). 

34 



• (.) 
c 
CJ 
.a ... 
0 en 

~ 

35 

100 

90 

80 

70 

60 

....-. Chicken Erythrocytes 

.....,_.. White Ash 

480 490 500 510 530 540 560 570 

Waveleng1h in nm 

Figure 12. Spectral absorption curves for white ash and chicken 
erythrocyte nuclei. 



APPENDIX II 

Hydrolysis Curves 

A 45 minute hydrolysis in 5N HCl at 21°C was deter

mined as optimum for both white ash and chicken erythro

cyte nuclei on the basis of the hydrolysis curves shown 

in Figure 13. Each point was derived from the mean of 20 

white ash and 6 chicken' erythrocyte nuclei by two-wavelength 

cytophotometry using wavelengths of 545 nm and 500 nm. 

Slides containing radicle apex cell squashes from a single 

white ash half-sib family adjacent to chicken erythrocytes 

were used. 
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APPENDIX III 

Nuclear Feulgen - DNA histograms, normal probability 
plot:s and standard e-rror of the mean comp-arisons of the 
three preliminary population studies. 
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APPENDIX IV 

Table 4. Relative DNA absorption of white ash and chicken 
erythrocyte nuclei. 

Seed Single Tree 
Source Collection 
Number* Number Ash Chicken 

- -X s sx X s sx 

04 10.21 1. 07 0.21 8.82 1. 03 0.33 
1 07 11.12 1. 62 0.32 10.28 1. 00 0.32 

09 11.18 1. 49 0.30 10.35 0.98 0.31 
01 9.92 1.15 0.23 7.99 0.89 0.28 

2 04 12.49 1. 31 0.26 9.28 1. OS 0.33 
07 10.93 0.85 0.17 9.77 1. 56 0.49 
01 11.27 1.10 0.22 9.13 0.73 0.23 

3 04 11.93 1. 33 0.27 9.35 0.90 0.28 
06 11.60 1. 62 0.32 9.33 0.87 0.28 
02 11.76 1. 39 0.28 8.73 0.90 0.28 

4 04 12.30 1. 87 0.37 10.20 1. 24 0.39 
06 14.18 2.02 0.40 8.34 0.62 0.19 
01 11.79 1. 64 0.33 9.52 1. 36 0.43 

5 03 11.95 1. 43 0.29 11.54 1. 65 0.52 
09 10.60 0.91 0.18 ·9.18 1.25 0.40 
02 11.98 1. 55 0.31 8.61 1. 39 0.44 

6 OS 12.87 1. 54 0.31 8.44 0.98 0.31 
10 10.20 1.44 0.29 8.19 ·1. 02 0.32 
01 11.60 1. 39 0.28 8.83 1.15 0.36 

7 03 12.59 2.08· 0.42 10.54 0.94 0.30 
07 12.20 2.07 0.41 9.69 1. 76 0.56 
02 13.31 2.00 0.40 10.14 0.66 0.21 

8 07 11.43 0.78 0.16 9.61 1. 24 0.39 
lG 14- .-&9 2.18 0.44 9.-6-2 1.80 o.s-7 
01 29.83 2. 79 0.56 6.96 0.71 0.22 

9 04 12.33 1. 48 0.30 8.68 0.55 0.17 
OS 11.17 1. 24 0.25 8.48 0.75 0.24 
01 25.59 2.05 0.41 7.89 1. 02 0.32 

10 07 34.84 2.80 0.56 10.73 1. 47 0.46 
09 35.78 4.30 0.86 9.47 0.85 0.27 
01 10.20 1.43 0.29 9.90 1. 28 0.41 

11 06 11.83 1. 35 0.27 9.44 0.73 0.23 
10 10.92 1. 24 0.25 9.54 0.84 0.26 

*Numbers correspond to numbers in Table 1 where NC number and 
location are given. 
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Table 4. (Continued) 

Seed Single Tree 
source Collection 
Number Number Ash Chicken 

x - x -s sx s sx 

06 34.56 2.62 0.52 11.19 1. 77 0.56 
12 08 10.15 1. 54 0.31 9.68 1. 02 0.32 

10 12.46 1. 39 0.28 9.56 1. 34 0.42 
01 10.77 .1. 03 0.21 10.05 1.14 0.36 

13 03 10.49 0.85 0.17 8.70 1.15 0.36 
12 29.78 3.23 0.65 7.77 0.93 0.29 
03 29.90 3.24 0.65 8.73 0.81 0.26 

14 05 31.09 2.44 0.49 8.72 0.85 0.27 
10 12.03 1. 20 0.24 9.23 0.84 0.27 
03 28.15 2.17 0.43 10.95 2.35 0.74 

15 04 28.34 1.92 0.38 9.37 1. 28 0.41 
07 31.16 3.70 0. 74 9.65 0.90 0.28 
07 28.86 2.07 0.41 7.46 0.81 0.26 

16 08 29.00 2.46 0.49 8.60 1. 27 0.40 
10 12.88 1. 65 0.33 9.70 1. 32 0.42 
03 11.56 0.92 0.18 8.34 1. 53 0.48 

17 06 11.12 0.94 0.19 8.55 1.13 0.36 
10 11.21 0.78 0.16 7.92 0.70 0.22 
02 12.72 1.45 0.29 11.81 1.45 0.46 

18 06 9.86 1. 21 0.24 8;34 0.82 0.26 
08 12.05 1.14 0.23 8.91 0.89 0.28 
02 11.81 1. 37 0.27 9.16 0.19 0.19 

19 04 21.35 2.55 0.51 11.03 0.89 0.28 
- ---------- 00 10.89 0. 72 o.-14 10.24 1. 2-9 0~41 

05 11.70 1. 39 0.28 8.43 0.90 0.28 
20 07 10.72 1. 48 0.30 9.01 0.84 0.27 

10 12.56 1. 32 0.26 10.62 2.11 0.67 
01 19.03 1.41 0.28 12;16 1.41 0.45 

21 03 19.48 4.16 0.83 9.20 0.55 0.17 
10 20.23 1. 89 0.38 8.83 0.85 0.27 
04 22.68 1.84 0.37 10.83 0.95 0.30 

22 05 23.05 1. 97 0.39 11.33 1. 95 0.62 
06 23.95 1. 77 0.35 9.67 0.66 0.21 
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