
A CYTOGENETIC STUDY OF DIPLOID AND 

TETRAPLOID POPULATIONS OF HAPLO

PAPPUS GOODDINGII (NELS.) 

MUNZ AND JOHNSTON 

by 

JANE CASEY, B.A. 

A THESIS 

IN 

BOTANY 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Requirements for 
the Degree of 

MASTER OF SCIENCE 

Approved 

Accepted 

r~ay, 1980 



ACKNOWLEDGEMENTS 

I am deeply indebted to Professor R. C. Jackson for his 

advice and guidance of this thesis and to the other members of my 

committee, Professors D. K. Northington and I. C. Felkner, for their 

helpful criticism. 

11 



TABLE OF CONTENTS 

ACKNOWLEDGEMENTS. 

LIST OF TABLES 

LIST OF FIGURES . 

Introduction . . . . .. . 

Materials and Methods ... . 

Observations and Results. 

Analyses ........ . 

Morphology 

Cytogenetics. 

Summary and Conclusion .. 

. . . . . . . 

. . . . . . . 

i i 

1 v 

v 

l 

3 

6 

20 

20 

21 

25 

LITERATURE CITED . . . . . . . . . . . . . . . . . . . . . . 26 

i ; i 



LIST OF TABLES 

1. Pachytene Configurations and Frequencies Possible with 

Independently Pairing Arms and 2 Chiasmata per 

Bivalent in Tetraploids . . . . . . . . . 

2. Terms and Coefficient for Calculating Meiotic Chromosomal 

Configurations in Tetraploids . . . . . . . . . . . . 
3. Pachytene Configurations and Frequencies Possible with 

Independently Pairing Arms and 2 Chiasmata per 

Bivalent in Diploids 

4. Terms and Coefficient for Calculating Meiotic Chromosomal 

5. 

6. 

7. 

Configurations in Diploids . . . . .... 

Population Number, Ploidy Level, and Locality. 

Mean Diploid and Tetraploid Pollen Grain Diameters . 

Mean P Frequency and Expected Metaphase I 

. . . 9 

. . . 1 0 

. . . 11 

. 1 2 

• 1 3 

. 1 5 

Configurations of Normal Tetraploid Plants ........... 16 

8. Mean P Frequency and Expected Metaphase I 

Configurations of Abnormal Tetraploid Plants .......... 17 

9. Mean P Frequency and Expected Metaphase I 

Configurations of Diploid Plants ................ 18 

l v 



LIST OF FIGURES 

l. Distribution of Diploid and Tetraploid Populations in 

Arizona and Adjacent Regions ....... . 2 

2. Distinguishable Morphological Head Characters . . . 8 

v 



Introduction 

The genus Haplopappus was monographed by Hall (1928), who 

classified Haplopappus gooddingii (A. Nels.) Munz and Johnston as a 

subspecies of Haplopappus spinulosus (Pursh) DC. In contrast, sub

species gooddingii has been considered as a species by several workers 

(Nelson, 1904; Munz and Johnston, 1922; Munz and Keck, 1959; Ramon, 

1968; Jackson, personal communication). However, Turner and Hartman 

(1976) treated the~· spinulosus group as a part of the genus 

Machaeranthera and classified H. gooddingii as a subspecies of 

Machaeranthera pinnatifida (Hooker) Shinners. 

Haplopappus gooddingii, as recognized here, consists of two 

chromosomal forms, a diploid (2n=8) and a tetraploid (2n=4X=l6). 

Its distribution is southeastern California and Baja California, 

Mexico, southern Nevada, and Utah, to western and north central 

Arizona (Fig. 1 ) . 

Study of greenhouse grown populations indicated that there 

was no way to completely separate the two ploidy level forms. Hence, 

this study deals mainly with the comparative meiotic behavior of 

the diploid and tetraploid populations. A central question is 

whether chromosome pairing is more alloploid - or autoploid - like 

i n the 4 X form . 

Polyploidy is any change in diploids by the increase of one 

or more genomes. Classification of polyploids by Stebbins (1947) 

utilized the terms autopolyploidy, allopolyploidy, and segmental 
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Fig. 1. Distribution of Diploid and Tetraploid Populations in 

Arizona and Adjacent Regions. o = diploid, + = tetraploid, 

• = ploidy unknown. 
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allopolyploidy, and while he emphasized that these categories, based 

on chromosome pairing in the F1 hybrid, are not always sharply 

defined, they are useful in discussing the evolution of different 

types. However, other factors can affect chromosome pairing such as 

Ph-like gene effect and differential affinity (Okomato, 1957; 

Riley and Chapman, 1958; Jackson, 1976; Jackson and Casey, 1n press). 

Ph-like effects cause the meiotic chromosomes to associate partially 

or completely in sets of two so that random association frequencies 

do not occur. 

A principally cytogenetic approach is employed in this 

analysis of diploid and tetraploid populations of H. gooddingii. 

Firstly, evolutionary relationships between the genomes of the dif

fering ploidy levels will be analyzed cytogenetically. Secondly, 

morphometries will be used to determine possible distinguishing 

characters. These approaches hopefully will answer the following 

questions as to the possible evolutionary relationship between the 

diploid and tetraploid forms: (1) Are the two chromosomal types 

separable, and if so, in what way(s)? (2) Is the tetraploid a true 

autoploid or a true alloploid? (3) If the tetraploid is not a 

true autoploid, are there factors affecting chromosome pairing 

such that the distinction can not be made, and if so, what are they? 

Materials and Methods 

Seeds collected from 22 localities (Table 5) were germinated 

in a dilute Hoagland's solution. When seedlings were about 1 em. long, 

approximately ten seedlings from each locality were used to deter

mine the chromosome number from root tip squashes. Root tips were 
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fixed in 3 parts 95% ethanol to 1 part propionic acid. Fixed root 

tips were hydrolyzed in lN HCl for 15 minutes, stained with orcein 

for 1 minute, then gently squashed. Approximately 20 plants from 

each locality were planted in sterile jiffy pots when the seedlings 

were 2 em. long. After the plants were about 4 em. tall and roots 

had emerged from the pots, they were repotted into soil in clay pots. 

At the time of anthesis of the second head, heads were 

collected for pollen and morphological analyses. Fresh pollen was 

stained with buffalo black NBR dissolved in 45% propionic acid. 

Only pollen grains with uniformly stained cytoplasm throughout the 

cell were scored as fertile. Light microscope photographs were taken 

of five stained pollen grains from each locality and their diameters 

were measured with calipers in em. (.67 em. = .01 mm). 

The morphological study included comparisons of five diploid 

and five tetraploid heads from each population grown in the greenhouse 

as well as from natural collections. Characters measured included 

head diameter, total flower number per head, disk floret length, 

seed length, and pappus length. Measurements plotted to show rela

tionships and differences in the two ploidy levels were shown graphi

cally. Previous morphological observations of greenhouse popula

tions had revealed the above characters as possibly diagnostic in 

determining ploidy level differences. 

Bvds from later flowers were collected at the time of peak 

meiotic activity and fixed in a 3:1 mixture of ethanol and propionic 

4 

acid for two days before transfer to 70% ethanol for storage. One 

floret from each bud was removed, stained in propiocarmine for 3 minutes, 

and gently squashed. Following cytogenetic analysis, slides were made 



permanent by carefully removing the cover slip, adding one drop of a 

balsam - propionic acid mixture, and using a new cover glass. The 

cover glass removed was mounted on a new slide, using the same 

balsam-propionic acid mixture. For the cytogenetic analysis, about 

50 cells from 5 plants representative of each population were scored 

for the type of configuration and chiasma number, total cells, total 

chiasma frequency, and any abnormalities. The observed and theoreti

cally expected frequencies and chi square values were determined for 

each plant studied. 

The theoretically expected tetraploid configuration fre

quencies were determined by using newly derived formulas (Jackson and 

Casey, in press; Jackson and Casey, unpublished) involving the fol

lowing assumptions. In a tetraploid, there are two chiasmata per 

bivalent. Each chromosome has an equal probability of pairing with 

any one of the others, and the two chromosome arms pair independently. 

During pachytene, it is assumed that each arm is paired with another 

whole arm throughout its length. With all possible arm combinations, 

the expected probably arrangements of arms are two-thirds quadri

valents and one-third bivalents. If there are two chiasmata per 

bivalent, it follows that the same frequency of configurations should 

be found at metaphase I. 

Pairing configurations at pachytene may conform to expecta

tions, but lack of a suitable number of chiasmata may give a mis

leading impression of this if the cells are scored at metaphase I. 

Originally, the alloploid configuration frequency - determining 

methods of Driscoll et al., (1978) was thought to be adequate for 

autoploids. But more careful tests of their assumptions have found 
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them 1n error. Thus, newly derived formulas are used in this thesis. 

The newly derived formulas for tetraploids are obtained from 

the expansion of the binomial (p + q) 4 because 0 to 4 chiasmata are 

possible for each set of four homologous chromosomes. When expanded, 

(p + q) 4 equals p4 + 4p3q1 + 6p2q2 + 4p1q3 + q4 where p is the ob-

served chiasma frequency divided by two times the number of bivalents 

theoretically expected; q is 1 - p or the lack of chiasmata. Each 

configuration possible with 4 chiasmata, o IV and o II, are re

presented by p4 in the binomial with a frequency of .6666. These, 

plus other configurations and their frequencies, are shown in 

Table 1, and the formulas for calculating the expected configuration 

frequency for each is found in Table 2. Configurations possible with 

0 to 2 chiasmata in diploids were calculated in a similar manner. 

The configurations, their frequencies, and formulas for calculating 

the expected configuration frequencies are found in Tables 3 and 

4, respectively. In the tables the value p represents the average 

number of chiasmata per cell divided by the expected number, assuming 

two chiasmata per bivalent. The small letter o before a configuration 

indicates it is circular; there would be two chiasmata in a bivalent 

and four in a quadrivalent. A configuration preceded by a lower case 

c indicates a chain configuration; there would be one chiasma in a 

bivalent and three in a quadrivalent. 

Observations and Results 

The two ploidy levels were not distinguishable in natural 

populations, morphologically. Thus, their morphological measurements 

are not included with the analyses of greenhouse grown populations. 
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Population number, ploidy level, and locality are given in 

Table 5. Mean diploid and tetraploid pollen grain diameters and 

their standard deviations for each population are shown in Table 6. 

Measurements of head diameter, seed length, pappus length, and disk 

floret length are found in Fig. 2. Total number of flowers per 

head was not diagnostic 1n combination with other characters in 

distinguishing ploidy level and was not included. 

Chiasma frequency (p) and observed and expected metaphase I 

configurations in normal and abnormal tetraploid population are 

found in Tables 7 and 8, respectively. In addition, the mean and chi 

square value are listed. The same kind of information is given in 

Table 9 for each diploid population. 
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TABLE 2. TERMS AND COEFFICIENT FOR CALCULATING MEIOTIC CHROMOSOMAL 

CONFIGURATIONS IN TETRAPLOIDS. P = OBSERVED CHIASMA FRE

QUENCY DIVIDED BY TWO TIMES THE NUMBER OF BIVALENTS 

THEORETICALLY EXPECTED. THIS ASSUMES EACH BIVALENT HAS TWO 

CHIASMATA. Q = 1-P. X = BASIC CHROMOSOME NUMBER FOR THE 

SPECIES. 

oiV = .67 p4 ·X 

ciV = 2.67 p3q1.x 
III = 2.67 p2q2·X 

oil = .67 p3(p + 2q)·X 

eli= 1.33 pq (1 + 3pq + 2q 2)·X 

I = 4q 2(l-.33p2)·X 

10 



TABLE 3. PACHYTENE CONFIGURATIONS AND FREQUENCIES POSSIBLE WITH 

INDEPENDENTLY PAIRING ARMS, AND 2 CHIASMATA PER BIVALENT IN 

DIPLOIDS. P = CHIAS~~ AND Q = 1-P OR NO CHIASMA. 

+ 2 pq + 

oil= 1.000 eli= (2)1.000 I = ( 2) 1 . 000 
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TABLE 4. TERMS AND COEFFICIENT FOR CALCULATING MEIOTIC CHROMOSOMAL 

CONFIGURATIONS IN DIPLOIDS. P = CHIASMA FREQUENCY 

DIVIDED BY TWO TIMES THE NUMBER OF BIVALENTS THEORETICALLY 

EXPECTED. THIS ASSUMES TWO CHIASMATA PER BIVALENT. 

Q = 1-P. X = BASIC CHROMOSOME NUMBER FOR THE SPECIES. 

oii = p2 · X 

cii = 2pq · X 

I = 2q2 · X 
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TABLE 5. POPULATION NUMBER, PLOIDY LEVEL, AND LOCALITY. 

Population* 

7304 

7242 

7361 

7362 

7373 

7378 

7379 

7418 

7428 

7591 

7595 

7596 

7597 

7325 

7372 

Ploidy level 

2n=8 

2n=8 

2n=8 

2n=8 

2n=8 

2n=8 

2n=8 

2n=8 

2n=8 

2n=8 

2n=8 

2n=8 

2n=8 

2n=l6 

2n=l6 

Locality 

Fishtail Canyon, Grand Canyon, Arizona 

Colorado River, at mouth of Grand 
Canyon, Arizona 

Colorado River, 16 m. from mouth of 
Grand Canyon, Arizona 

Phantom Point, Grand Canyon, Arizona 

13 m. S.E. of Wickieup, Arizona 

Crater Range, 14 m. N. of Ajo, Arizona 

Nevada side of Lake Meade, along 
highway 95 

17.8 m. N.E. Mesquite, Nevada, along 
highway I-15 

26m. S.W. of Glendale, Nevada, along 
highway I-15 

24 m. N. of Phoenix, Arizona, along high
way I-17 

3.5 m. N.E. of Congress, Arizona, along 
highway 89 

50.4 m. N.W. Santa Maria River bridge, 
Arizona, along highway 93 

2 m. W. of Santa Maria River bridge, 
Arizona, along highway 93 

10 m. S.E. of Superior, Arizona, along 
highway 177 

8 m. N.E. of Apache Junction, Arizona, 
along highway 88 

13 



TABLE 5--Continued 

Population* Ploidy level Locality 

7374 

7376 

7377 

7590 

7592 

7593 

7594 

2n=l6 8 m. E. of Quartzite, Arizona, along 
abandoned highway 60 

2n=16 4 m. S.W. of Canyon Lake, Arizona, along 
highway 88 

2n=l6 0.5 m. W. of Verde River, Arizona, along 
highway 87 

2n=l6 1 m. E. of Superior, Arizona, along 
highway 60 

2n=l6 along S.W. end of Canyon Lake, Arizona 

2n=l6 along S.E. end of Lake Roosevelt, Arizona 

2n=l6 10.8 m. N.E. of Apache Junction, Arizona, 
along highway 88 

* Population numbers are the collection numbers of R.C. Jackson. 

Voucher specimens are found in the Texas Tech University 

Herbarium. 
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TABLE 6. MEAN DIPLOID AND TETRAPLOID POLLEN GRAIN DIAMETERS. 

Diploid* mm Tetraploid* mm 

7304 .020 7325 .022 

7418 .020 7372 .022 

7428 .019 7374 .023 

7342 . 021 7376 .024 

7361 .019 7377 .026 

7362 .021 7390 .023 

7378 .018 7392 .024 

7379 .020 7393 . 021 

7591 . 021 7394 .022 

7595 .022 

7596 .021 

7597 . 021 

-
X .020 -

X .023 

*' Diploid and tetraploid numbers are the collection numbers of 

R. C. Jackson. Voucher specimens are found in the Texas Tech 

University Herbarium. 
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TABLE 7. MEAN P FREQUENCIES AND EXPECTED METAPHASE I CONFIGURATIONS 

OF NORMAL TETRAPLOID PLANTS. 

Popula- p 
tion* 

7325 .598 

7372 .577 

7374 .540 

7376 .565 

7377 .572 

7590 .586 

7592 .575 

7593 .596 

7594 .522 

IV 

ob .275 

ex 1.265 

ob .397 

ex 1.167 

ob .340 

ex 1 .005 

ob .257 

ex 1 . 117 

ob .280 

ex 1 . 140 

ob .270 

ex 1.210 

ob .490 

ex 1.157 

ob .540 

ex 1.250 

ob .220 

ex .920 

III II I Total cells x2value 

.000 7.455 .000 42.500 8.415 

.620 3.425 2.280 

.000 7.157 .097 52.666 6.750 

.633 3.727 2.640 

.000 7.290 .040 60.000 8.330 

.650 3.470 3.110 

.000 7.340 . 167 46.666 8.060 

.640 3.460 2.730 

.000 7.440 .000 72.000 9.050 

.640 3.275 2.455 

.000 7.460 .015 62.500 8.500 

.630 3.435 2.445 

.000 6.917 .200 36.666 6.400 

.637 3.557 2.593 

.000 6.910 .000 11.000 6.860 

.620 3.430 2.310 

.000 7.420 .280 36.000 8.370 

.660 3.500 3.330 

* Population numbers are the collection numbers of R. C. Jackson. 

Voucher specimens are found in the Texas Tech University Herbarium. 
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TABLE 8. MEAN P FREQUENCY AND EXPECTED METAPHASE I CONFIGURATIONS 

OF ABNORMAL TETRAPLOID PLANTS. 

Popula- p 
tion* 

7325 .594 

7372 .592 

7374 .586 

7376 .550 

7377 .588 

7590 .608 

7592 .625 

7593 .577 

7594 .578 

IV III 

ob . 215 .000 

ex 1 .240 .620 

ob .255 .000 

ex 1.170 .635 

ob .313 .000 

ex 1.207 .627 

ob .505 .000 

ex 1.050 .650 

ob .420 .000 

ex 1.220 .620 

ob .310 .000 

ex 1.305 .605 

ob .450 .000 

ex 1.385 .585 

ob .268 .000 

ex 1 . 168 .632 

ob .432 .000 

ex 1 . 180 .618 

I I I Total cells x2value 

7.425 .000 56.000 8.490 

3.420 2.330 

7.285 .045 41.500 8.040 

3.450 2.505 

7.257 .. 000 42.333 7.930 

3.447 2.430 

6.415 .040 78.500 6.298 

3.470 2.945 

6.973 .057 40.330 5.480 

4.090 2.423 

7.080 .075 43.000 7.450 

3.405 2.255 

6.545 .000 31.500 6.180 

3.375 1 . 975 

7.475 .015 45.750 8.550 

3.445 2. 545 

6.652 .045 57.000 6.890 

3.338 2.600 

* Population numbers are the numbers of R. C. Jackson. Voucher 

specimens are found in the Texas Tech University Herbarium. 
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TABLE 9. MEAN P FREQUENCY AND EXPECTED METAPHASE I CONFIGURATIONS 

OF DIPLOID PLANTS. 

Popul a- p 
tion* 

7304 .632 

7318 . 661 

7328 .587 

7342 . 615 

7361 .630 

7362 .649 

7373 .623 

7378 .663 

7379 .651 

7591 .637 

7595 . 551 

oii 

ob 1 .058 

ex 1. 598 

ob 1. 289 

ex 1.748 

ob .700 

ex 1. 378 

ob .976 

ex 1 . 513 

ob 1. 309 

ex 1. 588 

ob 1. 206 

ex 1. 685 

ob .985 

ex 1. 550 

ob 1 . 301 

ex 1. 758 

ob 1 . 178 

ex 1.695 

ob 1.097 

ex 1. 623 

ob .550 

ex 1 . 214 

ci I Tota 1 
II 

2.938 3.996 

I 

.007 

1 .861 3.458 1.083 

2.711 4.000 .000 

1.793 3.540 . 919 

3.300 4.000 .000 

1.939 3.317 1.365 

2.972 3.993 .044 

1.894 3.407 1.186 

2.961 4.000 .000 

1.865 3.453 1.095 

2.804 4.010 .000 

1 .822 3.507 .986 

3.015 4.000 .000 

1.879 3.429 1.137 

2.698 3.999 .000 

1.787 4.245 .909 

2.821 3.999 .000 

1.817 3.512 .974 

2.903 4.000 .000 

1.850 3.473 1.054 

3.424 3.974 .052 

1.979 3.193 1.613 

Total cells x2value 

54.400 1 .875 

53.000 1 . 510 

75.800 2.654 

52.800 1.904 

57.000 1.788 

62.286 1 . 651 

70.400 2.030 

42.200 1 .492 

46.800 1. 686 

62.400 1 .824 

81 .600 2.939 
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TABLE 9--Continued 

Popula- p 
tion* 

or I ci I Tota 1 
II 

I Total cells x2value 

7596 

7597 

.605 ob .842 3.158 4.000 .000 55.250 

ex 1.464 1.912 3.376 1.248 

.633 ob 1.076 2.913 3.989 .011 74.000 

ex 1.602 1.858 3.460 1.077 

2.324 

1 .826 

* Population numbers are the collection numbers of R. C. Jackson. 

Voucher specimens are found in the Texas Tech University Herbarium. 
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Analyses 

Morphology 

When the T-test for the difference in two means was applied 

to the mean diploid and tetraploid pollen diameters, no real dif

ference was found. With 19° of freedom and t = -10.3204, the hypo

thesis that diploids and tetraploids are derived from the same popu

lation of means can not be rejected. A test of the standard deviations 

of diploid and tetraploid pollen from all populations shows there is 

a difference between the two ploidy levels with one standard devia

tion, but there is no difference with two standard deviations. On 

the basis of pollen diameter, the two ploidy levels can not be 

distinguished from each other more than 68% of the time. 

The elimination of most fluctuating environmental effects in 

greenhouse grown populations gives a truer indication of the genetic 

control of morphological and cytogenetic characteristics. Because 

of themorecontrolled environment in the greenhouse, tentative 

conclusions can be made about these populations that ca~ not be made 

of those from natural habitats. 

Head measurements revealed incomplete separation of diploid 

and tetraploid populations. Disk floret length separated all but two 

tetraploid populations from diploids, one of which was a small, 

isolated population probably introduced (Jackson, personal communica

tion). Seed length gave similar results, but an additional Grand 

20 

Canyon diploid race was not significantly different from the tetraploids. 



Head diameter alone was not sufficient for distinction between 

diploids and tetraploids, and head diameter plotted against number of 

flowers per head showed the expected linear relationship. Seed 

length plotted against pappus length separated all but two diploid 

and tetraploid populations. These were the Grand Canyon diploid and 

the small, isolated tetraploid referred to earlier. By plotting 

disk floret length, seed length, and number of flowers per head, 

diploids and tetraploids could be separated if used in conjunction 

with locality (Fig. 5). Again, this only applies to greenhouse 

grown material; no distinction could be made among natural col

lections with the characters used. 

Cytogenetics 

Tetraploid chiasma frequency and expected metaphase I 

configuration were divided into two tables. One shows the normal 

expected configurations (Table 7) and their frequencies while the 

other (Table 8) shows populations in which additional abnormal con

figurations were seen. It is evident from the tables that the ob

served total IV frequencies are lower than the expected while more 

total bivalents were observed than were expected. Interestingly, 

no trivalents were obser~ed, possibly indicating a limitation of 

chiasmata in the quadrivalents at pachytene to opposite paired arms. 

This is a bivalent effect (Ti~mis and Rees, 1971). Also, observed 

univalent frequencies, which should have been the same as trivalents, 

were extremely low, indicating the same mechanism(s) may be working. 

Translocations were apparent in several tetraploid popula

tions, and supernumerary chromosomes were observed in three populations. 

21 



If a translocation heterozygote involving non-homologues occurs in an 

autotetraploid, Iv•s are expected 100% of the time at pachytene 

while with no translocation, rv•s are expected 67% of the time among 

the four homologues. With a strict allotetraploid, no intergenomal 

pairing is expected, and only bivalents should be observed. 

A chi square test was performed on the mean frequencies of 

IV, III, II, and r•s from populations represented by normal and 

abnormal plants. The test to determine whether or not the chromo

somes were pairing at random showed that at the .05 probability 

level three of the nine normal populations had an acceptable level 

of randomness but six did not. Of nine abnormal populations, five 

were acceptable and four were not. Thus, 55.55% of the total 

populations did not have random chromosome pairing, though all fre

quencies should have been accepted at the 0.9 probability level if 

pairing was random. 

A stricter measure of chi square probability was performed 

on the above accepted normal and abnormal population means using 

only total IV and II frequencies. This led to the rejection of one 

more normal population and the acceptance of the other two at .05 to 

.1 probability level. When the test was applied to the acceptable 

abnormal populations, one more was rejected, three were accepted 

at the .05 to .1 level, and one was still acceptable at the .1 to 

.2 probability level. This stricter measure of probability leading 

to the rejection of two more populations and the low level acceptance 

of the six remaining populations, indicates random pairing is not 

occurring. 

Using the newly derived formulas on data from true autoploids 
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described in the literature has shown that chi square probabilities 

are usually .9 and above (e.g. data of Avivi, 1976; Laws, 1967; 

McCollum, 1958). With true autoploids, all frequencies should be 

acceptable at the chi square probability .9 and above. This shows 

that the newly derived formulas, based on randomness, can give a 

true indication of autoploid-like pairing behavior. Plants with a 

known Ph gene effect that are made autoploid show a chi square fit 

of .5 to .9 when the formulas are applied. Known allotetraploids 

have a chi square probability of less than .05. Therefore, it is 

logical that chi square probabilities can be used to measure auto

ploid- oralloploid-like behavior. 

What does the foregoing hypothesis indicate when applied to 

the H. gooddingii data? Several possibilities exist. (1) The 

tetraploids of this species may be autoploids exhibiting a particularly 

strong dose of a Ph-like gene(s). (2) There could have been selection 
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on the autotetraploid level towards alloploid-like pairing. (3) Finally, 

the tetraploids may be segmental alloploids exhibiting differential 

affinity such that bivalent pairing is favored over quadrivalent 

formation. 

At this time, no certain distinction can be made. Though 

there is no known Ph-like gene in the Compositae, this does not mean 

that such a gene(s) does not exist. fh-like gene effects can not be 

distinguished cytologically from differential affinity; indeed, they 

may be one and the same phenomenom. 

There is the possibility that autoploids may undergo selection 

for increased numbers of bivalents at the expense of quadrivalents 



(Jackson, 1976). Normally, as the chiasma frequency decreases, 

quadrivalent configurations decrease and bivalent configurations 

increase. However, this may or may not result in an increased fer

tility since quadrivalent selection also has been found to increase 

fertility (Jackson, 1976; Hazarika and Rees, 1967). 

What is known in terms of morphological divergence is that 

H. gooddingii has been considered as a distinct species by several 

systematists. Therefore, the part of its genome controlling chromosome 

pairing may have undergone differentiation. ~- gooddingii readily 

hybridizes with other differentiated species, and the F1 •s are 

highly fertile (Ramon, 1968). It is thus possible that diploid 

~- gooddingii has crossed with another diploid and has produced F1 
hybrids that subsequently have undergone chromosome doubling to 

produce a segmental allotetraploid. 

In conclusion, any of these possibilities may be valid. 

Colchicine treatment might be used to test for a Ph-like effect 

(Sears, 1976; Avivi, 1976; Larsen and Kimber, 1973). If an in

crease in quadrivalent frequency is seen following treatment, this 

would indicate a Ph-like effect. Also, the diploid~- gooddingii 

and its p value could be doubled to produce a synthetic autoploid 

and then compared with natural tetraploids. 

Diploid chiasma frequency and expected metaphase I con

figuration are found in Table 9. The observed oil frequencies are 

slightly lower than expected while the observed ell frequencies are 

higher than expected. No univalents were observed although they 

were expected with random pairing. A chi square test performed on 

the diploid mean frequencies of oil, ell, and r•s showed that all 
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populations were acceptable at the .2 to .5 probability level. 

With random chiasma formation the frequencies should have had a 

higher chi square probability. The low probability levels caused 

by the disparity in observed and expected configuration frequencies 

indicate that at the diploid level a chiasma may be more frequent 

in some chromosomes than in others. 

Summary and Conclusion 

Natural populations of diploid and tetraploid~- gooddingii 

can not be distinguished from each other morphologically. Green

house grown populations tentatively can be separated on the basis 

of locality and three characters: disk floret length, seed length, 

and number of flowers per head. Cytogenetically, the tetraploid 

is not a true autoploid nor a strict alloploid. It behaves ac

cording to the definition of a segmental allotetraploid. Factors 

affecting chromosome pairing such as a Ph gene effect or differential 

affinity are indicated, but the distinction between autoploid and 

alloploid is impossible at this point. Certainly, the meiotic be

havior is similar to that reported for segmental alloploids. 
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