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INTRODUCTION 

"Whenever a b i o l o g i s t wishes to make g e n e r a l i s a t i o n s 

about the organisms he s t u d i e s he i s forced to arrange them 

i n groups of some kind", (Sneath, 1962). 

A system of c l a s s i f i c a t i o n does not n e c e s s a r i l y show 

anything about the evolutionary r e l a t i o n s h i p s of the taxa 

i t d e s c r i b e s . Indeed i n the days before evolutionary theory 

was accepted there was no need to assume that any s i m i l a r i t y 

between taxa was due to the type of r e l a t i o n s h i p r e s u l t i n g 

from having ancestors i n common. There need be no theory 

of r e l a t i o n s h i p s before a c l a s s i f i c a t i o n i s developed, for 

naming and c l a s s i f i c a t i o n are aspects of the same process. 

As Walters (1963) has pointed out, i t i s impossible to give 

an organism a name, without i n d i c a t i n g that i t i s d i f f e r e n t 

from the organisms to which the name i s not applied. Hence, 

two c a t e g o r i e s of organism have been e s t a b l i s h e d , the 

organism to which the name i s applied and a l l those to which 

i t i s not applied, a r i s i n g d i r e c t l y out of the l i n g u i s t i c 

s i t u a t i o n , so t h a t c l a s s i f i c a t i o n can be s a i d to go back to 

e a r l i e s t times, when the process of naming organisms began. 

An important concept i n taxonomy i s that of the s p e c i e s . 

G e n e r a l l y the c h a r a c t e r i s t i c s of a s p e c i e s i n formal 

taxonomy are those l i s t e d i n Harrison (1963). These a r e : -



-2-

1̂ . O v e r a l l resemblance of the constituent 
i n d i v i d u a l s . 

2. D i s t i n c t i o n from other groups of the same kind, 

3, P e r s i s t e n c e i n time, 

H a r r i s o n quotes L i n d l e y (1832) to show that these concepts 

are q u i t e old i n formal taxonomy. L i n d l e y w r i t e s , "A species 

i s an assemblange of i n d i v i d u a l s agreeing with each other i n 

e s s e n t i a l c h a r a c t e r s of vegetation and f r u c t i f i c a t i o n capable 

of reproduction by seed without change, breeding f r e e l y 

together and producing p e r f e c t seed from which progeny can 

be r e a r e d . Such are the true l i m i t s of s p e c i e s ", 

C l e a r l y taxonomists are concerned with true breeding 

populations which are prevented i n various ways from c r o s s ­

breeding with other populations or s p e c i e s . The formal 

taxonomist, i n paying a t t e n t i o n to morphological d i f f e r e n c e s 

between groups, i s making the assumption, e i t h e r consciously 

or unconsciously, that such d i f f e r e n c e s can be taken as 

i n d i c a t i o n s of b a r r i e r s to gene exchange. T h i s assumption 

i s not n e c e s s a r i l y a v a l i d one, whether many morphological 

d i f f e r e n c e s are looked f o r as markers, or only a few. Not 

only may i n f e r t i l i t y b a r r i e r s e x i s t between groups of 

i n d i v i d u a l s which are morphologically almost i d e n t i c a l , but 

conversely morphological d i v e r s i t y need not be a s s o c i a t e d 

with b a r r i e r s to gene exchange. 
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Swain (1963) w r i t e s , "Systems of c l a s s i f i c a t i o n do not 
n e c e s s a r i l y embody i m p l i c a t i o n s of r e l a t i o n s h i p s i n t h e i r 
s t r u c t u r e , but i n f a c t , a l l those concerned with p l a n t s do 
employ such concepts to the gre a t e s t p o s s i b l e extent compatible 
with e x i s t i n g knowledge and p r a c t i c a l u t i l i t y " . 

A c l a s s i f i c a t i o n which i s based on one or a few c r i t e r i a 

i s s a i d to be an " a r t i f i c i a l " one, while a " n a t u r a l " 

c l a s s i f i c a t i o n i s based upon o v e r a l l resemblance. Linnaeus' 

system of c l a s s i f i c a t i o n of groups of i n d i v i d u a l s into s p e c i e s 

and groups of s p e c i e s i n t o genera, was a n a t u r a l one for i t 

was based on o v e r a l l resemblance. The establishment of 

higher c a t e g o r i e s was however a r t i f i c i a l , f or i t was based 

upon the number of p a r t s i n the flower. 

Modern taxonomy i s g e n e r a l l y taken to date from Linnaeus, 

although s e v e r a l of h i s c a t e g o r i e s are of much greater age. 

P r i n c i p a l l y , Linnaean c l a s s i f i c a t i o n i s based upon 

morphological f e a t u r e s . Of t h i s formal approach Cain and 

Ha r r i s o n (1958) w r i t e , ",,,. s i n c e ,,,, i t s r e s u l t s are so 

much a matter of opinion, some attempt should be made to make 

z o o l o g i c a l comparison i n general and taxonomy i n p a r t i c u l a r 

more p r e c i s e " , Cain (1962) says, "for large p a r t s of the 

p l a n t and animal kingdom, our best mode of c l a s s i f i c a t i o n 

i s s t i l l by 'blind groping*. 
I n c r e a s i n g l y , work i s being d i r e c t e d towards the 
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production of " n a t u r a l " c l a s s i f i c a t i o n s , i n an e f f o r t to 
uncover evolutionary r e l a t i o n s h i p s . Although the 'morpho-
geographical* approach to c l a s s i f i c a t i o n i s s t i l l important 
i n fonnal taxonomy, more use i s being made of other c h a r a c t e r s 
of organisms. 

Such s t u d i e s frequently employ the technique of bio-

s y s t e m a t i c s , or experimental taxonomy. For instance, i n the 

group of Primulas studied i n t h i s work, Valentine has used 

c r o s s a b i l i t y data tp make deductions about the taxa concerned. 

The present work a l s o makes use of the methods of 

b i o s y s t e m a t i c s . Information about the genetic c o n t r o l of 

c h a r a c t e r s which serve to d i f f e r e n t i a t e taxa can sometimes 

be used to draw conclusions about the s t a t u s of the taxa 

concerned; the f i r s t p art of t h i s work describes attempts 

to i n v e s t i g a t e such genetic c o n t r o l . 

The c h a r a c t e r s were mainly those used i n the formal 

c l a s s i f i c a t i o n of the group, but other c h a r a c t e r s were a l s o 

considered i n an attempt to produce a phenetic c l a s s i f i c a t i o n , 

u s i n g the methods of numerical taxonomy. 

R e l a t i o n s h i p s w i t h i n a group of s p e c i e s can sometimes 

be deduced from the extent of the p a i r i n g of the chromosomes 

of d i f f e r e n t s p e c i f i c o r i g i n s i n d i p l o i d i n t e r s p e c i f i c hybrids. 

Data from meiosis i n a l l o p o l y p l o i d s can a l s o be used to 

eva l u a t e the data from the d i p l o i d s . These techniques have 

been employed here. 
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C l a s s i f i c a t i o n of Primulas 

(a) Formal 

The h i s t o r y of the c l a s s i f i c a t i o n of the group of taxa 

which are the s u b j e c t of t h i s work, has been a v a r i e d one. 

S e v e r a l of them have been known si n c e c l a s s i c a l times (Smith 

and F l e t c h e r , 1947), although not n e c e s s a r i l y d i s t i n g u i s h e d 

from one another by d i f f e r e n t names. 

I n 1753, Linnaeus following e s t a b l i s h e d t r a d i t i o n , 

regarded what are ndW Primula v u l g a r i s Huds. the primrose, 

P. e l a t i o r (L) H i l l , the o x l i p , and P. v e r i s L. the cowslip, 

as a s i n g l e s p e c i e s embracing three v a r i e t i e s . During the 

same century Hudson r a i s e d the primrose to s p e c i f i c rank, 

s p l i t t i n g i t o f f from P. v e r i s , and H i l l did the same for 

the o x l i p . Various other taxa were l a t e r described, and 

i n 1899 Pax c o n s t i t u t e d the s e c t i o n Vernales of the genus, 

to i n c l u d e some of these taxa, but excluding P. megaseaefolia. 

F u r t h e r a d d i t i o n s to the Vernales were made, and the taxa 

which have been described as s p e c i e s of the s e c t i o n , and 

recorded i n Smith and F l e t c h e r (1947), are l i s t e d i n Table 

1. 
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Table 1 

Taxa of Primula considered i n t h i s work 

Taxon Date Notes 

1. P, v e r i s L 1753 I n Species Plantarum. 

2. P, v u l g a r i s Huds. 1762 

3. P, e l a t i o r ( L ) 
H i l l 

1765 

4. P, amoena Bieb, 1808 Associated with P, e l a t i o r 
by B i e b e r s t e i n , 

5. P. p a l l a s i i Lehm, 1817 S p e c i f i c s t a t u s accorded by 
Harrison (1931) a f t e r h y b r i d i ­
s a t i o n experiments. 

6, P. megaseaefolia 
B o i s s , 

1879 Assigned by Pax to 
C a r o l i n e l l a ; to 
Megaseaefolia by Balfour, 
1913, 

7. P, j u l i a e Kusn. 1901" C l o s e l y a l l i e d to P, meg, -
Balfour, 1913, 

8. P. i n t r i c a t a Godr. 
et Gren. 

1927 

9. P. l o f t h o u s e i 
Harr, 

1929 S p e c i f i c s t a t u s a f t e r 
h y b r i d i s a t i o n expts, (1931), 

The term taxa has been used d e l i b e r a t e l y here, for the 

exact s t a t u s of the u n i t s has been repeatedly argued. 

Although i n c l u d i n g a l l of those l i s t e d above i n the Vernales, 

Smith and F l e t c h e r (1947), recognised only s i x taxa of 

s p e c i f i c rank, namely P. v u l g a r i s , P, e l a t i o r , P. amoena. 
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P. v e r i s , P. j u l i a e and P. megaseaefo'lia. Lofthousei, 
i n t r i c a t a and p a l l a s i i are regarded as subspecies of P, 
e l a t i o r , P, amoena and P. megaseaefolia are regarded as 
doubtful members of the Vernales, but are nevertheless 
included i n i t . 

A more recent c l a s s i f i c a t i o n of the Primulas i s that 

of Wendelbo (1960). On the b a s i s of p o l l e n morphology he 

has included a l l of the above.taxa i n the s i n g l e subgenus 

Primula. He has taken as the type f o r the subgenus the 

s p e c i e s which i s the type f o r the genus, namely P. v e r i s . 

T h i s s p e c i e s i s included i n the s e c t i o n Primula, which i s 

one of the three s e c t i o n s i n t o which the subgenus i s divided, 

the other two being Megaseaefolia and J u l i a e . 

I t can be seen from the foregoing that the treatment of 

t h i s group of s p e c i e s by the formal taxonomist has been 

v a r i a b l e , the judgement values of the taxonomists concerned 

p l a y i n g an important part i n t h e i r d e c i s i o n s , which have 

been based on morphology as a main source of data. Smith 

and F l e t c h e r (1947) w r i t e : - " I n co n t r a s t with A u r i c u l a , 

where the content and s t a t u s of the s p e c i e s are p r a c t i c a l l y 

s t a b l e , the widely d i s t r i b u t e d Vernales o f f e r much more of 

a f i e l d f o r d i f f e r e n c e s of opinion as to the p o s i t i o n of 

the d i f f e r e n t u n i t s . The occurrence of one or more members 

of the Vernales i n every country i n Europe has r e s u l t e d i n 



-8-

a great mass of l i t e r a t u r e on the s e c t i o n . B o t a n i s t s of 
each country - or even each province or county - f o r more 
than three hundred ye a r s have contributed t h e i r views on 
the s e c t i o n i n general or with p a r t i c u l a r reference to 
i n d i v i d u a l s p e c i e s i n t h e i r v a r i o us h a b i t a t s " . 

(b) Experimental work 

Using experimental techniques, Valentine (1947, 1948, 

e t c . ) and h i s students have endeavoured to produce evidence 

of the evolutionary r e l a t i o n s h i p s of these taxa. T h e i r 

experiments.-have involved a great deal of h y b r i d i s a t i o n 

between s p e c i e s . The s p e c i e s are h e t e r o s t y l e d , and i n 

V a l e n t i n e ' s experiments only l e g i t i m a t e c r o s s e s were made, 

"Such c r o s s e s , e i t h e r w i t h i n or between s p e c i e s are quite 

compatible so f a r as f e r t i l i s a t i o n and i n i t i a l development 

are concerned". However, subsequent development of seed 

i s not normal i n c r o s s e s between s p e c i e s , and the extent 

and type of abnormalities produced depends upon the d i r e c t i o n 

of the c r o s s . Considering hybrids between P. v u l g a r i s and 

P. v e r i s : - "The seeds from the c r o s s with P. v e r i s as female 

are w e l l formed, but t h e i r contents vary to some extent 

from c r o s s to c r o s s . Generally a l l the seeds are w e l l 

f i l l e d with endosperm, but they are s m a l l ; t h e i r embryos 

are much sma l l e r than those i n non-hybrid seeds, and are 

sometimes deformed; germination i s poor". The symptoms 
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descr'ibed i n t h i s c r o s s are t y p i c a l of what Valentine has 
termed 'type A seeds'. 

I n the r e c i p r o c a l c r o s s (P. v u l g a r i s x P. v e r i s ) , 

seeds "are l a r g e and f a i r l y w e l l formed, but many are empty, 

and the r e s t contain only very small amounts of loose, 

poorly developed endosperm. D i s s e c t i o n of developing seeds 

shows t h a t i n the e a r l y stages some endosperm i s u s u a l l y 

present, and small embryos can be detected i n about one-

t h i r d of the seeds, but these embryos f a i l to complete t h e i r 

development; only r a r e l y can a small and quite undifferen­

t i a t e d embryo be detected i n mature seed. Germination i s 

n i l " . The c h a r a c t e r i s t i c s described here are those of what 

V a l e n t i n e c a l l s 'type B seeds'. Valentine has used the 

term "seed i n c o m p a t i b i l i t y " f o r the phenomenon represented 

by these two types of c r o s s . 

Using the strength of the seed i n c o m p a t i b i l i t y r e a c t i o n 

between p a i r s of s p e c i e s , Valentine (1961) has constructed 

a p i c t u r e of the r e l a t i o n s h i p s of the group, which he claims 

to be an i n d i c a t i o n of t h e i r evolutionary r e l a t i o n s h i p s . 

T h i s i s shown i n Table 2, 

On the b a s i s of t h e i r c r o s s a b i l i t y , Valentine (1951) 

has placed a l l the taxa i n t o the category of ecospecies of 

the same coenospecies, i n d i c a t i n g a c l o s e degree of 

r e l a t i o n s h i p . 
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The experimental,or biosystematlc approach has produced 
a view of the members of t h i s group of taxa as a much more 
c l o s e l y k n i t u n i t than that of the formal taxonomist. I t 
was t h e r e f o r e considered necessary to conduct f u r t h e r 
experiments to determine whether or not e i t h e r of these 
approaches, the formal taxonomic, or the biosystematic, could 
be supported. 

Table 2 

(From V a l e n t i n e , 1961; Table 3, "The 
c r o s s a b i l i t y s e r i e s " ) 

C rosses t h i s way 

give type A seeds 

v e r i s 

v u l g a r i s 

j u l i a e 

e l a t i o r 

p a l l a s i i 

megaseaefolia 

amoena 

i n t r i c a t a 

^ l o f t h o u s e i 

Crosses t h i s way 

give type B seeds 

An attempt has accordingly been made i n t h i s work to 

use g e n e t i c a l and c y t o l o g i c a l observations i n hybrids between 

s p e c i e s of the group at d i p l o i d and pol y p l o i d l e v e l to 
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approach the question of the r e l a t i o n s h i p s of the taxa from 
yet another point of view. 

The g e n e t i c s of e c o l o g i c a l r a c e s and s p e c i e s 

Clausen and Heisey (1958), a f t e r a review of the 

l i t e r a t u r e r e l a t i n g to the genetics of s p e c i f i c c h a r a c t e r s 

which are used to d i f f e r e n t i a t e taxa i n the sweet pea, 

Avena, T r i t i c u m , e t c . , and an account of t h e i r own i n v e s t i ­

gations of the g e n e t i c s of e c o l o g i c a l r a c e s of P o t e n t i l l a 

glandulosa, were able to draw c e r t a i n general conclusions, 

"The a v a i l a b l e experimental evidence makes i t overwhelmingly 

c l e a r t h a t p a i r e d c h a r a c t e r c o n t r a s t s between d i s t i n c t 

e c o l o g i c a l r a c e s , subspecies, and c l o s e l y r e l a t e d s p e c i e s 

are r e g u l a t e d by systems of genes of moderate complexity". 

They s p e c i f y four principA^ kinds of gene system involved, 

namely, 1, Additive genes, 2. E p i s t a t i c genes, 3. Oppositional 

genes, and 4, Complementary genes, as w e l l as the unanalysed 

part of the genotype. 

S i m i l a r c o n c l u s i o n s have been reached by Grant (1956) 

working with G i l i a , and Gajewski (1957, 1959) working with 

Geum. Grant produced a t a b l e concerned with the genetic 

systems e n t e r i n g i n t o the d i f f e r e n t i a t i o n of r a c e s and 

s p e c i e s of p l a n t s , see Table 3, 

The work of these authors, Clausen and Heisey, Grant 
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and Gajewski, has shown that there i s no fundamental 
d i f f e r e n c e between the genetic c o n t r o l of f a c t o r s d i f f e r e n ­
t i a t i n g r a c e s and s p e c i e s . A s i m i l a r conclusion was 

Table 3 

Types of Genetic Systems which enter into 
the d i f f e r e n t i a t i o n of Races and Species 

of P l a n t s (from Grant, 1956) 

1. Simple Mendelian d i f f e r e n c e s . 
(a) Single gene d i f f e r e n c e s . 
(b) Complementary f a c t o r s , e t c . 

2. Polygenic systems. 
(a) Multiple f a c t o r s with a d d i t i v e e f f e c t s , 
(b) The modifier complex. 
( c ) Balanced systems with more complex 

i n t e r a c t i o n s . 

3\ Cytoplasmic d i f f e r e n c e s . 

4. Gene c o n t r o l l e d s t e r i l i t y phenomena. 
(a) S t e r i l i t y f a c t o r s , l e t h a l s , e t c . 
(b) General disharmonies between 

c o n t r a s t i n g genotypes. 

5. Chromosomal rearrangements. 
(a) Gross s t r u c t u r a l d i f f e r e n c e s . 
(b) Small s t r u c t u r a l d i f f e r e n c e s . 

reached by Mayr (1963) when dealing with animal populations 

and s p e c i e s ..... . "The r e s u l t s of these hybrid analyses 

are thus i n s u b s t a n t i a l agreement with those derived from an 



-13-

a n a l y s i s of population d i f f e r e n c e s w i t h i n s p e c i e s " . 

One l i n e of i n v e s t i g a t i o n i n t o the r e l a t i o n s h i p s of a 

group of taxa would th e r e f o r e be a study of the genetics 

of f a c t o r s by which they are recognised as separate e n t i t i e s . 

The systems of genes c o n t r o l l i n g the f a c t o r s can then be 

compared with the systems found by the other workers, such 

as Gajewski or Grant. I n ad d i t i o n , i t may be that some of 

the g e n e t i c mechanisms c o n t r o l l i n g the c h a r a c t e r s considered, 

w i l l be c l o s e l y a l i k e i n some taxa, suggesting that the 

l a t t e r are more c l o s e l y r e l a t e d to one another than they 

are to p l a n t s which do not have such a mechanism. 
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Genetics of Primula 

The work with new c r o s s e s was r e s t r i c t e d to hybrids 

i n v o l v i n g P. v u l g a r i s , P. j u l i a e and P. e l a t i o r , s i n c e F l 

hybrids i n v o l v i n g these s p e c i e s were a v a i l a b l e from 

V a l e n t i n e ' s seed i n c o m p a t i b i l i t y experiments. Use was 

a l s o made of hybrids made by Valentine using P. v e r i s . 

Crosses were made i n an insect-proof greenhouse i n 

the u s u a l way. The p l a n t s are h e t e r o s t y l e d and only 

l e g i t i m a t e c r o s s e s were made. When the r e s u l t a n t capsules 

were r i p e they were harvested, the products of each plant 

being kept s e p a r a t e l y , and scored s e p a r a t e l y f o r the 

c h a r a c t e r s i n v e s t i g a t e d , (see Table 4 ) . The capsules were 

stored over winter i n dry conditions. 

The fo l l o w i n g s p r i n g the seeds were sown i n p l a n t -

pots i n capsule f a m i l i e s , the seed from each capsule being 

kept separate from those of the other capsules. When 

the seeds had germinated they were t r a n s f e r r e d to boxes i n 

the greenhouse, and at a l a t e r stage were planted outside 

i n the experimental garden. At t h i s time i t was found 

necessary to combine some f a m i l i e s where the s u r v i v a l r a t e 

did not warrant keeping them apart. Care was taken, 

however, to ensure that only p l a n t s of the same type of 

cr o s s were put together i n these combined f a m i l i e s . 



-15-

Table 4 

Characters i n v e s t i g a t e d g e n e t i c a l l y , and 
the manner i n which the sp e c i e s d i f f e r 

by them 

Cha r a c t e r s ; 

Peduncle present 

length 
(cm) 

Flower colour 
(yellow/red) 

C o r o l l a diam. 
(mm) 

Capsule length 
(mm) 

P e d i c e l h a i r y 

Seed s t i c k y 

P e d i c e l curved 
i n f r u i t 

Species: 

•H 
U 
fciD 

O •H 
cJ H 
0) 

CQ 
•H 
U 

> 

Q) 
Cj 
•H 
H 
•A 
•n 

•H •H 

ft 

(U 
o 

o 

C •H 

+ + + + 

•H 
0 
ca 
o 
XJ 
o 

•H H 
O «H 0 
(1) CO 

0 S 

- 30 30 - 37 15 12.5 35 15 

y y y r y r 

30 18 15 26 20 26 17 17 17.5 

8 14 15 7 (15) 27 15 13 (17) 

+ + + + + 

Previous i n v e s t i g a t i o n s 

I n v e s t i g a t i o n s which are r e l e v a n t to the present s t u d i e s 
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are those of Chittenden (1928), who studied the i n h e r i t a n c e 
of pin/thrum s t y l e , degree of h a i r i n e s s , flower colour, and 
presence/absence of peduncle; and of Huskins (1929), who 
took over Chittenden's work when the l a t t e r departed f o r 
f r e s h f i e l d s . V a l entine (1953) added s e v e r a l new f r u i t i n g 
c h a r a c t e r s , and C l i f f o r d (1955) added c h a r a c t e r s of value to 
him i n i d e n t i f y i n g hybrids i n v o l v i n g P. v u l g a r i s and P. v e r i s 
i n the f i e l d . The c h a r a c t e r s which C l i f f o r d examined were 
again presence/absence of peduncle, and the dimensions of the 
f l o r a l p a r t s , Woodell (1965) has a l s o i n v e s t i g a t e d the 
genetic c o n t r o l of c o r o l l a diameter i n populations of P, 
v u l g a r i s , P, e l a t i o r , and t h e i r h ybrids. 

Since Chittenden and Huskins both worked with the 

same p l a n t s , i t seemed worthwhile to repeat some of t h e i r 

experiments with d i f f e r e n t s tocks, and i f p o s s i b l e to extend 

t h e i r i n v e s t i g a t i o n s . 

The s c o r i n g of c h a r a c t e r s 

Each plant was given a code l e t t e r of i t s own, and a 

diagram of the r e l a t i v e p o s i t i o n of each plant i n the 

experiment p l o t was drawn up, so that the same plant could 

be scored at d i f f e r e n t times f o r d i f f e r e n t c h a r a c t e r s , i n 

an attempt to uncover c o r r e l a t e d c h a r a c t e r s . 

The c h a r a c t e r s scored were as f o l l o w s : at the time 

of flowering; presence/absence of peduncle; presence/absence 
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of anthocyanin; c o r o l l a diameter. At the time of capsule 
formation: presence/absence of peduncle; posture of 
capsule; s t i c k i n e s s of seed; h a i r i n e s s ; capsule dimensions, 
were recorded. Crossing occurred f r e e l y i n the open beds, 
and no d i f f i c u l t y was experienced i n obtaining ample r i p e 
c apsules and seeds from the majority of p l a n t s . The 
presence/absence of peduncle was scored on each occasion, 
because i t was thought that t h i s could be used as a check on 
the i d e n t i t y of i n d i v i d u a l p l a n t s . L a t e r i t was r e a l i s e d 
that the phenotypic expression of t h i s c h a r a c t e r was 
v a r y i n g . The manner i n which the s p e c i e s d i f f e r from 
one another f o r the c h a r a c t e r s studied i s shown i n Table 4. 



-18-

R e s u l t s 

1, Presence or absence of peduncle 

P. v u l g a r i s and P. j u l i a e are a l i k e , at l e a s t pheno-

t y p i c a l l y , i n d i f f e r i n g from the majority of s p e c i e s of 

Primula i n not possessing a peduncle. The flowers and 

c a p s u l e s are borne i n umbels on the top of the peduncle i n 

those p l a n t s which possess the c h a r a c t e r , while the non-

peduhculate s p e c i e s u s u a l l y have no scape. T h i s i s one 

of the c h a r a c t e r s i n v e s t i g a t e d by both Chittenden (1928) and 

Huskins (1929), and they came to the conclusion that the 

c h a r a c t e r i s c o n t r o l l e d by a s i n g l e gene, the pedunculate 

c h a r a c t e r being dominant to the non-pedunculate. 

However, the condition i s not a straightforward one 

s i n c e the F l bears both pedunculate and non-pedunculate 

i n f l o r e s c e n c e s on the same p l a n t . Figure 1 shows the 

types of i n f l o r e s c e n c e which are r e f e r r e d to i n t h i s work. 

Figure 1. Types of i n f l o r e s c e n c e 

A. B. C, 

A. Pedunculate only: found i n P. e l a t i o r , 
B. Both types of i n f l o r e s c e n c e found i n some hybrids. 
C. Non-pedunculate only: found i n P. v u l g a r i s . 
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Unfortunately, t h i s i s not an easy char a c t e r to score, 

although s u p e r f i c i a l l y i t may appear to be easy. Part of 

the d i f f i c u l t y i s i t s v a r i a t i o n i n expression, p o s s i b l y due 

to both environmental and g e n e t i c a l i n f l u e n c e s . T h i s 

v a r i a t i o n i s brought out by r e f e r r i n g to my data f o r presence/ 

absence of peduncle scored twice at d i f f e r e n t times during 

the same season, i n the same p l a n t s . Data observed at flowering 

time and at the time of capsule production are s e t out i n 

Appendix A. I n some cases there are considerable d i f f e r e n c e s , 

at one time a p a r t i c u l a r plant showing only pedunculate 

i n f l o r e s c e n c e s , while at another time i t may show e i t h e r 

non-pedunculate only, or both types of i n f l o r e s c e n c e . 

I n f a m i l i e s H30 and 36 F2 ( v u l g a r i s x e l a t i o r ) , p l a n t s 

which l a t e r had both types of i n f l o r e s c e n c e at f i r s t 

developed e i t h e r pedunculate or non-pedunculate only. Of 

the twenty-three p l a n t s observed to do t h i s , nine f i r s t of 

a l l developed pedunculate i n f l o r e s c e n c e s , while fourteen 

followed the r e v e r s e procedure. T h i s i s not s i g n i f i c a n t l y 

d i f f e r e n t from a one to one r a t i o , = 1,08, P = 0,20-0.30, 

so t h a t there i s no evidence f o r a tendency f o r one type of 

i n f l o r e s c e n c e to develop f i r s t i n p l a n t s which have both 

types. 

Something more of the v a r i a t i o n of e x p r e s s i o n of the 

c h a r a c t e r may be seen by r e f e r r i n g to Va l e n t i n e ' s data 
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(Appendix B ) , which records the maximum number of the 
d i f f e r e n t types of i n f l o r e s c e n c e s seen i n r e c i p r o c a l F l 
c r o s s e s over four seasons. The mean number of pedunculate 
i n f l o r e s c e n c e s per plant i s the same i n each family, while 
the mean number of b a s a l flowers i n one family i s 10.7 and 
i n the other i s 13.1. These f i g u r e s do not d i f f e r 
s i g n i f i c a n t l y from one another, s i n c e t = 0.004, and the 
p r o b a b i l i t y of the two being the same i s more than 0,90. 

What are s i g n i f i c a n t are the extremely high standard 

d e v i a t i o n s f o r the number of b a s a l flowers, compared with 

the means. I n family G89 where the mean number i s 10.7, 

the standard d e v i a t i o n i s 10,19, while G90 and G91 

together have a mean nximber of 13.1, and a standard 

d e v i a t i o n of . 11.7. I n both cases there are p l a n t s 

which d i d not produce any b a s a l flowers at a l l during the 

four y e a r s . T h i s emphasises the great p l a s t i c i t y of the 

c h a r a c t e r . 

Some of t h i s v a r i a t i o n could be taken i n t o account 

by s c o r i n g the p l a n t s , as above, at d i f f e r e n t times during 

t h e i r development, but s i n c e there could be no guarantee 

of accuracy, i t was decided not to separate p l a n t s with 

peduncles i n t o those with, and those without non-pedunculate 

i n f l o r e s c e n c e s . 

The r e s u l t s of s c o r i n g f a m i l i e s i n v o l v i n g c r o s s e s 
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between P. v u l g a r i s and P. e l a t i o r are presented i n Table 
5, Under the heading of "family" i s given the code l e t t e r 
of the c r o s s , while under " c r o s s " i s represented the 
c o n s t i t u t i o n of the F l p l a n t s involved i n making the F2, 
For example, (ve x ev) means that an F l plant with v u l g a r i s 
as the maternal p l a n t , was used as seed parent, while an 
F l p l a n t with e l a t i o r as the maternal p l a n t , was used as 
p o l l e n parent. 

Table 5 

Peduncle c o n t r o l i n F2 f a m i l i e s of 
P. v u l g a r i s x P. e l a t i o r 

Family Cross Ped, Non-
ped. Seed 

sown 
P l a n t s scored 
as % of seed 

sown 

H30 (ve X ev) 94 32 160 78.75 

H36 (ev X ev) 100 14 131 87,02 

On a s i n g l e gene hypothesis the expected F2 r a t i o would 

be 3:1, pedunculate to non-pedunculate. The F2 t o t a l s for 

H30 and H36 are 194 pedunculate: 46 non-pedunculate, and 

t h i s d e v i a t e s from expected, (X^ = 4,34, P = 0,05 to 0.02), 

The r e c i p r o c a l F2 f a m i l i e s d i f f e r from one another. 

One, H30 with a r a t i o of 94 pedunculate: 32 non-pedunculate, 

shows the three to one r a t i o expected. The other family 
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H36, does not show a three to one r a t i o , (X^ = 7.73; 

P = l e s s than 0.01), and d e v i a t e s markedly from expected. 

Heterogeneity = 5,08, P = 0,05 to 0.02, confirming the 

impression that the F2 f a m i l i e s d i f f e r s i g n i f i c a n t l y from 

one another. 

The backcross data, presented i n Table 6, shows a 

s i m i l a r type of v a r i a t i o n . 

Table 6 

Peduncle c o n t r o l i n ( v u l g a r i s x 
e l a t i o r ) backcross to P. e l a t i o r 

P l a n t s 
, scored 

as % of Ped. 
seed 
sown 

Family Cross Non- 1:1 r a t i o 
ped. hypothesis 

X^ P r o b a b i l i t y 

H41 ve X v 54 53.7 6 23 9.96 l e s s than 
0.01% 

H43 ve X V 88 39.7 9 26 8,24 i» I I 

H44 ve X V 46 52.1 6 18 6,00 I t I I 

H45 ev X V 104 67.3 30 41 1.72 0.1 to 0.2 

H49 ve X V 51 25.4 6 13 2,76 0.05 to 
0.10 

Here again, there i s v a r i a t i o n between the d i f f e r e n t 

f a m i l i e s , with two of the f a m i l i e s not d i f f e r i n g from the 
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expected 1:1 r a t i o . 

There are d i f f e r e n c e s according to the d i r e c t i o n of 

the c r o s s , f o r H45 (ev x v) d i f f e r s s i g n i f i c a n t l y from the 

other f a m i l i e s combined (ve x v ) . Heterogeneity = 5.6, 

so that the p r o b a b i l i t y that the backcross i s homogeneous 

i s l e s s than 0.02. 

One p o s s i b i l i t y which might have explained the 

d i f f e r e n c e s between the F2 f a m i l i e s , and a l s o the backcross 

d i f f e r e n c e s , would have been the occurrence of cytoplasmic 

f a c t o r s . These could have produced r e c i p r o c a l d i f f e r e n c e s 

i n both F2 and backcross f a m i l i e s . For example, the F2 

family H36, has as the ovule parents F l p l a n t s formed with 

P. e l a t i o r as the female. Consequently, the background 

cytoplasm of the female parents of the F2 d e r i v e s from 

P, e l a t i o r , and i n t h i s family there i s an excess of 

pedunculate p l a n t s . 

I n the r e c i p r o c a l c r o s s (H30), with P, v u l g a r i s 

p r o viding the background cytoplasm, there i s no upset 

to the expected 3:1 r a t i o of pedunculate to non-pedunculate 

p l a n t s . 

Considering the backcross f a m i l i e s however, most of 

the f a m i l i e s with P, v u l g a r i s providing the background 

cytoplasm, (H41, H43, H44), show dev i a t i o n s from the 1:1 

r a t i o expected. One family, H49, did not show such a 
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change. 

S i m i l a r l y , the only backcross family with P. e l a t i o r 

p roviding the background cytoplasm, (H45), does not deviate 

from expected. 

I t may be s i g n i f i c a n t t h a t on the occasions when P. 

v u l g a r i s provides the background cytoplasm, and there i s 

a d e v i a t i o n , then there are more non-pedunculate p l a n t s than 

expected; while i n the r e c i p r o c a l c r o s s e s where there i s 

a d e v i a t i o n from expected, there are more pedunculate p l a n t s . 

However, i t does not seem that t h i s can be a s t r a i g h t ­

forward cytoplasmic s i t u a t i o n , f o r some cr o s s e s are 

apparently not a f f e c t e d at a l l , although made with the 

same p l a n t s . 

I t i s i n t e r e s t i n g to r e f e r to Chittenden (1928) at 

t h i s p o i n t . H i s data are f o r F2 ( j u l i a e x e l a t i o r ) . He 

s t a t e s , "The d i f f e r e n c e between pedunculate and non-pedunculate 

appears to be a s i n g l e f a c t o r d i f f e r e n c e , although i n the 

F2 p a r t i c u l a r l y there i s an excess of pedunculate i n d i v i d u a l s " . 

I n f a c t , h i s r a t i o of 87 pedunculate to 11 non-pedunculate 

i s s i g n i f i c a n t l y d i f f e r e n t from 3:1, (X^ = 8.85; P = l e s s 

than 0.01). His backcross to j u l i a e does however give a 

1:1 r a t i o (49 ped.; 46 non-ped.; X^ = 0.0946; P = 0,7-0,8), 

Huskins (1929), working with the same stocks says, " I n 

the second generation f a m i l i e s , however, there i s a r a t h e r 
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large excess of pedunculate plants, the numbers being 
87:11^ instead of; the expected 3:1, The pedunculate 
condition i s one which i s greatly affected by the physiolo­
g i c a l condition of the plant, which accounts for t h i s 
deviation". 

Attempts to produce hybrid families involving P. j u l i a e 
and P, e l a t i o r alone during the present experiments f a i l e d , 
diie to the poor genmination of the few seeds produced. 

My own data f o r j u l i a e insvolve a t r i p l e hybrid. This 
was produced by crossing an F l (vulgaris x e l a t i o r ) plant 
with P, j u l i a e . The figures of 50 pedunculate: 36 non-

o 

pedunculate do not d i f f e r from a 1:1 r a t i o , (X = 2.26; 
P = 0.10 to 0,20), This i s the r a t i o one would expect i f 
P, j u l i a e d i f f e r e d from P. e l a t i o r by a single recessive 
factor f o r the condition. However, i n view of the 
v a r i a b i l i t y of the character already demonstrated, i t would 
be dangerous to assume that the phenotypic resemblance of 
j u l i a e and vulgaris i n lacking a scape i s due to s i m i l a r i t i e s 
at the gene l e v e l , 
2. Length of Peduncle 

Apart from the "straightforward" control of peduncle 
presence or absence, there appears to be genetic control of 
the length of t h i s structure, Valentine (1953) says, " i t 
i s probable that modifying genes which affect the length of 
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the peduncle are also segregating as the range of variation 
i n peduncle length i s much greater i n the F2 families than 
the parents or the F l hybrids". 

A graph of the var i a t i o n i n the length of t h i s 
structure i s shown i n Figure 2 for the F2 families H30 and 
36. I t can be seen that the variation i s both large and 
continuous. Table 7 shows the coefficient of variation of 
several families. 

Table 7 
Variation i n peduncle length i n hybrids of 

P. vulgaris and P. e l a t i o r 

Family 
Number 

of 
plants 

Ii^an 
Coefficient 

of 
variation 

F l (D104 & S24) 7 13.32 19.25 

F2 (H30) 83 6.885 59.99 

(H36) 90 7.69 37.11 
Backcross to P. 

vulgaris 28 4.7 44.67 

A ' t ' test on the means of the two F2 families i n Table 
7, show that they do not d i f f e r s i g n i f i c a n t l y from one 
another f o r mean peduncle length; t = 0.0387, so that the 
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Fig. 2. Variation in peduncle length, F2(P vulgaris x Pelatior) 
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p r o b a b i l i t y that they are the same i s between 0.9 and 0.95. 
The table shows that the coefficient of variation i s 

large f o r both F2 families and the backcross, when compared 
with the F l and P. e l a t i o r . Taken i n conjunction with 
Figure 2, which shows the continuous nature of variation, 
t h i s demonstrates the polygenic control of the character. 

Another i n t e r p r e t a t i o n of the mode of control of 
peduncle presence/absence i s possible. Instead of requiring 
a single gene f o r presence/absence, a number of genes could 
be taken to control the character. In t h i s case there 
might be a threshold value above which a peduncle would be 
present, i t s length determined by the t o t a l number of 
a l l e l e s present. Below the threshold value no peduncle 
would be apparent i n normal conditions. Thus, environmental 
factors such as temperature, might be expected to affect 
the character i f they altered the value of the threshold. 

I f t h i s hypothesis i s correct, then one might expect 
that occasionally, non-pedunculate parents with a l l e l e 
concentrations j u s t below the threshold, would give ri s e 
to pedunculate of f s p r i n g . The proof of t h i s hypothesis 
would require further experimental work. Plants of the 
F2 (vulgaris x e l a t i o r ) lacking peduncles should be crossed. 
Occasionally some of them might be expected to give r i s e 
t o plants with peduncles. 
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3, Flower colour 
(a) Anthocyanin production. Another way i n which the 
species may d i f f e r from one another i s flower colour. P. 
j u l i a e has a red co r o l l a , while the other species concerned 
here usually have yellow, although there are variations. 
A l l the representatives of the other species concerned here 
were yellow. 

The yellow pigment i s borne i n plastids within the 
cytoplasm, while the anthocyanin responsible for the red 
colouration i s found i n solution i n the c e l l sap. 
As a res u l t of his crosses, Chittenden (1928) postulated 

a single dominant gene R fo r anthocyanin production, and a 
gene D which i n t e n s i f i e s the colour. On t h i s hypothesis 
one would expect a red F l , a r a t i o of 3 red:l yellow i n the 
F2, a r a t i o of 1 r e d : l yellow i n the backcross to P. vulgaris, 
the backcross to P. j u l i a e being a l l red. The figures 
obtained from scoring hybrid families between P. vulgaris and 
P. j u l i a e are recorded i n Table 8, 

The F l and F2 families support the hypothesis of a 
single gene f o r anthocyanin, the r a t i o of the l a t t e r being 
exactly the one expected. The backcross to P. vulgaris 
should give a 1:1 r a t i o , and the actual r a t i o of 45:20 
d i f f e r s from expected, (X^ = 10.4; P = less than 0.01). 
The backcross to P. j u l i a e can be taken to support the 
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Table 8 
Inheritance of corolla colour i n crosses 

involving j u l i a e and vulgaris 

Cross Red Yellow 

Fl (vulgaris x j u l i a e ) A40 A l l -
F2 ( " " ) Hl-8 51 17 
(vulgaris x j u l i a e ) x vulgaris 

HIO & H12 45 20 

(vulgaris x j u l i a e ) x j u l i a e H20 33 1 

hypothesis, since i t i s probably safe to ignore the single 
yellow plant as an accident, possibly due to a chromosome 
being l o s t i n a reduction d i v i s i o n , or to a stray pollen 
grain. Crosby (personal communication) has the impression 
that plants with anthocyanin are more resistant to attack 
from the fungus B o t r y t i s , and t h i s would possibly account 
f o r the higher proportion of plants with anthocyanin than 
expected i n the backcross to P, vulgaris. Only 56,6% of 
the plants i n t h i s family survived to be scored for t h i s 
character, so that i t i s possible that t h i s has interfered 
with the r a t i o s . 

The bulk of t h i s data therefore, supports Chittenden's 
hypothesis of a single gene for anthocyanin production. 
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No attempt was made to score for the i n t e n s i f i e r . 
(b) I n h i b i t o r of anthocyanin. Further investigations of 
Chittenden's involving P. j u l i a e i n crosses with P. e l a t i o r , 
revealed the presence of a dominant a l l e l e i n some plants 
of the l a t t e r species, which i n h i b i t e d anthocyanin production. 
Some plants of P. e l a t i o r were homozygous for t h i s factor, 
others were heterozygous, while yet others did not possess 
the factor at a l l . 

Some yellow F l plants were available from Valentine's 
experiments, indicating the presence of the i n h i b i t o r i n 
some of his stocks of e l a t i o r . The opportunity was 
therefore taken of making a number of crosses between P. 
j u l i a e and d i f f e r e n t plants of P. e l a t i o r of separate 
or i g i n s i n an attempt to discover something of the d i s t r i ­
bution of t h i s gene. Unfortunately, although several 
hundred seed were produced, only a handful of the Fl plants 
reached maturity, so that t h i s aspect of the work had to 
be abandoned. 

Some experiments with t r i p l e hybrids served to 
demonstrate the presence of the i n h i b i t o r i n populations 
of P. e l a t i o r , and to confirm i t s nature. The results of 
scoring the cross yellow (P. vulgaris x P. e l a t i o r ) x P. 
j u l i a e gave 50 red flowered plants to 39 yellow flowered. 

Assuming that there were no i n h i b i t o r s present, one 
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would expect a l l the offspring of t h i s cross to be red, 
since the presence of anthocyanin i s dominant to absence. 
I f however, one subscribes to the i n h i b i t o r theory then one 
would expect to obtain a 1:1 r a t i o red:yellow. The actual 
re s u l t s do not d i f f e r from expected (X^ = 1,13; P = 0.20-
0,30), so that these results support the idea of a single 
dominant i n h i b i t o r of anthocyanin. 

Further confirmation of the presence of the i n h i b i t o r 
i n some populations of P. e l a t i o r i s given by scoring some 
of Valentine's Fl and backcross families. The results of 
scoring the hybrids between P, j u l i a e and P, e l a t i o r are 
given i n Table 9, 

I f there were no i n h i b i t o r s present, a l l the offspring 
of these crosses would be expected to have pink flowers, so 
that the appearance of yellow flowers shows the presence 
of the i n h i b i t o r . Thus, i t can be s e e n from these results 
that some of the plants of P, e l a t i o r do contain the 
i n h i b i t o r . Some of them are homozygous for the factor, 
so that t h e i r o f f s p r i n g produce no red flowers, while others 
do not contain i t at a l l . I t would be interesting to 
extend the investigation, and f i n d out the effect of the 
i n h i b i t o r on those plants of P, vulgaris which contain 
anthocyanin. 
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Table 9 
Anthocyanin i n h i b i t o r from P. e l a t i o r expressed i n 

crosses with P. j u l i a e 

Family Pedigree Pink 
Flowers 

Yellow 
Flowers Note 

R115 (EV X J) 21 
( a l l i n 
flower) 

N i l No i n h i b i t o r 

R119 22 0 ti tt 

R127 2 0 ft tt <p 

R129 3 3 In h i b i t o r 
R134 5 2 tt 

R170 11 11 tt 

P125 Fl ( e l a t i o r 
X j u l i a e ) 

28 0 No i n h i b i t o r 

P170) 
) n 37 Homozygous P170) 
) 37 i n h i b i t o r 

1 
P171) i n h i b i t o r 

1 

4. Corolla Diameter 
Corolla diameter i s another character which d i f f e r s 

among the species, and which Valentine (1955) considers to 
be probably under the control of polygenes. There i s 
v a r i a t i o n i n the diameter of the corolla from the small 
one of P. veris to the large one of P. vulgaris. 
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Comparison of corolla diameters i n populations of 
P, veris 

The opportunity occurred of comparing corolla diameters 
i n populations of P. veris from d i f f e r e n t areas, and t h i s 
was taken to see i f the character i s as uniform as i s 
generally supposed. Table 10 contains results of scoring 
plants f o r t h i s character, and associated s t a t i s t i c s , for 
cowslip populations from Durham, Denmead (Hampshire) and 
Oxford, the l a t t e r data from Woodell (1965), 

Table 10 
Mean cor o l l a diameters and standard 

deviations for populations of P, veris 

Locality No, i n 
Sample 

Mean 
(cm,) S.D, 

Oxford (Woodell) 43 1,62 0,1959 
Durham 88 1.36 0,1365 

(pins 126 1.02 0.2348 
Denmead ( 

(thrums 149 1.10 0.1721 

Woodell (1965) has shown that there i s no difference 
i n his sample between pin and thrum corollas as far as 
diameter i s concerned, and t h i s i s so for the Denmead data 
too. The " t " t est of pin/thrvim populations from t h i s s i t e 
gives a re s u l t of 1.53, so that the corolla diameters, do 
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not vary s i g n i f i c a n t l y between the two types of flower, 
since the pr o b a b i l i t y that the two means are the same on 
t h i s r e s u l t , i s between 0.30 and 0.50. 

A comparison of populations from d i f f e r e n t parts of 
the country again reveals no significance i n the small 
differences between them. Thus, Oxford compared to Durham, 
t = 0.5359; P that means are from the same population = 
0.1-0.2; Durham compared to Denmead thrum, t = 0.4638, 
P = 0.1-0.2, p r o b a b i l i t y that means are from same population; 
OxfordA)enmead, t = 0.6316, P = 0.1-0,05, that the means 
are from the same population. 

In a l l cases the pro b a b i l i t y i s that the means are 
the same, so that s t a t i s t i c a l l y a l l the populations are 
the same. 

The results of scoring corolla diameter i n various 
hybrid families of P. veris and P. vulgaris are given i n 
Table 11. The P. veris samples came from plants grown i n 
the laboratory grounds at Durham, The samples of P, vulgaris 
measured were plants taken from wild populations i n County 
Durham by Valentine, and the corollas preserved on cards 
under transparent tape. 

There i s continuous va r i a t i o n i n the F2 (see Fig. 3), 
associated with a correspondingly greater coefficient of 
va r i a t i o n than i n the other families. In the F2, 77 pin 
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Fig.3 Variation in corolla diameter- F2(P>verig x .Pvulgarls): 



-35-

flowers were measured against 37 thrum, so that i t i s 
necessary to be certain that there i s no difference i n 
c o r o l l a diameter which might weight the r e s u l t . However, 
since " t " =0.0083, the pro b a b i l i t y of the two being the 
same i s more than 0.90. 

The evidence presented here supports Valentine's 
contention that corolla diameter i s under the control of . 
polygenes i n these two species. 

Table 11 
Corolla diameter i n P. vulgaris, P. veris 

— — ' — r -
and t h e i r hybrids 

Family 
Number 

of 
Plants 

Mean 
Corolla 
Diameter 

Coeff. 
Variation 

P. vulgaris 
(Valentine's cards) 

100 2,8 cm. 9.44 

P, ver i s 
(Durham garden) 

88 1,3 10.03 

Fl ( v e r i s x vulgaris) 
G123 

55 2,2 1.15 

F2 (v e r i s x vulgaris) 
D260 & D173 

77 
37 

2,05 
2.2 

21.93 pin 
25.36 thrum 

Backcross vulgaris 
E89 

36 . 2,3 17.29 

Corolla diameter i n crosses between P, vulgaris and 
P, e l a t i o r 

Table 12 shows, i n separate sections, measurements of 
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co r o l l a diameters i n F l , F2 and backcross families. The 
F l families are of two kinds, depending on whether vulgaris 
or e l a t i o r was used as the female parent. The F2 families 
had the same F l male parent (PF3a, Vul. x E l a t . ) , but the 
female F l parents d i f f e r e d reciprocally i n t h e i r own 
o r i g i n . In the backcross, a l l with P. e l a t i o r (F411) as 
male parent, those with G89 as female are divided according 
to whether pedunculate or basal flowers were pollinated. 
This was done i n order to determine whether or not the 
p o s i t i o n of the flower had any effect on corolla diameter, 
due to cytoplasmic factors. 

The f i r s t point which arises from a study of the 
r e s u l t s presented i n Table 12 i s that there are si g n i f i c a n t 
differences between the corolla diameters of reciprocal 
F l and F2 families. When F l G89 i s compared with the 
combined F l families G90 and G91, t = 4.3, and for 38 
degrees of freedom, P = less than 0.001. 089, with P. 
vulgaris as i t s female parent, has a s i g n i f i c a n t l y greater 
c o r o l l a diameter than i t s reciprocal. 

Of the F2 familie s , H36-38, with P, e l a t i o r as the 
maternal grandmother, has a s i g n i f i c a n t l y larger corolla 
diameter (2.46 cm.), than H32-34 (1.20 cm,), where P. 
vulgaris was the maternal grandmother, ( t = 63,80; D.F. = 
38; therefore P = less than 0.001). 
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Table 12 
Corolla diameter i n hybrids of P, vulgaris 

and P, e l a t i o r 
(v = vulgaris; e = e l a t i o r ) 

Code Cross 
Mean 

Corolla 
Diameter 

No, i n Coeff, 
Sample Variation 

F l G89 (v X e) 2,7 cm, 
Fl G90 & G91(e x v) 2,5 
F2 H32 (v X e) x (v x e) 1,2 
F2 H36 (e X v) X (v X e) 2,4 
Backcross to P, e l a t i o r : 
L13 8E L19 Pedunculate 

(v X e) X e 
L21 85 L23 Basal (v x e) x e 

(e X v) X e L15 & L17) 
L25 8s L27) 

2,43 

2,40 

2.46 

21 
19 
16 
25 

21 

20 

36 

1.611 
8.760 
18.745 
9.225 

32.098 

15.796 

12.408 

Moving on to consider the backcross families, two 
approaches to the problem were investigated, i n an attempt 
to discover i f cytoplasmic factors affected the character. 
A l l the backcross families were made with an F l hybrid as 
the seed parent, and F411 P. e l a t i o r as the pollen parent. 

The F l plants used as seed parents were either G89 
(v X e), or G90 and G91 (e x v ) . In the case of G89, 
families were produced from either basal or pedunculate 
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flowers to f i n d i f there were any differences here. Thus, 
L13 and L19 were produced using only pedunculate flowers 
of G89 as the seed parent, while L21 and L23 were produced 
with only basal flowers being used as the seed parents, 

A comparison of mean corolla diameters of L13 and L19 
with L21 and L23 shows that there i s no significance i n 
the s l i g h t difference between t h e i r means, ( t = 0.00002; 
D.F, = 39; P = much more than 0.99). Thus, the position 
of the female flower, either on a peduncle or not, makes 
no difference to the corolla diameter of the offspring, 

Backcross families produced from crosses using 
reciprocal F l seed parents, v i z . L15, L17, L25 and L27 -
L13, L19, L21 and L23, also showed no difference i n corolla 
diameter; ( t = 0.130; D.F, =54; P = more than 0.99). 

These results indicate that the differences i n corolla 
diameter are not reciprocal and are not therefore due to 
cytoplasmic, or maternal factors of some sort, contributed 
by one of the species taking part i n the crosses. This 
confirms what was hinted at i n the F l and F2 families, 
where f i r s t of a l l the larger corolla diameter i s produced 
with P, vulgaris as the female parent, and then P, e l a t i o r 
providing the background cytoplasm. 

For an explanation i t i s necessary to refer to the 
c o e f f i c i e n t of v a r i a t i o n of the F2 families, and to compare 
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them with the c o e f f i c i e n t of v a r i a t i o n f o r the other 
f a m i l i e s . Both F2 f a m i l i e s have very low c o e f f i c i e n t s of 
v a r i a t i o n considerably lower than those found i n the back-
c r o s s i n some eases, and comparable with those found i n 
the F l , T h i s i s not what i s expected with a large number 
of genes segregating, but the v a r i a t i o n i n the backcross 
demonstrates that l a r g e numbers of genes are e f f e c t i n g 
c o r o l l a diameter. The f a c t that only a comparatively small 
v a r i a t i o n e x i s t s i n c o r o l l a diameter, although t h i s i s under 
the c o n t r o l of a l a r g e number of genes, may i n d i c a t e that 
t h e r e i s some c o r r e l a t i o n between the genes f o r c o r o l l a 
diameter, and whatever i s r e s p o n s i b l e f o r the deaths i n 
the F2 f a m i l i e s . 

A l t e r n a t i v e l y , i t was pointed out e a r l i e r , when 

d i s c u s s i n g the scape, that the r e s p e c t i v e F2 f a m i l i e s are 

v a r i a b l e i n the time of production of peduncles, and t h i s 

i s t r u e a l s o of flower production. Consequently, only 

s i x t e e n p l a n t s i n family H30, and twenty-four p l a n t s i n 

fa m i l y H36, were scored f o r c o r o l l a diameter, and t h i s 

may not be a r e p r e s e n t a t i v e sample, f o r the numbers of 

p l a n t s scored f o r presence/absence of peduncle were 118 

and 119 r e s p e c t i v e l y . 

I t i s t h e r e f o r e very u n l i k e l y that the samples 

a c t u a l l y scored were r e p r e s e n t a t i v e of the population as 
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a whole, and i t would be i n t e r e s t i n g to i n v e s t i g a t e the 
matter more thoroughly, 

5. Capsule length 

Among other f r u i t c h a r a c t e r s , Valentine (1953) i n v e s t i ­

gated capsule length, and t h i s was another character 

i n v e s t i g a t e d again i n these c r o s s e s . D e t a i l s of t h i s 

c h a r a c t e r f o r P, v u l g a r i s , P, e l a t i o r and t h e i r hybrids, 

are shown i n Table 13. 

Table 13 

Capsule length i n s p e c i e s and hybrids 
of P. v u l g a r i s and P. e l a t i o r 

No. i n 
Sample 

Mean 
Capsule 
Length 

Coeff, 
V a r i a t i o n 

P. v u l g a r i s (GlOl) 8 0,81 mm 11.44 

P. e l a t i o r (D7, D13) 10 1,42 15.68 

F l ( v u l g a r i s x 
e l a t i o r (D104 & S24) 37 1.1 8.7 

F2 ( v u l g a r i s x 
e l a t i o r CH30) 144 1,17 18.74 

F2 ( e l a t i o r x v u l g a r i s ) 
(H36) 135 1,07 19,86 

Backeross to v u l g a r i s 
(H44, 45-48, 49) 125 1.14 17.78 

1 
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Here again the F2 f a m i l i e s combined have a much greater 
c o e f f i c i e n t of v a r i a t i o n than the F l and p a r e n t a l generations, 
and t h i s i s continuous, ( F i g . 4 ) . T h i s demonstrates the 
polygene i c c o n t r o l of the c h a r a c t e r noted by Valentine. 

However, these experiments r e v e a l d i f f e r e n c e s between 

the two F2 f a m i l i e s , and these are s i g n i f i c a n t , t = 63.9; 

D.F. = 3 9 ; P = l e s s than 0.001 of the two being the same. 

Comparison of c o r o l l a diameter and capsule length i n 
f a m i l i e s H30 and H36 

Since both length of capsule and c o r o l l a diameter 

appeared to show s i m i l a r d e v i a t i o n s i n r e c i p r o c a l F2 c r o s s e s , 

the r e l a t i o n s h i p of these two c h a r a c t e r s was i n v e s t i g a t e d 

f u r t h e r . 

I n family H30 the matter i s s t r a i g h t f o i ^ a r d , f o r i t i s 

c l e a r t h at the c o r o l l a diameter and capsule length do vary 

together, the one i n c r e a s i n g by u n i t amount whenever the 

other shows a u n i t i n c r e a s e . The data are s e t out i n 

Appendix C, and i t can be seen that the other family, H36, 

i s much more v a r i a b l e , and does not show a r e g r e s s i o n . A 

' t ' t e s t on the s i g n i f i c a n c e of the r e g r e s s i o n i n t h i s 

f a m i l y gives t = 1.1399; D.F. = (n - 2) = 25; therefore, 

p = 0.50^0.^0 
I n order to show a s i g n i f i c a n t r e g r e s s i o n , must be 

2.06 or more. Hence H36 does not show a r e g r e s s i o n of 
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Fig 4. Variation in capsule lengtii, F2 (vulgaris x e latior) 
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c o r o l l a on capsule length, and so d i f f e r s from H30. 

Such a d i f f e r e n c e between r e c i p r o c a l F2 f a m i l i e s i s not 

expected from the normal segregation of nuclear genes. I t 

i s a l s o d i f f i c u l t to accept the mechanism of cytoplasmic 

c o n t r o l of the c h a r a c t e r s , however, for i t has already been 

demonstrated that there i s polygenic c o n t r o l of both, 

which by i t s nature i s u n l i k e l y to be cytoplasmic. 

I t i s a l s o u n l i k e l y t h at there i s a c o r r e l a t i o n between 

the deaths due to seed i n c o m p a t i b i l i t y , and the c o n t r o l of 

c o r o l l a and capsule s i z e s . T h i s i s because there i s no 

t h e o r e t i c a l reason why there should be d i f f e r e n c e s i n the 

percentages of deaths i n r e c i p r o c a l F2 f a m i l i e s , due to t h i s 

reason. 

Nevertheless, there have been great d i f f e r e n c e s i n 

s u r v i v a l r a t e s between these two f a m i l i e s . Of the p l a n t s 

compared f o r c o r o l l a diameter and capsule length the 64 

p l a n t s of H30 represent 40% of the seed sown, while the 27 

p l a n t s of H36 represent 20,6% of the seed sown. 

According to Grant (1967), "Genes determining morpho­

l o g i c a l c h a r a c t e r s which are f i r s t expressed i n the l a t e 

s t a ges of development of higher p l a n t s , p a r t i c u l a r l y i n 

the f r u i t and flowers, are frequently l i n k e d with genes 

a f f e c t i n g growth and vigour i n e a r l y development stages. 

Related p l a n t s p e c i e s often d i f f e r a l l e l i c a l l y with l i n k e d 
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morphological and v i a b i l i t y genes, as i n d i c a t e d by the 
evidence of a r t i f i c i a l h y b r i d i s a t i o n s i n many groups". 

Grant's s o - c a l l e d M-V linkage system i s found i n r e l a t e d 

s p e c i e s of Mimulus, Gossypium, Lycopersicon, T r i t i c u m , 

Tragopogon, and Phaseolus, on homologous chromosome segments. 

I t i s often found a s s o c i a t e d with "rearranged segments 

d i f f e r e n t i a t i n g r e l a t e d s p e c i e s of C l a r k i a , Gossypium, Zea, 

T r i t i c u m and G i l i a " . I t "appears to be a general feature 

i n the a r c h i t e c t u r e of plant s p e c i e s " . 

I f t h i s system e x i s t s i n Primula i t i s probably 

d i f f e r e n t from the seed i n c o m p a t i b i l i t y system of Valentine, 

and the present data may h i n t at i t s presence. 

While i t would be premature to advance the Primula 

case as another example of an M-V linkage system, i t i s 

tempting to draw a t t e n t i o n to i t i n t h i s context. I f there 

i s such a system present, then i t i s i n addition to the seed 

i n c o m p a t i b i l i t y mechanism, and would presumably serve as a 

means of bringing about s t a b i l i s i n g s e l e c t i o n . In other 

words, the i n v i a b i l i t y of c e r t a i n genotypes i n the F2 would 

be due to t h e i r unfavourable gene combinations. The 

s u r v i v o r s , on the other hand, possess favourable gene 

combinations. 

6. H a i r i n e s s 
A c h a r a c t e r i n v e s t i g a t e d by both Chittenden (1928) and 
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Huskins (1929) i s that of h a i r i n e s s of the p e d i c e l . P. 
v u l g a r i s and P. e l a t i o r , which they used i n crosse s with 
P. j u l i a e , are both very h a i r y , while P, j u l i a e i s glabrous 
or almost so. Chittenden scored P. v u l g a r i s and P. j u l i a e 
and t h e i r hybrids with the r e s u l t s presented i n Table 14. 

Table 14 

(From Table 2, Chittenden, 1928) 

H a i r i n e s s i n P. v u l g a r i s , P. j u l i a e & t h e i r hybrids 

Family Short h a i r s 
or none 

S l i g h t l y 
h a i r y 

Very 
h a i r y 

P. a c a u l i s (= 
v u l g a r i s - - a l l 

P. j u l i a e a l l - -

F l a l l - -
F2 29 34 8 

Backcross to P. 
v u l g a r i s 14 47 126 

Backcross to P. j u l i a e 28 - — 

Chittenden w r i t e s , " I n the a c a u l i s x j u l i a e f i g u r e s , one 

can get a f a i r l y good f i t with the observed nvimbers by 

assuming the presence of three f a c t o r s ; two f a c t o r s N and L 

f o r h a i r i n e s s contributed by a c a u l i s and a f a c t o r X 

contributed by j u l i a e which i n h i b i t s h a i r i n e s s , but only 
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p a r t i a l l y i f e i t h e r N or L i s homozygous". 

Chittenden g i v e s no i n d i c a t i o n , other than h i s column 

headings, of the standards he used to score h i s p l a n t s , so 

i n our experiments the standards i l l u s t r a t e d i n P l a t e 1 

were a r r i v e d at a f t e r examining a number of p l a n t s , and 

were taken as a r b i t r a r y standards against which the p l a n t s 

could be scored. 

The r e s u l t s of s c o r i n g P. v u l g a r i s , P. j u l i a e and 

t h e i r hybrids are presented i n Table 15, 

My a n a l y s i s of the s p e c i e s and the F l agrees with 

Chittenden. The F2 p l a n t s scored number only t h i r t e e n , 

and adopting Chittenden's hypothesis, the expected numbers 

would be 9.97 short h a i r s or none:2.48 s l i g h t l y h a i r y : 

0,203 very h a i r y . The a c t u a l numbers of 11:2:0, do not 

d i f f e r s i g n i f i c a n t l y from expected, = 0.37; P = 0.05-

0.10. Chittenden's data f o r the F2 gives X^ = 4.6; P = 

0.02-0.05, 

The backcross to P, j u l i a e might be expected to be 

composed of p l a n t s with short h a i r s or none, and the 

appearance of p l a n t s i n the other c a t e g o r i e s i s not 

expected. However, Chittenden a l s o experienced t h i s 

type of r e s u l t , and as the c h a r a c t e r i s one which might be 

e a s i l y i n f l u e n c e d by environmental conditions or chromo­

somal a d d i t i o n s , these p l a n t s w i l l be ignored. 



P l a t e 1. Standards of h a i r i n e s s used when 

s c o r i n g p l a n t s f o r t h i s c h a r a c t e r . 

A: Very h a i r y . 

B: S l i g h t l y h a i r y . 

Cf Short h a i r s or none. 
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Table 15 

H a i r i n e s s i n c r o s s e s i n v o l v i n g P. v u l g a r i s 
and P. j u l i a e 

Family Short h a i r s 
or none 

S l i g h t l y 
h a i r y 

Very 
h a i r y 

P. v u l g a r i s - - a l l 

P. j u l i a e a l l - -
F l a l l - -

F2 11 2 • -

Backcross to 
v u l g a r i s 14 25 11 

Backcross to j u l i a e 28 2 2 

The backcross to P. v u l g a r i s might be expected to give 

the f o l l o w i n g r e s u l t s : 

NLX NLx NIX Nix nLX nLx nlX n i x 
NLx NLx NLx NLx NLx NLx NLx NLx 

very h a i r y s l i g h t l y h a i r y glabrous 
2 : 4 : 2 

I n other words, a 1:2:1 r a t i o i s expected. The a c t u a l 

r e s u l t of 14:25:11 comes up to expectations, X^ = 0.36 and 

P = more than 0.8 f o r 2 degrees of freedom. Chittenden's 

backcross data d i f f e r from expected i n t h i s case, but my 

data demonstrate that h i s hypothesis to e x p l a i n the 

i n h e r i t a n c e of h a i r i n e s s i s probably a v a l i d one. 
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7, S t i c k i n e s s of seed 

I t may be seen from Table 4 that one of the s p e c i f i c 

c h a r a c t e r s of P. v u l g a r i s i s i t s possession of s t i c k y seeds 

and p l a c e n t a . T h i s c h a r a c t e r i s taken to be of value to 

the p l a n t i n a s s i s t i n g i n the d i s p e r s a l of the seeds, f o r 

ants c o l l e c t them from the plant no doubt a t t r a c t e d by the 

s t i c k y s e c r e t i o n . 

V a l e n t i n e has suggested (1953), that t h i s s e c r e t i o n 

i s sugar, and t h i s was confirmed i n the present study by 

chromatographic a n a l y s i s (see Appendix D) when the sugars 

glucose, f r u c t o s e and sucrose were i d e n t i f i e d . The 

v a l i d i t y of t h i s observation i s f u r t h e r increased by 

P e r c i v a l ' s (1961) record of j u s t these sugars i n the 

n e c t a r of P. v u l g a r i s . 

A f t e r examining hybrids of P', v u l g a r i s with P. e l a t i o r , 

V a l e n t i n e (1953) s t a t e s , "that s e v e r a l genes are concerned 

i n the formation of s t i c k y seeds and placenta i s i n d i c a t e d 

by the f a c t t h a t of t h i r t y - n i n e F2 p l a n t s scored, only one 

showed t h i s c h a r a c t e r " . 

I n order to t e s t the genetic c o n t r o l of t h i s c haracter 

f u r t h e r , hybrids between P. v u l g a r i s and P. e l a t i o r , and 

P. v u l g a r i s and P. j u l i a e were scored. The r e s u l t s of 

s c o r i n g P. v u l g a r i s , P. e l a t i o r and t h e i r hybrids are 

presented i n Table 16, 
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Table 16 

S t i c k i n e s s of seed and place n t a i n s p e c i e s 
and hybrids of P, e l a t i o r and P, v u l g a r i s 

Seed s t i c k y Seed not 
s t i c k y 

P, v u l g a r i s a l l -
P, e l a t i o r - a l l 

F l ( v u l g a r i s x e l a t i o r ) a l l 

F2 H30 (v X e) X PF3a 19 92 

H36 (e X v) X PF3a 18 87 

Backcross: 
H41, 44 and 49; (v X e) X 40 21 
V -

40 21 

H45 (e X v) X V 55 7 

The hypothesis of a s i n g l e r e c e s s i v e gene would require 

a dry F l , which has been found, a 3:1 r a t i o of dry to s t i c k y 

i n the F2, and a 1:1 r a t i o i n the backcross to v u l g a r i s . 

The F2 group R3$ i s i n agreement (X^ = 3,66; P = 0.05-

0.10), but H30 d e v i a t e s from expected (X^ = .̂0̂ ; P = fe^^t^ar* 

0.05), and the combined f a m i l i e s H30 and 36 a l s o deviate 

from expected (X^ = 7.13; P = l e s s than 0.01), The back-

c r o s s f a m i l i e s do not give the 1:1 r a t i o expected on the 

hypothesis, H41, H44 and H49 (X^ = 5,90; P = 0.02-0.01), 
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H45 (X^ = 36.27, P = l e s s than 0.001). The s i n g l e gene 
hypothesis i s not supported by t h i s data. 

The best f i t with the F2 r e s u l t s i s obtained by assuming 

th r e e r e c e s s i v e genes f o r s t i c k i n e s s contributed by P, v u l g a r i s , 

When a l l the genes are heterozygous, as i n the F l , then the 

p l a n t does not have s t i c k y seeds. I f , however, one of the 

genes i s present i n the homozygous r e c e s s i v e s t a t e , and 

r e c e s s i v e a l l e l e s of the other two genes are present, then 

the p l a n t has s t i c k y seed and p l a c e n t a . Thus, the F l 

combination i s not s t i c k y , but the combinations j ^ ; 

^g^; e t c . , are s t i c k y . 

On t h i s hypothesis the F2 would be expected to produce 

a r a t i o of 54:10, s t i c k y : n o t s t i c k y , and the a c t u a l r a t i o 

of 179:37 does not d i f f e r from expected, (X^ = 0.20; P = 

0.5-0.7). 

The backeross to P. v u l g a r i s should give a 7:1 r a t i o , 

and the a c t u a l r a t i o (99:28) d i f f e r s s i g n i f i c a n t l y from 

expected; (X^ =5.77; P = 0.02-0.01). 

I t was mentioned e a r l i e r , i n connection with the 

s c o r i n g of peduncle presence/absence, that the high death 

r a t e could have played havoc with the r e s u l t s , and the 

same p o s s i b i l i t y holds good with t h i s c h a r a c t e r . Considering 

pedunculate p l a n t s alone, then there i s a t o t a l of 177 of 

them i n the two F2 f a m i l i e s . One would expect on the 
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s i n g l e gene hypothesis to obtain 132.75:44.25 n o t - s t i c k y : 

s t i c k y , but the a c t u a l r e s u l t s d i f f e r from t h i s ; 145:32; 

X^ = 4.25; P = 0.05-0.02. 

Assuming that a l l the seeds had germinated and grown 

to maturity, then there would have been expected on the 

hypothesis 218.25:72.75 s t i c k y to non-sticky. I t i s 

l i k e l y t h e r e f o r e , that there have been large l o s s e s i n 

both c a t e g o r i e s , but there i s nothing to i n d i c a t e that these 

l o s s e s have not been unequal. I t appears then, that the 

r e s u l t s of a n a l y s i n g t h i s s e r i e s of c r o s s e s are inconc l u s i v e . 

They do not s a t i s f a c t o r i l y s e t t l e the matter e i t h e r way, 

n e i t h e r supporting V a l e n t i n e ' s hypothesis nor c o n t r a d i c t i n g 

i t . Perhaps the most s e n s i b l e course i s to recognise t h i s 

f a c t , and to undertake f u r t h e r experiments to s e t t l e the 

matter f i n a l l y . 

The data f o r c r o s s e s between P, v u l g a r i s and P . j u l i a e 

do not throw any c l e a r e r l i g h t on the problem, i n f a c t , 

they confuse the matter s t i l l f u r t h e r . The r e s u l t s of 

s c o r i n g these c r o s s e s are set out i n Table 17. 
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Table 17 

S t i c k i n e s o f seed and placen t a i n c r o s s e s 
between P. v u l g a r i s and P. j u l i a e 

Seed s t i c k y Seed not 
s t i c k y 

P. v u l g a r i s a l l 

P. j u l i a e - I a l l 

F l (A40) - a l l 

F2 (Hl-8) 11 

Backcross to P. v u l g a r i s 
(HIO & H12) 63 

Backcross to P. j u l i a e 
(H20) ~ 15 

These r e s u l t s are obviously d i f f e r e n t from those 

obtained from the c r o s s e s i n v o l v i n g P. e l a t i o r and P. 

v u l g a r i s , and do not suggest s e v e r a l genes c o n t r o l l i n g the 

c h a r a c t e r . Rather do they suggest a s i n g l e gene, at 

l e a s t p a r t l y dominant. A s i n g l e dominant gene r e q u i r e s 

a s t i c k y F l , which does not occur. The F2 would be 

expected to give a r a t i o of 3 s t i c k y : 1 n o t - s t i c k y , and 

11:0 does not d i f f e r from t h i s by a s i g n i f i c a n t margin, 

(x2 =0.2; P = 0.50-0.70). The backcross to P. j u l i a e 

i s , as expected, a good 1:1 r a t i o (X^ = 0.2; P = 0.50 to 
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0.70). The backcross to P. v u l g a r i s can be taken to be 
i n agreement with the hypothesis, s i n c e the s i n g l e non-
s t i c k y p l a n t could be due to a mis-score. Only the F l 
d i f f e r s from expected. 

I t does seem, t h e r e f o r e , that these two s p e c i e s 

d i f f e r from one another by only a s i n g l e gene of incomplete 

penetrance, r a t h e r than the s e v e r a l genes which separate 

P, v u l g a r i s and P. e l a t i o r , F l p l a n t s may d i f f e r from 

one another f o r t h i s c h a r a c t e r , even i n non-reciprocal 

c r o s s e s , f o r the F l - t y p e p l a n t s i n the F2 must be s t i c k y 

to give the recorded r e s u l t s , even though the F l i t s e l f i s 

not s t i c k y . I t may be t h e r e f o r e , that the gene or genes 

f o r s t i c k i n e s s are themselves acted on by modifying genes. 

T h i s i s a question which w i l l r e q u i r e f u r t h e r i n v e s t i g a t i o n 

before f i r m conclusions about i t can be reached. 

What are p o s s i b l y s i m i l a r types of s i t u a t i o n have 

been described by Clausen (1958). He found that i n 

ecotypes of L a y i a .... " S h i f t s of dominance occur, and 

r a t i o s of segregation vary from hybrid to hybrid ....,.". 

For example, presence of c e n t r a l stem i s r e c e s s i v e i n 

the c r o s s Jenner x San Bernardino, but i s dominant i n the 

c r o s s Cambria x P a l a , "Dominance i s a l s o reversed i n the 

i n h e r i t a n c e of o r i e n t a t i o n of branching. Ratios such as 

43:21 and 9:7 i n d i c a t e the presence of complementary genes. 
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whereas 13:3 suggests the i n t e r a c t i o n of genes having 
opposite e f f e c t s . The genotypes are therefore not 
d i r e c t l y r e l a t e d to the phenotypes". 

8, Capsule posture 

T h i s i s another c h a r a c t e r i s t i c of P. v u l g a r i s which 

was i n v e s t i g a t e d with somewhat v a r i a b l e r e s u l t s . The 

posture of the f r u i t i n g capsule i n P. v u l g a r i s i s d i s t i n c ­

t i v e . I n f r u i t , the capsule i s bent down to the ground, 

due to the curvature of the p e d i c e l . The majority of 

the other s p e c i e s have t h e i r capsules e r e c t . Doubtless, 

i t i s of great value to P, v u l g a r i s that i t s capsule should 

assume t h i s p o s i t i o n , s i n c e i t enables ants to c o l l e c t , 

and so d i s p e r s e , i t s s t i c k y seeds. 

Attempts were made to i n v e s t i g a t e the posture of the 

capsule i n v a r i o u s hybrids i n v o l v i n g P, v u l g a r i s , but apart 

from the observation that the c h a r a c t e r was i n f a c t 

segregating, l i t t l e progress could be made. L a t e r c r o s s e s 

made by Val e n t i n e revealed d i f f e r e n c e s i n capsule posture 

between r e c i p r o c a l F l c r o s s e s , suggesting that at l e a s t 

some of the expression of t h i s c h a r a c t e r i s a f f e c t e d by 

cytoplasmic f a c t o r s . 

Linkage of c h a r a c t e r s 

Although i n v e s t i g a t i o n s i n t o the r e l a t i o n s h i p s of 
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d i f f e r e n t g enetic c h a r a c t e r s were made, no c o r r e l a t i o n s , 
other than those already discussed, were detected. 
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D i s c u s s i o n of Genetics 

There are on record a number of r e p o r t s of i n v e s t i ­

gation i n t o the g e n e t i c s of c h a r a c t e r s by which s p e c i e s , or 

l e s s e r c a t e g o r i e s , may be d i s t i n g u i s h e d one from another. 

I n formal taxonomic terms s p e c i e s are recognised as 

being separate from one another on the b a s i s of s e v e r a l 

c h a r a c t e r s . For i n s t a n c e , Clausen (1951) uses seventeen 

c h a r a c t e r s to analyse the d i f f e r e n c e s between spec i e s of 

L a y i a , I n v e s t i g a t i o n s i n both Europe and America have 

thrown l i g h t on the genetic c o n t r o l of t h i s type of 

c h a r a c t e r . For example, Prazmo (1965) has i n v e s t i g a t e d 

the i n h e r i t a n c e of t r a i t s d i s t i n g u i s h i n g d i f f e r e n t complexes 

of A q u i l e g i a , T r a i t s "such as; height of plant, shape 

of l e a v e s , length of spurs, degree of t h e i r curvature, 

dimensions of p e t a l s and s e p a l s , length of the androecium, 

length of the f o l l i c l e s , number of f o l l i c l e s , number of 

ovules, s i z e of the seeds, time of flowering", were shown 

to e x h i b i t a continuous v a r i a t i o n , "presumably caused by 

the segregation of polygenes". "On the other hand, such 

a d d i t i v e and d i a g n o s t i c c h a r a c t e r s as the presence or 

absence of spurs, s t r a i g h t or curved spurs, p o s i t i o n i n g of 

the flowers, e i t h e r nodding or e r e c t , and the flower 

pigmentation are dependent on one or only a few p a i r s of 

allelomorphs". 
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Doroszewska (1965) found that c h a r a c t e r s d i f f e r e n t i a t i n g 
T r o l l i u s c h i n e n s i s and T. europaeus, such as colour and shape 
of f l o w e r s , dimensions of p e r i a n t h segments, f o l l i c l e s and 
beaks, "are a l l c o n t r o l l e d by cumulative multiple f a c t o r s , 
and demonstrate i n the F2 a continuous v a r i a t i o n " . 

The same types of genetic c o n t r o l have been shown to 

be operating i n t h i s group of Primulas, and indeed one can 

go f u r t h e r . One can a s s o c i a t e the types of genetic systems 

operating i n Primula with those noted by Grant (1956), and 

shown i n Table 3, 

Table 18 shows the types of genetic systems which enter 

i n t o the d i f f e r e n t i a t i o n of the Primula s p e c i e s , and t h i s 

can be compared d i r e c t l y with Grant's t a b l e , (see page ) . 

I t can be seen at once that Primula f i t s n e a t l y into the 

g e n e r a l i s e d p i c t u r e , being d i f f e r e n t i a t e d i n most of the 

ways mentioned by Grant. Section 5 of h i s t a b l e w i l l be 

d e a l t with a f t e r the c y t o l o g i c a l r e s u l t s have been presented. 

In general, these r e s u l t s agree with the observations 

of the v a r i o u s workers quoted above. The types of genetic 

mechanism i l l u s t r a t e d here are those which separate " d i s t i n c t 

e c o l o g i c a l r a c e s , subspecies, and c l o s e l y r e l a t e d s p e c i e s " , 

so t h a t V a l e n t i n e ' s view of t h i s group being ecospecies of 

the same coenospecies i s strongly supported. 

Features such as those i n v e s t i g a t e d g e n e t i c a l l y are 
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Table 18 

Types of ge n e t i c systems entering i n t o the 
d i f f e r e n t i a t i o n of Primula s p e c i e s 

1. Simple Mendelian d i f f e r e n c e s . 
(a) S i n g l e gene d i f f e r e n c e s : e.g. antho-

cyanin production. 

(b) Complementary f a c t o r s : e.g. h a i r i n e s s . 

2. Polygenic systems. 
(a) Multiple f a c t o r s with a d d i t i v e e f f e c t s : 

e.g. peduncle length, c o r o l l a diameter, 
capsule length. 

(b) Modifiers .... dominance e f f e c t e d by 
mod i f i e r s i n s t i c k i n e s s of seed. 

3, Cytoplasmic d i f f e r e n c e s : e.g. capsule 
posture. 

4. Gene c o n t r o l l e d s t e r i l i t y phenomena. 
S t e r i l i t y f a c t o r s : e.g. V a l e n t i n e ' s 

seed i n c o m p a t i b i l i t y . 

j u s t the kind of morphological f e a t u r e s which are used by 

the formal taxonomist i n separating h i s taxa, and r e l a t i n g 

them to one another. For instance, Wendelbo (1960) 

comments p a r t i c u l a r l y on the uniformity of p o l l e n morphology 

i n h i s subgenus Primula. Something of the v a r i a t i o n s of 

c l a s s i f i c a t i o n which are p o s s i b l e when using the same 

morphological data were described e a r l i e r i n t h i s work with 
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r e f e r e n c e to the group of p l a n t s being studied, and i t i s 
p o s s i b l e to a l i g n the taxa i n d i f f e r e n t ways according to 
the c h a r a c t e r s chosen f o r emphasis as being important 
d i a g n o s t i c a l l y . 

The great drawback to t h i s weighting of c h a r a c t e r s i s 

t h a t i t introduces a s u b j e c t i v e element. However, i n 

those c a s e s where a phylogenetic check i s p o s s i b l e , v i a 

the f o s s i l record, there i s j u s t i f i c a t i o n for i t . Sporne 

(1956), f o r example,has c a l c u l a t e d an "advancement index" 

f o r a l l f a m i l i e s of Dicotyledons, attempting to use the 

f o s s i l record and c h a r a c t e r c o r r e l a t i o n s i n order to d i s ­

t i n g u i s h between p r i m i t i v e and advanced c h a r a c t e r s . 

Between c l o s e l y r e l a t e d s p e c i e s i t i s . o f t e n d i f f i c u l t 

to decide between what should be 'advanced' and ' p r i m i t i v e ' , 

f o r the type of c h a r a c t e r considered by Sporne w i l l be held 

i n common by a l l taxa. I t i s the d i f f i c u l t y of deciding 

which c h a r a c t e r s should be emphasised which have l e d to 

the d i f f i c u l t i e s of Primula c l a s s i f i c a t i o n . 

According to Sokal and Sneath (1962), " I n recent years 

a number of authors have pointed out the l o g i c a l f a l l a c i e s 

u n d e r l y i n g attempts to force phylogenetic c r i t e r i a on to 

taxonomic groupings, or to a r r i v e at taxonomies based on 

phylogenetic deductions". They urge a r e t u r n to the 

Adansonian p o s t u l a t e s of a l l c h a r a c t e r s having equal weight. 
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the taxa being based on c o r r e l a t i o n s between f e a t u r e s . 
"These concepts are the b a s i s f o r the numerical a n a l y s i s 
of taxonomic resemblances. Acceptance of equal weighting 
a l l o w s the ready mathematical treatment of c h a r a c t e r s , and 
the use of estimates of resemblance ( r a t h e r than key 
c h a r a c t e r s ) f o r c r e a t i o n of taxa allows f o r the formation 
of ' n a t u r a l ' taxonomic groups". 

Sneath (1962) f u r t h e r d e s c r i b e s the process of 

numerical taxonomy. "Adansonian c l a s s i f i c a t i o n may be 

b r i e f l y summarised as f o l l o w s : -

(1) The i d e a l 'natural* taxonomy i s that i n which 

the taxa have the g r e a t e s t content of information, 

and which are based on as many fea t u r e s as p o s s i b l e . 

(2) Every f e a t u r e i s of equal weight i n c o n s t r u c t i n g 

' n a t u r a l ' t a x a . 

(3) O v e r a l l s i m i l a r i t y ( a f f i n i t y ) i s a function of 

the proportion of f e a t u r e s i n common. 

(4) D i s t i n c t taxa are based on c o r r e l a t e d f e a t u r e s . 

(5) A f f i n i t y i s t r e a t e d as independent of phylogeny, 

i . e . as an independent taxonomic dimension, and i s 

t h e r e f o r e phenetic". 

I d e a l l y , as l a r g e a number of c o n t r a s t i n g c h a r a c t e r s 

as p o s s i b l e should be scored f o r presence or absence. The 

c h a r a c t e r s scored i n the present study are l i s t e d i n Table 
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19, together with the ways they vary i n the d i f f e r e n t 
s p e c i e s . 

The s p e c i e s may now be compared i n p a i r s to decide 

how many c h a r a c t e r s each p a i r has i n common. I n t h i s 

a n a l y s i s only p o s i t i v e c o r r e l a t i o n s - that i s , two pluses -

are counted. I t i s held that two negatives, showing that 

the two s p e c i e s under c o n s i d e r a t i o n both d i f f e r from the 

c h a r a c t e r s t a t e d , does not n e c e s s a r i l y i n d i c a t e s i m i l a r i t y . 

The absence of a s p e c i f i e d s t a t e does not automatically 

p l a c e them i n the same category, f o r the negative condition 

may take s e v e r a l forms. To take a hy p o t h e t i c a l case, i f 

the c h a r a c t e r being considered were 'flowers red', then 

the absence of t h i s colour could be due to the flowers 

being white or yellow, and to score the negatives as 

i n d i c a t i n g the same s t a t e would be i n c o r r e c t . 

Table 20 shows the number of p o s i t i v e characters, held 

i n common by any p a i r of s p e c i e s . 

From these data i t i s p o s s i b l e to construct a dendrogram 

to express the r e l a t i o n s h i p s of the taxa. Sokal and Sneath 

point out that t h i s i s not a family t r e e , but merely 

i n d i c a t e s the r e l a t i o n s h i p s of adjacent taxa. 

The methods used to a d j u s t the taxa to t h e i r p o s i t i o n s 

i n the dendrogram are c o l l e c t i v e l y known as c l u s t e r a n a l y s i s . 

For example, the s p e c i e s are retabulated and l i s t e d according 
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Table 20 

Numbers of the nineteen c h a r a c t e r s held 
i n common by any p a i r of sp e c i e s 
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to t h e i r s i m i l a r i t i e s . Table 21. To begin with the sp e c i e s 

other than e l a t i o r were considered, because i t s i n c l u s i o n i n 

the e a r l y c l u s t e r i n g i s confusing. 

Considering the r e l a t i o n s h i p s of P. v e r i s , then i t has 

seven points i n common with i t s c l o s e s t r e l a t i v e , P. 

l o f t h o u s e i . V e r i s has s i x points of resemblance with 
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Table 21 

Species p a i r s i n order of s i m i l a r i t y 

S i m i l a r i t y P a i r s 

(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

e l a t . 
e l a t . -

p a l l . -
e l a t . -

p a l l . -
i n t r i . 
amoena 

- l o f t . ; 
- v e r i s ; 

- l o f t . ; 
- amoena 

- i n t r i . 
- l o f t . 
- l o f t . 

e l a t . - p a l l . ; 
v e r i s - l o f t . ; 

e l a t . - i n t r i . ; 
p a l l . - v e r i s ; 

p a l l . - amoena; 
i n t r i . - v e r i s ; 
amoena - v e r i s ; 

meg. - j u l i a e ; 

i n t r i . ; 
e l a t . ; 

meg. -
meg. -
amoena 
j u l i a e 

meg. - amoena; 
i n t r i . - j u l i a e ; 

- j u l i a e ; j u l i a e - vulg.; 
- e l a t . ; 

p a l l , - j u l i a e ; p a l l . - meg.; 
p a l l . - vulg.; meg. - l o f t . ; 
meg. - v e r i s ; i n t r i . - vulg.; 
j u l i a e - l o f t . ; j u l i a e - v e r i s ; 
vulg. - e l a t . ; 

meg. - vulg.; amoena - vulg.; 
vulg. - v e r i s ; 

p a l l a s i i , and f i v e with i n t r i c a t a and amoena. P. l o f t h o u s e i , 

w ith f i v e points i n common with i n t r i c a t a and amoena has s i x 

i n common with p a l l a s i i . Hence, the order of r e l a t i o n s h i p 



-63-

i s v e r i s - l o f t h o u s e i - p a l l a s i i - and e i t h e r amoena or 
i n t r i c a t a . V e r i s has as i t s most d i s t a n t a s s o c i a t e P. v u l g a r i s , 
with only one point of resemblance i n common^ij 

S t a r t i n g from v u l g a r i s , then the p i c t u r e outlined above 

i s confirmed, i n that v e r i s and l o f t h o u s e i are among the most 

d i s t a n t of i t s r e l a t i v e s with only one point of resemblance 

each. P. j u l i a e i s the c l o s e s t r e l a t i v e of v u l g a r i s , but not 

so very c l o s e morphologically speaking, with only three points 

of resemblance. J u l i a e ' s c l o s e s t a s s o c i a t e i s megaseaefolia, 

the two s p e c i e s s h a r i n g four points of resemblance. 

Megaseaefolia has three points i n common with both i n t r i c a t a 

and amoena, making a d e c i s i o n about the r e l a t i v e p o s i t i o n s of 

the two s p e c i e s impossible. Indeed the only evidence i s 

of f e r e d by the number points i n common between these two 

s p e c i e s and P. v u l g a r i s . The l a t t e r s p e c i e s has two points 

i n common with i n t r i c a t a , but only one with amoena. Nevertheless, 

i t i s f e l t that t h i s evidence i s too s l i g h t to p o s i t i o n the 

s p e c i e s with confidence, so that t h e i r exact p o s i t i o n s A l B e s t i l l 

debatable. 

Primula e l a t i o r has seven points i n common with each of 

v e r i s , l o f t h o u s e i and p a l l a s i i , and s i x with amoena and i n t r i c a t a . 

With the other s p e c i e s i t has fewer points of resemblance, so 

t h a t i t c l e a r l y belongs to the v e r i s - l o f t h o u s e i - p a l l a s i i group. 

E l a t i o r has more po i n t s i n common with amoena (6) and i n t r i c a t a 
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( 6 ) , than has v e r i s ( 5 ) , or l o f t h o u s e i ( 5 ) , or p a l l a s i i ( 5 ) , 
S i m i l a r l y , e l a t i o r has more points i n common with megaseaefolia 
( 3 ) , and j u l i a e ( 3 ) , than has any of the speci e s v e r i s (2 & 2 ) , 
l o f t h o u s e i (2 & 2 ) , and p a l l a s i i (2 & 2 ) . T h i s suggests a 
s p e c i e s order of v e r i s , l o f t h o u s e i , p a l l a s i i , e l a t i o r , 
amoena, i n t r i c a t a . However, v e r i s and e l a t i o r have i n 
common seven p o i n t s , while p a l l a s i i and v e r i s have only s i x . 
Consequently, i n view of t h i s discrepancy, the p o s i t i o n of 
e l a t i o r must be regarded as t e n t a t i v e . 

A dendrogram of r e l a t i o n s h i p s i s shown i n F i g . 5. 

Although i t would be dangerous to accept the f i n e r d e t a i l s 

of r e l a t i o n s h i p s i n d i c a t e d here without f u r t h e r support, 

i t i s p o s s i b l e to observe the extremes. V u l g a r i s and v e r i s 

are p h e n o t y p i c a l l y the most d i s t a n t p a i r of s p e c i e s , with 

j u l i a e c l o s e r to v u l g a r i s and l o f t h o u s e i c l o s e r to v e r i s . 

Consequently, t h i s evidence tends to favour the view 

a s s o c i a t e d with the c y t o l o g i c a l evidence, ra t h e r than that 

from seed i n c o m p a t i b i l i t y . 
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Cytology 

The use of c y t o l o g i c a l observations i s a common means 

of i n v e s t i g a t i n g the d i f f e r e n c e s and s i m i l a r i t i e s between 

t a x a . As Swanson (1960) p o i n t s out, "Cytology has become 

an accepted and exceedingly u s e f u l s c i e n c e i n the hands of 

the taxonomist who was i n t e r e s t e d i n something more than 

simple morphological c r i t e r i a f o r d e f i n i n g s p e c i e s r e l a t i o n ­

s h i p s . In f a c t , r e l a t i o n s h i p s w i t h i n n a t u r a l groups of 

s p e c i e s can hardly be considered to be complete i n an 

e v o l u t i o n a r y sense without good cytotaxonomic data to 

r e i n f o r c e conclusions based on morphological c r i t e r i a " . 

M i t o s i s 

Cytology has already been used by Bruun (1932) to 

i n v e s t i g a t e r e l a t i o n s h i p s w i t h i n the genus Primula as a 

whole. He found a good measure of agreement between the 

p i c t u r e of r e l a t i o n s h i p s expressed by such feat u r e s as 

chromosome number and morphology, and those expressed i n 

terms of more conventional s t u d i e s . Bruun e s t a b l i s h e d 

t h a t i n the Vernales s e c t i o n (now i n Wendelbo's subgenus 

P r i m u l a ) , n = 11, and that t h i s i s probably the b a s i c nvunber 

f o r the whole genus. "As to s i z e , the chromosomes are 

throughout small and short", Bruun notes, "with a length = 

2-3 times t h e i r width. Furthermore, they are mostly 
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kidney-shaped or bent a t an angle, i n d i c a t i n g a median 
c o n s t r i c t i o n " . Bruun bel i e v e d that changes i n the nature 
of the chromosome complement may have occurred due to 
t r a n s l o c a t i o n . He believed that such a change i n v o l v i n g 
" i n v e r s i o n or r e v e r s a l of a segment" had occurred i n a 
member of the s e c t i o n under c o n s i d e r a t i o n , P. leucophylla, 
( c l a s s i f i e d by Smith and F l e t c h e r as a subspecies of P. 
e l a t i o r ) . He f u r t h e r believed that the change was as s o c i a t e d 
with the s a t e l l i t e d chromosomes, a p a i r of which are a 
fe a t u r e of the karyotype of the group. 

"On making a comparison with s e c t i o n s p r e v i o u s l y 

examined we f i n d corresponding s i z e of chromosomes and 

co n f i g u r a t i o n s only i n Megaseaefolia. These two form a 

s t r i c t l y d e l i n e a t e d c y t o l o g i c a l type from the groups 

p r e v i o u s l y described. The conclusion i s quite obvious 

t h a t the Vernales and Megaseaefolia c o n s t i t u t e a separate 

branch of the genus, so f a r removed from the other s e c t i o n s 

t h a t no k i n s h i p with any other group can be demonstrated 

c y t o l o g i c a l l y " . Recent work of Valentine (1961) on seed 

i n c o m p a t i b i l i t y has suggested that megaseaefolia i s more 

n e a r l y a s s o c i a t e d with P. e l a t i o r than any other member of 

the group, while the numerical a n a l y s i s presented e a r l i e r 

confirms the v a l i d i t y of a s s o c i a t i n g i t with the other 

members of the group. 
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M i t o t i c chromosomes 

Primula appears to be d i f f i c u l t m a t e r i a l i n which to 

obtain s a t i s f a c t o r y m i t o t i c stages i n root t i p s . Attempts 

were made to produce r o o t - t i p squashes i n order to observe 

somatic chromosomes. Squashes were made a f t e r f i x a t i o n 

i n a l c o h o l : g l a c i a l a c e t i c acid:chloroform (3:1:1), both 

with and without pre-treatment. C o l c h i c i n e , para d i c h l o r o -

benzene, and co l d treatment were a l l used as pre-treatment 

at d i f f e r e n t times. Unfortunately, no r e a l l y s a t i s f a c t o r y 

p r e p a r a t i o n s were obtained, although the Feulgen technique, 

and aceto-carmine were used on m a t e r i a l which had been 

s t o r e d i n deep f r e e z e i n a l c o h o l f o r some time, and a c e t i c 

o r c e i n was used on f r e s h m a t e r i a l . 

One d i f f i c u l t y was that not many c e l l s appeared to be 

undergoing d i v i s i o n , and those which were did not give 

s a t i s f a c t o r y p l a t e s , f o r i t was found d i f f i c u l t to spread 

the chromosomes. 

E v e n t u a l l y , i t was decided to follow Bruun's example 

and use sectioned m a t e r i a l . Accordingly, root t i p s were 

f i x e d i n Nawashin's f l u i d and embedded i n p a r a f f i n wax. 

They were then sectioned at 12| mu t h i c k n e s s , and s t a i n e d 

i n c r y s t a l v i o l e t , being counterstained i n orange G. 

S e r i a l s e c t i o n s were then mounted i n balsam. The chromosomes 

are apparently as Bruun described them i n number and 
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c o n f i g u r a t i o n . However, i t was not p o s s i b l e to add anything 
to Bruun's m i t o t i c observations. 

W. W. Smith (1933) commenting on the c o r r e l a t i o n of 

Bruun's c y t o l o g i c a l a n a l y s i s of Primula with h i s own, more 

formal, taxonomic approach says, "Granted that there i s a 

remarkable coincidence between the r e s u l t s of the two 

methods so f a r as the broader i s s u e s are concerned, w i l l 

t here be the same harmony when these i n v e s t i g a t i o n s are 

c a r r i e d i n t o the f i e l d of greater d e t a i l ? " . Again, ( i b i d ) , 

"Too much cannot be read i n t o grosser c y t o l o g i c a l phenomena. 

Approximation c y t o l o g i c a l l y i s not n e c e s s a r i l y d e c i s i v e as 

to c l o s e a f f i n i t y . U n t i l the c y t o l o g i s t can i n t h i s genus 

c a r r y h i s a n a l y s i s deeper, i n v o l v i n g the q u a l i t a t i v e content 

of the chromosomes and the d i f f e r e n t r e l a t i o n s h i p s between 

them, t h i s d i f f e r e n c e of opinion w i l l p e r s i s t " . 

Smith & L e v i n (1967) w r i t e , "While d i s t i n c t i v e 

karyotype d i f f e r e n c e s almost c e r t a i n l y s i g n a l gross 

d i f f e r e n c e s i n the genetic makeup of the chromosome, i t 

cannot be assumed that i d e n t i c a l or ne a r l y i d e n t i c a l 

chromosome morphology i s i n d i c a t i v e of homology". The 

present study i s an attempt to c a r r y the c y t o l o g i c a l 

a n a l y s i s of the s p e c i e s of the s e c t i o n Primula deeper, i n 

an e f f o r t to di s c o v e r and evaluate some of the d i f f e r e n t 

r e l a t i o n s h i p s between the chromosomes of the d i f f e r e n t 
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s p e c i e s of the s e c t i o n Primula, using the extent of p a i r i n g 
i n i n t e r s p e c i f i c hybrids, and the types of abnormality 
produced i n i n t e r s p e c i f i c hybrids. 

Meiotic s t u d i e s 

Other than to suggest that the s p e c i e s might be c l o s e l y 

r e l a t e d , s i n c e t h e i r chromosomes are so s i m i l a r , the study 

of m i t o s i s does not add a great deal to the p i c t u r e of 

r e l a t i o n s h i p s w i t h i n the group. 

Davis and Heywood (1963), commenting on i n t e r s p e c i f i c 

h y b r i d s , make the point, "Frequent use i s made of meiotic 

chromosome behaviour as a means of i n d i c a t i n g r e l a t i o n s h i p s 

through the kind and degree of p a i r i n g which has taken 

p l a c e ". L a t e r , the same authors w r i t e , "Evidence 

from p a i r i n g a t meiosis w i l l give an i n d i c a t i o n of p h y l e t i c 

r e l a t i o n s h i p s " , while Sokal (1963) w r i t e s , "Plant cytology 

more than any other f i e l d can l a y cl a i m to giving i n s i g h t s 

i n t o the true r e l a t i o n s h i p s among organisms". 

Many workers have made use of the extent and type of 

p a i r i n g i n i n t e r s p e c i f i c hybrids to draw conclusions about 

the r e l a t i o n s h i p s of the s p e c i e s concerned. Stebbins 

(1950) w r i t e s , "... the chromosomes of d i f f e r e n t s p e c i e s 

may look e x a c t l y a l i k e as to s i z e and form, but neverthe l e s s , 

p ossess many d i f f e r e n c e s i n gross s t r u c t u r e , such as 

t r a n s l o c a t i o n s and i n v e r s i o n s , which become evident only 
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when they p a i r with each other i n s p e c i e s hybrids". 

Stebbins goes on to say " the evidence i n d i c a t e s 

t h a t the karyotypes of the o r i g i n a l , u n s p e c i a l i z e d progenitors 

of most f a m i l i e s of flowering p l a n t s were e s s e n t i a l l y 

sjmunetrical. Increased asjnnunetry of the karyotype, 

c o n s i s t i n g of the e v o l u t i o n both of chromosomes with 

subterminal centromeres, and of i n e q u a l i t y of s i z e between 

the chromosomes of the same karyotypes has been a frequent, 

but f a r from u n i v e r s a l , type of change accompanying increased 

s p e c i a l i s a t i o n i n e x t e r n a l morphology". 

The extent of p a i r i n g and the formation of abnormalities 

may be used as an index of the r e l a t i o n s h i p s of the s p e c i e s , 

f o r , " c l o s e l y r e l a t e d s p e c i e s are u s u a l l y s i m i l a r i n these 

r e s p e c t s , and d i s t a n t l y r e l a t e d ones are often recognisably 

d i f f e r e n t ...", (Stebbins, 1950). 

, As Mentzel (1962) says, "During the evolution of 

s p e c i e s , chromosomes undergo changes which render them 

i n c r e a s i n g l y non-homologous with a n c e s t r a l chromosomes 

and chromosomes of other s p e c i e s descended from the same 

a n c e s t r y " . Thus, a c o n s i d e r a t i o n of the types and extent 

of these s t r u c t u r a l d i f f e r e n c e s i n the hybrids formed 

between the members of a group of s p e c i e s can "give an 

i n d i c a t i o n of p h y l e t i c r e l a t i o n s h i p s " . 

Among those who have used cytology to e l u c i d a t e 
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r e l a t i o n s h i p s among s p e c i e s was Goodspeed (1954), who wrote, 
"Extent of chromosome homology as expressed by the amount 
and q u a l i t y of p a i r i n g at Ml of F l i n t e r s p e c i f i c hybrids 
provides s i g n i f i c a n t evidence concerning spe c i e s o r i g i n s 
and r e l a t i o n s h i p s i n N i c o t i a n a " . 

Love and Love (1960) go as f a r as to say, "Cytotaxonomy 

i s the most e f f e c t i v e t o o l f o r modern evolutionary c l a s s i f i ­

c a t i o n of p l a n t s , and i t i s a l s o the best method so f a r 

invented to study r e l a t i o n s h i p s between taxa at or above 

the s p e c i e s l e v e l " . 

A, Love (1960) was even more f o r c e f u l . "We must 

remember that the chromosomes determine the c h a r a c t e r s , 

whereas the c h a r a c t e r s do not determine the chromosomes". 

T h i s extreme view i s not accurate, for s e v e r a l workers, 

f o r example R i l e y (1960) and Jones and Rees (1964), have 

demonstrated genetic c o n t r o l of chromosome p a i r i n g . 

However, R i l e y (1966) s t a t e s that although non-homologous 

regions have been observed to p a i r i n some organisms, "such 

n o n - s p e c i f i c p a i r i n g i s not followed by chiasma formation". 

"Not only i s p a i r i n g confined to homologues but i t i s 

achieved with remarkable l o n g i t u d i n a l s p e c i f i c i t y so that 

corresponding l o c i , or at l e a s t corresponding chromomers 

become juxtaposed". 

Accordingly, i t was f e l t that i n v e s t i g a t i o n s into the 
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extent of p a i r i n g , and the nature of the configurations 
produced during meiosis i n i n t e r s p e c i f i c hybrids of Primula, 
might uncover d i f f e r e n c e s i n the compositions of the 
s p e c i f i c genomes which could be used to determine the 
evol u t i o n a r y r e l a t i o n s h i p s of the s p e c i e s concerned. 

I d e a l l y , i n v e s t i g a t i o n s i n t o chromosome homologies 

and morphology during meiosis are c a r r i e d out during 

prophase. At t h i s time, d u p l i c a t i o n s and i n v e r s i o n s i n 

the chromosomes of p l a n t s l i k e maize are e a s i l y seen. As 

Stebbins (1950) p o i n t s out, " I n most s p e c i e s of p l a n t s , 

however, t h i s stage cannot be e a s i l y observed", and t h i s 

i s c e r t a i n l y t r u e of Primula, Consequently, deductions 

about the morphology of the chromosomes must be drawn from 

the subsequent behaviour of chromosomes during metaphase 

and anaphase. For example, S w i e t l i n s k a (1963), has used 

the appearance of u n i v a l e n t s and anaphase bridges and 

fragments to draw conclusions about the chromosomes of the 

Rumex s p e c i e s which were the parents of the hybrid which 

she was i n v e s t i g a t i n g . 

Chromosomes during meiosis 

Observations during meiosis i n i n t e r s p e c i f i c hybrids 

of t h i s group of s p e c i e s have been made by Chittenden (1928), 

Huskins (1929) and Valentine (1952 and 1961). Chittenden 

found t h a t the f e r t i l i t y of hybrids with P. j u l i a e was quite 
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high, and th a t , "where reduction d i v i s i o n s of the p o l l e n -
m o t h e r - c e l l s were studied they were found to be s u r p r i s i n g l y 
r e g u l a r f o r i n t e r s p e c i f i c hybrids. Any i r r e g u l a r i t i e s that 
were found were the exception", 

V a l e n t i n e (1952) says of the F l hybrid between P, 

e l a t i o r and P. v e r i s , and between P. v u l g a r i s and P, e l a t i o r ; 

" I t has however been p o s s i b l e to observe c l e a r l y the 

occurrence of m u l t i v a l e n t s , thus to observe the data of 

Table 8, (see Table 22), and to e s t a b l i s h with some degree 

of c e r t a i n t y t h a t i n both the hybrids l i s t e d , the arrangement 

of eleven b i v a l e n t s ; ten b i v a l e n t s and two u n i v a l e n t s ; 

nine b i v a l e n t s , one t r i v a l e n t and one u n i v a l e n t ; nine 

b i v a l e n t s and one quadrivalent do occur". 

Table 22 
(From V a l e n t i n e (1952), Table 8 ) ; P a i r i n g 

at Ml of meiosis i n P.M.C. 

Plant 

Number of 
c e l l s l a c k i n g 
m u l t i v a l e n t s 
and mostly 11 
I I or l O I I 21 

No. of 
c e l l s 
with 1 
I I I 

No, of 
c e l l s 
with 1 
IV 

P. v e r i s ( f a m i l y R5) 23 0 0 
P, v u l g a r i s x P, 

e l a t i o r (8241 31 7 1 

P, v e r i s x P, 
e l a t i o r ( C I ) 22 12 4 



-74-

From t h i s i t i s c l e a r t h a t changes i n the nature of 
the arrangement of the chromosomal m a t e r i a l i n the genomes 
of the d i f f e r e n t s p e c i e s had most probably taken place 
during t h e i r e v o l u t i o n , and that an i n v e s t i g a t i o n of the 
nature and extent of these changes might throw some l i g h t 
on the evolutionary r e l a t i o n s h i p s of the s p e c i e s concerned. 

Technique 

Buds were f i x e d at appropriate times i n a mixture of 

chloroform:absolute a l c o h o l : g l a c i a l a c e t i c a c i d (1:3:1), 

to which a small amount of f e r r i c acetate had been added 

as a mordant. I f they were to be kept f o r any length of 

time, the buds were t r a n s f e r r e d to absolute alcohol and 

st o r e d i n deep-freeze u n t i l r e q u i r e d . Squash preparations 

of anthers were made by s t a i n i n g with acetocarmine, and 

made permanent by mounting i n Euparal a f t e r dehydration. 

Dehydration of e a r l i e r preparations was achieved by using 

a w a t e r : a l c o h o l : s e r i e s , but was l a t e r e f f e c t e d by f r e e z e -

drying followed by immersion i n absolute a l c o h o l . 

I n t e r p r e j } a t i o n of observations 

The t h e o r e t i c a l b a s i s f o r the study of meiosis i n 

i n t e r s p e c i f i c h y brids, depends upon the assvunption that 

p a i r i n g takes place only between homologous p a r t s of 

homologous chromosomes. The amount of p a i r i n g between 

the chromosomes of d i f f e r e n t p a r e n t a l s e t s can therefore 

be used as i n d i c a t i o n of t h e i r r e l a t i o n s h i p , provided that 
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i t can be shown that such p a i r i n g that does take place, 
w i l l take place only between the chromosomes of the d i f f e r e n t 
p a r e n t a l s e t s , and not between chromosomes of the same s e t . 
In other words, i t i s necessary to show that autosyndesis 
does not occur, Autosyndesis may occur due to d u p l i c a t i o n s 
i n the chromosomes, or to the genetic c o n t r o l of p a i r i n g 
of non-homologous chromosomes, c f , R i l e y (1960) i n wheat, 
and Chedda and Harlan (1962) i n Bothriochloa. Whether or 
not autosyndesis does occur i s best determined by examining 
m e i o s i s i n a haploid. "A study of haploid meiosis provides 
a c l u e to the nature of the whole chromosome complement", 
(Swanson, 1960). 

Accordingly, an examination of p o l l e n - mother-cells 

d i v i d i n g i n a haploid plant of P. v e r i s was c a r r i e d out. 

Meiosis i n haploid E. v e r i s 

E l e v e n c e l l s i n which the chromosomes were i n a stage 

of maximum c o n t r a c t i o n were observed i n haploid P, v e r i s . 

I n none of the c e l l s was there any evidence of a s s o c i a t i o n s 

between the eleven chromosomes present. Each chromosome 

remained d i s t i n c t from the other chromosomes, and there 

was nothing to i n d i c a t e any a s s o c i a t i o n , l e t alone c r o s s i n g -

over, was tak i n g place, ( P l a t e 2 ) . 

T h i s stage i s apparently followed by a m i t o t i c - l i k e 

s p l i t t i n g of the chromosomes, with the orderly segregation 



V 

4 / 

P l a t e 2. D i v i s i o n i n a p o l l e n - m o t h e r - c e l l 

of h a p l o i d P. v e r i s , showing eleven 

u n i v a l e n t s . 

X I 2 5 0 
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of the daughter chromosomes to opposite poles, each of 
which now has eleven chromosomes a s s o c i a t e d with i t . No 
f u r t h e r d i v i s i o n of the chromosomes takes place, and 
c y t o k i n e s i s r e s u l t s i n the formation of two quite normal 
looking p o l l e n - m o t h e r - c e l l s , i n s t e a d of the four which are 
the products of meiosis i n the d i p l o i d . 

These observations are taken to support the view of 

Bruun (1932), that eleven i s the b a s i c nvimber of the 

group under d i s c u s s i o n , and that no extensive d u p l i c a t i o n 

of chromatin has occuued. 

Meiosis i n the d i p l o i d s p e c i e s 

Observations on meiotic d i v i s i o n s have been made i n 

the p o l l e n - m o t h e r - c e l l s of P. v u l g a r i s , P. v e r i s , P, 

l o f t h o u s e i and P, e l a t i o r . Meiosis appeared to be quite 

normal i n each case, eleven b i v a l e n t s being formed. The 

b i v a l e n t s c o n s i s t e d of r i n g s , i n v o l v i n g two anns of each 

chromosome, or rods i n v o l v i n g only one arm ( P l a t e 3 ) , 

D i s j u n c t i o n proceeded i n a normal fashion to produce 

u l t i m a t e l y four n u c l e i , each containing eleven chromosomes 

( P l a t e 4 ) . Each of these n u c l e i was equal i n s i z e to 

the other three members of the t e t r a d . T h i s i s quite 

normal d i v i s i o n . 

A s i n g l e p l a n t of P. e l a t i o r proved to be exceptional 

i n t h i s r e s p e c t . Although meiotic d i v i s i o n appeared to 



P l a t e 3» E a r l y anaphase I i n P. v u l g a r i s . 
Cliromosomes have been associated 
i n eleven b i v a l e n t s . 



P l a t e A. 

^i^owing t h a t d i s j u n c t i o n has ,een 
r e g u l a r . 
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be r e g u l a r i n those c e l l s i n which i t was studied, a small 
amount of chromosomal m a t e r i a l was r e g u l a r l y l e f t out of 
the t e t r a d s to give e x t r a nuclear bodies at t h i s stage. 
T h i s was apparently a r e g u l a r event i n t h i s one plant, for 
which no explanation could be found. 

However, the r e g u l a r i t y of chromosome p a i r i n g , e i t h e r 

e l e v e n b i v a l e n t s or ten b i v a l e n t s and two u n i v a l e n t s being 

found as a matter of course, shows that d e v i a t i o n s from 

t h i s r e g u l a r i t y found i n i n t e r - s p e c i f i c hybrids must be 

taken as a s i g n of the l a c k of homology of t h e i r s p e c i f i c 

genomes, and i n t e r p r e t e d accordingly. 

Hybrid p l a n t s 

Hybrids between s e v e r a l s p e c i e s of the s e c t i o n were 

a v a i l a b l e from V a l e n t i n e ' s i n v e s t i g a t i o n s i n t o seed 

i n c o m p a t i b i l i t y i n the group. They were produced by 

c a r e f u l l y c o n t r o l l e d p o l l i n a t i o n s i n an insect-proof 

greenhouse. 

Chiasma frequencies i n p a r e n t a l p l a n t s and F l hybrids 

The d i f f i c u l t y of obtaining prophase data i n t h i s 

m a t e r i a l has already been mentioned. However, an attempt 

was made to a s s e s s the v a r i a t i o n i n p a i r i n g between c e r t a i n 

of the s p e c i e s and hybrids under consideration, by 

e s t i m a t i n g the number of chiasmata necessary to produce 

the metaphase c o n f i g u r a t i o n s observed. T h i s cannot give 
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an accurate p i c t u r e of the chiasmata a c t u a l l y formed, s i n c e 
some chiasmata may have t e r m i n a l i s e d during prophase. 
However, i t does give an i n d i c a t i o n of the d i f f e r e n c e s 
between the s p e c i e s and the F l hybrids i n t h i s r e s p e c t . 

Table 23 below contains data from the Primula obser­

v a t i o n s , while Table 24 contains Darlington's (1937) data 

f o r chiasmata frequencies of some hybrids compared with 

t h e i r parents. 

Table 23 

Frequency of Chiasmata at Ml i n some Primula 
s p e c i e s and hybrids 

P l a n t 
No, of 
c e l l s 
i n v e s ­
t i g a t e d 

T o t a l 
chiasmata 

Mean number 
of chiasmata 
per b i v a l e n t 
or p a i r of 
homologous 
chromosomes 

P, v u l g a r i s (B88b) 10 147 1,33 
P. e l a t i o r ( D l ) 10 134 1.21 
P, v e r i s (C16)' 10 142 1,29 
F l : 

( v u l g a r i s x 
e l a t i o r ) ( S 2 4 ) 10 88 0,80 

( v u l g a r i s x 
v e r i s ) ( A 7 k ) 10 89 0,80 

( v e r i s ' X e l a t i o r ) 
(COD 10 89 0,80 
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Table 24 (from Darlington, 1937) 

Chiasmata frequency of hybrids compared 
with t h e i r parents 

P l a n t 
Mean number 
of chiasmata 
per b i v a l e n t * 

T r i t i c u m turgid;im 

T, durum 

T. turgidum X T. durum 

Kniph o f i a N e l s o n i i 

K. B u r c h e l l i i 

K, U v a r i a x K. Macowanii 

2.43 

2.28 

2.00 

1.8 

1.6 

1.4 

*( D a r l i n g t o n records some " b i v a l e n t s " 
with no chiasmata) 

I t can be seen that the Primula data shows a charac­

t e r i s t i c reduction of chiasmata frequency i n the F l hybrids, 

showing that there i s some reduction i n homology between 

the two s p e c i f i c genomes. 

Meiosis i n F l hybrids 

(a) (P, v u l g a r i s x P. e l a t i o r ) 
I n ' t h i s hybrid s e v e r a l abnormalities of d i v i s i o n have 

been observed, and they w i l l be described here. However, 

a number of c e l l s were seen i n which eleven b i v a l e n t s were 
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to be p l a i n l y seen, showing that the chromosomes from the 
one specific genome were pairing with t h e i r homologue from 
the other set. This i s taken to indicate that-the two 
genomes have a great deal i n common with one another. In 
t h i s hybrid, as i n a l l the others, ten bivalents and two 
univalents were observed, but i n nearly a l l cases the 
univalents were i n close proximity to one another, and may 
have merely slipped apart a f t e r early terminalisation of 
chiasmata. In any case, the appearance of ten bivalents 
and two univalents has also been observed i n the species, 
so that t h i s condition cannot be regarded as abnormal. 

However, the appearance of more than two univalents 
at metaphase one can be taken to indicate a reduction of 
homology between the specific genomes concerned, resulting 
i n a reduction i n chiasma frequency. Such reduction i n 
homology i s often the result of many small differences 
between the chromosomes concerned, and not to major 
differences, which can be expected to manifest themselves 
i n other ways. 

There i s plenty of confirmation of Valentine's 
observations of multivalents i n t h i s hybrid. These are 
due to translocations which have occurred between chromosomes 
of one specific set, so that one species w i l l have 
chromosomal material on one chromosome homologous with 
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that on two chromosomes i n the other genome. Translocations 
are common i n a number of plant species, where they are 
recognised by the presence of rings or chains of chromosomes 
i n individuals heterozygous for them, (Stebbins, 1950). A 
hybrid heterozygous for a translocation may thus produce 
chromosome configurations as follows:- two bivalents; one 
t r i v a l e n t plus one univalent; one quadrivalent; four 
univalents. In the F l (P. vulgaris x P. e l a t i o r ) a l l of 
Stebbin's possible configurations are without doubt achieved. 
Certainly the c e l l s containing eleven bivalents represent 
his f i r s t case i n an indivi d u a l which i s heterozygous for 
a translocation, as t h i s one i s . Cells with either a 
quadrivalent (Plate 5) or a t r i v a l e n t plus a univalent 
(Plate 6) are found. The p o s s i b i l i t y that the univalents 
found i n c e l l s with nine bivalents and four univalents are 
due to interference with pairing due to t h i s s t r u c t u r a l 
difference between the chromosomes i s a strong one. Some 
c e l l s i n t h i s hybrid contain two quadrivalents, or two 
t r i v a l e n t s and two univalents, demonstrating that more than 
one translocation has occurred to d i f f e r e n t i a t e the two 
spec i f i c genomes concerned. 

Univalents tend t o remain on the equator, and then 
divide i n t o two at f i r s t anaphase, which w i l l result i n a 
f a i l u r e to divide again at second anaphase, and the 



Plate 5. Metaphase I , i n F l (P. vulgaris x 
P. e l a t i o r ) . Plate shows one 
quadrivalent, eight bivalents, and 

^ J ^ ^ l v a l e n t s . ^, ^50 



Plate 6, Metaphase I , i n PI (P. vnlgaris x 
P. e l a t i o r ) . Plate shows one t r i v a l e n t , 
eight bivalents, and Wirteunivalents. 

XI250 
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consequent d i s t r i b u t i o n of chromosomal material i n an 
unequal fashion to the four haploid nuclei formed as a 
re s u l t of the d i v i s i o n . Darlington (1937) notes that 
unpaired chromosomes may vary from the meiotic to the 
m i t o t i c mode of behaviour during meiosis, that i s they may 
divide at once as appears to be the case i n the Primula 
hybrids (see Plate 7), or they may pass e n t i r e l y to one 
or other pole. Peto (1934) suggests that only those 
univalents l y i n g close to the metaphase plate actually 
divide at f i r s t anaphase. The others are included i n one 
or other nucleus i n t h e i r e n t i r e t y , and divide normally 
i n the subsequent d i v i s i o n . My observations do not 
contradict t h i s view. 

As a res u l t of chiasma formation between chromosomes 
which are only p a r t i a l l y homologous, the tenainalisation of 
chiasmata may be interfered with, r e s u l t i n g i n the non­
disjunction of chromosomes at anaphase, "Assumption must 
be made that at some stage terminalisation i s suspended 
so that i f i t i s not complete the chiasma w i l l not have 
reached the ends of the arms. The arrest i s probably 
brought about by the degree of contraction of the chromosomes, 
the two functions not being coordinated", (Darlington, 1931). 
This non-disjunction may produce one of two manifestations 
of translocations at t h i s stage of the d i v i s i o n . On the 



Plate 7. Late anaphase I , i n PI (P. vulgaris x 
P. j u l i a e ) . Dividing univalents at 
l a t e anaphase I . At each pole are 
eight chromosomes. They presumably-
paired and disjoined normally. The 
si x chromosomes l e f t as univalents 
now d i v i d i n g precociously, xl 250 
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one hand, the two chromosomes being unable to separate 
properly may both proceed to the same pole, re s u l t i n g i n an 
unbalanced segregation such as 10 + 12, instead of 11 + 11, 
which would be expected normally (see Plate 8). I f the 
s t i l l paired chromosomes do proceed to opposite poles the 
re s u l t may be a chromatin bridge at anaphase, again possibly 
r e s u l t i n g i n mis-division, since some of the genetic 
material w i l l be l e f t out of the daughter nuclei after 
cytokinesis, (see Plate 12). 

I t i s thought that intra-chromosomal translocations or 
inversions, may be recognised i n t h i s hybrid by the 
appearance of anaphase bridges and associated fragments. 
These have probably been formed by the formation of chiasmata 
i n the inverted segment which i s necessary for pairing 
between homologous parts of chromosomes which d i f f e r from 
one another by an inversion. As a res u l t of t h i s , 
d isjunction produces a single piece of chromatin with a 
centromere at each end, and a piece of chromatin without 
a centromere. At anaphase the centromeres separate, 
stretching t h e i r chromatin connection between them as a 
bridge, and leaving the chromatin without a centromere on 
the metaphase plate as a fragment, (Plate 9), Stebbins 
(1950) says, "Inversions of chromosome segments are likewise 
w e l l known and probably occur i n an even greater number of 



T] 

Plate 8. Anaphase I , i n PI (P. vulgaris x 
P. j u l i a e ) . Two anaphase bridges, 
one due to non-disjunction, the other 
to inversion, are seen. I n addition, 
t h i s i l l u s t r a t i o n shows unequal 

• ; segregation of chromosomes, 10 + 12 
r ' instead of 11+ 11, again probably 

due to non-disjunction.x( 250 



Plate 9« Late anaphase, i n F l (P. vulgaris x 
P. e l a t i o r ) . Two groups of eleven 
chromosomes. Two pairs of homologous 
chromosomes at each pole are s t i l l 
connected by inversion bridges. Each 
bridge has an associated fragment, 

X1250 
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plant species than do translocations", and Lewis and John 
(1963) says, "the commonest type of intrachromosomal 
translocation i s the inversion". 

However, Newman (1966), af t e r investigating bridge 
and fragment formation i n Podophyllum, has echoed the 
doubts of other workers such as Matsuura (1950), Haga (1953) 
and Walters (1950). These workers question the v a l i d i t y 
of accepting bridges and fragments at anaphase as evidence 
of inversion, and Newman has shown that anaphase bridges 
and fragments i n Podophyllum are not necessarily associated 
with the characteristic pachytene foldback, i n other words, 
they are not due to inversions, but to some other cause. 
However, when the bridges and fragments occur as they do 
i n t h i s investigation i n F l hybrids between d i f f e r e n t 
species, and there i s no evidence QJ£ t h e i r occurrence i n 
the pure species, then t h e i r occurrence due to differences 
between the two specific genomes, that i s inversions, seems 
the more l i k e l y cause. Further support f o r t h i s view i s 
that i n a hybrid the fragments tend to be of the same size, 
and are so presumably due to something a l i t t l e more 
regular than a haphazard fragmentation. 

However, caution must be exercised i n accepting bridges 
and fragments at anaphase as absolute proof of inversions, 
so that the presence of such differences can only be said 
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to be a strong p o s s i b i l i t y i n the absence of confirmatory 
prophase data. 

Again, bridges formed i n t h i s way may in t e r f e r e with 
cytokinesis. On the other hand, i n the case of both 
inversions and translocation, the bridges may be snapped, 
r e s u l t i n g i n the formation of c e l l s which are unbalanced 
chromosomally and genetically. 

I t i s also l i k e l y that non-disjunction w i l l result i n 
the leaving of bivalents on the metaphase plate after the 
other chromosomes have reached the poles, with the result 
that these whole chromosomes w i l l not be contained inside 
the tetrads, but w i l l appear as separate, extra staining 
bodies at t h i s stage of d i v i s i o n . 

As a result of the abnormalities of division which 
occur during meiosis i n the hybrids;,) the form of the 
tetrads may be modified. Instead of each of the daughter 
nuclei possessing a complete haploid set of chromosomes, 
they may contain more or less than t h i s number. As already 
explained, cytokinesis may be interfered with, due to the 
occurrence of bridges, or to lagging bivalents and univalents, 
The re s u l t w i l l be the formation of a c e l l containing a 
single r e s t i t u t i o n nucleus, containing anything from the 
d i p l o i d to the t e t r a p l o i d number of chromosomes. 
Al t e r n a t i v e l y , the same mechanism may result i n the formation 
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of two c e l l s instead of four. 
Other tetrads are formed with d i f f e r e n t chromosome 

numbers, indicating that an irregular d i s t r i b u t i o n of 
chromosomes has taken place, with the incorporation of more 
than the haploid number of chromosomes into one nucleus, 
again due to the reasons already put forward. 

Similar reasons may also account fo r the appearance of 
more than four nuclear bodies at t h i s stage, f o r the 
univalents and bivalents may f a i l to leave the metaphase 
plate and be l e f t out of the main nuclei, remaining as extra 
nuclear material, see Plate 12, 

Following the production of abnormal tetrads due to 
abnormalities at meiosis, i t i s inevitable that the pollen 
grains themselves should r e f l e c t some of t h i s abnormality 
(Plate 13), and t h i s i t s e l f could be used as an index of 
the relationships of the species forming the hybrid. 

The absence of chromosomes from the pollen grains 
w i l l mean that some of them w i l l be smaller, others, with 
extra chromosomes, w i l l be larger than the normal grain. 
This can be p a r t i c u l a r l y noticed when they have been stained 
with acetocarmine. "Grains were considered to be normal 
and presumably viable i f they were found, f u l l y stained and 
i f the nuclei had a normal appearance", (Dunford, 1964). 



(d) 

P l a t e 10. Types of " t e t r a d " seen i n F l d i p l o i d hybrids. 

the upper t e t r a d i n ( b ) i s apparently normal, the lower shows 

r e s t i t u t i o n a f t e r abnormal m e i o s i s . 



1̂  
Plate 11« Inversion bridges and fragments 

i n PI ( v e r i s x v u l g a r i s ) . 

X 1250 



(a) 

(b) 

P l a t e iSL Abnormal t e t r a d s i n F l t e t r a p l o i d hybrids 

( c ) shows a normal t e t r a d , while ( a ) , ( b ) and ( d ) show some 

of the a b n o r m a l i t i e s . 



Plate 13. Abnormal pollen i n hybrid. 
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Meiosis i n F l hybrids; (b) Other hybrids 

Appendix E presents the r e s u l t s of the observations 

on raeiosis i n i n t e r s p e c i f i c h ybrids. From t h i s i t w i l l be 

seen that a l l of the hybrids are c h a r a c t e r i s e d by one or 

more t r a n s l o c a t i o n s . Even the hybrid (P. p a l l a s i i x P. 

megaseaefolia), where there i s no evidence of t r a n s l o c a t i o n s 

at metaphase, possesses evidence of t h i s d i f f e r e n c e i n the 

form of non-disjunction bridges at anaphase one. The greatest 

amount of t r a n s l o c a t i o n i s seen i n the hybrid F l ( v e r i s x 

v u l g a r i s , see P l a t e 11), where 42.4% of the c e l l s at metaphase 

one contain evidence of one or more t r a n s l o c a t i o n s , the 

s p e c i f i c genomes concerned d i f f e r i n g from one another by 

a minimum of three such t r a n s l o c a t i o n s . 

Table 25 shows a comparison of the percentage of normal 

c e l l s seen at metaphase one with the percentage of normal 

p o l l e n produced, and F i g , Sbshows these data compared i n 

graph form. 

Table 25 

C o r r e l a t i o n of percentage of normal c e l l s 
at Ml and normal p o l l e n 

Cross % normal 
c e l l s at Ml 

% normal 
-pollen 

CP- v e r i s x P. v u l g a r i s ) 40.6 32 

CP. v e r i s x P. e l a t i o r ) 68,3 43 

CP- v u l g a r i s x P. e l a t i o r ) 79,0 75 

CP- j u l i a e X P. v u l g a r i s ) ' 89.3 60 
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In general terms there i s a broad c o r r e l a t i o n between 
the two, with the hybrids which produce the greater numbers 
of ab n o r m a l i t i e s at Metaphase, (P. v e r i s x P. v u l g a r i s ) and 
(P. v e r i s x P. e l a t i o r ) , producing the l e a s t amount of good 
p o l l e n . 

Where d i s c r e p a n c i e s do occur between the amount of 

normal d i v i s i o n and the amount of good p o l l e n , t h i s i s i n 

the r i g h t d i r e c t i o n . I n other words there i s more bad 

p o l l e n than could be accounted f o r by metaphase abnormalities, 

and t h i s can be explained by the e f f e c t s of i r r e g u l a r i t i e s 

l i k e i n v e r s i o n s , which do not manifest themselves u n t i l 

anaphase, but which w i l l n e v e r t h e l e s s i n t e r f e r e with the 

formation of v i a b l e p o l l e n . 

The g r e a t e s t amount of meiotic abnormality and abnormal 

p o l l e n i s seen i n the hybrid (P, vefci;S-X : £ ^ u l q a a L r l s ) , 

suggesting that these two s p e c i e s are the most d i s t a n t l y 

r e l a t e d of the group. P, e l a t i o r i s the next most 

d i s t a n t r e l a t i v e of P, v u l g a r i s , while t h i s evidence seems 

to i n d i c a t e t h at P, j u l i a e i s the l a t t e r ' s c l o s e s t r e l a t i v e . 

Taking the r e l a t i o n s h i p s of P, j u l i a e , then i t s 

c l o s e s t a f f i n i t y i s with P, e l a t i o r , with P, v u l g a r i s next, 

and P, v e r i s very much more d i s t a n t . 

Thus, the p i c t u r e emerges of a group of three f a i r l y 

c l o s e l y r e l a t e d s p e c i e s , P. v u l g a r i s , P. j u l i a e and P. e l a t i o r ^ 

forming a group of s p e c i e s only more d i s t a n t l y r e l a t e d to 
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P. v e r i s . 

Of the other s p e c i e s of the s e c t i o n , P. l o f t h o u s e i , 

P. i n t r i c a t a and P. p a l l a s i i have been v a r i o u s l y assessed. 

Smith and F l e t c h e r (1947) include a l l three as sub-species 

of P. e l a t i o r , along with P. e l a t i o r i t s e l f . Hybrids 

between P. e l a t i o r and P. l o f t h o u s e i , and P. e l a t i o r and 

P. i n t r i c a t a have been analysed, with the r e s u l t s presented 

i n Appendix S . I n both of these taxa there i s evidence 

of t r a n s l o c a t i o n s s eparating them from P. e l a t i o r proper. 

In the case of P, i n t r i c a t a one t r a n s l o c a t i o n has been 

observed, and 91% of the mfetaphase c e l l s are apparently 

normal. With P. l o f t h o u s e i , on the other hand, there i s 

evidence f o r two t r a n s l o c a t i o n s , and only 85% of the 

metaphase c e l l s are normal. T h i s would i n d i c a t e that P, 

i n t r i c a t a i s more c l o s e l y r e l a t e d to P. e l a t i o r than i s 

P, l o f t h o u s e i , and t h i s agrees with the r e l a t i o n s h i p s 

expressedby the seed i n c o m p a t i b i l i t y data, (Valentine 1961). 

No data i s a v a i l a b l e f o r the c r o s s (P. e l a t i o r x P. 

p a l l a s i i ) , but the l a t t e r s p e c i e s d i f f e r s only s l i g h t l y 

from the genome of P. megaseaefolia, which again d i f f e r s 

only s l i g h t l y from P. e l a t i o r . S i m i l a r l y , _ P , amoena 

d i f f e r s only s l i g h t l y from P. l o f t h o u s e i . 

The data shows t h a t the taxa are therefore wsry 

c l o s e l y r e l a t e d indeed. The a c t u a l r e l a t i o n s h i p s , and 
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the s i g n i f i c a n c e of t h i s ranking w i l l be d e a l t with l a t e r . 

Another of the f e a t u r e s of Grant's t a b l e of f a c t o r s 

d i f f e r e n t i a t i n g s p e c i e s may be added to the l i s t of those 

found d i f f e r e n t i a t i n g Primulas. His f i f t h category, that 

of chromosomal rearrangements (see Table 3, page 12), can 

be added to the ways by which Primula s p e c i e s d i f f e r from 

one another. 

A s i m i l a r study to the i n v e s t i g a t i o n s of Primula 

r e l a t i o n s h i p s on the baas of c y t o l o g i c a l evidence has been 

reported by L e v i n (1966). His i n v e s t i g a t i o n s "have proved 

e n l i g h t e n i n g with respect to p a t t e r n s of r e l a t i o n s h i p s i n 

the Phlox p i l o s a complex". 

There are s e v e r a l p a r a l l e l s between the Primula and 

Phlox s i t u a t i o n s . Both are outbreeders, and the incompa­

t i b i l i t y b a r r i e r s between s p e c i e s are r e a d i l y breached. 

The Phlox complex c o n s i s t s of twelve morphologically 

d i s t i n c t taxa which have been incorporated i n four s p e c i e s 

by Wherry (1955). 

L e v i n measured chromosome homology i n hybrids by 

t h e i r p a i r i n g r e l a t i o n s h i p s and the frequency of chiasmata. 

Interchanges were recognised by the appearance of 

q u a d r i v a l e n t s and t r i v a l e n t s at metaphase, and the greatest 

amount of p o l l e n s t e r i l i t y , estimated by s t a i n i n g the 

p o l l e n with a n i l i n e - b l u e - l a e t o p h e n o l s o l u t i o n , occurred i n 
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interchange h y b r i d s . Lagging chromosomes at anaphase I 
and I I were a s s o c i a t e d with a reduction i n chiasmata frequency, 
C r y p t i c s t r u c t u r a l h y b r i d i t y , revealed i n hybrids by 
precocious desynapsis of b i v a l e n t s , and reduced chiasma 
frequency, has proceeded more r a p i d l y than the major r e -
p a t t e r n i n g of chromosomes caused by i n v e r s i o n s or t r a n s ­
l o c a t i o n s . 

As a r e s u l t of h i s c y t o l o g i c a l s t u d i e s . L e v i n has been 

able to c o n s t r u c t a p i c t u r e of r e l a t i o n s h i p s of taxa within 

the complex. "Impressions of d i s c o n t i n u i t y based .upon 

morphological c o n s i d e r a t i o n s are, i n most in s t a n c e s , 

strengthened by the experimental data". The Phlox i n v e s t i ­

gation i s one i n which the study of chromosomes i n hybrids 

between taxa has added to an understanding of t h e i r 

r e l a t i o n s h i p s i n a confused s i t u a t i o n . To some extent 

the information from s i m i l a r i n v e s t i g a t i o n s does l i k e w i s e . 

P o l y p l o i d s 

An i n v e s t i g a t i o n of the r e l a t i o n s h i p s of the genomes 

of d i f f e r e n t s p e c i e s cannot be considered to be complete 

without an a n a l y s i s of a l l o p o l y p l o i d s . Stephens (1943) 

has s t a t e d t h a t i n such s t u d i e s a l l o t e t r a p l o i d s give a 

b e t t e r i n d i c a t i o n of a f f i n i t i e s than do the d i p l o i d hybrids. 

I n the l a t t e r i n the absence of completely homologous 
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p a r t n e r s , r e l a t i v e l y s l i g h t a f f i n i t y between chromosomes 
may l e a d to p a i r i n g . In the a l l o t e t r a p l o i d where every 
chromosome has an exact homologue, any "overpairing", that 
i s the formation of p o l y v a l e n t s , must i n d i c a t e a c l o s e 
a f f i n i t y between the chromosomes of the genomes concerned. 

A good example of the case where the polyploid r e v e a l s 

the t r u e s i t u a t i o n i n a hybrid i s that of Primula kewensis, 

reported by Newton and Pellew (1929). Here the d i p l o i d 

h y b r i d between P. v e r t i c i l l a t a and P. floribunda i s 

completely i n f e r t i l e although "nine l o o s e l y paired b i v a l e n t s 

are formed, and there i s as a r u l e no i r r e g u l a r i t y , nine 

chromosomes being segregated to each of the spores of the 

t e t r a d . we have not observed any more f e r t i l e 

p l a n t showing more r e g u l a r i t y i n meiotic behaviour". 

In f a c t , the two s p e c i f i c genomes d i f f e r from one 

another s u f f i c i e n t l y to bring about i n f e r t i l i t y i n the F l 

due to segregation producing gametes containing a mixture 

of the chromosomes from the two s p e c i e s . 

The t e t r a p l o i d hybrid i s f e r t i l e however, u s u a l l y 

showing s i x t e e n b i v a l e n t s and one quadrivalent at metaphase. 

T h i s shows that i n the presence of an i d e n t i c a l homologue 

from the same s p e c i f i c genome, a chromosome from one s p e c i e s 

w i l l not g e n e r a l l y p a i r with a chromosome from another, 

s i n c e t h e i r degree of s i m i l a r i t y i s not s u f f i c i e n t l y great. 
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Thus, the d i f f e r e n c e between the genomes i s revealed as 
being grea t e r than might be expected from the d i p l o i d 
r e s u l t s alone. 

With t h i s i n mind i n v e s t i g a t i o n s were made in t o 

m e i o s i s i n the a l l o t e t r a p l o i d s 4n (P. v u l g a r i s x P. v e r i s ) 

and 4n (P, v u l g a r i s x P, e l a t i o r ) , and the a l l o t r i p l o i d 

(2n P, v e r i s x 4n P, e l a t i o r ) , 

I n order to a s s i s t with the i n t e r p r e t a t i o n of the 

r e s u l t s derived from these observations, observations of 

pollen-T-mother-cell d i v i s i o n s i n a u t o t e t r a p l o i d m a t e r i a l of 

P. e l a t i o r and P, v e r i s weeeaccumulated and analysed, 

Meiosis i n a u t o t e t r a p l o i d s 

I f there i s a maximum a s s o c i a t i o n between homologues, 

one might expect to f i n d eleven quadrivalents present i n 

the Primula m a t e r i a l . However, as Darlington (1937) 

p o i n t s out, "recent work has shown th a t , while maximum 

a s s o c i a t i o n does occur i n most such forms i n a proportion 

of n u c l e i , i n a proportion i t a l s o f a i l s , T r i v a l e n t s are 

re p l a c e d by b i v a l e n t s and u n i v a l e n t s i n the t r i p l o i d s and 

by p a i r s of b i v a l e n t s i n the t e t r a p l o i d s . A s s o c i a t i o n i s 

th e r e f o r e incomplete and v a r i a b l e ,,,,". 

He presents a t a b l e to i l l u s t r a t e t h i s v a r i a t i o n (see 

Table 2 6 ) . 
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Table 26 
(Table 15 from Darlington, 1937) 

V a r i a t i o n of p a i r i n g i n t r i p l o i d s and t e t r a p l o i d s 

Numbers of c e l l s with d i f f e r e n t 
numbers of t r i v a l e n t s 

T r i p l o i d s 3x = 36 0 1 2 3 4 5 6 7 8 9 10 11 12 

L i l i u m tigrum 2 4 9 25 14 12 4 
T u l i p a gesneriana 1 4 8 5 - 1 
Pink beauty 2 1 3 2 6 5 2 3 
Inglescombe yellow 1 - 1 2 1 2 
Solanum lycopersicum 5 13 17 10 5 

Numbers of c e l l s with d i f f e r e n t 
numbers of quadrivalents 

T e t r a p l o i d s 4x = 48 0 1 2 3 4 5 6 7 8 9 10 11 12 
Solanum lycopersicum 3 12 10 2 15 6 0 2 
Primula s i n e n s i s 1 11 9 

Table 27 

Numbers of p o l y v a l e n t s i n c e l l s of a u t o t e t r a p l o i d 
Primulas 

Number of c e l l s with 
d i f f e r e n t numbers of 

polyv a l e n t s 
T o t a l 
c e l l s 

2x = 44 0 1 2 3 4 5 6 7 8 9 10 11 

P. v e r i s (616) 2 3 1 4 4 11 9 5 5 44 

P. e l a t i o r (G238) 1 1 4 3 8 4 1 0 1 23 
C16 was made t e t r a p l o i d by means of c o l c h i c i n e 
treatment, while G238 was produced by c r o s s i n g 
two already t e t r a p l o i d p l a n t s . 
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The same s o r t of v a r i a t i o n i n the number of polyvalents 

formed i n a u t o t e t r a p l o i d s i s seen i n the data for Primula 

obtained during the present work and s e t out i n Table 27, 

The average number of poly v a l e n t s i n each metaphase 

c e l l of P, v e r i s i s 4,7, and i n P, e l a t i o r 3,6. The 

c a l c u l a t i o n s of chiasmata frequencies i n the d i p l o i d s p e c i e s 

presented i n Table 23 gave P, e l a t i o r a lower frequency of 

chiasmata (1,12), than e i t h e r P, v u l g a r i s (1,33) or P, v e r i s 

( 1 , 2 9 ) , so that the decreased chromosome a s s o c i a t i o n i s 

what one would expect i f t h i s depends on chiasmata frequency, 

Darlington (1932 and 1937) argues that polyvalent 

frequency depends upon the e f f e c t i v e length of chromosome 

a v a i l a b l e f o r p a i r i n g , and upon the "frequency of chiasmata 

formation between chromatids at diplotene". More r e c e n t l y 

Morrison and Rajhathy (1960a) have expressed doubt about 

the r e l a t i o n s h i p between chiasmata and polyvalent frequency. 

They found that a "study of ten 4n p l a n t s representing 

d i f f e r e n t f a m i l i e s and orders of p l a n t s with small and 

l a r g e chromosomes support the hypothesis that i n a l l auto­

t e t r a p l o i d s approximately two-thirds of the chromosomes 

form q u a d r i v a l e n t s " . L a t e r ( i b i d ) they say: "Our r e s u l t s 

then, show no evidence of gene c o n t r o l over quadrivalent 

frequency and support the hypothesis that the behaviour i s 

the same i n a l l s p e c i e s " . The same authors s t a t e (1960b) 

t h a t , "chiasmata frequency of the a u t o t e t r a p l o i d s was l e s s 

than twice t h a t of the d i p l o i d s . No d e f i n i t e c o r r e l a t i o n 
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r e l a t i n g chiasmata frequency t o the number of quadrivalents 
could be e s t a b l i s h e d " , 

Roseweir and Rees (1962), do not support t h i s point of 

view, however, and they w r i t e : "(1) T h e o r e t i c a l l y , the 

types and frequencies of the a s s o c i a t i o n s , IV; I I I + I ; 

I I + 21 and 41, must depend p a r t l y upon chiasmata frequency, 

(2) Chiasmata frequencies are g e n o t y p i c a l l y c o n t r o l l e d . 

Both of these f a c t o r s are r e l e v a n t and operate to 

c o n t r o l the f e r t i l i t y of a u t o t e t r a p l o i d rye: 

(a) segregation of genes f o r chiasma frequency, 

(b) when the frequency of quadrivalents and other 

c o n f i g u r a t i o n s are p l o t t e d against chiasma frequency of the 

F2 p l a n t s , i t i s seen that the d i s t r i b u t i o n of the various 

chromosomal c o n f i g u r a t i o n s are dependent upon chiasma 

f r e q u e n c i e s " , 

Pearson (1965) has prepared two models of chromosome 

behav i o u r i n a u t o t e t r a p l o i d s , making the assumptions noted 

below. The information was fed i n t o a computer, which 

gave the percentages of c o n f i g u r a t i o n s to be expected, 

Pearson's two models were produced on the following 

assumptions, with the r e s u l t s i n d i c a t e d . 

Model ONE. 

Assumptions made: 1. Chromosomes a l l equal i n length. 
2, Centromere median. 
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3, Each arm has equal chance of p a i r i n g , 
with a frequency of one chiasma per 
chromosome. 

4. P a i r i n g i s completely at random. 

R e s u l t s : Quadrivalents: 53.5% of the t o t a l number of 
chromosomes. 

T r i v a l e n t s : 6.2% 
B i v a l e n t s : 43.0% " 
Un i v a l e n t s : 6,4% 

Model TWO. 

Assumptions made: 1.) 
2 > ^•) 
3,) 

As f o r model ONE, 

4,' Chiasmata are i n s e r t e d s e q u e n t i a l l y . 

R e s u l t s : Q uadrivalents: 44,0% of the t o t a l number of 
- chromosomes. 

T r i v a l e n t s : 
B i v a l e n t s : 

Completely eliminated by point 4. 
46.2% of the t o t a l number of 

- chromosomes. 
5,0% U n i v a l e n t s : 

The assumption made i n model 1 are straightforward 

and s e l f explanatory. However, point 4 i n model 2, "chiasmata 

are i n s e r t e d s e q u e n t i a l l y " , perhaps r e q u i r e s some f u r t h e r 

e x p l a n a t i o n . 

S e q u e n t i a l i n s e r t i o n means that each and every p a i r 

of chromosomes r e c e i v e s one chiasma, so that every p a i r of 

chromosomes possesses at l e a s t one chiasma, before any 

f u r t h e r chiasmata are d i s t r i b u t e d . In other words, one 

p a i r of chromosomes could not r e c e i v e two chiasmata while 
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another p a i r of chromosomes was without any. 

T h i s kind of c o n t r o l of chiasmata d i s t r i b u t i o n , as w e l l 

as frequency, i s w e l l known i n some p l a n t s , vide Jones and 

Rees (1964), They observe that not only the mean chiasma 

frequency may be under genetic c o n t r o l , but a l s o the 

d i s t r i b u t i o n of chiasmata between c e l l s . By r e f e r r i n g to 

Rees and Thompson (1956), they draw a t t e n t i o n to evidence 

t h a t suggests that the two c h a r a c t e r s may vary independently. 

Rees and Jones point out that f a c t o r s which a f f e c t the 

chiasma frequency of b i v a l e n t s w i t h i n c e l l s are known to be, 

f o r example, the v a r i a t i o n i n chromosome length (Mather, 

1938), and changes i n chromosome s t r u c t u r e ( J a i n and Bose, 

1960), I n ad d i t i o n , t h e i r own work confirms t h a t , "over 

and above these s t r u c t u r a l f a c t o r s , the genotype e x e r c i s e s 

c o n s i d e r a b l e c o n t r o l upon the d i s t r i b u t i o n of chiasmata 

between b i v a l e n t s " . 

" I t i s debatable whether completely random chiasma 

formation ever occurs, e i t h e r i n plant or animal meiosis", 

w r i t e s Henderson (1961), He b e l i e v e s that l o c a l i s a t i o n of 

chiasmata i s the r u l e , r a t h e r than the exception, 

R i l e y (1966) s t a t e s : " I t can therefore be concluded 

t h a t a l l the events of meiosis are under some form of 

ge n e t i c c o n t r o l " . 
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A u t o t e t r a p l o i d P, e l a t i o r and P, v e r i s 

The r e s u l t s of examining meiosis i n pollen-mother-

c e l l s of a u t o t e t r a p l o i d s of P. e l a t i o r and P, v e r i s are 

presented i n Appendix F. 

I t i s of i n t e r e s t to note that i n both of the auto­

t e t r a p l o i d s , d e s p i t e the f a c t that there are four homologues 

of each chromosome present, there are some c e l l s i n which 

only b i v a l e n t s are formed. These w i l l undoubtedly give 

r i s e to the c e l l s at anaphase one which contains two groups 

of chromosomes at the poles, each group containing twenty 

two chromosomes. Some of these normal anaphase c e l l s w i l l 

be the r e s u l t of the r e g u l a r d i s j u n c t i o n of chromosomes 

which were a s s o c i a t e d i n higher c o n f i g u r a t i o n s , f o r as 

D a r l i n g t o n (1931) has pointed out, there i s a chance that 

chromosomes a s s o c i a t e d i n quadrivalents w i l l undergo normal 

d i s j u n c t i o n . That there need be no f u r t h e r i n t e r f e r e n c e 

with the stages of d i v i s i o n i s shown by the appearance at 

anaphase two of four groups of chromosomes, each group 

c o n t a i n i n g twenty two chromosomes, and by the formation of 

normal looking p o l l e n g r a i n s . 

A u t o t e t r a p l o i d P, e l a t i o r has been s u c c e s s f u l l y used 

by V a l e n t i n e as the p o l l e n parent i n a c r o s s with d i p l o i d 

P, v e r i s , g i v i n g a hybrid with t h i r t y three chromosomes, 

i n d i c a t i n g beyond doubt that r e g u l a r d i v i s i o n does produce 
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p o l l e n with twenty two chromosomes. 

More t y p i c a l l y i n the a u t o t e t r a p l o i d s , however, higher 

a s s o c i a t i o n s of chromosomes are found i n 95% of the c e l l s 

examined. I n no c e l l has a greater number of polyvalents 

than e i g h t been seen (see F i g , 7 ) , and most have considerably 

fewer than t h i s . T h i s follows the pattern f o r behaviour 

i n the a u t o t e t r a p l o i d to be expected a f t e r r e f e r r i n g to 

D a r l i n g t o n ' s data presented i n Table 2l^, 

The most common arrangement of chromosomes i n a 

q u a d r i v a l e n t would appear to be a chain of four, although 

a few r i n g s of four have been seen, T r i v a l e n t s with 

u n i v a l e n t s have a l s o been seen, and these are i l l u s t r a t e d 

i n F i g . 6, 

Although r e g u l a r d i v i s i o n of chromosomes a s s o c i a t e d 

as p o l y v a l e n t s may occur at anaphase, the p o s s i b i l i t y of 

n o n - d i s j u n c t i o n e x i s t s , with the r e s u l t that unbalanced 

segregations can give r i s e to such groups as (21 + 23) and 

(20 + 2 4 ) , which have been seen at anaphase one. 

Comparison of the Primula data with Pearson's models 

The s e q u e n t i a l i n s e r t i o n of chiasmata required f o r 

Pearson's second model can be r u l e d out at once. Such a 

requirement means that no t r i v a l e n t s would be formed, while 

t r i v a l e n t s are i n f a c t found i n both of the a u t o t e t r a p l o i d s 

examined. The percentage of chromosomes found i n the 
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F i g u r e 6. . Meiosis i n a u t o t e t r a p l o i d s . ' 

Camera l u c i d a drawings of t y p i c a l metaphase 1 co n f i g u r a t i o n s . 
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Figure 7. Meiosis i n a u t o t e t r a p l o i d s . 

Camera l u c i d a drawings of t y p i c a l metaphase 1 configurations. 
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v a r i o u s types of c o n f i g u r a t i o n i n a u t o t e t r a p l o i d P. e l a t i o r 

and P. v e r i s are shown i n Table 28. 

Table 28 

Percentages of chromosomes i n various 
c o n f i g u r a t i o n s i n a u t o t e t r a p l o i d s 

P l a n t Quadri­
valent s 

T r i v a -
l e n t s 

B i v a -
l e n t s Univalents 

C16 4n P. v e r i s 37% 5% 54% 3% (62) 
(45 c e l l s ) (740) (108) (1070) (=-99.0%) 

G238 4n P. e l a t i o r 26% 5% 64% 4% (41) 
(23 c e l l s ) (264) ( 51) ( 656) (=-99.0%) 

Expected (Model A) 53.5% 6.2% 43.0% 6.4% 
(= 109.1%) 

The a c t u a l numbers of chromosomes i n each category are 

i n b r a c k e t s a f t e r the percentage f i g u r e i n Table 2 8 , 

Heterogeneity : 

C16: x2 = j v | | g . ^ | ^ D . F . = 3; .'. P of agreeing 
with model = l e s s than 0.001, 

G 2 3 8 : x2 = 46̂ 31'; D,F, = 3 ; P of agreeing 
with model = l e s s than 0.001. 

I n each case the r e s u l t s are s i g n i f i c a n t l y d i f f e r e n t 

from those c a l c u l a t e d by the computer on the assumptions 

s t a t e d , which include the p o s s i b i l i t y of chiasma formation 

between each p a i r of chromosome arms. I n both cases here 

there i s a d e f i c i e n c y of p o l y v a l e n t s , which argues a lower 

CCO' i lP . 
IBRARN 
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frequency of chiasmata than that assumed i n the model. 
When i t i s borne i n mind that even the d i p l o i d s p e c i e s 
e x h i b i t a lower frequency of chiasmata than that assumed 
i n Pearson's model, c f , page 96, then the r e s u l t s presented 
here are quite as expected. 

Anaphase data. A few observations of anaphase one and 

anaphase two data i n autotetrapMd cowslip are a v a i l a b l e . 

Of the f i f t e e n c e l l s at anaphase one, ten showed apparently 

normal segregation, with two groups of twenty two chromosomes 

at the po l e s . F i v e c e l l s showed some evidence of 

unbalanced segregation, f o r instance two c e l l s had groups 

of 24 + 20 chromosomes and one c e l l had chromosomes arranged 

as 23 + 20 + 1, while another two c e l l s showed the segre­

gation of p o l y v a l e n t s . Of f i v e c e l l s seen at anaphase 

two, three showed normal d i v i s i o n , with twenty two chromo­

somes a t each of the four poles. The other two c e l l s each 

showed evidence of non-disjunction at an e a r l i e r stage of 

d i v i s i o n , having the c o n s t i t u t i o n (23 + 23 +21 + 21). 

On the whole these r e s u l t s would lead one to expect 

t h a t the two a u t o t e t r a p l o i d s would be reasonably f e r t i l e , 

and evidence t h a t t h i s i s so has already been mentioned. 

Meiosis i n a l l o t e t r a p l o i d hybrids 

The a l l o t e t r a p l o i d s used i n t h i s s e r i e s of i n v e s t i g a t i o n s 

were a l l made by c r o s s i n g p l a n t s which were already auto-
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t e t r a p l o i d . The r e s u l t s of a n a l y s i n g pollen-mother-
c e l l d i v i s i o n s are presented i n Appendix G. 

4n (P. v u l g a r i s x P. e l a t i o r ) M261 

Of twenty three c e l l s at metaphase one i n t h i s hybrid, 

each one contained at l e a s t one polyvalent, with a maximum 

of seven seen i n one c e l l . T h i s at once demonstrated that 

the p a i r i n g of the chromosomes from the d i f f e r e n t s p e c i f i c 

genomes observed i n the d i p l o i d hybrid i s a r e l a t i o n s h i p 

between true homologues, and not a spurious kind of 

a s s o c i a t i o n l i k e t h a t seen i n d i p l o i d P. kewensis. The 

s i m i l a r i t i e s between the chromosomes of the two s p e c i e s are 

s u f f i c i e n t l y great to allow them to a s s o c i a t e with one 

another despite the presence of homologues from t h e i r own 

s p e c i e s . Up to seven p o l y v a l e n t s have been seen i n the 

same c e l l , a s i t u a t i o n to be compared with the a u t o t e t r a p l o i d s , 

where the maximum number i s e i g h t . The number of poly­

v a l e n t s i n the a l l o t e t r a p l o i d i s therefore a high one. 

P l a t e s 14 and 15 show some of the types of polyvalents 

seen i n t h i s h y b r i d . 

Although they are d i f f i c u l t to analyse, i t seems 

probable that some of the a s s o c i a t i o n s i n t h i s hybrid 

contain more than four chromosomes. C e l l s with chains of 

f i v e and s i x chromosomes have been seen. T h i s i s not 

a l t o g e t h e r unexpected i n view of the formation of polyvalents 



Plate 14. 4n (P. v e r i s x P. vulgaris) 
Five polyvalents at Ml. 

XI250 



Plate 15. 4n (P. v e r i s x P. v u l g a r i s ) . 
Anaphase I vdth inversion "bridge^ 

and f ragmentt^ 

X I250 
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i n the d i p l o i d hybrid. T h e o r e t i c a l l y , i n view of the 
known presence of t r a n s l o c a t i o n s , i t would be p o s s i b l e to 
obtain up to eight chromosomes a s s o c i a t e d i n t h i s way. 

The mean number of p o l y v a l e n t s per metaphase c e l l i s 

2.9. 

Only three c e l l s have been seen at a post-metaphase 

stage, and two of these were abnormaliij One c e l l , with 

twenty two chromosomes at each pole, had two chromosomes 

connected by a non-disjunction bridge, while the other c e l l 

had twenty one chromosomes at each pole, and an undivided 

b i v a l e n t on the equator. These abnormalities undoubtedly 

occur because they involve p a i r i n g between chromosomes 

which d i f f e r from one another by t r a n s l o c a t i o n s , and 

t h e r e f o r e must be from d i f f e r e n t s p e c i f i c genomes. 

The upset to p o l l e n formation occasioned by abnorma­

l i t i e s of d i v i s i o n produced by the p a i r i n g of chromosomes 

from the d i f f e r e n t s p e c i f i c genomes and t h e i r subsequent 

no n - d i s j u n c t i o n , or wrongful separation, may be seen i n 

the examination of the t e t r a d s . In another a l l o t e t r a p l o i d 

(P. v u l g a r i s x P, e l a t i o r ) , 28% of the t e t r a d s were observed 

to be abnormal when examined a f t e r being s t a i n e d with 

acetocarmine. The types and numbers of abnormalities are 

presented i n Table 29, while some of the abnormalities are 

i l l u s t r a t e d OR; 
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Table 29 

Numbers and types of abnormalities i n t e t r a d s 
of 4n (P. v u l g a r i s x P. e l a t i o r ) (M255) 

Normal Abnormal 

4 + 1 4 + 2 3 + 1 3 + 3 

80 22 6 2 1 
T o t a l abnormal = 31 

Percent normal = 72.1 

Meiosis i n a l l o t e t r a p l o i d (P. v u l g a r i s x P. v e r i s ) 

A s i m i l a r p i c t u r e to that i n 4n (P. v u l g a r i s x P. e l a t i o r ) 

i s presented i n the data f o r meiosis i n t h i s hybrid. Any 

d i f f e r e n c e i s a d i f f e r e n c e of degree r a t h e r than of kind. 

Of f o r t y s i x c e l l s analysed during metaphase one, s i x t e e n 

had twenty two b i v a l e n t s , while twenty nine showed some signs 

of p o l y v a l e n t s . T h i s hybrid again shows that the p a i r i n g of 

the chromosomes seen at metaphase one i n the d i p l o i d hybrid 

i s a p a i r i n g of true homologues, and so d i f f e r s from the P. 

kewensis model. The d i f f e r e n c e i n t h i s case from that of 

4n (P. v u l g a r i s x P. e l a t i o r ) i s that the r e l a t i o n s h i p s of 

the genomes would appear to be a more d i s t a n t one, with a 

good number of c e l l s presumably showing p a i r i n g only w i t h i n 

the s p e c i f i c genomes, and so g i v i n g twenty two b i v a l e n t s . 
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Again, i n t h i s a l l o t e t r a p l o i d , as i n 4n (P, v u l g a r i s x 
P. e l a t i o r ) , the maximum number of polyvalents i n one c e l l 
was seven. Another s i m i l a r i t y between the two hybrids i s 
the appearance of some con f i g u r a t i o n s which apparently 
c o n t a i n more than four chromosomes. Thus, seven c e l l s 
have been observed to contain a s s o c i a t i o n s of e i t h e r f i v e 
or s i x chromosomes. T h i s i n d i c a t e s t h at the t r a n s l o c a t i o n s 
which were observed i n the hybrids a t the d i p l o i d l e v e l are 
again p l a y i n g t h e i r part i n the t e t r a p l o i d . The mean 
number of p o l y v a l e n t s per c e l l i s 1,8. 

P l a t e 14 shows a c e l l i n t h i s hybrid with f i v e poly­

v a l e n t s . 

T h i r t y f i v e c e l l s were observed at post-metaphase 

s t a g e s . Of t h i r t y four c e l l s at l a t e anaphase one, s i x t e e n 

showed r e g u l a r d i s j u n c t i o n , with twenty two chromosomes 

proceeding to each pole. Evidence of non-disjunction i s 

found i n f i v e c e l l s which show groups of twenty three and 

twenty one chromosomes at the poles, and i n three c e l l s 

showing groups of twenty four and twenty. I t i s d i f f i c u l t 

to e x p l a i n the c e l l containing twenty two and twenty, with 

two other chromosomes separated from the main body. However, 

t h i s type of phenomenon, which might be due to i n t e r f e r e n c e 

with the operation of the s p i n d l e , f o r example, i s seen i n 

other c e l l s with twenty two p l u s seventeen and f i v e laggards, 
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and twenty two pl u s twenty one with one laggard, seen i n 
four c e l l s . 

Other evidence of the p a i r i n g of chromosomes from the 

d i f f e r e n t genomes seen a t anaphase one i s the c e l l with 

23 + 21 and a non-disjunction bridge. Presumably the 

imbalance of numbers i s due to the p a i r i n g of not completely 

homologous chromosomes and t h e i r movement to the same pole, 

i n s t e a d of d i s j o i n i n g . 

The s i n g l e c e l l containing an i n v e r s i o n bridge and 

fragment ( P l a t e 15) i s added evidence of the p a i r i n g of 

chromosomes from the d i f f e r e n t s p e c i f i c genomes, f o r t h i s 

r e s u l t of c r o s s i n g over i n the loop formed by the p a i r i n g 

of homologous p a r t s of chromosomes d i f f e r i n g from one 

another by an i n v e r s i o n was found i n the d i p l o i d hybrids 

where chromosomes from the d i f f e r e n t p a r e n t a l genomes were 

p a i r e d . 

One c e l l has been seen at anaphase two, with four 

groups of twenty two chromosomes. 

The types of upset to t e t r a d formation which r e s u l t 

from abn o r m a l i t i e s of d i v i s i o n are represented i n P i a l f c l ^ . 

I n Table 30 are presented the data f o r po l l e n f e r t i l i t y 

i n t h i s a l l o t e t r a p l o i d as judged by the acetocarmine 

s t a i n i n g method. 
These data demonstrate that apparently f e r t i l e p o l l e n 
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may be produced from t h i s a l l o t e t r a p l o i d i n quite high 
proportions. 

Table 30 

P o l l e n f e r t i l i t y i n 4n (P. v u l g a r i s 
X P. e l a t i o r ) 

P l a n t Normal 
c e l l s 

Abnormal 
c e l l s T o t a l % 

normal 

A6a 115 23 138 83.4 

A6b 427 73 500 85.4 

D232 (10 p l a n t s ) 2925 428 3420 85.5 

Meiosis i n a l l o t r i p l o i d (2n P. v e r i s x 4n P, e l a t i o r ) 

T h i s hybrid, l i k e the others was a v a i l a b l e from 

V a l e n t i n e ' s experiments i n t o the nature of seed incompati­

b i l i t y . 

A l l o t r i p l o i d hybrids were used by Peto (1934) and 

Stephens (1942) to determine the degree of homology of the 

s p e c i f i c genomes they were i n v e s t i g a t i n g . I n the absence 

of information on the behaviour of other t r i p l o i d s i n the 

present i n v e s t i g a t i o n s , broad i n d i c a t i o n s only of r e l a t i o n ­

s h i p s are a l l t h a t may be deduced from t h i s data. 

The number of types of configuration to be produced 

i s l i k e l y to be v a r i a b l e , again depending upon chromosome 
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length and chiasma frequency. Darlington (1937) quoted 
i n Table 26 has represented some of the v a r i a b i l i t y to be 
expected i n a u t o t r i p l o i d s , and he has a l s o ( i b i d ) , summarised 
some of the evidence f o r the type of p a i r i n g to be expected 
i n some t r i p l o i d h ybrids. His summary i s presented i n 
Table 31. 

Also quoted by Darlington i s the evidence of Kihara 

and Nishiyama (1930), on p a i r i n g i n the a l l o t r i p l o i d 

produced by c r o s s i n g T r i t i c u m aegilopoides (n = 7 ) , and 

T. dicoccum (n = 1 4 ) . V a r i a t i o n of p a i r i n g during meiosis 

means that from 0 to 3 t r i v a l e n t s , from 4 to 7 b i v a l e n t s , 

and 6 to 7 u n i v a l e n t s have been observed. 

Stephens (1942) used p a i r i n g i n t r i p l o i d p l a n t s 

produced by c r o s s i n g three d i f f e r e n t d i p l o i d p l a n t s with 

a s i n g l e t e t r a p l o i d to determine the r e l a t i o n s h i p s of the 

d i p l o i d genomes. The r e s u l t s of h i s i n v e s t i g a t i o n s are 

given i n Table 32. 

From these r e s u l t s Stephens was able to conclude that 

G. s t u r t i i i s much more c l o s e l y r e l a t e d to G. arborevim than 

i s G. raimondii or G. amourianum, but that the r e l a t i o n s h i p 

i s n e v e r t h e l e s s not of a very high order. 

Peto (1934) has reported on meiosis i n two t r i p l o i d 

p l a n t s which are hybrids between Festuca and Lolium, and 

a l s o on the hybrid between them. The percentages of 
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chromosomes i n d i f f e r e n t c o n f i g u r a t i o n s found by Peto are 

given i n Table 33. 

Table 32 
Data of the number of t r i v a l e n t s i n hybrids 
between d i p l o i d Gossypium and the a r t i f i c i a l 

a u t o t e t r a p l o i d of G. arboreum (= N14) 
(from Stephens, 1942) 

Number of polyvalents 
per P.M.C. 

0 1 2 3 4 
N14 X G. raimondii 22 0 1 1 1 
N14 X G. s t u r t i i 10 5 3 2 0 
N14 X G. amourianum 15 0 0 0 0 

Table 33 
Percentages of chromosomes i n various 
c o n f i g u r a t i o n s i n t r i p l o i d hybrids of 
Lolium and Festuca (from Peto, 1934) 

P l a n t 
number 

Chromosome 
nvimber 

Metaphase configurations 

Univalents B i v a l e n t s T r i v a l e n t s 

Ba-174 21 38.1% 41.3% 20.6% 
Bx-54 21 25.6% 51.1% 23.3% 
58-bE-l 20 8.4% 28.5% 63.0% 

The r e s u l t s are from the a n a l y s i s of s i x metaphase 
n u c l e i i n each plant 
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Data from the t r i p l o i d (2n P. v e r i s x 4n P. e l a t i o r ) 

The r e s u l t s of s c o r i n g the pollen-mother-cells of t h i s 

h y b r i d are presented i n the Appendix H. From t h i s i t w i l l 

be seen that there are t r i v a l e n t s , b i v a l e n t s and u n i v a l e n t s 

formed, as might be expected, as w e l l as one or two higher 

a s s o c i a t i o n s of chromosomes. The numbers and types of 

these c o n f i g u r a t i o n s are recorded i n Table 34 and 

i l l u s t r a t e d i n the F i g s . 9 and 10. 

Table 34 

Percentages of chromosomes i n various 
c o n f i g u r a t i o n s i n t r i p l o i d hybrids of 

P. v e r i s and P. e l a t i o r 

P l a n t 
number VI 

Metaphase con f i g u r a t i o n s 
IV I I I I I I T o t a l 

F141 (24 8 333 328 123 792 No. chrom. 
c e l l s ) 1.0 42.0 41.4 15.5 99.9 Percentage. 
G405 t l 9 8 243 240 136 627 No. chrom. 
c e l l s ) 1,27 38.75 38.2 21.6 99.9 Percentage. 
F151 (7 6 — 96 92 37 231 No. chrom. 
c e l l s ) 2.59 - 41.55 39.82 16.01 99.9 Percentage. 
T o t a l ' 
f o r the 0.36% 0.96% 40.7% 40.0% 17.9% 99.9% 
h y b r i d s 

One 

which may 

thing which i s 

a l s o be seen 

obvious from 

i n some of the 

the bulked data, and 

records for i n d i v i d u a l 



Figure 9. Meiosis i n a l l o t r i p l o i d , (2n P.veris x 4n P . e l a t i o r ) 

Camera l u c i d a drawings of metaphase 1. 
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F i g u r e 10. Meiosis i n a l l o t r i p l o i d , (2n P . v e r i s x 4n P . e l a t i o r ) 

Camera l u c i d a drawings of metaphase 1. 
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In the case of chromosome s e t s 7-11, p a i r i n g of 
homologrues i s complete, so that f i v e t r i v a l e n t s are formed. 
Chromosome s e t s 3-6 do not show complete p a i r i n g so that 
four b i v a l e n t s and four u n i v a l e n t s r e s u l t . 

The nub of the argument concerns chromosome s e t s 1 and 

2. The two p a r e n t a l genomes forming the s e t s , one d i p l o i d 

and the other haploid, d i f f e r from one another by r e c i p r o c a l 

t r a n s l o c a t i o n s . As a r e s u l t of Isuch t r a n s l o c a t i o n s i t 

would be p o s s i b l e to produce i n theory a configuration 

c o n t a i n i n g a l l s i x chromosomes, but t h i s i s u n l i k e l y as i t 

would r e q u i r e a t l e a s t f i v e chiasmata. The a s s o c i a t i o n 

of chromosomes i n p a i r s , r e q u i r i n g only three chiasmata, i s 

a much more l i k e l y event i n t h i s hybrid. The hypothesis 

accounts f o r the observations i n the t r i p l o i d c e l l , and i s 

supported by observations at meiosis i n the d i p l o i d hybrid, 

when t r a n s l o c a t i o n s have been observed between these two 

s p e c i f i c genomes. 

Another of the f e a t u r e s of chromosome a s s o c i a t i o n i n 

t h i s h y b r i d may a l s o be accounted f o r i n a s i m i l a r way. 

One or two c e l l s have been observed to have more than three 

chromosomes a s s o c i a t e d together, and t h i s too can be 

explained by the maximum a s s o c i a t i o n of homologues where 

t r a n s l o c a t i o n s are again involved. 

The commonest type of t r i v a l e n t observed i s that 
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produced by a l i n e a r arrangement of the chromosomes. T h i s 
could only a r i s e due to the t e r m i n a l i s a t i o n of chiasmata, 
which must i n d i c a t e a f a i r degree of homology between the 
chromosomes involved. 

The m a j o r i t y of the c e l l s i n v e s t i g a t e d (66.6%), contained 

p o l y v a l e n t s of some kind, with a maximum of eight i n one c e l l . 

An average c e l l contained f i v e t r i v a l e n t s , s i x b i v a l e n t s and 

s i x u n i v a l e n t s . T h i s presumably i n d i c a t e s a f a i r l y high 

degree of s i m i l a r i t y between the two s p e c i f i c genomes. 

The r e s u l t s of examining the t e t r a d s , o f the a l l o t r i p l o i d 

are presented i n Table 35. 

Table 35 

Numbers and types of abnormality i n 
t e t r a d s of R242 (P. v e r i s X 4n P. e l a t i o r ) 

Normal Abnormal 

87 4 + 1 1 + 1 2 + 1 2 + 2 3 + 1 4 + 2 3 
13 1 3 2 1 1 1 

T o t a l c e l l s 109 Percentage normal 79.8 

A great d e a l of caution must be e x e r c i s e d when i n t e r ­

p r e t i n g the data on t e t r a d abnormality presented i n Table 35. 

Although a l a r g e number of t e t r a d s appear to be normal when 

s t a i n e d with acetocarmine, i t i s not p o s s i b l e to be sure how 
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many of them contain a normal haploid number of chromosomes, 
and indeed i t i s c e r t a i n that a l l of them cannot do so. 
I t i s r e a l l y only p o s s i b l e to c l a s s i f y them as abnormal 
when one or two chromosomes have been l e f t out of the major 
groups, and give f o r example 4 + 1 . Presumably the small 
e x t r a n u c l e i are due to chromosomes unpaired at metaphase 
one which have been d i s t r i b u t e d at random during the f i r s t 
anaphase, with some l o s s due to lagging (Mather, 1935). 
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DISCUSSION 

The d i f f e r e n t approaches to the problem of producing 

a c l a s s i f i c a t i o n of t h i s group of Primulas have produced 

d i f f e r e n t answers. The formal approaches have given 

s e v e r a l d i f f e r e n t arrangements of the s p e c i e s , and the various 

b i o s y s t e m a t i c i n v e s t i g a t i o n s have s i m i l a r l y given d i f f e r e n t 

views of the taxa. The l a t t e r d i f f e r not only from the 

formal view, but a l s o among themselves. Has any of these 

approaches, formal or experimental, any v a l i d i t y , and i f so, 

which? By v a l i d i t y of c l a s s i f i c a t i o n one i s t h i n k i n g i n 

b i o l o g i c a l terms of a n a t u r a l c l a s s i f i c a t i o n which i n d i c a t e s 

the r e l a t i o n s h i p s of the s p e c i e s to one another. 

The c y t o l o g i c a l evidence of meiosis i n the d i p l o i d 

h y b r i d s suggests that P. v u l g a r i s has as i t s c l o s e s t r e l a t i v e 

P. j u l i a e , with 89% of c e l l s at f i r s t metaphase being 

apparently normal. The next c l o s e s t r e l a t i v e of P. v u l g a r i s 

i s e l a t i o r with 75% of metaphase c e l l s normal, and the l a t t e r 

i s c l o s e r to j u l i a e with 96% of the metaphase c e l l s normal 

i n t h e i r F l h y b r i d . The p i c t u r e revealed i s of a group of 

three f a i r l y c l o s e l y r e l a t e d s p e c i e s , P. v u l g a r i s , P. e l a t i o r 

and P. j i i a e , only somewhat d i s t a n t l y r e l a t e d to P. v e r i s . 

I t i s d i f f i c u l t to p o s i t i o n the other s p e c i e s a c c u r a t e l y 

i n the absence of s e v e r a l hybrids, and a l s o due to t h e i r 

c l o s e n e s s to one another. The impression i s , however, that 
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they are indeed c l o s e l y r e l a t e d to one another, and a l s o to 

P. e l a t i o r . 

The t e t r a p l o i d hybrids, (P. v u l g a r i s x P. e l a t i o r ) and 

(P. v e r i s x P. v u l g a r i s ) , show s i m i l a r s o r t s of abnormalities 

during m e i o s i s . However, 4n (P. v u l g a r i s , x P. e l a t i o r ) v 

shows a higher average frequency of polyvalents per c e l l 

( 2 , 9 ) , than 4n (P. v e r i s x P. v u l g a r i s ) , (1,8) . From t h i s 

one deduces t h a t P. v u l g a r i s i s more c l o s e l y r e l a t e d to P, 

e l a t i o r than i t i s to P, v e r i s , s i n c e one would expect a 

higher frequency of p o l y v a l e n t s where the chromosomes 

complements have more i n common with one another. 

I t i s apparent from t h i s evidence that the polyploids 

i n d i c a t e the same broad sequence of r e l a t i o n s h i p s of the 

s p e c i e s as does the d i p l o i d data. Namely that the spec i e s 

P, v u l g a r i s , and P. v e r i s , d i f f e r more from one another than 

e i t h e r does from P. e l a t i o r . Both of the a l l o t e t r a p l o i d s 

as w e l l as the a l l o t r i p l o i d , show evidence of p a i r i n g 

between chromosomes of the d i f f e r e n t s p e c i f i c genomes which 

they contain, d§spite the f a c t that i n the a l l o t e t r a p l o i d s 

each chromosome has a homologue from i t s own s p e c i f i c 

genome a v a i l a b l e f o r p a i r i n g . Evidence of i n t e r s p e c i f i c 

p a i r i n g i s afforded by the presence of polyvalents i n a l l 

of the hybrids s t u d i e d . T h i s i s supported i n the a l l o -

t e t r a p l o i d (P. v e r i s x P. v u l g a r i s ) by the observation of an 
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i n v e r s i o n bridge and fragment i n one c e l l , s i n c e t h i s i s 
the type of i n t e r s p e c i f i c p a i r i n g seen i n the d i p l o i d hybrid. 
I t i s obvious t h e r e f o r e , from a l l of the polyploid hybrids, 
t h a t a great deal of "overpairing", or the a s s o c i a t i o n of 
chromosomes from d i f f e r e n t p a r e n t a l genomes has taken place. 
Stebbins (1947), c l a s s i f i e s p o l y p l o i d s which contain two 
s p e c i f i c genomes possessing i n common a considerable number 
of segments or even whole chromosomes, but d i f f e r i n g from 
one another by a s u f f i c i e n t l y l a r g e number of genes oa: 
chromosomal segments to produce s t e r i l i t y i n the d i p l o i d 
l e v e l , as segmental a l l o p o l y p l o i d s . According to Stebbins, 
such segmental a l l o p o l y p l o i d s are formed only between 
c l o s e l y r e l a t e d genomes. Each of the a l l o p o l y p l o i d s 
reported here can be placed i n category of segmental a l l o ­
p o l y p l o i d s . The formation of pol y v a l e n t s shows that the 
genomes composing each a l l o p o l y p l o i d have i n common a 
cons i d e r a b l e number of segments, or even whole chromosomes. 
T h i s i s f u r t h e r confinnation of the u n i t y of the group, f o r 
i t would appear that even P. v u l g a r i s and P, v e r i s , which 
on both the d i p l o i d and po l y p l o i d p a i r i n g evidence are the 
most d i s t a n t l y r e l a t e d p a i r of s p e c i e s , are nevertheless 
very c l o s e l y r e l a t e d to one another. 

The genetic a n a l y s i s i s not of very much value i n 

a s c r i b i n g r e l a t i o n s h i p s to the s p e c i e s . I f the work on the 
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v a r i a t i o n s of dominance of s t i c k i n e s s of seed could be 
s u b s t a n t i a t e d , then t h i s might be of ,value i n e s t a b l i s h i n g 
the comparative c l o s e n e s s of P. v u l g a r i s and P. j u l i a e . 
Other f e a t u r e s such as the presence/absence of peduncle are 
not i n themselves s u f f i c i e n t to warrent the establishment 
of r e l a t i o n s h i p s . The c l e a r e s t p i c t u r e of r e l a t i o n s h i p s 
depending upon genetic phenomena i s that given by the 
i n c o m p a t i b i l i t y data, see Table 2. Ignoring P. v e r i s , 
then there i s a great deal of s i m i l a r i t y between the 
r e l a t i o n s h i p s expressed by the strength of the seed incom­
p a t i b i l i t y mechanism and the c y t o l o g i c a l data. The 
d i f f i c u l t y a r i s e s i n t r y i n g to f i t P, v e r i s i n t o the p i c t u r e , 
f o r the seed i n c o m p a t i b i l i t y mechanism gives i t s nearest 
r e l a t i v e as P. v u l g a r i s , while the evidence from cytology 
i s t h a t P. v u l g a r i s i s the most d i s t a n t r e l a t i v e . The 
c y t o l o g i c a l evidence i s that the r e l a t i o n s h i p s of the 
other s p e c i e s with P. v e r i s i s the complete reverse of the 
r e l a t i o n s h i p s expressed by the strength of the seed incom­
p a t i b i l i t y mechanism. However, the e x e r c i s e using 
morphological data to produce a dendrogram of r e l a t i o n s h i p s , 
and based on numerical taxonomic techniques, a l s o produced 
a p i c t u r e of the r e l a t i o n s h i p s of the taxa. In t h i s case 
there i s no support fo r the order of s p e c i e s based on the 
seed i n c o m p a t i b i l i t y evidence. For the purposes of argument 
the order of the m a j o r i t y of the s p e c i e s w i l l be ignored. 
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The main point i s that P. v u l g a r i s which i s the most c l o s e l y 
r e l a t e d s p e c i e s to P. v e r i s on seed i n c o m p a t i b i l i t y data, 
i s the most d i s t a n t l y r e l a t e d s p e c i e s to the l a t t e r on 
numerical taxonomic evidence. 

Another morphological and anatomical a n a l y s i s dealing 

with such s p e c i e s d i f f e r e n c e s as the c o r t i c a l parenchyma of 

the root, and the p i t h c e l l s , i s that of Fey (1929). He 

concluded t h a t , " I n s e v e r a l c h a r a c t e r s , P. e l a t i o r resembles 

F2 h y b r i d s between P, v e r i s and P, v u l g a r i s . In other 

words, he found that P. e l a t i o r i s i n some degree intermediate 

between P, v u l g a r i s and P, v e r i s , a conclusion i n accord 

with the present work, both the c y t o l o g i c a l evidence, and 

that from the numerical taxonomic a n a l y s i s . Fey suggested 

t h a t the reason f o r the intermediate p o s i t i o n of P, e l a t i o r 

was t h a t i t had a r i s e n as the r e s u l t of h y b r i d i s a t i o n between 

the other s p e c i e s . Valentine (1961) has a l s o noted the 

s i m i l a r i t i e s of the e l a t i o r group to P^ v e r i s . Her.states, 

"On the b a s i s of morphological c h a r a c t e r s , P, v e r i s would 

appear to have much i n common with P. l o f t h o u s e i , which i t 

resembles i n many r e s p e c t s , although not i n capsule 

c h a r a c t e r s " . 

I t has been shown that the c y t o l o g i c a l and g e n e t i c a l 

evidence support V a l e n t i n e ' s view that the group c o n s t i t u t e s 

a s i n g l e coenospecies. There are some d i s c r e p a n c i e s i n 
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the exact order of the s p e c i e s , but no argument of the 

o v e r a l l c l o s e n e s s of r e l a t i o n s h i p s w i t h i n the group. T h i s 

evidence i s t h e r e f o r e somewhat at varience with the formal 

taxonomic viewpoint, expressed by Wendelbo (1960), and 

o t h e r s , and described e a r l i e r . Although a l l of the taxa 

are included i n the same subgenus by Wendelbo, they are 

s p l i t i n t o three s e c t i o n s i n a fashion which cannot be 

supported by the present i n v e s t i g a t i o n , nor by Valentine's 

seed i n c o m p a t i b i l i t y r e s u l t s . For instance, one of 

Wendelbo's s e c t i o n s i n the subgenus i s for P. j u l i a e . The 

evidence from g e n e t i c s , cytology and seed i n c o m p a t i b i l i t y , 

i s t h a t t h i s s p e c i e s i s much more c l o s e l y r e l a t e d to P, 

v u l g a r i s than any of the s p e c i e s put int o the same category 

as the l a t t e r by Wendelbo, 

Another problem concerns the taxa of the e l a t i o r group, 

whose rank as s p e c i e s or subspecies has v a r i e d . A l l are 

very c l o s e l y r e l a t e d to one another but each can be 

d i s t i n g u i s h e d morphologically, and occupies a d i s t i n c t 

geographical l o c a l i t y . Each has developed chromosomal 

d i f f e r e n c e s from the others, and shows the symptoms of seed 

i n c o m p a t i b i l i t y i n F l h y b r i d s with other s p e c i e s . There 

seems, t h e r e f o r e , to be no reason why each should not hold 

the rank of good s p e c i e s . 

Of P, megaseaefolia. Smith and F l e t c h e r (1947), say. 
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" I t s p o s i t i o n has been v a r i o u s l y assessed, Balfour regarded 
i t as an i s o l a t e d member of the genus, and proposed fo r i t 
a separate s e c t i o n . In t h i s he was followed by Smith and 
F o r r e s t (1928), who suggested however, that i t tended 
towards P. j u l i a e and therefore towards s e c t i o n Vernales. 
T h i s opinion was f u l l y confirmed by the c y t o l o g i c a l a n a l y s i s 
of Bruun, The work of Bruun, as w e l l as the geographical 
d i s t r i b u t i o n favours i t s i n c l u s i o n w i t h i n the Vernales not 
f a r away from P. j u l i a e . Unfortunately, hybrids of P. 
megaseaefolia are a v a i l a b l e only with two of the other 
s p e c i e s , P. e l a t i o r and P. p a l l a s i i , although Smith and 
F l e t c h e r (1947) include the l a t t e r as a sub-species of P. 
e l a t i o r . 

Observations on the hybrid (P, p a l l a s i i x P. megaseaefolia) 

F l , during meiosis show no s i g n s of abnormalities during 

metaphase, p a i r i n g being apparently quite normal, however 

the presence of non-disjunction bridges at anaphase one 

r e v e a l s t h a t the two genomes d i f f e r from one another by 

at l e a s t one t r a n s l o c a t i o n . With P. e l a t i o r , P. megaseaefolia 

again shows s i g n s of one t r a n s l o c a t i o n , t h i s time by the 

appearance of a quadrivalent at metaphase. However, only 

four percent of the metaphase c e l l s show sig n s of t h i s 

abnormality, so that on t h i s evidence the taxa can be taken 

to be indeed c l o s e l y r e l a t e d to one another. Although i t 

i s not p o s s i b l e to a s c r i b e exact p o s i t i o n s to the majority 
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of the s p e c i e s , i n the absence of many hybrids, i t i s of 
i n t e r e s t to note that P . j u l i a e and P. megaseaefolia show 
approximately the same percentage of abnormalities i n 
c r o s s e s with P. e l a t i o r , 95.8 and 96,0 percent r e s p e c t i v e l y . 

Primula l o f t h o u s e i would a l s o appear to be a good 

member of t h i s s e c t i o n , the c y t o l o g i c a l information on 

metaphase c e l l s show eleven b i v a l e n t s i n c r o s s e s with P. 

amoena, while i n a c r o s s with P. e l a t i o r 57% of metaphase 

c e l l s a r e normal. No other hybrids i n v o l v i n g t h i s s p e c i e s 

are a v a i l a b l e , but the numerical taxonomic a n a l y s i s shows 

th a t p h e n o t y p i c a l l y i t i s very c l o s e l y r e l a t e d to the e l a t i o r 

group, i t s c l o s e s t r e l a t i v e being P. v e r i s . 

The d i f f i c u l t i e s of c l a s s i f y i n g the taxa o u t l i n e d above 

a l l s p r i n g from the use of d i f f e r e n t methods of approach to 

the problem. D i f f e r e n t approaches to the c l a s s i f i c a t i o n s of 

organisms are adopted by d i f f e r e n t i n v e s t i g a t o r s , each of 

whom has h i s own concept of what c o n s t i t u t e s a s p e c i e s . 

S i m i l a r problems have been found i n a number of groups. 

Clausen and Heisey (1958), i l l u s t r a t e t h e i r d i s c u s s i o n of 

t h i s kind of problem by r e f e r r i n g to S i l e n e c u c u b a l i s and 

S. maritima, and a l s o to Geum urbanum and G, r i v a l e , 

S. Maritima has green herbaceous b r a c t s , e r e c t and 

s i n g l e flowers, many n o n - f l o r i f e r o u s s t e r i l e shoots and a 

w e l l developed p a r a - c o r o l l a , i n s i d e the throat of the flower. 
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I t has decumbent-prostrate stems, and i s l a t e blooming. 
S, c u c u b a l i s , on the other hand, has white coriaceous b r a c t s , 
f r e e flowering stems with w e l l developed i n f l o r e s c e n c e s , 
nodding flowers and only a rudimentary p a r a c o r o l l a . I t 
has ascending-erect stems, and i s r e l a t i v e l y e a r l y blooming. 
The two taxa are i n other words morphologically quite 
d i s t i n c t . The F l hybrids between them are, however, 
completely f e r t i l e , and no d i f f i c u l t y i s experienced i n 
producing succeeding generations. 

Some taxonomists have f i x e d t h e i r a t t e n t i o n on these 

d i s t i n c t morphological d i f f e r e n c e s , and have named the 

two as d i s t i n c t s p e c i e s . Others, recognising t h e i r c l o s e 

r e l a t i o n s h i p s , have considered them to be subspecies, or 

v a r i e t i e s of one s p e c i e s . There i s i n other words, 

d i f f i c u l t y i n r e c o n c i l i n g evidence obtained from an 

experimental approach with that of the formal taxonomist. 

The Gevun s i t u a t i o n i s s i m i l a r , Clausen and Heisey note, 

s i n c e the common avens and the water avens have not yet 

acquired f u l l spedes-hood. Although the two are d i s t i n c t 

morphologically, and have d i f f e r e n t flowering-times, they 

are wholly i n t e r f e r t i l e , so that they are r e a l l y only 

morphologically d i s t i n c t e c o l o g i c a l subspecies. 

A c t u a l l y the Geum s i t u a t i o n i s even more l i k e the 

Primula s i t u a t i o n than Clausen and Heisey s t a t e . Far from 
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being "wholly i n t e r f e r t i l e " , the two sp e c i e s show d i f f e r e n c e s 
i n f e r t i l i t y between r e c i p r o c a l i n t e r s p e c i f i c c r o s s e s . 
Marsden-Jones (1930) s t a t e s t hat he t r i e d f o r two years to 
make the hybrid with G. r i v a l e as the seed parent, "but 
f a i l e d to obtain a s i n g l e seed". Valentine (1951) has 
confirmed that the c r o s s i s s u c c e s s f u l only when G. urbanum 
i s the female parent. 

The morphological c h a r a c t e r s which d i s t i n g u i s h these 

t a x a of Geum are of the kind which are of primary importance 

i n other plant f a m i l i e s , d i s t i n g u i s h i n g even d i f f e r e n t 

genera from one another. In Geum, as i n the other groups, 

the c h a r a c t e r s are c o n t r o l l e d by systems of multiple a l l e l e s . 

" I n a biosystematic sense these morphological c h a r a c t e r s 

serve as markers of e c o l o g i c a l l y separated subspecies, r a t h e r 

than as markers of d i s t i n c t s p e c i e s . Some taxonomists may 

simply r e f e r to them as s p e c i e s however", (Clausen and 

Heisey, 1958), 

T h i s i s r e l e v a n t to the Primula s i t u a t i o n , f o r i t serves 

as a reminder that t a xa evolve, and are evolving, and do not 

n e c e s s a r i l y show the d i s t i n c t n e s s from one another which may 

be looked f o r by the formal taxonomist. A l t e r n a t i v e l y , 

they may have the morphological appearance of d i s t i n c t n e s s 

without any of the b a r r i e r s to prevent the formation of 

p e r f e c t l y f e r t i l e hybrids _ ^ r:.. ^I when they meet. The 
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examples of S i l e n e and Geum show that there may be d i f f i c u l t i e s 
i n r e c o n c i l i n g the evidence from d i f f e r e n t methods of 
e s t a b l i s h i n g s t a t u s f o r t a x a . One approach l a y s s t r e s s on 
the formal observation of s e l e c t e d morphological c h a r a c t e r s , 
together with e c o l o g i c a l and geographical d i s t i n c t i o n s . 
The other takes i n t o c o n s i d e r a t i o n other data which has a 
" b i o l o g i c a l " s i g n i f i c a n c e . Davis and Heywood (1963), 
summarise the s i t u a t i o n as f o l l o w s : - "Several c l a s s i f i c a t i o n s 
of s p e c i e s d e f i n i t i o n s have been proposed, c f , Mayr (1957); 
Baudry (1960) - so involved has the s u b j e c t become, but 
the two main ones a r e : -

(a) Taxonomic (embracing the orthodox, t y p o l o g i c a l , 
morphological, morphogeographical, e t c ) , 

(b) B i o l o g i c a l ( i n c l u d i n g the biosystematic, g e n e t i c a l , 
c y t o g e n e t i c a l , non-dimensional, m u l t i ­
dimensional, e t c . ) " . 

T h i s c l a s s i f i c a t i o n i s r e l e v a n t to the present work, 

f o r i t d e s c r i b e s c l e a r l y the d i f f e r e n t methods of approach 

to the problems of c l a s s i f i c a t i o n , V a l e n t i n e ' s approach 

of i n v e s t i g a t i n g the seed i n c o m p a t i b i l i t y r e l a t i o n s h i p s of 

the t a x a , l i k e the present i n v e s t i g a t i o n of g e n e t i c a l and 

c y t o l o g i c a l r e l a t i o n s h i p s , has l e d to a b i o l o g i c a l p i c t u r e , 

which although not i t s e l f unambiguous, c l e a r l y d i f f e r s from 

the c l a s s i c a l morphological p i c t u r e . 

Since they use d i f f e r e n t methods of a n a l y s i s , and s i n c e 
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i n any case t h e i r aims are d i f f e r e n t , one might expect that 
the d i f f e r e n t approaches, taxonomic and b i o l o g i c a l , would 
y i e l d d i f f e r e n t r e s u l t s , s i m i l a r to those seen concerning 
taxonomic s t a t u s seen i n S i l e n e and Geum, 

Pa r t of the d i f f i c u l t y of expressing r e l a t i o n s h i p s i s that 

any attempt i s almost bound to be more s i m p l i f i e d than the comp­

l e x s i t u a t i o n reviewed, e s p e c i a l l y i f the taxa have but 

r e c e n t l y diverged, and are s t i l l i n the process of divergence. 

D i f f e r e n t r a t e s of evolution w i l l lead to the very rapid 

morphological and e c o l o g i c a l divergence of the two taxa, 

w h i l e yet another p a i r may remain very s i m i l a r i n the 

absence of any strong p r e s s u r e s . A l l t h i s while other 

mechanisms concerned with the i s o l a t i o n of the spe c i e s are 

d i v e r g i n g at other r a t e s , or not at a l l . Hence d i f f e r e n t 

ways of expressing the r e l a t i o n s h i p s of sp e c i e s may r e f l e c t 

d i f f e r e n c e s which are simply due to d i f f e r e n t r a t e s of 

evolution,, and have very l i t t l e to do with degrees of 

r e l a t i o n s h i p as such. 

The r e l i a n c e placed by some a u t h o r i t i e s on the extent 

of chromosome p a i r i n g i n i n t e r s p e c i f i c hybrids as an index 

of r e l a t i o n s h i p s of the s p e c i e s whose genomes are concerned 

has already been mentioned. Many of these workers r e f e r 

to Stebbins (1938) and h i s work on Paeonia as j u s t i f i c a t i o n 

f o r t h i s approach, Paeonia i s a very bad example to choose 
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f o r t h i s purpose, however, f o r Stebbins notes that the 
p a i r i n g a f f i n i t i e s of the chromosomes i s of l i t t l e or no 
value f o r determining the phylogenetic r e l a t i o n s h i p s 
between the s p e c i e s of t h i s genus. The morphology of the 
chromosomes does not help, nor the degree of s t r u c t u r a l 
d i f f e r e n t i a t i o n between the chromosomes of d i f f e r e n t s p e c i e s , 
as deduced by the amount and type of abnormality at meiosis 
i n h y b r i d s . . Although there appears to be some c o r r e l a t i o n 
between s t r u c t u r a l h y b r i d i t y and f a i l u r e of p a i r i n g , t h i s 
does not help, f o r one or other may be present alone, not 
only i n hybrids, but i n s p e c i e s . 

Stebbins notes that such chromosomal s t r u c t u r a l changes 

as i n v e r s i o n s have not been e f f e c t i v e i n d i f f e r e n t i a t i n g 

s p e c i e s i n the absence of other agents. However, they 

have r e s u l t e d i n d i s c o n t i n u i t y , which has been responsible 

f o r the formation of v a r i e t i e s w i t h i n the s p e c i e s . 

The matter i s complicated i n Paeonia by the nvimber of 

a b n o r m a l i t i e s seen i n the pure s p e c i e s . Since each s p e c i e s 

i s apparently a heterogeneous c o l l e c t i o n of d i f f e r e n t 

karyotypes, i t i s d i f f i c u l t to use the d i f f e r e n c e s between 

two s p e c i f i c karyotypes as evidence of t h e i r degree of 

r e l a t i o n s h i p , f o r i t cannot be c l e a r that one i s dealing 

with r e p r e s e n t a t i v e karyotypes. In Primula on the other 

hand, there i s no reason to b e l i e v e that the karyotypes of 
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the d i f f e r e n t taxa are not r e p r e s e n t a t i v e . The absence 
of abnormalities i n the pure s p e c i e s i s support for t h i s 
view. Nevertheless, the d i f f e r e n c e s between s p e c i f i c genomes 
may be as much a measure of the r a t e of evolution as a 
measure of the time of divergence of the sp e c i e s involved. 
Greater abnormalities could occur between the genomes cof 
s p e c i e s of comparatively c l o s e r e l a t i o n s h i p i n time, which 
had diverged r a p i d l y under the in f l u e n c e of strong s e l e c t i o n 
p r e s s u r e , than between s p e c i e s which are not as c l o s e l y 
r e l a t e d i n time, but which had not been subjected to such 
strong s e l e c t i o n p r e s s u r e s . Chromosome s t u d i e s do not 
n e c e s s a r i l y show anything more about the evolutionary 
r e l a t i o n s h i p s of taxa than the speed of t h e i r divergence, 
and hence do not n e c e s s a r i l y show the n a t u r a l order of 
the t a x a considered. 

S i m i l a r arguments can be advanced against the claims of 

any p a r t i c u l a r method which i s s a i d to i l l u m i n a t e the 

r e l a t i o n s h i p s of the s p e c i e s , and r e v e a l the evolutionary 

t r u t h . I n a l l cases the degree of r e l a t i o n s h i p revealed 

may simply r e f l e c t the strength of the pressures which gave 

r i s e to the f e a t u r e s under c o n s i d e r a t i o n . T h i s i n turn 

may r e f l e c t the d i f f e r e n c e between a l l o p a t r i c and s y n p a t r i c 

s p e c i a t i o n . The former would not req u i r e such strong 

b a r r i e r s as the l a t t e r to prevent hybrids forming, and hence 
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s p e c i a t i o n could proceed i n the absence of i n t e r n a l b a r r i e r s , 
or i n the presence of only s l i g h t l y developed ones. 

The seed i n c o m p a t i b i l i t y mechanism i t s e l f has not 

n e c e s s a r i l y a r i s e n by d i r e c t s e l e c t i o n pressure f o r i t . 

Indeed i t i s d i f f i c u l t to imagine how there could be d i r e c t 

s e l e c t i o n f o r the mechanism. The phenomenon i s a post 

f e r t i l i s a t i o n one and as such the maternal plant which 

m a n i f e s t s i t w i l l be l e s s f e r t i l e than one which does not, 

when producing hybrid seed. Hence the reduced production 

of seed i n such c r o s s e s would mean that could be no 

s e l e c t i o n f o r the mechanism i n the s p e c i e s , s i n c e i t s 

s u c c e s s would mean the reduced f e r t i l i t y of the i n d i v i d u a l s 

developing i t , 

Woodell (1960) has shown that "minor d i f f e r e n c e s i n timing 

and seed s i z e occur" i n the development of the embryos of 

P. v u l g a r i s , P, e l a t i o r and P. v e r i s . These d i f f e r e n c e s 

are not n e c e s s a r i l y the r e s u l t s of d i r e c t s e l e c t i o n , but 

may be merely developmental consequences of d i f f e r e n c e s 

i n e c o l o g i c a l requirements. For ins t a n c e , Valentine (1948) 

quotes Hegi (1931), who regards the primrose as a 

thermophilous s p e c i e s , which r e q u i r e s a r e l a t i v e l y mild 

winter and s p r i n g , while the o x l i p can withstand low winter 

temperatures. Consequently, the primrose i s more Western, 

and the o x l i p more E a s t e r n i n d i s t r i b u t i o n . As a r e s u l t 



-132-

of the d i f f e r e n c e s , the s p e c i e s have apparently come to 
d i f f e r " f o r d i f f e r e n t r a t e s and temperature optima for 
v a r i o u s processes of c e l l u l a r metabolism", which Stebbins 
(1966) says may give r i s e to "genie disharmony i n the 
development of h y b r i d s " . In the F l hybrid between two 
s p e c i e s , the r e l e v a n t t i s s u e s are the endosperm and the 
embryo. The endosperm i s t r i p l o i d , and contains two 
r e p r e s e n t a t i v e s of each chromosome of the mother, and one 
from the male parent. The endosperm w i l l therefore be 
d i f f e r e n t i n gene content i n r e c i p r o c a l c r o s s e s between the 
same two parents. Jffoodell and Valentine (1963) w r i t e , 
"Seed i n c o m p a t i b i l i t y , which i s the p a r t i a l or complete 
f a i l u r e of seed development a f t e r f e r t i l i s a t i o n has taken 
p l a c e , i s the r e s u l t of an i n t e r a c t i o n between g e n e t i c a l l y 
d i f f e r e n t p a t e r n a l and maternal t i s s u e s ; the p h y s i o l o g i c a l 
i n c o m p a t i b i l i t y and i t s morphological expression i n the 
abnormal seed must have a p h y s i o l o g i c a l expression". The 
same authors (1963) w r i t e , "The growing embryo thus needs 
a s e r i e s of growth f a c t o r s which are probably produced i n 
the endosperm, and i f these f a i l the embryo w i l l stop 
growing and may d i e . Again i t i s p o s s i b l e that the nature 
and production of these growth f a c t o r s are d i f f e r e n t i n 
d i f f e r e n t Primula s p e c i e s , so that i n an i n t e r s p e c i f i c 
c r o s s the embryo f a i l s to grow or develops abnormally". 

Seed i n c o m p a t i b i l i t y could therefore be due to 

d i f f e r e n t r a t e s of development of endosperm and embryo. 
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due to the i n t e r a c t i o n of the genes of the two parents 
which d i f f e r i n t h e i r r a t e s of growth. As a r e s u l t , the 
l a c k of coordination between these two t i s s u e s could r e s u l t 
i n the development of an abnormal embryo. The r e s u l t s 
would be expected to d i f f e r i n r e c i p r o c a l c r o s s e s due to 
the balance between the p a r e n t a l genomes being d i f f e r e n t 
i n the t r i p l o i d embryo. Doubling the nvimber of chromosomes 
of both parents might be expected to have no s i g n i f i c a n t 
e f f e c t on development, but doubling the chromosome number 
of only one might. The t r i p l o i d hybrid (2n P. v e r i s x 
4n P, e l a t i o r ) r e p r e s e n t s the only way i n which i t has been 
p r a c t i c a b l e t o c r o s s these two s p e c i e s , and the success 
might be a consequence of the increased gene dosage of 
P, e l a t i o r e f f e c t i n g the r a t e of development of the embryo 
or endosperm. Be that as i t may, the postulated d i f f e r e n c e s 
i n metabolic r a t e i n the c e l l s of the various s p e c i e s are 
not n e c e s s a r i l y the r e s u l t of competition between the spe c i e s 
during development, which might give a cl u e to r e l a t i o n s h i p s , 
but merely the consequence of adaptation to d i f f e r e n t 
e c o l o g i c a l c o n d i t i o n s . Since i n the l a t t e r case the 
d i f f e r e n c e s could be secondary f e a t u r e s of s p e c i a t i o n , the 
d i f f e r e n c e s between the s p e c i e s would not n e c e s s a r i l y 
serve as good i n d i c a t o r s of evolutionary r e l a t i o n s h i p s . 

T h i s argument does not preclude the p o s s i b i l i t y that 
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seed i n c o m p a t i b i l i t y does i n f a c t i n d i c a t e evolutionary 

r e l a t i o n s h i p s . However, i t does present an a l t e r n a t i v e 

to t h i s view, which i s at l e a s t equally as l i k e l y . 
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CONCLUSIONS 

I f the aim of taxonomy i s simply to enable one to 

i d e n t i f y i n d i v i d u a l taxa, then t h i s i s achieved as soon as 

they are described. That t h i s i s not the only aim i s 

shown by the constant r e v i s i o n of t h e i r l e v e l of importance, 

and of t h e i r r e l a t i o n s h i p s with other t a x a . The i n i t i a l 

d e s c r i p t i o n simply s t a r t s the phase of the 'alpha' taxonomy 

of T u r r i l l , which i s followed by other e f f o r t s to produce 

more "meaningful" r e l a t i o n s h i p s w i t h i n the groups studied. 

As a r e s u l t , new r e v i s i o n s are published as new people 

examine the evidence a v a i l a b l e to them. As S o l l r i g (1966) 

puts i t , ",,,,, the work of the sy s t e m a t i s t does not stop 

with d e s c r i p t i o n and c l a s s i f i c a t i o n of s p e c i e s . He wants 

to know the genetic r e l a t i o n s h i p s and h i s t o r y of the spec i e s 

he works with and the mechanisms which brought them into 

being". 

The new c l a s s i f i c a t i o n s are u s u a l l y based upon a 

p a r t i c u l a r concept which i t i s held has given, or i s capable 

of g i v i n g , a greate r i n s i g h t i n t o the r e l a t i o n s h i p s of the 

group. 

However, once s e v e r a l l i n e s have been i n v e s t i g a t e d , 

say p o l l e n morphology, seed i n c o m p a t i b i l i t y , cytology, one 

may have s e v e r a l d i f f e r e n t p o s s i b l e "evolutionary" s e r i e s 

to choose from. One i s then faced with the problem of 

making a choice. Which, i f any, i s meaningful? The 
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s e l e c t i o n of a p a r t i c u l a r l i n e might be d i f f i c u l t to defend 
before the Monopolies Commission, to say nothing of other 
s c i e n t i s t s . That a d e c i s i o n should be made seems 
reasonable, otherwise the work done w i l l have been wasted. 

I t has been s t a t e d repeatedly i n t h i s work that 

d i f f e r e n t approaches have emphasised d i f f e r e n t f e a t u r e s of 

the group i n e s t a b l i s h i n g c a t e g o r i e s , with the r e s u l t that 

the c a t e g o r i e s have v a r i e d even though the m a t e r i a l dealt 

w i t h has not. I t i s unfortunate t h a t t h i s should be the 

case, and that there should be the repeated raking over of 

the ashes of an alpha taxonomy, and i t i s d i f f i c u l t to 

provide an answer based purely on biosystematic r e s u l t s , 

f o r they are a l s o to some extent c o n t r a d i c t o r y . 

The g r e a t e s t overlap between c l a s s i c a l taxonomy and 

bio s y s t e m a t i c s i s afforded by Wendelbo's c l a s s i f i c a t i o n , 

g i v i n g the subgenus Primula, " I t would seem l e g i t i m a t e 

toconclude that the evidence from the h y b r i d i s a t i o n 

experiments supports Wendelbo's groupings of the s e c t i o n s 

Primula, J u l i a and Megaseaefolia i n t o a s i n g l e subgenus", 

( V a l e n t i n e , 1962). 

What d i f f i c u l t y there i s i n equating Wendelbo's 

system with the biosystematic data i s due l a r g e l y to h i s 

f u r t h e r d i v i s i o n of the group into s e c t i o n s . I f these 

are dropped, and the order of s p e c i e s i s taken to be the 
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e a s i l y repeatable one of the numerical taxonomic data, where 
no c h a r a c t e r s are e s p e c i a l l y emphasised, then h i s subgenus 
can be taken to incorporate the following s p e c i e s : -

P. v e r i s L. 

P. l o f t h o u s e i Harr, 

P. p a l l a s i i Lehm, 

P, e l a t i o r ( L ) H i l l 

P, amoena M. Bieb. 

P. i n t r i c a t a Godr, et Gren. 

P. megaseaefolia B o i s s , 

P. j u l i a e Kusn. 

P. v u l g a r i s Huds. 

Each s p e c i e s i s a morphological e n t i t y , and a l s o has 

the s t a t u s of an e c o s p e c i e s . 

I n t h i s way the' r e s u l t s of the formal taxonomic 

approach can be brought together with those of the e x p e r i ­

mental approach, to give a s y n t h e s i s which one would hope 

to be at l e a s t a step on the road towards an 'omega' 

taxonomy f o r the taxa considered. 

I t i s appropriate to end with a quotation from H u l l 

(1967) : "Every taxonomy i s a p r o v i s i o n a l and i m p l i c i t 

theory (or family of t h e o r i e s ) . As knowledge of a 

p a r t i c u l a r subject-matter grows, our conception of the 

subject-matter changes; as the concepts become more f i t t i n g . 
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we l e a r n more and more. L i k e a l l e x i s t e n t i a l dilemmas 
i n s c i e n c e , of which t h i s i s an ins t a n c e , the paradox i s 
r e s o l v e d by a process of approximation: the better our 
concepts, the b e t t e r the theory we can formulate with 
them, and i n turn, the b e t t e r the concepts a v a i l a b l e f o r 
the next, improved theory". 



I 
APPENDIX A 

Peduncle presence/absence scored at different times in 
H30. F2 (vul. X e l a t . ) 

Plant Flower F r u i t Plant Flower F r u i t Plant Flower F r u i t Plant Flower F r u i t 

1 • - - 36 + + + 71 - - - F + + + 

2 • • 37 + + + 72 + + + G . - - -

3 • • • 38 - - - 73 •- • - H + + + 

4 + + + 39. • • 74 + + + I - - -

5 + + + 40 + + + 75 + • - + J - - -

6 + + + 41 + + + 76 + + + K + + + 

7 • • • 42 - - - 77 + + - L + + + 

8 _ _ _ 43 + + + 78 - M + - + 

9 + + + 44 + + + 79 + • + N + + -

10 _ _ _ 45 + - + 80 + + + 0 - - -

11 • • • 46 - - - 81 + + + P + - + 

12 + + + • 47 + • + 82 + + + Q + - + 

13 _ _ _ 48 + + • 83 + - + R + + + 

14 + + + 49 + - + 84 + + + S + + + 

15 + + • 50 + • • + 85 + + + T + + 

16 • • 51 + + • 86 + + + U + + • + 

17 + + + 52 + + + 87 + + + V • • • • 

18 + + + 53 + + + 88 + + + W • * • 

19 + + + 54 + + + 89 + + + X - - -

20 + + 55 + • + 90 + + + Y + + + 

21 + + + 56 • • • 91 + + + Z + + + 

22 _ - 57 - - - 92 • + + + a + + + 

23 _ • 58 + + + 93 + + + b + + 

24 + + + 59 • • • 94 - - - c + + + 

25 _ - 60 + + + 95 • • • d - -

26 _ - 61 - - - 96 + + + e + + + 

27 + + - 62 + + - 97 + + + f + -

28 + + + 63 + + + 98 - - - g * • • 

29. • • • 64 - - - 99 + + + h - - -

30 + + • 65 - - • 100 + + + i - - -

31 + + + 66 + - + A + . + + j + + + 

32 - - - 67 + + + B - - • k + -1. -

33 + + + 68 + + + C - - • 1 
* 

34 + + + 69 - - - D + + + m + + + 

35 70 + + + E + + + n 
o 
P 
q 

+i 
+1 

1 
+1 

+ 
1 

1+
 

1+
 + 

+ 

+ 



II 
APPENDIX A (contd.) 

Peduncle presence/absence scored at d ^ f f e r e n t times i n 

H36. F2 ( v u l . X e l a t . ) 

P l a n t Flower F r u i t P l a n t Flower F r u i t P l a n t Flower F r u i t P l a n t Flower F r u i t 

1 + + + 33 + + + 65 + - + 97 • • 
2 • • • 34 + + + 66 + + + 98 • • 

3 • • • 35 + + + 67 + + + 99 + + + 
A • • 36 + + + 68 + + + 100 + + + 
5 + + + 37 + + + 69 + + + 101 + • + 
6 - - • 38 + "+ + 70 + + • 102 + + + 
7 - - • 39 - - - 71 + + + 103 + + + 
8 + + • + 40 + + + 72 + + + 104 + + + 
9 + - + 41 + + + 73 + + + 105 + + -

10 • • 42 + - + 74 + + + A + + + 
11 - - - 43 • • • 75 + + + B + + + 
12 • • • 44 + - + 76 + + + C + + + 
13 - - • - 45 + + + 77 + + + D + + + 
14 + + + 46 + + + 78 • • E + + + 
15 + + + 47 • • - • 79 + + + F + + + 
16 • + + + 48 - - - 80 + + + G + + + 
17 + + + 49 + + + 81 + + ' + H + 0 + 
18 + + + 50 + + + 82 + + + I + - + 
19 + + + 51 + + + 83 + + + J + + + 
20 + + + 52 + + + 84 + + + K + + + 
21 - - - 53 + + + 85 + + +" L + + + 
22 + + + 54 + + • 86 + + + M + + + 
23 + + + 55 + + + 87 + + + N + + + 
24 + + + 56 + + + 88 + + - 0 + + + 
25 + + + 57 + + + 89 - - P + + + 
26 + + + 58 + + + . 90 + + + Q - - -
27 + + + 59 - - • 91 + + + R - - -
28 + + + 60 - - - 92 + + + S + + + 
29 + + + 61 + + - 93 + + + 
30 + + + 62 + + • 94 + + + 
31 - - - 63 + + + 95 - - • 

32 + + + 64 + + + 96 + + + 
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APPENDIX A (contd.) 

(144. H43. 
Plant Flower Fruit Plant 
A .. • 1 
B - • 2 
C • - 3 
D - • 4 
E • - 5 
F . . 6 
G - - 7 
H + + 8 
I 
J 
K 
t 
M 
N 
0 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 

1149 
A 
B 
C 

9 
10 
11 
12 
13 
14 

+ 15 
16 
17 
18 
19 
20 

+ 21 
22 
23 
24 

+ 25 
26 
27 

+ 28 
+ 29 

30 

33 
34 
35 

- - 31 
B - - 32 

E - -
F - -
G 

H - -
1 -
J - -
K 

L - -

M - -
N + + 
0 - + 

H41. H45-48 H45-48 

Flower Fr u i t Plant Flower Fruit Plant Flower Fruit Plant Flower Fruit 

+ A - A - - 12 + + 

+ B • • B - - 13 - + 

C + + C - - 14 - + 

D + + P - - 15 - * 

E E + + 16 - -
F _ _ F - - 17 - -
G - G - - 18 - -
H - H - - 19 -
I _ I - - 20 - -

+ J _ - J + + 21 - -
K + K - - 22 -
L _ - L - - 23 + -

+ M _ - M - - 24 + + 

N _ N - - 25 - + 

0 _ 0 - - 26 - -
+ P - - P - - 27 + + 

Q _ - Q - - 28 -
R _ - R + - 29 - + 

+ S - - S + • 30 + 

+ T _ - T + + 31 -
+ U ' - + U • 32 - + 

V _ - V - - 33 + 

W - - W + - 34 + -
+ X _ - X - • 35 -

Y _ - Y - • 36 - -
z _ - Z - - 37 - -
1 _ _ 1 - - 38 + -
2 + _ 2 - - 39 + -
3 + + 3 + - 40 + -
4 _ - 4 - + 41 - + 

5 _ - 5 - + 42 - -
6 - - 43 + • 

7 - • 44 -
8 + + 45 - -
9 + • 46 + 
10 + + 47 + 
11 + + 48 -



IV 

APPENDIX B 

V a r i a t i o n i n the number of pedunculate i n f l o r e s c e n c e s and 

b a s a l f l o w e r s , i n F l ( v u l g a r i s x e l a t i o r ) and F l ( e l a t i o r x v u l g a r i s ) 

( V a l e n t i n e - personal communication) 

P l a n t s were recorded over four seasons, and the two e n t r i e s 
are not n e c e s s a r i l y f o r the same season. 

G89 v u l g a r i s 585^2)p ^ e l a t i o r Dl3^_|_ 

G90 + G91 e l a t i o r D l 3 ^ ^ x v u l g a r i s 585^^) 

No. of No. of No. of No. 
Code ped. i n f l o r . b a s a l i n f l o r . Code ped. i n f l o r . b a s a l 

G89A 6 20 G90A 8 17 
G89B 8 5 G90B 4 8 
G89C 5 10 G90C 7 12 
G89D 1 0 G90D 3 1 
G89E 3 2 G90E 5 8 
G89F 6 23 G90F 2 0 
G89G 1 0 G90G 6 10 
G89H 5 12 G90H 7 12 
G89J 10 4 G91A 7 12 
G89K 5 4 G91B 3 20 
G89L 6 7 G91C 4 2 
G89M 7 16 G91D 7 9 
G89N 4 8 G91E 4 1 
G890 6 47 G91F 6 53 
G89P 4 0 G91G 4 19 
G89Q _4 13 G91H _4 26 

T o t a l : 81 171 T o t a l : 81 210 

Mean: 5*1 + 2*243 10*7 + 10*198 Mean: 5*1 + 1*749 13* 13*1 + 11*767 



Appendix C ; Variation of. capsule length with corolla diameter F 2 (vulgaris .x elatior> 
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APPENDIX D 

Chromatographic a n a l y s i s of sugars a s s o c i a t e d with 

seeds and p l a c e n t a i n P. v u l g a r i s 

The s e c r e t i o n from the p l a c e n t a was washed i n a l c o h o l , and then 

spotted onto Whatman's No.l chromatographic paper. I t was d r i e d , and 

then run a t 24°C i n the s o l v e n t butanol-propionic acid-water, as used 

by Benson, et a l . (1950) - ( s e e below). 

When the f i r s t run was complete, the paper was d r i e d , and run i n 

the same s o l v e n t system at r i g h t - a n g l e s to the f i r s t . 

The paper was again d r i e d , and sprayed with p - a n i s i d i n e hydro­

c h l o r i d e i n n-butanol, a f t e r which i t was heated to 110°C. 

The p o s i t i o n of the sugars was i n d i c a t e d by coloured spots. 

The s o l v e n t system. 

"Butanol-propionic acid-water. F r e s h solvent i s prepared from 

two s o l u t i o n s , A (1246 ml. of n-butanol and 84 ml. of water) and B 

(620 ml. of r e d i s t i l l e d p ropionic a c i d and 790 ml. of water). A and 

B are a d j u s t e d to g i v e a s i n g l e phase s o l u t i o n which becomes cloudy 

on c o o l i n g to 22°C, or two degrees below the thermostated room 

temperature". Benson, Bassham, C a l v i n , Goodale, Haas and Stepka, 

(1 9 5 0 ) . 
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IX 

APPENDIX F. 

Data of meiosis i n the a u t o t e t r a p l o i d s 
i . 4n P . e l a t i o r 

G238(6) (4n P . e l a t i o r ) Ml Label 30«0/67'0 

28 •0/50'9 (4IV 1 4 I I ) 
28 •0/50'9 (8IV 611) ( L e f t hand upper c e l l ) 
28 •0/49'6 2 c e l l s . (3IV n i l 1 3 I I 31) (Right hand c e l l ) 

( 2 2 I I ) ( L e f t hand c e l l ) 
26 •2/49'2 (2IV 2 I I I 1 3 I I 41) 
26 •2/50*8 ( I I V n i l 1 6 I I 51) 
28 •0/50*9 (4IV 1 4 I I ) 
28 •2/48*1 (3IV 1 5 I I 21) 
27 •1/51*9 (2IV 2 I I I 1 3 I I 41) 
27 •0/48*1 (2IV 2 I I I 1 3 I I 41) 
27 •0/48 '2 (3IV n i l 1 4 I I 11) 
25 •6/57*5 (2IV 2 I I I 1 4 I I 21) 
26 •0/57*6 Two c e l l s squashed together (Upper of two c e l l s ) 

(3IV 1 6 I I ) (Lower of two groups) 
30 •1/55*7 ( I I V n i l 1 8 I I 11) 
24 •0/62*8 ( I I V 1 9 I I 21) -

25 •8/55*1 (5IV 1 2 I I ) 
26 •0/50*9 (2IV 1 5 I I 61) 
21 •8/60*6 
18 •1/57*9 (3IV 1 6 I I ) 
16 •9/53*5 (5IV n i l 1 4 I I 11) 
16 •9/55*9 (3IV n i l 1 4 I I 11) 
16 •8/56*0 ( I I V n i l 1 7 I I 31) 
16 * 7/55'9 ( r i g h t hand of two c e l l s (3IV 2 I I I l l l l 41) 

17 •2/64*1 (5IV 1 2 I I ) 



APPENDIX F. 

i i . 4n P.veris 

Cl6b (2n = 44) A l l . ( P a t h o l e t t e 73) Started 25*9/134*1 ( l a b e l to r i g h t ) R i D i E i 

31*9/110*6 A l (22 + 22) 
33*0/104*9 (3 c e l l s ) (4IV 2 I I I 911 4 l ) - middle c e l l 
34*7/108*6 ( r i g h t hand c e l l ) (3IV 2 I I I 1 2 I I 21) 
34*5/108*0 (5IV n i l 21) 
33*8/108*8 (6IV l O I l ) 
34*1/109*4 (7IV n i l 611 l l ) 
34*5/111*2 (4IV 2 I I I 911 4 l ) - upper c e l l 
34*5/111*2 (4IV 3 I I I 811 31) - lower c e l l 
34*5/111*0 (3IV n i l 1 4 I I I I ) - l e f t hand c e l l 
34*5/111*0 (3IV 1 6 I I ) - r i g h t hand c e l l 
34*2/111*0 (6IV ion) 
34*5/110*9 (4IV n i l ion 51) 
34*1/110*9 (5IV 2 I I I 711 4 l ) 

Cl6n ( 1 ) R.D.E. 
34*1/110*8 (4IV 2 I I I ion 21) 
34*2/110*9 (3IV 5 I I I 711 31) 
34*6/109*9 (6IV 2 I I I 611 2 l ) 
35*1/110*1 (6IV n i l 711 31) ( l e f t hand c e l l of two) 
35*1/110*1 (3IV 1 5 I I 21) ( r i g h t hand c e l l of two) 
35*6/110*8 (2IV n i l 1 6 I I l l ) 
35*6/111*6 (3IV ,2111 1 2 I I 2 l ) 
35*1/114*0 (6IV ion) 
36*1/115*0 (6IV ion) 
38*9/109*5 (3IV I I I I 1 4 I I l l ) 
40*1/113*0 • (5IV n i l 21) ( l e f t hand c e l l of three) 
40*1/113*0 (5IV n i l 911 31) (middle c e l l of three) 
40*1/113*0 (3IV 2 I I I n i l 41) ( r i g h t hand c e l l of three) 
40*5/116*0 (22 + 22 + 22 + 22) 



APPENDIX F. 

i i . 4n P.veris 

Cl6n ( 1 ) D.H.V. (M2) Path o l e t t e 73. 

35•0/116-0 (21 + 23) 
35«1/116'8 (24 + 20) 
35-0/115-6 (22 + 22) 
34«9/115'9 (22 + 22 + 22 + 22) 

Cl6n ( 1 ) R.D.E. (Ml) ( S t a r t e d 23.0/l00'6) 

27-8/136«7 (6IV 2 I I I 6 I I 2 l ) 

Cl6n ( 2 ) 
27-8/136'8 (8IV 6 I I ) 

18-5/104-8 (23 + 2 3 + 2 1 + 2 1 ) 
14-1/108-0 _ (21 + 21 + 22 + 24) 
12-5/116-8 (23 + 2 0 + 1 ) 
12-1/107-6 (20 + 20 + 48) 
8-1/105-1 (22 + 22 + 22 + 22) 

71- 8/24-1 (6IV + ion) 
72- 0/23-9 ( 2 2 I I ) 
72- 4/23-9 (22 + 2 2 ) 
74- 0/24-0 ( I I V + 2 0 I I ) 
75- 4/24-0 ( I I V + 2 0 I I ) 
75-4/24-0 (3IV + 1 6 I I ) 
75-6/24-1 (3IV + n i l + 1 4 I I + l l ) 
74-1/23-3 (22 + 22) 
74-3/23 -1 (22 + 22) 
73- 1/23-4 ( 20 + 24) 
73-1/23-4 ( 2 2 I I ) 
73 -0/23-3 ( 22 + 22) 

(22 + 22) 
(5IV + 1 2 I I ) 
(8IV + 611) 
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i i . 4n P.veris 

Cl6n ( 2 ) (contd.) 

72*9/23*2 (22 + 22) 
72*1/23*4 (5IV + 1 2 I I ) 
71*9/23*1 (22 + 22) 
71*9/23*9 (24 + 20) 
70*9/23*0 (5IV + 1 2 I I ) 
73'0/23 *0 ( I I V + 2 0 I I ) 
73 *0/23*1 (4IV + 1 4 I I ) 
75*6/24*1 (2IV + 2 I I I + 1 3 I I + 51) 
73 '0/23*1 (7IV + 711 + 21) 
72*1/23*4 (6IV + 911 + 21) 
70*9/23*0 (5IV + 1 2 I I ) 
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Data of meiosis i n ( a ) 4n ( v e r i s x v u l g a r i s ) 

D232b. Slide 1 4n (P.veris x P.vulgaris) Zeiss Microscope: Label to r i g h t . 

12*1/109*5 
9*2/110 '0 

14*1/110*9 
14*1/105*2 
14-1/105*2 

15*1/111*1 
14*8/106*9 

10 
10 

1/103 -0 
5/103*9 

Al(22 + 22); Al(22 + 22) 
( 2 2 I I ) 
( 2 2 I I ) 
Al(22 + 22), (22 + 22) 

(24 + 20), (23 + 21) 

( I I V 211) 
( 2 2 I I ) , ( 2 2 I I ) 

( 2 2 I I ) 
( 2 2 I I ) 

14-0/105*8 

14-1/105*9 

14-1/105-8 
14-1/115-9 
13- 5/105-8 

14- 2/105-8, 

Al ( 2 1 + 22, + 1) 
(21 + 23) 

Al(23 + 21, 
Bridge + f r a g . ) 
(22 + 22) 
(21 + 23) 

( 2 2 I I ) , (22 + 22, 
Bridge no f r a g . ) 

21 + 21, + 2 laggards) 
24 + 20) (22 + 21, 

+ 1 laggard) 

10 •9/104*0 (2IV 1 8 I I ) 14-5/105-8 (22 + 22) (23 + 21) 

13 •0/105-1 (22 + 22) 14-6/105*7 (22 + 22) 

13 •9/105-1 (22 + 22) 
13 •8/105-8 ( I I V 1 8 I I 41) 19-1/106-2 ( 2 2 I I ) 

13 •5/105-8 ( 2 2 I I ) 9-1/110-5 ( 2 2 I I ) 

14 •4/105-8 (21 + 21, + 2 laggards) 16-0/106-5 ( I I V n i l 21) 
14 •4/105 -8 (24 + 20) 16-0/106-6 ( 2 2 I I ) 

14 -4/105-8 (22 + 22) 19-2/107-1 ( 2 2 I I ) 

14 •5/105-5 (22 + 22) 16-0/106*6 ( 2 2 I I ) 

14 •5/105*5 (22 + 22) 14*8/117*0 ( 2 2 I I ) 

14 •5/105*5 Al(22 + 2 0 , + 2 laggards) 10*8/103*8 ( 2 2 I I ) 

14 *7/106*0 Al(23 + 21) 7*0/108*0 ( I I V 2 0 I I ) 

15 *0/106*0 (22 + 21, + 1 laggard) 12*0/109*2 (22 + 22) (22 + 22) 

15 •0/106*0 (22 + 17, +:-5 laggards) 12*0/109-8 (22 + 22) 
13-0/105*0 (22 + 2 1 + 1 laggard) 
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D232b. 4n (P.veris x P.vulgaris) 

Anaphase 1 data: 
22 + 22 - 16 c e l l s 
23 + 21 - 5 c e l l s 
24 + 20 - 3 c e l l s 
2 2 + 2 0 + 2 laggards - 1 c e l l 
21 + 21 + undivided b i v a l e n t - 2 c e l l s 
2 2 + 1 7 + 5 laggards - 1 c e l l 
2 1 + 2 2 + 1 laggard - 4 c e l l s 
23 + 21 w i t h bridge and fragment - 1 c e l l 
22 + 22 w i t h n o n - d i s j u n c t i o n bridge - 1 c e l l 

Telophase 2) 
data: 

Anaphase 2) 

One c e l l w i t h groups of chromosomes 22 + 22 + 22 + 22 

D238b. ( 3 ) P a t h o l e t t e 71. ( l a b e l to r i g h t ) 4n (P.veris x P.vulgaris) 
33 -9/138-3 ( I I V 2 I I I n i l 121) 
33-8/138-1 ( I I V 2 I I I 1 5 I I 41) 
34-5/139-0 (22 + 2 1 + 1 laggard) 
34-4/139-5 (23 + 2 0 + 1 laggard) 
34-8/102-9 ( I V I 5IV 611 61) 
34-8/102-5 (2IV n i l n i l 111) 
34-9/102-5 ( I V I I I V 1 5 I I 41) 
34-6/103-0 ( 2 2 I I ) 
35-1/103-0 ( I I V n i l 1 8 I I 11) 
35-1/102-9 (3IV 1 3 I I 61) 
35-2/103-1 ( I I V 2 I I I 1 4 I I 61) 
35-5/103-1 ( I I V n i l 1 8 I I 11) 
35-2/103-0 ( I I V 2 I I I 1 5 I I 41) 
36-0/103-1 ( I I V 2 0 I I ) 
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(2IV 2 I I I 13II 41) 
(IVI IIV 12II 101) 
(22II) 
(3IV 15II 21) 
(5IV i o n 41) 

D238b.(contd.) 

39- 0/137-0 
40- 0/110-0 
40- 5/107-9 
39- 9/109-1 
41- 1/104-2 

D232 (7b) ( S t a r t e d 22-4/124-0) 23-1/112-9 ( I V I 2IV 2 I I I l l l l 21) 

D232. ( S l i d e A) 40-8/107-9 ( l I V 3 I I I 1 2 I I 71) 
40- 4/113-2 ( I V I 4IV 2 I I I 611 41) 
41- 6/112-5 ( I V I 3 I I I 1 3 I I 31) 
42- 2/110-1 ( I V I I V 4 I I I n i l I I ) 
42-9/108-0 (2IV 2 I I I 1 4 l l 2 l ) 

D238. ( S l i d e 10. 43-1/102-1 (5IV I I I I l O I I l l ) 
42-9/114-9 (2IV 3 I I I 1 2 I I 31) 

Jan.65. P a t h o l e t t e 71. A6b ( 1 ) 4n (P.vulgaris x P.veris) 
33-4/127-4 ( I I V 3 I I I 1 3 I I 51) 
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Data of meiosis i n ( b ) 4n ( v u l g a r i s x e l a t i o r ) 

M261. ( S l i d e 2) P a t h o l e t t e 71. (4n P x O) 

41 *0/-lOl*6 (2IV 1 8 I I ) 
40 * 8 / - l O l * l ( I I V 2 I I I 1 6 I I 11) 
39 *0/-104*8 ( I I V 1 8 I I 41) 
38 *9/-101*9 (3IV n i l 1 4 I I 11) 
35 *5/-lOO*2 ( n i l 2 0 I I 11) 
35 •5/+lOl*0 ( I I V IV 2 I I I n i l 71) 
35 •8/+l01*3 ( 3 I I I 1 5 I I 51) 
36 •5/+101*8 (IV 3IV 3 I I I 911 21) 
39 •0/-l02*5 (3IV 1 4 I I 41) 
39 •1/-103*7 ( n i l 2 0 I I 11) 
23 •8%-109*8 (2IV 1 8 I I ) 
30 •5/+133 *8 ( n i l 1 8 I I 51) 
36 •8/+lOl*3 (2IV n i l 1 5 I I 31) 
36 •8/+101*2 (3IV 1 4 I I 41) 
36 •2/+101*9 ( I V I 2IV n i l 1 2 I I 31) 
36 •2/100*9 (2V 2 I I I 1 2 I I 41) 
37 '0/+102*l A l beginning. ( I I V 2 I I I 1 7 I I ) 
24 •5/-108*8 (2VI 2IV 811 21) 
24-' 4 / - l l l * l (3IV 1 6 I I ) 
27- 2/-112*8 (IV I I V 2 I I I 1 3 I I 31) 
27-'1/-112*8 ( I V I 2 I I I 1 5 I I 21) 
38- 5/-102*4 ( I V I n i l 1 3 I I 91) 
37- 5/-l03*0 
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Data of meiosis i n the a l l o t r i p l o i d (en P.veris x 4n P . e l a t i o r ) 

F141. ( S l i d e 1) (2n P.veris x 4n P . e l a t i o r ) ( S t a r t e d a t corner 22-0/127-8) 

( l a b e l to r t . Patholette 71) 

22 •9/104-9 ( 5 I I I 711 41) 
23 •1/106-2 ( 7 I I I 311 61) 
23 •2/105-1 ( 6 I I I 511 51) 
24 •5/116-0 ( 7 I I I 311 61) 
25 •8/135-1 ( 6 I I I 411 71) 
28 •1/114-1 ( I I V 5 I I I 511 41) 
27 •9/121-1 ( 4 I I I 811 51) 
26 •0/106-1 ( 3 I I I 811 81) 
32 •0/136-1 ( 3 I I I 911 61) 
31 •9/100-2 ( 4 I I I 811 51) -
32 •0/107-1 ( 5 I I I 611 61) 
31 •6/114-1 ( I I V 4 I I I 711 31) 
31 •9/114-1 ( 6 I I I 511 51) 
32 •0/115-4 ( 7 I I I 411 41) 
33 •5/115-0 ( 3 I I I i o n 41) 
34 •6/114-2 ( 6 I I I 611 31) 
36 •9/135-2 ( 6 I I I 611 31) 
36 •1/135-1 ( 5 I I I 611 61) 
36 •0/139-4 ( 6 I I I 611 31) 
36 •5/139-2 ( 2 I I I i o n 71) 
37 •5/110-0 ( 3 I I I i o n 41) 
39 •5/108-1 ( 2 I I I 911 91) 
40 •0/107-1 ( 2 I I I n i l 51) 
42 •1/115-6 ( 4 I I I 811 51) 
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Fl51n. ( S l i d e 1) P a t h o l e t t e 71. 

32*1/107*1 ( 6 I I I 511 51) 
32*0/107*2 ( 6 I I I 711 l l ) 
40*0/107*5 ( 5 I I I 611 61) 

Fl51n. ( S l i d e 2. e t c . ) 

45*9/137*8 ( n i l 1 2 I I 6 l ) 
45-8/137*9 ( 3 I I I 911 6 l ) 
45*9/13 7*8 ( 5 I I I 511 8 l ) 
45*5/138*0 ( I V I 6 I I I 211 51) 

G405(l) (2n P.veris x 4n P . e l a t i o r ) Patholette 71 ( l a b e l to r t . ) 

36*9/100*1 ( 8 I I I I I I 71) 
35*0/110*8 ( 5 I I I 611 61) 
35*0/110-8 ( 5 I I I 511 81) 
32*1/117*0 ( 4 I I I 711 71) 
32*0/113 *0 ( I I V n i l 811 
31*0/99-9 ( 5 I I I 611 61) 
30-1/109*9 ( 5 I I I 711 41) 
27*1/101*1 ( 4 I I I 711 71) 
26*0/109*9 ( 5 I I I 611 61) 
26*0/109*9 ( I I V 3 I I I 611 
23-5/109*8 Central one of t 
23*5/110*0 ( 4 I I I 811 51) 
23*0/l09*8 ( 4 I I I 611 91) 
23*1/109*8 ( 5 I I I 511 81) 
23*1/109*8 ( 4 I I I 611 91) 
23*0/l09*8 ( 6 I I I 411 71) 
23*0/109*6 ( 3 I I I 711 101) 
23*0/109*l ( 3 I I I 911 61) 
23*0/109*1 ( 3 I I I 911 61) 

( 4 I I I 711 71) 
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