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1. INTRODUCTION. 

HE MeZuniurn section o f  the genus Viola offers exceptional oppor- T tunities for a comparative study of hybrids between species with 
different numbers of chromosomes as well as for experimental taxo- 
nomic studies on the relationship and the origin of species. These 
opportunities are due to the facts that a unique series of numbers of 
chromosomes ranging from n = 7 to n = abt. 30 occurs in this section 
and that each species is capable for crossing with a number of other 
species, irrespective of their chromosome numbers, giving at least par- 
tially fertile hybrids. This makes possible a cyto-genetic analysis of 
the differences characterising the individual species of an entire sec- 
tion, or rather sub-genus, thus interlinked by fertile specific hybrids 
The chief intention for the present study is, therefore, to clear up how 
the species of one natural sub-genus are constructed, cyto-genetically 
speaking, or at least to throw new light upon this problem. 

The genetical part of the analysis, thus defined, was initiated with 
KRISTOFFERSON’S investigations on hybrids between Viola urvensis and 
tricolor (KRISTOFFEHSON 1914, 1916, 1923); in the last named paper 
a few notes on hybrids of Viola Muribyuna with tricolor and arvensis 
are added. The present author contributed with a series of papers on 
the taxonomic and cyto-genetic analysis of Viola tricolor and arvensis 
( J .  CLAUSEN 1921, 1922, 1926, 1927 a and 1930 a )  and on cytology and 
taxonomy of a number of  Violu species (1927 h, 1929,1930 b and 1931 b) .  

Some of the experiments published here date back as far as to 
1922 and 1924, but the main part of them have been under way only 
the last five years, from 1926. A series of species were selected for this 
comparative investigation. This selection was partly a natural one, 
because most alpine species and some of the subalpine ones do not 
succeed under the conditions of a lowland experiment field, and some 
species as for instance liitea and Rattnndierii suffer also unquestionably 
from inhreeding. In such cases propagation by selffertilisation was 
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impossible, and it was found necessary to take recourse to individuals 
produced by uncontrolled pollination in the open. 

Fourteen species representing the haploid chromosome numbers 
7, 10, 11, 13, 17, 18, 20, 21 and abt. 26-30 (oscillating) enter in the 
crossings. 38 different specific crossings were effected; of these the 23 
were successful, inasmuch as they gave flowering F1-plants. Probably 
repeated crossing using other varieties would in some cases have given 
a better result. Thus, for instance, V. Batfandierii crossed with the 
alba-yellow variety of tricolor gave in two reciprocal directions 24 plus 
14 seeds, but only one plant came to flowering in addition to a dwarfish 
and very ccspitose one, which for three on each other following years 
did not flower at all. On the other hand, the same specific cross, but 
applying the liortensis variety (Line 519, n = 13) as the tricolor parent, 
yielded a number of vigorous, abundantly flowering and comparatively 
fertile F,-plants. A similar difference was seen among the hybrids of 
V. lufea with tricolor: using the var. hortensis of tricolor as one parent, 
a vigorous hybrid was obtained, while the hybrid of V. lufea with 
tricolor albn was very weak and suffered from >black leg)), just as the 
inbred V. lizteu itself. 

The annual species 
werc often a little late for the perennial ones, so that these last ones 
had to be used as male parents or, if both were sown the same year, 
as females alone. I n  one case, namely V. aruensis i< rothomagensis, the 
crossing was possible only in one direction; the cross with arvensis as 
the female parent gave many good and well germinating seeds, while 
the reciprocal cross with rothomagensis as mother in eight repeated 
instances invariably gave weak and shrunken seeds, which did not 
germinate at all. Both of these species have the haploid number of 17  
chromosomes. The different success of the reciprocal crossings is there- 
fore not connected with any difference as to the number of cbronio- 
somes in the endosperm of the reciprocal crosses, as THOMPSON 
(1930a, b )  showed for wheat crosses. Two plausible explanations are 
here suggested, namely either disturbed genic equilibrium caused by 
two sets of rofhomugensis-chromosomes with one set of aruensis- 
chromosomes being hrought together in the hybrid endosperm, or in- 
compatibility between the F, chromosomic complement and the plasm 
of rothomagensis. In the eight other cases, where reciprocal hybrids 
were obtained, no differences between the two reciprocals were observed. 
If such were present, they would be so slight as to be uncertain a t  all. 

The technique was mainly the same as described in the 1926-paper: 

Only some of the crossings were reciprocal. 



emasculation with a needle, pollination 4-6 days later and the capsules 
bagged in parchment bags some time before ripening in order to prevent 
tlie seeds from being spread. Sowing was effected in March in hot 
beds and the plants planted out in the field in May. Plants for self- 
f‘ertilisation were removed to the insect proof green house, and at least 
all large flowered ones had to be artificially pollinated with a needle. 
Some of the very sterile hybrids were back-crossed. This gave more 
seeds. For fixation CARNOY’S fluid was applied during the first years; 
1927 NAWASHIN’S chromic-acetic acid was tried for sonie of the fixa- 
tions, and the last thrce years the combination of immersion for 5-10 
minutes in CAHNOY’S fluid followed by abt. 24 hours in NAWASHIN’S 
fixative proved very successful. The slides made before 1927 were 
stained mainly with HEIDENHAIN’S iron-alum haematoxylin, the more 
recent ones with iodine-gentian violet. 

The research work was done alniost exclusively during leisure 
hours, and it had not been possible to get through without the kind and 
very accurate assistance yielded by my wife, Fru ANNA CLAUSEN, during 
the seasonal work on the experiment field. Artificial pollinations, back- 
crossings, fixations, baggings and harvesting were made almost ex- 
clusively by her, and she assisted me also in tlie enumeration of 
segregated types. Through the years the investigations were finan- 
cially supported by funds from tlie Carlsberg Foundation, which de- 
liberated me from taking paid work during the time left from depart- 
mental work, enabling me to devote such time l o  research. Part of the 
cytological investigations were done during a research fellowship of the 
International Education Board from September 1927 to May 1928, spent 
at Division of Genetics, University of California, Berkeley, in my friend, 
Professor E. €3. BABCOCK’S laboratory. The remaining part of the work 
was done at the Genetics Department of the Hoyal Veterinary and 
Agricultural College, Copenhagen, in close and friendly connection with 
Professor Dr. OJVINU WINGE. Grateful acknowledgements are here 
extended to the institutions and single persons, who in one or another 
way, also by supplying of seeds of wild species, have supported these 
investigations. 

The scope of this paper will be to extract from the records of the 
experiments such data, which might be supposed to contribute to the 
clearing up of problems of a more general biological interest, and to 
select some few crossings for a more detailed report; these may then 
he taken as paradigms for specific hybridisations in the AlclnniLim 
section of Violrr. 
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11. SPECIFIC MATERIAL, WITH A SURVEY ON 
HYBRIDISATIONS. 

l'hc diugrmi, fig. 1, rcporls the species applicd iind the hybridisations made. 
The spcrics arc :trraiiged after inrreasing chromosome number with one exception, 
namely thow I)clonging to the collcctive species V. Kilaibelianu, which are inserted 
in one group titter cirvertsis. Succe\sful hybridisations (such that gave flowering 
FI-plants) tire indicalrd by a full line and a mineral between the two parental 

Fig. 1. Diagram of hybridisations in the Melaniurn section. Succcssful crossing? are 
indicated by a full line between the parental species; the numerals on thcse lines rrl'rr 
to Ihc cross no. in this papcr; thr arrows indicate the direction in which the pollen 

w a s  cnrricd. Slippled lines indicate unsuccessful hybridisations. 

species. Thc nuincrals indicate lhc order in which the hybrids are described in this 
paper. Stippled 
lines similarly indicate unsucccssful hybridisations. In some eases no seeds were 
set, in other cases seeds were obtained, but these were not good (shrunken or empty). 
I n  most hybridisations, also of the unsuccessful ones, indeed, were good seeds with 
s plump :ind apparently good embryo formed, hut they would not germinate. A 
number of them were trcntcd in cold slorc for :I week or two. the testa were caut- 

A n  arrow iiidicates the dircction in which the pollen was carried. 
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iously removed froni some lew of thein, but nothing woulcl force thein to germination. 
Tables 1 and 2 shortly relate about ihe hybridisations, the successful and the un- 
successful ones respectively. 

In ihc following, the species applied in the investigations will be introduced 
to the reader. Many of them are not easily characterised in a brief description, also 
hecause they vary very much in nature. For description and figures of chromo- 
somes sec J. CLAUSEN 1927 h and 1029. For taxonomic questions compare W. BECKER 
1905, 1923 and 1025a. 

~ 

MELANIUM VIOLETS _ _ _  - 

Viola elegantula Scmwr, 11 = 10. 

Syn: V. lafisepala Wwrrsr., V. Oosniaca FOHMANEK. Illustrations: WITTROCK 
Distribution: mountains in the northwestern part of 

A perennial species, but when cultivated in 
Characteristic by its long, straight and very 

The flo\*ers (fig. 2) are me- 

1897, Plate VII, figs. 82-88. 
Halcan Peninsula (1500-2000 nitrs.). 
northern climate generally biennial. 
narrow spur, which is thinner than that of rolcaruta. 
dium-sized, much smal- 
ler than calcaratu’s and 
almost of the same size 
as tricolor’s. Herbage 
glabraie, light green, 
leaves ovate with eor- 
date base, stipules ly- 
rato-pinnatifid. Culti- 
vated in rock gardens, 
the type applied in the 
experiments was the 
coninionly cultivated red- 
flowrring one (see the 
figures in WITTROCX 
1897). No spot on the 
style. 2 

Violn Orphanidis Bolss., 4 
n = 11. Figs. 2--4. Flowers and leaves of 2: elegaritiilu, 3: Orpha- 

syn:  v. ,lrolirr, nidis and 4: corniita x orthoceras F1 (Cross 4). All line 
pANC. flabitat: drawings of flowers and leaves are reduced to abt. 3/5; the 

scale in ceniimetres applies to all of thein. Pminsula. Perennial, so- 
mewhat prostrate, densely hirsute, slipules somewhat triangular in outline, dentate or 
:I little lobed (fig. 3). Petals rather narrow, violet, often are the three lower ones 
dark velutina nearest to the eye. With or without spot in front of the style. Aberrant 
chromosomal types with 2n = 21 and 20 chromosomes were previously described 
(J. CLAUSEN 1930b). Some of these are pollensterile. The type used for the crossings 
was the same as described in last named paper. 

Violci eleganfula and Orphanidis no doubt arc nearly related and belong in 
group with a number of Balcan pansies as V. Nicolai PANT., athois W. BECKR., 
ducicu BORB., Ihbyana BIJRNAT and declinatu WALDST. et KIT. Although typical 
populations of these species exist, the delimilations are in many cases very difficult. 
For a key to this group, see HAYEX 1917. 



T
A

B
L

E
 1

. 
L

is
t 

of 
su

cc
es

sf
ul

 h
yb

ri
tl

is
at

io
ns

. 
(1

, 1
1,

 1
11

 d
en

ot
e 

un
iim

le
nt

s,
 b

iv
iil

en
ts

 e
tc

. )
 

~ 
_

~
 

_
~

_
 -

_
_

 
~ 

_
~

 
_

-
-
 

~ 
~

_
-

 
~~

~ 
_

 
_

_
 

_
 

ca
r-

 
in

cl
ud

in
g 

‘1 
‘”I

- 
fe

rt
il

it
y,

 
, 

se
ed

s 
pe

r 
ge

rm
in

at
io

n 
ri

ed
 

ba
ck

cr
os

se
s 

re
 m

a r
1.s

 
te

d 
I 

ve
a r

 
pl

an
t, 

F
, 

C
ro

ss
 

m
at

er
na

l 
pa

te
rn

al
 

co
nj

ug
at

io
n 

of
 c

lir
or

no
- 

to
 

to
 

X
o.

 
sp

ec
ie

s 
sp

ec
ie

s 
I 

so
rn

es
 i

n
 F

, 

, 
1 

1 
co

ri
zi

if
n 

el
cg

nn
tr

ila
 

ca
. 

lo
,, 
+ 

1,
 (

l-G
,),

 
30

0-
50

0,
 

po
or

, 
9 

%
 

F
2 

n
=

ll
 

n
=

lO
 

11
1 +

 IV
 o

cc
ur

 
no

t 
po

or
 

el
cg

ci
nt

iil
n 

19
25

 
F3

 d
id

 n
ot

 
ge

rm
 in

 at
e 

I 

h
gb

i i
d 

I 
ra

re
) 

go
od

 
~ 

-
-
 

~ 
-
-
 
.
 -
~

 
~ 

-
 

3 
li

if
et

i 
el

cg
nn

tii
lc

i 
14

 -1
5,

,, 
G-
4,
, 

nu
to

sy
n-

 
50

-1
00

, 
po

or
 

F:
 

19
28

 
n

=
2

4
 

n 
=

 10
 

de
si

s,
 p

ol
ys

oi
ni

c 
ch

ai
ns

 
po

or
 

-
 

1 
ro

rr
ii

if
n 

or
fh

oc
er

ns
 

ll
,,

, 
no

 e
li

in
in

al
io

n 
ra

th
er

 
po

or
 

F2
 

-
 

fo
r n

i c
 d 
-
 

-
 

_
 

-_
 

~ 

19
27

 
11

 =
 11

 
n

=
ll

 
go

od
 

~ 
-

-
 

~ 
_

_
 

5 
O

rp
hn

ri
ic

iis
 c

or
ni

if
n 

nl
bn

 
n

=
10

, 
11

 
n

=
ll

 

6 
fi

-i
ro

lo
r 

el
rg

an
hi

ln
 

ci
lb

n-
 y

el
lo

w
 

n 
=

 10
 

n
=

1
3

 

-
-

~
~

 
_

 
_
~

 
_

_
~

~
~

 
_

 
_

_
 

8-
ll

lI
, 

8-
O

,, 
11

1 
an

d 
20

0-
40

0,
 

po
or

, 
F*

 
IV
 o

cc
ur

 
ra

th
er

 
10

-2
0 

%
 

go
od

 
-
 

~ 
_

_
 

8-
10

,,,
 

5-
3,

, 
po

ly
so

- 
ab

t. 
30

, 
r;; 

iii
es

 (
11
1-
VI
) 

ra
th

er
 

ve
ry

 p
oo

r 
-
 

co
m

m
on

 
I 

~ 

po
or

 f
lo

w
 

er
in

g 
of

 F
, 

19
27

 
F3

 w
ea

k 
-
 

cl
ey

ai
iti

ilc
i, 

19
27

 
se

gr
eg

at
ed

 
t r

ic
 o l

or
 

ce
sp

il
os

e,
 

st
er

il
e 

dw
ar

fs
 

7 
tr

ic
ol

or
 

O
rp

hn
ri

id
is

 
nl

ba
-y

el
lo

w
 n

 =
 11

, 
10

 
n 
=

 13
 

0-
11

11
, 

24
-2

,. 
so

ni
c 

I1
1 

30
-1

30
, 

po
or

, 
F,

 
f ii

co
 lo

r 
an

d
 I
V;
 I 

sp
li

t 
of

te
n 

po
or

 
21

 %
 

19
27

 
-
 

8 
tr

ic
ol

or
 

al
pe

st
ri

s 
n

=
1

3
 

n
=

1
3

 

al
pe

st
ri

s 
fr

ic
ol

or
 

13
1,s

 
15

00
-2

00
0,

 
ab

t.
 G

o 
:i 

F
, 

ra
re

ly
 2

-4
,; 

ve
ry

 g
oo

d 
-
 

er
tr

an
uc

le
ar

 n
uc

le
ol

i 
ve

ry
 c

om
m

on
 

19
26

, 
th

re
e 

di
ff

e-
 

19
28

 
re

nt
 r

ec
i-

 
pr

oc
al

 
cr

os
se

s 



MELANIUM VIOLETS 225 

I 

I. 
CI 
Q: 
,- 

i 
0 
0 
"5 

c 

. c 

r. .? - 

I C Q  

Cl 2 
51 
w CI 

i 

kW 

d 
0 an 0 

x 
m 0 

... 

i 

c s 

i - 
2 



fe
rt

il
it

y,
 

ca
r-

 
in

cl
u

d
in

g 
'1 

'"1
- 

pl
an

t,
 r;

; 
to

 

se
ed

s 
pe

r 
ge

rm
in

at
io

n
 

ri
ed

 
ba

ck
cr

os
se

s 
re

m
ar

li
s 

C
ro

ss
 

rn
:t

tc
rn

al
 

pa
te

rn
al

 
co

nj
ug

at
io

n 
of

 
ch

ro
in

o-
 

te
d

 
to

 
ye

ar
 

S
o.

 
sp

ec
ie

s 
sp

cc
ie

s 
so

m
es

 i
n

 F
l 

17
 

Ii'
itc

rib
cl

itr
nc

i 
ar

ue
tz

si
s 

m
o

st
 c

om
ii

io
n 
: G

I, 
+ 

12
,; 

50
0-

60
0,

 
po

or
, 

I;;
 

19
26

 
n

=
7

 
n 
=

 1
5 

up
 to

 2
,,+

 
20

,; 
m

an
y 

I 
sp

li
t 

18
 

11
(1

11
(1

 
nr

uc
ri

si
s 

2-
-6

,,,
 

3T
 -2

9,
; 

n 
=

 24
 

n 
=

 1
7 

oc
ca

si
on

al
 o

ne
 1

11
 

19
 

K
ik

iib
el

ia
iin

 
K

il
ai

bc
li

um
 

ab
t.

 6
,, 

$-
 1

3,
; 

n
=

 1
8 

n
=

T
 

so
ni

et
iii

ie
s 

on
e 

I I
 I 

j 
Fl
 

19
30

 



1 I 

crossings ot maternal species paternal species 
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I1  = abt. 24 
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n = l 8  

tricolor alba- 
yellow, n = 13 
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i*orniita albn 

~~ 
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0 '1  at least three out of 
seven had a good 1 
embryo , 15 ,I 
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Viola cornuta L.,, n = 11. 

Illustrations: WI'I'TROLK 1897, plate VII, figs. 93-96. Distribution: High Pyre- 
nees and mountaineous Northern Spain and an isolated locality in Krain (Yugoslavia). 
Strictly perennial by subterraneous offshoots, very large-flowered with petals very 
narrow, especially the two upper ones. Spur very long. Petals light violet or pure white, 
flower fragrant. Two types were applied, one from HAAGE and SCHMIDT, Erfurt, 
(violet and white flowering plants) and another from H. CORREVON, Geneve (violet 
ilowered); this last one is identical with the wild growing type. Easily cultivated. 

~~ - _.  ~ 

228 
. -  _ _  

Viola orthoceras LEDEB., n = 11. 

Transcaucasia 1500-2600 mtrs. Very similar to cornuta; mainly characterised 
from it by larger stipules and shorter petioles. The entire plant is larger than cornuta. 
Very difficult to maintain in culture. 

Fig. 
left, 
and 

5. Flowers of species of the group Tricolores; somewhat diminished. - From 
upper row: Munbyana, lutea calaminaria, rothomagensis, alpestris macedonica 
alpestris velutina. - Middle row: tricolor-varieties, viz. tgpica, maritima rosea 

(velvety petals), nigra, alba and alba-yellow. - LGwer row: arvensis Line C and 
Line 52,  Kitaibeliana (n =7, n = 8, n I 18) and nana. 

Both of the species V. cornuta and orthoceras are exceptional among all other 
Melanium species by having downwards turned lateral petals and by having the 
centre of the flower (the eye) pure white. All the other species have at  least the 
innermost part of the lower petal intense yellow. The stipules of cornuta and ortho- 
ceras are characteristic broad and triangular; a similar shape of stipules is found 
only in some species of the Orphanidis group, which may be more or less related 
with cornuta-orthoceras. Fig. 4 is from a line drawing of the Fi hybrid cornutax  
urthoceras and illustrates the morphological characters of leaves and flowers of this 
group. None of these two species have spot on the style and, notwithstanding their 
low number of chromosomes, thcay belong among the largest of the Pansies. 
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V. tricolor L., n = 13. 
1:or clescriplioii of variation and types, see WITTROCK 1897 and J. CLAUSEN 1922 

and 1926. The typical V. tricolor has rather large violet petals and palmate stipules 
(fig. 5).  Most varieties are annuals but subspec. maritima is perennial. The varieties 
used for crossing are: V. tricolor uiolacea, Line 504 (violet flowers, the type of the 
species), tricolor alba, Line 320 (pure white flowers, without anthocyanin), tricolor 
hortensis, Line 519, velvet-violet flowered, an old cultivated garden type, (see J. 
CLAUSEN 1926, pp. 4-6 regarding these three varieties) and tricolor alba-lutea (J. 
CLAUSEN 1930~1, p. 351), an intense yellow flowering type free from anthocyanin; 
this type was extracted from the cross tricolor lutea X tricolor ulba. The middle 
row of fig. 5 shows flowers from a series of tricolor varieties. 

1,'. ulpestris (DC.) WITTR., W. BECKR., n =  13. 

V. ulpestris is probably only a subalpine subspecies of tricolor. 
Syn: V. susnlilis SCHMIDT (1794). Illustrations: WITTROCK 1897, Plate VI, figs. 

Growing 77-79. 
on its natural habitats it is pe- 
renniiil; thc flowers of most 
types :ire bright yellow, some- 
times with a iwlutina blotch on 
the upper petols, those of other 
types are of :I bleached violet 
colour. The two flowers most 
to the right in the upper row of 
fig. 5 belong to nlpestris; the 
left one is 0 1  the Balcan type 
(V. mcicedoniccr BOISS., cour- 
te(J1lSly sent by Professor Kosa- 
N ~ N ,  Beograd), the right one 
with velutincr blotches is from 
Czeclioslovakia (V. polgchromn 
KERN.).  It is very difficult to 
characterisc ulpestris from tri- 
color, the characters named 

both species; the shape of the 
upper lcnvcs be the 
unfailing one; in nlpestris they 
are broadly ovate (fig. 7)  or 
wen with :I cordntr base, while tricolor's :ire lanceolate (fig. 6) .  The two types used 
for the crossings were both extracted from a collection of seeds-received from the 
Botanical Gardens in Brno, Czechoslovakia, viz. the blotched variety named above 
and a yellow, non-blotched one. 

8 

may be found in varieties of 7 

Figs. (i--8. Flowers and leaves of 6: tricolor tgpica 
Line 504, 7: alpestris ueliitinu (var. pol{]chromn) 

and 8: aruensis. 

Both of them had dark spot on the style. 

V .  arvensis MURR., n = 17. 
Src description of typcs and variation in WrrTRocK 1897 (many coloured plates) 

and in J. CLAL~SEN 1922 and 1926. Characterised from tricolor and alpestris by its 
small flowers (pctals smaller than sepals, see the two left flowers in the lower row 
of fig. 5 and the line drawing, fig. 8 ) ,  its yellowish white flower colour (not alba) 
and t l i c  :iliscncr o f  I;rl~clluni under the stigma; the stipulcs are lyrate or pinnntifid. 
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By the slructare of tlie flower the species is autog:inious arid it is also strictly 
annual. 

V. Kiiaibelicmu H ~ E M .  ct SCHULT., sens. kit. 
Syn: V. neniuiiserisis JORD. -- V. Kitaibeliunu resembles urucrtsis, hut it is in all 

respects smaller, and especially its flowers are smaller and inore closed. 'rhc petals 
of oruensis have spread-out and flattened limbs, while those of Kitaibeliunu form a 
sniall cup-shaped corolla (see the four last flowers in the lower row o f  fig. 5) .  Just 
as in uruensis the flowers are yellowish white without Iabelluni. 

The species, although as to its content of types ~norphologically much iiiore 

11 a 

Figs. 0-11. 

uniforin than tricolor, comprises a iiuiiibrr o f  
chromosomal different types, namely with 
n = 7, H, 12, 18 and 24 and poshihly still 
more numbers. The following were tired for 
crossings: 

n = 7, (fig. 9) t i  type from Caucasiu sent 
froni tlie Tiflis Botanic Gardens. A tiny type 
with rather long internodes; no spot on style. 

n = 18, (fig. 10) also irom Caucasia, cour- 
10 teously sent hy Dr. G. WORONOFF. A stout 

nnd erect type, in its vegetative parts distinct 
from the preceding one but the flowers very 
similar; no spot. 

V .  nunu DC., n = 24 (figs. 11 u and 11 I ) ) ;  
the sniallest of all the species :ind more tiny 

t than Kituibeliurk n = 7 .  Its morphological 
characters are covered by the description of 
Kituibeliunu, except that the corolla is n little 
inore open flowered. The seeds of this in- 
teresting type were collected on the island 
Jersey in the English Channel and kindly sent 
nie by Dr. E. DRABBLE. Slight irregularities 
may take place during the progress of the 
meiosis. although it gives the itiiuression of 1 1  b 

Y 

Flowers and leaves Of having a fairly constant chromosome number. 
9: Kituibeliuna n z 7 ,  10: Kiiui- 
heliUJtU n = 18, 11 u: nana and The group formed by the last nientioned 

species (tricolor, ulpcstris, uruertvis and Kitui- 
"I' - 24 $- 24; for c'earness are beliunu sens. lat.) contains the only annu:il 
thr  two nuclear plater removed a 

others (x cn. lxoo). and lowland species in the entire section; 
ulpcstris, indeed, forms a transition, being suh- 

perennial and subalpine. They have the widest distribution of all the pansies; fricolor 
and uruensis occupy Northern and Middle Europe and pu5h forward into Western 
Asia; uroensis goes more southern than tricolor, which in the subalpine areas is 
supplanted by dpes tr i s .  1'. Xitaibelianu in its distribution is inore soutlicrn than 
the other ones, mainly Meditterrmean to West-Asiatic; the most western type of it 
is  V. nuno, whose area is the surroundings of the Channel. Thc small-flowcred 
species of this group, a s  uruensis and Kitatbeliuncr, are the only Meluniiun species 
without labellurn under the stigma or :it least with n very small one and w e  there- 

I" helerotypic anaphase Of 
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fore also the only autogarnous ones. 
which prevents spontaneous selfpollination. 

All  large-flowewd spccies have this labellum, 

v. r[Jth/Jmfl!plSiS DESF., I1 = 17. 

Syn: V .  liispidu LAM. Illustrations: WITTROCK 1897, plate XI, figs. 178-181. 
v. rothoma{/ensis is a strictly local species from the calcareous tracts in northwestern 
Francc. The flowers (fig. 5, the middle flower in the upper row) are violet and 
remind :ibout those o f  :I large flowered tricolor, but rothoniugensis is perennial, and the 
stems are more weak than tricolor’s. The upper leaves of rothomagensis are ovate 
with a cordate base (fig. l a ) ,  while the corresponding leaves of tricolor are  lanceolate 
to line:ir-l;cnccolatc. The most chariicteristic trait of rotliornugensis is the straight, 
stiff and spreading hairs, with which the stems and the leaves and especially the 
margins of these are beset. They give the leaves and the stipules a ciliate appearance. 
The hairs of V. ~)r[J/ltf- 
nidis are inore weak and 
also morc dense than 
those of rothomqrrtsis. 
With spot on stylc. The 
phylogenelic relationship 
of rothomugensis is  not 
clear. Its position seeins 
to be :I litlle isolated, 
although it  shows sonic 
relationship with frico- 
lor, aruensis ;rnd Hottun-  
dierii. The type used 
came from the Botanic 
Gardens of Rouen. 

13 14 12 
V. calcaratu Id., n ‘10 

k $6. 112--14. Flowers and leaves of 12: rothomagensis, 
Illustration: Wrri - IS: culcaratci and 14: lutea. 

nocl; 1897, plate VII ,  
figs. 97-!?8. Calcaratu 
itself in strict sense is not much variable, but taken together with its near relatives 
v. zoysii WULF., Herfoloiii SALIS., nebrodensis PRESL. and the widespread hetero- 
I J ~ ~ ~ [ C J  BERTOL. it forms a very variable group of near related and not easily defined 
species. Choracterislic for calcaratu typicu are the very short internodes, the broad 
upper petals and the long, straight spur; the colour of the flower is violet in the type, 
but ycllow in the var. fluuu and in V. Zoysii. The type used for the crossings was 
received from the Botanic Gardens of Gothenburg as  V .  Bertoloriii DE SALIS. It is u 
rather typical culcaratn (fig. 13), except that the spur is a little shorter and the petals 
not just ;IS broad a s  in the calcarutcr proper, which is very difficult to cultivate. 

V. lutea Huns., n = 24. 

It 
is subalpine and has a distribution from Scotland and Ireland through the Middle- 
European mountaineous districts to Austria and Hungary. The upper leaves are short 
ovate, and it has rxther large yellow flowers, in some of the types saturated yellow 
flowers. The type used in the experiments belongs to the western subspecies, elegans 

V. calcuraiu is a decidedly alpine and I’erennial species. 

This species may be related to the tricolor-uruensis group, but is perennial. 
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I<lR5CHL.; it has long and thin, undcrgiound stolons but w:is received lroin Glaqpw 
Botanic Gardens under the name of V .  tricolor. The flower colour of it is bleached 
yellow, and it segregated types with violet petals (var. amoena) and some with the 
two upper petals velvety (velutina 1). The flower of this type (fig. 14) is not 
larger than that of tricolor. Characteristic are the dark, very furcate 5triat on the 
three lower petals. It has a dark spot in front of style. It suffers from inbreeding, 
and was therefore difficult to maintain in cultivation, except by spontaneous pollination 
betwcen different individuals in the Copenhagen Botanic Gardens. Fig. 5 (upper row, 
second from left) shows a flower ot the var. calaminaria (LEJ.) also belonging to 
subsp. elegans. 

The cultivated V. lufeu (see figure in WITTROCK 1897, plate VI, figs. 80-81) 
probably originated from the eastern type, subspec. sudeticu WILLD., which i5 more 
erect, more deep yellow and more large flowered. From crosses between the cul- 
tivated V .  lutea and old cultivrited types of V. tricolor took our garden pansies 
v. Wittrockifcna (;AM5 (= 1’. tricolor maxima hort.) their origin. 

V .  Battandierii W. RECKR., the garden type with oscillating ehromosomc number, 
n = c a .  26-30. 

The type used of this 5pecies is  coin- 
pIetely identical with the V. Munbgana described and shown in WITTROCK 1807, 
plate XI, figs. 173-177, :rnd it was received from Museum d’Histoire Naturelle in 
Paris under the naine of V .  !jrucilis SIBTH. et Ski. This type is commonly grown in 
Botanical Gardens under different names, and it was apparently also used by 
KRISTOFFERSON (1923) for his crossings with v. aruensis and tricolor. 

There has been some confusion as to the identity of this type. It is not identical 
with the North African (Algerian) species V .  Munbyariu BOW. et HEUT., ~ l i i c l i  has 
much smaller btipiiles and is considerably smaller in stature than the Botanic Gardens 
type, being one of the largest p:insies a t  all. The true Munbgana is by transitions 
connected with V. Jieterophglla BERTOL. (subsp. ooutifolia W. BECKR.), V .  grmi 
SIRTH. el SM. and V .  nebrodensis PRESL. [var. grandifloru (Guss.) CARUEL], all 
helonging in the group of V .  culcarata. 

The question now remains, if the type from the Botanical Gardens is the 
ieplica of any other wild growing type. BECKER first (1906) supposed this and 
identified it with a type collected in Algeria by REVERCHON 1896 (No. 192) under the 
name of V .  Munbgana, by RECKER named Buttandierii. Later (1925 1)) BECKER thought 
the Botanic Gardens type to have no known wild growing representatives, and in order 
to distinguish it from the North African one he named the garden type V.  Pbrudo- 
Afuribynriu. The present author thinks this is to overemphasize the differences and has 
already (1927 b)  drawn attention to the fact that types collected in cedar forcst :it 
Tcniit-el-Had in Algcria by C. M. POUISEN (1870) and by A. LETOIINEUX (1888) very 
much resemble the types lrom the Botanic Gardens, also as  to size and the charac- 
teristic shape ot the stipulcs. Thr  
writer, theretore, identities the Botanic Gardens type as  a varietas h/Jr~CIlSlb of the 
North African Viola Hattundieric W. BECKR. 

The type in question is strictly perennial, very vigorous and rich flowering. The 
leaves are large, ovaie, and the stipules palmately lobed with a laige foliaceous encl- 
lobe and a number of lanceolate side lobes (fig. 150). The peduncles are very long 
and veiy easily detached lroni the stcm by a kind of joint. The flowers are I:irgc, 

Syn: V .  Pseudo-Munbgunu W. BECRR. 

BECKER himself drew this t y p ~  to Baftandirrii.  
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violet and with a short spur; the flower in the upper left corner of fig. 5 is of 
Battandierii and shows the characteristic triangular shape of the lower petal. 

In the Copenhagen Botanic Gardens it constantly crosses with rothomagensis. 
It suffers from inbreeding and has to be maintained by open pollination. During 
the winter 1928-29 the original culture at the experimental field at Lyngby com- 
pletely disappeared. This was so morc to regret, because the old chromosomal count 
meantime had proved unsatisfactory, due to primitive fixation with CARNOY’S fixative 
and staining with DELAFIELD’S hsematoxylin. Two or three homotypic metaphases 

C b 

e 15 d 
Fig. 15. u :  flowcr, lcaf and stipules; b-c: homotypic metaphasea of 
pollen mother cells, n = 30, abt. 26 and abt. 27, in b two and in c one chromosome 
(divided, left) outside the nuclear plates; d-e: selfed individual (see text), d :  hetero- 
typic metaphase and e: homotypic metaphase, n = ca. 24-26 chromosomes of a long 

shape. (b-e x 1800.) 

showed 30 chromosomes (fig. 15 b ) ,  but others not more than 26, 27 or 28, (fig. 15 c), 
and these last ones were thought to represent cut pollen mother cells with incomplete 
nuclei. In fact they were complete. In heterotypic nietaphases of these old fixations 
the chromosomes appear conglomerated as if polysomes occur, but they are im- 
possible to follow. From a selfpolli~~ation only one plant was obtained; it was very 
weak. Fig. 15 d shows the heterotypic metaphase from this plant with very long 
and irregularly disposited chro~nosome~,  fig. 15 e a homotypic metaphase with 24-26 
rather long, bent chromosomes. - The hybrids suggest that the gametes of the original 
Baftandierii type generally carried not far from 30 chromosomes. It is thus the 

V. Battundierii. 
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Melailium species wilh the largcst chromosome number known, but represents :I 

cylologically irregular type similar to Viola canina (J. CLAUSEN 1931 b) although the 
type as judged from illustrations and herbarium specimens maintains itself inor- 
phologically. 

111. MORPHOLOGICAL NOTES O N  Fl. DESCRIPTION 
OF GENIC COOPERATION, 

Instead of giving a detailed description on each F ,  it is thought 
better here to treat the individual characters collectively for a number 
of hybrids. This may provc useful for botanists, who observe supposed 
hybrids in nature. A description on the action of genes will also he 
given, which is necessary primarily for the complicated system of genes 
effecting colouring of flowers. 

DURATION OF LIFE. 
This 

character was involved in the Crosses 1, 13, 14, 15 and 16 (see the dia- 
gram, fig. l or table l ) .  The perennial character apparently is a very 
complex one, and several genes may be responsible for it, because thc 
species used in the experiments are perennial to a very different degree, 
representing a true gradation regarding this character. 

V .  cornutu and Battantlicrii are strictly perennial, the same is lutea 
on ils natural habitats, but under the conditions, which the experiment 
field offers and probably also due to inbreeding, it is weak. On the 
experiment Sield rothomugensis lives 2-3 years, elegantula, Orphanitlis 
:ind alpestris behave as biennials, although they are told to be true 
perennials on their natural habitats. 

The F, hybrids here mentioned are not more perennial than their 
perennial parent: tricolor >< rothomayensis, arvensis X rothomagensis 
:ind tricolor X lutea live two years at least. Cornuta X elegantula is still 
very vigorous after six years and the same is tricolor X Battandierii, 
:rlthough the tricolor type applied is strictly annual. 

Hybrids between two perennials are also perennial: Cross 22, 
luten X Battandierii, is still very strong and rich flowering after eight 
years Wetime, although its parents died (Battandierii probably due to 
winter conditions); Cross 4, rornuta X orthoceras, is also vigorous after 
four years, although it was impossible to keep orfhoceras in culture. 

F, of Crosses 6, tricolor X elegantula, and 7, tricolor X Orphanidis, 
were partly biennial just as their male parents. 

In F ,  of the crosses named several types were segregated, of which 
a num1)er had the general appearance of perennials and others the 

The perennial type acts as dominant over the annual one. 
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character of annuals, but the plan of the experiments has not hitherto 
allowed a maintaining of the F ,  populations through a number of years 
in order to test the length of life of the segregated types. Annuals 
crossed with annuals invariably have given plants of annual type, in 
F, as well as in F, .  

Considering the evolutionary points of view, it should then seem 
more probable that the annual types originated from the perennial ones 
than vice versa, if they are of nionophyletic origin at  all. Annual violets 
are  indoed the exceptions. Among the largely 500 Viola species re- 
cognised are  no more than about five annuals, of which the four 
belong i t i  the Melanium section in close relationship with Viola tricolor. 
They are: V .  tricolor, aruensis, the Kitaibeliana group including 
V .  occultn LEHM., parviila TIN. and related types, and finally V .  Rafines- 
quii MUHL. from the Eastern United States of America. The fifth 
annual Viola species, viz. the East Asiatic V .  diffusa GINC., has the 
same number of chromosomes, n = 13, as V .  tricolor (MIYAJI 1929), 
u number not found elsewhere among the violets. BECKER (1925) 
places tliffusa in the Nomimiurn section, but morphologically it is a Mela- 
nium violet. MIYAJI (1929) makes suggestion as to the character of its 
leaves and stipules being similar to those of the Melanium section, and 
its structure of style ( J .  CLAUSEN 1929, fig. 44) sooner places it in the 
hlelanium than in the Nomimiurn section. This brings all the annual 
species into one section. It would be of interest to try a crossing 
hetween tliffusn and tricolor. 

SIZE OF FLOWERS. 

'The character small flower (i. e. petals shorter than the sepals) is 
prevalent over the large flowering type (petals larger than sepals). 
The  Crosses 9, 10, 11, 12, 16 and 21 all have a large and a small 
flowering parent. All F,'s were small intermediates as to size (see 
Table 3 ) .  

F ,  of Cross 16 showed some variation in flower size with a mean 
of aht. 7,5  mm. for the two upper petals; the other crosses had fairly 
constant flower size. For  the three first named hybrids the pure white 
albn type of tricolor was applied. The two upper petals of its flowers 
are  not 13, but only 10 mm., indeed, but this is due to the fact only 
that it contains none of the basal genes A for anthocyanin flower colours; 
as soon as one gene A i s  added, the flowers attain full size. As all Fl's 
carry A (from their small flowered parent) the size value attributed 
t o  the tricolor parent must be that of the anthocyanous coloured type. 

Hereditas X1'. 16 



236 J. CLAUSEN 

iiann .......... , 

TABLE 3. Length in millimeters of upper petals in F ,  hybrids and in  
their parents. 

small flowered parent 1 Fl large flowered parent 
~- _ _  _ _  -~ - _ - - -  

I __ --______ - - 

24 

Iricoloi~ 

lulea 

tricolor, 

rothomiig- 
______- 

eiisis I 

There may be several genes affecting the flower size, some in- 
creasing it, others decreasing it, but the most superior one in its effect 
seems to be an inhibiting gene, F, present in the small flowered species 
(J. CLAUSEN 1926). Large flowering plants are then f f  and may in 
addition have some minor genes, positively increasing the flower size, 
while real small flowered species have no such ones. Due to the 
interaction of these genes, F ,  is not real small flowered but small inter- 
mediate. The hexaploid V. Kitaibeliana n = 18 may have at least two 
inhibiting F,-genes as suggested from the very small flowers of  F ,  and 
from the segregation in F,. Diploid Kitaibeliana n = 7 seems to have 
a less inhibiting effect than hexaploid Kitccibeliana upon the flower size 
of F 1 ,  probably because it has no more than one principal inhibitor. 

Otherwise the chromosome number itself seems to be of no effect 
in stamping the type; which species shall he the predominant one seems 
lo be due to the effect of their genes only, not to their amount of chro- 
mosomes. Small size of flowers is prevalent as well in Cross 10, where 
it was introduced by the parent with the smallest number of chromo- 
somes as in Crosses 9, 11 and 12, where the parents with the largest 
chromosome number introduced small flower size. KRISTOFFERSON 
(1923) measured length of petals in F ,  and F, of  the Cross tricolor >; 
arvensis and found similar relations. 

SIZE OF LABELLUM. 

All large flowered species of the Melaniuin section have a minute 
2abellurn on the front side of the style under the stigma, while 
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the few species with small flowers, previously mentioned, have no  
such one. 

This easily overlooked character is a significant one in the biology 
of the flower, as it practically determines if the species is capable of 
spontaneous selffertilisation or not. When present, it prevents the pollen 
from falling into the stigma. 

Although presence or absence of labellum seems to be the principal 
factor in determining if the species shall be a hercogamous or an auto- 
gamous one, this outcome is influenced also by other mechanisms, which 
likewise seem to be correlated to labellum and flower size. The pollen, 
which fall from the anthers, are retained by the pollen mngazine (figs. 
16-17) n variably shaped groove on the proximal part of the spur 

n 

17 

18 

Figs. 16--18. Flowers cut through in order to show the interrelation between stigma 
(s) and pollen magazine ( p ) ;  16 is from tricolor (with labelluiii under the stigma and 
closed pollen magazine); 17 is from aruensis (no labellum, open magazine); 18: hairs 

from the pollen magazine (enlarged). 

bearing petal. The walls of this groove are formed by peculiar hairs 
(fig. 18) irregularly fitted with wart-like processes on their surface, 
serving to retain the pollen - either for later removal by insects hunting 
the nectar secrated by the glandular projections from two of the anthers 
- or for a gradual dropping them into the unsheltered and somewhat 
backwards turned stigma of the small flowered species. Presence or 
absence of labellum, shape and relative length of the pollen magazine 
and direction of stigma seem to be the principal agencies determining 
the mode of pollination. 

There seems to exist' a mechanism keeping together all these 
characters in two blocs, namely (1) large flowers, stigma directed some- 
what forwards sheltered by a labellum and placed outside a pollen 
magazine, which is closed in front (fig. 16) and ( 2 )  small flowers, with 
stigma directed downwards and somewhat backwards, its opening 
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pressed down in the pollen magazine, which forms a funnel-shaped 
channel open in front (fig. 17).  It is for these species a lucky case 
that small, inconspicuous flowers coincide with a structure, which 
facilitates selfpollination. 13y the cross arvensis X tricolor (J. CLAUSEN 
1926, pp. 82-85) it was shown that the mechanism, which keeps 
))small flowers)) and ))no labellurn)) together is a genetical linkage, 
apparently because the inhibitors for flower size and for labellum are 
located in the same chromosome at some distance from each others. 

In crosses between species without labellum or with an extremely 
minute one and species with distinct labellum F ,  has almost no labellurn 
(compare also KRISTOFFERSON 1923, CLAUSEN 1926), and the principal 
inhibitor, B, for labellurn is thus prevalent in its effect, just like the 
inhibitor for flower size. In some cases F ,  is more or less hercogamous, 
in other cases autogarnous (compare KRISTOFFERSON 1916) according 
to the factors, which in each special case influence the biology of the 
flower. 

DIRECTION OF LATERAL PETALS. 

The direction of the lateral petals is a valuable character in the 
classification of larger taxonomic units. All the violets of the Nomi- 
m i i r n i  section have downwards turned lateral petals and all Melnniiini 

Fig. 19. From left: flowers of elegantula, cornuta x elegantula FI and cornutcr. 
Portrait film without filter in order to show extension of bright yellow eye. 

violets save the two exceptional species V. corniita and orthocercrs have 
upwards turned side petals This character is involved in the Crosses 
1 and 5. F ,  is intermediate with xhorisontal)) lateral petals as fig. 19 
(coriiritu X elegantula) shows. This hehaviour in the cross was noted 
already by WITTROCK (1897, plate 7 ,  figs. 89-90 and plate 9, figs. 
125-1 26). 
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INTENSE YELLOW EYE. 

V. cornuta and ortlioceras deviate also from all other Melaniitm 
violets by not having the intense yellow eye on the proximal part of the 
lower petal. F, of the Cross 1 above had a yellow eye just as intense 
as in the elegantula parent, although its extent was smaller than in 
elegantula. Thus this charactler is dominant as to intensity but inter- 
mediate regarding extension. Fig. 19 is from a photograph on portrait 
film and shows very distinctly the difference of the yellow between the 
two parents and the F,. 

HAIRINESS. 

Two hairy species are included in the crossings, viz. V. rotho- 
magensis, hispid by rather dense, straight and stiff, spreading hairs and 
Orphanidis, very densely hirsute by more soft hairs. 

The hispitl rotlionlagensis was used in the Crosses 13 and 16 with 
tricolor and arucwsis (almost glabrous with few appressed hairs) as the 
other parent. F, was somewhat intermediate but conspicuously hispid. 
although the cilias were shorter and more remote than in rothomagensis. 

The hirsute Orphanidis was used in the Crosses 2, 5 and 7, with 
elegantula, cornuta alba and tricolor respectively. V. elegantula and 
cornuta alba are almost completely glabrous and F ,  of Crosses 2 and 5 
were minutely puherulent on young stems and had remote, short, 
appressed hairs on the leaves. F, of Cross 7 with tricolor had rather few 
and remote hairs being not much more hairy than tricolor itself. F ,  
and later generations contained never a plant nearly as hirsute as 
Orphanidis; some of them were more or less puberulent, but never 
hirsute. This may be due to elimination of certain types, as F ,  was 
very sterile. 

Thus the rothomagensis hispid type of hairiness gibes the impres- 
sion of being dominant or at least prevalent, while the Orphanidis hirsute 
type seems to be recessive. 

FLOWER COLOUR. 

Anthocyanin. The violet, red and more or less dark velvety flower 
colours depend upon the presence of a t  least one gene of the polymeric 
series (series of multiple genes) .41, A? and A, for anthocyanous colour 
in stems, leaves and flowers. They seem to be basal genes for flower 
colour also; they are dominant and give full effect in a single dosle but 
may be present up to six times; the species with the largest chromosome 
number have also more A-genes. 
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If all A-genes are absent, the stem is pure green without antho- 
cyanin and ordinarily the flower then is also pure white ( d h a ) .  It may, 
nevertheless, be converted into dilute mauve by the action of a gene, 1). 
which is hypostatic to all A-genes but dominant, when its action is not 
covered by A. This gene is present in V. arvensis (J. CLAUSEN 1926, 
p. 107) and in alpestris. 

All plants recessive for A are smaller and have also smaller flowers 
than those with anthocyanin. It does not make any difference in this 
respect, whether they have D or not. aaD-plants may have a dilute 
mauve tinge on the stems, but this colour is different from the dark 
anthocyanous A-colour. 

Genes of the A-series were analysed in the Crosses 1, 5, ti, 7 ,  8, 9, 
11 and 13; 10 and 12 are not yet carried further than to F , .  

Velvety colours (velutinu).  The flower colour produced by thc 
action of A alone without any other genes is really black velvety and 
extremely dark (fig. 5, middle row), but all wild species have a series 
of dominant and partial epistatic genes ( M ,  to M,) which gradually 
modify this dark colour to violet; M I  is the most superior and epistatic 
of these, able to change black to violet by almost one step (see J. CLAUSEN 
1990a, pp. 349-355). The flower colour contingent upon A is thus 
intensified by the absence of genes of the M-series. Dilute mauve uall 
cannot become velutina or dark by absence of the M-genes. 

Reddish (rose)  flower colour, rr,  is recessive. It demands the 
presence of one of the genes A for anthocyanous cell sap and it is 
changed to collours of the violet series by its dominant alternative, 11, 
probably converging the reaction of the cell sap. The dilute colour 
contingent upon the presence of D exists also in both a dilute mauve 
(auDR) and a dilute rose (aaDrr) edition. Reddish can he intensified 
to reddish velutina (velvet) by the absence of genes of the series M ,  to 
M , .  Reddish or rose is often present in V. elegantula and was found in 
wild growing populations of tricolor maritima. It was analysed in 
Cross 6 and previously (J .  CLAUSEN 1926) in Cross 9 (tricolor maritizna 
rosea X urvensis) and three varietal crosses of tricolor. In all cases it 
was found to be recessive to violet (AR) ;  V. tricolor hortensis and 
probably also V. urvensis were found to possess two polymeric R-genes. 

Intense yellow flower colour, LL, is most intense on the spur- 
bearing petal (the lower one); it is namely epistatic to the violet colour 
contingent upon the action of AMR, and as this is most strong in the 
upper petals, LL cannot here suppress it to more than yellowish white; 
in spring time, when the plants are more anthocyanous, the upper petals 
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of AMRLL-flowers are often brownish purple. The L-gene occurs in 
some types of V. tricolor (J. CLAUSEN 1926), it is characteristic of most 
types of alpestris, it is present in arvensis but its effect is here 
covered by a bleaching gene ( W),  and this seems to be the case also with 
all Kitaibeliana types; the 18-chromosome type, at least, contains it. 
Finally, it is present in Viola lutea, but the type used in the crossing 
apparently also has a bleaching gene (called Pal) of a less bleaching 
effect than the W-gene. 

It is obvious that n number of other genes govern the extension of 
yellow, for in some cases only the lower petal is intense yellow, the 
upper ones being more or less violet, while in other cases the LL-genes 
blench the upper petals to yellowish white, and in still other types also 
they are intense yellow-. A similar difference can be seen in the reaction 
of the heterozygotic type, Ll, which, if it is a pure tricolor type, begins 
as yellowish white, when the flower is just opened, but by and by the 
upper petals darken to pale violet, so that whitish and violet flowers 
may be present on the same plant, what is often noted on specimens 
occurring in nature; in this species the heterozygote can safely be 
distinguished from the violet and the yellow homozygotes. In Cross 8, 
alpestris X tricolor, on the other hand, the L-gene from alpestris is not 
able to bleach the violet colour of tricolor, except when twice present; 
the heterozygote, Ll, must therefore be classified together with the homo- 
zygotic violet coloured 11-individuals. When violet colour is intensified 
by absence of the M-genes, LL has no visible effect on the upper petals. 
The gene L enters in the Crosses 7, 8, 9, 11, 14 and 22. 

Yellowish white flower colour is due to the dominant or a t  least 
prevalent bleaching gene, 1%'. Its bleaching of violet or rose of the 
A-series is not complete, except when together with LL. The gene W 
is present in the smaIL flowered species V. arvensis and Kitaibeliana 
sens. lat. It may be present also in the large flowered V .  rothomagensis, 
although the genetical basis of colouring of flowers in this species has 
not been fully cleared up yet. 

F ,  of all crossings, of which one parent is yellowish white, are 
rather whitish flowered, although the older flower may have a tinge of 
pale violet. This has been found for the Crosses 9, 11, 12 and 16. F I  
of Cross 10 (Kitaibeliuna n = = 7  as one parent) behaves in a different 
way, as it is rather violet of flower colour, although Kitaibeliana itself 
is whitish, at least during mid-summer. Probably this Kitaibeliana 
type has no L-gene. 

A sirperior gene for violet flower colour. Apart from the two types 
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of genes giving more or less violet flowers, namely those of the A-series 
and the hypostatic dilute colour D ,  still a third type of violet flower 
colour may occur caused by a gene, V, which is epistatic over intense 
yellow, LL, (this again being epistatic over the basal violet flower colour, 
A M H ,  of the pansies). The play between these different genes for violet 
is very complicated. The gene V has been shown to exist in V. Orphci- 
nidis (Cross 7 ) ,  and the violet flower colour of V. rothomagensis may 
depend upon this gene also (in cooperation with W and L ) ,  because the 
results of Cross 16 would otherwise be inexplicable. The  V-gene is 
probably also present in an  alpestris type received from Mount Histria 
(Scardus) in Yugoslavia under the name of V. elegantula. It has 13 
pairs o f  chromosomes and segregated an  intense yellow type similar to  
the so-called V .  mucedonica Ho~ss. et HELDR. (= V. alpestris). 

TABLE 4. Some flower coloiirs in Melaniurn violets and their gene 
sgm bols. 

I 
alop,/ 

A . . . . .  

dd . . . . . . . . . . * . , . . . . . 
11. . . . . . * . . . . 11. * . . . . , 
D. . . . . 4 . .  . . . rl’ . . . . . . 
dti . . . . . . . . . . . . LLiuiu. . 
I). . . . . * . . . . . * . L L l U i O . .  

. . m,m,nr,m,m, R . 1 1 iuiu. . . . m,m,m,M, . . R . I  1 i o i i ) .  , 

. . ni,ni ,m,M~. . . . LLwwuu 

. . m , M ,  . . . . . , 11 . 11 10 I / ) .  . 
11.1 1111 IU.  . 
I’r 1 1 11) 1 1 ) .  . 
. . L 1 LUIUUi) 

. . . . . .  v .  I 

cilbu 
dilute mauve 
dilute rose 

crlba-yellow with dilute mauve upper petals 
black velvet (uelutina 5) 
violet uelutina 3 (>= tricolor hortensis) 
yellow velnlina 3 
violet ueliiiina 1 
violet (= tricolor typica) 
rose 
whitish to pale violet (sometimes violet) 
intense yellow (= 1’. liiteu and alpesfris) 
whitish pale violet 
yellowish white (== aruensis) 
violet (= Orphanidis, possibly also roiho- 

dbu-yellow (naL1 = (tlbc1) 

mag ensis) 

Table 4 gives a survey on the most significant types of flower 
colour and their formula. 

DARK SPOT ON STYLE. 

In Cross 9, urvensis X tricolor, and in varietal crossings of arvensis 
and o f  tricolor (J. CLAUSEN 1926) it was found that the inheritance of 
the trivial character of a small triangular, dark spot in front of the 
style under the stigma was governed by an intricate cooperation of a 
number of genes, of which some were positive genes for spot and some 
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of them were inhibiting genes for certain of these, not for all of them. 
One gene for spot, at least, needed a complementary gene for its reali- 
sation, and the inhibiting genes were also complementary as to their 
effect. There was some evidence suggesting that the different genes 
for spot, reacting in different ways with the inhibiting and comple- 
mentary genes, belonged to a multiple series of allels. The interaction 
of inhibiting genes with positive genes for spot caused the character of 
spot sometimes to behave as a dominant, sometimes as a recessive. 
When the inhibitors are weak in their effect a safe classification of the 
types is impossible. V .  Orplianidis has such weak inhibitors together 
with positive genes for spot. In all other specific hybrids the spot 
character behaved as contingent upon a single dominant gene; namely 
in the Crosses 8, 10 and 11 (spot gene from tricolor) and Crosses 13 
and 16 (spot gene from rothomagensis). 

IV. NOTES O N  CYTOLOGY AND FERTILITY OF F,. 
It is a matter of course that it will be impossible to enter into any 

exhaustive description of the cytological investigation on each of the 
many hybrids, how tempting it might be, because almost each one shows 
some interesting detail. But so much barren philosophy concerning the 
meiotic behaviour of assumed hybrids and species of assumed hybrid 
origin has been published during the later years that it might be worth 
while to have a short description on the behaviour of a number of 
hybrids, whose parents are known. 

Cross 1 :  V .  cornuta, n = 1 1  X elegantula, n = 10. 
Heterotypic metnphases (figs. 20-22) show only few univalents 

(from one to six), but trisomes and tetrasomes are often present. One 
bivalent is often found lying ))horisontal> (fig. 21).  The parents show 
normal conjugation of 1 1  and 10 pairs without polysomes. Irrespective 
of multivalents and univalents the distribution of the chromosomes 
seems to proceed not too irregular, as homotypic metaphases (fig. 23)  
look rather normal apart from the fact that the number of chromo- 
somes cannot be the same in both daughter nuclei. Of 16 homotypic 
metaphase plates there were 11 chromosomes in nine and 10 in the 
seven, and no elimination was observed. 

Cross 2: V .  elegantula, n = 10 X Orphanidis, n = 1 1 ,  10. 
Some Orphanidis types throw gametes with only 10 chromosomes 

as previously demonstrated ( J .  CLAUSEN 1930 b).  The plant investigated 



was a spontaneous hybrid arisen after free (uncontrolled) pollination 
of elegantula in the field. Fig. 28 shows the flower o f  the hybrid 

alegantula x Orphanidis 2 7  

Figs. 20-27. When, in the following, nothing otherwise 
is stated, the figures show pollen mother cells (pmc.). Roman numerals in the figures 
indicate the number of chromosomes in the conjugated or single units. Abbreviations: 
het. = heterotypic, hom. = homotypic, met. == metaphase, ana. = anaphase. - The 
magnifications are all x abt. 1800 (see scale referring to all chromosomal figures). - 
Fig%. 20-23: Cross 1; 20-22: het. met., 22 not complete; 23: horn. met., n = 10, 11. -- 
Figs. 24-27: Cross 2; 24-26 show het. met. with mono- and polysomes and irreguhr 
chains of chromosomes (fig. 25), 24 is probably not complete; 27:  het. ana., n = 10, 

10, an unequal pair (marked 1) present. 

Meiosis of Cross 1 and 2. 

between eleyantula (left) and Orphanidis (right). The parental Orphri- 
nidis pollen carried only ten chromosomes. 

Characteristic for the 
heterotypic metaphase in 
the hybrid (figs. 24-26) 
is a multiualent associci- 
t ion o f  chromosomes into 
open chains, but not in 
regular zig-zag (fig. 26); 
monosomes are rare, but 

Fig. 28. From left: flowers of elegantula, ele- on the other hand are 

and ordinary disomes com- 
mon. Fig. 26 shows the chromosomes of a nucleus in which only one 
bivalent was present. Rings of chromosomes are rare, and trisomes 

gantula X Orphanidis R (Cross 2) and O f  Orpha- hexa-, penta-, tetra-, tri- 
nidis. 
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form either a straight chain or a V as in fig. 24. The distribution of 
the chromosomes during the anaphase is surprisingly regular as regards 
their number at least. In most cases the daughter nuclei receive 10 
chromosomes each (fig. 27).  Very often a considerable difference 
between the members of one pair can be noted (see the two marked 1 
in fig. 27).  

V. Orphanidis shows occasionally trisomes and tetrasomes, at least 
the cytologically aberrant types do so (J. CLAUSEN 1930 b).  But the 
polysoniic arrangement observed in this hybrid far exceeds the 
sporadic irregularities in Orphanidis. One should think that many 
errors in the distribution of the chromosomes would occur by such 
a primitive and irregular mechanism of distribution, resulting in 
duplication and omission of single chromosomes ordinarily belonging 
to one of the two sets of ten. F ,  has not been seen yet but the fertility 
of F ,  was not bad, indeed, as abt. 250-300 seeds were obtained from 
each plant. 

Cross 3: V .  lutea, n = 24 X elegantulci, n = 10. 
The pollen mother cells of this hybrid do not stain so well as in 

the preceding one, the chromosomes are small and the counting difficult. 
Characteristic for this hybrid is a certain amount of autosgndesis, 
apparently of the luteu-chromosomes. If all elegantula-chromosomes 
paired with lutea-chromosomes, fourteen would he left unpaired. No 
more than from four to six univnlents are observed in most pollen 
mother cells, and heterotypic metaphases seen in polar view show not 
more than abt. 19 units; 13-15 bivalents may be counted in addition 
to 4-8 univalents (figs. 29-30). In some cells chains of chromosomes 
appear. The fertility of this hybrid was poor (50-100 seeds per plant), 
only very few of the seeds germinated and the plants did not thrive 
well at all. Genetic analysis, therefore, was impossible. 

Cross 4: 1’. cornuta, n = 11 X orthoceras, n = 11. 

Characteristic for this hybrid is that the conjugation between the 
chromosomes seems just as complete as in the parent species. Eleven 
bivalents are observed during heterotypic metaphase and anaphase 
(fig. 31-33). Rarely an anaphase may show 12 chromosomes instead 
of 11; a single lagging chromosome may also be observed, but the main 
impression of the cytological behaviour is that of a pure species. The 
fertility is rather good, but the seeds germinate badly (12-20 % ). F2 
segregated for minor characters only, and the parents are morpho- 
logically also very alike. Fig. 4 shows the type of F 1 ,  which is rather 
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luxorious. It is ehdent that the two species are very near related, also 
as  to their chromosomal and genetical constitution. 

29 
lutea x elegantula 31 

cornuta x orthoceras 

35 36 
34  

Orphanidis x cornuta 

Figs. 29-36. Meiosis in Crosses 3. 4 and 6. 29-30: Cross 3; het. met.; 29: 1311 -t 81 ( 1 ) ;  
SO: aht. 1111 -I- 13 11 -1- 51 (autosyndesis). - Figs. 31-33 Cross 4 ,  het. met. in side- 
and polar view and hom. met.; regular, llll. - Figs. 34-36: Cross 5, het. met.; 

34: four univalents; 35: 1011 -t 21; 36: 811 4- 2111. 

Cross 5: V. Orphunidis, n = 11, 10 X cornutu, n = 11. 
The Orphunitlis parent was V. 917-1, which had 2n = 21 chro- 

mosomes (J. CLAUSEN 1930 b) .  Consequently some of its gametes carried 
11 and some 10 chromosomes. Of the five F,-plants resulting from the 
crossing, two had 2n=21  and three 2n=22 chromosomes. There 
were no difference in morphological appearance or in the mode of 
meiosis of the two chromosomal types. The pollen mother cells gave 
the impression of being in good condition; the divisional pictures were 
clear, and the chromosomes stained well. 

The conjugation in the plants with 22 chromosomes ranged from 
8 to 11 bivalents with a corresponding number of univalents; some 
of the chromosomes were more or less clearly arranged into trisonies 
or tetrasomes (figs. 34-36). The plants with 21 chromosomes behaved 
in the same manner, but their largest number of bivalents was 10. The 
distribution of the chromosomes to the gametes was at random, as 
table 5 shows. 
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TABLE 5. Distribution of clironiosomes fo the  gametes during meiosis 
of Cross 5, n = l O X n = I I  ( 2 n = 2 1 ) .  

__ - ~ - - ~  ~ _ _ _ _ _ _ _  1 Number of chromosomes ......... ~ 8 ~ 9 1 10 i 11 , 12 total 1 
1 number of nuclei counted ......... ~ 1 1 3 1 18 1 17 1 1 1 4 0 1  

Elimination or splitting of one or a few univalent chromosomes 
occurred in some cells. The fertility was rather good but only 10-20 
per cent of seeds germinated. The F,-plants as well as the F,’s were 
weak hut a fairly good Mendelian segregation was obtained. No doubt 
V. Orphanidis must be considered one of the most near relatives of 
the taxonomical isolated V. cornuta, whether judged from the morpho- 
logical appearancc of the parents, or from the degree of chromosomal 
conjugation, the condition of the pollen mother cells and the fertility of F,.  

Cross 6 :  V .  tricolor, n = 13 X elegantula, n = 10. 
The meiotic divisions in the pollen mother cells are good looking, 

and the cells in a good condition. From 8 to 10 bivalents are formed, a sd  
polysomes (11, IV, VI) occur considerably often (figs. 37-39). The 
univalents range from three to seven. Fertility very poor, aht. 30 seeds 
per plant, and germination even poorer. 

Cross 7:  V .  tricolor, n = 13 >< Orphanidis, n = 11, 10. 
The Orphanidis parent was 917-1 with 2n = 21 chromosomes, the 

same as in Cross 5 .  Consequently some F,-plants had 23 and some 24 
chromosomes according to whether the Orphanidis pollen carried 10 or 
11 chromosomes. The ConjUgatiOn of chromosomes was more variable 
in this cross than in the other ones, ranging in the same 24-chromosome 
plant from lo,, -k 4, (fig. 40) to l,, f 22, (fig. 42); probably also cells 
with 24 univalents occur. The cells with almost no conjugation 
were found together in one pollen sac, but even within the same pollen 
sac a great range of variation was observed. A great many observations 
were made on different plants of this cross. 

The pollen mother cells appear well nourished and stain well, but 
the marginal zone of them contains numerous minute drops or grains, 
which stain with a colour similar to the nucleolus. It is a well known 
fact that the pollen mother cells of plants, which are in a less good 
condition, may contain nucleolar material outside the nucleus. In some 
cases a few larger nucleoli may be present in the plasm, in other cases 
more small nucleoli are scattered often most dense in the marginal zone 
(fig. 46); the many minute dots in the pollen mother cells of this 
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39 
38 37 

t r i a o l o r  x r l ae sn tu l a  

41 43 t r i oo lo r  x Orphanidir 

45 46 

47 

Figs. 37-47. Meiosis in Crosses 6 and 7. 37-39: Cross 6; 37 and 39: 1011 + s 1 ;  
38: abt. 1v1 + IIV t 1111 + 111 4- 81. - 40-47: Cross 7;  40-44: het. met. with 
varying number of univalents, 42 and 43 (not complete) with almost no conjugation; 
45-46: het. ana. with splitting univalents; 47: hom. met., n = abt. 15 (+ one outside 
the group) and abt. 14. This cross has many minute grains or drops in the plasm 

of its pmc. and also extranuclear nucleoli (fig. 46). 
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hybrid, shown in the figures, may he of a similar nature. The writer 
observed dots just of a similar appearance in a non-hybrid Phaseolus. 
If stained with HEIDENHAIN’S haematoxylin the larger extra-nuclear 
nucleoli are often mistaken for detached chromosomes, even by in- 
vestigators, which should be regarded as trained cytologists. Although 
this condition may be most common in hybrids, it is also found scattered 
elsewhere in non-hybrid plants. 

Some few trisomes and probably also some less typical tetrasomes 
(attached bivalents) are observed in some pollen mother cells of the 
hybrid tricolor X Orphunidis, but polysomes are much more rare in 
hybrids of Orphanidis than in hybrids of elegantula. The figures 40-44 
show heterotypic metaphases; in heterotypic anaphases (figs. 45-46 } 
some of the univalents may be seen dividing, giving rise to homo- 
typic nuclear plates with a n  increased number of chromosomes; fig. 47 
shows such a pollen mother cell containing 15 chromosomes in one and 
15 to 16 in the other nuclear plate together with one detached; some of 
the chromosomes here are very small (univalents recently divided). 
Elimination of chromosomes is not uncommon, and the formation of 
dwarf nuclei gives rise to pentads, hexads etc. Fertility and the germi- 
nation rate of the seeds was poor. 

Cross 8 :  V .  tricolor, n = 13 X alpestris, n = 13. 
There is a slight tendency to univalency of some few chromosomes 

in this hybrid, and figures showing univalent chromosomes (of which 
a number splitting) were previously published (J. CLAUSEN 1927 b, figs. 
65-66). Such irregularities are, nevertheless, exceptions and occur in 
cerlain plants and crossings only; most hybrid plants show regular 
meiosis (fig. 481, in which only a loose conjugatioii or a not quite 
parallel placement of the thirteen bivalents reveals the hybrid nature of 
the plant in question. Heterotypic metaphases in side view may show 
univalents and anaphases lagging chromosomes, just as also dwarf nuclei 
occur occasionally. Extranuclear nucleoli were observed in the plasm 
of almost invariably all pollen mother cells. Apparently nearly all 
gametes receive 13 chromosomes (fig. 49).  The fertility was extremely 
good, the F,-plants gave from 1500-2000 seeds each. The conditions in  
this cross remind about those in Cross 4, and the two species or sub- 
species must be regarded as very closely related. 

Cross 9: V .  tricolor, n = 13 X arvensis, n = 1 7 .  
In heterotypic metaphases from 11 to 13 bivalents and corre- 

No clear instances of spondingly from 8 to 4 univalents are formed. 
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50 tricolor x alpestria 
tricolor x Eitaibelians, n-7 51 

52 53 
tr icolor x Kitaibrliana, nil8 54 

55 
61 tr icolor 57 x nsna 

3r 

62 

Figs. 48-82. Crosses 8-12. 48 het. met. and 49: hom. met. of Cross 8, regular, 1311. 
- 50-52: Cross 10, het. met. with 011, 411 and 411 + l r r r ,  respectively, in addition 
to univalents. - 53-56: Cross 11;  53: long, semi-prophasic chromosomes, no xiuclear 
membrane; 54: het. met., a t  least 71; 55: het. ana., no reduction; 50: hom. met., 
n == 20. - 57-62: Cross 12, het. met., autosyndesis; 57 with three, 58 and 59 with 
~ W O ,  60 with probably only one and GI with five univalents in addition to some tri- 

and tetrasomcs (58-60); 62: tetra-, di- and monosome from the same cell. 
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trisonies or  tetrasomes were found, but the arrangement of bivalent 
chromosomes in some heterotypic metaphases may indicate a slight 
secondary attraction between bivalents or between bivalents and uni- 
valents. The  present writer is not in the possession of frankness enough 
to postulate that such slight and uncertain association of chromosomes 
be evidence enough of a true polysomic arrangement. DARLINGTON and 
MOFFETT (1930 b )  appear to be inclined to see polysomic arrangement, 
not only in their own slides, but also in the figures of material, which 
they are not familiar with. But there is a great difference between the 
true polysomic arrangement, which is seen in some other Viola hybrids 
and also in cultivated races of Pyrus (DARLINGTON and MOFFETT 1930) 
and the slightly diverging arrangement of gemini in hybrids as  tricolor 
X arucnsis. Some allowance for occasional placement of two gemini 
very close to one another must also be admitted. 

Elimination of one or  two chromosomes is very common in tricolor 
>< aruensis and the number of chromosomes has therefore n tendency 
to decrease during later generations. The fertility is very good and it 
gives f rom 500 to 2000 seeds per plant. This hybrid was previously 
dealt with in details (J. CLAUSEN 1926), but it is here mentioned for a 
comparison. 

Cross 10: V .  tricolor, n = 13 X Kitaibelianu, n = 7. 
No more than six bivalent chromosomes were observed in hetero- 

typic metaphase of this hybrid; in this case, which seems the most 
common, 8 univalents were present. But the combinations 5, ,  f 10, 
and 4,, f 12, were also often met with (figs. 50-52). A trivalent was 
observed in one cell (fig. 52) .  The pollen mother cells were not in a 
well nourished condition, but the chromosomes stained well and gave 
comparatively clear pictures. The  hybrid was almost completely 
sterile, giving from none to 30 seeds per plant in spite of a good vege- 
ta the  development and abundant flowering. 

Cross 1 1 :  V .  tricolor, n = 13 X Kitaibeliana, n = 18. 
Tlie pollen mother cells of this hybrid were poor-looking, and it 

was impossible to account for all chromosomes during the rather irre- 
gular meiosis. The nuclear membrane can dissolve before the nucleolus, 
and even before the chromosomes arrive to the typical diaphase with 
short chromosomes (see fig. 53).  Tlie numher of hivalents in hetero- 
typic metaphase could not he counted with certainty, but may be cal- 
culated from the number of univalents, which are much more easily 
counted. Seven univalents seemed to be the most common, what gives 

Werethtciu X 1’. 17 
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12,, (fig. 54) ,  but 9, (11 ,, ) to 17, (711 ) occurred and one pollen mother 
cell was found showing no reduction a t  all, the c1iromosomc.s dividing 
equational (fig. 55). On the whole, the chromosomes of this hybrid 
showed a great range of variation in their con#jugation similarly a s  
Cross 7. Elimination o f  chromosomes took place, just as also splitting 
of univalents, which may result in the formation of gametes with a 
higher number of chromosomes than any of the parents (see fig. 56 
with 20 chromosomes). 

The fertility of the hybrid was very poor, not more than 20-50 
seeds per plant were obtained from hundreds of flowers, although these 
structurally were capable for selfpollinntion. 

Cross 12: 17. tricolor, 11 = 13 y\ I I U I I I I ,  n = 24. 
This hybrid is characterised by a certain amount of autosyndesis 

among the nana-chromosomes. Assuming that all tricolor-chromosomrs 
conjugate with 13 nana-chromosomes, eleven nanu-chromosomes are  left 
without any mate, if no autosyndesis occurs. More than five univalents 
were never observed (fig. 61); the most common was three univalents, 
and even pollen mother cells with only one univalent were noted. If 
110 trisomes or  tetrasomes are formed this would give 16, 1 7  and 18 
hivalents, respectively, the somatic chromosome number heing 3 7 .  
Trisomes or tetrasomes occur in almost all cells, but not inore than 
one or two in each. Figs. 57-60 show heterotypic metaphases in sidc 
view, the three last ones are  from a row in one and the same pollen 
mother cell; fig. 62 shows tetrasome, disome and monosomc. The 
quality of the fixation did not allow the observation and counting of 
each conjugated unit, but the univalents were a rather safe indication 
of the autosyndesis, whether disomes or  trisomes were formed. There 
is at least a striking difference between the behaviour of the nunu- 
chromosomes in this hybrid and in Cross 18: nana X arrwnsis (figs. 
8 6 - 4 9 ) ,  in wliich only very few bivalents were formed. 

Some elimination of chromosomes occurred and dwarf nuclei were 
formed, but the fertility of the hybrid was surprisingly good, as 1000- 
2000 seeds per plant were obtained. 

Cross 13: V. tricolor, 11 = 13 >( rothomagcnsis, 11 = 17. 
As to chromosome number this cross is a honiologue to (:ross 9 

(tricolor X ciruensis) , but the behaviour of chromosomes is different 
from this last one, because trisomes and tetrasomes together with a 
few monosomcs are  very common in the present hybrid (see figs. 
(i3--fi4), not in the other one, and the fertility is also murh less in 
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Cross 13 than in Cross 9; only 12-37 seeds per plant were obtained 
and but a small fraction of these germinated. 

As in all Viola hybrids there were some variation regarding the 
amount of conjugated chromosomes in different cells (from two to six 
univalents were observed); some univalents divided in heterotypic ana- 
phase (fig. 65).  Most homotypic mctaphases contain from 14 to 16 
chromosomes (fig. 661 ; elimination of chromosomes and dwarf pollen 
were rathtxr frequent. 

Cross 1 4 :  V. tricolor, 11 == 13 X luten, n = 2 4 .  

This cross is characterised by great irregularity in the progress of 
meiosis. The  shortening of the individual chromosomes does not occur 
synchronously for all chromosomes of one and the same cell; some may 
he in the early diaphase (the so-called strepsinema) when others have 
shorttmed to the characteristic short shape of the late diaphase (fig. 67).  
As shown in this figure and in fig. 68 are some of the chromosomes 
connrcted to long, multivalent chains. The non-simultaneity and the 
chain formation often persists through heterotypic metaphase, but no 
regular zig-zag cliains were observed, long and short chromosomes 
arrange themselves without any order in all directions between each 
others, sometimes connected to the most peculiar combinations; fig. 69 
shows another type of Iieterotypic metaphase with short but irregularly 
arranged chromosomes. The fixation was done with NAWASHIN’S 

fixative without previous application of CARNOY’S fluid, and it did not 
allow the tracing of the individual bivalents through the heterotypic 
division. The univalerits were most often belated enough for an obser- 
vation during the heterotypic metaphase and anaphase; from 8 to 11 
univalents were the most frequent (fig. 70),  and there is a strong 
tendency for these to divide during anaphase as illustrated by the 
figures 72-74. The average chromosome number of the gametes in- 
creases by this process, fig. 7 1  shows 21-22 chromosomes at  one of 
the poles of a lieterotypic anaphase and in a previous paper (1927 b, 
fig. 72) a homotypic metaphase with abt. 23 chromosomes was repro- 
duced. This is accordance with the fact that the cultivated pansies 
(V. Wittrockiccna (;AMIS), which arose from this specific crossing in the 
ycars between 1830 and 1840 (WITTROCK l896) ,  have a chromosome 
number very near to that of the parent with the largest number, viz. 
aht. 24 (J. CLAUSEN 1027 I), figs. 7 3 - 7 7 ) .  

In some pollen mother ccalls were long chromosomes seen to persist 
to homotypic telophaso connecting even the nuclear groups, which were 
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72 

5' 75 
73 

76 

t r i c o l o r  x Battamiieri i  

77 
78 

Figs. 63-78. (i9- Gfi: Cross 13; 63: het. met. from two sections, 
abt. 3111 -k '3 11 -l- 3, ; 64: het. met., not conlplete, ca. 2,v + 4111 + 2 1  ; (i5: het. ana., 
univalrnts dividing; 66: hom. met., n = ca. 16 and 14-15. - 67-75: Cross 14; 67: 
chromosomes from one cell in diaphase, unequally shortened, multivalent associa- 
tions; 68: polysomc from diap1i:ise; 69-70: het. met., in 70 ca. 111; 71: llct. ana., 

Crosses 13-16. 
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separated at heterotypic anaphase, that is, the connection has persisted 
through all the phases lying between them. Fig. 75 shows such a 
chromatin connection, which reminds very much about the abnormal 
divisions described by GOODSPEED and AVERY (1930, text figures 8-17) 
from X-rayed Nicotiana Tabticum. 

In spite of all irregularities, the chromosomes are in homotypic 
telophase generally found arranged in four groups, pentads are rare. 
An enumeration through one slide gave 29 tetrads and three pentads. 
In the pentads the fifth cell was always small. The individual pollen 
in the tetrads were often sligthly different as to size. The plasm 
contained plenty of nucleolar material. In spite of great efforts only 
50-300 seeds were ohtained per plant, and the germination was less 
than 10 per cent. 

Cross 15: 1'. tricolor, n = 13 X Buttundierii, 11 = 26-30, 

As mentioned before, the chromosome number of the garden type 
of V. Battandierii is oscillating, and the gametes, therefore, do not all 
contain the same number of chromosomes. Anyhow, they contribute 
the largest number of chromosomes of any Melaniuni violet. The F , -  
plants of  Cross 15 had apparently not a11 exactly the same number of 
chromosomes. Contrary to expectation the univalents were few, less 
than six and usually not more than 3-4, not 13-17 as indicated by 
the difference in the chromosome number of the respective parents. 
This was due to a very extensive association o f  chromosomes into mul- 
tivalent complexes (figs. 76-77) consisting of as many as up to ten 
chromosomes, as far as could be judged. This means a rather large 
degree of autosyndesis, but, in fact, even the non-hybrid Battantlicrii 
shows multivalent association of its chromosomes (fig. 15 ( 1 ) .  The 
appearance of the heterotypic metaphase was very irregular and it was 
very difficult to interpret. Homotypic metaphases looked more ordi- 
nary, the nuclear plates contained most often 20 or 21 chromosomes 
(fig. 78) and the number oscillated between 23 and 17.  Elimination of 
one to three chromowmes was very frequent, just as were pentads, 
hexads and heptads. The supernumerary pollen were generally minute 

the upper chromosomal group not complele, in the lower 21-22 chroinosoines; 
72-74: hct. ma.-telophsse, univalents dividing, in 72  extranuclear nucleoli (hatched) ; 
75:  hom. telophase, a chromosomal conneclion has persisted from het. met. - 
713--78: Cfoss 15: 7 6 :  het. met., inultivalcrit associ:itioii; 77:  het. met. in polar view, abt. 
I x  + I,,,, + I" + 4111 + a,, + 1 1  + :); 78: hoin. nict., 21 -i- ca. 20 + 2 ctiromownies. 
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dwarfs, obviously representing eliminated single chromosomes or groups 
of chromosomes. The fertility was rather good and germination not 
poor, abt. 30 %. 

. ~~~ ~~ 

Cross 16: uruensis, n = 17 X rothoinugensis, xi = 17 .  
These two species have one and the same chromosome number, 

but differ much as to their morphological characters. Meiosis o f  the 
hybrid was much more irregular than of' the Crosses 4 and 8, in which 
the parent species also havr the same number of chromosomes. From 
two to six univalents were noted (figs. 79-81), which means that one 
to three pairs of chromosomes failed to conjugate. In addition to the 
hivalents were one or two trivalents and occasionally a quadrivalent 
present. The cytological picture was not very clear and the chromo- 
somes were often densely aggregated; this irregularity is probably 
connected with the fact that thc nuclear membrane very often dis- 
appeared during the later prophase, before the diapliase. Univalents 
were seen dividing during heterotypic anaphnse; detached single 
chromosomes, dwarf nuclei (rare), pentads and hexads were noted. 
Fertility was comparatively good, 250-450 seeds per plant were col- 
lected; the germination was no less than 3 0  per cent. 

Cross 1 7 :  V .  Iiitaihelicintr, xi = 7 X uruensis, n = 17. 

V. rrrvmsis has ten chromosomes more than the Kifuibeliunu type 
applied for the present cross giving ten univalents as minimum (fig. 82), 
but twelve univalrnts (corresponding to only six bivalents) were seen 
in most of the pollen mother cells. Occasionally also cells with fewer t i -  
valents occurred (fig. 83: 2,, $- 20,). Most univalents distributed themsrlves 
to the two poles, but detached chromosomes were noted. Some univa- 
lents divided during heterotypic anaphase (fig. 84) and, similarly, pen- 
tads arid hexads were seen between more or  less normal tetrads. The  size 
of pollcn was vcry variable (fig. 8 5 ) ,  as it must be in a hybrid with SI) 

great difference between the parental numbers of chromosomes. The 
fertility of F, was considerably reduced as compared with the parents, 
but not so poor indeed, as 500-600 seeds were obtained per plant. 
The  germination rate, on the other hand, did not amount more thnn 
17-19 per cent. 

Cross 18: V .  nunu, n = 24 X aruensis, n = 17.  

This hybrid showed surprisingly few bivalents (more than six were 
never observed with certainty). The pollen mother cells were crowded 
with univalcnts (figs. 86-87). This is astonishing because Cross 12, 
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tricolor >< nanrr, showed surprisingly few univalents. If' the nana-chro- 
mosoines are  capable for autosyndesis in Cross 12, why do they not 

81 82 79 
arvensis x KitaibelLaW. n q  

05 
83 

84 

;:I. 
!lam x 

86 
arvensis 87 

88 
u 

89 

Figs. 79--89. Crosses lC-18. 79-81: Cross 16, het. met.; 79-80 showing tetra-, 
tri- and monosomes; 81: abt. 12rl + a l l ,  -I- 41. - 82-85: Cross 17; 82: het. met., 
ca. 101; 83: het. met., ca. + 20,; 84: het. ana., ca. 10 -k 3 (dividing) + 11 chro- 
mosonies; 85: young pollen of different size (smaller magnification). - 86-89: 
Cross 18, all het. mct., 88-89 from embryosnc mother cells; 86: ca. 21 + 371; 
87: at least 21,, probably 26-27, some ones dividing, one trisome; 88: at least 181 

and 3,,,; 89: polar view in two sections, a t  least 261. 

conjugate mutually, irrespective of any aruensis-chromosomes, in Cross 
18') Embryosac mother cells of two plants were therefore inspected in 
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order to see, if the chromosomes showed better conjugation here than 
in the pollen mother cells, similar to what was observed in a pollen 

nana x lutea 9 9  

Figs. 90-99: Crosses 19-21. 00-92: Cross 19; 90: het. met., ca. 2111 + 411 -t 111; 
91: ca. 611 -I- 131; 92: young pollen of different size, same enlargement. - 93-95: 
Cross 20, het. met.; 93: 511 221; 94: ca. 1111 + 511 $. 181; 95: ca. l v  + 1111 -t 611 -t 111. 
- !K-99: Cross 21; 96-98: het. met., in 96 one tetrasome and abt. 15 univalents, in 
97 at least 151; 98: (polar view) probably 2 ~ 1 1  4- 11" i- 3111 4- 11 11 + 21; 99: honi. 

met., in the nuclear plate to the right 26 chromosomes. 

sterile type of V .  Orphanidis (J. CLAUSEN 1930 b),  but such was not 
the case (figs. 88-89). 



Trisomes were rarely observed, and some univalents would split 
during heterotypic division. The fertility was rather good (250-800 
seeds per plant) but considerably less than in Cross 12, tricolor X nana, 
although arvensis and n m a  unquestionably are  morphologically more 
near related than are lricolor and nuna. 

Cross 19: V .  Kitaibeliana, n = 7 X Kitaibeliana, n = 18. 
Although these two parent types, morphologically considered, 

belong to one and the same species, the cytological irregularities are 
just as large as  in species hybrids, and the sterility is more complete 
than in any other iMelanium hybrid. There is a tendency to  form six 
bivalents (leaving one of the seven chromosomes unconjugated) in 
addition to 13 univalents (figs. 90-91). One or two univalents may con- 
jugate with bivalents giving trisomes. With so many univalents there 
is a possibility for a very uneven distribution of chromosomes during 
meiosis, and the pollen are actually very different in size (fig. 92). 

Cross  20: V .  nana, n = 24 i< Kitaibeliana, n = 7. 
This is the widest cross within the collective species of V. Kittri- 

beliona, a cross of an octoploid type with a hyperdiploid one, the 
difference between the chromosome numbers of the parents being 17. 
There is some variation in the conjugation of chrom~somes  in the 
hybrid. All the seven chromosomes from one parent do not ever find 
a mate among the 24 chromosomes of the other as  some pollen mother 
cells did not show more than five bivalents (fig. 93 with 5,,  $- 22, =32, 
the nana-gamete contributing to this F,-plant must have carried 25 chro- 
mosomes instead of 24!). Trivalents were met with (figs. 94 and 95) 
and even a pentasome was observed (fig. 95); in this last case some sort 
of autosyndesis must have taken place. The pollen mother cells were 
well developed and stained well. The fertility of F ,  was not poor, 
250-350 seeds were obtained per plant. Cross 20, as regards chro- 
inosome number and geographic habitat of parent types is a wider 
cross than Cross 19, but it shows less irregularity and less sterility. 

Cross 2 1 :  V .  nuna, n = 24 X lutea, n = 24. 
'I'hesc two species have the same chromosome number and their 

areas are  not remote from each others, hut they are morphologically 
very different. They cross easily, 72 crossed seeds were obtained, 
giving 50 F,-plants, which showed characters from both parents, although 
ncinn was prevalent regarding conspicuous characters as flower size and 
flower colour. The fertility was rather poor, from 50-300 seeds were 
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obtained from each of the richly branching plants. Pollen mother cells 
stained well, but the many chromosomes in no regular association 
troubled the disenlanglement of the individual cliromosomes and their 
associations. 15-18 univalents were observed in some cells (figs. 
96-97) and irregular polysomic association occurred (fig. 96: a 
tetrasome, fig. 98: probably heptasomes, tetrasome and trisomes). 
Homotypic metaphases showed a little more or less than 24 chromo- 
somes and occasionally detachment (fig. 99). 

Cross 22: luteu, n = 24 X Battandierii, n = 26-30 and 

Cross 23: Battandierii X calcarata, n = 20. 

The two hybrids have not the primary cytological interest as the 
other ones mentioned due to the fact that the cultivated Battandierii 
type applied for the crossings had an oscillating number of chromo- 
somes. Cross 42 was fixed already in 1923 and owing to primitive 
technique then availablc ( CARNOY fixation, DELAPIELD haematoxylin) it 
was impossible to get anything out of the heterotypic metaphase; the 
homotypic metaphases were fairly regular with about 24-26 chromo- 
somes and occasional elimination of single chromosomes. The fertility 
was not good (50-100 seeds per plant) hut the germination was fairly 
good. 

Cross 23 also showed elimination of univalents and a varying 
number of chromosomes in the homotypic metaphase (24, 28, etc.) so 
as pentads with dwarf pollen. The fertility was more poor in Cross 23 
than in Cross 22, bul the present cross was, nevertheless, the only 
successful one with V. culcurufa as a member. Only 18 &',-plants were 
obtained, showing some segregation as to shape of leaves and flowers 
etc., but all were violet flowered. 

Cross 24 :  ( V .  tricolor, 11 = 13 X Orphanidis, n = 1 1 ,  10) X (cornuta, 
n = 1 1  X elegantula, n = 10). 

As a matter of course, the two F,-hybrids crossed together form 
gametes with a somewhat differing number of chromosomes, and the 
individual plants of the quadruple F1, therefore, differ as to the number 
and the initial origin of their chromosomes so as to their morphological 
appearance and their fertility. It was surprising to see how regular 
the division was going on in hybrids with chromosomes from four 
species brought together. Figs. 100---102 illustrate heterotypic meta- 
phase in V. 1205-4 with a total number of chromosomes of abt. 24, 
almost all conjugating, either as ordinary disomes or as tri- and tetra- 



some\. This plant \va\ sonirwhat fertile, giving 123 seeds and 22 F,- 
plants from these. Figs. 109-104 illustrate another plant of Cross 24, 
the completely sterile V. 1205-2, also with a total chromosome number 
of 24 (somatic); fig. 10.2 shows two homotypic metaphases uniting into 
one very large group of chromosomes, which would give diploid pollen 
grains. The young pollen of this plant showed a tendency to dis- 
integration, filling the pollen sac with a fibrillous mass similar to what 
was observed in pollenst~~rile V. Orphanidis (J. CLAUSEN 1930 h) .  

100 

101 

103 - 
104 

102 

Figs. 100--104. Cross 21 (quadruple hybrid). 100-102: V. 1205-4, hel. niet., 2n = 24; 
203-104: V. 1206-2 (sterile), hom. met., 211 = 24, in 104 are both nuclear plales 

united to one. 

V. TYPES OF SEGREGATION IN F2 A N D  LATER 
GENERATIONS. 

Cross  1 :  V .  cornuttr ( A a ,  violet) X elegantula ( A A ,  reddish). 
A line drawing o f  F, i \  reproduced in fig. 105; it shows the 

characteristic intermediate stipules and leaves (compare figs. 2 and 4 ) .  
Fig. 19 shows the characters o f  the flower (direction o f  lateral petals 
and cixtension of  yellow eye) of the parents and of F 1 .  

Segregation of thr. A-gene (anthocyanous : alba) in F ,  and of the 
character yellow rye w i l l  he mentioned in chapter VI. For a number 
of other characters were segregations noted, but in these cases numerous 
gradations were observed covering the total range of variation with the 
characters of the two parents as the extremes, while classification was 
impossible. This holds true for the shape m d  diversion of the stipules, 
for direction, size and shapc of petals, length of spur and partly also 
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flower flower direction of lateral 

for colour of flowers, except that true red flowered plants did not 
appear in F,, but a large range of variation into more or less reddish 
types was noted (in addition to pure white). This may be connected 
with the fact that the elegantula-parent, V. 639-2, was not true red but 
of an intermediate colour and probably not constant for this colour, 

as the much more red types of later 
accessions were. Already in F, darker 
or lighter reddish types were observed, 
but all were more reddish than coriiiitu. 
Some plants of F, were of n perennial 
type and others looked just more like 
annuals. 

In a backcross of one F,-plint with 
n pure red and constant c l~gi i i i t i i la  

of another accession it was tried to 
classify the characters of the indivi- 

106 duals into two classes, according to 
whether they belonged to the F,-type of 
the character in question or they were 
similar to elrgantiila. F ,  was inter- 

Figs. 105-106. Flower and leaves mediate with respect to a11 the four 
of cornuta X elegantula F1 (105)  characters tested. The enumeration is 
and of tricolor X elegantula F1 (106). sllOwn in (j, 

The 88 F,-plants germinated from abt. 1000 seeds sown, and the 
27 backcross-plants from aht. 140 seeds. Of 400 seeds collected from 
selfpollinations of four F2-plants no one at all germinated. It is im- 
possible to say what classes the non-viable combinations belonged to. 

shape of 

TABLE 0. Classification of the iiidiuitliials in the backcross V .  elegantiila 
X (elegantiila X cornutu). 

This cross is of interest, becanse it shows that also characters 
distinguishing larger taxonomical units in this section segregate and 



must depend upon the interaction ol' genes, apparently not very few. 
Cross 5, V. Orphmitlis  X cornriin alba, showed a similar segregation 
as to shape arid direction of petals so as to presence or absence and 
extension of yellow eye. 

C r o s s  6: 1'. tricolor ctlbu-yellow X elegcrntula, red.  
(a,a,~i2~r21<l<LIA X A,A,  . . rrll .)  

The 30 F,-plants germinated from 40 seeds and varied a little (the 
c~leytrntiilu parent did not helong to any pure line). The F,-type of 
flower, leaf and stipules is shown on fig. 106 (compare the parental 
species, figs. 2 and 6 ,  hut the tricolor parent had smaller flowers due 
to the absence of all A-genes). The shape of leaves and stipules was 
greatly influenced by V. tricolor. Young flowers of F, were whitish, 
changing to paler or darker violet (action of one gene for yellow, L, 
and the €?-gene, both lrom tricolor).  Some minor variation as  to inten- 
sity of  colour was noted. A number of the F,-plants belonged to a sterile 
tmshtype, which did not flower, neither the first, the second o r  the third 
year. Backcrossing 01' F ,  to one of the two parents gave considerably 
more and considerably better seeds than the selfpollination (see 
t ahk  7 ) .  

The segregation as to the A-gene in F, and backcrosses is mentioned 
in chapter VI. A considerable number of plants of both of the back- 
crosses never attained flowering; they belonged to a peculiar minute 
and tufted dwarfish type, many of them much more extreme than the 
corresponding types in F,. The numbers of this type were the following: 

normal sterile dwarfs total 
X tricolor ~~~~~~~~yellow ... ... .. . .. . ... ... ... ... 3-1 2-1 58 

I;; X elcgaritiila ._.......... .......... .......... ...... 67 23 90 

As to flower colour eleguntulci seems to possess some intensifiers 
By the action of and extension genes obscurating the segregation. 



264 J. CLAUSEN 

flower colour 

violet ............ 
rose 
pallidu ......... 

............ 

these, L1 may become rather bright yellow, not yellowish white changing 
to pale violet as usual. Table 8 gives tlie classification of the different 
categories of flower colour. 

F1 x tricolor 
formula F2 alba-yellow 

A a  Rrl.1 x an R R  LI. 

F, x elegantiila 
AallrLl x AArrll 

' 34 dark violet 

11 yellowish 
I lo + 33 dark 1 lida) A .  Ll  I 3 

TABLE 8. Segregation /or  flower colour in Cross 6 ,  tricolor X degtmtiila 

~ _ _  - -~ 

alba ............ 
albrc-yellow ... 

__ - 

A 11 tho- 
cyanin 

with 

- - .__ . ~ _  

without 
- 
- 

~ kited 
I V. 1218 I V. 1345 

~ 

......... -- 28 35 29,s 
............ 6 8 990  

......... 79 90 79,s 

ARll violet 
Arrll red 1 
A.Ll pallidu 3 8 

3 
1 
8 

TARIJE 9. Segregation of supposed KrLl-plants of Cross 0'. 

A .LL yellow ......... 1 7 1 18 1 26 39,8 I 5 

Four of tlie five F,-plants were selfed for an F,. Two of them 
segregated types similar to F ,  (see V. 1345 and 1348, table 9). A pale 
rose plant gave two pale and three darker rose. 

A fourth F,-plant, yellowish flowered with upper petals rose, 
(classified as ) ) p a l l i d a ~ ) ,  gave 20 Fa-plants; 8 of them were yellow with 
upper petals rose and 12 were of an entirely new type with all petals 
yellow. Fig. 107 shows flowers of these types with their parent species. 
tricolor alha-yellow and elegantiila in the upper row and two flowers 
of each type in the lower row, the intense yellow type to the right; this 
has larger flowers than tlie type with upper petals rose. Thc intense 
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yellow type was constant, two F,-sowings of it gave 19 and 43 intense 
yellow, respectively. A plant with upper petals rose segregated 18 

Fig. 107. IJpper row: tricolor alha-yellow (left) and elegantula (right); lover row: 
flowers of Fr-types from this cross; left: yellow-rose, right: intense yellow 011 all 

petals ( V .  pheno-elegantula). 

yellow-rose : 11 intense yellow. The growth habit and entire vegetative 
appearance of this new type, which may be referred to as 

Viola phmno-elegantula, 
(after its bright and very showy flowers) is that of a Viola eleguntulcr, 
but the stem nodes are shorter; it is very cespitose and each plant forms 

109 

Viola p h ~ i i o - c / e g a n t [ l / a .  
108 

Figs. 108.-110. 108: Flower, leaf and stipules; 109: b'3 of 
the original cross, het. metaphase, 1311 (one horisontal) 4- 1 I ; 110: F4, diaphase, 

1111 + 1111. 

a low, dense tuft with numerous, bright yellow flowers raised above 
the decumbent stems. Fig. 108 is reproduced from a line drawing of 
leaves and flower; the spur is thin and straight, but somewhat shorter 



._ ~ 

266 J.  CLAUSEN 
- 

than of elegantula; the flowers are broader than of any of the parental 
species. From the tricolor-parent the L-gene for yellow flowers has 
been transferred, while elegantula probably has contributed the inten- 
sifying gene or genes. Although V. phceno-elegantula morphologically 
spoken has been built up mainly of characters from elegantula, it pre- 
sents several new traits in its structure, in first line its flower colour, 
and it proves that genes from one species may be added to a bloc of 
genes from another and still form a viable combination. V. phalno- 
elegantula is namely very fertile and gives large capsules with many 
seeds. Although morphologically of a fairly constant type, it is not in 
cliromosomal equilibrium as yet. Fig. 109 shows heterotypic meta- 
phase of F ,  of it; the total chromosome number of this plant was 27, 
most often conjugating 13,, f l,, but one of the bivalents is usually 
placed horisontal outside the other bivalents together with the uni- 
valent one (compare F, of Cross t ) .  Fig. 110 shows diaphase of an 
F,-plant, selfed offspring of the Fn-plant represented in fig. 109. The 
total chromosome number is 25 and a number of diaphases show 
11 bivalents plus one trisome, hut occasionally may also three uni- 
valents occur. Dwarf pollen are frequent in tetrads of this plant, 
and the type may be supposed to stop at the chromosome num- 
her of 12,1. 

Cross 7: V. tricolor alba-yellow X Orphanidis, violet. 
(a,a,a,a,LLov X A , A , .  .llVv.) 

Although the Orphanidis type applied for crossing had one uni- 
valent chromosome, it was a constant type, never showing any con- 
spicuous morphological segregation. Hundreds of plants from self- 
pollination were always violet flowered (J. CLAUSEN 1930 b),  never 
yellow. F ,  of the present cross showed a conspicuous and surprising 
segregation as one half of them were dark violet (not pale violet as 
expected from the presence of one L ) ;  another half had intense 
yellow lower petal with the upper petals of young flowers whitish 
or pale mauve, later on violet, while the lower petal remained yellow. 
The actual numbers of F,-plants were 46 of the violet type as compared 
with 56 of the yellow one, being a total of 102 plants. As the tricolor 
parent was known to be homozygotic, this segregation suggested that 
the Orphanidis parent, V. 917-1, was heterozygotic for a gene, whose 
segregation was conccaled in the pure Orphanidis, because it needed 
some activation of a gene from tricolor. Rut it seems more natural 
to admit two types of genes for violet colour: one of these, probably 
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identical with the A-genes, is the usual basal violet colour of all 
Melanium species. It is hypostatic, may be concealed by LL and WW 
and changed to red in the absence of R and to more or less dark 
uelutina by the absence of, gene3 of the M-series. The other gene for 
violet colour, V, is supposed to be dominant and epistatic over yellow, 
LL, but it needs the presence of one A. It is a condition in analogy 
with what WINGE (1920) assumed for the colour of horses, namely 
( 1 )  a dominant gene for red, partly epistatic to black, and ( 2 )  a reces- 
sive red, the red basal colour of the horse, hypostatic to black. 

If Orphanidis is Vull, it cannot segregate yellow because it has no 
L-gene, and the uull-plants segregated are 
violet due to the presence of A-genes. But if 
this Orphanidis is crossed with tricolor alba- 
yellow, uuLL, half of the plants get VvLl and 
are violet by the epistatic action of the V- 
gene; half of them get vvL1 and are yellow, 
not pale violet as usual, due to some do- 
minance of an intensified L-gene and the ab- 
sence of the V-gene. 

?'he F,-plants had stipules intermediate 
between the two parents (compare fig. 111 with 
figs. 5 and 3), the leaves, flowers and direc- 
tion of stems (erect) rmembled more tricolor; 
the herbage was minutely puberulent of very 
short but dense hairs. It was extremely ste- Fig. l l l .  ~ l ~ ~ ~ ~ ,  leaf and 
rile, and only by a careful self-pollination stipules of Cross 7, tricolor 
arid troublesome back crossing were seeds 
enough obtained for segregations. The fertility was considerably bet- 
ter in the back cross. Table 10 gives the numbers of seeds obtained 
per capsule and the germination rate. 

In F, (see the diagram, fig. 112) the violet F,-plants segregated 
yellow ones and the yellow F,-plants segregated violet ones. This 
sounds like a paradox but is nothing but what should be expected from 
the f o r m u k  suggested. Likewise violet F, backcrossed with tricolor 
alba-yellow segregated violet and yellow, while yellow F, fertilised with 
the tricolor parent gave nothing hut yellow plants. 

F, corresponded to expectation as regards types except that some 
yellow F,-plants coming from violet F, should again segregate violet 
in F,; four plants gave constant yellow offspring. although '/3 of them 
should be vuL1 and segregate violet, vull .  With the small number tried 

111 

X Orphanidis. 

HerediLis XI: 18 
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there is a chance for them all being LL, especially if differential viabi- 
lity or  elimination of chromosomes plays in with. The segregation of 
the basal gene A for anthocyanous colour is mentioned in chapter VI. 

V.tr i co lor ,  alba-yellow V.Orghanidls, v l o l e t  

\ \ 

wo th irds  of 
he sowing8 shoul  a egregate v i o l e t  

Fig. 112. Cross 7, diagram showing the segregation of flower colouring. (The ratio 
in Fr from violet FI plants erroneously given as 13 : I ,  read: 19 : 3.) 

It was surprising that o f  the 171 F,-plants (see diagram, fig. 112) 
110 one was of Orphnnitlis-type. This applies to flower shape, direc- 
tion of stem ( F ,  mainly erect), hairiness and shape of stipules. F ,  was 
of a glabrous appearance, 1 1 0  ones were hirsute as Orphnnitlis, although 
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several were puberulent; stipules of many plants showed influence 
from Orphriziitiis, hut there were no true Orphanidis. No sufficiently 
reasonable explanation of this phenomenon can be offered. The 
crossing was not done reciprocal, and the F ,  plants resembled their tri- 
color grandmother as to 
type but showed segre- 

V. tricolor, alba-yellow] V. Orphanidis 

gation for many charac- 
ters. The possibility is 
not rxcluded that it may 
he due to plasmatic in- 
fluence from tricolor. 
Reciprocal crossing will 
decide this question. Rut 
there are other possihi- 
lities also, for instance 
that the two extra tri- 
color chromosomes exer- 
ci5e an essential influ- 
ence upon the cletermi- 
nation of type (most 
plants seem to have the 
extra chromosomes) or 
that the Orphrinitlis type 
is very r(vwsive. 

Some of the F1-  
plant5 were noted to 
have very thick stems 
and were suspected ot' 
heing tetraploid or a t  
least with increased 
chromosome number. 1 t 
will he rrmemhcred that 
some F,-pollen mother 
cells showed almost no 
coiljugation, hut this was 

3 5 0  seeds 
Aial. .vvLl 
250 seeds 

.. 
A I A ~ . ! v v L ~ M ~ ~ ~ Y ~ ~ .  . 
800 seeds, a b t .  400 sown 

AlAl, . vvL.mlm~m~m2rn~. 2n- '311 

Pig. 113. Pedigree of Viola crassicacrlis. 

not connected with much splitting of univalents. Two F,-plants of the 
thick-stemmed type were selfed and gave many seeds (compare the 
pedigree on fig. 113); the seeds germinated comparatively well, but none 
of the two plants were tetraploid; one of them, V. 1227-1, had about 
13 bivalent chromosomes, another one, V. 1227-2, had 2n = 28, some- 
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times forming 14,, (fig. 115), sometimes 13,, + 2,. The offspring of 
these two plants (V. 1349 and 1350 in fig. 113) were mainly of the 
thick-stemmed type, being an instance of gigcts growth without tetra- 
ploidy. In V. 1350 appeared two unexpected velufina aberrants with 
upper petals faint velvety, one of them, V. 1350-1, also had a faint 
velvet spot on the lower petal. This plant was extremely thick-stem- 
med and very fertile, giving abt. 800 seeds; the chromosome number 
was 25 ( l Z l 1  4- l , ,  fig. 116). About half of these seeds were sown 
and gave a total of 327 plants (V.  1463), a very vigorous 
flower colour ranged from pure yellow (intense or more 

culture. The 
pale) to dark 

114 116 117 

Figs. 114--117. 114: Flower, leaf and stipules; 115:  V. 1227-2 
(= F ? ) ,  het. met., 1411 (probably one IV), other plates of this plant showed 21 ; 

Violu cmssicuulis. 

l lG: FJ, V. 1350-1, het. met., 1211 + 11; 117: Fa, V. 1463-1, het. met., 1311. 

violet. A large number o f  the plants had more or less velvety petals 
and at least one of them was of the recessive velutina 3 type with a 
velvet border on the lateral petal and a triangular velvet blotch on the 
lower petal. This plant, V. 1463-1, was selfed and gave abt. 2000 
seeds; i t  had 13 bivalent chromosomes (fig. 117). Fig. 118 shows in 
the upper row the two parental species and in the lower row some 
flower types of' their descendant, V. 1463, the flower most to the right 
heing of V. 1463-1. 

For convenience sake this line of population is named 

Viola crassicaulis, 
referring to its very thick and vigorous stems. Fig. 114 is reproduced 
from a line drawing of this type; the leaves are correlated with the 
stems and tire large and rather thick. The stipules remind somewhat 



about those of Orphanidis. The flowers are rather large but as com- 
pared with the leaves they are small; the petals are of a very broad 
shape, reminding about the cultivated pansies. 

There is no doubt that this vigorous type of a fertility as large as 
in arvensis would have a chance in nature. Curiously enough it has 
stopped at  the chroniosome number of 13, that of its tricolor parent. 
If a type like this was found somewhere on the Balcan Peninsula, 
it would no doubt be described as a new species; a number of the 
types from this area in the neighhourhood of V. Orphanidis, eleganfula 
and the Balcan alpestris type, V. macedonica Borss. et HELDR., probably 
arose in a similar way. 

Fig. 118. Upper row, left: tricolor albn-yellow; right: Orphanidis. Lower row: 
flower types of V. crassicaulis, V. 1463 (F,); different degrees of velvety violet, the 
left one pure yellow, the right one is V. 1463-1 (velutina 3 and probably constant). 

Another point of interest in Cross 7 are the changes which take 
place with the chromosomes during later generations of some of its 
types. There is no doubt that a more close following up of the be- 
haviour of chromosomes in offspring of known hybrids would clear 
up many problems and shake some theories at their base. 

F ,  of Cross 7 did not show much multivalent association of chro- 
mosomes (figs. 40-44), but some of the later generations show much 
more. Probably the conditions in hybrids favour a segmental inter- 
change between non-homologous chromosomes. Figs. 119-126 il- 
lustrate meiosis in two violet flowered F,-plants, one of V. 1457, another 
of V. 1462 (see the diagram, fig. 112). In diaphase of the first one, 
fig. 119, the chromosomes were connected in two long chains with 
some 10k-11 in each and two free pairs; in the chains there appeared 
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to be a paired arrangenient, hut the pairs were connected end to end 
with short strands; (in one of the chains two pairs are seen parallely 
connected). This arrangement in chains was not kept so strictly through 
all heterotypic divisions (fig. 120 shows a fairly regular heterotypic 
metapliase with only one chain of four, an uneven pair and one uni- 
valent), but most of them were irregular and impossible to disentangle; 
the somatic chromosome number o f  this plant was 2.5. 

. -  ~ 

119 

121 

126 

Figs. 119-126. Unexpected chromosomal types and associations in Fa of Cross 7, 
119-120 are from one plant, 121-226 from another one, and they came from 
different F2-parents. 119: Chains of chromosomes in diaphase; 120: a comparatively 
regular het. meta-anaphasc in polar view, 1 1 ~  f 1011 -I- 11. 122-122: Early het. 
inetaphnscs, multivalent association of chromosomes in irregular chains; 123: a less 
intricate het. met., but chromosomes very long, not as ordinary Viola-chromosomes, 
probably llv f 1011 f 11 (and one nucleolus); 124: n peculiar hexnsomic association; 
225: hom. mctaphase, n = 12; 126: hom. anaphase, n = 13, 12; long, bent chrnnio- 

sonies as in Polemoniiim and in many Compositw. 

In the plant o f  V. 1402 (figs. 121-126) a change as to meiotic 
chromosome shape had taken place and the chromosomes were also 
in this one connected to long, somewhat irregular chains even in early 
heterotypic metaphnse (figs. 121-122); the arrangement was never in  
regular zig-zag chains or rings as in Oenotlicrrc. It is surprising, still, 
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how the chromosomes are able to disentangle themselves during meiosis 
in such a manner that they become distrihuted into two almost tqual 
groups. As far as could be seen the diploid chromosomc3 number was 
20 (fig. 126), and tlie countings in homotypic metaphase ran as follows: 

I1 = 11 12 13 14 
number of nuclear plates 1 3 :I 2, tolal: 10. 

Most heterotypic nietapliases maintained tlie multivalent association 
between the chromosomes, and the associations could appear in peculiar 
shapes as the liexasome seen in fig. 124 or in still more complicated 
connections. Some of them, indeed, could be fairly regular as  that 
shown in fig. 123 with one quadrivalent, 10 hivalents and one bivalent; 
two of the pairs here resemble tetrasomes, but the total chromosome 
number of the plant indicates that a t  lea\t one of them was only a 
disome. 

?‘lie bivalent chromosomes were changed lo long rods, and one or 
two of them could assume the shape of crosses (fig. 123); in the 
homotypic division they were IEnt in the shape of V’s similar to 
somatic chromosomes. This shape of meiotic chromosomes is extra- 
ordinary for Violets, but other large plant groups exist, in which it is the 
nornial one, for instance Crepis and many other Compositce. It was 
also rioted in Polcmoniiim (J. CLAUSEN 1931 a ) .  MANN LESLEY and 
FROST (1927) described a Matthiola, which deviated from normal 
Mtrtthiolct in a similar manner by having long Qkcamosomes. By 
courteousy of Dr. FROST the writer had the opportunity of having this 
type in culture and was able to verify the statements of the two authors 
as to chromosome shape; in heterotypic and homotypic divisions it 
corresponds fully to the type of the long chromosomes in the genera 
mentioned. MANN LESLEY and FROST found the long chromosome type 
to be recessive, probably depending upon only one gene in their case. 
It is interrsting to note that such shape or such conduct of chromosomes, 
which seemingly is of an essential nature as characterising large taxo- 
nomic miits, may arise suddenly after crossing in part of the offspring. 
not in all of it and that it may probably arise by a single mutation also. 
This docs not speak against the taxonomic value of such characters, it 
only shows that they may arise sporadic, when a proper combination 
of genes is realised, and it is a hint about the way, in which such 
differences arose. 

The polysomic arraugement of chromosomes of tlie two plants 
mentioned resembles very much the illustrations recently publishcd by 
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KATTERMANN (1931 ) of multivalent association between chromosomes of 
Anthoranthum odoratum and Bromus erectus, regarded as good species. 

Cross 8: V. tricolor X alpestris and reciprocal. 
(ddf l  X DDLL.)  

The yellow flower colour of the alpestris types applied is not so 
intense as in yellow flowered tricolor, apparently due to the action of 
some faintly bleaching gene. F ,  of violet tricolor x yellow alpestris 
is therefore violet, not whitish violet as F ,  of violet tricolor X yellow 

Fig. 127. Cross 8 C, tricolor alba x alpestris uelutina, flowers. Upper row from left: 
alpestris and tricolor alba; under them Fa-types. Middle row from left: violet, yellow, 
yellow uelutina 1. and the rare, maculate, alpestris parental type; lower row: two 
flowers with local mutations to uelutina in upper petals, one of them also petaloid; 

dilute mauve and alba. 

tricolor (compare the flower colours on plate I, J. CLAUSEN 1926). 
(:orrespondingly, yellow of the alpestris cross has to be classified as a 
recessive, although in yellow plants the violet no doubt is still present, 
but concealed by the action of homozygous yellow. The violet will 
appear at spring time and when local mutations occur, as in the two 
flowers to the Jeft in lower row of fig. 127. 

Taken in this way the classification as to yellow lower petal was 
reliahle. Table 11 shows this segregation for three different crosses 
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Flower colo,,r 

(A, B and C). The yellow from alpestris yellow-velntina (=poly-  
chroma) seems to give a more vital type (Crosses B and C) than the 
yellow from alpestris typica (Cross A) ,  because in Crosses B and C 

____ .______ - -~ ~ _ ~ - _ _  

Cross 8 13: cross n c: 
tricolor violet x tricolor alba x 

__ _ _ ~ ~  _. 

I Cross 8 A :  
tricolor violet x 
alpestris yellow alpeslris polychrorna alpeslris polychronia 

~~ ~- - - 

obser- obser- cal- ohser- cal- 
calculated 

ved ved I culated 1 ved ~ culated 

yellow, LL ... 159 

light to dark 

1 velvety 1 61 I 78 
total 1 1181 1 801 

I 

1 
885,7 I 507 600,7 

167,i 362 295,3 1 294 200~ 

yellow is considerably in excess of its calculated proportion. Among 
those classified as violet there were a large scale of lighter and darker 
shades. 

The velvety blotch on the two upper petals of alpestris polychroma 
is a peculiar character in its inheritance, but it is subject to pheno- 
typical modificatiop, It was apparent that very few velvety plants 
occurred in F2, and most of them were only faintly velvety, very few 
had the typical blotch on the upper petals, rarely they would be total 
uelutina on the two upper petals; fig. 127 shows flowers of parents and 
F, of Cross 8 C .  

Cross C showed that alpestris has two polymeric (multiple) genes 
for anthocyanin similar to tricolor, but in addition it contains the gene 

for dilute mauve similar to rrruensis as will be seen from the enume- 
ration below: 

observed calculated 

anthocyanous ...... A . . . . .  801 

dilute mauve ...... a d )  . I 
ulbu ..................... miid I 11 

18 

12 

12 

I J!J 
I Ll 

albn-yellow ......... ail . .  I L  
42,o 
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The crosses stress the position of V. alpestris as being specific 
different from tricolor, partly by the minor irregularities in meiosis of 
F ,  and partly by aberrant types occurring in Fa,  especially the petaloid 
types (see fig. 127 and table 17 in Chapter VI). But apparently it 
stands just on the verge of being specific different and is therefore an 
interesting type illustrating that the conception of species must he con- 
ventional in some cases. 

Taxonomists have sometimes thought that alpestris is more related 
to arverisis than tricolor is, and the genetical analysis verifies this 
assumption. In common with arvensis it has the genes L for yellow 
and D for dilute mauve, which are absent from typical tricolor, and it 
segregates petaloid and veliitina aberrants, when crossed with tricolor, 
just as arvensis does, hut it gives no semisterile types as the crosJ 
tricolor X crrvenis. 

Cross 9 :  V .  tricolor X aruensis. 
This cross has been dealt with previously (J. CLAUSEN 1926), hut 

there are some additions to be made with regard to the character tliliite 
iiiauve and to later generations of some constant types illustrating the 
origin of new species. 

54 
76 

50 

TABLE; 12. Enheritance of dilute muuve ( D ) ,  extracted from arvcnsis, 
introrliicetl into tricolor arid crossed with different tricolor-vc1rii.tic.s 

((111 reciprocal). 
- _____ 

45J 
go,( 

45,a 

Flower colour, 
anthocyanin in 

cltems 
obser- cal- obser- cal- I ved 1 culated 1 ved iculated l 

I I  1 I 1 

ctlbtt ......... 11.7 
M 

total 752 1 7Y2.0 
ratio \ 6 0 : 3 : 1  

- I -  
391 390,~ 

I -- -_ 

130 - i 
521 ~ 5219u 3 :  1 

dilute mauve x 
alba-yellow 

IaaDDll x naddLL) 

ved ~ ci:;erl 

~ 

obser- 

241 1 241,n 
/ 3 : 6 : 3 : <  

I 8 of thesc dilute rose. 
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The gene, I), for dilute mauve was first proved to be present in 
Violu trroensis as shown by the Cross V. tricolor d b a  X nrvensis 
( .I .  (:LAUSEN 1926, Cross XIV, p. 107). Via a backcross of F ,  to tricolor 
trlbci and selfing through two successive generations a type was selected, 
~ h i c l i  was a true tricolor as to morphological characters and with 13 
bivalent chromosomes :IS tricolor, hut with the I)-gene introduced from 
nruensis. This type was crossed with some tricolor varieties, before it 
was homozygous for the D-gene, and F,-plants with D were selected for 
F,. Table 13 shows these segregations, which are not too far from 
expectation. Ililute mauve in a single dose is seen to be epistatic to 

-~ ~~ ~ 
_ _ _ _ ~  

Fig. 28. New and constant types produced bv crossing of tricolor and arvensis. ,cl t 
part: trirolor tgpica and arvrnsis Line 53 with three types, namely from left: V. hyper -  
chromufira (n = 21-23), 1'. petdoidea (1411 ) and a constanl segregated muensis 
(1611). Right part: acuensis, Line 52 and arvensis, Line C, both with 17 bivalenls; 

under them their aberrant, V .  oelutina, n = 16 (los5 01 one chromosome). 

". - - 

heterozygous yellow, L1, but homozygous yellow is epistatic to dilute 
mauve, as  we11 191) as IM. 

01' the constant types described in th'e 1928-paper were some few 
selected to be propagated generation after generation in order to try 
them for constancy and find out the chromosome number a t  which 
they would stop, if changes took place. Flowers of these types are  
shown in fig. 128 together with their parent type3 (see explanation 
under the figure). 

Violcr hyperchromutica is described on pp. 126-130 of the cited 
paper. It arose from a partial duplication of the chromosomes in 
meiosis of a single F1-plant, which formed gametes with chromosome 
number ranging from aht. 15 to 25, giving plants with a somatic 



chromosome number of abt. 39 to 46. Under ordinary conditions are 
11 to 13 aruensis-chromosomes capable of conjugation with the same 
number of tricolor-chromosomes; it is therefore evident that a duplica- 
tion of chromosomes as in h!jperchromafica may create some possihi- 
lity for the formation of tetrasomes and trisomes. Such are actually 
found and most nuclei, indeed, contain tetrasomes and trisomes and con- 

- 
133 132 134 

Figs. 13!)--134. Chromosomes of V .  hyperchromatica (129-133) and V .  uelutina 
(134). 129-131: F7 of the original cross, 129 shows a somatic chromosome plate, 
2n= 42; 130: 1811 4- at least one IV; 131: het. met., abt. 21v 4- 3111 -t 1211 4- 11. 
132: Fa. het, me+., 2n between 40 and 43, a pentasome, tetrasomes, monosomes and 
probably also trisomes; 133: F p ,  het. met., 2111 + 1811, 42. 134: V .  uelutina, het. met., 

1611, not entirely regular in their arrangement ( F s ) .  

sequently also monosomes. The chromosome number varies a little 
from plant to plant, although it generally lies about 2n = 42. But the 
morphological type has been maintained unafflicted by the slight 
changes in chromosome complement. Fig. 128 shows its appearance 
in fall, when it attains its fullest development as compared with tricolor. 
Figs. 129-131 show chromosome complement of an F,-plant, 132 of 
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(W W)L.uv, yellowish white 
( w ~ ) L v .  + ( W w ) ~ u o ,  pale violet 
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j 

will be remembered, is the same for both species, viz. n = 17. F1 
was whitish to pale violet flowering with rather small flowers (fig. 143) ; 
it had a very faint lnbellum (almost none) under the stigma, a dark 
spot on the style and was rather hispid. The fertility was good, as it 
gave abt. 1500 seeds from five plants, and 542 F,-plants were raised 
from them. 

F ,  showed fairly clear segregations for several characters (see 
segregation for size of flowers, for labellum and for spot on style in 
Chapter V I ) .  As for flower colour, dark violet types (as rothomagerisis) 

4 1 9 ~  13 

96,7 3 
5*G 

Fig. 149. Flowers of Cross 10, oruensis x rothomagensis. Upper row f rom left: 
muensis, F1 and roihomagensis; under thein a series of Fa-types. Second row from 
above: large flowered types, two violet, two whitish and two ueluiina aberrants; 
third row: small flowered and intermediate types, two violet, two whitish and two 
violet uclutina aherrants; bottom row: aberrants, namely violet petaloid, uelulina 
petaloid, pcloric and petaloid typc in frontal and in side view, a type with four scpnls 

pclaloid, and finally a small peloric type. 
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violet . . . . . . . .  8 
antliocyanous whitish to  palc violet 22 

yellow 1 . . . . . . . .  

plants. These plants were just enough to get one yellow flowerrd F,- 
plant, showing that Kiiaibeliunri contains the gene L for yellow similar 
to rtruensis. The segregation is given below: 

8 

31 12121 

-I 
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F2 x tricolor ulba-yellow 

violet . . . . . . . 41 
pale violet to whitish 10 

ulbn-yellow. . . . . . 
yellow . . . . . . 1 albn . . . . . . . . . 

It is noteworthy that real violet plants were segregated in the 
backcross F, X tricolor yellow; a corresponding cross but with tricolor 
supplying the violet in F ,  would never give violet plants in backcrosses 
to yellow; similarly, in F4, a dark violet flowered plant segregated 26 
dark violet to eight yellow. These segregations suggest that rotho- 
mugensis contains the epistatic V-gene for violet flower colour, and 
this gcne is not much inhibited by the bleaching W-gene. As  for the 

Figs. 1:16--140. Chromosoinal conditions in later generiitions of Cross 13. 136--138: 
Fz-plan1 with ii  very large chromosome (probably aggregation of two); 136: het. met., 
1.311 (one large) 4- 41; 137: the large and two ordinary chromosomes in side view; 
138: the large chromosome from four different pollen mother cells, the one most to 
the right in polar view. 139-140: an Fa-plant, 139 shows chromosomes from a 
tliaphase with :I large, ringshaped tetrasome; 140: het. mel., aht. 1111 i- l lv + 111, + 11 = 30. 

segregation o f  the characters anthocyanin and dark style spot, see 
Chapter VI. 

A large chromosome probably of double nature was observed in an  
F,-plant (figs. 138-138), a constant pale yellow plant giving in F, 66 
pale yellow flowered plants. The big chromosome was twice the size 
of the others and somewhat bipartite, and in polar view it often showed 
a curious perforation in the middle (fig. 138, right). It may have 
arisen through a close union of two and two chromosomes, for a similar 
chromosome is not seen in any of the parents. It suggests that chro- 
mosomes may sometimes aggregate. Figs. 139-140 show diaphase 
and heterotypic metaphase from a dark violet F,,-plant, which seg- 
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regaled yellow flowered plants in F,; a real tetrasome was almost 
invariably present here. Sometimes this tetrasome would resemble a 
bivalent, but very large, ringshaped chromosome; in other cells, how- 
ever, the four were attached end to end (fig. 140). 

__- .  - 

Cross 14:  V .  tricolor hortensis X lutea. 
[Il(pal palj, no spot X LL(Pa1 Pal), with spot.] 

The Viola liitea type applied is not intense yellow on the lower 
petal, but it is not whitish either, as in V. mucnsis. In F, of the crossing 
were plants segregated, which were much more intense yellow than 
the luteu parent, and this suggests that lutea possesses and tricolor lacks 

a bleaching gene of minor M 
order than W ;  it has been 
named Pal. 

A total of 90 hybrid 
seeds were obtained and 36 
F,-plants were grown from 
two crosses; 14 of these be- 
longed to the reciprocal 
cross V. tricolor hortensis X 
lutea and were good and 
vigorous plants showing cha- 
racters from both parents; 
the leaves were larger and 
more long ovate than in 

141 142 V. lutea (see fig. 141), an  
Figs. 141-142. Flower, leaf and stipules of F1. influence from the very 
141;  tricolor x lutea, trace of doubleness in flower: vigorous tricolor hortensis. 

The other 22 &',-plants re- 
presented the weak hybrid tricolor alba X lutea, of which almost all 
plants died young (by ablack leg, 1; only four F,-plants of this last cross 
reached flowering stage. The F,-flowers of the cross tricolor hortensis 
X luteri were larger than in lutea but of similar shape and also streaked 
as in this species. The colour of the lower petal was pale yellow as in its 
lutea parent, that of the upper ones faint mauve. The fertility was not 
good, 3-4 seeds per capsule by self pollination; the richly flowering 
plants could produce as many as abt. 300 seeds, but only a little more 
than 10 % germinated, giving in all 91 &',-plants from abt. 800 
seeds. 

142: tricolor X Battandierii. 
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The segregation for flower colour is shown below: 

lower pctal observed calculated 

............... 33 I 68 68,9 

22 ,~  

pale yellow I ,  E k l  
intense yellow I, ptrl ............ 35 I 
violet 11 I 'd  f 11 p a l  ptrl  ......... 23 

total: 91 

The upper petals of the yellow types may have some violet in them. 
It was unexpected that segregation did not take place a t  all 

regarding spot on style; all 91 F,-plants had a very distinct spot. This 
may be due to polymery (multiple genes, V. luteu is octoploid!), but 
spot on style did not show true polymery in any other cross. More 
probably it is due to duplication of univalents by splitting as mentioned 
before in chapter IV, perhaps in connection with differential viability. 

As regards other characters segregation was rvident, also as to the 
vegetative type, whether similar to tricolor or to lutea. Two F,-cultures 
with 85 and 41 plants, respectively, were constant with spot as  F,. The 
first one was constant yellow, the last also constant yellow but seg- 
regating uelutina. The general appearance of the F, cultures was very 
uniform and similar to lutea. 

Cross 15:  V .  tricolor hortensis X Battunriierii. 

This cross was reciprocal and no difference could be observed 
between the two reciprocals. In fact, F, is very uniform, although the 
chromosome number of the Battandierii type oscillates. 31 crossed 
seeds gave 15 vigorous and very rich flowering plants. F ,  has a large 
end lobe of stipules and flower shape similar to Battandierii, but its 
size is smaller (fig. 142) .  KRISTOFFERSON (1923) gave a description of 
this specific hybrid, of' which he cultivated F ,  and F,. Similar to 
Battandierii are the peduncles of F, jointed with the stem. 79 F,-plants 
from 313 seeds were all violet flowering as expected. 

Cross 16:  V .  cirrwnsis X rothomayensis. 

1 yellowish white rwLLWW X violet VVllWW, L RRFFss X bbffSS. 

As mentioned under Cross 13 the i'ormula for flower colour o f  rotho- 
niuyaisis is tentative only. The W-gene has been attributed to it in 
order to explain that no yellow plants are segregated in F ,  of the 
present cross. 

The reciprocal cross will not germinate, while 80 seeds of the 
present combination gave 63 F,-plants. The chromosome number, i t  

0 .In x.1,  1 ( I  
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(W W)L.uv, yellowish white 
( w ~ ) L v .  + ( W w ) ~ u o ,  pale violet 
(WW)UV., violet . . . ,  . . . . . . 81 

I435 
j 

will be remembered, is the same for both species, viz. n = 17. F1 
was whitish to pale violet flowering with rather small flowers (fig. 143) ; 
it had a very faint lnbellum (almost none) under the stigma, a dark 
spot on the style and was rather hispid. The fertility was good, as it 
gave abt. 1500 seeds from five plants, and 542 F,-plants were raised 
from them. 

F ,  showed fairly clear segregations for several characters (see 
segregation for size of flowers, for labellum and for spot on style in 
Chapter V I ) .  As for flower colour, dark violet types (as rothomagerisis) 

4 1 9 ~  13 

96,7 3 
5*G 

Fig. 149. Flowers of Cross 10, oruensis x rothomagensis. Upper row f rom left: 
muensis, F1 and roihomagensis; under thein a series of Fa-types. Second row from 
above: large flowered types, two violet, two whitish and two ueluiina aberrants; 
third row: small flowered and intermediate types, two violet, two whitish and two 
violet uclutina aherrants; bottom row: aberrants, namely violet petaloid, uelulina 
petaloid, pcloric and petaloid typc in frontal and in side view, a type with four scpnls 

pclaloid, and finally a small peloric type. 



Fig. 143 gives an impression of the variation in F, from yellowish 
white to violet, and from small to large flowers. It shows also the 
flowers of some of the aberrant types, which appeared in great number 
(see Chapter VI)  : velulinu, petaloid, and also peloric types with spur 
on lateral petals. Sterile or  semisterile plants were frequent in F ,  (see 
Chapter VI, aberrant types). They were just of the type described 
from Cross 9, tricolor X arvensis ( J .  CLAUSEN 1926, 1927 a ) ,  the leaves 
were entire but often necrotic and variegated due to local absence of 
green pnlissade tissue (see fig. 144 and compare it with figures in the 

Fig. 144. Slcrile type of Cross 16 (with entire leaves); white-variegated by degenera- 
tion of palissade iissue. 

paper cited above and with fig. 146 of Cross 19  in the present paper). 
Viola rothomagensis, when crossed with arvensis, gives accordingly the 
same aberrant types as the cross tricolor X arvensis. This should in- 
dicate some genic or constitutional similarity between rothomagensis 
and tricolor, but the fertility test shows rothomagensis to be much more 
related with arvensis than with. tricolor. 

There was found a similar linkage between the inhibitors for 
flower size and for labellum as previously noted in the cross tricolor x 
arvensi.s, but this is not surprising as the inhibitors in both cases came 



from arvensis; the numhers of the four combinations were tlie 
following: 

flower size labellurn observed 
I110 labelluni (B .) 3.13 

labellurn (bb)  33 
no labellum (D .) 24' 
with labellurn (bb)  116 

small (FF) + intermediate (Ff) I 
large ( f f )  . . . . . . 

516 

Plants with large flowers and without labellurn were generally 
yellowish white flowering, and the sepals of such plants were also large, 
almost of the same length as the petals. 

Cross 1 7 :  V .  Kitaibeliana n = 7 X arvensis, Line 52. 
Except as regards chromosome number these two species are very 

alike. The most striking difference is in shape and size of flower as 
seen from fig. 5. F, in this respect resembled its urvensis parent, while 
the characters of the leaves were more like Kitaibeliancr. 

About 1100 seeds from two F,-plants yielded no more than 197 
F,-plants, and these had all without exception the open, flattened shape 
of corolla similar to their aruensis parent. For numerous small cha- 
racters were segregations noted: mode of branching, length of nodes 
(1,5-4 cm.), shape of stipules, dentation of leaves (crenate, serrate, 
somewhat incised), shape of leaves (ovate, spathulate, lanceolate; broad. 
narrow, leaves of most plants were narrow as in Kitaibeliana), thick- 
ness of stem, size of flower (varied somewhat, but mainly as in muensis), 
corolla-limb (broad or narrow, more or less flattened, never of the 
closed cup-shaped type as in Kitaibeliana) and finally the colour of 
tlie flower (yellowish white to faint mauve). There were also great 
variation as to fertility, ranging from absolute sterility to abt. 200 seeds 
on rather small plants. 

The relative constancy of some arvensis characters may depend 
upon the behaviour of the chromosomes in F,, where many univalents 
(mainly crrvensis Chromosomes) split. The average number of chro- 
mosomes in F, appears to he above that of F ,  (2n = 24),  tending to go 
in direction towards the muensis parent (2n = 34) or even above it. 
In nine F,-plants the chromosome numbers were the following: 

211 = abt. 21, 24, 26, 27 or 28 (two plants), 28, 29, 31, abt. 36. 
A semi-sterile plant with entire leaves (cf. Crosses 16 and 19) was 

Neither of the parent species had spot on style, arid spot segregated. 
was not syntethizised through the crossing. 

- -_ ~- 

I 21 of these were yellowish white! 
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Cross 19: V .  Kituibeliann n = 7 X Kitaibeliantr n = 18. 
This cross was made in both directions, and 13 F,-plants were 

secured from 93 crossed seeds. Fig. 145 shows the F, between its two 

Fig. 145. Cross 19; from left: Kitaibeliana n = 7 ,  K ,  Kitaibeliana n = 18. 

parents. It was extreniely sterile, and as the seeds were very few and 
Kitaibeliana otherwise is a good selfpollinator, it was thought safe to 
use also seeds from some few 
capsules set before the plants 
were removed to the insect- 
proof green house. A total 
of aht. 500 seeds were col- 
lected from five F,-plants. 
This gave only 33 F,-plants 
and of these abt. 15 were 
apparently vicinists, triple 
hybrids from open pollina- 
tion. 18 plants apparently 
came from selfpollination and 
had small flowers with closed, 
not flattened limbs and yellow- 
ish white or faintly mauve 
colour of flowers. Fig. 146. Sterile type with entire leaves, seg- 

regated in FI of Cross 19. Almost all hybrid, vici- 
nistic seeds may have germinated, while of the real F,-seeds only abt. 
3,s % were able to do so. The experiment thus shows that when a 
highly sterile hybrid under natural conditions is exposed to open pollina- 
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tion, then formation of triple hybrids or  backcrosses will be favoured 
more than selfpollination. This is because the pollen from the hybrid 
is not so good as from a foreign pure species, and seeds containing at  
least one complete, balanced set o f  chromosomes germinat'e much better 
than do seeds containing only recombined and exchanged chromosomes 
from two specific different sets. As well the supposed vicinistic plants 
:is the true F,-plants were almost completely sterile. One plant of the 
non-flowering sterile type with entire leaves appeared in F2 (fig. 146). 

Cross 22: V .  lutea X Buttantlicrii. 
[pale yellow, LL(Pcr1 P d )  X I l (pa1 pal), violet.] 

These species are doubtless somewhat related, and crossing is 
easily effected. 40 seeds giving 22 F,-plants were obtained from it. 

reminds vegetatively about Buttandierii (also in its flower shape) but 
the flower colour is more pale violet and the lower petal is faintly 
yellowish. 

About 250 seeds were obtained hy selfpollination, and these gave 131 
I.',-plants. Many gradations as to colour of flowers were noted, but a 
number of different shades can also be produced by the interaction of 
the two genes suggested above. Some of the yellow types were yellow 
on the lower petal only, faint violet on the upper ones; others were 
pale yellow on all petals, and one was noted, which was intense yellow 
on all five petals as the cultivated 1'. lutect gruntliflorrc. The enumera- 
tions as to flower type of F, are given below: 

flower colour observed ratio calculated 

' ' 98,r 
21 
1 32,7 

43 I ::I 131 

violet , , . . . . I1 
&-pale violet . . L l  
yellow, -+. intense L L  

A wide range of variation was noted in F, as  to growth type 
(cespitose or  with very long side branches), size of flowers, length and 
shape of spur (straight o r  curved) and length of peduncle (one plant 
had peduncles as long as 15 cm.). Ten plants had abnormal style, 
either a hilateral or even a three-sided, actinomorphic one. 

Cross 24 :  V .  (tricolor nlbci-yellow X 0rphnnitli.s) 
X (cornuta X elcgcintula). 

Although V. tricolor cannot be crossed directly with cornutn, this 
presmt quadruple hybridisation was easily effected. HERIBERT NILSSON 
( 1930) had similar experiences in his multispecific hyhrids of Srrlix. 
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Fig. 147 shows the pedigree of Cross 24. F,, V. 1205, consisted of 39 
plants and due to its bring F1 of a quadruple hybrid it showed a con- 
siderable variation (see fig. 148). This applies to flower shape (re- 
minding about cornuta, elegantitla-Orphanidis or even Battandierii), 
direction of lateral petals (horisontal or  turned upwards, never down- 
wards), colour of flowers (dark violet to very light or pale violet and 
reddish violet), length and shape of spur (straight or curved), extension 
of the yellow eye present in all plants, shape of style, shape of stipules 

tritolcr,alba-yellar Orphanldis,vlolet cornuta,violet elegnntula,red 

F1:IV.12051 72 aeeda. 39 p l a n t o  

3 
dark viulet llgnr vlclet redalan violet I I ~ I I L  reddlsh violet 

bbt.325 eeeda 33 aeeda 123 aseda 87 ueed8 ~~~~, alba allucs mauve 

t o t a l  

Fig. 147. Diagram of Cross 24 (quadruple). 

(triangular, lyrate-pinnatifid, palmate; degree of division also. varying) 
and the character of the ramification, whether cespitose or more open. 
The fertility was also extremely variable. 

Different types of segregation were also obtained in the individual 
F,-sowings (V. 1324-1327, fig. 147) according to from which of the 
four grandparental species the chromosomes were derived, which con- 
stituted the corresponding F,-plant in V. 1205. 

Fig. 149 shows flowers of V. 1324. This F,-sowing contained 
198 plants; the general appearance of them was similar to cornuta; 
this applies decidedly to leaves and stipules. The shape of flowers 
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corresponded to Cross 5 (Orphanidis X cornuta),  but some plants sug- 
gested a tricolor parent. The erect growth was derived from tricolor. 

Fig. 148. Types of flowers in Cross 24, FI, V. 1205 (portrait film). 

The colour of the violet flowors was somewhat darker than in the 
Orphanidis X cornuta cross and more reddish (influence from ele- 

Fig. 141). Note differelice as 

gantnlcr'?). The yellow eye could originate from any of three parents. 
There were large variation as to extent of yr~llow in the eye, and one 

Types of flowers in V. 1234, Fs of qutidruple hybrid. 
to yellow eye, direction of lateral petals and shape of petals (portrail film). 
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plant had a totally white eye (fig. 149, a cornuta-character). The  
segregated green-stemmed, non-anthocyanous plants were not albcr- 
flowering hut with a tinge of dilute mauve; this colour is not noted 
from any of the paren 1s before; the non-anthocynnous condition could 
be inherited from either tricolor or cornuta. The direction of the lateral 
petals varied from horisontal or slightly turned upwards to downwards 
turned as  in cornuta. The  flower size was very variable, the spur of all 
plants was thin and straight, but in no case it attained a length as in corn- 
uta. Some were hirsute as Orphanidis, others almost glabrous. Apparently, 
therefore, this sowing sliowed characters from all four parent species. 

~ - _ _ _ ~ -  

Fig. 150. Cross 24, Fr-types of flowers. Upper row from left: two flowers of V. 1325; 
the two to the right and the three left ones in lower row are of V. 1326; right in 

lower row: two nlba flowers of V. 1327, the right one is peloric (portrait film). 

V. 1325 resembled tricolor as to its flower shape (fig. 150); two of 
a total of five plants had flowers with white eye (no yellow); the stipules 
were as in cornuta or as in elegantula. 

V. 1326 contained only dark reddish violet f!OWering plants, two 
of them were much darker than any of the parents (fig. 150); four 
plants were cespitose, non-flowering dwarfs (in addition to 22 flowering 
plants); the flower shape reminded about elegantula and Orphanidis 
and the stipules varied from a shape similar to those of eleguntula to a 
triangular shape as in corniita. Most characters in this sowing point 
towards elcguntulu. 

V. 1327 contained three pelories among a total of five flowering 
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plants (fig. 150); these pelories were all alba-flowering. 
were of elegantuln type with some influence from cornutu. 

sets do not cause any serious inflictions. 

The stipule3 

It appears as if the presence of chromosomes from four different 

VI. SEGREGATION OF SOME CHARACTERS. 

While the flower colour shows such complicated inheritance that 
it was thought better to deal with it under the individual crossings, 
some of the other characters may more practically be dealt with for 
more hybrids simultaneously. 

THE BASAL GENES FOR ANTHOCYANIN COLOURS (A-SERIES). 

Table 13 shows that elegantula, Orphanidis and cornuta all carry 
one basal gene for anthocyanin. Cross 7 gives too few alba, but there 

TABLE 13. Segregation of A-genes. 

Cross no. 

- 

formulcu 

antho- 

total 
ratio 

backcrosses 

eleganfala n = 10 
. __ 
Cross 1 :  

corn. a 1 ba 
x elegant. 

(il 

4 

~ 

01)s. I calc. 

57 1 5i,o 
~ 3 : l  

antho- 
cyanous 

nlbn 
total 
ratio 

- ~ _ _  - 

Cross ti : 
tric. qlba-y, 

x elegant. 

obs. 1 calc. 

l 
0 , 4,s 
- 1,s _ _ ~  

3 :  B.0 1 '  

32 ~ 3 
17 l6,o 
15 i 16,o 

. 

Orphanidis n = 11,10' 

Cross 5 :  
Orphan. x 
corn, alba 

.- 

A,  
a ,  

calc. 

a n t 11 o- 
cyanous 

nl6n 
total  
ratio 

cross 7 :  
tric. alba-y.  

X Orphanidis 

160 
32 

192 
- 

144,o 
48,o 

192,u 
3:1? 

~- 

. 

cornuta 
n = l l  

cornnta, 
violet x 

alba 
- 

A1 

a1 

lbs. 

106 
34 

140 

calc 

105, 
35, 

140, 
3:  
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are also too many for a 15 : 1-ratio. The same Orphanidis-parent, viz. 
V. 917--1, was applied for both Cross 5 and Cross 7. Cross 5 gives 
a 3 : 1 ratio, and as it is a less wide cross than 7, it is more conclusive 
than this latter; Cross 5 refers to five F,-plants. In Cross 7 would a 
gametic ratio of 2.4 : la (by gametic sublethality) explain the segrega- 
tion as well in F ,  as in the backcrosses. But other characters show 
almost normal segregation (for instance violet : yellow), and zygotic 
sublethality of the albn type may therefore be more probable. The 
ratio is bettered in F:,.  

Wild growing types of tricolor and ulpestris have two basal genes 
lor anthocyanin, while the old garden type of tricolor (as well uelutina 3, 
as tricolor nigra) has three genes and segregates 63 : 1 (as aruensis). 
It will he remembered that ulpestris and arvensis both contain the D- 
gene for dilute mauve. 

wild types 

tricolor, 
coloiired 
x alba 

- _-- ___ 

-_  

A 1 4  

a1az 

obs. 1 ca~c. 

analysis of 
__ -~~ 

Cross no. 

forrnulte 
- 

i 
1 antho- 

1050,~ 

1067,o 
6 3 : l  
371,s 
.?3,i 

425,o 
7 : l  

16.7 __ 

-_ 

-~ 

- -  

31 

31 
63:1? 

20 
1 

21 
7 : 1 ?  

- 

-- 

~ 

TABLE 13 (continued). 

tricolor n = 1:) 

Segregation of A-genes. 
~ -- -~ _ 

I - -  ' being 
_ 

11 = 18 n-17 

I cyanous 5200' 3132 21471 2147,s 
Fs nlbn 275 ~ 342,a 35 1 34,i 

I ratio 115:11  6 3 : l  
total 51% 1 547;; 2 1 8 q  2182,o 

- - - - -  ---- _ _ _ ~  __ - - _  

tricolor, Cross 8 :  Cross 9:  
hortensis tric. alba x aroensis x Cross 11 
x alba alpeslris tric. albn 

-- - _  

801 1790,s 1054 
42 1 52.7 13 

843 
- ~- 

obs. 1 cslc. 1 obs. 1 cslc. 1 obs. 
I I l l  

anthocganous 1 buclccrosses I d b n  
, total 

I 
- 

1 ratio 
_ 

376 
49 

425 
- -  . -  

_~ ._ 

calc. I obs. 

rofli om- 
agensis 
11 = 17 

obs. 

15 

15 
63:1? 

.- 
. ~- 

37 
4 

41 
7 :  1 
30 

1 
31 

63 : l? 

-~ _ _  

__  

_ 

A bbrrviatioris: alba-y. = alba-yellow; corn. = cornuta; Orphan. = Orphanidis; 
tric. = tricolor; calc. calculated; obs. = observed. 
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The numbers are too small in Crosses 11 and 13 for an exact 
analysis of Kitaibeliaiirr n = 18 and rothomcigensis, respectively; but 
the few segregated alba individuals seem to indicate at least three A- 
genes in both species, just as in the third hexaploid species, viz. 
urvensis. 

Provided the distribution of univalent chromosomes in F ,  is at 
random and free (that is to say: surplus chromosomes from the species 
with the largest chromosome number do not unite autosyndetir, nor 
polysomic, and are not eliminated to any considerable degree) the 
segregation of dominant genes present in the univalent chromosomes 
should not deviate considerably from the ordinary Mendelian ratio, 
because only the dominant genes count and recessive genes count equal 
to absence of the corresponding chromosome. When a species shows a 
recessive character, say green stem, it can have no dominant genes ( A )  
at  all for this character present in any of its chromosomes, all its 
chromosomes are, so to say, recessive as to A, being a. 

When the species with the highest number of chromosomes is that 
with the dominant A-genes, elimination of univalent cliromosomes with 
any of these genes may bring the segregation down to a Seemingly lower 
degree of polymery; and if univalent chromosomes containing any A- 
genes split, or if autosyndesis takes place, the hybrid may simulate a 
segregation according to a higher degree of polymery or eventually 
behave as constant. 

It appears as if there is a close coincidence between the degree of 
polymery and the degree of polyploidy within the Melanium section, 
when it is remembered that elegantula, cornuta and Orphanidis are 
regarded as diploid members of a 10-series, while tricolor and trlpestris 
are tetraploid, and arvensis, Kitaibeiiana 18 and rothomagcnsis are 
hexaploid members of a 6-series. 

Not many analyses have been made of the distribution of genes in 
hybrids hetween species differing as regards chromosome number and 
as regards polymery. One of the most interesting is the cross Eu- 
chlcena perennis, n = 20 X Zea Mays, n = 10 (R.  A. EMERSON 1929). 
Crosses were made in such a way that comparison could he made 
between segregations, where Maize (the diploid parent) carried the 
dominant genes, Euchlcena (tetraploid) the recessive ones, and, on the 
other hand, such segregations, where the tetraploid Euchlcenci carried 
the dominant genes. Euchlama- and Maize-chromosomes appear to be 
close homologous; the test showed, in fact, that Maize carried one set 
of genes, Euchlma at least two sets for each of the four dominant 
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cliaracters investigated. When Maize was used as the dominant parent, 
the backcross of F, to recessive Maize showed a true monohybrid 
stypegation, giving 341 of the dominant type and 401 of the recessive 
one (a 1 : 1 ratio). On the other hand, when Euchlmna was the domi- 
nant parent and the F,-hybrid similarly was backcrossed to recessive 
Maize, only very few recessives were segregated, namely 29 recessives 
as compared with 375 dominants; this is even far below the expected 
dihybrid ratio 3 : 1 and also far below a trisomic ratio 5 : 1, being more 
like a 1 5  : 1 segregation. The ratio probably indicates a certain per- 
centage of autosyndesis between dominant Euchlmna chromosomes. 
Such autosyndesis has no visible effect, when the Euclilcena cliromo- 
somes carry the recessive genes. 

The segregations in Viola indicate in almost all cases a free assort- 
ment of the chromosomes carrying the polymeric (multiple) genes, but 
in those cases, where the dominant species has the largest number of 
chromosomes, one of Lhe polymeric genes may be without a mate. 

FLOWER SIZE A N D  PRESENCE OF LABELLUM. 

l'hesr two characters are by taxonomists regarded as taxonomic 
significatit ones arid justly so. It is therefore of some interest that also 
spccific characters segregate after laws similar to varietal characters. 
This is clealt with previously for one hybrid (J. CLAUSEN 1926). Here 
is only given a survey on these segregations (see table 14).  

Several genes are no doubt responsible for flower size and for 
labellurn, but the segregations seem to indicate at least one gene with 
a superior effect of inhibiting the flower size. The segregation is clearest, 
when the genes of minor importance modifying the effect of the in- 
hibiting gene are absent. Cross 1 1  suggests a t  least two inhibiting 
genes for flower size and for labellum in Kitaibeliana ii = 18, which is 
very small flowered. There is linkage between the inhibitors for flower 
size a n d  for labellurn (J. CLAUSEN 1926 and Cross 16) .  

YELLOW EYE. 

It has been mentioned that yellow eye is a character of superior 
taxonomical value. The segregation of this character is shown in 
table 15. 

It is obvious from the types segregated, of which some are shown 
in figs. 148-150, that genes also for the extension of the eye are present, 
arid the entire genetical basis for this character may be a very com- 
plicated one. 
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Cross 

_ ~ _  ~ 

TABLE 14. Segregation of flower size and labellurn in different crosses. 

Cross 11:  
Cross 9:  Cross 16:  

tricolor x 
tricolor x aroensis Kitail,eliana arvensis x rothonia- 

n =  18 gensis (XI, 1926) 

I 
slllall + F 2  

I.; 
intermediate + 243 

large 72 

obs- 1 calc- I ,"l"dt"dd ~ z::d 1 erved 1 ulated flower size 

1 

376 , 387,~  

78,7 - I  1 140 I 129,o 

2 3 6 ~  31 
F2 

Cross 1 :  
Crosses cornrita x 

elegantula 

ratio 1 1 3 : l  I 15:1? 1 3:  i 
1 

flower 1 (XII,  XIV, xv 1 I 

Cross 5 :  1 
Orp1iaiiitiis x I 

cornuta grand 

~ 1 : l  ~ 3:1? 
959 959,o 

ratio 

-~ ~~ 

1 6 367 387,~ 
5 ~ F, 1 149 i 129,o 

total 

3 :1?  21 I 

yellow ............ ~ 73 
white ............... 1 15 

TABLE 15. Segregcifion of yellow cue. ( F 2 ) .  

66,0 I 127 1 200 
22,o 1 15 30 
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STYLE SPOT. 

See notes on the inheritance of this character on p. 242. Table 16 
shows its segregations. 

TABLE 16. Segregation of the character style spot in the intlivitluul 
crosses (all showing a 3 : 1 rat io) .  

sterile I 1 1 
~ 24 23 __ dwarfs \ 

petaloids - - -- 

pelorics - ~ -- 
velulinit I -  2 

Crosses 
formulae : 

- 

genera tioii 

26 I 1 

22 2 
23 

1 r- _- 43 

- 
- 

with spot 
no sriot ._. 

total 

Cross 11 : 

Cross 8:  ~ ICitaibeliana 
I 

alpestris Ss 1 18 x tricolor 
x tricolor SS I S 

' S  

obs- 1 calc- obs- ~ calc- 
erved ulated erved ~ ulated 

208 I 208,o I 31 31,0 

Cross 13: 

tricolor x 
rothoma- 

gensis 

S 
S 

Fz f F3 + P', 
obs- i calc- 

erved I ulated 

82 1 85,5 
32 28.5 

114 1 114,o 

_. - 

cross 14: 
tricolor ss 
x Iotea ss 

-~ 

Cross 16: 

arvensis x 
rothoma- 

gensis 

S 
S 

~~~~ ~ 

F2 

ABERRANT TYPES. 
It  is striking that there are cettain aberrant types, which segregate 

again and again from different specific crosses. Table 17 gives a survey 
on their segregation. 

TABLE 17. Aberrmt types segregated in F ,  of different specific 
CPosSes. 
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The aberrants from different crosses were often so similar in type, 
that they would be difficult to tell apart, if being mixed with each 
others. The sterile dwarfs in Cross 6, only, were different from other 
dwarfs, inasmuch as they were not of the necrotic-variegated type; 
some of them were very minute, cespitose dwarfs without any signs 
of flowering at  all. 

No doubt the chromosomes of the Melunium section are largely 
very homologous as to genetic structure, and certain losses, thercfore, 
create similar aberrants. Some of the aberrants are probably due to 
losses of entire chromosomes, but deficiencies and real mutations may 
also have taken place, although they never occur in the pure species 
cu I t i va t e d . 

VII. CONCLUSIONS AND SUMMARY. 
In the following the general biological facts substantiated and dealt 

with in some detail in the foregoing will be extracted and summarized. 

HOMOLOGY OF CHROMOSOMES. 

It is characteristic for the Melanirrm violets that all specific hybrids 
show some amount of chromosome conjugation. There is a tendency 
that so many bivalents are formed as corresponds to the haploid chro- 
mosome number of the parent with the smallest number of chromo- 
somes; that is to say, such number of bivalents is maximum, but in 
most cells one or two pairs less are formed. Some specific hybrids 
vary so largely as to chromosomal conjugation that cells are observed 
without any conjugation of chromosomes at all, but they show a great 
range of  variation in the number of univalents from cell to cell 
(Cross 7 :  tricolor X Orphunidis and Cross 1 1 :  tricolor X Kitaibelinria 
II = 18).  Cross 18 (nana X nrvensis, n = 24 X 17) shows comparatively 
the smallest amount of conjugation of any of the hybrids. 

In three crosses were more bivalents formed than the species with 
the smallest chromosome number allowed: these were Cross 3 ( lu tea  X 
elegantula, 24 j< l o ) ,  Cross 12 (tricolor X nana, 13 X 24) and Cross 15 
(tricolor X Battandierii, 13 X 26-30). A species with a high number 
of chromosomes enters in all these crosses, and excess hivalents are 
no doubt formed by autosyndetic union of chromosomes from the 
species with the high chromosome number. But these species do not 
always give autosyndesis. Cross 14 (tricolor X lutea) shows the num- 
ber of univalents stipulated by the difference between the numbers of 
the two species; Cross 20 (nirna II = 24 X Kitaihclinzia n = 7 )  does not 
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show any autosyndetic union of the 17  extra ziana chromosomes, al- 
though they unite in Cross 12; and in Cross 18 (nana >< aruensis, n = 
24 x 1 7 )  the nanci chromosomes are obviously neither capable for con- 
jugation with themselves nor with those of aruensis. 

The polysomic arrangement of chromosomes is mainly found in 
the hybrids, in which elegaiztula enters as one parent (Crosses 1,  2 and 
6 and also in Cross 3) .  The hybrids of rothoniagensis show a tendency, 
though not so striking, for formation of trivalents and, rarely, quadri- 
valents (Crosses 13 and 16).  and the hybrids with Zutea contain often 
irregular chains of chromosomes (Crosses 3, 14 and 21) .  

If these phenomena should be interpreted in the manner current 
in recent cytological philosophy, one would say that the chromosome 
complenients of the iMclanirznz species are built up regularly from the 
base in a manner that one set of chromosomes is present in all species, 
and the set added in tetraploids is present also in all hexaploids and 
octoploids; the extra set added in the liexuploids should furthermore 
be present twice in the octoploids. The following scheme gives a picture 
of the chromosomal complements of the species belonging to the sub- 
smtion Tricolorcs, and each letter indicates a set of approximately six 
cliromosonies: 

A (Kitaibrlicrrici n =:= i), A diploid: 

tetraploid: !!' (tricolor, trlpestris, n = 13), A 13 
ABC Ilcsaploid: ABC (urucnsis, rotliomugensis, n = 17; Kilaiklicinrr n = la), 

ABCC 
octoploid: (ntrnti, Z u f p ( r ,  n = 24). 

The repeated set in the octoploid species should account for the 
autosyndesis observed in some of their hybrids. The cytological con- 
struction of the Melanianz subgenus is different from that of Nicotiazza 
(R.  E. CLAUSEN 1928, KOSTOFF 1930) and from Triticuni (AASE 1930, 
\vATKINS 1930 and BLEIER 1930); these two genera do not have one 
basal set of chromosomes present in a11 of their species. Although 
some variation occurs in the amount of corijugation in meiosis of hy- 
brids in these two last named genera, the operation of the chromosomes 
in the hybrids largely suggests definite sets of chromosomes present, 
in some cases homologous, in other non-homologous or both together. 
A very well established case of repetition or duplication of a t  least one 
set of chromosomes in a polyploid species is the hesaploid S O ~ ~ I I Z U I Z ~  

W~retlitas XI: 20 
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nigruni, the haploid type of wliich shows aht. 12 bivalents and 12 
univalents with a tendency even to the formation o f  one or two trisomes 
(.JOHWNSEN 1927). 

The IClelaniuni species with 10 and 11 chromosonies apparently 
contain at  least the same basal set of chromosomes as the Tricolores 
have, and perhaps also a part of the second set ( R ) .  Hut the chromo- 
some set of elegantirlu should furthermore represent a partial reorga- 
nisntion hy segniental interchange hetween non-homologous chromo- 
somes, not any systematic and regular interchange hut a more irregular 
i~iie. Some of the chroniosoines of rothomugensis should have under. 
gone a siniilar reorganisation. This will account for the polysomic 
:issociation of chromosomes met with in the hyhrids of these species 
with the other ones. 

The polymeric (multiple) genes proven to be present in Viola 
species in  accordance with the degree of polyploidy of the species (in 
t'irst line the A-genes for anthocyanin) suggest a repetition of a single 
set of chromosomes in the polyploid species. But many other gene5 
itre not repeated in each set, and there is no douht that many differen- 
cv\ exist, also as regards genes, hetween the individual sets of chrn- 
niosonies present in tlie polyploid species. Prohably only genes, which 
:ire very widespread and perhaps honiozygotic present in almost the 
entire section, and vital significant genes are  rcpeated in each set of 
chromosomes. Many processes may have furthered the differentiation 
of  chromosomal sets from possibly one original set. Addition, suhtrac- 
lion, duplication and exchange of entire chromosomes or parts of them 
may account for inany deviations from an  identical hehaviour hy 
chromosomes o f  specieu with the same chromosome number. 

But altliough there seems to he some reality behind tlie theory 
about homology of chromosomes as indicated by their ability or non- 
ability for mutual conjugation, such facts are known, which cause 
great difficulties for this winning and plain theory. 

l'he chromosomes of uruensis show their homology with those of 
tricolor hy conjugation with tricolor's chromosomes, a t  least the 12-13 
first ones do so. Whrn tricolor next is crossed with V .  n m u  n = 2 4 ,  
1 6-18 bivalcnts are lormetl, proving the homology of tricolor's chro- 
niosomes with a similar number of nmci chromosomes; but in addi- 
tion a certain number of nuna chromosomes must conjugate mutually, 
which after the theory of lioinology should prove that mnr1 had two 
lionlologous sets of chromosomes at  least. The same ntrnrr was crossed 
with nrvensis and almost no hivalents a t  all mere formed in this hyhrid. 



By homology a i  least 12-13 rrrvczisis chromosomes sould be expected 
to be capable for conjugation with a similar number of zianci chro- 
mosomes, but only 2-6 hivalents were observed, and these may just 
as well he ririnri chromosomes conjugating mutually, as they did in the 
tricolor X zi(in(i hybrid. How are we to look upon such discrepancies? 

(:onjugation o f  chromosomes no doubt indicates a kind of homo- 
logy hetween them (ptirhaps some identical arrangement of certain 
genes and their ulternatives), h i t  rioii-conjugatioIi does not necessarily 
:~lmuys mean non-homology. Other factors may prevent the conjuga- 
tion. Non-conjugation in pollen mother celIs of pollensterile V .  Or- 
phrinidis and complete conjugation in embryosac mother cells of the 
same plant ( J .  (:LAUSEM 1930 b)  indicated that environment conditions 
of the cells may prevent conjugation, e\ en if the chromosomes theni- 
svlves arc Iiomologous. The poor conditions in the male archespor 
was probably clue to a certain constellation of genes or  chromosomes. 
?’lie similar asyiiaptic c-onditioii \vitliout conjugation of chromosomes 
in thc pollen mother cells 01 a %eu Mri!y.s may in its realisation have 
heen produced even by the action of a single rectwile pair of genes 
(BEALKE 1‘330). The chromosomes. conjugate, if the individual chro- 
mosomes are  homologons, and if conjugation is not prevented by some 
unbalance in the fotai complemcnt of chromosomcs of the individual 
in  question. Stwh unbalance is freqiient in specific hybrids. 

‘l’he present investigation shows how prudent we have to be in 
drawing conclusion\ about the origin of chromosome numbers. DAR- 
LINGTON and MOFFETT (1930) conclude that the 17-chromosome Pgrus 
helong to a 7-sericls and have two scts plus one partial set OP seven 

)ni(*s. They base this assiimption upon the presence of 
s and other polysomic associations observed in the types in- 
. Their figures afford no conclusive evidence about liexa- 

somrs and tetrasonies in the pure species as Pyrus floribnnda and 
1’. Ringo, hut they do so for the cultivated types, which are very com- 
plicated hybrids. Specific or  even varietal hybrids, whose parents had 
normal conjugation of chromosomes, can produce very complicated 
polysomic associations o f  their chromosomes. This was proven to be 
the case with OSTENFELD’S Z’olcmoiiinzn hybrids (J. CLAUSEN 1931 a ) ,  
and more hybrids described in the present paper sliow the same. The 
polysomic association of chromosomes in the cultivated types of Pyrus 
may tticw3fore just as well have arisen secondary through more or less 
remote crossings lwtween types helonging to the 17-series. 
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TAXONOMIC RELATIONSHIP OF SPECIES; SPECIES CONCEPT. 

The diagram, fig. 1, of the crossing possibilities of the species 
bubject of this paper shows that Violu cornuta-orthoceras and Violu 
calcaratu occupy isolated positions in the section; cornutn was capable 
of crossing with Orphtrnidis and eleguntrilu only, and calcaruttr like- 
wise with Battandierii. Assumed hybrids of cnlcuratu with alpestris 
are noted from nature, hut these are sterile. 

V. tricolor and probably also nrvensis occupy a central position in 
the Melunium section; at least the first named species forms hybrids 
with almost all groups of bpecies; it was extensively used for crossing, 
that is true, but one reason for this extensive use was its ability for 
crossing. The distribution of the two species and their ability for 
dissemination over large parts of the world suggest that they are not 
too specialised, as the alpine species of this section are, and this is 
perhaps the reason why their genic complement harmonizes with 
almost all species of their section; they act, so to say, as common 
denominators of the entire section. 

V. Ziitnibeliana seems to be more specialised, but tlie types forming 
this species are largely incompatible with each others, although the 
morphological uniformity no doubt also suggests a certain uniformity 
as to genes determining the inorpliological type. Rut their genic com- 
plement must contain other elements causing tlie incompatibility. It 
is paradosnl, indeed, that one member of this collective species, viz. 
nana, is much more compatible with a morphologically very different 
species as Viola tricolor than tlie types belonging to the collective species 
V. Kitaibelianu are niutually. 

Viola lute0 and Ruttuntlierii are compatible a s  shown by their 
hybrid, and the author suggests that rothoningcnsis belongs in their 
relationship; the crossing rofhonicrgensis X luteu did not succeed, but 
the reciprocal one was unfortunately not tried; keeping in mind the 
difficulty encountered by the crossing rotliomagensis X arvensis but not 
by the reciprocal one, there is a possibility that the cross lirtea >= rotho- 
ningensis would succeed. Spontaneous crossings show rothoniagciisis 
to be very compatible with Bnttantlierii. 

The position of Buttandierii has been somewhat unclear. BECKER 
(1925) draws it to Culcnrcrtix, hut its possibilities for crossings with 
tricolor and urvensis ( KRISTOFFERSON 1923), with rotliomagensis and 
with Iutea place it among the Tricolores, because calcaruta itself is not 
compatible with these species. The correction as to its chromosome 
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number in the present paper also stresses its position in the neighbour- 
hood of lutetr rather than near ccrlccrrata. But of the Tricolores it is 
the species, which shows the closests relationship to ccrlcarata. 

It becomes more and more difficult to maintain a criterium for 
specific difference and specific relationship. The  old claim, morpho- 
logical difference combined with more or less intersterility between 
specific different types, is not answered to by nature in all cases. 
(rroups of types exist, which on practical grounds by taxonomists must 
be kept into one species (e. g. Kitcribeliunn-iiana~n~i), but which are in- 
compatihle by crossing, giving almost sterile hybrids, while one of the 
types in this collective species (viz. nanci) is fully fertile with n morpho- 
logically very different species, having a widely different chromosome 
number. FEDERLEY ( 1928) observed in the generic hybrid Metopsilus 
porcellus X Cha.roccciiiptr elpenor complete conjugation of the chromo- 
somes combined with full fertility and Mrndelian segregation in F,, 
while thc specific hybrid P!yga'rci cizrtulci X I-'. pigra was sterile and 
did not show any conjugation o f  cliromosomes. This shows that a 
classification based i11)c)n morphological differelice alone may often 
need a correction based upon a cyto-genetic study. 

The chromosome number itself often is a support in the botanical 
taxonomy and classification, but in some cases it fails entirely. The 
morphological appearance of the species does not deptml upon the 
chromosome number itself. The highly different types belonging to 
2ricolor--trlpestris (fig. 5 ,  the two right flowers in the upper row and 
the entire middle row) :dl have 13 chroniosomcs, while tlie uniformly 
appearing types of trroen.sis--h'itctibeliann-ncina (fig. 5 ,  lower row) 
have widely different nunibers of chromosomes, riz. 1 7 ,  7, 8, 18 and 24. 
It is th r  content of' genes, not the manner in which these genes are 
aggregated, which determines the morphological type. The homology 
o f  chromosomes may in some cases he a help in classification, but as 
previously shown this is not either an unfailing one, when secondary 
interchange between primarily non-homologous chromosomes must be 
supposed to have taken place. 

It will be impossihle to give any definition on the conception of 
species covering all cases, as attempted by several authors (DU RIETZ 
1930, TURESSON 1929, partially also HERIBERT NILSSON 1930). Nature 
is infinitely much richer than our termini and classifications allow, and 
tlie points of view advocated by BABCOCK (1930) without any attempt 
at a definition of the species seem to the present author to be most in 
accordance with the conditions shown by nature itself. It might be 
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convenient and also correct to maintain a merely theoretical conception 
o f  species together with one for  the practical taxonomy I-)ased up011 
easily observable and safe morphological characters. According to tht. 
theoretical conception of sp~c ie s  tlie different chromosomal typcs ol' 
Kitaibeliunu should be treated as specific different, while the practical 
taxonomy should treat them as one species. The chromosomal t y p  
need no specific names of their own, but may in tlie present case lw 
named V. Kitctibeliana with the chromosome number added just as 
practised in the presvnt paper. Rut the tlelin~ifcrtion and clrrssifirtrfion 
of species acknowledged in practical taxonomy, as a matter of course 
have to be established on investigations starting lrom as many points 
as possible in order to arrive at the most natural classification and 
delimitation; such kinds of investigations have to cover variation in 
field and its relation to ecological conditions and grographical distri- 
hulion, chromosomal morphology and complement, crossing possibili- 
ties and fertility of hybrids, degree arid nature of chromosomal con- 
jugation in hybrids and genic accordance. 

The fifelaniuai violets afford a very good illustration to the difficul- 
ties encountering any definition of species concept. l ye  cannot even 
use phylogenetic principles, for the species may have arisen from 
crossings similar to those described and shown diagrammatically in 
fig. 1, and they have probably collected their genes from very different 
sources. Phylogeny in the Melnnium section shall probably not be 
illustrated in the inaniier of a branching tree, hut sooner as an intricate 
11 e t wv) rk . 

MUNTZING'S very interesting synthetisation of Cnlcopsis Tetrrihit 
from the pubesceris x s p t ~ i o s a  cross (MUNTZING 1930) strikingly shows 
how prudent we have to be as regards phylogenetic relationship. The 
artificial Tidtruhit arose from a group, which should he supposed to 
be a pliylogenctic different one, as its two parent species are neither 
capable of crossing with spontaneous Tctrntiit nor with the artificinl 
one, while artificial Tefrnhit crosse5 with as well the spontaneous 
Tetruhit as its near relative hifidu; in its chromosome number (11 = 16) 
the artificial Tetruhit corresponds with tlie two latter and not with its 
own parents (11 = 8 ) .  Crossing possibilities do not necessarily imply 
phylogenetic relationship but probably only a certain kind of genic 
affinity; the morphological relationship dealt with in taxonomy is 
probably for the main p r t  contingent upon genic conformity, not always 
011 a joint phylogenic developmcnt. 

The Meltrniiini sectiori and in first line the Tricolores subsection 
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gives the i m p r e d m  of being a young group still in full development. 
as its species art' not yet delimited by the boundaries of  interstrrility. 

- ~~ _ ~ _  ~ -~ ~ ~ - _ _ _ _ _ _ ~ - ~  - -~ - 

The present paper in itself has the character of being a summary 
of the investigations. A real summary implying all tlie facts will, there- 
fore, not he given, but the results of the individual crossings are  sum- 
marized in tables 1 and 2 (pp. 224-227). Apart from the main con- 
clusions drawn on the foregoing pages some concrete and general results 
will here briefly be abstracted: 

(1).  Violrr tliffustr is most naturally classified in the hfelcrniurn sec- 
tion, not as before in the Nomimium section (p. 2 3 5 ) .  

( 2 ) .  The Botanic Garden type of 1'. Bntttrntlierii shows an oscil- 
lating number of chromosomes, n = abt. 26-30 (p. 233). 

( 3 ) .  The chromosome number in itself does not determine tlie 
morphological type; dominance is contingent upon the action of the 
genes, not upon the chromosome number5 of the parents: (p. 236). 

Almost all the Melrrnium hybrids show variable conjugation 
of their chromosomes. Many of them show polysomic association of 
the chromosomes, although tlie parents have normal disomic conjugation. 

The species of the Melaniurn section constitute a complete 
series of transitions as regards intersterility, morphological differences 
arid conjugation of chromosomes in their hybrids. It is therefore im- 
possible to draw any sharp line between differences of specific and of' 
subspecific order (instances: Cross 4 and Cross 9). 

( 6 ) .  Types belonging to one and the same species, morphologically 
spoken, show the heaviest degree of intersterility in any Melnniuni 
hybrid (Cross 19,  p. 259 and 287).  

( 7 ) .  There is no absolute coincidence between the degree of sterility 
and the amount of chromosomal conjugation. 

(8). Tlie specific significant differences a r r  determined by Men- 
delian genes, hut due to chromosomal irregularities they do not always 
segregate in regular Mendelian ratios. Even characters distinguishing 
taxonomically larger groups segregate. 

The  wild growing species are cliaracterised by a very intri- 
cate and complicated cooperation of genes (see for instance the in- 
heritance of  fIo\ver colours, pp. 2:i9-242, tahle 4). 

( 10). The genetical analysis shows sonie accordance between 
trlpestris and trrvcnsis (Cross 8, p. ?if;). 

(11). There is good accordance between the degree of polyploidy 
of the Jlelnniuni 5pecies and the degree of polymery (number of multi- 

(1). 

( 5 ) .  

(9) .  



306 J.  CLAUSEN 

valent genes), which they show as to the basal genes for anthocyanin. 
the A-genes (table 13, p. 292-293). 

Chroniosomes from species, \vhich do not cross directly, 
may be brought together through quadruple hybridisation (Cross 24, 
13. 288). 

In some hybrids the later generations tend to increase the 
cliromosonie number above the number of F ,  (often connected with 
doubling of some chromosumes) ; other hybrids tend to decrease the 
chromosome numher i i s  compared with F ,  (elimination of single chro- 
mosomes). 

(14).  New constant, very fertile and vigorous species can be iso- 
lated in the offspring of the specific hybrids. The following types were 
named or  mentioned: V. phccno-eleytintnla (p. 265),  V .  crcissicciulis 
(p .  270),  V .  h!ypcrchroniccticn (p.  277), V. petriloidea and V. ueliltinti 
lp. 279). They seem to he ,just as characteristic as many wild growing 
\pc i e s  and show similar prcnlarities. The  species applied for the pre- 
sent crossings grow together in the same arras. Especially in the area 
o f  the Balcan Peninsula may such new species be formed. 

(15).  Single genes can be introduced from one species into another, 
irrespective of the difference in chromosome number. Thus was the 
gene D for dilute mauve flower colour introduced from crruensis into 
i 1  1:l-clironiosome tricolor (1). 276-277, Cross 9) .  

(16 ) .  Crossing favours ))segmental interchange, between non- 
homologous chromosomes through later generations, resulting in multi- 
\ alrnt association of the chromosomes into long chains (p. 271, figs. 119, 

( 1 7 ) .  I n  F ,  of Cro\s 7 was a plant segregated, which deviated from 
what is normal in Violn as to the shape of chromosomes in meiosis. 
The cliromosomes were long as in certain Compos i t e  and Grnminecr. 
(figs. 123-126, p. 272). A n  F, plant of Cross 13 suggested an aggrega- 
tion of two chromosomes into one (figs. 13(5-138, p. 281).  

(12 ) .  

(13).  

121-122). 
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