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GENERAL INTRODUCTION 

For the past 25 years the N. tabacum varieties "Atropurpurea" 
and "Amersfoorter" have been grown in the experimental garden 
of the Laboratory of Genetics (Wageningen, Netherlands). 

"Atropurpurea" has broad, very short-petioled leaves with an 
obtuse angle of venation, while "Amersfoorter" has narrow, s e s ­
sile leaves with an acute angle. In view of the pronounced differ­
ences the material was thought to be suited for studying the in­
heritance of these leaf characters and was therefore given as a 
training object to students specializing in genetics. The variation 
in the segregating generations is at f irst sight ra ther bewildering. 
Moreover, the analysis is complicated by the fact that size and 
shape of the leaf as a whole and shape of the leafbase in part icu­
lar changes regularly in passing node by node up the s tem. Never -
theless it was recognized by the ear l ier students (for the f irst 
t ime by Miss S.M.HASPERS) that the main aspects of between-
plant-variation could be explained on the basis of two independ­
ently segregating fac tor-pai rs . Since 1952 the present author 
s tarted a more detailed analysis in order to obtain a more sys te ­
matic knowledge of the actions and interactions of the factors in­
volved and in order to a r r ive at a more efficient classification in 
the segregating generations. The scope of the investigation was 
broadened by adding two other varieties to the material , viz. 
"Hongaars Gartenblatt", the leaves of which closely resemble those 
of "Atropurpurea", and "Keurhorst Elite" which has sessi le leaves 
like "Amersfoorter" but differs from it in having a broader leaf-
base, a broader leafblade and a less acute angle of venation. 

Several investigators studied the inheritance of leaf shape in 
tobacco during the past 40-50 yea r s . Many inconsistencies, how­
ever , a re met with in l i terature and a number of problems r e ­
mained unsolved. Therefore it seems worthwhile to give a ra ther 
detailed discussion of l i terature (Chapter I § 13). 

The presentation of my own data has been divided into two 
par t s . 
1. Chapter 1 presents the formal Mendelian analysis of the leaf 

characters under study. 
2. Chapter 2 presents metrical data to support the conclusions 

advanced in chapter 1 and to give information about the ( sys­
tematic) variation in shape of the full-grown leaves along the 
s tem. 
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Chapter I 

THE GENETICAL ANALYSIS OF THE LEAF BASE SHAPE AND 
OF CHARACTERS CORRELATED IN,INHERITANCE TO IT 

Ch 1 § 1. INTRODUCTION 

Of the two Nicotiana species that a re of economic interest 
N. rustica has long-petioled leaves, while in N. tabacum most va­
rieties have sessi le leaves and only a few show long-petioled or 
short-petioled (nearly sessile) leaves. The shape of the leafbase 
is not only of interest from the taxonomical point of view but is 
also taken into consideration in tobacco breeding as 1) the peti­
oled condition is undesirable for several reasons and 2) among 
the sessile types there is much variation ranging from a short , 
broad base to an elongated, relatively narrow base. 

Since the studies of Miss HOWARD (1913) many workers in the 
field of Nicotiana tabacum genetics focussed attention upon the in­
heritance of the petioled versus sessile alternative which was 
correctly understood by most of them to be interpretable in t e rms 
of rather simple Mendelian segregations, as contrasted with 
many other morphological leaf properties among which leaf s ize , 
leaf shape, proportion of midrib, etc. The discussion of l i tera^ 
ture will be postponed to the end of this chapter as it is the aim 
to make analytical comparisons with the results of the present 
investigation, to reconcile points of controversy and to venture 
reinterpretations of several data on the basis of my own conclu­
sions which in this way will be generalized to the findings publish­
ed so far by the different authors. 

Anticipating this discussion it can be stated that the conclusions 
presented in l i terature a re not always clearly cons is tent with each 
other, that some of them are ra ther tentative, and that in all 
cases considerable refinement of analysis and substantial exten­
sion (and sometimes simplification) of the conclusions could have 
been attained. The main causes for this can be briefly summa­
rized as follows: 
1. Incomplete classification of the phenotypes in segregating gen­

erations led to an incomplete understanding of the actions and 
interactions of the genes involved. In this connection it must 
be said that surprisingly little use was made of backcrosses . 
In the present study backcrosses proved to be particularly 
useful, not only in view of the smaller a r r ay of genotypes 
from "major genes" but also because of the more uniform 
genie background as compared with F2 !s. 

2. The genes governing the leafbase shape also affect other 
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conspicuous aspects of the morphology of the leaf. It was more 
or less clearly understood by most authors that these charac­
ters behave as one complex in inheritance. However, it is not al­
ways easy to reconstruct how the components were "weighted" 
in classifying the phenotypes. In fact often features or com­
plexes of features of the leaf habitus were taken into account 
without conclusive evidence that the correlations inferred had 
a fundamental genetic meaning. As a consequence often ineffi­
cient and sometimes even misleading standards for classifica­
tion were established. In the present publication it will be 
shown that for example loci which govern certain components 
of leafbase shape have a large influence on leaf width. Even 
this being the case, leaf width is not a very reliable cr i ter ion 
in inferring the genotypes from the phenotypes as it is to a 
considerable extent dependent upon environmental agencies, 
residual genotype, and position of the leaf on the s tem. 

3. On the other hand fundamental correlations and valuable s ide-
cr i ter ia , to be described hereafter, have been overlooked as a 
ru le . 

The present part of the investigation aims at contributing to a bet­
ter understanding 1) of the so-called leafbase genes with respect 
to their many-sided influence on the morphological make-up of 
the leaf and 2) of genes that modify the expression of these genes. 

Ch 1 § 2. EXPERIMENTAL METHODS 

The seeds were sown in the heated greenhouse by the middle of 
April . Care was taken to avoid crowding in the sowing pans. After 
2-3 weeks the seedlings were transplanted into frames in 5 x 5 
cm. square system. As it was observed that the plantlets can 
be "transplanted" by earth-worms precautions against this cause 
of admixtures were taken. After another 2-3 weeks the plants 
were planted out in the garden in a 50 x 65 cm. spacing. The 
plants were taken as they came, in order to avoid choosing the 
most vigorous. Nevertheless some selection may have occurred 
due to slow germination of some types, but not to a considerable 
extent as the germination percentages were observed to be high 
after about 10 days. 

In general the growing conditions were kept as uniform as pos­
sible, the nitrogen dose was moderate, the suckers were removed 
soon after they appeared and the plants were not topped. By doing 
so phenotypic classification of the leaf characters was facilitated. 

In selfing, crossing, and seed-harvesting the appropriate meth­
ods were used and the greatest care was taken to avoid s t ray pol­
linations and seed admixtures, and to obtain well-ripened seeds. 
When emasculating, a small s tamen or an extra sixth s tamen 
(observed twice) must not be overlooked. 

The families 53-201 to 53-208 were grown in a different way 
(cf. Ch 2 § 2a). With these plants a higher uniformity of environ­
mental conditions was aimed at as metr ical data had to be taken 
from them in connection with the studies described in Ch 2. 
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Ch 1 § 3. THE FOUB PARENTAL LINES 

Ch 1 § 3a. Origin and description of the parental lines 

The studies were performed on families derived from four pure 
lines grown in the experimental garden of the Laboratory of Ge­
netics (Wageningen, Netherlands). The origin of these N.tabacum 
varieties could not in all cases be traced completely, as during 
the war 1939-1945 some of the pertaining data were lost. 
1. Hongaars Gartenblatt. The name can be t ranslated as "Hun­

garian Gardenleaf". It was imported from Hungary into the 
Netherlands in 1943/44 and added to our collection in 1948. 

2. Atropurpurea. A laboratory stock since about 1930. According 
to HONING (1939; p. I l l ) it is probably identical to "N. tabacum 
purpurea" (also called "N.tabacum v a r . macrophylla pur­
purea") grown in California since 1906 as University of Cali­
fornia Botanical Garden (U. C. B.G.) No. 06-25. This variety 
has been used in a good many cytogenetic investigations and is 
essentially the purplish-red flowered form which COMES t reats 
as "N. macrophylla purpurea, hor t . " (cf. GOODSPEED, 1954; 
p. 375). U. C.B.G. No. 06-25, a photograph of which is given by 
GOODSPEED and CLAUSEN (1917; Fig. 1), has been used for 
studies on leafbase inheritance by SETGHELL et al. (1921, 
1922), KELANEY (1925) and MacRAE (1941). It is now known 
in California as "Red Russian" (D. R. CAMERON; pers . comm.). 
Dr. CAMERON kindly sent me seeds of "Red Russian" and the 
plants were very s imilar to the "Atropurpurea" plants. 

3. Amersfoorter. This is a collective name for a number of 
closely related varieties grown from of old round the Dutch 
town Amersfoort. One of these types was introduced into our 
experimental garden about 1930 and has been maintained as a 
laboratory stock under the .name "Amersfoorter". .The German 
variety of this name is nearly identical to our stock as can be 
concluded from the photographs and the description given by 
RAVE (1935). 

4. Keurhorst Elite. A type imported from Germany during the 
war by a private person, who also named it. It is not excluded 
that this- variety, grown in our garden since 1947, is a s e lec­
tion originating from the Forchheim tobacco institute. 

"Hongaars Gartenblatt" and "Keurhorst Eli te" were obtained by 
courtesy of I r . L . F . J . M. VAN DER VEN, Director of the "Stich-
ting Proeftuin Tabak" (= Exp.Sta.for Homegrown Tobacco's) at 
Wageningen. 

The following abbreviations will be used throughout this publi­
cation: 

HG = Hongaars Gartenblatt 
Atr = Atropurpurea 
Am = Amersfoorter 
KE = Keurhorst Elite 
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The general habitus of the HG, Atr, Am and KE plants and 
full-grown leaves is i llustrated by F igs . 1,2, 3 and 4, which show 
the plants about the beginning of flowering along with the leaves 
of the same plants arranged in order from top to bottom of the 
s tem. The characters pertinent to the present investigation a r e : 
1. Shape of the leafbase. In the case of (long- or short-) petioled 

leaves the "leafbase" is taken to mean the part up to the blade. 
With sessi le leaves one finds, in going along the margin from 
the region of maximum leaf width towards the s tem, a more 
or less pronounced inward curve ( s i n u s ) . The part below the 
" s i n u s m i d p o i n t " (cf. the arrows in F igs . 3 and 4) will be 
called "leafbase". The position of the "sinus midpoint" is not 
free from subjective interpretation on the part of the investi­
gator, since the inward curve is sometimes weak and the leaf 
margin is often rather undulated in this region. Nevertheless it 
provedto be a very useful point of reference. Thus for example 
Am leaves (Fig. 3) have a more elongated leafbase than KE 
leaves (Fig. 4) with comparable position on the s tem. 

2. Angle of lateral veins. As can be seen from Figs. 1 to 4 the 
size of the angle varies with its position on the leaf and also 
with the level of insertion of the leaf (node number). A de­
tailed presentation of the metrical data taken on this character 
will be given in Ch 2. Fo r our present purpose it is best to 
consider the angles found on the largest leaves just below the 
half-way point on the midrib as the most representative. 

3. Length/width rat io (L/W) of the leaf. This parameter too va­
r ies with node number and will be more thoroughly dealt with 
in Ch 2. The L/W value of the largest leaves on the stem will 
be taken as representative. 

4. Number of leaves. The leaves are numbered from the cotyle­
dons (Nos.l and 2) till the last leaf under the central end-
flower. The number of leaves may vary considerably with en­
vironmental conditions. 

5. Shape of the flowers. This character shows little response to 
differences in environmental conditions. 

6. Flower colour. 
With respect to these characters the parental lines can be brief­
ly described as follows (cf. F igs . 1 to 5a for leaves and Fig. 5b 
for flowers): 
1. Hongaars Gartenblatt. The leaf has a v e r y s h o r t p e t i o l e 

with rather narrow wings. These wings connect the blade with 
the well-developed stem-clasping auricles . This type of leaf 
is generally called " c o n s t r i c t e d " . The angle of venation is 
obtuse (75° - 80°), the L/W value is about 1.50 and the pink 
flowers have an inflated throat and a pentagonal limb contour. 

2. Atropurpurea. This parental line resembles HG much, only 
the plants a re less tall , the leaves are smal ler , and the flower 
colour is carmine. 

3. Amersfoorter . Its leaves are sessi le and taper towards the 
s tem. However, a more or less pronounced sinus (see above 
under "Shape of the leafbase") is nearly always present. As 
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will be justified on the basis of the present genetical analysis, 
the part below the sinus midpoint (cf. arrow in Fig. 3) which we 
have called the leafbase can be looked upon as a petiole with 
very broad wings. The laminae a re to some extent decurrent 
along the s tem. The angle of venation is acute (45° - 50°) and 
the L/W value is as high as 3.00 - 3.50. The pink flowers have 
a slender tube and throat, and an asteroid limb contour. 

4. Keurhorst Elite. This sessi le variety is best described in 
comparison with Am. The leafbase is broader and shor ter , 
i . e . the wings are broader and the distance from the axil to 
the sinus midpoint (cf. arrow in Fig. 4) is shor ter . The angle 
of venation is less acute (55° - 60°) and the leaf is broader 
(not shorter), giving L/W about 2,00 - 2.25. The pink flowers 
are less slender and have a less pointed limb contour. 

For convenience the data have been arranged in Table 1. 

Table 1. Comparisons between the parental lines with respect to 
the characters studied. Notably the data on number of leaves must 
be taken relative to each other in view of seasonal and other en­
vironmental influences. For further details see text. 

Parent 

1. Leafbase 

2. Angle of venation 

3. L/W ra t io 

4. Number of leaves 

5a. F l owe r throat 

5b. Limb contour 

6. F lower colour 

HG 

very short -
petioled 

(constricted) 

75-80 

i 1.50 

25 

inflated 

pentagonal 

pink 

Atr 

ve ry shor t -
petioled 

(constricted) 

75-80 

± 1.50 

25 

inflated 

pentagonal 

carmine 

Am 

s e s s i l e , 
elongated 

45-50 

3.00-3.50 

32 

s lender 

pointed 
(asteroid) 

pink 

KE 

s e s s i l e , 
l ess 

elongated 

55-60 

2.00-2.25 

28-29 

l ess s lender 

l ess pointed 

pink 

Ch 1 § 3b. Uniformity of the parental lines 

The parents can be safely regarded as sufficiently pure lines 
because 1) the lines had been propagated by controlled selfings 
during many generations, 2) within the lines a striking s imulta­
neity of development was observed when the plants were grown 
under uniform environmental conditions, and 3) under the environ­
mental conditions prevailing in the experimental garden the full-
grown plants usually resembled each other closely within each 
line. However, apart from easily recognized modifications such 
as the more luxuriant growth of edge plants, divergent growth due 
to diseases and damages, e t c . , some phenomena were observed 
that did not result from lack of purity either: 
1. Atr is more susceptible to environmental fluctuations than the 

three other var ie t ies . It is easily attacked by viruses and can 
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suffer much from temporary drought during youth growth. In 
1952 it was observed that among 49 Atr plants 20 were smaller 
(somewhat stunted) than the others and had very dark green, 
thick leaves. The same phenomenon was also found, though 
less pronounced, in several F i ' s of Atr with other var ie t ies . 
The deviants occurred in groups in the field. After selfing a 
number of both normal and deviating plants, no differences of 
this type could be found in the offspring. It is probable that the 
phenomenon was induced by a period of drought in the beginning 
of the summer. 
In 1953 an aberrant Am seedling was found. The plant was 
much smaller than its s i s t e r s and its leaves were very narrow. 
When full-grown it proved to be s ter i le . Though no cytological 
examination was made it can be said that it was probably a 
spontaneous haploid like the one found by PRAKKEN (1942) in 
an F3 from Am x Atr. 
In the parental l ines, the F j ' s and the segregating, generations, 
the proportions of plants showing clockwise and counterclock­
wise spirality deviated not significantly from equality. No cor­
relation with position of the seeds in the capsules could be 
found. Hencs there is no reason to oppose ALLARD (1946) who 
stated: "The distribution of these two spiral alternatives so far 
as observed is fundamentally one of chance". In this connec­
tion it may be said that contrary to ALLARD (1942) who found 
in most cases 5/13 or 3/8 phyllotaxis (sometimes both on the 
same plant) I always found 3/8 in the present mater ia l , at 
least when allowance was made for torsion of the s tem. 

Ch 1 § 4. SURVEY OF THE FAMILIES ANALYSED 

In 1950 a complete diallel set (4 p a r e n t f a m i l i e s and 6 
p a i r s of r e c i p r o c a l Fi ' s) was made, using one single plant 
of the lines HG, Atr, Am and KE. 

Schema of the diallel set . 
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From the resulting 1951-plants and their s i s te r s grown in 1952 
we ^ obtained t h e b a c k c r o s s e s t o b o t h p a r e n t s , t h e 
F 2 ' s and s o m e t r i p l e c r o s s e s . It may be said here that 
no differences between reciprocal F i ' s could be found. In connec­
tion with this, only one of each pair of reciprocal F i ' s was used 
to give the segregating generations, with the exception of the r e ­
ciprocal pair F 2 from HGxAm and F2 from AmxHG. In the back-
crosses , the Fj was taken as the mother in all cases . A survey 
of the descent of the families mentioned in the text is given in 
Table 2. & 
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Table 2. Descent of the families mentioned in the text. To i l lus­
trate the notation: 52-104-10 means plant No. 10 from family No. 
104 of the year 1952. Families grownfrom s is ter seeds have been 
connected by the = sign. F3 ' s and some other families have been 
omitted from the table. Their descent will be mentioned in the 
text. 

PARENT FAMILIES 

The 4 pure line plants 

HG : 50-1-12 
Atr : 50-II-8 
Am : 50-1-49 
KE : 50-2-33 

Fami l ies obtained on selfing 
the 4 parent plants 

51-021 = 52-101 = 53-201 
51-029 = 52-109 = 53-203 
51-033 = 52-113 = 53-204 
51-025 = 52-105 = 53-202 

Fj and F 2 FAMILIES 

a. Obtained from the 4 original pure line plants 

l a 

l b 

2. 

3. 

4. 

5. 

6. 

Cross 

HG x Am 

Am x HG 

HG x K E 

HG x Atr 

Atr x Am 

KE x A t r 

KE x Am 

Fi family N 

51-024 
= 52-104 
= 53-205 

51-034 

51-022 
= 52-102 
= 53-213 

51-023 
= 52-103 

51-032 
' 52-112 

51-027 
= 52-107 

51-028 
= 52-108 

o. of Fj plant 
selfed 

10 

28 

3 

1 

10 

10 

16 
5 

52-129 

52-131 

F2 family 

53-208 = 54-006 

53-233 = 54-091 

53-234 

53-238 

53-236 

53-237 

b . Obtained from a l a ter pure line generation 

Cross Pa ren t plants F! plant selfed F 2 family 

4. A t r x Am 52 -109 -4x52 -113 -2 54-059a-37 55-035 

6. KE xAni 52 -105 -3x52 -113 -2 54-060a-40 55-036 

BACKCROSS FAMILIES 

3. 

5. 

Cross 
(HG x Am) 
(HG x Am) 

(HG x KE) 
(HG x KE) 

(HG x Atr) 
(HG x Atr) 

(At rx Am) 
(Atr x Am) 

(KE x Atr) 
(KE x Atr) 

xHG 
x Am 

xHG 
x KE 

x HG 
x Atr 
x Atr 
x Am' 

x Atr 
x KE 

6. (KE x Am) x Am 

(KE x Am) x KE 

Parent plants 

52-104-10 x 52-101-6 
52-104-10 x 52-113-2 

52-102-9 x 52-101-6 
52-102-9 x 52-105-3 

51-023-38 x 51-021-13 
51-023-38 x 51-029-32 

51-032-56 x 51-029-32 
51-032-56 x 51-033-39 

51-027-33 x 51-029-32 
52-107-2 x 52-105-3 

51 -028-20x51-033-39 52-152 
52-108-8 x52 -113-2 
51 -028-20x51-025-34 52-
52-108-8 x52 -105 -3 

Backcross family 

53-206 = 54-004 
53-207 = 54-005 

53-219 
53-220 

52-137 = 53-247 
52-139 = 53-248 

52-155 
52-156 

52-147 
54-093 

-150 
53-232 

53-230 

TRIPLE CROSSES 

Cross Parent plants 

( K E x A m ) x H G 52-108-8 x 52-101-6 
(KE x Am) x Atr 52-108-8 x 52-109-4 

Triple c ross family 

53-229 - 54-131 
53-231 = 54-132 



HG Atr 

Am 

> > 4^ <-
^ 

KE 
Fig.5a. Typical leaves of the 4 parental lines (corners) and of the 6 Fl hybrids (connected to 
the corresponding parents by arrows). 

HG = Hongaars Gartenblatt 
Atr = Atropurpurea 
Am = Aroersfoorter 
KE = Keurhorst Elite 
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HG Atr 

Am KE 

Fig.5b. Flower pairs of the 4 parental lines (corners) and of the 6 Fl hybrids (connected to the 
corresponding parents by arrows). The arrangement is the same as in Fig.5a. 
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Ch 1 § 5. THE SIX Fx HYBRIDS 

Typical leaves of the six Fj hybrids are compared with those of 
the parents in Fig. 5a. In the same arrangement the different 
flower types are shown in Fig. 5b. The parents have been de­
scribed in Ch 1 § 3a (cf. also Table 1). 

It must be stated that no differences between reciprocal Fi's 
could be observed.- For angle of venation and leaf dimensions 
this becomes apparent from the metrical data given in Ch 2. 

Regarding angle of l a t e r a l v e i n s , L /W r a t i o and 
number of l e ave s a l lFi ' s are intermediate between the 
corresponding parents. The visual impression is corroborated by 
the metrical data presented in Ch 2. Flower shape, as described 
in terms of s l e n d e r n e s s of tube and t h r o a t and of 
l imb con tou r , is intermediate too. The carmine f lower 
co lour of Atr is completely dominant over the pink colour of 
HG, Am and KE. 

With respect to leaf base shape the situation is more 
complicated. Referring to Fig. 5a the leafbase shape of the six 
* ! s can be described as follows: 
1. Fi(HG/Am) has a rather long, distinct petiole (±8 cm.) with 

narrow wings (0.4 - 0.8 cm.) and its auricles are somewhat 
smaller than those of HG. 

2. Fi(HG/KE) has a moderately short petiole with well developed 
wings (1.5 - 2.5 cm. at the narrowest point). HG itself has very 
short petioles with wings 1.0 - 2.0 cm. in width. The petiole of 
tne * ! is not sharply set off against the blade which merges 
m o r e , gradually in to the wings than is the case with HG. The 

o ^ " S " e somewhat larger than those of HG. 
f i i ? / ?• lh°W S t h e s a m e leafbase shape as its parents HG 

4 K/ff, r e?b le e a c h o t h e r c l o s e l y i n t h i s respect. 
nJ^Z-m)- °S,ely r e s e m b l e s Fi(HG/Am), which is not sur-

5 F w ! S £ T " ? 1 ^ S i m i l a r i t y between HG and Atr. 
6 F KF/A ' • ^ y ' r e s e m b l e s Ft(HG/KE) very much, 

f w l ™ ^ ? 1S SeSlllB H k e i t s P a r e n ts and intermediate be-
• £ , he™ regarding leafbase elongation, i .e. in width of 

a S r ter^ h a?Hd i S t a n C e f r ° m a x i l *> "™* midpoint. The 
the l e a f b S ^ Produced in Ch 1 § 3a (see "1 Shape of 

d J a s th lF!^! 1" 8 g e n e r a t i o n s w i n be discussed in the same or-

H?"KF ? m ^ e s (§ 6) nu JV& families (§ 7) 
HG-Atr families (§ 8) 
Atr-Am families ( § 9 ) 
Atr-KE families (§ 10) 
KE-Am families (§11) 



Fig. 6. The 9 " ideal" leaf types of tlie F2 from the cross 

Hongaars Gar tenbla t t x Amersfoorter (Fam. 53-208). 

In the text the types are referred to by the num­

bers added. All leaves have been taken from plants 

with the same number of leaves and from the 

same node number (cf. C h 1 § 6c). T h e different 

genotypes are given at t he end of C h 1 § 6a. 
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Ch 1 § 6. THE HG-Am FAMILIES 

F o r e a s e of p resen ta t ion I wil l f i r s t give the r e s u l t s of the 
ana lys i s with the help of the F 2 (§ 6a), then give an account of the 
a n a l y t i c a l d a t a (§ 6b) and f inally d i s cuss s ome a d d i t i o n a l 
a s p e c t s (§ 6c and .§ 6d).-

Ch 1 § 6a. Description and genetic interpretation of the F2 types 

The F2 has been c lass i f ied into 9 phenotypic c l a s s e s c o r r e s ­
ponding to the 9 genotypes of a two- fac tor s eg r ega t i on . F i g . 6 
p r e s e n t s the 9 " idea l" types in c h e cke r - boa rd a r r a ng emen t with 
the four d ihomozygotes ( types 1, 3 , 7 and 9) a t the c o r n e r s and the 
d ihe te rozygote (type 5) in the c en t r e . The types 3, 5 and 7 r e s e m b l e 
HG, Fi and Am r e spec t ive ly and t he re fo re wil l occas iona l ly be 
r e f e r r e d to as HG-type , F 1-type and Am- type . 

Before desc r ib ing the ac t ion of the two f a c t o r - p a i r s with the 
he lp of F i g . 6 some r e m a r k s may be made for the s ake of c l e a r ­
n e s s . In t obacco l i t e r a t u r e it is c u s t oma ry to ca l l t ypes l ike 1, 2, 4 
and 5 pe t io la te , types l ike 3 cons t r i c t ed and types l ike 6 , 7 , 8 and 
9 s e s s i l e . Th is nomencla ture can be used safe ly . However , a s 
wil l b ecome c l e a r below, it i s , for the purpose of unde r s t and ing 
the ac t ion of the two f a c t o r - p a i r s , convenient to look upon the 
c ons t r i c t ed type a s having a v e r y s ho r t pet iole (with n a r r ow wings) 
and to cons ide r the l eafbases of the s e s s i l e types as pe t io les with 
b r oad wings . These wings , be ing b road , g radua l ly m e r g e into the 
b lade . In mos t c a s e s , however , a d i s t inc t s inus is p r e s en t , the 
l eve l (midpoint) of which will be t aken to indicate the length of the 
v i r t u a l pe t io le . 

Turn ing to the t h r ee c o l u m n s of F i g . 6 f i r s t , we s ee that in 
the left column (type number s 1, 2 and 3) the types a r e n a r r ow ly 
winged to w ing le s s , i . e . they a r e c l e a r l y pet ioled. In the r i gh t 
co lumn (7, 8 and 9) the types have b road wings , i . e . they a r e 
s e s s i l e . Thus the f a c t o r - p a i r concerned (B r - b r ) has a l a r g e in ­
f luence on w i n g w i d t h : b r b r (left c o l umn )ve r su s B r B r ( r ight 
co lumn) . When he te rozygous (middle column) this f a c t o r - p a i r e x ­
hibi ts incomple te dominance . The d i r ec t ion of dominance , how­
eve r , is dependent on the row involved, i . e . on the s econd f a c t o r -
pa i r . This makes it s ome t ime s difficult on the one hand to d i s -
t inguish be tween the types 6 and 9, and on the o ther hand be tween 
the types 1 and 4 , or 2 and 5 . F u r t h e r de ta i l s of th is wil l be d i s ­
cu s s ed below. 

The d i f ferences be tween the r o w s a r e g ene ra t ed by a f a c t o r -
pa i r (P t -p t ) tha t influences 1) pet iole length or leafbase e longa ­
t ion, 2) angle of venat ion, 3) leaf width, and 4) wing width. R e ­
ga rd ing the f o rme r t h r ee c h a r a c t e r s , the top r ow (Pt P t) has v e r y 
long pet ioles (or , in the case of type 7, a v e r y e longated l ea fbase) , 
a cu te angles of venat ion and n a r r ow b l ade s . The bot tom row (pt 
p t )ha s v e r y s ho r t pe t ioles (or a s ho r t l eafbase) , obtuse ang les and 
b road b l ade s . The middle row (Pt pt) is roughly i n t e rmed i a t e in 
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these three respects . It should be noted that within each row the 
level of the sinus midpoint (sessile types) corresponds well with 
the length of the petioles of the neighbouring types. Before branch­
ing off from the midrib, the lateral veins grow together with it for 
a distance which is 0.5-1.2 cm. longer in the Pt Pt than in the 
pt pt types. The effect of Pt-pt on wing width must be considered 
within each individual column as it is superposed on the. much 
larger effect of B r -br . For each column it can be said that the 
shorter the petiole, the broader the wings. Thus within the left 
column (br br) type 1 is wingless, type 2 has very narrow wings 
and type 3 has narrow wings. Within the right column (Br Br) 
type 7 has fairly broad wings, type 8 broad wings and type 9. very 
broad wings. 

Within each of the three classes (rows) both angle of venation 
and leaf width show considerable variation (a large part of which 
is genetic) so that the classes overlap and the total distribution 
fails to show a clear trimodality (cf. Fig. 26 for angle of venation). 
Regarding leafbase shape, however, types of different rows are 
connected by relatively infrequent intermediate forms. Moreover, 
these intermediates can in practically all cases be assigned to the 
correct types by means of the device to be outlined in Ch 1 § 6c. 
In other words the shape of the leafbase is a better cr i terion for 
inferring the genotypes from the phenotypes than the angle of 
venation and the leaf width. Therefore it is justified to name the 
factor-pair Pt-pt after its major aspect, of action on leafbase 
shape, i . e . its action on petiole length (or leafbase elongation). 
Pt Pt then stands for the long petioles of the top row and pt pt for 
the very short petioles of the bottom row (Fig. 6). 

The major argument in choosing the symbols Pt-pt and Br -br 
was that they are in agreement with those adopted by CLAUSEN 
and CAMERON (1944) who use a constricted type (pt pt b r br) as 
the standard type. The Californian mutant types P t P t and Br Br, 
Dr. CAMERON kindly sent me, closely resemble the present types 
1 and 9 respectively. For further discussion the reader is r e ­
ferred to Ch 1 § 13. However, it must be said that, though it is 
highly probable that the factors are identical, some r ese rve is 
due, as no tests for identification have been performed yet. 

The preliminary impression that the Pt-pt factor-pair , in 
addition to its influence on the leafbase, has a pleiotropic effect 
on angle of venation and leaf width, will be corroborated by the 
metrical data to be presented in Ch 2. Further it could be stated 
that in progenies from many selected plants segregation for petiole 
length always coincided with segregation for angle of venation and 
non-segregation with non-segregation, i . e . no instances of c ro s ­
sing-over could be found. Though with caution, angle of venation 
will be used as a s ide-cri terion in inferring the Pt-pt genotypes 
on visual inspection of the plants. 

Some remarks must be made in connection with the above-
mentioned difficulties to distinguish the Br br types (middle col­
umn in Fig. 6) from the Br Br or br br types. Regarding the 
types 6 and 9 it can be said that in general type 6 has semi-broad 
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wings and that the blade is clearly set off against the base, while 
type 9 has very broad wings and a less distinct s inus. Type 5 
diffexs from type 2 in having broader wings and a blade that tapers 
slightly towards the wings, while the petiole of type 2 is sharply 
set off against the blade which often curves inward in a cordate 
fashion. Finally type 4 has narrow wings in contrast to type 1 
which, apart from inconspicuous wings near the blade and the 
aur icles , shows- a very narrow, rigid, riblike s tructure instead 
of wings. 

The genotypes can be summarized as follows (arrangement 
conformable to Fig. 6): 

type 1 = Pt Pt br br type 4 = Pt Pt Br hr type 7 = Pt Pt Br Br 
(like Am) 

type 2 = Pt pt br br type 5 = Pt pt Br br type 8 = Pt pt Br Br 
(like Ft) 

type 3 = pt pt br br type 6 = pt pt Br br type 9 = pt pt Br Br 
(like HG) 

It should be borne in mind that Br -br influences wing width, 
not leaf width, and that Pt-pt governs petiole length (etc.), not 
the petiolate versus sessi le alternative. 

Ch 1 § 6b. Detailed account of the analysis 

In 1953 the F2 from HG x Am (53-208) was grown together with 
the backcrosses Fi x HG (53-206) and Fi x Am (53-207). The 
families were repeated in 1954 by growing from s i s te r -seeds 54-
006, 54-004, 54-005 respectively. Of the 196 plants of the F 2(53-
208), 190 plants gave r i se to an F3 family. The smallest F3 fam­
ilies were designed to consist of 12 plants. This number was 
reached with few exceptions, e. g. loss of 1 or 2 plants due to in­
sect damage. In the backcrosses that are much easier to classify 
due to the smaller a r ray of main genotypes and the more uniform 
genie background, only the few cases of doubt have been progeny-
tested. 

In the backcross Fj x HG = Pt pt Br br x pt pt br br one finds 
the following types (arranged conformable to Fig. 6): 

type 2 (Pt pt br br) type 5 (Pt pt Br br) = Ft -type 
type 3 (pt pt br br) = HG-type type 6 (pt pt Br br) 
In the backcross F t x Am = Pt pt Br br x Pt Pt Br Br one 
meets : 
type 4 (Pt Pt Br br) type 7 (Pt Pt Br Br) = Am-type 
type 5 (Pt pt Br br) = F r type type 8 (Pt pt Br Br) 
Arranging the leaf types (between brackets) conformable to Fig. 6, 
the observed and expected frequencies and the chi square tests 
run as follows: 
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(Hg x Am) x HG 

53-206 

54-004 

24(2) 25(5) 
24(3) 22(6) 

48 47 

49 
46 

95 

23.75 23.75 
23.75 23.75 

47.50 47.50 

47.50 
4.7.50 

95.00 

X 2 (3 d.f.) = 0.200 P = 0 .95-0 .90 

55(2) 46(5) 
55(3) 54(6) 

110 100 

101 
109 

52.5 
52.5 

52.5 
52.5 

210 105.0 105.0 1210.0 

105.0 
105.0 

(HG x Am) x Am 

53-207 

54-005 

X 2 (3 d.f.) = 1.086 P = 0 .80-0.70 

18(4) 26(7) 
24(5) 27(8) 

42 53 

44 
51 

23.75 23.75 
23.75 23.75 

95 47.50 47.50 

47.50 
47.50 

95.00 

X 2 (3 d.f .) = 2.053 P = 0 .70-0.50 

57(4) 
52(5) 

54(7) 
54(8) 

109 108 

111 
106 

54.25 54.25 
54.25 54.25 

217 108.50108.50 

108.50 
108.50 

217.00 

F'2 fami l ies 
53-208 

54-006 

X z ( 3 d .f . ) = 0.235 P = 0 .98-0.95 

8(1) 21(4) 14(7) 
17(2) 50(5) 36(8) 
11(3) 30(6) 9(9) 

36 101 59 

43 12.25 24.50 12.25 
103 24.50 49.00 24.50 
50 12.25 24.50 12.25 

196 49.00 98.00 49.00 

49.00 
98.00 
49.00 

196.00 

S e g r . ( B r - b r ) X 2(2 d.f .) 
S e g r . ( P t - p t ) X 2(2 d.f .) 
Both s e g r . X 2 (8 d.f.) 

: 5.582 p = 0 .10-0.05 
= 1.010 P = 0 .70-0.50 
=12.163 P = 0 .20-0.10 

18(1) 45(4) 27(7) 
36(2) 95(5) 42(8) 
16(3) 38(6) 17(9) 

70 178 86 

90 
173 
71 

20.875 41.750 20.875 
41.750 83.500 41.750 
20.875 41.750 20.875 

334 83.500 167.000 83.500 

83.500 
167.000 

83.500 

334.000 

S e g r . ( B r - b r ) X 2(2 d.f.) = 2.982 
S eg r . (P t - p t ) X 2(2 d. f.) = 2.593 
Both s e g r . X 2 (8 d .f . ) = 7.018 

P = 0 .30-0.20 
P = 0 .30-0.20 
P = 0 .70-0.50 

Of the 190 F 3 f ami l ies g rown in 1954, 31 cons i s ted of (40-)44 
plants ( " large f am i l i e s " : l . f . ) and 159 of (10-)12 p lants ( " sma l l 
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f am i l i e s " : s . f . ) . Summation of the F3 f requenc ies within e ach 
leafbase type of the F2 pa ren t s l eads to : 

Homozygotes 

Type 1 (2 l.f. 
Type 3 (3 l.f. 
Type 7 (3 l.f. 
Type 9 (2 l.f. 

+ 4 s . f . ) All F 3 p lants of type 1 as expec ted 
+ 8 s . f . ) Al l F3 p lants of type 3 as expec ted 
+ 11 s . f . ) All F3 plants of type 7 as expec ted 
+ 7 s . f . ) Al l F3 plants of type 9 as expec ted 

Another F2 plant o r ig inal ly c lass i f ied a s type 9, p roved to have 
been of the pt pt Br b r genotype and has been included in the 
type 6 g roup below. 

Monoheterozygotes (All F 3 f ami l ies showed the monofac to r i a l 
s eg r ega t i on tha t was expected) 

Type 2 (4 l.f. + 12 s . f . ) 
80(1) 75.75 

154(2) 151.50 
69(3) J75.75 

X 2 (2 d .f . ) = 0.881 
P = 0 .70-0.50 

303 

Type 4 (3 l.f. + 17 s . f . ) 

71(1) 164(4) 
82.25 164.50 

Type 6 (5 l.f. + 24 s . f . ) 

94(7) 
82.25 

128(3) 236(6) 131(9) 
123.75 247.50 123.75 

303.00 

329 
329.00 

495 
495.00 

X 2 (2 d . f . ) 
P = 0.20 

3.219 

Type 8 (4 l.f. + 32 s . f . ) 

146(7) 138 
280(8) 276 
126(9) 138 

552 552 

X 2 (2 d . f . ) = 1.105 
P = 0 .70-0.50 

X 2 (2 d . f . ) = 1.565 
P = 0 .50-0.30 

Dihe te rozygote (All F 3 f ami l ies showed b i fac tor ia l s e g r ega t i on a s 
expected) 

Type 5 (5 l.f. + 44 s . f . ) 

39(1) 88(4) 52(7) 
88(2) 184(5) 98(8) 
26(3) 100(6) 57(9) 

153 372 207 

179 45.75 91.50 45.75 
370 91.50 183.00 .91.50 
183 45.75 91.50 45.75 

732 183.00 366.00 183.00 

183.00 
366.00 
183.00 

732.00 

S e g r . ( B r - b r ) X 2 ( 2 d . f . ) = 8.164 
S eg r . ( P t - p t ) X 2 ( 2 d . f . ) = 0.131 
Both s e g r . X 2 (8 d .f . ) = 14.667 

On pooling the t h r e e bodies of da ta f rom p rogenies of d i h e -

P = 0 .02-0.01 
P = 0 .95-0.90 
P = 0 .10-0.05 
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t e r ozygo t e s , v i z . F 2 (53-208) , F2(54-006) and F 3 ' s f rom type 5, 
one obta ins : 

65(1) 154(4) 93(7) 
141(2) 329(5) 176(8) 

53(3) 168(6) 83(9) 

259 651 352 

312 
646 
304 

78.875 157.750 78.875 
157.750 315.500 157.750 

78.875 157.750 78.875 

1262 315.500 631.000 315.500 

315.500 
631.000 
315.500 

1262.000 

Segr (B r -b r ) X 2 (2 d.f.) = 14.975 P < 0.001 
Segr . (P t -pt ) X 2 (2 d .f .) = 0.815 P = 0 .70-0.50 
Both s e g r . X 2 (8 d.f.) = 18.897 P = 0 .02-0.01 

The X 2 - v a l u e s of the co r respond ing t e s t s of homogenei ty r un : 

F 2(53-208) 
F2(54-006) 
F 3 ' s f rom type 5 

Total 

Pooled F am i l i e s 

He terogenei ty 

D.f. 

Segr . (B r -b r ) 
5.582 
2.982 
8.164 

16.728 

14.975 

1.753 

3x2-2 = 4 
0 .80-0.70 

Segr , (P t -p t ) 
1.010 
2.593 
0.131 

3.734 

0.815 

2.-919 

3x2-2 = 4 
0 .70-0.50 

Both s e g r . 
12.163 

7.018 
14.667 

33.848 

18.897 

14.951 

3x8-8 = 16 
0 .70-0.50 

F r o m the l a t t e r t h r e e P - v a l u e s we have no r e a s o n to r e j e c t the 
a s sumpt ion of homogenei ty be tween the t h r ee bodies of da ta . 
Consequent ly the s ignificant deviat ion f rom the 1 : 2 : 1 r a t i o for 
B r - b r , a s shown by the pooled f ami l i e s , is g ene ra t ed equal ly by 
t hem, i . e . the deviat ion is a s y s t ema t i c one. The t h r e e g roups of 
data a l s o homogeneous ly fail t o show dependence be tween the 
wing width and the petiole length f requency d i s t r ibu t ion a s follows 
f rom the X 2 -va lues of the 3 x 3 contingency t a b l e s : 

F2(53-208) X 2 ( 4 d . f . ) = 4.813 P = 0 .50-0.30 
F2(54-006) X 2 ( 4d . f . ) = 1.172 P = 0 .90-0.80 
F 3 ' s f rom type 5 X 2 ( 4 d . f . j = 7.162 P = 0 .20-0.10 

Tota l 

Pooled f ami l ies 

Heterogenei ty 

13.147 

X2(4 d.f .) = 3.518 

X2(8 d .f . ) = 9.629 

P 

P 

0.50-0.30 

0 .30-0.20 

This r e s u l t can be t aken as fail ing to give ev idence of l inkage 
be tween the two f a c t o r - p a i r s . In v iew of the d i s tu rbed s eg r ega t i on 
of the B r - b r f a c t o r - pa i r the u sua l X 2 -me thod for the de tec t ion of 
l inkage (MATHER, 1951) could not be u sed . 

The cause of the d i s tu rbance of the B r - b r s eg r ega t i on in the F 2 
and the type 5 p rogenies is not known. The g e rmina t ion p e r c e n ­
tages were high, c rowding in the s eedpans and s e l ec t i on dur ing 
t r ansp lan ta t ion we re avoided a s much as poss ib le and only few 
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plants succumbed before reaching maturity. Moreover the ratios 
found in the backcrosses and the F3 progenies from the types 4 
and 6 were in good agreement with expectation. Two points can be 
taken into consideration: 
1. To obtain the backcrosses the Fj was used as the female parent. 

Therefore the backcross frequencies cannot be affected by 
differential viability or activity of the male gametes, as might 
be the case with the F 2 frequencies. 

2. F 2 zygotes can be expected to be more subject to differential 
elimination due to recombination of background genes than 
backcross zygotes. 

However, it then remains unexplained why the relative f r e ­
quencies of the F 3 ' s from type 4 and type 6 a re not affected. 
Finally it must be stated that faulty classification in the families 
from diheterozygotes cannot be involved, for the large-scale 
progeny test showed that in the F2(53-208) only one plant was 
classified erroneously. 

In conclusion it can be said, that the data confirm the hypothe­
sis of two unlinked factor-pairs as 1) the a r rays of types in the 
different families are conformable to expectation, 2) no evidence 
of linkage is met with, and 3) the observed frequencies agree with 
those expected, except for the wing width frequencies in families 
obtained by selfing diheterozygotes. This disturbance, the cause 
of which is unknown, needs not prevent us from concluding to two 
unlinked factor-pairs . 

Ch 1 § 6c. The within-leafbase-type correlation between petiole 
length and number of leaves 

Before entering upon other aspects of variation round the 
"ideal" types, a class of modifying genes must be discussed 
that affect leafbase elongation to the extent of making the P t -pt 
c lasses overlap more or l e ss . To study this , measurements were 
taken on plants of Fi(53-205), Fj x HG (53-206), Fx x Am (53-207) 
and F2(53-208). To reduce environmental variation the families 
were grown as described in Ch 2 § 2a. Leaf length was measured 
on the upper leaf-side along the midrib from axil to t ip. Petiole 
length was measured from the axil to the leafblade. The number 
of leaves (which includes the cotyledons and the uppermost leaf 
under the central end-bud) is probably governed by more than two 
loci. Its frequency distributions are given in Table 7 (Ch 2), but 
in the case of the F t 20 instead of the 10 plants given in that 
table will be used, the classes being 29, 30, 31 and 32 leaves 
with frequencies 5, 8, 6 and 1 respectively. 

Petiole length is not constant from node to node (cf. Fig. 7a), 
nor is leaf length. From bottom to top of the s tem, both leaf 
length and petiole length gradually increase first and then de­
crease , the maximum petiole length being found 1-4 nodes higher 
than the maximum leaf length. The petioles in the region of maxi­
mum petiole length a re with visual inspection of the plants the 
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Table 3. Means, variances, correlation coefficients, partial 
corr.coeff. and levels of significance for number of leaves (1), 
maximum petiole length found by interpolation (2), maximum 
leaf length found by interpolation (3) and number of the leaf with 
interpolated maximum petiole length (4) in Fi(53-205) and in type 
5 from Ft x HG (53-206), Fi x Am (53-207) and F 2 (53-208). 

At the foot of the table: mean and variance of leaf number for 
HG (53-201) and Am (53-204). For further details see text. 

Fam i l i e s 

Number of plants 

(1) Number of l eaves 
Mean 
Var iance 

(2) Max. petiole length 
(mm) by i n t e rpo ­
lat ion 

Mean 
Var iance 

(3) Max. leaf length 
(mm) by i n t e rpo­
lat ion 

Mean 

r l 2 

r23 

r13 

r 12 .3 

r 23 .1 

(4) Number of the 
leaf c o r r e s p . 
t o (2) 

Mean 

r 1 4 

Fi 

20 

30.2 
0.8 

95.7 
55.4 

690.6 

0.16 
non-s ign . 

0.2 9 
non-s ign . 

0.04 
non-s ign . 

-23.4 

-

Type 5 
f rom 

Fi x HG 

25 

27.6 
4.5 

80.1 
293.8 

645.2 

0.86 
<0 .01 

0.54 
<0.01 

0.42 
0.05-0.02 

0.82 
<0.01 

0.40 
0.10-0.05 

21.0 

0.88 
<0.01 

Type 5 
f rom 

Fi x Am 

22 

33.1 
3.7 

109.6 
270.6 

648.5 

0.80 
<0 .01 

0.67 
<0.01 

0.50 
0 .02-0.01 

0.73 
<0.01 

0.52 
0 .02-0.01 

23.9 

0.82 
<0.01 

Type 5 
f rom 

F 2 

49 

30.5 
5.6 

86.6 
208.9 

612.1 

0.70 
<0 .01 

0.33 
0 .02-0.01 

0.19 
non-s ign . 

0.68 
<0 .01 

0.28 
0 .10-0.05 

22.2 

0.92 
<0.01 

HG (20 plants) Mean = 25.6 Va r i ance = 0.67 
Am (20 plants) Mean = 35.0 Va r i ance = 0.58 
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most conspicuous and so contribute most to the impression of the 
plants leafbase shape. In order to eliminate irrelevant within -
plant fluctuations, the. maximum petiole length of each plant was 
determined by graphical interpolation as i llustrated in Fig. 7b. 

The correlation coefficients between leaf number and maximum 
petiole length were calculated for Fi and for the Fi type (type 5) 
from respectively F t x HG, F t x Am and F 2 . Type 5 is the only 
one occurring in all these families. The data to be discussed a re 
shown in Table 3. The levels of significance of the correlation 
coefficients' were read from the table given by FISHER (1954; 
p. 209). The partial correlation coefficient between two variables 
a and b, the fixed variable being c, is denoted by rafc>. c-

From Table 3 it appears that: 
1. HG and Am diverge much in number of leaves (25.6 and 35.0 

respectively). The Fi is intermediate (30.2). Its variance 
equals that of the parents. 

2. Both number of leaves (1) and maximum petiole length (2) have 
a much larger variance in type 5 (Fi -type) from the segregating 
generations than in the Fi itself. This indicates genetic s eg re ­
gation. Regarding maximum petiole length it implies that the 
character is not only influenced by the factor-pair Pt-pt but 
also by modifying genes. 

3. In type 5 from the segregating families the number of leaves 
and the maximum petiole length show a high positive cor re la­
tion coefficient (r12). The number of leaves and the number of 
the leaf corresponding to the (interpolated) maximum petiole 
length (4) also show high positive correlation coefficients (r14) ; 
So an increased number of leaves induces an upward extension 
of the region of increasing petiole length, which leads to a 
higher value for maximum petiole length. The rate of increase 
pro node is not much affected, as no significant correlation 
coefficients (not presented in Table 3) were found between 
number of leaves and (interpolated) petiole length of the leaves 
No. 14 to 17. These points have been illustrated in Fig. 7c for 
type 5 from the F 2 . 

4. Both number of leaves and maximum petiole length are in the 
segregating generations positively correlated (r13 and r23) with 
maximum leaf length (3). On elimination of maximum leaf 
length, a partial correlation coefficient (r^.i) is found which 
is about as high as r12. This gives further evidence for the 
intimate relationship suggested above between the number of 
leaves and the maximum petiole length. 

5. On elimination of number of leaves, maximum petiole length 
and maximum leaf length remain positively correlated (r23 A). 
For plants with equal number of leaves, differences in leaf 
length can be taken to reflect differences in "vigour" (whether 
genetically or environmentally induced). We may therefore 
say that variation in maximum petiole length is a lso brought 
about by variation in plant vigour. 
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In Fig. 8 the mean maximum petiole length is plotted against 
the mean leaf number for the four groups of type 5 data. The 
points are fairly well in a line as a re the four scatter diagrams 
(not presented). This supplements the data for the individual fa­
milies in illustrating the correlation between maximum petiole 
length and number of leaves. In connection with Fig. 8 it is in­
teresting to note that the drop in mean maximum petiole length 
shown by the F2 as compared with the Fi is paralleled by a drop in 
mean maximum leaf length. This drop in maximum leaf length 
will be discussed in Ch 2 § 5f. 

The correlation between maximum petiole length and number of 
leaves implies that 1) a large part of within-leafbase-type var ia ­
tion in petiole length is governed by genes for leaf number and 
needs for its explanation no separate system of modifiers, 2) the 
number of leaves is a very useful aid in inferring the leafbase 
genotypes from the phenotypes (see below). 

Now, the correlation between maximum petiole length and 
number of leaves not only holds for type 5 (cf. Fig. 9) but a lso 
for the long- or rather long-petioled types 1, 2 and 4. Regarding 
each of the sessi le types 6, 7, 8 and 9, the leafbase (axil to sinus 
midpoint) is clearly longer when the plants have a high number of 
leaves (cf.' Fig. 10). Finally type 3, which normally has very 
short petioles, can have relatively long ones, for example type 3 
plants from F2 with'as many as 34-36 leaves may reach a maxi­
mum petiole length of 3-4 cm. Within each of the nine types the 
wings become narrower with increasing petiole length (leafbase 
length) along the stem and, in connection with this, plants with 
longer petioles (leafbases) in the region of maximum petiole 
length (leafbase length) also have narrower wings in this region. 
It must be added that not only with petiolate but also with sessi le 
types the leaves in the region of maximum leafbase elongation a re 
the most conspicuous when inspecting the plants in the field and 
therefore contribute most to the general impression of the leaf-
base shape. 

Before discussing the number of leaves as an aid in c lass i ­
fying, two points must be mentioned: 
1. As will be seen in Ch 2 § 5e (cf. Table 7) the number of leaves 

is distributed almost wholly independently of the nine leafbase 
types. 

2. As has been discussed in Ch 1 § 6a, the negative correlation 
between petiole length (leafbase length) and wing width is a lso 
found when comparing the three petiole length (leafbase length) 
genotypes (Pt-pt) within each of the three wing width genotypes 
(Br-br; columns in Fig. 6). 

As an example we may take plants that a re more or less inter­
mediate in leafbase shape between type 4 and type 5. These plants 
prove to have either a high or a low number of leaves. When the 
leaf number is high the plant is a long-petioled variant of type 5, 
when it is low the plant is a short-petioled variant of type 4. A 
conspicuous difference in leaf number does not escape detection 
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Fig.9. 4 plants of F2 (53-208), all type 5 , each represented by 2 leaves (columns). The bottom 
row gives the leaves No. 19 that show but little r* fferentiation in petiole length. The top row 
gives the leaves with maximum petiole length, viz. leaf No.21, 23, 24 and 25 (left to right). 
The numbers of leaves of the plants are 26, 29, 31 and 33 respectively. 
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Fig. 10. 2 plants of Fi x Am (53-207), both type 8, each represented by 2 leaves (columns). 
Bottom row: leaf No. 19. Top row: the leaves with maximum leafbase elongation, viz. leaf No. 
23 and 26. The plants have 30 and 35 leaves respectively. In choosing these two plants for i l . 
lustration the tendency has been overstressed somewhat. 
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in the present material , even though the bottom leaves have been 
withered when the plants are full-grown. 

Regarding sessi le types, i . e . the types most frequently met 
with in tobacco breeding, it is in segregating families profitable 
to pay attention to leaf number, notably when a large range of 
leaf numbers is involved (as in the present material) or when 
factors for leafbase elongation are operating that have a smal ler 
effect than Pt-pt (see Ch 1 §§7 and 10). What appears at first 
sight as a more or less continuous variation can then be " s t ra t i ­
fied" into the underlying main types. 

The efficiency of the procedure was tested for the F2(53-208)by 
growing F 3 ' s f rom 190 out of the 196 plants. None of the F2 plants 
proved to have been classified erroneously with respect to its 
Pt-pt genotype. In classifying, conspicuous differences in plant 
vigour were also taken into account. Angle of venation, too, was 
used as a s ide-cri terion, though with caution. 

The correlation was also studied in a large number of F3 
families among which the 190 families mentioned above. The 
tendency towards joint fixation of the correlated deviations in 
leaf number and leafbase elongation was very apparent. Thus 
type 5 plants with a very low number of leaves and relatively 
short, broadly winged petioles, as a re found in the backcross to 
HG, gave r ise to progenies showing the same tendencies in all 9 
types. In fact none of the F 3 families clearly showed breaking up 
of the correlation. This not only supports the assumption of plei-
otropic action of the modifiers under discussion, but also shows 
that it will not be easy, if possible at all, to select at the same 
time for a high number of leaves and a broad leafbase w i t h i n 
the main leafbase genotypes. 

In view of the within-plant and within-type variability discussed 
and of other aspects of within-type variability (Ch 1 § 6d), much 
care must be taken in selecting for illustration a representative 
leaf of each type. Therefore the nine leaf types of the F2 presented 
in Fig. 6 have been taken from plants with an average number of 
leaves (in this case 30 leaves). Moreover, the leaves had the 
same node number, viz. 23-24, which was in the region of maxi­
mum leaf length. Finally, deviating types (see Ch 1 § 6d) were 
excluded. The leaves in Fig. 6 must therefore be taken to r ep r e ­
sent the "ideal" types. 

Ch 1 § 6d. Other aspects of variation round the nine ideal types 

Additional variation of the leafbase shape is best described in 
connection with the individual leafbase types as some of the 
phenomena are more or less res t r ic ted to one or two of these 
types. 
Type 1. Normally the petioles of this type are wingless. At t imes, 
however, plants are found on which some or all of the leaves have 
a slight wing development up to about half-way the petiole. When 
these plants are vigorous the wings can be ra ther pronounced, 
which makes it somewhat difficult to distinguish them from type 4. 
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Fig.11 
Deviating type 1. 
Semi-schematic. 

However, such plants often have finger-shaped protuberances 
of leaf t issue, 1-2 cm. in length, at the base of the petiole. These 

s t ructures, which may also be present on 
Wingless petioles, are only found in type 1. 
Without referring to it in their text, GOOD-
SPEED and CLAUSEN (1917; Plate 46) gave 
a drawing of rather pronounced protuberance 
formation. Fig. 11 gives an illustration of a 
very extreme case. The plant was an excep­
tion and the leaf itself was by far the most 
remarkable on the plant. On selfing this 
F?(52-129) plant, its progeny (53-208) con­
sisted of type 1 plants with varying degrees 
of wing and protuberance development, 
though by far not so pronounced as in the 
parent plant. Likewise, in the case of less 
deviating types the phenomenon is t ransmit­
ted to at least part of the descendants. Nor­
mal type 1 plants did not give r ise to the 
deviating type. A simple Mendelianexplana­
tion could not be found from explorative 
c rosses . 

Type 4. Both in the backcross to Am and in the F2 , plants of this 
type a re occasionally found, the higher leaves of which have con­
spicuously broad and undulated wings, while the lower leaves a re 
more or less normal. Most of these plants are relatively vigorous 
in t e rms of leaf s ize. Fig. 12 shows an extreme case. The pheno­
menon is ra ther striking as 1) the higher leaves (apart from the 
highest) normally have longer petioles and narrower wings than 
the lower leaves, 2) undulated wings are not found in type 5, 
which has broader wings than type 4, and 3) the deviating plants 
were not preponderantly those with a low leaf number and short 
petioles. A number of the deviants were selfed and the progenies 
segregated into the types 1, 4 and 7. Among the segregants those 
of type 4 varied between normal and deviating like the parent, 
while those of type 1 showed varying degrees of wing and protu­
berance development. This indicates that both phenomena have a 
common cause. The underlying genetic mechanism seems compli­
cated. 
Type 2. When taking only the largest leaves into account, it may 
be difficult to distinguish between plants of type 5 and vigorous 
plants of type 2, which tend to have relatively broad wings. 
Fortunately the lower leaves of type 5 are always conspicuously 
broader-winged than those of type 2. 
Type 6. It is sometimes difficult to distinguish this type from type 
9. However, the highest leaves of type 6 always clearly show a 
constriction at the base, which is in contrast to type 9 of which 
all the leaves have a broad clasping base. Occasionally the veins 
on the basal half of the type 6 leaf show a rather acute angle, 
while those on the top half behave normal (cf. Fig. 12). This 
Pattern, which also has been found in type 3, may be transmitted 
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to the descendants and is associated with a somewhat reduced leaf 
width, a rather elongated leafbase and a high number of leaves. 
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Fig. 12. Left: An extremely broad winged leaf of type 4 . 
Right: A type 6 leaf showing the shift in angle of venation sometimes found in this type. 

From the foregoing it follows that it is often necessary to take 
the whole sequence of leaves into account, ra ther than to concen­
trate on specified leaves only, e .g . the largest . 

Ch 1 § 6e. Flower shape in connection with the leafbase genotypes 

The flowers of the 4 parental lines and the 6 F i hybrids have 
been compared in Fig. 5b. 

In the F2 from HG x Am three practically distinct c lasses of 
flower shape are encountered (Fig. 13): 
HG-type (H). It has an inflated throat, an about pentagonal limb 
contour and an inflated calyx. 
Am-type (A). Compared to the HG-type the tube and the throat 
are slender, the limb contour is asteroid (pointed lobes) and the 
slender calyx has pointed lobes. 
Fi-type (F). This type is more or less intermediate with respect 
to the components of flower shape. 
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Fig. 13. From left to right: pairs of flowers (columns) of HG, Fl and Am, and pairs of flowers 
of the HG-type, Fl-type and Am-type from the F2 (53-208). 

Within each of the three F2 types and within the two types of 
each backcross , between-plant-variation is larger than in the 
isogenic families. Moreover the flower shape of the parents is 
not wholly recovered. Within-plant-variation is comparatively 
small. Flower shape is generally understood to be less suscepti­
ble to environmental factors than leaf shape. The three classes 
for flower shape were found to coincide with the three Pt-pt leaf 
shape c lasses. To check this, picked flowers of the F2 and back-
cross plants were classified without looking at the leaf type of the 
plants. The resul ts a re shown in Table 4. From this table it will 
be seen that leaf type and flower type are highly correlated. As a 
rule the types 1, 4 and 7 (all Pt Pt) have Am-type flowers, the 
types 2, 5 and 8 (all Pt pt) have Fx-type flowers and the types 3, 
6 and 9 (all pt pt) have HG-type flowers. Regarding the few excep­
tions that occur, it can be said that the plants with flowers inter­
mediate between two classes (A-F and F-H) did not result from 
crossing-over, as appeared from their F3 progenies; nor did the 
type 6 plant with F-flowers (instead of H-flowers), as its progeny 
had flowers varying between H and F-H. 

As already mentioned (Ch 1 § 6a) leaf width is influenced con­
siderably by the Pt-pt factor-pair. In the direction pt pt > 
Pt pt » pt p t the leaf becomes narrower. In the same direction 
the tube and throat become more slender and the limb contour 
fflore pointed; This is what can be expected as a flower must be 
looked upon as consisting of specialized leaves. 
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Table 4. Frequencies of flower types (H, A and F) within each 
leafbase type in F2 and backcrosses (type No. between brackets) . 
H = HG-type, F = F i - t y p e and A = Am-type. 

F 2 (53-208) 

187 plants 

Ft x HG (53-206) 

95 plants 

Fj x Am (53-207) 

95 plants 

(1) 

(2). 

(3) 

(2) 

(3) 

6 A 

16 F 

11 H 
24 F 

24 H 

(4) 

(5) 

(6) 

(5) 

(6) 

(4) 

(5) 

19 A 
1 A-F 

47 F 

1 F 
28 H 
25 F 

22 H 

18 A 
1 A 
1 A -F 

22 F 

(?) 

(8) 

(9) 

(7) 

(8) 

12 A 
2 A-F 

1 A-F 
33 F 
1 F-H 

9 H 

26 A 

1 A 
26 F 

Ch 1 § 6f. Auricle size in connection with the leafbase genotypes 

The auricles a re best studied in the petioled types (1, 2, 3, 4, 
5), as in the sessi le types (6, 7, 8, 9) they merge into the wings 
(cf. F ig. 6). Their size is in several respects more or less cor­
related with the length of the petiole: 
1. From bottom to top of the plant auricle size decreases with 

increasing petiole length. 
2. Within each leafbase type, plants with a higher number of 

leaves tend to have not only longer petioles (cf. Ch 1 § 6c), 
but also smaller auricles in the region of maximum petiole 
length. 

3. Auricle size decreases in.the direction pt pt >P tp t—»PtP t 
(cf. Fig. 6). 

Fur ther it can be stated that: ' 
4. The Br -b r factor-pair, too, influences auricle s ize. Within 

• each of the P t -pt classes the Br br plants (types 4, 5, 6) have, 
along with broader wings, somewhat larger auricles than the 
corresponding br b r plants (types 1, 2, 3). 

5. The more vigorous plants have larger auricles than the less 
vigorous ones. 

These points a re meant to describe the general trends only. 
Plants of type 1 or 4, for instance, may occur that have larger 
auricles than might be expected ,from plant vigour and number of 
leaves. 

KADAM and RADHAKKISHNAMUKTY (1953) crossed a petiolate 
type (PtPt) having very little growth of t issue at the place of the 
auricle (Au0Au0) with a "sessi le" type (ptpt) having large auricles 
(au0au0). Both factor-pairs segregated 3 : 1 . From the 43 back-
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cross plants 20.93% crossing-over was calculated. For the 25 F2 
plants this percentage was 16.6. The same authors (1954) found 
two other loci for auricle size in small families from a different 
c ross , viz. Auj-auj and Au2-au2- In this case the factors were 
said to interact with factors for the petiolate condition. From the 
present mater ia l no separate factors for auricle size could be in­
ferred yet. In fact the situation is rather complex as appears 
from the different correlations mentioned. 

Ch 1 § 7. THE HG-KE FAMILIES 

The sess i le variety KE has been described in comparison with 
Am in Ch 1 § 3a (cf. also Table 1). It has a shorter leafbase, 
broader wings, broader leaves, a less acute angle of venation and 
a lower number of leaves than Am. The KE leaf resembles that of 
type 8 from the HG-Am families, though its angle of venation is 
slightly more acute. 

The F : HG x KE has been described in Ch 1 § 5 (cf. a lsoFig. 5a). 
This Fi has a much shorter petiole, broader wings and a much 
more obtuse angle of venation than the Fi HG x Am. This reflects 
the shorter and broader leafbase and the more obtuse angle of KE 
as compared with Am. 

In comparing the segregating generations from HG x KE with 
those from HG x Am a remarkable analogy is observed, pheno-
typically as well as genetically. This analogy contributed much 
to the understanding of the genetic situation in the HG-KE families 
and is best discussed with the help of the 9 "ideal" F 2 types p re ­
sented in Fig. 14 (arrangement conformable, to Fig. 6). Again two 
independently segregating factor-pairs are involved, viz. a factor-
pair for wing width (the three columns in Fig. 14) and a factor-
pair (the three rows) that influences at the same time petiole 
length (or leafbase elongation), wing width (to a relatively small 
extent), leaf width, and angle of venation. In Ch 1 § 11 (KE-Am 
families) it will be shown that KE has the same factor for wing 
width (Br Br) as Am, while its factor for petiole length is on 
another locus than Pt-pt, segregating independently from.it. Con­
sequently we may put (adopting the Californian symbols Pd-pd): 

HG = pt pt pd pd br br 
KE = pt pt Pd Pd Br Br 
Am = Pt Pt pd pd Br Br 

The 9 genotypes of the present F 2 , arranged conformable to Fig. 
!4, are in t e rms of Pd-pd and Br-br (all types are pt pt): 

type 1 = Pd Pd br br type 4 = Pd Pd Br br type 7 = Pd Pd Br Br 
(like KE) 

type 2 = Pd pd br br type 5 = Pd pd Br br type 8 = Pd pd Br Br 
( l ikeFi) 

type 3 = pd pd br br type 6 = pd pd Br br type 9 = pd pd Br Br 
(like HG) 

It should be noted that both in the HG-KE and the HG-Am 
families the types 3, 6 and 9 write pt pt pd pd. 

http://from.it
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Qualitatively the 9 types of the F2 from HGxKE (Fig. 14) com­
pare in the same way as the 9 types of the F2 from HG x Am 
(Fig. 6). Quantitatively, however, a pronounced difference is 
present, resulting from a quantitative difference in action be­
tween Pd-pd and Pt-pt. Regarding petiole length (or amount of 
leafbase elongation in the case of sessile types), acuteness of 
angle of venation and narrowness of the leaf, the effect of Pd-pd 
is much smaller than that of Pt-pt. This is reflected in the dif­
ferences described above between Am (Pt Pt pd pd) and KE 
(pt pt Pd Pd) and those between F t from HG x Am (Pt pt pd pd) 
and F t from HG x KE (pt pt Pd pd). The Pd Pd types 1, 4 and 7 of 
the F2 from HG x KE (Fig. 14) have petioles (leafbases) that are 
not only much shorter than those of the Pt Pt types 1, 4 and 7 of 
the F 2 from HG x Am, but are even slightly shorter (less elongat­
ed) than those of the Pt pt types 2, 5 and 8 of that F2 (Fig. 6). 

In going from pd pd to Pd Pd or from pt pt to Pt Pt the petioles 
(leafbases) become longer and the wings narrower, as said be­
fore. This negative correlation is also found when comparing the 
factors Pd and Pt. Thus not only the petioles of type 4 from the 
HG-KE families (Fig. 14) a re shorter than those of type 4 from the 
HG-Am families (Fig. 6), but also the wings are broader. The 
same can be said when comparing the two types 5, etc. 

Regarding number of leaves, KE differs less from HG than Am 
does (cf. Table 1). As a result the w i t h i n - t y p e variation in 
leafbase shape is smaller in the types from HG x KE than in those 
from HG x Am. In fact the "more elongated" variants of the types 
3, 6 and 9 from HG x Am are not found among the corresponding 
types from HG x KE, which also read pt pt pd pd. However, 
the profit of a smaller variation in number of leaves does not 
compensate the disadvantage of the smaller differences in leaf-
base shape b e t w e e n the main types, i .e . classifying in the 
HG-KE families is more difficult than in the HG-Am families. 
Nevertheless leaf number again proved to be very helpful. 

Angle of venation must be used with more reserve as a s ide-
criterion than in the HG-Am families as the three iclasses now 
overlap considerably. There is no reason to reject the assumption 
of pleiotropic action of the Pd-pd genes (or units of .crossing-
over), as in F 3 ' s from selected plants segregation for angle of 
venation always coincided with segregation for petiole length (or 
leafbase elongation) and non-segregation with non-segregation. 

The factor-pair Pd-pd affects flower shape, qualitatively in the 
same way as Pt-pt (Ch 1 § 6e), but quantitatively to a lesser ex­
tent. In the segregating generations the KE-type flowers (Pd Pd) 
have a less s lender tube and throat and a less pointed limb con­
tour and calyx lobes than the Am-type flowers (Pt Pt). 

The enumeration data concerning the backcrosses a re as 
follows (type Nos. between brackets): 
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(HG x KE) x H G 11(2) 28(5) 
53-219 18(3) 14(6) 

29 42 

X 2 (3 d .f . ) = 9.282 

(HG x KE) x KE 16(4) 17(7) 
53-220 19(5) 20(8) 

35 37 

X 2 (3 d .f . ) = 0.556 

39 
32 

71 

P 

33 
39 

72 

P 

17.75 3 
17.75 : 

L7.75 
L7.75 

35.50 35.50 

= 0 .05-0.02 

18 18 
18 18 

36 36 

36 
36 

72 

= 0 .95-0.90 

35.50 
35.50 

71.00 

In supplement to the b a ckc ro s s to HG, which shows a r a t h e r 
h igh X 2 -va lue , a f ami ly (54-104) was r a i s e d tha t r e s u l t ed f r om 
the c r o s s F t (53-213-17) x type 3 f rom F 2 ( 53-223-174) . A r andom 
s amp le of 74 out of 97 p lants w e r e se l fed and f rom the p rogen ies 
it a ppea red tha t 4 p lants had been c lass i f ied e r r oneous l y , v i z . 2 
p lants as type 5 ins tead of type 6 and 2 p lants a s type 3 ins tead of 
type 2. The c o r r e c t e d f requencies a r e : 

(HG x KE) x type 3 
54-104 

21(2) 23(5) 
30(3) 23(6) 

44 
53 

24.25 24.25 
24.25 24.25 

51 46 97 

X 2 (3 d .f . ) = 1.9 28 P 

48.50 48.50 

0 .70-0.50 

48.50 
48.50 

97.00 

In the F2, notably the types 7, 8 and 9 w e r e difficult to c l a s s i fy . 
Up to 10% of the p lants may have been c lass i f ied wrongly . T h e r e ­
fore the t h r e e f requencies have been pooled. 
F? f r o m HG X KE 14(1) 38(4) -(7) - 18.625 37.250 

^4-091 33(2) 70(5) -(8) - 37.250 74.500 
18(3) 43(6) -(9) - 18.625 37.250 

65 151 82 298 74.500 149.000 74.500 298.000 

X 2 (6 d .f . ) = 3.5 84 P = 0 .80-0.70 

F r o m al l t hese data it a ppea r s that t h e r e is no r e a s on to r e j e c t 
the hypothes is of two independently s eg rega t i ng f a c t o r - p a i r s . 

Ch 1 § 8. THE HG-Atr FAMILIES 

Not only both p a ren t s (Ch 1 § 3) and the Fi (Ch 1 § 5), but a l s o 
a l l b a ckc ro s s and F 2 p lants were of type 3 in having a " c on s t r i c t ­
ed" leafbase (very s ho r t pet iole and n a r r ow wings) and an obtuse 
angle of venat ion. Like the p a r en t s , a l l p lants had f lowers with an 
inflated t h roa t and a pentagonal l imb contour . The genet ic ident i ty 
of HG and A t r with r e s p e c t to t hese c h a r a c t e r s a l s o a ppea r s when 
t hey a r e c r o s s ed t o Am (or KE) . The re fo re we can w r i t e pt pt .pd 
pd b r b r for A t r too . 

The c a rmine f lower colour of A t r (Pk Pk) is c omple t e ly d om i -
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nant over the pink colour of HG (pk pk). In the F 2 (53-234) the f r e ­
quencies 213 c a rmine and 68 pink were found (X2 = 0 .096; P = 
0 .80-0.70). Th is f a c t o r - p a i r h a s been mentioned by s e v e r a l a u ­
thors (Ch 1 § 13). 

Ch 1 § 9. THE A t r -Am FAMILIES 

Regard ing leaf s hape , leaf number and f lower shape A t r is s i m ­
ilar to HG (cf. T a b l e 1). The i r genotypic identity (both a r e pt pt pd 
pd b r b r ) has been s t a ted in the foregoing pa rag raph . The Fi A t r 
x Am r e s e m b l e s the Fi HG x Am c lose ly ( C h i § 5 and F i g s . 5a and" 
5b). 

The phenotypic and genetic p rope r t i e s of the s eg rega t ing f ami ­
lies of the A t r - A m m a t e r i a l r un complete ly pa ra l l e l to those of 
the HG-Am m a t e r i a l ( desc r ibed in Ch 1 § 6). In fact the photo­
graph of the 9 " ideal t y p e s " f r o m the jcross between HG and Am 
(Fig. 6) is a lmos t ident ical to a photograph that might be given for 
the 9 " idea l t y p e s " f r o m the c r o s s between At r and Am. Regard ing 
plant v igour the A t r - A m fami l ies show more va r ia t ion than the 
co r r e spond ing HG-Am fami l ies and the s ame can be sa id of the 
A t r -KE f ami l i es (Ch 1 § 10) a s compared to the HG-KE fami l ies 
(Ch 1 § 7). In a l l p robabi l i ty this is pa r t ly or wholly a r e f lec t ion 
of the h igher suscep t ib i l i ty of At r to envi ronmenta l d i f ferences 
(cf. C h i §3b ) . 

The f r equenc ies in the b a ckc ro s s e s (4 leaf types in each) and in 
the F 2 (9 types) a r e as follows (type Nos . between b r acke t s ) : 

(Atr x Am) x A t r 
52-155 

13(2) 16(5) 
11(3) 10(6) 

24 26 

X2 (3 d.f.) = 1.680 

29 
21 

12.5 
12.5 

12.5 
12.5 

50 25.0 25.0 

P = 0.70-0.50 

25.0 
25.0 

(Atr x Am) x Am 
52-156 

13(4) 14(7) 
10(5) 13(8) 

23 27 

27 
23 

12.5 
12.5 

12.5 
12.5 

X 2 (3 d .f .) = 0 .720 

p 2 (Atr x Am) 13(!) 3fi(4) 19(7) 
53-238 3°(2> 78f5> 4-3(8> oo ĉ5« 1S(3) 3 6 (6 ) 19 (9) 

50 25.0 25.0 

P = 0 .90-0.80 

50.0 

25.0 
25.0 

50.0 

58 150 81 

68 
151 
70 

18.0625 36.1250 18.0625 
36.1250 72.2500 36.1250 
18.0625 36.1250 18.0625 

289 72.2500 144.5000 72.2500 

72.2500 
144.5000 
72.2500 

289.0000 

X 2 (8 d .f . ) = 4.8 41 P = 0 .80-0.70 

F2 (Atr x Am) 
55-035 

9(1) 
30(2) 
8(3) 

22(4) 13(7) 
59(5) 22(8) 
29(6) 8(9) 

47 110 43 

44 12.5 25.0 12.5 
111 25.0 50.0 25.0 
45 12.5 25.0 12.5 

200 50.0 100.0 50.0 

50.0 
100.0 
50.0 

200.0 

X 2 (8 d.f;) = 8.2 20 P = 0 .50-0.30 
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T h e r e is no r e a son to r e j ec t the a s sumpt ion of two independently 
s eg rega t ing f a c t o r - p a i r s . It should be noted tha t on adding the two 
F 2 ' s f rom At r x Am, one obtains 105 b r b r and 384 B r , with X2 

(1 d . f . ) = 3.245 and P = 0 .10-0.05. Th is indicates a s ho r t age of 
the b r b r t ypes . A s im i l a r sho r t age was found in the F2 f rom HG 
x Am (cf. Ch 1 § 6b), the cause of which r ema i n ed o b s cu r e . The 
d i s turbance of the B r r b r s eg rega t ion does not p r even t us from 
concluding to two independently s eg rega t ing f a c t o r - p a i r s . 

Regarding f lower colour the two F 2 ' s gave the f r equenc ie s 361 
c a rm ine and 128 pink (expected 366.7 5 and 122.25). 

The f a c to r -pa i r for f lower colour (Pk-pk) is c l o se ly linked 
with the f a c to r -pa i r for wing width ( B r - b r ) . KELANEY (1925) 
was the f i r s t to desc r ibe this l inkage. 

The parent formulae a r e At r = Pk b r / P k b r and 
Am = pk B r / pk B r 

The F 2 f requencies a r e : 

F 2 (53-238) b r b r Br b r B r B r 

c a rmine (Pk . ) 
pink (pk pk) 

F 2 (55-035) 

58 
0 

136 
14 

10 
71 

8.2% s . e . 1.7% 

ca rmine (Pk . ) 
pink. (pk pk) 

b r b r B r b r B r B r 

46 
1 

101 
9 

10 
33 

p = 11.3% s . e . = 2.4% 

In o rde r to apply the p r oduc t - r a t i o method in the coupling phase 
the b r b r and B r b r c l a s s e s were pooled, which led t o the f requen­
c ies 147, 10, 10 and 33. The r ecombina t ion f r ac t ions (p) and the i r 
s t anda rd e r r o r s ( s . e . ) were r e ad f rom the t ab les cons t ruc t ed by 
STEVENS (1939). The l a t t e r e s t ima te (p = 11.3%) is somewhat 
high a s in s e v e r a l o ther F 2 and b a ckc ro s s f ami l i e s (not p r e sen ted 
he re ) r ecombinat ion f rac t ions of 7% to 8% we re found. 

Ch 1 § 10. THE A t r -KE FAMILIES 

An equally r ig id p a r a l l e l i sm a s was found t o ex i s t be tween the 
A t r -Am famil ies and the HG-Am f ami l i e s , is a l s o found in com­
par ing the A t r -KE fami l ies with the HG-KE f am i l i e s . The Fi Atr 
x KE r e s emb l e s the Fi H G x K E c losely (cf. Ch 1 § 5 and F i g s . 
5a and 5b). With r e s p e c t to a l l f ea tu res under d i s cu s s i on the 9 
" ideal t ypes " f rom the c r o s s A t r x KE can be t aken t o be v e ry 
a dequa t e ly . r ep r e sen t ed by the photograph of the 9 t ypes f rom the 
c r o s s HG x KE (Fig. 14). 

The following f requencies we re obtained: 

(KE x At r ) x A t r 
52-147 

15(2) 13(5) 
9(3) H(6) 

28 
20 

12 12 
12 12 

24 24 48 

X2(3 d.f.) =1 .667 P 
24 24 

0.70-0.50 

24 
24 

48 
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(KE x At r ) x KE 
54-093 

25(4) 21(7) 
23(5) 28(8) 

48 49 

46 
51 

24.25 24.25 
24.25 24.25 

97 

48.50 
48.50 

X2 (3 d .f .) = 1.103 

F 2 (KE x At r ) 15(1) 32(4) 10(7) 57 
53-236 37(2) 67(5) 42(8) 146 

17(3) 39(6) 15(9) 71 

48.50 48.50 
P = 0.80-0.70 

97.00 

17.125 34.250 17.125 
34.250 68.500 34.250 
17.125 34.250 17.125 

69 138 67 1274 68.500137.000 68.500 

X 2 (3 d .f . ) = 6 .307 P = 0.70-0.50 

68.500 
137.000 

68.500 

274.000 

The b a ck c r o s s t o KE (54-093) s eg rega ted into 50 c a rmine and 47 
pink. The F 2 (53-236), 243 plants of which were c lass i f ied for 
flower co lour , gave 190 c a rmine and 53 pink (expected 182.25 and 
60.75). 

The r e combina t ion f rac t ion was calculated f rom: 

Backc ross (54-093) 

c a rm in e (Pk . ) 
pink (pk pk) 

Br b r B r Br 

F 2 (53-236) 

47 3 
1 46 

r br and Br br 

184 
2 

p = 4.1% 
s.e. =2.1% 

Br Br 

6 p = 3.0% 
51 s.e. = 1.0% 

c a rm ine (Pk . ) 
pink (pk pk) 

In the F 2 the b r b r and B r b r c l a s se s have been pooled to apply 
the p r oduc t - r a t i o method in the coupling phase . STEVENS ' t ab l e s 
for the p r oduc t - r a t i o (1939) we re used to find the r ecombina t ion 
f ract ion (p) and i ts s t anda rd e r r o r ( s . e . ) . The p -va lues a r e much 
lower than those found in the A t r -Am famil ies (Ch 1 § 9). As both 
KE and Am have the s ame fac tor B r (Ch 1 § 11) the difference is 
p r e sumab ly g ene ra t ed by c r o s s i ng -ove r mod i f i e r s . It should "be 
noted, howeve r , tha t the p r e sen t A t r -KE fami l ies a l l had the KE 
p lasm, and the A t r -Am fami l ies the A t r p l a sm. The re fo re the 
p lasm may a l s o be r e spons ib l e for the difference in c r o s s i ng - ove r 
p e rcen tage . 

Ch 1 § 11 . THE KE-Am FAMILIES 

The F t (Ch 1 § 5 and F i g s . 5a and 5b) is i n t e rmedia te be tween 
its p a ren t s in a l l r e s p e c t s under d i scuss ion . c o 1 Q 1 c , 

The F i KE x Am was selfed to give the F2 f ami l ies 52 -131 , 5 3 -
237 and 55 -036 , e ach consis t ing of 300 plantsi and b a ckc ro s s ed 
to KE and Am to give r e spec t ive ly 100 + 75 (52-150 and 53-230) 
and 100 + 75 (52-152 and 53-232) b a ckc ro s s p lants . 

All p lants of t h e se fami l ies were s e s s i l e i . e had b road 
wings. In v iew of the l a rge numbers of plants the absence of p e -
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tioled(i.e. narrow-winged) segregants provides convincing evi­
dence that KE and Am differ from HG (or Atr) with respect to the 
same locus for wing width: KE = Br Br, Am = Br Br, and HG (or 
Atr) = br br. 

With respect to leafbase elongation (etc.) the F2 shows trans­
gression. On the one hand plants are found with a very short leaf-
base, very broad wings, broad leaves, an obtuse angle of venation 
and a pentagonal limb contour, thus in all respects resembling 
type 9 (see Fig. 6 or Fig. 14). On the other hand plants are found 
with an extremely long leafbase, relatively narrow wings, con­
spicuously narrow leaves, a very acute angle of venation and a 
deeply incised limb contour, thus surpassing Am in all these 
characters. A number of these extreme individuals were selfed 
and the progenies did not segregate for the characters mentioned. 
Now, after 4 generations of selfing, the two new lines (Fig. 15) 
are about as uniform as KE and Am. 
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baJe^liTfr/"?6 F z suggests that the factor for leaf-
base elongation (etc.) of KE (Pd ; Ch 1 §§ 7 and 10) and that of 
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Am (Pt ; Ch 1 §§ 6 and 9) are on different loci. In F2 and in the 
backcrosses (all plants Br Br) no discrete classes could be d is­
tinguished and therefore no reliable classification could be made. 
As said before, the contrasts between the petiole length classes 
on the Br br' level a re much sharper than those between the c las­
ses for leafbase elongation on the Br Br level. Therefore the Fi 
KE x Am was also crossed with the very short-petioled types HG 
and Atr, both br b r . The progeny (all plants Br br) segregated 
into f o u r d i s t i n c t c l a s s e s . Putting KE = pt pt Pd Pd and 
Am = Pt Pt pd pd, the Fi writes Pt pt Pd pd and the cross Fi xHG 
(or Atr) writes Pt pt Pd pd x pt pt pd pd. The four resulting types 
and their frequencies a re : 

Pt pt Pd pd 

P t pt pd pd (cf. type 5 
f rom HG x Am) 

pt pt Pd pd (cf. type 5 
f rom HG x KE) 

pt pt pd pd (cf. type 6 
f rom both c r o s s e s ) 

To t a l s 

(KE x Am) 
53-229 

18 

15 

18 

20 

71 

x HG 
54-131 

18 

18 

13 

14 

63 

(KE x Am) 
53-231 

18 

21 

16 

17 

72 

x A t r 
54-132 

14 

19 

15 

17 

65 

Tota l 

68 

73 

62 

68 

271 

Exp . 

67.75 

67.75 

67.75 

67.75 

271.00 

The three latter types in the table are also found in families 
discussed ea r l i e r . The corresponding phenotypes resemble each 
other. The type Pt pt Pd pd surpasses type 5 from HG x Am r e ­
garding petiole length, acuteness of angle of venation, etc. The 
four types a re shown in Fig. 16. 

From the column for totals one obtains X2 (3 d.f.) = 0.897 with 
P = 0.90-0.80. Occasionally, it was difficult to distinguish between 
the two Pt pt c lasses and between the two pt pt c lasses, because 
the factor-pair Pd-pd has a relatively small effect. However, 
such cases were r a r e . It can be concluded that we have no reason 
to reject the hypothesis of two unlinked factor-pairs (Pt-pt and Pd-
Pd) for this complex of characters . In view of the amphidiploid 
origin of N. tabacum this situation is not surprising. 

It was stated ear l ier (Ch 1 § 6c) that within-type variation in 
Petiole length is closely connected with variation in number of 
leaves. The distribution of number of leaves is largely independ­
ent of the Pt-pt and Pd-pd classes (cf. Table 7 for Pt-pt). Due to 
the high leaf number of Am, each of the present types pt pt pd pd 
(Br br) and pt pt Pd pd (Br br) has on the average a higher leaf 
number, and consequently longer petioles and narrower wings, 
than the corresponding type from the HG-KE families. As a con­
sequence, a number of pt pt pd pd plants from (KE x Am) x HG, 
grown in 1952 were erroneously classified as pt pt Pd pd. This 
resulted into a misleading high variation in petiole length and, 
correlated to it in wing width in the supposed pt pt Pd pd c lass . 
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It was even thought that KE and Am had different alleles on the 
wing width locus. In later years , when with the help of the num­
ber of leaves the genotypes could be inferred more correctly 
from the phenotypes, the assumption was rejected. 

• t . 

*V 

:,u-

Fig. 16 From left to right: the types pt pt pd pd, pt pt Pd pd, Pt pt pd pd and Pt pd Pd pd from 
the triple cross (KE x Am)x HG = Fam. 53-229. All types are Br br. 

Ch 1 § 12. THE IDENTIFICATION OF FACTORS FOR LEAF-
BASE ELONGATION (ETC. ) IN VARIETIES HAVING 
SESSILE LEAVES 

Most of the tobacco varieties that are of economic interest 
have sessile leaves. In progenies from c rosses like type-9 * 

' f.X i * e t C ' * a m o r e o r l e s s continuous variation with 
v.nof- i e ^ b a s e elongation, wing width, leaf width, angle of 
venation and flower shape is met with. In our mater ia l the frame 
at genetic variation for this complex of characters was shown to 
be made up by the m a j o r f a c t o r s Pt-pt and Pd-pd. These 
lactors easily escape detection, at least in the sess i le types (Br 
?curPd Z**^**™? f a m i l i e s ^ e i r individual expression is ob-
f ™ ™ I a d ? u

l t l o n a l variation due to m o d i f y i n g g e n e s , 
TOe^aSctta?? g ? e S

f
 f ° r l 6 a f n u m b e r Play "anyimp^tagnt role, 

types in t p ™ g 5 w f S h a p e P a r t i e s , knowledge of the geno-
identif/catio™ nf + r ~ P t & n d p d " p d c a n b e u s e f ^ - A device for the 
f o re™IS Zl tSe g e n e S h a s b e e n implicitly suggested in the 
foregoing paragraph and will now be described in some detail. 
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Let Y be the sessi le (Br Br) variety to be tested. It is crossed 
first to some - or if necessary to all - o f four Br Br varieties 
with known genotypes Pt Pt Pd Pd, Pt Pt pd pd, pt pt Pd Pd and 
pt pt pd pd. The F i ' s a re then crossed to a very short-petioled 
(constricted) variety (pt pt pd pd br br) like HG. The resulting 
plants are all Br br and on this Br br level (petioled types) it will 
in general be comparatively easy to distinguish between segrega­
tion and non-segregation of the factors concerned, especially when 
we have as a basis for comparison the Ft from Y x HG. Care 
must be taken, however, not to confuse segregation for Pd-pd, 
which factor-pair has a relatively small effect, with variation 
that depends on variation in leaf number. Let e .g. the variety Y 
write Pt Pt pd pd. Then the following genotypes are obtained: 
(Y x Pt Pt Pd Pd) x HG gives Pt pt Pd pd and Pt pt pd pd 
(Y x Pt Pt pd pd) x HG gives Pt pt pd pd 
(Y x pt pt Pd Pd) x HG gives Pt pt Pd pd, Pt pt pd pd, pt pt Pd pd 

and pt pt pd pd 
(Y x pt pt pd pd) x HG gives Pt pt pd pd and pt pt pd pd 
The F t Y x HG is written Pt pt pd pd. „ . . , . . , 

The cross that does not lead to segregation gives direct infor­
mation about the genotype of Y, which, in terms of Pt-pt and Pd-
pd, is then equal to that of the sessile tester involved Additional 
confirmation is provided by the fact that the descendants of the 
cross involved have the same petiole length an*angle• oi venation 
as the Fi Y x HG, apart from variation due to modifying genes 

With this technique the varieties Havanna Connecticut (HC) and 
Havanna 2 C (H2C) have been tested. HC was ^ ^ f[°™ * ! 
U.S.A. and has been a laboratory stock since 1948_ H2C i s a se-
lection of the Forchheim tobacco institute imported^to the Nether 
lands about 1943. With respect to the characters under discuss on 
both varieties more or less resemble KB. H2C h a s ^ n t h e " f 1 ™ 
of maximum leaf length a length/width ratio of about 2.25 2^50 
and an angle of venation of about 60° Its ^ f ^ ^ l Z e ^ 
bles that of KE. HC shows about J.00 and 65°-70 .reapedtvely. 
Its leafbase is somewhat narrower than that of KE. Both varieties 
made the impression of being very uniform. 

Neither of the t es t -c ross families (KB x H2C) xtfGand.jKE x 
HC) x HG did segregate for leafbase shape and angle of jenat ion 
With respect to both characters they ^ ° & ? v T & test-Tross 
the F l HG x H2C and the F t HG x HC ^ P " ^ ^ ^ ^ 0 ^ . 
families (Am x H2C) x HG and ^ ^ ^ ^ ' ^ T ^ ^ t o 
gated into four types. Therefore both ^ C f J 1 ^ * e n t c o u l d n o t 
KB in having the pt pt Pd Pd g f S ^ J ^ t e s t c r i s e s , because 
be made a p r ior i , i . e . without making me tebi t o differ-
the two variet ies HC and H2C diverge (cf. above), due to oilier 
ences in genie background. 
Ch 1 § 13. DISCUSSION OF LITERATURE 

The number of characters known to segregate m a simple 
Mendelian way is not very large in Nicohana tabacum. 
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intensively studied are flower colour and leafbase shape. For 
reasons outlined in Ch 1 § 1 ("Introduction") it is interesting to 
compare the results and conclusions presented by the different 
authors with those of the present investigation. The following 
studies will be discussed in chronological order: HOWARD (1913), 
SETCHELL, GOODSPEED and CLAUSEN (1921, 1922), KELANEY 
(1925), BOURZEV (1928), RAVE (1935), GENTSCHEFF (1936), 
HONING (1923, 1927, 1939), MacRAE (1941), CLAUSEN and 
CAMERON (1944), KADAM and RADHAKRISHNAMURTY (1954), 
and KOELLE (1957). 

Miss HOWARD (1913) was the first to make a systematic study 
on the inheritance of leaf shape in N.tabacum. She crossed 
among others the sessi le varieties "Type 23" and "Type 38". The 
wing width of Type 23 was about 5 cm. in 1912 and about 7 cm. 
in 1913, that of Type 38 2.5-3 cm. in 1912 and about 4 cm. in 
1913 (Table XXVIII; I .e.) . As appears from Plate V and VI (1. c.) 
both parents had a well-marked sinus at a moderate distance from 
the axil, notably Type 38, the outline of which is described as 
"suddenly contracted". The Fi h a d " . . a bigger indentation than 
either parent" (wing width ± 3 cm. in 1913). In the F 2 petioled 
forms occurred ". . in which the amount of the lamina on either 
side of the petiole is less than 0.3 cm . " . There was also some 
indication of t ransgression in the other direction Nine F2 plants 
gave r ise to F3 ' s (p. 98 and Table XXVIH; 1. c . ) . Of these nine, 2 
plants (0.2 and 0.3 cm.) bred t rue, 2 plants (1.2 and 1.5 cm.) gave 
r ise to 1 petiolate : 2 intermediate : 1 sess i le , 3 plants (1.3 ? and 
? cm.) had progenies showing the F2 range of variation, and 2 
plants (2 6 and 6.6 cm.) did not have petiolate descendants. The 
author inferred two factor-pairs for "indentation". Petiole length 
or leafbase elongation were not discussed. Now it is probable that 
both factor-pairs are comparable in action with our B r -b r 1) be­
cause it appears from Plate XXI (I.e.), giving a large number of 
F 2 types, that there is relatively little variation in leafbase elon­
gation, or petiole length, the leafbases corresponding roughly to 

M „ w ? f ieZGl' a n d 2 ) b e c a u s e " appears from Table XXIV 
(1. c.) that no substantial segregation for angle of venation occur-

it talBtato°5fr5 i1941; s l e b e low) found t w o l o c i f o r w i«gwidth-
mpression that " ^ 5?*" H O W A R D <P- " » 1- c ) had the 

iXpe^iTi t^wSthoflh^Si factoris a r e inheri ted •••; 
the factor-niir- njTv, • J, e a f ' a s a l s o i n our mater ia l 
o f ^ t a f b T a d e ^ S l u S d T / p t p f £ ! » J ™ " * » ^ 
in accordance with our findiny^Ph t

e
annsh^sfadtesMO(peSV3eri l tc 

-£Sr tSardSe«nS.C,SUw^d < "** .«{?•• i nve s t i g a t i on s^ l 
of the length- T h p M ^ 5 - S a n b e "Merited quite independently 
number on^eafbase length fnd " * ^ T t h e i n f l u e n C e ° f l e a f 

Type 38 however rn . ,« iK a n d w i n g width. The cross Type 23 x 
tion in i earnumber as T^oV^- C / T i d e r a b l e genetic var ia-
had about 20 l e a v e n * P P In3 W h l c h has the broadest leafbase 

oout <su leaves and Type 38 about 34 leaves (cf. Table X ; l . c ) . 
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This undoubtedly rendered the analysis rather difficult and 
may account for the fact that t ransgression in the direction of 
broad bases could not be unambiguously stated. 

Miss HOWARD (I.e.) made also an attempt to analyse the in­
heritance of angle of venation, which was given to the nearest 
multiple of 5° (Tables XXII to XXIV; I .e.) . In the crosses only 
sessile types were involved. From the cross Type 9 (50°) x Type 
51 (80°) the Fi was intermediate, the F2 covered the whole range 
between the parental values, and in later generations (F3 and F4) 
not only the parent types were fixed but also types with 60° and 
65°-70°. Similar results were obtained from the cross Type 16 x 
Type 35. A two-factor segregation was suggested. These factors 
are comparable in action to our Pt-pt and Pd-pd for, as appears 
from the Plates I to IV ( I .e . ) , the Types 9 and 16 had, in ad­
dition to an acute angle, very narrow leaves and the Types 51 and 
35, in addition to obtuse angles, rather broad leaves. Moreover 
it appears from Table XXI ( L c ) that in the F2 from Type 16 x 
Type 35 the angle of venation and the ratio length/width were ne­
gatively correlated, which however was not appreciated as such, 
although it was stated (p. 96; I.e.) that "The data of the F3 genera.-, 
tion clearly point to the action of several factors in producing the 
difference between the widths of the two leaves". The author did 
not discuss leafbase elongation of the four (sessile) types in con­
nection with angle of venation. Nevertheless it seems justified to 
compare her Type 9 and Type 16 with our type Pt Pt Pd Pd Br Br, 
and her Type 51 and Type 35 with our type pt pt pd pd Br Br(cf. 
Fig. 15). 

SETCHELL, GOODSPEED and CLAUSEN (1921, 1922) crossed 
NJabacumvav angustifolia, which has a long, usually wingless 
Petiole and an acute angle of the lateral veins, with N. tabacum 
var. macrophylla, which is broadly sessile and has an obtuse 
angle of venation (Plates 56 to 58; 1922). The Ft had shorter pe­
tioles than "angustifolia", the petioles were definitely winged and 
the angle of venation was about intermediate. In the segregating 
generations attention was primarily focussed on the leatbase, 
though it appears that the total leaf shape was also taken into a c ­
count in distinguishing between the "centres of variation This 
was done without sufficient analysis of the pleiotropic action of 
the factors concerned. The inheritance of angle of venation was 
not discussed. Commenting on the F2 the authors state (p 471 
1922): "As respects leafbase characters, the s e g r e f ^ % h

S
e r ^ 

complex that no reasonable genetic analysis is Possibles There 
fore the F5 and subsequent generations were studied and mean 
while a number of constant leafbase types were selected (p. 474, 

S n o p h y l l a derivatives. These resemble the "angustifolia" 

2. LaSoUa derivatives. The petiole is shorter than in "angusti-

folia" and more or less winged illustration 
3- Auriculata derivatives. From the aescripxiuu <x 
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it appears that this type is constricted (= very short petioled) 
like our HG and Atr. 

4. Sessilifolia derivatives. These resemble the "macrophylla" 
parent. 

5. Lanceolata derivatives. These are sess i le , too, but the leaf 
is much elongated. 

6. Lorifolia derivatives. They resemble the lanceolata type, but 
the leaf is s t i l l narrower ("Cow's tongue" or "Lengue de 
vaca"). 

From the segregations in F3 and subsequent generations and in 
the F2 from crosses of the derivatives to the original parents (un­
fortunately only the most resembling parent) the following three 
factor-pairs were inferred (p. 492; 1922): 
1. S . versus s s . Petioled (stenophylla and latifolia derivatives 

and the "angustifolia" parent) versus sessi le (sessilifolia 
derivatives and the "macrophylla" parent). This factor-pair is 
comparable in action to our b r -Br . The authors seem to ex­
plain the shorter petiole of the Fi (as compared to the "angus­
tifolia" parent) in t e rms of the Ss condition, which is inconsist­
ent with our findings. 

2. L . versus 1 1. The long petiole of the stenophylla derivatives 
versus the shorter petiole of the latifolia derivatives. In the 
presence of ss (sessile) the action of this factor-pair was not 
distinguished. 

3. A . versus a a. The broad leafbase of the "macrophylla" parent 
versus the constricted leafbase of the auriculata derivatives. 
This contrast was said to be only present with ss (sessile) and 
" . . . evidently latent when in combination with SS or Ss" . 

From the foregoing it is clear that the material shows much 
analogy to ours, but that the genetic interpretation is different. 
Therefore a reinterpretation will be given in t e rms of factor-pairs 
operating like Pt-pt , Pd-pd, and Br -br . In doing so two argu­
ments are vital. 
1. Two almost wingless petiolate derivatives could be fixed: 

stenophylla (long petioles) and latifolia (shorter petioles) The 
F2 from the cross stenophylla x "angustifolia" parent did not 
segregate for petiole length (p. 490; 1922), while in the F2 from 
latifolia x "angustifolia" parent ". .the segregation was sharply 
into two c lasses : the stenophylla type of leafbase (long, naked 
petiole) and the latifolia type (shorter, winged petiole)", the 
ratio corresponding to 3 : 1 (p. 488; 1922). Among the progeny 
of one of the latifolia plants from the original F2 some au r i ­
culata plants were found (p. 477; 1922), which were considered 
as non-petiolate. As stated above, auriculata closely r e s em­
bles our HG-type (very short petioled). These points indicate 
that two factor-pairs for petiole length like our Pt-pt and 
Pd-pd are present, and that it seems not necessary to intro­
duce the factor-pair A-a along with S-s 

J116 f ^ r S
T

m ? d e a n a t t e m P t to classify the F2 into the c l as ­
ses (Table I; 1922) petiolate and non-petiolate. Comparing 
the frequencies 339 and 152 with the 3 S : 1 ss ra t io one ob-
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tains X2 (1 d.f.) = 9.287 and P = 0.01-0.001. However, ". . the 
plants were thrown into the petiolate class if they were distinct­
ly narrowed at the base, and whether naked or winged" (p. 470/ 
471; 1922). When this means that the auriculates were included, 
the theoretical rat io in terms of S-s and A-a would be 13 : 3, 
which leads to an even higher X2-value. When, however, we 
consider a triheterozygous Fi like Pt pt Pd pd Br br and 
gather all br br and Br br plants with the exception of the pt pt 
pd pd Br br (type 6) plants, we expect.(3/4 - 2/64) x 491 = 353 
i n a F 2 family of 491 plants. This leads t o X 2 ( l d.f.) = 1.948 
and P = 0.20-0.10. 

On the basis of the foregoing considerations we suggest for the 
"angustifolia" parent Pt Pt Pd Pd br br instead of L L a a S S, for 
the "macrophylla" parent pt pt pd pd Br Br instead of 1 1 A A s s , 
and for auriculata pt pt pd pd br br instead of 1 1 a a s s. This 
means that A-a has been cancelled and a second factor-pair for 
petiole length has been introduced. 

Regarding the lorifolia and extreme lanceolata type additional 
factors are by no means excluded. The authors say: "Their gene­
tic relation to the other forms is, however, not well established 
. . . " (p. 491; 1922). No ratios of occurrence in F2 have been given, 
so maybe the types were exceptions. 

KELANEY (1925) listed a number of varieties (furnished by 
CLAUSEN) in t e rms of leafbase shape (p. 46; I .e . ) without men­
tioning the differences in angle of venation, which are very appa­
rent from his photographs. As far as can be concluded from the 
photographs (Figs. 1 to 6; I.e.) the different types closely r e sem­
ble certain types of our material and the angle of venation goes 
with leafbase shape in exactly the same way. 
L "Constricted". The leaves are " . . sharply constricted at the 

base, nearly if not quite to the midrib, . . ". The angle of ve­
nation is obtuse. The constricted parent N. tabacum var. pur­
purea probably is identical to Atr (cf. Ch 1 § 3a). 

2. IPetioled" "Petioled leaves possess a distinct petiole, which 
rS variable in length and in wing development". They even may 
be wingless. The angle of venation is acute. 

3-^Lanceolate". These leaves are ". . sessile and taper gradual­
ly towards both base and apex, . . " . The angle of venation is 
acute. The type may be compared with Am and KJi. 

4. !lBroad". The leaves are also sessile and have . broad, 
PaHIiiry-clasping basal lobes, . . ". "They do not ordinarUydif­
fer sufficiently from lanceolate to permit " c u r a t e clasarfica-
tion in mixed progenies". The angle of venation is more or 

The l e :u tSorUS
s
e taS Z ^ l l \ "However, though in some cases 

Jz W a T e x T r e ™ " c ^ e x , it was possible to c l i s t ^ ^ x n 
f o r m s a s centres of distribution and by studying F3 progenies to 
arrive-at- a satisfactory idea of the significance of particular F 2 
types" 

As to the cross constricted x lanceolate, the F l had petioles of 
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modera t e length with s l ight wing development and the F2 was 
c lass i f ied into 9 pet iolate : 6 s e s s i l e : 1 c on s t r i c t ed . F r o m this 
and o ther c r o s s e s KELANEY postulated aa v e r s u s AA forpe t io led 
and cons t r i c ted v e r s u s l anceola te and b road ; SS v e r s u s s s for pe-
t ioled and lanceolate v e r s u s cons t r i c ted and b road . This compares 
with our nine types (between b r a cke t s ) , a r r a n g e d a s in F i g . 6, as 
fol lows: 

S . . a petioled S . A A l anceo la te 
- ( 1 , 2 , 4 , 5 ) (7 ,8) 

s s a a cons t r i c ted s s A . b road 
(3) (6 ,9) 

It should be noted that KELANEY u se s S-s and A - a in a different 
way f rom SETCHELL et a l . (1922): S-s now s t ands fo r petiole 
length and is comparab le in ac t ion to our P t - p t (or P d - pd ) , while 
A - a now s tands for s e s s i l e v e r s u s petioled and c o m p a r e s with 
our B r - b r . The i n t e rp re t a t ion given by KELANEY a g r e e s much 
mo r e with ours than that of SETCHELL et a l . (1. c ) , fo r no s e ­
para te f a c t o r - pa i r was in t roduced to explain the c ons t r i c t ed con­
dition and it was r e a l i s ed that the f a c t o r - p a i r which g ene r a t e s the 
pe t io led -cons t r i c t ed difference a l s o g ene r a t e s the l anceo la t e -
broad con t r a s t . In the m a t e r i a l of KELANEY, only one fac tor -
pair for petiole length (cf. P t -p t ) was involved, in that of 
SETCHELL et a l . (1922) probably two (cf. P t - p t and P d - pd ) , as 
was a rgued in d i scuss ing that invest igat ion. 

Cons iderable r e f inement could have been added t o the ana lys i s , 
a s KELANEY is aware h imsel f : 
1, -In the p r e sen t invest igat ion cons ide rab le d i f fe rences in pe­

t iole length we re observed , but no a t t empt was made t o analyze 
t h em" (p. 53; I . e . ) . A s im i l a r r e m a r k might have been made 
with r e spec t t o the leafbase e longation of the l anceo la t e s (S . 

2. "Wing development of the petiole and leaf s hapes s e e m e d to be 
« ? e £ f - n t e ? » ? l e a f - ba s e t ypes , but the point was not c e r ta in ly 

S S h e
+

 d " . P - 5 3 ; l . c . ) . - T h i s p r e l im ina ry i m p r e s s i o n is not 
cons is tent with our f indings. 

3" ?„°„ iU S%W a S m a d e ° f t h e opportunity to s tudy the i nher i t ance of angle of venat ion. 

( l a I c L f a t e " T i n k r n n w ( C T t r i c t e d ; c a r m i n e f l°we^) x "apetala" 
ffS fhp h ?7 e r S ) W ,aS P e t i° l e d w i t h c a r m i n e f l owers (A a 
was ' ca lcu^a ted as 7 N T S \ d a l a t h e P e r c e n t a g e of c r o s s i ng - ove r 
( S 1 § T h e r e f o r ; t ' W h ! C h c o m P a r e s wel l with our findings 

SwitMr^^ 

cr^sefmSJ^E^H^^ * ^ f°Und i n t h e ^ ^ o f c e r t a U l 

l e a v e s - a S wa ^ ^ X ^ t £ l Q r * ? \ * * h a v i n g " ^ b p e t i o l a t e 
can inves t iga tors Tn fact I t s i £ L a u r i c u l a t a " ^ °f the A m e r i -

B u *». m lact i ts leafbase r e s e m b l e s tha t of our HG 
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(constricted = very short petioled) as can be seen from Plate 1 -
Fig, 3 ( I . e . ) . The plant was selfed giving Fam. No. 283, which 
showed a large diversity of leafbase phenotypes, " . . . ranging 
from an almost glabrous petiole to a typical broad sessile base. ." 
(p. 89; 1. c ) . The plant was also crossed to a "constant subpetio-
late type" (Nic.Tab.No. 343), giving the Fam. Nos.593 and 594, 
which also exhibited a large variation in leafbase shape. 

BOURZEV seems to have focussed attention primarily on wing 
width and says that ". . . it did not appear possible to establish 
definite l imits between the different types of leaf base on account 
of all the intermediate forms having been displayed, . . " (p. 88; 1. 
c ) . He distinguishes 5 main forms (A-E) and infers from a l a rge 
number of progenies four cumulative polymerous factor-pairs for 
wing width. 

A close examination of the many tables and drawings convinced 
me that the data presented can be adequately interpreted on the 
basis of a bifactorial segregation as found in the HG-KE families 
(cf. Fig. 14). The original heterozygous "subpetiolate" type then 
is pt pt Pd pd Br br (type 5 in Fig. 14) and the "constant subpetio­
late" type pt pt pd pd br br (type 3 in Fig. 14). For this the fol­
lowing arguments can be given: 
1. Although BOURZEV made no statements about the angle of 

venation, it appears from a series of 28 drawings (Plates VI to 
XIII; 1. c.) representing the whole range of leafbase types, that 
the types grouped as "petioled with narrow' border" all have 
relatively acute angles of venation, while among the broad 
based types both acute and obtuse angles are found except for 
the very broad based ones which all show an obtuse angle. 

2. The leafbases of the original plant (Plate I - Fig. 3; I.e.) and 
the "constant subpetiolate" type (Plate II - Fig. 1; I.e.) r e ­
semble each other. However, the angle of venation of the lat­
ter is obtuse, that of the former relatively acute. 

3. In the progeny from the cross between the original plant and" 
the "constant subpetiolate" type, the types with very narrow 
and those with very broad wings are very scarce (Table 2; 1. c.) 
as compared with the progeny obtained from selfing the origi­
nal plant (Table 1; 1. c ) . This is not surprising when we recall 
that in our backcross (HG x KE) x HG only the types 2, 3, 5 
and 6 occur and not the types 1 and 9 (cf. Fig. 14). 

4. Also a very broad based variety with an obtuse angle of vena­
tion (Plate I - F ig 1) was crossed with the "constant subpetio­
late" variety. The leafbases of the progeny were described as 
"greatly shortened" and BOURZEV speaks of " . . . interior 
factors . . . which apparently effect a general shortening of 
the leafbase" (p 89; 1 c ) . This is not surprising either when 
we recal l that in the progeny of type 3 x type 9 the average 
leafbase is shorter than in that of type 3 x type 5, the dif­
ference being generated by Pd-pd. 

At Forchheim (Germany), RAVE (1935) studied varietal crosses 
and was particularly interested in the genetic basis of the petioled 
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condition. The varieties of main interest resembled strikingly 
those used in the present investigation. 
1. Amersfoorter. As appears from the photograph (p. 6; 1. c.) and 

the description (p. 3; I.e.) its type of leaf is identical to that 
of our laboratory stock of that name (Am). 

2. Fa rmos . Like HG it is a Hungarian variety. The two compare 
well regarding the broad leafblade, the obtuse angle of vena­
tion and the constricted (= very short petioled) leafbase. 

3. Alban. This Italian variety has the same type of leaf as Fa r -
mos. 

4. U-stamm. A selection which resembles our KE to some extent. 
The F i ' s Amersfoorter x Farmos and Amersfoorter x Alban 

have distinct petioles and an intermediate angle of venation (Figs. 
8 and 9; I .e . ) . The a r r ay of phenotypes in the F2 and the back-
crosses (Figs. 10 to 21; I.e.) is s imilar to that, found in our HG-
Am families. RAVE's classification into 12 types is based on 1) 
presence or absence of a petiole and 2) degree of resemblance of 
the general leaf habitus (colour, undulation, angle of venation, 
elongation, e tc.) to that of the parent types. His conclusion reads 
(p, 18; I . e . ) : "Fur die Sorte Amersfoorter ist auf Grund von 
Kreuzungsanalysen der Nachweis erbracht, d'asz bei ihr ein oder 
mehrere latente Erbanlagen fur Bestielung vorhanden sind. Doch 
t r i t t solches nur bei.. Combination niit bestimmten Typen. inEr-
scheinung". Thus RAVE could not arr ive at a simple factorial ex­
planation.' However, in many respects the analogy between his 
and our material is so striking that it seems justified to infer an 
identical genetic situation. In the case of the long petioled plant 
from Fi x Amersfoorter which on selfing gave r i se to a progeny 
consisting of non-petioled types only (type I I /c ; p. 10; 1. c.) some 
mistake seems to be involved. 

There a re also good reasons to infer an analogy between RAVEs 
Farmos (or Alban) x U-stamm and our HG (or Atr) x KE proge­
nies. 

GENTSCHEFF (1936) used for his crosses two variet ies with 
wingless petioles and three "sess i le" (constricted included) var ie­
ties with different leafbase width. In all three c rosses studied one 
parent was petioled, the other sess i le . The F j ' s were petiolate 
with wing width proportional to that of the sessi le parent involved 
(Fig. 5; I . e . ) . From F2xand F3 analyses, during which attention 
was focussed on wing width, a polymeric factor explanation was 
suggested: 

Variety 

Barbura 
Alba 
Macrophylla 
Sanguinea 
Angustifolia 

Wing width 
in cm. (p. 197; I.e.) 

5.20 
3.32 
1.70 

wingless 
wingless 

Number of factor-pairs 
for broad base 

3 
2 
1 
0 
0 
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The angle of venation and the length of the petioles (or in the 
case of sessi le types the level of the sinus) were not taken into 
consideration. However, the photographs and drawings give clear 
illustrations of these characters . The genetic relationships be­
tween the types probably not depend on factors for wing width only 
as will be shown by the following reinterpretation. 
L Macrophylla x Angustifolia (Fig. 4 and Tables V and VI; 1. c . ) . 

These variet ies a re probably related to those of the same 
name used by SETCHELL et a l . (1921, 1922). However, GENT-
SGHEFF's macrophylla had a constricted instead of a broad 
leafbase (Fig. 5; 1. c . ) . In the F2 and the F3, constricted (ob­
tuse angle), narrow-winged petiolate, and long-petioled (acute 
angle) types were encountered. The first and third types bred 
true. This compares well with the monofactorial segregation 
for petiole length (Pt-pt) obtained by crossing type 3 and type 
1 from the HG-Am families (cf. Fig. 6). 

2- Angustifolia x Alba (Fig. 3 and Tables HI and IV; 1. c.). The F2 
and F 3 plants ranged from wingless petioled to sessile with a 
rather broad base . As the length of the petioles in the petioled 
and the amount of leafbase elongation in the sessile types were 
of comparable magnitudes, and moreover all angles of venation 
were more or less acute, the cross can be compared with type 
1 x type 7 from the HG-Am families. However, not one but two 
factor-pairs for wing width seem to segregate, because in the 
P3 a petioled type with a fair amount of wings was fixed. 

3- Sanguinea x Barbura (Fig. 2 and Tables I and H; 1. c ) . The pa­
rents resemble the types 1 and 9 from the HG-Am families 
(Fig. 6). A number of F 2 types resembling the parents bred 
t rue,as a lso did some plants that were more or less constrict­
ed with an obtuse angle of venation. It cannot be decided with 
certainty whether in this cross a two-factor explanation is sul-
ficient or one more factor-pair for wing width is involved as 
the author suggests. 

HONING (1923, 1927, 1939) studied a mutant found in the va­
riety Deli. Deli has sessi le leaves with a marked smusanda r e ­
latively narrow base (Plate I - Fig. 1; 1923)-^\mat^t}Jf^' 
rms-heterozygote»)had long naked petioles. The homozygous de 
J * » t a - p i a S had extremely long naked petioles a n d i n u c h ^ j -
d?ced leafblades, the highest leaves being even " . . . bios> M ^ e l 
"PPen ohne Spreite" (p8459; 1923). The normal versus d e t e nu s 
factor-pair was f irst (1927) called N-n, but later (1939) Def def 
. Hatano (Fig. 1; 1939) is a narrow-winged petioled va r ie ty i t f 
^ n g frô m f h e ' s e s s i e D e U i n a factor ' ° V " ^ P w t a n ^ £ t e r 

J > . 3; 1927) had a slightly shorter petiole and ^ " t a t b r oader 
£**• than Hatano. The cross can be compared with the cross 
gPe 1 x type 7 from the HG-KE families i ^ f ' ^ ' ^ 
f a c t o r . p a i r £ o r y e r s u s s e s s i l e was probably studied m 

Presence of Pd Pd. It was first called F ' V i l j j l n Sessi le) x 
g cuas ing comparable c rosses , viz. Vorsten anden ( - s s i l e ^ x 
^ a k o m b o (petiolate, narrow winged) and Vorsteman 
HONING called it S-s (1939). 
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Regarding the combined segregation (p. 6-9; 1927), the dihetero-
zygote (Pd Pd) Def def S s had long wingless petioles like the 
"deformis-heterozygote". On selfing it, about 25% of the plants 
were "deformis" (def def) and about 50% had long wingless pe­
tioles (Def def). In the remaining group (Def Def) the hypostatic 
factor-pair S-s gave the segregation 1 petioled with narrow wings 
(S S) : 2 petioled with broader wings (S s) : 1 sessi le (s s ) . 

The factor-pair S-s is s imilar in action to our b r -B r . Def-def 
influences petiole length, angle of venation, leaf width and wing 
width and therefore can be compared with pt-Pt, though the action 
of def is much more extreme than that of Pt. Its influence on 
wing width is very pronounced, for Def def Pd Pd s s has a long 
naked petiole, while Pt Pt Pd Pd Br Br (cf. our Fig. 15) is de­
finitely sessi le . Nevertheless it seems reasonable to consider 
S-s as a factor-pair for wing width and Def-def as a factor-pair 
for leafbase length, angle of venation, etc. 

Of the many crosses analysed by HONING (19 39) one is of par­
ticular interest, viz. Atropurpurea x Vorstenlanden 120. His 
Atropurpurea is a direct ancestor of Atr used in the present ex­
periment. The Fi was described as "constricted". The cross is 
comparable to our Atr x KE = (pt pt) pd pd br br x (pt pt) Pd Pd 
Br Br (cf. Fig. 14). In the F2 452 "winged" and 217 sessile 
were found. HONING remarks (p. 135; 1939): "Now it is possible 
that in this cross some F2 plants have been counted as sessile, 
which from the point of view of their genotype should be considered 
as winged, . . . " . Therefore it is quite possible that the majority 
of the plants resembling our type 6 was counted as sess i le . This 
sufficiently accounts for the discrepancy from the 3 ( . br) : l(Br 
Br) ratio. 

MacRAE (1941) studied derivatives of a synthetic trigenomatic 
Nicotiana (N. triplex) obtained by CLAUSEN. It originated from 
an unreduced gamete of the hybrid N. tabacum (2n = 48) xN-
tomentosiformis (2n = 24) fertilized by pollen of N. sylvestris 
(2n - 24). In meiosis it exhibited 24 bivalents which is not sur­
prising a s , according to GOODS PEED (1934), there is thorough 
justification to assume that some progenitor of N.tomentosaov 
N. tomentosiformis along with some progenitor of modern JV. syl­
vestris entered into the production through amphidiploidy of the 
modern species called N. tabacum. N. triplex was crossed witha 
number of N. tabacum monosomies. After that, a number of uni­
form "triplex selections" were obtained by continued selfing. 
These differed in leafbase shape and, as I infer from the Plates I 
i n( + '•' *a l?° m a n § l e o f venation. The main forms were: 
i . constricted. Very short narrow-winged petioles and an obtuse 
9 ^g f venation, like HG and Atr (pt pt pd pd br br) . 

§ f ^%- iSS1i W i t h a b r o a d b a s e - T h e l e a f presented in Plate 
wv,-i" lg ( •> r e s e m b l e s our type 9 (pt pt pd pd Br Br), 
while those presented in Plate II ( I .e . ) have a somewhat less 
broad base and a slightly less obtuse angle of venation. 

6. Petiolate. Two different types are shown in Plate IV ( I .e . ) , 
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viz. 1) a type with a long naked petiole and an acute angle, 
like our type i in Fig. 6 (Pt Pt pd pd br br in the F2 from HG 
xAm) , and 2) a type with a naked petiole of moderate length 
and a less acute angle of venation, like our type 1 in Fig. 14 
(pt pt Pd Pd br br in the F2 from HG x KE). 

4. Semibroad. A ra ther short petiole with moderately broad 
wings. The angle of venation is very obtuse. 

5. Long-winged-petiolate. A rather long petiole with distinct 
wings and a ra ther acute angle of venation. This leaf type was 
selected in view of its resemblance to N. tomentosiformis 
(p. 18; I . e . ) . 

The latter two selections are unlike any of the homozygous 
types mentioned in the present publication. The five triplex se lec­
tions were not intercrossed but crossed to two existing 'N. tdba-
cum var ie t ies : 
1. Constricted. This is the Californian variety "purpurea" (U. C. 

B.G. No. 06-25) which probably is the same as our Atr (cf. 
Ch 1 § 3a). It was also used as the tabacum parent of the t r i ­
plex selections. 

2. Lanceolate., The sessi le leaves are narrower and have a lon­
ger, narrower base than "Broad". The angle of venation is 
less obtuse. Regarding these characters the type (Plate I -
Fig. 2; I . e . ) resembles KE (pt pt Pd Pd Br Br) much more 
than it does Am (Pt Pt pd pd Br Br). Therefore and for r ea ­
sons to be mentioned below, the type is probably Pd Pd and 
not Pt Pt as MacRAE writes. 

MacRAE discusses four factor-pairs for leafbase shape, viz. 
Pt-pt or better Pd-pd (see below), Br-br, Wp-wp and Pw-pw. 
The symbols Pt-pt , Pd-pd, and Br-br were listed a few years 
later by CLAUSEN and CAMERON (1944) and therefore have been 
adopted for my own material (cf. Ch 1 § 6a). 

Though the mater ial of MacRAE shows much analogy to that ot 
the present author and though his genetic interpretation is in 
several respects in accordance with that advanced in the present 
study, it is worthwhile io discuss the findings of MacRAE in some 
length because 1) the phenotypic expression of certain genotypes 
is somewhat different from that in the present material me 
classification in the segregating generations was often ™emcient 
and not in accordance with the genetic interpretation, and 3) ge 
nes were introduced that do not segregate in the present mate 

' ^ ^ c S l S ^ ^ i T i o d Br-br will be discussed first. 
From his analysis MacRAE inferred the following genotypes. 

Petiolate = Pt Pt br br Lanceolate = Pt Pt Br Br 
Constricted = pt pt br br Broad = pt pt * r *£ 

In general this is in agreement with the Endings of KELANEY 
(1925) and with the results of the present investigation However 
in th^ case of MacRAE's material it is more appropriate to use 
Pd-pd instead of Pt-pt. The reasons for this a re . 
1. As stated above his lanceolate P*™« ™s™^BJ£r

{$r? 
Pd Br Br) much more than it does Am (Pt Pt pd pd Br Br). 
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2. In the HG-Am families the types 5 (Pt pt pd pd Br br) and 4 
(Pt Pt pd pd Br br) are clearly petioled with narrow wings 
(cf. Fig. 6). In MacRAE's material the situation seems to be 
different. Referring to the cross constricted x lanceolate he 
states (p. 29; 1. c.): "The heterozygous forms were not strict­
ly petiolate. Instead they approximated the lanceolate type". 
The Ft petiolate x lanceolate was not called petiolate either 
(p. 31; I.e.): " . . . lanceolate in nature characterised by a 
fairly broad wing definitely rugulose, . . . " . Now, in the F2 
from HG x KE the diheterozygote type 5 (pt pt Pd pd Br br; 
Fig. 14) has rather pronounced wings and in the, case of a low 
number of leaves may even resemble type 6. Therefore it is 
likely that MacRAE's lanceolate parent is pt pt Pd Pd Br Br. 

In the following, MacRAE's P t - p t wi l l be r e p l a c e d by 
P d - p d , a l so in the q u o t a t i o n s . 

Though MacRAE is aware that his Pd . Br br types are less 
broadly winged than his Pd . Br Br types, he could not assign 
them to distinct phenotypic classes and decided to classify all 
these types as lanceolate, using the term petiolate only for leaves 
with almost or wholly wingless petioles. It is probable that his 
Br br types had somewhat broader wings than the corresponding 
types in the present material, as a result of a different genie 
background. This can also be said about other cases reported in 
literature: BRIEGER and FORSTER (1943), crossing a petiolate 
line with six sessile lines, found that petiolate was "recessive" in 
four of the crosses and "dominant" in the remaining two; KADAM 
and RADHAKRISHNAMURTY (1954) crossed a sessile type with 
three petiolate types and considered all three F,'s as sessile (p. 
65; 1. c.). 

In MacRAE's F2 from petiolate x lanceolate (p. 31; I.e.) only 
petiolate and lanceolate types are distinguished and no broad and 
constricted ones. Therefore it is probable that also the genotype 
ot the petiolate parent used is pt pt Pd Pd. 
- * T h * 3 f r o m c o n s t r icted x lanceolate (p! 29; 1. c.) was classified 
into 67 lanceolate, 17 petiolate, 7 broad and 6 constricted. This 
means that the author did not distinguish the Pd Pd types from the 
Pd pd types. On the basis of 9 (Pd . Br . ) : 3 (Pd br br) : 3 
(pd pd Br )1:1 (pd pd br br)the expected frequencies are 55,18,18 
and 6 which leads to X2(3d.f.) = 9.I3 and P = 0.05-0.02. It is 
possible that MacRAE classified some of the pd pd Br br plants 
(cf. our type 6 in Fig. 14) as lanceolate • 

i n ^ n m g
+

n ° - W i t 0 ^ h e f a c t o r-pairs Wp-wp and Pw-pw,not involved 
in our material, Wp-wp will be discussed first. 
I n d n n l 0 r°S> semibroad(Pd pd br br Wp Wp) x constricted 
r a t ion L - ^ P ^ approx ima ted semibroad and in the F2 the 
T h l w °!d (Wp.) : 1 constricted (wp wp) was found. 
S ™ P , ^ "K C o m p l 8 t e l y d o m i ^ n t the homozygous and he-
W ! y

D
g • *J*mibr°ads c o ^d not be assigned to distinct classes. 

Jk-Pk for nfnk ° m B r " b r a S " l e g a t e s independently of 
linked t o V r r w e Ti S

 1
C a r m i a e ( T a b l e l0J l -M , while Br-br is 

wUth onlvi?Pff +
 ; L C - ) . L i k e Br, Wp is a factor for wing 

wiatn, only its effect is much smaller. 
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Two semibroad selections were crossed with the lanceolate 
parent (Pd Pd Br Br wp wp). The F2 was classified as follows: 

Lanceolate (broad, 
normal and n a r row) 
Pet iolate 
Broad 
Semibroad 
Constr ic ted 

Tota ls 

Number of 
l oc i with 

"dominant" 
a l l e le 

3 or 2 

1 (Pd) 
1 (Br) 
.1 (Wp) 
0 

Exp. 
r a t i o 

54 

3 
3 
3 
1 

64 

Observed 

a . ( p . 22) 

39 

7 
6 

10 
3 

65 

b . (p .25 ) 

96 

9 
6 

28 
5 

144 

Tota 

135 

16 
12 
38 
8 

209 

The 135 lanceolates and the 74 non-lanceolates of the com­
bined families give, on the basis of the 54 : 10 ratio, X 2 ( l d.f.) 
= 61.99, which is extremely high. In my opinion, the main cause 
for the shortage in the lanceolate class and the excess in the 
semibroad class is that the supposed lanceolates Pd pd Br br 
wp wp (cf. type 5 in Fig. 14) and Pd pd Br br Wp wp (at least 
some of these) were classified as semibroad. Further it is likely 
that the supposed lanceolates pd pd Br Br Wp . were classified 
as broad, in view of both Br and Wp making the leafbase broader. 

The long-winged-petiolate selection was designated as pd P d b r b r 
Pw Pw. In the F2 from long-winged-petiolate x constricted the 
ratio 3 long-winged-petiolate : 1 constricted was inferred (p. il 
and p. 28; I . e . ) . MacRAE does not wholly reject that Pw may be 
identical to Wp (p. 27; I .e . ) or that Pw may be a third allele oi 
Wp-wp (p 33- 1 c ) It is the present authors opinion that the 
difference between constricted and long-winged-petiolate may not 
be monofactorial (pw pw versus Pw Pw), but bifactonal (pd pd 
wp wp versus Pd Pd Wp Wp). It then, of course, remains unex­
plained why in the F2 from long-winged-petiolate x.constricted^no 
petiolate (Pd Pd wp wp) and semibroad (pd pd Wp Wp)1 types1 were 
mentioned. Nevertheless, it seems not improbable that tne Di-
factorial interpretation is correct . The reasons for this are as 
follows: 
1. Considering, like MacRAE does, the difference between c o n ­

s t r i c t e d and long-winged-petiolate as monofactorial pdpd 
br br pw pw versus pd pd br br Pw Pw) one sees from Plate V 
" Fig. a (1%.) that Pw makes the petiole long, the lea narrow 
and the angle of venation acute like Pd does, but t h a i n c o n 
t ras t to Pd it makeiTthe wings broader. When however in the 
new hypothesis the difference between s e m i b r o ad and long 
winged-petiolate is considered as ™onofactorial (pd pd.br br 
Wp Wp versus Pd Pd br br Wp Wp), one sees t ha ta l so uponthe. 
wings Pd acts exactly as ^ ^ S ^ ^ ^ ^ ^ findings: it changes the moderately broaa wing . .. 
(Pd pd Wp Wp) into the narrower wings of long -winged petio 
late (Pd Pd Wp Wp). 
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2. Regarding the F2 from semibroad x lanceolate MacRAE him­
self suggests (p. 22; I .e.): "Certain lanceolate forms in this, 
assemblage were of a long winged petiolate type and these may-
have been of Wp br Pd constitution". 

3. Regarding the F2 from long-winged-petiolate X lanceolate, the 
classes and their frequencies can be explained as well or bet­
ter on the basis of the new genetic interpretation of long-wing­
ed-petiolate. See hereafter. 

MacRAE's F2 data for long-winged-petiolate x lanceolate are: 

Number of Exp. Observed Total, 
loci with ratio n . <,„> K /„ 9 C n 

"dominant" a - <P-27> b" ( P ' 2 9 ) 

allele 

Lanceolate 3 or 2 54 53 60 H3 
Petiolate 1 (Pd) 3 5 7 !2 
Broad 1 (Br) 3 5 4 9 
L. -w. -petiolate 1 (Pw) 3 18 47 65 
Constricted 0 1 2 1 3 

Totals 64 83 119 202 

The 113 lanceolates and the 89 non-lanceolates of the com­
bined families give on the basis of the 54 : 10 ratio, X2 (1 d.f.) = 
124.35, which is extraordinarily high. When according to the 
reinterpretation of the long-winged-petiolate genotype, one writes 
for the cross under discussion Pd Pd br br Wp Wp x Pd Pd Br Br 
wp wp (instead of pd pd br br Pw Pw x Pd Pd Br Br pw pw), 
the l2(+3?) petiolates can be regarded as Pd Pd br br wp wp and 
the 65 long-winged-petiolates can be taken to represent the 
genotypes Pd Pd br br Wp . and Pd Pd Br br wp wp. As among 
the 113 lanceolates 66 were -carmine (Tables 12 and 14; 1. c.) and 
pk-Pk (for pink-carmine) is closely linked to Br-br, the large 
majority of the Pd Pd Br br Wp . plants must have been classi­
fied as lanceolate by MacRAE, in addition to the Pd Pd Br Br . wp 
plants. The 9 broads can be accounted for by assigning to them 
the Pd Pd Br Br Wp Wp genotype. On the basis of this reinter­
pretation the observed frequencies l2(+3?) petiolate, 65 long-
winged-petiolate, and 122 lanceolate + broad must be compar­
ed with the ratio 1 : 5 : 10 giving the expected frequencies 12.625, 
63.125 and 126.2 50. The agreement is very good. 

CLAUSEN and CAMERON (1944) studied a complete set of 24 
N.tabacum monosomies. These had been brought into a common 
genie background by using as the recurrent parent the standard 
variety "Purpurea" (U.C. B. G..06-25), which according to HONING 
(1939; p. I l l) probably is the same as N.tabacum atropurpurea 
(Atr) grown at Wageningen. Subgenomic classification of the mo­
nosomies was performed on the basis of chromosome association 
in 35-chromosome sylvestris-tabacum hybrids. They were de­
signated A to L when the missing chromosome appeared to belong 
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to the tomentosa subgenome (12 II + 11 I in the hybrid) and M to 
Z (X and Y omitted) when the sylvestris subgenome was involved 
(11 11+13 I in the hybrid). 

The authors listed a number of Mendelian factors, the action 
of which was studied against the "Purpurea" background. The lo­
cation of the factors in the chromosomes was determined by 
crossing to the set of monosomies. 

The following four monofactorial comparisons with the standard 
type "Purpurea" a re of special interest to us (quotations from 
p.458-459; I .e . ) . 
1. fBr-broad: broad leafbase as contrasted with the sharply con­

stricted leafbase of the standard type. The heterozygote is in­
termediate, but it is most convenient to include homozygous 
broad and heterozygous broad in one class". Earlier (CLAU­
SEN; 1932 a) this factor was called Cn. It is located on chro­
mosome P . When haplo-P contains the recessive allele br a 
broad leafbase is shown. Thus loss of one br-allele as well as 
replacement of br by Br changes constricted into "broad". 

2. "pk-pink: light pink flower color as contrasted with carmine, 
to which it is almost completely recessive". Pk-pk is also on 
chromosome P . The recombination value of this and the lor-
mer locus was estimated as 4.8%. Earlier CLAUSEN (18« ti) 
found 6% and KELANEY (1925) 7.5%. In the Atr-Am material 
(Ch i § 9) we found 8.2% and 11.3%, in the Atr-KE material 
(Ch 1 § 10) 4.1% and 3.0%. . . . , , 

3. ^Pt-petioled: this factor produces a complex of differences 
from normal, of which the narrow, petioled leaf type is most 
conspicuous Associated differences include narrow, long-
pointed calyx lobes, long-pointed corolla lobes, long, narrow, 
pointed capsules, . . . The heterozygote is somewhat interme­
diate, but difficult to separate accurately from the homozy 
gate-. Its location was not determined. nnintPd 

4- ^Pd-petioloid: a petioled type with narrow, acutely pointed 
fiSves and other associated features. R e f e ^ e % p * * ^ ( £ 
v.) but is not so extreme either as to length of petioles or 
narrowing of the leaf. In combination with petioled it produces 
a very extreme leaf type with a long petiole and long very 
narrow, pointed blade" This factor is located on chromosome 

, As these factor-pairs a re strictly comparable ^ ^ t o n to * o s e 
found in the present investigation we have for;the sake of anrforffl 
*y adopted these California!! symbols (cf. Ch 1 §<*>' ™* * \ a™ 8 
« * type and the mutants Pt Pt and Br Br were kindly sent to us 
by Dr. CAMERON under the name "Red R u s s i a n e ' t h ™ L p e s 
closely related to "Purpurea" (cf. Ch 1 § 3a) The three type_ 
dosely resemble Atr , our type 1 ( ^ > 6 . ^ f f i t ^ tave bSIn 
spectively. Therefore, though no tests of identification ^ ° 
Performed yet, it is highly probable that these factors are men 

" S t e o u r \ p e 1 the mutant Pt Pt has acute^angles oi: venatjor. 
However, CLAUSEN and CAMERON (I.e.) did not mention tnis 
asPect of action of P t . 
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The authors did not study the joint segregation of B r -b r and 
Pt-pt (or Pd-pd), which was one of the main objects of the pre­
sent investigation. * Moreover, we had the opportunity to study 
the effects of modifying factors as the major genes were not 
studied against a uniform genie background. 

KADAM and RADHAKRISHNAMURTY (1954) c rossed the va­
rieties Chatham and Ialomita. Both had "sessi le leaves" and the 
Fj showed " . . . a definite constriction between the lamina and the 
leafbase giving a distinct appearance of a short-winged petiole. . ." 
(p. 54; 1. c . ) . Although in the backcrosses and the F2 the petiolate 
plants varied in length of petiole, classification was only into s e s ­
sile and petiolate. The authors infer 3 complementary factor-
pairs for the petioled condition. This was substantiated by 9 pro­
genies obtained by selfing petiolate plants from the backcrosses 
and the F2 (Table 4; I . e . ) . These segregated in agreement with 
the ratios 27 petiolate : 37 sessi le (like F2), 9 petiolate : 7 s e s ­
sile, or 3 petiolate : 1 sess i le . The inference of "complementary 
genes" for the petioled condition is in itself not in contrast with 
our conception, if we consider the constricted (= very short pe­
tioled) type as sessi le like the authors did in discussing the data 
of MacRAE (p. 63; I . e . ) . Neglecting the differences in petiole 
length or leafbase elongation, the rat io in our F2 then becomes 9 
petiolate : 7 sessi le . 

In addition to the three factors governing the petiolate versus 
sessile alternative, the authors introduced a factor-pair for wing 
width whose influence could be ascertained only in petiolate 
leaves. The petiolate F2 plants were "broadly classified" into a 
broad-winged and a narrow-winged to wingless c lass , with fre­
quencies 29 and 10 respectively (Table 1; I . e . ) . However, as 
these frequencies agree also with the 2 : 1 ra t io , the difference 
in wing development can as well be explained with the help of a 
factor-pair for petiolate versus sessi le (cf. our Fig, 14 in which 
the types 4 and 5 (Br br) can be called "broad-winged" and the 
types 1 and 2 (br br) "narrow-winged to wingless"). 

As the descriptions of the parents and the segregants a re rather 
limited it is not feasible to suggest detailed alternative explan­
ations . 

* The Fl and theF2from the cross between the Californian mutanttypes Pt Pt br br and ptptBrBr 
were grown by the present author.in 1957. The 9 F 2 types are in essence the same as those of 
Fig.6, only the petioles (leafbases)were shorter and the wings broader. Type 1 for Instance 
has wings of 2-3 mm. and notably the Fl and the types 4 and 5 have relatively broad wings 
and short petioles. This is due to the low leaf number in the material. The leaf number is 
at any rate not higher than that of our Atr. 
The F2 frequencies are (types between brackets): 

17(1) 22(4) 11(7) 
28(2) 45(5) 28(8) 
16(3) 21(6) 12(9) 
61 88 51 

50 X 2 ( 8 d . f . ) = 5.020 P =0 .80-0 .70 
101 For the Br-br segregation we find 
_49 X2 ( 2d . f . ) = 3.880 P=0 . 20 -0 . 10 
200 
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Miss KOELLE (1957) crossed at the Forchheim (Germany) to­
bacco institute the var iet ies FO (= Forchheimer Ogrodowi) and 
Virgin D (Virginia.D). FO has a very narrow leafbase broad 
leaves, an obtuse angle of venation and distinct auricles. Virgin D 
is a -lancifolia type- , i . e . the leaves are sessile and narrow with 
an acute angle of venation. The Fi has long petioles and an inter 
mediate angle. , -jL • „„ +v,Q+ F O 

From the description and from Fig. 1 (1. c. > * a PP5 a r
n V?* ™ -

the Fj and Virgin D resemble strikingly our HG, Fi ana M r e 
spectively. F rom the F 2 (the only segregating genera ion studied 
a sample of leaf types is presented in Figs 2 to 7 (1. c - ^Apar t 
from types resembling FO, Fi and Virgin D, types ^ e shown that 
resemble our types 1 and 9 from the cross HG x / ™ J f , ^ ^ e 
It is highly probable that both P^enotypically and geneUcally the 
FO-Virgin Dma t e r i a l is analogous to the H G - A ^ a t e r i a l 

Miss KOELLE, however, did not arrive a a clas srficat i o n . 
9 types. She s tates (p. 49; I . e . ) : ^ " A ^ r _ e ^ c U Dff lereSen 
Reihe von Bastardierungsnova.deren p h a e n o t y p i s c n e n [ » i n 
in einander ubergehen, macht die Annahme emer polyfak™r*ei 

Spaltung notwend'ig". At least four . ^ [ ^ t w leavL 
were postulated. The author recognized that the na ^ . n 
had acute, the broad leaves obtuse angles of venation ^ ^ 
agreement with our findings. She speaks of ( P - ^ - *• £B Ri'ppen-
von Virgin D kommende Faktor fur ? P ^ w w ^ K L e l r t a r y P & c -
winkels .*..«. For the petioled condition two complemema y 
tor-pairs (giving 9 Pet ioled: 7 sessile) w e - p o t u U t ^ ^ ^ 
author includes the constricted types (Hirevvi 2 ) 4 , 5 ) : 7 
group, the ra t io agrees with our 9 (Pt • • °*'J>J s h ' notably 
(types 3 ,6 ,7 ,8 ,9 ) . However, other aspects «f Leat sixap ^ o r_ 
wing width, were not recognized as depending on these 
Pairs. 

ch 1 § 14. SUMMARIZING DISCUSSION 

On the basis of the present investigation the following state-

ments were made: , 0 „ipiotropic. Qualitative -
1- The factor-pairs iH-pt and-Pd-pd are ptejotrop e { f 

ly, their action is the same, +
b«* ^ p ^ d Both Pt and Pd 

Pt-pt is markedly larger than that ot Fa p 
make: 
the petiole (leafbase) longer extent), 
the wings narrower (to a relatively small exi 
the leafblade narrower, 
the angle of venation more acute, „ n d the limb more pointed. 

, the calyx and the corolla more slender an t o a relatively large 
2- The factor-pair Br -br affects wing width tt ^ ^ x 

extent. The br br leaves ^re petioled m a x i m u m petiole 
3- Within each of the Pt-pt and Pd-pd g e J ^ ^ o f l e a v e S . Know-

length is positively correlated with t h e p l a n t s . 
ledge of this correlation is he lp"" 
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4. In the segregating generations the heterozygotes can be dis­
tinguished phenotypically from the homozygotes . 

In the foregoing discussion of l i terature (Ch 1 § 13) points of 
agreement and of discordance with the present findings were 
s t ressed. When necessary and possible, re interpretations were 
suggested in order to show that the leaf shape factors in litera­
ture are s imilar in action to ours. Summarizing, the following 

. comments can be made: 
1. Some authors described the leafbase phenotypes in terms of 

wing width only: Miss HOWARD (1913), BOURZEV (1928), 
GENTSCHEFF (1936), KADAM and RADHAKRISHNAMURTY 
(1954). It is very likely, however, that not only typical wing 
width factors like our Br-br , but a lso factors for petiole 
(leafbase) length like Pt-pt and Pd-pd were involved. 

2. The presence of factors like Pt-pt and Pd-pd is apparent 
from the studies of SETCHELL et a l . ( l922) , KELANEY (1925) 
and MacRAE (1941). CLAUSEN and CAMERON (1944), con­
sidering monofactorial differences between the very short -
petioled type pt pt pd pd br br and its mutant types, described 
the action of Pt-pt, Pd-pd and Br -br in agreement with the 
conclusions from the present study. 

3. In none of the investigations, however, were the heterozygotes 
recognized as belonging to distinct phenotypic c lasses , which 
involved incomplete understanding of the actions and inter­
actions of the factor-pairs . This must at least partly be due 
to the very little use that was made of backcrosses . In the 
present study these proved to be very useful for arriving at 
a complete classification. 

4. In some studies features of the general leaf habitus were taken 
into account without sufficient evidence that these characters, 
together with the leafbase characters , behave as one complex 
in inheritance. Moreover it is not always clear from the des­
criptions how all these characters were "weighted" in classi­
fying the plants. The classifications given by RAVE (1935) are 
largely based on features of the general leaf habitus. In the 
present study the leafbase shape proved to be a better starting-
point for revealing the pleiotropic action of P t -pt and Pd-pd 
than leaf width and angle of venation, for a d iscrete classifi­
cation can be made for leafbase shape, while leaf width and 
angle of venation give r ise to more or less overlapping clas­
ses . 

5. Segregation for angle of venation is apparent from most of the 
studies. However, this character was discussed only by Miss 
HOWARD (1913) and Miss KOELLE (1957), though no connec-
tion with leafbase shape was mentioned by these two authors. 

b. The correlation between number of leaves and maximum pe­
tiole length (or leafbase elongation in the case of sess i le leaves) 
escaped detection. As mentioned in Ch 1 § 6c, the petioles 
with maximum length are the most conspicuous on the plant. 

Thus the classifications presented in l i terature a re far from 
satisfactory and the understanding of the genie actions and inter-
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actions incomplete. Nevertheless it is my opinion that in most 
if not all cases the situation is similar to that found for the p re ­
sent material , i . e . that the factors involved are comparable in 
action to (and probably identical to) our Pt-pt, Pd-pd and Br -br . 

It must be added that the existence of still other factors for 
leaf(base) shape has been demonstrated: 
1. HONING's N-n (1927) = Def-def (1939) can in a sense be con­

sidered as a factor-pair for petiole length (etc.). The action of 
def is much more extreme than the combined action of Pt and 
Pd. It is not known whether def is a third allele on the Pt or 
Pd locus, or represents a different locus. 

2. MacRAE (1941) found at least one more factor for wing width, 
1 viz. Wp-wp. Evidence for two wing width loci is also presented 

by Miss HOWARD (1913). Consequently we know not only two 
factor-pairs for leaf base length, etc. (Pt-pt and Pd-pd), but 
also two for width of the leafbase (Br-br and Wp-wp). In view 
of the amphidiploid origin of N.tabacum this situation is not 
surprising. ' -„. 
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C h a p t e r 2 

ANALYSIS OF METRICAL DATA ON THE LEAF SHAPE AND 
THE ANGLE OF VENATION 

Ch 2 § 1. INTRODUCTION 

In studying leaf shape two difficulties a r i se : . 
1. Like other organs the leaf may change shape during its growth 

in a more or less regular way, i . e . its shape is dependant on 
its s ize. When • attention is focussed on full-grown leaves, it 
must be determined unambiguously when the final size is at­
tained. 

2. The shape of adult leaves may vary as a function of the level of 
insertion on the stem (node number): heteroblastic develop­
ment. The question a r ises what leaves can best be taken as a 
basis for comparison. 

The following terminology, proposed by STEPHENS (1944), 
will be adopted. , 
Growth : "The change in dimensions of an individual leaf 

which results from cell division and expansion". 
Development : "The progressive change in fully expanded leaf 

shape in passing node by node up the main stem. ."• 
This terminology was also adopted by SCHWARZ et a l . (1951) 
who studied the leaf shape of tobacco. 

In Nicotiana tabacum, development is continuous and therefore 
cannot be described by qualitative cr i ter ia (e .g. entire versus 
lobed leaves). Moreover a region of constant leaf shape (climax 
leaves) is not generally present. Consequently it is not possible to 
decide a priori what leaves should be taken as a basis for com­
parison when comparing different plants. One may take the 
largest leaves or leaves with a specified number. The leaves may 
be numbered from top to bottom of the stem like HERLAN (1931) 
did, or from bottom to top as is preferred in the present analysis-
Like leaf shape and its components (length and width), angle ot 
venation is not constant from node to node. 

In the present biometrical analysis of these charac ters , graphs 
will be used in order to study t h e w h o l e r a n g e of v a r i a ­
t i o n along the stem. 

In Chapter 1 it was stated that the factor-pair P t-pt , besides 
its effect on leafbase shape, has a considerable influence on leal 
width and angle of venation. In order to a r r ive at a more exact 
analysis a large number of metrical data have been collected, 
which will be used to provide detailed information about the ac­
tions and interactions of the genes under consideration. 
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Part of the resul ts of this analysis has been referred to in Chap­
ter 1 to justify some of the inferences made. The metrical data on 
petiole length have already been presented in Ch 1 § 6c. 

Gh 2 § 2. EXPERIMENTAL METHODS 

Ch 2 § 2a. Procedure of growing 
To analyse and compare leaf development in different genotypes 

many accurate measurements had to be taken on each plant and 
consequently no large numbers of plants could be studied. There­
fore the environmental conditions had to be as uniform as possi­
ble. 

The individual seeds were laid in the 22 x 22 cm. sowing pans 
in square system (1.5 x 1.5 cm.) to eliminate possible effects ot 
crowding On transplantation to 7-8 cm. pots, the seedlings were 
still kept in the heated glasshouse. After about 12 days the plant-
lets were placed in 22 cm. pots and transferred to the unheated 
glasshouse. Two weeks later they were carefully planted out on a 
very homogeneous experimental plot, avoiding any damage (par­
ticularly to the roots) in removing the pots. In this way loss ot 
turgor was kept minimal and the lowest leaves remained un­
covered by earth, i . e . remained accessible for measuring. The 
plot was surrounded by guard rows. The plants were not topped, 
but all suckers were removed soon after their appearance. Plants 
thus grown will hereafter be called "pot-plants". 

Ch 2 § 2b. Homogeneity of environmental conditions 

With the pot-plant method the parental lines and the Fi»s showed 
only small variation in general habitus date of opening of the 
first flower, number of leaves, etc. Table ;5 shows that the va r i ­
ation in leaf number of pot-plants is smaller and less divergent 
for different lines than that of non-pot-plants. 

Table 5. Means and variances of leaf number in.the four parental 
Tines, grown in 1953 as pot-plants and as non-pot-plants. 

Parent 

HG 

Atr 

KE 

Am 

Growing 
method 

pot-plants 
non-pot-pi. 
pot-plants 
non-pot-pl. 

pot-plants 
non-pot-pl. 

pot-plants 
non-pot-pl. 

Number 
of plants 

20 
24 

20 
22 

20 
24 

20 
24 

Mean 

25.6 
27.6 

25.2 
26.0 

30.1 
30.0 

35.0 
35.5 

Variance 

0.67 
1.38 

0.80 
3.76 

1.36 
0.91 

0.58 
4.87 

F -value 

2.06 

4.70 

- -

9.40 

P -va lue 

0.05 

<0.01 

- -

<0.01 
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In general no replicates of the different families were grown 
and the plants of each farriily were kept together. Due to the uni­
form environmental conditions and the relatively small size of 
the experimental plot (small numbers of plants were used) this 
was no serious drawback as will be shown when discussing reci­
procal F i ' s and successive parent generations (Gh 2 § 5d). 

Ch 2 § 2c. Measurements and counts 

1. Number of leaves. The leaves a re numbered from bottom to 
top of the s tem, including the cotyledons and the last leaf 
under, the central end-flower. This flower is occasionally 
absent, but its position is clearly indicated as here the stem 
forks into (mostly) three flower branches. As the lowest leaves 
have disappeared before the highest can be counted, specific 
leaves were marked near their tip with plastic-aluminium 
paint, which is weather-proof and does not damage the leaf 
t i ssues . 

2. Leaf length (in mm. ) . It was measured on the upper side of 
the leaf along the midrib from axil to tip. 

3. Leaf width (in mm. ) . This is the maximum width, measured 
perpendicular to the midrib. Its position cannot be determined 
with high accuracy and changes more or less during leaf 
growth. 

4. Leaf shape index. The index used is the 10logarithm of the. 
length /width ratio (L/W), which equals log. L - log W. To 
simplify the calculation of averages per number_of the leaf 
("mean shape" = S), the approximation log L - log W was used 
in the case of non-segregating families. In these families the 
dimensions of leaves with the same number did not vary much, 
so that only the third decimal was affected by using the loga­
rithms of means instead of the means of logari thms. For the 
highest leaves, however, this approximation could not be used, 
as the dimensions showed a larger variation within each family 
due to differences in number of leaves. Then S was calculated 
as the mean of logarithms. 

5. Angle of lateral veins (in degrees). Near the midrib and near 
the leaf margin a lateral vein is not s traight. Between points 
about one and three inches from the midrib, its direction is 
ra ther constant. In this region the angle opening towards the 
leaf tip was measured on the upper side of the leaf by putting 
a graduated a rc against the lateral vein on the side of the leaf 
tip and reading it at the axis of the mibrib Now the general 
tendency is that from a point about half-way between axil and 
t ip, the angles of the lateral veins become more acute towards 
the tip while towards the base they remain ra ther constant, 
apart from the last few that a re often somewhat more acute 
a ? l " \ , W a S c a l c u l a t e d that the first four angles (two on each 

3 of the midrib) below the half-way point vary least . More­
over when leaves with the same number tairpn frmi nlants of £ 
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non - s eg r ega t i ng genera t ion a r e compared , these four angles 
lead to the s m a l l e s t between-plant v a r i ance . Therefore the 
mean of t h e se angles can be considered as a r ep re sen ta t ive 
value for a leaf. In F i g s . 1 to 4 they have been indicated by 
s t r i p s of p ape r . By measu r i ng two angles on each s ide of the 
m id r i b t he effects of s l ight leaf a s ymme t ry , which is often 
p r e s en t , a r e e l imina ted . 

None of t h e s e m e a s u r e m e n t s were taken on leaves that we re 
infected, d amaged , o r v e r y a s ymme t r i c . 

Ch 2 § 3. SURVEY OF THE FAMILIES 

The f ami l i e s u sed for b iome t r i ca l s tudies were grown as out­
lined in Ch 2 § 2a. They have been mentioned in Ch 1 § 4 but for 
convenience wi l l be l i s t ed again . 

In 1952 a comple te s e t of d ia l le l p rogenies (4 pa ren ts and 6 x 2 
Fi f ami l i e s ) , obtained in 1950 f rom one single plant of each of the 
l ines HG, A t r , Am and KE, was grown together with s i s t e r fa­
mi l ies of t he four pa ren t p lan ts . All t hese parent and Fi famil ies 
consis ted of 10 p lants each. In 1953 the following famil ies were 
grown as s i s t e r s of the 1952-plants . 

HG 53-201 (20 pi.) 
A t r 53-203 (20 pi.) 
Am 53-204 (20 pi.) 
KE 53-202 (20 pi.) 
F i (HG x A m ) 53-205 (20 pi.) 

Segrega t ing gene ra t ions of the HG-Am ma t e r i a l , obtained f rom 
single 1952-p lan t s , we r e grown in 1953: 

' ( H G x A m ) x H G 53-206 (100 pi.) 
H G x A m x Am 53-207 100 pi. 

F 2 ( H G x A m ) 53-208 (100 pi.) 

The c l a s s i f i ca t ion in the l a t t e r t h ree famil ies was checked on a 
l a rge s c a l e by p rogeny t e s t s (cf. Ch 1 § 6b). 

Ch 2 § 4. SYMBOLS 

This p a r ag r aph s u m m a r i z e s the symbols used throughout the 

following s e c t i on s . . n, i «• o„\ 
The v a r i e t i e s (for o r ig in and descr ip t ion see Ch l » da). 

HG = Hongaars Gar tenblat t . 
A t r = A t ropu rpu rea 
Am = Ame r s f oo r t e r 
KE = Keurhors t El i te 
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The genotypes in the HG-Am families (cf. Ch 1 § 6a and Fig. 6). 
Pt Pt br b r (1) Pt Pt Br br (4) Pt Pt Br Br (7) 
Pt pt br br (2) Pt pt Br br (5) Pt pt Br Br (8) 
pt pt br br (3) pt pt Br br (6) pt pt Br Br (9) 
(type numbers between brackets) 

The means calculated (cf. Ch 2 § 2c). 

L_ = mean leaf length in mm. per number of the leaf. 
W = mean leaf width in mm. per number of the leaf. 
S_ = mean "leaf shape" per number of the leaf. 
A = mean angle of venation in degrees per number of the leaf. 

(The value for an individual leaf is in itself the average 
of four specified angles; cf. Ch 2 § 2c). 

It should be noted that the term "per number of the leaf" implies 
that, in calculating a mean, leaves were involved that had the 
same number on the_stem. Thus for a group of plants, each leaf 
No. leads to a L, a W, a S, and a A'value. 

Ch 2 § 5. LENGTH, WIDTH, SHAPE AND ANGLE OF VENATION 
OF THE FULL-GROWN LEAVES 

The data were obtained from leaves that had reached their 
final s ize. This was considered to be attained when no further 
increase in length could be found from measurements performed 
at regular intervals. As the lower leaves wither before the top 
leaves are full-grown, these final measurements were not taken 
on the same date. 

For each of the leaf Nos. (1, 2, 3, e tc.) family means (non-se­
gregating generations) or group means (in segregating genera­
tions) were calculated. Grouping was performed according to the 
genotypes resulting from the segregation of Pt-pt and Br-br. 
Within these genotypes sub-groups were made according to num­
ber of leaves of the plants.. 

For each family, group or sub-group, the means for the suc­
cessive leaves were plotted against the corresponding number of 
the leaf. The graphs thus obtained cover a large part and some­
times nearly the whole sequence of leaves on the stem so that 
fluctuations due to irrelevant causes can be discounted. In order 
to compare these " g r a p h s of l e a f d e v e l o p m e n t " in all 
possible combinations, use was made of t ransparent graph paper 
and a strong electric bulb. The analysis to be presented in the 
following paragraphs is based on these comparisons. 

Ch 2 § 5a. Number of leaves in parents and F\ 's 

ta£?n ^ ^ f o l l o y i n I Paragraphs the number of leaves will be 
4 n» rpS l a

S CHCT ' « t h e o C l a S S v a l u e s a n d c l *ss frequencies of the 
Table 6 * e 6 x 2 F t families have been summarized in 
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Table 6. Class values (first line in each panel) and class f re­
quencies (second and third line) for number of leaves in parents 
and F t families (1952; 10 plants per family). In the case of r e ­
ciprocal Fj "s the type heading the column represents the female 
parent when the second line and the male parent when the third 
line is involved. In the case of the parents (leading diagonal) 
these two lines stand for two successive generations, both grown 
in 1952. 

HG 

23 -24-25 
1 8 1 
3 6 1 

A t r 

23 -24-25 
3 6 1 
0 8 2 

24-25-26 
2 7 1 
3 6 1 

KE 

25-26-27 
2 8 0 
0 7 3 

25-26-27 
1 6 3 
0 6 4 

27-28-29-30 
0 3 6 1 
3 4 3 0 

Am 

26-27-28 
1 5 4 
0 2 7 

27-28-29 
4 5 1 
8 2 0 

29-30-31 
3 4 3 
2 8 0 

31-32 
6 4 
4 6 

HG 

Atr 

KE 

Am 

In each of the 4 + 6 panels of Table 6 (see caption) the difference 
between the two frequency distributions is very small. F r omthe 
table as a whole no systematic trends appear, i .e . no indications 
of differences between successive parent generations or ol mater ­
nal effects a re present. The arrangement of the families in the 
field was such that the effects, if any, have not likely been ob­
scured by counterbalancing environmental effects. The ret ore tne 
absence of differences can at the same time betaken as an i l lus­
tration of the high degree of homogeneity of environmental con­
ditions. , . .. , 

The four parents (diagonal in Table 6) a re arranged in the order 
of increasing number of leaves. In all cases the Fi is about inter­
mediate between its parents. 

Ch 2 § 5b. Comparisons between the four parental lines 

The graphs of leaf development l o r HG, Atr, KE ^ t y j g m n 
in 1952 a re shown in Fig. 17a (L = mean length and W - mean 
width), 'Fig 1 7 b T = mean shape) and Fig. 17c (A = me an anglejaf 
Venation) J i n 1953, HG and Am were repeated: Fig. 18a (L and W), 
F i g . 18b (S) and Fig. 18c (A). 
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b 
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Fig. 18 (a-dl. L and W (Fig. a), S(Fig.b) and A (Fig.c) plotted against No>. of the: leaf for HG, 
HG x A l and Am. Fig d fhows for HG and Am the differences in A and W with, Aeir Fl HG_x 
Am. The means of Figs.a and b were obtained from 10 plants, those of Figs.c and d from 20 
plants. 
Year: 1953. Symbols used: Ch 2 § 4 
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T-TIW-W 

JO*»-*CFj) 

a 35- » M 

Fig. 19 (a-d) L and W (Fig.a), S (Fig.b) and A (Fig.c) plotted against No. of the leaf for HG, 
H C x A m a n d A m . Fig.d shows for HG and Am tht differences in £ and W with their Fl HGX 
Am. All families consisted of 10 plants 
Year: 1952. Symbols used: Ch 2 § 4. 
Cf. Fig.18 (a-d), which is the 1953-replicate of the present figure. 
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L- and W-graphs (Figs. 17a and 18a). 
From bottom to top of the stem both length and width of the 

leaves increase first and then decrease. 
HG, KE and Am will be compared f i rst . Up to leaf No. 14 

(arrow) the leaves of HG are systematically longer than those_of 
KE and Am, while at higher nodes the r eve rse is t rue . The L-
maxima are higher and also later in development, i. e. at a higher 
number of the leaf, in the order HG-KE-Am, i. e. in_the order of 
increasing number of leaves of the var ie t ies . The L-graphs de­
cline in a parallel way, which means that the ra tes of decrease 
in length are about equal. As regards the W-values, those of HG 
are much higher than those of KE and Am, both for the lower 
leaves and for leaves in the region of maximum width. The W-
graphs of KE and Am diverge ear l ier , i .e._at a lower node, than 
the L-graphs of these two varieties. The W-maxima of HG, KE 
and Am occur at about the same node, which is in contrast to the 
L-maxima. Moreover they are higher in the r eve rse order, i.e. 
in the order Am-KE-HG. In this order decrease in W follows at 
higher ra tes , which contrasts to the parallel declination of the 
L-graphs. 

Atr is best compared with HG, which has the same leaf type and 
the same number of leaves. The only difference is that both 
length and width of Atr are systematically smal le r . 

S-graphs (Figs. 17b and 18b). 
Regarding leaf shape HG, KE and Am diverge much, as might 

be expected from the opposed orders of the L - and W-maxima. 
From bottom to top of the stem the leaves of KE and Am at first 
remain constant in shape and then gradually become more elon­
gated (at different rates). HG on the contrary has leaves that at 
first become less elongated and then remain of constant shape. 
Near the inflorescence the leaves of all var iet ies rapidly become 
more elongated. 

The leaves of Atr have at all nodes about the same shape as 
those of HG. The difference therefore is only'one in s ize. 

As to the fluctuations in shape between the 7-th and 13-th leai 
(notably_in 1953; Fig. 18b), which correspond to "irregularities 
of the W-graphs, the only comment to be made is that during the 
period of rapid growth of these leaves the plants were trans­
planted from the glasshouse to the field 

The drop between the 23-rd and 29-th leaf shown in the S-graph 
. ^ u m J n I 9 5 3 ( F i S- 1 8 b ) i s reflected in a region of constant leaf 

width (Fig. 18a). As the phenomenon did not occur in 1952 (Fig-
17b) it may be ascribed to environmental influences. , n B , 

Apart from the fact that the varieties had more leaves in 1953 
than in 1952, their graphs for leaf shape a re essentially similar 
tor the two years . 

A-graphs (Figs. 17c and 18c) 

d p l T n n ^ f ^ T 8 i n a n e l e o f venation, too, a r i se early in 
development, though not quite as early as differences in shape-
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For all variet ies the angles at first become more obtuse (Fig. 
17c; in Fig. 18c these lowest leaves are not presented), but soon 
varietal differentiation follows. The angles of HG continue to be­
come more obtuse, those of KE remain about constant and those 
of Am change to an increasing acuteness. For the last 2-3 leaves 
below the inflorescence (Fig. 17c; not presented in Fig. 18c) the 
angles in all varieties rapidly become more acute, which pheno-
menon_is very pronounced in HG. 

The A-graph of Atr coincides fairly well with that of HG. 

A-graphs and W-graphs in comparison with each other (Fig. 17d). 
In the order HG-KE-Am the leaves are narrower and the angles 

of venation more acute. 
When for each variety angle of venation and leaf width are 

compared from node to node, increasing leaf width may (cf. HG) 
or may not (cf. Am) correspond to increasing obtuseness of the 
angles. Therefore the relation between the two characters during 
development is typical of each of the varieties. 

^Regarding the differences in angle and in width b e t w e e n the 
varieties it can be said that both characters are affected by the 
differentiating genes in a way that is strikingly parallel for the 
whole se r ies of leaves. This parallelism in pattern of differenti­
ation (superposed on the developmental patterns for the individual 
characters) is shown in the graphs of Fig. 17d, which have been 
constructed as follows. KE, which has a rather constant angle of 
venation along the s tem, has_been chosen as a standard for r e ­
ference. Then for A and for W the differences HG - KEandAm -
KE have been plotted against number of the leaf. The scales have 
been chosen so as to facilitate the inspection of the graphs. Both 
for HG and Am the two graphs are seen to run strikingly parallel, 
though differentiation in leaf width commences somewhat ear l ier 
in development than that in angle of venation. With theji ighest 
leaves both the HG - KE and the Am - KE differences in W change 
sign a s , resulting from the differences in number of leaves of 
the var ie t ies , the W-graphs for HG, KE and Am cross each other 
(cf. Fig. 17a). 

Ch 2 § 5c. Parent-Fi comparisons 

The graphs for HG and Am are given together with those for the 
Fi HG x Am in Fig. 19a-c (1952) and in Fig. 18a-c (1953) The Ft 
graphs appear to be in all respects about intermediate lor all 
characters . The same can be said about the reciprocal cross and 
the other 5 x 2 Fi families of the diallel set grown in 1952 (graphs 
not presented). . . , . , „ „ . 

The Fi HG x Am takes a s imilar position in relation to HG and 
Am as KE does (cf. Fig. 19a-c with Fig. 17a-c) Like KE, it 
shows a more or less constant angle of venation along the s tem. 
When this Fi instead of KE is taken as a standard for reference, 
the same rigid parallelism in pattern of relative differentiation in 
A and W is found: Fig. 18d (1953) and Fig. l?d (1952). 
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Ch 2 § 5d. Reciprocal Fi's and successive parent generations 

The graphs for the Ft HG x Am and its rec iprocal a re given in 
F ig .20a-c . For the four pairs of graphs a good coincidence can 
be stated. For each of the five other pairs of rec iprocal Fi 's the 
coincidences of the four types of graphs a re as good or even 
better (graphs not presented). 

The agreement between the two successive generations (both 
grown in 1952) of each of the four parents was as good as_that be^ 
tween reciprocal F j ' s . As an illustration of this the L and W 
graphs for the two HG families are presented in F ig. 20d. 

It can be concluded that no indications a re present of maternal 
effects or of genetic differences between successive parent gene­
rations. The small differences that do exist (Fig. 20a-d) are pre­
sumably due to environmental causes. 

Gh 2 § 5e. The influence of number of leaves in the segregating 
generations 

The biometrical studies on the segregating generations were 
confined to the cross HG x Am. In 1953 the backcrosses Fi x HG coniinea xo xne cross nu x ±\m. in IMDJ xne DacKcrusseo ±-1 ~ *— 
(53-206) and Fi x Am (53-207), and the F2 (53-208), were grown 
together with HG (53-201), the Fi HG x Am (53-205) and Am 
(53-204). 

Within the segregating generations the different genotypes can 
be taken to have been planted out at random. Plants belonging to 
the same family were kept together. This might make between-
family-comparisons less reliable. However, the environmental 
conditions affecting the relatively small experimental plot were 
very homogeneous as was illustrated in the foregoing. Therefore 
comparisons of this kind can be made without much r isk. 

The segregants were classified according to the types resulting 
from the segregation of Pt-pt and Br -br (4 types in each back-
cross and 9 in the F2; Ch 1 § 6 and Fig. 6). The phenotypic clas­
sification was checked by a large number of F3 progenies (Ch I s 
6b). Within each of the backcross types a subdivision was made 
according to leaf number so as to obtain a "parent-group", an 
"intermediate group", and an "F t -group" . This has been indi­
cated in Table 7, which gives the leaf number distributions for 
the parents and the F t and for the different types in the segre­
gating generations. Type 4 from the backcross Fi x Am was sub­
divided into two groups only, in order to avoid too small group 
frequencies. In the F2 , type 5 (Fx-type) has been subdivided, into 
three groups. 

Before discussing the influence of leaf number on leaf develop­
ment it must be stated that in the segregating generations there 
are small differences in leaf number distribution for the different 
genotypes (Table 7). These differences a re associated with the 
Pt-pt, not with the Br-br genotypes. Thus in the F2 the means tor 
leaf number are 30.85 for Pt Pt (types 1, 4 and 7), 30.23 for Pt Px 



89 

J!S.5 

- ^ r 

i cd to 
CO ra 
m »» «; t i 
*— O CD •-! 
_, U D-Pr. 

<? •* •** ® 

(5
3
-2

0
5
),

 
»m

 t
h
e 

b
a 

b
a
c
k
e
ro

s:
 

nt
 ty

p
e
s 

s 

J**S 
co ,-. J 2 

x <D .5 3 

F
i H

G
 

b
u
r 

ty
p
 

Ln
g w

it
h
 

o
r t

h
e 
d
 

0
1
),

 
),.

.• 
th

 
G

rc
 

in
e
s.

 

CM tO ^i. 
1 O C O H 

CO CM O ™ 
i n i CM "g 

~co , g 
K m -i-i 

<•"• X CD C 

XI °2 
co r-n £ j<! 
<D to O 

Cr o co 
<D , 2 CD "O 
»H r i a <u 

m
b
e
r 
f 

th
e b

a
<

 
n
in

e 
ty

 
in

d
ic

at
 

•aaJS-3 

*- g ~ rvM 

rt ,£• T3 W 
T C fi 

H B Oi H 
CD , O 

.. • Q . ^ - » Sn 

CD 
r—1 
X I 
cd 

£ 

+• ° in 
CM 

f-i I CD 
3 CO Q , 
O i n > , 

CO 
CD 

>> 
+* 
to 

CO 
CD 

ex 

CO ^ 
co X 

fcto 
o .13 
« 
PQ 
CO 
CD 
ex 

CO 
CO X 
o 
^ r-T" u w 

Ai £3 
O . 5 
cd 

PQ 

"Hto 

PH
 rt 

« M CD 
cd X f 

% -fi 
C 

•§ 
El 

P5 

to 

CO 

CO 

tf» 
CM 

C^ 

• # 

r H 

4 
H 

CO 

i n 

^ 
> 

to 

CO 

CM 

tP 
S CD 

•*-> 

' 
^̂  m 

- (D 

to a 

co" 

O (u 

-H> 

H H N > l f l OT CM O CO CMCD 
r-1 r H r H CMCOCMCNl CM 

1 1 H H P ! H N H 1 1 1 

* H 1 r H COCO CO 0 0 CM CO i n rH 

1 1 1 . - I C O C O r l r t 1 r H 1 

I T - H ^ H C - I H r j i t - ^ m CM co 

1 1 
1 1 W H N I ° ! D l O O I C O l N 

1 1 t>5 H H CO 1 r H CO CM 1 

1 1 1 H CM CM CM CO I N CS1 1 

1 1 rH CM 1 CM i n CM CO r H 1 

1 1 1 1 1 r H r H r H r H rH 1 

CM • * CO 0 1 0 0 O 
r H r H r H 

r H r H Tfl CO ] C - r H 

1 r H • * m j CO CO 

r H CM i i n | i n CO 

p 1 1 CO CO 1 

r H " * CO CM COCO " t f O T ^ C O 
r-t r H y-* r H r H r H 

r H r H i n ^ l C M C O l r H C M I M r H 

1 1 

1 r H C M C M ! t - ' H i ; > * C M r H r H 

1 1 

1 H C O W l H i n ' t O " I r H 

! 1 
I r H C O T j l ' C O C O l C O C O r H 1 

1 (M 

1 t - CM r H 1 

I H * ^ r H 1 

CO • # t n CO t - CO OJ O r H CM C O - * 
C M C M C M C M CMCM CM CO CO CO COCO 

t - CM 

1 1 

1 1 

r H 1 

1 r H 

r H 1 

r H 1 

1 1 

• * 1 

1 r H 

t - CO <N • * 
r H 

CO r H 1 1 

CO CM r H 1 

"tf CM 1 r H 

Tjl CO r H CO 

i n co i i 

i n t o t - oo 
"O CO CO CO 

o 
05 
r H 

en 

o 
CO 

r H 
r H 

CD 
CO 

0 5 

i n 
r H 

•̂  
r H 

O 
CM 

CO 

CM 

a> 

CM 

CM 
CM 

to 
CM 

C -
r H 

i n 
OS 

CM 
CM 

CM 

i n 
CM , 

•<*< 
CM 

o 
r H 

o 
r H 

© 
r H 

CO 
i—1 
cd 

•s 
H 



90 

(types 2, 5 and 8) and 29.66 for pt pt (types 3, 6 and 9). In the 
backcross Fi x Am one finds 34.00 for Pt Pt (types 4 and 7) and 
32.96 for Pt pt (types 5 and 8). The differences 30.85-29.66 (F2) 
and 34.00-32.96 (Fi x Am) are both significant at the 2% level of 
probability. In.the backcross Fi x HG no significant differences 
between means were found. The conclusion is that leaf number is 
distributed largely though not wholly independently of leafbase 
genotype. 

The influence of leaf number on leaf development will be dis­
cussed with the help of F ig.21a-c showing the L - , W-, 5 - and A-
graphs for the three leaf number groups within type 3 (pt pt br br) 
from the backcross Fi x HG. Contrary to what might be expected 
from the comparisons between the four parent lines (Ch 2 § 5b) 
and from the parent-Fi comparisons (Ch 2 § 5c), the differences 
in leaf number are only slightly reflected in differences between 
the L-maxima and not at all in differences in number of the leaf 
at which the maxima are attained. The same statement holds for 
comparisons of this kind within all other leafbase genotypes from 
the backcrosses (graphs not presented) and equally for the types 
from the F2. For the latter_family Fig. 21d serves as an i l lustra­
tion in giving the L- and W-graphs for the. two extreme groups 
within type 5 (Pt pt Br br). It can be concluded that the difference 
in L-maximum between the parents is not generated by the leaf 
number genes. 

It should be noted that within type 5 from each of the back-
crosses the number of leaves is positively correlated with the 
maximum leaf length obtained by graphical adjustment (r13 in 
Table 3; Ch 1 § 6c). However, we now see from the L-graphs 
(cf. Fig. 21a) that the effect of number of leaves on maximum L is 
not of a relevant magnitude. Moreover r i 3 for type 5 from the F2 
(Table 3) is not significant. In Ch 1 § 6c it was seen that the 
higher the number of leaves,-the higher the maximum petiole 
length. This has been illustrated in F ig. 7c for the same two 
groups of type 5 plants from the F 2 (53-208) as used fo£ the L-
graphs of Fig.21d. The maximum mean petiole length (P) of the 
group with a low number of leaves is below, that of the group with 
a_high number of leaves above leaf No. 20. Above this leaf the two 
L-graphs diverge. It cannot be decided whether the difference in 
P in this region (24 mm. for leaf No. 20) is reflected in the total 
leaf length or not, because in proportion to the total leaf length a 
difference of 24mm. is of the order of magnitude of "irrelevant" 
fluctuations in L. 

The L-graphs for the leaf number groups, coinciding well be­
low the region of maximum leaf length and ra ther weir in this 
region diverge when the phase of decrease is initiated (cf. Figs. 
21a and 21d). The transition to this phase is slower when the 
number of leaves is higher. The W^graphs (cf Figs 2 la and 2ld) 
coincide up to a higher node and the A-graphs (cf Fig. 2lc) diverge 
fu Til a e W l e a v e s d i s t ance from the inflorescence This means 
that the number of leaves affects only the higher parts of the dif­
ferent graphs and therefore we can combine (per No. of the leaf) 
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within each leafbase type the individual L-data up to leaf No. 20 to 
22 (region of maximum L), the W- and S-data up to at least the 
same leaf No . , and the A-data even up to higher nodes. On the 
basis of the graphs thus obtained, the different types will be com­
pared in the following paragraph. 

Ch 2 § 5f. Comparisons between the leaf types in the segregating 
generations 

L- and W-graphs. 
The graphs of leaf development for the different genotypes, ob­

tained by averaging the data as described above, were compared 
with each other within each of the segregating generations. A few 
of the graphs are given for illustration (Fig. 22a-b). 

Considering the L-graphs first, those of the following types 
were found to coincide. 

Fx x HG : types 2 and 5 , both Pt pt 
- types 3 and 6 (cf .Fig. 22a), both pt pt 

F t x Am : types 4 and 5 , both Br br 
types 7 and 8 (cf. Fig. 22b), both Br Br 

F2 : types 1,2, 4 and 5 , -Pt . . br 
types 3, 6 and 9 , all pt pt 
types 7 and 8 , both Br Br 

All these coincidences were very good, except the following 
two. Type 6 from F2 has a L-maximum which is somewhat lower 
than that of the types 3 and 9. As this tendency was not found in 
the backcross Fi x HG (cf. Fig. 22a) the difference was neglected. 
Type 5 from Fi x HG reaches somewhat higher values in the r e ­
gion of maximum L than type 2 from this backcross . The differ­
ence was not found in the F2 and therefore it was not considered 
to be very relevant. 

Turning to the W-graphs the coincidences a re l isted as follows. 
Fx x HG : types 2 and 5 , both Pt pt 

types 3 and 6 , both pt pt 
F j x A m : types 4 and 7 , both Pt Pt 

types 5 and 8 , both Pt pt 
F 2 : types 1, 4 and 7 , a l l P t Pt 

types 2,5 and 8 , all Pt pt 
types 3,6 and 9 , a l l pt pt 

Again all these coincidences were very good, with the exception 
of the W-graph of type 6, which is clearly lower than that of the 
other pt pt types, both in the backcross F1 x HG (cf. F ig. 22a) 
and in the F 2 . This difference will be neglected because it stands 
alone and is not of the order of magnitude of the systematic dif-
ferences_(between groups of genotypes) to be discussed below 
(cf. the W-graphs of the types 7 and 8 in Fig. 22a). 

On the basis of a l l these coincidences the individual data were 
combined per group of genotypes. The resulting L - and W-graphs 
a re presented in F ig. 23a (backcrosses) and Fig 23b (F2) Par ts of 



93 

CW 

F i g . 2 2 (a-b). U and W plotted against No of t h .Meaf£ type 3 plants (Pt pt br br; - ) and 

K t Z % ^ d ' ^ o ^ S f f i S f t y ^ W (Pt n Br Br; - ) and type 8 
plants (Pt pt Br Br; ) from the F2 • 
Year: 1953. Symbols used: Ch 2 § 4. 

the parent and F l graphs have been added fox" ^ ^ S * K - 2 
the help of these figures we will now discuss the influence oi Ft pt 
a n c ^ l Z T ^ L ^ r ^ , the following comments can he 

" i r t h e region of increasing l e a f £ X ^ ^ £ 2 . ' 
backcross Fi x HG are higher than t t e two o f t h e 

J1
 t

X
+Am . (^- 2 3 a ) -nnTSG Shas n ionge? leaves man Am (cf. F igs, fact that in this region HG has longer 

18a and 19a). " , .. • s e e n that the three 
2. In the region of maximum leaf length it is seen tn ^_^ 

F2 graphs (Fig.23b) do not diverge m u c h ^ i ^ e r p ^ 
have but a small influence UP°? , m a ^ ™ u g 0 r d e r short-based 
maximum becomes somewhat higher in ^ a n d 
types (ptpt ; types 3 6 9 ) . l ^ P ^ ^ s ^ i S i elongated base 
Pt . B r b r ; types 1,2,4,5), sessile wP** h f t h e 
(Pt . Br Br; types 7,8). The order observed m a ^ ^ 
backcrosses (Fig. 23a) is consistent with ™ two maxima 
the F 2 . However, in the backcross Ft xAm t f i e ^ 
diverge considerably. Why this * ^ / ^ f t the large dif-
maina obscure. In conclusion it c a j ^ R G a n d A m i s n o t 
ference in maximum leal lengtu 
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generated by Pt-pt and Br-br (nor by genes for number of 
leaves as shown in Ch 2 § 5b)._ 

Therefore the differences in L between HG and Am must have 
been generated mainly by genes of the_genic background. Modi­
fier segregation also appears from the L-differences between the 
two backcrosses (Fig. 23a) and from the larger variance for leaf 
length within the F2 types as compared with that within the non-
segregating generations, as will be shown in Ch 2 § 5h. 

Turning to the W-graphs it is seen that leaf width largely de­
pends upon the Pt-pt factor-pair: In the F2 (Fig. 23b), the types 
3,6,9 (pt pt) have broad leaves, the types 2 ,5,8 are intermediate 
and the types 1, 4, 7 have narrow leaves; in the backcrosses (Fig. 
23a) the situation is analogous. Leaf width is not influenced by the 
factor-pair Br -br , as follows from the coinciding W-graphs 
listed above, nor by genes for number of leaves as was shown m 
Ch 2 § 5e. However, the action of modifying genes, though not 
large, cannot be neglected in view of 1) the level difference be­
tween the W-graphs for the Pt pt genotype in the two backcrosses 
(Fig. 23a), 2) the reduced distance between the W-graphs within 
each of the segregating families as compared with that between 
parents and Fx (Fig.23a-b), and 3) the larger variance for |eaf 
width within the F2 types as compared with that within the non-
segregating generations (Ch 2 §5h). In the backcrosses and the 
F2 the W-graphs diverge at higher nodes than those of the parents 
and the Fi (Fig. 23a-b). _ _ 

An interesting phenomenon appearing from the W- and L-
graphs of Fig. 23a-b, is the reduced maximum teafflize of the 
backcrosses and still more of the F2 as compared with the aver­
age of the parents or with the Fi which is about intermediate. 
It is difficult to understand what type of genie interact o n is r e ­
sponsible for this "loss of vigour". One might suggest that the 
drop from F t to F2 is due to loss of heterozygosity and that the 
parents represent homozygous genotypes that are balanced in a 
subtle and complex way as the outcome of selection. 

§-graphs (Fig. 24). 
The mean leaf shape graphs for the four^typess of eachlof the 

two backcrosses , along with those for the P ? r e n t * X r « o J of *he 
presented in Fig! 24. The features observed are reflections of he 
behaviour of the individual L_- and W-graphs (cf. Fig. 2:3a). In the 
backcross Fi x HG the four S-graPhs r e s . e m " e ^ c h ^ h e r two^jr 
two. The difference between the two ^*™&™™*# ex te

P
nt 

which has a large influence on leaf width and to a ^ l ^ x t e n t 
also on leaf length in the region of maximum L T h . s m a l l dtf 
ferences between the two members in each pair W ^ J f ^ 
generated by B r -b r , though the influence ^ ^ J * ™ * ^ ™ 
E and W was thought to be negligible. In the Jackcroa M?t x Am 
however, the four graphs all diverge Again, Pt ^ f a c t i o n of 
influence as a result of its actio*,on teawidth T h e - c U o ^ o f 
Br-br is now rather pronounced and reiiecxs xne 
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No. 

Fig.24. S plotted against No. of the leaf for the parents, the Fl and the backcross types. 
Year: 19S3. Symbols used: Ch 2 § 4 . 

factor-pair on leaf length, which was somewhat unexpected in this 
backcross. 

The fluctuations between the 7-th and the 13-th leaf correspond 
to those shown by the parents and the Fi (Fig. 18b). As has been 
said in Ch 2 § 5b the only comment to be made is that during the 
period of rapid growth of these leaves the plants were trans­
planted from the glasshouse to the field. 

A-graphs (Fig. 25a-b), 
fall The graphs for the angle of venation of the 9 F2 genotypes fall 

into three groups (Fig. 25a), generated by the fact o r -pair P t -F-
In the region of differentiation, Pt Pt (types 1,4,7) has acute, 
Pt pt (types 2,5,8) intermediate, and pt pt (types 3, 6,9) obtuse 
angles. The individual data cannot be combined per group of three 
types, because Br -br a lso influences the angle of venation. Within 
each of the three Pt-pt groups the angles become more obta?e ™ 
the order br b r — , B r br—>Br Br. The difference between br or 
( ) a n d Br br (---) is comparatively small and tends to d i s a | ' 
pear above leaf No. 17. That between Br br (---) and B r » 



97 

fete 

Xd 

Q 

» «n inn 

C^ 
l < 

vt >* 

K 
* £ B O .2 
S.g"A 

4) CO , 

.Si!* „•» -
o a . 

SSI* 

3 M S o 

•"* i t. >• 
• 8 M M 

A 3 * • 
i 0 , ( 0 " ! 

Ki jj £ c 



98 

( . . . ) , however, is rather pronounced. The backcross graphs (not 
presented) compare injhe same way. 

F ig. 25b shows the A-graphs for the parents and the Fi, and 
for the types 3 (pt pt br br, like HG), 5 (Pt pt Br b r , like Fx)and , 
7 (Pt Pt Br Br, like Am) from the backcrosses and the F2. It 
appears that the parental difference in angle of venation is for the 
greater part generated by P t -p t and Br -br , though modifier se­
gregation cannot be neglected, because 1) notably in the pt pt b rbr 
group the backcross graph and the F2 graph fall short of the parent 
graph, and 2) the within-type variance for angle of venation (Ch 
2 § 5h) is larger for the types from the segregating generations 
than for the parents and the F i . 

Summarizing the conclusions of this paragraph it can be said 
that: 
1. P t-pt has a large influence on leaf width and on angle of ven­

ation. 
2. B r -br has no influence on leaf width and affects the angle 

mildly. 
3. Both factor-pairs have only a small effect on (maximum) leaf 

length. With respeet to Pt-pt this implies that Pt makes the 
petiole longer (see e .g. the types 1,2 and 3 in Fig. 6) w i t h ­
ou t affecting the total leaf length. 

Gh 2 § 5g. Frequency distribution of angle of venation 

In addition to the A-graphs discussed in the preceding para­
graph (cf. Fig. 25a-b), Fig. 26 presents frequency polygons for the 
angle of venation of leaf No. 8 (commencing differentiation be­
tween the types) and leaf No. 21 (full differentiation). 

Confining the discussion to leaf No. 21 and considering the total 
F 2 polygon first (inset; upper right corner) it is c lear that no 'in­
ferences can be made from it regarding the inheritance of angle 
of venation. When for the F 2 and the backcrosses the data are 
grouped according to the Pt-pt genotypes, the influence of this 
factor-pair becomes very apparent. The distributions slightly 
overlap in the backcrosses and considerably in the F 2 . This is 
partly due to the segregation of Br-br as can be understood from 
the graphs of Fig. 25a-b. Thus the tail on the right side of the 
polygon for Pt pt from Fi x Am is not found in the Fi polygon and 
is generated by type 8 (Pt pt Br Br). The leftward shift of the Pt Pt 
polygons in the F2 and the backcross Fi x Am as compared with 
lu tmJ ? ^ P o lyg° n i s for a large part due to the presence of 
the br br and Br br genotypes. 

C h 2 § 5 h ' VtimanCeS 0fleaflen^h> leaf width and angle of vena-

In order to obtain information, about modifier segregation the 
variances for leaf length, leaf width and angle of venation of leaf 
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No. 18 were calculated within the parent and Fi families, and 
within the parent and Fi types from the segregating generations. 
The data a re shown in Table 8. 

The variance of each of the three characters tends to be higher 
for Am than for HG, the F-values being 1.74 (P = 0.20-0.10) for 
angle of venation, 2.36 (P = +0.05) for leaf length and 1.51 (P = ± 
0.20) for leaf width. The comparisons between the different gener­
ations have been res t r ic ted to identical genotypes in terms of Pt-pt 
and Br -br . Now, apart from leaf width in the case of Pt Pt Br Br, 
the variances of the F2 types are significantly larger than those 
of the corresponding non-segregating families. This indicates 
modifier segregation. In the backcross Fi x Am the variances 
are la rger at the 10% or 5% level of probability, with the ex­
ception of the leaf width variances. However, in the backcross 
F t x HG the variances are not larger than those of the co r re ­
sponding non-segregating generations. The latter result is some­
what surprising. One might ask whether this is due to a prepon­
derance of dominant modifiers in the HG genome, to a higher 
phenotypic homeostasis induced by the HG genome, or to other 
causes. 

Ch 2 § 5i. Concluding remarks 

As length and width of the tobacco leaves change gradually 
from bottom to top of the s tem, no region of constant size in one 
or the other of the two dimensions is present. Leaf shape, ex­
pressed as the logarithm of the length/width ratio, remains more 
or less constant for a considerable number of nodes in HG and 
Atr, but not in KE and Am (cf. Figs. 17b, 18b and 19b). Conse­
quently one cannot speak of a region of constancy in leaf shape as 
a general phenomenon. 

Therefore the plants cannot be adequately represented by one or 
a few leaves only. The use of "graphs of leaf development", ob­
tained by plotting the metr ical data against the number of the 
leaf, offers several advantages: 
1. The plants are studied as entities. The trends of progressive 

change from leaf to leaf along the stem are fully brought to 
light. 

2. I rrelevant fluctuations round these t rends, mainly due to the 
fluctuating environmental conditions during growth ot the suc­
cessive leaves, can be discounted. 

3. The levels on the s tem, at which differentiation between diffe­
rent genotypes commences, can be determined and compared 
for different characters . ' , . , 

In the present study the graphs of leaf development proved to be 
a valuable tool for: . x. „,„„,.,•„„ 
1. Comparing leaf development in different varieties, comparing 

reciprocal F . ' s , and studying the relation between parents and 
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2. Analyzing the action of known factor-pairs , viz. P t -p t andBr -b r , 
in segregating generations. 

3. Determining how leaf development is affected by the number of 
leaves. 

4. Obtaining information about segregation of modifying genes. 

Ch.2 § 6. A FEW REMARKS ON GROWTH OF THE LEAVES 

On the plants of the families 53-201 (HG), 53-204 (Am), 53-205 
(Fi), 53-206 (Fi x HG), 53-207 (Fi x Am) and 53-208 (F2), length 
and width of the growing leaves (Nos. 7, 8, e tc.) were measured 
every 2-3 days as soon as they exceeded a length of 25-40 mm. 

As can be seen from visual inspection of the growing plants,the 
difference in shape between the HG and Am leaves a r i ses early 
during leaf growth. From the measurements taken it appears that 
length and width of the Am leaves increase at about the same rate, 
that is the shape of the Am leaves does not change much during 
growth. In the HG leaves, however, width increases at a higher 
rate than length, that is the HG leaves become less elongated. 
This means that the difference in leaf shape between HG and Am, 
already present before the leaves reach a length of 25-40 mm. , 
increases during the period of growth under study. 

As a means of description of the relation between leaf length 
(L) and leaf width (W) during growth, I used the l inear relation­
ship log L = log b + k log W, in which k (the slope of the line) is 
called the "relative growth ra te" . In this way the "allometric 
technique" (HUXLEY, 1932) has been used as a tool in the study 
of shape in botanical objects by several investigators, among 
which SCHWARZ et a l . (1951), who studied leaf shape in a tobacco 
variety resembling our KE. For each leaf, log L. was plotted 
against log W and straight lines were fitted to the points. For HG 
the k-values of the successive leaves on the s tem did not vary 
much and averaged 0.8 (a k-value less than unity implies that the 
leaf becomes less elongated during its growth). In the case of 
Am, however, the k-value was not constant from leaf to leaf and 
moreover the points of each leaf could not be represented by one 
straight line, changes in k giving r ise to two and sometimes three 
straight line segments. Therefore Am cannot be represented by 
one k-value, even when we confine ourselves to one specified leaf 
number. As a rough estimate k = 0.95-1.00 might be given as an 
average for Am. 

It was originally intended to study in the segregating genera­
tions to what extent differences in k a re governed by the Pt-pt 
factor-pair. However, no clear-cut results could be obtained, 
partly owing to the fact that each plant could not be represented 
by a single k-value. Other aspects of leaf growth in the segregat­
ing generations are being studied. 
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Ch 2 § 7. DISCUSSION 

In Chap te r 1 the r e s u l t s of the Mendelian analysis of the leaf 
c h a r a c t e r s under s tudy have been p resen ted , and d i scussed in 
connect ion with the da ta in l i t e r a t u r e . The different a spec t s of the 
ac t ion of the f a c t o r - p a i r s P t - p t , Pd -pd and B r - b r a r e s u m m a r i z ­
ed in Ch 1 § 14 ( "Summar iz ing d i scuss ion") . In Chapter 2 add i ­
t ional and m o r e de ta i led informat ion has been obtained with the 
help of m e t r i c a l da ta . Combining the. r e su l t s given in the two 
chap te r s we can b r ie f ly d e s c r i b e the act ion of the f a c to r -pa i r s on 
the morphology of the leaf as fol lows. 

The ac t ion of the f a c t o r - p a i r B r - b r is p rac t ica l ly r e s t r i c t ed t o 
the l ea fbase , in that it d i f ferent ia tes between na r rowly winged to 
wingless (pet ioled; b r b r ) and b road ly winged ( s e s s i l e ; Br B r ) . 
B r - b r does not influence leaf width, its action on leaf length 
s e e m s t o be negl ig ib le , and it affects the angle of venation only 
s l ight ly . The f a c t o r - p a i r P t - p t influences a complex of c h a r a c ­
t e r s . P t make s the leafbase mo r e s l ender (longer and n a r rowe r ) , 
the leafblade n a r r o w e r , and the angle of l a t e r a l veins more a cu te . 
However , i ts influence on leaf length, if p resent a t a l l , can be 
neglec ted , which imp l i e s that P t - p t has a l a rge influence on leaf-
base (petiole) length w i t h o u t affecting the to ta l leaf length. The 
f a c t o r - p a i r P d -pd a c t s qua l i ta t ive ly in the s ame way as P t -p t , but 
quant i ta t ively i ts influence is s m a l l e r . 

In the p r e s en t p a r ag r aph some fur ther considera t ions r e g a r d ­
ing the ac t ion of the f a c t o r - p a i r s will be advanced. 

In o r g an s , shape d i f ferences r e su l t f rom differences in amount 
and d i r ec t i on of ce l l d iv is ion and cel l e longation. However, shape 
cannot be e x p r e s s e d as a s imple ma themat i ca l function of cell d i ­
v is ion and e longat ion. AVERY (1933) showed, by making ink l a t ­
t i ce s on young t obacco l e ave s , tha t the r a t e of i nc rease in a r e a 
was not uniform a l l ove r the leaf (" localised growth") : it was 
g r e a t e s t in the b a s a l half of the leaf nea r the m id r ib and fell off 
towards the edges and t owards the t ip . Growth is completed at the 
t ip f i r s t and a t the b a s e l a s t . The p roblem of how our f a c to r -pa i r s 
affect t hese compl ica ted r e l a t ionsh ips dur ing growth falls outside 
the scope of the p r e s en t invest igat ion. The kind of act ion of the 
genes will be d i s cu s s ed f rom the observat ions on the net r e su l t : 
the fu l l -g rown leaf. 

ANDERSON and OWNBEY (1939) who compared morphological 
and ana tomica l f e a t u r e s of N.alata and N. langsdorffii - the form­
e r has n a r r o w e r l e ave s , n a r r o w e r b r a c t s , longer calyx lobes and 
a mo r e pointed ovary - concluded: "It s e ems probable that a l l of 
t hese c o r r e l a t e d d i f fe rences r e s t on a difference in the mechanism 
of, cel l e longa t ion" . The inference of a common mechanism of 
causa t ion s e e m s sound in v iew of the homology of the organs con­
ce rned . In i tself, howeve r , a "genet ic coefficient" can only be in­
f e r r ed sa fe ly when it is shown by a genet ic exper iment that the 
c o r r e l a t i ons s t a t ed do not b r e a k down a s a r e su l t of r e comb ina ­
tion. On the o the r hand the genet ic exper iment provides a means 
of t r a c i ng "gene t ic coef f ic ients" . 
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The present investigation has shown that in going from pt pt pd pd 
to Pt Pt Pd Pd each gene substitution makes the petiole (leafbase) 
longer, the wings narrower (to a relatively small extent), the 
leafblade narrower, and the angle of venation more acute. Quali­
tatively the effects of Pt-pt and Pd-pd are the same.-Quantitativ­
ely the effect of Pt-pt is larger than that of Pd-pd for each of 
these characters . So between the genes (units of physiological 
action) and the character-complex there is a cumulative dosage 
relationship, and the dosage effect of Pt is quantitatively differ­
ent from that of Pd. 

Two questions now a r i se : 1) by what genetic coefficient can the 
character-complex be briefly described in t e rms of "more and 
l e s s" , and 2) referring to the "one gene - one enzyme" hypo­
thesis , what chemical substance may (in different amounts) be 
produced by the genes ultimately affecting this genetic coefficient. 
WENT (1951) suggested to ". . .consider leaf form as a synthesis 
of two separate tendencies which are independently controlled by 
separate sets of growth factors: a tendency to l inear development 
of veins, and to surface development of mesophyll". Comparing 
pinnately veined and palmately veined leaves he a rgues : "Ina pin­
nate leaf a decrease in the amount of phyllocaline resul ts in a 
narrowing of the distance between the veins, which thus make a 
smaller angle with the midrib. This results in a narrower leaf. 
Yet the veins can retain the same length if the same amount of 
caulocaline is available. In a palmate leaf, on the other hand, the 
major palmate veins retain the same angle, but a decrease in 
phyllocaline results in lobing". It is of interest to comment on 
this hypothesis in connection with the present findings. 
1. Regarding the growth substances phyllocaline and caulocaline 

WENT gives no consistent formulations. On p. 288 ( I .e . ) he 
says that they are ". . . pure ly physiological names, that is 
functional, not chemical"; on p. 292 ( I . e . ) , however, he speaks 
of". . . the synthesis of the phyllocaline precursor and its t rans­
formation into the active material . . . ". As long as no proof is 
given for the existance of the substances it is better only to 
speak of "amount of mesophyll" and "length of veins" . 

2. For pinnately veined leaves, WENT suggests a causal r e la ­
tionship between leaf width and angle of venation. This sugges­
tion is supported by the pleiotropic action and the dosage re la­
tionships of Pt-pt and Pd-pd as found in the present investiga­
tion. We may say that in acting upon leaf width, wing width and 
angle of venation, these factor-pairs affect the genetic coeffi­
cient "amount of mesophyll". In this connection it is interest­
ing to note that the extremely slender Pt Pt Pd Pd leaf type, 
notably when not quite full-grown, often has a contour that 
curves inwards between the lateral veins near the tip. This 
may correspond to the effect of reduced mesophyll growth 
(lobing) m palmately veined leaves. One of the examples given 
by WENT relates to HONING's N. tabacum deformis. This mu­
tant type has extremely long, naked petioles and only a small 
leafblade. In the higher leaves mesophyll growth is so much 
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reduced that only naked midribs remain. In discussing 
HONING's investigations (Ch 1 § 13) it was pointed out that the 
gene concerned (def) is comparable in action to Pt and Pd, but 
that its effect is much more extreme. It is an open question by 
what biochemical processes the genes affect the amount of 
mesophyll growth, and whether this action is on an intra- or 
intercellular level. 

3. WENT puts that length of veins and amount of mesophyll are 
independently controlled aspects of leaf shape. This point too 
finds support in the results of the present investigation. In Ch 
2 § 5f it has been shown that Pt-pt, which has a large effect on 
the amount of mesophyll, has no influence on leaf length, i . e . 
on the l e n g t h of t h e m i d r i b . The comparison between 
the l e n g t h of t h e l a t e r a l v e i n s of the Pt Pt and pt pt 
leaves is somewhat difficult, as it cannot be determined with 
certainty what point near the leaf margin must be taken as the 
end-point of a la teral vein. Before branching off from the mid­
rib the la teral veins a re seen to grow together with it for some 
distance. This distance is longer in the Pt Pt leaves (acute 
angles) than in the pt pt leaves (obtuse angles). The difference 
is about 0.5-1.2 cm. (cf. Ch 1 § 6a). It is my impression that, 
when making allowance for this part of the veins, the lateral 
veins of the narrow Pt Pt leaves are not much shorter, if 
shorter at a l l , than those of the broad pt pt leaves. 

A further point to be considered is whether and how the effect 
of Pt-pt and Pd-pd on the l e n g t h of the leafbase (petiole) can 
be referred to in t e rms of amount of mesophyll only. This is not 
clear yet. In the leafbase of the sessi le types (Br Br), which has 
been defined as the part of the leaf between axil and sinus mid­
point (cf. Ch 1 § 3a), there is , in comparison to the leafblade, a 
reduction in t issue as a whole, in that the lamina is narrow in 
this part and the la teral veins rather unpronounced. Comparing 
the Pt-pt types on the Br Br level.i t can be said that 1) a longer 
leafbase seems not associated with extra length of the nudrib, as 
Pt-pt influences leafbase length without affecting the total leai 
length, 2) for each type the angle of lateral veins in the leal base 
is about the same as in the leafblade, that is acute in the Pt Ft 
type and obtuse in the pt pt type, and 3) these lateral veins are 
not much shorter in the relatively narrow based Pt Pt type inan 
in the relatively broad based pt pt type. In these respects the 
statement that Pt-pt does not affect length of veins can b e n a n -
tained. However, it remains to be settled whether or noin^the 
leafbase of the Pt Pt type lateral veins are included, the^equi­
valents of which in the shorter based pt pt type fall outside this 
region and consequently show unreduced growth. U s_o, ±- p 
would still affect the length of specified lateral veins J ° J t e r 

mine what la teral veins are to be compared in the dm^efr^ 
types, detailed morphological and anatomical studies °JJ tne gro 
ing and the full-grown leaves are required for establishing the 
exact relationships between leafblade and leafbase. 

http://level.it
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Regarding the action of Br -br a few remarks may be made. As 
on each Pt-pt level the distance from axil to sinus midpoint in the 
sess i le type corresponds well with the length of the petiole in the 
petioled types (cf. Fig. 6), the leaf parts concerned have been r e ­
garded as equivalents in the present analysis. We may say that 
B r -br , the action of which is restr icted to the leafbase (region of 
reduced t issue growth; see above), differentiates between a r e ­
latively mild reduction (Br Br; sessile types) and a pronounced 
reduction (br br; petioled types). 

Pt-pt affects leaf shape by controlling leaf width, not leaf 
length. A comparable situation has been described by SIRKS 
(1931), who studied shape and size of Vicia faba leaflets. He de­
monstrated the existence of genes that affect the shape indices 
(the ratios of width, terminal length and basal length) by control­
ling the dimensions in a specific and independent way. The levels 
at which these genes act are determined by genes for leaf s ize, 
that is by genes that affect all dimensions simultaneously. 
SINNOTT (19 35, 1936, 1937), studying fruit shape in Cucurbita-
ceae, did not find genes affecting one dimension without affecting 
the other dimensions, and introduced the conception "shape genes" 
as opposed to "dimensional genes". He inferred from allometric 
graphs (cf. Ch 2 § 6) that his shape genes pr imari ly affect the 
relative growth rate (k). SINNOTT (1956) says: "There is good 
evidence that the inheritance of form is independent of that of 
s ize , and that what is inherited is not particular dimensions but 
particular growth ratios or patterns". In view of the situation in 
Vicia faba and in N.tabacum, however, it cannot be ignored that 
so-called dimensional genes should also be taken into considera­
tion as shape determining factors. 
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S U M M A R Y 

1. The p r e s en t s t ud ie s on the inher i tance of leaf shape in Nico-
tiana tabacum have b een ma in ly pe r fo rmed on F i ' s , b a ckc ro s -
s e s , F2 ' s and F 3 ' s , ^der ived f rom a complete se t of c ro s ses 
between four pure l ines ( F i g s . l to 4): Hongaars Gartenblat t 
(HG), A t r o p u r p u r e a (Atr ) , A m e r s f o o r t e r (Am) and Keurhors t 
E l i te (KE). 

2. The c h a r a c t e r s s tudied a r e leafbase shape (petiole length and 
wing width) , angle of l a t e r a l v e in s , leaf length, leaf width, 
l eng th /wid th r a t i o , n umbe r of l e ave s , and flower shape . 

3. The p r e sen t a t i on ha s been divided into two p a r t s . Chapter 1 
deals ma in ly with the qual i ta t ive a s p e c t s , that is with the r e ­
sul ts obtained by v i s ua l inspect ion of the plants (major genes). 
Chapte r 2 p r e s en t s the ana lys i s of m e t r i c a l data on a l l the full-
grown l eaves a long the s t em (graphs of leaf development) . 
G raph ica l c ompa r i s on s in s eg rega t i ng genera t ions a r e confined 
to the HG-Am m a t e r i a l . They provide more detailed infor­
mat ion about the a c t i on of the ma jor genes and of modifying 
g enes . 

4. The f r ame of leaf (and f lower) shape va r i a t ion in the ma te r i a l 
depends on t h r e e independent ly s eg rega t ing f a c to r -pa i r s : P t - p t , 
Pd -pd and B r - b r . The pa ren t fo rmulae a r e : 

HG and A t r = pt pt pd pd b r b r 
Am = P t P t pd pd Br Br 
KE = pt pt Pd Pd B r Br 

5. T h e F ^ s a r e in a l l r e s p e c t s m o r e or l e s s in te rmedia te between 
the c o r r e spond ing p a r e n t s . No d i f ferences between r ec ip roca l 
Fi 's have been ob se rved . , . , n „ 

6. The 9 F 2 t ypes f rom the c r o s s HG (or A t r ) x Am and the 9 F2 
types f rom the c r o s s HG (or A t r ) x KE a r e given in F ig . b ana 
F i g . 14 r e s p e c t i v e l y . Types f rom KE x Am a r e P r e s f ™ e d . 1 " 
F i g . 15. Apa r t f rom the HG-type (type 3 in F i g s . 6 and 14), tne 
Am- type (7 in F i g . 6), the KE- type (7 in F i g . 14), and twcvey 
types (5 in F i g s . 6 and 14), new homozygote types a r e recogniz 
e d . v l z . p t pt pd pd B r B r 9 in F i g s . 6 and 14), Pt P t pd_P d j r b r 
(1 in F i g . 6), pt pt P d Pd b r b r (1 in F i g . 14), and Pt P t P J w 
Br B r (F ig . 15). F o r e ach f a c t o r - p a i r the heterozygote is^more 
or l e s s i n t e rmed i a t e be tween the homozygotes and can De 

„ t inguished phenotypical ly f rom t h em . . . « . „ . „ . 
7- The f a c t o r - p a i r B r - b r governs wing width in that * d l f e r e " d 

t i a t e s be tween pe t io led types (br b r ; left column in F i g s . t» an 
14) and s e s s i l e t ypes (Br B r ; r i gh t column). The ength of he 
leafbase in the s e s s i l e types co r r e sponds to the length ol the 

http://ed.vlz.pt
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petiole in the petioled types (within-row comparisons in Figs. 
6 and 14). Substitution of br by Br makes the angle of vena­
tion somewhat more obtuse. 

8. The factor-pairs Pt-pt and Pd-pd are pleiotropic, and cumu­
lative in action. Qualitatively their action is the same, but 
quantitatively the effect of Pt is markedly larger than that of 
Pd. When in pt pt pd pd (bottom row in F igs . 6 and 14) pt pt is 
substituted by Pt Pt (top row in Fig. 6) or pd pd by Pd Pd (top 
row in Fig. 14), the petiole (leafbase) becomes long, the wings 
and the leafblade narrow, the angle of venation acute, the 
calyx and the corolla slender, and the limb pointed. The fac­
tor-pai rs have practically no influence on the total leaf length. 

9. HG and Atr have a low, Am has a high, and KE has an inter­
mediate number of leaves. Leaf number is almost wholly in­
dependent of the three main factor-pairs . In the segregating 
generations, differences in leaf number affect only those 
parts of the graphs (for leaf length, leaf width, L./W ratio and 
angle of venation), which cover the higher nodes. Maximum 
leaf length is not influenced. 

10. Regarding petiole length within each of the leaf shape types, 
a higher number of leaves induces an upward extension of the 
region of increasing petiole (leafbase) length and decreasing 
wing width. The rate of increase per node is not affected. 
The high positive correlation between number of leaves and 
maximum petiole length must be taken into account for effi­
cient classification of the Pt-pt and Pd-pd types. 

11. A general device for the identification of factors for leafbase 
elongation (etc.) in sessile varieties has been discussed in 
Ch 1 § 12. 

12. The carmine flower colour of Atr (Pk Pk) is completely do­
minant over pink. Pk-pk is closely linked with b r -Br . 

13. In Ch 1 § 13 the data presented by other authors have been 
discussed in connection with the present findings. When ne­
cessary and possible, reinterpretations were suggested. The 
conclusion is that the leaf shape factors in the l i terature are 
s imilar in action and presumably identical to ours . 

14. In Ch 2 § 7 the action of Pt-pt and Pd-pd on leaf shape has 
been discussed in terms of amount of mesophyll and length of 
veins. 
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S A M E N V A T T I N G 

1. Dit onde rzoek n a a r de e r fe l i jkhe id van de b l advorm bij t abak 
(Nicotiana tabacum) w e rd in hoofdzaak v e r r i c h t me t behulp van 
F i ' s , t e r ugk ru i s i ngeh , F2*s en F3*s, voo r tgekomen uit e en 
v i e r hoek sk ru i s i ng t u s s e n de volgende l i jnen (vgl. F ig . 1-4): 
Hongaars Ga r t enb l a t t (HG), A t r o p u r p u r e a (Atr ) , A m e r s f o o r t e r 
(Am) en K e u r h o r s t E l i t e (KE). 

2. De b e s t udee rde k e n m e r k e n z i jn : v o rm van de b l adbas i s ( s t e e l -
lengte en v l euge l b r e ed t e ) , hoek van de z i j ne rven me t de hoofd-
nerf, b l ad leng te , b l a db r e ed t e , lengte / b r eed t e quotient , b l ad -
aan ta l en b l o e m v o r m . 

3. De b e sp r ek ing van het m a t e r i a a l is in twee gedeel ten gesp l i t s t . 
In hoofdstuk 1 wo rden voo rname l i j k de r e s u l t a t en behandeld, 
v e r k r e g en bij b eoo rde l i ng van de b lad typen op het oog ("major 
genes" ) . Hoofdstuk 2 beva t de ana lyse van me t ingen v e r r i c h t 
aan a l le door de plant g evo rmde b l a d e r en . De g raf ieken, die 
het v e r l oop van de v e r s ch i l l e nde k enme rken over de plant 
weergeven ( "g raphs of leaf d eve lopmen t " ) , v e r scha f t en nadere 
gegevens over de we rk ing d e r hoofdfactoren en over de a a n -
wezigheid van mod i f i ce rende genen. 

4. De v a r i a t i e in b l advo rm (en b l o emvo rm) b e r u s t in hoofdzaak 
op d r i e onafhankeli jk s p l i t s ende f a c t o r enpa r en : P t - p t , Pd -pd 
en B r - b r . De genotypen van de ouder s z i jn : 

HG en A t r = pt pt pd pd b r b r 
A m = P t P t pd pd B r B r 
KE = pt pt P d Pd B r B r 

5. De F ^ s z i jn in a l l e opz ich ten min of m e e r i n t e rmed i a i r . E r 
we rden geen v e r s c h i l l e n t u s s e n r e c i p r oke F i ' s g econs t a t ee rd . 

6. De 9 F 2 - t ypen b eho rende b i j de k ru i s ing HG (of A t r ) x Am en 
de 9 F 2 - t ypen van de k r u i s i ng HG (of A t r ) x KE zijn afgebeeld 
in r e s p . F i g . 6 en F i g . 14. Typen a fkomst ig van de k ru i s ing 
KE x Am worden in F i g . 15 gegeven . Naas t het HG-type (type 3 
in F ig . 6 en 14), h e t Am- t yp e (7 in F i g . 6), het KE-type (7 in 
F ig . 14) en twee F t - t ypen (5 in F i g . 6 en 5 in F i g . 14), we rden 
de volgende nieuwe homozygote typen v e r k r e g en : 
Pt pt pd-pd B r B r (type 9 in F i g . 6 en 14), P t P t pd pd b r b r (1 in 
Fig- 6), pt pt Pd Pd b r b r (1 in F i g . 14) en P t P t Pd Pd Br B r 
(Fig. 15). Voor e lk d e r d r i e f a c t o r enpa r en kan de he terozygoot 
p haeno typ i s chonde r s che iden wo rden van de beide homozygoten. 

7. Het f a c t o r enpaa r B r - b r be invloedt de v l euge lb r eed t e : ges tee lde 
typen (br b r ; l i nke r ko lom in F i g . 6 en 14) en z i t tende typen 
(Br B r ; r e c h t e r ko lom) . De lengte van de b ladbas i s van het 
z i t tende type komt in e lke r i j ove reen me t de s t ee l lengte van 
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de gesteelde typen (Fig. 6 en 14). Br heeft een geringe, s tom-
per makende, invloed op de nerfhoek. 

8. De beide pleiotrope factorenparen Pt-pt en Pd-pd vertonen 
overeenkomstige werking en zijn cumulatief. De invloed van 
Pt is belangrijk groter dan die van Pd. Wanneer in pt pt pd pd 
(onderste r i j in Fig. 6 en 14) pt pt vervangen wordt door Pt Pt 
(bovenste r i j in Fig. 6) of pd pd door Pd Pd (bovenste r i j in 
Fig. 14), dan ontstaan naar verhouding een lange bladsteel 
(bladbasis), een smalle vleugel, een smalle bladschijf, een 
scherpe nerfhoek en een slanke, spitse bloem. De invloed van 
beide factorenparen op de totale bladlengte valt te verwaar lo-
zen. 

9. Het bladaantal van HG en Atr is laag, dat van Am hoog en dat 
van KE intermediair (vgl. Table 1). Tussen de verschillende 
F2-typen werden geen of slechts kleine verschillen in gemid-
deld bladaantal gevonden. Uit de onder 3) genoemde grafieken 
blijkt,dat verschillen in bladaantal geen invloed hebben op de 
lengte van de bladeren tot en met het blad, waarbij de maxi­
mum lengte bereikt wordt. De grafieken voor bladbreedte en 
nerfhoek blijken voor een aantal daarboven volgende bladeren 
nog samen te vallen. 

10. Bij elk der typen neemt vanaf de lagere bladeren de s tee l -
lengte toe en de vleugelbreedte af. Naar mate het aantal b la­
deren groter i s , wordt de maximum steellengte groter en pas 
bij een hoger bladnummer bereikt (een voortgezette, geen 
versnelde toename). Na het onderkennen van deze s terke, 
positieve correlatie tussen bladaantal en maximum s tee l ­
lengte was hetmogelijk de verschillende Pt-pt en Pd-pd k las-
sen volledig te scheiden. 

11. In hoofdstuk 1 § 12 wordt een kruisingsschema besproken, 
waarmede het genotype (Pt-pt en Pd-pd) van varieteiten met 
zittende bladeren geidentificeerd kan worden. 

12. De donkerrode bloemkleur van Atr (Pk Pk) is volledig domi­
nant over roze bloemkleur. Pk-pk is vrij s te rk gekoppeld met 
b r -Br . 

13. In hoofdstuk 1 § 13 wordt een uitvoerige analyse, en waar no-
dig herinterpretat ie, van de betreffende l i teratuur gegeven. 
De conclusie is , dat de daarin aan te treffen factoren voor 
bladvorm dezelfde werking vertonen als de hier onderzochte 
en daaraan hoogstwaarschijnlijk identiek zijn. 

14. In hoofdstuk 2 § 7 wordt de aard van de werking van Pt-pt en 
Pd-pd op de bladvorm nader besproken. Zij beinvloeden de 
„hoeveelheid mesophyll", niet de "lengte der nerven* (vgl. 
WENT, 1951). 
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S T E L L I N G E N 

De genetische verschi l len in bladvorm bij Nicotiana tabacum be-
rusten grotendeels op een v ier ta l factorenparen. 

Dlt proefschrift. 

II 

De invloed van de factorenparen Pt-pt en ^^ZltyTn^ENT 
het tabaksblad komt overeen met de voorstellingen van WfcN 
omtrent de be paling van de bladvorm. 

WENT.F.W., 1951. In "Plant growth substances (ed. 
F.SKOOG), p.287-298. 
Dit proefschrift. 

HI 

Onderzoek naar de erfelijkheid van X ^ w l i z f a ' a n ' a f S e r -
van het tabaksblad kan niet op doeltreffende wijze aan aizo 
lijke bladeren worden verr icht . 

Dit proefschrift. 

IV 
Het ontbrekenvan een eensluidende terminologie in de biometri-
sche genetica leidt tot ernatige ve rwarnng . 

Te r v e r g i n g van in .eel t -en h ^ ^ ^ ^ 
rekening gehouden worden met de DeireKM..*, 
genen. 

„„„ mtitatics bicdt voor de 
De perspectieven, die het verwekken van .™u

 v a n d e n o o d -
plantenveredeling, mogen de ™ ^ c " *£e t ', d i l t re f fender wij*e 
zaak om de bestaande g e n e t * c h * ^ ^ f e n 
t e r beschikking van de veredelaar te stellen. 

VII t 
. . A C T HH zifn Nicotiana onderzoek moct 

Uit de bevindingen.van EAST bij * « " J ^ v a n « • « « yan « > £ 
ceconcludeerd worden, dat b i a e ^ v-,,, dezc rasflen, de ssoge 
Hvruch te r s en bij de in stand h e a d n g - « * ^ ^ ^ ^ 
noemde.constantheid van zutvere *«j 
mag worden aangenomen. ^ M>> m 5 . c^m » , P.44i-4SI. 



VIII 
De grootheid „heritability" dient met veel reserve gehanteerd te 
worden, zowel gelet op de wijze waarop zij berekend wordt, als 
gelet op haar bruikbaarheid bij vergelijken en voorspellen. 

IX 

Wanneer geen afwezigheid van dominantie verondersteld wordt, 
-luidt de formule voor de berekening van de erfelijkheidsgraad (h^) 
uit de moeder-dochter correlatie: r = a h2, waarin 0 4 a. 4 2 . 

X 

Voor een betrouwbare oogstraming zijn gegevens over de weers -
invloeden op opbrengst en gehalte van suikerbieten, zoals verza-
meld door STUMPEL en RIETBERG, onvoldoende. 

STUMPEL.J.M.H. en RIETBERG.H., 1949. 
Meded.Inst.Rat.Suikerprod. 19, p .65-89. 

Proefschrift J .H. van der Veen 
Wageningen 1957 


