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INTRODUCTION

The parent plants used in this investigation are the french beans
Fijne tros” and ,Wagenaar”.

Fijne tros” is a rather late, whiteflowering, white-seeded pole
bean, with non-parchmented, nearly stringless pods.

Wagenaar” is an early bush bean, very pale rose-flowering and
yellow-seeded ; the pod is semi-parchmented and provided with an
extremely strong string.

The main intention was to investigate the inheritance of the
strength of the string. Besides other characters were investigated. As
the segregation for seedcoat colour was rather intricate, its dis-
cussion takes up most of the space in this work. Length of stem and
linkage relations will not be dealt with in this publication.

In 1930 T had at my disposal 48 F, plants, of which in 1931 and
1932 I grew the F, and F, progeny. Their analysis led to provisional
results. In the same year 1930 I repeated the cross myself. The three
F, plants (Fijne tros x Wagenaar) resulting from this cross formed
the material for more extensive investigations.

These F, plants of 1931 (and those of '32) were on a large scale
self-fertilized and backecrossed by the two parent plants. The castra-
tion of Phaseolus flowers is difficult to perform and even withaccurate
control of the stigma some pollen grains might be overlooked. I
therefore castrated the flower buds already one or two days before
they would have opened; one day after the castration they were
pollinated after renewed close examination of the stigma. Among
hundreds of backeross plants not a single individual has been found
which was apparently due to self-fertilization of the F, mother plant
The discussion of the inheritance of seedcoat colours is mainly based
upon the backeross with Wagenaar.



CHAPTERI
STEM, FLOWER AND SEEDCOAT COLOURS
§ 1. Introduction

Many factors for seedcoat colour have as yet been determined by
the various investigators. It is, however, very difficult to find the
connection between their investigations. In the first place the de-
scription of the colour types is often superficial. Secondly the greater
part of the crosses contain rather few of the very numerous colours.
And finally the connection between stem, flower and seedcoat colours
has nearly always been neglected. After the analysis work of
LamPrRECHT, the situation has become much more favourable,
because we have now the disposal of a very accurately described
material, which has been analysed for many factors.

It is for the following reasons that I venture to add the analysis of
the cross Fijne tros x Wagenaar to the extensive material already
known:

|. The analysis concerns seedcoat colour in connection with
stem and flower colour.

2. The number of factors involved is rather great.

3. Backcrosses serve as a test for the factorial scheme.

4, The making of linkage investigations.

Points 1 and 2 make the comparability with earlier investigations
fairly great. Therefore I have tried to limit the introduction of new
factor symbols as much as possible although I am aware that only
definite crosses could give certainty about supposed identity of
factors.
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§ 2. Present state of the factorial analysis of the seedcoat colour.

The factors for seedcoat colour as yet known may be classified as
follows: ;

a. Groundfactor.

b. Complementary factors.

¢. Modifying factors.

a. Groundfactor.

This factor must be homozygous dominant or heterozygous for the
seedcoat to be able to show colour. If the groundfactor, which I call
P (SmuLL, 1907, p. 829) is recessive, the seedcoat and asa rule the
flower too, are white. KoorMAN (1931, p. 331) speaksof groun d-
or ferment factor, LampreECHT (1933, p. 313) ofa funda-
mental gene.

b. Complementary factors.

The groundfactor alone does not produce colour. Colour only
appears, if, besides the groundfactor P, there is at least one dominant
_complementary” factor. Each of the complementary factors pro-
duces (in cooperation with the groundfactor P) a definite, mostly
very pale seedcoat colour. More complementary factors together
generally give a darker colour. This was for the first time analysed
by KooiMAN (1920), who adopted in the analysis of his cross between
a yellow brown and a white race a groundfactor (A) and three com-
plementary factors, his, chromogenous factor s’ B, Cand
D. LAMPRECHT was the first to give complete certainty about the
existence of the two types of factors by crossing two coloured-seeded
races, which gavein the Fy-generation 1/, white-seeded plants. As yet
LamprecHT has described six complementary factors or colour
geniess

The consequences of these relations are:

1. White-seeded are all p-plants and also those P-plants in which
all complementary factors are recessive.

2. If one or more complementary factors are homozygous domi-
nant, the ratio white-seeded: coloured-seeded can only be 1 : 3 (Pp-
plants). !

3. If the groundfactor is homozygous dominant and none of the
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complementary factors are homozygous dominant, the proportion of
1 ;
white-seeded plants is e in which formula n isthe number of hetero-

zygous complementary factors.
4. If the groundfactor is heterozygous and again none of the
complementary factors are homozygous dominant, the proportion
1 3

1
of white-seeded plants is — 4 — x —.
4 ' 4n” g

¢. Modifying factors.

They only influence the colours produced by cooperation between
groundfactor and complementary factors. The influence of such
modifying factors (Kooiman 1931, p. 346: intensifiers” E
and F) may be rather general, but in other cases it is restricted to
definite factor combinations.

These relations between ground-, complementary and modifying
factors may be the cause of very intricate cryptomeric, epi- and
hypostatic phenomena.

Here I have to mention some unexpected and as yet unexplained
results of LAMPRECHT (19340, p. 205). In his cross no. 38 between two
coloured-seeded races, white-seeded plants appeared in the F,, in
spite of the fact that both parents possessed the complementary
factor C; and in cross 33 a good many more white ones appeared than
was to be expected according to the groundfactor-complementary
factors assumption. One of the parents in both crosses was the partly
coloured (, teilfarbige”) race 1. 29. According to LAMPRECHT ,Ver-
,,bleibt da vorlaufig wohl nur die Annahme, dass es eine oder gewisse
,Kombinationen von Genen fiir Teilfarbigkeit gibt, bei denen die
,Ganze Testa ungefirbt verbleibt.”

§ 3. The cross Fijne tros X Wagenaar

The investigation of an F, (Wagenaar X Fijne tros) consisting of
48 plants and their F; and F, offspring (1930 —1932) induced me to
the provisional adoption of a factorial scheme. For the analysis to be
given here I will, however, use the more extensive material, viz.
F,, F,, F, and backcrosses with their progeny of the years 1931—
1933. The provisional scheme was wholly confirmed by this analysis.
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In this section colour names and factor symbols are used with-
out ample explanation. The accurate description of the colour types
and the justification of the choice of symbols will be given in the
following sections. The colour numbers refer to the folding scheme
table 31 and to the colour description in § 5.

a. Description of the parent plants and F,

The Fijne trosraceis white-seeded and whiteflower-
ing. Hypocotyl, cotyledons and stems are green without any
trace of anthocyanin. Only at the base of the full grown pod very
small violet spots occur.

The Wagenaar race has a yellowish seedcoat, shading
(especially at the ventral side) sometimes to canary yellow; the
hilumring (cf. fig. 1) is yellow brown ; around the hilumring is a narrow
violet corona. Cf. the colour
description of no.3 in § 5. Its
flower colouris a very pale
pink or lilac rose
(Repertoire de Couleurs par
R. OBErTHUR 130, 1, 132, 1
and paler). At the base of the
standard and wings thecolour
is somewhat darker (Rep. de
Couleurs 187, 1, pale light
lilac). Hypocotyl and cotyle-
dons are partly covered with a
rose anthocyanin. colour
(Rep. de Couleurs between
150, 3—4 and 118, 3; RIDGWAY, Color Standards, Plate XIII, 1’ ¢).
“This cotyledon colour is brightest immediately after germination
and vanishes about three days later. The anthocyanin colour of the
hypocotyl appears about ten days after germination. The full grown
pod is spotted with the same rose colour.

All F, plants havea . black mottled scedcoat (fig. 2). Their
flower colour is a light violet; the wings a little more reddish than
Rep. de Couleurs 195, 1 (Violet Mauve); the standard 189, 2 (Bishops
violet). Hypocotyl and cotyledons are partly covered with a very

Tie. 1. Ventral side of a bean.
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conspicuous dark blue violet anthocyanin colour (Rep. de
Couleurs between 199, 4 and 190, 4, often much darker; the paler

G 2
Fijne tros (white): pp JJ Sh Sh (or Sh sh) ¢M ¢M GG BB VV.
\\'a'genaar (vellowish): PP || Sh Sh (Tn C‘_]i] gg bb vv.
F, (black mottled): Pp JJ Sh Sh {and Sh sh) Cm cM Gg Bh Vv.
Dull black mottled F, plant with nearly colourless background (of
family 55-2): P J sh Cm ¢M G B V.

el

colours 195, 4: Ripeway, Color Standards Pl. XLIV, between 69"

i fand 65" m). The stem is green, except for narrow violet spots

at the nodes; the fall grown pod is dark blue violet spotted.
Henceforward I will use the following indications:

‘ Stem colour | Flower colour

._ | T
Fijne tros . . . . | green white

Wagenaar . . . . ‘ rose pale rose
By o o e w e B violet violet-1.
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b. Segregation for stem and flower colour

As to stem and flower colour in all generations only the following
three plant types occur:

1. Green stem, white flower (white seedcoat).

2. Rose stem, pale rose flower (coloured seedcoat).

3. Violet stem, violet flower (coloured seedcoat).

As to the violet flower colour, in F, the violet-1 F, colour appears,
but also darker types. Moreover some flowers are a little more reddish
violet. The darker colours range between Rep. de Couleurs 189,
2—3 (Bishops violet) and 180, 1—2 (Reddish violet). I tried to distin-
guish between the paler F, colour (violet-1) and darker colours
(violet-2 and 3), but a sharp discriminaticn was impossible. The F,
and F, generations, however, have shown that the violet-1 F, plants
nearly always segregate into violet and pale rose, consequently are
heterozygous; violet-2 and 3 plants do not segregate the pale rose
type and therefere are homozygous.

The extension of the violet stem colour in the F, plants was ex-
tremely variable: sometimes only the cotyledons and hypocotyl
showed small spots, whereas in other cases nearly the whole plant
was violet.

The rose hypocotyl and cotyledon colour was not always found.
With a view to investigating whether or not this rose colour may be
totally lacking in pale rose flowering plants, I planted 1600 seeds of
F, plants in flowerpots and examined the young plants twice closely,
viz. about 2 days (cotyledons) and 10 days (hypocotyl) after their
germination. Then I planted the green seedlings.in the field and
inspected the plants later on as to flower colour. It will be seen
(table 1) that out of 262 rose plants only one had not been recognized
by cotyledon or hypotocyl colour.

The numbers of the three plant types green, rose and violet ap-
proach the bifactorial 4 : 3 : 9 ratio, but there is a considerable
shortage of rose. The F, families in table 2 show the same marked
shortage of rose plants, together with a surplus of violet ones
(D/m = 2.59). The tables 1 and 2 together give:
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white | pale rose | wviolet tokal

flower flower flower ota
Observed . AL 816 540 1876 3232
Expectedratio4 : 3: 9. . 808 606 1818 3237
Djm . 0.32 2.97 2.06

That is too few rose plants, too many violet ones (D/m still less
than three, but wvery high!). The two factors involved are the
,Lroundifactor” P (Sumurr, 19076, p. 829) and a ,violet
factor” which I call V (LAMPRECHT, 19324, p. 177; JOHANNSEN,
1926 p. 443). Both races have a complementary factor J (LAMPRECHT,
1932a, p. 176) in common, as will be shown later on.

Fijne trosis: pp VV (J]).
Wagenaar is: PP vv (] ]).
F; is: Pp Vv (])).

F, consists of 4 white flowering p plants, 3 pale rose flowering Pv
plants and 9 violet flowering PV ones. Of these 9 PV plants 6 are Vv
(violet-1) and 3 are VV (violet-2 and 3) ; according to table 2 actually
found 567 violet-1 and 283 violet-2 and 3.

The backcrosses of F; with the parent plants agree with the
bifactorial scheme for stem and flower colour.

Fijne tros X F; (pp VV x Pp Vv) gave the expected 1 : 1 ratio:
., violet-1
‘ white and 2 total
Observed . . ’ 81 | 78 159
Expected 1 : 1. | 79.50 79.50
Dim . o o . | 024

The reciprocal cross, F; x Fijne tros gave 6 white and 4 violet. In
both crosses not a single rose plant occurred.
Wagenaar x F, (PP vv X Pp Vv) gave:

pale rose | violet-1 total
Observed . . . 42 40 82
Expected 1 : 1. | 41 41
D/m . 0.22
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Therefore no trace of certation! Neither white flowering plants nor
violet-2 or 3 ones were found.

The reciprocal cross, F; x Wagenaar, showed a marked deficiency
of rose plants:

S —

' pale rose | violet-1 total

Observed . . . | 96 124 220
Expected | : 1. 110 110
P - o e e 1.88

The segregation for the factors P and V in the F, families is shown
by tables 3—7. Table 3 contains the progeny of homozygous F, plants.
The flower colour of all PP VV F, plants was violet-2; in their Iy
only violet-2 (and 3) occurred.

Table 4 of Pp vv plants; the agreement with the 1 : 3 ratio is
quite satisfactory:

‘ white \ pale rose | total
o |
Observed . . . l 75 229 304
Expected 1 : 3. 76 228
Dm..... 0l3 ‘

Table 5 of Pp VV plants. One of the I, mother plants was classified
as violet-1, three as violet-1—-2 and five as violet-2. In the F; progeny
the flower colour violet-1 was not found. All families together gave:

S e—

{ white i violet total
Observed . . . ‘ 64 l 187 251
Expected 1 : 3. | 62.75 ' 188.25
D/m . \ 0.18 |

Table 6 of PP Vv plants. Nearly all F, mother plants were noted
as violet-1, The figures point to a clear monofactorial segregation.



AND POD CHARACTERS IN PHASEOLUS VULGARIS L. 187

There is no evidence of a possibly weaker constitution of rose PP vv
plants as compared with violet PP Vv and PP VV ones.

pale rose  viclet | total
| | -
; \
Observed . . . | 88 264 352
Expected 1 : 3. | 88 | 264
Dm . . ... 0.00

The progeny of double heterozygous Pp Vv plants (table 7)
showed very surprising results! In most of the families the number

3
of rose plants is considerably lower than the expected - Only in 7
3
families out of 41 it is 7 or a little more. Summarizing the families,

we obtain very high D/m values:

white | pale rose violet | total
Observed . . . . 297 166 751 1214
Expected4 : 3: 9 | 303.50 227.62 6£82.88
Dm . ... .. 0.43 4.53 3.94

The percentage pale rose flowering plants is 13.67 instead of 18.75.
In order to determine possible differences between Pp Vv plants
(as to the number of rose plantsin their progeny), I made (spring 1934)
a second sowing of those families, which contained thelowest and the
highest percentages of the rose plant type. Tables 8 and 9 show the
results. The percentages of rose plants in the second sowings of both
groups are nearly the same: 15.32and 15.42. Therefore I conclude that
the shortage of rose plants is a general characteristic of the Fy and of
probably all F, families of Pp Vv mother plants.

These _ irregularities” are up to now unexplained. The segregation
for stem and flower colour served as a foundation for the analysis
of the seedcoat colour. The results I arrived at concerning the in-
heritance of seedcoat colour have not given me any indication as to
the cause of the irregularities.
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Of the 88 F, plants of which the progeny has been tabulated, there
appeared to be (tables 3—7) 27 PP plants and 61 Pp ones (the ex-
pected ratio 1 : 21s 29.3 and 58.7).

¢. Seedcoat colour in the backcross F; with
Wagenaar

In all tables the columns for the seedcoat colours are found under
the heading of the three stem and flower colour types, since with each
of them specilic seedcoat colours correspond, i.e. the factors P and
V for stem and flower colour are just as well factors for seedcoat
colour.

As the Vv plants can only be distinguished from the VV ones by
the flower colour and not by the seedcoat colour, only the three plant
types

green stem (white flower),

rose stem (pale rose flower) and

violet stem (violet-1, 2 or 3 flower)
are used in the tables.

The backeross F; x Wagenaar (Pp Vv X PP vv) and the recipro-
cal one contain among the rose v plants 4 seedcoat colour types,
which show a strongly marked difference. They are called:

yellowish (the Wagenaar-colour),

orange (yellow brown),

greenish brown and

brown.

Among the violet V plants only 2 seedcoat colour types can be
easily distinguished, viz.:

violet and

black.

The violets are partly pure violet, partly rather brown violet. As |
could not yet distinguish these two violet types at the time when I
analysed the first backcrosses, I have taken them together as violet.

In each colour class there occur (table 10) about as many plants
with mottled as with selfcoloured seeds; the dark pattern of the
mottled seeds has the same colour as the selfcoloured ones. In each
colour class, except for the pale yellowish, the mottled seeds are
easy to discover.

It appears (bottom rows of table 10) that the numbers of the six
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colour tvpes are in accordance with the ratio 1 : 1 :1:1:2:2,

setls';ad expected | Djm
vellowish. . . 38 37.75 0.04
orange . . . - 31 3775 117
greenish brown | 28 37.75 1.69
brown . . . . 41 37.75 0.56
violet . . . . 90 75.50 1.93
bleek . « . . 74 75.50 0.20

It seems to be (leaving for the present the mottling out of con-
sideration)a trifactorial backcross, the Wagenaar race
(vellowish) being recessive for each of these three factors. One of the
three is of course the factor V. The other two factors must be
responsible for the fonr seedcoat colour types among rose plants. The
difference between violet and black seedcoat must depend upon one
of these two factors, whereas the influence of the other one is in-
conspicuous in the violet class (brown violet and pure violet) and
hardly or not at all perceptible in the black colour class (the black of
some plants is a very dark chrome green, cf. p. 199 and p. 210).

The progeny of the selfcoloured backeross plants exactly conlir-
med the trifactorial conception. All plants must be recessive or
heterozygous concerning the three factors involved. As to the
groundfactor, part of the backcross plants appeared to be PP, the
other part Pp. As I have not found any indication of linkage between
P and those three factors, T have counted together the coloured-seeded
offspring of PP and Pp plants and left the white-seeded offspring
out of consideration. The signilication of the homozygous dominant
factors J J and Sh Sh and of the linked factors CM CM in the formulae
of the genotypes in tables 11—18 will be explained later.

Selfcoloured yellowish (table 11) does not segregate (except
white).

Selfcoloured orange (table 12) segregates into:

expected

observed 1:3 D/m
yellowish. . . | 1 ' - 1.73
OLange . -« « = « 15 12
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This ,orange fac tor’ Icall G (LAMPRECHT 1932a, p. 177;

LuNDBERG and AKERMAN 1917).
Selfcoloured greenish brown (table 13) segregates into:

| expected l

' observed . i - | D/m
yellowish. . . . . - - 6 5 0.50
greenish brown . . . - 14 15

This ,greenish brown factor’ I call B (LAMPRECHT

19324, p. 177; JOHANNSEN 1926 p. 443).
The constitution of the diverse backcross plants for the factors

G, Band Vis:

yellowish: gg bb vv (no. 3; Wagenaar colour).
orange: Gg bb vv. (no. 9)

greenish brown: g8 Bb vv. (no. 15)

brown: Gg Bb vv. (no. 21)

violet: gg bb Vv.(no. 6)

brown violet: Gg bb Vv. (no. 12)

black: gg Bb Vv (no. 18) and

Gg Bb Vv. (no. 24)
Selfcoloured brown (Gg Bb vv: table 14) segregates into:

l ‘ ob- expected \

' formula | served |11 3:3:9] D/m
yellowish. . . | § bv - 7.44 | 1.30
orange . . . - Gb v 25 22.31 0.64
greenish brown | & Bv 24 22.31 0.40
oroWn . . . - | GBw | 66 | €694 | 017

Family 491 does not segregate yellowish and orange, but this

family is very small.
Selfcoloured violet (zg bb Vv; table 15) segregates into:

E = | —
ob- expected .

. formula et 13 \l D/m

yellowish. . . gbv 16 15 0.30

violet . . . - gbVl44 45
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Selicoloured brown violet (Ggbb Vv; table 16) segregates
into:

ob- | expected .
fornuia served [1:3:3:9 Djm
yellowish. . . | g b v 1 1.63 0.51
orange . . . . Gbwv 1 4.87 1.90
violet . . . .| gbV 4 4.87 0.44
brown violet . Gb V 20 | 14.63 | 2.12

Selfcoloured black (gg Bb Vv; table 17) segregates into:

formula secr]B;:d expected D/m
yellowish. . . | gbwv 3 3.37 0.21
greenish brown | g Bv 10 10.13 0.05
violet . . . . gbV 16 10.13 2.05
black . . . . g BV 25 30.37 1.47

These black-seeded mother plants were recessive for the factor g.
Their colour was somewhat greenish black and in family 513 I found
among the , black” offspring 4 plants with a blackish chrome green
seedcoat colour. In some other families too these greenish black seeds
appeared, but asarule they did not showa strongly marked difference
with the pure black ones (cf. p. 199 and p. 210).

One selfcoloured black backcross plant (table 18) segregates ac-
cording to all three factors and therefore is Gg Bb Vv:

formula observed 1als ?};%C;Eeflz . 36
yellowish gbv 1 0.31
orange. . . . . | Gb v 0 0.94
greenish brown . | g Bv 0 0.94
brown. . . . .| GByv 3 2.81
violet . .. .|gbVand GbV 4 3.75
black .. .. .|gBVand GBV 12 11.25
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The colourtypes dealt with above could always be nicely discrimi-
nated (except for violet and brown violet). Asto the factors ascertained
up to now, the parent plants have the following constitution:

Fijne tros: pp GG BB VV.
Wagenaar: PP gg bb vv.

d. The analysis of F,

Cf. the upper half of the folding scheme table 31.

The analysis of the backcross with Wagenaar has been treated
before that of the If, generation, because in the backcross and its
progeny all the six main colourtypes (or seven, if violet and brown-
violet are separated) could be nicely discriminated and complete
certainty could be obtained as to the influence of the factors G, B and
V. The mottling I left out of consideration.

The mottling I have to deal with is the so-called ever-segregating-
mottling, i.e. mottled plants never breed true, but they always
segregate into mottled and selfcoloured in the ratio 1 : L.

In all F, families together I found:

463 mottled-seeded plants and
465 sellcoloured ones.

It was already shown by SHAW and NORTON (1918), KooiMaN
(1920) and especially by LAMPRECHT (1932a) that every mottled
plant of this type always segregates into mottled plants and t wo
selfcoloured types. Oneselfcoloured type corresponds with the , back-
ground colour” of the mottled seed, the second with its | dark pattern
colour.” The ratio between the three colour types is always:

| background colour,
2 maottled,
| dark pattern colour.

KoomiaN and LasprecHT therefore suppose that this mottling
depends upon the heterozygous state of their (complementary) fac-
tor B, resp. C: !

background colour type cc (resp. bb);
mottled seeds Cc (resp. Bb);
dark pattern colour type ~ CC (resp. BB).

My view of this type of mottling is that it is due to a factor M for
mottling which only works in connection with the dominant factor
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C (= B of KoomMAaN), i.e. M locally suppresses the action of C; these
two factors are absolutely (or nearly absolutely; cf. p. 227) linked.
The outcome of this view will be dealt with in § 7 on mottling.

According to this view one parent must be cM ¢cM, the other
CmCm; F, CmcM, i.e. mottled. Segregation in F,:

1 ¢M cM: background colour type,
2CmcM: mottled,
1| CmCm: dark pattern colour type.

Which parent was CmCm, which cM cM?

It has been mentioned above that in the backcross of F, with
Wagenaar in each of the colourclasses there occur about as many
plants with mottled as with selicoloured seeds. In all cases the latter
colour is the dark pattern colour of the corresponding mottled seeds.
(In the yellowish class the selfcoloured and mottled seeds could not
be nicely discriminated). The numbers are (table 10):

observed | expected D/m

yellowish (mottled + selicol.) . . . 38 37.75 0.04

— | mottled. . . . .. ... 14 18.87 1.16

| selfcol. v o = w5 5es 4 s 17 18.87 0.45

: ‘mottled. . . . . 15 18.87 0.92

greemishbrown | teale . . . .ol 13 | 1887 | 189

brown [mottled. . . . . ... .| 19 18.87 | 0.03

[se]fcn]. o T S e ey e 22 18.87 0.74

et Jmottled . & . 5 o - - 50 37.75 2.12

| selfcol. . . . . . . . . . 40 37,75 0.39

black | mottled . . . . . . . . . 38 37.75 0.04

[melfial, o o ww g = « « - 36 37.75 0.30
Therefore:

Wagenaar is: PP Cm Cm gg bb vv
Fijne trosis:  pp cM ¢M GG BB VV.
K, is: Pp CmcM Gg Bb Vv.
And the backcross IF; x Wagenaar is CmeM x CmCm, resalting in

1 CmCm (dark pattern colour) | o Gt ol e

1 Cm ¢M (mottled) |
13
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Other colour types than the six (or seven) types of the backcross
F, with Wagenaar did not occur in the F, (except for one family
which will be discussed sub e). I may conclude from this that both
races in their genetical constitution only differed as to factas al-
ready discussed.

In ihe backcross with Wagenaar, however, in each ,colour-
class” only t wo typesoccurred, whereasin F, I could ch=;t1n guish
in each ,colour class’” the expected three types: ¢M M, Cm cM
and Cm C m.

In the 4 colour classes among the pale rose flowering v plants
(yellowish, orange, gray-greenish brown and brown) the difference
between the two selfcoloured types, ‘MM and CmCm is not
very conspicuous; the ¢M ¢M background colours generally
are somewhat paler.

Especially in the yellowish class the difference between the three
types is often so inconspicuous that in F, (and some other families)
all three colour types had to be counted together. Cf. the colour
description of the nos. 1, 2 and 3 in § 5.

The mottled seeds in the orange colour class can always be clearly
distinguished from the two selicoloured types. Yet the discrimination
between these two types is very difficult in some cases. Again I must
refer to the description in § 5 (nos 7, 8 and 9).

Exactly the same applies to the brown colour class: mottled seeds
easy to find, discrimination of the two selfcoloured types difficult.
Cf. description of the nos 19, 20 and 21.

In the gray-greenish brown colour class there is a marked differ-
ence between the two selfcoloured types: the background colour
¢cMcM is grayish brown, the dark pattern colour CmCm
more greenish brown. See description of the nos 13, 14
and 15.

In the violet flowering V plants the mottling of the violet seeds and
of the black onesis often very conspicuous andnaturally
the difference between the ¢M ¢cM and CmCm colour types as well!
The V éM ¢M background colourtypesare only partially tinged
with violet or blue. These tinges are darkest at the
ventral side (hilumring side) near the caruncula and the germ root;
their extension and intensity are extremely variable for
seeds of the same plant! The non-tinged parts have exactly the same
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colour as the corresponding cM cM types among v plants: pale
yellowish, pale orange, gray brown and brown.

The violet and bluish tinges of these 4 V ¢M ¢M background colour
types are not equally strong in all plants and in some plants even
totally lacking. In the latter case the difference between the V cM cM
colours and their corresponding v colour is hardly perceptible; the
hilumring colour of the v types, however, is always brighter.

As to the lack of these violet and bluish tingesin VeM cM plants
I have found indications that it depends upon the recessiveness of
one factor, the heterozygous forms being intermediate; there is,
however, no certainty about it, because of the extremely high varia-
bility of the tinges. The influence of this factor should be hardly or
not at all perceptible in the other colour types.

For the description of these four variable background colours I
may refer to the nos. 4, 10, 16 and 22.

The colours discussed so far and the factors involved in the segre-
gation are to be found in the upper half of the folding scheme in
table 31. The lower half of the scheme will be dealt with sub é).

Table 19 shows the numbers actually found in the F, generations.
For the expected ratio in 1024 plants cf. the scheme opposite the table.
Under each , colour class” the three types belonging to it are found,
each indicated by its colour number. It should be remarked that the
nos. 16 and 22, V cM ¢M background colours, under the heading
,black”, are not black at all! And that in the , violet” V ¢M cM back-
ground colour nos 4 and 10 the violet or bluish tinge may be totally
lacking. — There is an entire agreement of all colour types with the
theoretically expected numbers. There seems to be no linkage be-
tween the colour factors P, Cm (cM), G, B and V.

Table 20, derived from table 19, shows the F, segregation (in
coloured seeded plants) concerning the factors Cm (¢M), G, B and V.
The ratio mottled: selfcolourcd is exactly 1 : 1 (463 and 465). The
numbers in the column of the total numbers coloured” very
nearly approach the theoretically expected ratiol :3 :3: 913 :9:
36 between the colour classes yellowish, orange, gray greenish
brown, brown, , violet”,  brown violet”” and , black".

To conclude, I give (table 21) the monofactorial ratios in coloured-
seeded plants for the factors G, B and V, again derived from table 19.
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The numbers are:

} observed - l expected 1:3 ’ D/m
g —G: ‘ 150 408 139.50 418.50 1 1.02
b—B: 235 707 235.50 706.50 0.04
v—V: | 235 707 235.50 706.50 | 0.04

As to the F,; I may point to table 22. This table and tables 22—27
of the progeny of mottled backcross plants of I with Wagenaar
require no further discussion.

The backeross F; x Fijne tros is in perfect agreement with the
above analysis.

Fijne tros: pp (JJ Sh Sh) ¢M ¢M GG BB VV.
Wagenaar: PP (JJ Sh Sh)CmCmgg bb vv.
Fy Pp (JJ Sh Sh) Cm cM Gg Bb Vv.

The backeross of F, with Fijne tros therefore must be:

1 pp: white.

1 Cm cM: mottled black.
1Pp(JJShSh)GBV :| 1 ¢M ¢M: background colour of mottled

coloured black, i.e. brown with (or without) bluish
ltinge.
The numbers are:
brown with (or
white mottled black | without) bluish
| tinge
|
Observed . . . . 21 34 40
Expected 2:1:1 75.50 37.75 ~ 37.75
57 (R L 0.22 0.70 0.42

e. The ,shine” factor Sh

One of the three large I, families in 1932 (55-2) showed the same
colour typesas the two other families (55-4 and 55-6), but also many
additional ones: 55-2 segregated moreover for another factor, for
which I use the new symbol Sh (derived from shine). The F, plants
55-2 and 55-4 originated from the same cross; probably the Fijne
tros parent plant will have been heterozygous for this factor.
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All colours discussed above were Sh; they are represented by the
upper half of table 31, the sh types by the lower half.

a. All sh sh CmCm dark pattern colours (columns III and VI) are
somewhat paler than the corresponding Sh Sh (or Sh sh) dark
pattern colours and especially less shiny, often even dull or
dead. Between the numbers 27 and 33 I could hitherto not sharply
distinguish: both colours probably are of a pale yellow. The other
colours may be indicated by the same colournames as the corre-
sponding Sh types: dull greenish brown (39), dull brown (45), dull
violet (30 and 36) and dull black (42 and 48). In some cases discrimi-
nation between the corresponding Sh and sh types is hardly feasible.

b. All sh sh cM cM background colour types (columns I and IV)
have a yellow-brown hilumring, but for therest their
seedcoat is nearly colourless. For their indication
[ use the name hilumring type’.

So the influence of the factors G, B and V upon these sh sh ¢M cM
background coulour types is hardly or not at all per-
ceptible. The nos of column I (= v; nos 25, 31, 37 and 43) may
be distinguished by their brighter hilumring colour from the nos 28,
34, 40 and 46 (= V) in column IV. Some plants of the latter have
a gray greenish blue tinge near the caruncula and the germ root,
but the tinged part is always extremely small, never extending
over the greater part of the seedcoat as the violet or bluish tinge in
the corresponding Sh colour nos 4, 10, 16 and 22.

¢. The mottled sh shCm cM types of columns 11 and V naturally
havea less shiny (dull) dark pattern colour anda
nearly colourless background, by which they are
clearly distinguishable from the corresponding Sh types in the upper
half of the columns (cf. lig. 2, p. 183).

As to the actual numbers found in F, family 55-2 [ have to remark
that in table 29 I combined different colour types, because there were
some difficulties in the classification. As to the factors V and Sh there
occurred among coloured-seeded plants:

‘ v sh ‘ v Sh V sh | V Sh l Total

7 22 42 83 154
Expected 1:3:3:9| 9.6 | 289 | 289 | 866
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The general shortage of pale rose-flowering v plants is high in this
family. There are too many V sh plants.

Perhaps the numbers point to a weak linkage between the factors
V and sh. The constitution of Sh F, plants suggests the same. Ac-
cording to their F, there appeared to be:

among 6v ShF, plants: 4 Shshand 2 Sh Sh.
among 12 V Sh I, plants: 11 Sh sh and only 1 Sh Sh.

In F, all sh sh I, plants bred true for this factor. The 15 segregating
F, families (of Sh sh F, plants; table 30) gave among coloured-seeded
plants 89 sh and 211 Sh (expected 75 and 225).

I never found clear indications of another segregation into white-and
coloured-seeded but the 1 : 3 ratio. Even the most recessive colour
number (hilumring type no. 25) is not white-seeded. I obtained
this colour number, which is recessive for all the factors discussed
(sh, ¢, g, b, v) in two F, families. Therciore, at least one
complementary factor is homozygous dominant
in all plants. This , hilumring factor™ I called J (LAMPRECHT, 1932a,
p. 176). This factor J is responsible for the fact that coloured seeds
with colourless hilumring never occurred, although the complementa-
ry factor C (= B of Koommax) produces with P, according to LamP-
recHT and KoOIMAN, a pale sulphurous or citrine yellow seedcoat
with a colourless hilumring.

§ 4. The choice of symbols

A long time I have hesitated before I could make up my mind con-
cerning factor names and symbols. In the course of my investigations
I used the following names, some of which indicate in a suitable way
the general or most conspicuous influence of the dominant factor;
other names have been chosen more arbitrarily with a view to their
influence upon one delinite recessive genotype.

T L e S B | S
Hilumring factor (homozygous dominant). « « « « « < «J

Shine factor. . . - . « « « « « + .+ . - s « Sh
Factor pair for mottling . . . . « . . . « . oo . . Cm (ﬂ\"[)
Orange factor . . o G
Gray-greenish brown factor . . B
Violet factor .V
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Had T to use new symbols now, derived e.g. from the names given
above? T have not done so (except for Sh) but I have taken as far as
possible symbols already used by other investigators, at the risk of
the same symbol being used for different factors.

As a symbol for the groundfactor the letter P was first used (by
SuuLrr, 1907 b, p. 829).

The letter M for mottling was used by SHuLL (1908), EMERSON
(1909a) and TscHERMAK (1912). In my opinion the same factor M is
involved in true-breeding and in ever-segregating mottling (cf. § 7).

The coloursin the upper half of myschemeare the same or
almost the same as the ] colours described by LAMPRECHT.

His P ] C colours:

SchamoiS . . + « + « « = = «+ s v v s ... PJCgbw
Bister . =« o5 s vv 0 3 o 4w ame s PJCGEDW
MAnzbronze . . . « « « =« « « + « + s o+« PJCgBW
Mineralbraun, dunkel . . . . . . . . .. .. PJCGBw
Veilchenviolett, dunkel . . . . . . . . ... PJCgbV.
Kastanienbraun . . . . . . « - « . . . .. PJCGDbV.
PJCg BV.
SEHWATE & o 2 = 4 0 2 e 2w o & w e '{P]CGBV.
correspond with my P J Sh Cm colours:
Vellowish: - « « s = 5 53 oe s o wad JOH Cmg b v (no. 3).
OUEfEe . - s « 3w aih s ke B iS50 CmGb v (no. 9).
GreeniShbrown . - » « « « s« =« PJShCmg Bwv (no.15).
Brown . . o b o e o s sl slste P JShEm G B frics2l).
Violet . . ... ..+.+u.... PJShCmgb V (no. 6).
Brown-viclet. . . « » + o « « « - -~ PJShCmGb V (no.12).
Yl [ Sh@g BV (no. 18).
o " | PJShCmG BV (no. 24).

Even LAMPRECHT'S typical colour: Chromgriin-Schwarz: PP CC
JJ gg Bb Vv was found in my material (cf. p. 189, p. 191 and p. 210).

I therefore used the same factor symbols ],
C, G, B and V, supposing that my factors are identical with those of
LavprecHT. In § 5 his colour descriptions are compared with my
own. The main difference concerns the gray greenish brown colours
depending on the factor B: my colours 13 and 15 are somewhat
darker and more greyish than LAMPRECHT'S corres-
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ponding colours: ,Havannabraun” and Miinzbronze”. My colour
nos 4 and 16 (V ¢ colours of column IV) are the only two | colours
which up to now have not been described by LaMPRECHT. Their
character (tinged with violet or blue; extremely variable) fits in very
well with that of the V ¢ colours ,Ageratumblau” (my no. 10) and
_Graulich Indigo” (my no. 22) of LAMPRECHT.

According to the latter all these factorsarecomplementary
ones. I must emphasize here again that it was not possible for me
to judge about the complementary or modifying character of the
factors involved in my cross, because at least one complementary
factor was homozygous dominant.

About the influence of his complementary factors J, C, G, B, V and
R LAMPRECHT says (1933 p. 251): , Die verschiedenen Kombinati-
,onen der genannten sechs Gene verursachen meistens mehr oder
_weniger dunklere Téne als einer reinen Mischung der jedem dieser
. Gene (zusammen mit P) entsprechenden Farben zukommen wiirde.
JHier bestehen in sofern keine bestimmten Regeln, als etwa dem
_Hinzukommen eines bestimmten Gens zu irgendwelchen anderen
,Kombinationen eine bestimmte Wirkung entsprechen sollte. Es
kommt hierbei stets auf die Kombination in ihrer Gédnze an, welche
,Farbe erzielt wird".

I might, however, remark that we may speak of a ,general” or
definite”” influence of some factors, at least on groups characterized
by definite genotypical constitutions.

Having adopted those symbols for the colours in the upper half of
the scheme, T was obliged to take the new symbol Sh-sh to indicate
the difference between the shiny colours on the one side and the hi-
lumring type and dead colours on the other side. This factor Sh is
supposed to be a modifying factor which is homozygous dominant
in all LAMPRECHT’s colours.

It is noteworthy that nearly all jj CC colours described up to now
by LamprecHT are dead or dull colours. Cf. his description of , Stein-
farbig” (1932¢. p. 4), ,Ambraweisz” (1933 p. 255), ,Russgriin” (1933
p. 256) and , Mattmiinzbronze’ (1933 p. 257). In all these cases he
mentions , mattes aussehen’ oder  matte Oberfliiche”. At first I was
therefore inclined to ascribe my sh colours to the recessiveness of the
factor J. Then I should be obliged to assume a complementary factor
(other than J) which is homozygous dominant in all my plants and
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causes, with P, my hilumring type no. 25, if all other factors involved
in my Ccross are recessive.

The complementary factor D of Kooman (1920, 1931) produced,
if no further complementary factors were present, with P beans of
the same appearance as my hilumring type (his ,ecru”). Together
with other complementary factors (Band C of Koo1MAN) it , makes the
colours but slightly darker and more greyish” (TJEBBES 1931 p. 185).

If we suppose this factor D of KoormMan to be present together
with J in my Wagenaar race, the latter should be of the constitution
PPDD ]J] CmCm gg bb vv. D, J and C are complementary factors,
of which C (= B of Koomax) without D and ] produces (together
with P) a pale sulphurous or citrine yellow seedcoat wit hout
coloured hilumring. D or J each cause (together with P) a
very pale seedcoat colour with brown or yellow brown
hilumring.

Sirks (1922a, p. 110) however, crossed a ,,Wagenaar” line with a
_Citroen” (lemon-coloured) bean, the latter , without or at most with
a bluish navelring” (this _bluish navelring’ apparently is a corona).
The Wagenaar race is immediately after harvesting ,lemon-
,coloured with a brown navelring, but soon the lemoncolour
_changes into greyish yellow and a year afterwards the seeds are
_entirely yellowish-brown”. The colour of , Citroen” does not change.
Cf. his col. PL. IT nos 18 and 22. The F, is of the Wagenaar type. The
F, segregation is unifactorial: 30 , Citroen” and 99 , Wagenaar™'.
(The factor involved is according to SIRKs perhaps the same as D of
Koomuax). T therefore left off ascribing to the Wagenaar-race the
constitution PP DD JJ CmCm gg bb vv, becausein that case in a
cross of my Wagenaar race with Citroen”, the type without a
coloured hilumring would appear in F, according to the bifactorial
ratio 1 :15, instead of the ratio 1:3 in the cross of SIRKS.
Consequently I assumed all my plants to be JJ and for the uni-
factorial difference between shiny” colours on the one side and
Jless shiny” colours together with  hilumring type” on the other
side, the modifying factor Sh-sh was adopted.

The differences between ,Citroen”” and , Wagenaar” of SIRKS are
nearly the same as those between the colours

Geschweleltes Weisz” . . . . . . PCj gbvand
,Schamois” « « < ¢ . ¢ 4 e e e PCJgbv
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of LaMPrECHT. , Geschwefeltes weiss ist eine sehr konstante Farbe
und verandert sich auch bei jahrelangem Aufbewahren nur wenig”.
And , Schamois veridndert sich beim Aufbewahren sehr schnell, es
wird viel dunkler und der oben erwiihnte, zuweilen stark kanarien-
gelbe Ton verschwindet vollkommen” (LAMPRECHT 1932a, p. 172).

“This makes it all the more probable that we are right in identifying
the factor D of Sirks with the factor | of LAMPRECHT.

To conclude with the formulae of the races used in my cross are:
Fijne tros: pp JJ Sh Sh ¢cM ¢M GG BB VV

(one parent plant: pp JJ Sh sh cM ¢M GG BB VV)

Wagenaar: PP JJ Sh ShCmCm gg bb vv.

§ 5 Description of the seedcoat colours

These descriptions were made in December 1933 towards the end
of the investigations. At that time I had kept a sample of seeds of
each plant. In each of the colours described here a considerable
variation is found, partly due to individual variation of seeds of one
and the same plant, but no doubt for the other part depending on
genetical differences (not the same as the factors described) between
individuals belonging to the same type. Especially for the PJ Sh cM
&M colour nos 4, 10, 16 and 22 the variation in the amount of the
bluish or violet tinge is partly individual, partly genetic.

The Sh colours (1-—24) of the upper half of the scheme (table 31)
are first described. Between brackets the colour name of the corres-
ponding type of LAMPRECHT is given. The colour types corresponding
with my nos 4 and 16 have up to now not been described by him.
For the colour description I have used:

1. R. RipcwAy, Color Standards and Color Nomenclature (1912),
referred to as C. S; and

2. R. OBERTHUR, Repertoire de Couleurs (1905), referred to as R.C.

The order of description of the Sh colours is:

¢M ¢M: background colour type

Cm Cm: the corresponding dark pattern colour type.

G EM: the mottled type.

L. PJS]]EE’.[&‘/Igbv; pale yellowish.
(cf. LamprEcHT: Rohscidengelb, 19324, p. 172).
The common colour is C.S. PL. XV 17’¢ (Light Buff — Warm Buif) ;
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R.C. 66, 2—4 (Pale Ecru) or between this colour and 138,3 (Salmon
flesh). The yellower shades are not always easily distinguishable from
no. 3 (cf. LAMPRECHT 1932a. p. 172); they almost correspond with C.
S. Pl XXX 19% (Cartridge Buff-Cream Buff); R.C. almost 36,2
(Maize Yellow). Hilumring C.S. PlL. TI1 13 j (Xanthine Orange-
Amber Brown); R.C. 318,2—328,3 (Rust red-Bistre).

In process of time this colour grows darker and darker. After 1
year: C.S. PL XXIX 16” b (Pinkish Cinnamon-Cinnamon Buff);
R.C. 307,1—309,1 (Dark fawn-Buff.) After 2 years: C. S. P1. XV 13']
(Tawny-Russet); R.C. 308,2 (Fawn).

All these colours correspond with those given by LAMPRECHT.

3. PJShCmCmgbv; yellowish.

The ,Wagenaar™ race.

(cf. LAMPRECHT: Schamois, 1932a, p. 172).

For the Wagenaar race a difference in colour is characteristic be-
t+ween the hilum side and the opposite dorsalside of the seed. Dorsa 1
side CS. PL XXX 19” d (Cream Buff) but a shade paler, or
Pl. XVI 19’ d (Naples Yellow); R.C. 325, 1 (Shamois). Hilum-
side C.S. PL XVI 23’ (Strontian Yellow); R.C. 17, 3—4 (Canary
Yellow). The shamois and yellow are not sharply separated; transi-
tion colours occur. The canary yellow colour is very variable in its
extension ; sometimes it may be restricted to a very small spot close
to the hilumring. Hilumring C.S. PL III between 13 kand 151
(Amber Brown-Mars Yellow); R.C. 316, 3—4 (Mars Yellow) or 328,3
(Bistre).

This colour too grows rapidly darker. After 1 year dorsal side C.5.
Pl. XXIX 17” a (Cinnamon Buff-Clay Colour), R.C. 325,4 (Shamois) ;
hilum side between C.S. Pl. XXX 217 and PL. XVI 23/, After 2 years
dorsal side C. S. PL. XXIX 15" k (Cinnamon-Sayal Brown); R.C. 309,
2—3 (Bulf.).

The above description concerns the pure Wagenaar race. I
individuals with the same P J Sh CmCmgb v constitution often
show a less marked difference between the shamois and the canary
yellow. — The Wagenaar race has a narrow violet corona (cf. fig.
1, p. 182), which in older seeds is gray brown.

2. PJShCmcMgbyv; yellowish mottled, 3/I.

(cf. LAMPRECHT: Schamois/Rohseidengelb).
Dark pattern colour as number 3 on groundcolour as number 1 ;
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henceforward indicated as mottled 3/1, analogous to LAMPRECHT'S
mode of indication. The mottling of no. 2 is often very difficult to
distinguish! For this reason I was often obliged to take the colours
1, 2 and 3 together. Many investigators have probably overlooked
this mottled type (MIYAKE c.s., 1930).

4. PJShc’ﬁléﬂigbV; pale yellowish tinged with
plumbago violet.

(LAMPRECHT: as yet not described).

Extremely variable colour, just as nos 10, 16 and 22; especially
with respect to the extension of the violet tinge. This tinge may be
more or less clouded and is always deepest at the ventral side near
the caruncula. On the same plant there may occur seeds that are
almost entirely deep gray violet and others almost without any
bluish tinge. The colour without blue is C.S. PL. XV 16’ (Pale
Ochraceous Buff-Light Buff); R.C. 66, 1—3 (Pale Ecru). The blue
violet tinge is C.S. Pl XLIX 53" a—c, 57”” a—c and PL L
6”"" a—c (Violet Plumbeous, Light Varley’s Gray, Deep Plumbago
Gray); in R.C. less accurately represented; 204, 2—3 (Violet blue)
is the nearest colour, but too bright. Hilumr ing CS.PL XV
15’ i (Ochraceous Tawny) and paler; the darker types 13" i (Tawny);
R.C. 324, 2—4 (Hazel), the darker colours less bright than 321,3
(Dead leaf).

6. P] ShCmCmgbV; violet.

(cf. LamprecHT: Veilc henviolet, 1932a, p. 174).

In its brightest shade a little darker than R.C. 192,4 (Violet
purple); mostly much darker, with transition to 347,4 (Violet black);
C.S. PL. XI 61 n {fluorite Violet-Black), Pl XXV 61’ m, 63" m,
65 m (Dark violet colours) and darker. Hilumring about the
same colour, but the corona (cf. fig. 1) is nearly always paler and
more brownish.

Paler types occur as well, especially on badly ripened plants.
LAMPRECHT (1932a, p. 174) says about this colour: , Schlecht aus-
gercifte Samen zeigen so grosse Unterschiede in der Farbe, dass sie
_ohne besondere Kenntnis der Verhaltnisse in der Regel nicht zu
erkennen sind”. I could nearly always clearly distinguish the violet
colour no. 6 from the black.

& PJSh(f;nEﬂi[gbV; violet mottled, 6/4.

(LamMprECHT: so far not described).
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Owing to the great variability in the extension of the violet tinge
of background colour no. 4, the mottling of no. 5 is not always
equally conspicuous.

Z.B]J ShéMcM Gbv; pale orange.

(cf. LamprECHT: Maisgelb, 1933 p. 256).

Palest colour C.S. PL. IV 19 e (Maize Yellow-Buff Yellow); R.C.
326, 1 (and paler) with transition to 36,4 (Maize Yellow). Darker
colours C.S. PL. XV 16" (Yellow Ocher-Ochraceous Orange); R.C.
315,2—329,2 (Yell. Tan colour-Raw Siena). Hilumring C.S.
PL.III 13 j (Xanthine Orange-Amber Brown); R .C.329,4 (Raw Siena).

The analogy with no. 9 (see below) is very great. The main differ-
ences are that no. 7 is paler, less deeply orange, less shiny and a little
more reddish (also the hilumring) than no. 9. The intensity of this
pale orange colour in the same plant is rather variable. My pale
colours are a trifle less reddish than the Maize Yellow of LAMPRECHT.

9. P JShCmCmGbv; orange.

(cf. LAMPRECHT: B ister, 1932a, p. 173; 1933 p. 256).

C.S. PL III 17h (Cadmium Yellow-Raw Sienna); the darkest
colour PL ITI 16i. R.C. 314,1—329,1 (Ocre de Ru-Raw Sena); the
darker colours 328,2 (Bistre). Hilumring C.S.PL II1i15 i (Mars
Yellow) and darker; R.C. 328, 3—4 (Bistre).

It is often very difficult to distinguish between no. 9 and no. 7, cf.
above. It was only after a long time and on comparison with the no. 9
resulting from backcross' F; x Wagenaar, that I could distinguish
the two colours rather clearly.

This colour (or about the same) has been indicated by different
investigators as brown, yellow brown, orange or yellow.

8. PJSh(f?nEﬂIG bv: orange mottled, 9/7.

(cf. LamprECuT: Bister/M aisgelb).

As a rule the mottling is easy to discover. But sometimes, if the
background-splashes are minute and the colour difference is incon-
spicuous, a very close inspection is necessary.

10. PJShéMcMGbV; pale orange tinged with
ageratum blue.

(cf. LamprECHT: Ageratumblau, 1933 p. 258).

Seeds of the same plant very variable as to the extension and in-
tensity of the bluish tinge. Just as in no. 4 the bluish colour is deepest
near the caruncula and germ root. The colour wit hout bluish
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tinge is C.S. PL XXX 197 ¢ (Cream Buff-Chamois); R.C. 325,
|—2 (Shamois). Or more orange: C.S. PL. XV 16’ b (Ochraceous Buff-
Antimony Yellow); R.C. 324, 1-—325,4. The blue violet tinge
is C.8. PL. L 69" h and PL XLIV 617 h (Slate Violet-Deep Slate
Violet) ; R.C. the paler colours 201, 2—4 and 200,4 (Ageratum blue,
Parma Violet), the darker colours 201,4, 205,4 and 202,4, but more
greyish. Hilumring C.S. PL. XV 17'—15" i—13" i (Yellow Ocher,
Ochraceous Tawny, Tawny); R.C. 324, 3—4 (Hazel) and less bright
than 322, 3—4 (Brownish terra cotta).

LAMPRECHT (1933, p. 258) says about this colour: , Die Bezeich-
,nung dieser Farbe kann diskutiert werden. Thre Ausbildung ist
_namlich in sehr hohem Grade von den Milienverhiltnissen abhén-
,gig. Ausserdem ist die Farbe auf der Testa in der Regel ungleich-
_missig verteilt. ... Bei den in Schweden herrschenden Witterungs-
,verhiltnissen wird das Ageratumblau gewdhnlich mehr oder weni-
_ger deutlich ausgebildet, in sehr warmen und trockenen Sommern,
S wie 1932, entsprach jedoch ein grosserer Teil der Proben Cinna-
,mon Buff. Das Ageratumblau ist in diesem Sommer kaum zur Aus-
_bildung gekommen. In Gegenden mit Warmeren und trockneren
LSommern mag die Bezeichnung Ageratumblau daher vielleicht
_weniger geeignet erscheinen’.

As said above (p. 195) the lack of bluish tinge in some plants or
families of the Wagenaar x Fijne tros cross is caused genetically.

12. P JShCmCmGbV; brown violet.

(cf. LAMPRECHT: Kastanienbraun, 19324, p. 173).

R.C. between 314,4 (Maroon) and 193,4 (Dark Violet), but often
darker, approaching 3444 (Reddish black) and 345, 3—4 (Purple
black). C.S. PL XIIT U Pl XXXIX 1" m (Hay’s Maroon, Warm
Blackish Brown-Black); the browner colours P1.I18n (Bay-Chestnut)
but mostly violet tinged. Hilumring of the same colour as the
seedcoat; just round the hilumring a paler, brownish ring (corona).

The violet colour in the seedcoat may be totally absent, especially
in badly ripened or discased seeds; then the colour is about R.C. 341,
3—4 or paler. In some Cases it was difficult to distinguish the nos 6
(violet) and 12 (brown violet) clearly, especially in case of very dark
colours. Discrimination between 12 {brown violet) and black (nos
18and 24) was always possible, at least when the light was Very good.

1. P JShCmcM GbV; brown violet mottled, 12/10.
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(cf. LamprECHT: K astanienbraun/Ageratumblau).

The discrimination between 5 (violet mottled) and 11 (brown violet
mottled) is mostly rather clear. The brown violet dark pattern colour
is sometimes much faded.

13. 8 JSh cMcMgBv; gray brown.

(cf. LamprecHT: Havanna braun, 1932, p. 57, 1933 p. 256).

Greyish brown colour, often with a very faint lilac or violet tinge.
C.S.PL XL 17" a (Wood Brown-Avellaneous) ; the browner colours be-
tween the latter and PL. XXIX 17”i (Tawny Olive); the seeds with
faint violet tinge P1. XLVI 15”” a (Drab-colour). R.C. between 303,1
(Snuff Brown) and 354, 1—2 (Otter brown), with a very faint violet
tinge. Hilumring C.S. PL TIT 13 k (Amber Brown); R.C. 328,
3—4 and 321, 4 (Bistre, Dead leaf) and darker.

The , Havannabraun” colour of LAMPRECHT is somewhat brighter!
The colours described here are distinctly darker and more
greyish, less brownish and greenish.

15. P]ShC?nCE1ng; greenish brown.

(cf. LamprEcHT: Miinzbronze, 19324, p. 173).

C.S. PL. TIT 17 m (Raw Umber) and lighter; the most greenish
colour Pl. TV 19 m (Medal Bronze) and lighter; the most brown
colour Pl. III 16 m and paler. R.C. the darkest colour 343, 3—4
(Chocolate), the greenest 298, 2—3 (Golden bronze green), the more
brownish between 298, 2—3 and 303, 2—3 (Snuff Brown).

This greenish brown colour no. 15 is always markedly different
from the brown colour no. 21 and also from the corresponding cM cM
no. 13, which is more greyish. As to the comparison with LAMP-
RECHT's Miinzbronze, my no. 15 is less greenish, more ,chocolate”,
especially the darkest colours.

14, PJShCmcM gBv; greenish brown mottled, 15/13.
(cf. LAMPRECHT: Minzbronze/Havannabraun).

Mottling always clear. Not easily confused with any other
type.

16. P J Sh cMcMgBV;gray brown tinged with slate blue.
(LamprEcHT: till now not described).

Just as in the nos 4, 10 and 22, the extension of bluish tinge is
extremely variable inseeds of one and the same plant. In
some plants or families the bluish tinge is nearly (or totally) wanting.
The colour without bluish tinge agrees exactly with the
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corresponding gray brown v colour no. 13 (but the hilumring is less
bright): C.S. PL. XXIX 17”1 (Tawny Olive), 15” i and k (Sayal Brown,
Snuff Brown); R.C. 303,2 (Snuff Brown) and 307, 3—4 (Dark fawn).
The darkest bluish tinge isC.S. PL. XLVIIT 43" 1 (different
Slate colours); in R.C. the exact colour is not to be found; between
231,3 (Indigo) and 348,2 (Bluish black). Paler colours (blended with
the gray brown groundcolour) are R.C. 209, 3—4 (Smalt blue); C.S.
between P1. XLVIII 417 i (Dark Medici Blue) and P1. LII 35""" i (Cas-
tor Gray). The hilumring colour of the dark bluish tinged
seeds is brown, covered with blue.

The black colour nos 17 and 18 will be described below together
with 23 and 24.

19. P]Shc’EIE'MG Bv; (pale) brown.

(cf. LaMpRECHT: Rhammninbraun, 1932¢, p. 57).

This colour is rather variable. Brightest colour R.C. 297,2—4
(Brown pink); often more greyish, between R.C. 297,3—4 (Brown
pink) and 303,24 (Snuff brown). In C.S. represented less exactly;
the palest colours between PL. XV 17 and 15" i (Yellow Ocher-Och-
raceous Tawny); the darker colours between the above mentioned
ones and Pl. XV 15'j. Hilumring R.C. 3283 (Bistre)—308,3
(IF'awn).

There are two colours which are sometimes difficult to distinguish
from no. 19, viz. 21 and 13. No. 21 is the corresponding brown CmCm
colour (cf. below) and is as a rule of a darker, deeper brown; the hi-
lumring contrasts in number 19 much more strongly with the seed-
coat than in number 21. Concerning the difficulties in discriminating
between 19 (brown) and 13 (gray brown) I believe that the greyish
tints in no. 19 are caused by the same very faint violet as sometimes
appears in beans belonging to number 13.

As to the comparison with LampreECHT's Rhamninbraun, my no.
19 is generally somewhat more greyish, just as is the case with my
no. 13 compared to LaMPRECHT's Havannabraun.

o i | ShémCmG Bv; brown.

(cf. LamprEcHT: Minera lbraun, 1932a, p. 173).

C.S. rather exactly Pl III 13 m, 15 k, 17 k (Argus Brown, Sudan
Brown, Antique Brown).

R.C. 304,2—3 (Burnt Umber), but often somewhat less reddish,
with transitions to 297,4 Hilumring very little contrasting with
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the seedcoat: C.S. Pl III 13k and 15k (Amber Brown, Sudan
Brown); R.C. 308, 2—3(Fawn) and 304,2—4 (Burnt Umber).

For the difference between the brown colour no. 21 and the cor-
responding ¢M ¢M colour no. 19, cf. above.

The reddish Mineralbraun (R.C. 339) of LAMPRECHT does not oc-
cur in my materials; the other colours he refers to, are present.

20. PJShCmcM GBv; brown mottled, 21/19.

(cf. LaMPRECHT: Mineralbraun/R hamninbraun).

Mottling always easy to see.

22. PJSh¢McMGBYV; (pale) brown tinged with greyish
indigo. (cf. LamprECHT: Graulich Ind igo; 1933 p. 258).

This colour type again shows the same variability in the amount of
bluish tinge as the numbers 4, 10 and 16; many mixed colours of
brown and bluish occur. And, because the brown groundcolour is also
rather variable (cf. no. 19), this no. is annoyingly multicoloured! See
the backeross F, x Fijne tros and reciprocal one (p. 196). Brown and
greenish black seeds (at least near the hilum) sometimes occur in the
same plant ; in some plants or families the bluish tinge may be nearly
(or totally) wanting.

The brown groundcolours are CS. Pl XV 17'1
(Buckthorn Brown), 15’ j—14"k (Ochraceous Tawny, Cinnamon
Brown, Russet); sometimes more greyish, C. S. P XXIX 16”1 and
15”j. In R.C. 307,4 (Dark fawn), 303,2—3 (Snuff brown), 304,2—3
(Burnt Umber). The darkest bluis h tinge (closeto the carun-
cula) is C. S. PL. XLVIII 39" k (Saccardo’s Slate-Dark Greyish Blue
Green), R.C. 232, 4(Greyish Indigo). Sometimes more greenish: C.S.
PL. LI 23""""j (Dark Olive Gray-Iron Gray). R.C. 351,1 (Greenish
black). Many paler brown-grey-green-bluish mixed colours occur !
Hilumring R.C.322,2—3 (Brownish terracotta), 308,3 (Fawn)
and darker, sometimes mixed with a bluish colour. It is not always
possible to distinguish with absolute certainty between the nos 16
and 22. Generally speaking no. 16 is more gray-bluish, 22 rather
brown-greenish blue.

LAMPRECHT (1933 p. 258) remarks about his colour ,Graulich
Indigo”: ,Diese Testafarbe zeigt 4hnlich wie Ageratumblau eine
,sehr ungleichmissige Verteilung und Ausbildung. Gleichwie bei
,Ageratumblau ist die Ausbildung von typisch Graulich Indigo sehr
,von den Witterungsverhiltnissen Abhingig.”

14
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18. PJShCmCmgBV; black.

24. PJShCmCmGBV; black.

(Cf. LamprecHT: Schwarz; 19324, p. 174).

R.C. 349,4 (Black, pure) with transitions to 348,4 (Bluish black),
350,3—4 (Ivory black) and 351,3—4 (Greenish black). C. S.PL. LI n,
LIII n and black. Hilumring black. It was not possible to make
any sharp discrimination between the different black colours of the
scedcoat.

LAMPRECHT (1932a, p. 174) describes a colour (dunkel)
Chromgriin”, which according to his experience always has
the constitution PP CC JJ gg Bb Vv. In my material I also found
this colour with possibly the same constitution, but not always
markedly different from the remaining black colours (cf. p. 189 and
p. 191). Of the self-coloured black-seeded plants out of backcross I
with Wagenaar one half is (P | Sh CmCm) Gg Bb Vv, the other half is
(P J Sh CmCm) gg Bb Vv. All plants were black or very dark greenish
black. Especially among the offspring of the latter (gg Bb Vv) some
rather conspicuous greenish black seeds were found. This colour is
C.S. PL. XLII 37" n (Dusky Dull Green-Black) but much more shiny;
R.C. between 236,4 (Chrome green) and 351,3 (Greenish black).

17. PJShCmcMg BV; black mottled, 18/16.

(LaMPRECHT: till now not described).

23. PJShCmcM G BV; black mottled, 24/22.

(cf. = LamprecHT: Schwarz/Graulich Indigo).

Though the background colour types of nos 17 and 23 can bedis-
criminated, the mottled types must be taken together. The mottling
is very conspicuous if the background colour is without any bluish
tinge. In a few cases, when the tinge is extremely strong and dark
the mottling is hardly to be discovered.

As to the sh colours (nos 25—48) I am not yet able to give as accu-
rate a description of them as of the Sh colours (nos 1—24) because of
their great variability.

25. PJSh@IcT:Ig b v

31.PJsheMcM Gb v

37.PJshcMcMg Bv

43.PJshcMcMGBv

JHilumring type” of palerose flowering plants. Seedcoat very
slightly coloured with a very pale greyish cream; in most casesa certain

54 S | LR
 Hilumring type.
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_nervation” is to be seen. The hilumring types are with or without
coloured _eye” around the hilumring. I am not quite sure of it as
yet, but probably the colour of the eye is influenced by the factors
G, B (and V) in an analogous manner as the corresponding totally
coloured Sh numbers. — The pale cream colours are: C.S. paler than
PL. XXX 19” f (Cartridge Buff), sometimes with a touch of reddish;
R.C. paler than: 66,1 (Pale Ecru), 138,1 (Salmon flesh) and 135,1
(Pale pink). Hilumring: the paler colours C.S. PL III 154
(Mars Yellow); R.C. 316,4 (Mars Yellow); the darker colours C.S.
between P1. IT 11 kand PL. TIT 13 k; R.C. 333, 3—4 (Indian Chestnut
red), sometimes between this colour and 308,4 (Fawn).

About the same colour as the A b ¢ D type of KOOIMAN and may
be the pale buff or light ecru of the race Blue Pod Butter used by
Smaaw and NORTON.

27. P Jsh€mCmgbv; (dull) yellowish.

C.S. Pl. XVI 23'b (Citron Yellow) and 22’ d—20"d (Barium,
Straw and Naples Yellow). The same series in R.C.: 18, 1—2 (Sul-
phur Yellow), 30,3—4 (Cream Yellow), 29,3—4 (Naples Yellow).

This colour and the corresponding yellow Sh colour (Wagenaar
type) could not always be nicely discriminated.

33. P JshCmCm G b v.

About this colour (corresponding with the orange Sh colour no. 9)
T have as yet no complete certainty. Probably it is yellowish and
difficult to distinguish from the yellow no. 27.

39. P]sh(‘?nﬁng; dull greenish brown.

About the same colour as the greenish brown Sh colour no. 15,
but paler and less shiny (dull). R.C. between 298, 1 —2 (Golden bronze
green) and 303,2 (Snuff brown). C.5. Pl. IV 19 1 (Orange Citrine-
Medal Bronze) and (browner) transitions to P1. XV 16’ k. (Cinnamon
Brown-Dresden Brown).

45. P _]sh(f?n(‘?nGB v: dull brown.

C.S. between Pl ITI 13 mand 15 k (Argus Brown-Sudan Brown)
or between Pl. XV 17’ i and PL XXIX 15”i. R. C. 304,2 (Burnt
Umber) with transitions to 303,2—3 (Snuff Brown).

26.P JshCmcMg b v (dull) yellowish, 27/25.

32.P JshCmcM Gb v l dull yellowish (?), 33/31.

38. P J sh CmcMg Bv dull greenish brown, 39/37.

44.P JshCmcM G Bv | dull brown, 45/43.

mottled
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These mottled yellowish, yellowish(?), greenish brown and brown
types by their dull dark pattern colour and especially by their nearly
colourless background are greatly different from the corresponding
Sh colours. The colour of no. 32 (yellowish?) is not yet known for a
certainty. '

28.P JshcMcMg b V

34.PJshcMcMGb V

40.P JshcMcMg BV

46.P JshcMcM GBYV

JHilumring type’ of violet flowering plants. Seedcoat very
slightly coloured, often showing a certain  nervation”. With or
without coloured , eye’’ around the hilumring. The seedcoat colour is
R.C. 6,1—2 (Purplish tinted white) and 9,2—3 (Fleshy white); the
first of these colours is not accurately represented in C.S.; the second
corresponds with Pl. XXX 21” f (Ivory Yellow). Sometimes near the
caruncula and germ root a very small spot with a gray-greenish blue
tinge: R.C. 206,1 (Succory blue); C.S. PL. LIT 35" d (Dawn Gray).
Hilumring: pale colour: C. S. PL. XV 158"i (Ochraceous
Tawny); R.C. 314,3 (Ru Ochre); darker colour: C.S. between PL
IIT 13 k and P1. XV 13" k; R.C. 308,3 (Fawn).

In most cases the difference between these V and the corres-
ponding v hilumring types is very slight; but the hilumring colour of
V plants is always less bright than that of v plants.

30. P J sh(f?nCTngb V: dull violet.

36. PJshCmCmGbV; dull brown violet.

Often brown, nearly without violet.

I am not able to describe these colours 30 and 36 accurately, be-
cause of their great variability.

42. P JshCmCmg BV and

48. PJshCmCmGBYV; dull gray greenish black.

C.S. PI. XLVI 21" m and n (Olivaceous Black-Black) and 17" n
(Chaetura Black-Black). R.C. 351,2—4 (Greenish black) and 350,
1—2 (Ivory black).

29.P JshCmeMg b V) dull violet, 30/28.

35.P JshCmcM Gb V dull brown violet, 36/34.

41.PJshCmcMg BV ‘ [ dull black, 42/40.

Hilumring type”.

mottled -

47.P JshCmcM GBYV dull black, 48/46.
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The dull violet, dull brownviolet and dull black mottled types
differ on account of their dull dark pattern colour and nearly
colourless background greatly from the corresponding mottled violet
and black Sh colours.

The difference between Sh shiny black mottled and sh dull black
mottled with nearly colourless background may be seen in fig. 2.

§ 6. Relation between stem, flower and seedcoat colours

In my cross a white seedcoat was always accompanied by white
flower and green stem (hypocotyl and cotyledons); a coloured
seedcoat always by coloured flower and stem. :

The latter, however, is not always the case. On my reviewing the
literature, the following statements may be made.

a. Coloured-seeded races may have coloured or white flowers.

White-seeded races nearly always have white flowers and a green
stem. According to FRUWIRTH (1924 p. 179)  finden sich aber auch
Formen, welche Rosa, Violet, Purpur als Bliitenfarbe und Weiss als
Samenfarbe zeigen”. In several descriptive works on bean varieties
(Von MARTENSEN, DENAIFFE, TRACY, STEINMETZ) I found recorded
only one white-seeded race with coloured flower (DENAIFFE p. 176:
Haricot nain Prolifique; fleurs blanches, souvent plus ou moins
teintées de rose; grains blancs). In the genetical literature I did not
find any case mentioned.

b. Coloured-flowering races may have a stem (hypocotyl and co-
tyledons) with or without colour.

White-flowering races seem to have in all cases a green stem, at
least green hypocotyl and cotyledons (MIYAKE c.s. 1930). According
to FRUWIRTH (1924 p. 179) , ist weisse Bliite mit weissem Samen kor-
relativ verbunden, nach von TSCHERMAK auch mit Fehlen von violet-
ten Flecken auf den Keimlappen''. Anthocyanin spots on the full
grown pods of white-flowering plants may occur (TJEBBES and
Koomax V, 19215; the author; cf. below).

About the appearance of colour in crossing colourless races, the
following facts are known (in most cases a factorial analysis was not
attained):

1. Seedcoat.

White-seeded x white-seeded, I'; coloured-seeded. The cross of
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Davis Wax with Michigan White Wax (Smaw and NORTON, 1918 p. 65).

2. Flower (in coloured-secded plants).

White-flowering x white-flowering, F, with coloured flower.

Mentioned by Suaw (1913 table 9); the parent plants did not
have a totally coloured seedcoat, but an eyed”’ one.

3. Stem (in coloured-flowering plants).

Green-stemmed X green-stemmed, I, with coloured stem. Some
crosses mentioned by MIVAKE c.s. (1930); one parent with  striped”
flower, the other with a totally coloured flower.

Stem and flower colour may either be paler or darker, either
more reddish or more bluish. Up to now, however, only monofactorial
segregations for stem and flower colour have been satisfactorily
analysed.

Spaw published in 1913 ,The inheritance of blossom colour in
beans”, without giving a factorial analysis. The difficulties of classi-
fying must have been rather great, as will be seen e.g. on close ex-
amination of his table 9, which contains many inconceivable results.
The segregation into the flower colours Jlight pink” and ,pink” was
apparently monofactorial. Black-seeded beans seemed always to
have a pink flower colour.

MivaAke c.s. (1930) found monofactorial segregation for:

,pink” stem and flower (coloured dilutely) versus red” stemand
flower (coloured intensely).

TyeesEs and Koomman (V, 19210) reported a spontaneous hybrid
of a light lilac-flowering race with red striped seedcoat and red
striped pod. All the hybrid colours were darker and more bluish:
flower violet, seedcoat bluish black striped, pod dark blue striped.
The F, segregated according to the ratio 4:3:9.

pod colour flower colour seedcoat colour

| palered |
3 pale blue |

3 red lilac . without blue
[ 6 light violet |
l 3 dark violet J

white white

9 blue with blue

The segregation of my cross for the factors P and V shows the
same relations in all respects:
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pod colour flower colour seedcoat colour
4 little spots white white
(hypocotyl green!)
3 rose pale rose or lilac without blue
9 blue-violet { 2 v*%olet-l } With.blue
3 violet-2 or 3 or violet

The blue-factor Bl of TjEBBES and KoomiaN and my factor V are
possibly the same.

In many other investigations analogous relations between flower
and seedcoat colours can be traced, though therequired observations
have hardly ever been made.

In this respect I want to refer to LAMPRECHT'S investigations.
The V-plants he used were the black wax varieties ,Neger” (1932a,
p.178) and , Merveille du Marché” (p. 190). Their flower colour is
R.C. 189, 1 (Bishops violet) but somewhat brighter. The v parent of
his cross no. 11 has a yellow-brown (bistre) seedcoat (cf. my no. 9);
the flower colour is R.C. 187,1 (Pale light lilac) but much paler. F,
was violet flowering like one parent plant. LAMPRECHT does not
mention the connection between flowerand seedcoat coloursin I,. Yet
the above-mentioned facts were decisive for me (in connection with
the seedcoat colours) to assume my factor V to be the same as
LAMPRECHT'S,

Many of LAMPRECHT'S V-races (seedcoat Schamois, Bister, Miinz-
bronze, Mineralbraun) are white-flowering. White-flowering races
with black or violet seedcoat have scarcely been described, unless
they are partly coloured, eyed-seeded”’. The connection between
flowercolour and ,eyedness” of the seedcoat deserves closer in-
vestigation.

JOHANNSEN (1926 p. 443) crossed a white-flowering, yellow-seeded
race with a violet-flowering, black-seeded one. Fy violet-flowering,
black-seeded. F:

white-flowering (v) violet-flowering (V)
yellow-seeded bronze-seeded  violet-seeded black-seeded
39 (bv) 121 (Bv) 105 (bV) 293 (BV)

The influence on seedcoat colour of the factors B and V of Lamp-
RECHT and the author is the same as in this cross of JOHANNSEN,
To wind up with we may say that there is very little known with
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certainty about the connection between stem, flower and seedcoat
colours. Unifactorial segregation has been shown (or is at least
probable) for the following {lower-colours:

TjesBES and KoomaNn lilac violet
JOHANNSEN white violet
SeEAW and NORTON pale pink pink
MIYAKE C.S. pink red
PRAKKEN very pale rose (-lilac) violet

In probably all these cases differences in flower- and seedcoat
colours go together. With pale (or white) flower colour generally
correspond yellow and brown seedcoat colours (and red ?). With
darker flower colour violet, brownviolet and black dark pattern
colours (CC); the corresponding background colours (cc) are often
variably tinged with violet or blue.

I may remind of the fact that in my P J Sh ¢M ¢M V background
colour types (nos 4, 10, 16 and 22) the violet tinge may be totally
lacking. The corresponding Vand v colours are nearly indistinguisha-
ble in that case.

§ 7. Mottling

In § 3 I ascribed the ever-segregating mottling to the influence of
a dominant factor for mottling M, which locally suppresses the influ-
ence of the (complementary) colour factor C, while C and m are abso-
lutely (or nearly absolutely) linked just ascand M.

This hypothesis of the linked factors C and M has consequences
which I will deal with in giving a summary of the various views on
the genctical base of mottling in beans.

As to their inheritance, two types of mottling in beans are known:

4. Truebreeding mottling ( konstante Marmorie-
rung”’) of many mottled races. Such a race crossed with a selfcoloured
one gives a mottled F, and Fyshowsa segregation into 3 mottled and 1
selfcoloured (or, if one parent was white-seeded), into 4 white-seeded,
9 mottled and 3 selfcoloured. Part of the mottled F, plants breeds
true in F,, the other part again segregates into 3 mottled:1 self-
coloured.

b. Eversegregating mottling (,Heterozygotmar-
morierung”’). In our crossing two selfcoloured plants a mottled F,
may appear. In F, mottled and selfcoloured plants occur in the 1:1
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ratio (if one parent was white-seeded, the I, ratio is: 4 white-seeded,
6 mottled and 6 selfcoloured). None of the mottled I, plants are
true-breeding for mottling in F; or later generations.

The phenotype of the two sorts of mottling is much the
same and it seems doubtful to me, whether they can generally be
distinguished one from the other.

According to TJEBBES and KooiMaN (I, 1919) the pattern should
be nearly the same; in the ever-segregating type, however, there
should occur only one background and one dark pattern colour,
whereas the dark pattern in true-breeding mottled plants which they
investigated, consisted of two colours; in a _black” mottled bean e.g.
of parts with very dark blue cells and parts with lighter blue ones.

KRISTOFFERSON (1924) writes: | As to the phenotype both are
similar.”

And LamprEcHT (1933 p. 260): ,,Es verdient hier besonders hervor-
_gehoben zu werden, dass zwischen dem gewdhnlichen Typus von
konstanter Marmorierung, verursacht durch ein besonderes Mar-
_morierungsgen (M), und der durch die Konstellation C ¢ beding-
_ten Heterozygotmarmorierung kein sicherer Unterschied in Bezug
auf die Zeichnung der Marmorierung hat festgestellt werden kon-
,nen”. In his latest article he says (1934 p. 179): ,Sowohl die hetero-
_wie die homozygotmarmorierten Samen zeigen in ihrer Zeichnung
,eine recht betriichtliche Variation und scheinen auf Grund dieser
_hiufig nicht sicher voneinander unterschieden werden zu kénnen. .
JFur die heterozygotmarmorierten Samen ist von mir an einem
,grossen Material nachgewiesen worden, dass die dunkleren Flecken
,der Testa stets der durch einen Genotypus mit CC bedingten Testa-
farbe entsprechen, die des helleren Grundes einem im iibrigen glei-
chen Genotypus mit cc. Hier ist die Farbenverteilung also in ihrer
Abhiingigkeit von der genotypischen Konstitution vollkommen be-
Jkannt. Wie die Farbenverteilung bei den homozygotmarmorierten
,Samen durch das Zusammenwirken von M mit den Farbgenen fiar
. die Testafarbe beeinflusst wird, dariiber scheint bisher nichts siche-
_res bekannt zu sein. Aus oben Angefiihrtem geht klar hervor, dass
., die Heterozygotmarmorierung nur zweifarbig auftreten kann. Die
Jhomozygotmarmorierten Typen sind diesbeziiglich kaum unter-
sucht. Soweit mir bekannt, kommen hauptsichlich dreifarbige

™

., Kombinationen vor”.
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In the earlier investigations (TSCHERMAK, EMERSON, SHULL a.0.)
differences between the two types are not mentioned.

As to the genetical base of mottling in beans and the
connection between true-breeding and ever-segregating mottling
two contrary views exist:

4. The two types depend on different factors which are inherited
independently (EMERSON’S first conception, KOOIMAN, LAMPRECHT).

b. The two types depend on the same factors (EMERSON-SPILL-
MAN, TSCHERMAK, SHAW and NortoN, the author).

As concerns the ever-segregating mottling, it is of importance to
remark that the first investigators (TSCHERMAK, SuuLL, EMERSON)
did not observe that with every mottled type there go two self-
coloured ones. Among mottled and selfcoloured
beans in a cross they distinguished the same
colours.

SHULL e.g. (1908) crossed:

,Long Yellow Six Weeks”” (light pink flower, yellow seed as my

Wagenaar race) with ,White Flageolet” (white flower and seed).

The F, generation had pink flower and black mottled seed. In F, he

distinguished two main seedcoat colour types:

Jbrown” (= dark seal brown, dark greenish brown, dark yellow
brown, light yellow) and

black” (= black, weathered black, purple, violet; in some
plants the colour is but par tly black or violet and the other
part is a brown colour _underlying” the black or violet).

The colours in F, of this cross were probably the same as my
Sh colours in the npper half of the scheme, table 31.
My factor B is probably Suu L’s , dark brown factor” D.

My factor V is his anthocyanin producing factor” B.

On my factor G depends the unifactorial difference between
SpuLL’s races ,Long Yellow Six Weeks” and ,Ne Plus Ultra”
(orange); this factor is not named by SHULL.

The figures in I, were:

,brown” (= myv) ,black”(=my V)  unclas-

white  mottled selfcoloured mottled selfcoloured sified
160 39 59 154 159 L2
Ratio: 16 6 6 18 18
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Background colour cc and dark pattern colour CC were apparently
taken together! Brown” my columns I and ITI (v cc and v CC);
_black” my columns IV and VI (V cc and V CC; probably all Vce
colours, my column IV, were strongly tinged with violet; some plants
showed a brown colour ,underlying” the black or violet!)

SmurL rightly understood that these results were explainable on
the assumption that all individuals heterozygous for a factor M have
the mottled pattern, and that mm and MM are selfcoloured (those
mm and MM types could not be distinguished in his opinion).

TscHERMAK (1901, 1902, 1904, 1912) just as SHULL, distinguished
among (ever-segregating) mottled beans and selfcoloured ones the
same colours, viz. his main colour types

black CB

violet ¢ Band

brown (with yellow) Cbandeb
His cross

 Weisse Wachsschwert™ (white flower and seed) with

_Non plus Ultra” (pale violet flower, orange seedcoat) gave an

F, generation with dark violet flower and black mottled seed.

In F, TscuerMAK could  leicht 20 verschiedene Farbenklassen
konstatieren’’. Apparently here too all my Sh colours occurred:
segregation for my factors B (= C of TSCHERMAK), V (= Bof
TscuerMAK) and probably for my factor G (G dominant or re-
cessive does not alter the division into three main colour types
black, violet and brown with yellow).

I discuss the cross Weisse Wachsschwert X Non plus Ultra, be-
cause TSCHERMAK gave (1902 Tab. IT) of 98 F, individuals an accu-
rate description as to their flower and seedcoat colours; later
(1904 Tab. III) he gave of the same 98 individuals the division into
the three main colour groups black, violet and brown.

In different F, families of this cross he found together:

white mottled selfcoloured
99 163 167 (= 4:6:6)
brbwn violet black brown violet black
38 33 92 101 27 39
ratio +: 4 3 9 9 3 4

So he found for the three colours ,inversion of the ratio” among
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mottled beans (4:3:9) and selfcoloured ones (9:3:4). TSCHERMAK
suggested different possibilities as an explanation, but he finished
(1912 p. 187) by saying: , Eine vollbefriedigende Erklirung der Um-
kehr des Spaltungsverhéltnisses bleibt noch zu finden™.

By accurate comparison of his extensive description of flower and
seedcoat colours of those 98 F, plants with their later division into
black, violet and blue, I arrived at the apparent solution of this re-
markable inversion of the ratio”.

Among mottled seeds the normal 4:3:9 ratio is found, according to
my factors B and V and possibly G (cf. the colours in the upper
half of my scheme):
NEL: v CmeM |

|3BvCmeM|[”

(my nos 2, 8, 14 and 20).

3 b V Cm cM, violet mottled, with lilac or dark lilac flower.
(my numbers 5 and 11).

9 B V Cm cM, black mottled, with lilac or dark lilac flower.
(my numbers 17 and 23).

The ,inversion” among the selfcoloured seedsis probably caused
by the classification of the background colour
types of black mottled seeds and violetmott-
led ones! Of these colours, my P J Sh ¢M ¢M V colours (nos 4,
10, 16 and 22), which are pale yellow, pale orange, gray brown and
pale brown, variably tinged with violet or blue
TscHERMAK may have classified:

a. Not a single one as black™.

b. Those with strong violet or bluish tinge as violet”.

¢. Those without or with a faint tinge as ,brown”.

Leaving out of consideration the groundfactor P, the ratio in the
upper half of my schemein table 31 (J and Sh dominant; segregation
for the factor pair Cm-cM and the factors G, B and V) is:

brown’’ mottled, with pale lilac flower.
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v Vv

MM M CmCm MM CmeM CmCm

g b 1 2 1 3 61 . 3} et
V1ole viole
Gb 3 6 3 9 18/ 9
g B 3 6 3 9 ]S}bl i el
ac
GB 9 18 9 27 54 T
16 32 16 481 96 48
Classified by 4 8
5 %
Tschermak as: . . -2 o
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4 £ 8 "hAEs =& 3%
T & 3 82 o= BB
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& B & *.3 E g 8 @ B
F B g &a& IR 23
Mottled: 32 brown, 24 violet, 72 black = 4:3:9.

Selfcoloured:
_brown” 16 + 16 + part of 48 l
violet 12 - remaining part of 48 ; The ratio 9:3:4 may result!
black 36.
The flower colour of those 98 plants was (with 1 or 2 exceptions) in
agreement with my view:
all selfcoloured and mottled black plants: lilac or dark lilac;
all selfcoloured and mottled violet plants: lilac or dark lilac;
all mottled brown plants: pale lilac;
sclfcoloured brown plants: partly pale lilac, partly lilac or dark lilac.

EMERSON (19094) was the first who tried to analyse the relation
between true-breeding and ever-segregating mottling, after crossing
a great number of white-seeded, mottled and selfcoloured varieties.

In his first hypothesis he assumed that both types of
mottling depend upon different factors. The symbols he used were:

P = groundfactor for colour.

M — factor for true-breeding mottling;

MM and Mm mottled, mm selicoloured.

X — factor for ever-segregating mottling;

xx and XX selfcoloured, Xx mottled.
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(X of EMERSON = M of SHuLL = B of KoomaN = C of Lamp-
RECHT ; EMERSON and SHULL, however, did not know the difference in
colour between the homozygous types!).

The possible genotypes of the races are:

. PP MM XX mottled. 5. pp MM XX

2. PP MM xx  mottled. 6. pp MM xx I whit
3. PP mm XX selfcoloured. 7. pp mm XX BT
4

. PPmmxx selfcoloured 8. pp min XX
According to these views, EMERSON expected the following ratios
between white, mottled and selfcoloured beans:

Formulae F,
mottled I¥y white mottled  selfcoloured
la. PP mm Xx 0 2 2
b. Pp mm Xx 4 6 6
2¢. PP Mm XX (or xx) 0 3 1
b. Pp Mm XX (or xx) 4 9 3
3a. PP Mm Xx 0 14 2
b. Pp Mm Xx 16 42 6
4a. PP MM XX (or xx) all mottled
b. Pp MM XX (or Xx) 1 3 0

EMERsoN considered the possibility that M might cause mottling
only in xx and not in XX plants; in this case the ratio in 3a and &
(double heterozygous) would be:

3a. PP Mm Xx 0 11 5
b. Pp Mm Xx 16 33 15

Analyzing the results of TSCHERMAK, SguiL and himself, EMERSON
found no indication of ratios to be expected
in case of double heterozygosity MmXx.

EmErson’s second hypothesis (1909) about the con-
nection between true-breeding and ever-segregating mottling was
given on a suggestion of SprrmAN. The two types of mottling would
depend upon two factors, Y and Z, which factors
are absolutely linked:

(PP) V7 Y7 true-breeding mottled race.

®P) Yz Yz

(PP) yZ vZ J selfcoloured races.

— ——

(PP) yz yz
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In white-seeded races there may of course occur the same 4
types concerning Y and Z. The various possible crosses and their
(white): mottled: selfcoloured Fy ratio are:

e 20 B
3
Ca
sl *E e

2l 2.3
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According to EmersoN all known facts could be explained by
this ¥z-yZ hypothesis as well as by his M X hypothesis of two inde-
pendent factors.

For EMERSON the Yz-yZ hypothesis has two advantages:

1. The two types of mottling, phenotypically so much alike, de-
pend on the same factors.

2. The ever-segregating mottled F; between two selfcoloured
races is more conceivable than with his monofactorial Xx hypothesis
(or Mm of SHULL).

TsCHERMAK (1912) likewise attempted to consider the ,konstante
Marmorierung” and , Heterozygotmarmorierung” from the same
point of view. His Association-Dissociation” hypothesis has some
analogy with the Yz-yZ hypothesis of EMERSON-SPILLMAN. Both
allow only of the ratio mottled: selfcoloured being 3:1 or 2:2. The
hypothesis of the absolutely linked factors is, however, more in
harmony with our general genetical conceptions.

The investigations of SHAW and NorToN (1918), KoorMan (1920)
and LAMPRECHT (1931) gave an entirely new aspect to the matter!
They stated that to every class of mottled seeds
there does not belong one selfcoloured type
with the same number, but always two types,
each with half thenumber:

1 background colour type,

2 mottled beans,

| dark-pattern colour type.

Suaw and NorrtoN and Kooman tried to explain this fact in
diametrically opposed ways. A third possible way has been chosen
by the author. These three views I will discuss under «, b and c.

a. Suaw and Norron (1918) persisted in using the Yz-yZ con-
ception of EMERSON-SPILLMAN and assumed a , modifying” factor
M which is absolutely linked to the Vz VZ
factors. One of their coloured-seeded races (Blue Pod Butter)
had a ,pale buff” seedcoat colour and produced a mottled F,; if
crossed with their yellow, brown and black races.

Blue Pod Butter: Yzm Yzm
Yellow, brown and black races: yZM yZM
Fy: Yzm yZM, mottled.
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According to Suaw and NortoN the I, of this mottled F, always
segregated into:

1 pale buff coloured:

2 mottled:

1 yellow, brown or black.

(These relations are apparently the same as in my sh sh colours!) -
Spaw and NorToN therefore concluded that a ,modifying” factor M
(linked with the Y-Z factor pair) must be dominant for the seedcoat
to be able to show mottling or colour (other than the pale buff of
Blue Pod Butter). True-breeding mottled races are YZM YZM. The
only possible F, ratios are3: | and 1:2:1 (analogous to EMERSON-
SprLLMAN’s hypothesis).

. KoormMAN on the other hand (1920, 1931) abandoned the linked
factor hypothesis and attributed the ever-segregating mottling to the
heterozygous state of his (complementary) factor B.

LAMPRECHT (19324) arrived at the same conclusion as KOOIMAN,
but used the symbol C for the complementary factor involved.

True-breeding and ever-segregating mottling must now depend
upon different factors and the expected ratios between mottled
and selfcoloured seeds will be the same as in Emerson’s first
hypothesis.

According to KoormaN and LAMPRECHT mottled races (MM) may
be (using LAMPRECHT's symbol) cc or CC.

The possibilities in crossing a mottled race with a selfcoloured
one are:

1. The mottled raceis PP MM cc.

a. PP MM cc x PP mm cc.
F, PP Mm cc.
I, segregates into 3 mottled: 1 selfcoloured.
b. PP MM cc x PP mm CC.
F, PP Mm Cc. °
F, segregates into 14 mottled: 2 selfcoloured.
2. The mottled race is PP MM CC.
a. PP MM CC x PP mm CC.
F, PP Mm CC.
I', segregates into 3 mottled: 1 selfcoloured.
b. PP MM CC x PP mm cc
F, PP Mm Ce.
I, segregates into 14 mottled: 2 selfcoloured.
15
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So each mottled race, if crossed with a cc or with a CC self-coloured
race must give an F, ratio of 3:1 in the one and of 14:2 in the other
case. Of these 14 mottled beans 12 should be MM or Mm ; the remai-
ning 2 mm Cc, i.e. beans of the ever-segregating type must appear!

To my knowledge, the proof that really a 14:2 ratio occurs
- has up to now not been given.

Some crosses of SHaw and NORTON seem to prove the contrary!
They crossed some mottled races with a cc race (Blue Pod Butter;
their Yzm) and with a yellow, brown or black CC race (their yZM
races). The results (derived from their table IT) were:

— e s e — = s

1f-
Mottled parent Selfcoloured parent ‘Mottled - Total

coloured |
|

Red Valentine x Blue Pod Butter (cc) . . .| 23 7 30
" » % Giant Stringless (CC). . . 33 14 69
Mohawk  x Blue Pod Butter (cc). . .| 15 4 19
" % Giant Stringless (CC). . .| 25 4 29
Wardwell x Blue Pod Butter (cc) . . .| 45 12 57
. % Golden Eyed Wax (CC) 4 21 12 33
Warwick X Blue Pod Butter (cc) . . .| 144 61 205
. % Challenge Black Wax (CC)| 34 13 | 47

It is impossible to find in each pair of these crosses the 7:1 ratio
for the one and 3:1 for the other cross.
¢. My own hypothesis closely approximates the Yz yZ hypothesis
of EMERSON-SPILLMANN and has the same advantages and numerical
results as concerns the possible ratio’s mottled: self-coloured (cf. p.
223). In my opinion mottling (true-breeding and ever-segregating) is
due to two factors which are absolutely (or nearly absolutely) linked:
the complementary factor C and ¢
the factor for mottling M, which locally suppresses the action of the
dominant complementary factor C.
CM CM true breeding mottled race.
Cm cM ever segregating mottled type.
CmCm ]
cM cM [ selfcoloured races.
& |
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According to this hypothesis the dark pattern colour of mottled
races is CC. T cannot judge whether this really always holds good
in every case.

LamprecHT (VI; 1933 p. 313) says about the Yz-yZ hypothesis of
EMERSON-SPILLMANN that all known facts about the two types of
mottling can be explained with it. But ,nur misste dann die sehr
_wenig wahrscheinliche Annahme gemacht werden, dass Y stets mit
,C parallel geht und Z mit ¢ oder umgekehrt. Dann erscheint diese
,Theorie aber iiberfliissig und unnétig kompliziert.”” This objection
does not obtain for my Cm ¢cM hypothesis, though I must admit thata
¢m cm race up to now has not been found.

The possible crosses are:

Cell

(motiled)
A
G, motited, F, mottled
Fsd:l MY Fdt
G F, mottled | s
selfeotouned T2 7 2T aeffeolpwred

Co
Y

i
C7e
delfeolowred

MIYAKE c.s. (1931) mentioned some cases of cross ing over
whichwith the hypothesis of KOOIMAN andLAMPRECHTare not possible.
The races involved were N7 with red flower and cream seedcoat and
B2a with red flower and black seedcoat. F, showed a black mottled
seedcoat. F, consisted of:

111 with dark-pattern colour: black, brown, purple.

273 mottled: black, brown and purple.

121 with background colour: cream.
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In F, they found that:

a. 61 families of mottled F, plants segregated into 322 dark pattern
colour, 616 mottled, 269 cream.

b. 30 families of dark pattern colour F, plants gave only 577 dark
pattern colour plants.

¢. 27 families of cream F, plants gave only 609 creami.
These are the normal cases. They found, however, a few ex-
ceptions:

d. 4 families of mottled F, plants gave 32 mottled and 17 cream, but
not a single of the dark pattern colour

e. 1 family of a dark pattern colour F, plant segregated into 7
with the dark pattern colour and 4 cream,

MIvAKE c.s. adopt the Yz yZ hypothesis of EMERSON-SPILLMAN
and assume these factors for mottling to be ,linked with a factor for
cream’’. I will discuss their results with the aid of my factors C and M.

The genetic constitution of the mottled I, is CmcM. Its gametes are:
- l 110N-CrOSsS-OVers. —~ l CTOSS-OVers.
cM | cm |

The 4 mottled F, Plﬂ.l’l‘tb which segregated into mottled and cream
may be considered as CM ¢M. Among their mottled offspring tru e-
breeding mottled plants (CM CM) must occur. It is a
pity that MIYAKE c.s. communicate nothing about an F, generation of
these plants. Now the possibility exists that the lack of dark pattern
plants was merely a chance occurrence.

The F, plant with dark pattern colour and segregating into 7 dark
pattern colour and 4 cream will have been ¢m Cm. If my hypothesis
is right, these cream F, plants (cm cm) cannot pro duce a
mottled I, neither with a éM M, nor with a CmCm race:

o
o Cn  Frrwttted | ool il

S e
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Here the test again fails, while the factorial analysis is not quite
sufficient, so that no definite opinion can be expressed.

Striping and double mottling will be discussed in a later paper in
view of the analysis of another cross. It seems to me possible that
the inheritance of ever-segregating mottling, true-breeding mottling,
striping and double mottling can be brought under the same point of
view with the aid of a slight completion of the hypothesis given
above.



CHAPTER 11
CHARACTERS OF THE POD WALL
A. Strengthof thestring
§ 1. Previous investigations

Difficulties in classification according to strength of string always
played an important part in-the investigations.

EMERSON (1904) reported on crosses between stringy and stringless
podded varieties. The pods of I, plants were sometimes intermediate
between the parent races, while in other crosses they were very
nearly stringless, so that the difference between them and the pods of
the stringless parent was scarcely discernible. In the F, generation of
F, hybrids in which stringlessness was dominant, only stringless and
stringy forms occurred and no intermediate ones (65 stringless and 33
stringy). In the I';-generation all stringy F, plants bred true. Part of
the stringless ones also bred true; the other part segregated into 139
stringless and 56 stringy.

Where the F, was intermediate all three types occurred in the Fq
(114 stringless, 80 intermediate, 78 stringy). As to strength of string
the intermediates, however, varied more in the second than in the
first generation. Part of the stringless and stringy F, plants bred
true. The remaining stringless and stringy plants and all intermediate
ones segregated. From his table VIII we may derive as follows
about the progeny of segregating I, plants:

1 F, familic:s

F, plants stringless + )
intermediate stengy

stringless. . . - . . 51 19
intermediate . . . . 63 38
stringy . . ... - & 21 54

EmERsON therefore speaks of | reversal of dominance”.
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WELLENSIEK (1922) crossed the stringy race Wagenaar with three
different stringless races. In the F, generation of the three crosses
stringlessness appeared to be dominant, while in F, a clear-cut
monohybrid segregation occurred (41 : 18, 46 : 12 and 49 : 25;
together 136 : 55). According to WELLENSIEK classification into
stringless and stringy did not meet with difficulties.

JoosTEN (1924) examined F, and F, generations of WELLENSIEK'S
material. He distinguished 4 degrees of stringiness. The clear mono-
factorial segregation into stringy and stringless seemed not to be
confirmed.

JoosTEN moreover tested a lot of so-called , stringless” races as to
the degree of their stringlessness. For this purpose he worked out
(according to length and strength of the string of boiled beans) a
scale of ,string numbers” ranging from 1-—10. He pointed out the
high variability of the character and the probable influence of ex-
{ernal factors. On one and the same plant of some varieties pods with
both weak or strong strings may occur. Really stringless races were
not found.

At the same time he investigated the anatomical structure of the
pod, especially of the sheath of the vascular bundle in the sutures.
He distinguished two principal groups of sheath-types:

1. One type (type S) is characterised by the similarity of all the
cells in the sheath; all are sclerenchymatic fibres,
more or less impregnated with lignin.

2. The other type (HS) is characterized by a narrow group of
wood cells, which may sometimes have sclerenchymatic
fibres on the inside, found either alone or joined into larger or
smaller groups. In varicties with type S not a single case of type
HS occurred. In my investigation I have apparently to deal with
the same two main types.

CURRENCE (1930) in crossing stringy and stringless races found in
two crosses the F, stringless, in an other one intermediate. He classi-
fied the F, plants according to the area of sclerenchymatic fibres in
the sheath:  stringless”, with an area of less than 0.005 square mm
in each half of the sheath; stringy”, with more than 0.005 square
mm (this division lies between nos 3 and 4 of my fig. 4 p. 236).
Furthermore, F, plants yielding only progeny with an area of 0.005
square mm OI Iore were considered as homozygous stringy; F,
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plants yielding only progeny with less than 0,005 square mm as
homozygous stringless; those plants of which the progeny included
both groups were considered to be heterozygous. This method of
classifying is rather arbitrary. According to F, and F, of his first
cross (F, strmgless) he arrived at the following results:

9 homozygous stringless,
27 ,stringless” F, plants consisted of { 17 heterozygous and

1 homozygous stringy.
| 4 heterozygous
| 9 homozygous stringy.

The numbers of the three types (9 : 21 : 10) agree very well with
the 1 : 2 : 1 ratio. For his second cross with stringless F; CURRENCE
arrived at the same result. The F, of his third cross was distinctly
stringy (intermediate). According to the F, progeny he estimated
that there were among 83 F, plants (classified as 19 stringless and 64
stringy): 8 homozygous stringless, 44 heterozygous and 30 homo-
zygous stringy. These figures agree more or less with the ratio
1 : 8 : 7. In order to explain the data of his three crosses CURRENCE
assumes one dominant factor S producing stringlessness and a second
factor T, which, when present, inhibits the action of the first factor
(i.e. only tt SS and tt Ss are stringless). The first two crosses would
be of the type tt SS (stringless) x ttss (stringy), F, stringless, IY,
ratio 3stringless: 1 stringy. The third cross would be tt SS (stringless)
x TT ss (stringy), F, stringy, F, ratio 3 stringless: 13 stringy; the
stringless plants are tt SS and tt Ss. CURRENCE tried to explain
EMERSON’s results on the same lines.

The main objection to this hypothesis of CURRENCE is the arbi-
trary way of classifying into the two groups stringy and stringless
even in the third cross with intermediate F,. The two types of sheaths,
photographed by him, correspond exactly with the two main types
of JoosTEN and my-self (Cf. nos 2 and 8 of fig. 4).

13 ,stringy”’ F, plants consisted of

§ 2. The methods used

The partly unclear, partly contradictory results of the investi-
gations discussed above, showed the desirability of an accurate re-
examination. The two main principles in investigating the inheritance
of the string must be:
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1. To examine the strength of string together with the micro-
scopical anatomy.
2. To avoid an a priori division into only two or three types.

Strength of the string.

From each plant 3 nearly full-grown pods were taken. They were
boiled (65 minutes) and afterwards stringed. After JOOSTEN's
example I used a scale of string numbers’’ ranging from 1to 10 :

1. Without any string.

Length of string fragments less than 1 cm.
Length 1—2.5 cm.

Length 2.5—4 cm.

Length 4—5.5 cm.

a. Longer than 5.5 cm, but not continuous.

b. Continuous, but very tender and weak string.

7. Continuous, rather weak string.

8. Continuous string, rather strong.

9. Continuous string, difficult to break; yet ravelling out when
drawn between two finger nails.

10. Continuous string: hardly to be broken between the finger
tops; not ravelling out between the nails.

Dorsal and ventral string numbers are calculated by averaging the
numbers of three beans; the string number of each plant is the

o Gk N

average of the six numbers.

In some cases the six numbers differ greatly, the probable error of
the average therefore being high. But in most cases they do not
diverge so much. Usually the ventral string number is somewhat
lower than the corresponding dorsal one.

The microscopical anatomy.

Strength of string depends upon the cell types which compose the
sheath of the vascular bundles in the dorsal and ventral sutures of
the pod. At the beginning of my investigations I described the anato-
my of the sheath in each plant (3 pods; 2 cross sections of each pod)
as accurately as possible. The following points, which refer to all
plants, soon became clear to me:

1. The sheath always takes upabout the same area.

2. Ttconsistsof the same three cell types.
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3. These cell types have always about the same relat ive
position.

Only the percentages of each cell type are variable. Therefore the
one thing I had to dowas to ascertain (by estimating) the percentages
of the area taken up by each of these three cell types. For this
purpose I studied cross-sections of one nearly full-grown pod from
each plant. After some cxperiments I chose the double-staining
method with methyl-green and alum-carmine for the differentiation
of the cell types (STRASBURGER, 1923 p. 231). Besides all investi-
gations have been made with a polarization microscope.

1. The area (cf. fig. 3; plates I and IL).

The sheath lies outside the dorsal and ventral vascular bundle.

The outer margin is
S N lnchgme formed by a crystal-

-~ ventral shealf
Nkl /W)l'a”“'l' layc?r (pI:II,nos 6an—d
N aplom pant § 0asc il 7). The inner margin
"'W::/m dundle of #e pod wall is mot so sharply
e e s marked. Yet outside
~wfitrons Lager detueen auke and the phloem portion of
il faveiipaa the vascular bundle
..._f:MMJ we find asarule some
-donsad heat large parenchymatic

cells (cf. plates I and
IT). They are consi-
dered to form the inner margin of the sheath. Tearing off the string
usually takes place along these cells. The number of cell-layers
between the crystal-cells and those large parenchymatic cells varies
for the dorsal sheath from 5 to 8, for the ventral one from 4 to 7.
Outside the sheath collenchymatic cells are found (fig. 3; plates I
and IT); in other regions of the pod wall only the hypodermic layer is
collenchymatic.

2. The cell types (cf platesIandII).

2. Parenchymatic cells; non-lignified, with inter-
cellular spaces; red-coloured by the alum-carmine.

b. Wood cells:; cell wall only slightly thickened, strongly
lignified. These cells are more or less isodiametrical (cf. pl. Il nos 6 and
7). They are stained very dark by the methyl-green and do not show
double refraction. Cf. the nearly black cell groups in plates I and IT.

Tigure 3. Cross-section of the pod.
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¢. Fibres; cell wall strongly thickened. In longitudinal sections
(pl. II no. 7) they show the typical characters of fibres: very much
elongated, with narrow, oblique, simple pits. Stained with methyl-
green their colour is a pale bluish green. They show a conspicuous
double refraction.

3. The relative position (cf. fig. 4; plates 1 and II)
and the percentages of the three cell types are best discussed in the
description of the parent plants and ¥;.

§ 3. Description of the pareni plants and Iy

1. Fijne tros.

The anatomical structure of the sheath is to be seen in fig. 4 nos 2
and 3 (sometimes between 3 and 4). Plate T no. 1 shows a micro-
photograph of this type. The outer part of the sheath consists of
wood cells (between 40 and 75%), the inner part of parenchymatic
cells. The fibres very often form four more or less distinet cell groups.
This anatomical structure of the sheath corresponds with JOOSTEN'S
type HS. In all Fijne tros plants I grew in the years 1930—1933 the
percentage of fibres varied between 0 and 25, usually between 5
and 15. The strength of string in Fijne tros lies between 23 and 5—6.

1930 (35 plants). Highest percentage fibres 10 (1 plant) ; generally
59, or lower. Unboiled beans nearly stringless (boiled beans not
examined). Two plants (6-29 and 6-34) were crossed with Wage-
naar: their percentages of fibres were resp. 4 and 2 (average of 3
pods; 2 sections of each pod).

1931. Strength of string and percentages of fibres in familie 6—29

are given in the subjoined table.

————————————————————— —e =

- e ———— e e ———

l ‘ Strength of string

e = Total
fou \ 2—3 | 34 | 45 | 56 | 6—7 |
" 1 l | | '
L
@9 | 0—10 \ 1 | 1
B
g8 |10—20 5| 6 4| 15
E 3 20— 30 l | 1 2 3
& |30—40 . ‘ = 1 .t_ﬁ__
Total | . 5| 8| 6| | 19



DORSAL SHEATH VENTRAL SHEATH

[ 1 parenchymatic cells U7 wood cells o) fibres

Trcure 4. Scheme of the various sheath types.
Fijne tros: nos 2 and 3, sometimes between 3 and 4.
Wagenaar: no. 8.
F,:nos 4, 5 and 6.
In F, all types 2—8 occut.
No. 1 is the young stage of no. 2, showing those parts of the wood cells
which are first lignified.
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In all plants the percentage of fibres was higher than in the mother
plant 6-29 in 1930. External conditions may probably influence the
percentage of fibres and the strength of string. I have tried to
examine these influences by halving seedlings and cultivating the
halves under different conditions of water supply. The results,
however, were not quite decisive. — In family 6-34 there occurred 9
plants with strength 3—4 and 3 with 4—5; these plants have not
been investigated anatomically.

1932. The three families belonged to the progeny of family 6-29
1931. Their string numbers and percentages of fibres are given in the
subjoined tables. Family 173 (string number mother plant 3.6;
percentage of fibres 10):

—= s e — e —

l Strength of string
S Total
| —2 ] 2-3 | 3—4 | 4—5 | 5—6 | ez
2 | | \ | |
% 8 | 0—10 ~ 4 1. 5
) —
g & 10—20\ 2. 2 2 6
S = |20—30 l 1 . 1
= .30—40 | B
Total | i 2 7| 3| 12

Family 178 (string number mother plant 4.4; percentage of
fibres 6):

=

———————————————

o ‘ Strength of string
[E—— : Total
} 1—2 \ 23| 34|45 | 5—6 ( 6—7

= . | . ‘
& ~ ' | 5
E_,ﬁ g 0—10 l 2 3
= = 10—20’ 5 5
O S
5 g [20—30 1 1
A~ 30—40 ‘

B K

9

=
o
2

L
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Family 179 (string number mother plant 5.4; percentage of fibres
25):

Strength of string
— | Total
| 12211 23 \l 3—4 | 45 | 5—6 \ 6—7 |

3
g |
E: 0—10 1 0 2 3
g3 10—20 1 0 5 6
B9 2030 ' 2 2
P 130—40
Total | | 2| 2 7 11

The mother plant of family 179 had the strongest string and high-
est percentage of fibres among the members of family 6—29 in 1931.
It appears from the tables that in 1932 family 179 had the highest
strength of string, though not a single plant reached the string
number 6. Slight genetical differences seem probable.

1933. Cf. table 32. Between these families no conspicuous differ-
ences are found. Remarkable is one plant with strength 6.8 in family
327.

2. Wagenaar.

The anatomy of the sheath is shown in fig. 4 no. 8 and pl. II no. 5.
Nearly the whole sheath consists of fibres. These fibres are separated
into two parts by a small group of wood cells and parenchymatic
cells in the middle. This group of cells nearly always has the same
shape as in fig. 4 and pl. IL. In the dorsal sheath the wood cells
may be totally lacking in a few cases; the fibres then form oue
continuous group. In the ventral sheath the group of wood cells and
parenchymatic ones is extremely narrow and is formed, without
any exception, by the two epidermal cell layers. The Wagenaar
sheath corresponds with JoosTEN's type S (cf. p. 231).

Both anatomical structure and strength of string show hardly any
variability in the Wagenaar race. The string number is nearly
always 10, never lower than 9.

3. F, generation.
Tts anatomy corresponds with fig. 4 nos 4, S or 6; pl. I no. 2 or
between 2 and 3. The percentage of fibres varies (one pod of each
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plant has been investigated) between 20 and 65. Fig. 4 and plate 1
show clearly that the relative position of the cell types is exactly the
same as in the Fijne tros race. The groups of fibres, however, are
greater and often form (fig. 4 nos 5 and 6) one continuous group in
each half of the sheath. In the ventral sheath the wood cells often
lie in three groups, separated by fibres.

The three F, plantsin 1931 showed (5 pods stringed and 5 ana-
tomically investigated) the following figures:

String number

%
dorsal ventral I‘ average | Lbres ‘wood cells
BBZ . - 5o v 7.6 7.0 it 50 30
554, o o . o 7.5 7.8 7.7 50 26
55-6 . . . . . - 76 | 66 | 7.1 | 56 24

The remaining F, plants (1932 and 1933) are shown in table 33.
The strength of string always lies between 6 and 8. The probable
error of these string numbers is very small. The pods of some plants
with strength 6—7 received the qualification _rather young” (based
upon the very young seeds in the examined pods).

The variability in the percentage of fibres in these F, plants is very
high. Partly this will be due to the fact that but one pod of each
plant has been examined. In the I, generation no differences between
the progenies of F, plants with 20 and with 509, fibres have been
found (cf. next § and table 37).

§ 4. Analysis of the Iy

In the correlation tables 34, 35 and 36 the three F, families of 1932
(55-2, 55-4 and 55-6) are shown, arranged according to strength of
string and percentage of fibres. The correlation between these two
characters is rather strong and it might have been even stronger, if
the anatomy of more than one bean could have been investigated.
In a sheath without or nearly without fibres the percentage of wood
cells probably slightly influences the strength of string.

In some cases of very bad agreement between string number and
percentage of fibres I find the probable cause in my notes, viz. that
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only one very bad pod was available for the string investigation.
Another remarkable cause of discrepancies between the two charac-
ters was the following. In F, some plants have pods with strong
ventral curvation. When I gathered these pods it might happen that
the ventral string broke in one or more places without my noticing
it. The same breaking may occur in the boiled strongly curved beans.
This breaking of the string in curved beans I have not sufficiently
realized in the beginning of the F, investigation. After becoming
aware of it, I reexamined the records, and found indeed that in
some cases of strong discrepancies (high percentage of fibres, low
string number) in curved beans the ventral string number was
extremely low; sometimes the unusual high strength of the short
ventral string fragments was mentioned. A third cause of inaccuracy
lies in the difficulty of always using the same standard for the
strength of string. In spite of these and possibly other causes of in-
accuracy the F, and Fj results lead to very definite con clusions.

The undermost rows of the three tables 34, 35 and 36 show that a
division into three groups, Fijne tros, ¥, and Wagenaar (according
to strength of string) is impossible. Nor can we discern a definite
Wagenaar type from a not-Wagenaar type, though the number of
plants with strength 8—9 is not very high.

With regard the anatomy of the sheath all types of fig. 4 or plates I
and IT occur. From this continuous seriesit becomes entirely clear that
the relative position of the three cell types is always the same. In this
respect I with to mention a remarkable analogy. Figure 4 no. 1 shows
those parts of the wood cells of no. 2 which are lignified first; these
parts are exactly the same as the narrow groups of wood cells in
the sheath types nos. 6 and 7.

Though the anatomical structures showed a continuous series,
the pure stringy type (Le. the Wagenaartype)
always could be nicely discriminated. Its
characteristics are (cf. fig. 4 no. 8; pl. 11 no. 5): sheath entirely
consisting of fibres, except for the narrow rectangular part in the
middle, which in the ventral sheath is strictly limited to the con-
tinuation of the two epidermal cell layers.

This pure stringy (Wagenaar) type is to be found in the correlation
tables 34, 35 and 36 under the group with 80%, fibres or more. 1t
will be seen that nearly all F, Wagenaar-types have the string num-
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ber 9— 10 and likewise that nearly all F, plants with string number
910 are of the pure stringy Wagenaar type.

All T, families investigated are found in table 37 (in table 36 only
part of fam. 55-6 is recorded). Each family shows a clear cut mono-
factorial segregation (1 : 3) into a pure stringy type (Wagenaar) and
a not pure stringy one. All families together give:

not pure |pure st:riuj};,q,-'|
stringy (Wagenaar) ‘ e
‘ |
Observed . . . . 1088 350 1438
Expected 3 : 1. . 1078.5 359.5
Dm .. .. .. 0.58

In table 37 there is a difference betwecen the three F, families of
1932 and those of 1933. In the first three families many not pure
stringy plants occur with string number 8—9 and even a few with
910 their average strength is 6.30. In the families of 1933 on the
other hand, the pure stringy (Wagenaar) type is by its strength of
string markedly different from the remaining not pure stringy plants.
Not any of the latter has a string number 9—10 and only a few 8—9;
their average strength is 5.76.

I am not certain what this difference between the F, families of
1932 and 1933 means. Some F; mother plants of the latter families
indeed had a somewhat lower string number and a lower percentage
of fibres than the three F, plants in 1931. It must, however, be
remarked that of each I, plant in 1932 only one pod was investigated
anatomically (in 1931 five) and that the I, families 393—400 (1933)
in table 37 do not show differences between the progeny of F, plants
with a high and that of F, plants with a low percentage of fibres.
Moreover strength of string and percentages of fibres in the Wagenaar
and Fijne tros parent plants (and their progeny; compare the table
on p. 235 with the first table on p. 237) of the two groups of F, fami-
lies were the same. Possibly the differences between the F, families of
1932 and those of 1933 may be (partly) due to weather influences
or to differences in classification caused by the subjective method of
determining the strength of string.

16
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§ 5. F, generalion and backerosses

As might be expected all pure stringy I, plants (Wagenaar type)
breed true in the IY; (table 38). The strength of string is nearly always
9—10. Many hundreds of these I’y plants have been investigated
anatomically; their sheath always shows the characteristics of the
pure stringy Wagenaar type.

In tables 39 and 40 the F, progeny of not pure stringy I, plants 1
found. The families in the two tables have been arranged according
to increasing strength of string in the F, mother plants. Those in
table 39 segregate the pure stringy (Wagenaar) type, while those
in table 40 do not.

As to the segregating families in table 39 the numbers of the two
types always fit in very well with the 3 © 1 ratio. In all these fami-
lies together there occur:

not pure

steingy pure stringy ‘l total
Observed . 475 163 1 638
Expected 3 : 1 . 478.50 159.50 \
D/m 0.32 | ,‘

The F, mother plants, however, vary in their strength of string
between 3.5 (with 109 fibres) and 9.4 (with 829, fibres). The ratio
of the pure stringy type (controlled in its anatomical structure) is
exactly the same in all families. We find for instance:

‘ not pure )

i Stl‘i.ﬂg_‘y’ pure strlng_v
in the first 12 families . . 163 1 59 (expected 55.50)
in the last 12 families .. . | 216 ‘ 71 (expected 71.75)

As to the not pure stringy type there are, however, striking differ-
ences between the families! If the F, mother plant has a low string
number and percentage of fibres, the two types may be easily
discerned in the I, family ; not pure stringy types with a higher string
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aumber than 6—7 or 7—8 do not occur. In families of Fy plants
with high string number and percentage of fibres the two types on
the contrary can not be discriminated by strength of string at all:
many plants with string numbers 8—9 and 9—10 are not of the pure
stringy Wagenaar type. Discrimination, however, is always possible
by means of anatomical investigation.

Table 40 shows the F, families which do not segregate the pure
stringy type (progeny of 55-2 kept apart from 55-4; in table 39 the
two progenies have been arranged in one series). Possibly some fami-
lies might have segregated the pure stringy type, if a greater number
of ¥, plants could have been examined. Here as well as in the
segregating families, there isa correlation between strength of string
in the F, mother plantsand in their Iy progeny, though there is some
regression. A comparison of table 40 with table 32 (Fijne tros families
in 1933) shows that no F, families with lower string numbers than
those of table 32 occur among the families of table 40.

In table 41 the F, mother plants of all F; families are represented ;
they are arranged according to strength of string, percentage of
fibres and their F, progeny (non-segregating, segregating and pure
stringy). 29 families segregate the pure stringy type, 24 families do
not. This serious divergence from the expected 2 : | ratio may be
partly due to the very low number of plants which has been investi-
gated in some of the non-segregating families.

From these F;, F, and F; results we may conclude that one main
factor is responsible for the differences between the sheath types of
Wagenaar and Fijne tros. The F, is intermediate, though approaching
the Fijne tros parent. In F, only one fourth, the homozygous pure
stringy plants (Wagenaar type) may be discerned from the remaining
not pure stringy ones; the pure stringy type therefore might be indi-
cated as ,recessive’.

The stringiness of the not pure stringy types (homozygous and
heterozygous) is influenced by other factors. For me it is impossible
to say with certainty something about their number and character.
Especially the heterozygous type seems to be greatly influenced by
these factors. As a result some families with a nearly . stringless™
mother plant (e.g. string number 4) segregate into ,stringless” and
pure stringy” without (or nearly without) ,intermediate” forms with
string numbers 6, 7, 8 or 2 (cf. table 43, families 496, 507, 503).
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The backcrosses of F, with the two parent types confirmed the
monofactorial scheme of the inheritance of stringiness. In the back-
cross with Fijne tros not a single pure stringy plant has been found.
The string numbers in this backcross were:

1—2 2—3 3—4 45 56 6—7 7—8 89 9—I10 total

0 4 16 32 22 32 42 3 0 151

In the backcross with Wagenaar (table 42) there occurred:

not pure pure stringy
‘ stringy (Wagenaar) A,
| |
Observed . « « & @ = | 163 139 302
Expected 1 :1 . 151 ' 151
D/m 1.38 ‘

The not pure stringy backcross plants of 1933 had lower string
numbers than those of 1932 (cf. table 42). Exactly the same differ-
ence as had been found between the F, families of those years (cl.
p. 241). T am not certain about the cause of it. It may be due to
genetical differences in the Wagenaar race. Possibly, however, the
differences are caused by weather influences or by the subjective
method of determining the strength of string. All not pure stringy
backeross plants are heterozygous for the main factor and therefore
in all their progenies the pure stringy type must appear. These
progenies are given in table 43. No. 492 (12 individuals) is the only
family which does not segregate the expected pure stringy type.

As concerns the symbolizing of the main factor for stringiness
CURRENCE used the symbol S for the monofactorial difference between
stringy and stringless types. The symbol S, however, is generally used
(TscuERMAK, TjEBBES and Koomax) for the striped character of
the seedcoat. I, therefore, will use the abbreviation St to symbolize the
monofactorial main difference between the two races.

Fijne tros (nearly stringless) St St.

Wagenaar (pure stringy) st st.
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B. Toughness of the pod wall
§ 1. Previous invesligations

When the pod wall is characterized, two main types are generally
distinguished:

1. Tough, parchmented or fibrous.

2. Tender, non-parchmented or fibreless.

EMERSON (1904, p. 54) found a ,strong tendency toward domi-
_nance of tenderness, the pods of first generation hybrids being
,almost as tender as the tender podded parent”. In the second
generation (different crosses combined) he found 22 tender-podded
plants, 38 intermediates and 17 tough-podded ones.

TjeBBES and Koormax (VII, 1922) on the other hand observed in
I', dominance of the parchmented type. In F, they found segregation
into 174 parchmented and 38 non-parchmented; 130 segregating Fy
families segregated into 1572 and 512. They therefore suggest a
monofactorial segregation.

TscHERMAK (1901 and 1902) mentioned dominance of ,gewolbt”
over _eingezogen”. He found (1922 p. 40) in the cross ,, Tausend fiir
Eine”’ x ,Anker” among 94 F, plants 16 mit Schniir-oder Perlhiilsen,
78 mit glattgewdlbten Hiilsen (vermutlich 3 : 13), was auf bifak-
torielle Grundlage hinweist™.

CURRENCE (1930) reported on F,;, F, and F, of crosses between
fibrous and fibreless pods, of which the F, was always fibrous. The
difficulties of properly classilying the F, plants appeared to be very
great. Of 23 F, plants e.g., which had been classified as fibrous, there
appeared to be according to their F, progeny: 7 homozygous fibre-
less, 11 heterozygous and 5 homozygous fibrous (Cf. his table VI).

LAMPRECHT (1932, p. 306ff.) distinguished the two main types
einfach gewdlbt” and _eingeschniirt”. He obtained entirely new
results, which may be shortly reviewed. Cross XVI1I: Both parents
and F, einfach gewolbt” (one of the parents less typical). F, segre-
gated into 563 ,einfach gewdlbt” and 34 ,eingeschniirt” (= Y/4)-
Among the first group typical and less typical forms occur in the
ratio 1 : 2., Dies lisst die Annahme wahrscheinlich erscheinen, dass
teils die beiden fiir die Ausbildung der einfach gewolbten Hiilse
_verantwortlichen Faktoren je fiir sich eine weniger typisch ge-
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,wolbte Hiilse bedingen und dass dies teils auch fir die in diesen
beiden Faktoren heterozygoten Typen der Fall ist; bei dieser
_Annahme haben wir mit folgendem theoretischen Verhiltnis zu
rechnen: 5 typisch einfach gewdlbt: 10 weniger typisch gewolbt:
,1 eingeschniirt. ... Damit soll nicht behauptet werden, dass es
,sich so verhalten muss. Die weniger typisch gewolbten Hiilsen
konnten auch durch den Effekt anderer in den in Rede stehenden
_Biotypen vorkommenden Faktoren bedingt werden”. Cross XV 11
Again both parents and F, ,einfach gewolbt”. In F, segregation of
1/., ,eingeschniirt” (1635 and 30). Cross XII: Between an ,einfach
gewolbt” and an ,eingeschniirt” race; ¥, einfach gewdlbt”. In Fy
the ratio of the two typesis 9 : 7 (348 and 311).

The results of these three (and other) crosses LAMPRECHT explains
by the adoption of the four factors Fa, Fb, Fc and Fd. ,Fa ist ein
,Faktor, dessen Anwesenheit erforderlich ist, wenn es iiberhaupt
zur Ausbildung einer einfach gewdélbten reifen Hiilsenwand kom-
men soll. Er wirkt demnach als Grundfaktor. Fb, Fc und Fd sind
drei IFaktoren, die je fiir sich allein, aber nur bei Anwesenheit von
_Fa zur Ausbildung ciner einfach gewdlbten, reifen Hulse fithren”’.

Further on I shall have to revert to his view about the anato-
mical base of the pod wall character.

The cross Fijne tros x Wagenaar is of a type up to now not de-
scribed as far as I know.

§ 2. Description of the parent plants and F,

Figures 5 and 6 show the full grown and the dry pods of Wagenaar,
F, and Fijne tros; on fig. 7 halves of dry pods are to be seen.

Fijne tros is a race with non-parchmented, tender pod wall, which
in the ripe pods is greatly constricted between the seeds and then
has a much shrivelled surface. A membrane (parchment layer) is
never found in boiled beans.

The Wagenaar race has a ,semi-parchmented” pod wall, which in
the ripe pod is only slightly constricted and shrivelled in a rather
variable degree. Wagenaar can be threshed. (Fijne tros cannot). In
boiled beans a thin, weak membrane can be shown by scraping off
the outer, soft layers.

The F, pod wall is strongly parchmented, neither constricted nor
shrivelled, The dry pods sometimes dehisce of their own accord
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Fieurk 5. Full grown pods.
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and roll up spirally. In boiled beans the membrane is extremely

thick and tough.
As regards the anatomy (cf. fig. 3, p. 234) the pod wall of each of the

three types consists of an outer parenc hyma (
lar bundles) and an inner parenchyma. In the Wagenaar race

with the vascu-

Ficure 7. Halves of dry pods.

outer and inner parenchyma are separated by a layer of fibrous cells,
which run obliquely across the pod wall. Only the cells in the outer
part of the layer are somewhat thickened and lignified. This lignified
part is rather variable; sometimes true fibres are not found at all, n
other cases the greater part of the layer is lignified.

In the Fijne tros race a fibrous layer does not occur. Yet the
separation between inner and outer parenchyma is usually clear, on
account of some differences in cell width and shape, the occurrence
of crystal-cells and sometimes of a few scattered fibres.

In all F, plants the fibrous layer is as thick as (or even somewhat
thicker than) in the Wagenaar race; it is totally lignified. The cell

walls, however, are never very much thickened.
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So the three types Fijne tros, Wagenaar and F, seemed to be quite
different. In the second generation therefore the bifactorial ratio
4 :3:9 might be expected, analogous to results obtained with
Pisum sativum (WELLENSIEK, RAasmussoN) and Vieia Faba (SIRKS
1932, p. 319: ,der Faktor () verursacht eine lederartige Hiilsen-
,struktur, welche vom S-Faktor verstirkt werden kann; der
,S-Faktor als solcher hat bei Abwesenheit des Q-Faktors keine
,, Wirkung™).

§ 3. Segregation in F,, Iy and backerosses

In all F, plants I studied the character of the pod wall, making use
of three different characteristics: '

1. Toughness of the parchment-layer in three nearly full grown
boiled beans of each plant.

2. Microscopical structure of the fibrous layer on cross-section.

3. Degree of shrivelling and constriction of the ripe pods.

By none of these methods (nor by combining two or all three) I
arrived at a perfectly sharp division into two or three types. The
relation between toughness, microscopical structure, and constriction
and shrivelling of the dry pod wall generally was the same as was
expected on the ground of parent types and F,, though some ex-
ceptions occurred. Intermediate types were usually intermediate in
all respects.

The only fairly marked division wasinto non-parchmented
(Fijne tros type) and parchmented (in all degrees). In some
intermediates between Fijne tros and Wagenaar the anatomical
structure was decisive for discriminating the non-parchmented type:
total lack of the fibrous layer; some scattered fibres or groups
of fibres may occur. In a very few cases the existence of a layer
was doubtful and could not be ascertained with certainty from cross-
sections.

In the F,-families the number of this purely non-parchmented
type was always about } (highest D/m value 0.88). All families
together (table 44) gave:
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non-
parchmented parchmented total
Observed . . . . . . 310 958 ‘ 1268
Expected 1 : 3. . . . 317 951
Dm. .. ...z 0.45

Among the 302 backcross plants F; x Wagenaar and the re-
ciprocal cross mot a single non-parchmented plant occurred. Dis-
crimination between Wagenaar and I; type was not possible.

The backeross plants Fijne tros x F, could easily be divided into
87 non-parchmented (3 less typical) and 56 parchmented (most of
them of the F, type; 6 more or less Wagenaar type). The deviation
of the expected monofactorial backcross numbers 71.5 : 71.5 is very
great, D/m = 2.58. This backcrossing, however, was chiefly done
with a view to seedcoat colour of coloured flowering plants;
as the castration of the Fijne tros mother plant was performed less
accurately than in other crosses, there may be among the white
flowering, non-parchmented plants some pure Fijne tros individuals.
The figures in the backcross are:

white-flowering | violet-flowering

T | 3 T | 3

5 8 g g g g

a | = @ &

- g | =9 =7 (="

Observed. . « « = = « v = 46 27 41 29
Expected1 : 1:1:1. . . 35.75 SDZD 35,756 35.75
i P 1 - N S S 2.01 il 1.06 1.32

In the F, generation all non-parchmented F, plants bred true;
fibres may occur, but only in scattered groups between outer and
inner parenchyma, never forming a more or less continuous layer.

Of parchmented F, plants 38 F, families segregated into both
types; 25 families did not segregate the non-parchmented Fijne tros
type (expected according to the 2 : 1 ratio 42 and 21). The segre-
gating families are to be found in table 45. The agreement with the
unifactorial ratio is quite satisfactory:
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ys =
g 2 =
» B g g —
| 2 g 3
o o
2y (=9
\ [
Observed . . . . . . 170 | 539 7 716
Expected 1:3. . . . 179 537

(The 7 doubtful plants have not been investigated anatomically).

F, plants of the strongly parchmented F,-type sometimes segre-
gated (except for non-parchmented plants) into strongly and semi-
parchmented, in other cases the latter type was not found or only
in a few plants. Semi-parchmented F, plants generally gave none or
only few of the strongly parchmented type. It was, however, on
the very ground of the F,; segregations impossible to conclude to a
bifactorial segregation.

Figure 8 shows a plant of the non-parchmented | Perfect” race,
of which one branch bears three pods of the parchmented type. It
may be of some importance with a view to the inheritance of this pod
character to examine the offspring of this plant. Woycickr (1930)
mentioned a probable case of mutation from non-parchmented into
parchmented in the variety , Japonaise”.

Now I will revert to LAMPRECHT s investigations., He writes (19325,
p- 309): , Die Steifigkeit der Bauch- und Riickennaht beruht auf
yeiner Einlagerung von Sklerenchymzellenbindern, was u.a. von
,JOOSTEN (1927) untersucht worden ist. Die Steifigkeit der {ibrigen
,, Hiilse wird durch Einlagerung einer Kollenchymzellenschicht unter
,der Epidermis verursacht”. And (p. 314):  Mit ziemlicher Wahr-
,,scheinlichkeit kann angenommen werden, dass diese Faktoren (i.e.
b, Fe and Fd) fiir einen Verholzungsprozess der unter der Epider-
,nis gelegenen Kollenchymzellenschicht verantwortlich zu machen
,,sind”.

If LamprECHT’S supposition about the collenchymatic layer as the
anatomical base of his types | einfach gew6lbt” and | eingeschniirt” is
confirmed by further anatomical investigations, there would be
two quite different types of toughness of the pod wall.

About the connection between his pod wall characters einfach
gewslbt” and | eingeschniirt” and stringiness LAMPRECHT writes
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(19328, p 308): ,Ein weiteres Charakteristikum (der eingeschniirten
_Hiilsen) gegeniiber der ersten Gruppe ist ferner, dass hier auch
Riicken- und Bauchnaht der Hiilsen beim Reifen in hohem Grade
. nachgeben und eingezogen werden. In der ersten Gruppe gewahrt
_man auch bei den weniger typisch einfach gewdlbten Hiilsen stets

FIGURE B. Somatic wariation in the tender-podded . Perfect” race.

eine gewisse Steifigkeit der Riicken- und Bauchnaht. Unter den
, Typen mit eingeschniirten Hiilsen scheinen demnach keine solchen
_mit starkerer Fadigkeit vorzukommen”. And about the possible
influence of the ,groundfactor” Fa (p.314): ,Es verbleibt zu unter-
suchen ob es bei Anwesenheit von I'a bzw. fa allein zur Ausbildung

,nur eines unbedeutenden Sklerenchymstreifens lings der Riicken-
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,naht (und vielleicht auch lings der Bauchnaht), der sogenannten
,Fidigkeit der Bohnenhiilsen, kommt oder nicht, und inwiefern
,sich Fa hierin von fa unterscheiden ldsst”.

In the cross Fijne tros with Wagenaar toughness of the pod wall
and stringiness are quite independent of each other, both characters
depending on a different main factor. Only one F, family (55-4 1932)
has so far been investigated with a view to linkage relations. In
this family the four possible types occurred in the expected 1 : 3 : 3
: 9 ratio of independent inheritance.

o

|

non-parchmented } parchmented
- pure not pure pure not pure total
stringy | stringy | stringy | stringy

Observed . . . . ‘ 25 96 96 271 ‘ 488

Expected
i ARG 30.5 91.5 91.5 274,5\

As it is not possible to decide about the homology of the main fac-
tor for toughness of the pod wall in the cross Fijne tros X Wagenaar
with one of the factors of LamMprRECHT, I will use the symbol To for
this factor.

Wagenaar (semi-parchmented) To To.

Fijne tros (non-parchmented) to to.



SUMMARY

1. Seedcoat colour is produced by the ,groundfactor” P
(fundamental gene of LampreCHT, ferment factor of KooIMax)
together with at least one ,complementary facto I
(colour genes of LAMPRECHT; chromogenous factors of KoOIMAN).
Modifying factors” (intensifying factors of Kooiman)
only influence the colours produced in case of cooperation between
groundfactor and complementary factors. White-seeded plants
generally have white flowers and green stems.

2. Segregation for stem and flower colour in
the cross Fijne tros with Wagenaar depends upon the ,ground-
factor” P and the ,violet factor” V. Fijne tros (pp VV) has a green
stem, white flowers and white seedcoat. Wagenaar (PP vv) a rose
stem, very pale rose flowers and yellowish seedcoat. F, (Pp Vv) hasa
dark blue violet stem and violet flowers; its seedcoat is ,black
mottled” (dark pattern colour black; background colour brown,
variably tinged with greyish indigo). I, segregates according to the
4 : 3 : 9 ratio into thethree stem and flower colour types. Asregards
the violet flower colour Vv plants are of a somewhat paler violet than
the VV ones. In F, there is a shortage of the rose type, together
with an excess of the violet one. This shortage (and excess) are
even more strongly marked in F; families which segregate for the
two factors P and V, and could as yet not be explained.

3. The mottled seedcoat in the cross is of the ever-
segregating type. It is supposed to depend upon the factor M for
mottling, which locally suppresses the influence of the dominant
(complementary) factor C; these two factors are absolutcly (or nearly
absolutely) linked. Fijne tros ¢M ¢M, Wagenaar CmCm, F, Cm cM,
i.e. mottled. Each mottled plant segregatesinto:

1 background colour type cM ¢M,

2 mottled-seeded plants (Cm ¢M) and

1 dark pattern colour type (Cm Cm).
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4, Segregation forseedcoat colour. Asthesegre-
gation into coloured-seeded (-flowering) and white-seeded (-flowering
is unifactorial, both parent races must have at least one comple-
mentary factor in common. It is therefore not possible for me to
judge about the complementary or modilying character of the factors
involved in the segregation. All Sh colours correspond with the ]
colours of LamprECHT. I therefore use the factor symbols C, G, B
and V in agreement with LAMPRECHT (according to the latter, all
these factors are complementary ones). If LAMPRECHT's comple-
mentary factor ] is supposed to be homozygously dominant in Fijne
tros and Wagenaar, the (modifying) factor Sh I must suppose to be
homozygously dominant in LAMPRECHT's colours.

AllPJSh plantshavea shiny seedcoat. The various PJShC
colours (shiny dark pattern colours) depend upon the influence of the
,orange factor” G, the  gray greenish brown factor” B and the  violet
factor” V.

yellowish (Wagenaar)  PJShCgbv (no. 3)
orange (=yellow brown) PJShCGbv (no. 9) |7 = pale rose flower
greenish brown PJShCgBv (no. 15) and rose stem.
brown PJShCGBv (no. 21)
violet PJShCghbV (no. 6)
brown violet PJShCGbV (no.12) | V = violet flower
black PJShCgBV (no. 18) violet stem.

= P JShCGBYV (no. 24)

The PJShcv colours (shiny background colours in pale rose
flowering plants) do not much differ from the corresponding yellow-
ish, orange, greenish brown and brown P JSh C v dark pattern colours;
they are as a rule somewhat paler (with the greenish brown P JSh
C g B v colour, however, a more gray brown ¢ colour corresponds).

The PJSh ¢ V colours (shiny backgroundcolours in violet flowering
plants) usually differ greatly from the corresponding violet, brown
violet and black P JSh C V dark pattern colours. They are but partly
tinged with violet or blue. These tinges are extremely variable in
beans of the same plant; in some plants they are totally lacking. The
non-tinged beans (or parts of beans) much resemble the pale yellow,
pale orange, gray brown and (pale) brown PJSh ¢ v background
colours in pale rose flowering plants; their hilumring colour, however,
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is less bright. The 8 P JSh ¢ shiny background colours may be indicated
as follows:

pale yellowish PJShcgbv (no. 1)

pale orange PJShcGbv (no. 7) i
gray brown PJShegBv (no.13) =,
(pale) brown e
pale yellowish tinged with plumbago violet PJShegbV (no. 4) V —
pale orange tinged with ageratum blue ~ PJShcGbV (no.1 01 .
gray brown tinged with slate blue PJShcgBV (no.16) e
(pale) brown tinged with greyish indigo P JShcGBV (no.22) gaen

The _shine” factor Sh influences the C dark pattern colours and
the ¢ background colours in quite a different manner.

All PJsh C dark pattern colours are somewhat paler and especially
less shiny than the corresponding PJShC shiny dark pattern
colours.

All PJsh ¢ background colours have a yellow brown hilumring, but
for the rest their seedcoat is nearly colourless: hilumring type.
The factors G, B and V influence hardly or not at all this P Jshe
hilumring type; in violet V plants the hilumring is somewhat less
bright than in rose v plants.

5. The strength of string. Strength of string mainly
depends upon the percentage of fibres in the sheath of the vascular
bundles in dorsal and ventral sutures. The following points refer to
all plants:

a. The ventral sheath consists of 4—7, the dorsal of 5—8 cell
layers.

b. In each sheath there occur parenchymatic cells, wood cells and
fibres.

c. These three cell types always have the same relative position
(cf. fig. 4).

Of each plant the _string number” (1—10) of boiled pods and the
anatomical structure of the sheath were determined. Wagenaar (fig. 4
no. 8) is a pure stringy type, string number always 9—10. Its sheath
consists entirely of fibres, except for a narrow part in the middle.
Fijne tros (fig. 4 nos 2and 3) is so-called stringless. Its string number
varies between 2—3 and 5—6, mostly it is 3—5. Slight genetical
differences probably occur. The sheath mainly consists of wood cells
(409,—759,); the fibres usually form four small groups. Their per-

17
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centage varies between 0 and 25; as a rule it lies between 5 and 15.
The F, (fig. 4, nos 4, 5 and 6) is intermediate, though approaching
the Fijne tros type. Strength of string 6.5—7.5. The percentage of
fibres (one pod per plant investigated) varies between 20 and 65. In
F; (and Iy) the pure stringy Wagenaar type (st st) reappears in a
clearly unifactorial way; it invariably breeds true. The percentage
of fibres and the strength of string in homozygous and heterozygous
St plants are influenced by other factors. According to their Fq
generation St St Fy-plants vary between string numbers 2-—3 (nearly
without fibres) and 7—38 (with -- 509, fibres); St st plants between
string numbers 3—4 (with 4+ 109, fibres) and 9—10 (with - 859%,
fibres).

Fy families with lower string numbers than in the Fijne tros race
have not been found. In a sheath without or nearly without fibres
the percentage of wood cells may slightly influence the strength of
string.

6. Toughness of the pod wall. A tough or parchmented
pod wall is due to a fibrous layer between inner and outer paren-
chyma. In the Fijne tros race the fibrous layer is totally lacking ;
the dry pod is conspicuously constricted and shrivelled. The Wage-
naar race has a rather weak fibrous layer; only part of its cells are
lignified. In F, the fibrous layer is extremely thick and hard; all
its cells are lignified. The dry pod is not constricted or shrivelled at
all. In Fya 4 : 3 : 9 ratio might be expected. The segregation into
non-parchmented (to to) versus parchmented (To To) is unifac-
torial. Distinguishing the parchmented pods into two or more types,
however, scems to be impossible. Hence we are unable to judge,
whether we have to deal with one or possibly with more additional
factors by which the influence of the To factor is intensified.

7. Leaving out all not quite certain factors the formulae for stem,
flower and seedcoat colours, mottling, strength of string and tough-
ness of the pod wall are:

Fijne tros pp JJ ShSh (or Shsh) ¢M cM GG BB VV StSt toto:

Wagenaar PP JJ ShShCmCm gg bb vv stst ToTo.
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TABLES 1—45

TaBLE 1. Segregation for stem and flower colours in F,; each young
plant in flowerpot twice examined; only those plants with green
cotyledons and hypocotyl have been examined as to {lower colour.

§ E ‘ Roselplanﬁs E% E Expected ratio
No. Fam. “E,é g8 | £~ P E%g Gl
and year | § 8 §E g 5; g g T E3g| S |ereen| rose |violet
o = ';_ =l [R5 1 otal ‘g_ %2
HE L3894 o s8n
CElRS|& e R 4 3 9
|
52-1,'33 65 | 24 |Y) 9 1 34 | 126 | 225| 56,25 42,19|126,56
52-2,'33 77 | 31 4 | 0 35 | 148 | 260| 65,00 48,75/146,25
52-3, '33 27 | 10 1 0 11 69 | 107 | 26,75 20,06 60,19
52-4, '33 33 | 11 5|0 16 77 | 126| 31,50| 28,63 70,87
52-5, '33 38 | 14 6 | 0 20 79 | 137 | 34,25 25,69 77,06
52-10,” 33 93 | 70 8 | © 78 | 194 | 365 | 91,25 68,44 205,31
52-13, '33 10 9 1 0 10 23 43| 10,75| 8,06, 24,19
52-15, "33 39 | 18 2|0 20 69 | 128 | 32,00/ 24,00 72,00
52-18, ’33 29 | 16 2 | 09 18 59 | 106| 26,50/ 19,87| 59,63
52-19, '33 21 | 13 71|10 20 62 | 103 | 25,75 19,31 57,94
Total 432 | 216 | 45 1 262 | 906 [1600 |400,00/300,00(900,00
Expected
4:3:9 400 300 | 900
D/m 1.85 2.43 | 0.30

1) Many of the plantsin this column were ,,suspect’ at thefirst examination.
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TasiE 2. F, segregation for stem and flower colours. The 33 plants
under the heading of | Green stem, died young”, have been divided
between white flowering and pale rose flowering plants, as in about
1 of the latter the hypocotyl and cotyledon colour had not been

observed.
,_\‘ Y o | Violet stem and flower Expected ratio
g . g5 &l
2% |85 Bl o |x sz | 4w~
No.Fam|® o [#8| 8 &| & | 8 c=.| Ba | ®
= = 3 [5) = o . 28| 375 +3 -
and year| § fal @Rl 3 |4 B3| 8¢ ﬁ green rose | violet
SE 28| 9 A B B0 |EL7| 3,
3 |OE| 8| © |3 [23| 28
goel® |F €2 | 82 4 3 9
55-2,’32 65| 6| 30, 90 18 | 145 | 246| 61,50 46,13/138,37
55-4'32 | 110! 9| B4 206 26 | 334 | 537/134,25 100,69302,06
55-6,"32 | 122 106 | 167 50 | 297 538| 134,50 100,87302,63
393,’33 9| 0 7 13 4 25 41| 10,25 7,69 23,06
394,’33 5 1 5 15 1 28 39| 9,75 7,31 21,94
395,°33 7| 0 5 8 2 19 31 7,75 5,81 17,44
395,'33 Ty 4 5| 17 3| 27| 40| 10,00, 7,50 22,50
397,’33 7 1 8 10 3 24 40/ 10,00, 7,50{ 22,50
398,’33 8 1 7 15 5 24 40 10,00 7,50I 22,50
399,'33 11 1 3 15 2 25 40( 10,00/ 7.50| 22,50
400,33 7 11 | 11 6 22 40 10,00/ 7,50| 22,50
Total | 358 271 | 567 970 |15632{408,00{306,00{918,00
26 7
384 278 970
Ex-
pected ‘
4:3:9 | 408 306 918
D/m 1.37 1.78 2.59
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TasLe 3. True-breeding F, families of PP VV and PP vv F, plants.

Flower colour White 1. Pale rose fl. ' Violet
No. Fam. 2ot Gl
F, plant green stem rose stem violet stem
[
455 violet 27 0 0 22
457 A il 0 0 19
416 gt 2 0 0] 41
469 P 0 0 10
477 o 0 0 14
481 ) 0 0 )
432 pale rose 0 32 0
443 5 5 0 32 0
515 » » 0 32 0
518 3 - 0 16 0
401 a5 0 36 0]
402 7 i 0 18 0]
423 i " 0] 28 0
479 » ”» Q 16 0
480 " - 0 16 (6]
TaBLE 4. F, families of Pp vv plants.
| B =l | :
8 ‘ . 8| E ¥ ® g Expected ratio
o = = w» o | @ 9 -
No. Fam. . : % § 2 : gs 5 2 Total
g 2 Bl ¢ = | e & green | TOSE
2 M | B 2|8 2|F 2|
2 |6 B|& Y| ! &
= ! =
429 ‘ pale rose 9 \ & 24 39 9.75 | 29.25
436 T, 7 0 16 23 5.75 | 17.25
437 o 7 0 17 24 6.00 | 18.00
442 - = 2 0 22 24 6.00 | 18.00
448 L T 7 0 21 28 7.00 | 21.00
450 o 5 4 (0] 12 16 4.00 | 12.00
451 o w 5 1 34 40 10.00 | 30.00
403 T 13 1 25 39 9.75 | 29.25
404 5 i =) 0 30 39 9.75 | 29.25
420 » i 6 0 18 24 6.00 | 18.00
466 o a3 1 0 7 8 2.00 6.00
Total 70 8 226 304
B N )
75 229 304
Expected 1:3 76 228
D/m 0.13 |
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TABLE 5. F, families of Pp VV plants.

———

Flower colour, White fl. | Violet fl. Expected ratio
No. Fam. Total |[————
F; plant |green stemiviolet stem 1 3
\
430 violet 2 9 31 40 10.00 | 30.00
431 4 e i) 19 24 6.00 18.00
444 n  1-2 10 14 24 6.00 | 18.00
445 w 1-2 6 26 32 8.00 | 24.00
452 o 6 L 23 5. 75 (| Y1.25
461 o 1-2 5 28 33 8.25 | 24.75
407 [ 2 5 1y 20 5.00 | 15.00
409 2 i 16 23 5.75 | 17.25
424 i 2 1.1 21 32 8.00 | 24.00
Total 64 187 251 ‘
Expected 1:3 62.75 188.25
D/m 0.18

TABLE 6. F,; families of PP Vv plants.

Flower colour|Palerosefl.| Violet fl. Expected 1: 3
No. Fam. Total
F, plant rose stem Iviolet stem | 1 3
427 violet 1 6 37 43 P75 | 3228
441 o b 10 23 33 8.25 | 24.75
447 o M ] 15 29 44 11.00 | 33.00
449 PRI | 5 20 25 6.25 | 18.75
460 o 1 6 14 20 | 5.00 | 15.00
529 . 2-1 8 14 22 5.50 | 16.50
405 o A 5 19 24 6.00 | 18.00
408 o ) 2 7 | 9 2.25 6.75
410 il 11 29 40 10.00 | 30.00
414 e 10 30 40 10.00 | 30.00
425 o 5 29 34 8.50 | 25.50
467 el 5 13 18 4.50 | 13.50
Total 88 264 352
Expected 1:3 88 264
D/m 0.00




TasrE 7. F, families of Pp Vv plants.
[
% £ | = E E ‘é" :.3 E = g L Expected ratio
o © © W n o w4 = o0 g |—
No. Fam. = = £ g g > 2= 2y 2
F, family 55-2
406 violet 1 9 0 2 |13 24, 6.00| 4.50 13.50
411 . | 7 1 3 |14 25| 6.25| 4.69,14.06
412 ., 1 |10 2 4 |16 32 8.00/ 6.00/18.00
413 o X |33 2 10 |15 40/10.00 7.50/22.50
415 M O s 0 6 |20 38| 9.50, 7.12(21.38
417 w i1 0 2 |23 36, 9.00 6.75/20.25
418 . 1|12 1 4 | 26 43(10.75| 8.06/24.19
419 , 1 5 1 5 | 14 25| 6.25| 4.69/14.06
421 | 1 3 4 |16 24| 6.00| 4.50{13.50
422 . Sigth ) = 2 1 |12 16| 4.00| 3.00| 9.00
468 w 3 3 0 1 14 18/ 4.50| 3.37/10.13
470 . 6 0 3 8 17 4.25 3.19| 9.56
471 w A 1 0 1 7 9| 2.25 1.69 5.06
472 ol 8 0 8 |21 37| 9.25 6.9420.81
476 w0 3 1 1 7 12| 3.00 2.25/ 6.75
478 . 2o0r 1] 11 0 2 |12 25 6.25| 4.69,14.06
F, family 55-4
426 violet 1 4 0 8 |20 32| 8.00/ 6.0018.00
428 | 8 0 1 |23 32| 8.00| 6.00/18.00
433 . i 9 2 5 24 40/10.00| 7.50,22.50
434 ot o 9 0 5 18 32 8.00| 6.00/18.00
435 | 6 1 2 |23 32 8.00| 6.00/18.00
438 « 1 [30 0 7 |23 40/10.00| 7.50|22.50
439 . 12 8 0 4 | 28 40/10.00| 7.50|22.50
440 . 1 5 2 7 |26 40/10.00| 7.50/22.50
446 L 5 2 0o 17 24| 6.00| 4.50 13.50
453 . 1 5 0 7 | 20 32| 8.00| 6.00 18.00
454 . 1 |13 7 4 | 24 48/12.00 9.0027.00
456 T 1 7 | 34 53/13.25 9.94/29.81
458 ot = 0 5 |34 50(12.50| 9.3828.12
459 oA B 0 2 | 28 35| 8.75| 6.5619.69
462 . 1 2 0 4 |14 20| 5.00 3.75i11.25
463 | 4 1 3 |17 25| 6.25 4.69/14.06
516 | 6 1 7 | 36 50(12.50| 9.3828.12
517 wm ] 7 0 3 |15 25| 6.25| 4.6914.06
522 w 1 2 0 3 7 12| 3.00 2.25 6.75
523 s i 2 1 2 7 12| 3.00, 2.25| 6.75
524 il 3 0 1 |16 20| 5.00| 3.75/11.25
525 ., 1 |10 1 3 |18 32 8.00 6.00 18.00
526 o 5 3 4 |14 26| 6.50 4.8714.63
527 ol 2 1 4 |13 20| 5.00/ 3.75/11.25
528 o g 4 1 2 |14 21| 5.25| 3.94/11.81
Total 269 37 (157 |751 |1214 '
28 |« "N 9
297 166 |751
Expected
4:3:9 303.50 227.62 682.88
D/m 0.43 4.53| 3.94
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TasLE 8. First and second sowings of F, families; first sowing showed
a great shortage of rose plants.

First sowing (1933) Second sowing (spring 1934)
= : E g ﬁ g |5 f;
No.Fam. & |% 3| 2 4? ;o th - Green | Rose |Violet

2 alg & 8?2 4L otal Total

.._E slg= | e | S B stem | stem | stem

FHIGE &= |7 ¢ |

|

428 8 0 1 23 32 12 14 41 67
446 5 2 0 17 24 11 9 28 48
459 5 0 2 28 35 11 3 26 40
435 6 1 2 23 32 6 6 28 40
458 11 0 5 34 50 12 4 24 . 40
Total 35 3 10 125 173 52 36 147 235

| 5.78% .15.32{{.{, |

TasLE 9. First and second sowings of F, families; first sowing con-
tained the expected 3/,4 Tose plants or more.

e e — - — =

First sowing (1933) Second sowing (spring '34)
BEle®|d ; 8 |
=4 2| 3 8 HIig o
No.Fam.| T % | % B | & 3 a B Green| Rose |Violet
£ q = P 9O ., | Total Total
g4 | ol o0 8 |28 stem | stem | stem
Ee|loes| 98 |F2 '
L3I 2 I El > |
[
426 4 0 8 20 32 13 14 45 72
438 10 0 7 23 40 9 7 32 48
440 B 2 4 26 40 13 4 23 40
453 5] 0 7 20 32 14 8 32 54
Total 24 2 29 89 144 | 49 a3 132 | 214
120.149, | 15.429,




269

AND POD CHARACTERS IN PHASEOLUS VULGARIS L.

_ 0Z'0 1e6'1 950 691 i |ovoo O w/a
0S°SZ 05°SZ QLLE SL'LE SL'LE _ <FAVAS czizi1ili1i] pajeedxH
¥z 06 ¥ _ 9z . 1€ 8¢ so%m + pamIol

o0 |$00 l6g0 [21°Z lpL0 €00 6€71 (260 [S¥O 91’1 $0'0 e £ & S ool
_ At A B B &) s
cz'ze |srize |z ze| oL Le|es81| 1881 (L8781 | 48'8] (L8°8] 1881 SLLE pajoadxy

zog| 9¢ | 8€ | OF _og |lee | 61 | € a1 | Z1 | ¥1 | 8¢ C * 18307,
89 8 L o1 | 6 z g g 9 1 z el atogt reeuafepm X '4
¥ g ¥ g 9 g g £ z z z g | £¢. ' X IeRUSSEM
| ¥ o1 | ¥ g 2 I 9 o g Z5. 11 X ieeuadem
gL | 21 o] 3 LT || s g I g ¥ g 9 7, [eeuneBem X 9-6S 'd
LS ¥ 9 6 6 8 g € z 5 z 6 ze, aeeuafepy X p-G8 T
61 | 9 1 ¥ P z I . z¢, |reeuafem X z-95 "4

| | || |
[ [
- B | | _ rea | 501

ve+a1 feztzifer 49| 11+s| 1z | oz ’ si| v | 6] 8| etz  Joqunu 180J0)

| ¥es ﬁ._ﬁoﬁl 1@s ?ﬁoﬁ j[os ' Ewo:: s | :#DEJ J _ poE_ jes Tﬁ.oﬁ

0 —

iy _ 4 UMOIq |

= Norg A J9TOTA UM OIF] | ysmueoin afuein * YSIMO[[@ X * INOJO9 JROOPIIT
1 I910TA 9501 a1 + o+ ¢ tINOJ0O I9MOT
JRIOTA 280y * * INOJ0D Wajs

o=

————

‘5010 [e001d1oa1 91} pue reeuadepy X T Ss010¥oEBq OYJ, ‘Ol TV,



270

R. PRAKKEN, INHERITANCE OF COLOURS

TaBLE 11. Selfcoloured yellowish (no. 3) of backcross
F, x Wagenaar, selfed.

—

Flower colour. . .

Seedcoat colour

Colour number .

Pp JJ Sh $hCm Cm gg bb vv

PP JJ Sh $h €m Cm gg bb vv

N l White | Pale rose
. BT White | Yellowish
_.- 49 3
Genotype L No. Fau: s
493 BB 3 b 13
500—- (0] 15 7
a1 e 28

Total number coloured

TaBLE 12. Selicoloured orange (no. 9) of backcross
F, x Wagenaar, selfed.

Flower colour A White Pale rose 1
e Total
Seedcoatcolour . . . . . . . \ White | Yellowish | Orange | numbers
coloured
Colour number . . . . - . - ~ 49 3 9
Genotype No. Fam.

Pp JJ Sh Sh Cm Cm Gg bb vv 494 2 1 13 14
Pp JJ Sh Sh Cm Cm Gg bb vv 502 6 0 2 2
Total numbers coloured . 1 15 16

— — — |
Expected ratio 1:3 4.00 12.00
D/m 1.73

TaBLE 13. Selicoloured greenish brown (no. 15) of backcross
F, x Wagecnaar, selfed.

— e S - —
Flower colour. . . - « =« =« - | White Pale rose
——=— T|I - : Total
. - Green.
Seedcoat colour . White | Yellowish | number
TOWI
coloured
Colour number . . 49 3 15
Genotype No. Fam.
PP JJ ShShCm Cm gg Bbvv | 465a 0 6 14
I =
Expected ratio 1:3 5.00 15.00 20
Djm. 0.50
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TaBLE 14. Selfcoloured brown (no. 21) of backcross
F, x Wagenaar, selfed.

271

B ot olonT. e % s W e s s m o« o (WVHItE Pale rose

’ Green. Total
Seedcoat colodr . « « « « + ¢ & « o « |White| .Yell. Orange __ | Brown

brown numbers
Bdlournumber . « . o 5 s w4 s ola | 49 |3 9 15 g1 || Solonee
Genotype No. Fam.

~y |
PP JJshShCmCm Gg Bbvv | 483 0 1 5 6 12
Pp JJshShCmCm Gg Bbvv| 484 1 6 3 4 13
Pp 77shShCmCm Gg Bbvv| 485 6 1 4 1 5 11
Pp JyshshCmCm Gg Bbvv| 491 3 3 2 5
PP 1] ShShCm Cm Gg Bbvv | 492 0 1 1 10 12
Pp j7shshémCm Gg Bbvy 495 11 1 6 4 10 21
PP JJ ShSh(m Cm Gg Bbvv | 505 0 6 5 17 28
Pp J7shshCmCm GgBbvv| 506 | = 1 2 12 17
Total numbers coloured . . . 4 25 24 66 119
L a0 | (R Lo
Expected ratio 1:3:3:9 . . . . 7.44 | 22.31 | 22.31 | 66.94
Dim. . . . .......-| | 130 | 064 | 040 | 0.17

TasLe 15. Selfcoloured violet (no. 6) of backeross F; x Wagenaar, selfed.

Flowercolouf. . « « « = +« « o « « « «| White | Pale rose Violet-1,2

B S edcoab COlOBT < « & » = & « w = <% s| VWHite Yellow Violet Total
ESTORRN B B = - numbers

Colour mumber . . . « « « = o = + = = \ 49 3 6 coloured

Genotype No. Fam. l 1

Pp JJShShCmCmggbb Vv | 487 2 5 12 17

PP ] ShShCmCmggbb Vv | 488 . 0 7 16 23

PP JJ Sh Sh Cm Cm gg bb Vv 489 0 1 g 10

Pp 7] ShSh(CmCm gg bb Vv | 4650 6 3 7 10

Total numbers coloured 1 16 44 60

Expected ratio 1:3 . . . - . 15 45

D/m, 0.30
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TABLE 16. Selfcoloured brown violet (no. 12) of backcross
F, x Wagenaar, selfed.

Flower colour. . |White| Pale rose | Violet-1,2

i } | B =

. : rown 3
Seedcoat colour . |White Yell. |Orange Violet | . Total
‘ violet

| numbers

Colour number . 49 3 9 6 12 coloured
Genotype No. Fam. | \ l ‘.

PP JJ Sh ShCm Cm Gg bb Vv | 465¢ 0 1 1 13 15
Pp JJ Sh ShCm Cm Gg bb Vv | 490 5 1 0 3 7 11
Total numbers coloured 1 1 - 20 26
Expected ratio 1:3:3:9 . . 1.63 4.87 4.87 14.63
D/m . 0.51 | 1.90 | 0.44 | 2.12

TABLE 17. Selfcoloured black (no. 18) of backcross F; x Wagenaar, selfed

— — — e
Flower colour. S \‘White Pale rose \ Violet-1,2 ‘
- | Total

Seedcoat colour . | White, Yell. brow ‘ Violet | Black g

TOWI numbers
Colour number . 49 3 | 15 l 6 1g | coloured

Genotype No. Fam. 1 } | l

Pp JJShShCm Cmgg Bb Vv | 498 2 1 1 2 4
PpJJShShCmCmgg Bb Vv | 513 10 2 6 9 15 32
Pp JJShshCmCmegg Bb Vv | 514 4 1 3 6 8 18
Total numbers coloured . 3 10 16 25 54
Expected ratio 1:3:3:9 3.37 | 10.13 | 10.13 | 30.37
D/m. 021 | 0.05| 205| 1.47
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TaBLE 18. Selfcoloured black (no. 24) of backcross
F, x Wagenaar, selfed.

2
Flower colour . el Pale rose Violet-1, 2
. e B
H 8
2l g | S| S E| 2| % |3«
Seedcoat colour. g E = 8 ° I < E o
= 6 o us) > ® H 2
5 =
o Nk
Colour number . . + - - - » . . .| 49 | 3 ‘ 9 l 15 | 21 |6+12)18+24 2
*—._,___;__
No.
Genotype Bt
L - :
Pp 77 Sh $h Cm Cm Gg Bb Vv | 512 1 | 3 4 12
Expected ratio 1:3:3:9:12:36. 0.31 | 0.94 | 0.94 | 281 | 3.75 | 11.25

18
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TasLE 20. F,segregation for the Cm-cM factors and for the factors
G, B and V (derived from table 19).

ki

-

|

Mott- Selfcoloured Total |Expected
led numbers| 1:3:3:9: | D/m
|Em &M ¢M ¢M Cm Cm|Total|coloured|  3:9:36
| |
Yellowish . not classified 14 14,72 | 0.19
Orange . . - 21 13 12 25 46 44,16 | 0.29
Gr. gr. brown . . 21 11 13 24 45 44,16 | 0.13
Brown . 60 40 30 70 130 132,47 | 0.23
, Violet" 31 11 9 20 51 44,16 | 1,06
., Brownviolet” 65 31 28 29 124 132,47 | 0.80
. Black™ 265 148 119 | 267 | 532 529,88 | 0.14
Total. 463 | 254 | 211 | 465 | 942 | 942,02
Expected ratio 2:1:1 } 464 232 232
D/m . .| 007 | 1.67 | 1.59

TABLE 21. Unifactorial ratios in F, for the factors G, B and V
(derived from table 19).

‘ e | & p'otal\ b | B |Total v vV |Total
14 | 46 60| 14 | 45 59| 14 |51 | 65
45 130 | 175] 46 130 | 176| 46 [124 | 170.
51 l124 | 175| 51 |s32 | 707| 45 |[532 | 707
40 |108 | 148124 130
Total., 150 |08 | 558235 (707 | 942|205 707 | 942
Expected 1:3 . [139.50(418.50 235.50 706.50 235.50 706.50
D/m . 1.02 0.04 0.04 l
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TABLE 23. Mottled yellowish (no. 2) of backcross F; x Wagenaar,

selfed.
Flower colour White Pale rose
Seedcoat colour. White Yellowish Total
| number

Colour number . 49 ' 1 i 2 i 3 || coloured
Genotype = ‘No. Fam. ’ \
PP JJ ShShCmc¢M gg bb vy | 449 o | 62| 18] 5 27

. 4654 0 82| 14| 6 28
Total numbers coloured . 147 | 30 11 55
Expected ratio 1:2:1. 13.75|27.50|13.75

TABLE 24. Mottled orange (no. 8) of backeross F; x Wagenaar, selfed.

Flower colour White Pale rose |
Seedcoat colour. .| White | Yellowish ” Orange Total
. = S number
Colour number . . 49 1 l 2 ‘ 5 l 7 ‘ 8 , O Slorirad
Genotype S i No. Fam. l ‘ | | ‘ |
PP JJ Sh ShCm ‘ | |
M Gg bb vv . sot1| o |2|5]|3 49|58 28

Expected ratio

122:133:6:3. . . 1.7513.50 1.75(5.25(10.50/5.25
¢M ¢M + Cm cM !

+ Cm Cm . i ‘ 10 (exp. 7) | 18 (exp. 21)
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TaBLE 25. Mottled greenish brown (no. 14) of backcross
F, x Wagenaar, selfed.

Pale rose

Flower colour | White
Seedcoat colour . White | Yellowish Grebmish Total
brown numbers
Colour number . 29 | 1] 2] 33| 14|15 coloured
Genotype . . No. Fam. l
Pp J] SbShCm B
cM gg Bb vv 486 5 Ll el 1 2 4 12
PP 5 507 0 2 i 7 8 2 20
PP ) 465e 3 1 1 2
Total numbers 1
coloured . 1 5| 3 9 10 | 6 34
|
Expected ratio
132:1:3:6:3 & 2.12|4.25 2.1216.38 12.75/6.38
EMEM + Cm M +
Cm Cm- 9 (exp. 8.50 | 25(exp.25.50)




R. PRAKKEN, INHERITANCE OF COLOURS

280

(z'6z'dx?) 0g |(52'6 dxe) 01| (526 "dxe) g | (sz'¢ "dx0) ¥ ury Wy
+ O W) + O W2
esleoviiezlyvelie vl elpvelievirreisolesifiso 6181161991
, ' orjer pajoadxyg
zs |s|eler|s|e|le|r|e|lv]z]|z]o | |'pernoroo srequin [e30,
61 glz|gje |1 1 gz |1 |1 8 ¥08 “ dey
0Z £l ¢ |9]|¢ g z |1 1 o1 £0g “ da
£l g | ¥ (g | g ElE |3 /2 Z8y | AAqg 3D
| Wow)ys gs [[ da
_ ‘e g ON adfjouon
poImnolod | yz | oz |61 |sr|vi|er |6 |8 |4 |€ |z || e | squouimop)
Saquinu |- = o
®1o1, [ umoIg ?...»ohﬁnuumwv sduei() USIMO[OX | 93T M *IN0[0D Jr0Ipaag
feicloR el =0 | DITY AN _. O R a0 T INOJOD I9MOT

"pajes ‘reewaSepy X ' ss0I10y9Eq JO (OZ OU) UMOI] PI[IIOW 97 ATILV ]



281

AND POD CHARACTERS IN PHASEOLUS VULGARIS L.

| 2y dxo) 8y | (gzp1-dxole |

C DS WD 4 WO WP

Tuo.oﬁngimo.o;_@m.mimﬁ.m_@m.m : * Y ©ogi9igi1izi]  orjer pagoadxy
L5 : 01 _ () 7 o1 : ¥ | i€ 7 {2 __ = _ ; * * pPaano[o0 SIAUWNT [BIOT,
91 A T i B 4 € 80g - da
61 g |9 | ¥ |z |étlit] 6 S9¥ ¢ da
zz gz | £ |01 Jar| ﬁ 1] 6 9% © o rapaqq 88 WO W) us us ([ da
: = —
7 7 _ _ e oN |t C radAjonan
|

poInoed| g R ; ¥ : € | € _ I 6¥ d I2CWNT INO[O)

SIa(uinu
[E301L, GIRTOIA Y USIMOTEA  [_3gM | © © ° ° ¢ * ot INOO9 JR0IPass
' 1-19101A 7 oS0l efed  [[93IYM || * ¢ R ¢ o) (cl I = LR el |

TSR

‘payes ‘reeuadepy X T sso1dyoeq Jo (g ou) }9[0IA PI[IO "LZ ETAV],



R. PRAKKEN, INHERITANCE OF COLOURS

282

(00'g9 dxo)zg | (00°1Z°dx2)zZ | (00 12" dx0)6E | (00" dxa)¥ ur) w) + W9
o+ W2 N
_ _ g
52°G1 4%.:\. GL°G1(8Z'8(0S°01|82°§(SZ'S 0§°01 §2°G(SL 1|05 E(SL ] 6:81:6:€19:€
| | e Al
| orpex pajoadxiy
zir | o1 sz | 6 | v a1 |9 o v ez e SI9qUING [230],
i 38 _ i | B E ;
iz | s | 8 | €| 14 ¥ i 0 |18 § dd
6 | 2 | 2 | 2 |ee|'e |2 L |z |¢ gl ] o |oI1s 3 dd
e e o | ¥ |1 ]9 |¥ v |z |4 z1 | 608 3 dg
6 £ I I z | I A -1 R
94 39 W2 1)
| us us [ da
_ ) TED .
— A 4 7 WA . . d£j0uan
(=} | s
g , =
S zi | lo|ols|v]e|s|e]elz]1]er |- mamuumops
g5
BE| opmunorg” | 30104 _ S8UTIQ | USIMOIPX  [OIIM INOJOd JE0IPISS
m o BT
e ‘T ‘1-19[0TA : 9S0I 1B g PITIM & INOJ0Y I9MOT

‘poypes ‘reeuafepy X Ly ssoronjoeq jo ([ ‘ou) J9[OIAUMOIQ PI[IOI ‘87 ATAV]



283

AND POD CHARACTERS IN PHASEOLUS VULGARIS L.

61z €8 S Ad|EV s A d | g2 mgsad |l s A q | 89 id | v oce3OT,
AL ‘yZ ‘g1 sou | g 8% ‘ZF sou
¥e g7 L1 seu | Z1 Ly ‘1% sou | 0] 11Z ‘0Z ‘61 sou
] g1 ‘g sou | g 19¢ ‘Dg sou | g QT ‘p1 ‘€l SO | [ G} '6€ ‘B ‘LT SOU
11 (1] ‘gsou |6 1ge ‘6 sou | 9 6 '8 ‘L sou |9 HF ‘B¢ ‘g ‘9¢ sou
gl :2Z '91 ‘01 ‘¥ sou| 11 9% ‘0¥ ‘¥ ‘8¢ soum | | 'z ‘1 sou |0 gy ‘LE ‘1€ ‘SZ sou | §9 1% ‘Ou
. L
ys A d | USAd i us A d us A d d
1830 |- =

IOMO[J J9[0TA

|

I2MOT] 9501 e

TIMO] SITIM

'(1€ o[q®} "§2) UOTIROISSE]D A} Ul SIAFMOIJIP SWOS
aIaM 2121} ASNBOA( ‘PAUIqUIOD U dATY sadA} IMO[OO JUIILT "Z-GS Amurey &4 o) ur uonjederdeg "6z IV

—e—



284 R. PRAKKEN, INHERITANCE OF COLOURS

TABLE 30. Segregation for the factor Sh in F families of Sh sh F,
plants (F, family 55-2). Because of some difficulties in classifying I
have refrained from tabulating the various colours.

e

—

0N
No. The probable constitution Colour no. E . S E g
Fam. of the F, plant was Fyplant| 5 | | %* [ E 2
| 2 o
2 I | |
404 [Pp JJ Shsh Cm cM Gg Bb vv 20 9| 10| 20 30
403 |Pp JJ Shsh Cm cM gg Bb vv 14 13 | 12| 10 22
423 |PP JJ Sh sh Cm M GG Bb vv 20 | 0| 6| 22 28
420 'Pp JJ Sh sh Cm Cm Gg2 bb vv 9 &\ 1| 18 16
468 (Pp JJ Sh sh ¢M cM GG Bb Vv 22 3| 4| 9 13
467 |PP JJ Sh sh ¢M cM gg bb Vv 4 o| 4| 11 15
413 |Pp JJ Sh sh Cm cM GG bb Vv 11 13| 5| 15 20
412 |Pp JJ Shsh Cm cM gg bb Vv 5 10 8| 11 19
415 !Pp JJ Shsh Cm ¢M GG bb Vv i1 11| 7! 18 25
414 PP JJ Shsh Cm M gg bb Vv 5 0| 10| 17 27
421 Pp JJ Shsh Cm Cm Gg bb Vv 12 1| 3| 14 17
422 Pp JJ] Shsh Cm Cm gg bb Vv 6 21| i 7 8
425 |PP JJ Shsh Cm Cm gg Bb Vv 18 0| 6| 23 29
424 |Pp JJ Shsh Cm cM Gg BB VV 23 10| 6| 11 17
477 PP JJ Shsh CmCm G ?BBVV | 180r2¢4| 0| 6 8 14
Total nistabors colotzed . « o b 5 @ A | "\ | 89 | 211 | 300

Expected ratio 1:3 . « + - « « -« « - | H | 75 | 225 |



—

Scheme of the influence of the factors P, Sh,Cm (cM), G, Band V,

—

TABLE 31.

J is homozygously dominant.
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TasrE 32. Strength of string in | Fijne tros™ 1933.

Motherplant 1932 String numbers 1933
=== = —— = average
No. Fam.
1933 | Siring nuxﬂer l o ‘ ‘ 1 total |strengthin
| dor- |ven- a,'\-'cr—lﬁb'res 1-2/2-3 3—4 4-5 5-6/6-7 the family
sal | tral | age ‘ |
| \
323 57| 42| 49| 9 20 NS 16 3.69
324 52| 40 | 48 15 ' 12 |3 | 2 17 3.91
325 4.7 | 4.0 | 4.4 - 2 19 3.71
326 |52|43|47 10 17 7] 2 17 | 4.09
327 42| 36|39 4| 2|8 |6 17 3.91
328 |36|34|35 5 25|93 19 | 4.18
Total 952136 | 7| 1| 105 |

TaBLE 33. Strength

of string and percentages of fibres in the I,
plants of 1932 and 1933 (three pods stringed; one anatomically
investigated).

Strength of string

S = Total
1—2|2ﬁ3‘3g4‘4—5|5—6‘6—7{7——8I8ﬁ9i9~10
| o0—10 | | |
10—20 ‘
20—30 1| 4 B
2 30—40 4| 4 8
— i a——
= 40— 50 5|/ 9 ' 14
St
ol e el |
@ 50—60 3| 12 15
= — — ;
- 60—70 2| 4 | 6
8 = : o
- 70—80
& Ll | -
> 80
Wagenaar-
type
Total 15 | 33 48
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TABLE 34, F,-family 55-2 1932; classified according to strength of

string and percentages of fibres.

Strength of string

_ : Total
N 2—3|3—4"4—5[5f6{6—7 7—8/8—9/9—10
0—10 6|19] 5| | 30
10—20 5| 8| 2 | 15
2030 4| 8 ; 6| 1 19
0 30—40 4| 5 ‘ 5 14
- o —
A | 40—s0 3| 3| 3 9
'45 . = — s
2 50—60 . 6|12 6 24
o L - ey T g = —
[
£ 60—70 3 16| 8| 1 28
(3] |
5 70—80 4| 9| 1 14
&
> 80 0 le 3l 5
‘Wagenaarz-
type i 1| 1| 2|58 | 63
Total 6|29 |28 | 26|43 |28 61 |221

TABLE 35. F,-family 55-4 1932; classified according to strength of
string and percentages of fibres.

e

Strength of string

1 Total
i—2)2—3 3—4i|4—5 5—6/6—7|7—8|—89|9—10
0—10 g|l41]38] 8| 4 ‘ 99
10—20 6|17 | 14| 8| 2| 1 48
20—30 1| sla1z| 7| 6 34
g 30—40 2| 6| 16| 4 28
'l = —
A 40—50 1| 913 10 33
S . .
p 50—60 2(10]19] 4 35
8 o
4;5 60—70 1| 6|21 12] 40
o —_ =
5 70—80 2| 11| 18| 31
& - ]
~ 80 1| 15| 6 | 22
Wagenaar-
type 1l 1| 1| 2| 18] 121
Total o| 8| 48| 66| 53|67 | 75| 52 122 491
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TasLE 36. F,-family 55-6 1932; classified according to strength of
string and percentages of fibres.

Strength of string
- Total
1—2!2—3@—4'4——5'5—6 6—7[7—a|8—9|9-—10
0—10 BEREEE [ 34
10—20 4 10| 9| 3| 1 27
20—30 R | 12
g 30—40 2 6l 9l 3] | | =
2 | a0—s0 By 1| el1e| of 1 33
H;: 50—60 T Tl al g o 4 2%
IED o—70 | | | 1| 8|23| 2| 1 | 35
8 | 70—s0 il _ 14|15| 3 | 32
§ >8 | | | | [ I 7| 3| 10
Wagenaa:—; e -
type 1 1 3, [285 61
Total \r 5| 14 | 22| 41 52| 61| 32| 63 | 290

TarLE 37. Segregation of the Fy-families of 1932 and 1933 into not pure stringy
and pure stringy (Wagenaar) type.

———= - ———

i
F; mother Strength of string in the F, plants Total numbers
plant ©
5 p=———— T o =
E | _ | Strength pure .:' B g
B | g|ofstring | » not pure stringy stringy not | PUTE | %E =
g P o E (not Wagenaar tvpe) (Wage- re stringy| o
b= i %“:" naar) StEm _|(Wage-| 3 5
E é g': &% : ! “ | naar)
=7 = -2 2-323—4‘4—5i5——6|‘«5—7!t7'—8‘8—9 9-10| < 9|9-10|
| | | |
55-2/132/7.6 7.0‘7.3 50 6 28| ZBI o5 a2l 26| 3| 5|58 | 158 | €3 | 221| 55.25|1.20
85-4|  |7.5|7.8!7.7/50 sl 48| 66| 52| 66| 74 50| 6| 5|16 | 370 |121 | 491{122.75/0.18
55-g| | |7.6/6.6/7.1/56 2l 22| 30| e8| 73| 97| 42| 10| 9| 91 349 |100 | 449/112.25/1.33
893 3317.3|7.5/7.4|23| 6 5 4] 6 6 7| 27 7 | 34 850/0.60
994 | 7.0/7.6/6.820 1| 4 6 4 s 4 1 11| 25 |12 37| 9.25/1.04
395 | |7.0(7.0(7.0130 1| 3| 4 7 4 8 1 4| 25 A4 | 29| 7.25]1.39
396 | |7.46.8/7.1/55 1| 3| 6 sl 7 4 1 9| 27 9 36| 9.00/0.00
397 | ., |7.6/7.47.5/30 1| s| 6 8 5 11| 2 1 36| 9.00(0.77
398 | " 17 217.017.159 al 3| 4 8 6 1 1| 8 =25 9 | 34 s8s50[0.20
299 | ” 17.0l6.6/6.8/43 3 6 4 4|10 1 g 28 8 | 36 9.00[0.38
%0 | | 17.27.0[7.1]20 1| 7| 3| 4 4 7 3 6| 20 | 8 | 35| 873088
— . —
Tota) o | 19li08l162|188 210260126 19 | 21 |329 |1088 350 1438!359.50
Expected ratio 3 : 1 1078.50/359.50 ‘
/m 0.58 | ,
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plants have an  abnormal” sheath: part of the fibres are without thickening
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layers and of an irregular appearance on cross-section.
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TasLe 39. T, families which segregate the pure stringy (Wagenaar) type. The
families are arranged according to increasing strength of string in the

F, mother plants.

F, mother plants lé
g : = Strength of string in the Iy H
;f‘ Strength of string ‘ plants g I
zoi dor- | ven- | aver- type i i et =
sal tral age 1-2 2—3’3—4 4—5'5‘—6 6—7 7‘5i8—9‘9—10 __O|
l ! '
F, plants of family 554
428 | 10.0| 10.0/| 10.0 |pure stringy 32 | 32 |(All pure stringy.
429 | 10.0 | 10.0| 10.0 . 23 | 28|, . -
430 | 9.8 10.0| 9.9 ‘
abnormal 2121123, . - » DUt
many abnormal
431 | 10.0| 9.8 | 9.9 |pure stringy 18 | 18 |All pure stringy
432 | 10.0 | 10.0 | 10.0 | 27 | 27 v >
434 | 10.0/| 10.0 | 10.0 28 || 28 |, . ..
438 | 10.0 | 10.0 | 10.0 3 [32 (35|, . ke
439 | 4| 8.8| 9.1 25 | 2800 - . .
441 | 10.0| 9.0| 9.5 15 | 16 |, -
444 | 9.8|10.0/| 9.9 1 08 | 8 R
445 | 95| 9.8 9.6 23 [ 23| o .
523 | 16.0/| 10.0/| 10.0 T T s &
524 | 9.8| 9.6| 9.7 1 A 8 SR
526 | 10.01] 10.0 | 10.0 1< 5 T 5
F, plants of family 55-2
402 | 10.0| 10.0 | 10.0 |pure stringy V1| ie | 18|, , .;theplant
with strength 7-8
is abnormal.
410 | 10.0 | 10.0 | 10.0 25 | 25 |All pure stringy
415 | 10.0 | 10.0 | 10.0 25|25 | & 0
419 | 94| 86| 9.0 21 (2L, a
423 | 10.0 | 10.0 | 10.0 16 | 16 |, & -
466 | 93| 0.9 9.2 S Bl s =
468 | 10.0 | 10.0 | 10.0 | 2002 e
470 | 10.0| 9.3 | 9.7 . ) oA 8 /8] ISR -
476 | 10.0 | 10.0 | 10.0 " s I 0 (S »
478 | 10.0 | 10.0 | 10.0 - g | 18|, ., .
481 | 9.5|10.0| 9.8 . Bl 5l a s 5

19

F, mother Strength of string in the F; plants Total numbers -
plants §
g - pure _ e
& S;;cr::ﬁ;l; r not pure stringy stringy | o b %}g E 55” H
g |-———— = (not Wagenaar type) (Wage-| 2 Ed | B3| 88| R
Z = |7 8| & naar) __,',E_! @& | o | &
7 = o g = L« he _N
P 4: 3 e = L 1; % L—}
S18|2 -2 2—3‘3-4 4-5|5-6|6—7|7-8/8-9|9-10(8-9/9-10 B
Lot <
|
520 13.7/3.3/3.5| 10 3 2 2l 2 3 10 8 | 13| 3.250.18
421 |5,413.214.3| 172 1| 1 2 4 3 5 11 5 | 16| 4.icolo.58
430 |5.4 3.2/4.3| 28 | <) 02 1 5| 4 5 9| 225213
454 [5.2/5.0/5.1| 20 1. 3| 3 4 2 1| 1| 18 2 |15| 375 1.05
451 |6.6/4.6|5.6| 33 9 4| 5/ 1 & 19 6 | 25| 625012
403 |6.8/4.85.8] 16 2 3] | 1| 1| 8l 9| 13 p | 22| 5.0 1.72
427 |6.8]5.6/6.2| 40 5 5l 7 5 8| 22 g8 |30 750021
518 |6.5/6.0/6.3| 30 1 il 2 1| 4 3| o 3 | 12| 3.colo.c0
448 |7.0/6.8/6.9| 50 1 3| =z 4 3| 10 3 | 13| 3.25/0.16
469 |7.0(6.7|6.9| 65 1 ol S N i 1l & 1 6| 1.50| 047
516 |7.0|7.0|7.0| 40 4 4 3| 4 s| 5 1 9| =6 9 | 35| 875 0.10
449 (7.0|7.2|7.1| 70 1| 4| s 1 6 4 1| 4| 21 5 | 26| 6.50 0.68
443 |7.3|7.0/7.1] 78 4 2| 8 5 9 2 4| 25 4 | 29| 7.251.39
472 |7.4|7.0|7.2| 43 2 1l 2| 8l 10 7 g| =28 9 | 37| 9.25 009
409 (7.5|7.0/7.3| 50 il 3 i e 3| 2 3| 11 a | 14| 3.50|0.31
404 |7.2/7.6/7.4| 65 2 3 & 1| 4 ! g 16 8 | 24| s6.coloo4
459 ?.4"?.6 7.5/ 55 2| 4 g 1 9| 16 9 | 25| 625 1.27
477 a.o‘a.o 8.0 50 1 2l 1| 3 3 4| 10 % 14| 3.50]0.31
433 (8.0,8.0(8.0| 38 20 4 7l 10| 7 1 5| a1 5 | 36| 9.00]1.54
515 8.3/7.7/8.0 60 2 3 4 2 il a2y 5 | 16| 4.00/0.58
405 |g.4|8.218.3] 70 2l 3| 3 3 4 4| 15 4 | 19| 4.75/0.40
418 |8,7/8.0/8.3| 80 1l 2 2 5 = 10| 19 10 | 29| 7.25/1.18
471 |8.2|8.6/8.4| 60 1 1 [ | 2| & 2 6| 1.50(0.47
44¢ a.4|5,4 8.4 85 ol 2 df 1l =2 3 @ 4| 12 4 | 18| 4.50 0.27
457 (8.4 9.08.7| 70 il M= A U ) 6l 9 6 | 15| 3.751.35
436 |8.8 8.6{8.7| 80 of w4l 3 1 6 2 3 16 3 19| 4.75|0.93
447 |9.0 8.7/8.8] 74 51 6 4] 2| 6 4| 3 6| 30 ¢ | 36| 2:00/1.15
456 9.0l9.2/9.1| 83 1l 3l el 10/ 8 2 10| 27 10 | 37| 9.25/0.28
458 |9.5/9.019.4| 82 1| 1l ¢ 6 8 6 2 | 12| se | 12 | 42| 1050/0.53
Total | 13| 51| 61| 53| 92|100| 75| 30| 3| 160/475 (163 638 [159.5C
Expected ratio 3 : 1 T C e o | T
Dim, . 0.32



TABLE 38. F, families of pure stringy (Wagenaar type) F, plants. A few
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layers and of an irregular appearance on cross-section.

Fy mother plants ‘ ) E
= - < Strength of string in the F, =
g fi.rength of string plants = Rearks
:% dor- | ven- | aver- type I a7 P | 2
il I ot | s 1-22-3(34{4-5/5-6/6-7) 78 8-99-10| B
\ ! | '
F, plants of family 55-4
428 | 10.0 | 10.0 | 10.0 |pure stringy 32 | 32 |All pure stringy.
429 | 10.0/( 10.0/| 10.0 o 23 (1281 . -
430 | 9.8 | 10.0| 9.9 oy bk
abnormal 20| 200280 s . » DOL
| | many abnormal
431 | 10.0| 9.8 | 9.9 |pure siringy 18 | 18 |All pure stringy
432 | 10.0 | 10.0 | 10.0 - | T2 10 = =
434 | 10.0'| 10.0 | 10.0 . 2B || 28 |5 = T
438 | 10.0 | 10.0 | 10.0 . 3 lvzzilas | . :
439 | 9.4 | 8.8 9.1 . 25| 2B | 4 m :
441 | 10.0| 9.0| 9.5 ] 515, 4 ,.
444 | 9.8| 10.0| 9.9 . 18| 18 s o
445 | 95| 9.8| 9.6 " 23 238 |, & o
523 | 10.0 | 10.0 | 10.0 " A R SR 5
524 | 9.8| 9.6| 9.7 . eI ) PR 5
526 | 10.0] 10.0 | 10.0 " L= R S "
F, plants of family 55-2
402 | 10.0 | 10.0 | 10.0 |pure stringy |11 ]|1s|18|, , .;theplant
with strength 7-8
is abnormal.
410 | 10.0 | 10.0 | 10.0 " 25 | 25 |All pure stringy
415 | 10.0 | 10.0 | 1.0 ,, 25 28 1 ~
419 | 94| B.6| 9.0 . - Ol e I (B .
423 | 10.0 | 10.0 | 10.0 - 16|16, . "
466 | 93| 0.9 9.2 - 3 8, « o
468 | 10.0 | 10.0 | 10.0 < 2 200, . .
470 | 10.0 | 93| 9.7 . L AT s 3+
476 | 10.0 | 10.0 | 10.0 " I, o, ,
478 | 10.0 | 10.0 | 10.0 " 18 | 8. = "
481 | 9.5| 10.0| 9.8 i S T [ -

AND POD CHARACTERS IN PHASEOLUS VULGARIS L.

289

TasLe 39. I, families which segregate the pure stringy (Wagenaar) type. The
families are arranged according to increasing strength of string in the
F, mother plants.

F. mother

yilagits Strength of string in the I’y plants Total numbers g

B 5 i pure . Ban,
& 2?:?.3; g not pure stringy stringy | © . EEE ?; 'téﬁ g
S (ll— 2 (not Wagenaar type) (Wage-} = 20| B & Bl ge | R
N E A naar) | oE | & | 2| &7

o ® A o= @ = e

ElE|E| = CRY 2

5|82 -2 2—3‘3—4'4—-5‘5~6‘6—7 7-8(8-9[9-10 3—9{9710 52
520 13.7 3.3/3:5| 10 23 (| W) ST S 3| 10 8 | 13| 3.25/0.16
421 5.4/3.2/4.3| 17? 1l 2 4 3 5| 11 5 | 1el 4.col0.58
450 |5.4/3.2[4.3| 28 1 2 1 5| a4 3 9| 2.25 213
454 (5.2|5.0/5.1] 20 1] 3f 3| 4 2 1 1| 18 2 151 3.75| 1.05
451 |6.6(4.6/5.6| 33 9 4 5/ 1 & 19 6 | 25| 6.25/0.12
403 |6.8/4.8/5.8| 16 e [ ()[R f N - 9| 13 9 | 22| 5.50|1.72
427 |6.8/5.6/6.2| 40 5 50 71 5 g 22 8 |30| 7.500.21
518 6.5 6.0/6.3| 30 o [ | a3l 19 3 | 12| 3.c0l0.00
448 17.0/6.8/6.9] 50 3 2 4 2l 10 3 | 13| 3.25/0.16
469 |7.0l6.7(6.9| 65 1 2 Fa i iy = 1 6| 1.50 0.47
516 |7.0(7.0{7.0| 40 4 4 3| 4/ 5 5 1 9| 26 9 | 35| 875 0.10
440 |7.0|7.2|7.1| 70 4 5| 1 6| 4 1 4| 21 5 | 26| 6.50|0.68
443 (7.3|7.017.1| 78 4 2| 3| 8 9 2 4| 25 4 | 29| 7.25/1.39
472 |7.47.0|7.2| 43 2 1| 2| e 10 7 9| o8 9 |37| 925009
409 |7.5/7.0|7.3| 50 1 S [ [ 1 3| 1 3 | 14| 350031
404 |7.2/7.6|7.4] 65 3l 5 1| 4 1 8| 16 £ | 24| 600094
459 |7.4/7.6/7.5/ 55 2| 4 9 1 9| 16 9 | 25| 6.25/1.27
477 |8.0/8.0/8.0| 50 1 21 i 3 3 40 10 4 | 14| 3.50/0.31
433 [8.0,8.0!8.0| 58 2| & 716 7| 1 5 31 5 | 36| 9.00/1.54
515 [8.3|7.7/8.0| 60 2l 3 4 2 1l 4 11 5 | 16| 4.c0l0.58
405 |8.4/8.2/8.3| 70 2| 3| 3 3 4 4| 15 4 | 19| 4.75/0.40
418 |8.7,8.0/8.3| 80 1 < S 1 10| 19 10 | 29| 725 1.8
471 |8.2l8.6/8.4] 60 o IS | 2| & 2 6| 1,50/047
446 a.4|5.4- B.4| 85 2 2 1 4 2 3 8 4| 14 4 18| 4.50|0.27
457 [8.4/9.0/8.7| 70 i 24 2 8 &9 6 | 15| 3.75[1.35
436 (8.8 8.6/8.7| 80 2 1| 1] 3| 1| & 2 3| 16 3 | 19| 475093
447 (9.0 8.7/8.8| 74 ol 4| 2| 6 4| 3 6 30 ¢ |36| 9.col1.i1s
456 19.0/9.2(9.1| 83 ‘ 1l 3| 6| 10| 5 2 10| 27 10 | 37| 9.25/0.28
458 |9.5(9.39.4| 82 | 1| 1 e 6 8 6 2 12| 30 12 | 42| 10.50|0.53
Total | 13] 51| 61| 53] 92[100| 75| 30| 3| 160|475 [163 1638 159.50
Expected ratio3 : 1 e i @ e s e EABBONG2.HO
Djm. . 0.32

19
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TapLE 40. F, families which do not segregate the pure stringy
(Wagenaar) type. The families are arranged according to increasing
strength of string in the F, mother plants.

F, mother-plants =
Strength of string in the Iy plants | § | @ =
g8 Strength of (not a single pure stringy type) 'E 2 =
< string g = 43 =
e | o | = @ ﬁ = %g
= = E \ 20 o ‘ + =
g B | |3 |1-22-33-4/4-55-66-7|7-88-99-10| = | & =
(%) <
o) & z |
e E N I |

¥, plants of family 5§5-4
519 |27|20]23]| 1 2 1 3| 3.83
522 |34 (2429 4 1 4 4 1 1 10 | 4.50
527 | 3.5 | 28| 3L | 7 3 4 5 1 14 | 4.14
521 |3.7(33|35]| 4 1| 1 4 6 | 5.00
426 |42(3.0(36! 4 4 10 13 4 | 31 | 3.98
530 | 3.8 (36|37 2 1| 3 6 7 1 18 | 4.66
461 (4.0 |34 /37| 4 gl 8 10/ 1| 2 29 | 3.84
460 | 5.0 3.0 40| 2 1| 20 2 2 7 | 521
442 | 63| 4.0 |51 26 gl 11 3 22 | 4.27
525 | 6.0 45|53 15 11 2 4 2 1 10 | 6.50
462 5.4 (54|54 6 1 71 9 2 19 | 5.13
449 | 6.6 | 4.2 |54 | 49 2l 2 2 2 2 10 | 5.50
437 | 7.0 5.7 | 63| 50 1| 71 9 3 3 23 | 4.50
517 | 6.8 6.0 6.4 | 23 5/ 4 4 2 1 16 | 4.88
435 | 6.5 | 7.3 | 6.9 | 55 8 5 6 1 6 26 | 5.19

F, plants of family 55-2.
480 | 4.7 | 27|37 | 2 6 4 2 1 13 | 4.35
473 50 |3.0|40| 4 1| 2 3| 5.17
407 | 6.3 |4.8|55]| 26 2 4 71 3 16 | 5.13
467 | 6.0| 5.3 | 5.6 | 27 1 3 3 4 4 15 | 4.97
416 | 6.0 5.8| 5.9 26 8 11 6 1\ 1 | 27 | 522
406 | 6.2 | 5.8 | 6.0 12 20 1 7 7 1 18 | 6.72
424 65|65 |65 22 3 10| 4 1|18 | 7.67
479 | 6.0 | 7.0 6.5 | 33 6 7 1 14 | 5.14
401 | 7.6 | 7.6 | 7.6 | 50 1| 10/ 19| 4 2 36 | 6.39




AND POD CHARACTERS IN PHASEOLUS VULGARIS L. 291

TagLE 41. F, plants arranged according to strength of string, per-
centages of fibres and their I'; progeny.

italics: F, plants not pure stringy; in I'y the pure stringy
type does not appear (StSt).
BOLD type: F, plants not pure stringy; in Fy the pure stringy

type appears (Stst).
normal type: F,plants pure stringy; inFgonly the pure stringy
type occurs (stst).

] Strength of string

‘1—2i2¥3“3—4l4—5‘5—6:6%?17——‘818—9i9ﬁ10

0—10 ‘2 6 1|

2 lr | \
1r 1|z Al

10—20
20—30

12 12z ‘

30—40 | 1 1
| _\_ \, |

~
—

i 40— 50 . \_ 2

o

Percentage of fibres

l 60—70

= e
‘ RESEES

\ : Wagenaar type I

| St St ' ‘2 6
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TABLE 42. Strength of string in backcross F; with Wagenaar.

Strength of string in the backeross plants {Total numbers

Back-crossed
in the year
Grown
in the year

_ i et | pure '3 o EUE‘

not pure stringy stringy 2 )8 ol -_—j

‘ o 8|” % 3

1 | f | | i | Q8| @ a| =
1_2‘2{5 374|4~5‘5—6‘6—7|?~8 8—-9|9—10| =99-10r “|d=

| |
1931 | 1932 \ 5\ Iél 19 29. 18‘ 17 1| 6| 82| 105 88‘ 193
1932 1933 | | ~ 10) 12| 16 15 4 1‘ . 4| 47| 58 51] 109
Total | | | 15 28 35| 44) 22 18 1| 10| 129 163 139 302
Expected ratio 1 : 1 . . . . - « « & & o« =« o oo 151 151‘L
1 o RS 1.38 |

TABLE 43. Progeny of not pure stringy (not Wagenaar type) backcross

plants of F,;

with Wagenaar after selfing. All families (except 492)
segregate the pure stringy (Wagenaar) type.

| Backcross- Strength of string in the progeny of Total numbers
plants backeross plants ‘ o
¢ | Stergth not pure stringy pure Bims &g
B | of string | % =2 stringy & o o S &
o N ————r I S (not Wagenaar type) (Wage- | 2 2 Eeg |H| ke
Z |glgle = ngar) | GE w i |8 BB
pE IR W | 83 [T | &
A I 1-2|2-3 3-4’:% 5-6 6—7\778 8-9/9-10[8-9/9-10| ~ 22
1™ | & |5 \ | } B |
TN |
Of F-plant 55-4. [
498 3.6(3.013.3] 5 1 ‘ 3 1 4 1 5| 1.28
496 4.8/3.84.3] 5 1 1) i 3] 1 1 7 1 8 2.00
486 |4.8/3.814.3| 5 2| 2| 1| 3 4 1 i S I 7 4 17| 4.25
488 (4.5|5.0[4.8| 10% 1| 3| 4| 2| 7| & 3 22 3 25| 6.25
497 |5.8/5.0|5:4| 10 1| 4/ 2 1 7 | § g/ 2.00
482 5.7 5,3|5.5| 10 1 3 3 2 3 4 12 4 16/ 4.00
494 |5.8|5.3[5.5| 45 1 S 1 )i 4 ] 4 12] 3.00
492 |6.6(5.0/5.8| 34 2| 2| 3| 3 2 ol 12 0 12| 3.00
485 [6.3|5.7|6.0] 30 2l 3] 4 3 5 12 5 17| 4.25
483 |7.3|7.3|7.3| 40 1 1 210 20 24 2 1 10 1 11| 275
Of Fy-plant 55-6.
507 |5.5/4.0/4.8) 4 fill RSINeS] =21 3 15 5 20| 5.00
503 |5.8 3.8/4.8 6 4 8 8 1 1 5 21 G 27| 6.75
505 [6.34.7/5.5 327 1 1 9 3 2 2 5 18 3 21| 58.2b
504 7.015.8 6.4 40 4] 4] 3| 5 1| 6 16 i 23| 5.75
512 |6.516.0/6.3]| 15 = BE 1| 5| 3] 4 4| 2 7 20 7 27| 6.75
8506 |7.5/5.3|6.4| * 2 4| 2| 4 3 6 15 G 21| 5.25
514 |7.0|7.0|7.0| 40 5 2 4 3 1 6 15 G 25| 5.25
511 |7.4|7.0{7.2| 52 1 3 4 6 3 3 5 20 5 25| 6.25
510 |8.5/7.0(7.8| 60 | 20 5 2| & 9 1 | 11 25 11 36) 9.00
Total | | 9 29| 59| 62| 56| 39| 16] 2| 3| 77 | 272 80  [352/88.00
Expected ratio 3 : 1 e ol et e B el w2 LR 0 e . . . 26400 88.00
D/m . . . . - { 0.93 '




AND POD CHARACTERS IN PHASEOLUS VULGARIS L. 293

TABLE 44, F,segregation for the pod wall characters: non-parchmen-
ted versus parchmented in all degrees. All plants have been
examined anatomically.

) Non- Parch- ‘ . )
No. Fam.} parchm. cabnkad | Total Exp.ratio 1:3 Dfm
B |
55-2 ’32\ 51 170 221 55.25 165.75 0.66
55-4 32| 121 367 488 122,00 366.00 0.10
55-6 '32| 66 215 281 70.25 210.75 0.58
393 '33 10 24 34 8.50 25.50 0.60
394 ’33 10 27 37 9.25 27.75 0.28
395 33 9 20 29 725 21.75 0.75
396 '33 8 28 36 9.00 27.00 0.38
397 '33 10 26 36 9.00 27.00 0.38
398 '33 7 27 34 8.50 25.50 0.60
399 '33 7 30 37 9.25 27.75 0.85
400 '33 i1 24 3s 8.75 26.25 0.88
Total 310 958 1268 . 317.00 951.00
D/m . 0.45



294 R. PRAKKEN, INHERITANCE IN PHASEOLUS

TABLE 45. Segregating I, families of F, plants with parchmented pod.

Non- Parch- ‘ Doubt- )
No. Fam. parchm. | mented | ful Total |Expectedratiol : 3
1
403 1 21 22 550 16.50
406 3 19 22 560 16.50
407 5 11 16 4.00 12.00
409 5 12 17 425 12.75
410 9 28 37 9.25 27.75
415 10 14 2 26 6.50 19.50
419 5 16 | 21 5.25 1575
423 4 12 16 4.00 12.00
424 6? 122 ? 18 4.50 13.50
470 3 14 17 4.25 12.75
472 11 26 37 9.25 27.75
473 1 1 2 0.50 1.50
476 2 7 1 10 2.50 7.50
479 b 8 13 3.25 9.75
480 3 8 2 13 3.28 9.75
426 4 27 31 7.75 23.26
428 5 27 32 8.00 24.00
430 2 21 23 5.75 17.25
434 7 21 28 7.00 21.00
437 & 15 23 5.75 17525
438 5 30 35 8.756 26.25
439 8 1 25 6.25 18.75
440 5 21 26 6.50 19.50
445 6 i@ 23 5.75 17.25
446 2 16 18 4.50 13.50
448 6 7 13 3.25 9.75
449 4 < 2 10 2.50 7.50
457 3 12 15 3.75 11.25
515 5 11 16 4.00 12.00
517 4 12 16 4.00 12.00
520 3 10 13 3:25 9.75
521 2 4 6 1.50 4.50
522 3 ¥i 10 2.50 7.50
523 2 5 7 1.75 5.25
524 5 14 19 4.75 14.25
525 9 10 2.50 7.50
526 3 13 16 4.00 12.00
527 4 10 14 3.50 10.50
Total 170 539 7 716 179.00 537.00

£/7-s5






PLATE I

Various sheath types (4 60 X)

No. 1
(Fijne tros)

Dorsal Ventral
4.3 string number 5.0
50 o/, wood cells i
5 of fibres 10

No. 2

Dorsal Ventral
6.8 string number 6.5
35 o, wood cells 40

35—40 oy fibres 35

No. 3

Dorsal Ventral
9.0 string number 9.0

15—20 o wood cells 5

65—70 9, fibres 80



GexeTica XVI.

Various sheath types.



PLATE IIL
Various sheath types

No. 4 (£ 60 X)

Dorsal Ventral
9.0 string number 9.0
10 o/, wood cells 4
80 9/, libres 85

No. & (£ 60 X).
(pure stringy Wagenaar).

Dorsal Ventral
10.0 string number 10.0
4 Oy wood cells 3
§5—90 oy fibres 90
No. 6 No. 7
Transversal section (£ 160 ) Radial section (£ 140 )

1. Epidermis.

2. Collenchyma.

3. Parenchyma.

4. Crystal-layer.

3. Wood cells and

6. Fibres of the sheath.

7. Wide parenchymatic cells.

8. Phloem part.

9. Xvlem part of the vascular bundle.



Gexerica XVL

Various sheath types.
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STELLINGEN

i

Physische en chemische invloeden wijzigen de percentages van
,rand” en _midden” copulatie in Ustilago promycelia. Het is door
de proeven van Hiittig evenwel niet bewezen, dat deze wijzigingen
sitsluitend of voornamelijk berusten op verschuiving in de percen-
tages van prae- €n postreductic.

W. HUTTIG, Zeitschrifl f. Botanik, 1930 en 1933.

11

De omschrijving die GOLDSCHMIDT geeft van het begrip , epista-
sie’” is niet juist.
R. GOLDSCHMIDT, Einfithrung in die Vererbumgs-
wissenschaft, 1928.

111

Konstante en altijd splitsende marmering, streping cn dubbele
marmering van de zaadhuid van Phaseolus vulgaris berusten waar-
schijnlijk op twee bijna absoluut gekoppelde reeksen van multiple

allelomorphen.
v

Noch het bestaan van kort-periodische schommelingen in de CO,
assimilatie, noch het regelmatig pulseeren van huidmondjes als mo-
gelijke oorzaak ervan, zijn als afdoend bewezen te beschouwen.

Maxmmow, Ber. d. D. Bot. Ges. 46, 1928.

v
De lage temperatuur, die wintergranen gedurende eenigen tijd
noodig hebben om tot normale ontwikkeling te komen, kan door een

periode van korte daglengte Dij hoogere temperatuur vervangen

worden.
MAaxIMow, Jahrb. wiss. Bot. Bd 64, 1925, p. 702






VI

Voor de veronderstelling van RAY NEerson, dat de verdeeling van
aangetaste en niet aangetaste zaden van mozaiek-zieke boonenplan-
ten zou berusten op bouw of verloop van de vaatbundels, bestaan
weinig aanwijzingen.

Ray NeLson, Agric. Exp. Stat., Michigan,
Techn. Buil. 118, 1932.

VII

Ook voor Cryptomeria geldt de spruit-theorie zooals die voor de
vruchtschub der Abietinae door ALEXANDER BRAUN, VELENOVSKY

e.a. geformuleerd is.
VIII

De term ,hoogveen” behoort slechts 1n engere, physiognomische
beteekenis gebruikt te worden.

X

De verschijnselen van steriliteit, fertiliteit en bastaardsplitsing
kunnen niet gebruikt worden voor omschrijving van het soortbegrip.

X

Het feit, dat bij mensch en rund in ongeveer 20%, der gevallen het
foramen ovale gedurende het hecle leven open blijft, heeft, mits de
Ductus Botalli gesloten is, voor den bloedsomloop geen verdere
beteekenis.

XI

De door SMrTH WOODWARD als Eoanthropus dawsoni beschreven
skeletresten zijn niet alle afkomstig van dezelfde species.
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