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1. INTRODUCTION : 'YELLOW-BLACK' AND 'RED' COLOURS

In his article 'Inheritance of colour in Phaseolus vulgaris L. II. A critical
review' (PRAKKEN, 1970) the present author discussed the genetics of the group
of so-called yellow-black seedcoat colours, or somewhat more detailed, of the
white-yellow-brown-violet-black colours. By comparing his own results over a
long range of years (1930-1970) with those of other Phaseolusworkers, in the
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first place KOOIMAN (1920, 1931)and LAMPRECHT (1932and later), he came to
the conclusion that, for this group, the main results of all authors canbe explained by the action of seven genes or loci. The unfolding scheme presented at the
end of this present article, opposite p . 82, shows their actions a n d interactions, and will first be explained and discussed.
The gene-symbols used are mostly those of LAMPRECHT, chosen by him, as
far as possible, on the basis of priority. The phenotypic effects also are as described by LAMPRECHT, except for the genes G and B which, as explained by
PRAKKEN (1970), do not produce a brown hilumring. The phenotypic effects
quite agree with those of thegenes deduced by KOOIMAN (1920) from hiscross,
and to which he gave thealphabetically chosen symbols A, B, C,D, E, and F . In
KOOIMAN'S cross the gene G of LAMPRECHT was, according to PRAKKEN (1940,

1970), homozygously present and therefore not found and named by him (that
G continues theseries A-F of KOOIMAN isquite accidental). This fact (i.e.theh o mozygosity GGin KOOIMAN'S cross) wasoverlooked bymost later investigators
and this often caused difficulties a n d misinterpretations in attempts to obtain
gene-homologization.
The seven genes (1-7), classified into three groups (A, B, C)in theusualway,
and their phenotypic effects are described below (cf. also the scheme p . 82).
A. Groundfactor or basic gene:
1. P ( = KOOIMAN: A), the dominant 'groundfactor' or 'basic gene', left out
in the scheme p . 82,isnecessary for theplant t o be able to produce seedcoat colour, all pp plants having white seedcoat (and also pure green
seedlings a n d white flowers).
B. Three dominant chromogenous factors or colour genes (inthe scheme: to the
left), each producing, together i.e. complementary with the basic gene P, a
distinct pale seedcoat colour :
2. C ( = KOOIMAN: E), the 'factor for ever-segregating mottling', P.CC (in
the scheme: H—1) having a pale greenish yellow seedcoat, P.Cc (not represented inthescheme) beingpalegreenish yellow mottled upon white,i.e.
'dark pattern colour' P.CC upon 'background colour' P.cc, P.cc (scheme:
1-1) of course being white. F o r the further alleles c", cui and ccr cf.
PRAKKEN 1970,p . 4 - 5 ,and this article p . 5.
3. D (symbol of KOOIMAN; = LAMPRECHT: Ins and Can), the 'hilumring

factor', producing a brown hilumring butfor therest leaving the seedcoat
almost colourless, whitish ( = hilumring type,P.D.,scheme: I I I - l andthe
whole row TO., i.e.in combination with the modifying genes practically
unchanged).
4. J ( = KOOIMAN C; PRAKKEN formerly: Sh), the'shine factor', producing,
as D does, a brown hilumring, b u t moreover giving the seedcoat a shiny
pale yellowish or creamish pale buff colour (scheme: V - l ) that shows an
intense 'afterdarkening' in the course of months and years, as all genotypes with J; J is epistatic over the 'hilumring factor' D.
C. Three dominant intensifying factors ormodifying genes (inthescheme:at the
2
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top)whichtogetherwith the basic gene P alone do not produce any colour,
but which, each in its specific way, havea darkening influenceupon thepale
seedcoat colour caused by basic gene P together with one or more of the
three colour genes (P.D. however,thehilumring type of row III,is hardly or
not influenced, cf. above):
5. G (in KOOIMAN'S cross homozygously dominant), the 'yellowbrown
factor', changing thegreenishyellowcolours of column 1 into the slightly
less greenish or more yellowbrown colours of column 2.
6. B ( = KOOIMAN: E), the '(grey-)greenish brown factor', changing the
greenishyellowcolours of column1into the(grey-)greenish brown colours
of column 3; Gand B together produce brown colours, column 4.
7. V(= KOOIMAN: F), the 'violet factor', changing white flower (P.vv) or
pale lilac flower (P.Vlae.) into violet flower (P.V.), alsochanging the pink
anthocyanin of P.vv and P.Vlae. plants into violet, and at the same time
producing bluish or violet toblack colours inthe seedcoat {columns 5-8).
It should be remarked here that the flowers of heterozygous plants
P. Vvlae or P.Vv are of a clearly paler violet than those of homozygous
P.FF-plants, and further that the difference between P.Vlae. and P.vv is
in flower colour only.
The combined action of the three colourgenes C, D and / , together with the
basic geneP, resultsin the eight 'colour types' or 'colour groups' of rowI -VDI
below (and in the scheme p. 82) :
I. ccddjj (KOOIMAN: bbddcc):
without brown
white background colour
hilumring
II. CCddjj (KOOIMAN: BBddcc):
mat dark pattern colour group
HI. ccD.jj (KOOIMAN: bbD.cc):
with a brown
hilumring-type background colour
hilumring
IV. CCD.jj (KOOIMAN: BBD.CC):
mat dark pattern colour group
V. ccddJ. (KOOIMAN: bbddC.):
shiny background colour group, always brown h. ring
VI. CCddJ.(KOOIMAN: BBddC):
shiny dark pattern col. group, always brown h. ring
VII. ccD.J. (KOOIMAN: bbD.C):
as V, or slightly darker because of D.
VIII. CCD.J.(KOOIMAN: BBD.C):
as VI, or slightly darker because of D.

1

I

mat andnonafterdarkening (jj).

shiny and
strongly afterdarkening, always brown
hilumring (J.).

The three modifying genes G, B. and V have, as already mentioned, within
each of the colour types, row I-VIII above, more or less the same, i.e. their
specific darkening effect, and by their combined actions the colours of columns
1-8below(and inthescheme)areproduced, thecolournameinitalicsrepresenting the shiny dark pattern colours of row VI or VIII:
Meded.Landbouwhogeschool Wageningen 72-29 (1972)
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Bycombining rowsI-VIIIand columns1-8 the 64genotypes of thescheme opposite p. 82 are obtained. In each compartment of it the name of the relevant
colour is placed:uppermost in the compartment a more general name, mainly
derivedfrom thework of KOOIMAN and PRAKKEN, and belowitthegerman name
given by LAMPRECHT, together with, between brackets, his english name for it.
It was LAMPRECHT who, by his accurate descriptions of especially the shiny Jcolours inthe lower half of the scheme (with the help ofvarious colour systems;
and including the variability and the changes during ageing) made comparisons
possible. Only among the mat colours in the upper-right quarter of the scheme
(jjV.)thecorrespondence or homologization islesscertain in a few cases, mainly
caused by LAMPRECHT'S wrongly ascribing of hilumring-forming colour gene
action to the purely modifying genes Gand B (cf. p. 2).
From the scheme the phenomena of dominant or recessive epistasis ( = cryptomerie) can be read. In row IH, the hilumring type background colour group
ccD.jj, the modifying genes G,B and Fhave no or hardly any influence, only V
sometimes producing a slight glaucescent tinge, asit also can do in rowI, ccddjj,
therefore sometimes being indicated not as a 'modifying gene' but as a 'colour
gene'.Rows VII and VIII, though D.J., hardly differ from rows V and VI,ddJ:
Jisepistatic over D-d.- Also some other differences can bevery slight, especially
for G-g, see chapter III, cross 1, 5and 6.
The genetic system for the yellow-black colours (PRAKKENII, 1970) has been
discussed here at some length, as the present author is convinced that the 'red'
coloursaccurately fit in with the same gene system, i.e. they form simple extensions to it.
The 'red' or 'reddish' colours are caused in two different ways, both often
4
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described in literature, but without ever having been satisfyingly connected, in
a general way, with the whole of the 'yellow-black' system. These two ways are:
a. Dominant redis causedbythecolourgeneR, producing together with groundfactor P a pale lilac (red) colour without hilumring. There also exist red
mottled (M), red striped (S) and otherwise red patterned types,very strongly
linked with R or even allelic with it. LAMPRECHT at any case considers them
as one allelic series, and he described (LAMPRECHT, 1947) seven alleles of it:
R ( = one-coloured red),Rma (red marmoriert or mottled),Rs' ( = red striped)
... to r (= non-red). This locus R in its turn isvery strongly linked with the
locus C-c for ever-segregating mottling. LAMPRECHT mentions a (small)
number of crossing-over types, but other investigators (FEENSTRA, NAKAYAMA) did not find any recombination at all and they therefore considered all
alleles as belonging to the locus C. In the course of the present study a few
recombinational types were found (and further analysed), but these cases
will not be treated now:for easeof discussionthe very complicated situation
will be looked at as the 'complex locus' C, with the alleles C-c-c"
C-Cm-Cst
, in a preliminary manner. In (a) following article(s) the present writer hopestogivea more detailed analysis of this 'complex locus', that
not only influences seedcoat colour but also seedling-, flower-, plant- and
fruit colour in various ways, as will appear in chapters III and IV.
b. Recessive redis caused by the alleles rk and rkd of a modifying gene, the Rklocus, named by SMITH, 1939. The symbol Rk has been derived from the
name of the recessive red variety -Red Sidney, rk rk.
Justasthe'alleles'ofthe'complexlocus'Chave'pleiotropic' influencesupon
thecolourof otherpartsof theplant sohas,aswillappear in chapter IV, also
Rk-rk-rkd some pleiotropic action, viz. on colour of veins in the wings of
the flowers.
The main points in the chapters III to V willbeon thecollaboration between
thegenesfor 'yellow-black' and thosefor 'red' and upon the 'pleiotropic actions'
of these genes for red, while also the action of a few new seedcoatgeneswillbe
described.
II. MATERIAL AND METHODS

The material analysed here consists of two groups of dialleliccrosses between
four varietieseach, studied between 1934and 1940.Theresultswerenot published before, except for a very short note (PRAKKEN, 1938) and except for the
crosses between the three dark pattern types used (PRAKKEN, 1940,crosses 1,4
and 5; see also PRAKKEN, 1970). From the many more crosses ofthat time they
werechosen because oftheir beingconcerned with genesfor redseedcoatcolours
and thepleiotropic actions of them. The description of parent varieties and their
F t 's and the analysis of F 2 etc. will be made in chapter III (first group of four:
crosses 1-6), chapter IV (second group of four: crosses 7-12) and chapter V (a
few 'connecting crosses', 13-15). In this chapter II the mode of description or
Meded.Landbouwhogeschool Wageningen 72-29(1972)
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Classification of the variouscolourcharactersandthedifficulties connectedwith
it will shortly be discussed.*
From the very beginning each seed planted and eachplant grown from it
receiveditsownindividualnumber,insuchawaythatmistakeswerepractically
excluded: after emergence a stick with family and plant number was placed
behindeachtenthplant,sticksalsobeingputatallopenplaces(non-germinated
seedsordeadplants),numberingand openplacesimmediatelybeingtakenover
uponthe descriptionlists,andallcharactersobservedbeingnotedintherelevant
columns behind the numbering. Observed were colour of cotyledons and of
hypocotyl,flowercolour, colourof ripeningfruit andripeseed, and sometimes
ofstillotherparts,as basis of first leaf or stem colour. All observations were
madebythe author.
As most colours in these crosses are wellknown ones and described often,
usually no detailed description will be given. None of the seven varieties
('Wagenaar' being usedin both groups offour) possessed the 'violet factor' V,
allbeingeitherV,aeor v. Seedlingcolourtherefore waseitherpuregreenorwith
pink anthocyanin, flower colour white or pale lilac (and almost all colours
between;neverviolet),colourofripeningfruit green,pink or intense violet-red
(neverviolet),whileseedsofnon-redtypebelongedtocolumns1-4ofthescheme
andneverto5-8.Furtherwereallthreenon-patterned orone-coloured varieties
usedof'darkpattern type', CC, therefore belonging,asallnon-red selfcoloured
offspring, to rows H,IV, VI or VIII of the scheme.The seedcoat colours with
genesfor red (Cm,C" or rkirkt) willgenerally bedescribed indirect relation to
their corresponding CCdark pattern colour.
Difficulties immediately began when trying to state the content of pink
anthocyaninincotyledonsandhypocotyl.Thequantityofthiscolourineachof
themis, roughlyestimatedasthepartof the surfacecoveredwithit, indicatedas
'green'(0), 'pink 1','pink2' etc.to 'pink 10'.Pink colour seldom comeshigher
then 6or 7,while in F-plants the violet colour can reach 9or even 10.At the
lower end of the scale the purely green type is often clearly distinguishable,
but not always; indications as 'green?' or 'p 0 + ?' had to be intercalated between 'green'and 'pink 1'.Thereal situation often didnotbecomeclear before
theanalysisof F 3 wascompleted. Bysomespecialcircumstancesthe difficulties
can stillbeenlarged.Anthocyanin in thecotyledons always seemstobevisible
immediately after germination, whilecolour in the hypocotyl often not clearly
develops before some days later. Because of the great number to be scored
(about 8-10.000yearly),and in spite of spreading the planting of seedsovera
period ofabouttwoweeks,manywerescoredeithertooearly,i.e.beforeantho*To Mr. K. KNOOP, attached to the Department of Genetics since 1930, the author owes
much gratitude for his reliable many-sided help. During recent years much of the descriptive
and analyzing work was made by Miss TIA BOSMA, in an intelligent and often independent way,
for which I am much obliged. Gratitude is owed also to the former and the present chiefgardeners, M R . J. JANSEN and M R . P. L. VISSER, together with their co-workers, for taking
care of the plants. Miss H. BOELEMA did the typing work in a very accurate way, for which I
thank her much.
6
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cyanininthehypocotylwasdeveloped, ortoolate,i.e.after thecotyledonshad
faded or had too much shrivelled. Scoringthegermplants twicecould onlybe
done in a few special cases.Not only timehowever, also temperature is ofimportance: with high temperature (in thefield,or in letting e.g. the seedsproducing Fx-plants germinate in the hot house) the development of seedling
anthocyanin is less then with a lower one. For all these reasons a satisfying
quantitative analysis was not possible, while the Ft-results (hot house) always
have to be confronted with those of F 2 -F 3 .
Flower colour too, varying from purely white to palelilac,gave many difficulties. Necessary for pale lilac flower as e.g. in 'Wagenaar' are at least three
completely or incompletely dominant genes: the groundfactor P., T. (tt gives
seedswithawhitepart)andthefactor vlaeVlm. Heterozygosity for oneormore
ofthesegenes,especiallyVlaev,makesflowercolourpaler, sothatinF2-families
after Fj-genotype PpTtVlaev (see cross no. 8) the whole range occurs: 'Wagenaar','slightlypaler', 'much'and'verymuchpaler', 'almostwhite','white?'and
'white'. The problem is, however, much more complicated, for this intensitygradation applies to overallcolour only,while two special characteristics of
partoftheflowerareleft outofconsideration,viz.redtipofthestandardand red
veins inthewings, seethe schematical pictures offig.9,p.65.Eachofthesetwo
characters, asultimately could be concluded, dependsupon pleiotropic action
of a genefor red seedcoat colour, viz.Cst.(red tip) and rkdrkd (redveins).
Asregards'redtipstandard' (or:redintensification) itwasrecordedas'without' (- or 0),very small (1), small (2),medium (3),great (4;fig.9, 12-15) or
verygreat (5;covering about £-•|-of the standard). But there had to be added
'all', 'most' or'afewflowers'.And,theflowersbeingwithoutredtip,'all buds',
'somebuds', or 'a fewyoungbuds'could showit. In some of theselatter cases
orevenincaseofcompletely 'without', anewinspectionafter somesunnydays
could show mostflowersand buds having a clear red tip. Also the place of
flowers,hiddenbetweentheleavesorinfull lightatthetop,wasofimportance.
In many casesthe offspring of plants had to be studied.
Aboutthe sameapplies to 'redveinswing',at leastinthefirstyears' F t - and
F2-analysis. Beginning now at the other end, 'clear veins in the whole wing',
gradation goesvia 'faint' or 'veryfaint' inthewholewing;'clearin lower half'
and 'faint' or'veryfaint'; 'traceinupperhalf?', to'somebluishcolourlessveins
inyoungbuds'and 'quitewithout'inflowersandbuds( = -).No simpleclassification possible,nowhereaclear separation. Becauseofthesedifficulties itwas
a very longwayto the rather much simplified scheme offigure9,whichnevertheless, as far as my experience goes, correctly reflects the main relations betweenflower-and seedcoat colour.
Fruit colour appeared to be somewhat more simple: 'intense violet red',
'pink','veryfaint colour', withindex 1-10 (depending upon theroughlyvalued
meancolour-covered part ofafewfruits beinginthebestjudgeable stage,that
of beginning ripening), and purely green (= -). Too young fruits are not yet
fully coloured, intoo ripe onesthecolour hasfaded or quite disappeared.
Thescoringoffruit colourwasdonetogetherwiththeharvestingofa handful
Meded.Landbouwhogeschool Wageningen 72-29(1972)
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(or less) preferably ripe fruits. The paper bags for the fruits were, with the help
of the lists, all numbered and family-wise bundled before the beginning of the
harvest, because of the great differences in earliness. Before putting the harvested pods into the bags,fruit colour and some othercharacters(earliness,size)
were noted on them. During autumn and winter, when the pods of each bag
were shelled, fruit- and seedcoat colour could easily be compared and both
characters (likethe other ones)filledinupon the lists,sothat all wished character-combinations later easily could be tabulated. The results of these numerous
tabulations are discussed in the following chapters, 111-V.

III. THE FIRST GROUP OF DIALLEL CROSSES BETWEEN FOUR VARIETIES;

PLEIOTROPIC ACTIONS OF C-Cm-Cst (CROSSES 1-6).
flower: pale lilac
seedcoat: shiny pale greenish yellow dark pattern, CC

seedcoat:
'Hinrich's /?." shiny red striped,
CS'CS'
flower:pale lilac

seedcoat:
shiny red mottled, CmCm
flower: pale lilac

'Citroen '
seedcoat: greenish yellow dark pattern
without brown hilumring, CC
flower: pale lilac
Figure 1.Scheme of thefirstdiallelic cross between four varieties.

From the description of flower- and seedcoat colour above it already follows
that segregations will be rather simple. All four varieties have totally coloured
seed:PPTT. With respect to the 'complex locus' C both one-coloured (unpatterned) varieties are of dark pattern type, CC. The two other ones are resp. red
mottled, CmCm, and red striped, CstCs'. As regards the remaining two colour
genes, 'Citroen', without brown hilumring, isddjj,while the three other varieties
allpossess the 'shinefactor', JJ, and 'Wagenaar' inaddition, aswillappear from
its F 2 with 'Citroen', cryptomerically the 'hilumring factor', DD. As shinypale
greenish yellow (Wagenaar) and also shiny red mottled or striped (Kievit resp.
Hinrich's Riesen) are the most recessive colours within the shiny and afterdarkening group, their genotype for the three modifying genes is ggbbVlaeVlae,
while 'Citroen', as will appear, cryptomerically possesses the 'yellowbrown
factor', GG.And as in none of the parents, nor in any F 2 , recessive red colour
8
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appears, the four genotypes (in boldletters the genes for which segregation can
occur) are as follows:
a. 'Wagenaar': PPTTC C
DDJJggbbVlaeVlaeRkRk
b. 'Citroen': PPTTC C d
djjGGbbVlaeVlaeRkRk
m m
c. 'Kievit':
PPTTC C d
dJJggbbVlaeVlaeRkRk
S, S
d. 'Hinr.R.': PPTTC C ' d
dJJggbbVlaeV'aeRkRk
Because of the strong (pleiotropic?) correlation between seedcoat-genotype at
the C 'locus' and 'accompanying colours' of seedling, flower and fruit it may
be valuable to present here the colours of the four varieties:
a.
b.
c.
d.

'Wagenaar'
'Citroen':
'Kievit':
'Hinr.R.':

cotyl.
pink 4
pink 2?
green
pink 3.5

hypoc.
pink 3
pink 3
green
± green

flower
pale lilac
pale lilac
pale lilac
pale lilac

tip standard
—red tip
—red tip
—red tip
-f slight r.t.

veins wing
—red v.
—red v.
—red v.
—red v.

fruit col.
pink 2
pink 1
pink 2
violet red 6

seedcoatcolour
shiny green, yell. d.p.
gr. yell, d.p.—hilumring
shiny red mottled
shiny red striped

Cross 1: 'Wagenaar 'with 'Citroen'
Seedcoat colour inheritance inthiscrosshasbeendiscussedextensively before
(PRAKKEN, 1940, cross4,p.351-364and PRAKKEN, 1970a,p. 17-21),butbecause
of its importance for the present diallel complex the results will shortly be
repeated. As seen from the genotypes above the Fi genotype was PPTTCCDdJjGgbbVlaeVlaeRkRk. The colours of parents and F^were:
'Wag.':
'Gitr.':
F i (CC):

cotyl.
pink 4
pink 2?
pink 3

hypoc.
pink 3
pink 3
pink 1?

'flower
pale lilac
pale lilac
. pale lilac

tip stand.
—red tip
—red tip
—red tip

veins wing
—red v.w.
—red v.w—red v . w . .

fruit
pink 2
pink 1
pink 1

seedcoat
green yell. d.p.
gr.yell. d.p.—h.r.
yellowbrown

scheme

vm-i
n-2
vra-2

In discussing F 2 , flower colour, tip standard and veinswingcan be left out of
discussion:they showed no segregation. The low hypocotyl value of Fj may be
the effect of hot house condition or too early observation, cf. F 2 below.
The shiny yellowbrown seedcoat of F t (scheme: VIH-2) immediately tells
that 'Citroen' really possesses, cryptomerically, the 'yellowbrown factor' G. In
the F2-families (1508-1511'37 and 1646-1647'38), together 582 plants, 41 were
without a brown hilumring, immediately suggesting that 'Wagenaar' possesses
both colour genes that produce a brown hilumring, viz. the 'shine factor' J and,
cryptomerically, the 'hilumringfactor' D. F^genotypetherefore is (CC)DdJjGg,
and F 2 shows 1/16 ddjj (41, exp. 36.4).
Because of colour-gene genotype (CC) DdJj, four rows or colour-groups will
be represented in F 2 , viz. H, IV, VI and VIII, and because of the Fj-genotype
Gg(bbVlaeV,ae) for themodifying genes,colour columns1and 2only.See table 1,
in which the actually found and the expected F 2 -numbers are given. This F 2 analysis was completely confirmed by F 3 (PRAKKEN, 1940,1970).
Looking at this F 2 -table and at the scheme p. 82, it becomes clear that the
intensity of phenotypic action of the modifying 'yellowbrown factor' G much
depends on the genotype for D-d and J-j:
a. In (CC)ddjj, mat dark pattern without hilumring, theinfluence of Gishardly
perceptible: I I - 1 - » I I - 2 .
Meded.Landbouwhogeschool Wageningen 72-29 (1972)
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b. In (CC)D.jj, mat dark pattern with brown hilumring, the influence of G is
clear but rather small, Gproducing a yellowbrown carunculastripe, at the same
time slightly changing greenish yellow into (greenish) yellow or lemon colour:
IV-1 -> IV-2.
c. In (CC) jj J., shiny dark pattern with hilumring, G produces itsfull conspicuous effect, changing the shiny pale greenish yellow (shamois plus canary
yellow) of 'Wagenaar'-type into yellowbrown: VI-1 -> V I - 2 and VIII-1 ->

vni-2.
TABLE 1. F2-segregation in cross 1, 'Wagenaar'with'Citroen'. Compare with the scheme
p. 82, and exp. with PRAKKEN 1970,flg.1,p.19.
gg = pale green, yellow without hilumring \

(
(

G . = pale (greenOydbw without hilumring

4 1 (ex

P'

36 4)

"

(column 2)
J
gg = pale green, yellow with brown h.r.. . . 30(exp. 27.3)
(column 1)
G. = pale(green.) yellow with h.r. and car.str. 85 (exp. 81.8)
(column 2)
row VI and VIII : (CC) n / . gg = pale shiny green, yellowwithhilumring 108 (exp. 109.1)
(column 1)
row IV and VIII : (CC) D J.G. = shiny yellowbrown with hilumring . .318 (exp.327.4)
(column 2)
total: 582

With a few words the anthocyanin colour in F2-seedlings and fruits will be
mentioned, giving as an example the values noted in fam. 1508'37:
hypocotyl

cotyledons

quantity pink
number ofplants:
mean value:

0 1 2
3 4 5
11? 30 25 14 18 1
2.0 (otherF2-fam. 2-3)

0 1 2
3 4 5
8? 34 26 11 16 3
2.0 (otherF 2 fam.2-3)

6
1

fruits
0
1 2
25? 37
7

3
1

0.8

Most plantsgathered hereunder0werescored as'green?',General experience
in this cross, F 3 included, showed that probably none of the F2-seedlings was
purely green, i.e. all these CC-plants had somepink anthocyanin in cotyledons
and (or) hypocotyl. As already mentioned all plants showed pale lilac flowers
without red tip and without red veins wing.
Cross2: Kievit with HinricKs Riesen
Both parents in this cross have a shiny red patterned seedcoat with a brown
hilumring (JJ), beingshiny red mottled (CmCm) resp. shiny red striped (Cs'Cst)
upon a shiny and very pale buff background, about like V - l in the scheme.
Their only genotypic difference precisely is Cm-Cs', the F t -genotype being:
PPTTCmCstddJJggbb VlaeVlaeRkRk
(for the constitution ddcî. crosses 5and 6,with 'Citroen').Therefore the present
cross offers a simple opportunity for analyzing the pleiotropicactions of both
alleles. The colours of both parents and F x are given below:
10
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'Kievit' :
'Hinr.R.':
Fi(CraCst):

cotyl.
green
pink 3.5
green?

hypoc.
green
± green
± green

flower
pale 1.
pale 1.
pale 1.

tip stand.
—red tip
—red v.
+ s l i g h t r.t.
—red v.
-f- very sl.r.t. |_—red v.

fruit
pink 2
violet red 6
violet red 5

cf. F ,

seedcoat
shiny red mottled
shiny red striped
shiny red mottled
(slightly interm.)

Asthetable above shows,thedifference in'accompanying colours'(a.cotyledons,b. hypocotyl,c. tipstandardandd. fruit orpodcolour)between 'Kievit'
(CmCm)and'Hinrich'sRiesen'(CstCs')isratherextreme:lowinCmCmandhighin
CstCst,especially theintense podcolour, violetred6.The coloursinF ls CmCst
(butonefamily ofthreeplants),wereintermediateorsubdominant:athe'green?'
ofcotyledonsprobabledependeduponhothouseinfluence,cf.F 2;bhypocotyl
almost green;c.theredtipofstandard still smaller than in'Hinrich's Riesen'
andd. fruit colour almost asintense asin 'Hinrich's Riesen', violet red5; the
dominance-relation for seedcoat pattern wasjust theinverse, Fi-seed being
mottled almost as'Kievit', butthepalebuff spots somewhat greater, see fig.2.
InF 2thehomozygously striped seedcoat,CstCst,isimmediatelyrecognizable,
while with some difficulty, andinvery dubious cases with thehelp of F 3 ,the
heterozygously mottled seeds( = plants, CmCst) canbedistinguished, withthe
help oftheir slightly greater pale spots, from thehomozygously mottledones,
CmCm, cf.againfigure2.ForthethreeF2-families theultimate result, i.e.after
studying F 3 , cf. below, isgivenintable 2:arather bad 1:2:1ratio.
TABLE2. F2-segregationofthecross 'Kievit' with 'Hinr. Riesen'
homoz.mottled heteroz.mottled
{CmC*)
(C""CS')

striped
(Cs,Cst)

total

fam. 1521'37:
fam. 1522'37:
fam. 1523'37:

11
16
18

31
29
31

28
15
21

70
60
70

total:
expected:

45
50

91
100

64
50

200

Thetablebelowshowsthe'accompanyingcolours'ofthethreeF2-genotypes.
Thegeneral agreementof theaverage valueswith those ofparents andF t and
thelackofclearrecombinations shows,togetherwithF 3andwiththefollowing
crosses, thattheyreallyare'accompanyingcolours',i.e.that (preliminary) they
canbeconsidered as'pleiotropic actions' ofthe C-alleles(theveryfewrecombinationsinsomeoftheremainingcrosseswillbe discussedinafollowingarticle,
especially bearing onthis 'complex locus' C).Theaverage value's inCmCst all
are between those ofCmCm and CstCst:
cotyledons
green

hypocotyl
green

C s t C s l (homoz.str.) :

pink 3.3(1-5)

pink 0.6(0-2)

CmCst (heteroz.m.) :

pink 1.8(0-4)

pink 0.2(0-1)

seedcoat
CmCm(homoz.m.)

:
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tip standard
- r e d tip
few: —r.t.
most: -j-r.t.
most: —r.t.
few: + r . t .

fruit colour
pink 1.5(0-2)
violet red 5.6(4-7)
violet red 4.8(3-6)
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FIG. 2. Cross nr. 2, 'Kievit'
with 'Hinrich's Riesen'.
a. Onetypicalseedof 'Hinr.
R.' (CS'CS<), F! (CmCs<) and
'Kievit' (CmCm).
b. Five seeds from two
plants of 'Hinrich's Riesen'
(Cs'Cst).
c. Five seeds from two
plants of F2-heterozygotes
(CmCs<).
d. Five seeds from two
plants of 'Kievit' (CmCn).

iiÉÉÉ

Hill
d
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The F2-conclusion that seedcoat typeand1accompanyingcolours'stay together,
was confirmed bytheanalysis of 23 F3-families, 1837—1859'38:
a. Four F3-families from clearlyhomozygouslymottled F 2 -plantsgave typically
mottled CraCm-plantsonly,allplantswith totally green seedling, without any
red tipstandard and thefruits scored as pink 1-4, i.e.precisely the 'Kievit'
characters, only fruit colour slightly more.
b. Four F3-families from typically striped-seeded CS,CS'F 2 -plantsgave stripedseeded Cs,Cst F 3 -plants only, with accompanying characters as 'Hinrich's
Riesen' or scored slightly lower:
numberf am.

cotyledons

hypocotyl

tip standard

fruit colour

1837'38:
1838'38:
1839'38:
1840'38:

pink 3.0(1-4)
pink 3.5(2-6)
pink 2.4(2-3)
pink 2.5(0-4)

green orgr.?
green orgr.?
green orgr.?
green orgr.?

—r.t. or +slight.
all +slight r.t.
—r.t. or -f slight.
past outofflower

all ripe
violet red 5.0(4-6)
violet red 5.5(5-6)
violet red 5.2(5-6)

c. SixF3-families from easily recognizable heterozygously mottled CmCs' Faplants allshowed theexpected 1:2:1 segregation. At that time (1938) itwas
possible to identify practically every CmCs(-plant by their having, at least in
the extreme seeds,greater shiny palebuff background spots.Together the six
families gave:
18 CmCm + 39CmCst + 22CstCst (exp.: 19.2+ 38.5+ 19.2).
Accompanying colours ofall these F 3 -plantswereastobeexpected, savefor
one, that because ofspot sizewasclassified asCmCmbutthat showed slightly
pink in the cotyledons, a very slight red tip and fruit colour intense violet
red 5. Offspring ofit wasbred andthe F4-family segregated and gave:
2 cmCm + 10CmCst + 4 CstCst (exp.: 4 + 8 + 4),
all showing seedling colour, tipstandard andfruit colour quite as expected.
This F 3 -mother plant was about theonly CmC"-plant that, in 1938andlater,
with thehelp ofspot size only, wasmisjudged asahomozygous CmCm-plant.
d. AtlastnineF3-families, eachof15plants,werebred from 'mottled' F 2 -plants
that (in 1937)could not, with the help of spot size only, with certainty be
classified as CmCm or CmCst. Seven of these families, their seven F 2 -mother
plants having purely green seedlings, no red tip standard and green or
slightly pink fruit, gave CmCm plants only, all with same accompanying
colours. The remaining two F3-families, however, segregated and together
they gave:
4 CmCm + 14CmCs' + 4 CstCs' (exp. 5.5 + 11+ 5.5),
all F 3 -plants of the three types with their 'normal' accompanying colours.
The two F 2 -mother plants concerned were precisely those with some 'suspecting' colours, both having the cotyledons scored as/n'n&-2(hypocotyl as
green andredtipnotdiscovered), thefruit colour of one being violet red-5,
the fruits ofthe other being ripe!
Meded.Landbouwhogeschool Wageningen 72-29 (1972)
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The final conclusionsofcross2,'Kievit' with 'Hinrich's Riesen' thereforeare:
1. Monofactorial segregation for Cm-Cs' (LAMPRECHT: Rm"-Rst)
2. Mottling isincompletely dominant over striping, thepale buff angular bacground spots of CmCst on the average and especially inthemore extreme
seeds beinggreater andmore drawn outthan those of CmCm(cf.fig.2).
3. All 'accompanying colours' discussed (cotyledons, hypocotyl, tip standard
and ripening fruit) showcomplete correlation with Cm-Cs',CmCstbeing more
or less intermediate (to remark: red mottling of the seedcoat in CmCmis,as
mentioned under 2, subdominant over the red striping in CS,CS'; quite the
reversewith fruit colour: the intense violet red 6of CstCst isinCmCs'subdominant over the slight pink of CmCm).
Cross 3:'Wagenaar' with 'Kievit'.
As will be clear from foregoing discussion and descriptions, this cross between shiny palegreenishyellow dark pattern 'Wagenaar' (scheme:VIII-1)and
shiny red mottled 'Kievit' isheterozygous for the 'complex locus' C only:
'Wagenaar': PPTTC C DD JJggbbVlaeVlaeRkRk
'Kievit':
PPTTCmCm(d dJJJggbbV'aeVlaeRkRk
Therefore, asin cross 2,a very simple Fj-situation: heterozygous CCm. The
colour characters ofboth parents andof F, aretabulated below (those between
square brackets need nofurther discussion):
'Wagenaar*:
'Kievit' :
F1(CC'):

coiyl.
pink 4
green
pink 2

hypoc.
pink 3
green
green (?)

[

flower
pale 1.
pale 1.
pale 1.

tip stand
—red t.
—red t.
—red t.

veins wing
—red v.w.
—red v.w.
—red v.w..

fruit
pink 2
pink 2
pink 1 à 2

seedcoat
green.yell. d.p.
red mottled
double mottled

Reciprocal F,-families were bred 1936-1938. As in some other cases there
existed, sometimes very clear, adifferenceincotyledon colourbetween thereciprocalcrosses,inthesense that anthocyanine colour was less when the variety
with green cotyledons was the mother, but data are not quite consistent and
will not be discussed. Never any (other) difference between reciprocals was
found. Germ plant colour of F, wasintermediate, cf. with thethree F 2 -colour
types below.
The seedcoat colour upon the F t-plants is very important. In pattern and
colours it shows thefor CCm-plants sowell known 'double mottled' i.e. threecoloured type, to be described as follows :
1. 'main colour', though much 'covered up' by red mottling, is the shiny pale
greenish yellow dark pattern colour of the 'Wagenaar' parent;
2. 'redmottling', asinthe 'Kievit' parent, isoverthegreater part ofthis greenish
yellow 'main colour', inatleast twointensities(asreallyalsoin'Kievit' itself),
viz.
a. an intense 'non dilutedred', notchanged intingebythe'underlying' main
colour, and
b. a less intense 'diluted red', with the underlying or intermingled (no anatomical analyses are alas available) greenish yellow colour translucing,
14
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but nevertheless givingtheimpression ofred; 'undiluted' and'dilutedred'
together are somewhat less extensive than in homozygous CmCm;
3. 'pale buff background spots' are present in the greenish yellow main colour
(orinthe red),rather inconspicuous andofabout the samecolour andsizeas
in the red mottled 'Kievit' parent or asin ever-segregating Cc"genotypes.
The three- (or four-) coloured pattern and the extension or overlapping of
colours are difficult to describe accurately, andas a matter of fact the general
appearance of seeds from oneplant is often very variable.
In F 2 , astobeexpected, onlytheseedcoat types ofparents andFj occur,ina
ratio mostly not too much different from 1:2:1, seetable 3.
TABLE 3. F2-segregationofthe cross 'Wagenaar' with 'Kievit' (d.p. = dark pattern).
green.yellowd.p. double mottled
(CC)
(CC)
(Wagenaar-type)
(Fi-type)
fam. 1499'37
fam. 1500'37
fam. 1501'37
fam. 1502'37
fam. 1642'38
total:

48
40
27
22
10
147(exp.131.2)

redmottled
(CmCm)
(Kievit-type)

55
60
62
49
21
247(exp.262.5)

total

40
34
22
28
7
131(exp.131.2)

143
134
111
99
38
525

The 'accompanying colours' ofthe three F 2 seedcoat types again were, asin
cross 2,about thesame asinboth parents and¥u only thehypocotyl colourof
CC being scored markedly lower than that of 'Wagenaar'. Asthecolour differencesbetween thefiveF2-families oftable 3were small, themean colour values
and width ofvariation aregiven for allfamilies together:
seedcoat(all shiny)
CC (pale green.yell. d.p.):
C " C m (red mottled) :
CCm (double mottled) :

cotyledons
pink 3.4 (1-6)
green (0)
pink 1.5(0-5)

hypocotyl
pink 1.4 (0^1)
green (0)
pink 0.3 (0-2)

fruit colour
pink 1.5 (1-3)
pink 1.9 (1-4)
pink 2.1 (1-5)

The F2-segregation being clear and the 'accompanying colours' too, the
number of F 2 -plants taken to produce F 3 families wasas lowas 11 (families
1699-1709'38).
a. Three pale greenish yellow seeded CCF 2 -plants gave together 24F 3 -plants,
all with palegreenish yellow seedcoat, with cotyledons pink 3.9(1-7), hypocotyl pink 3.2(1-6; both seedling values, esp. hypocotyl, much higher then
the average CCF2-value), fruit colour not scored.
b. Three red mottled seeded CmCmF 2 -plants also gave 24F 3 -plants with same
seedcoat typeandallwithcotyledonsandhypocotyl purelygreen,fruit colour
about pink 2.
c. Five double mottled CCm F 2 -plantsgaveasexpected segregating F3-families,
together:
11 CC
cotyledons:
pink 4.3 (1-7)
hypocotyl:
pink 2.9 (0-4)
fruit colour: mostly not scored

28 CCm
pink 2.1 (0-5)
pink 1.5 (0-3)

Meded.Landbouwhogeschool Wageningen 72-29(1972)

18 CmC™ (exp. 14.2 + 28.5 + 14.2)
p u r e green
p u r e green
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The final conclusions from the cross between 'Wagenaar' and 'Kievit' therefore are:
1. Segregation for the complex locus C only: C-C™.
2. Theheterozygote CCmis'double mottled', i.e.three-orbetter four-coloured :
a. shinygreenishyellow dark pattern 'maincolour',b. this main colour is for
the greater part covered by a 'red mottling' in at least two intensities and c.
in the main colour (or in the red) are 'pale buff background spots' like those
in ever-segregating Cc"-types.
3. The accompanying colours, as far as different (cotyledons and hypocotyl),
show complete correlation with the alleles C and Cm,CC having the most
pink colour, CmCmbeing pure green and CCm seedlingsmore or lessintermediate.
Cross 4: 'Wagenaar' with Hinrich's Riesen'.
This cross, between shiny pale yellow dark pattern 'Wagenaar' (scheme:
Vni-1) and shiny red striped 'Hinrich's Riesen', forms a very close parallel to
cross 3,heterozygosity of F t again being at thecomplex locus C only, now CCst
instead of CC":
'Wagenaar': PPTT C C DD JJggbbVlaeVlaeRkRk
'Hinr. R.': PPTT CstCst(d dJJJggbbVlaeV'aeRkRk
The colour characters of parents and F t are tabulated below:
'Wagenaar':
'Hinr.R.':
F i (CCst) :

cotyl.
hypoc.
pink 4
pink 3
pink 3.5
± green
pink 3 à 5 ± green

'flower
pale I.
pale 1.
.pale 1. .

tip stand.
—red tip
+ slight r.t.
+ verysl.r.t.

"veins wing'
—red v.
—red v.
.—red v. .

fruit col.
pink 2
violet red 6
violet red 5

seedccat
green.yell.d.p.
red striped
striped a n d mottled

From this table it appears that anthocyanin colour in the F t -cotyledonsis the
same asin both parents; for Fj-hypocotyl cf. the values in F 2 CCs(-plants, table
5 below:intermediate. Flower and veins wing can be left out of consideration.
The red tip of standard in F t is,asincross2between 'Kievit' and 'Hinrich's R.',
slighter than in the 'Hinrich's R.' parent, i.e. intermediate. Fruit colour, violet
red 6 in the 'Hinrich's R.' parent is,again as in cross 2, subdominant: F x violet
red 5.
The seedcoat of F t CC"-plants is, as that of CCm in cross 3,three- (or four-)
coloured, but now not 'double mottled' but 'mottled and striped':
1. 'main colour', the greenish yellow dark pattern colour of the 'Wagenaar'
parent, now real main colour because the
2. 'redstriping' over it is but very partly 'covering' it. As with the red mottling
of CCm the red striping of CCst also shows two 'intensities':
a. intense 'non-diluted red' and
b. lessintense 'diluted red', together in extension slightly less than the stripes
of C s 'C"-seed;
3. 'palebuff background spots' are present in the greenish yellow 'main colour',
16
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with quite the same size, number and form as in F1 CCm of cross 3, i.e. also
here remembering of the ever-segregating mottling of Cc"genotypes.
In F 2 of cross no 4, as in cross 3,a simple monofactorial segregation seemed
to occur (safe for two deviating plants that not will be discussed in the present
article), the three normal seedcoat types in colour and pattern being like 'Wagenaar', 'Hinrich's Riesen' and F 1 ; inthe ratio: 1:2:1, see table4.
TABLE4. F2-segregation of the cross 'Wagenaar' with 'Hinr. Riesen'. Two of the mottledseeded plants were without red striping, seecolumn 'deviating types'.
green.yell.
d.p. (Wag.
type, CC)
fam. 1503'37
fam. 1504'37
fam. 1505'37
fam. 1506'37
fam. 1507'37
fam. 1643'38
fam. 1644'38
fam. 1645'38
total

18
16
30
27
16
12
4
11
134
(exp. 126.2)

striped and
mottled (Fitype, CCst)
38
39
45
44
29
16
16
22
249
(exp. 252.5)

red striped
(Hinr.R. type,
CS'CS')
20
20
11
19
14 V
15
10
13
122
(exp. 126.2)

'deviating
types'

total
('normals')

(1)
0
0
(1)
0
0
0
0

76
75
86
90
59
43
30
46

(2)

505

( + 2dev.)

For one time the mean value and width of variation of the accompanying
colours will, for F2-families 1503-1507'37, be given completely, see table 5,
from which table it becomes very clear that for the F 2 CC"-groups the same
intermediateness resp. subdominance exists as for Fj. In the F2-families 1643—
1645'38 this general trend was quite the same, with the peculiarity, however,
that the pink-values were scored as rather lower, especially for the hypocotyl of
the CstCst genotype (this latter value, see table 5, was unusual high in F2-1937,
viz. averages from 0.1 tot 1.1, against the usual green or almost green). An explanation might be that up to 1937the scale 1-5 was used and from 1938 scale
1-10, i.e. that all values of before 1938 had to be doubled. Other possibilities
however, e.g. weather-influence or genetical differences, exist.
In this cross too, as in cross 3, the number of F3-families was very small:
1710—1722'38. Offspring of the three normal F2-types behaved as expected, for
seedcoat colour and mostly for the accompanying colour characters too. Noteworthy wasthat in the three F3-families from Cs'Cst F 2 -plantsthe pink hypocotyl value again was slightly higher than usual, while the red tip was scored as
very small, a few plants even as '-rep tip', but never a whole C"Cst-family. In
some of the crosses of the second group (chapter IV) genetic variability in size
of red tip appeared very great.
The last two F3-families came from the two plants with deviating seedcoat
(and colour characters). Leaving them out of consideration the conclusions
from the cross 'Wagenaar' with 'Hinrich's Riesen' are:
Meded.Landbouwhogeschool Wageningen 72-29 (1972)
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1. Segregation for the 'complex locus' C only: C-Cs'.
2. The heterozygote CCS' is 'striped and mottled', i.e. three- or better fourcoloured:a. shiny greenish yellow dark pattern colour as 'Wagenaar', here,
more than in CCm ofcross 3,the r e a l 'main colour', b. 'redstriping''inatleast
two intensities over it, and c.in the main colour 'palebuff background spots'
as in CCm or Ccu.
3. The accompanying colours, as far as different (here mainly tip standard and
fruit colour),showcompletecorrelation with thealleles Cand Cs', CC having
no red tip standard and a slightly pale pink fruit, CstCst (mostly) showing a
slight red tip and intense 'violet red 6' fruit, CCst being intermediate resp.
subdominant:(often) very slight red tip and intense 'violet red 5'fruit. Seedlings of both homozygous typesshowpink, thehypocotyl of Cs'Cstverylittle.
Cross 5: 'Citroen' with 'Kievit'.
Compared with cross 3, 'Wagenaar' with 'Kievit', the 'Wagenaar' parent,
CCDDJJgg, isreplaced by 'Citroen', palegreenishyellowwithout brown hilumring and, cryptomerially, with the yellowbrown factor G: CCddjjGG (scheme:

n-2):
'Citroen': PPTTC C dd
jjGGbbVlaeVlaeRkRk
m m
'Kievit': PPTTC C (dd) JJgg bbVlaeVlaeRkRk
F^CC"): PPTTC Cm dd Jj GgbbVlaeVlaeRkRk
In the colour table for parents and ¥y the palelilacflower colour, lacking red
intensification tip standard and lacking red veins wing are here (not in the observations) from the beginning left out (h.r. = hilumring):
'Citioen':
'Kievit':
F , (CCm):

cotyledons
pink 2?
green
green (?)

hypocotyl
pink 3?
green
green (?)

fruit colour
pink about 1
pink about 1
pink 1 à 2

seedcoat colour
pale green.yell. dark p . , —h.r.
shiny red mottled, + h . r .
shiny double mottled, + h . r .

cf. with CCm in F 2

Seedling colour of 'Citroen' is not precisely known, that of F x probably
shows hot-house influence.
The 'double mottled' seedcoat colour of F x at once reveals,liketheyellowbrown Fi-colour in cross 1, that in 'Citroen' the 'yellowbrown factor' G is
cryptomerically present, for its three (or four) colours are:
1. its'main colour'isshinyyellowbrown (asdark pattern colourVI-2 or VIII-2
in the scheme), and not the greenish yellow 'Wagenaar' colour (VI-1 or
Vni-1) as in cross 3;
2. 'orangered mottling' is over the greater part of it, as usual in two 'densities'
a. non-diluted, really giving the impression of (orange)red,
b. diluted, i.e. with the underlying on probably better the intermingled
'main colour' translucing and therefore giving more the impression of
yellowbrown,
3. 'palebuff backgroundspots', precisely as in crosses 3 and 4, are in the main
colour (or in the orange red mottling), i.e. these spotsare unchanged by the
Meded.Landbouwhogeschool Wageningen 72-29 (1972)

19

FIG. 3. Cross 5, 'Citroen with 'Kievit', F 2 .
Centre:the nine F2-phenotypes, each represented byfiveseeds from one plant.
Totheleft: the F2-numbers found and expected.
Totheright:seedcoat description and genotype(s); parents and F 2 indicated with bold letter. Further explanation see text.

a. palegreenishyellowdarkpattern,
without hilumring (II-l, CC dd
jj gg, and II-2, CC ddjj G. =
'Citroen').

29(exp.23.4)
99
(exp.

42(exp.46.8)

b. double mottled, without hilumring (CCm etc., 'main colour':
palegreenishyellow,asabove).

v«
93,5)
28(exp.23.4)

fffff

a. shiny green.yellow dark pattern,
with hilumring (VI-1, CC dd J.
gg, slightly afterdarkened).

' 12 (exp. 17.5)

69
(exp.
3

38(exp. 35.1)

/l6

70.1)

% *sà n %• :M

a. shiny yellowbrown dark pattern,
with hilumring (VI-2, CC dd J.
G.).

61(exp. 52.6)

9

1

b. shinydoublemottled,withhilumring (CCm etc., 'main colour':
shiny green,yellow).
c. shinyredmottled,with hilumring
(CmCmddJ.gg = 'Kievit').

19(exp. 17.5)

206
(exp.

c. palelilacredmottleduponwhite,
without hilumring(CmCm ddj/gg
and CmC" ddjj C).

97(exp. 105.2)

b. shinydoublemottled,withhilumring (CC dd J. G., 'main colour'; yellowbrown = Fi).

48 (exp. 52.6)

c. shiny orange red mottled, with
hilumring (CmCmddJ. G.).

—

/l6 —

210.4)

total: 374plants.
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'yellow-brown factor' G,just asin the ever-segregating type Cc" (ucomes
from unchangeable).
Pattern, colours,thekind ofdilution etc.arebetter recognizable then incross
3(gg),butasvariable, andwillnotbediscussed indetail;compare theF2-types
in fig.3.
Four F2-families were bred, 1524-1526'37 and 1655'38, each family showing
the same nine seedcoat colour types, caused by the segregation for C-Cm,J-j
(shine factor) and G-g(yellowbrown factor). No segregation for the 'hilumring
factor pair' D-doccurred, which means that 'Kievit', like 'Citroen', wasdd. The
four families, 374plants, aretreated together, seefig.3,were each rowcontains
five seeds from one plant.
The nine typesareinthreegroupsof three.The upper rowineachgroup isthe
CC-dark pattern type, the middle onethe corresponding double mottled CCmtype, thelower onethe homozygously mottled CmCm.
The upper group of three rows (99plants; exp.J = 93.5)contains themat
types without a brown hilumring, ddjj (showing that 'Kievit' hasthe genotype
dd); thegroup contains both ggandG.,indistinguishable however, forin these
matyy-typesthe'yellowbrown factor' G hasbut a hardly perceptible influence,
cf.p. 9-10.
The middle and lower group together represent the shiny (dd) J.-types, in
which the 'yellowbrown factor' G exerts its full influence: middle group,
(dd)J.gg, 69plants (exp.3/16= 70.1)andlowergroup, (dd)J.G., 206plants(exp.
9/16 = 210.4).Thenumbers donotsuggest anyclear linkage between C-Cm, J-j
andG-g.
Analysis ofthe accompanying colours in F 2 (and F 3 ) showed that these are
not at all influenced by J orGbutexclusively dependuponC-Cm. Forthethree
F2-families of 1937thevalues (mean and variation) were:
seedcoat type
CC (dark pattern) :
CmCm (mottled) :
CCm (double mottl.) :

cotyledons
pink 4.1 (1-7)
gieen
pink 1.7 (0-6)

hypocotyl
pink 4.6 (2-8) ~)
green
V.
pink 2.2 (2-5)

fruit colour
few scored,
all green or
pink 1 and 2

number of plants

î }s?

This means, asin cross 3:most pink seedling colour in CC,intermediate in
CCm, CmCm completely green. The pink-values are unexpectedly high, sothe
values given for 'Citroen' (p. 19)are probably too low.
F 3 consisted of49 families, 1860-1908'38, andasa whole it completely confirmed the F2-analysisandthe'pleiotropic actions'asdescribed above. F3-families after shiny F 2 -plants, fig. 3 middle group ddJ.gg and lower group ddJ.G.,
gave no difficulties atallandwill beleft outhere. Only F 2 -plants belonging to
the upper group, ddjj „ andtheir F3-offspring, will shortly bediscussed.
In this group without brown hilumring the influence of G-gis, as already
mentioned, hardly ornotatallvisible. Thehilumring-like dark ring inthepale
greenish yellow CC-type oftheupper rowin figure 3 (scheme: I I - 1 andII-2)
isnota 'real hilumring' butablue-green 'corona',just outsideit.Acoronaisnot
always present but,in spite ofmuch care,I never have been abletoclearly trace
Meded.Landbouwhogeschool Wageningen 72-29 (1972)
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itsgenetics.The CmC"-seedsofthe third row are not really red mottled, butpale
lilacmottled on white background. The three-coloured CCm-type of the row between has pale greenish yellow 'main colour', with 'lilac mottling' over it and
'white background mottling' in it, the palegreenishyellow and thewhite often
hard to distinguish.
Extension and intensity of the lilac mottling in both genotypes, (ddjj)CmCm
and (ddjj)CCm, is extremely variable, both within and between plants. From
eight homozygously palelilacmottled CmCmF 2 -plants, withadecreasingvisibility of the lilac mottling (from 'all seeds mottled' to 'allseedspractically white'),
F3-families were bred, 1860-1867'38. Result: F3-families varying from 'all
plants with clearly mottled seeds', family 1860, to 'all plants practically white
seeded', fam. 1867(viz. 8with 'pure white seeds' and 2with 'white seeds, except
for faint tinydots or stripesina fewa them').Thismeansa clearcorrelation, i.e.
genetic influence, but in spite of much scrutinizing, no gene(s) responsible for
it could be sharply pointed out. In the shiny /.-types the variability of the red
usually is less conspicuous.
The conclusionsfrom cross number 5, 'Citroen' with 'Kievit' are:
1. The action onseedcoat pattern and colour of C-C"and also the 'pleiotropic
action' on the accompanying colours are quite the sameasincross number 3,
'Wagenaar' with 'Kievit' (CmCm:pure green seedlings).
2. Moreover the actions and interactions of 'shine factor' J and 'yellowbrown
factor' Gare analysed and found to fit in completely with the scheme p. 82.
Cross 6: 'Citroen' with 'Hinrich's Riesen'.
Just as cross 5corresponds to 3, so corresponds cross 6 to cross 4. The only
difference between 5and 6therefore isin the complex locus C: Ft not CCm, but
CCst:
'Citroen': PPTTC C dd jj GGbbVlaeVlaeRkRk
'Hinr.R.': PPTTCstCs,(dd)JJgg
bbVlaeVlaeRkRk
s
F^CC"): PPTTC C 'dd Jj GgbbVlaeVlaeRkRk
But two Fj-plants were bred ('lilac flower' and 'without red veins'areleft out
from description):
'Citroen':
' H i n r . R . ':
F i (CCst)-

cotyledons
pink 2?
pink 3 à 4
pink 4

hypocotyl
pink 3 ?
± green
pink 2

tip standard
— red tip
+ slight r.t.
+ very slight r.t.

fruit colour
pink 1
violet red 6
violet red 5

seedcoat colour
green, yell. d.p. ~h,r.
red striped + h . r .
str. a n d mottl. + h.r.

The threecoloured seeds of the F^plants have, as in cross 5, yellowbrown
(Gg) as 'main colour.' This colour is very conspicuous because the 'orangered
striping' ismuch lessextensive then the 'orangered mottling' incross 5;also the
'palebuff backgroundspots' in theyellowbrown main colour are very clear: they
are not influenced by 'yellowbrown factor' G, cf. row 2 from below in fig. 4.
Fruit colour again is subdominant violet red 5, red tip intermediate, seedling
with pink.
In 1937 F2-families 1527 and 1528 were bred, together 148 harvested plants.
As shown byfig.4, the F2-segregation was exactly parallel with that in cross 5,
22
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FIG. 4. Cross 6, 'Citroen' with 'Hinrich's Riesen', F 2
Centre: thenine F2-phenotypes, eachrepresented byfiveseeds from one plant.
Totheleft: the F2-numbers found and expected.
Totheright:seedcoat description and genotype(s),theparentsand Fj indicatedwithboldletter.Furtherexplanation see text.

13(exp. 9.25)
39
(exp:
V4 =

15(exp. 18.50)

37.0)

11(exp. 9.25)

8 (exp. 6.9)
28

(exp.:
3
/ — < 12(exp. 13.9)
116 —

27.7)

8 (exp. 6.9)

20(exp. 20.8)

81
(exp.:
9

i

42 (exp.41.7)

~

116 —

83.3)

19 (exp.20.8)

pale greenish yellow dark
pattern, without hilumring (II-l, CC dd jj gg,
andII-2, CC ddjj G. =
'Citroen').
b. striped plus mottled,
without h.r. (CC" etc.,
'maincolour':palegreenishyellow).
pale lilac (red) striped,
without hilumring (Cs'Cst
ddjjggandCC'ddjjG.).

shiny greenish yellow
dark pattern, with hilumring (VI-1, CC dd J. gg,
slightly afterdarkened).
b. shiny striped plus mottled,withhilumring(CCst
etc., 'main colour': shiny
greenish yellow).
c. shiny red striped, with
hilumring(C5tCst ddJ.gg
= 'Hinr.Riesen').

a. shiny yellowbrown dark
pattern, with hilumring
(VI-2, CCddJ. C).
b. shiny striped plus mottled,withhilumring (CC"
dd J. G., 'main colour.':
yellowbrown = F t ).
c. shiny orangered striped,
with hilumring (CS,CS'dd
J. G.).

total: 148plants
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the ninetypesafter F t CC' {dd) JjGg each being represented byfiveseeds from
one plant. It is clear that 'Hinrich's Riesen', as 'Kievit', is recessive dd.
Figure 4 needs little commend: the lower group of three types is J.G. (9/16),
themiddlegroupJ.gg (3/16)andtheupper onejj ^ (£). As in cross 5 the F 2 numbers in cross 6 also suggest independent segregation, at least no case of
clear linkage.
One F 2 -plant showed a deviating seedcoat colour: yellowbrown 'main colour'
with orangered 'striping' but without the pale buff 'background mottling' as in
normal CCS1.Therefore in a sense complementary to the two deviating individuals in cross 4, 'Wagenaar' with 'Hinrich's Riesen', that possessed the pale
buff 'background mottling' in the 'main colour' but lacked the 'red mottling' of
normal CC"1. As mentioned there (p. 17), discussion of accompanying colours,
offspring and further crosses will be made in (a) following article(s), together
with other resultsand athorough literature-discussion onthe'complex locus' C.
Looking now at the accompanying colours in the normal F 2 -plants, their
correlation with CC, Cs'Cst and CCst isagain very clear: allmean values of CCst
are between those of the parent types. No totally green seedlings occur, while
hypocotyl colour of Cs'Cst, as in the other cases, is low. The tip of standard in
C'C' isslight,it isstill slighter in CCS',and completely lacking in all CC-plants.
Violetredfruit of C'C' issubdominantovertheweakpinkofCC.Seetablebelow:
seedcoat type
cotyledons
CC (dark pattern) : pink 3.8 (1-6)
S
C 'C" (striped) :
pink 2.4 (1-4)
CC" (str. and m.) : pink 3.4 (1-6)

hypocotyl
pink 4.9 (2-6)
pink 0.9 (0-4)
pink 4.0 (2-6)

lip standard
fruit colour
number
— red tip
pink 1.7 (1-4)
41
+ mostly slight r.t. viol, red 4.8 (4-6) 38
± few slight r.t.
viol.red 4.1 (4-5)
69

F 3 of the present cross consisted of 35 families, 1909-1944'38, after all nine
F2-phaenotypes. It confirmed the F2-results, not only for seedcoat colour segregation but for the 'pleiotropic' accompanying colours too. As in cross five,
onlytheoffspringofhilumringlessCs'Cstddjjand CC'ddjj-plants willbediscussed.
Four 'lilac striped' homozygous Cs,Cs,ddjj-plants were used, the F3-families
beingnumbered 1909-1912,accordingtodecreasingvisibility of the lilacstriping
in the F 2 -mother plants, from 'faint striping in most seeds' to 'trace of striping
in few of the seeds'. The demonstration of genetic difference between F 2 -plants
waslessclear than in the case ofcrossnumber 5,'Citroen' with 'Kievit' (cf. fam.
1860-1867'38, p.22), for in most plants of the four F3-families practically all
seeds were described as pure white, only a few seeds showing a very faint lilac
striping. Nevertheless the accompanying colours were quite as to be expected:
almost all plants slight to clear red tip of standard, and all plants, if not completely ripe, with intense violet red fruit colour, the mean in the four families
being 6.0, 6.1,6.2 and 6.8.
Four three-coloured CCstddjj F 2 -plants gave a quite analogous F 3 -result:
accompanying colours as to be expected, but hardly any trace of lilac striping
in the seedcoat of CstCst or CC st -plants.
Conclusionsfrom cross 6, 'Citroen' with 'Hinrich's Riesen':
1. The action of C-Cs'on seedcoat pattern and colour and also the 'pleiotropic
24
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action' onthe accompanying colours are quite thesameasincrossnumber4,
'Wagenaar' with 'Hinrich's Riesen': CstCst almost always slight red tip
standard andalways intense violet red6fruit colour.
The actions andinteractions of 'shine factor' J and'yellowbrown factor' G
areasincross number 5,'Citroen' with 'Kievit',i.e.fittinginwith the scheme
p.82.

IV. T H E SECOND G R O U P OF D I A L L E L CROSSES BETWEEN FOUR

VARIETIES; P L E I O T R O P I C ACTIONS OFP-p, T-t, C-Cst, (V-)Vlae-v,

Rk-Rkd

(CROSSES

7-12).

flower: pale lilac
seedcoat; shiny pale greenish yellow dark pattern (scheme:VIII-1)

a. "Wagenaar",

seedcoat:
white,ppTTCC",
flower:white

PPTTCC

seedcoat:
PPttCs'Cs', partlycol.
flower:
white, with tracered
veins

C.' White^J.

b. Yellowbrown J"
PPTTCC
seedcoat: shiny yellowbrown dark pattern (scheme VIII-2)
flower:pale lilac
Figure 5.Schema ofthesecond diallelic cross between four varieties.

Of these four varieties 'Wagenaar' istheonealready known from the foregoing chapter III. Itsseedcoat is shiny pale greenish yellow to canary, scheme
VIII-1, genotype: PPTTCCDDJJggbbVlaeVlaeRkRk.
As totheorigin ofthe three other types little canbetold. 'Yellowbrown J',
differing from 'Wagenaar' only by possessing the 'yellowbrown factor' G
(scheme: VIII-2) and'White J', recessive forthe 'ground factor', pp, are forms
with which thechief gardener JANSEN during theyears 1930-1934 made some
crossing- and selection-experiments and which he kindly put at my disposal.
'Soldaat K.'I received thanks toMr. KNOOP from hishome district Betuwe,between Rhine andWaal.Itsseedshave apartly white seedcoat, while the coloured part, round thehilumregion, principally contains six'colour centres',inthis
variety more orlessfused into theone typical 'soldier' figure, butinother cases
represented by six (or less) separate dots of extremely variable expression,
within andbetween plants (cf.fig.6p. 29andfig.7p. 31).The coloured partin
variety 'Soldaat K.' shows aredbackground colour,slightly lighter than 'garnet
brown' in RIDGWAY, Color Standards, Plate I,3k. The colour atall probability
depends upon the allel for dark recessive red, rkdrkd, SMITH and BECKER
MADSEN, 1948; upon it arethefinebeginning parts of striping, notred stripes
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however, slightly darker than the background red, but very dark grey violet
stripes, because of the 'grey-greenish brown factor', BB, and of the 'recessive
red factor', rkdrkd. It may be mentioned that, precisely as 'Soldaat K', also
'White J.' has (cryptomerically) the genes CS'CS' and ggBB, but instead of rkdrkd
it is like the remaining two varieties RkRk. All four varieties have the 'shine
factor',//, while three of them are vlaeVlae (pale lilacflower) and only 'White J'
vv(white flower, also produced bypp and ti). The completegenotypes can now
be given and be confronted with the Fj-, F 2 - and F 3 -results:
a. 'Wagenaar':
b. 'Yellowbr.J.':
c. 'White J.':
d. 'Soldaat K':

PPTT C C DD JJgg bbVlaeVlaeRk Rk
PPTT C C DD JJGGbbVlaeVlaeRk Rk
ppTT CS'CS', . JJggBBv
v RkRk
PPtt CS'CS'. . JJgg BBVlaeVlaerkd rk"

The homozygous presence of 'shine factor' J in all four varieties means that
only shiny, afterdarkening colours will occur, it therefore being impossible to
judge,within this group of crosses, about the presence or not of the 'hilumring
factor' D.
As remarked in chapter I there exist correlations between seedcoat colour
and the colour of other plant parts (here called: accompanying colours),
depending upon 'pleiotropic actions', in this group of crosses by the loci P, T,
the multiple allelic 'complex locus' Cand the at least triple allelicloci Fand Rk.
Belowthefour seedcoat colours are tabulated together withtheiraccompanying
colours and this table should be compared with the four genotypes above:
a. ' W a g e n a a r ' :
b . 'Yellowbi J . ' :
c. 'White J . ' :

cotyl.
pink 4
pink (2?)
green

hypoc.
pink 3
pink 3
green

flower
pale lilac
pale lilac
white

tip stand
— red t.
— red t.
— red t.

d. 'Soldaat K . ' :

green

green

white

— red t.

veins wing
— red v.
— red v.
— red v.
+ trace r.v.

fruit colour
pink 2
pink 2 à 3
gieen (or si.
pale col.)
usually green

seedcoat colour
pale greenish yell.d.p.
yellowbrown d.p.
white
partly col., striped
on recessive red

Figure 9, p. 65 shows the relations between flower- and seedcoat colour, as
deduced from parents and F!-F 3 or F 4 of this group of crosses.
Cross 7: 'Wagenaar' with ''Yellowbrown •/.'
This is a very simple cross, the parents (scheme: VIII-1 resp. VIII-2) differing for the 'yellowbrown factor' Gonly, F1 being yellowbrown, Gg. F 2 -analysiswasalready made in Prakken I, 1940,cross 1 p. 344:families 1491—1492'37
and 1640'38,together 257harvested plants,viz. 192 yellowbrown (G.) and 65gg
(exp. j = 64.3) as the shiny pale greenish yellow to canary 'Wagenaar' parent.
As regards seedling colour all Fj and F 2 plants possessed pink anthocyanin in
the cotyledons, the extension varying from 1 to 6. Most hypocotyls also showed
pink colour, but rather many were scored as 'green' or 'green?':possibly observation was too early.At any case not a single totally green seedling occurred.
As tobe expected, all F 2 -plantshad pale lilacflower(ylaevlae), noneshowed red
tip standard (CC) and none red veins wing (RkRk), while the fruits showed but
little pink colour (CC). Cf. fig. 9, cross 7, flower type nr. 7.
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Cross 8: 'White J.' with 'Soldaat K.'
The genotypes of parents and F± are {D-dunknown):
'White J.': ppTTCstCst ..JJggBBv v RkRk
'SoldaatK.': PPtt Cs'Cst ..JJggBB\lae\laerkdrkd
Fi {CS'CS'): PpTt Cs,Cst.. JJggBBYlae v Rkrkd
The colours of parents and F t were scored as:
'White J . ' :
'Sold. K . ' :
F i being:

cotyl.
green
green
green(?)

hypoc.
green
green
green

flower
white
white
very pale 1.

tip stand.
— r e d tip
— red tip
+ clear r.t.

veins wing
fruit col.
seedcoatcol.
— r e d veins almost green
white
+ trace r.v. green
partly col.
— r e d veins violet red 6-7 totally col.

cf. P.T. in F 2

Both parents, pp(TT) and PPtt, have green cotyledons and green hypocotyl,
white flower, no red tip standard and practically green fruit (in 'White J.' there
is some very pale anthocyanin). Their flowers are represented infig.9.by resp.
1 (pure white) and 2 (small bits of red veins in lower half of the wings). The
coloured part of the seedcoat in 'Soldaat K'. shows the begin-parts of a dark
violet striping (CS,CS,), upon a shiny recessive red background (rkdrk?).
The Fi-plants have totally coloured seed {PpTt; 'White J.' therefore is TT) of
the typically striped type, cf. e.g.fig.2(both parents therefore Cs,Cst) ;its background is not recessive red but shiny verypalebuff"{Rkrkd ;'White J.' therefore
RkRk), and the stripes upon it are greyish violet (ggBB, see next crosses). The
intense F^pod colour, violet red 6-7, fits in with the genotype CstCs', and so
doesthe clear red tip of standard;the wingsarewithout red veins.The extremelypalelilac overall colour of the Fj-flower depends, as F 2 will show, in the first
place upon heterozygosity Vlaev(that it is 'Soldaat K.' that possesses V' ae will
not become clear before the next crosses, 9 and 10),but to a lesser degree also
upon heterozygosityPpTt. The Fx-flower colour ofcross 8therefore liesbetween
flower 14and 15in fig. 9,but very near 14.The 'green(?)' or 'green' scored for
thePpTt Fx-seedlingsat last isunreliable (hot house? time of observation?) and
has to be compared with the seedling colour oî P.T. F 2 -plants, see below.
In this way the cryptomeric genes of especially the 'White J' parent could almost completely be deduced from the F^phenotype. Theprobable Fj-genotype,
PpTtCstCs''..JJggBBVlaevRkrkd, will now be compared with the F 2 - and Fasegregations.
F2-families were first studied in 1935, fam. 688-699, but classification, especially of flower colour, appeared quite impossible because of the almost
continuous variation in overall colour (from pure white to pale lilac as 'Wagenaar'), the variation in size of red tip and the variation in type of redveins(if
present). Seedcoat colour was less difficult to judge, sharp classification was
possible, and therefore 74F3-families werebred, 1097-1170'36, representing all
F 2 seedcoat types. These F3-families were analysed for all characters and compared with the F 2 -parents. The experience so gained summer 1936 and winter
1936-'37 made clear many details of classifications and correlations, to be used
in the F2-analysis of 1937.
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TABLE 6. F 2 of cross 8 (1936 and 1937), 'White J.' with 'Soldaat K.' Among P.T. (totally
colouredseeds)'fl.wh.' meansvvand 'fl.col.' meansVlm. AmongP.tt (= partlycolouredseeds)
'+cl' resp. '—cl' is 'circumlineated' (del) resp. 'non-circumlineated' (CI.), seefig.7.
Year and
n u m b e r fam.

PP
white
seeds

P.tt
partly col. seeds
rkarkd
rec.red
+cl
del

1936:
fam. 1031-1036

306

5

P.T.
totally col. seeds

Rk.
non-rec.red

—cl
Cl.

+cl
del

44

18

49

—cl
Cl.

127

rjt d nt d
rec. ed
fl.wh.
w

48

145

fl.col.
Ffoe.

108

1
1
0
0

1
4
1
4

1
3
1
1

7
11
6
5

0
0
3
3

10
11
9
5

total 1937

62

2

10

6

29

6

35

7

54

24

"HT"

156

346

72
71
68
71

99

282

132
156 422

1384

578
775

194.6

259.5

1102

27
21
22
29

33

180

64.9

323

7
5
12
9

41
54 143

241
expected

123

~44T

18
15
14
15

368

fl.wh.fl.col.
w
Viae.

156

1937:
fam. 1483
fam. 1484
fam. 1485
fam. 1486

total '36 + '37

Rk.
non-rec.red

total
number
F 2 -plants

194.6

583.9

1384

778.5

The F2-results of 1936and '37 are given in table 6, separately, as a few of the
1936-families gaveveryhighly deviating numbers, especially for overall flower
colour in the group with totally coloured seed (P.T.vv, white flower, against
P.T.V'ae., from almost white to pale lilac as 'Wagenaar'), probably mainly
caused by at that time not-yet-overcome classification difficulties.
In both years the segregation for PpTt agreed rather well with the expected
4pp:3P.tt:9P.T, for bothyearstogether 368pp(exp. 346),61 + 180= 241 P.tt
(exp. 259.5) and 197 + 578 = 775 P.T. (exp. 778.5): probably independent
segregation.
The white-seeded plants (pp) are not further subdivided. Boththe(P.)??partly
coloured ones(see figure 6) and the (P.)T. totally coloured ones are first subdivided into recessive reds (rlérkï; dark grey-violet striped on red background,
like 'Soldaat K.') and non-recessive reds (Rk. ; grey-violet striped on pale buff
background, like F,), the four types, ttrkdrkd, ttRk., T.rk"rkdand T.Rk., in both
yearsand alsotogetherclearlyshowingtheproportion 1:3:3:9, i.e. independent
segregation between T-t and Rk-rkd, cf. the lower lines of table 6 (numbers:
61 + 180+ 197+ 578).
The second subdivision in the group P.T., with totally coloured seeds, is into
54 + 156 = 210 P.T.vv, white flower, 143 + 422 = 565P.T.V,ae., coloured
flowerinallintensities from almost white,PpTtVlaev, topalelilacas 'Wagenaar',
ppTTVlaeVlae; the paler making influence of heterozygosity Vlaev is much more
important thanthatofTtandPp.It mayberepeated that Vlae~vinfluencesoverall
flower colouronly, not the red tipor the red veins.Both thesecharacters are even
moreclearly visible in the white vv-flowers than in the F' ae .-ones. Segregation
between thefour genepairsP-p, T-t, Rk-rkd and Vlae-vseemstobe independent.
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a

FIG. 6. The 'soldier type' (LAMPRECHT, 1934,fig.18p. 201 : 'virgarcus') and related types of
partly coloured seedcoat. It has 6 (or less) colour centres, 1-6, cf. row b, no. 2 from left.
Further genetic analysis is, because of the great non-genetic variability (within and between
plants, between years etc.) very difficult. Each row of eight seeds comesfrom one plant. The
median centres (1-4) often are subdivided into two. - See also figure 8.
a: Seeds of a typical F2-specimen like variety 'Soldaat K.'
b, c,and d: further specimen from F2-families.
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All P.tt partly coloured plants have a white flower that is not influenced by
V,ae-v. Yet this group in table 6 also shows a second subdivision, indicated as
' + c l ' and '—cl' and only observable in partly coloured seeds (cf. fig. 7). It will
be discussed a little further on.
First the observations on the 'accompanying colours' in thepp, P.tt and P.T.
groups will be discussed. In a condensed manner they are given in the table
below:
genotype
a. pp (368):

b . P.tt (241):

colyl.
green

hypoc.
green

green

c. P.T. (775): pink 0-5
(mean ± 3)

I

flower
white

tip stand.
— red tip

white

- red tip

most green I Ipale 1. I
few pink 1-2 | (to whitef

all clear
+ red tip

veins wing
— red v.

fruit colour
green or very
pale pink 1-3

rkdrkä : + trace r.v. mostly pure
Rk. : — red v.
green, cf. below
rkdrkà: + red v.
Rk.: — r e d v.

violet red 6-8

A few remarks on this table may be made.
, The pure green pp F2-seedlings, later white flowering 'without red tip standard' and 'without red veinswing' followthe normal picture. The fruit colour
of these pp-plants mostly looks like green, but narrow inspection often
showed a very pale pink anthocyanin colour. TJEBBES and KOOIMAN (1921)
even could in a homozygously striped F2-family, segregating for P-p and
V-Vlae, distinguish between pale red or pale pink, in ppV'aeVltte, and pale
blueviolet fruit colour, inppV.; as mentioned on p. 6the 'violet-factor' Kis
not present in the varieties used here.
. TheP.tt plants,withpartlycoloured seed,alsohave,likepp, alwayspuregreen
cotyledonsandhypocotyl andwhiteflowerwithout red tip;theyusually have
green fruits, that however, under special conditions as fruit lying on
the moist ground, can show some clear anthocyanin development. An important observation was that all 61 P. «-plants that possessed the recessive
red seed-coat colour, rkdrkd, showed, precisely as the 'Soldaat K.' parent, a
'traceof red veins' inthe lowerhalf of the wings(cf. fig. 9,cross 8, flower type
2). In none of the 180P.ttRk. plants was this 'trace of red veins' found.
, TheP.T. F 2 -plants at last (all CstCst) almost all clearly showed pink cotyledons, the hypocotyl usually being green or almost so,whichagreeswiththe
situation in the crosses of chapter III: C st C"-plants rather high anthocyanin
content in the cotyledons but very little in the hypocotyl. And, also as in
chapter III, but more intense, the flower of the P.r.C s 'C st -plants in cross 8
showed a clear red tip and the fruit a heavy violet-red 6-8. Asregards 'red
veins wing' the 197 recessive red plants, P.T.{CstCst)rkArkd all showed red
veins over the whole wings,while the 578P.T.(Cs,Cst)Rk.-plants were scored
as without red veins: pleiotropic action of Rk-rkd apparently, as in the
remaining crosses with 'Soldaat K.', cf. crosses 10 and 12 below. In P.T.and almost as well in P.«-plants the distinction between ' + veins' and
'— veins' was completely sharp.
The second type of subdivision in the P.tt-plants is, as already mentioned,
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FIG. 7. Cross 8, 'White J.' with 'Soldaat K.\ Three seedsfrom two partly coloured (P.tt)
F2-plants. Both plants homozygously striped (CstO<), with shiny greyish violet stripes
(JJggBBVlaeV"e) upon pale buff background (Rk.).
a. 'Normal soldier type', the six colour centres (1-6) more or less united.
b. 'Circumlineated soldier' {del; from circum/ineatus); each of the colour centres and even
the smallest dots bordered by a sharp precipitation-like line. In this type the 'fusing', of
centres is, from left to right, clear to follow.

showninfig.7,werethethreeupperseeds(from oneplant)representanoriginal
partlycolouredtype(asSoldaatK.)andthethreelowerones(alsofromoneplant)
a very typical new type, indicated as 'circumlineatus', '+cl', the original type
being non-circumlineated, '—cl.' In the '+cl' type the coloured part (or the
separateunits of it, even thefinestcolour dot)issharply demarcated from the
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white part of the seedcoatby a narrow line (ofa clear orange inRk.-seeds and of
a much darker colour in rkärk"-ones), giving the impression of some sort of
precipitation on the border between the coloured and uncoloured parts.
Among the 241 P. «-plants the numbers of both types (cf. table 6) are:
'+cl'

among rkärkd
'—cl'

among Rk.
'+cl'
'—cl'

' + cl'

together
'—cl'

1936:
1937:

5
2

44
10

18
6

127
29

23
8

171
39

'36 + ' 3 7 :

7

54

24

156

31

210

241

The new type seems recessive, but its number is clearly less than one fourth:
31/241 = 0.1286, the shortage being about the sameamongrkdrkd and Rk. The
shortage might e.g. depend upon weakness of the monofactorial recessive clcltype or upon linkage of Cl-cl with T-t orwithP-p,the 'lacking' number ofclclplants being either among the totally colouredi\r.-group (plusppT.) or among
the white-seeded/»/»-group:'Soldaat K', being (PP)ttClCl (repulsion phase) or
'White J.' beingpp(TT)clcl (linkage phase).
Here the earlier mentioned (p.27) 74completely analysed F3-families of 1936
became of value. The families segregating for Cl-cl (and not for P-p or T-t)
clearly showed monofactorial recessiveness of the 'circumlineated' type and no
weakness at all of clcl( = '+cl'), cf. below.
AmongP. thenumbers241ttand 775T.arecloseto 1:3(exp.254and 762),so
no linkage between P-p and T-t is detected. The share of clcl among the P.tt
plants being 0.1286, and assuming a really independent segregation between
P-p and T-t, the shortage of clcl should be caused by linkage, in the repulsionphase, between T-t and Cl-cl, the share of recombinant gametes, TCI and tel,
being about V 0,1286 = 0,359 = 35.9%.
For acontrol onthisresult the 74F 3 families mentioned above, 1097-1170'36,
again are of use. Among the 74 F 2 -mother plants used were:
a. 11partly coloured, 'circumlineated' (P.ttclcl), from which 4 appeared to be
PP and 7Pp, all P. offspring being ttclcl.
b. 19partly coloured,'non-circumlineated'(P.ttCl.), and from these appeared to
be:
2 (exp. 2.1) PP(tt)ClCl (together 35PP(tt)ClCl F3-plants)
4 (exp. 4.2) PPfttJClcl (segregating in 14 clcl + 43 Cl.)
6 (exp. 4.2) Pp(tt)ClCl (segregating in \9pp + 78 P.ClCl)
7 (exp. 8.4) Pp(tt)ClCl (segr. into 32pp + 20 P.(tt)clcl + 66 P.(tt)Cl.
Nothing that points to linkage between the loci P and Cl.
c. 14 totally coloured,without segregating in F 3 anypartly colouredseed,therefore beingP.TT(5 PPTT and 9PpTT). Thisgroup ofF3-familiescanofcourse
not give information on linkage between the loci T and Cl.
d. 30 at last were totally colouredand did segregateplants withpartly coloured
rclcl, or
seedcoat, the F 2 -parents therefore being P.Tt < Clcl, or
(-C7C7.
32

Meded.Landbouwhogeschool Wageningen 72-29 (1972)

It isthisgroup d.ofF 2 -plantsandF3-familiesthatcanandmustshowthe effect
oflinkagebetween T-t and Cl-cl. AsP-pand T-t areindependent the constitution
PP or Pp of the F 2 -mother plants does not matter (11 appeared PP and 19 Pp,
very near the expected 1:2 ratio, a new corroboration ofindependency between
P-p and T-t). A handicap is of course the small number of F 3 -plantsper family,
mostly about 20. Below the analysis of this group follows.
Assuming | of the gametes produced by F : being recombinant ones (near to
35.9%, see above), the constitution of the \ or 18/36 F2-77-plants (among PP
and Pp) theoretically should be as follows:
4

-^(segregating (tt)clclonly)
TCI
18
2
/36 Tt and
/i8 — Kgiving4 (tt)clclagainst 5(tt)Cl.)
from these
°/ 18 CM I 8/ tdTel
-Mgiving 1(tt)clclagainst 8(tt)Cl.)
tCl ^(giving(tt)ClCl only)
l 4 / 18CICl

group a.

/i8 del

I

group b.
group c.
group d.

The 30 F3-families from P.Tt F 2 -plants could be grouped as follows:
Group a, Ttclcl: 4 families (exp. 6.7), together 80 F 3 -plants.
Group b + c, TtClcl: 6 families (much less then expected, because of the
low number of plants per F 3 family; especially most F 2 -plants of
group cwill escape observation, as the ratio clcl:Cl. isbut 1to 8. The
actual numbers in these 6 families are given in table 7.
TABLE 7. F3-segregation in families from F2-plants of cross 8 that belonged to group b.
TCI
.„Tel .
(P.—;)or group c.( P . — ).
t el
t CI
number
F3-fam
1162
1137
1127
1129
1148
1169

white
PP
5
0
4
5
5
0

F3-offspring
totally col.
partly col., circ. partlycol.,
P.ttclcl
non-circ.,P.ttCl.
P.T.
1
1
1
1
1
1

1
2
2
2
2
6

3
16
13
12
15
11

totalnumber
10
19
20
20
23
18

Sharp distinctionbetween thegroupsb. and c. isof course impossible.
Family 1169 in all probability shows the original repulsion phase
(group c),while certainly part of the five 1+ 1or 1+ 2 (del + CI.)
TCI
families belong to group b, (P.) —- ,linkage and crossingover(probably about 40%) thus being proved.
Group d, consists of 20 families in which the partly coloured «-plants all are
non-circumlineated, but because of the small number of «-plants
(1 x 1, 3 x 2, 5 X 3, 4 x 4, 4 x 5, 1 x 6, 1 x 10 and 1 x 11)
certainly many of these 20 F 2 -plantsreally belong to group c or b.
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Summarizing, the presentcross8,'WhiteJ.'with 'SoldaatK.', hasaffirmed and
refined theobservations ofmany earlier investigators onthepleiotropic actions
of P-p andT-t; thepleiotropic action of CS'CS'(redtip standard and intense
violet redfruit) isinagreement with the results gained inthe crosses ofchapter
III; the present cross further shows that V,ae-vinfluences flower colour only
(while theallel V, violet factor, has pleiotropic action upon seedling-, plant-,
flower-, fruit- and seedcoat colour);and, forthe first time,itshows thepleiotropic action of Rk-rkd : Rk. without and rA^rÄ^recessive redseedcoat) withred
veinsinwings oftheflower,inwhite-flowered ttrkdrkA plants,withpartly coloured seedcoat, always visible as 'trace of red veins' in the lower half ofthe
wings. At last thecross proved that Cl-cl (symbol from circumlineated, as the
«-plants, with partly coloured seeds, in case of del have thecoloured part(s)
surrounded bya sharp demarcation-line) islinked, in therepulsion fase, with
T-t andindependently inherited from P-p, 'Soldaat K.' being{PP)ttClCl (noncircumlineated) and 'White J' being (pp) TTclcl. Thevarious correlationsbetween flower- andseedcoat colour are vizualised, though much schematized,in
figure 9, cross8.
Cross9:'Wagenaar' with 'WhiteJ.'
From foregoing crosses the genotypes ofboth parents areinthe main known.
In cross 8, 'White J' with 'Soldaat K',it could however notbedecided which
of the parents was vlaeVlae andwhich onevvandnotbefore thepresent cross
it becomesclear that itwas 'WhiteJ.'that contributed v.And itisinthe present
(and thenext) cross that theaction ofthe gene pair B-b canbefollowed, both
in the'yellow-black' C-group andinthe'red' C"-group. Genotypes of parents
and Fi are:
lae lae
.)
'Wagenaar': PPTTC C (DD)JJggbb\ \ RkRk(.
st s
'White J.':
ppTTC C (. .JJJggBBv v RkRk(clcl)
F x being:
PpTTC Cst (. .)JJggBb\lae v RkRk(. cl)

The colours ofparents and¥1 were:
'Wagenaar':
'White J . ' :
FUCC5'):

cotyl.

hypoc.

flower

tip stand.

pink 4
green
pink 2.5

pink 3
green
pink 0.5?

pale lilac
white
very pale 1.

— red tip
— red tip
-f trace r.t.

'veinswing~\ fruit
- red v.
- red v.
- red v._

pink 2
almost green
viol, r e d 5-6

seedcoat
green, yelld.p.
white
str.a n d m o t l l .

But few F^plants were bred, 1936 and 1937. Their colour characters have
to becompared with those ofthe CCS'F 2 -colourgroup,cf.below. Theverypale
lilac ofthe Ft-flower depends onthedouble heterozygosity PpVlaev ('White J.'
therefore being vv).The'trace redtip' ofF± (not always visible), the'violetred
fruit 5-6'andthethreecoloured 'striped andmottled' seedcoat depend on the
heterozygosity CCst. The'main colour' ofF t 's threecoloured seedcoat wasnot
pale greenish yellow ( = schamois) asinthe'Wagenaar' parent (scheme: VI-1
or VIII-1)but grey-greenishbrown(miinzbronze,buffy citrine;scheme VI-3or
V1H-3). From numerous analyses of various investigators this difference is
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knowntobecausedbythe'(grey-)greenishbrown factor' B,apparently present
in the'White J.'parent andalsoin'Soldaat K.',cf. cross8.This F t 'main colour'greenishbrowntherefore makesitprobable,anditwillbeconfirmedbythe
F2-segregationbelow,that the '(grey)greenish brown factor' Bofthe C-c (cu...
etc.)yellow-blacksystem,intheredstriped(Cs'Cst)orintheredmottled(CmCm)
typeschangesthe'red'into'greyishviolet'.Thestripingoverthegreenishbrown
'main colour' oftheseedproduced by F, reallywasagreyishviolet.ThebackgroundmottlinginitwasofthesameshinypalebuffasinCs'Cstresp.CmCm,i.e.
not influenced by(G),B(or V).
After thisanalysisofparentsandF 1; theF2-segregation,forPpCCstBbVlaev,
hardly needsanyfurther explanation (seetable 8.).Amongthecoloured-seeded
(P.) F2-plants the dark pattern type is represented by CCB. (grey-greenish
brown)and CCbb (there-appearinggreenishyellow,as'Wagenaar') and,parallel with it, the homozygously striped type by CstCs'B. (greyish violet) and
Cs,C"bb(red).Theheterozygotes, CCS', arethreecoloured, seethetable.
TABLE8. F2-seedcoat colour incross 9,'Wagenaar' with 'WhiteJ.'
ƒ>/>=
white
Family
number

seed
coat

1493'37
1494'37
1495'37
1641'38
total

P. = totally coloured seedcoat
CC = dark p a t t e r n

CCsi = striped a n d mottl.

CC" =

striped seed

bb = gr.y.
vv+V1".

B. = gr.br.
vv+V'ac

bb = gr.y.

TO+Flae

B. = gr.br.
vv+V""

32
21
7
34

2+ 1
0+ 1
0+0
0+ 1

7 + 10
5+ 1
1+6
3 + 17

1+6
0+3
2+ 1
4+13

10+ 34
5+4
5 + 12
9+23

2+3
2+ 3
0+2
1+5

5 + 16
3+ 12
2+6
3 + 14

129
60
44
127

94

2+ 3

16+ 34

7 + 23

29+ 73

5+ 13

13+48

360

~nr

~6T

red
striped

greyish
violet
striped

5!?

50

30

~ïöT

CC = dark p a t t e r n
colours:

CCst = threecoloured:

pale gr.
yellow
dark p .

main colour
as CC (to h e left)
'striping*:
as C"Csi (to t h e
right)
'background mottling' :
pale buff

greenish
brown
dark p .

bb = red
B = gr.viol.
vv+V1" !
vv+V'"

total
number
- F2 plants

C5'Cst = striped
on pale buff background

The monofactorial segregations were:
/. White,pp, against coloured: 94pp (exp.90.0)and266P.
Amongthe266P.:
2. Dark pattern, CC,heterozygous, and striped, CstCst: 55(exp.66.5),132
(exp. 133.0)and 79.
3. Without green, brown factor, bb,against B.\ 53bb(exp. 66.5) and 213B.
4. Whiteflower,vv,againstpalelilac,V'ae.: 72vv(exp.66.5)and194Vlae.
The bifactorial oneswere:
1, 2,3.P-pprobably independent from C-Cst, B-band Vlae-v, cf. 2,3and4
above.
And among the266P.-plants:
Meded.Landbouwhogeschool Wageningen 72-29 (1972)

35

Expected:
4.C-B:
or:
5. C-V"":
or:
6. B-V"e:

16.6
5CCbb
18Cs'Cs,bb
18C"Cs'vv
18 CCvv
14 M>vv

+
49.7
+ 50 CCB.
+ 61 CstCstB.
+ 61 CS'CS,F,'"!.
+ 37 CCV,ae.
+ 39 bbV"e.

+ 49.7
+ 48 Cs'.bb
+ 35 C.M>
+ 54 C.vv
+ 54 C'.vv
+ 58 B.vv

+ 149.1
+ 163CS,.B.
+ 152 C.B.
+ 133 C. J"".
+ 157C".*""«.
+ 155 5.K"*.

For the very low number of 5CCbb (a parental combination) no explanation
can be given (D/m = 3.7). Conclusion isthat among 1-6 above no case of clear
linkage occurs.
With respect to the 'accompanying colours'1 in this cross, there is influence of
P-p and C-Cs', V,ae-vinfluencing flower colour only and B-b seedcoat colour
only. The effects are quite as to be expected from all foregoing crosses and they
are tabulated below (for the 233 plants of fam. 1493-1495'37 only) and are to
be compared with parents and F x:
genotype
white (pp, 60) :

dark p . (P.CC, 27) :

cotyledons
green

hypocotyl
green

pink 3.0(1-5)

pink 2.3(1-5)

Jlower
white

tip standard
— red tip

j jjj ™, ae j — red tip

fruit colour
green or very pale
a n t h . 1-4

pink 2.2 (1-5)

striped ( P . C s l C s t , 56)

pink 2.3 (2-5) pink 0.4 (0-4)

j ' * ™ , „ 1 + mostly clear viol.red 6.4 (4-7)

three-col. (P.CC s t , 83)

pink 3.5(1-6)

{ ^ ™,, e ! + very small

pink 2.3(0-5)

viol, red 5.6 (4-6)

A few remarks on this 'accompanying colour' table for F 2 may be made. This
cross was the only one in which germ plant colour of CCst in F 2 was not clearly
intermediate, but ashigh asin homozygous CC-plants. The homozygous C"Copiants, however, followed the general experience and showed a very low mean
anthocyanin colour in the hypocotyl, 0.4. In C s, C st -plants the red tip standard
wasusually clear but rather small,while in CCst-plantsit was,if observed at all,
usually very small. In this connection it was striking that among the 'white
flowered' CCs'vv plants only one individual was scored as '— red tip', but
among CCs'Vlae. many more: vv,far from making the red tip smaller or paler
makesit, on the contrary, moreeasy toscore(quite the same applied to visibility
of 'red veinswing',aswillappear incrosses 10and 12).- An observation always
made in this connection was the following. From many F 2 CCst-plants scored
as '— red tip',in this or in other crosses an F 3 family wasbred for control, and
always many or at least a few F 3 -plants ' + red tip'appeared, while these ' + red
tip' usuallyjust were the homozygous C s 'C s '-plants. Ultimate conclusion therefore:Cs'Cst alwayshasa red tip,bigger or smaller, dependingupon both, genetic
as well as environmental causes, see chapter II.
In family 1641'38, after an F t sister-plant to the mother of family 1493'37,
values for germ plant colour were much lower, while mean fruit colour values
were quite the same. The material, however, is not sufficient to make clear the
cause from it:(mainly) genetically, (mainly) environmentally or both.
One last remark. Striping in the threecoloured-seeded CCS' F 2 -plants, especially in CCS'B. with greenish brown as 'main colour', varied much in intensity or
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in contrast with the main colour, i.e. in visibility. F3-segregation, nevertheless
usually appeared the normal one: j dark pattern, CC + J threecoloured,
CCst + J (more or lesspale) striped, Cs,Cst. In oneF 2 -plant, however, striping
was notatallpresent, nordidit appear inits F3-family of 16plants. This case
will be discussed, together with the other rare cases of separation between
stripingandmottling (p. 17andp.24)inafollowing special article onthe'complex locus' C.
Summarizing theresults ofcross 9,'Wagenaar' with 'White J.',itcanbe said
that thepleiotropic actions ofP-p and C-Cs'as found in preceding crosses are
confirmed (see alsofig.9,cross 9),that the'grey-greenish brown factor' Binthe
yellow-black C-c group changes (pale) greenish yellow or canary into (grey-)
greenishbrown andthat thesamegeneB changes red striped CstCst-seeds (resp.
CmCm ones) into greyish violet striped (resp. mottled) ones. Vlae-v influences, as
in other crosses (8 and 11), flower colour only.
Cross 10:'Wagenaar with' 'Soldaat K.'
As in cross 9 thegenotypes of both parents arein the main known. Just as
cross 9,'Wagenaar' with 'White J.,showed that 'WhiteJ.' possessed vv,sointhe
present crossitwillbeconfirmed that 'Soldaat K.'is vlaeVlae. Likeincross9 the
action ofB-bcanbecompared inyellow-black Cand indominantredstriped Rst,
but here moreover in Rk. (non-recessive red)and rkdrkd (recessivered):
'Wagenaar': PPTTC C (DD)JJggbbVlaeVlaeRk
'Soldaat K.': PPtt CS'CS'(. .)JJggBBVlaeVlaerkd
Ft being:
PPTt C Cst(D .)JJggBbVlaeVlaeRk

Rk(. .)
rkd(ClCl)
rkd(Cl.)

The colours were:
cotyl.

'Wagenaar':
'Sold.K.':
Fi(CCst):

hypoc.

pink 4
pink 3
green
green
pink 2
green(?)
XccFZTz
'

flower

pale 1.
white
pale 1.

tip stand.

veins wing

fruit

seedcoat

—redt.
—red v.
pink 2
green, yell. d.p.
—redt.
+ trace r.v. green
striped on led
—red t.(?) —red v.
viol.red 5 striped and mottl.
(= three-coloured)

Heterozygosity for F, (three plants: fam. 1034'36) wasas to be seen above
TtCCstBbRkrkd. Itscolour characters, esp.those with (?), should be compared,
as in the preceding cases, with those of the CCS' F 2 -group below (p. 38). The
pale lilac flower colour of F t confirms that 'Soldaat K.', cryptomerically, has
the gene Vlae. Thelack ofred veins depends upon thegene Rk from 'Wagenaar'
and the 'violetred5'fruit colourupon C"from 'Soldaat K.'. The three-coloured
seedcoat is,astobeexpected, accurately thesame asincross 9(CC'ggBb), the
'main colour' being greenish brown, the 'striping' over itgreyish violet andthe
'background mottling' in it very pale buff. Seefurther the F2-analysis.
From each F t -plant a rather small F2-family could bebred, families14961498'37,together 194harvested plants. TheF2-segregation isshown in table 9:
intheupper part,a.,thepartly coloured ttandinthe lowerpart, b.,the T.-plants
with totally coloured seed; both, a. and b., divided into the three groups CC,
CCst andCstCs', each group being subdivided, according toB-bandRk-rkd, into
four sub-groups, seetable.
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TABLE 9. Seedcoat colour in F 2 of cross 10,'Wagenaar' with 'SoldaatJ'.Inthelowerpart of
the table the colours and the connections between them are explained.
CC — dark pattern
colours
bb

bb

B.

rkïrk* Rk. rkArkA
a. partly colouredseedcoat(it) :
1496'37
0
0
1
0
1497'37
1
2
0
0
0
1498'37

Rk.

B.

rhfirk* Rk. rkdrkd

1
4
4

0
0
0

2
4
0

9

0

6

1

3

b. totally coloured seecoat
0
2
1496'37
0
1497'37
2
0
4
1498'37

13
(T.):
2
5
1

2
4
5

0
2
0

3
7
5

0

8

8

11

2

0

27
9 11

total It

0

total T.
total

tt+T.

dark p a t t e r n

40
colours

c s t c s t = striped
seedc. colours

= striped a n d
mottled

1
1
4

6
4
3

0
0
0

0
2
1

6

13

0

3

25

20
(CC)

2

D B,

Rk.

1
0
0

3
6
5

15
24
17

1

14

3
3
2

5
5
9

8

19

138 T.

9

33

194 tt+T.

56«

18
5
7
9

12
15
11

0
0
1

1
3
3

15

21

38

1

7

21

76
27

35
53
50

35
51

101
striped a n d mottled ("CC';
(— 'threecoloured')
'main colour':
as C C (to the left)
'striping' :

Si.

B.

bb

rkarkd Rk. rkdrkd

Rk.

total

± as C S , C S ' (to

the right)
'background
mottling' :
reddish (with rkdrkd)
pale buff (with Rk.)

1

10

53
striped seedcoat col. ('C s t C s l ;

2 S- 2 3

o a" o m

S.S. 8-1
? -s.
— s» s.

a- Si-

E'S

In the CC(JJ) shiny darkpatterngroup the Rk. non-recessive redcolours are
of course (as in cross 9)(grey-)greenish brown, B. (scheme:VI-3 or VIII-3),
and pale greenish yellow, bb (scheme: VI-1 or VIII-1). The latter colour,
CCbbRk.,is by rkdrkdchanged into a realreddish colour (with pale greenish
yellowunder it),whilethegreenish brown, CCB.Rk.,byrlérk* isnot somuch
changed, CCB.rkdrkdshowing a reddish haze over the (darker) grey-greenish
brown. In the CstCst(JJ) shinystripedgroup the Rk. non-recessive reds have
either greyish violet stripes as F1} B., or clear red stripes already known from
chapter III, bb,both colours upon a pale buff background. Byrkdrkdthe pale
buff background of both, B. and bb,is changed into the typical recessive red
background (asin the 'Soldaat K.' parent), while the red stripes of bbbecome
slightlydarkerandthegreyishvioletstripesofB.muchdarker,liketheblackish
grey-violet stripes of 'Soldaat K.' that really has the genotype CstCs\JJ)ggBBrkdrkd.In the striped and mottled CCst{JJ)group at last three colours are
combined:dark pattern 'main colour', thecorrespondent 'striping' overit,and
the'background mottling'init:palebuff whenRk. and redwhenrkïrlé.Inthe
lower part of table 9 the colours and the connections between them are once
more explained.
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According to table 9the monofactorial segregations were:
1. Partly coloured, tt,againstT.: 56(exp.48.5)and 138.
2. Dark pattern, CC, heterozygous, and striped, C"Cst: 40 (exp. 48.5), 101
(exp.97)and53.
3. Without 'greenish brown factor', bb,against B.: 43(exp.48.5)and151.
4. Recessive red, rkdrkd,against Rk.: 50(exp.48.5) and 144.
Bifactorial segregations were as follows:
Expected:
1. T-C:
or:
2. T-B :
3. T-Rk :
4. C-B
or:
5. C-Rk :
or:
6. B-Rk :

12.1
18 ttO'C'
13 ttCC
10ttbb
10 ttrk'rk*
9CCbb
11Cs'C"bb
10Cs,Cs,rkdrk"
11 CCrkdrkd
3 bbrkdrk"

+ 36.4
+ 38 ttC.
+ 43 ttC".
+ 46 «B.
+ 46 ttRk.
+ 31 CCB.
+ 42CS,CS'Ä
+ 43 C"Cs'Rk.
+ 29 CCR/t.
+ 40 bbRk.

+ 36.4
+ 35 T.O'O'
+ 27 T.CC

+ 109.1

+ 103 r.c.

+ 33 r.w>

+ 40 T.rkdrkd
+ 34 CS'.M>
+ 32 Cbb
+ 40 C.rkdrkd
+ 39 Cs'.rkdrkd
+ 47B.rkdrkd

+ 111 r.c s '.
+ 105 T.B.
+ 98 r.ijjt.
+ 120CS'.B.
+ 109 C.B.

+ loi cat.

+ 115 O'.Rk
+ 104B.M.

Clearest indicationfor linkage is in 6, B-Rk, the recombinant value being
calculatedas26.4± 6.6or,amongthetotallycolouredonesonly,as27.5± 7.8.
It must be remarked that 194 is a low number and the number of 3 double
récessivesverylow.Thesamelinkagewillbemetanddiscussedincross12,p.48.
AccompanyingcoloursofF 2 willshortlybediscussed.Astobeexpectedthe
plantswithpartlycolouredseed,tt,showedgreencotyledonsandhypocotyland
'white'flowerwithout red tip standard, the -R/c.-plants also without red veins
wing,but therecessivereds,rkdrkd, allwithtraceofredveins,asthe'SoldaatK.'
parent or slightly more or less. The fruits of the »-plants practically always
were green, cf. however p 30. For plantswith totally coloured seed, T., the
accompanying colours are tabulated below:
genotype

cotyledons

dark pattern (CC): 3.9(1-6)

hypocotyl

flower

1.6(0-5) pale 1.

striped (C st C sl ):

2.9 (0?-5) 0.1 (0-2) pale 1.

threecol. (CC st ):

3.0 (0?-5) 0.9 (0-4) pale 1.

lip stand.

all—tip

veins wing

fruit colour

i M . : - r e d veins)
rkdrk6: +red v. |

v

4 (

3)

tip?, sl.t. IRkj —red veins)
violet red 5.9 (5-8)
to clear t.
[ rk°rka'. + r e d v . |
Rk.: —redi
~ t j > to
viol, red 5.1 (3-6)
slight tip
\rkdrkd; + r e d v . |

»I

ConclusionhastobethatallT.F2-plantshavesomepinkanthocyanininthegerm
plant, especially in the cotyledons, the striped seeded ones however, as in the
other cases, none or very little in the hypocotyl. All flowers pale lilac, red tip
always lacking in CC,lacking to slightin CCstand slight to clear in Cs,Cst(in
the few C'C' plants scored as '—red tip', itprobably hasbeen overlooked by
the allover pale lilac flower colour, vlaeVlae,as always shown by F3-families).
Fruit colour for the three types isasusual, the heterozygotes CCstbut slightly
below Cs(C"-colour. Red veinswing are lacking in Rk. and always present in
rkdrkd, recessive red seededplants.
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As regards the partly-colouredness, the F 2 segregated for one more gene pair.
Of the 56 «-plants, with partly coloured seeds, only 14, exactly J, showed the
typical 'soldier' figure of the parent race, six (or less) colour centres, often as
separate units, being visible (cf. fig. 6 or 7). In the remaining 42 tt plants the
colouredpartwas greater, the white part being restricted,in extreme cases to a
very small area, dorsal-terminally localized in the radicula half of theseed. F 2
(and F 3 ) showed that the difference depends upon one main genepair with an
intermediate, variable heterozygote (plus, probably, a gene pair with a much
smaller action). The main gene pair is, preliminarily, indicated as Restr-restr,
from restrictus, the 'soldier type' with its sixcolour centra being restr restr. The
heterozygous genotype, tt Restr restr, showsa variable expression that cancome
very near the 'soldier type', but that can always be distinguished from it by the
presence of two more colour centra, 7 and 8, cf. fig. 8. The comprehensive
literature on partly-coloured Phaseolus seed, mainly from LAMRPECHT and
SCHREIBER, will not be analysed now and the symbol Restr-restr isbut used preliminarily.
F 3 was represented bij only 13families, 2240-22521938. It confirmed seedcoat colour analysis and also the experience regarding the accompanying
colours.The CCS'F 2 -parentsoffam. 2246and 2247showedlessvioletredin the
fruit than normal:3or 3-4 instead of(4,) 5,6.The F 3 heterozygotes showed the
same low values, the homozygotes CstCst slightly more, 'violet red 4 - 5 ' . In no
other cases the fruit colour of C s 'C st -plants or families was as low as this.

t-v:* ¥ ».* £ * * 75'^ T';jL*,i-V:*.
ft

TJ

FIG 8. Seeds of two plants with the genotypeP.tt Restr restr.The type can be distinguished
from P. tt restrrestr(soldier-type) bythepresence of two more colourcentra, 7 and 8, see
middle seedinupperrow. Cf. figs. 6and 7.
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Summarizing the results of cross 10, 'Wagenaar' with 'Soldaat K.' it can be
stated that thepleiotropic actions of T-t and C-Cstasfound inpreceding crosses
are confirmed. Also the pleiotropic action of Rk-rkd as described in cross 8,
T
'White J' with 'Soldaat K', is confirmed :P. „' Rk. iswithoutredveinswingand
P. T/ rkdrkd always with red veins; in totally coloured T. over the whole wing
and inthepartly white-seeded »-plantsa trace ofredveinsinthe lowerhalf of it.
The 12colour types depending on the segregation for C-Cs',B-band Rk-rkd are
described. The main gene pair that influences the extension of the coloured (or
white) part of the seedcoat received (preliminary) the symbol Restr-restr, restr
restr having 6(or less) colour centres and Restr restr two more, centres 7and 8,
see fig. 8;the white part of Restr Restr can be very small.
Cross 11: 'YellowbrownJ.' with 'White 7.'
From this crosssome small F2-families andan extensive F 3 , fam. 706-775'35,
were bred from crosses made by chief-gardener JANSEN. Much experience was
gained, but no complete understanding was reached. Later this F3-material and
F^-families derived from it will be returned to.
In 1936three Fi-plantsafter own crosseswerebred. Genotypes of the parents
and F t are:
'Yellowbr.J.': PPTT C C (DD)JJGG bbVlaevlaeRkRk(. . .
. )
'White J.':
ppTT CstCst( . .JJJgg BBv v RkRk(clcl restr restr)
'Feeing:
PpTT C CS'(D .)JJGg BbVlaev RkRkfcl. restr . )
Because of homozygous JJ the hilumring gene pair D-d can not be discussed
and because of homozygous TT the action of Cl-cland Restr-restr, visible in tt
plants, cannot be seen. Segregation in F 2 must be visible for PpCCstGgBbVlaev.
Colour characters of parents and F, were:
'Yellowbr.J.':
'White J.':
Fi (CCst):

cotyl.
pink (2?)
green
greenf?)

hypoc.
pink 3
green
green

flower
pale 1.
white
very p.l.

tip stand.
stand. f veins
'veins
wing~\
wing fruit
red tip
— red v.
pink 2 - 3
red tip
— red v.
pale pink 1-2
trace r.t. .— red v._
violet red 6

cf. CCS<in F 2

yell.br. d.p.
white
str. a n d mottl.
(three-coloured)

These colours need hardly any commend as they are explained by the genotype. Of much interest is the 'main colour' of the threecoloured seed of F 1 ;
genotype GgBb, i.e. dominant for 'yellowbrown factor' and for '(grey-)greenish
brown factor' :it really isdark brown,as the CC G.B.dark pattern colour VI-4
or V n i - 4 in the scheme, the 'striping' over it is very dark (blackish)brown, the
'background mottling' isagain pale buff ( = not influenced by Gand B).
From the three own F t -plantsthree F2-families were bred and, supported by
the extensive experience already gained, completely analysed, see table 10, in
which segregation for Vlae-v that influences flower colouronly,hasbeenleft out.
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With heterozygosity GgBb there are,in each of the three main F 2 -groups,
CC, CCS'and C"CS', four colours tobeexpected.
a. Inthedark pattern type, CCit are:
P.JJCCggbb = scheme VI-1 orVIII-1 = pale greenish yellow (canary)
P.JJCCG.bb = scheme VI-2 orVDH-2 = yellowbrown
P.JJCCggB. = scheme VI-3orVIII-3 = (grey-)greenish brown
P.JJCCG.B. = scheme VI-4orVIH-4 = dark brown
b. Inthecorresponding striped types, Cs,Cst, itare (seetable10):
P.JJCstCstggbb : redstriped,
onpale buff
PJJCs,CstG.bb : orange redstiped,
onpale buff
P.JJCs,CstggB. : greyish violet striped,
onpale buff
PJJCstCs,G.B. : dark (blackish) brown striped, onpale buff
c. Inthefour threecoloured CCst-types thecolours ineach ofthe four are:
'main colour'asthe corresponding colour in CC,
'striping' over itasthe corresponding colour in C"C st ,
'mottling' initalways pale buff, asthebackground inC st C s '.
These relations are once more explained inthelower part oftable10.
TABLE 10. Seedcoat colour inF 2 ofcross 11, 'Yellowbr.J.' with 'WhiteJ.'
white
seedcoat

dark :p . colour (CC)

totally coloured seedcoat (P.)

PP

ggbb G.bb ggB. G.B.

1037'36
1038'36
1482'37

36
40
16

2
0
1

7
9
3

total

92

3

19

4
3
0

18
23
6

4
2
0

7

47

76
CC = = dark p a t t e r n

•<
c

(dark)brown (VI-4
grey-greenish brown
(VI-3 or VU 1-3)
yellow browr (VI-2

n

str. a n dmottl. {CC?')
ggbb G.bb ggB. G.B.

ggbb G.bb ggB . G.B.

32
58
13

2
2
1

7
7
5

6 25 37 103

5

19

9 19
11 14
5 4

171
CC?' = three-coloured
'main colour's
as CC(tothe left)
'striping' :
± asC"CS' (to the right)
'backgr. mottling':
all pale buff (Rk.)

(Cs'Cst)

striped seedcoat

total

7
11
4

25
20
6

172
200
64

22

51

436

97^
C'C'^:

•6'

striped
o•t

TO a

S3
W

1

n<-t
n

a

M

ST

" !""
a- •5"

3

background :
all pale buff (Rk.)

The monofactorial segregations, cf. table 10,were:
1. white,pp, against coloured, P.: 92(exp. 109) and 344.
Among the344coloured seeded plants:
2. dark pattern, CC,heterozygous, CCst, andstriped, CstCst: 76(exp. 86) 171
(exp. 172) and 97.
3. without,gg,against with'yellowbrown factor', G.: 77(exp.86)and267.
4. without, bb,against with 'grey-greenish brown factor', B.:80(exp. 86) and
264.
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5. whiteflower,vv, against palelilac,V,ae. (not intable): 87(exp.86)and257.
The numbers for bifactorial segregations (and possible linkages) were:
1-4. No clear linkage of P-p with one of the other gene pairs existed, seethe
monofactorial segregations 2-5 above.
Bifactorial segregations for the 344P.-plantswere:
Expected:
5. C-G :

or:
C-B

or:
C-V":

or:
G-B:

:

21.5
27e'C'gg
10CCgg
22CCbb
24 C'O'bb
23 Cs'Cs,vv
12 CCvv
14ggbb

64.5
70C5,CS'G.
66CCG.
54 CCB.
73 Cs,CstB.
74 Cs'C"Vlae.
64 CCV'ae.

66œ£.

64.5
53C.gg
lOC'.gg
55Cst. bb
53C.66
55C.vv
66Cs'.vv
63 G. bb

193.5
194C.G.
198Cs'. G.
213Cs'.B.
194C.5.
192C.F"".
202 Cst. V".
201G.5.

9.and 10., the relationsofG-gandi?-ètoVlae-v,havenotbeenworkedout(independence G-B-Voftenproved).
General conclusion after checking: no case ofclear linkage.
The'accompanyingcolours'willbe discussedina few remarks, as the normal
tabulation waslesseasy.
Allpp-pl&nts gave the normal picture: quite green seedlings, purely white
flower, fruit somepaleanthocyanin, seedwhite.
The seedling colour of the P.(TT) plants was variable, though two points
seemed clear: none of them probably was quite without anthocyanin and
secondly, asin all other cases, the hypocotyl of the homozygous CS'CS' plants
was usually green. Also for the further C-Cst characteristics the situation was
quite normal:
CC , all without red tip,fruit about pink 3(1-5),
CstCst, allwith red tip, fruit violet red, slightly over7
CCst , 171 plants,wereveryinstructive.Likenormaltheirvioletredfruit colour
was slightly lessthan with CstCst, viz.about 6(5-7),but especially the
relation of 'red tip' to V'ae-v is important. Among the 128 CCstVlae.plantsmanywerescoredas'— red tip' or 'trace red tip?', while among
the 43 CCstvvbut two were scored as '— red tip' :experience with F 3
and F 4 haslearned that onwhite vv-colourthe smallest red tipismore
easynoticedthen on (very) pale lilac overall colour, Vlae.. In F 3 from
both above mentioned CCstvv-plants without red tip, fam. 1555 and
1556'37,the red tipwasfor that matter clearlyvisible.
F 3 - and F4-families were bred in 1935(fam 706-775, seep.41), 1936 (fam.
1196-1224)and 1937(1555-1566), aspreparation for an accurate F2-analysis,
forcontrolofdiagnosis,orforcheckingof'deviations'.Hereonlyafewremarks
willbe made.Generallyitcanbestatedthat hardlyanyreal deviations from the
often mentioned pleiotropic relations occurred, seehoweverbelow.
An important group deviating plants were F 2 'P.CC"'-ones in which the
striping was not atall detected(gaveF3-fam. 1196-1200)or was but hardly visible
(gave F3-fam. 1201-1204). These F2-mother plants were all scored as '— red
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tip' or 'very small redtip',but their fruits showed the normal 'violet red 5-7'
colour. Eight of these nine F3-families segregated normally into J CC(—red
tip, fruit slightly pink, seedcoat dark pattern), | CCS' (without or with very
small red tip,fruit normal 'violet red 5-7', stripes on the three-coloured seedcoat usually faint but almost always visible) and | CstCs' (small red tip, fruit
'violet red 6-8', stripes on seedcoat somewhat pale). From these and other
careful studiesduring 1935-1938 I received theimpression that there exists, in
additionto C-Cst,(atleast) onemoregenepair that regulates size of the red tip
standard andalso contrast orvisibility ofseedcoat- stripinginCCst- and C"Copiants, but dueto the high weather-caused variability, the situation could not
completely becleared up.In thenineth family, no.1200, the striping had really
completely disappeared, butthisfamily willbeanalysed (asother 'crossing-over'
individuals, seep. 17, 24and37)ina special article onthe 'complex locus C".
Onegroup ofF 2 -plantsandF3-families remained rather puzzling. F3-families
1214—1218'1936 came from CC dark pattern seeded F 2 -plants the flower of
which hadbeen described aswhite (vv)but'with orprobably witha trace ofred
tip standard in some flowers orbuds', though P.CC(vv) generally shows nored
tip.Allfivefamilies (accidentally?) segregated for P-pand the whiteseeded ppoffspring wasalways scored ashaving 'green seedlings' and'pure white flower',
whileatleast part oftheP.CC (vv)plants,with somepink intheseedlings, again
were scored as'white'and 'with a traceofred tip', though usually 'on theverge
of visibility'. The writer has no explanation, though fruit colour too seemed
slightly higher than normal in P.CC-plants.
The next four families, 1219-1222'36, really came from P.CC dark pattern
seeded plants with somewhat more and slightly more intense pink fruit colour
than normal for such plants. Their offspring tooshowed a slightly higher extension (average:4.2,3.8,3.6and4.0)andintensity ofthe pink thanusual,but both
extension and intensity remained below the violet red of CCst or CstCst while
no 'red tip standard' was observed.
The general conclusion from cross 11, 'Yellowbrown J.' with 'White J.', F x
PpCCs'GgBbV'aev, isthat thepleiotropicactionsofP-pandC-Cst,save for afew
doubtful cases(P.CCplants withpossibly a traceredtip),areconfirmed. Important isthat F x hadthegenotype (PpJJ)CCstG.B. andthat therefore the colour
series ggbb, G.bb,ggB.and G.B.could be studied andcompared as:
CC, darkpattern types (scheme V I -or VDI-l, - 2 ,- 3 , -4), ) ,
,,
CCst, threecolouredtypes,
No clear cases of linkage were found. - Seealsofig.9, cross 11.

)

Cross 12:'Yellowbrown J.' with 'Soldaat K.'
This appeared tobe thecross withfar themost difficultiesand complications]
The genotype of parents and F l s as far as known up to now (save for Restr
Restr, CIClandDef Def of 'Yellowbrown J.' or defdef from soldaat K.', that
will belearned from thepresent cross) is:
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'Yell.brJ.': PPTTC C ..JJGGbbVlaeVlae RkRk (Restr Restr CIClDef Def)
'Soldaat K.': PP tt CstCs' ..JJ ggBBVlaeVlaerkd rkd (restr restr CICl def def)
Fi being: PPTt C Cs,..JJGgBbVlaeVlaeRk rkd (Restr restr CIClDef def)
During 1936, '37 and '38 small F x families were bred, all together 14plants.
The colour characters of parents and F t were:
cotyl.

'Yell.br.J.':
*Sold.K.':
Fi (CCst):

pink 2(?)
green
pinkl(?)

hypoc.

flower

lipstand

veins wing

fruit col.

seedcoatcol.

pink 3 pale 1. —red tip
—red veins pink 2 à 3
yell.br. d.p.
green
white
— red tip
+ trace r.v. green
partly col.
green(?) pale 1.
+ trace r.t. —red veins viol.red 5-6 totally col.

cf. CCS' in F2

For seedling colour see, as in the other crosses, the corresponding F 2 -group.
The remaining accompanying colours follow from the Fi genotype. The totally
coloured seedcoat isofcourse threecoloured:CCS'.Thanks to thegenotype (JJ)
GgBb its three colours are, as in cross 11 :
'main colour': dark brown (as CC-colour VI-4 or VIII-4 in the scheme),
'stripes over it':very dark blackish brown (variable colour),
'mottling in it':the normal pale buff ( = not influenced by G or B).
Five F 2 families were bred: 1487-1490'37 and 1639'38. Together they gave
532 completely (or almost so) described F 2 -plants, cf. table 11. As in cross 10,
'Wagenaar' with 'Soldaat K.', | of F 2 was partly coloured tt (upper part a. of
the table) and f totally coloured T. (lower part b. of the table). Segregation in
cross 10 and cross 12 is the same, except for the fact that cross 12 moreover
segregates for the 'yellowbrown factor' pair G-g, the heterozygous part of the
Fi-genotype being TtCCs'GgBbRkrkd (and Restr rest for colour-extension in
the partly-coloured seeded «-plants of F 2 ). The three main colour groups in F 2
therefore willbe CC, CCst and Cs,Cst (both in tt and T.), eachgroup subdivided,
in case of complete dominance, into 8types: for G-g,B-b and Rk-rkd. Leaving
dominant red (Cst.) and recessive red (rkdrkd) first out of consideration, i.e.
restricting us to the shiny dark pattern colours (JJ)CCRk., represented in rows
VI and (or) VIII of the scheme p. 82, the four F2-colours depending upon
segregation for GgBb were easily recognized.:
1. (CCJJ) ggbb (Rk.):
2. (CCJJ) G.bb(Rk):
3. (CCJJ) ggB. (Rk.):
4. (CCJJ) G.B. (Rk.):

pale greenish yellow (canary), scheme: VI-I or VIII-1,
yellowbrown, scheme: VI-2 or VIH-2,
(grey-)greenish brown, scheme: VI-3 or VHI-3,
dark brown, scheme: VI-4 or VIII-4: this dark brown
is the 'main colour' in the seed of Fi.

The corresponding colours of the F 2 CstCst-shiny striped types appeared to
be, according to F 2 , F 3 and F 4 experience:
la. (CS,CS,JJ)
2a. (CS,CS,JJ)
3a. (CstCs'JJ)
4a. (CstCstJJ)

ggbb (Rk.) :red striped
upon pale buff backgr.
G.bb(Rk.) :orangered striped
upon pale buff backgr.
ggB. (Rk.) :greyish violet striped
upon pale buff backgr.
G.B. (Rk.): dark (blackish) (very
variable) brown striped
upon pale buff backgr.
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The pale buff background is not influenced by G-g,B-b or V-v.
Thefour corresponding threecoloured heterozygotes CC'Rk. always showed:
as 'main colour' the colours 1, 2, 3, or 4 above,
as 'striping' over it the colours la, 2a, 3a, resp. 4a, and
as 'background mottling' for all four thepalebuff background of Cs'Cs'Rk.
In describing the 12 J?&.-colours above, viz. the CC-dark pattern group, the
CstCs,-striped group and the threecoloured CC"-group, all three groups segregatingfor G-gand B-b,westarted from the shiny dark pattern group CCJJ, for
four main reasons:
a. The group of the 8 shiny dark pattern colours (scheme p. 82, row VI, 1-8
and/or VIII, 1-8) isthemostaccurately analysed and described colour group,
andalsothegroupinwhicholder(KOOIMAN, 1920,LAMPRECHT,1932,PRAKKEN,
1934) and younger authors (FEENSTRA, 1960, NAKAYAMA, since 1957) repeatedly came to the same genetical scheme, viz. segregation for G-g, B-b
and V-v(or Vlae).
b. An accurate description of all colours, variability included, with the help of
some of the more generally used four or five colour systems would become
very long and still be very unsatisfying and confusing.
c. Also the use of coloured pictures (or fotographs) isunsatisfying, as the likeness hardly ever is complete and often very poor.
d. The precise aim of the present article is to bring the '"yellow-black colours'
and the ''dominant red''and 'recessive red'' colours into the same genetical
scheme, and to describe all gene actions asfar as possible in general terms.
In describing now the 12 'recessive red' r&'VA:d-coloursoccurring in cross no.
12, one-for-one corresponding to the 12i?£.-colours described above, quite the
same method willbe followed, i.e. the starting again willbe from the four shiny
dark pattern colours (CCJJ)°°

ß

(Rk.) described above under /., 2., 3. and 4.,

in each of them replacing Rk. by rkdrkd:
lb. (CCJJ) ggbb (rkdrkd) :really reddish ( = red over pale greenish yellow)
2b. (CCJJ) G.bb{rkhk*): slightly orange reddish ( = red over yellowbrown)
3b. (CCJJ) ggB. Wrk*) : dark grey-greenish brown with slight reddish haze
over it.
4b. (CCJJ) G.B. (r^rk*) :(very) dark brown with slight reddish haze over it.
Inthesameway,compared with the four (Cs,CstJJ) Rk. striped types above (la,
2a, 3a, and 4a,), the corresponding rkdrkd striped types are:
1c. (CstCstJJ) ggbb(rkdrkd) : dark red striped
upon reddish background
2c. (CS'CS'JJ) G.bb(rkdrkd) :dark orange red striped upon reddish background
3c. (Cs,Cs'JJ)ggB. (rkdrkd): (very) dark
greyishviol, striped
upon reddish background
4c. (Cs1CstJJ) G.B. (rtfrk*) : verydark (blackish) variablebrown stripeduponreddish background
The background ishardly or not influenced by G-g, B-b, (or V-v).
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The four corresponding threecoloured heterozygotes (CCs')rkdrkd always
showed:
as 'main colour' the colours lb., 2b.,3b.or 4b.,
as 'striping' overitthe colours lc, 2c,3c resp. 4c,
as 'background mottling' in it for all four thereddish background colour
ofCstCstrkdrkd.
Thiswholeexplanation meansthat F 2 ofthepresentcross(thett-and theT.types) should besubdivided into 12rkdrkd+ 12Rk.colours, i.e. should show
24columns. Intable 11however but 12columns arepresent: segregationfor
G-ghasbeenleft out,andtherefore thestructureofthetableispreciselythesame
asoftable9,forF 2 ofcross 10,'Wagenaar' with'Soldaat K.', whichcrossdoes
not segregatefor G-g.
The reason forthis simplification isanunfortunate complication, viz.segregation ofa type that I found mentioned casually only once inthe PhaseolusTABLE 11. Seedcoat colour inF 2 ofcross 12,'Yellowbrown J', with 'Soldaat K.'. The Figenotype,asfarasheterozygous, was TtCC"GgBbRkrkdRestr restrDefdef, butin the table
the segregation forG-g, Def-defand Restr-restrhas been left out, cf. text.
bb
rkdrkd

total 11

bb

B.

rkdrkd Rk.

rkdrkd Rk.

B.
rkdrkd

Rk.

a. Partly coloured seedcoat(tt):
0
1487'37
0
1488'37
0
1489'37
0
1490'37
0
1639'38

1
1
1
1
1

0
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1
0
1
3
3

1
4
4
4
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0
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2
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literature (KAJANUS 1914). It depends upon agene pair that in F 3 of thiscross
partlyand manyyearslater completely hasbeen analysed bythepresent author,
andthat by him isgiven the symbol Def-def, derived from defectus: theaction of
the 'yellowbrown factor' G.is counteracted by defdef, in such a way that in the
shinydarkpatterncolour(CCJ.)G.defdeftheyellowbrown isbutpartly developed,
mainly at the ventral side, an irregular shaped dorsal part of variable size not
being yellowbrown but showing the pale greenish yellow of (CCJ.) gg. In shiny
yellowbrown G. colour it hardly produces any difficulty, but in (CCJ.) G.B.,
shiny dark brown, defdef has the analogous suppressing action upon G., less
clearly deliminated however and changing the dark brown more or less towards
greenish brown. And as rkrk, by darkening and by causing a reddish haze,
changes the greenish brown (ggB.Rk) in the direction of dark brown, it is clear
that, also in the threecoloured types (but lessin the striped CstCs'-ones), classification for G-gbecomesdifficult and had to beleft out from table 11, sothat each
of the 12columns contains gg + G. colours. Distinction between bb and B. is
not at all deminished.
The main monofactorial segregations are:
1. Partly coloured, tt, against T.: 144 (exp. 133) and 388.
2. Dark pattern (CC), heterozygous, and striped (CstCst): 130(exp. 132.7), 264
(exp. 265.6) and 137.
3. Without greenish brown factor, bb, against B.: 133(exp. 132.7 and 398).
4. Recessive red, rkdrkd, against Rk.: 147 (exp. 132.7) and 384
In segregations 2,3and 4,just above, one «-plant with completely white seed
could of course not be included. All segregations were also studied two by two
for linkage relations. As incross 10(table 9and p 39)sowasincross 12but one
case ofclear linkage found, the same one asincross 10,viz.between the '(grey)greenish brown locus', B-b, and the 'locus for recessive red', Rk-rkd, in the
repulsion phase.
Asthis linkage willappear ofmuch importance (seechapter VII) the complete
facts are given below:
cross 10:
cross 12:
together:

bbrk&rkà
3
26
29

bbRk.
40
107
147

B.rkdrki
47
121

B.Rk.
104
277

total
194
531

168

381

725

% recombinant gametes
26.4±6.6
41.8±3.5
38.8±3.1

The difference (15.4)between 26.4and 41.8 israther high, but because of the
low number in cross 10 the D/M of the difference is but 15.4:7.5 = 2.1, and
therefore it seems allowed to take both families together.
Tabulation of the accompanying colours in this cross is somewhat difficult,
but F 2 and a very extensive F 3 showed that principally there are hardly any
differences withthe preceding crosses, at least not with respect to T-t and C-Cs'
(G-gand B-bnever influence them), onlyRk-rkd needing some discussion, partly
with the help of the 125 F 3 and F 4 families: 1945-2028 and 2199-2226'38 and
2683-2695'39.
In F 2 of cross 12 it already became clear that there was some complication
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with regard to recessive red seedcoat colour rkdrkd and its pleiotropic action
'red veinswing'. In T.rkdrkd F 2 -plants, with totally coloured recessiveredseeds,
the 'red veins' varied from clear and sharp (as infig.9) to faint and hardly visible, sometimes so faint that in a few T. rkdrkd F 2 -plants it was overlooked, but
then it was, though very faint, always present in F 3 . Among partly coloured
recessive red F 2 -plants, however, ttrkdrkd, there were some plants that did not
show the 'trace ofred veins'in the lowerhalf ofthe wings,so typical inthe other
crosses with 'Soldaat K.', crosses 8and 10. F 3 - and F4-studies brought the explanation. By the diverse types of segregation it became clear that plants with
partly coloured recessivered seeds(ttrkdrkd) but 'without trace ofredveinsin the
lower half of wings', correspond to totally coloured ones (T.rkdrkd) that have
'very faint red veins over the whole wings', and that the partly coloured recessive red ones with the 'trace of red veins in thelowerhalf of wings' correspond
tototallycoloured onesthat have 'clearred veinsoverthewholewing'.It seemed
that, in T.-plants, 'clear red veins over the whole wings' was more or less dominant over 'very faint red veins over thewholewings'and also,in «-plants, 'trace
of red veins in lower half of wings' dominant over 'without trace of red veins
etc', but sharp classification and complete genetic analysis was impossible. In
figure 9 only the 'clear red veins' in T. and 'with trace of redveins'in tt arerepresented.
It rests still to mention that the 144 »-plants, with partly coloured seeds,
showed, like in cross 10, segregation for the 'main extension factor pair' Restrrestr, resulting in 34 with six or less centres (restr restr; exp. 36) and 110 with
eight centres (Restr.; more than eight 'centres' were never observed). The variation in sizeofwhite orcoloured parts ofthe seedcoat wasasextreem aspossible:
in one tt RestrRestr F 2 -plant (white flowers) all seeds harvested were totally
coloured(or better: no white spot was stated), while in one other F 2 -plant (tt
restr restr)all harvested seedswere completely white.The material (F 2 -F 4 ) made
probable, that together with the 'main gene pair for extension', Restr-restr, two
'modifying extension gene pairs' were active, but further details will not be discussed here.
Summarizing theresultsfor cross12,'YellowbrownJ.'with 'Soldaat K.', it can
be mentioned that segregation is for the same genes as in cross 10, 'Wagenaar'
with 'Soldaat K.', but moreover for the 'yellowbrown factor' G: TtCCstGgBbRkrkd (Restr restrDefdef). Many complications however occurred. - The numbers ofgg-againstG.-plantscould notbecounted accurately,because of segregation for a gene pair, Def-def,that in its homozygously recessive state, def def,
partly (esp. dorsally) suppresses the action of the 'yellowbrown factor' G. The pleiotropic action of T-t and C-Cstwas as in foregoing crosses and that of
Rk-rkd essentially too. In cross 12however, the 'red veins wing' in theT.rkïrk*
F 2 -plants varied from 'clear' to 'very faint' (one gene pair?) and that implied
that in part of the ttrkdrkd plants, normally all having a 'trace of red veins in
lowerhalf ofthewings', these 'traces'were completely lacking.- And as regards
the tt- F 2 -plants(seedspartly coloured) their seedsvaried, between plants, from
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(almost?) completely coloured to (almost?) completely white, with all stages
between:F 2 segregated for (Tt) Restr restr(main extension genepair) and moreover, att all probability, for two 'extension modifying gene pairs'. - In cross 12,
like in cross 10, linkage was found between the loci B and Rk, in the repulsion
fase, recombination percentage (both crosses taken together) 38.8 ± 3 . 1 .

V . A FEW CONNECTING CROSSES BETWEEN THE TWO GROUPS OF FOUR
(CROSSES 1 3 - 1 5 ) .

Cross 13: 'Citroen' with 'Yellowbrown / . '
From cross 1 in chapter III (Wagenaar with Citroen) and from cross 7 in
chapter IV (Wagenaar with Yellowbrown J.') the following genotypescould be
concluded:
'Citroen':
PPTTCCd
djjGGbbVlaeVlaeRkRk
'Wagenaar': PPTTCCDDJJg gbbVlaeVlaeRkRk
'Yellowbr. J.': PPTTCC.
.JJGGbbV'aeV,aeRkRk
As 'Wagenaar' and 'Yellowbrown J.' both possess the 'shine factor' / and /
is epistatic over D-d, it was impossible to conclude from cross number 7 the
genotype of'Yellowbrown J.': DD or dd. This connecting cross number 13
however must make it possible, see genotypes above (cf. also PRAKKEN I, 1940,
cross 5, p. 365-366): it appeared to be DD, see F 2 below.
Fj showed, as both parents,pink seedling,palelilacflower,noredtipstandard
and no red veins wing, slightly pink fruit (seed shiny yellowbrown), and the
same applied to F 2 that did not show any clear segregation for the accompanying colours.
The F2-segregation for seedcoat colour was as follows:
(greenish)yellow
(greenish)yellow
shinyyellowbrown
total
without hilumring
withh.r.andcar.str.
withhilumring
176
(CCddjjGG; scheme:II-2) (CCD.jjGG;scheme:IV-2) (CCf¥J.GG; scheme:VI-2
D
and VIII-2)
12 (exp. 11.0)
33 (exp.33.0)
131 (exp. 132)
In comparing this F 2 with that ofcross 1,'Wagenaar' with 'Citroen', the only
difference appears to be that in the present F 2 only colours of column 2 occur:
GG. From the presence of the 33 CCD.jf/GG-plants it immediately follows that
'Yellowbrown J.' (cryptomerically) is DD.
Cross 14: 'Hinrich's Riesen' with 'White J.\
The genotypes of parents and F! are:
'Hinrich'sR.':
'White J.':
Fj being Cs,Cst:
50

PPTTCstCstddJJggbbVlaeVlaeRkRk
(.
. ..)
ppTTO'O'. .JJggBBv
v RkRk (restr restr eld)
PpTTCs'Cstd.JJggBbV'ae v RkRk (restr . cl.)
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The colour characters were:
'Hinr.R.':
'White J.':
FiiCstCst);

cotyl.
pink 3.5
green
green(?)

hypoc.
± green
green
green(?)

flower
pale 1.
white
very p.l.

tip stand.
+ slight r.t.
— red t.
+ slight r.t.

'veins wing'
— red v.
— red v.
.— red v..

fruit
viol.red 6
almost green
viol.red 6

seedcoat
red striped
white
greyish viol.str

cf. however F 2

The very pale lilac Follower agrees with Vlaev, and that the striping isnot red
but greyish-violet depends upon B from 'White J.'.
The F 2 families, 1517—1518'37and 1651—1652'38gave, as expected, a simple
segregation for seedcoat colour, see table 12, with rather to many whites, pp:
TABLE12. F2-segregationcross 14,'Hinrich's Riesen'with'WhiteJ.'
family number

1517'37
1518'37
1651'38
1652'38
total
exp. 4:3:9

White
seeded
PP
22
17
22
28
89
66

red striped
P.O'C'JJbb
(vv+V'ae.)
12(2+ 10)
3(1+2)
9 (2+7)
14(4+10)
38(9+29)
49.5

greyish-viol. str.
P.CstCstJJB.
(vv+ V'".)

total

40 (9 + 31)
30(5+25)
31 (8+23)
36(13+23)
137(35+ 102)
148.5

74
50
62
78
264

Among the 175P.-plants segregation was:
ßylae
bbvv
bbVlae.
B.vv
total
102 (exp. 98.5)
175
9 (exp. 10.9)
29 (exp. 32.8)
35 (exp. 32.8)
These numbers agree well with independent segregation for B-b and Vlae-v,
1:3:3:9.
The'accompanying colours'in F 2 generally agreed with expectation, though
seedling colour was low:
pp(CsiCst)
P.ClCsl:

cotyl.
hypoc.
flower
: green
green
white
pink 1.2 (0-4) pink 0.3 (0-2) white to pale 1.

tip stand.
— red tip
+ slight r.t.
(a few - tip)

veinswing
— red v.
I — red v.

fruit colour
vety pale pink 0 - 3
violet red 6.8 (5-8)

AfewP. seedlingswere scoredas'green' 'green' for hypocotyl and cotyledons,
but even these were not totally green as thej?/?-plants:they always showed some
pink anthocyanin colour at the base of the first-leaf lamina, never found in ppplants. Red tip standard varied from '-tip' via 'trace?' and 'trace' to 'slight red
tip', while F3-families of this cross were not bred. Fruit colour was quite as to
be expected.

Cross 15: 'Hinrich's Riesen' with 'Soldaat K.'
The genotypes ofparents (those of'Hinrich's Riesen' placedbetween brackets
will become known by the present cross) and F t are:
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'Hinr. R.': PPTTCstCstddJJggbbVlaeVlaeRkRk {restr restr CICl. . ).
'Sold.K.': PPttCs'Cst. .JJggBBVlaeVlaerkdrkd {restr restrCICl defdef).
Fj being: PPTtCs'Cs,d.JJggBbVlaeVlaeRkrkd {restr restr CICldef .)•
Two Fi-families were bred, 1306c'37 (4 pi.) and 1590'38 ( 5pl.). F r plant
1306c-2gaveF2-family 1658'38and1306c-lgaveF2-family2488'39,fromwhich
latter family fruit- andseedcoat colour arenotknown. These details arementioned because ofsomeunexpected orcontradicting results, seebelow.
Colours ofparentsandFx (fam. 1306c'37)were:
'Hinr.R.':
'Sold.K.':
F!(CstCst):

cotyl.
pink 3.5
green
pink 1.8

hypoc.
green
green
green

flower
pale 1.
white
pale 1.

tip stand
+ slight r.t.
— red t.
+ slight r.t.

veins wing
— red v.
+ trace r.v.
— red v.

fruit
violet-red 6
green
violet-red 6

seedcoat
red striped
partly col.
greyish viol.str.

cf. T. CstCst in F 2

TheFi-coloursabovearethoseoffamily 1306c'37andthepink 1.8cotyledon
colourcomesfrom thepinkvalues 1,2,2and2forresp.plant 1,2,3and4.The
green hypocotyl colour is asto be expected in CS'CS' F^plants and alsothe
remaining coloursareinagreement withtheFi genotype.Asregards seedcoat
colour, the red stripes of 'Hinr. R.' are changed into greyish-violet by Bof
'Soldaat K.',whiletherecessiveredbackground of'Soldaat K.'ischangedinto
palebuff by Rk from 'Hinr. R.'.
Only oneF2-family, 1658'38,wascompletely analyzed. Itsseedcoat colours
were:
a. partlycol.(«):
b. totallycol.(7".):
total {tt + T.):

bbrk"rkd
1
2

bbRk.
2
17
19

B.rkdrkd
3
12

B.Rk.
13
33
46

total
19
64
83

These F2-numbersaretoosmall for making a dependable linkage analysis,
butatleastintheT.-groupandalsointhetotalnumbersthereissomeindication
oflinkagebetweenB-bandRk-rkd,thesameasincrosses 10and 12:weaklinkageintherepulsion phase.The nolessthan 13ttB.Rk.-inàWiàu&te (seeabove)
are rather disturbing in this connection, but asall «-plants were of the restr
restrtype (with 6or less colour centres,in somecases extremely small) afew
mis-classifications mightbepossible.Whenitisfurther noticed that amongthe
19«-plants no'circumlineated' del types occurred, thegenotype of'Hinrich's
Riesen' placedbetweenbrackets,restr restr CICl, isexplained.Asboth parents
lack the'yellowbrown factor' G,itisimpossible todecidebetween DefDefor
defdef, thelatter being thegenotype of 'Soldaat K.' (cf. cross 12,p. 48).
The unexpected or contradicting results mentioned before were in someof
theaccompanyingcoloursinFi andF 2 . MotherplantofF2-family 1658'38abovewas F r plant 1306c-2 1937.Its cotyledon colour wasscored as pink 2,its
hypocotyl,asisnormalinCstCst, as green.Amongthe 64totally coloured(T.)
F2-plants most hypocotyls were green (= pink o)anda fewpink 1,average
valuepink 0.1,quiteastobeexpected. Unexpected, however, wastheverylow
pinkcolourofthecotyledons:3= ?,42= green, 17= pink 1 and2= pink2,
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average value as low as pink 0.4 (Fx mother plant: pink 2). F2-family 2488'39
however, the F^mother plant of which but showed cotyledon colour pink 1,
gave much higher F2-values. Seedcoat colour of this family isnot available, but
flower-colour was 22white = tt and 57pale lilac (T.). In these 57T.-plants the
hypocotyl-colour values were:1= ?,38= green( = pink0), 12pink 1,5 = pink2
and 1 = pink 3,averagepink 0.4;thecotyledon-valueswere:1= ?,1= green,4 =
1, 17 = 2, 26 = 3, 7 = 4 and 1 = 5, average pink value 2.7. - This contrast
between the two sister F2-families, 1658'38 and 2488'39, has probably to be
looked at as the most extreme case ofinfluence by time (of scoring) or of temperature (during seedlingdevelopment).Thecasehasnotbeeninvestigated further,
as during the winter 1939-40 I left the country. When returning during the
winter 1945-'46 the whole seed material 1934-1939 had died by moisture and
low temperature in a severely damaged institute.
The second point, not quite unexpected, referred to the red veins, more or
lessclearly visible in rkdrkd, invisible in RkRk and usually in Rkrkd too. During
1935—'37it happened in a small number ofcasesthat an F2-T.Rk.-plant (totally
coloured, non-recessive red seedcoat) had been scored ashaving, either over the
wholewingsorespecially intheupper part ofit,averyfinedoubtful red veining,
indicated as' + ? redveins?'or lateras' + red veins,but inreality-'. Seeds from
a few ofsuch F 2 -plantswereusedfor a control F3-family. Thesecontrol families
always gave | rkdrkd plants (recessive red seeds) with very clearred veins,while
part of the Rk. plants again showed the same type of extremely fine doubtful
red veins. Conclusion: in case of 'very clear red veins wing' in the rkdrkd
plants, the .RArA^-plants can show the phenomenon described above, i.e. Rk
being incompletely dominant or, the same, rkd incompletely recessive.
Now the situation in F^family 1306c'37 that gave F2-family 1658'38 and
2488'39 (from the latter family no seedcoat colour known): all four plants of
1306c'37 were scored as '— red veins'. Of F2-family 1658'38 all 2 + 12 = 14
T.rkdrkd plants showed ' + very clearred veins', while the 17 + 33 = 50T.Rk.plants ultimately all were classified '—red veins', more than half of them, however, of the type ' + r.v., but in reality —', certainly the Rkrkd heterozygotes.
With Fi-family 1590'38thecirclebecameclosed:itsfiveplantsall were scored
as ' + very fine r.v. inwingsof openflowersorinupper half of wings fullgrown
buds, but in reality —red veins'. Family 1590'38 is the only F t Rkrl^family
in which this observation was made. This may depend upon the year after
year more accuratescrutinizing, but also upon the fact that this F t really wasthe
most homozygous onefor genes intensifying the red veins,or possibly upon both
causes together. F 2 from Fi-1590'38 has alas not been studied.

VI. DISCUSSION OF AND CONCLUSIONS FROM THE PRESENT CROSSES

A. Introduction
The material analysed consists of two groups of diallelic crosses (chapter III
and IV) plus three 'connecting crosses' (chapter V). The 'names' of the parent
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varieties, their pheno- and genotypes and the crossing schemes are given at the
beginning ofchapter III (crosses 1-6) and chapter IV(crosses 7-12; the connectingcrosses ofchapter Vare numbered 13-15.At theend of eachcross 1-12 the
main conclusions are mentioned.
First aim of the analysis was to find out the relation between the socalled
'yellow-black group' of seedcoat colours (scheme p.82)and the group of 'red or
reddish' ones. Except for seedcoat colour, the author also scored various other
colour characters over the whole lifetime, for each individual plant: colour of
cotyledons and hypocotyl, flowers (including presence and size or intensity of
'red tip standard' and 'red veins wing') and of the ripening fruits. By these
methods (see chapter II) and by an intensive comparison with the results of
other investigators (with all generally used colour-systems at hand, see end of
the references) it waspossible to come to general conclusions on the inheritance
of seedcoat colour, including the interrelations between 'yellow-black' and 'red'
colours and the pleiotropic actions of the seedcoat colour genes, apparently
fitting in with practically all other studies.
Below the main genes concerned and the 'names' we use for them are given,
grouped into four catagories, and thegenesthat havepleiotropic actions written
in bold letters:
a. Two genes necessary for total seedcoat colour:
P, basic gene or groundfactor, all/?/?-plants being whiteseeded.
T, gene for totally coloured seedcoat, »-plants having 'partly-coloured
partly-white' seedcoat.
b. Three dominant colour genes, giving together with groundfactor P a very
pale colour:
C, the 'complex locus' (or: strongly linked loci)for ever-segregating mottling of the yellow-black group (C = dark pattern allele, c = background allele, c" = allele for unchangeable background: Cc and Cc"
are mottled) andfor dominant redcolours ( C = one-coloured red,Cm
= red mottled and Cst = red striped; LAMPRECHT: resp. R, Rma and
Rst). The real structure of this 'complex locus' will be discussed in (a)
following article(s).
D, the 'hilumringfactor', producing a brown hilumring but further leaving
the seedcoat whitisch or not changing itscolour; P.D. isnot influenced
by G, B and V.
J, J, the 'shinefactor', also producing a brown hilumring, making the
seedcoat shiny creamish pale buff; all J.-colours are shiny and much
after-darkening.
Three dominant modifying ( = darkening) genes:
G, the 'yellowbrown factor'.
B, the '(grey-)greenishbrown factor'.
V, the 'violetfactor', alleles V, \'ae and v (V sometimes produces, with P
only, a slight pale glaucescent tinge).
d. One recessivemodifying ( = darkening) gene:
Rk, the 'locusfor recessive red colour': rkrk and rkdrkd.
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Starting from thisIntroduction, A, thefurther discussions willbemade under
the headings:
B. Seedcoat colour analysis of the crosses (p. 55-60).
C. Pleiotropic actions of seedcoat-colour genes (p. 60-66).
D. Some further results (new genes and linkages) (p. 66-68).
E. A complete synthesis of seedcoat colour inheritance (p. 68-78).
B. Seedcoat colouranalysis of thecrosses
The first group of crosses, chapter III, crosses 1-6.
The four parental genotypes were concluded to be:
'Wagenaar': (PPTT)C C DDJJgg
(bbV'aeVlaeRkRk),
'Citroen':
(PPTT)C C dd jjGG (bbV'tteVlaeRkRk),
'Kievit':
{PPTT)CmCmddJJgg
(bbV'aeVlaeRkRk),
s
'Hinr. R.': (PPTT)C 'C"ddJJgg
(bbVlaeVlaeRkRk),
i.e. only the three loci of the (complementary) colourgeneswere involved (but
because of CC, CmCmand CS'CS' no recessive whiteseeded P.-plants segregated)
and the locus of the modifying gene 'yellowbrown factor' G.
Cross 1, 'Wagenaar', shiny pale greenish yellow, with 'Citroen', pale (greenish)
yellow without brown hilumring, has extensively been discussed in PRAKKEN I
(1940)and PRAKKEN II (1970).It wasthiscrossthatmadeclear that the 'yellowbrown factor' Ghas no hilumring-producing action:from the fact that the F ^
plants showed a shiny yellowbrown seedcoat (scheme: VI-2 or V1H-2) it
followed that the 'yellowbrown factor' G was, cryptomerically, present in the
hilumringless 'Citroen' parent (scheme-11-2), while the bifactorial F 2 segregation for hilumring, viz. 1/16 without it, made clear that 'Wagenaar' possessed
both dominant hilumring producing colour genes, 'hilumring factor' D and
'shine factor' J(CCDDJJggbbVlaeVlae, scheme:Vffl-1). - The total F2-segregation (table 1, p. 10) quite agreed with these considerations:
1l/io
/ifi i/ c
r vovawaJ^^ jl ~ ( m a t ) pale
yellow
. greenish
_j
_ without hilumring,
scheme

n

and n

2

3/16(CC)D.jjl ^> = (mat) pale greenish yellow with a brown hilumring,
' '' scheme: IV-1 and IV-2 , the latter withcar. str.
3/16 gg = shiny pale greenish yellow,
scheme: VI-1 and VDI-1
12/16 (CC) 'fjj.
9/16 G.= shiny yellowbrown,
scheme: VI-2 and VHI-2.
From this it becomes clear that:
in (CC) ddjj the yellowbrown factor Gis almost without influence,
in (CC) D.jj its influenceis very small (carunculastripe), while only
in (CC) J?J. it has the very great influencefrom which the name comes;
and further that:
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in the shiny /.-types the 'hilumring factor' D ispractically without influence.
Aswillappearincrosses2,5and 6,thesamestatementsholdgoodforthedominant redcolours:(CrCr), CmCmand Cs,Cst, resp. theheterozygotes {CO), CCm,
CCS' and CmCst.
Cross 2, between shiny red mottled 'Kievit' and shiny red striped 'Hinrich's
Riesen', both with shiny pale buff background, gave F^plants that produced
shiny red upon pale buff mottled seeds, butthe pale buff background spots in
the CmCs'-seedswere onthemean slightly greater than in CmCmandespecially
much more variableinsize:mottled appeared to besub-dominant over striped.
All their other genes being the same, the F 2 (table 2 p. 11 and fig. 2)showed
monofactorial segregationinto CmCm,0"Cst andCs'Cst,corroborated byF 3 , also
the pleiotropic actions of C™ and Cs', cf. under chapter Cofthis discussion.
Crosses3 and4, between 'Wagenaar' (shiny pale greenish yellow, CC,scheme:
Vni-1) ontheoneside,andontheother side shiny redmottled 'Kievit', CmCm,
resp. shinyredstriped 'Hinrich's Riesen, CstCs', gavevery simple results,ashad
to be expected for two reasons. Firstly, C-Cm-Cst almost behaved as multiple
alleles: but two deviating plants were found (table 4). Secondly both, shiny
greenish yellow andshiny redmottled orredstriped, areknown tobethemost
recessive colour type in their series of shiny colours: ggbbvv (or v,aeV'ae).
For both crosses the seeds of F t -plants, CCm and CCst resp., were threecoloured, showing a combination of the parental colours:
1. 'main colour', esp.in CCS'andless pronounced (i.e.more covered byred)in
CCm, was the shiny pale greenish dark pattern colour of the'Wagenaar'
parent;
2. 'red mottling' (cross 3)resp. 'red striping'1 (cross 4)partly covered or locally
replaced this 'main colour', theextension ofthe redbeing slightlylessthanin
CmCm resp. CstCst.
3. 'palebuffbackgroundspots' werepresent in thegreenish yellow main colour,
of a type andsize strongly reminding ofthe spotsin heterozygously mottled
Cc or Ccu plants in theyellow-black group.
F2-segregation for seedcoat colour wasmonofactorial :
cross3 (table 3,p.15):
1
U CC, shiny pale greenish yellow (VHI-1 andev. VI-1).
2
/ 4 CCm, threecoloured, i.e.double mottled.
1
U CmCm,shiny red mottled upon pale buff.
cross4 (table 4,p. 17;twodeviating plants):
1
U CC, shiny pale greenish yellow (VIII-1 andev. VI-1).
2
U CCst, threecoloured, i.e.mottled and striped.
V* CS,CS', shiny red striped upon pale buff.
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Crosses5and6,between 'Citroen' (scheme: II-2)ontheoneside, andonthe
other side shiny red mottled 'Kievit' resp. red striped 'Hinrich's Riesen' are
quite in accordance with the results ofcrosses 1-4.
The genotypes are:
'Citroen':

(PPTT) C C

'F 1 therefore:

ddjjGG(bbVlaeV'aeRkRk)

(PPTT)^^t\ddJjGg(bbV'tteV,«eRkRk)

F2-segregation (seefig.3and4,p.20and23)was,except for CCm against CCst,
exactly the same for both crosses. The V* without brown hilumring showed
thatboth, 'Kievit'and'Hinrich's Riesen', lacked thehilumringfactor D: segregation wasfor ~~™ \(dd) JjGg only, resulting in the three groups of three rows
CC*
each infig.3and4,every rowcoming from one plant. Theupper group ofthree
in both figures isddjjl^f, G-gbeing practically without influence, the middle
group is ddj. gg (shiny),while the lowest group is dcU. G.(shiny).Within each
group of three applies:
a. = dark pattern type, CC,
b. = threecoloured type, CCm resp. CCS',
c. = homozygously mottled resp. striped type, CmCmresp. CS'CS'.
In theupper group, ddjj,thebackground colour inbandcispure white, inthe
middle andlowest group, (dd)JJ,itisshinypale buff (whileinD.jj,ifithadbeen
present, it would have been whitish). See further the numbers (left) and the
colour description (right) in figs. 3and4.
The secondgroup of crosses, chapterIV, crosses 7-12.
The four parental varieties of this group showed a much greater genotypic
diversity than those ofthefirstgroup,aseight of the nine loci appeared to be
involved.
'Wagenaar':
'Yellowbr.J.':
'WhiteJ.':
'Soldaat K.':

PPTTC C DD
JJggbbVlaeVlaeRkRk
PPTTC C
{DD)JJGGbbVlaeVlaeRkRk
s, st
ppTTC C
. . JJggBB v v RkRk
PPtt CS'CS' . .
JJggBBVlaeVlaerkdrkd

Only thelocus / was homozygously dominant in thefour parent varieties,becausethethreecoloured-seeded parent varieties,and all F l s F 2 , etc.colours, CC,
CCst and Cs'Cst,areof theshiny andafterdarkening type, JJ.TheCC-dark pattern colours therefore belong to rowVI(orVÜI) ofthe scheme p. 82.Forthe
present purpose, analysis ofseedcoat colour, thesegregation P-pcanbeleft out
of consideration, and also T-t, as «-colours (partly white seedcoat) go quite
parallelwith ther.-ones. D-dcannot be judged because of homozygosity JJ,
and Vlae-vatlastinfluences flower colour only(palepink versuswhite). Essential
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for the discussion here are therefore only: C-Cst, G-g, B-b and Rk-rkd. As
'Soldaat K.' is the only parent variety with recessive red colour, the crosses 7,
9 and 11, between 'Wagenaar', 'Yellowbrown J.' and 'White J.', will first be
discussed (see scheme of crossings, p. 25):all RkRk, and segregating only for
C-Cst,G-gandB-b.Thismeansthatof theshinydarkpatterncolours,CCJJ,only
the coloursVI-(or VIII)-1,2,3and 4appear (cf. schemep.82), in the first three
crosses(7,9and 11)combinedwith dominantred(RkRk), inthelatter three (8,10
and 12) with dominant (Rk.) and with recessivered (rkdrkd).
Cross 7, 'Wagenaar' (scheme: VIII-1) with 'Yellowbrown J.' (scheme:
Vni-2), gave the expected shiny yellowbrown F l 9 Gg,and a monofactorial F 2 segregation, into 65 shiny pale greenish yellow (gg; scheme: VIII-1) and 192
shiny yellowbrown (G.; scheme: VIII-2).
Cross 9, 'Wagenaar' with 'White J.' gave Fi-plants with threecoloured seed,
striped and mottled, the 'main colour' being (see scheme p. 82) like shiny dark
pattern colour VI-3: grey-greenish brown, Lamprecht's 'mimzbronze' or 'buffy
brown'.TheFj-genotype must be: (PpTT)CCst(D.JJgg)Bb(VlaevRkRk). F 2 (see
table 8, p. 35) gave l/4 pp, no partly-coloured seeded tt, 3 / 1 6 P.vv, i.e. white
flowered plants with coloured seed,and no r&'VA^-recessive red seeded plants;
from this the genotype of 'White J.' could be concluded really to be ppTTCs,Cst. .(JJ)ggBBvvRkRk. From table 8it is further to beseenthat the266 P.plants segregated into 1/A CC (55 dark pattern types), 2 / 4 CCst (132 threecoloured,i.e.striped and mottled)and i/4CstCs' (79striped),all ofshiny //-type,
and each of the three groups subdivided for the 'grey greenish brown factor' B.
For CC-dark pattern this means: ggbb(likethe palegreenish yellow 'Wagenaar'
parent, scheme: VI-1 or VIII-1; number unexpectedly low) and ggB. (greygreenish brown, as the 'main colour' of F ^ scheme: VI-3 or VIII-3). For
Cs'Cst, homozygously striped, it appeared to be: ggbb, shiny red striped upon
shiny pale buff background, and ggZ?., shiny greyish-violet striped,also on pale
buff background. The corresponding threecoloured heterozygotes CCS' at last
showed the combination of CC- and C"Cs(-colours:
(JJ)CCstggbb
(JJ)CO'ggB.
'main colour':
pale greenish yellow (VI-1) grey-greenish brown (VI-3) )like
'stripes':
red
greyish violet
/Ft-type
'backgr.mottling': pale buff
pale buff
J

Cross11,'Yellowbrown J.' with 'White J.'. Yellowbrown J.' differs from 'Wagenaar' in cross 9 only in that it possesses the 'yellowbrown factor' G. In the
seed of the F^plants, in both cases CC', this is expressed by the fact that its
'main colour' is dark brown, viz. GgBb, like dark pattern colour (JJ) G.B.,
scheme: VI-4 (LAMPRECHT: 'mineralbraun' or mineral brown). For F 2 (see
table 10p. 42) this means that in each of the three types CC, CCst and Cs'Cst,
four colours occur, viz.ggbb, G.bb,ggB. and G.B., in the ratio 1:3:3:9. Table
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10shows that this rather precisely is the case, see the numbers behind 'total' in
the table. Below these 'total' numbers of the table the colour 'names' or better
rough indications of the colours, all RkRk, are given:
CC (darkpattern):
1.
2.
3.
4.

ggbb
G.bb
ggB.
G.B.

pale greenish yellow or 'Wagenaar' type (scheme: VI-1).
yellowbrown, like 'Yellowbr.J.'
(scheme: VI-2).
grey-greenish brown
(scheme: VI-3).
dark brown, the 'main colour' of F t
(scheme: VI-4).

C'Cst (striped, all on pale buff background):
1. ggbb : red striped
on pale buff backgr.
2. G.bb: orange red striped
on pale buff backgr.
3. ggB. : greyish-violet striped
on pale buff backgr.
4. G. B.: dark (to blackish) brown str., rather variable on pale buff backgr.
CCst (threecoloured, i.e. striped and mottled):
1.
'main colour', like CC-dark pattern colours 1-4,
2.
'stripes' over it, like the stripes in Cs,Cst, 1-4,
3.
'mottling' in it always pale buff, like the backgr. colour inCS'CS'
4.
Now the crosses in which moreover is segregation for Rk-rkd: 8, 10and 12.
Cross8, 'White J.' with 'Soldaat K.', see fig. 5p. 25, makes the connection
between crosses 7,9and 11treated above (all RkRk) and crosses (7), 10and 12.
Both the latter crosses have, like cross 8 itself, the recessive red 'Soldaat K.',
rkdrkd, as one of the parents. This latter variety has a partly coloured seedcoat,
PPtt (seefigs.6and 7).The coloured part shows verydark greyish violet stripes
onared(dish)background (rkdrkd). The seeds of the F t (totally coloured: PpTt)
were greyish-violet striped on a pale buff background (Rkrk*), precisely as the
CstCst(JJ)gg B.(RkRk) type describedjust before, this Fj howeverbeingheterozygous, Rkrk". In the F 2 (table 6, p. 28) these two colour types were the only
ones that occurred, among the totally coloured T.-plants and also among the
partly coloured ^-plants, in the expected ratio, see the lower lines of the table.
The genotypes for both parents could be concluded and the only difference of
importance for seedcoat colour really is Rk-rkd :
'White J.': ppTTCstCst..JJggBBVv v RkRk (for restr restr clcl 1
m
'Soldaat K.': PPtt CstCst..JJggBBVlaeV",erk"rkd (for restr restr CICl j SCC '''
Crosses10and12.The factjust mentioned, i.e. that the onlygenetic difference
in seedcoat colour genes between 'White J.' and 'Soldaat K.' that really matters
is RkRk against rkdrkd, has an important consequence. It means that the Fasegregations for seedcoat colour in crosses 10 and 12 will be the same as in
crosses 9 resp. 11, but in 10and 12moreoverfor Rk-rk*, cf. fig. 5.p. 25:
10. 'Wagenaar' with 'Soldaat K.',
F t = PPTtCC'.. JJgg BbV'aeVlaeRkrkd;
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12. 'Yellowbrown J.' with 'Soldaat K.',
Ft =
PPTtCCst..JJGgBbV^V^Rkrk*.
This again means that, at least in the F 2 of cross 12 that segregates forG-g
and B-b, the four genotypes
ggbb, G.bb,ggB. and G.B.
occur within the following forms:
a. (JJ)CC Rk.
, four shiny darkpattern coloursof the yellow-black group
(scheme: VI-1, - 2 , - 3 and -4)
b. (JJ)CstCstRk.
, four shiny homozygously striped colours, i.e. with two
alleles for dominant red.
c. (JJ) CCst Rk.
, four shiny threecoloured types, with one allel for domimant red (C").
d. (JJ) CC rkdrkd , four shiny recessivereds, corresponding with a.
e. (JJ) CstCstrkärkd , four shiny recessivereds, corresponding with b.
f. (JJ) CCst rkdrkd , four shiny recessive reds, corresponding with c.
Altogether 6 x 4 = 24types, showing the integration between yellow-black
colours, dominant red and recessive red. The segregations and colour-descriptions are to be found in table 9, p. 38 and table 11, p. 47. They will, however,
not be discussed here, but they will be used in the last part of this discussion,
a complete synthesis of seedcoat colourinheritance (p. 68-79).
C. Pleiotropic actions of seedcoat colourgenes
In the enumeration of the main seedcoat colour genes on p. 54those loci that
appeared to have pleiotropic colour actions upon other plant parts are written
with a bold letter:
P, T, C, Vand Rk;
those that did not have such a detectable pleiotropic action are written with
normal letter: thecolour genes D(hilumring factor) and / (shine factor) and the
modifying genes G(yellowbrown factor) and B (greenish brown factor). Of the
fiveloci with pleiotropic action it is only the 'complex locus' C that segregates
(C-Cm-Cst) in the first group of crosses, chapter III, while in the second group,
chapter IV, all five loci show segregation.
P, the basicgene or groundfactor
A long series of investigators has observed that whiteseeded/?/?-plants always
havepuregreen seedlingand white flowers. Stems and fruits also look green, at
leastsuperficially, but a more closeinspection showsthat somepale anthocyanin
colour usually does occur. In the present study the only/»/»-variety, 'White J.'
had its fruit colour described as 'almost green'. The fruit colour of its F t
families (crosses 8, 9, and 11, see fig. 5,p. 25),genotype PpT., in all three cases
was the colour as to be expected on the ground of the further genotype, esp. the
loci C and V, cf. below. In F 2 most /»/»-plants showed in their ripening fruit a
(very)palepink 1-3 or 1-4, while in some plants theywerescoredaspuregreen,
especially incross 8,the F t ofwhich wasPpTt, seeunder J below.In the present
material theallel Fwaslacking, onlyVlaeand vbeingpresent, and therefore only
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pale pink andno pale violet anthocyanin colour occurred in (stems and) fruit
walls of/?/>-plants. Asfarasknown tomeTJEBBESand KOOIMAN (V, 1921)were
the only investigators that observed the V-Vlae action inwhiteseeded/?/?-plants.
Their Fj-plants were homozygously CstCst, while segregation among otherswas
for P-pand V-Vlae. Among theP. F 2 -plants this resulted in 1/4. V,aeV,aewith
intense (violet-)red fruits (cf.under Cbelow) and 3 / 4 V.plants with black-violet
fruit colour. Parallel with this V-Vlae segregation among theP.-plantsa segregation among the whiteseeded /^-plants wasobserved (andcorroborated by F 3 observations):1UppVlaeVlaewith palepink topaleredfruit colourand 3 / 4pp V.,
with pale violet fruit colour, both types of pp being easy distinguishable
lae
(TJEBBES and KOOIMAN didnotuse V-V
butBl-bl, seeunderchapter E,p. 70).
T, thefactor for totally colouredseedcoat.
For T.-tt my observations for thegreater part agree with those of other investigators:«-plants have,also when thewhite part ofthe seedcoat isextremely
small oreven in(almost) allseeds invisible, pure green cotyledonsand hypocotyl, white flowers andusually green (i.e.anthocyaninless) ripening fruits.Inthe
present study the onlyvarietywithpartly coloured seedcoat, tt,wastherecessive
red 'Soldaat K.',rkdrkd. Inconnection with this rkdrkd genotype, theflowerwas
not completely white,butshowed inthelower half ofthe wingsfinefragments of
'red veins',cf.fig.9, flower 2. Also most tt rkdrkd F 2 -plants showed the same
character (not, however,pprkdrkd-plants). Seefurther under thegene Rk below.
Preciselythesame type offlower,probablyalso from ttr/c'W-plants,is pictured
in MIYAKE, iMAiand TABUCHI (1930, PI. I, 6),as far as known to methe only
place were 'red veins wing' are observed. - Rests to state that the green fruit
colour of«-plants usually isa real green (ascontrasted with thepale anthocyanin mostly present inthe'green' fruits ofpp-pla.nts,seeabove under P),savefor
the fact that under special circumstances, viz.when ripening fruits arelyingon
the wed ground, a clear anthocyanim colour of normal intensity can locally
have been developed.
C, the'complex locus'for ever-segregatingandconstant mottling etc.
Under this symbol Care dealt with theallelesofthe'locusfor eversegregating
mottling' within the yellow-black group of colours, C-c-c"..., and (preliminarily) also those of the alleles for 'dominant red' C, Cm,Cst
The alleles
occurring in the present crosses are C (dark pattern allel), Cm (allel for red
mottling) andC" (allelforredstriping)andmainly thesethreewillbediscussed.
It may be remembered that not only the three homozygous seedcoat colour
types can sharply be distinguished, CC, CmCm and CS'CS',but also the three
heterozygous ones CCm, CCst and CmCst from thehomozygous ones.(Thevery
few gametes and plants that resulted from recombination within the 'complex
locus' will, as mentioned before, notbe discussed inthepresent article.)
At thebeginning ofchapters IIIandIVthegenotypeofthefour parent varietiesandalltheir colour charactersaretobe found, atthebeginning ofeach cross
those ofthe twoparentsandFi, whileineach cross,after the F 2 seedcoat colour
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analysis, the 'accompanying colours' are discussed. In connection with the Clocusareofimportancethecolourof: cotyledons,hypocotyl, tipof standard and
ripening fruit. Theconclusions tobedrawn from chapter IIIfor C,Cm and C"
are quite parallel with those for CandCstinchapter IV,save maybefor some
differences inextent orintensity ofthe colours, differences that I wasunable to
analyse genetically. It is only in chapter IV that moreover the complicating
segregations for P-pand T-t (andRk-rk0) occur, seeP and T above.
Looking at the F 2 andthe F 3 from all crosses it became clear that, inP.T.plants, thehomozygous genotypes CC, CmCmand CstCst always showed pleiotrope actions asfollows (inVlae. or vv-genotypes; Vwas notpresent andtherefore noviolet occurred):
C C (dark pattern) :
CmCm (red mottled) :
C 8 ^ 8 * ( r e d striped):

cotyledons
pink
green
pink

hypocotyl
pink
green
almost green

tip standard
— red tip
— red tip
+ red tip

fruit colour
slightly pink
slightly pink
intense violet-red

('— redtip'and'+ redtip'is'without' and 'with redtip standard')

A few supplementary remarks on this table maybe made. As shown bythe
tablesandthediscussionsincrosses 2, 3and5,with redmottled 'Kievit' as one
of the parents (cf. fig. 1, p. 8) the 'green' colour of (P.T.) CmCm-seedlingsis
pure green, without anyvisible trace ofanthocyanin, and soitwasinall other
CmCm-varieties and their offspring I have seen (at least when CmCmVlae. or
CmCmvv, for when dominant 'violet factor' V. was present a trace of violet
anthocyanin wasoften visible, at thebase ofthe cotyledons).- Thequantity of
pinkincotyledonsandhypocotyl ofCCF 2 -plants(scale from 0= pure greento
10 = totally covered with pink) wasrather variable: from 1(orseldom 0)to7,
mean F2-value usually being 3-4. The variation seemed mainly to depend on
temperature (low value with high temperature, e.g.when F x seedlings were bred
in thehot house) and on time of observation(cotyledons shrinking and fading
with time; hypocotyl more slowly developing itsfull anthocyanin content). Part
of the variability probably depended ongenetic differences,buta clear analysis
has notbeen possible.- In CstCst thepink colour ofcotyledons wasabout asin
CC, but their hypocotyl wasoften scored as 'green', like in CmCm,though ina
variable number of CstCst F 2 -plants a little colour was stated, pink 1-3, the
average value in an F 2 - or F3-family however practically always being below
pink-1. This holds good for CstCst plants in all crosses with a CstCst as oneof
the parents: 'Hinrich's Riesen', 'White J.' and'Soldaat K.'. Quite thesameobservation forthe hypocotyl of C st C s '-plantswas made byNAKAYAMAand SAITO
(X, 1971).
The socalled 'redtipstandard' (seechapter II)wasin CC- and CmCm-plants
always completely lacking ('—red tip'inthetable above),while in C st C s '-plants
itisprobably alwayspresent ( ' + redtip'): wheninafewcasesnotobserved ina
homozygously striped Cs'Cst F 2 -plant, it wasfound in their F3-offspring. Its
sizeisextremely variable,from over more than half ofthe standard to (almost)
invisible. Like inthecase ofanthocyanin intheseedlingsthevariability ispartly
caused by (non-analysed) genetic differences and partly by environmental influences :by much sunlight theextension isincreased, by dark weather orbya
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shadowed place on the plant itbecomes decreased, as shown by repeated observations on the same group of plants. The red tip, if very weak, is best visible at
the tip of the flower buds.
The intense violet-red fruit colour of C s 'C"-plants at last, usually 5-9 (scale
again: 0 = green, to 10 = totally covered with violet red),average value about
6 to 7, was very conspicuous as compared with the slight pink, 0-4, of CC and
CmCm plants. The variation in quantity and intensity of the violet red appeared
not very great, and distinguishing itfrom theslightlypink typeswashardly ever
difficult.
Sofar the colours connected with the threehomozygous types.As mentioned
above, the heterozygotes, CCm, CCS' and CmCst, were by their seedcoat pattern
and/or colour clearly distinguishable from the homozygotes. It could be stated
(see the descriptions or tables regarding the 'accompanying colours' for F 2 of
the crosses) that the quantity of pink colour in cotyledons and hypocotyl and
the size of red tip standard were one the averageintermediate. This meant that
in many heterozygous plants the values for seedling colour or red tip standard
were on the verge of zero or that colour even was quite invisible ( = —), cf.
e.g. F 2 - and F3-analysis in cross 2, 'Kievit' with 'Hinrich's Riesen'. Such cases
oflacking ofthe red tipwere often controlled by the nextgeneration and always
the 'red tip standard' reappeared,at least in (most of) the homozygously striped
plants, CS'CS'. - The intense violet-red fruit colour of CS'CS' at last, 5-9 and on
the average 6to 7,appeared to be,in CCst and CmCst,not intermediate but subdominant, their fruit colourbeingdecidedlyintenseviolet-red but ofa somewhat
lowerquantity,usually4 - 7 and onan average 5to6,about onepointlower than
in the corresponding C s 'C st -plants.
The general conclusion to be drawn from my own results and from those of
other authors seemsto be that each allel of the 'complex locus' Cusuallyhas its
own pleiotropic actions, but this point will not now be further delt with.
V, the violetfactor, alleles(V,)Vlae and v.
Five of the seven varieties used in this study possessed a pale lilac flower,
yiaeyiae^ ^ g o t n e r t w o w e r e white-flowered, 'White J.' beingppTTvv (double recessive for white flower) and 'Soldaat K.' being PPttVlaeVlae. The F x between
thetwolattervarieties(cross8)therefore wastripleheterozygousfor whiteflower,
PpTtVlaev, and extremely pale lilac. See table 6, p. 28. The most dominant allel
of the series, the 'violet factor' V,was not at all present in the parent varieties,
therefore only pink or violet-red anthocyanin colours occurred and no violet
ones, while the seedcoat colours of the yellow-black class all belonged to
columns 1-4 of the scheme p. 82, the left half. The flower colour of V,aevappeared tobe much paler than thepalelilacof vlaeVlae. ByheterozygosityPp and
Tt the F'aev-colourbecomes stillpaler, cf. PpTtVlaev mentioned above, that only
with some difficulty can be distinguished from the white-flowered vv. From all
the crosses in which the only vv-variety 'White J.' was the one parent (seefig.5,
crosses 8, 9and 11)it became fully clear that the difference between V'ae. (pale
or very pale lilac flower) and vv(white flower) is in flower colour only: neither
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upon seedcoat colour nor upon the anthocyanin of seedling or fruit walls has
vv any influence, while it is of importance to know, that vv only changes the
overallcolourof theflowerinto white: it does not influence the particular flower
characters 'red tip standard' (in C"., cf. under locus C above) nor 'red veins
wing' (inrkdrkd, cf. under locusRk below). Rather the contrary, for the contrast
and therefore the visibility of both these particular characters is more clear
against the white overall colour of vv-flowers than against thepale lilac ofVlae.
ones (and, according to my further experiences, in pale lilac F'ae.-flowers the
visibility is greater or better than in violet coloured K-ones).
Rk, the locusfor recessivered, rkrk and rkdrkd.
It was only the variety 'Soldaat K.' that possessed the allele for recessive red
colour, very probably that for darker red, rkdrk" (see SMITH and BECKER
MADSEN, 1948). Its white flowers (tt, partly coloured seed, see T, p. 61) usually
showed, in the lower half of the wings, fine fragments of red coloured veins, cf.
fig.9, no.2).In the Fj of the three crosses 8, 10and 12(cf. fig. 5,p.25)notrace
of red veins was found, but in their F2-offspring the red veins reappeared : all
recessive red seeded plants, rkdrkd, (usually) showed in their flower-wings more
orlessintense (toverypale)red veins, while none of the Rk. plants showed the
character. In T.rkdrkd plants, with totally coloured seedcoat, the red veinswere
overthe whole length of the wings (cf. fig. 9), but in ttrkdrkd plants, with
partly coloured seed, there were but fragments of red veins, mainly in the lower
half ofthe wings, like in the ttrkdrkd parent variety'Soldaat K.' or slightly more
or less. In short, all F 2 - and F3-results showed that 'red veins wing' has to be
looked at as apleiotropic action of the rkdrkd (or rkrk) genotype.
Under the discussion of V,just above,itwasalready mentioned thatinwhite
vv-flowers the red veins are better visible than in pale lilac VlaeVlae-ones. And
under the discussion of T (p. 61)the work of MIYAKE, IMAIand TABUCHI (1930)
was mentioned, who first pictured the red veins,in the white flowers of «-plants
(1930,PI.1,6).It seemstomethatamong their TT-plantsthey onlyhadV'aeVlaetypes and not vv,and that therefore they possibly overlooked red veinsin them.
LAMPRECHT(1936a,p. 165)on theground ofthatpictureandthe 3:1 segregations
mentioned by them, proposed the symbol Lin-lin (from lineatus), but to me the
special symbol doesnot seem necessary (the 3:1 segregation possibly was T.-ti).
FIG. 9. Schemeof theflowertypesand of thecorrespondingseedcoat colourtypesoccurring in
the second group of diallelic crosses: a. 'Wagenaar', b. 'Yellowbrown J', c. 'White J' and d.
'Soldaat K'. Therelevant genesareP-p, T-t,C-Cs', Rk-rk"and V'"-v.Thelatterpair however,
changes flower colour only,from white (vv)via very pale lilac (Vlaev; not represented in the
scheme)topalelilac{yl«evlae). (The most dominant allel V, not represented in this group,
changes white resp. pale lilacflowerinto violet, like anthocyanin colour in the whole plant,
at thesame time usually producing violet to black seedcoat colours.)
ThecolourgenesD(hilumringfactor)and/(shinefactor)donotinfluencetheflowertype,nor
dothe modifying genes G(yellowbrownfactor)andB(grey-greenishbrownfactor).Principally
therefore, to each flower type 2* = 16 seedcoat colour types belong, and, taking into
account thenumerous alleles of the 'complex locus' Cand their peculiar heterozygotes, many
times as much. Remark: in flower numbers5,9and 13 has,bymistake,thepalelilacoverallcolour of thewingsbeenleft out and therefore theirredveinsaretoo conspicuous.
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The very variable intensity of the red veins could not sharply be analysed
genetically, but two consequences of it become clear to me.
In cross 12, 'Yellowbrown J.' with 'Soldaat K.', the variability in intensity
was greatest. After much observation in F 2 - F 4 it was concluded that Ttrkdrkd
-plants with clearly visible red veins,in the nextgenerationsegregate«-plants in
the white flowers of which the red vein fragments are clearly visible, but that
Ttrkdrkd plants withveryfaint redveinssegregate ttrkdrkd plants thewhite flowers
of which completely lack the small red vein fragments, a case not pictured in
figure 9.
The second disturbing complication hasbeen extensively discussed in chapter
V, cross 15, 'Hinrich's Riesen' with 'Soldaat K.', and is connected with the
occurrence of extremely clearred veins.From this cross it became evident that
such very clear red veins, apparently being so by (a) homo2ygously present intensification factor(s), are not completely but incompletely recessive: Rkrkdplants show, in the newly opened flowers or in the buds, extremely fine red
veins, especially in the upper half of the wings. For more details see p. 53.This
case too is not pictured in fig. 9.
In this figure 9all main pleiotropic actions, as far as related to seedcoat- and
flower coloursare,withthehelp ofcrosses7-12 ofchapter IV,pictured schematically: P-p, It, C-Cst,V'ae-v and Rk-rkd.
D. Somefurther results (newgenes; linkages).
With regard to some further results, especially the crosses 8, 10and 12,with
'Soldaat K.' (partly coloured, tt, and recessivered, rkïrk!*)asone ofthe parents,
are of importance;see fig. 5, p. 25.
Cross8 was 'White J.' with'Soldaat K.', the Ft genotype being PpTtCstCst..
JJggBBVlaevRkrkd. For the present purpose the segregations V,ae-v add Rk-rkd
are of no importance.
As seen in the lower lines of table 6, p. 28,the F2-families together contained
368 whites (pp; exp. 346), 61 + 180 = 241 plants with partly coloured seed
(P.tt; exp.259.5)and 197 + 578 = 775 plants with totally coloured seed (P.T.;
exp. 778.5).Among the241P.tt plants the greater number showed the 'Soldaat
K.' type with six colourcentres, while part of them showed five centres or less
(seefig.6and 7).Thecoloured part and itscentreswere ofa rather variable type
and no sharp distinction in two or more types could be made. In none of the
P.tt plants the coloured part was greater than in 'Soldaat K.' or consisted of
more than its six centres (both parents therefore being restr restr, seep. 67,
crosses 10and 12).
On table 6it is further seen that the subdivision of the 775P.T.-plants is for
Rk-rkd and for V,ae-v. The P.tt-plants (all white-flowered) are, save for Rk-rkd,
also subdivided for a second pair of characters, viz. into ' + cl' and '— cl', see
the table.It is a pair of characters only visibleinP.tt-plants: ' + cl'-plants show
a sharp precipitation-like line around the coloured part or each separate, even
the smallest, element of it ( = circumliniated), while in '—cl'-plants this line is
completely lacking, as in the PPtt-parent variety 'Soldaat K.' (see fig. 7). F 3
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soon corroborated the supposition that the newtype ismonofactorial recessive,
del, from circum/iniatus. In F 2 however, there was a conspicuous shortage of
the clcl type (according to F 3 not depending upon a lesser viability, but probablyuponlinkage):7 + 24 = 31del against 54 + 156 = 210 CI., i.e.0.1286 of
all P.tt partly coloured ones (V0,1286 = 0,359 = 35.9%). Did the shortage
reallydepend upon linkageand ifso,wasitlinkage ofthe C7-locuswith theP- or
with the T-locus? This question is discussed and answered on pages 30 to 34,
with thehelp ofthe 74completely analysed F3-families of 1936.Conclusion: the
linkage isbetween T and CI,in the repulsion fase, 'White J.' being ppTTclcl and
'Soldaat K.' PPttClCl, the recombination gametes being around \/0.1286 =
0.359 = 35.9%, but probably higher, about 40%.
In crosses 10 and 12, the crosses of 'Soldaat K.' with resp. 'Wagenaar' and
'Yellowbrown J.', the 1/4. «-plants with partly coloured seeds in F 2 clearly
appeared not to be of one main type as in cross 8, but of many more, varying
from completely coloured(i.e. no white noticed in the seeds observed) in one
F 2 -plant of cross 12,to completely white(i.e. not any coloured dot noted in the
seeds observed) in one F 2 -plant, also of cross 12, with practically all stages
between. Observations on F 2 , F 3 and F 4 made it clear that in this very rich
multiformity there existed two sharply distinguishable main groups:the group
with six or less centres, from 'Soldaat' type to (almost?) completely white, and
the group with eight centres, ranging from 'Soldaat' plus two more (sometimes
very small) centres 7and 8, cf.fig.8, up to (almost?)completelycoloured. The
numbers ofplants belonging to both types (not given in tables 9 and 11)were:

cross 10
cross 12
together

six centres
to (almost?) white
14
34
4 8 C / 4 = 50)

eight centres
to (almost?) compl. col.
42
110
152

tota
56
144
200

Observations on F 3 and F 4 , esp.in cross 12,further showed that types with six
or less colour centres never segregated plants that showed the centres 7 and 8
(cf. figs. 6, 7and 8).Those with eight centres and rather near the 'Soldaat' type,
as the plants in fig. 8 or plants with somewhat smaller or (often) somewhat
greater coloured part(s), always showed a very wide segregation, probably into
1
/4.with 6or less centres, 2 / 4 about as the parent type, and 1/4 with but a rather
small to very small white part, at the dorsal radicular end of the seeds.Plants of
this latter type did not segregate types with but six or less centres. All observations together led to the conclusion that, besides the 'basic gene pair for partly
coloured seed', T-t, one 'main extension-factor pair' with an intermediate inheritance was active, Restr-restr (from: restrictus, for the type with six or less
colour centres, restr restr), and probably two 'extension-modifying gene pairs'
that not have been named here. The symbol Restr-restr is only used preliminarily: the study has to be continued and a careful comparison with the genes
described by the main investigators of partly coloured seedcoat has to be made:
LAMPRECHT (1934, 1940b) and SCHREIBER (1934, 1940).
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In the same two crosses 10 and 12 there occurred segregation for the two
seedcoat colour loci B (greenish brown factor) and Rk (locus for recessive red)
at the same time:
'Soldaat K.': PPt1 C s l C s '. .JJ ggBBKlaeK ' ^ r k ' W (restr restr CICldef def) ) f „ , . f
'Wagenaar': PPTT C C DflJJ ggbbF l a e F l a e Rk Rk (Restr Restr C/C/ . . ) )• o r u e , - a e t
; below
'Yell.br.J.': PPTT C CDDJJGGbb F l a < T , a eRk Rk (Restr Restr CICl Def Def) j

In all crosses of chapter III and IV the linkage relations were checked. From
tables 9(p. 38,cross 10)and 11(p.47,cross 12)thenumbers for the F2-segregation of BbRkrkd can be derived (they are also given on p. 39 resp. p. 48):

cross 10:
cross 12:
together:

bbrkdrkd
3
26
29

bbRk.
40
107

B.rkdrkd
47
121

747

768

B.Rk.
104
277
381

total
194
531
725

%recombinedgametes
26.4 ± 6.6
41.8 ± 3.5
38.8 ± 3.1

In chapter E, 'A complete synthesis', we will return to the B-Rk linkage. This
linkage and that between the loci T-Cl (p. 66-67)were the only clear casesof
linkage in the present investigation.
In cross 12,that in several respects appeared to be the most complicated one,
a special genetically caused irregularity (cf. table 11and p.47-48)made certain
colour-distinctions difficult or even impossible:inpart of the F 2 - etc. plants the
action of the 'yellowbrown factor' Gproceeded but incompletely or defective,
especially in the CC-dark pattern type:irregular more or less great and mainly
dorsal parts of the CCG.-seedcoat did not become yellowbrown but stayed
greenish yellow, like CCgg, or inthe samewayparts ofthe dark brown seedcoat
colour, CCG.B., stayed greenish brown, like CCggB. The character, defective
action of G, was (later) proven to be recessive and it was indicated as def def
(from: defectus), the Def. plants showing the normal G-action.In cross 12segregation of seedcoat colour was for CCS', G-g,B-b and Rk-rkd, normally giving
3 x 2 x 2 x 2 = 24 distinguishable colour types, eight of which being CC.
With Def-def segregating too, this number becomes twelve and it became impossible to accurately count the segregation for G-g. Therefore G. and gg had
to betaken together, sothat theexpected 24columns became reduced totwelve.
It is of course possible and even probable that other complications exist (I
know some), but a very intensive study of the literature, and also my own experience, have convinced me that really C (including the alleles for dominant
red), Dand / a r e the main colour genes, and G,B, Fand Rk (locus for recessive
red) the main modifying ones. An attempt to a complete integration of their
actions is given in chapter E.
E. A complete synthesis of seedcoat colour inheritance(integration of 'yellowblack' and 'red-black' colours).
In trying to make this synthesis, it is necessary to assume that the reader is
quite acquainted with the genetic scheme opposite p.82 for the 'yellow-black'
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colours, as the dominant and recessive 'red', or better 'red-black' colours fit in
with precisely the same scheme (in which the 'groundfactor' P is left out).
The character of the colours in rowI -VIII depends upon the action of three
dominant 'colourgenes', viz. C(factor for ever-segregating mottling), D (hilumring factor) and J (shine factor), which, together with the ''groundfactor' P, each
individually and in their combinations, result in distinct very pale colours,
those of column 1in the scheme. These very palecolours of column 1are by the
darkening action of three 'modifying genes' viz. G (yellowbrown factor), B
(grey-greenish brownfactor) and F(violet factor), each individually and in their
combinations, in a specifical way changed (or not changed, seebelow) into the
colours of columns 1-8, the last column containingdark gray,blackish or black
colours. The colour character of rowsI - V u l follows here:
Row I

: cc ddjj , seedcoat white, hardly or not influenced by G,B and V
(V sometimes produces a pale glaucescent tinge)
Row II : CCddjj , mat 'dark pattern' colours without brown hilumring.
Row TEL: ccD.jj , hilumring background type, whitish, hardly or not influenced by G, B, V(V: see row I).
Row IV : CCD.jj , mat 'dark pattern' colours with brown hilumring.
ThetypesV - V u l , withJ, all havebrown hilumring, they
are shiny and afterdarkening:
Row V : ccddJ. , shiny and afterdarkening 'background colour' series.
Row VI : CCddJ. , shiny and afterdarkening 'dark pattern colour' series.
Row VII : ccDJ. , as row V, because / is epistatic over D-d.
Row VEtt: CCD.J. , as row VI, because J is epistatic over D-d.
The Cc-rows (left out above and in the scheme) show 'ever-segregating
mottling' in the CC-'dark pattern colour' and the cc-'background colour' in
the same column.The background mottling therefore is:
in Ccddjj:always white, as row I
in CcD.jj:always whitish, as 'hilumring type' colour, row III
in Cc~dj. :as the eight shiny background coloursin row V ( = VII)
A few remarks must be made here on a second background allel, c". In the
non-shiny.//'-types {rowI-IV) it does not make any difference wether the background alleles cc, cc" or c"c"are present. In the shiny J.-types however (row
V-VIII) it makes an important difference : the cc(or cc")J. shiny background
genotype istypically influenced by the modifying genes G,B and Fand it shows
the eight colours of rowV (orVII),but the cucuJ. shinybackground genotype is
not influenced by these three dominant modifying genes, i.e. all eight genotypes
for G-g, B-b and V-v show the colour of V - l , ggbbvv, shiny pale yellowish or
(creamish) pale buff ( c" = allel for unchangeable shiny /.-background: see
FEENSTRA, 1960p. 8and NAKAYAMA, 1964).The background mottling of Cc"is
likewise unchangeable. The allel c" or the genotype cuc"is met with in many
early studies.
The darkening actionsof G,Band Vwillbediscussed further on (cf. alsop.4).
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Integration of the 'yellow-black' system with the'dominantred'and 'recessive
red' colours (or better: 'red-blackish' colours) appeared difficult. It took a long
time and many investigators took part in it. A few of the difficulties, first with
respect to dominant red (LAMPRECHT: R, Rma, Rs' etc;here,preliminary: C , Cm,
C") will shortly be discussed, without striving for completeness.
SHAW and NORTON (1918) considered the 'red' colours as caused quite independently from the 'yellow-black' colours, the latter according to them needing,besides thegroundfactor P, the 'modifier' gene M and the first ( =red) ones
the 'modifier' M'. To me it seems as if their need for M and M' was connected
with the fact that the only background-colour variety they used in their crosses
was 'Blue Pod Butter', and that this variety, as appeared later, did not possess
the genotype ccbut c"c" (or better: cuicui, cf. NAKAYAMAVII, 1964).Within the
'yellow-black' colours of SHAW and NORTON all three modifying genes, G, B
and V,can be traced, but within their 'red' seeded types (dark mottled = mottled and light mottled = striped) they made but one colour distinction, viz. into
'medium or bright red' and 'dark or purplish red'.
SIRKS(1920) tried to analyse a genetically very complex spontaneous hybrid,
apparently PpCs'cJJ, for segregation was into 24 whiteseeded plants, 19 with
various cc-background colours and 37 striped seeded ones, of numerous colour
types (exp. 20 + 15 + 45). The background colour types, ccJJ,mentioned by
SIRKS gave me the impression of segregation for G, B and V, but regrettable
enough, SIRKS in that case did not analyse stem-, flower- or fruit colour, while
precisely for a dependable classification of cc-shinybackground colours, and as
wellfor that ofthecorresponding striped-seeded plants,thecolour offloweretc.
(v or vlae against V) is of great importance.
This importance of stem-, flower- or fruit colour becomes very clear from a
paper of TJEBBESand KOOIMAN (V, 1921),also on a spontaneous hybrid and its
offspring. The segregation wasinto 11whiteseeded plants and 33 striped-seeded
ones (the mother plant therefore being PpCstC5'), thestripes of the latter plants
showing many colours, from (pale)red toblack. From eachindividual plant not
only seedcoat colour but also colour of flower and fruit was scored:
/ l l white-fl. and white-seeded, pp\4 pale red fruit: blbl
44/ (cf. present art. p. 61)
17pale blue-violet fruit : Bl.
U3 striped seeded, P.\ 10pale lilac fl. and red fruit: blbl
(23 violet fl. and black-violet fruit: Bl.
This Bl of TJEBBESand KOOIMAN certainly isidentical with the 'violet factor'
V,while bl = vlae. The many seedcoat colours ( = stripe colours) were by them
first very roughly grouped into 'reddish' and 'blackish' ones,and they spontaneously supposed these types to correspond to blbland Bl. resp.When however
TJEBBES, a few months later, for each individual plant, really compared seedcoat
colourwith thecolour offlowerand fruit, hehad a rather astonishing experience
and he wrote (translated from Netherlands): 'From this experience it became
clear that pod colourisreally correlated with seedcoat colour, though inanother
waythanfirstseemed'mostplausible,.' Thecause oftheinitialmisinterpretation is,
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according tothe present writer, the fact that the 'grey-greenish brown factor' B
changes, in the striped-seeded C s 'C st -group, the colours 'red' (ggbb) and
'orangered' (G.bb) into 'greyish-violet' (ggB.) and 'dark (blackish) brown'
(G.B.) respectively, colours that easilycould and can be taken for F-colours (Bl
of TJEBBES and KOOIMAN = V; their 'blackish violet' fruit colour certainly is
the very dark violet of F.Cs(C"-fruits). - Thisanalysisisveryinstructive, but I
would hardly have discussed it at length if not Bl-bl (symbol from TJEBBES and
KOOIMAN) had been used by various investigators, sometimes for the 'violet
factor' V as by the authors, sometimes for the 'grey-greenish brown' factor B
(NAKAYAMA VI, 1961,p. 53; there he still supposed that Bl-bl acts upon the
dominant 'red' colours only and not on the 'yellow-black' ones),and sometimes
probably for both (SMITH, 1939).This gave much confusion andinterfered with
theidentification of the genes of the 'yellow-black' with those of the 'red-black'
group.
Various other complicating mistakes,as e.g. lookingupon (pale or very dark)
two-coloured seeds as one-coloured, or upon three-colourednessas two-colouredness, will only be mentioned.
SMITH (1939) in his first important article on red seedcoats in Phaseolus
vulgaris(dominant red and especially the recessive red, rkrk) was handicapped
by the abundance of 'red' colours and their genetic background, but his main
task, the analysis of recessive red, was made sharply, like later the analysis of
thetripleallely,Rk-rk-rkd, by SMITHand BECKER-MADSEN(1948).As mentioned
above Bl-bl probably was sometimes used in both senses, for V-vand for B-b,
while the action of the 'yellowbrown factor' G was not clearly seen, though
segregation for G-g certainly accurred, as appears from the coloured pictures
and colour descriptions in SMITH, 1939.In that material there was, in my opinion,segregation for various alleles of the C(or /?)-locus{C-c"-Cm-Cst), for Rk-rk
and moreover for G-g,B-b and V-v(or Vlae),but partly because oflack of information on flower- or fruit-colour a complete re-analysis appeared difficult.
SMITH (1939) mentioned GLOYER (1928)as the first describer of 'recessive red'
colour. In trying to re-analyse GLOYER'S F ^ , F 2 - and F3-results I came to the
conclusion that the genotype of his relevant F1 at all probability was PpTTCc"
..JJGgBBV,ae (or v) Rkrkw (dark brown mottled upon pinkish buff). In F 2 it
viz.gavethe CCJJRk. shinydarkpattern colours grey-greenish brown (ggBBvv;
scheme:VI-3)anddark-brown(G.BBvv;scheme:VI-4);byrkdrkdthefirst colour
was changed into the rather easily distinguishable 'seal colour', the latter in a
much less easily distinguishable very dark brown. In these colour regions a few
mis-classifications are quiteunderstandable. Ofthe F 2 1U further wasof the 'unchangeable background' type c"c", resp. pinkish buff (cucuRk.) or recessive red
{rk^rkw), and 2 / 4 was of the Cc"-mottled type: in Rk. upon pale pinkish buff
and in rkwrkw upon recessive red.
Of much importance for mypresent purpose of gene-homologisation was the
paper of SMITH(1961)inwhich heanalysed thecrosses of sixofhisown varieties
with a 'tester race', Line 214, that he had received from LAMPRECHT. Line 214
was PP but whiteseeded, i.e. recessive for all colour genes, while it also was
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recessive for all dominant modifying ( = darkening) genes, and appeared to be
dominant RkRk. The F2-families were difficult to classify accurately, and
SMITH'S analysis mainly depended upon his numerous F3-families. From the
genes that SMITH needed for the explanation of the crosses the loci P,M (=
allelofthecomplexlocus C)and Rk canbeleft hereoutofdiscussion.He further
found two genes that produce a brown hilumring. In their action the first one
accurately agreeswith that of the 'hilumring factor' D, making a brown hilumring and for the rest leaving the seedcoat whitish. The action of the secondone
asaccurately agreeswith that of the 'shine factor' / , producing, as the first one,
a brown hilumring and moreover making the seedcoat shiny,while being epistatic over the first one;he further stated that Rk-rk worked only when this latter
gene was present. In trying to coordinate his own results with those of
LAMPRECHT (who ascribes to five genes a hilumring-producing action: / , G, B
Ins and Can), SMITH unfortunately choose for the first one LAMPRECHT'S
symbol B and for the second one G, genes that, as explained in PRAKKEN II
(1970) are purely modifying genes and do not produce a brown hilumring. In
my opinion it should have been D (hilumring-factor; = Ins = Can of
LAMPRECHT)and J (shine factor). With the latter choice both FEENSTRA (1960)
and LAMPRECHT (1966) agree, in pointing out that recessive red rkrk or rkdrkd
colours are only produced if the 'shine factor' J is present. - No wonder that
SMITH met difficulties in trying to homologise his genes with those of
LAMPRECHT. The homologisation of SMITH'S symbols withthe genes as used in
the present article (i.e.mainly the symbols used by LAMPRECHT) is according to
me:
SMITH, 1961

Present article
represents the 'groundfactor'
P
is an allel of the 'complex locus'
C
corresponds with the 'hilumringfactor'
D
corresponds with the 'shine factor'
J
a third modifying gene, 'needed' by Smith inadditiontoBr . .
(for brown) and Bl, must be the 'yellowbrown factor' . . . G
Br, corresponds with the 'grey-greenish brown factor'
B
Bl, corresponds with the 'violet factor'
V
Rk, is the now generally recognized locus for recessive red, . . Rk(-rk-rkd)

P,
M,
B,
G,
...,

Asastrongadditional argument fortheidentification ofSMITH'S'brown factor'
Brwith the 'grey-greenish brown factor' Bofthe present article the linkagerelations can be mentioned:
SMITH (1947) stated linkage Br-Rk, recombination percentage 37.5.
PRAKKEN (pres.art.)stated linkage B-Rk, recombination percentage 38.8±3.8.
SMITH, as shown above, started from the supposed hilumring-action of G and
B, like LAMPRECHT did and also NAKAYAMA. Both latter authors have given
valuable analyses of the relation between 'yellow-black' and 'red' colours,
especially in shiny //-material. When it was Jj and therefore segregating mat,
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non-afterdarkening //-types, they too were liable to be played tricks by the
supposed hilumring producing action of G and B.
I will now end the article by giving a review of the integrated system. It will
be done in a rather general way, often using comparative descriptions, based
upon the general specific action of most genes or alleles. Bythis way of description the use of colour names or indications isrestricted to a minimum.
Ofthe'yellow-black'systemthe alleles C,candc"willbeused,ofthedominant
'red-black' system Cst( = Rst, red striped) only, and of therecessive 'red-black'
system (Rk and) rkdrkä.
As the clearest distinctions and also the most extensive and detailed knowledge are in the field of the shiny /-colours (dd or £>.,indicated by ..) it is with
this group that the reviewbegins:A, an extremely complicated group.Group/?,
D.jj, is much less complicated, whilegroup C,ddjjparallelesgroupBand therefore is very easy to describe.
Intheschemeoppositep.82theeightcoloursdependingonthecombined action
of thethreemodifying genesG,B, Vareinarow,e.g.rowVI, 1-8. In the review
that follows these eight types are always found aboveeachother, also numbered
from 1-8.
A. The J. colours, shiny andstrongly afterdarkening.
I. The shinyyellow-black colours(C-c-cu;all Rk.), cf. lower half of thescheme,
in which however c"is not included; first the three homozygotes, thereafter
the three heterozygotes. The two dots (. .) mean dd or D.
The three homozygotes.
a. CC..J., the shiny dark pattern colours(scheme: row VI, 1-8):
1. CCJ.ggbbvv: pale greenish yellow (shamois to canary yellow)
2. „ „„G.bbvv: yellowbrown (bistre)
3. „ „„ggB.vv: grey-greenish brown (buffy citrine; 'münzbronze')
4. „ „„G.B.vv: dark brown (mineral brown)
5. „ „ „ggbbV.: dark (blackish) violet (dark violet purple)
6. „ „„ G.bbV.: dark brown violet (maroon)
7. „ „„ggB.V.: black
8. „ „„G.B.V.: black
b. cc.J., the shiny background colours(scheme: row V, 1-8):
1. cc.J.ggbbvv: pale (yellowish) buff (Cartridge buff, Rohseidengelb)
2. „ „ „G.bbvv: pale yellowbrown (maize yellow)
3- „ „ „ggB.vv: grey brown (snuff brown)
4. „„„G.B.vv: (pale) brown (buckthorn brown)
5. „„„ggbbV.: pale yellowish buff tinged with plumbagoviolet
6. „„„G.bbV.: pale yellowbrown tinged with ageratumblue
7. „ „ „ggB.V.: grey brown tinged with slate blue
8. „ „ „ G.B.V.: dark brown tinged with greyish indigo (very variable)
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c. c"cu..J., the shiny 'unchangeable' background colour
1. c"cu..J.ggbbvv: .
2. „„„ G.bbvv lall eight like b.l, i.e. pale (yellowish) buff (Rohseidenetc, to
(gelb) ( = not or hardly influenced by G, B and V)
8. „„„ G.B.V. >
The three heterozygotes.
d. Cc.J., mottled; dark pattern la, 1-8 jupon background I b, 1-8:
1. Cc.J.ggbbvv: pale greenish yellow / pale (yellowish) buff
2. „„„G.bbw.
yellowbrown / pale yellowbrown (maize yell.)
3. „ „„ggB.vv: grey-greenish brown / grey-brown.
4. „ „ „ G.B.vv: dark brown / (pale) brown.
5. „ „ „ggbbV.: dark violet / pale yell, buff t.w. plumbagaviolet.
6. „ „ „ G.bbV.: dark brown violet / pale yell, brown t.w. ageratumblue.
7. „ „ „ggB.V.: black / grey-brown t.w. slate blue.
8. „ „ „ G.B.V.: black / brown t.w. greyish indigo.
Ccu..J., mottled; dark pattern I a, 1-8 / uponpale yell, buff I c:
1. Cc"..J.ggbbvv: pale greenish yellow / pale (yellowish) buff.
2. „ „ ,,G.bbvv: yellowbrown /
„ „ggB.vv: grey-greenish brown /
3.
„ „ G.B.vv: dark brown /
4.
„ „ggbbV.: dark violet /
5.
„ „ G.bbV.:dark brown violet /
6.
„„ggB.V.: black/
7.
„„G.B.V.: black/
8.
ƒ. cc"..J., shiny background colours:
1. cc"..J.ggbbvv: ,
2. „ „G.bbvv: colours like / b, 1-8 = shiny background colours,
etc. to
p u t all eight segregating1f4. c"c"(shiny pale buff)
8. „ „ G.B.V.: '
Theshinyidominantred'colours, obtainedbyreplacingCC,ccorc"c"above
by two or one allele(s) Cst(all Rk).
Both replaced, i.e. homozygously striped,
a. CS'CS'..J., shiny homozygously (''red-blackish') striped colours, uponpale
buff background:
upon pale (yell.) buff.
1. CstCs'..J.ggbbvv: red striped /
2. „ „ „ G.bbvv: orange red striped /
3- „ „ „ggB.vv: greyish-violet striped /
4. „ „ „G.B.vv: dark (blackish) brown str./
5. „ „ „ ggbbV.: (dark reddish) purple str. /
6. „ „ „ G.bbV.: slightly more brownish
purple str. /
7. „ „ ggB.V.:grey-bluish black str. /
8. „ „ G.B.V.: blackish striped /
IT.
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Onereplaced.
b. CstC..J., shiny heterozygously striped,three-coloured:
1. C'CJ.ggbbvv:
. .'main colour': shiny dark pattern, like la, 1-8.
2. „ „ G.bbvv: Iystriping'':about like IIa, 1-8.
etc. to
)|
8. „ „ G.B.V.:' ^'backgr. mottl.': always pale yell, buff, like in Ha.
c. C'c.J., shiny heterozygously striped, two-coloured:
1. Cstc..J.ggbbvv: .
2. „ „ G.bbvv: IJ'striping' about like II a, 1-8 (somewhat less bright)
etc. to
JI'shiny backgr. colour'like / b,1-8(but tinging
8. „ „ G.B.V. '
in5-8 less strong)
d. Cs'cu..J., shiny heterozygously striped,two-coloured:
1. Cstc"..J.ggbbvv: . .striping:about like IIa, 1-8
2. „ „ G.bbvv: I wackground: inallpale yellowish buff
etc to
)J(very near homoz. striped, II a, 1-8,butalleight
8. „ „ G.B.V.: ^segregating 7 4 CC)
HI. Theshiny 'recessivered' colours, obtained byreplacing, in / a-f, Rk.by
rkdrk".
In thethree homozygotes.
a. CC..J
rkdrkd, 'recessivered'over theshiny darkpattern colours:
1. CC..J.ggbbvvrkdrkd: completely 'rec.red' (over pale
)great
greenish yellow).
jchange
2. ÎS ÎJ „G.bbvv
: almost 'rec.red' (over yellowbrown). jby rkdrkd
3. J) ï ) „ ggB.vv
: dark (reddish) haze (over dark
grey-greenish br.).
4. î» »ï „ G.B.vv
: dark (reddish) haze (over dark
less great
brown).
change
5. î ï )5 „ggbbV.
: slight haze (over dark violet).
[bij rkdrkd:
6. ) ï )5 „G.bbV.
: slight haze (over dark brown violet), darker.
7. 5? ) ) „ggB.V.
: slight haze? (over black).
8. 'S ?» „G.B.V.
: slight haze? (over black).
Therefore: from 1-8theinfluence ofrkdrkdbecomeslessandlessconspicuous.
b. CC.J

rkdrkd, 'recessivered'over theshiny background colours:

r
r hh
'•V n m i e n c e °î^rk* about like under Ilia;
'
" ' J7. (and2)become (rather) recessivered;
r-r- n i7
Yvci 3to8thereddish haze islessandlessvisible.
8. „„„GG.B.V.„ :
c. cuc"..J
rkdrkd, recessivered over 'unchangeablebackground colour':
u u
1. c c ..J.ggbbvvrkdrk": .
2. „ „ „ G.bbvv „ : la// eight completely recessivered, like IIIb,1
etc. to
( = hardly ornotinfluenced byG,B, V)
8. „ „ „ G.B.V. „ :

"""
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[It was in this region of c"c"..//-colours that SMITH and BECKER MADSEN
(1948),inmakingthedialleliccrossbetween a'Buff'variety, a'RedKidney'type,
and 'Michigan Dark Red Kidney', proved the existence of the triple alleles Rk,
rk and rkd,in homozygous condition resp. '(pale shiny) buff', 'testaceous' and
'garnetbrown';rkrkd appearedintermediate:'dragon'sbloodred'(forcolourssee
RIDGWAY, Color standards and color nomenclature, 1912).-Also crosses with
the one-coloured 'dominant red' variety 'Commodore' (oxblood red; in the
genes used here probably: CC'..JJggbbvvRkRk) were involved, but in the
present article CrC has been left out of consideration.]
In the three heterozygotes.
d. Cc.J
rkdrkd, 'recessive red' over heterozygote Cc-colours:
1. Cc..J.ggbbvvrkdrkd: /recessive red' over both colours,
2. „ „ „ G.bbvv „ : \darkpattern and background;
etc., to
|for effect cf. Ill a and / / / b:
8. „ „ „ G.B.V. „ : 'clearest 'rec.red' effect in 1 and 2.
e. Cc"..J
rkdrkd, 'recessivered' over heterozygote Ccu-colours:
1. Cc"..J.ggbbvvrkdrkd: s'recessive red' over both colours:
2. „ „ „ G.bbvv „ : \darkpattern, clearest effect in / and 2, see d.
etc., to
[background,in 1-8 typical rec.red.
(unchanged by G, B, V).
8. ?S >) )J G.B.V.
f. cc"..J
rkdrkd, 'recessivered' over the shiny background colours:
1. cc"..J.ggbbvvrkdrkd: scolours precisely like HI b, 1-8,
i.e. rec. red shiny backgr. colours,
2. „ „ „G.bbvv
but all segregating 1/4.cuc",
etc. to
. i.e. typical recessive reds.
8. „ „ „ G.B.V.

I

Theshiny'dominant' and'recessivered' colours,Cst. rkdrkd, obtained from
II, a-d, in replacing Rk. by rkdrkd.

IV.

a. Cs'Cst..J

rkdrkd, shiny recessive red, homozygously striped colour:
1. C C ' .J.ggbbvvrkdrkd:
striping:
2.
„„G.bbvv ,
3.
„„ggB.vv ,
1-8 is parallel with IIa, IS, but somewhat
4.
„„G.B.W ,
darkened by rkdrkd.
5.
„„ggbbV. ,
background colour:
6.
,,„G.bbV. ,
not pale buff as in II a, 1-8, but all typical
7.
„„ggB.V. ,
rec. red.
8.
„„G.B.V. ,
st

s

îî

5Ï

53

ÎS
ÎS

3Î

99

st

b. C C..J
rkdrkd, shiny rec. red, heteroz. striped,three-coloured:
s
1. C 'C..J.ggbbvvrkdrkd: w , . , ,
, , ... „_ , 0
2 5) )5 )J r , ,
Ij main darkpattern colour :like Ilia, 1-8
' to
"
\ystriping': about like IV a, 1-8 just above
etc.
J{'background mottling' :all typical recessive red
5?
ÎS
ÎS
8. ,, „ „ G.B.V.
76

Meded.Landbouwhogeschool Wageningen 72-29(1972)

c. Cstc..J
rkdrkd, shiny rec. red, heteroz. striped,two-coloured:
st
1. C c..J.ggbbvvrkdrkd: .
2. „ „ „ G.bbvv „ : \\'striping': about like IVa, 1-8 above,
etc. to
lybackground colour':like IHb, 1-8.'
8. „ „ „ G.B.V. „ : J\
d. Cstc"..J
rkdrkd, shiny rec. red, heteroz. striped,two-coloured:
st
1. C c"..J.ggbbvvrkdrkd: . .striping: about like in IVa, 1-8 above
2. „ „ „G.bbvv „ : 11background: all typical rec. red likethatinIVa,
etc. to
|j 1-8 (therefore about like IVa, 1-8, but all
8. „„ „G.B.V. „ :' ^segregating 1U cucurkdrkd).
B. TheD.jj-colours, mat andnon-afterdarkening, but witha brown hilumring.
In this colour group there is no difference between c and c"(the latter is left
out), nor exists a visible difference between Rk. and rkdrkd (which both are left
out). Only the yellow-black group (CC, cc, Cc) and the group with dominant
red (Cs'Cst, CS'C, Cstc) need to be described.
I. Themat yellow-black colours with brownhilumring(C-c).
a. CCD.jj, the mat darkpattern colourswith brownhilumring(scheme: rowIV,
1-8).
/. CCD.jj ggbbvv: pale greenish yellow
2. „ „ „ G.bbvv: pale (greenish) yellow, with yellowbr. car. str.
3- „ „ „ ggB.vv: grey-greenish brown
4. „ „ „ G.B.vv: soft (mat) brown
5. „ „ „ ggbbV.: dark grey violet
6. „ „ „ G.bbV.:mat brown grey
7. „ „ „ ggB.V.: mat greenish black
8. „ „ „ G.B.V.: mat blackish or dark mouse gray
b. ccD.jj, the 'hilumring type' background colourgroup (scheme: row III, 1-8)
;. ccD.jjggbbvv: >
2. „ „ „G.bbvv: Iwith a brown hilumring, but further seedcoat whitish,
etc. to
\G, B and V (almost) without influence
8. „ „ „G.B.V.:
c. CcD.jj, the mat colours like in a, 1-8, mottled upon whitish background.
1. CcD.jjggbbvv: pale greenish yellow
^
2. „ „„G.bbvv: pale (greenish) yellow
lall with whitish
etc. to
(background mottling
8. „ „ „G.B.V.: mat blackish (darkmousegrey) '
II. Themat colourswith'dominant red', obtained by replacing CCor ccby two
or by one allele(s) C".
a. Cs'Cs,D.jj, mat homozygously ('red') striped colours, with brown hilumring:
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1. CstCstD.jjggbbvv: pale lilacstr.
2. „ „ G.bbvv:pale lilacstr.
3. „ „ ggB.vv: grey-lilacstr.
etc. to
8. „ „ G.B.V. matgrey-blackish str.?

all upon whithish
background

Therefore :parallel theAIIashiny homoz. striped colours,but paler, mat,i.e.
not shiny, and non-afterdarkening.
b. Cs'CD.jj, matheterozygously ('red'') striped,three-coloured:
1. O'CD.jjggbbvv: W t . , , ,., „ , , „
T
•-.Z.L
Imain colour :like B la, 1-8
2. „ „ G.bbvv: , , . . , ... „ „
'
striping :like B II a,1-8
etc t0
1
8
'
c R V •' \backgroundmottling' :all whitish
c. C'cD.jj, matheteroz. ('red') striped,two-coloured:
1. O'cD.jjggbbvv , ,
2. „ „ G.bbvv \\striping: much like a,1-8
etc. to
IJbackground: whitish, like ina
8. „ „ G.B.V. n
C Theddjj-colours,mat,nonafterdarkening, withoutbrown hilumring.
This whole groupCiscompletelyparallelwithgroup B above:CIa,b,c and
CII, a,b,c.
The differences are:
absence of the brown hilumring;
colours usually somewhat paler;
background orbackground mottling purely white (ccddjj-types, scheme: row
I, 1-8, of course arecompletely white, only Vsometimes producing aslight
pale glaucescent tinge).
VI. SUMMARY

After chapter I(Introduction;'yellow-black' and'red' colours)andchapterII
(Material and methods) two diallelic crosses between four varieties each are
analysed, not only for seedcoat colour but also, per individual plant, for the
'accompanying colours': of seedling (cotyledons and hypocotyl), flowers (including redtip standard and red veins in thewings) and fruits. These diallelic
crosses aretreated inchapters IIIandIV,while inchapter Vthree 'connecting
crosses' aregiven.
Chapter VI, Discussion andconclusions, begins witha short Introduction, A.
In VIBthecrosses arediscussed with respect toseedcoat colourinheritance:
segregation forallnine main loci (seebelow) occurred.
In VIC thepleiotropic actions of the loci printed below in bold letter are described,whilethoseprintedinnormalletterappeared tobewithout suchactions:
P, T; C,D,J; G,B, Vand Rk. Onbasis ofthe crosses inchapter IVa scheme
for the relations between flower- and seedcoat colour is constructed: figure 9
p.65.
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In VI D somefurther results are discussed: new genes and linkages.
In VI E, finally, 'A complete synthesisof seedcoatcolourinheritance1, a rather
incomplete analysis of the historic development of the studies on 'red' or better
'red-blackish' colours, of the difficulties involved, and of the ultimate complete
integration of the 'yellow-black' with the 'red-blackish' colours isgiven. It ends
with asystematic survey of the integratedsystem, that seems to be in conformation with the results of all investigators (p.73-79).
A number of details on the 'complex locus C",partly from the literature and
partly from the own crosses, have been left out of discussion. I hope to be able
to discuss the real character of this 'locus' in (a) coming (articles).
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Scheme for the inheritance of the group of yellow-black seedcoat colours inPhaseolus
vulgaris L.
ThehorizontalrowsI-VIIIrepresent the 'colour groups' casued by the action of the (complementary)'colourgenes' C,Dand/, togetherwiththe'basicgene'P(left out);totheleft are
the genotypes (in boldletter) and above in each row is the general character of the group.
Within the groups are (except for I and III) more or less 'parallel series' of principally
eightcolours,verticalcolumns1-8,caused by the action of the 'modifying genes' G,B and V
(the latter sometimes having a slight action as colour gene, see I,5-8);at the top of each
columnisthegenotype(inboldletter),togetherwithanattempttoageneralcolourdescription.
Belowthegenotype inbold letter isthegenotype written in KOOIMAN'S symbolsA,B,C, D,
E,F,(G);thecoloursoccurringinhisanalysis,columns2,4, 6and 8,areindicatedwitha dot.
Uppermost in most of the 64 compartments is a colour describing name, mainlyderived
from theresultsof KOOIMANand PRAKKEN; inthelowerhalf ofeachcompartment is,between
quotation marks,thecorresponding (accordingto thepresent author) german colournameof
LAMPRECHT,togetherwith,betweenbrackets,hisenglishtranslation;intherightupper quarter
Uf V-) thecorrespondence is uncertain in somecases.
The'ever-segregating'mottledtypes(Cc)arenotrepresented inthescheme: theyaremottled
in the colours of I and II, III and IV, Vand VI, VII and VIII.
Abbreviations: K. = KOOIMAN; yell. br. f. = yellowbrown factor; t.w. = tinged with;
car. str. = Caruncula Strich (caruncula stripe).
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