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??? INTRODUCTION The parent plants used in this investigation are the french beans â€žFijne trosquot; and â€žWagenaarquot;. â€žFijne trosquot; is a rather late, whiteflowering, white-seeded polebean, with non-parchmented, nearly stringless pods. â€žWagenaarquot; is an early bush bean, very pale rose-flowering andyeiiow-seeded; the pod is semi-parchmented and provided with an extremely strong string. The main intention was to investigate the inheritance of thestrength of the string. Besides other characters were investigated. Asthe segregation for seedcoat colour was rather intricate, its dis-cussion takes up most of the space in this work. Length of stem andlinkage relations will not be dealt with in this pubhcation. In 1930 I had at my disposal 48 F^ plants, of which in 1931 and1932 I grew the Fg and F^ progeny. Their analysis led to provisionalresuhs. In the same year 1930 I repeated the cross myself. The threeFl plants (Fijne tros X Wagenaar) resulting from this cross formedthe material for more extensive investigations. These F^ plants of 1931 (and those of '32) were on a large

scaleself-fertilized and backcrossed by the two parent plants. The castra-tion of Phaseolus flowers is difficult to perform and even with accuratecontrol of the stigma some pollen grains might be overlooked. Itherefore castrated the flower buds aheady one or two days beforethey would have opened; one day after the castration they werepollinated after renewed close examination of the stigma. Amonghundreds of backcross plants not a single individual has been foundwhich was apparently due to self-fertilization of the F^ mother planfThe discussion of the inheritance of seedcoat colours is mainly basedupon the backcross with Wagenaar.



??? CHAPTER I stem, flower and seedcoat colours Â§ 1. Introduction Many factors for seedcoat colour have as yet been determined bythe various investigators. It is, however, very difficult to find theconnection between their investigations. In the first place the de-scription of the colour types is often superficial. Secondly the greaterpart of the crosses contain rather few of the very numerous colours.And finally the connection between stem, flower and seedcoat colourshas nearly always been neglected. After the analysis work ofLamprecht, the situation has become much more favourable,because we have now the disposal of a very accurately describedmaterial, which has been analysed for many factors. It is for the following reasons that I venture to add the analysis ofthe cross Fijne tros x Wagenaar to the extensive material alreadyknown: 1.nbsp;The analysis concerns seedcoat colour in connection withstem and flower colour. 2.nbsp;The number of factors involved is rather great. 3.nbsp;Backcrosses serve as a test for the factorial scheme. 4.nbsp;The making of linkage investigations.

Points 1 and 2 make the comparability with earher investigationsfairly great. Therefore I have tried to Hmit the introduction of newfactor symbols as much as possible although I am aware that onlydefinite crosses could give certainty about supposed identity offactors.



??? Â§ 2. Present state of the factorial analysis of the seedcoat colour. The factors for seedcoat colour as yet known may be classified asfollows: a.nbsp;Groundfactor. b.nbsp;Complementary factors. c.nbsp;Modifying factors. a.nbsp;Groundfactor. This factor must be homozygous dominant or heterozygous for theseedcoat to be able to show colour. If the groundfactor, which I callP (Shull, 1907amp;, p. 829) is recessive, the seedcoat and as a rule theflower too, are white. Kooiman (1931, p. 331) speaks of ground-or ferment factor, Lamprecht (1933, p. 313) of a f u n d a-mental gene. b.nbsp;Complementary factors. The groundfactor alone does not produce colour. Colour onlyappears, if, besides the groundfactor P, there is at least one dominantâ€žcomplementaryquot; factor. Each of the complementary factors pro-duces (in cooperation with the groundfactor P) a definite, mostlyvery pale seedcoat colour. More complementary factors togethergenerally give a darker colour. This was for the first time analysedby Kooiman (1920), who adopted in the analysis of his cross betweena yellow brown and a

white race a groundfactor (A) and three com-plementary factors, his â€žc h r o m o g e n o u s f a c t o r squot; B, C andD. Lamprecht was the first to give complete certainty about theexistence of the two types of factors by crossing two coloured-seededraces, which gave in the Fa-generation Vie white-seeded plants. As yetLamprecht has described six complementary factors or â€žcolourgene squot;. The consequences of these relations are: 1.nbsp;White-seeded are all p-plants and also those P-plants in whichall complementary factors are recessive. 2.nbsp;If one or more complementary factors are homozygous domi-nant, the ratio white-seeded: coloured-seeded can only be I : 3 (Pp-plants). 3.nbsp;If the groundfactor is homozygous dominant and none of the



??? complementary factors are homozygous dominant, the proportion of1 white-seeded plants is â€” gt; in which formula n isthenumber of hetero-zygous complementary factors. 4. If the groundfactor is heterozygous and again none of thecomplementary factors are homozygous dominant, the proportion 1 1 3of white-seeded plants is--[â– â€? â€” x â€”. 4 4n 4 c. Modifying factors. They only influence the colours produced by cooperation betweengroundfactor and complementary factors. The influence of suchmodifying factors (Kooiman 1931, p. 346: â€ži n t e n s i f i e r squot; Eand F) may be rather general, but in other cases it is restricted todefinite factor combinations. These relations between ground-, complementary and modifyingfactors may be the cause of very intricate cryptomeric, epi- andhypostatic phenomena. Here I have to mention some unexpected and as yet unexplainedresults of Lamprecht (1934amp;, p. 205). In his cross no. 38 between twocoloured-seeded races, white-seeded plants appeared in the Fg, inspite of the fact that both parents possessed the

complementaryfactor C; and in cross 33 a good many more white ones appeared thanwas to be expected according to the groundfactor-complementaryfactors assumption. One of the parents in both crosses was the partlycoloured (â€žteilfarbigequot;) race L 29. According to Lamprecht â€žver-â€žbleibt da vorl?¤ufig wohl nur die Annahme, dass es eine oder gewisseâ€žKombinationen von Genen f??r Teilfarbigkeit gibt, bei denen dieâ€žGanze Testa ungef?¤rbt verbleibt.quot; Â§ 3. The cross Fijne iros x Wagenaar The investigation of an Fg (Wagenaar x Fijne tros) consisting of48 plants and their Fg and F4 offspring (1930â€”1932) induced me tothe provisional adoption of a factorial scheme. For the analysis to begiven here I will, however, use the more extensive material, viz.Fl. Fg, Fg and backcrosses with their progeny of the years 1931 â€”1933. The provisional scheme was wholly confirmed by this analysis.



??? In this section colour names and factor symbols are used with-out ample explanation. The accurate description of the colour typesand the justification of the choice of symbols will be given in thefollowing sections. The colour numbers refer to the folding schemetable 31 and to the colour description in Â§ 5. a. Description of the parent plants and F^ The Fijne tros race is white-seeded and white-flower-i n g. Hypocotyl, cotyledons and stems are green without anytrace of anthocyanin. Only at the base of the full grown pod very small violet spots occur. The Wagenaar race has a yellowish seedcoat, shading(especially at the ventral side) sometimes to canary yellow; thehilumring (cf. fig. 1) is yellow brown; around the hilumring is a narrowviolet corona. Cf. the colour description of no. 3 in Â§ 5. Itsflower colour is a very palepink or lilac rose(Repertoire de Couleurs parR. Oberthur 130, 1, 132, 1and paler). At the base of thestandard and wings the colouris somewhat darker (Rep. deCouleurs 187, 1, pale lightlilac). Hypocotyl and cotyle-dons are partly covered with arose anthocyanin colour(Rep. de

Couleurs between 150, 3â€”4 and 118, 3; Ridgway, Color Standards, Plate XIII, 1' c).This cotyledon colour is brightest immediately after germinationand vanishes about three days later. The anthocyanin colour of thehypocotyl appears about ten days after germination. The full grownpod is spotted with the same rose colour. All Fl plants have a. black mottled seedcoat (fig. 2). Theirflower colour is a light violet; the wings a little more reddish thanRep. de Couleurs 195, 1 (Violet Mauve); the standard 189, 2 (Bishopsviolet). Hypocotyl and cotyledons are partly covered with a very



??? conspicuous dark blue violet anthocyanin colour (Rep. deCouleurs between 199, 4 and 190, 4, often much darker; the paler colours 195, 4; ridgway, Color Standards PI. XLIV, between 69quot;'i 'and 65quot;' m). The stem is green, except for narrow violet spotsat the nodes; the full grown pod is dark blue violet spotted.Henceforward I will use the following indications: j stem colour Flower colour Fijne tros .... green white Wagenaar ... rose pale rose Fx....... violet violet-1.



??? b. Segregation for stem and flower colitur As to stem and flower colour in all generations only the followingthree plant types occur: 1.nbsp;Green stem, white flower (white seedcoat). 2.nbsp;Rose stem, pale rose flower (coloured seedcoat). 3.nbsp;Violet stem, violet flower (coloured seedcoat). As to the violet flower colour, in Fg the violet-1 F^ colour appears,but also darker types. Moreover some flowers are a little more reddishviolet. The darker colours range between Rep. de Couleurs 189,2â€”3 (Bishops violet) and 180,1â€”2 (Reddish violet). I tried to distin-guish between the paler F^ colour (violet-1) and darker colours(violet-2 and 3), but a sharp discrimination was impossible. The F3and F4 generations, however, have shown that the violet-! Fg plantsnearly always segregate into violet and pale rose, consequently areheterozygous; violet-2 and 3 plants do not segregate the pale rosetype and therefore are homozygous. The extension of the violet stem colour in the Fj plants was ex-tremely variable: sometimes only the cotjdedons and hypocotylshowed small spots, whereas in other cases

nearly the whole plantwas violet. The rose hypocotyl and cotyledon colour was not always found.With a view to investigating whether or not this rose colour niay betotally lacking in pale rose flowering plants, I planted 1600 seeds ofFl plants in flowerpots and examined the young plants twice closety,viz. about 2 days (cotyledons) and 10 days (hypocotyl) after theirgermination. Then I planted the green seedlings.in the field andinspected the plants later on as to flower colour. It will be seen(table 1) that out of 262 rose plants only one had not been recognizedby cotyledon or hypotocyl colour. The numbers of the three plant types green, rose and violet ap-proach the bifactorial 4:3:9 ratio, but there is a considerableshortage of rose. The F^ families in table 2 show the same markedshortage of rose plants, together with a surplus of violet ones(D/m = 2.59). The tables 1 and 2 together give:



??? whiteflower pale roseflower violetflower total Observed........ 816 540 1876 3232 Expected ratio 4:3:9. . 808 606 1818 3232 D/m.......... 0.32 2.97 2.06 That is too few rose plants, too many violet ones (D/m still lessthan three, but very high!). The two factors involved are theâ€žgroundfactorquot; P (Shull, 1907amp;, p. 829) and a â€žvioletfactorquot; which I call V (Lamprecht, 1932Â?, p. 177; Johannsen,1926 p. 443). Both races have a complementary factor J (Lamprecht,1932Â?, p. 176) in common, as will be shown later on. Fijne tros is: pp VV (JJ). Wagenaar is: PP vv (JJ). Fiis:nbsp;PpVv(JJ). Fa consists of 4 white flowering p plants, 3 pale rose flowering Pvplants and 9 violet flowering PV ones. Of these 9 PV plants 6 are Vv(violet-1) and 3 are VV (violet-2 and 3); according to table 2 actuallyfound 567 violet-1 and 283 violet-2 and 3. The backcrosses of F^ with the parent plants agree with thebifactorial scheme for stem and flower colour. Fijne tros x Fj (pp VV x Pp Vv) gave the expected 1 : 1 ratio: violet-1 white and 2 total Observed . . . 81 78 159 Expected 1:1. 79.50 79.50 D/m..... 0.24

The reciprocal cross, F^ x Fijne tros gave 6 white and 4 violet. In both crosses not a single rose ; plant occurred. Wagenaar x Fj (PP vv x Pp Vv) gave: pale rose violet-1 total Observed . . . 42 40 82 Expected 1:1. 41 41 D/m..... 0.22



??? Therefore no trace of certation! Neither white flowering plants nor violet-2 or 3 ones were found. The reciprocal cross, F^ x Wagenaar, showed a marked deficiency of rose plants: pale rose violet-1 total Observed . . . 96 124 220 Expected 1:1. 110 110 D/m..... 1.88 The segregation for the factors P and V in the Fg families is shownby tables 3â€”7. Table 3 contains the progeny of homozygous F^ plants.The flower colour of all PP VV F^ plants was violet-2; in their F3only violet-2 (and 3) occurred. Table 4 of Pp vv plants; the agreement with the 1 : 3 ratio is quite satisfactory: white pale rose total Observed . . . 75 229 304 Expected 1:3. 76 228 D/m..... 0.13 Table 5 of Pp VV plants. One of the F^ mother plants was classifiedas violet-1, three as violet-1 â€”2 and five as violet-2. In the Fg progenythe flower colour violet-1 was not found. All families together gave: white violet total Observed . . . 64 187 251 Expected 1:3. 62.75 188.25 D/m..... 0.18 Table 6 of PP Vv plants. Nearly all Fg mother plants were notedas violet-1. The figures point to a clear monofactorial segregation.



??? There is no evidence of a possibly weaker constitution of rose PP vvplants as compared with violet PP Vv and PP VV ones. pale rose violet total Observed . . . 88 264 352 Expected 1:3. 88 264 D/m..... 0.00 The progeny of double heterozygous Pp Vv plants (table 7)showed very surprising results! In most of the families the number 3 of rose plants is considerably lower than the expected â€”. Only m 7 3 famihesout of 41 it is â€” or a little more. Summarizing the families,16 we obtain very high D/m values: white pale rose violet total Observed .... 297 166 751 1214 Expected 4:3:9 303.50 227.62 682.88 D/m...... 0.43 4.53 3.94 The percentage pale rose flowering plants is 13.67 instead of 18.75.In order to determine possible differences between Pp Vv plants(as to the number of rose plants in their progeny), I made (spring 1934)a second sowing of those famihes, which contained the lowest and thehighest percentages of the rose plant type. Tables 8 and 9 show theresults. The percentages of rose plants in the second sowings of bothgroups are nearly the same: 15.32 and 15.42. Therefore I

conclude thatthe shortage of rose plants is a general characteristic of the Fg and ofprobably all Fg families of Pp Vv mother plants. These â€žirregularitiesquot; are up to now unexplained. The segregationfor stem and flower colour served as a foundation for the analysisof the seedcoat colour. The results I arrived at concerning the in-heritance of seedcoat colour have not given me any indication as tothe cause of the irregularities.



??? Of the 88 Fa plants of which the progeny has been tabulated, thereappeared to be (tables 3-7) 27 PP plants and 61 Pp ones (the ex-pected ratio 1 : 2 is 29.3 and 58.7). c. Seedcoat colour in the backcross F^ withW a g e n a a r In all tables the columns for the seedcoat colours are found underthe heading of the three stem and flower colour types, since with eachof them specific seedcoat colours correspond, i.e. the factors P andV for stem and flower colour are just as well factors for seedcoat colour. As the Vv plants can only be distinguished from the VV ones bythe flower colour and not by the seedcoat colour, only the three plant types green stem (white flower),rose stem (pale rose flower) andviolet stem (violet-1, 2 or 3 flower) are used in the tables. The backcross F, X Wagenaar (Pp Vv X PP vv) and the recipro-cal one contain among the rose v plants 4 seedcoat colour types,which show a strongly marked difference. They are called:yellowish (the Wagenaar-colour),orange (yellow brown),greenish brown andbrown. Among the violet V plants only 2 seedcoat colour types can beeasily

distinguished, viz.:violet and The^violets are partly pure violet, partly rather brown violet. As icould not yet distinguish these two violet types at the time when ianalysed the first backcrosses, i have taken them together as violet. In each colour class there occur (table 10) about as many plantswith mottled as with selfcoloured seeds; the dark pattern of themottled seeds has the same colour as the selfcoloured ones. In eachcolour class, except for the pale yellowish, the mottled seeds are easy to discover. It appears (bottom rows of table 10) that the numbers of the six



??? colour types are in accordance with the ratio 1:1:1:1:2:2. ob-served expected D/m yellowish. . . 38 37.75 0.04 orange .... 31 37.75 1.17 greenish brown 28 37.75 1.69 brown .... 41 37.75 0.56 violet .... 90 75.50 1.93 black .... 74 75.50 0.20 It seems to be (leaving for the present the mottling out of con-sideration) a trifactorial backcross, the Wagenaar race(yellowish) being recessive for each of these three factors. One of thethree is of course the factor V. The other two factors must beresponsible for the four seedcoat colour types among rose plants. Thedifference between violet and black seedcoat must depend upon oneof these two factors, whereas the influence of the other one is in-conspicuous in the violet class (brown violet and pure violet) andhardly or not at all perceptible in the black colour class (the black ofsome plants is a very dark chrome green, cf. p. 199 and p. 210). The progenj^ of the selfcoloured backcross plants exactly confir-med the trifactorial conception. All plants must be recessive orheterozygous concerning the three factors involved. As to thegroundfactor, part of the

backcross plants appeared to be PP, theother part Pp. As I have not found any indication of linkage betweenP and those three factors, I have counted together the coloured-seededoffspring of PP and Pp plants and left the white-seeded offspringoat of consideration. The signification of the homozygous dominantfactors JJ and Sh Sh and of the linked factors CM in the formulaeof the genotypes in tables 11â€”18 will be explained later. Selfcoloured yellowish (table 11) does not segregate (exceptwhite). Selfcoloured orange (table 12) segregates into: observed expected1 : 3 D/m yellowish. . .orange .... 1 15 412 1.73



??? This orange factorquot; I call G (Lamprechx 1932Â?, p. 177; observed expected1 : 3 D/m 6 14 515 0.50 :o::Â?trrort;: a;;;, ha^cross p.ants fâ€žr the factors gg bb vv (no. 3; Wagenaar colour). Gg bb vv. (no. 9)gg Bbvv. (no. 15)Gg Bbvv. (no. 21)gg bb Vv. (no. 6)Ggbb Vv. (no. 12)gg Bb Vv (no. 18) andGg Bb Vv. (no. 24) Selfcoloured r o w n (g. Bb vv; table 14) segregates into: yellowish. . . â€?greenish brown . This g r e e n 1 ?– quot; ^ ^^ .. -1932Â?, pquot; 177; Johannsen 1926 p. 443) ^nbsp;.nbsp;â– -inbsp;jl^______ kor-l? G, B and V is:yellowish:orange: greenish brown:brown:violet: brown violet:black: yellowish. .orange . . â€?greenish brownbrown . . . â€? yellowish.violet . . formula ob-served expected 1:3:3:9 D/m g b V 4 7.44 1.30 Gb V 25 22.31 0.64 g B V 24 22.31 0.40 GB V 66 66.94 0.17 FamUy 491 does not segregate yellowish and orange, but this nllw Tquot;-let ,..bbVv; table 15) segregates into: ob- expected formula served g b V 16 15 g b V 44 45 D/m 0.30



??? Selfcoloured brown violet (Gg bb Vv; table 16) segregatesinto: formula ob-served expected1:3:3:9 D/m yellowish. . . g b V 1 1.63 0.51 orange .... Gb V 1 4.87 1.90 violet .... g b V 4 4.87 0.44 brown violet . Gb V 20 14.63 2.12. Selfcoloured black (ggBb Vv; table 17) segregates into: formula ob-served expected D/m yellowish. . . g b V 3 3.37 0.21 greenish brown g Bv 10 10.13 0.05 violet .... g b V 16 10.13 2.05 black .... g BV 25 30.37 1.47 These black-seeded mother plants were recessive for the factor g.Their colour was somewhat greenish black and in family 513 1 foundamong the â€žblackquot; offspring 4 plants with a blackish chrome greenseedcoat colour. In some other families too these greenish black seedsappeared, but as a rule they did not show a strongly marked differencewith the pure black ones (cf. p. 199 and p. 210). One selfcoloured black backcross plant (table 18) segregates ac-cording to all three factors and therefore is Gg Bb Vv: formula observed expected1 : 3 : 3 : 9 : 12 : 36 yellowish g b V 1 0.31 orange ..... Gb V 0 0.94 greenish brown . g B V 0 0.94 brown..... GB V

3 2.81 violet .... g b V and GbV 4 3.75 black..... g B V and G B V 12 11.25



??? The colourtypes deah with above could always be nicely discrimi-nated (except for violet and brown violet). As to the factors ascertainedup to now, the parent plants have the following constitution:Fijnetros: pp GG BB VV.Wagenaar: PP gg bb vv. The analysis of Fj Cf. the upper half of the folding scheme table 31.The analysis of the backcross with Wagenaar has been treatedbefore that of the Fg generation, because in the backcross and itsprogeny all the six main colourtypes (or seven, if violet and brown-violet are separated) could be nicely discriminated and completecertainty could be obtained as to the influence of the factors G, B andV. The mottling I left out of consideration. The mottling I have to deal with is the so-called ever-segregating-mottling, i.e. mottled plants never breed true, but they alwayssegregate into mottled and selfcoloured in the ratio 1:1.In all F2 famiUes together I found: 463 mottled-seeded plants and465 selfcoloured ones.It was already shown by Shaw and Norton (1918), Kooiman(1920) and especially by Lamprecht (1932a) that every mottledplant of this type always

segregates into mottled plants and twoselfcoloured types. One selfcoloured type corresponds with the â€žback-ground colourquot; of the mottled seed, the second with its â€ždark patterncolour.quot; The ratio between the three colour types is always: 1nbsp;background colour, 2nbsp;mottled, 1 dark pattern colour.Kooiman and Lamprecht therefore suppose that this motthngdepends upon the heterozygous state of their (complementary) fac-tor B, resp. C: background colour type cc (resp. bb);mottled seedsnbsp;Cc (resp. Bb); dark pattern colour type CC (resp. BB).My view of this type of mottling is that it is due to a factor M formottling which only works in connection with the dominant factor



??? C (= B of Kooiman), i.e. M locally suppresses the action of C; thesetwo factors are absolutely (or nearly absolutely; cf. p. 227) linked.The outcome of this view will be dealt with in Â§ 7 on mottling. According to this view one parent must be cM cM, the otherCm Cm; F^ Cm cM, i.e. mottled. Segregation in Fgi 1nbsp;cM cM: background colour type, 2nbsp;Cm cM: mottled, 1 Cm Cm: dark pattern colour type. Which parent was Cm Cm, which cMcM? It has been mentioned above that in the backcross of F^ withWagenaar in each of the colourclasses there occur about as manyplants with mottled as with selfcoloured seeds. In all cases the lattercolour is the dark pattern colour of the corresponding mottled seeds.(In the yellowish class the selfcoloured and mottled seeds could notbe nicely discriminated). The numbers are (table 10): Therefore: Wagenaar is:Fijne tros is: Fl is: observed expected D/m yellowish (mottled selfcol.) . . . 38 37.75 0.04 1 mottled......... 1 selfcol.......... 1417 18.8718.87 1.160.45 . , , ( mottled..... greenish brown lt; ,, , y selfcol...... 1513 18.8718.87 0.921.39 , ( mottled.........

brown [ selfcol.......... 19 22 18.8718.87 0.030.74 1 selfcol.......... 5040 37.7537.75 2.120.39 \ selfcol.......... 3836 37.7537.75 0.040.30 PP Cm Cm gg bb vvpp cM c^ GG BB VV.Pp Gn cM Gg Bb Vv.And the backcross Fl x Wagenaar is Cm cM x Cm, resulting in colour type. 1 Cm cM (mottled)



??? Other colour types than the six (or seven) types of the backcrossFl with Wagenaar did not occur in the Fg (except for one familywhich will be discussed sub e). I may conclude from this that bothraces in their genetical constitution only differed as to factors al-ready discussed. In the backcross with Wagenaar, however, in each â€žcolour-classquot; only two types occurred, whereas in Fg I could distingui^in each â€žcolour classquot; the expected three types: cM cM, Cm cMand Cm Cm. In the 4 colour classes among the pale rose flowering v plants(yellowish, orange, gray-greenish brown and brown) the differencebetween the two selfcoloured types, ^ cll and Cm Cm is notvery conspicuous; thecMcM background colours generallyare somewhat paler. Especially in the yellowish class the difference between the threetypes is often so inconspicuous that in Fg (and some other famihes)all three colour types had to be counted together. Cf. the colourdescription of the nos. 1, 2 and 3 in Â§ 5. The mottled seeds in the orange colour class can always be clearlydistinguished from the two selfcoloured

types. Yet the discriminationbetween these two types is very difficult in some cases. Again I mustrefer to the description in Â§ 5 (nos 7, 8 and 9). Exactly the same apphes to the brown colour class: mottled seedseasy to find, discrimination of the two selfcoloured types difficult.Cf. description of the nos 19, 20 and 21. In the gray-greenish brown colour class there is a marked differ-ence between the two selfcoloured types: the background ^lo^rcMcM is grayish brown, the dark pattern colour Cm Cmmore greenish brown. See description of the nos 13, 14and 15. In the violet flowering V plants the motthng of the violet seeds andof the black ones is often very conspicuous and naturallythe difference between the c'M cM and Cm Cm colour types as well!The V ^ cM background colour types are only partially tingedwith violet or blue. These tinges are darkest at theventral side (hilumring side) near the caruncula and the germ root;their extension and intensity are extremely variable forseeds of the same plant! The non-tinged parts have exactly the same



??? colour as the corresponding cM cM types among v plants: paleyellowish, pale orange, gray brown and brown. The violet and bluish tinges of these 4 V c'M cM background colourtypes are not equally strong in all plants and in some plants eventotally lacking. In the latter case the difference between the V cM cMcolours and their corresponding v colour is hardly perceptible; thehilumring colour of the v types, however, is always brighter. As to the lack of these violet and bluish tinges in VcM cM plantsI have found indications that it depends upon the recessiveness ofone factor, the heterozygous forms being intermediate; there is,however, no certainty about it, because of the extremely high varia-bility of the tinges. The influence of this factor should be hardly ornot at all perceptible in the other colour types. For the description of these four variable background colours Imay refer to the nos. 4, 10, 16 and 22. The colours discussed so far and the factors involved in the segre-gation are to be found in the upper half of the folding scheme intable 31. The lower half of the scheme will be dealt with

sub e). Table 19 shows the numbers actually found in the F2 generations.For the expected ratio in 1024 plants cf. the scheme opposite the table.Under each â€žcolour classquot; the three types belonging to it are found,each indicated by its colour number. It should be remarked that thenos. 16 and 22, V c'M cM background colours, under the headingâ€žblackquot;, are not black at all! And that in the â€žvioletquot; V c'M cM back-ground colour nos 4 and 10 the violet or bluish tinge may be totallylacking. â€” There is an entire agreement of all colour types with thetheoretically expected numbers. There seems to be no linkage be-tween the colour factors P, On (cM), G, B and V. Table 20, derived from table 19, shows the Fg^segregation (incoloured seeded plants) concerning the factors Cm (cM), G, B and V.The ratio mottled: selfcoloured is exactly 1 : 1 (463 and 465). Thenumbers in the column of the â€žtotal numbers colouredquot; verynearly approach the theoretically expected ratio 1 :3:3:9:3:9:36 between the colour classes yellowish, orange, gray greenishbrown, brown, â€žvioletquot;,

â€žbrown violetquot; and â€žblackquot;. To conclude, I give (table 21) the monofactorial ratios in coloured-seeded plants for the factors G, B and V, again derived from table 19.



??? The numbers are: observed expected 1 : 3 D/m g â€”G: 150 408 139.50 418.50 1.02 b â€”B: 235 707 235.50 706.50 0.04 V â€”V: 235 707 235.50 706.50 0.04 As to the F3 I may point to table 22. This table and tables 22â€”27of the progeny of mottled backcross plants of F^ with Wagenaarrequire no further discussion. The backcross F^ X Fijne tros is in perfect agreement with the above analysis.nbsp;^ ^ Fijne tros: pp (JJ Sh Sh) cM cM GG BB VV.Wagenaar: PP ( J J Sh Sh) Cjm gg bb vv.Flnbsp;Pp (JJ Sh Sh) Cm cM Gg Bb Vv. The backcross of F^ with Fijne tros therefore must be:I pp: white. ' i Cm cM : mottled black.J cM cM : background colour of mottledblack, i.e. brown with (or without) bluishtinge. |Pp(JJShSh)GBV:coloured The numbers are : brown with (or white mottled black without) bluish tinge Observed .... 77 34 40 Expected 2:1:1 75.50 37.75 37.75 D/m....... 0.22 0.70 0.42 e. The â€žshinequot; factor Sh One of the three large F^ families in 1932 (55-2) showed the samecolour types as the two other famihes (55-4 and 55-6), but also manyadditional ones: 55-2 segregated moreover

for another factor, forwhich I use the new symbol Sh (derived from shine). The F^ plants55-2 and 55-4 originated from the same cross; probably the Fijnetros parent plant wiU have been heterozygous for this factor.



??? All colours discussed above were Sh; they are represented by theupper half of table 31, the sh types by the lower half. a.nbsp;All sh sh Cm Cm dark pattern colours (columns III and VI) aresomewhat paler than the corresponding Sh Sh (or Sh sh) darkpattern colours and especially less shiny, often even dull ordead. Between the numbers 27 and 33 I could hitherto not sharplydistinguish: both colours probably are of a pale yellow. The othercolours may be indicated by the same colournames as the corre-sponding Sh types: duU greenish brown (39), dull brown (45), dullviolet (30 and 36) and dull black (42 and 48). In some cases discrimi-nation between the corresponding Sh and sh types is hardly feasible. b.nbsp;AU sh sh cM c'M background colour types (columns I and IV)have a y e 11 o w-b rown hilumring, but for the rest theirseedcoat is nearly colourless. For their indicationI use the name â€žhilumring typequot;.nbsp;^ ^ So the influence of the factors G, B and V upon these sh sh cM cMbackground coulour types is hardly or not at all per-ceptible. The nos of column I (= v; nos 25, 31,

37 and 43) maybe distinguished by their brighter hilumring colour from the nos 28,34, 40 and 46 (= V) in column IV. Some plants of the latter havea gray greenish blue tinge near the caruncula and the germ root,but the tinged part is always extremely small, never extendingover the greater part of the seedcoat as the violet or bluish tinge inthe corresponding Sh colour nos 4, 10, 16 and 22. c.nbsp;The mottled sh sh (5n cM types of columns II and V naturallyhave a less shiny (dull) dark pattern colour and anearly colourless background, by which they areclearly distinguishable from the corresponding Sh types in the upperhalf of the columns (cf. fig. 2, p. 183). As to the actual numbers found in Fg family 55-2 I have to remarkthat in table 29 I combined different colour types, because there weresome difficulties in the classification. As to the factors V and Sh thereoccurred among coloured-seeded plants: V sh v Sh V sh V Sh Total 7 22 42 83 154 Expected 1 : 3 : 3 : 9 9.6 28.9 28.9 86.6



??? The general shortage of pale rose-flowering v plants is high in thisfamily. There are too many V sh plants. Perhaps the numbers point to a weak linkage between the factorsV and sh. The constitution of Sh Fg plants suggests the same. Ac-cording to their F3 there appeared to be: among 6 v Sh Fj plants: 4 Sh sh and 2 Sh Sh.among 12 V Sh Fg plants: 11 Sh sh and only 1 Sh Sh. In F3 all sh sh Fg plants bred true for this factor. The 15 segregatingF3famihes (of Sh sh Fg plants; table 30) gave among coloured-seededplants 89 sh and 211 Sh (expected 75 and 225). I never found clear indications of another segregation into white- andcoloured-seeded but the 1 : 3 ratio. Even the most recessive colournumber (hilumring type no. 25) is not white-seeded. I obtainedthis colour number, which is recessive for all the factors discussed(sh, c, g, b, v) in two F3 famihes. Therefore, at least onecomplementary factor is homozygous dominantin all plants. This â€žhilumring factorquot; I called J (Lamprecht, 1932a,p. 176). This factor J is responsible for the fact that coloured seedswith colourless hilumring never

occurred, ahhough the complementa-ry factor C (= B of Kooiman) produces with P, according to Lamp-recht and Kooiman, a pale sulphurous or citrine yeUow seedcoatwith a colourless hilumring. Â§ 4. The choice of symbols A long time I have hesitated before I c.ould make up my mind con-cerning factor names and symbols. In the course of my investigationsI used the following names, some of which indicate in a suitable waythe general or most conspicuous influence of the dominant factor;other names have been chosen more arbitrarily with a view to theirinfluence upon one definite recessive genotype. p Groundfactor....................^ Hilumring factor (homozygous dominant)........J Shine factor....................._ Factor pair for mottling...............Cm (cM) Orange factor....................^ Gray-greenish brown factor..............^ Violet factor....................^



??? Had I to use new symbols now, derived e.g. from the names givenabove ? I have not done so (except for Sh) but I have taken as far aspossible symbols aheady used by other investigators, at the risk ofthe same symbol being used for different factors. As a symbol for the groundfactor the letter P was first used (byShull, 1907 h, p. 829). The letter M for mottling was used by Shull (1908), Emerson(1909Â?) and Tschermak (1912). In my opinion the same factor M isinvolved in true-breeding and in ever-segregating mottling (cf. Â§ 7). The colours in the upper half of my scheme are the same oralmost the same as the J colours described by Lamprecht. His P J C colours: Schamois.................PJCgbv. Bister..................PJCGbv. Mtinzbronze................PJCgBv. Mineralbraun, dunkel............PJCGBv. Veilchenviolett, dunkel...........PJCgbV. Kastanienbraun..............PJCGbV. ?’ PJCg BV. Schwarz.................jpjCGBV. correspond with my P J Sh Cm colours:nbsp;^ Yellowish.............P JShCjng b v (no. 3). Orange..............P J Sh Cm G b v (no. 9). Greenish brown..........PJSh(^gBv (no. 15).

Brown..............P J Sh Cm G B v (no. 21). Violet............... JShCmg b V(no. 6). Brown-violet............P J ShCm G b V (no. 12). I P J ShCmg B V(no. 18).^la^k...............jpjShCiiiGBV (no. 24). Even Lamprecht's typical colour: Chromgriin-Schwarz: PP CCJJ gg Bb Vv was found in my material (cf. p. 189, p. 191 and p. 210). I therefore used the same factor symbols J,C, G, B and V, supposing that my factors are identical with those ofLamprecht. In Â§ 5 his colour descriptions are compared with myown. The main difference concerns the gray greenish brown coloursdepending on the factor B: my colours 13 and 15 are somewhatdarker and more greyish than Lamprecht's corres-



??? ponding colours: â€žHavannabraunquot; and â€žM??nzbronzequot;. My colournos 4 and 16 (V c colours of column IV) are the only two J colourswhich up to now have not been described by Lamprecht. Theircharacter (tinged with violet or blue; extremely variable) fits in verywell with that of the V c colours â€žAgeratumblauquot; (my no. 10) andâ€žGraulich Indigoquot; (my no. 22) of Lamprecht. According to the latter all these factors are complementaryones. I must emphasize here again that it was not possible for meto judge about the complementary or modifying character of thefactors involved in my cross, because at least one complementaryfactor was homozygous dominant. About the influence of his complementary factors J, C, G, B, V andR Lamprecht says (1933 p. 251): â€žDie verschiedenen Kombinati-â€žonen der genannten sechs Gene verursachen meistens mehr oderâ€žweniger dunklere T??ne als einer reinen Mischung der jedem dieserâ€žGene (zusammen mit P) entsprechenden Farben zukommen w??rde.quot;,Hier bestehen in sofern keine bestimmten Regeln, als etwa

demâ€žHinzukommen eines bestimmten Gens zu irgendwelchen anderenquot;Kombinationen eine bestimmte Wirkung entsprechen sollte. Esquot;kommt hierbei stets auf die Kombination in ihrer G?¤nze an, welche â€žFarbe erzielt wirdquot;. I might, however, remark that we may speak of a â€žgeneralquot; orâ€ždefinitequot; influence of some factors, at least on groups characterizedby definite genotypical constitutions. Having adopted those symbols for the colours in the upper half ofthe scheme, I was obliged to take the new symbol Sh-sh to indicatethe difference between the shiny colours on the one side and the hi-lumring type and dead colours on the other side. This factor Sh issupposed to be a modifying factor which is homozygous dominantin all Lamprecht's colours. It is noteworthy that nearly all jj CC colours described up to nowby Lamprecht are dead or dull colours. Cf. his description of â€žStein-farbigquot; (1932c. p. 4), â€žAmbraweiszquot; (1933 p. 255), â€žRussgr??nquot; (1933p. 256) and â€žMattm??nzbronzequot; (1933 p. 257). In all these cases hementions â€žmattes

aussehenquot; oder â€žmatte Oberfl?¤chequot;. At first I wastherefore inclined to ascribe my sh colours to the recessiveness of thefactor J. Then I should be obliged to assume a complementary factor (other than J) which is homozygous dominant in all my plants and



??? causes, with P, my hilumring type no. 25, if all other factors involvedin my cross are recessive. The complementary factor D of Kooiman (1920, 1931) produced,if no further complementary factors were present, with P beans ofthe same appearance as my hilumring type (his â€žecruquot;). Togetherwith other complementary factors (B and C of Kooiman) it â€žmakes thecolours but slightly darker and more greyishquot; (Tjebbes 1931 p. 185). If we suppose this factor D of Kooiman to be present togetherwith J in my Wagenaar race, the latter should be of the constitutionPPDD J J Cm Cm gg bb vv. D, J and C are complementary factors,of which C (= B of Kooiman) without D and J produces (togetherwith P) a pale sulphurous or citrine yellow seedcoat withoutcoloured hilumring. DorJ each cause (together with P) avery pale seedcoat colour with brown or yellow brownhilumring. SiRKS (1922Â?, p. 110) however, crossed a â€žWagenaarquot; line with aâ€žCitroenquot; (lemon-coloured) bean, the latter â€žwithout or at most witha bluish navelringquot; (this â€žbluish navelringquot; apparently

is a corona).The Wagenaar race is â€žimmediately after harvesting â€žlemon-â€žcoloured with a brown navelring, but soon the lemoncolourâ€žchanges into greyish yellow and a year afterwards the seeds areâ€žentirely yellowish-brownquot;. The colour of â€žCitroenquot; does not change.Cf. his col. PI. II nos 18 and 22. The F^ is of the Wagenaar type. TheFg segregation is unifactorial: 30 â€žCitroenquot; and 99 â€žWagenaarquot;.(The factor involved is according to Sirks perhaps the same as D ofKooiman). I therefore left off ascribing to the Wagenaar-race theconstitution PP DD JJ Cm(^ gg bb vv, because in that case in across of my Wagenaar race with â€žCitroenquot;, the type without acoloured hilumring would appear in Fg according to the bifactorialratio 1:15, instead of the ratio 1 : 3 in the cross of Sirks.Consequently I assumed all my plants to be JJ and for the uni-factorial difference between â€žshinyquot; colours on the one side andâ€žless shinyquot; colours together with â€žhilumring typequot; on the otherside, the modifying factor Sh-sh was adopted. The differences

between â€žCitroenquot; and â€žWagenaarquot; of Sirks arenearly the same as those between the colours â€žGeschwefeltes Weiszquot;......P C j g b v and quot;Schamoisquot;...........PCJgbv



??? of Lamprecht. â€žGeschwefeltes weiss ist eine sehr konstante Farbeund ver?¤ndert sich auch bei jahrelangem Aufbewahren nur wenigquot;.And â€žSchamois ver?¤ndert sich beim Aufbewahren sehr schnell, eswird viel dunkler und der oben erw?¤hnte, zuweilen stark kanarien-gelbe Ton verschwindet vollkommenquot; (Lamprecht 1932Â?, p. 172). This makes it all the more probable that we are right in identifyingthe factor D of Sirks with the factor J of Lamprecht. To conclude with the formulae of the races used in my cross are:Fijne tros: pp JJ Sh Sh c'M cM GG BB VV (one parent plant: pp_JJ^h sh cM cM GG BB VV)Wagenaar: PP JJ Sh Sh Cm Cm gg bb vv. Â§ 5 Description of the seedcoat colours These descriptions were made in December 1933 towards the endof the investigations. At that time I had kept a sample of seeds ofeach plant. In each of the colours described here a considerablevariation is found, partly due to individual variation of seeds of oneand the same plant, but no doubt for the other part depending ongenetical differences (not the same as the factors described)

betwe^individuals belonging to the same type. Especially for the PJ Sh cMc'M colour nos 4, 10, 16 and 22 the variation in the amount of thebluish or violet tinge is partly individual, partly genetic. The Sh colours (1â€”24) of the upper half of the scheme (table 31)are first described. Between brackets the colour name of the corres-ponding type of Lamprecht is given. The colour types correspondingwith my nos 4 and 16 have up to now not been described by him.For the colour description I have used: 1.nbsp;R. Ridgway, Color Standards and Color Nomenclature (1912), referred to as C. S; and 2.nbsp;R. Oberth??r, Repertoire de Couleurs (1905), referred to as R.C. The order of description of the Sh colours is: c'M c'M: background colour type Cm Cm: the corresponding dark pattern colour type. Cm c'M: the mottled type. 1. PJShcMcMgbv;pale yellowish. (cf. Lamprecht: Rohseidengelb, 1932Â?, p. 172). The common colour is C.S. PL XV M'e (Light Buff â€” Warm Buff);



??? R.C. 66, 2â€”4 (Pale Ecru) or between this colour and 138,3 (Salmonflesh). The yellower shades are not always easily distinguishable fromno. 3 (cf. Lamprecht 1932Â?. p. 172); they almost correspond with C.S. PL XXX 19quot;^ (Cartridge Buff-Cream Buff); R.C. almost 36,2(Maize Yellow). Hilumring C.S. PI. III13 j (Xanthine Orange-Amber Brown); R.C. 318,2â€”328,3 (Rust red-Bistre). In process of time this colour grows darker and darker. After 1year: C.S. PL XXIX 16quot; b (Pinkish Cinnamon-Cinnamon Buff);R.C. 307,1â€”309,1 (Dark fawn-Buff.) After 2 years: C. S. PL XV 13' j(Tawny-Russet); R.C. 308,2 (Fawn). All these colours correspond with those given by Lamprecht.3. PJShCmCmgbv; yellowish.The â€žWagenaarquot; race,(cf. Lamprecht: S chamois, 1932Â?, p. 172). For the Wagenaar race a difference in colour is characteristic be-tween the hilum side and the opposite dorsal side of the seed. Dorsalside C.S. PL XXX 19quot; d (Cream Buff) but a shade paler, orPL XVI 19' d (Naples Yellow); R.C. 325, 1 (Shamois). Hilum-side C.S. PL XVI 23' (Strontian Yellow); R.C. 17,

3â€”4 (CanaryYellow). The shamois and yellow are not sharply separated; transi-tion colours occur. The canary yellow colour is very variable in itsextension; sometimes it may be restricted to a very smaU spot closeto the hilumring. Hilumring C.S. PL III between 13 k and 15 i(Amber Brown-Mars Yellow); R.C. 316, 3â€”4 (Mars Yellow) or 328,3(Bistre). This colour too grows rapidly darker. After 1 year dorsal side C.S.PI XXIX 17quot; a (Cinnamon Buff-Clay Colour), R.C. 325,4 (Shamois);hilum side between C.S. PL XXX 21quot; and PL XVI 23'. After 2 yearsdorsal side C. S. PL XXIX 15quot; k (Cinnamon-Sayal Brown); R.C. 309,2â€”3 (Buff.). The above description concerns j^hej)ure Wagenaar race,individuals with the same PJShCmCmgbv constitution oftenshow a less marked difference between the shamois and the canaryyeUow. â€” The Wagenaar race has a narrow violet corona (cf. fig.1, p. 182), which in older seeds is gray brown. 2. P JShOncMghv; yellowish mottled, 3/1.(cf. Lamprecht: Schamois/Rohseidengelb). Dark pattern colour as number 3 on groundcolour as number 1;



??? henceforward indicated as mottled 3/1, analogous to Lamprecht'smode of indication. The mottling of no. 2 is often very difficult todistinguish! For this reason I was often obliged to take the colours1. 2 and 3 together. Many investigators have probably overlooked this mottled type (Miyake c.s., 1930). 4. PJShcMcMgbV; pale yellowish tinged with plumbago violet. (Lamprecht: as yet not described). Extremely variable colour, just as nos 10, 16 and 22; especiallywith respect to the extension of the violet tinge. This tinge may bemore or less clouded and is always deepest at the ventral side nearthe caruncula. On the same plant there may occur seeds that arealmost entirely deep gray violet and others almost without anybluish tinge. The colour withoutblueis C.S. PI. XV 16' (PaleOchraceous Buff-Light Buff); R.C. 66, 1-3 (Pale Ecru). The b 1 u eV i o 1 e t t i n g e is C.S. PL XLIX 53quot;quot; a-c, 57quot;quot; a-c and PI. L6quot;quot;' aâ€”c (Violet Plumbeous, Light Varley's Gray, Deep PlumbagoGray); in R.C. less accurately represented; 204, 2-3 (Violet blue)is the nearest colour, but too bright.

Hilumring C.S. Pi. XV15' i (Ochraceous Tawny) and paler; the darker types 13' i (Tawny);R.C. 324, 2â€”4 (Hazel), the darker colours less bright than 321,3 (Dead leaf). ^ _ 6. PJShCmCmgbV; violet,(cf Lamprecht: Veilchenviolet, i932?Ÿ, p. 174). In its brightest shade a little darker than R.C. 192,4 (Violetpurple) â€? mostly much darker, with transition to 347,4 (Violet black);CS PL XI 61 n (Fluorite Violet-Black), PL XXV 61'm, 63'm,65' m (Dark violet colours) and darker. Hilumring about thesame colour, but the corona (cf. fig. 1) is nearly always paler andmore brownish. Paler types occur as well, especially on badly ripened plants.Lamprecht (1932a, p. 174) says about this colour: â€žSchlecht aus-gereifte Samen zeigen so grosse Unterschiede in der Farbe, dass siequot;ohne besondere Kenntnis der Verh?¤ltnisse in der Regel nicht zuquot;,erkennen sindquot;. I could nearly always clearly distinguish the violet colour no. 6 from the black. 5. P JShCSicMgbV; violet mottled, 6/4.(Lamprecht: so far not described).



??? Owing to the great variability in the extension of the violet tingeof background colour no. 4, the mottling of no. 5 is not alwaysequally conspicuous. 7. PJShcMc'MGbv; pale orange,(cf. Lamprecht: M a is g e 1 b, 1933 p. 256). Palest colour C.S. PI. IV 19 e (Maize Yellow-Buff Yellow); R.C.326, 1 (and paler) with transition to 36,4 (Maize Yellow). Darkercolours C.S. PL XV 16' (Yellow Ocher-Ochraceous Orange); R.C.315,2â€”329,2 (Yell. Tan colour-Raw Siena). Hilumring C.S.PI. Ill 13 j (Xanthine Orange-Amber Brown); R.C. 329,4 (Raw Siena). The analogy with no. 9 (see below) is very great. The main differ-ences are that no. 7 is paler, less deeply orange, less shiny and a littlemore reddish (also the hilumring) than no. 9. The intensity of thispale orange colour in the same plant is rather variable. My palecolours are a trifle less reddish than the Maize Yellow of Lamprecht. 9. PJShCmCmGbv; orange,(cf. Lamprecht: Bister, 1932Â?, p. 173; 1933 p. 256). C.S. PL III 17 h (Cadmium Yellow-Raw Sienna); the darkestcolour PL III 16 i. R.C. 314,1â€”329,1 (Ocre de Ru-Raw Sena); thedarker

colours 328,2 (Bistre). Hilumring C.S. PL IllilS i (MarsYellow) and darker; R.C. 328, 3â€”4 (Bistre). It is often very difficult to distinguish between no. 9 and no. 7, cf.above. It was only after a long time and on comparison with the no. 9resulting from backcross' F^ X Wagenaar, that I could distinguish the two colours rather clearly. This colour (or about the same) has been indicated by differentinvestigators as brown, yellow brown, orange or yellow.8. P J Shtoicl Gb v; orange mottled, 9/7.(cf. Lamprecht: B i s t e r/M a i s g e 1 b). As a rule the mottling is easy to discover. But sometimes, if thebackground-splashes are minute and the colour difference is incon-spicuous, a very close inspection is necessary. 10. PJShcMcMGbV; pale orange tinged with ageratum blue. (cf. Lamprecht: Ageratumblau, 1933 p. 258). Seeds of the same plant very variable as to the extension and in-tensity of the bluish tinge. Just as in no. 4 the bluish colour is deepestnear the caruncula and germ root. The colour without bluish



??? tinge is C.S. PI. XXX 19quot; c (Cream Buff-Chamois); R.C. 325t in g e ib V.nbsp;r PI XV 16' b (Ochraceous Buff- 1â€”2 (Shamois). Or more orange. C.S. Pi. XV ib d _ . ,. ^ ^ . ^r 11 N T? rnbsp;1â€”325 4 The blue violet tinge quot;pr.nbsp;h^n^^^'^Llf 6r h ,Slate V,o,et-DeepSMe Violet) RC the paler colours 201. 2-4 and 200,4 (Ageraturn blue,SLrxZI, tLquot; . KC. 324, 3-. (Ha.el, an. le. .H,Â? than 322 3â€”4 (Brownish terra cotta).nbsp;â€? -u lquot; MPKECHT 1933, p. 258) says about this colour: ..Djeut^g Â?e er Farbe Ln diskutiert werden. Ihre A-brldung .stXlich rn sehr hohem Grade von den MUieuverhaltmssen abhan- ^rlt-rf^- quot;??Â?nbsp;^^^nbsp;der Regel unglcch- mLt verte??t.... Bei den in Schweden herrschenden Witterungs-ssen â€žw das Ageratumblau gew??hnlich mehr oder wem-g d Utlich ausgebildet, rn sehr warmen und trockenen Sommern,ITc Twquot; entsprach jedoch ein gr??sserer Teil der Proben Cu na- o. bluish tinge m some plants oria^iÂ? O, the XenaL X Fijne tros cross is caused genet,cally.12. PJShCmCmGbV; brown violet. Â? aVL, browmsh ring (corona^quot; xt videt

colour in the seedcoat may be totally absen , esp^.a^in badly ripened or diseased seeds; then the colour .s about R.C. 34,\ 4 or paL In some cases it was difficult to distmgmsh the nos 6a'nt 12 (brown violet, clearly, especially in case of very darkcolours Discrimination between 12 (brown violet) aud black (nos r8a:d24):asalwayspossible,atleastwhenthehgMw. 11. PJShCmc-MGbV; brown violet m o 111 e d, 12/10.



??? (cf. Lamprecht: Kastanienbraun/Ageratumblau). The discrimination between 5 (violet mottled) and 11 (brown violetmottled) is mostly rather clear. The brown violet dark pattern colouris sometimes much faded. 13. P JShclcUgBv; gray brown,(cf. Lamprecht: Havannabraun, 1932e, p. 57, 1933 p. 256). ' Greyish brown colour, often with a very faint lilac or violet tinge.C.S. PL XL 1Tquot; a (WoodBrown-Avellaneous); the browner colours be-tween the latter and PL XXIX 17quot; i (Tawny Olive); the seeds withfaint violet tinge PL XLVI 15quot;quot; a (Drab-colour). R.C. between 303,1(Snuff Brown) and 354, 1â€”2 (Otter brown), with a very faint violettinge. Hilumring C.S. PL III 13k (Amber Brown); R.C. 328,3_4 and 321, 4 (Bistre, Dead leaf) and darker. The â€žHavannabraunquot; colour of Lamprecht is somewhat brighter IThe colours described here are distinctly darker and moregreyish, less brownish and greenish. 15. P JShCmOiigBv; greenish brown,(cf. Lamprecht: Miinzbronze, 1932a, p. 173). C.S. PL III 17 m (Raw Umber) and lighter; the most greenishcolour PL IV 19 m (Medal Bronze)

and lighter; the most browncolour PL III 16 m and paler. R.C. the darkest colour 343, 3â€”4(Chocolate), the greenest 298, 2â€”3 (Golden bronze green), the morebrownish between 298, 2â€”3 and 303, 2â€”3 (Snuff Brown). This greenish brown colour no. 15 is always markedly differentfrom the brown colour no. 21 and also from the corresponding cM cMno. 13, which is more greyish. As to the comparison with Lamp-recht's Miinzbronze, my no. 15 is less greenish, more â€žchocolatequot;, especially the darkest colours. 14. P JShCSicMgB v; greenish brown mottled, 15/13. (cf. Lamprecht: Miinzbronze/Havannabraun). Mottling always clear. Not easily confused with any other type. 16.PJShcMcMgBV;gray brown tinged with slate blue. (Lamprecht: tiU now not described). Just as in the nos 4, 10 and 22, the extension of bluish tinge isextremelyvariablein seeds of one and the same plant. Insome plants or families the bluish tinge is nearly (or totally) wanting.The colour withoutbluishtinge agrees exactly with the



??? corresponding gray brown v colour no. 13 (but the hilumring is lessbright): C.S. PL XXIX 17quot; i (Tawny Olive), 15quot; i and k (SayalBrown,Snuff Brown); R.C. 303,2 (Snuff Brown) and 307, 3â€”4 (Dark fawn).The darkest bluish tinge is C.S. PL XLVIII 43quot;quot; 1 (differentSlate colours); in R.C. the exact colour is not to be found; between231,3 (Indigo) and 348,2 (Bluish black). Paler colours (blended withthe gray brown groundcolour) are R.C. 209, 3â€”4 (Smalt blue); C.S.between PL XLVIII 41quot;quot; i (Dark Medici Blue) and PI. LII 35quot;quot;' i (Cas-tor Gray). The hilumring colour of the dark bluish tingedseeds is brown, covered with blue. The black colour nos 17 and 18 will be described below together with 23 and 24. ^ 19. PJShcMcMGBv; (pale) brown,(cf. Lamprecht: Rhamninbraun, 19326, p. 57). This colour is rather variable. Brightest colour R.C. 297,2â€”4(Brown pink); often more greyish, between R.C. 297,3â€”4 (Brownpink) and 303,2â€”4 (Snuff brown). In C.S. represented less exactly;the palest colours between PL XV 17' and 15' i (Yellow Ocher-Och-raceous Tawny); the

darker colours between the above mentionedones and PL XV 15' j. Hilumring R.C. 328,3 (Bistre)-308,3(Fawn). There are two colours which are sometimes difficult to distii^uiÂ?ifrom no. 19, viz. 21 and 13. No. 21 is the corresponding brownCmCmcolour (cf. below) and is as a rule of a darker, deeper brown; the hi-lumring contrasts in number 19 much more strongly with the seed-coat than in number 21. Concerning the difficulties in discriminatingbetween 19 (brown) and 13 (gray brown) I believe that the greyishtints in no. 19 are caused by the same very faint violet as sometimesappears in beans belonging to number 13. As to the comparison with Lamprecht's Rhamninbraun, my no.19 is generally somewhat more greyish, just as is the case with myno. 13 compared to Lamprecht's Havannabraun. 21. PJShCmamp;nGBv; brown,(cf. Lamprecht: Mineralbraun, 1932a, p. 173). C.S. rather exactly PL III 13 m, 15 k, 17 k (Argus Brown, Sudan Brown, Antique Brown). R.C. 304,2â€”3 (Burnt Umber), but often somewhat less reddish,with transitions to 297,4 Hilumring very little contrasting with



??? the seedcoat; C.S. PI. Ill 13k and 15 k (Amber Brown, SudanBrown); R.C. 308, 2â€”3(Fawn) and 304,2â€”4 (Burnt Umber). For the difference between the brown colour no. 21 and the cor-responding cM cM colour no. 19, cf. above. The reddish Mineralbraun (R.C. 339) of Lamprecht does not oc-cur in my materials; the other colours he refers to, are present. 20. P JShCmc'MGBv; brown mottled, 21/19.(cf. Lamprecht: Mineralbrau n/R hamninbraun).Mottling always easy to see. 22. PJShc'Mc'MGBV; (pale) brown tinged with greyishindigo, (cf. Lamprecht: Graulich Indigo; 1933 p. 258). This colour type again shows the same variability in the amount ofbluish tinge as the numbers 4, 10 and 16; many mixed colours ofbrown and bluish occur. And, because the brown groundcolour is alsorather variable (cf. no. 19), this no. is annoyingly multicoloured! Seethe backcross F^ X Fijne tros and reciprocal one (p. 196). Brown andgreenish black seeds (at least near the hilum) sometimes occur in thesame plant; in some plants or families the bluish tinge may be nearly (or totally) wanting. The brown

groundcolours are C.S. PI. XV 17' i(Buckthorn Brown), 15'jâ€”14'k (Ochraceous Tawny, CinnamonBrown, Russet); sometimes more greyish, C. S. PI. XXIX 16quot; i and15quot; j. In R.C. 307,4 (Dark fawn), 303,2â€”3 (Snuff brown), 304,2â€”3(Burnt Umber). The darkest bluish tinge (close to the carun-cula) is C. S. PI. XLVIII 39quot;quot; k (Saccardo's Slate-Dark Greyish BlueGreen), R.C. 232, 4(Greyish Indigo). Sometimes more greenish: C.S.PI. LI 23quot;quot;'j (Dark Olive Gray-Iron Gray). R.C. 351,1 (Greenishblack). Many paler brown-grey-green-bluish mixed colours occur!Hilumring R.C. 322,2â€”3 (Brownish terracotta), 308,3 (Fawn)and darker, sometimes mixed with a bluish colour. It is not alwayspossible to distinguish with absolute certainty between the nos 16and 22. Generally speaking no. 16 is more gray-bluish, 22 rather brown-greenish blue. Lamprecht (1933 p. 258) remarks about his colour â€žGraulichIndigoquot;: â€žDiese Testafarbe zeigt ?¤hnlich wie Ageratumblau eineâ€žsehr ungleichm?¤ssige Verteilung und Ausbildung. Gleichwie beiAgeratumblau ist die Ausbildung

von typisch Grau??ch Indigo sehrvon den Witterungsverh?¤ltnissen Abh?¤ngig.quot;



??? 18. P J ShCmCmgB V; black. 24. P J ShCinCmGB V; black.(Cf. Lamprecht: Schwarz; 1932a, p. 174). R.C. 349,4 (Black, pure) with transitions to 348,4 (Bluish black),350,3â€”4 (Ivory black) and 351,3â€”4 (Greenish black). C. S.Pl. LII n,Lin n and black. Hilumring black. It was not possible to makeany sharp discrimination between the different black colours of theseedcoat. Lamprecht (1932a, p. 174) describes a colour â€ž(dunkel)Chromgrii nquot;, which according to his experience always hasthe constitution PP CC JJ gg Bb Vv. In my material I also foundthis colour with possibly the same constitution, but not alwaysmarkedly different from the remaining black colours (cf. p. 189 andp. 191). Of the self-coloured black-seeded plants out of backcross F^with Wagenaar one half is (P J Sh Cm Cm) Gg Bb Vv, the other half is(P J Sh Cm Cm) gg Bb Vv. All plants were black or very dark greenishblack. Especially among the offspring of the latter (gg Bb Vv) somerather conspicuous greenish black seeds were found. This colour isC.S. PI. XLII 37quot;' n (Dusky DuU Green-Black) but much more

shiny;R.C. between 236,4 (Chrome green) and 351,3 (Greenish black). 17. PJShCmcMg BV; black mottled, 18/16. (Lamprecht: till now not described). 23. P JShOncMGBV; black mottled, 24/22. (cf. = Lamprecht: Schwarz/Graulich Indigo). Though the background colour types of nos 17 and 23 can be dis-criminated, the mottled types must be taken together. The mottlingis very conspicuous if the background colour is without any bluishtinge. In a few cases, when the tinge is extremely strong and darkthe mottling is hardly to be discovered. As to the sh colours (nos 25â€”48) I am not yet able to give as accu-rate a description of them as of the Sh colours (nos 1â€”24) because oftheir great variability. 25. P J sh c'M cM g b v 31.PJshcMcMGb V Hilumring typequot;. 37. P J sh cM cM g B V quot; 43. P J sh cM cM G B v â€žHilumring t y p equot; of pale rose flowering plants. Seedcoat veryslightly coloured with a very pale greyish cream; in most cases a certain



??? nervationquot; is to be seen. The hilumring types are with or withoutcoloured â€žeyequot; around the hilumring. I am not quite sure of it asyet, but probably the colour of the eye is influenced by the factorsG, B (and V) in an analogous manner as the corresponding totallycoloured Sh numbers. â€”The pale cream colours are: C.S. paler thanPL XXX 19quot; f (Cartridge Buff), sometimes with a touch of reddish;R.C. paler than: 66,1 (Pale Ecru), 138,1 (Salmon flesh) and 135,1(Pale pink). Hilumring: the paler colours C.S. PL IH 15 i(Mars Yellow); R.C. 316,4 (Mars Yellow); the darker colours C.S.between PL H 11 k and PL III 13 k; R.C. 333, 3â€”4 (Indian Chestnutred) sometimes between this colour and 308,4 (Fawn). About the same colour as the A b c D type of Kooiman and maybe the pale buff or light ecru of the race Blue Pod Butter used by Shaw and Norto^ 27 PJshCmCmgbv; (dull) yellowish. C.S. PL XVI 23' b (Citron YeUow) and 22'dâ€”20'd (Barium,Straw and Naples Yellow). The same series in R.C.: 18, 1â€”2 (Sul-phur Yellow), 30,3â€”4 (Cream Yellow), 29,3â€”4 (Naples Yellow).

This colour and the corresponding yellow Sh colour (Wagenaartype) could not always be nicely discriminated. 33. P JshCmCmGbv. About this colour (corresponding with the orange Sh colour no. 9)I have as yet no complete certainty. Probably it is yellowish anddifficult to distinguish from the yellow no. 27. 39. P JshOiiCSigB v; dull greenish brown. About the same colour as the greenish brown Sh colour no. 15,but paler and less shiny (dull). R.C. between 298,1-2 (Golden bronzegreen) and 303,2 (Snuff brown). C.S. PL IV 19 1 (Orange Citrme-Medal Bronze) and (browner) transitions to PI. XV 16' k. (CinnamonBrown-Dresden Brown). 45 P JshOiiC'^iGB v; dull brown. C S between PI. III13 mand 15 k (Argus Brown-Sudan Brown)or between PL XV 17' i and PL XXIX 15quot; i. R- C. 304,2 (BurntUmber) with transitions to 303,2â€”3 (Snuff Brown). 26. P J sh Cm cM g b v32. P J sh Cin cM G b v38. P J shCmc^g B v44. P J sh Cm cM G B V mottled (dull) yellowish, 27/25.dull yellowish (?), 33/31.dull greenish brown, 39/37.dull brown, 45/43.



??? These mottled yellowish, yellowish(?), greenish brown and browntypes by their dull dark pattern colour and especially by their nearlycolourless background are greatly different from the correspondingSh colours. The colour of no. 32 (yellowish?) is not yet known for acertainty. 28. P J sh c'M cM g b V 34. P J sh cM cM G b V 40. P J sh cM cM g B V 46. P J sh cM cM G B V â€žHilumring typequot; of violet flowering plants. Seedcoat veryslightly coloured, often showing a certain â€žnervationquot;. With orwithout coloured â€žeyequot; around the hilumring. The seedcoat colour isR.C. 6,1â€”2 (Purplish tinted white) and 9,2â€”3 (Fleshy white); thefirst of these colours is not accurately represented in C.S.; the secondcorresponds with PI. XXX 21quot; f (Ivory Yellow). Sometimes near thecaruncula and germ root a very small spot with a gray-greenish bluetinge: R.C. 206,1 (Succory blue); C.S. PI. LII 35quot;quot;' d (Dawn Gray).Hilumring: pale colour: C. S. PI. XV 15' i (OchraceousTawny); R.C. 314,3 (Ru Ochre); darker colour: C.S. between PI.Ill 13 k and PI. XV 13' k; R.C. 308,3 (Fawn). In most

cases the difference between these V and the corres-ponding v hilumring types is very slight; but the hilumring colour ofV plants is always less bright than that of v plants. 30. P JshCmCmgb V; dull violet. 36. PJshQnCmGbV; dull brown violet. Often brown, nearly without violet. I am not able to describe these colours 30 and 36 accurately, be-cause of their great variability. 42. PJshCmCmg B V and 48. PJshCmCmGBV; dull gray greenish black. C.S. PL XLVI 21quot;quot; m and n (Olivaceous Black-Black) and 17quot;quot; n(Chaetura Black-Black). R.C. 351,2â€”4 (Greenish black) and 350,1â€”2 (Ivory black). â€žHilumring typequot;. 29. P J sh Cm cM g b V35. P JshtocMGb V41. P JshCmcMg B V47. P Jsh(^cMGB V mottled dull violet, 30/28.dull brown violet, 36/34.dull black, 42/40.dull black, 48/46.



??? The duU violet, dull brown violet and dull black mottled typesdiffer on account of their duU dark pattern colour and nearlycolourless background greatly from the corresponding mottled violetand black Sh colours. The difference between Sh shiny black mottled and sh duU blackmottled with nearly colourless background may be seen in fig. 2. Â§ 6. Relation between stem, flower and seedcoat colours In my cross a white seedcoat was always accompanied by whiteflower and green stem (hypocotyl and cotyledons); a colouredseedcoat always by coloured flower and stem. The latter, however, is not always the case. On my reviewing theliterature, the following statements may be made. a. Coloured-seeded races may have coloured or white flowers. White-seeded races nearly always have white flowers and a greenstem. According to Fruwirth (1924 p. 179) â€žfinden sich aber auchFormen, welche Rosa, Violet, Purpur als Bl??tenfarbe und Weiss alsSamenfarbe zeigenquot;. In several descriptive works on bean varieties(Von Martensen, Denaiffe, Tracy, Steinmetz) I found recordedonly one

white-seeded race with coloured flower (Denaiffe p. 176 :Haricot nain Prolifique; fleurs blanches, souvent plus ou moinsteint?Šes de rose; grains blancs). In the genetical literature I did notfind any case mentioned. h. Coloured-flowering races may have a stem (hypocotyl and co-tyledons) with or without colour. White-flowering races seem to have in all cases a green stem, atleast green hypocotyl and cotyledons (Miyake c.s. 1930). Accordingto Fruwirth (1924 p. 179) â€žist weisse Bl??te mit weissem Samen kor-relativ verbunden, nach von Tschermak auch mit Fehlen von violet-ten Flecken auf den Keimlappenquot;. Anthocyanin spots on the fullgrown pods of white-flowering plants may occur (Tjebbes andKooiman V, 1921amp;; the author; cf. below). About the appearance of colour in crossing colourless races, thefollowing facts are known (in most cases a factorial analysis was notattained) : 1. Seedcoat. White-seeded X white-seeded, Fj coloured-seeded. The cross of



??? Davis Wax with Michigan White Wax (Shaw and Norton, 1918 p. 65). 2.nbsp;Flower (in coloured-seeded plants).White-flowering X white-flowering, F^ with coloured flower.Mentioned by Shaw (1913 table 9); the parent plants did not have a totally coloured seedcoat, but an â€žeyedquot; one. 3.nbsp;S t e m (in coloured-flowering plants). Green-stemmed X green-stemmed, F^ with coloured stem. Somecrosses mentioned by Miyake c.s. (1930); one parent with â€žstriped-flower, the other with a totally coloured flower. Stem and flower colour may either be paler or darker, eithermore reddish or more bluish. Up to now, however, only monofactorialsegregations for stem and flower colour have been satisfactorilyanalysed. Shaw pubhshed in 1913 â€žThe inheritance of blossom colour mbeansquot;, without giving a factorial analysis. The difficuhies of classi-fying must have been rather great, as will be seen e.g. on close ex-amination of his table 9, which contains many inconceivable results.The segregation into the flower colours â€žlight pinkquot; and â€žpinkquot; wasapparently monofactorial. Black-

seeded beans seemed always to have a pink flower colour. Miyake c.s. (1930) found monofactorial segregation for:â€žpinkquot; stem and flower (coloured dilutely) versus â€žredquot; stem and flower (coloured intensely). Tjebbes and Kooiman (V, 1921amp;) reported a spontaneous hybridof a light lilac-flowering race with red striped seedcoat and redstriped pod. All the hybrid colours were darker and more bluish:flower violet, seedcoat bluish black striped, pod dark blue striped.The Fa segregated according to the ratio 4:3:9. pod colournbsp;flower colournbsp;seedcoat colour I 1 pale red 1nbsp;^hite ^ 3 pale blue j 3 9nbsp;blue rednbsp;lilacnbsp;without blue 6 light violet 1nbsp;with blue 3 dark violet The segregation of my cross for the factors P and V shows thesame relations in all respects:



??? pod colournbsp;flower colournbsp;seedcoat colour 4 little spots whitenbsp;white (hypocotyl green!) 3 rose pale rose or lilacnbsp;without blue f 6 violet-1 1nbsp;with blue 9 blue-violet 13 ^ioiet.2 or 3 (nbsp;or violet The blue-factor B1 of Tjebbes and Kooiman and my factor V are possibly the same. In many other investigations analogous relations between flowerand seedcoat colours can be traced, though the required observationshave hardly ever been made. In this respect I want to refer to Lamprecht's investigations.The V-plants he used were the black wax varieties â€žNegerquot; (1932a,p. 178) and â€žMerveille du March?Šquot; (p. 190). Their flower colour isR.C. 189, 1 (Bishops violet) but somewhat brighter. The v parent ofhis cross no. II has a yellow-brown (bistre) seedcoat (cf. my no. 9);the flower colour is R.C. 187,1 (Pale light lilac) but much paler. F^was violet flowering like one parent plant. Lamprecht does notmention the connection between flower and seedcoat colours in Fg. Yetthe above-mentioned facts were decisive for me (in connection withthe seedcoat colours) to

assume my factor V to be the same asLamprecht's. Many of Lamprecht's v-races (seedcoat Schamois, Bister, Miinz-bronze, Mineralbraun) are white-flowering. White-flowering raceswith black or violet seedcoat have scarcely been described, unlessthey are partly coloured, â€žeyed-seededquot;. The connection betweenflowercolour and â€žeyednessquot; of the seedcoat deserves closer in-vestigation. johannsen (1926 p. 443) crossed a white-flowering, yellow-seededrace with a violet-flowering, black-seeded one. Fj violet-flowering, black-seeded. F^: white-flowering (v)nbsp;violet-flowering (V) yellow-seeded bronze-seeded violet-seeded black-seeded 39 (bv)nbsp;121 (Bv)nbsp;105 (bV)nbsp;293 (BV) The influence on seedcoat colour of the factors B and V of Lamp-recht and the author is the same as in this cross of Johannsen.To wind up with we may say that there is very little known with



??? certainty about the connection between stem, flower and seedcoatcolours. Unifactorial segregation has been shown (or is at leastprobable) for the following flower-colours:Tjebbes and Kooiman lilacnbsp;violet Johannsennbsp;whitenbsp;violet Shaw and Norton pale pinknbsp;pink Miyake c.s.nbsp;pinknbsp;red Prakkennbsp;very pale rose (-lilac) violet In probably all these cases differences in flower- and seedcoatcolours go together. With pale (or white) flower colour generallycorrespond yellow and brown seedcoat colours (and red ?). Withdarker flower colour violet, brownviolet and black dark patterncolours (CC); the corresponding background colours (cc) are oftenvariably tinged with violet or blue.nbsp;^ ^ I may remind of the fact that in my P J Sh cM cM V backgroundcolour types (nos 4, 10, 16 and 22) the violet tinge may be totally lacking. The corresponding V and v colours are nearly indistinguisha-ble in that case. Â§ 7. Mottling In Â§ 3 I ascribed the ever-segregating mottling to the influence ofa dominant factor for mottling M, which locally suppresses the influ-ence of the (complementary)

colour factor C, while C and m are abso-lutely (or nearly absolutely) linked just as c and M. This hypothesis of the linked factors C and M has consequenceswhich I will deal with in giving a summary of the various views onthe genetical base of mottling in beans. As to their inheritance, two types of mottling in beans are known:a. True-breeding mottling (â€žkonstante Marmorie-rungquot;) of many mottled races. Such a race crossed with a selfcolouredone gives a mottled F^ and F^ shows a segregation into 3 mottled and 1selfcoloured (or, if one parent was white-seeded), into 4 white-seeded,9 mottled and 3 selfcoloured. Part of the mottled F^ plants breedstrue in F3, the other part again segregates into 3 mottled: 1 self-coloured. Ever-segregating mottling (â€žHeterozygotmar-morierungquot;). In our crossing two selfcoloured plants a mottled F^may appear. In F.^ mottled and selfcoloured plants occur in the 1:1



??? ratio (if one parent was white-seeded, the F^ ratio is: 4 white-seeded,6 mottled and 6 selfcoloured). None of the mottled Fg plants aretrue-breeding for mottling in Fg or later generations. The phenotype of the two sorts of mottling is much thesame and it seems doubtful to me, whether they can generally bedistinguished one from the other. According to Tjebbes and Kooiman (II, 1919) the pattern shouldbe nearly the same; in the ever-segregating type, however, thereshould occur only one background and one dark pattern colour,whereas the dark pattern in true-breeding mottled plants which theyinvestigated, consisted of two colours; in a â€žblackquot; mottled bean e.g.of parts with very dark blue cells and parts with lighter blue ones. Kristoeferson (1924) writes: â€žAs to the phenotype both aresimilar.quot; And Lamprecht (1933 p. 260): â€žEs verdient hier besonders hervor-â€žgehoben zu werden, dass zwischen dem gew??hnlichen Typus vonâ€žkonstanter Marmorierung, verursacht durch ein besonderes Mar-â€žmorierungsgen (M), und der durch die Konstellation C c beding-â€žten

Heterozygotmarmorierung kein sicherer Unterschied in Bezugâ€žauf die Zeichnung der Marmorierung hat festgesteUt werden k??n-quot;,nenquot;. In his latest article he says (1934 p. 179): â€žSowohl die hetero-â€žwie die homozygotmarmorierten Samen zeigen in ihrer Zeichnungâ€žeine recht betr?¤chthche Variation und scheinen auf Grund dieserâ€žh?¤ufig nicht sicher voneinander unterschieden werden zu k??nnen..â€žF??r die heterozygotmarmorierten Samen ist von mir an einemquot;.grossen Material nachgewiesen worden, dass die dunkleren Fleckenquot;,der Testa stets der durch einen Genotypus mit CC bedingten Testa-^}arbe entsprechen, die des helleren Grundes einem im ??brigen glei-quot;,chen Genotypus mit cc. Hier ist die Farbenverteilung also in ihrerquot;Abh?¤ngigkeit von der genotypischen Konstitution vollkommen be-quot;kannt. Wie die Farbenverteilung bei den homozygotmarmoriertenquot;.Samen durch das Zusammenwirken von M mit den Farbgenen f??rquot;die Testafarbe beeinflusst wird, dar??ber scheint bisher nichts siche-quot;res bekannt zu sein. Aus

oben Angef??hrtem geht klar hervor, dass''die Heterozygotmarmorierung nur zweifarbig auftreten kann. Die,'.homozygotmarmorierten Typen sind diesbez??glich kaum unter-,'sucht. Soweit mir bekannt, kommen haupts?¤chlich dreifarbigeâ€žKombinationen vorquot;.



??? In the earher investigations (Tschermak, Emerson, Shull a.o.)differences between the two types are not mentioned. As to the genetical base of motthng in beans and theconnection between true-breeding and ever-segregating mottling two contrary views exist: The two types depend on different factors which are inheritedindependently (Emerson's first conception. Kooiman. Lamprecht). h. The two types depend on the same factors (Emerson-Spill-man, Tschermak, Shaw and Norton, the author). As concerns the ever-segregating mottling, it is of importance toremark that the first investigators (Tschermak. Shull. Emerson)did not observe that with every mottled type there go two self-coloured ones. Among mottled and selfcoloured beans in a cross they distinguished the same colours. Shull e.g. (1908) crossed:Long Yellow Six Weeksquot; (light pink flower, yellow seed as myWagenaar race) with â€žWhite Flageoletquot; (white flower and seed).The Fl generation had pink flower and black mottled seed. In F, hedistinguished two main seedcoat colour types: â€žbrow nquot; (= dark seal brown, dark

greenish brown, dark yellow brown, light yellow) andblackquot; (= black, weathered black, purple, violet; m somequot; plants the colour is but p a r 11 y black or violet and the otherpart is a brown colour â€žunderlyingquot; the black or violet).The colours in Fg of this cross were probably t h e s a m e a s m ySh colours in the upper half of the scheme, table 31.My factor B is probably Shull's â€ždark brown factorquot; D.My factor V is his â€žanthocyanin producing factorquot; B.On my factor G depends the unifactorial difference betweenShull's races â€žLong YeUow Six Weeksquot; and â€žNe Plus Ultraquot;(orange); this factor is not named by Shull.The figures in Fg were: â€žbrownquot; (= my v) â€žblackquot;(= my V) unclas- white rii^ttled selfcoloured mottled selfcoloured sified160nbsp;39nbsp;59nbsp;154nbsp;159nbsp;12 Ratio: 16nbsp;6nbsp;6nbsp;18nbsp;18



??? Background colour cc and dark pattern colour CC were apparentlytaken together! â€žBrownquot; my columns I and III (v cc and vCC);â€žblackquot; my columns IV and VI (V cc and V CC; probably all V cccolours, my column IV, were strongly tinged with violet; some plantsshowed a brown colour â€žunderlyingquot; the black or violet!) Shull rightly understood that these results were explainable onthe assumption that all individuals heterozygous for a factor M havethe mottled pattern, and that mm and MM are selfcoloured (thosemm and MM types could not be distinguished in his opinion). Tschermak (1901, 1902, 1904, 1912) just as Shull, distinguishedamong (ever-segregating) mottled beans and selfcoloured ones t h esame colours, viz. his main colour typesblacknbsp;C B violetnbsp;c B and brown (with yellow) C b and c bHis cross â€žWeisse Wachsschwertquot; (white flower and seed) with'^Non plus Ultraquot; (pale violet flower, orange seedcoat) gave anFl generation with dark violet flower and black mottled seed.In Fa Tschermak could â€žleicht 20 verschiedene

Farbenklassenkonstatierenquot;. Apparently here too all my Sh colours occurred:segregation for my factors B (= C of Tschermak), V (= B ofTschermak) and probably for my factor G (G dominant or re-cessive does not alter the division into three main colour typesblack, violet and brown with yellow). I discuss the cross Weisse Wachsschwert x Non plus Uhra, be-cause Tschermak gave (1902 Tab. II) of 98 f^ individuals an accu-rate description as to their flower and seedcoat colours; later(1904 Tab. Ill) he gave of the same 98 individuals the division mtothe three main colour groups black, violet and brown.In different F^ families of this cross he found together:whitenbsp;mottlednbsp;selfcoloured 99nbsp;163 ratio Â?: 4 167nbsp;(= 4:6:6) brown violet black brown violet black38nbsp;33nbsp;92 101 27nbsp;39 3nbsp;9nbsp;9nbsp;3nbsp;4 So he found for the three colours â€žinversion of the ratioquot; among



??? mottled beans (4:3:9) and selfcoloured ones (9:3:4). Tschermaksuggested different possibilities as an explanation, but he finished(1912 p. 187) by saying: â€žEine vollbefriedigende Erkl?¤rung der Um-kehr des Spaltungsverh?¤ltnisses bleibt noch zu findenquot;. By accurate comparison of his extensive description of flower andseedcoat colours of those 98 F^ plants with their later division intoblack, violet and blue, I arrived at the apparent solution of this re-markable â€žinversion of the ratioquot;. Among mottled seeds the normal 4:3:9 ratio is found, according tomy factors B and V and possibly G (cf. the colours in the upperhalf of my scheme): 1 b V Cm cM 1nbsp;^Q^tigd^ ^ith pale lilac flower. 3 B V Cm cM J quot;(my nos 2, 8, 14 and 20).3 b V On c'M, violet mottled, with lilac or dark lilac flower. (my numbers 5 and 11).9 B V Cm c'M, black mottled, with lilac or dark lilac flower,(my numbers 17 and 23). The â€žinversionquot; among the selfcoloured seeds is probably causedby the classification of the background colourtypes of black mottled seeds ^n d. v i o 1 e t m o 11-I e d ones! Of these

colours, my P J Sh cM cM V colours (nos 4,10, 16 and 22), which are pale yellow, pale orange, gray brown andpale brown, variably tinged with violet or blue,Tschermak may have classified: a.nbsp;Not a single one as â€žblackquot;. b.nbsp;Those with strong violet or bluish tinge as â€žvioletquot;. c.nbsp;Those without or with a faint tinge as â€žbrownquot;. Leaving out of consideration the groundfactor P, the ratio in theupper half of my scl^m^in table 31 (J and Sh dominant; segregationfor the factor pair Cm-cM and the factors G, B and V) is:



??? V cMcM CmcM CmCm cMcM CmcM CmCm gt;violet gt; violet 5inbsp;9) jblack black i 27 J48 g b 1 2 1 3 6 Gb 3 6 3 9 18 g B 3 6 3 9 18 GB 9 18 9 27 54 16 16 481 % Classified bynbsp;-g ^ Tschermak as: _.nbsp;_. [o g sn fl ^ ^ 0 - o iH .Q ^ .Q O X) VH X) p T-i O T3 3O lt;D quot;o quot;o u O O SH lt;Dm e to Mottled: 32 brown, 24 violet, 72 black = 4:3:9.Selfcoloured: â€žbrownquot; 16 16 part of 48violet 12 remaining part of 48black 36. The flower colour of those 98 plants was (with 1 or 2 exceptions) inagreement with my view: all selfcoloured and mottled black plants: lilac or dark lilac;aU selfcoloured and mottled violet plants: hlac or dark lilac;ah mottled brown plants: pale lilac; selfcoloured brown plants: partly pale lilac, partly lilac or dark lilac. Emerson (1909Â?) was the first who tried to analyse the relationbetween true-breeding and ever-segregating mottling, after crossinga great number of white-seeded, mottled and selfcoloured varieties. In his first hypothesis he assumed that both types ofmottling depend upon different factors. The symbols he used were:P = groundfactor for

colour.M = factor for true-breeding mottling; MM and Mm mottled, mm selfcoloured.X = factor for ever-segregating mottling;XX and XX selfcoloured, Xx mottled. gt; ^nbsp;â€žnbsp;^ t3nbsp;onbsp;nj Â° Inbsp;onbsp;Jnbsp;^ S 8nbsp;^nbsp;S asnbsp;^nbsp;^nbsp;o U 0)nbsp;rtnbsp;On !quot;nbsp;^^nbsp;^nbsp;^nbsp;I gt;-. gt;1nbsp;onbsp;onbsp;Si ^ ^nbsp;anbsp;?‹nbsp;snbsp;s ridnbsp;^nbsp;CNnbsp;(N Ph ftnbsp;CNnbsp;â€” CO The ratio 9:3:4 may resuh!



??? (X of Emerson = M of Shull = B of Kooiman = C of Lamp-recht; Emerson and Shull, however, did not know the difference mcolour between the homozygous types!). The possible genotypes of the races are:1 PP MM XX mottled.nbsp;5. pp MM XX 2.nbsp;PP MM XX mottled.nbsp;6. pp MM xx ^^ 3.nbsp;PP mm XX selfcoloured.nbsp;7. pp mm XX4 PP mm xx selfcoloured 8. pp mm xx According to these views, Emerson expected the following ratiosbetween white, mottled and selfcoloured beans: selfcoloured261 326 0 5 15 Formulaemottled Fl white ^ 2mottled la. PP mm Xx 0 2 h. Pp mm Xx 4 6 2a. PP Mm XX (or xx) 0 3 h. Pp Mm XX (or xx) 4 9 3a. PPMmXx 0 14 b. Pp Mm Xx4a. PP MM XX (or xx) 16 42 all mottled b. Pp MM XX (or xx) 1 3 Emerson consiaereu luc pusoiL-^Lx^^j-nbsp;------o-nbsp;- only in xx and not in XX plants; in this case the ratio in 3Â? and h (double heterozygous) would be: 3a. PPMmXxnbsp;0nbsp;H ft. PpMmXxnbsp;16nbsp;33 Analyzing the resuhs of Tschermak, Shull and himself, Emerson found no indication of ratios to be expected incaseofdoubleheterozygosity:MmXx.

Emerson's secondhypothesis (1909amp;) about the con-nection between true-breeding and ever-segregating motthng wasgiven on a suggestion of Spillman. The two types of mottling woulddepend upon two factors, Y a n d z, w h i c h f a c t o r sare absoJ.utely linked: (PP) XZYZ true-breeding mottled race.(PP) Yz Jzl (PP) yZ yZ selfcoloured races.(PP) yz fz



??? In white-seeded races there may of course occur the same 4types concerning Y and Z. The various possible crosses and their(white): mottled: selfcoloured Fa ratio are: S^j TTtatt^ed. 55



??? According to Emerson all known facts could be explained bythis Yz-yZ hypothesis as well as by his M X hypothesis of two inde-pendent factors. For Emerson the ^z-yZ hypothesis has two advantages: 1.nbsp;The two types of mottling, phenotypically so much alike, de-pend on the same factors. 2.nbsp;The ever-segregating mottled F^ between two selfcolouredraces is more conceivable than with his monofactorial Xx hypothesis(or Mm of Shull). Tschermak (1912) likewise attempted to consider the â€žkonstanteMarmorierungquot; and â€žHeterozygotmarmorierungquot; from the samepoint of view. His â€žAssociation-Dissociationquot; hypothesis has someanalogy with the ITz-yZ hypothesis of Emerson-Spillman. Bothallow only of the ratio mottled: selfcoloured being 3:1 or 2:2. Thehypothesis of the absolutely linked factors is, however, more inharmony with our general genetical conceptions. The investigations of Shaw and Norton (1918), Kooiman (1920)and Lamprecht (1931) gave an entirely new aspect to the matter!They stated that to every class of mottled seedsthere does not belong one

selfcoloured typewith the same number, but always two types,each with half the number: 1nbsp;background colour type, 2nbsp;mottled beans, 1 dark-pattern colour type. Shaw and Norton and Kooiman tried to explain this fact indiametrically opposed ways. A third possible way has been chosenby the author. These three views I will discuss under a, ^n^c. a. Shaw and Norton (1918) persisted in using the Yz-yZ con-ception of Emerson-Spillman and assumed a â€žmodifyingquot; f a^t ^rM which is absolutely linked to the Yz-yZfactors. One of their coloured-seeded races (Blue Pod Butter)had a â€žpale buffquot; seedcoat colour and produced a mottled F^ ifcrossed with their yellow, brown and black races.Blue Pod Butter:nbsp;Y^m Y^m Yellow, brown and black races: yZM yZMF^:nbsp;Yzm ^M, mottled.



??? According to Shaw and Norton the F^ of this mottled F^ alwayssegregated into: 1nbsp;pale buff coloured: 2nbsp;mottled: 1 yellow, brown or black. (These relations are apparently the same as in my sh sh colours!) â€?Shaw and Norton therefore concluded that a â€žmodifyingquot; factor M(linked with the Y-Z factor pair) must be dominant for the seedcoatto be able to show mottling or colour (other than th^ pal^buff ofBlue Pod Butter). True-breeding mottled races are YZM YZM. Theonly possible F^ ratios are3: 1 and 1 : 2: 1 (analogous to Emerson- Spillman's hypothesis). b. Kooiman on the other hand (1920, 1931) abandoned the linkedfactor hypothesis and attributed the ever-segregating mottling to theheterozygous state of his (complementary) factor B. Lamprecht (1932a) arrived at the same conclusion as Kooiman,but used the symbol C for the complementary factor involved. True-breeding and ever-segregating mottling must now dependupon different factors and the expected ratios between mottledand selfcoloured seeds will be the same as in Emerson's firsthypothesis. According

to Kooiman and Lamprecht mottled races (MM) maybe (using Lamprecht's symbol) cc or CC. The possibilities in crossing a mottled race with a selfcoloured one are: 1.nbsp;The mottled race is PP MM cc. a.nbsp;PP MM cc X PP mm cc. Fl PP Mm cc. Fa segregates into 3 mottled: 1 selfcoloured. b.nbsp;PPMMcc X PPmmCC. Fl PP Mm Cc. Fa segregates into 14 mottled: 2 selfcoloured. 2.nbsp;The mottled race is PP MM CC.a. PP MM CC X PP mm CC. Fl PP Mm CC. Fa segregates into 3 mottled: 1 selfcoloured.h. PP MM CC X PP mm ccFl PP Mm Cc. Fa segregates into 14 mottled: 2 selfcoloured.



??? So each mottled race, if crossed with a cc or with a CC self-colouredrace must give an Fg ratio of 3:1 in the one and of 14:2 in the othercase. Of these 14 mottled beans 12 should be MM or Mm; the remai-ning 2 mm Cc, i.e. beans of the ever-segregating type must appear! To my knowledge, the proof that really a 14:2 ratio occursâ–  has up to now not been given. Some crosses of Shaw and Norton seem to prove the contrary!They crossed some mottled races with a cc race (Blue Pod Butter;their Yzm) and with a yellow, brown or black CC race (their yZMraces). The results (derived from their table II) were: Mottled parent Selfcoloured parent Mottled Self-coloured Total Red Valentine X Blue Pod Butter (cc) . . . 23 7 30 iy ff X Giant Stringless (CC) . . . 55 14 69 Mohawk X Blue Pod Butter (cc) . . . 15 4 19 X Giant Stringless (CC) . . . 25 4 29 Wardwell X Blue Pod Butter (cc) . . . 45 12 57 tf X Golden Eyed Wax (CC) . . 21 12 33 Warwick X Blue Pod Butter (cc) . . . 144 61 205 X Challenge Black Wax (CC) 34 13 i 47 It is impossible to find in each pair of these crosses the 7:1 ratiofor the one and 3:1

for the other cross.nbsp;^ c. My own hypothesis closely approximates the Yz yZ hypothesisof Emerson-Spillmann and has the same advantages and numericalresults as concerns the possible ratio's mottled: self-coloured (cf. p.223). In my opinion mottling (true-breeding and ever-segregating) isdue to two factors which are absolutely (or nearly absolutely) linked:the complementary factor C and the factor for mottling M, which locally suppresses the action of thedominant complementary factor C.CM CM true breeding mottled race.Cm cM ever segregating mottled type.Cm Cm cM selfcoloured races,cm cm



??? According to this hypothesis the dark pattern colour of mottledraces is CC. I cannot judge whether this really always holds good in every case.nbsp;^ ^ Lamprecht (VI; 1933 p. 313) says about the Yz-yZ hypothesis ofEmerson-Spillmann that aU known facts about the two types ofmottling can be explained with it. But â€žnur m??sste dann die sehrâ€žwenig wahrscheinhche Annahme gemacht werden, dass Y stets mitquot;c parallel geht und Z mit c oder umgekehrt. Dann erscheint dieseTheorie aber ??berfl??ssig und unn??tig kompliziert.quot; This objectiondoes not obtain for my Cm c'M hypothesis, though I must admit that acm cm race up to now has not been found.The possible crosses are: CcM cmy Miyake c.s. (1931) mentioned some cases of crossing overwhich with the hypothesis ofKooiMAN andLAMPRECHTare not possible.The races involved were N7 with red flower and cream seedcoat andB2a with red flower and black seedcoat. F^ showed a black mottled seedcoat. Fg consisted of: 111 with dark-pattern colour: black, brown, purple.273 mottled: black, brown and purple.121

with background colour: cream.



??? In Fg they found that: a. 61 famihes of mottled Fg plants segregated into 322 dark pattern colour, 616 mottled, 269 cream.h. 30 families of dark pattern colour Fg plants gave only 577 darkpattern colour plants. c.nbsp;27 families of cream Fg plants gave only 609 cream. These are the normal cases. They found, however, a few ex-ceptions: d.nbsp;4 families of mottled F^ plants gave 32 mottled and 17 cream, butnot a single of the dark pattern colour. e.nbsp;1 family of a dark pattern colour Fg plant segregated into 7with the dark pattern colour and 4 cream.Miyake c.s. adopt the Yz yZ hypothesis of Emerson-Spillman and assume these factors for mottling to be â€žlinked with a factor for creamquot;. I wiU discuss their results with the aid of my factors C and M. The genetic constitution of the mottled F^ isCmcM. Its gametes are: C^ilnbsp;CMl ^ y non-cross-overs.nbsp;â€” V cross-overs. cM Jnbsp;cm j The 4 mottled F^ plants which segregated into mottled and cream may be considered asCM cM. Among thejr nettled offspring true- breeding mottled plants (CMCM) must occur. It is a pity that

Miyake c.s. communicate nothing about an F4 generation of these plants. Now the possibility exists that the lack of dark pattern plants was merely a chance occurrence. The Fa plant with dark pattern colour and segregating into 7 dark pattern colour and 4 cream wiU have been cm Cm. If my hypothesis is right, these cream Fg plants (cm cm) c a n n o t^ r^ d u c e a mottled Fl, neither with a cM c'M, nor with a Cm Cm race: 9'j y^amJcm c^



??? Here the test again fails, while the factorial analysis is not quitesufficient, so that no definite opinion can be expressed. Striping and double mottling will be discussed in a later paper inview of the analysis of another cross. It seems to me possible thatthe inheritance of ever-segregating mottling, true-breeding mottUng,striping and double mottling can be brought under the same point ofview with the aid of a slight completion of the hypothesis givenabove.



??? CHAPTER H characters of the pod wall A. Strength of the string Â§ 1. Previous investigations Difficulties in classification according to strength of string alwaysplayed an important part in the investigations. Emerson (1904) reported on crosses between stringy and stringlesspodded varieties. The pods of F^ plants were sometimes intermediatebetween the parent races, while in other crosses they were verynearly stringless, so that the difference between them and the pods ofthe stringless parent was scarcely discernible. In the Fj generation ofFl hybrids in which stringlessness was dominant, only stringless andstringy forms occurred and no intermediate ones (65 stringless and 33stringy). In the Fs-generation all stringy F^ plants bred true. Part ofthe stringless ones also bred true; the other part segregated into 139 stringless and 56 stringy. Where the Fi was intermediate all three types occurred in the Fa(114 stringless, 80 intermediate, 78 stringy). As to strength of stringthe intermediates, however, varied more in the second than in thefirst generation. Part of the stringless and stringy Fa plants

bredtrue. The remaining stringless and stringy plants and all intermediateones segregated. From his table VIII we may derive as followsabout the progeny of segregating Fa plants: Fg families Fa plants stringless intermediate stringy stringless...... intermediate ....stringy...... 516321 193854 Emerson therefore speaks of â€žreversal of dominancequot;.



??? Wellensiek (1922) crossed the stringy race Wagenaar with threedifferent stringless races. In the F^ generation of the three crossesstringlessness appeared to be dominant, while in Fg a clear-cutmonohybrid segregation occurred (41 : 18, 46 : 12 and 49 : 25;together 136 : 55). According to Wellensiek classification intostringless and stringy did not meet with difficulties. JoosTEN (1924) examined F3 and F^ generations of Wellensiek'smaterial. He distinguished 4 degrees of stringiness. The clear mono-factorial segregation into stringy and stringless seemed not to be confirmed. Joosten moreover tested a lot of so-called â€žstringlessquot; races as tothe degree of their stringlessness. For this purpose he worked out(according to length and strength of the string of boiled beans) ascale of â€žstring numbersquot; ranging from 1â€”10. He pointed out thehigh variability of the character and the probable influence of ex-ternal factors. On one and the same plant of some varieties pods withboth weak or strong strmgs may occur. Really stringless races were not found. At the same time he

investigated the anatomical structure of thepod, especiaUy of the sheath of the vascular bundle in the sutures.He distinguished two principal groups of sheath-types: 1.nbsp;One type (type S) is characterised by the similarity of all the cells in the sheath; all are s c 1 e r e n c h y m a t i c f i b r e s, more or less impregnated with lignin. 2.nbsp;The other type (HS) is characterized by a narrow group otwood cells, which may sometimes have sclerenchymaticfibres on the inside, found either alone or joined into larger orsmaUer groups. In varieties with type S not a single case of typeHS occurred. In my investigation I have apparently to deal with the same two main types. Currence (1930) in crossing stringy and stringless races found in two crosses the F^ stringless, in an other one intermediate. He classi-fied the Fg plants according to the area of sclerenchymatic fibres mthe sheath: stringlessquot;, with an area of less than 0.005 square mmin each half quot;of the sheath; â€žstringyquot;, with more than 0.005 squaremm (this division lies between nos 3 and 4 of my fig. 4 p. 236).Furthermore, Fg

plants yielding only progeny with an area of 0.005square mm or more were considered as homozygous strmgy; Fg



??? plants yielding only progeny with less than 0,005 square mm ashomozygous stringless; those plants of which the progeny includedboth groups were considered to be heterozygous. This method ofclassifying is rather arbitrary. According to Fj and F3 of his firstcross (Fj stringless) he arrived at the following results: 9 homozygous stringless, 27 â€žstringlessquot; Fg plants consisted of 17 heterozygous and1 homozygous stringy.4 heterozygous9 homozygous stringy. 13 â€žstringyquot; Fg plants consisted of The numbers of the three types (9:21 : 10) agree very weU withthe 1 : 2 : 1 ratio. For his second cross with stringless F^ Currencearrived at the same result. The F^ of his third cross was distinctlystringy (intermediate). According to the Fg progeny he estimatedthat there were among 83 Fg plants (classified as 19 stringless and 64stringy): 8 homozygous stringless, 44 heterozygous and 30 homo-zygous stringy. These figures agree more or less with the ratio1 : 8 : 7. In order to explain the data of his three crosses Currenceassumes one dominant factor S producing stringlessness and a

secondfactor T, which, when present, inhibits the action of the first factor(i.e. only tt SS and tt Ss are stringless). The first two crosses wouldbe of the type tt SS (stringless) X tt ss (stringy), F^ stringless, Fgratio3stringless: 1 stringy. The third cross would be tt SS (stringless)X TT ss (stringy), F^ stringy, Fg ratio 3 stringless: 13 stringy; thestringless plants are tt SS and tt Ss. Currence tried to explainEmerson's results on the same lines. The main objection to this hypothesis of Currence is the arbi-trary way of classifying into the two groups stringy and stringless,even in the third cross with intermediate F^. The two types of sheaths,photographed by him, correspond exactly with the two main typesof JoosTEN and my-self (Cf. nos 2 and 8 of fig. 4). Â§ 2. The methods used The partly unclear, partly contradictory results of the investi-gations discussed above, showed the desirability of an accurate re-examination. The two main principles in investigating the inheritanceof the string must be:



??? 1.nbsp;To examine the strength of string together with the micro-scopical anatomy. 2.nbsp;To avoid an a priori division into only two or three types. Strength of the string. From each plant 3 nearly full-grown pods were taken. They wereboiled (65 minutes) and afterwards stringed. After Joosten'sexample I used a scale of â€žstring numbersquot; ranging from 1 to 10 : 1.nbsp;Without any string. 2.nbsp;Length of string fragments less than 1 cm. 3.nbsp;Length 1â€”2.5 cm. 4.nbsp;Length 2.5â€”4 cm. 5.nbsp;Length 4â€”5.5 cm. 6.nbsp;a. Longer than 5.5 cm, but not continuous. b. Continuous, but very tender and weak string. 7.nbsp;Continuous, rather weak string. 8.nbsp;Continuous string, rather strong. 9.nbsp;Continuous string, difficult to break; yet ravelling out when drawn between two finger nails. 10.nbsp;Continuous string; hardly to be broken between the fingertops; not ravelling out between the nails. Dorsal and ventral string numbers are calculated by averaging thenumbers of three beans; the string number of each plant is the average of the six numbers. In some cases the six

numbers differ greatly, the probable error ofthe average therefore being high. But in most cases they do notdiverge so much. UsuaUy the ventral string number is somewhatlower than the corresponding dorsal one. The microscopical anatomy. Strength of string depends upon the cell types which compose thesheath of the vascular bundles in the dorsal and ventral sutures ofthe pod. At the beginning of my investigations I described the anato-my of the sheath in each plant (3 pods; 2 cross sections of each pod)as accurately as possible. The following points, which refer to allplants, soon became clear to me: 1.nbsp;The sheath always takes up about the same area. 2.nbsp;It consists of the same three cell types.



??? 3. These cell types have always about the same relativeposition. Only the percentages of each cell type are variable. Therefore theone thing I had to do was to ascertain (by estimating) the percentagesof the area taken up by each of these three cell types. For thispurpose I studied cross-sections of one nearly full-grown pod fromeach plant. After some experiments I chose the double-stainingmethod with methyl-green and alum-carmine for the differentiationof the cell types (Strasburger, 1923 p. 231). Besides all investi-gations have been made with a polarization microscope. 1. T h e area (cf. fig. 3; plates I and II). The sheath lies outside the dorsal and ventral vascular bundle. The outer margin isformed by a crystal-layer (pl. II, nos 6 and7). The inner marginis not so sharplymarked. Yet outsidethe phloem portion ofthe vascular bundlewe find as a rule somelarge parenchymaticcells (cf. plates I andII). They are consi- O^ Mi -Wtl^uz/ VOM ''-â– muaiJa/t ^uxdie c^-mi^--cuJeft -----col^e'TU^^^yitUL _________dct^fa/ Figure 3. Cross-section of the pod. dered to form the inner margin of the sheath.

Tearing off the stringusuaUy takes place along these ceUs. The number of cell-layersbetween the crystal-cells and those large parenchymatic cells variesfor the dorsal sheath from 5 to 8, for the ventral one from 4 to 7.Outside the sheath collenchymatic cells are found (fig. 3; plates Iand II); in other regions of the pod wall only the hypodermic layer is collenchymatic. 2. The cell types (cf. plates I and II). a. Parenchymatic cells; non-lignified, with inter-cellular spaces; red-coloured by the alum-carmine. W o o d c e 11 s; ceU wall only slightly thickened, stronglylignified. These ceUs are more or less isodiametrical (cf. pl. II nos 6 and7). They are stained very dark by the methyl-green and do not showdouble refraction. Cf. the nearly black ceU groups in plates I and II.



??? c Fibres; cell wall strongly thickened. In longitudinal sections(pi II no. 7) they show the typical characters of fibres: very muchelongated, with narrow, obhque, simple pits. Stained with methyl-green their colour is a pale bluish green. They show a conspicuous double refraction.nbsp;t ^ tt\ 3 The relative position (cf. fig. 4; plates I and II) and the percentages of the three cell types are best discussed m thedescription of the parent plants and F^. Â§ 3. Description of the parent plants and F-^ Thflatomicri structure of the sheath is to be seen in fig. 4 nos 2and 3 (sometimes between 3 and 4). Plate I no. 1 shows a micro-photograph of this type. The outer part of the sheath consists ofwood ceUs (between 40 and 75%), the inner part of parenchymaticceUs The fibres very often form four more or less distmct cell groups.This anatomical structure of the sheath corresponds with Joosten stvpe HS. In aU Fijne tros plants I grew in the years 1930-1933 thepeLntage of fibres varied between 0 and 25, usually between 5and l5.ThestrengthofstringinFijne tros lies between2-3 and 5-6. 1930 (35 plants).

Highest percentage fibres 10 (1 plant); generally50/ or lower. Unboiled beans nearly stringless (boiled beans notexamined). Two plants (6-29 and 6-34) were crossed with Wage-naar; their percentages of fibres were resp. 4 and 2 (average of 3 pods; 2 sections of each pod).nbsp;-r a 90 1931. Strength of string and percentages of fibres m famihe 6-29are given in the subjoined table.



??? VENTRAL SHEATH DORSAL SHEATH



??? In aU plants the percentage of fibres was higher than in the mother plant 6-29 in 1930. External conditions may probably influence the percentage of fibres and the strength of string. I have tried toexamine these influences by halving seedlings and cultivating thehalves under different conditions of water supply. The results,however, were not quite decisive. â€” In family 6-34 there occurred 9plants with strength 3â€”4 and 3 with 4-5; these plants have not been investigated anatomically. 1932. The three fam??ies belonged to the progeny of family 6-291931. Their string numbers and percentages of fibres are given in thesubjoined tables. Fam??y 173 (string number mother plant 3.6;percentage of fibres 10): Strength of string Total 1â€”2 2â€”3 3â€”4 4 5 5â€”6 6â€”7 cn (D ^ i^ a Sâ€”1 fe oPh 0â€”1010â€”2020â€”3030â€”40 2 421 12 5 61 Total 2 7 3 12 Family 178 (string number mother plant 4.4; percentage offibres 6): Strength of string Total 1â€”2 2â€”3 3â€”4 4 5 5â€”6 6â€”7 - cn(U ^ Sc Â? lt;U S-l H M-i fe o CM 0â€”1010â€”20 2 35 551 20â€”3030â€”40 1 Total i1 1 2 9 11



??? Family 179 (string number mother plant 5.4; percentage of fibres25): Strength of string Total 1â€”2 2â€”3 3 4 4 5 5â€”6 6â€”7 Cfl lt;D c a (D H-H fe oPH 0â€”1010â€”2020â€”3030 40 11 002 25 362 Total 2 21 7 11 The mother plant of family 179 had the strongest string and high-est percentage of fibres among the members of family 6â€”29 in 1931.It appears from the tables that in 1932 family 179 had the higheststrength of string, though not a single plant reached the stringnumber 6. Slight genetical differences seem probable. 1933. Cf. table 32. Between these families no conspicuous differ-ences are found. Remarkable is one plant with strength 6.8 in family327. 2.nbsp;Wagenaar. The anatomy of the sheath is shown in fig. 4 no. 8 and pi. II no. 5.Nearly the whole sheath consists of fibres. These fibres are separatedinto two parts by a smaU group of wood cells and parenchymaticcells in the middle. This group of ceUs nearly always has the sameshape as in fig. 4 and pi. II. In the dorsal sheath the wood cellsmay be totally lacking in a few cases; the fibres then form onecontinuous group. In the

ventral sheath the group of wood cells andparenchymatic ones is extremely narrow and is formed, withoutany exception, by the two epidermal ceU layers. The Wagenaarsheath corresponds with Joosten's type S (cf. p. 231). Both anatomical structure and strength of string show hardly anyvariability in the Wagenaar race. The string number is nearlyalways 10, never lower than 9. 3.nbsp;Fl generation. Its anatomy corresponds with fig. 4 nos 4, 5 or 6; pi. I no. 2 orbetween 2 and 3. The percentage of fibres varies (one pod of each



??? plant has been investigated) between 20 and 65. Fig. 4 and plate Ishow clearly that the relative position of the cell types is exactly thesame as in the Fijne tros race. The groups of fibres, however, aregreater and often form (fig. 4 nos 5 and 6) one continuous group ineach half of the sheath. In the ventral sheath the wood ceUs oftenlie in three groups, separated by fibres. The three F^ plants in 1931 showed (5 pods stringed and 5 ana-tomically investigated) the following figures: String number % /o ventral j fibres wood cells dorsal average 55-2...... 7.6 7.0 7.3 50 30 55-4...... 7.5 7.8 7.7 50 26 55-6...... 7.6 6.6 7.1 56 24 The remaining F^ plants (1932 and 1933) are shown in table 33.The strength of string always Ues between 6 and 8. The probableerror of these string numbers is very smaU. The pods of some plantswith strength 6â€”7 received the quahfication â€žrather youngquot; (basedupon the very young seeds in the examined pods). The variabiUty in the percentage of fibres in these F^ plants is veryhigh. Partly this will be due to the fact that but one pod of eachplant has been

examined. In the F^ generation no differences betweenthe progenies of F^ plants with 20 and with 50% fibres have beenfound (cf. next Â§ and table 37). Â§ 4. Analysis of the F^ In the correlation tables 34, 35 and 36 the three F^ families of 1932(55-2, 55-4 and 55-6) are shown, arranged according to strength ofstring and percentage of fibres. The correlation between these twocharacters is rather strong and it might have been even stronger, ifthe anatomy of more than one bean could have been investigated.In a sheath without or nearly without fibres the percentage of woodceUs probably slightly influences the strength of string. In some cases of very bad agreement between string number andpercentage of fibres I find the probable cause in my notes, viz. that



??? only one very bad pod was available for the string investigation.Another remarkable cause of discrepancies between the two charac-ters was the following. In Fg some plants have pods with strongventral curvation. When I gathered these pods it might happen thatthe ventral string broke in one or more places without my noticingit. The same breaking may occur in the boiled strongly curved beans.This breaking of the string in curved beans I have not sufficientlyrealized in the beginning of the Fg investigation. After becomingaware of it, I reexamined the records, and found indeed that insome cases of strong discrepancies (high percentage of fibres, lowstring number) in curved beans the ventral string number wasextremely low; sometimes the unusual high strength of the shortventral string fragments was mentioned. A third cause of inaccuracylies in the difficulty of always using the same standard for thestrength of string. In spite of these and possibly other causes of in-accuracy the Fg and F3 results lead to very definite conclusions. The undermost rows of the three tables 34, 35 and 36 show that

adivision into three groups, Fijne tros, F^ and Wagenaar (accordingto strength of string) is impossible. Nor can we discern a definiteWagenaar type from a not-Wagenaar type, though the number ofplants with strength 8â€”9 is not very high. With regard the anatomy of the sheath aU types of fig. 4 or plates Iand II occur. From this continuous series it becomes entirely clear thatthe relative position of the three cell types is always the same. In thisrespect I with to mention a remarkable analogy. Figure 4 no. 1 showsthose parts of the wood cells of no. 2 which are lignified first; theseparts are exactly the same as the narrow groups of wood cells inthe sheath types nos. 6 and 7. Though the anatomical structures showed a continuous series,the pure stringy type (i.e. the Wagenaar-type)always could be nicely discriminated. Itscharacteristics are (cf. fig. 4 no. 8; pi. II no. 5): sheath entirelyconsisting of fibres, except for the narrow rectangular part in themiddle, which in the ventral sheath is strictly limited to the con-tinuation of the two epidermal ceU layers. This pure stringy (Wagenaar) type is to be found in

the correlationtables 34, 35 and 36 under the group with 80% fibres or more. Itwill be seen that nearly aU Fg Wagenaar-types have the string num-



??? ber 9â€”10 and likewise that nearly all Fg plants with string number9â€”10 are of the pure stringy Wagenaar type. All Fg families investigated are found in table 37 (in table 36 onlypart of fam. 55-6 is recorded). Each family shows a clear cut mono-factorial segregation (1:3) into a pure stringy type (Wagenaar) anda not pure stringy one. All families together give: not purestringy pure stringy(Wagenaar) total Observed .... 1088 350 1438 Expected 3:1.. 1078.5 359.5 D/m...... 0.58 1 In table 37 there is a difference between the three Fg families of1932 and those of 1933. In the first three families many not purestringy plants occur with string number 8â€”9 and even a few with9â€”10; their average strength is 6.30. In the families of 1933 on theother hand, the pure stringy (Wagenaar) type is by its strength ofstring markedly different from the remaining not pure stringy plants.Not any of the latter has a string number 9â€”10 and only a few 8â€”9;their average strength is 5.76. I am not certain what this difference between the Fg families of1932 and 1933 means. Some F^ mother plants of the latter

fam??iesindeed had a somewhat lower string number and a lower percentageof fibres than the three F^ plants in 1931. It must, however, beremarked that of each F^ plant in 1932 only one pod was investigatedanatomicaUy (in 1931 five) and that the F^ families 393â€”400 (1933)in table 37 do not show d??ferences between the progeny of F^ plantswith a high and that of F^ plants with a low percentage of fibres.Moreover strength of string and percentages of fibres in the Wagenaarand Fijne tros parent plants (and their progeny; compare the tableon p. 235 with the first table on p. 237) of the two groups of F^ fami-lies were the same. Possibly the differences between the F^ families of1932 and those of 1933 may be (partly) due to weather influencesor to differences in classification caused by the subjective method ofdetermining the strength of string.



??? r. prakken, inheritance of coloursÂ§ 5. Fg generation and backcrosses As might be expected all pure stringy F^ plants (Wagenaar type)breed true in the Fg (table 38). The strength of string is nearly always9â€”10. Many hundreds of these Fg plants have been investigatedanatomically; their sheath always shows the characteristics of thepure stringy Wagenaar type. In tables 39 and 40 the Fg progeny of not pure stringy F^ plants isfound. The families in the two tables have been arranged accordingto increasing strength of string in the F^ mother plants. Those intable 39 segregate the pure stringy (Wagenaar) type, while those in table 40 do not. As to the segregating families in table 39 the numbers of the twotypes always fit in very weU with the 3 : 1 ratio. In aU these fami-lies together there occur: not purestringy pure stringy total Observed .... Expected 3:1.. D/m...... The Fg mother plants, hbetween 3.5 (with 10% fibrof the pure stringy type (cexactly the same in all famil 475478.500.32 owever, vares) and 9.4 |ontrolled inies. We find 163159.50 y in their st;with 82% fiits anatomicfor instance: 638

rength of stringbres). The ratio:al structure) is not purestringy pure stringy in the first 12 famihes . .in the last 12 families . . . 163216 59 (expected 55.50)71 (expected 71.75) As to the not pure stringy type there are, however, striking differ-ences between the families! If the F^ mother plant has a low stringnumber and percentage of fibres, the two types may be easilydiscerned in the Fg family; not pure stringy types with a higher string



??? number than 6â€”7 or 7â€”8 do not occur. In families of F^ plantswith high string number and percentage of fibres the two types onthe contrary can not be discriminated by strength of string at all:many plants with string numbers 8â€”9 and 9â€”10 are not of the purestringy Wagenaar type. Discrimination, however, is always possibleby means of anatomical investigation. Table 40 shows the Fg famihes which do not segregate the purestringy type (progeny of 55-2 kept apart from 55-4; in table 39 thetwo progenies have been arranged in one series). Possibly some fami-lies might have segregated the pure stringy type, if a greater numberof Fg plants could have been examined. Here as well as in thesegregating famihes, there is a correlation between strength of stringin the Fa mother plants and in their Fg progeny, though there is someregression. A comparison of table 40 with table 32 (Fijne tros familiesin 1933) shows that no Fg families with lower string numbers thanthose of table 32 occur among the famihes of table 40. In table 41 the Fg mother plants of all Fg families are

represented;they are arranged according to strength of string, percentage offibres and their Fg progeny (non-segregating, segregating and purestringy). 29 families segregate the pure stringy type, 24 families donot. This serious divergence from the expected 2 : 1 ratio may bepartly due to the very low number of plants which has been investi-gated in some of the non-segregating families. From these F^, Fa and Fg results we may conclude that one mainfactor is responsible for the differences between the sheath types ofWagenaar and Fijne tros. The F^ is intermediate, though approachingthe Fijne tros parent. In F^ only one fourth, the homozygous purestringy plants (Wagenaar type) may be discerned from the remainingnot pure stringy ones; the pure stringy type therefore might be mdi- cated as â€žrecessivequot;. The stringiness of the not pure stringy types (homozygous andheterozygous) is influenced by other factors. For me it is impossibleto say with certainty something about their number and character.Especially the heterozygous type seems to be greatly influenced bythese factors.

As a result some families with a nearly â€žstringlessquot;mother plant (e.g. string number 4) segregate into â€žstringlessquot; andâ€žpure stringyquot; without (or nearly without) â€žintermediatequot; forms withstring jiumbers 6, 7, 8 or 9 (cf. table 43, families 496, 507, 503).



??? The backcrosses of F^ with the two parent types confirmed themonofactorial scheme of the inheritance of stringiness. In the back-cross with Fijne tros not a single pure stringy plant has been found.The string numbers in this backcross were: 1â€”2 2â€”3 3â€”4 4â€”5 5â€”6 6â€”7 7â€”8 8â€”9 9â€”10 total.0 4 16 32 22 32 42 3 0 151 In the backcross with Wagenaar (table 42) there occurred: not purestringy pure stringy(Wagenaar) total Observed...... 163 139 302 Expected 1:1 ... 151 151 D/m........ 1.38 The not pure stringy backcross plants of 1933 had lower stringnumbers than those of 1932 (cf. table 42). Exactly the same differ-ence as had been found between the Fg famihes of those years (cf.p. 241). I am not certain about the cause of it. It may be due togenetical differences in the Wagenaar race. Possibly, however, thedifferences are caused by weather influences or by the subjectivemethod of determining the strength of string. AU not pure stringybackcross plants are heterozygous for the main factor and thereforein all their progenies the pure stringy type must appear. Theseprogenies are

given in table 43. No. 492 (12 individuals) is the onlyfamily which does not segregate the expected pure stringy type. As concerns the symbolizing of the main factor for stringinessCurrence used the symbol S for the monofactorial difference betweenstringy and stringless types. The symbol S, however, is generaUy used(Tschermak, Tjebbes and Kooiman) for the striped character ofthe seedcoat. I, therefore, wiU use the abbreviation St to symbohze themonofactorial main difference between the two races. Fijne tros (nearly stringless) St St. Wagenaar (pure stringy) st st.



??? B. Toughness of the pod wallÂ§ 1. Previous investigations When the pod wall is characterized, two main types are generally distinguished: 1.nbsp;Tough, parchmented or fibrous. 2.nbsp;Tender, non-parchmented or fibreless. Emerson (1904, p. 54) found a â€žstrong tendency toward domi-nance of tenderness, the pods of first generation hybrids beingquot;almost as tender as the tender podded parentquot;. In the secondgeneration (different crosses combined) he found 22 tender-poddedplants, 38 intermediates an d 17 tough-podded ones. Tjebbes and Kooiman (VII, 1922) on the other hand observed inFl dominance of the parchmented type. In F^ they found segregationinto 174 parchmented and 38 non-parchmented; 130 segregating Fgfamilies segregated into 1572 and 512. They therefore suggest a monofactorial segregation. Tschermak (1901 and 1902) mentioned dominance of â€žgew??lbtquot;over eingezogenquot;. He found (1922 p. 40) in the cross â€žTausend f??rEinequot; x â€žAnkerquot; among 94 F^ plants â€ž 16 mit Schn??r-oder Perlh??lsen,78 mit glattgew??lbten

H??lsen (vermutlich 3 : 13), was auf bifak- torielle Grundlage hinweistquot;. currence (1930) reported on F^ F^ and Fg of crosses betweenfibrous and fibreless pods, of which the F^ was always fibrous. Thedifficulties of properly classifying the F^ plants appeared to be verygreat. Of 23 F^ plants e.g., which had been classified as fibrous, thereappeared to be according to their Fg progeny: 7 homozygous fibre-less 11 heterozygous and 5 homozygous fibrous (Cf. his table VI). Lamprecht (19326, p. 306ff.) distinguished the two mam types einfach gew??lbtquot; and â€žeingeschn??rtquot;. He obtained entirely newResults, which may be shortly reviewed. Cross XVII: Both parentsand Fl â€žeinfach gew??lbtquot; (one of the parents less typical). Fg segre-gated into 563 einfach gew??lbtquot; and 34 â€žeingeschn??rtquot; (= Vie)-Among the firstquot; group typical and less typical forms occur in theratio 1 : 2. Dies l?¤sst die Annahme wahrscheinlich erscheinen, dass te??s die beiden f??r die Ausb??dung der einfach gew??lbten H??lsequot;verantwortUchen Faktoren je f??r sich eine weniger

typisch ge-



??? â€žw??lbte H??lse bedingen und dass dies teils auch f??r die in diesenâ€žbeiden Faktoren heterozygoten Typen der FaU ist; bei dieserâ€žAnnahme haben wir mit folgendem theoretischen Verh?¤hnis zuâ€žrechnen: 5 typisch einfach gew??lbt: 10 weniger typisch gew??lbt: â€ž1 eingeschn??rt____ Damit soU nicht behauptet werden, dass es â€žsich so verhalten muss. Die weniger typisch gew??lbten H??lsenâ€žk??nnten auch durch den Effekt anderer in den in Rede stehendenâ€žBiotypen vorkommenden Faktoren bedingt werdenquot;. Cross XVIII:Again both parents and F^ â€žeinfach gew??lbtquot;. In Fg segregation ofV64 â€žeingeschn??rtquot; (1635 and 30). Cross XII: Between an â€žeinfachgew??lbtquot; and an â€žeingeschn??rtquot; race; F^ â€žeinfach gew??lbtquot;. In Fgthe ratio of the two types is 9 : 7 (348 and 311). The results of these three (and other) crosses Lamprecht explainsby the adoption of the four factors Fa, Fb, Fc and Fd. â€žFa ist einâ€žFaktor, dessen Anwesenheit erforderhch ist, wenn es ??berhauptâ€žzur Ausbildung einer einfach gew??lbten reifen

H??lsenwand kom-â€žmen soh. Fr wirkt demnach als Grundfaktor. Fb, Fc und Fd sindâ€ždrei Faktoren, die je f??r sich allein, aber nur bei Anwesenheit vonâ€žFa zur Ausbildung einer einfach gew??lbten, reifen H??lse f??hrenquot;. Further on I shaU have to revert to his view about the anato-mical base of the pod wall character. The cross Fijne tros X Wagenaar is of a type up to now not de-scribed as far as I know. Â§ 2. Description of the parent plants and F^ Figures 5 and 6 show the full grown and the dry pods of Wagenaar,Fl and Fijne tros; on fig. 7 halves of dry pods are to be seen. Fijne tros is a race with non-parchmented, tender pod waU, whichin the ripe pods is greatly constricted between the seeds and thenhas a much shriveUed surface. A membrane (parchment layer) isnever found in boiled beans. The Wagenaar race has a â€žsemi-parchmentedquot; pod waU, which inthe ripe pod is only slightly constricted and shrivelled in a rathervariable degree. Wagenaar can be threshed. (Fijne tros cannot). Inboiled beans a thin, weak membrane can be shown by scraping offthe outer, soft

layers. The Fl pod waU is strongly parchmented, neither constricted norshriveUed. The dry pods sometimes dehisce of their own accord
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??? and roll up spirally. In boiled beans the membrane is extremelythick and tough. As regards the anatomy (cf. fig. 3, p. 234) the pod wall of each of thethree types consists of an outer parenchyma (with the vascu-lar bundles) and an inner parenchyma. In the Wagenaar race outer and inner parenchyma are separated by a layer of fibrous cells,which run obliquely across the pod wall. Only the cells in the outerpart of the layer are somewhat thickened and lignified. This Ugnifiedpart is rather variable; sometimes true fibres are not found at all, inother cases the greater part of the layer is lignified. In the Fijne tros race a fibrous layer does not occur. Yet theseparation between inner and outer parenchyma is usually clear, onaccount of some differences in cell width and shape, the occurrenceof crystal-cells and sometimes of a few scattered fibres. In all Fl plants the fibrous layer is as thick as (or even somewhatthicker than) in the Wagenaar race; it is totally lignified. The cellwalls, however, are never very much thickened.



??? So the three types Fijne tros, Wagenaar and F^ seemed to be quitedifferent. In the second generation therefore the bifactorial ratio4:3:9 might be expected, analogous to results obtained withPisum sativum (Wellensiek, Rasmusson) and Vicia Faha (Sirks1932, p. 319: â€žder Faktor Q verursacht eine lederartige H??lsen-â€žstruktur, welche vom S-Faktor verst?¤rkt werden kann; derâ€žS-Faktor als solcher hat bei Abwesenheit des Q-Faktors keineâ€žWirkungquot;). Â§ 3. Segregation in F^, F^ and backcrosses In all Fg plants I studied the character of the pod wall, making useof three different characteristics: 1.nbsp;Toughness of the parchment-layer in three nearly full grownboiled beans of each plant. 2.nbsp;Microscopical structure of the fibrous layer on cross-section. 3.nbsp;Degree of shriveUing and constriction of the ripe pods. By none of these methods (nor by combining two or all three) Iarrived at a perfectly sharp division into two or three types. Therelation between toughness, microscopical structure, and constrictionand shrivelling of the dry pod wall generally was the same as

wasexpected on the ground of parent types and F^, though some ex-ceptions occurred. Intermediate types were usually intermediate inall respects. The only fairly marked division was into n o n-p archmented(Fijne tros type) and p a r c h m e n t e d (in all degrees). In someintermediates between Fijne tros and Wagenaar the anatomicalstructure was decisive for discriminating the non-parchmented type:total lack of the fibrous layer; some scattered fibres or groupsof fibres may occur. In a very few cases the existence of a layerwas doubtful and could not be ascertained with certainty from cross-sections. In the Fg-families the number of this purely non-parchmentedtype was always about (highest D/m value 0.88). AU famihestogether (table 44) gave:



??? non-parchmented parchmented total Observed...... 310 958 1268 Expected 1:3. . . . 317 951 D/m........ 0.45 Among the 302 backcross plants F^ x Wagenaar and the re-ciprocal cross not a single non-parchmented plant occurred. Dis-crimination between Wagenaar and F^ type was not possible. The backcross plants Fijne tros X F^ could easily be divided into87 non-parchmented (3 less typical) and 56 parchmented (most ofthem of the F^ type; 6 more or less Wagenaar type). The deviationof the expected monofactorial backcross numbers 71.5 : 71.5 is verygreat, D/m = 2.58. This backcrossing, however, was chiefly donewith a view to seedcoat colour of coloured flowering plants;as the castration of the Fijne tros mother plant was performed lessaccurately than in other crosses, there may be among the whiteflowering, non-parchmented plants some pure Fijne tros individuals.The figures in the backcross are: white-flowering violet-flowering -?? lt;u ?– g e dft T3D-l-gt;c aj s u iH dft Tl(U4J a o n ^ -s udft -a ?œ o s ?œ;H caft 46 27 41 29 Expected 1:1:1:1. â€? â–  35.75 35.75 35.75 35.75

D/m........... 2.01 1.71 1.06 1.32 In the Fg generation all non-parchmented Fj plants bred true;fibres may occur, but only in scattered groups between outer andinner parenchyma, never forming a more or less continuous layer. Of parchmented F^ plants 38 Fg families segregated into bothtypes; 25 families did not segregate the non-parchmented Fijne trostype (expected according to the 2 : 1 ratio 42 and 21). The segre-gating families are to be found in table 45. The agreement with theunifactorial ratio is quite satisfactory:



??? (The 7 doubtful plants have not been investigated anatomically). Fg plants of the strongly parchmented F^-type sometimes segre-gated (except for non-parchmented plants) into strongly and semi-parchmented, in other cases the latter type was not found or onlyin a few plants. Semi-parchmented Fg plants generally gave none oronly few of the strongly parchmented type. It was, however, onthe very ground of the F3 segregations impossible to conclude to abifactorial segregation. Figure 8 shows a plant of the non-parchmented â€žPerfectquot; race,of which one branch bears three pods of the parchmented type. Itmay be of some importance with a view to the inheritance of this podcharacter to examine the offspring of this plant. Woycicki (1930)mentioned a probable case of mutation from non-parchmented intoparchmented in the variety â€žJaponaisequot;. Now I will revert to Lamprecht's investigations. He writes (19Z2b,p. 309): â€žDie Steifigkeit der Bauch- und R??ckennaht beruht aufâ€žeiner Einlagerung von Sklerenchymzellenb?¤ndern, was u.a. vonâ€žJoosten (1927) untersucht worden

ist. Die Steifigkeit der ??brigenâ€žH??lse wird durch Einlagerung einer Kollenchymzellenschicht unterâ€žder Epidermis verursachtquot;. And (p. 314): â€žMit ziemlicher Wahr-â€žscheinlichkeit kann angenommen werden, dass diese Faktoren (i.e.â€žFb, Fc and Fd) f??r einen Verholzungsprozess der unter der Epider-â€žmis gelegenen Kollenchymzellenschicht verantwortlich zu machenâ€žsindquot;. If Lamprecht's supposition about the collenchymatic layer as theanatomical base of his types â€žeinfach gew??lbtquot; and â€žeingeschn??rtquot; isconfirmed by further anatomical investigations, there would betwo quite different types of toughness of the pod wall. About the connection between his pod wall characters â€žeinfachgew??lbtquot; and â€žeingeschn??rtquot; and stringiness Lamprecht writes



??? ;i932??, p 308): â€žEin weiteres Charakteristikum (der eingeschn??rtenâ€žH??lsen) gegen??ber der ersten Gruppe ist ferner, dass hier auchâ€žR??cken- und Bauchnaht der H??lsen beim Reifen in hohem Gradeâ€žnachgeben und eingezogen werden. In der ersten Gruppe gewahrtman auch bei den weniger typisch einfach gew??lbten H??lsen stets â€žeine gewisse Steifigkeit der R??cken- und Bauchnaht. Unter denâ€žTypen mit eingeschn??rten H??lsen scheinen demnach keine solchenâ€žâ€žmit st?¤rkerer F?¤digkeit vorzukommenquot;. And about the possibleinfluence of the â€žgroundfactorquot; Fa (p. 314): â€žâ€žEs verbleibt zu unter-â€ž,suchen ob es bei Anwesenheit von Fa bzw. fa allein zur Ausbildungâ€žnur eines unbedeutenden Sklerenchymstreifens l?¤ngs der R??cken-



??? â€žnaht (und vielleicht auch l?¤ngs der Bauchnaht), der sogenanntenâ€žF?¤digkeit der Bohnenh??lsen, kommt oder nicht, und inwiefernâ€žsich Fa hierin von fa unterscheiden l?¤sstquot;. In the cross Fijne tros with Wagenaar toughness of the pod walland stringiness are quite independent of each other, both charactersdepending on a different main factor. Only one Fg family (55-4 1932)has so far been investigated with a view to linkage relations. Inthis family the four possible types occurred in the expected 1:3:3: 9 ratio of independent inheritance. non-parchmented parchmented pure not pure pure not pure total stringy stringy stringy stringy Observed .... 25 96 96 271 488 Expected 1:3:3:9 . 30.5 91.5 91.5 274,5 As it is not possible to decide about the homology of the main fac-tor for toughness of the pod waU in the cross Fijne tros X Wagenaarwith one of the factors of Lamprecht, I will use the symbol To forthis factor. Wagenaar (semi-parchmented) To To. Fijne tros (non-parchmented) to to.



??? SUMMARY 1.nbsp;Seedcoat colour is produced by the â€žgroundfactorquot; P(fundamental gene of Lamprecht, ferment factor of Kooiman)together with at least one â€žcomplementary f actorquot;(colour genes of Lamprecht; chromogenous factors of Kooiman). Modifying factorsquot; (intensifying factors of Kooiman)only influence the colours produced in case of cooperation betweengroundfactor and complementary factors. White-seeded plantsgenerally have white flowers and green stems. 2.nbsp;Segregation for stem and flower colour inthe cross Fijne tros with Wagenaar depends upon the â€žground-factorquot; P and the â€žviolet factorquot; V. Fijne tros (pp VV) has a greenstem, white flowers and white seedcoat. Wagenaar (PP vv) a rosestem, very pale rose flowers and yellowish seedcoat. F^ (Pp Vv) has adark blue violet stem and violet flowers; its seedcoat is â€žblackmottledquot; (dark pattern colour black; background colour brown,variably tinged with greyish indigo). Fg segregates according to the4:3:9 ratio into the three stem and flower colour types. As regardsthe violet

flower colour Vv plants are of a somewhat paler violet thanthe VV ones. In Fg there is a shortage of the rose type, togetherwith an excess of the violet one. This shortage (and excess) areeven more strongly marked in Fg families which segregate for thetwo factors P and V, and could as yet not be explained. 3.nbsp;The mottled seedcoat in the cross is of the ever-segregating type. It is supposed to depend upon the factor M formottling, which locally suppresses the influence of the dominant(complementary) factor C; these two factors are ab^lihely (orjieariyabsolutely) linked. Fijne tros cM cM, Wagenaar Cm Cm, F^Cm cM,i.e. mottled. Each mottled plant segregates into: 1nbsp;background colour type cM cM, 2nbsp;mottled-seeded plants (Cm^M^and 1 dark pattern colour type (CmCm).



??? 4. Segregation for seedcoat colour. As the segre-gation into coloured-seeded (-flowering) and white-seeded (-floweringis unifactorial, both parent races must have at least one comple-mentary factor in common. It is therefore not possible for me tojudge about the complementary or modifying character of the factorsinvolved in the segregation. All Sh colours correspond with the Jcolours of Lamprecht. I therefore use the factor symbols C, G, Band V in agreement with Lamprecht (according to the latter, allthese factors are complementary ones). If Lamprecht's comple-mentary factor J is supposed to be homozygously dominant in Fijnetros and Wagenaar, the (modifying) factor Sh I must suppose to behomozygously dominant in Lamprecht's colours. All PJSh plants have a shiny seedcoat. The various PJShCcolours (shiny dark pattern colours) depend upon the influence of theâ€žorange factorquot; G, the â€žgray greenish brown factorquot; B and the â€žvioletfactorquot; V. yellowish (Wagenaar) PJShCgbv (no. 3)orange (=yellow brown) PJShCGbv (no. 9)greenish brownnbsp;PJShCgBv (no. 15)

brownnbsp;PJShCGBv (no. 21) violetnbsp;PJShCgbV (no. 6) brown violetnbsp;PJShCGbV (no. 12) blacknbsp;PJShCgBV (no. 18) PJShCGBV (no. 24) V = pale rose flowerand rose stem. V = violet flowerviolet stem. The PJSh c v colours (shiny background colours in pale roseflowering plants) do not much differ from the corresponding yeUow-ish, orange, greenish brown and brown PJSh C v dark pattern colours;they are as a rule somewhat paler (with the greenish brown PJShC g B v colour, however, a more gray brown c colour corresponds). The PJSh c V colours (shiny backgroundcolours in violet floweringplants) usually differ greatly from the corresponding violet, brownviolet and black PJSh C V dark pattern colours. They are but partlytinged with violet or blue. These tinges are extremely variable inbeans of the same plant; in some plants they are totally lacking. Thenon-tinged beans (or parts of beans) much resemble the pale yellow,pale orange, gray brown and (pale) brown PJSh c v backgroundcolours in pale rose flowering plants; their hilumring colour, however,



??? is less bright. The 8 PJSh c shiny background colours may be indicatedas follows: pale yellowishnbsp;PJShcgbv (no. 1) pale orangenbsp;PJShcGbv (no. 7) gray brownnbsp;PJShcgBv (no. 13) (pale) brownnbsp;PJSh c GBv (no. 19) pale yellowish tinged with plumbago violet PJSh c gbV (no. 4)pale orange tinged with ageratum blue PJSh c GbV (no. 10)gray brown tinged with slate bluenbsp;PJSh c gBV (no. 16) (pale) brown tinged with greyish indigo PJSh c GBV(no.22) The â€žshinequot; factor Sh influences the C dark pattern colours andthe c background colours in quite a different manner. All PJsh C dark pattern colours are somewhat paler and especiallyless shiny than the corresponding PJSh C shiny dark patterncolours. All PJsh c background colours have a yellow brown hilumring, butfor the rest their seedcoat is nearly colourless :hilumring type.The factors G, B and V influence hardly or not at all this P J sh chilumring type; in violet V plants the hilumring is somewhat lessbright than in rose v plants. 5. The strength of string. Strength of string mainlydepends upon the percentage of

fibres in the sheath of the vascularbundles in dorsal and ventral sutures. The following points refer toall plants: a.nbsp;The ventral sheath consists of 4â€”7, the dorsal of 5â€”8 celllayers. b.nbsp;In each sheath there occur parenchymatic cells, wood cells andfibres. c.nbsp;These three cell types always have the same relative position(cf.fig.4). Of each plant the â€žstring numberquot; (1â€”10) of boiled pods and theanatomical structure of the sheath were determined. Wagenaar (fig. 4no. 8) is a pure stringy tj^pe, string number always 9â€”10. Its sheathconsists entirely of fibres, except for a narrow part in the middle.Fijne tros (fig. 4 nos 2 and 3) is so-called stringless. Its string numbervaries between 2â€”3 and 5â€”6, mostly it is 3â€”5. Slight geneticaldifferences probably occur. The sheath mainly consists of wood cellsthe fibres usually form four small groups. Their per- 17 rosestem. V violetstem.



??? centage varies between 0 and 25; as a rule it lies between 5 and 15.The Fl (fig. 4, nos 4, 5 and 6) is intermediate, though approachingthe Fijne tros type. Strength of string 6.5â€”7.5. The percentage offibres (one pod per plant investigated) varies between 20 and 65. InFg (and Fg) the pure stringy Wagenaar type (st st) reappears in aclearly unifactorial way; it invariably breeds true. The percentageof fibres and the strength of string in homozygous and heterozygousSt plants are influenced by other factors. According to their Fggeneration St St Fg-plants vary between string numbers 2â€”3 (nearlywithout fibres) and 7â€”8 (with Â? 50% fibres); St st plants betweenstring numbers 3â€”4 (with Â? 10% fibres) and 9â€”10 (with Â? 85%fibres). Fg families with lower string numbers than in the Fijne tros racehave not been found. In a sheath without or nearly without fibresthe percentage of wood ceUs may slightly influence the strength ofstring. 6.nbsp;Toughness of the pod wall. A tough or parchmentedpod wall is due to a fibrous layer between inner and outer paren-chyma. In the Fijne tros race the

fibrous layer is totally lacking;the dry pod is conspicuously constricted and shrivelled. The Wage-naar race has a rather weak fibrous layer; only part of its cells arelignified. In F^ the fibrous layer is extremely thick and hard; aUits ceUs are lignified. The dry pod is not constricted or shrivelled atall. In Fg a 4 : 3 : 9 ratio might be expected. The segregation intonon-parchmented (to to) versus parchmented (To To) is unifac-torial. Distinguishing the parchmented pods into two or more types,however, seems to be impossible. Hence we are unable to judge,whether we have to deal with one or possibly with more additionalfactors by which the influence of the To factor is intensified. 7.nbsp;Leaving out all not quite certain factors the formulae for stem,flower and seedcoat colours, mottling, strength of string and tough-ness of the pod wall are: Fijne tros pp JJ ShSh (o^S^h) c'M c'M GG BB VV StSt toto; Wagenaar PP JJ ShShCmCm gg bb vv stst ToTo.
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??? TABLES 1â€”45 Table 1. Segregation for stem and. flower colours in Fg; each youngplant in flowerpot twice examined; only those plants with greencotyledons and hypocotyl have been examined as to flower colour. 01 VhÂ? % ^ sft cl lt;B Â? 3O ^ Rose plants â€” 2 0135.2 Expected ratio No. Fam.and year i Â§O jj -h C aj o X R lt;u ft(N TO (1) n co Total J51; rt ^ S I'lquot; oH green4 rose3 violet9 52-1, '33 65 24 1) 9 1 34 126 225 56,25 42,19 126,56 52-2, '33 77 31 4 0 35 148 260 65,00 48,75 146,25 52-3, '33 27 10 1 0 11 69 107 26,75 20,06 60,19 52-4, '33 33 11 5 0 16 77 126 31,50 23,63 70,87 52-5, '33 38 14 6 0 20 79 137 34,25 25,69 77,06 52-10.' 33 93 70 8 0 78 194 365 91,25 68,44 205,31 52-13, '33 10 9 1 0 10 23 43 10,75 8,06 24,19 52-15, '33 39 18 2 0 20 69 128 32,00 24,00 72,00 52-18, '33 29 16 2 0 18 59 106 26,50 19,87 59,63 52-19, '33 21 13 7 0 20 62 103 25,75 19,31 57,94 Total 432 216 45 1 262 906 1600 400,00 300,00 900,00 Expected4:3:9 400 300 900 D/m 1.85 2.43 0.30 Many of the plants in this column were â€žsuspectquot; at the first examination.



??? Table 2. Fg segregation for stem and flower colours. The 33 plantsunder the heading of â€žGreen stem, died youngquot;, have been dividedbetween white flowering and pale rose flowering plants, as in about1 of the latter the hypocotyl and cotyledon colour had not beenobserved. Violet stem and flower Expected ratio ?‹ . cJ C?– lt;1^ No. Fam. 02 (1) Â? Â§to O 6 g u o violet9 and year (DÂ? ^O fl ^ Iquot; T! ?œ3 ^ o CuO rt ^ CD quot;o CN . O O ciÂ? Â?g 1 - O H green4 rose3 55-2/32 65 6 30 90 37 18 145 246 61,50 46,13 138,37 55-4,'32 110 9 84 206 102 26 334 537 134,25 100,69 302,06 55-6,'32 122 13 106 167 80 50 297 538 134,50 100,87 302,63 393/33 9 0 7 13 8 4 25 41 10,25 7,69 23,06 394,'33 5 1 5 15 12 1 28 39 9,75 7,31 21,94 395/33 7 0 5 8 9 2 19 31 7,75 5,81 17,44 395,'33 7 1 5 17 7 3 27 40 10,00 7,50 22,50 397,'33 7 1 8 10 11 3 24 40 10,00 7,50 22,50 398/33 8 1 7 15 4 5 24 40 10,00 7,50 22,50 399/33 11 1 3 15 8 2 25 40 10,00 7,50 22,50 400,'33 7 0 11 11 5 6 22 40 10,00 7,50 22,50 Total 35826384 33 2717 278 567 283 120 970970 1632 408,00 306,00 918,00 Ex- pected

4:3:9 408 306 918 D/m 1.37 1.78 2.59



??? Table 3. True-breeding Fg families of PP VV and PP vv Fg plants. Flower colour White fl. Pale rose fl. Violet No. Fam. -2 or 3 fl. F 2 plant green stem rose stem violet stem - 455 violet 2 ? 0 0 22 457 2 0 0 19 416 â€ž 2 0 0 41 469 â€ž 2 0 0 10 477 â€ž 2 0 0 14 481 â€ž 2 0 0 9 432 pale rose 0 32 0 443 it gt;gt; 0 32 0 515 if a 0 32 0 518 a a 0 16 0 401 gt;i a 0 36 0 402 a Â?Â? 0 18 0 423 )! Â? 0 28 0 479 a Â? 0 16 0 480 n ti 0 16 0 Table 4. FÂ? families of Pp vv plants. fH ^ (D e lt;u boC d gÂ? Expected ratio i; cfi cn?– O m -MO en Total PH 3 g M a)lt;u K O lt;D m green rose h ^ Â? m 2 1 3 so ?œ S rose 9 6 24 39 9.75 29.25 7 0 16 23 5.75 17.25 7 0 17 24 6.00 18.00 2 0 22 24 6.00 18.00 7 0 21 28 7.00 21.00 4 0 12 16 4.00 12.00 5 1 34 40 10.00 30.00 13 1 25 39 9.75 29.25 9 0 30 39 9.75 29.25 6 0 18 24 6.00 18.00 1 0 7 8 2.00 6.00 70 8 226 304 5 3 75 229 304 76 228 0.13 No. Fam. 429 436 437442448 450 451 403 404420466 Total Expected 1:3D/m



??? Table 5. Fg families of Pp VV plants. Flower colour White fl. Violet fl. Expected ratio No. Fam. Total Fa plant green stem violet stem 1 3 430 violet 2 9 31 40 10.00 30.00 431 â€ž 2 5 19 24 6.00 18.00 444 â€ž 1-2 10 14 24 6.00 18.00 445 â€ž 1-2 6 26 32 8.00 24.00 452 â€ž 1 6 17 23 5.75 17.25 461 â€ž 1-2 5 28 33 8.25 24.75 407 2 5 15 20 5.00 15.00 409 2 7 16 23 5.75 17.25 424 â€ž 2 11 21 32 8.00 24.00 Total 64 187 251 Expected 1:3 62.75 188.25 D/m 1 0.18 Table 6. Fg families of PP Vv plants. Flower colour Pale rose fl. Violet fl. Expected 1 : 3 No. Fam. Total F 2 plant rose stem violet stem 1 3 427 violet 1 6 37 43 10.75 32.25 441 10 23 33 8.25 24.75 447 15 29 44 11.00 33.00 449 5 20 25 6.25 18.75 460 6 14 20 5.00 15.00 529 â€ž 2-1 8 14 22 5.50 16.50 405 5 19 24 6.00 18.00 408 2 7 9 2.25 6.75 410 11 29 40 10.00 30.00 414 10 30 40 10.00 30.00 425 1-2 5 29 34 8.50 25.50 467 5 13 18 4.50 13.50 Total 88 264 352 Expected 1:3 88 264 D/m 0.00 1



??? Table 7. F, families of Pp Vv plants. No. Fam. m Dquot;o fl'ft S q 0 Sh lt;u mC ?? aj ^0 Â? bc s O X)^ . 6 o m gt; is Expected ratio - 6O lt;D Fs family 55-2 406 411 412 413415 417 418 419 421 422468 470 471 472476478 Fj family 55-4 violet 426428 433 434 435 438 439 440446 453 454456 458 459 462 463 516 517 522 523 524 525 526 527 528Total Expected 4:3:9D/m violet 2 9 71013121112 5113 61 83 1 11 489 96 108 555 131111 52 4 6722 3 10 52 4 37 26928297 303.50 0.43 0122001132000010 0020100220710001100101311 13 1416 1520232614 161214 8721712 20 23 241823 2328261720 24343428 14 1736 1577 16 1814 13 1475r 751 227.62 682.88 4.53I 3.94|6.006.258.0010.009.509.0010.756.256.004.004.504.252.259.253.006.25 2 3 410 62 4 5 411 31812 81 5527 4707 47 524373321 3 442 9166 24 25324038 364325241618 17 g 3712 2Â? 323240323240404024324853 35202550 2512122032 262021 1214 8.008.0010.008.008.0010.0010.0010.006.008.0012.0013.2550 12.508.755.006.2512.506.253.003.005.008.006.505.00 5.254.504.696.00 13.5014.0618.00

7.126.758.064.694.503.003.373.191.69 2.254.69 6.006.007.506.006.007.50 7.50 22.50 21.3820.2524.1914.0613.509.0010.139.565.06 6.94 20.81 6.7514.06 18.0018.0022.5018.0018.0022.50 4.506.00 9.386.563.754.699.384.692.252.253.756.00 3.75 7.50 22.507.50 22.50 13.5018.00 9.00,27.009.94 29.81 28.1219.6911.2514.0628.1214.066.756.7511.2518.00 4.87,14.63 11.25 3.94 11.81



??? Table 8. First and second sowings of Fg families; first sowing showeda great shortage of rose plants. First sowing (1933) Second sowing (spring 1934) No. Fam. . a â– t; rtrd ÂŽ iao ?‹ 'Sog ?–d ?œ flj Â? .?•?•O 1|o aj OP^ ^^ . a o agt; gt; isgt; Total Greenstem Rosestem Violetstem Total 428 8 0 1 23 32 12 14 41 67 446 5 2 0 17 24 11 9 28 48 459 5 0 2 28 35 11 3 26 40 435 6 1 2 23 32 6 6 28 40 458 11 0 5 34 50 12 4 24 40 Total 35 3 105.78% 125 173 52 3615.32% 147 235 Table 9. First and second sowings of Fg famihes; first sowing con-tained the expected ^/ig rose plants or more. First sowing (1933) 1 Second sowing (spring '34) No. Fam. . a tu .ti fl tr (D S bJO S fl J 0 (/} Ofl ^ O rrt Â? 1?œ S 1 o -?? lt;0 m2 PLH . a r?? O lU gt; agt; Total Greenstem Rosestem * Violetstem Total 426438440453 410 55 0020 8777 20232620 32404032 13 13 11 ^^ 14 74 8 45322332 72484054 Total 24 2 2920.14% 89 144 49 3315.42% 132 214



??? Table 10. The backcross F^ X Wagenaar and the reciprocal cross. Fl 55-2 X WagenaarFl 55-4 X WagenaarFl 55-6 X WagenaarWagenaar x F,Wagenaar x FiFl X Wagenaar TotalExpected2:1:1:1:1:1:1:2:2:2:2 D/m...... Mottled -I- Selfcol.Expected 1:1:1:1:2:2.D/m wW of clw lt;!d ogt; w l-H f tovo



??? Table 11. Selfcoloured yellowish (no. 3) of backcrossFl X Wagenaar, selfed. White Pale rose Seedcoat colour...... White Yellowish 49 3 Genotype No. Fam. Pp JJ Sh ShOnOngg bb vv 493 3 13 PP J J Sh Sh Q?Ži cin gg bb vv 500 0 15 Total number coloured . . - 28 Table 12. Selfcoloured orange (no. 9) of backcross 1 White Pale rose Total White Yellowish Orange numberscoloured 49 3 9 Genotype No. Fam. Pp J J Sh Sh (Si Cm Gg bb vv 494 2 1 13 14 Pp J J Sh Sh C????i Cm Gg bb vv 502 6 0 2 2 Total numbers coloured . . - 1 15 16 Expected ratio 1:3..... 4.00 12.00 1.73 Table 13. Selfcoloured greenish brown (no. 15) of backcross White Pale rose Totalnumbercoloured Seedcoat colour....... White Yellowish Green,brown 49 3 15 Genotype No. Fam. PP J J Sh Sh Cm Cm gg Bb vv 465Â? 0 6 14 Expected ratio 1:3..... 5.00 15.00 20 D/m............ 0.50



??? Table 14. Selfcoloured brown (no. 21) of backcrossFl X Wagenaar, selfed. White Pale rose White Yell. Orange Green,brown Brown Totalnumberscoloured 49 3 9 15 21 Genotype No. Fam. Pp JJ Sh Sh (SlCSi Gg Bb vvI'p J J Sh Sh Cm Gg Bb vvI^p J J Sh Sh Cm Cm Gg Bb vvPp J J Sh Sh Gg Bb vvPp JJ Sh Sh Cm Cm Gg Bb vvPp J J Sh Sh Cm Cm Gg Bb vvPp J J Sh Sh Cm Cm Gg Bb vvPp J J Sh Sh Cm Cm Gg Bb vv 483 484 485 491 492495 505 506 016301107 1 12 164 1 661 531 31 4 52 6 4 52 10101712 121311512212817 Total numbers coloured . . . 4 25 24 66 119 ^^xpected ratio 1:3:3:9 . . . . 7.44 22.31 22.31 66.94 D/m............ 1.30 0.64 0.40 0.17 Table 15. Selfcoloured violet (no. 6) of backcross Fi x Wagenaar, selfed. White Pale rose Violet-1,2 Totalnumberscoloured White Yellow Violet 49 3 6 Genotype No. Fam. Pp J J Sh Sh C5i Cm gg bb VvPP J J Sh Sh Cm Cm gg bb Vvpp J J Sh Sh Cm Cm gg bb VvPp J J Sh Sh Cm Cm gg bb Vv 487 488 489465b 2006 5713 121697 17231010 Total numbers coloured . . . 16 44 60 15 45 Egt;/m............ 0.30



??? Table 16. Selfcoloured brown violet (no. 12) of backcrossFj x Wagenaar, selfed. Flower colour............. White Pale rose Violet-1,2 Totalnumberscoloured Seedcoat colour........... White Yell. Orange Violet Brownviolet 49 3 9 6 12 Genotype No. Fam. PP J J Sh Sh Cm Cm Gg bb VvPp J J Sh Sh Cm Cm Gg bb Vv 465c490 05 1 1 0 1 3 137 1511 Total numbers coloured . . . 1 1 4 20 26 Expected ratio 1:3:3:9 .... 1.63 4.87 4.87 14.63 D/m............ 0.51 1.90 0.44 2.12 Table 17. Selfcoloured black (no. 18) of backcross F^ x Wagenaar, selfed Flower colour............. White Pale rose Violet-1,2 Seedcoat colour........... White Yell. Gr.brown Violet Black Totalnumberscoloured Colour number............ 49 3 15 6 18 Genotype No. Fam. 1 Pp J J Sh Sh C?•?•i Ci??i gg Bb VvPp J J Sh Sh Cm Cm gg Bb VvPp J J Sh Sh Cm Cm gg Bb Vv 498 513 514 210 4 21 1 63 196 2158 43218 Total numbers coloured . . . 3 10 16 25 54 Expected ratio 1:3:3:9 . . . 3.37 10.13 10.13 30.37 D/m............ 0.21 0.05 2.05 1.47



??? Table 18. Selfcoloured black (no. 24) of backcrossFl X Wagenaar, selfed. I^lower colour Violet-1, 2 Pale rose fl o pq bofl ort s 'ogt; Seedcoat colour, .c! Colour number 18-f24 6 12 15 21 49 Genotype No.Fam. 20 12 512 J J Sh Sh Cm Cm Gg Bb Vv Expected ratio 1:3:3:9:12:36. 11.25 3.75 0.94 0.94 2.81 0.31



??? Table 19. Fa segregation for seedcoat colour. stem colour . . Green Rose Violet Flower colour . White Pale rose Violet 1, 2 (and 3) Seedcoat colour. White Yellowish Orange Gr.gr. brown Brown j â€žVioletquot; â€žBrownvioletquot; â€žBlackquot; 'S -p O Colour number . 49 1 2 3 7 8 9 13 14 15 19 20 21 4 5 i 6 10 11 12 16 22 174-23 18-f24 No. IH a Fj family gt;lt; 55-4 . . . . '32 110 5 3 7 5 1 8 5 16 23 10 3 12 5 12 25 16 17 43 118 49 493 Expected . . 123.3 5.8 4.3 8.6 4.3 4.3 8.6 4.3 13.0 26.0 13.0 4.3 8.6 4.3 13.0 26.0 13.0 13.0 38.9 103.8 51.9 55-6 . . . . '32 120 6 4 10 5 7 7 6 19 23 14 3 8 3 12 25 10 12 37 87 41 459 Expected . . 114.8 5.4 4.0 8.0 4.0 4.0 8.0 4.0 12.1 24.2 12.1 4.0 8.0 4.0 12.1 24.2 12.1 12.1 36.3 96.8 48.4 35 393 ..... '33 9 1 1 1 2 2 1 1 2 1 1 3 9 1 394 ..... '33 5 0 1 2 1 1 1 2 1 2 2 5 10 4 37 395 ..... â– 33 7 1 1 1 2 1 3 2 6 5 29 396 ..... '33 7 0 1 1 1 2 1 4 1 3 1? 3? 6 6 37 397 ..... '33 7 1 2 2 2 1 1 0 3 1 1 4 7 4 36 398 ..... '33 8 0 1 1 3 2 1 2 1 2 1 2 6 4 34 399 ..... '33 11 0 1 1 1 0? 1 ? 1 1 5 12 3 37 400 ..... '33 7 0 1 1 2 1 5 1 ? 2 2 3 1 4 4 2 36 Total . . . II 291 14 13

21 12 11 21 13 40 60 30 11 31 9 31 65 28 40 108 265 119 1233 Expected . . . 308.2 14.5 10.8 21.6 . 10.8 10.8 ; 21.?‰ . 10.8 32.5 i 65.C 1 ^5 lo^ 21.6 1 10.8 ' 65.0 32.5 32.5 97.5 260.0 130.0 D/m...... 1.1 0.2 0.7 â–  0.1 0.4 : 0.1 'o???? 0.7 1.3 i O.?Š , 0.4 2.C 1 quot;oT?? 0.3 gt; 0.0 0.8 1.3 1.1 0.4 1.0 Selfcol. : mottled . . ? 25:21 24:21 70:60 20:31 59:65 267:265 Selfcol.-h mottled 14 46 45 130 51 124 532 Expected . . . . . 14.5 43.2 43.2 130.0 43.2 130.0 520.0 wgt; www Iâ€”I iz:KWS?– P !z;o OOl-lOclww



??? I P coloured flower andcoloured seedcoat768 I P white flower andwhite seedcoat256 V violet flower576I pale rose flower192 I b yellow ororange seedcoat48 I I yellow12 orange36 I B gr. gr. brown orbrown seedcoat 144 _ Inbsp;I Knbsp;G gr.gr.brown36 brown108 I b â€žviolet orquot;â€žbrownvioletquot; seedcoat144I ,,violetquot;36 â€žbrown violetquot;108 B â€žblackquot; seedcoat 432 I CmCmselfcol. black108 CmcM mottled black216 cMcM backgr. col. ofmottled black108 gray brown (pale) brown cMCmCm cM^^ ^^^nbsp;^^^nbsp;tinged with tinged with cM cM Cm cM cM Cm cM cM Cm cM cM Cm cM cM Cm cM cM Cm slate blue greyish indigo g G G 13 14 15 19 20 21 18 24 17 23 22 16 10 11 12 49 1 Colour no. 18 9 27 54 27 9 18 9 27 54 27 Numberof seeds 108 216 81 27 256 3 6 3 9 18 9 SCHEME OF THE EXPECTED RATIO IN Fj FAMILIES WHICH SEGREGATE FOR THE FACTORS P-p, Cm-CM, G-g, B-b AND V-V. All PLANTS ARE JJ Sh Sh. Colour types arranged in the same way as in table 19.



??? ^ r â– â€?f,, 5. ??r?' â€” 'O' â€?-Â?'S M 'S -



??? Table 20. Fg segregation for the Cin-cM factors and for the factorsG, B and V {derived from table 19). Mott- Selfcoloured Total Expected Â? led numbers 1:3:3:9: D/m ein cM cM cM Cm Cm Total coloured 3:9:36 Yellowish..... 1 inot classified 14 14,72 0.19 Orange ...... 21 13 12 25 46 44,16 0.29 Gr. gr. brown . . . 21 11 13 24 45 44,16 0.13 60 40 30 70 130 132,47 0.23 â€žVioletquot;..... 31 11 9 20 51 44,16 1,06 â€žBrown violetquot; . . 65 31 28 59 124 132,47 0.80 â€žBlackquot;..... 265 148 119 267 532 529,88 0.14 Total....... 463 254 211 465 942 942,02 Expected ratio 2:1:1 464 232 232 D/m....... 0.07 1.67 1.59 Table 21. Unifactorial ratios in Fg for the factors G, B and V(derived from table 19). g G Total b B Total V V Total 14 46 60 14 45 59 14 51 . 65 45 130 175 46 130 176 46 124 170. 51 124 175 51 532 707 45 532 707 40 108 148 124 130 Total..... 150 408 558 235 707 942 235 707 942 Expected 1:3 . 139.50 418.50 235.50 706.50 i 235.50 706.50 1 ---- D/m..... 1.02 0.04 0.04



??? Table 22. Segregation for seedcoat colour in 54 Fg families (Fi plant 55-4). No.Fam. 443432 450515 451442518437429448 to -J PP JJ Sh Sh Cm GG bb vvPP JJ Sh Sh Cm c^ Gg bb vvPp JJ Sh Sh Cm Cm Gg bb vvPP JJ Sh Sh to C^ gg Bb vvPp JJ Sh Sh Cm c^ gg Bb vvPp JJ Sh Sh Cm Cm gg BB vvPP JJ Sh Sh cM cM Gg BB vvPp JJ Sh Sh c^ cM Gg BB vvPp JJ Sh Sh to GG Bb vvPp JJ Sh Sh Cm cM GG BB vv Pp JJ Sh Sh to to GG BB vvPp JJ Sh Sh to c^ gg bb VvPp JJ Sh Sh Cm c^ gg bb VvPp JJ Sh Sh Cm to gg bb VvPP JJ Sh Sh Cm to gg bb VVPp JJ Sh Sh c^ cM GG bb VVPP JJ Sh Sh cM cM Gg bb VvPP JJ Sh Sh cM cM Gg bb VvPp JJ Sh Sh cM cM Gg bb VvPp JJ Sh Sh c'M GG.^bb VvPp JJ Sh Sh to cU Gg bb VvPp JJ Sh Sh to c^ Gg? bbPp JJ Sh Sh Cm cM GG bbPp J J Sh Sh to Cm GG bbiPp ] ] Sh Sh Cm to Gg bb hjgt; WWW s; l-H iz; w M S 1-) gt; !z! o oot-lo C! w w gt; o ouo Kgt; W gt; oHWW U) 460nbsp;PP JJ Sh Sh cM c^ Gg Bb Vv 525nbsp;Pp JJ Sh Sh c^ cM Gg Bb Vv 459nbsp;Pp JJ Sh Sh c^ c^ GG Bb Vv 462nbsp;Pp JJ Sh Sh cM cM Gg BB Vv 453nbsp;Pp JJ Sh Sh cM cM Gg BB Vv 465f Pp JJ Sh Sh c^l c^C Gg Bb VV445 Pp JJ Sh Sh c^ c^ Gg Bb VV457 PP JJ Sh Sh c^ cjd Gg BB VV456 Pp JJ Sh Sh to c^ GG Bb Vv 454nbsp;Pp JJ Sh Sh Cm cM Gg Bb Vv Wgt; (flwoc C?ŽCfi c!f Ogt; S w 434 IPp JJ Sh Sh Cm C^i GG bh Vv527 IPp JJ Sh Sh Cm Cm GG bb Vv452 Pp JJ Sh Sh cM cM gg Bb VV 428 Pp JJ Sh Sh cM cM f Bb Vv 16 524 Pp JJ Sh Sh c'M cM gg ?Ž Bb Vv 16 Â§446 Pp JJ Sh Sh cM g^ r BB Vv 16 440 Pp JJ Sh Sh Cm cM g^ ; Bb Vv 17 457 PP JJ Sh Sh to c'M gi 1 Bb Vv 17 529 PP JJ Sh Sh Cm cM gi ? Bb Vv 17 Of these 54 F^ plants were:PP 12 (exp. 18)Pp 42 (exp. 36) to BB 13 (exp. 11,3)Bb 21 (exp. 22,7)bb 20 (exp. 13,3)(exp. 26,7) GG 16Gg 24eg 14 t 439 was probably Gg; the brown violet seeds, however, were difficult to distinguish from the violet ones. *) (Variable!)nbsp;, Â§ 446 was Vv; the family contained many violet-1 flowers; in a later sowing a normal number of pale rose flowers appeared ; cf. table 8.



??? GG 16 (exp. 13,3)Gg 24 (exp. 26,7)gg 14 T^^T^s probably Gg; the brown violet seeds, however, were difficult to distinguish from theILTa^ Vv; the family contained many violet-1 flowers; in a later sowing a normal number of pale Pp JJ Sh Sh to GG BB vv526 Pp JJ Sh Sh Cm c^ gg bb Vv531 Pp JJ Sh Sh Cm c^ gg bb426 Pp JJ Sh Sh Cm to gg bb455 PP JJ Sh Sh to to gg bb444 Pp JJ Sh Sh c^ c^ GG bb441 PP JJ Sh Sh cM c^ Gg bb449 PP JJ Sh Sh cM Gg bb Vv 522nbsp;Pp JJ Sh Sh cM c^ Gg bb Vv 523nbsp;Pp JJ Sh Sh cM GGPbb Vv 458nbsp;Pp JJ Sh Sh Cm c^ Gg bb Vvt439 Pp JJ Sh Sh Cm c^ Gg? bb Vv 430 Pp JJ Sh Sh Cm GG bb VV ; Pp J J Sh Sh Cm Cm GG bb463 Pp J ] Sh Sli to to Gg bb Vv ^laX^^inbsp;'SVv cJn Ghv G.?, ^^ 434nbsp;IPp JJ Sh Sh C^i GG bb Vv527 ipp JJ Sh Sh Cni Qii GG bb Vv 452nbsp;Pp JJ Sh Sh cjt cjt gg Bb VV428nbsp;Pp JJ Sh Sh c^ c^ gg 524nbsp;Pp JJ Sh Sh c^ c^446nbsp;Pp JJ Sh Sh c^440nbsp;Pp JJ Sh Sh Cm cM 460 PP J J Sh Sh c^ Gg Bb Vv 525nbsp;Pp JJ Sh Sh cM c^ Gg Bb Vv 459nbsp;Pp J J Sh Sh c'M cj^ GG Bb Vv462 Pp JJ Sh Sh c^ c^I Gg BB Vv 453nbsp;Pp JJ Sh Sh cM cM Gg BB Vv 465f Pp JJ Sh Sh (?•M Gg Bb VV445 Pp JJ Sh Sh c^I c^ Gg Bb VV457 PP JJ Sh Sh c^I cM Gg BB VV456 Pp JJ Sh Sh to cM GG Bb Vv 454nbsp;Pp JJ Sh Sh Cm cM Gg Bb Vv 516nbsp;Pp JJ Sh Sh to c^ Gg Bb Vv438 Pp JJ Sh Sh to cjd Gg BB Vv530 Pp JJ Sh Sh to cM Gg BB Vv 517nbsp;Pp JJ Sh Sh to c^ Gg BB Vv427 PP JJ Sh Sh Cm cjd GG BB Vv433 Pp JJ Sh Sh to to GG Bb Vv 435nbsp;Pp JJ Sh Sh to to Gg Bb Vv431 Pp JJ Sh Sh to to gg Bb VV461 |pp JJ Sh Sh Cm Cm Gg Bb VV Of these 54 Fj plants were:PP 12 (exp. 18)Pp 42 (exp. 36) violet ones,rose flowers cf. table 8. appeared



??? Table 23. Mottled yellowish (no. 2) of backcross Fj x Wagenaar, selfed. Flower colour........... White Pale rose Totalnumbercoloured Seedcoat colour........... White Yellowish Colour number........... 49 1 1 2 3 Genotype ......... No. Fam. 1 PP J J Sh Sh ci??i c'M gg bb vv 449Abbd 0 1 6?0 8? 1614 5 6 27 28 Total numbers coloured . . . II 30 11 55 Expected ratio 1:2:1..... 113.75 27.50 13.75 Table 24. Mottled orange (no. 8) of backcross F^ x Wagenaar, selfed. Flower colour...... White Pale rose Seedcoat colour...... White Yellowish | (j Orange Totalnumbercoloured Colour number...... 49 1 2 3 7 8 9 Genotype .... 1 No. Fam. PP JJ Sh Shamp;iicM Gg bb vv . . 501 0 2 5 3 4 9 5 28 Expected ratio1:2:1:3:6:3 . . . 1.75 3.50 1.75 5.25 10.50 5.25 cMd^ ^m cM Cm Cm ... 10 (exp. 7) 18 (exp. 21)



??? Table 25. Mottled greenish brown (no. 14) of backcrossFl X Wagenaar, selfed. Flower colour......II White Pale rose Seedcoat colour...... White Yellowish Greenishbrown Totalnumberscoloured Colour number...... 49 1 2 3 13 14 15 Genotype .... No. Fam. Pp JJ Sh ShCmcM gg Bb vv PPPp 486507465e 503 1 221 21 171 2 8 42 12202 Total numberscoloured .... 1 5 3 9 10 6 34 Expected ratio1:2:1:3:6:3 . . . 2.12 4.25 2.12 6.38 12.75 6.38 cM cM Cm cM Cm Cm. â€? â€? jj 9 (exp. 8.50 25(exp.25.50)



??? to00o Table 26. Mottled brown (no. 20) of backcross F^ x Wagenaar, selfed. Flower colour ....... White Pale rose Totalnumberscoloured Seedcoat colour........ White Yellowish Orange Greenbrown Brown Colour number........ 49 1 2 3 7 8 9 13 14 15 19 20 21 Genotype ..... No. Fam. Pp JJ Sh ShC^cM Gg Bb vv PpPp 482 503 504 710 8 1 1 11 112 12 1 2 21 23 2?65 432 2? 3 3 132019 Total numbers coloured. 0 2 2 4 3 1 2 3 5 13 9 8 52 Expected ratio1:2:1:3:6:3:3:6:3:9:18:9. |o.81 1.63 0.81 2.44 4.87 2.44 2.44 4.87 2.44 7.31 14.63 7.31 cMCm c'M Cm Cm ..... 4 (exp. 3.25) 8 (exp. 9.75) ||lO (exp. 9.75) 30 (exp.29.2) W gt; W w H HH ?–!KWW HH Hgt; owo â–?t] oo s aw cn



??? Table 27. Mottled violet (no. 5) of backcross F^ x Wagenaar, selfed. White Pale rose Violet-1, 2. Totalnumberscoloured Seedcoat colour............. White Yellowish â€žVioletquot; Colour number............ 49 1 2 3 4 5 6 Genotype............ No. Fam. Pp J J Sh Sh cSi c'M gg bb Vv . . . Pp Pp 464 465508 993 11? 11 ?1 1?21 1042 7 69 253 221916 II II - 3? 4? 16 22 10 57 Expected ratio 1:2:1:3:6:3 . . . . ||3.56 7.13 3.56 10.69 21.37 10.69 c'M c'M On c'M (Si Cm . â€? â€? 1 9(exp. 14.25) 48 (exp. 42.75) || gt; iz;?– O?œOW W^ HO Oc/i lt;! a Ir^ Ogt; s (nI-' to CD



??? Table 28. Mottled brownviolet (no. II) of backcross F^ x Wagenaar, selfed. Flower colour . . . White Pale rose |j Violet-1,2. to IH 0) 3 80H Seedcoat colour . . White Yellowish Orange j| â€žVioletquot; || â€žBrownvioletquot; Colour number . . 49 1 2 3 7 8 9 4 5 6 10 11 12 Genotype . . No.Fam. 1 Pp JJ Sh ShCm cM Gg bb Vv..... PpPPPP 496 509 510 511 11200 1 1 2? i? 1 22 2474 1 3 41 23 1 6 ' i 64 112? 423 310 7 8 375 9373927 Total numbers 2 2 ? 4 17 8 1 6 17 4 9 28 gt;5 112 Expected ratio1:2:1:3:6:3:3:6:3:9:18:9 1.75 3.50 1.75 5.25 10.50 5.25 5.25 10.50 5.25 15.75 31.50 15.75 c^ c'M tocM Cm Cm 4(exp.7.00) 29 (exp. 21.00) 27(exp.21.00) 52(exp.63.00) i-dgt; WwJzJ t-c iziWH S H gt; owo OOt-lOC! w cn to 00to



??? Table 29. Segregation in the Fg family 55-2. Different colour types have been combined, because there were some difficulties in the classification (cf. table 31). White flower Pale rose flower Violet flower Total P P V sh P V Sh P Vsh P V Sh no. 49: 65 nos 25, 31, 37, 43: 0nos 26, 32, 38, 44: 6nos 27, 33, 39, 45: 1 nos 1, 2, 3: 1nos 7, 8, 9: 6nos 13, 14, 15: 5nosl9, 20, 21: 10 nos 28, 34, 40, 46: 11nos29,35: 9nos 30, 36: 2nos 41, 47: 12nos 42, 48: 8 nos 4, 10, 16, 22: 15nos 5, 11: Unos 6, 12: 6nos 17, 23: 34nos 18, 24: 17 Total . . p: 65 P V sh: 7 P V Sh: 22 P V sh: 42 P V Sh: 83 219 gt; ?–â–?tJO?– O K gt; gt; ww w HH Kgt; wHO f Â? lt;1cjt-i Ogt; t??wW C to s



??? Table 30. Segregation for the factor Sh in F3 families of Sh sh Fgplants (Fg family 55-2). Because of some difficulties in classifying Ihave refrained from tabulating the various colours. No. The probable constitution Colour no. sh Sh 0 2 S u c 0 Fam. of the Fa plant was Fj plant H l-i lt;â€?â– gt;2 0 C ?œ 404 Pp JJ Sh sh Cm c^ Gg Bb vv 20 9 10 20 30 403 Pp JJ Sh sh Cm cM gg Bb vv 14 13 12 10 22 423 PP JJ Sh sh Cm cM GG Bb vv 20 0 6 22 28 420 Pp JJ Sh sh Cm On Gg? bb vv 9 6 1 15 16 468 Pp JJ Sh sh cM c^ gg Bb Vv 22 3 4 9 13 467 PP JJ Sh sh cM cM gg bb Vv 4 0 4 11 15 413 Pp JJ Sh sh Cm cM GG bb Vv 11 13 5 15 20 412 Pp JJ Sh sh Cm cM gg bb Vv 5 10 8 11 19 415 Pp JJ Sh sh Cm cM GG bb Vv 11 11 7 18 25 414 PP JJ Sh sh Cm cM gg bb Vv 5 0 10 17 27 421 Pp JJ Sh sh Cm Cm Gg bb Vv 12 1 3 14 17 422 Pp JJ Sh sh Cm Cm gg bb Vv 6 2 1 7 829 425 PP T T Sh sh Cm Cm gg Bb Vv 18 0 6 23 424 Pp JJ Sh sh Cm cM Gg BB VV 23 10 6 11 17 477 PP JJ Sh sh Cm Cm G ?BB VV 18 or 24 0 6 14 89 211 300 75 225



??? Table 31. Scheme of the influence of the factors P, Sh.Cm (cM), G, B and V, J is homozygously dommant. g 1 b - g 2 Sh -- -- g 3 b - g 4 __ g 5 b â€” - g 6 sh - g ' b â€” - g j MH g 30 1-1 s m u tn PH C/l ft ID -o fl 36 oJ M ft ft lt;D IHM 0 42 o .flbe tnu to o -t-Â? quot;oo |3X!



???



??? Table 32. Strength of string in â€žFijne trosquot; 1933. Motherplant 1932 String numbers 1933 averagestrength in No. Fam. String number 0/ total 1933 dor-sal ven-tral aver-age /o fibres 1-2 :2-3 3-4 4-5 5-6 6-7 the family 323 5.7 4.2 4.9 9 2 9 5 16 3.69 324 5.2 4.0 4.8 15 12 3 2 17 3.91 325 4.7 4.0 4.4 4 2 11 6 19 3.71 326 5.2 4.3 4.7 10 1 7 7 2 17 4.09 327 4.2 3.6 3.9 4 2 8 6 1 17 3.91 328 3.6 3.4 3.5 5 2 5 9 3 19 4.18 Total 9 52 36 7 1 105 Table 33. Strength of string and percentages of fibres in the F^plants of 1932 and 1933 (three pods stringed; one anatomically investigated). Strength of string Total 1â€”2 2â€”3 3â€”4 4 5 5â€”6 6â€”7 7-8 8â€”9 9â€”10 w (D M^ mO COCJbD nS ?–(UCJ PH 0â€”10 10â€”20 20â€”30 1 4 5 30 40 4 4 8 40-^50 5 9 14 50â€”60 3 12 15 60â€”70 2 4 6 70â€”80 gt; 80 Wagenaar-type Total 1 15 33 48



??? Table 34. Fg-family 55-2 1932; classified according to strength ofstring and percentages of fibres. Strength of string Total 1â€”2 2â€”3 3 4 4 5 5â€”6 6â€”7 7â€”8 8â€”9 9â€”10 0â€”10 6 19 5 30 10â€”20 5 8 2 15 20â€”30 4 8 6 1 19 0)g 30â€”40 4 5 5 14 40â€”50 3 3 3 9 Otn4)bOnJ ?–DOl-ctgt;(k 50â€”60 6 12 6 24 60â€”70 3 16 8 1 28 70â€”80 4 9 1 14 gt; 80 1 3 1 5 Wagenaar-type 1 1 1 2 58 63 Total 6 29 28 26 43 28 61 221 Table 35. Fg-family 55-4 1932; classified according to strength ofstring and percentages of fibres. Strength of string Total 1â€”2 2â€”3 3 4 4â€”5 5â€”6 6â€”7 7â€”8 â€”89 9â€”10 0â€”10 8 41 38 8 4 99 10â€”20 6 17 14 8 2 1 48 20â€”30 1 8 12 7 6 34 (n 30 40 2 6 16 4 28 M B SH 40â€”50 1 9 13 10 33 0 M(Lgt; bo 01 fl ID?œh (U PM 50â€”60 2 10 19 4 35 60â€”70 1 6 21 12 40 70â€”80 2 11 18 31 gt; 80 1 15 6 22 Wagenaar-type 1 1 1 2 116 121 Total 0 8 48 66 53 67 75 52 122 491



??? Table 36. Fg-family 55-6 1932; classified according to strength ofstring and percentages of fibres. 1 Strength of string Total 1â€”2 2â€”3 3â€”4 4 5 5â€”6 6â€”7 7â€”8 8â€”9 9â€”10 0â€”10 5 8 7 11 3 34 10â€”20 4 10 9 3 1 27 20â€”30 1 1 5 4 1 12 tn (Lgt; 30â€”40 1 2 6 9 3 21 iH a 40â€”50 1 6 16 9 1 33 o mlt;u 50â€”60 1 3 8 9 4 25 bod (3 60â€”70 1 8 23 2 1 35 lt;DO iH (U (U 70â€”80 14 15 3 32 gt; 80 7 3 10 Wagenaar-type 1 1 3 56 61 Total 5 14 22 41 52 61 32 63 290 Table 37. Segregation of the Fg-families of 1932 and 1933 into not pure stringyand pure stringy (Wagenaar) type. Strength of string in the Fj plants Fl motherplant Total numbers not pure stringy(not Wagenaar type) Strengthof string purestringy(Wage-naar) purestringy(Wage-naar) -â– a O ijlt;U cnft notpurestringy 1-212-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 lt; 9 9-10 â€?32 '33 7.6 7.0 i 7.3 50 7.5 7.8 7.7 50 7.6 6.6 7.1 56 7.3 7.5 7.4 23 7.0 7.6 6.8 20 7.0 7.0 7.0 30 7.4 6.8 i7.1 55 7.6 7.4 7.5 30 7.2 7.0 7.1 59 7.0 6.6 6.8 43 l7.2 7.0 7.1 20 Total ^Xpected ratio 3 : 1 260 126 3 5 6 5 10 9 1 1 19

21 58116917114911 329 55.25122.75112.258.509.257.259.009.008.509.008.75 1.200.181.330.601.041.390.000.770.200.380.88. 2214914493437293636 3436 35 63121100 712 49119 86 158370349272525 272525 2829 55-255-455-6 393 394 395 396 397 398299400 28l 2552 ' 736547 359.50 1438 350359.50 0.58 10881078.50 210 162 186 106 19



??? Fa mother plants Table 38. Fg families of pure stringy (Wagenaar type) Fg plants. A fewplants have an â€žabnormalquot; sheath: part of the fibres are without thickeninglayers and of an irregular appearance on cross-section. Remarks dor-sal ven-tral 1-2 2-3 3-4 4-515-6 6-717-8 8-9 9-10 All pure stringy. â€ž â€ž â€ž,butmany abnormalAll pure stringy Strength of string type aver-age Fg plants of family 55-4 428 10.0 10.0 10.0 429 10.0 10.0 10.0 430 9.8 10.0 9.9 431 10.0 9.8 9.9 432 10.0 10.0 10.0 434 10.0 10.0 10.0 438 10.0 10.0 10.0 439 9.4 8.8 9.1 441 10.0 9.0 9.5 444 9.8 10.0 9.9 445 9.5 9.8 9.6 523 10.0 10.0 10.0 524 9.8 9.6 9.7 526 10.0 10.0 10.0 Fg plants of family 55-2 402 10.0 10.0 10.0 410 10.0 10.0 10.0 415 10.0 10.0 10.0 419 9.4 8.6 9.0 423 10.0 10.0 10.0 466 9.3 0.9 9.2 468 10.0 10.0 10.0 470 10.0 9.3 9.7 476 10.0 10.0 10.0 478 10.0 10.0 10.0 481 9.5 10.0 9.8 pure stringy I , but abnormalpure stringy pure stringy Strength of string in the F3plants 18 18 27 27 28 28 32 36 25 25 15 15 18 18 23 23 7 7 19 19 16 16 16 18 25 25 25 25 21 21 16 16 3 3 2 2 17 17 11 11 18 18 5 5 ; the plantwith strength 7-8is abnormal.All pure stringy Table 39. Fg families which segregate the pure stringy (Wagenaar) type. Thefamilies are arranged according to increasing strength of string in the Fg mother plants. Fj motherplants Strength of string in the F3 plants Total numbers s R5 Q, Strengthof string u not pure stringy(not Wagenaar type) purestringy(Wage- Â? d boft ti.M JH 0 â€?S rt m fi 0 ?œ w Q ^ lt;ube rO naar) Â? amp;OJ C?• 0 s sgt; ??gt; a 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 8-9 9-10 ?– quot; 520 3.7 3.3 3.5 10 3 2 2 1 2 3 10 3 13 3.25 0.16 421 5.4 3.2 4.3 17? 1 1 2 4 3 5 11 5 16 4.C0 0.58 450 5.4 3.2 4.3 28 1 2 1 5 4 5 9 2.25 2.13 454 5.2 5.0 5.1 20 1 3 3 4 2 1 1 13 2 15 3.75 1.05 451 6.6 4.6 5.6 33 9 4 5 1 6 19 6 25 6.25 0.12 403 6.86.8 4.8 5.8 16 2 3 1 1 1 5 9 13 9 22 5.50 1.72 427 5.6 6.2 40 5 5 7 5 8 22 8 30 7.50 0.21 518 6.5 6.0 6.3 30 1 1 2 1 4 3 9 3 12 3.C0 0.00 448 7.0 6.8 6.9 50 1 3 2 4 3 10 3 13 3.25 0.16 469 7.0 6.7 6.9 65 1 2 1 1 1 5 1 6 1.50 0.47 516 7.0 7.0 7.0 40 4 4 3 4 5 5 1 9 26 9 35 8.75 0.10 440 7.0 7.2 7.1 70

1 4 5 1 6 4 1 4 21 5 26 6.50 0.68 443 7.3 7.0 7.1 78 4 2 3 5 9 2 4 2.?– 4 29 7.25 1.39 472 7.4 7.0 7.2 43 2 1 2 6 10 7 9 28 9 37 9.25 0.09 409 7.5 7.0 7.3 50 1 3 1 1 3 2 3 11 3 14 3.50 0.31 404 7.2 7.6 7.4 65 2 3 5 1 4 1 8 16 8 24 6.C0 0.94 459 7.4 7.6 7.5 55 2 4 9 1 9 16 9 25 6.25 1.27 477 8.0 8.0 8.0 50 1 2 1 3 3 4 10 4 14 3.50 0.31 433 8.0 8.0 8.0 58 2 4 7 10 7 1 5 31 5 36 9.00 1.54 515 8.3 7.7 8.0 60 2 3 4 2 1 4 11 5 16 4.C0 0.58 405 8.4 8.2 8.3 70 2 3 3 3 4 4 15 4 19 4.75 0.40 418 8.7 8.0 8.3 80 1 1 3 2 5 7 10 19 10 29 7.25 1.18 471 8.2 8.6 8.4 60 1 1 1 1 2 4 2 6 1.50 0.47 446 8.4 8.4 8.4 85 2 2 1 1 2 3 3 4 14 4 18 4.50 0.27 457 8.48.8 9.0 8.7 70 1 2 1 2 3 6 9 6 15 3.75 1.35 436 8.6 8.7 80 2 1 1 3 1 6 2 3 16 3 19 4.75 0.93 447 9.0 8.7 8.8 74 5 6 4 2 6 4 3 6 30 6 36 9.00 1.15 456 9.0 9.2 9.1 83 1 3 6 10 5 2 10 27 10 37 9.25 0.28 458 9.5 9.3 9.4 82 1 1 6 6 8 6 2 12 30 12 42 10.50 0.53 Total i 13| 51 1 ^^ 53 J 92|l00| 75 ij 30| 3| 160 475 163 638 159.50 Expected ratio 3 : 1 478.50 159.50 0.32



??? Table 38. Fg families of pure stringy (Wagenaar type) F^ plants. A fewplants have an â€žabnormalquot; sheath: part of the fibres are without thickeninglayers and of an irregular appearance on cross-section. Table 39. Fg families which segregate the pure stringy (Wagenaar) type. Thefamilies are arranged according to increasing strength of string in the Fg mother plants. F2 mother plants dor-sal ven-tral 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 Strength of string type aver-age Fa plants of family 55-4 428 10.0 10.0 10.0 : 429 10.0 10.0 10.0 430 9.8 10.0 9.9 431 10.0 9.8 9.9 432 10.0 10.0 10.0 434 10.0 10.0 10.0 438 10.0 10.0 10.0 439 9.4 8.8 9.1 441 10.0 9.0 9.5 444 9.8 10.0 9.9 445 9.5 9.8 9.6 523 10.0 10.0 10.0 524 9.8 9.6 9.7 526 10.0 10.0 10.0 Fa plants of family 55-2 402 10.0 10.0 10.0 410 10.0 10.0 10.0 415 10.0 10.0 10.0 419 9.4 8.6 9.0 423 10.0 10.0 10.0 466 9.3 0.9 9.2 468 10.0 10.0 10.0 470 10.0 9.3 9.7 476 10.0 10.0 10.0 478 10.0 10.0 10.0 481 9.5 10.0 9.8 pure stringy quot; , butabnormal pure stringy pure strmgy Strength of string in the F3plants Remarks Fj motherplants Strengthof string 3.54.34.3 5.1 5.6 5.8 6.26.3 6.96.9 7.0 7.1 7.1 7.2 7.3 7.4 7.58.08.08.08.3 8.3 8.48.4 8.78.7 1017?282033164030506540707843506555505860708060857080748382 520421 450454 451 403427518448469516440443472409 404459477433515 405418471 446 457436 447456 458 3.33.23.25.04.64.8 5.66.06.8 6.77.07.27.07.07.07.6 7.68.08.0 7.78.28.08.68.49.0 6.57.07.07.07.0 7.3 7.4 7.5 7.27.48.08.0 8.3 8.48.78.28.48.4 9.C 8.79.0|9.29.5j9.3 Total Expected ratio 3D/m...... Â?-10 a! .gt; 0 H 32 32 23 23 21 23 18 18 27 27 28 28 32 35 25 25 15 15 18 18 23 23 7 7 19 19 16 16 16 18 25 25 25 25 21 21 16 16 3 3 2 2 17 17 11 11 18 18 5 5 All pure stringy. â€ž â€ž .. , 'butmany abnormalAll pure stringy ; the plantwith strength 7-8is abnormal.All pure stringy Strength of string in the F3 plants not pure stringy(not Wagenaar type) 8-9 9-10 35 51 6983 31 9 449 38 9 4 544 1024 636 Total numbers purestringy(Wage-naar) u 3 60 ft a a ^Â? S lt;0 CSamp; â€”â–  1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 3.254.CO2.253.756.255.507.50

3.CO3.251.508.756.507.259.253.506.C06.253.509.00 4.C04.757.251.504.503.754.759.009.25 10.50 0.160.582.131.050.121.720.210.000.160.470.100.681.390.090.310.941.270.311.540.580.401.180.470.271.350.931.150.280.53 1011 41319 1322 910 526212.528111616103111 1519 4 149 16302730 410 2 4 6 36 1012 1012 638 159.50 163 159.50 475 478.500.32 13| 5l| 6l| 53| 92I100I 75| 30| 3| 160



??? Table 40. Fg families which do not segregate the pure stringy(Wagenaar) type. The families are arranged according to increasingstrength of string in the Fg mother plants. ato?“ Fa mother-plants Strength of string in the F3 plants(not a single pure stringy type) lt;u e s 0H bo Â? e Hi 0) Sf Co ^ t .sc Strength ofstring tf??UÂ? COIH OTd d lt;ugt; ÂŠ ticas1-1(Dtgt;d 1-2 2-3. 3-4 4-5 5-6 6-7 7-8 8-9 9-10 Fj plants of family 55-4 519 2.7 2.0 2.3 1 2 1 3 3.83 522 3.4 2.4 2.9 4 1 4 4 1 1 10 4.50 527 3.5 2.8 3.1 7 3 4 5 1 14 4.14 521 3.7 3.3 3.5 4 1 1 4 6 5.00 426 4.2 3.0 3.6 4 4 10 13 4 31 3.98 530 3.8 3.6 3.7 2 1 3 6 7 1 18 4.66 461 4.0 3.4 3.7 4 8 8 10 1 2 29 3.84 460 5.0 3.0 4.0 2 1 2 2 2 7 5.21 442 6.3 4.0 5.1 26 8 11 3 22 4.27 525 6.0 4.5 5.3 15 1 2 4 2 1 10 6.50 462 5.4 5.4 5.4 6 1 7 9 2 19 5.13 449 6.6 4.2 5.4 49 2 2 2 2 2 10 5.50 437 7.0 5.7 6.3 50 1 7 9 3 3 23 4.50 517 6.8 6.0 6.4 23 5 4 4! 2 1 16 4.88 435 6.5 7.3 6.9 55 8 5 6 1 6 26 5.19 F,! plants of family 55-2. 480 4.7 2.7 3.7 2 6 4 2 1 13 4.35 473 5.0 3.0 4.0 4 1 2 3 5.17 407 6.3 4.8 5.5 26 2 4 7 3 16

5.13 467 6.0 5.3 5.6 27 1 3 3 4 15 4.97 416 6.0 5.8 5.9 26 8 11 6 1 1 27 5.27 406 6.2 5.8 6.0 12 2 1 7 7 â–  1 18 6.72 424 6.5 6.5 6.5 22 2 i IC 1 4 1 18 7.67 479 6.0 7.0 6.5 33 ?Š ) 7 ' 1 14 5.14 401 7.6 7.6 7.6 50 1 , IC ) IS gt; 4 t 2 ) 36 6.39



??? Table 41. Fg plants arranged according to strength of string, per-centages of fibres and their F3 progeny.italics:nbsp;Fg plants not pure stringy; in F3 the pure stringy type does not appear (StSt).BOLD type:nbsp;Fg plants not pure stringy; in F3 the pure stringy type appears (Stst).normal type: Fg plants pure stringy; in F3 only the pure stringytype occurs (stst). Strength of string 1 2|2 3'3 4 4 5 5â€”6 6â€”7 7â€”8|8â€”9 9â€”10 lt;0 .s quot;0u Ma! COJ0v.10 0â€”10 2 l6 1 . s I I 1 1 10â€”20 1 1 I 20â€”30 1 \\ 4 1 2 30â€”40 1 I 1 40â€”50 J 1 2 1 2 I 2 50â€”60 2 60â€”70 1 1 2 70â€”80 1 2 3 gt; 80 1 1 1 ^ 2 Wagenaar type i 25 St St 2 6 2 7 6 I 7 St st 1 2 1 a I A ' 10 2 st st 25



??? Table 42. Strength of string in backcross F^ with Wagenaar. Total numbers Strength of string in the backcross plants m (U P purestringy 3 ca â–  pi C8 not pure stringy 3 heft C .??lO 1-2 2-3 3-4'4-5 5-6 6-7,7-8,8-9,9-10: lt; 9 19-10 16 19 i 29 18 17 1 6 15 4 1 4 8247 105j 88| 193 58i 51| 109 1932 1931 1932 1933 Total IExpected ratio 1 : 1D/m....... 15; 28, 35! 441 22, 18| 1 139 302 151 129 1631511.38 10 Table 43. Progeny of not pure stringy (not Wagenaar type) backcrossplants of Fl with Wagenaar after selling. All families (except 492)segregate the pure stringy (Wagenaar) type. 6cafe 6 Backcross-plants Strength of string in the progeny ofbackcross plants Total numbers Strof 1 lao engstri] aa a lt;Dgt; thiigOJ bcnju (Ugt; Â?Â? 4-1 V.O not pure stringy(not Wagenaar type) purestringy(Wage-naar) 2 gt;.g bo .s 0 cfi 'D .H S U C 0) ^ ho S ^ -H i ao 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 8-9 9-10 1 1 1 1Of Fi-plant 55-4. 1 cr 498 3.6 3.0 3.3 5 1 3 1 0 496 4.8 3.8 4.3 5 1 1 1 3 1 1 7 1 8 486 4.8 3.8 4.3 5 2 1 3 4 1 1 3 13 17 488 4.5 5.0 4.8 10? 1 3 4 2 7 5

3 22 3 25 497 5.8 5.0 5.4 10 1 4 2 1 7 1 816 482 5.7 5.3 5.5 10 1 3 3 2 3 4 12 4 494 5.8 5.3 5.5 45 1 5 1 1 4 8 4 12 492 6.6 5.0 5.8 34 2 2 3 3 2 0 12 0 12 485 6.3 5.7 6.0 30 2 3 4 3 5 12 .5 17 483 7.3 7.3 7.3 40 1 1 2 2 2 2 1 10 1 11 Of Fi- plant 55â€”6. 507 5.5 4.0 4.8 1 4 1 5 5 3 1 5 l-j .5 20 503 5.8 3.8 4.8 6 4 8 8 1 1 5 21 6 27 505 6.3 4.7 5.5 32? 1 1 9 3 2 2 3 18 3 21 504 7.0 5.8 6.4 40 4 4 3 5 1 6 16 7 23 512 6.5 6.0 6.3 15 1 1 5 3 4 4 2 7 20 7 27 506 7.5 5.3 6.4 ? 2 4 2 4 3 6 15 6 21 514 7.0 7.0 7.0 40 5 2 4 3 1 6 10 6 21 511 7.4 7.0 7.2 ! 52 1 3 4 6 3 3 5 20 5 25 510 8.5 7.0 1 7.8 1 60 2 5 2 : 6 9 1 11 2.5 11 36 Total Expected ratio 3D/m...... 91 29| 59| 62| 56| 39| 16| 2| 3| 77 352 88.00 tu?œ ?œS.quot; oOh 1.252.004.256.252.004.003.003.004.252.75 5.006.755.255.756.755.255.256.259.00 88.00 264.00 0.98



??? Table 44. Fg segregation for the pod waU characters: non-parchmen-ted versus parchmented in aU degrees. Ah plants have beenexamined anatomically. No. Fam. Non-parchm. Parch-mented Total Exp. ratio 1 : 3 D/m 55-2 '32 51 170 221 55.25 165.75 0.66 55-4 '32 121 367 488 122.00 366.00 0.10 55-6 '32 66 215 281 70.25 210.75 0.58 393 '33 10 24 34 8.50 25.50 0.60 394 '33 10 27 37 9.25 27.75 0.28 395 '33 9 20 29 7.25 21.75 0.75 396 '33 8 28 36 9.00 27.00 0.38 397 '33 10 26 36 9.00 27.00 0.38 398 '33 7 27 34 8.50 25.50 0.60 399 '33 7 30 37 9.25 27.75 0.85 400 '33 11 24 35 8.75 26.25 0.88 TotalD/m 310 958 1268 317.000.45 951.00



??? Table 45. Segregating F3 families of Fg plants with parchmented pod. No. Fam. Non-parchm. Parch-mented Doubt-ful Total ] Expected ratio 1 : 3 403 1 21 22 5.50 16.50 406 3 19 22 5.50 16.50 407 5 11 16 4.00 12.00 409 5 12 17 4.25 12.75 410 9 28 37 9.25 27.75 415 10 14 2 26 6.50 19.50 419 5 16 21 5.25 15.75 423 4 12 16 4.00 12.00 424 6? 12? ? 18 4.50 13.50 470 3 14 17 4.25 12.75 472 11 26 37 9.25 27.75 473 1 1 2 0.50 1.50 476 2 7 1 10 2.50 7.50 479 5 8 13 3.25 9.75 480 3 8 2 13 3.25 9.75 426 4 27 31 7.75 23.25 428 5 27 32 8.00 24.00 430 2 21 23 5.75 17.25 434 7 21 28 7.00 21.00 437 8 15 23 5.75 17.25 438 5 30 35 8.75 26.25 439 8 17 25 6.25 18.75 440 5 21 26 6.50 19.50 445 6 17 23 5.75 17.25 446 2 16 18 4.50 13.50 448 6 7 13 3.25 9.75 449 4 4 2 10 2.50 7.50 457 3 12 15 3.75 11.25 515 5 11 16 4.00 12.00 517 4 12 16 4.00 12.00 520 3 10 13 3.25 9.75 521 2 4 6 1.50 4.50 522 3 7 10 2.50 7.50 523 2 5 7 1.75 5.25 524 5 14 19 4.75 14.25 525 1 9 10 2.50 7.50 526 3 13 16 4.00 12.00 527 4 10 14 3.50 10.50 Total 170 539

7 716 179.00 537.00



???



??? PLATE I Various sheath types (Â? 60 X) No. 1(Fijne tros) string number% wood cells% fibres No. 2 string number% wood cells% fibres No. 3 string number% wood cells% fibres Ventral5.07510 Dorsal4.3505 Ventral6.54035 Dorsal6.83535â€”40 Ventral9.0580 Dorsal 9.015â€”2065â€”70



??? PL. I.



??? PLATE n. Various slieatli typesNo. 4 (Â? GO X) string number% wood cells% fibres \'entral9.04 85 Dorsal9.01080 Xo. 5 ( 00 X)-(pure stringy Wagenaar). string numberquot;/o wood cellsÂ?/o fibres Ventral10.03 90 Dorsal10.04 85â€”90 No. 6nbsp;No- quot;i Transversal sectio n ( Â?nbsp;160 X) Radial section ( Â? 140 X) 1.nbsp;Epidermis. 2.nbsp;Collenchyma. 3.nbsp;Parenchyma. 4.nbsp;Crystal-Iaj'er. 5.nbsp;Wood cells and 6.nbsp;Fibres of the sheath. 7.nbsp;Wide parenchymatic cells. 8.nbsp;Phloem part. 9.nbsp;Xylem part of the vascular bundle.



??? I'L. II.



???



??? STELLINGEN Physische en chemische invloeden wijrigen denbsp;â„? randquot; en middenquot; copulatie in Ustilago promyceha. Het isdoor rpLven;an H??ttig e'venwe, nietnbsp;quot;^n. nitlitend of voornameliik bernsten op verschmvmg m de percen tages van prae- ennbsp;Botanik. 1930 en 1933. II De omschnjvmg die Goldschmibt geeit van het begrip â€žepista-siequot; is niet juist. ^^ ^^^^^^^^^^^^ Einf??hrung in die Vererbungs-wissenschaft, 1928. III Konstante en altijd splitsende marmering, streping en dubbeleniaâ„? L de zaadhuid van Phaseolus vulgaris berusten waarÂ? op twee bijna absoluut gekoppelde reeksen van multiple allelomorphen.nbsp;^^ , 1 . u ^ or, ..pn kort-periodische schommelingen in de COgNoch het bestaan vaÂ?nbsp;^^ ^^^ Wmondjes als mo- assimilatie, noch het regelmat g pnbsp;^^ ^^ beschouwen. gelijke oorzaak ervan, zi]n als ataoena ?? Jnbsp;Maximow, Ber. d. D. Bot. Lres. 4o, ivz V De l?¤se temperatuur, die wintergranen gedurende eenigen tyd Maximow, Jahrb. wiss. Bot. Bd 64,1925, p. 702



???



??? Voor de veronderstelling van Ray Nelson, dat de verdeeling vanaangetaste en niet aangetaste zaden van mozaiek-zieke boonenplan-L zor~ opnbsp;^^nbsp;^^^ vaatbundels, bestaan weinig aanwijzingen. ^^^ ^^^^^^^ Techn.Bull. 118, 1932. VII Ook voor Cryptomeria geldt de spruit-theorie zoo als die voor devruchtschub der^Abietinae door Alexanbek Bkaun, Velenovskye.a. geformuleerd is. VIII De term â€žhoogveenquot; behoort slechts m engere, physiognomischebeteekenis gebruikt te worden. IX De verschijnselen van steriliteit, fertiliteit en bastaardsplitsingkunnen niet gebruikt worden voor omschrijving van het soortbegrip. X Het feit dat bij mensch en rund in ongeveer 20o/â€ž der gevallen hetforaln ovale gedurende het heele leven open blijft, heeft, mits deDTus Botalh gesloten is, voor den bloedsomloop geen verdere beteekenis. XI De door Smith Woodwahd als Eoanthropus dawsoni beschrevenskeletresten zijn niet alle afkomstig van dezelfde species.
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