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INTRODUCTION.  

A NUMBER of mutating characters have been described in Pharbitis 
Nil, the Japanese morning glory (Imai, 1927 c), and of yellow-inconstant, 
in which green tissues frecluen~ly occur in yellow leaves, ~he writer has 
ah'eady published a preliminary account (Imai, 1927 a), while more 
recently l~Iiyazawa (1929) has also written on this subject. During the 
past three years I have collected further data now presented in this 
paper. 

THeE IDENTIFICATION OF YELLOW-INCONSTANT. 

The "Natsushima" variegation, o1" yellow-inconstant, character was 
identified by the occurrence of green areas on the yellow leaves. The 
green t~ssues, the presence of which is due to a reversional mutation of 
yellow, cannot, however, be observed on all individuals carrying the 
yellow-inconstant gone. Owing to this fact, the identification of yellow- 
incons~an~ was at times impossible, and it was often erroneously re- 
corded as yellow. In my own s~rain of yellow-inconstant about 
S0 per cent. of seedlings were "false yellow," whereas in Miyazawa's 
mutaflt strain of yellow-inconstant, the figm'e was about 2~ per cent., 
~he difference being mainly due to the different mutability of the two 
strains. Under such cfl'cumstances, it is difficult to analyse data in 
which segregation of yellow-inconstant occurs ~ogether with that of 
normal yellow. In 1927, when making observations on yellow-incon- 
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stant, I called a~ention go the presence of fine green spots on the yellow 
leaves, even on plants apparendy yellow. Sometimes the gt.'ecn spots 
cannot be detected on particular leaves of a yellow-incollstant plal~% 
but fm'~her observation on the other leaves will reveal its phcnotype. 
In doubtful cases a hand lens or bfimcular microscope of low power may 
help in the detection of the spots. If the plants are making a luxuriant 
growth the identification is easy. The discovery of the phe~mmenoH by 
which the character can be identified, i.e. by the occm'rence of firm gree3~ 
spots on the yellow-inconstant leaves, is of much help in its investigation. 
The fine green spots are due go mutations occurring at a late stage in 
the cell generations dm:ing the m~togeny of leaves. The mutation is so 
frequent dm'ing somatogenesis that every individual of yellow-i:acoHstant 
can be distinguished by the fine green spots. 

r~IIE YELLOW LOOUS. 

Yellow-inconstant is recessive to normal green (imai, 1927 a; Miya- 
zawa, 1929), and gives yellow-inconstant in F x when it is crossed with 
yellow (Miyazawa, 1929). In the latter case segregation for yellow- 
inconstant and yellow occurs in F2, with some green mutants. The 
occm'rence of "false yellow" among the yellow-incmmtant segregates, 
however, obscures the genetic relation of yellow-inconstant go yellow, 
as well as to the green normal. As staged above, we can now identify 
the yellow-inconstant segregates very accurately by bhe presence of fine 
green spots on leaves, and the new data bring out the following poiats: 

(1) Yellow-inconstant appears as recessive, almost exactly in the 
proportion expected, in/~2 of the cross between yellow-inconstant and 
normal, as indicated by the data in Table I. 

TABLE I. 

F~fl'o~n the c'ross of yellow-i,nconsta~,t by normal. 
Cross + yt y Tobal 

422 x 435 133 40 0 173 
190 x 421 302 99 0 401 

Total  435 139 0 574 

(2) The relation between yellow-inconstant and yel!ow also is very 
simple, yellow-inconstant being dominant go yellow. The majority of/e~ 
plants obtained by crossing yellow-inconstant with yellow showed ~he 
former character. A.ctually I obtained 53 yellow-inconstant /~i from 
reciprocal madngs, with. two green mutants. The results of selfiltg ~he 
yellow-inconstant hybrids are shown in Table II. 
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TABLE II. 

Jr, from the cross of yellow-inconstant by yellow. 
Cross + yr y To ~,nl 

4:21 x 430 1 123 45 169 
~20 x 34: 7 2~1 77 325 

']?og~l 8 364 122 494: 

The occurrence of a few green pla.n~s in ghis gable is dim go She 
mutable properSy of yellow-Jncons~an% and ghey may be here co ml~cd 
as yellow-inconsgang, beca ase of gheh' orighl from yellow-iuconsgan~. 
The d aga show a simple Men,delian segregation, wigh yellow a recessive 
go yellow-iucons~ang. 

The .F 2 of i~he green plan~s obgrdned among ghe regalar yellow- 
inconsgant~ ~1 showed segregt~gJon for lmrmal and yellow, bltC no~ for 
yellow-incm~sgan% a,s indicaged in Table III. 

TABLE III. 

F 2 of green ~'lfrom the cross of yellow-inconstant by yellow. 
Cross + y~ y To~M 

421 x 430 156 0 55 211 
4:20 x 3~s 88 0 28 116 

To~al 2~Ps 0 83 327 

The regular/~1 begween yellow-ilmousga,ng (yi) and yellow (y) should 
be y~/y in igs genogype, bug tshe green/~  is expecged go be +/y, for ghe 
preseuce of + is due go ghe gransformagion of y< 

As repeagedly proved, yellow is allelomorphic go normal and, as 
mengioned above, yellow-inconsgang also is allelomorphic go normal and 
go yellow; lsherefore ghe lshree genes, normal, yellow-i~lconsgang and 
yellow, cm~sgiguge a lsriple series of alMomorphs siguaged ag ghe yellow 
locus. This locus is in lshe yellow clu'omosome (Imai, 1.929). Linkage 
sgudies also favom' ghe i11gerpregagion in germs of mulgiple allelomorphs 
(Imai, in press). 

Miyazawa's yellow-inconsgang appeared as a mugagiol~ in his experi- 
menga], plaugs, so ghag his sgrain is nog xelaged go my original sgrain. 
From ghe behaviom' of ghe gwo sgrains, especially ghe numerical pro- 
porgi0ns of greens and "false yellows," I am inclined go regard ghem 
as geuegically dif~ereng. 

~ U T A T I N G  STAGES, 

h{y own yellow-inconsgang sgrain gives 11.5 per ceng. of yellow 
seedlings wigh green gissucs in cogyledons, ghe oghers (segfing green 

Johrn.  of Gem xxr r  I3 
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1]l[ltan/Js aside for the present) being ap]?arelltly yellow; the a,ctm~i 
namber observed was 317 of the former and 2~1:30 of the latimer. Of the 
seedlings with green-yellow-mosaic cotyledons, about 51 per cen I~. (123 
among 243) grew up into "false yellows," whereas only about 2 per cent. 
(5 in 237) of seedlings with yellow cotyledons changed inbo mosaic, 
others remaining as "fa.lse yellow." The green a.reas on these mosaic 
plants can, however, generally be braced back go an embryonic origin. 
To fix the distribution of green parts on the yellow-inconstant plants, 
a s]?iral diagram of the phyllotaxy is convenient (Imai, 1927 a). As 
stated elsewhere (Imai, 1927 b), right- and left-handed phyllotaxy occnr 
at random, and consequently both dexgrors~l and sinistrorsal din,grams 
are required. As pointed out by Miyazawa (1929), diseontinuil;y some- 
times occm's in the distribution o:[ the mata~ed cells over the plant body, 
especiNly at the junction of the hypocotyl and its upper stem. Further- 
more, confusion of cell arrangement in the formation of organs ma,y 
frequently occur, changing the successive distribution of the mutated 
ceils. The fact that almost all remarkable mosaic plants in the writer's 
yellow-inconstant strain can be braced back go an embryonic origin for 
theh' mutated ceils, together with low frequency in the occurrence of 
massive green tissues of an isolated distribution in the folia,ge, reveals 
to us a marked difference of mutability in the dii~erent stages of ontogeny. 
Sometimes small, more rarely large green area.s of an isolated distribution 
occur on the otherwise yellow leaves of the yellow-inconstant; they may 
have an origin in the cell generations of the post-embryonic somato- 
genesis, occm'ring at so early a stage that the propagation of the 
mutated ceils admits of the formation of massive green parts. As ah'eady 
stated, the yellow-inconstant leaves have fine green spots, which pro- 
bably originate at a late stage dm'ing ongogeny. Taking these ~acts 
together, we h a w  roughly three periods for the mutating irequency; 
i.e. the mutability is high dm'ing embryonic development, low in the 
post-embryonic somatogenesis, and again high at a late stage of the cell 
generations in the formation of leaves. The mutating frequency of 
Miyazawa's yellow-inconstant strain, however, is much higher than in 
my original strain, and mutations in the general somatogenesis seem to 
occur more frequently. 

TYm,:s o~ ~uD vA~I~vrm~s. 

The mosaic yellow-inconstant plants sometimes pub forth bud varia- 
tions of green, or chimerical branches. The bud variations may be green, 
which is solid green without any yellow cells; periclinal (in a narrow 
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SellSe) with yellow "skin" and green "core," and the reversal, which 
also has ]?erielinal (in a broad sense) tissues of green "sldn" and yellow 
"core," as well as seegorial chimeras. Some mosaic plants exhibit 
manifold bud variations, producing rectorial and perielinal chimeras, 
green and reversal, and so on. 

In the higher plants the tissues of the general planl~ body are con- 
side:red to originate from three layers, a l?roblem fully discussed by 
Chittend.cn (1927). The original Iirst layer develops into epiderm.is. 
Anatomical studies of some periclinal plants show the extent of propa- 
gation of the original second[ layer; ~hat is, for instance, in. the stein this 
layer propagates into outer cortex. The remaining inner region, including 
the inner cortex and central cylinder, is developed from the original 
third layer. Therefore, the developmen~bal extension of the three original 
layers does not entirely coincide with the respective three constituents, 
dermatogen, periblem and p!erome, of abe merisgem. Noaek's theory 
(1922) is not convincing enough to account for the faelbs presented by 
various chimerical plants. Some complicated chimeras were reporLed 
and questim:md by Chittenden, but the complexity may be induced by 
recto'rent somatic mutations (Imai, 1928). 

In the case of yellow-inconstant, it is difficult to determine the eolour 
of the plastids in the guard cells of the epidermis of t~he leaves, and 
consequently examination must be confined go t~he sub-epidermal and 
more internal regions. The plastid eolom' of norm~l green mesophyll is 
so green that we can readily distinguish it from ~bhe yellow under ~bhe 
microscope. The mesophyll of the leaves of Pharbitis Nil is composed of 
one thick layer of palisade, with at times two small ceils connected end[ 
to end[, and several layers of spongy parenehyma arranged irregularly 
with much intercellular space. The perielinal leaf is composed of yellow 
sub-epidermal and green inner regions, the former of which includes t~he 
palisade and a sub-epidermal region of spongy layer. In the reversal, on 
the ocher hand, the palisade and the sub-epidermal region of spongy 
tissue are greel:t, enclosing a yellow "core." Outwardly, t~he presence of 
the yellow "core" in reversal leaves is fa'equently inconspicuous, and t~hey 
may be mistakenly classed a.s green, bulb careful inspection will. reveal 
its identity. For the perielinal and reversal t~he t~issues of t~he calyx may 
give better preparations of the bieoloured arrangement. Miyazawa (1929) 
seems to doubt the oeem'rcnce of t~he periclinal chimera described by 
the writer (Imai, 1927 a), but~ he has himself figured a yellow leaf witch 
greenish (light>eoloured in his diagram) centre (Miyazawa's Fig. ~4:, L), 
which is evidently a perich~nal composed of yellow "skin" and green 

13-2 
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"core." The production of a gree~l l?arg of  the perielina,1 lea:[ is regarded 
a,s due to bhe protrusion of the inner green tissue through the yellow 
"skin," a phenomenon frequently observed in the writer's yellow-ilk_con- 
stunt a.s wall us in chime:rical plants generally. 

The bisstte development of the embryo is differm:lt fl'om the otlmrwise 
general somatogenesis. In the early developmental stage o1! bhe em- 
bryonic tissues, tlm difi'erentiabion of the ~hree original layers has lint 
yet taken place; I~herefore the production of solid green branches may 
ocmtr, by chance, when the cells have occupied the "Anlage" of buds. 
In ~he later soma~ogenesis, however, this oeem:renee must be rare, 
because of the differentiation of 5he three original layers. Let us attempt 
~o consider more definitely the nmehanism of bhe so-called bud Val'ia- 
tions, which oeem'red after the differentiation of the throe layers of 
different origin. Sup]?ose a mutation occurs in an epidermal cell and the 
mutated cell becomes propagated in the epidermal layer covering bhe 
growing point of a bud; in such a ease, we shall have a bud variation 
wibh the mutant epidermis covering the pro~otypie inner eon,%itucn~s. 
If this occurs in the second layer, a bud variation with the mutant; 
sub-epidermal region, covering the prototypie "core" and being covered 
by the unaltered epidernfis, will occur; and if in the third layer, ~ bud 
variation with ~he mutant "core" covered by the prototypie "skin" 
may be produced. These three bud variagiotts are of primary types, bug 
they may sometimes be l~ransformed into the other different types during 
tissue development. It is well known tha~ periclinal or reversal plants 
at times give brunches with homogeneous tissues; and also that they 
rarely do so with inverse arrangement of heterogeneous tissnes, J~roln 
perielinal to reversal or vice versa. This does not denote the occurrence 
of a new mutation, but is due to confusion in l~he disgribution of cells 
or tissues dm'ing development. Because oF l~his confusion, a bud wil~h 
a growing poin~ composed oF the second and[ third original layers casting 
of[ the first, or composed o~ the firsl~ layer excluding the second and 
third, m' ciphers, may occur. Under stmh conditions, secondary types of 
bud variations may be pl'odueed. When the given bud variagions are 
indiff~'e~, go the embryonic origination, l~he possibility o:[ those with 
homogeneous tissues lIlU8t3 be rare, since this production may be induced 
by three, rather infl'equently oeeu.rring faelmrs: firstly, the mutation; 
secondly, eon~usion in l~he arrangement oF t;isstte8; attd thirdly, the l'e- 
sultant situation of lflte cell layers on the growing points of buds, taking 
place successively one after the ol~her. From ~h.is point o:[ view bhe so- 
called bud variations observed in various plea% must be critically 



Y. h~AI 197 

examined. East (t.917) drew attention to the possibility of a connection 
between perielinal chimeras and bud variations, and suggested a peri- 
elinal explanation for the nectarine. Asseyeva (1927) fonnd the bud 
variations oi the potato to be chimeras, and she isolated the ]?rototypic 
forms from the mutant potato tubers by the removal of the "eyes." 
When the mutation can be traced back to an embryonic origin, however, 
bud variations homogeneous {or the mutant tissues may be produced. 
Actually, green bud variations of this sort were observed at times in 
yellow-ineonsfian~. 

T~[E O~FSPI%ING. 0I~ CHIMEI~I~JAL PLANTS. 

An examination of the offspring of bud variations related to yellow- 
inconstant has ah'eady been made (Imai, 1927 a), proving their corre- 
spondence with the genetieal constitution of the sub-epidermal region of 
the mother branches. The la~er data confirm this. The offsl?rh~g of the 
progotypie and varied branches of mosaic plants are shox~m in Table IV. 

TABLE IV. 

Offspring of chiqneq'ical yellow-inconsta, q~t plants. 
Type of Green False 

Plrmb br~uch Green variegated yellow TotM 
3-1 lVaNe yellow 3 ,l 65 72 

Seetorial 50 5 52 107 
PerielinM 1 3 26 30 

3-15 P~eversM 88 4 21 113 
Green 31 1 9 41 

5-1 Periclinrd 1 5 90 96 

5-3 False yellow 0 0 15 15 
~everaM 35 2 11 48 
Green 27 0 8 35 

6-1 :False yellow 1 5 56 62 
Seetorial 40 ~ 77 121 
Green 44 1 10 55 

6-6 lY~lse Yellow 0 0 2 2 
Green 89 3 26 118 

8-1 Periclin~l 0 2 27 29 

10-3 False yellow 1 8 155 164 
Perielinal 1 2 34 37 

9 Chimerier~l plrmts 299 45 298 642 

The results correspond fairly with the genotypes of the sub-epidermal 
tissues, fl'om which the following generation originated ghrough fertili- 
sation. 
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~REEN h'IUTANTS. 

In the writer's strain, when only the offspring of the so-called false 
yellow, on which no massive green areas were discernible by close 
examination, are taken into account, the production of the green, green 
variegated and false yellow seedlings is 1.9 per cent., 11.3 per cent. and 
86.8 per cent. (52, 317 and 24:30 in number) respectively. When it is 
considered tha,t sonic of the greens thus appearing might have been 
produced by gametic mutation, in addition to those which have hag[ a 
chance to develop into green cotyledonous seedlings by the overcoming 
of, or the monopolistic distribution of, the green cells nmtaged in g]ie 
early stm.ge of the embryonic on~ogeny, the production of ~he green 
seedlings is not as high as we expect it to be, compared to tha~ of glie 
mosaic. Hence the green mutants thus maki,lg their" appearance should 
not be regarded as necessarily originating by mutation at gametogenesis. 
FmChermore, the occurrence of fine green spots on the otherwise yellow 
leaves may give the same corresponding distribution of the gene~ically 
green cells in the germinal tissues. If this is the case, a few green 
mutants may be produced in the following generation, with a somatic 
origin, but occurring in the mother sporophyte. Hence the green mutants 
cannot here be classified in respect of their origin. In Miyazawa's yellow- 
inconstant strain, the proportion of green, green variegated and false 
yellow plants is 14.0 per ceng., 61.6 per cent. and 24.~i per cent. respec- 
tively. The propol4ion borne by the green go the green variegated is 
similar to that in the writer's strain, suggesting a type of mutation in 
the two cases similar but differing in frequency. 

TABLE V. 

Offsp~'i,ng of green mutants in the yellow-inconstant strain. 
Green False 

PlgiiC Green wriegg~ed yellow To~M 
2 32 3 8 43 
3 19 1 5 25 

4:8 96 5 29 130 
72 92 2 20 11~ 
i3 (i) i8 0 ,~ 22 

(s) ~s  3 i4, 65 
18 (3) 30 i 8 39 

(5) M: I 4: 19 

To~M 349 16 92 457 

The green mutants appearing in yellow-inconstant have been proved 
to be heterozygous for yellow-inconstant. Fresh data favouring ~his are 
given in Table V. 
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The proporgiOll Of green segregages is 76.LJ: i)er eeng., which sm'l?hm, 
however, is not remarkable. In Miyazawa's sgrain it amomigs to 83"5 per 
emlg., owing go ghe high mugabiligy of his yellow-ineollsgang sgrain. 

~UBII3'IAI~Y. 

1. The seedlings or plaugs carrying bhe gene "yellow-ineonst, altg" 
somegimes are eharaegerised by green variegaged areas on ghe ogherwise 
yellow foliage. The presence of green gissues is due t,o reversional muga- 
gions occurring in somagogenesis. The majoril;y of l~he offspring are 
apparently yellow, wi~houg any disl~ineg areas of green. Nevertheless 
close exanfina,t, iolt of the leaves of yellow-ineonst, anl;, and even of false 
yellow, reveals fine green spots, which are due to vegegagive magations 
oeem:ring ag a late sgage of cell division in ghe ougogeny of ghe leaves. 

2. Yellow-ineons~ang is dominant go yellow, and recessive go normal 
green. The ~hree genes, normal, ydlow-ineonstant and yellow, eonsgiguge 
triple allelomorphs. 

3. The frequency of mutations of yellow-ineonstang to normal green 
.on ~he yellow-inconstant sporophyte is not tmiform ghroughout its 
growth, bu~ can be roughly divided into ~hree periods; for ghe muta- 
biligy is high in the embryonic development, low in the post-embryonic 
somatogenesis, and again high at a late stage of cell division in the 
ontogeny of the leaves. 

4. Yellow-inconstant sometimes puts forth bud variagions of solid 
green, as well as seetorial and perielinal chimeras. In almost all of the 
remarkable mosaic plants of yellow-ineonsgant in the wriger's strain 
mutated green cells can be traced back to an embryonic origin. 

5. The production of solid green bud variations may not be rare, 
when mutation oeettrs dm'ing embryonic development. In the lager 
somatogenesis, however, this oeenrrenee must be rare, because of ghe 
differen,tiation of the three original layers. The bud variations induced 
by such an origination may be composed of heterogeneous tissues, with 
prototypic ]?arts enclosed or being enclosed by the mutant pargs, but 
5d~ of homogeneous mutant gissues. 

6. The genetic aspect of ghe offspring of various gypes of bud varia- 
tions in ghe yellow-inconstant such as gT:een, periclinal, reversal and '~ 
seetoi'ial, corresponds fairly to the respeegive genotypes of ~he sub- 
epidermal tissues of the mo~her branches. 

7. The green mutants appearing in ghe yellow-incoasganl; are hetero- 
zygous for yellow-inconstant, giving nearly simple iVlelidelian scgrcgagion 
in ~heir offspring. The de:ficig of bhc recessive ycllow-inconsgang segregages 
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is no~ much ia the writer's s~rain, Whereas i~ is remarka, ble in M~) ~zawa s 
sCrain, owing ~o its high m:utabili~y. 
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