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   A plant seed contains many kinds of proteins. Some of tlte properties of
the plant, such as the genealogical and the physiological ones, are preserved
wlthin each protein. The serodiagnostic metheds have been used for the phylo-
genetical study of plants since about 1910. The genealogical system obtaihed
from the serodiagnosis was often quite different from the morphological system.
It is, however, dithcult to show thecause of difference between tke serodiag-
nostic system and the morphological one. The cause was sometimes expiained
as follows : the phylogenetical relationships cannot be shown by the serodiag-
nostic system on account of that the proteiRs are changeable in accordance with
their environments. This explanation has not been proved as regards the
proteins. The proteins in a plant may be changeable in quantity, but not easily
so in quality.

    There are three means used to reveal the Åëharacters of proteins: physico-
chemical method, chemical ana}ysis and immuno-chemical method.
   To gain the information of the cubic structure of a protein mo}ecule, the
physico-chemica} method is superior to the chemical analysis. Besides, for the
investigation of the cubic structure of a protein molecule, it may also be useful
to measure the following items: the molecular weight, the electric charge, the
rnolecular shape, the number of dissociative bases, tke rate of dissociation and
characters accompanied with the transformation of the protein molecule, etc.
But the chemical analysis is superior to the method rneRtioned above in
taking out structura} amino acids one by one according to the combinational
order. Though these two methods are useful to know the general structure,
tkey are still insudicient for visualizing each structure of protein and for getting

the information of the relationships among species, unless each protein is
purely refined.
    Detecting the specificity of every fractions of the proteins is useful for tke

phylogenetical study. The detailed data are obtainable from the examination
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of the behaviours of the proteins in certain solvent ; for example, the differential
saltingout, the agarograplty and the turbidometrlc titraÅíion, and also from the
electrophoretic studies of labeled nucleotides and the immunochemical method.
    The immunoekemical method is superior to the physico-chemical and the
chemical methods in dealing with the protein mixture as it is, and also is
superior in the strictness of the specificity of species. But the immunochemical
method has difficulties in the direct examinaÅíion of the structure of a protein.
Another weak point is that the antigenic properties of protein are not always
adequate for the experiments and the antibodies are not always uniform. Some-
times differeltt sorts of proteins show similar diagnoses, because small similay
antigenic parts of two different protein molecules strongly act upon the
diagnosis. Moreover, it 2s required to count the number of comrrion properties
of the proteins, for example, to couRt the number by the absorptiolt method.
   For the phylogenetic study of the plant groups the writer wants to get
information as to what extent they resemble or differ from each otker 'ln their
proteins. As the writer can treat oRly the living plants with this method, the
genealogical and the systematic relations among the plant groups may be
suggested only to a certain degree. It is highly desirable to conduct in future
analyses of small amount of proteiBs, amino acids and nuc}eotides in fossils.
In analysing the chemical components of plants, a great deal of material is
usually necessary.
   The writer investigated the seed proteins of the genus Acer by means of
the turbidometric titration aBd the electrophoresis on filter paper. From the
results obtained he presumes the aflinities of proteins among species. In this
experiment, he examined the variation by comparing one individual with another.
Then the writer proceeded to study the aMnity among tke piant groups.

                        Salting eut of Protein

   Seed protein so}ution becomes turbid by adding salt solution (for instance,
.eaturated aqueous solution of ammonium sulphate) and leaving it still, in view
of that the protein is partly salted out. Various volumes of the protein solution
are mixed with various volumes of the salt solution, The mixtures become
turbid according to salt concentrations. The quantities of proteins salted out
(or the quantities of proteins not salted out) are rneasured for each mixture.
Differences of the quantities of salted out proteins are calculated for every
dfference between tke two neighbourlng grade of salt concentration. The
difference for each se.lt conceRtration is recorded. This method investigating
the proteiR fractions was used a}ready ; DERRiEN (1952), STEyN-PARvE and VAN
DEN HouT (1953), VENTuRA and HoLLANDA LiMA (1957) and others particularly
investigated the protein fractions by making many steps of the salt concentra-
tion. They measured the quantities by the absorption at 276mpt. AMiRKllANovA
et al. analysed the protein quantitatively by means of centrifuging the protein
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fractiofls whick were salted out (or precipitco.ted) by the salt of heavy metal.
These methods need plenty of pretein.
   The present writer, apart from them, has studied since 1951 the methods
of fract!oRating a small quantity of protei'n by the following two methods.
   The one is the turbidometric titration. In this metked, the salt solution is
mixed bit by bit into a small quantity of the protelR so}ution to raise step by
step salt concentration of the solution. At the same time, the quantity of
protein saited out in every step is measgred by the turbidity of the solution.
By this process the turbidometric titration curve of the pfotein fractions is
obtained. Then the increment of turbidity (dT) against the incremeRt of salt
concentration (dC) is derived from the curve. The diagram of ATIAC to the
salt concentration has the same meaning as the diagrams of VENTuRA and the
other authors above mentioned. In other words, this diagram shows the frac-
tions of the protein.
   The otker method is the agarography. IB this method, the seed protein solu-
tion is mixed into agaragax' sol of about1 per cent. A sheet of agaragar ge} whick
is 1mm in thickness and 100mm in lengSh is made from'the sol. A vessel of
about 10cm in height is filled up witk distilled water. Salt is diffused from
the bottom of tke vessel. Thus the salt solution with the gradient of salt
concentration is made iR the vessel. In the vessel the sheet of agaragar gel
is hanged. The turbidity is measured from the bottom of the agaragar gei
sheet, namely, from the high salt conceRtration to the low sak conceRtration.
The proteiR fractions contained in this sheet can be kRown by the former
calculating method.
   The sheet of the agaragar ge} is hanged for an hour, and then the sheet
is tal<en out akd put into the saturated solution of that sa}t. Tken after about
two hours, in the agaragar sheet appear white lines. The number of the white
Iines is equivalent to t"fie number of the protein fractions. Tke position of a
white line corresponds to the position of a salt conceRtration in wkich the
fraction is first salted out.

    K2HPOcKH2P04 buffer was used main}y as the solvefit of the seed protein.
The salt solution mainly used as the precipitant was ammonium su}phate aqueous
so!ution, of which 4M was standardized. And its diluti'ons were used in
accordance with the object of each experiment.
    Reexamining the experiment using tke different matter as the precipitant
or the so}vent, the protein fractions are known more precisely.
    Repeating the experiments for aRother maaterial of the same 1<ind in the
same so}vent, a certain component is found at the same salt concentration in
each experiment. The reexamination of the above two materials in the other
solvent iRcreases the reliability of the ideRtification.

              Experiment on the Specifieity of Seed Protein

    The next experiment was planned for the investigation of the variation of
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seed protein as the prelimiRary experiment on the afunity among plant groups.
   The results of the experiments on sever31 pure lines of cultivated Brassica
rapa group are as follows. The seeds were analysed one by one, and the
results of each seed were compared.
   Each seed of a pure line has the same components of protein fractions.
Among the lines, each component of th.e. protein was somewhat different in
quantity. Generally, the components were same in the quality, but a few com-
ponents were differeRt. Asfor the hybrid lines, the seed of Fi had most of its
parental componeRts. The seeds of F2 apparently showed combination or
segregation of some protein components. The seeds obtained from tke market,
generally considered as refined, had in general many same protein components
and a few different ones. AveragiRg these results of the analyses, general com-
position of the components was found.
   The results of the comparative study of seed proteins obtained from
Brassica raPa, B. oleracea and B. "apas are as follows. Concerning the com-
position of the components, the seed protein of B. uaPus seems to consist of
the components of B. 7aPa and B. oleracea. Cytogenetically, B. naPscs is proved
to be composed of B. raPa and B. oleracea.

   The writer arrived at the same conclusion from the experiment by mecn.ns
of antigen-antibody reaction. It has been found that anti-B. naPus serum
precipitates the antigens from B. raPa and B. oleracea, but also sorn_ewhat
precipitates many otker antigens frorn RaPkan•us sativus. By means of the
absorption method, most of the anti-B. naPus antibodies are absorbed by B. raPa
antigens and B. oieracea antigens. The remainder of antiB. "aPtts antibcdies
are precipitated by B. naPus antigens. This resuit suggests that the seed
proteins of B. naPscs are main}y composed of those of B. ?'aPa and B. ole?'acea.
(In this experiment, the remainder of antiB. naPus antibcdies partially pre-
cipitates the other antigens of related species.)

   The writer tested the salting out experiment en the seeds of several species
of Pinus and Abies. He recognized tkat the endosperm of each species was
specifically distinct.

   In Benincasa cevifeya, there are many cu}tivated lines. The writer analysed
the seed globulin fractions of the six lines of Be•nincasa ceyifeya at Dr. H.
SuGiyAMA's request. The six lines are scarcely distinguished from each other
by the slight differences ln the size and shape of fruit and seed. These Iines
are divided into two groups by the slight differeRce iR the m_aln component of
seed globulin fractions. The differeRce was ascertained by the comparatixre
experiment usiRg various solvents. The two groups respectively correspond to
the following two groups, which e.re defined by the shape of the seed : the one
has the seeds with fimbri}late elevated margin and the other has tke entire
seeds. Otherwise, tke two groups obscurely differ from each other ifi the shape
of the calyx tube. But there are intermediate forms between the two. The
two groups do not correspod to the two groups defined by the shape or the
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waxiness of the fruit. Thus the difference in seed protein corresponds to
certain morphologica} differences but not a}ways.

the

                     Experiment on the genus Acer

    Material and method: Seed proteins extracted from the embryo cotyledon
of Acer were investigated by means of the turbidometric titration. The seed
proteins were analysed in each seed. And the results were carefully compared.
   The solvent for proteln is composed of 1M ef amrnonium sulphate and
0.4 M of sodium chloride aqueous solution, and buffered with 0.25 M of K2HP04-
KH2P04 to pH 7.0. Before the proteins dissoived, carbonic acid gas and air in
the solvent are dispelled. Using this solvent, the seed proteins of Acer are
dissolved, though BARNER (1927) wrote that the seed protein was not dissolved
in 1 per cent of sodium chloride aqueous solution.
    Four M of ammonium suiphate aqueous solution was used as a precipitant.
Solution of the seed proteins (O.OOI per cent, 1.5cc) is accurately measured, and
is taken into a glass cell. Calculated voiume of the ammonium sulphate solution
is added tkrough a microburette. After they are stirred for a few minutes,
the turbidity of the mixture is measttred. Then the next calculated volume of
the ammonium sulphate solution is added to the mixture. By repeating this
procedure at regular iRtervals, the protein is salted out step by step.
   As the protein solution is diluted by adding ammoR!um sulphate solution,
the turbidity measured at every step of the titration is adjusted on a fixed
volume basis. The calibrated values of turbidity (T) are figured agalnst the
concentration of ammonium sttlphate (C). The increments of turbidity to the
increments of concentration of ammonium sulphate (dT/6C) are figured to C.
This figure is named "turbidometric titration diagyam". The number of peaks
on this curve corresponds to the number of the components of the protein.
Most of the seed protein fractioRs are salted out between 40 per cent (V/V)
saturation (1.6M) and 70 per cent (V/Y) saturation (2.8M) of tke ammonium
sulphate aqueous solution. Wlthin this salt coRcentration about 25 components
of each individual are found. These components of seed protein in each seed
are carefully compared with each other among individuals or among species.
   Results : The diagrams of turbidometric titration of A. rttfineTve are not in
accord wkh the variation in the length of pedicels Ror with the slight variation
in the folding manner of the cotyledons, etc. (Fig. 9-1).
   In the diagrams of A. mono there is considerable fiuctuation of the quantity
of each component. The fiuctuation decreases between 55 per cent (V/V)
saturation and 70 per cent (V/V) saturation of ammonium sulphate. And it
increase especially between 50 per cent (Y/V) saturatioR and 55 per cent (V/V)
saturatlon.
   Two trees of A. buergerian"7n were compared. The one has small fruits
with the patent wings and obtusely keeled locules, and usually has some
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undivided Ieaves beside three lobed leaves. The other one has larger fruits
with para}lel wiRgs and acutely keeled locu}es, and kas rarely undivided leaves.
According to the writefs experiments, the quantity of the component salted
out at the concentration of 56.3 per ceBt (V/V) saturation was most abundant
in the foz'mer, while iB the latter the quantity (of the component salted out)
at 53.2 per ceRt (V/V) saturation was most abultdant. As for the tree mor-
pho}ogically iRtermediate between the two, roughly intermediate quaRtities are
observed concerning both components. The diagrams of turbidometric titration
of the two different trees have 17 components iR commoB witli each other out
of 19. 0f the other 4 components, 2 of them were common to some of the
other individuals and the remainiRg 2 were characteristic components of the two
individuals respectively (Fig. 9-3).

    From the interspecific comparison of the turbidometric titration diagrams
it was found that ehe nature of seed protein was nearly fixed for each species
(Figs. 9-1--12).

    Comparing the diagrams of A. sPicatzzm (from N. America) and A. ufeur-
scndteense (from Japan), there are 5 specific compoRents in each species and 19
common components. The main components of both seed proteins are salted
out between 46 per cent (V/V) saturation and 46.5 per cent (V/V) saturation
of ammoRium su}phate. In their morphological characteristics, too, tkese two
species aye related to each other (Fig. 9-4).
    Comparing the diagrams of A. camPestre and A. miyabei, there are 13 commoit
components. And also iR the morphological characters these twe species are
related to each other, though they are separately distributed in Europe and
Japan (Fig. 9-5).

    Within A. Palmatum, the range of morphological variation is wide. The
groups which are distinguished by the difference of the turbidometric tltration
diagram correspond to subsp. matsumurae, subsp. amoenum and subsp. Palmatum.
In subsp. Palmatecm, two subgroups may be distinguished by the d2agram of
the protein. These two subgroups roughly correspond to the subgroups divided
by the size of flower and }eaf.
    Among A. Palmatum, A. sieboldianecm, A. jaPonicu•m, A. slzirasawanum, A.
tenuifolium, A. Psescdosieboldianum and A. circinatum, the turbidometric titration
diagyams of each species greatly resemble each other. Ill these species more
than 80 per cent of seed proteins are salted out between 60 per cent (V/V)
saturation and 65 per cent (V/V) saturation of ammonium sulphate. IR tke
morphological characteristics, too, these species are closely related to eack other
(Fig. 9-6).

   As for A. glabrum, A. a7'gectz{m, A. barbinerve, A. tetramerum, A. stachyoPlzyllztm,

A. rufinerve, A. niPPonicum, A. kawaka•ntii, A. crataegifolium, A. micranthum, A.
tscJ•tonoskii, A. uharunduense and A. spicatzt?n, there are gradual differences along

this sequence concerning the components of the seed proteins. The first 11
species of this sequence were included in Intrastami•nalia PAx sefisu KomzuMi,
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and the two rema2Rders in the section Spicata of Extrastaminelila (Fig. 9-7, 9--8
and 9-4).
   Acer c?'ataegifolium and A. i•nicranti•tuG7i have 15 common cemponents. In
both species, more than 80 per cent of seed pyoteins are salted out between
52 per cent (V/V) saturation and 62 per cent (V/V) saturation of ammonium
sulphate.

   Acer c?'ataegifotium and A. rufazerve are closely related to each other mor-
phologically, and both have 10 common components. But in A. ?•ttfi•nerve, more
than 80 per cent of seed proteins are salted out between 47.5 per cent gV I XI 'B
saturation and 55 per cent (V/V) saturation of ammonium sulphate. And also
more than 80 per cent of seed proteins of A. giabrecrn, A. argutum, A. tetramerum,
A. barbinerve, A. stacl•tyopltyltttm and A. pyc?7a•;tthu?•?t are salted out between 47.5

per cent (Y/V) saturation and 55 per cc-.nt (V/V) saturation of ammonium
sulphate. Among these species, A. glabrz{m and A. argectu7•n have 12 cemmon
components, and A. argutecm, A. tetramerum, A. barbi•nerve, and A. stachyopl•zyttzam
have more than 12 comrnon components. But A. psicna.7ith•"m A. glabr"m, A•
ar.crectecm and A. reefazerve have less than ? common components. Acer glabrum,
A. argutum aRd A. rufi•nerve have more thaR 11 common components.
   As for the concentration of amrnonium sulphate, there is a range in which
most of the seed proteins is salted out. Among the species not so closely
related to, whose rafiges of salting out are the same, there are general!y some
different componeRts withiB those raBges.
  H These results suggest that the number of the common components of the
seed proteins accords with the morphological aMnity.
   Diagra?n of PTotein a17inity: The fol}owing signs are used in this work.
For indicating the degree of afaniSy between species A and B, "a" is chosen
as a number of components of species A, "b" is ckosen as a number of com-
ponents of B, and "P" is chosen as a number of components whiclt are common
to A and B. TheR the rate of difference and resemblance of the components
between A and B is (a-+-b-2P)/P. The smaller the value of the rate is, the
greater is the resemblance of the componenSs between A and B. The va}ue
of (a+b-2p)/P is concerned with the number of the com.ponents between A and
B, and is not coRcerned with the quantity of each cemponents. The value m.ay
be called the affinity of the components between A and B.
   Taking a length for a substitution of the value, the relation of the athnities
of the components among experimented species can be skown on a diagram.
   The afinities of the components among the three species, A. crataeg•ifolittm,
A. tsch.onosleii and A. micranthum, can be depicted as shown ln Fig. 10-1. In tlais

figure, only the Iengtks of the segments are concerned with re}ations among
the species, and the relative position of the segments has no meaRing. Therefore
the expression of Fig. 10-1 caB be transformed to Fig. 10-2 or to Fig. Ie-3.
   The athnities arnong A. rufinerve and two of above three species are depicted
as shown in Fig. 10-4. Adding Fig. 10-3 to Fig. 10-4, the afinities amofig these
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feur species are shown in Fig. 10-5. Among these three diagrams in Fig. 10-5,
tlae right one is not accepted because the length of segment between A.
c?'ataegifolinm and A. rufinerve is discrepant. And the remaining two are
accepted. These two age the same.
    When each diagrarp has discrepancy to some extent, a diagram with the
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Fig. 11. Diagram of protein aMnity,

ammonium sulphate.
    Each component of protein is distributed on this figure, as follows.
    CompoRents 43.8, 46.3, 50.1, 66.2 and 68.8 are found nearly in all experimented
species;61.5 is foulid in A. negundo, A. Pycnantkum, A. carPinifolittm, A. ufeur-
ecndz{ense, A. sPicatdem, A. crataegifoliunz, A. Pen•nsNtvanicum, A. micranthecm, A.

tschofioskii, A. inszelare, A. caPilliPes, A. hawakamii, A. distylum, A. sc.iPPOniCum,
A. rufinerve, A. glabrttin, A. a7'gutum, A. tetramerum, A barbinerve, A. staclzyo-
plzyllum; 45.0, 53.7 and 64.9 are fouRd in the above mentioned species except
A. negztndo ; 42.5, 47.2 and 67.5 are in A. crataegifelSum, A. Pennsylvanicum, A.
micranthum, A. tschonosleii, A. insuiare, A. caPilliPes, A. leawahamii, A. diStylttM,

A. nipponicum, A. rufinerve, A. glabrttm ; 42.8 and 59.3 are in A. negundo, A.
herdreichii, A. trautvetteri, A. ginnala, A. aidzuense, A. tataricum, A. semenovii,
A. Palmatum, A. jaPonicum, A. circinatecm, A. shirasawanum, A. SieboldianUM, A.
pseudosieboldianum, A. tenuifolium, A. camPestre, A. miyabei, A. PlatanOideS, A.
mono, A. mayrii, A. becergeriantcnz.
    Generally, the shorter the sum of the segments among the species, tke
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greater the number of the common components. For instance, 46.8, 52.3, 53.3,
54.8, 55.8, 57.0, 62.2, 65.3 and 67.2 are found only in A. Palmatuin, A. juPonicum,
A. circinatum, A. sJtirasawa"ttm, A. sieboldianum, A. Pseudosieboldianum and A.

tenuifolium ; 42.8, 45.8, 48.3, 55.3 and 54.0 are found 2n A. ginnala, A. aidzuense,
A. tataricum, A. semenovii, A. herdreichii, A. trautvetteri and A. oPalus ; 41.2, 55.0,

56.5, 60.3 and 65.8 aye found in A. crataegifotivan, A. Pennsylvantcunz, A. tscho"o-

skii, A. micranthum and A. hawakamii.
    Only six components out of about ninety components are found in two
groups separated remotely from each other by the several intermediate segments.
And these six compenents are found only in a Åíew species. For instance, 69.8
iS found in A. buergerianum, A. oblongttm and A. circinatum, 69.3 is found in A.
oPalus and A. Platanoides, 60.8 is found in A. nikOense, A. dinbOtiCUM and A. car-
Pinifolium, 59.9 is found in A. argutum and A CarPinifOiium, 46.8 is found in
A. griseum and A. argutum, 43.3 is found in A. CrataeglfolimM and A. OblOngttM.
    Tltus all intermediate segments between the two species roughly represent
the surn of the common differences.

Fig. I2. Irhe range of salt concentration,
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    Therefore in other words, the writer was able to summarize the relation
among all experimented species in Fig. 11 with a few discrepancies.

    The ra}tge of the salt concentration: Each group of Fig. 12 includes the
species in which more than 80 per cent of its proteins are salted out in the
same range of the concentration of ammonium sulphate solution. Similar groups
are formed also by 'meaRs of electrophoresis on filter paper concerning tke
cataphoretic values of each protein.
    Thus the range of the conceRtration of salting out is usually the same
arnong the species having many components in common. But the range is
sometimes the same among the species having a few common components (e. g.,
between A. oPalus and A. ginnala or between A. Pycnanthttm aRd A. .alabru7n).
This is regarded as the accidental coincidence or parallelism.

           Comparison between the Diagram of Protein Affinity
                       and the Taxonomie System

    In Fig. 11, the shorter the segrnents between two given species, the closer
the aranity of .protein between the two. Here the writer compares the aMnity
of protein witk the taxonomic athnity. For this purpose, the writer encircles
on this diagram those species which have been grouped by REHDER (Fig. 13).
    ComParison of this diagram with the REHDER's system (in Manual of Cul-
tivated Trees and Shrubs, 1940): Sect. Platanoidea of REHDER includes A.
Platanoides, A. miNabei, A. mono and A. mayrii.
    In this diagram, A. Platanoides, A. mono and A. mayrii are closely related
to one another by the protein components, and connected witk short segments,
and may be included in a line as a compact group. Thus the grouping accords
with the taxonomic system. In other words, the affinity of the protein com-
ponents shows the taxonomic aMnity among the species.
    In this diagram, A. mi]abei ls closely related by the protein components to
A. camPestre of sect. CamPestrta.
   Section CamPestria of REHDER includes A. camPestre and A. oPalus. This
section is distinguished from Platanoid•ea by the fruits witl3 convex, strongly
veined nuÅílets. But A. camPestre has nutlets not so strongly convex nor
strong!y veined as the other members of this section. The ]atter may be
removed from CamPestria, formiBg series MonsPessttlana of sect. PLatanoidea.
   In the writer's conception, CamPestria is closely related to Platanoidea,
differing frorn the latter in the s}ightly convex nutlets and in the obtuse leaf-
lobes, forming a series of the sec'L Platanoidea as already mentioned by
POJARKOvA.
   Acer miyabei is taxonomically very closely related to A. camPestre, and
should be included in series CamPestria.
   Thus the athnity of the protein components shows the taxonomic afilnity
between A. camPestre and A. miyabei as expressed by the short segments.
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Fig. i3. Comparison of Fig. IZ with REi-mER's system.

   Series MonsPesstt}ana is rather remoteiy related by the protein components
to sect. Platanoidea.

   Section Saccharina of REHDER has no data in this diagram.
   Section SP•icata of RF.HDER includes A. lzerdreichii, A. trautvetteri, A. buerger-
ianum, A. giscnaga, A. tataricum, A. semenovii, A. aidauense, A. sP•icatann, A. uhzar-
unduense, and A. niPPonicum. IR this diagram, A. sPicatum and A. ttlettrundzaense
are very closely related by many common components of protein. The protein
aMnity coincides with the taxonomic aMniÅíy regarding tlte reiation between
the Åíwo.

   Acer ginnaga, A. tataricum, A. aidzttense and xzl. seiiienovii are very closely
related by the protein aMnity and may be inciuded in a compact group. Tkus,
protein aMnity accords with the taxonornic athnity, regarding the relation among
those species.
   Acer herdreiclzi•i and A. trau•tvetteri are very closeiy related. The protein
athnity between the two accords with the taxonomic aMnity.
   While, the above three groups aRd A. buer.aerianum and A. niPPonicuJn are
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separated from each other by Åíke differences of protein components. Their
protein affinities do noS accord with tke taxonomic aMnities proposed by
REHDER.
    Section SPicata of REHDER is ch6racterized by the extrastamina} disc,
convex and strongly veined nutlets and andro-po}ygamous flowers in panicle.
    Acer sPicatecm and A. uleurundecense are intrastaminal in the writer's con-
ception, because the discs are lobulated. The sca}es of winter buds are two-
paired. The nutlets of both the species are plane, and finely veined.
    Acer niPPonicum is intrastaminal. The scales are two-paired. The nutlets
are convex and obscurely veined.
    Acer distyZum is classified in sect. Integ?'ifolia according to REHDER. But
this species is related to A. niPPonicum by the intrastaminal disc, two-paired
bud scales, obscurely veined convex nut}ets and crenulate leaves.
    The writer includes in sect. SPicata A. sPicatum, A. ttfeurunduense, A.
nipPonicum and A. distytum, and excludes the other species. These four species
are related to each other by the protein aMnity, except A. distylum which is
a little more closely related to A. caPilliPes of sect. Macrantha than to A.
niPPOnicUM.
    Thus, the protein aMnlty accords with the taxonomic aMnity with this one
exception.
   Acer ginnala, A. tataricum, A. aidzuense and A. semenovii are extrastaminal.
Their winter buds have many scaies. Thelr nutlets are plane and strongly
veined. The leaves are three lobed or undivided and irregularly serrated.
The writer includes these species in sect. Trilobata according to the opinion
of PoJARKovA.
   Thus the protein aranity coincides with the taxonomic aMnity propesed
by PoJARKOvA.
   Acer trautvetteri and A. ;zerdreicltiS have extrastaminal discs. Their w2nter
buds have many imbricate scales. Their nutlets are convex and have thick
obscure veins.
   The writer includes Åíhe two species in sect. Gemmata according to
POJARKOVA.
   Acer buergerianu"2 has extrastaminai disc. The winter buds have many
scales. The nutlets are keeled convex. The leaves are three lobed or undivided,
entire or remotely serrated.
   The writer includes this species in sect. Integrifolia and distinguishes it
as a series of Integrifolia.

   Thus REHDER's sect. SPicata is divided into several distinct sections in
this work.
   Section Palmata of REHDER includes A. circinatum, A. paSmatum, A. siebol-
dianum, A. joPonicum, A. Pseudosieboldianum, A. shirasatvamR and A. tenuifogium.
In the diagram these species are very close}y related to each other by the
protein component$ and may be included in a line a$ a cornpact group. Thu$
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the protein athBky coincides with the taxonom2c athRity.
   Section Glabra of REHDER inc}udes A. glabrum. In the diagram, A. glabru}n
has no closely related species, and is remotely related to A. argutum, A. barbi-
nerve, A. tetramerscm and A. stackyoPhyllscm, and will be discussed later.

   SectioR Integrifolia of REHDER includes A. oblongecm and A. distNlum. In
this diagram, A. oblongum and A. distylum are separated from each other by
many segments, in other words differing from each other in many protein
components.
   In this work A. distyium is excluded from sect. Iaitegrifeka and included
in sect. Spicata.

   As mentioned above, A. d{stytscm has an intrastaminal disc. The winter
buds have two-paired scales. The nutlets are convex. The leaves are undivided,
three nerved and crenulate. While A. oblongum has an extrastaminal disc. The
winter buds have many scales. The nutiets are keeled convex. The leaves are
entire. The two species were chosen by the shape of leaf and the andro-poly-
gamous panicle.
   In tkis article the writer includes A. obtongum and A. buergerianum in sect.
Integrifelia as already rnentioned. The two species are closely related to each
other by the protein.
   Thus the protein athnity accords with the taxonomic aMnity as explained
by the writer.
   Section Indivisa of REHDER includes A. carPinifoliscm. In this diagram, A.
carpinifotium is isolated from the other species by many different protein
components.
   The disc is intrastaminal. Tke winter buds have many scales which are
very different from those of the otker species. The nutlets are plane, having
fine parallel neyves. The leaves are undivided, acutely and finely biserrate,
and have many parallel side-veins.
   The wrlter regards this section as one of the three subgenera of Acer.
   Thus the protein athnity accords with the taxonomlc aMnity.
   Section Macrantlza of REHDER inciudes A. c•rataegifolium, A. pennsyivanicum,
A. rufinerve, A. caPilliPes, A. tsckonoshii, A. micranthum, A. hawahamii and A.
inssclare. In this diagram these species are closely related to each other by
protein components, except for A. rufinerve which is a little remoteiy related.
   Section MacraRtha is,characterized by the intrastaminal disc, winter buds
with two paired scales, nutlets concave on one side, the accumbent cotyledons,
and by the simpie raceme.
   Acer rufinerve has the Rutlets convex on both sides and the incumbent
cotyledons.
   By the protein aflinity, A. rufi•ne?'ve is closely reiated to A. nipponicum. Both

A. rufinerve and A. niPPoRicum have the convex nutlets and incumbent
cotyledons.
   The writer put A. rufinerve iR sect. Macrantha, instead of including it in



102 Yoshihide Morv{oTANi

sect. SPicata with A. niPPonicanz, because of th.e simple uBisexual raceme.
Here is the intricate relation, rarely found in this diagram.
   Section Arguta of REHDER includes A. argutum, A. barbinerve, A. tetramerum
and A. stacltyoPkyllum. In this diagram, these species are c}osely related to
each other by the protein components, forming a compact group. Thus the
protein aflinity coincides with the taxonomic affinity.
   Acer ggabrscin of sect. Giabra is related to sect. Arguta in the intrastamina}
disc, winter buds wkh two-paired sca}es, the male inflorescence frequently }ateral
and by the female iBfiorescence frequently bracteolate. But A. glabrum has the
keeled convex nutlets, and sometimes male fiowers in the female inflorescence.
   So the writer includes A. glabrum in sect. Glabra, series Giabra. Section
Glabra is the earlier synon.ym of sect. Argnta. Section Arg"ta of REHDER is
treated in this article as sect. Glabra, series Arguta.
   Section LithocarPa of REKDER includes A. diabolicwm. In tkis diagram, A.
diabolicum is isolated from the other species of Acer.
   Section Rscbra of REHDER inciudes A. Pycnanthum. In this diagram A.
Pycnantkum is isolated from the other species of Acer.
   Section Trifoiiata of REllDER includes A. nikoeJ•zse and A. griseum. In this
diagram the two species are closely related to each other by the protein com-
ponents, forming a compact group.
   SectioR Negundo of REHDER includes A. negundo. IR this diagram A.
negundo is isolated from tke other species of Acer.
   Thus, in sects. LithocarPa, Rubra, Trifoliata and Negu7tcto, the protein afinity
accords with the taxonomic affinity.


