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Preface

Each paper in this collection has
been selected for one or more reasons.
It may have served to focus attention
on a particular facet of genetics. It may
illustrate well the impact the study of
genetics has on biology or on social
and racial relationships. It may have
embodied a particular idea unique at
the time of publication that has led to
extensive research by other geneticists,
In many cases still continuing today.
It may provide a brilliant example of
the use of the scientific method. It may
furnish a clear-cut, concise illustration
of incisive reasoning. One or two have
the added virtue o having been writ-
ten in an entertaining style.

In each case, they are evidence of
work considered to constitute “classic”
contributions to the science of biology.
Taken as a unit, they have done much
to give form and direction to genetic
research. Their vitality is unimpaired
by age, and their repeated citation in
bibliographies of current literature or
on seminar reading lists testifies that
they are still important sources of in-
formation.

You should not expect, and will not
find, any attempt by an author to
“write down” to the level of his
readers, for the primary concern is
neither popularization nor condensa-
tion, but rather, adequate presentation.
There is an assumption by the authors
that the reader has some biological
background. Lack of this background
should not handicap anyone in follow-
ing the development of the basic ideas.
Most of the major steps in the develop-
ment of the gene theory are here, and
the nature of the material discussed by

each author was as new to biology at
the time of writing as to any reader
meeting it for the first time today.

This collection of papers served as
the basis for a course in introductory
biology taught for two years at Brown
University. Many of these students had
had no previous training in biology,
but they demonstrated most satisfac-
torily that a neophyte in science can
read, understand, and profit from a
direct experience with the original
literature of a particular field. Some
guidance was necessary, and much was
given in class. It is presented here in the
form of an introduction to each paper.
Little or no interpretation of the paper
will be found in the introduction, how-
ever, for this interferes with the rela-
tionship between the author and the
reader. All authors attempt o express -
their ideas clearly to the reader, and it
is only fair to let them do so if they
can. At the same time, the reader who
follows an author’s logic can feel thar
he ‘has received his information from
the primary source, and he is no longer
dependent upon second hand interpre-
tacion of research.

It is my pleasure to acknowledge the
permission granted by the publishers
and authors to reproduce the papers in
this volume. Citations to the original
source are included with each paper.
All of the journals are still being pub-
lished excepr the Report of the Evolu-
tion Committee of the Royal Society,
and they contain a continuing record
of recent activities and researches. [t
would repay the reader to look over
them occasionally to see what solutions
have been offered to the many ques-
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tions left unsolved by the authors in-
cluded in this book.

It is also my pleasure to thank my

students at Brown University for their
work and study expended in reading,

PREFACE

discussing, and understanding these
papers. A student who generates an
mterest in the subject he is studying is
a joy forever, and 1 found myself
blessed with a bountiful crop of them.

Note: All page references contained in the individual papers bave been carried
over into this volume from the original publications, for any value they might bave
for the researcher. Page numbers cited in the text do not refer to pages in this volume

unless specifically so stated.
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Experiments in Plant-Hybridization

GREGOR MENDEL

This paper needs no introduction. It is the original classic paper on
the theory of the gene, and the cornerstone of the science of genetics.
The paper was translated from German into English by William
Bateson, and bas been reprinted several times.

Mendel’s results are presented in a clear-cut and straightforward
fashion, and bis paper is fairly easy to read and understand. There
bave been comments made that Mendel was either very lucky or
tampered with bis data, because bis results are almost miraculously
close to perfect. Personally, I think both of these charges are arrant
nonsense, Luck has little to do with results slowly accumulated over
eight years’ time. The results are the consequence of painstakingly
careful attention to detail, followed by intelligent analysis of a mass
of accumulated data. As to the second charge, that be might bave
arranged his data so as to shed the best possible light on his con-
clusions, I believe that the only way he might bave manipwulated bis
data is through omission of certain results that would bave led to un-
necessary complications. When Mendel specified that his experiments
were to deal with “constantly differentiating characters” that oc-
curred in pairs, he relieved bimself of the mecessity of comsidering
some of the interrelationships that exist in genetic phenomena, and
which will be discussed in the Bateson and Punnett papers (see pp.
44 and 54). Mendel probably knew of these interrelationships, be-
cause be tested many characters before selecting the seven pairs be
used. The fact ibat be chose to utilize only those characteristics that
fitted his concepts cannot be interpreted as an act of dishonesty on
bis part. As I see it, be recognized several of the basic concepts of
beredity, and presemted as much of his data as was necessary to
validare those concepts.

I bave not included the last few pages of Mendel's original paper,
which dealt with experiments on bybrids of other species of plants,
and with remarks on certain other questions of beredity. These
paragraphs bave little bearing on the principles Mendel proposed in
this paper, and 1 bave found from experience with my students that
these pages serve primarily to confuse rather than to clarify.



INTRODUCTORY REMARKS £

EXPERIENCE OF ARTIFICIAL FERTILISA-
tion, such as is effected with orna-
mental plants in order to obtain new
variations in colour, has led to the ex-
periments which will here be discussed.
The striking regularity with which the
same hybrid forms always rcanearcd
whenever fertilisation took place be-
tween the same species induced further
experiments to be undertaken, the ob-
ject of which was to follow up the
developments of the hybrids in their
progeny.

To this object numerous careful ob-
servers, such as Kolreuter, Girtner,
Herbert, Lecoq, Wichura and others,
have devoted a part of their lives with
inexhaustible perseverance. Girtner
especially, in his work “Die Bastarder-
zeugung im Pflanzenreiche” (The Pro-
duction of Hybrids in the Vegetable
Kingdom), has recorded very valu-
able observations; and quite recently
Wichura published the results of some
profound investigations into the hy-
brids of the Willow. That, so far, no
generally applicable law governing the
formation and development of hybrids
has been successfully formulated can
hardly be wondered at by anyone who
is acquainted with the extent of the
task, and can appreciate the difficulties
with which experiments of this class
have to contend. A final decision can
only be arrived at when we shall have
before us the results of detailed ex-
periments made on plants belonging to
the most diverse orders.

Those who survey the work in this
department will arrive at the convic-

1°This translation was made by the Royal
Horticultural Society of London, and is re-
;S:‘xa-inted, by permission of the Council of the

ciety, with footnotes added and miinor
changes suggested by Professor W. Bateson,
enclosed within { ]. The original paper was
published in the Verb. naturf. Ver. in Brumm,
Abbandlungen, iv. 1865, which appeared in
1866.
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tion that among all the numerous ex-
periments made, not one has been
carried out to such an extent and in
such a way as to make it possible to
determine the number of -different
forms under which the offspring of
hybrids appear, or to arrange these
forms with certainty according to
their,separate generations, or definitely
to ascertain their statistical relations.?

It requires indeed some courage to
undertake a labour of such far-reach-
ing extent; this appears, however, to
be the only right way by which we
can finally reach the solution of a
question the importance of which can-
not be overestimated in connection
with the history of the evolution of
organic forms.

The paper now presented records
the results of such a detailed experi-
ment. This experiment was practically
confined to a small plant group, and
is now, after eight years’ pursuit, con-
cluded in all essentials. Whether the
plan upon which the separate cxperi-
ments were conducted and carried out
was the best suited to attain the de-
sired end is left to the friendly decision
of the reader.

SELECTION OF THE EXPERIMENTAL
PLANTS

The value and utility of any experi-
ment are determined by the fitness of
the material to the purpose for which
it is used, and thus in the case before
us it cannot be immaterial what plants
are subjected to experiment and in
what manner such experiments are
conducted.

The selection of the plant group
which shall serve for experiments of
this kind must be made with all pos-

2[It is to the clear conception of these
three primary necessities that the whole suc-
cess of Mendel's work is due. So far as 1
know this conception was absolutely new in

his day.1



MENDEL

sible care if it be desired to avoid from
the outset every risk of questionable
results.

The experimental plants must neces-
sarily—

1. Possess constant differentiating
characters.

2. The hybrids of such plants must,
during the flowering period, be pro-
tected from the influence of all foreign
pollen, or be easily capable of such
protection.

The hybrids and their offspring
should suffer no marked disturbance
in their fertility in the successive gen-
erations.

Accidental imprcdgnation by foreign
pollen, if it occurre during the experi-
ments and were not recognized, would
lead ro entirely erroneous conclusions.
Reduced fertiiity or entire sterility of
certain forms, such as occurs in the
offspring of many hybrids, would
render the experiments very difficale
or entirely frustrate them. In order to
discover the relations in which the
hybrid forms stand towards each other
and also towards their progenitors it
appears to be necessary that all mem-
bers of the series developed in each
successive generation should be, with-
out exception, subjected to observa-
tion.

At the very outset special attention
was devoted to the Leguminosae on
account of their peculiar floral struc-
ture. Experiments which were made
with several members of this family
led to the result that the genus Pisum
was found to possess the necessary
qualifications.

Some thoroughly distinct forms of
this genus possess characters which are
constant, and easily and certainly rec-
ognizable, and when their hybrids are
mutually crossed they vield perfectly
fertile progeny. Furthermore, a dis-
turbance through foreign pollen can-
not easily occur, since the fertilising

3

organs are closely packed inside the
keel and the anther bursts within the
bud, so that the stigma becomes cov-
ered with pollen even before the
flower opens. This circumstance is of
especial 1mportance. As additional ad-
vantages worth mentioning, there may
be cited the easy culture of these plants
in the open ground and in pots, and
also their relatively short period of
growth. Artificial fertilisation is cer-
tainly a somewhat elaborate process,
but nearly always succeeds. For this
purpose the bud is opened before it is
perfectly developed, the keel is re-
moved, and each stamen carefully ex-
tracted by means of forceps, after
which the stigma can at once be dusted
over with the foreign pollen.

In all, thirty-four more or less dis-
tinct varieties of Peas were obtained
from several seedsmen and subjected
to a two years’ trial. In the case of one
variety there were noticed, among a
larger number of plants all alike, a few
forms which were markedly different.
These, however, did not vary in the
following year, and agreed “entirely
with another variety obtained from the
same seedsman; the seeds were there-
fore doubtless merely accidentally
mixed. All the other varieties yielded
perfectly constant and similar off-
spring; at any rate, no essential differ-
ence was observed during two trial
years. For fertilisation twenty-two of
these were selected and cultivated
during the whole period of the experi-
ments. They remained constant with-
out any exception.

Their systematic classification is dif-
ficult and uncertain. If we adopt the
strictest definition of a species, accord-
ing to which only those individuals
belong to a species which under pre-
cisely the same circumstances display
precisely similar characters, no two of
these varieties could be referred to one
species. According to the opinion of
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experts, however, the majority belong
to the species Pisum sativam; while the
rest are regarded and classed, some as
sub-species of P. sativum, and some as
independent species, such as P. quadra-
ttom, P. saccharatum, and P. umbella-
tum. The positions, however, which
may be assigned to them in a classifica-
tory system are quite immaterial for
the purposes of the experiments in
question. It has so far been found to
be just as impossible to draw a sharp
line between the hybrids of species and
varieties as between species and vari-
eties themselves.

DIVISION AND ARRANGEMENT
OF THE EXPERIMENTS

If two plants which differ constant}
in one or several characters be crossec{
- numerous experiments have demon-
strated that the common characters are
transmitted unchanged to the hybrids
and their progeny; but each pair of
differentiating characters, on the other
hand, unite in the hybrid to form a
new character, which in the progeny
of the hybrid is usually variable, The
object of the experiment was to ob-
serve these variations in the case of
each pair of differentiating characters,
and to deduce the law according to
which they appear in the successive
erations. The experiment resolves
iself therefore into just as many sepa-
rate experiments as there are con-
stantly differentiating characters pre-
sented in the experimental plants.

The various forms of Peas selected
for crossing showed differences in the
length ang colour of the stem; in
the size and form of the leaves; in
the position, colour, and size of the
flowers; in the length of the flower
stalk; in the colour, form, and size of
the pods; in the form and size of the
seeds; and in the colour of the seed-
coats and of the albumen [cotyle-
dons]. Some of the characters noted

MENDEL

do not permit of a sharp and certain
separation, since the difference is of a
“more or less” nature, which is often
difficult to define. Such characters
could not be utilised for the separate
experiments; these could only be ap-
phied to characters which stand out
clearly and definitely in the plants.
Lastly, the result must show whether
they, in their entirety, observe a reg-
ular behaviour in their hybrid unions,
and whether from these facts any con-
clusion can be come to regarding those
characters which possess a subordinate
significance in the type.

The characters which were selected
for experiment relate:

1. To the difference in the form of
the ripe seeds. These are either round
or roundish, the depressions, if any,
occur on the surface, being always
only shallow; or they are irregularly
angular and deeply wrinkled (P. qua-
dratum).

2. To the difference in the colour of
the seed albumen (endosperm).® The
albumen of the ripe seeds is either pale
yellow, bright yellow and orange
coloured, or it possesses a more or less
intense green tint. This difference of
colour is easily seen in the seeds as
[= if] their coats are transparent.

3. To the difference in the colour of
the seed-coat. This is either white,
with which character white flowers
are constantly correlated; or it is grey,
grey-brown, leather-brown, with or
without violet spotting, in which case
the colour of the standards is violet,
that of the wings purple, and the stem
in the axils of the leaves is of a reddish
tint. The grey seed-coats become dark
brown in boiling water,

4. To the difference in the form of

the ripe pods. These are either simply

8 [Mendel uses the terms “albumen” and
“endosperm” somewhat loosely to denote the
cotyledons, containing food-material, within
the seed.]
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inflated, not contracted in places; or
they are deeply constricted between

the seeds and more or less wrinkled
(P. saccharatum).

5. To the difference in the colour of
the unripe pods. They are either light
to dark green, or vividly yellow, in
which colouring che stalks, leaf-veins,
and calyx participate.

6. To the difference in the position
of the flowers. They are either axial,
that is, distributed along the main
stem; or they are terminal, that is,
bunched at the top of the stem and
arranged almost in a false umbel; in
this case the upper part of the stem
is more or less widened in section (P,
umbellatim ) ®

7. To the difference tn the length of
the stem. The length of the stem @ is
very various in some forms; it is, how-
ever, a constant character for each, in
so far that healthy plants, grown in the
same soil, are only subject to unimpor-
tant variations in this character.

In experiments with this character,
in order to be able to discriminate with
certainty, the long axis of 6 to 7 ft. was
always crossed with the short one of
% ft. to 114 fr.

Each two of the differentiating
characters enumerated above were
united by cross-fertilisation. There
were made for the

4Onec  species  possesses a  beautifully
brownish-red coloured pod, which when
ripening turns to violet and blue. Trials with
this character were only begun last year. [Of
these further experiments it seems no account
was published. Correns has since worked
with such a variety.]

5 [This is often called the Mummy Pea. It
shows slight fasciation. The form I know has
white standard and salmon-red wings.]

S[In my account of these experiments
(R.H.S. Journal, vol. xxv. p. 54) 1 misunder-
stood this paragraph and took “axis” to mean
the floral axis, instead of the main axis of the
plant. The unit of measurement, being indi-
cated in the original by a dash ("), %care-

lessly took to have been an inch, but the
translation here given is evidendy correct.]

]

1st trial 60 fertilisations on 15 plants.
1y 3 (31

2nd * 58 0«
3l'd I 35 « 13 10 «
4th i 40 “© 113 10 “
Sth “ 23 “ I
6th [ 34 “ “ 10 A\
7th 13 37 €@ “ lo L

From a larger number of plants of
the same variety only the most vigor-
ous were chosen for fertilisation.
Weakly plants always afford uncertain
results, because even in the first gen-
eration of hybrids, and still more so
in_the subsequent ones, many of the
offspring either entirely fail to flower
or only form a few and inferior seeds.

Furthermore, in all the experiments
reciprocal crossings were effected in
such a way that each of the two vari-
eties which in one set of fertilisation
served as sced-bearer in the other set
was used as the pollen plant.

The plants were grown in garden
beds, a few also in pots, and were
maintained in their naturally upright
position by means of sticks, branches
of trees, and strings stretched between,
For each experiment a number of pot

_plants were placed during the bloom-
‘ing period in a greenhouse, to serve

as control plants for the main experi-
ment in the open as regards possible
disturbance by insects. Among the in-
sects © which visit Peas the beetle
Bruchus pisi might be detrimental to
the experiments should it appear in
numbers. The female of this species is
known to lay the eggs in the flower,
and in so doing opens the keel; upon
the tarsi of one specimen, which was
caught in a flower, some pollen grains
could clearly be seen under a lens.
Mention must also be made of a cir-
cumstance which possibly might lead

7 [It is somewhat surprising that no men-
tion is made of Thrips, which swarm in Pez
flowers. I had come to the conclusion that
this is a real source of error and I sece Laxton
held the same opinion.]
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to the introduction of foreign pollen.
It occurs, for instance, in some rare
cases that certain parts of an otherwise
quite normally developed flower
wither, resulting in a partial exposure
of the fertilising organs. A defective
development of the keel has also been
observed, owing to which the stigma
and anthers remained partially uncov-
ered.? It also sometimes hapFens that
the pollen does not reach full perfec-
tion. In this event there occurs a
gradual lengthening of the pistil dur-
ing the blooming period, untl the
stigmatic tip protrudes at the point of
the keel. This remarkable appearance
has also been observed in hybrids of
Phaseolus and Lathyrus.

The risk of false impregnation by
foreign pollen is, however, a very
slight one with Pisums, and is quite in-
capable of disturbing the general re-
sult. Among more than 10,000 plants
which were carefully examined there
were only a very few cases where an
indubitable false impregnation had oc-
curred. Since in the greenhouse such a
case was never remarked, it may well
be supposed that Bruchus pisi, and pos-
sibly also the described abnormalities
in the floral structure, were to blame.

[Fiy] THE PORMS OF THE HYBRIDS ®

Experiments which in previous years
were made with ornamental plants
have already afforded evidence that
the hybrids, as a rule, are not exactly
intermediate between the parental
species. With some of the more strik-
in}%I characters, those, for instance,
which relate to the form and size of
the leaves, the pubescence of the
several parts, &c., the intermediate, in-

8 [This also happens in Sweet Peas.]

® [Mendel throughout speaks of his cross-
bred Peas as “hybrids,” a term which many
restrict to the offspring of two distinct
species. He, as he explains, held this to be
only a question of degree.]

MENDEL

deed, is nearly always to be seen; in
other cases, however, one of the two
parental characters is so preponderant
that it is difficult, or quite impossible,
to detect the other in the hybrid.

This is precisely the case with the
Pea hybrids. In the case of each of the
seven crosses the hybrid-character re-
sembles 1 that of one of the parental
forms so closely that the other either
escapes observation completely or can-
not be detected with certainty. This
circumstance is of great importance in
the determination and classification of
the forms under which the offspring
of the hybrids appear. Henceforth in
this paper those characters which are
transmitted entire, or almost un-
changed in the hybridisation, and
therefore in themselves constitute che
characters of the hybrid, are termed
the dominant, and those which become
latent in the process recessive. The ex-
pression “recessive” has been chosen
because the characters thereby desig-
nated withdraw or entirely disappear
in the hybrids, but nevertheless reap-
pear unchanged in their progeny, as
will be demonstrated later on,

It was furthermore shown by the
whole of the experiments that it is
perfectly immaterial whether the dom-
inant character belongs to the seed-
bearer or to the pollen-parent; the
form of the hybrid remins identical
in both cases. This interesting fact was
also emphasised by Girtner, with the
remark that even the most practised
expert is not in a position to determine
in a hybrid which of the two parental
species was the seed or the polien

lant.12

Of the differentiating characters

10 [Note that Mendel, with true penetra-
tion, avoids speaking of the hybrid-character
as “transmitted” by either parent, thus escap-
ing the error pervading the older views of
herediry.]

1 [Girtner, p. 223.)
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which were used in the experiments
the following are dominant:

1. The round or roundish form of
the seed with or without shallow de-
pressions.

2. The yellow colouring of the seed
albumen [cotyledons].

3. The grey, grey-brown, or leather-
brown colour of the seed-coat, in asso-
ciation with violet-red blossoms and
reddish spots in the leaf axils.

4. The simply inflated form of the
pod.

5. The green colouring of the un-
ripe pod in association with the same
colour in the stems, the leaf-veins and
the calyx.

6. The distribution of the flowers
along the stem.

7. The greater length of stem.

With regard to this last character it
must be stated that the longer of the
two parental stems is usually exceeded
by the hybrid, a fact which is possibly
only attributable to the greater luxuri-
ance which appears in all parts of
plants when stems of very different
length are crossed. Thus, for instance,
in repeated experiments, stems of 1 ft.
and 6 ft. in length yielded without ex-
ception hybrids which varied in length
between 6 ft. and 7 14 ft.

The hybrid seeds in the experiments
with seed-coat are often more spotted,
and the spots sometimes coalesce into
small bluish-violet patches. The spot-
ting also frequently appears even when
it is absent as a parental character.!?

The hybrid forms of the seed-shape
and of the albumen [colour] are de-
veloped immediately after the artificial
fertilisation by the mere influence of
the foreign pollen. They can, there-
fore, be observed even in the first year
of experiment, whilst all the other
characters naturally only appear in the

12 [This refers to the coats of the seeds
borne by F; plants.]

75

7

following year in such plants as have
been raised from the crossed seed.

[Fy] THE GENERATION [ngxp]_
' FROM ZI'ME MYBRIDS Y,

In this generation there reappear, to-
gether with the dominant characters,
also the recessive ones with their pecu-
larities fully developed, and this
occurs in the definitely expressed aver-
age proportion of three to one, so that
among each four plants of this genera-
tion three display the dominant char-
acter and one the recessive. This relates
without exception to all the characters
which were investigated in the experi-
ments. The angular wrinkled form of
the seed, the green colour of the albu-
men, the white colour of the seed-
coats and the flowers, the constrictions
of the pods, the yellow colour of the
unripe pod, of the stalk, of the calyx,
and of the leaf venation, the umbel-like
form of the inflorescence, and the
dwarfed stemn, all reappear in the nu-
merical proportion given, without any
essential alteration. Transitional forms
were nat observed in any experiment.

Since the hybrids resulting from re-
ciprocal crosses are formed alike and
present no appreciable difference in
their subsequent development, conse-
quently the results [of the reciprocal
crosses] can be reckoned together in
each experiment. The relative numbers
which were obtained for each pair of
differentiating characters are as fol-
lows: '

Expt. 1. Form of seed.~From 253
hybrids 7,324 seeds were obtained in
the second trial year. Among them-
were 5,474 round or roundish ones and
1,850 angular wrinkled ones. There-
from the ratio 2.96 to 1 is deduced.

Expt. 2. Colour of albumen.—258
plants yielded 8,023 seeds, 6,022 yel-
low, and 2,001 green; their ratio, there-
fore, is as 3.01 to 1.

In these two experiments each pod
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yielded usually both kinds of seeds. In
well-developed pods which contained
on the average six to nine seeds, it
often happened that all the seeds were
round (Expt. 1) or all yellow (Expt.
2); on the other hand there were never
observed more than five wrinkled or
five green ones in one pod. It appears
to rr?ake no diﬁercncém whet:htlearPc the
pods are developed early or later in
the hybrid or whether’ they spring
from the main axis or from a lateral
one. In some few plants only a few
seeds devcloped in the first formed
pods, and these possessed exclusively
one of the two characters, but in the
subscquently developed pods the nor-
mal proportions were maintained
nevertheless.

As in separate pods, so did the dis-
tribution of the characters vary in
separate plants. B way of illustration
the first ten individuals from both
series of experiments may serve,

ExeeriMENT 1. EXPERIMENT 2.
FormofSeed.  Color of Albumen.
Plants Round Angular  Yellow Green
1 45 12 25 11
2 27 8 32 7
3 24 7 14 )
4 19 16 70 27
5 32 11 24 13
6 26 6 20 6
7 88 24 32 13
8 22 10 44 9
9 28 6 50 14
10 25 7 44 18

As extremes in the distribution of
the two seed characters in one plant,
there were observed in Expt. 1 an in-
stance of 43 round and only 2 angular,
and another of 14 round and 15§ angu-
lar seeds. In Expt. 2 there was a case
of 32 yellow and only 1 green seed,
but also one of 20 yellow and 19 green.

These two experiments are impor-
tant for the determination of the aver-
age ratios, because with a smaller num-
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ber of experimental plants they show
that very considerable fluctuations
may occur. In counting the seeds, also,
especially in Expt. 2, some care is
requisite, since in some of the seeds
of many plants the green colour of
the albumen is less devcloped, and at
first may be easily overlooked. The
cause ofy this partial disappearance of
the green colouring has no connec-
tion with the hybrid-character of the
plants, as it likewise occurs in the
parental variety. This peculiarity
[bleaching] is also confined to the in-
dividual and is not inherited by the
offspring. In luxuriant plants this ap-
pearance was frequently noted. Seeds
which are damaged by insects during
their development often vary in colour
and form, but, with a little practice in
sorting, errors are easily avoided. It is
almost superfluous to mention that the
pods must remain on the plants until
they are thoroughly ripened and have
become dried, since it is only then that
the shape and colour of the seed are
full developed.

Ez;pt. 3. Colour of the seed-coats.—
Among 929 plants 705 bore violet-red
flowers and grey-brown seed-coats;
224 had white flowers and white seed-
coats, giving the proportion 3.15 to 1.

Expt. 4. Form of pods.—Of 1,181
plants 882 had them simply inflated,
and in 299 they were constricted. Re-
sulting ratio, 2195 to 1.

Expt. 5. Colour of the unripe pods.
—The number of trial plants was §80,
of which 428 had green pods and 152
vellow ones. Conscqucntly chese stand
in the ratio 2.82 to 1.

Expt. 6. Position of ﬂowers.—Among
858 cases 651 had inflorescences axial
and 207 terminal, Ratio, 3.14 to 1.

Expt. 7. Length of stem.—Out of
1,064 plants, in 787 cases the stem was
long, and in 277 short. Hence a mutual
ratio of 2.84 to 1. In this experiment
the dwarfed plants were carefully
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lifted and transferred to a special bed.
This precaution was necessary, as
otherwise they would have perished
through being overgrown by their tall
relatives. Even in their quite young
state they can be easily picked out by
their compact growth and thick dark-
green foliage.!

If now the results of the whole of
the experiments be brought together,
there is found, as between the number
of forms with the dominant and re-
cessive characters, an average ratio of
298to 1,or3tol.

The dominant character can have
here a double signification—viz. that of
a parental character, or a hybrid-char-
acter.* In which of the two significa-
tions it appears in each separate case
can only be determined by the follow-
ing generation. As a parental character
it must pass over unchanged to the
whole o}) the offspring; as a hybrid-
character, on the other hand, it must
maintain the same behaviour as in the
first generation [F;].

[F3] THE SECOND GENERATION
[BREDP] FROM THE HYBRIDS

Those forms which in the first gen-
cration [F3] exhibit the recessive char-
acter do not further vary in the second
generation [F3] as regards this char-
acter; they remain constant in their
offspring.

It is otherwise with those which
possess the dominant character in the
first generation [bred from the hy-
brids]. Of these two-thirds yield off-
spring which display the dominant and
recessive characters in the proportion
of 3 to 1, and thereby show exactly

¥ [This is true also of the dwarf or
“Cupid” Sweet Pess.]

M [This paragraph presents the view of
the hybrid-character as something incidental
to the hybrid, and not “transmitted” to it—a
true and fundamertal conception here ex-
pressed probably fo: the first tine.]
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the same ratio as the hybrid forms,
while only one-third remains with the
dominant character constant.

The separate experiments yielded
the following results:

Expt. 1. Among 565 plants which
were raised from round seeds of the
first generation, 193 yielded round
seeds only, and remaimned therefore
constant in this character; 372, how-
ever, gave both round and wrinkled
seeds, in the proportion of 3 to 1. The
number of the hybrids, therefore, as
compared with the constants is 1.93
tol.

Ex(rt. 2. Of 519 plants which were
raised from seeds whose albumen was
of yellow colour in the first genera-
tion, 166 yielded exclusively Jrcllow,
while 353 yielded yellow and green
seeds in the proportion of 3 to 1. There
resulted, therefore, a division into hy-
brid and constant forms in the propor-
tion of 2.13 to 1.

For each separate trial in the follow-
ing experiments 100 plants were se-
lected which displayed the dominant
character in the first generation, and
in order to ascertain the significance of
this, ten seeds of each were cultivated.

Expt. 3. The offspring of 36 plants
yielded exclusively grey-brown seed-
coats, while of the offspring of 64
E]znts some had grey-brown and some

ad white.

Expt. 4. The offspring of 29 plants
had only simply inflated pods; of the
offspring of 71, on the other hand,
some had inflated and some con-
stricted,

Expt. 5. The offspring of 40 plants
had only green pods; of the offspring
of 60 plants some had green, some yel-
low ones.

Expt. 6. The offspring of 33 plants
had only axial flowers; of the offspring
of 67, on the other hand, some had
axial and some terminal flowers.

Expt. 7. The offspring of 28 plants



10

inherited the long axis, and those of
72 plants some the long and some the
short axis.

In each of these experiments a cer-
tain number of the plants came con-
stant with the dominant character. For
the determination of the proportion in
which the separation of the forms with
the constantly persistent character re-
sults, the two first experiments are of
especial importance, since in these a
larger number of plants can be com-
pared. The ratios 1.93to 1 and 2,13 to 1
gave together almost exactly the aver-
age ratio of 2 to 1. The sixth experi-
ment gave a quite concordant result;
in the others the ratio varies more or
less, as was only to be expected in view
of the smaller number of 100 trial
plants, Experiment 5, which shows the
greatest departure, was repeated, and
then, in lieu of the ratio of 60 and
40, that of 65 and 35 resulted. The
average ratio of 2 to I appears, there-
fore, as fixed with certainty. It is
therefore demonstrated that, of those
forms which possess the dominant
character in the first generation, two-
thirds have the hybrid-character, while
one-third remains constant with the
dominant character.

The ratio of 3 to 1, in accordance
with which the distribution of the
dominant and recessive characters re-
sults in the first generation, resolves
itself therefore in all experiments into
the ratio of 2:1:1 if the dominant char-
acter be differentiated according to its
significance as a hybrid-character or
as a parental one. Since the members of
the first generation [F,] spring di-
rectly from the seed of the hybrids
[F1], it is now clear that the bybrids
form seeds baving one or other of the
two differentiating characters, and of
these one-half develop again the by-
brid form, while the other balf yield
plants which remain constant and re-
ceive the dominant or the recessive
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characters [respectively] in equal

numbers.

THE SUBSEQUENT GENERATIONS
{BRED] FROM THE HYBRIDS

The proportions in which the de-
scendants of the hybrids develop and
split up in the first and second genera-
tions presumably hold good for all sub-
sequent progeny. Experiments 1 and 2
have already been carried through six
generations, 3 and 7 through five, and
4, 5, and 6 through four, these experi-
ments being continued from the third
generation with a small number of
plants, and no departure from the rule
has been perceptible. The offspring of
the hybrids separated in each genera-
tion in the ratio of 2:1:1 into hybrids
and constant forms.

If A be taken as denoting one of the
two constant characters, for instance
the dominant, 4, the recessive, and Aa
the hybrid form in which both are
conjofned, the expression

A+2A4Aa+ a

shows the terms in the series for the
progeny of the hybrids of two differ-
entiaring characters.

The cbservation made by Girtner,
Kélreuter, and others, that hybrids are
inclined to revert to the parental forms,
is also confirmed by the experiments
described, It is seen that the number
of the hybrids which arise from one
fertilisation, as compared with the
number of forms which become con-
stant, and their progeny from genera-
tion to generation, is continually di-
minishing, but that nevertheless they
could not entirely disappear. If an
average cquality of fertility in all plants
in all generations be assumed, and if,
furthermore, each hybrid forms seed
of which one-half yields hybrids again,
while the other half is constant to both
characters in equal proportions, the
ratio of numbers for the offspring in
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each generation is seen by the follow-
ing summary, in which A and « denote
again the two parental characters, and
Aa the hybrid forms. For brevity’s
sake it may be assumed that each plant
in each generation furnishes only 4
seeds.

Genera-~ RaTios
don A Aa a A :Aa: a
1 1 2 1 1:2: 1
6 4 6 3: L |

2 2

3 28 8 28 7:2: 7

4 120 16 120 15 : 2 : 15

5 496 32 496 31 :2:31

n 27m—1 : 2 M

In the tenth generation, for instance,
2* — 1 = 1023. There result, therefore,
in each 2,048 plants which arise in this
generation 1,023 with the constant
dominant character, 1,023 with the re-
cessive character, and only two hy-
brids.

THE OFFSPRING OF HYBRIDS
IN WHICH

SEVERAL DIFFERENTIATING

CHARACTERS ARE ASSOCIATED

In the experiments above described
Plants were used which differed only
in one essential character.’® The next
task consisted in ascertaining whether
the law of development discovered in
these applied to each pair of differ-
entiating characters when several di-
verse characters are united in the hy-
brid by crossing. As regards the form
of the hybrids in these cases, the

15 [This statement of Mendel’s in the light
of present knowledge is open to some mis-
conception. Though his work makes it evi-
dent rgnat such varieties may exist, it is very
unlikely that Mendel could have had seven
pairs of varieties such that the members of
each pair differed from each other in only
one considerable character (wesentliches
Merkmal). The point is probably of little
theoretical or practical consequence, but a
;‘atiu’:li heavy stress is thrown on “wesen:-
ich.”
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experiments showed throughout that
this invariably more nearly approaches
to that one of the two parental plants
which possesses the greater number of
dominant characters. If, for instance,
the seed plant has a short stem, termi-
nal white flowers, and simply in-
flated pods; the pollen plant, on the
other hand, a long stem, violet-red
flowers distributed along the stem, and
constricted pods; the hybrid resembles
the seed parent only in the form of the
pod; in the other characters it agrees
with the pollen parent. Should one of
the two parental types possess only
dominant characters, then the hybrid
is scarcely or not at all distinguishable
from it.

Two experiments were made with a
considerable number of plants. In the
first experiment the parental plants
differed in the form of the seed and in
the colour of the albumen; in the sec-
ond in the form of the seed, in the
colour of the albumen, ‘and in the
colour of the seed-coats. Experiments
with seed characters give the result in
the simplest and most certain way.

In order to facilitate study of the
data in these experiments, the different
characters of the seed plant will be
indicated by A4, B, C, those of the
polien plant b{ a, b, c, and the hybrid
forms of the characters by Aa, Bb, and
Ce.,

Expt. 1.—AB, seed parents;
A, form round;
B, albumen yellow.
ab, pollen parents;
a, form wrinkled;
b, albumen green.

The fertilised seeds appeared round
and yellow like those of the seed pa-
rents. The plants raised therefrom
yielded seeds of four sorts, which fre-
quently presented themselves in one
pod. In all, 556 seeds were yielded by
15 plants, and of these there were:



