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Middle Articles

Centenary of Mendel's Paper
At two meetings of the Natural Sciences Society of Brunn (now Brno, in Czechoslovakia) on 8 February and 8 March
1865 Mendel delivered his famous paper on hybridization in the edible pea. It was first printed in the society's
transactions, Verhandlungen des naturforschenden Vereines in Brunn, 1865, 4, Abhandlungen (papers) 1-47. The
first page of the MS., endorsed by the editor for 40 reprints, opposite, is from the Life by H. Iltis, and the first page
of the printed paper appears below in facsimile. Some 35 years later the botanists De Vries, Correns, and
Tschermak realized its significance and got it republished in Flora, 1901, 89, 364. An English translation
prepared by the Royal Horticultural Society was issued in the same year with a note by the Cambridge biologist
W. Bateson in the Journal of the Royal Horticultural Society, 1901, 26, 1. Then in 1909 Bateson included
this translation, slightly modified and with added notes, in his book Mendel's Principles of Heredity (Cambridge
University Press). With the permission of the Cambridge University Press and the Royal Horticultural Society
extensive extracts from this version, together with some of Bateson's notes, are given at p. 370. The portrait is from
the same work.

Versuche uber Pflanzen-Hybriden.
.... ..n

Gregor Mendel.
(Vorgelegt mn den Sitzungen vein S. Februer end S. MArx 1865.)

Einleitende Bemerkungen.

Ktinstliche Befruchtungen, weiche an Zierpflanzen dessbalb
vorgenommen wurden, um neue Farben-Varianten zu erzielen,
waren die Veranlassung, zu den Versuchen, die her besprochen

werdnslle. De affaled -Regelmassigkeit, mit weicher die-
selben Hybridformen immer wiederkehrten, so oft die Befruch-
tung zwischen gleichen Arten gesehali, gab die Anregunig zu

.~s'z...~...~... weiteren Experimenten, deren Aufgabe es war, die Entwicklung
der Hybriden in ibren Nachkommen zu verfolgen.

Dieser Aufgabe haben sorgfdltige Beobachter, wie K l-
reuter, Gairtner, Herbert, Lecocq, Wichura u.- a. einen
Theil ihres Lebens mit unermUdlicher Ausdauer geopfert. Na-
mentlich hat Gartner in seinem Werke ,,die Bastarderzeugung
im PfIlanzenreiche" sehr schaitzbare Beobachtungen niedergelegt,
und in neuester Zeit wurden von Wichura grundliche Unter-
suchungen iber die Bastarde der Weiden veroffentlicht. Wenn

........ es.noh nicht gelungeri ist, emn aligernein giltiges Gesetz fur die
Bildung und Entwic'klung der Hybriden aufzustellen, so kann

<> ; < X ;<~~~~~............ das Niemanden Wunder nelimen, der den Umfang der Aufgabe
kennt und die Schwierigkeiten zu wtirdigen weiss, mit dnen
Versuche dieser Art zu lkimpfen. haben. Eine endgiltige -Ent-

scheidung kaiin erst dann erfolgen, bis Detail- V ersu ch e aus

Gregor Mendel, aged about 40. den verschiedensten Pflanzen-Familien vorliegen. Wer die Ar-
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Experiments in Plant Hybridization*

GREGOR MENDEL

Introductory Remarks

Experience of artificial fertilization, such as is effected with
ornamental plants in order to obtain new variations in colour,
has led to the experiments which will here be discussed. The
striking regularity with which the same hybrid forms always
reappeared whenever fertilization took place between the same
species induced further experiments to be undertaken, the object
of which was to follow up the developments of the hybrids in
their progeny.

To this object numerous careful observers, such as Kdlreuter,
Gartner, Herbert, Lecoq, Wichura, and others, have devoted
a part of their lives with inexhaustible perseverance. Girtner
especially, in his work "Die Bastarderzeugung im Pflanzen-
reiche" (The Production of Hybrids in the Vegetable King-
dom), has recorded very valuable observations; and quite
recently Wichura published the results of some profound
investigations into the hybrids 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 experiments made on plants belonging to the most
diverse orders.
Those who survey the work done in this department will

arrive at the conviction that among all the numerous experi-
ments 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.I

It requires indeed some courage to undertake a labour of
such far-reaching 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 cannot be over-estimated in
connexion with the history of the evolution of organic forms.
The paper now presented records the results of such a

detailed experiment. This experiment was practically confined
to a small plant group, and is now, after eight years' pursuit,
concluded in all essentials. Whether the plan upon which the
separate experiments were conducted and carried out was the
best suited to attain the desired end is left to the friendly
decision of the reader.

Selection of the Experimental Plants

The value and utility of any experiment 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 experi-
ments of this kind must be made with all possible care if it be

* Extract from the translation of Mendel's paper in Mendel's Principles of

Heredity, by W. Bateson, with original notes.
It is to the clear conception of these three primary necessities that the

whole success of Mendel's work is due. So far as I know this
conception was absolutely new in his day.

desired to avoid from the outset every risk of questionable
results.
The experimental plants must necessarily:

1. Possess constant differentiating characters.

2. The hybrids of such plants must, during the flowering
period, be protected 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 generations.

[Mendel then describes characters of the Leguminosae, or

pea family, that make its members specially suitable for the
experiments. ]

In all, thirty-four more or less distinct varieties of peas

were obtained from several seedsmen and subjected to two

years' trial. . . . Their systematic classification is difficult
and uncertain. If we adopt the strictest definition of a species,
according to which only those individuals belong to a species
which under precisely the same circumstances display precisely
similar characters, no two of these varieties could be referred
to one species. According to the opinion of experts, however,
the majority belong to the species Pisum sativum ; while the
rest are regarded and classed, some as sub-species of P. sativum,
and some as independent species, such as P. quadratum, P.
saccharatum, and P. umbellatum. The positions, however,
which may be assigned to them in a classificatory system are

quite immaterial for the purposes of the experiments in ques-

tion. 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 varieties themselves.

Division and Arrangement of the Experiments

If two plants which differ constantly in one or several
characters be crossed, numerous experiments have demonstrated
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 observe these
variations in the case of each pair of differentiating characters,
and to deduce the law according to which they appear in the
successive generations. The experiment resolves itself therefore
into just as many separate experiments as there are constantly
differentiating characters presented in the experimental plants.
The various forms of peas selected for crossing showed differ-

ences in the length and 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 [cotyledons].
Some of the characters noted 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 utilized for the separate experiments ; these could
only be applied to characters which stand out clearly and
definitely in the plants. Lastly, the result must show whether
they, in their entirety, observe a regular behaviour in their
hybrid unions, and whether from these facts any conclusion
can be come to regarding those characters which possess a
subordinate significance in the type.
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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 irregu-
larly angular and deeply wrinkled (P. quadratum).

2. To the difference in the colour of the seed albumen
(endosperm).2 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 stan-
dards 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 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 the 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. umbellatum).

7. To the difference in the length of the stem. The length
of the stem is very various in some forms ; it is, however, a
constant character for each, in so far that healthy plants, grown
in the same soil, are only subject to unimportant 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 3 ft. to 1 ft.
Each two of the differentiating characters enumerated above

were united by cross-fertilization. They were made for the

1st trial 60
2nd ,, 58
3rd ,, 35
4th , 40
5th ,, 23
6th ,, 34
7th ,, 37

fertilizations

1,,
,,1
,,%

on
,,

,,

,,

,,

,,)

3,

15 plants
10 ,,
10 ,,
10 ,,
5 ,,

10
10

From a larger number of plants of the same variety only the
most vigorous were chosen for fertilization. Weakly plants
always afford uncertain results, because even in the first
generation 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 varieties which
in one set of fertilizations served as seed-bearer in the other
set was used as the pollen plant.

[Cultural details are given here.]

[F1] The Forms of the Hybrids4

Experiments which in previous years were made with orna-
mental plants have already afforded evidence that the hybrids,

2 Mendel uses the terms " albumen " and " endosperm " somewhat loosely
to denote the cotyledons, containing food-material, within the seed.

3One 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.]

as a rule, are not exactly intermediate between the parental
species. With some of the more striking characters, those, for
instance, which relate to the form and size of the leaves, the
pubescence of the several parts, etc., the intermediate, indeed,
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 resembles'
that of one of the parental forms so closely that the other
either escapes observation completely or cannot 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
unchanged in the hybridization, and therefore in themselves
constitute the characters of the hybrid, are termed the
dominant, and those which become latent in the process
recessive. The expression " recessive " has been chosen because
the characters thereby designated withdraw or entirely dis-
appear in the hybrids, but nevertheless reappear 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 dominant character
belongs to the seed-bearer or to the pollen-parent; the form
of the hybrid remains identical in both cases. This interesting
fact was also emphasized by Gdrtner, 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 pollen plant.
Of the differentiating characters which were used in the

experiments the following are dominant:
1. The round or roundish form of the seed with or without

shallow depressions.
2. The yellow colouring of the seed albumen [cotyledons].
3. The grey, grey-brown, or leather-brown colour of then

seed-coat, in association 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 unripe 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 luxuriance 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 exception, hybrids which varied in length,
between 6 ft. and 7T 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 spotting also frequently appears

even when it is absent as a parental character.6
The hybrid forms of the seed-shape and of the albumen

[colour] are developed immediately after the artificial fertiliza-
tion by the mere influence of the foreign pollen. They can,

therefore, be observed even in the first year of experiment,
whilst all the other characters naturally only appear in the-
following year in such plants as have been raised from the
crossed seed.

4 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.

Note that Mendel, with true penetration, avoids speaking of the hybrid-
character as " transmitted " by either parent, thus escaping the error-
pervading the older views of heredity.

This refers to the coats of the seeds borne by F, plants.
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[F2] The First Generation [Bred] From the Hybrids

In this generation there reappear, together with the dominant
characters, also the recessive ones with their peculiarities fully
developed, and this occurs in the definitely expressed average

proportion of three to one, so that among each four plants of
this generation three display the dominant character and one

the recessive. This relates without exception to all the
characters which were investigated in the experiments. The
angular wrinkled form of the seed, the green colour of the
albumen, 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 stem,

all reappear in the numerical proportion given, without any

essential alteration. Transitional forms were not observed in
any experiment.

Since the hybrids resulting from reciprocal crosses are formed
alike and present no appreciable difference in their subsequent
development, consequently 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 follows:

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.

Therefrom the ratio 2.96 to 1 is deduced.
Expt. 2. Colour of albumen.-258 plants yielded 8,023

seeds, 6,022 yellow, and 2,001 green; their ratio, therefore, is
as 3.01 to 1.

In these two experiments each pod yielded usually both kinds
of seed. In well-developed pods which contained on the aver-

age 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 make no difference whether
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 developed in the first-formed pods,
and these possessed exclusively one of the two characters, but
in the subsequently developed pods the normal proportions
were maintained nevertheless.
As in separate pods, so did the distribution of the characters

vary in separate plants. By way of illustration the first ten
individuals from both series of experiments may serve.

Plants
1
2
3
4
5

6
7

8
9
10

Experiment 1
Form of Seed

Round
45
27
24
19
32
26
88
22
28
25

Angular
12
8
7
10
11
6

24
10
6
7

Experiment 2
Colour of Albumen
Yellow Green

25 11
32 7
14 5
70 27
24 13
20 6
32 13
44 9
50 14
44 18

As extremes in the distribution of the two seed characters in
one plant, there were observed in Expt. 1 an instance of 43
round and only 2 angular, and another of 14 round and 15
angular 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 important for the determination
of the average ratios, because with a smaller number of experi-
mental plants they show that very considerable fluctuations
may occur.

[Mendel emphasizes the need for care in counting the seeds.]
Expt. 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.
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Expt. 4. Form of pods.-Of 1,181 plants 882 had them
simply inflated, and in 299 they were constricted. Resulting
ratio, 2.95 to 1.

Expt. 5. Colour of the unripe pods.-The number of trial
plants was 580, of which 428 had green pods and 152 yellow
ones. Consequently these 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 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 recessive characters, an average ratio of 2.98
to 1, or 3 to 1.
The dominant character can have here a double signification

-viz., that of a parental-character, or a hybrid-character.7 In
which of the two significations it appears in each separate case

can only be determined by the following generation. As a

parental-character it must pass over unchanged to the whole of
the offspring; as a hybrid-character, on the other hand, it must
maintain the same behaviour as in the first generation [F2].

[F3] The Second Generation [Bred] From the Hybrids

Those forms which in the first generation [F2] exhibit the
recessive character do not further vary in the second generation
[F3] as regards this character; they remain constant in their
offspring.

It is otherwise with those which possess the dominant
character in the first generation [bred from the hybrids]. Of
these, two-thirds yield offspring which display the dominant
and recessive characters in the proportion of 3 to 1, and thereby
show exactly the same ratio as the hybrid forms, while only
one-third remains with the dominant character constant.

[Details of the experiments follow.]
The ratio of 3 to 1, in accordance with which the distribu-

tion of the dominant and recessive characters results in the
first generation, resolves itself therefore in all experiments into
the ratio of 2: 1: 1 if the dominant character be differentiated
according to its significance as a hybrid-character or as a

parental one. Since the members of the first generation [Fj]
spring directly from the seed of the hybrids [F1,] it is now

clear that the hybrids form seeds having one or other of the
two differentiating characters, and of these one-half develop
again the hybrid form, while the other half yield plants which
remain constant and receive the dominant or the recessive
characters [respectively] in equal numbers.

The Subsequent Generations [Bred] From the Hybrids

The proportions in which the descendants of the hybrids
develop and split up in the first and second generations pre-
sumably hold good for all subsequent 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 experiments
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 generation in
the ratio of 2: 1: 1 into hybrids and constant forms.

This paragraph presents the view of the hybrid-character as something
incidental to the hybrid, and not " transmitted " to it-a true and
fundamental conception here expressed probably for the first time.

372 6 February 1965 Plant Hybridization-Mendel
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For brevity's sake it may be assumed that each plant in each
generation furnishes only 4 seeds.

Ratios
Generation A Aa a A: Aa: a

1 1 2 1 1: 2 1

2 6 4 6 3: 2 :3

3 28 8 28 7: 2:7

4 120 16 120 15: 2 :15

5 496 32 496 31: 2 :31
n 2r-1: 2 : 2n-1

In the tenth generation, for instance, 2n-1 = 1023. There
result, therefore, in each 2,048 plants which arise in this genera-
tion, 1,023 with the constant dominant character, 1,023 with
the recessive character, and only two hybrids.

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.8 The next task consisted
in ascertaining whether the law of development discovered in
these applied to each pair of differentiating characters when
several diverse characters are united in the hybrid by crossing.
As regards the form of the hybrids in these cases, the experi-
ments showed throughout that this invariably more nearly
approaches to that one of the two parental plants which
possesses the greater number of dominant characters.

[The detailed analysis of these experiments follows.]
If we endeavour to collate in a brief form the results arrived

at, we find that those differentiating characters, which admit
of easy and certain recognition in the experimental plants, all
behave exactly alike in their hybrid associations. The offspring
of the hybrids of each pair of differentiating characters are:

one-half hybrid again, while the other half are constant in
equal proportions having the characters of the seed and pollen
parents respectively. If several differentiating characters are

combined by cross-fertilization in a hybrid, the resulting off-
spring form the terms of a combination series in which the
combination series for each pair of differentiating characters
are united.
The uniformity of behaviour shown by the whole of the

characters submitted to experiment permits, and fully justifies,
the acceptance of the principle that a similar relation exists in
the other characters which appear less sharply defined in plants,
and therefore could not be included in the separate experiments.
An experiment with peduncles of different lengths gave on the
whole a fairly satisfactory result, although the differentiation
and serial arrangement of the forms could not be effected with
that certainty which is indispensable for correct experiment.

The Reproductive Cells of the Hybrids

The results of the previously described experiments led to
further experiments, the results of which appear fitted to afford
some conclusions as regards the composition of the egg and
pollen cells of hybrids. An important clue is afforded in Pisum
by the circumstance that among the progeny of the hybrids
constant forms appear, and that this occurs, too, in respect of
all combinations of the associated characters. So far as experi-
ence goes, we find it in every case confirmed that constant
progeny can only be formed when the egg cells and the ferti-
lizing pollen are of like character, so that both are provided with
the material for creating quite similar individuals, as is the
case with the normal fertilization of pure species. We must

' This statement of Mendel's in the light of present knowledge is open
to some misconception. Though his work makes it evident that
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 (wesent-
liches Merkmal). The point is probably of little theoretical or prac-
tical consequence, but a rather heavy stress is thrown on "wesent-
lich."

therefore regard it as certain that exactly similar factors must
be at work also in the production of the constant forms in the
hybrid plants. Since the various constant forms are produced
in one plant, or even in one flower of a plant, the conclusion
appears logical that in the ovaries of the hybrids there are
formed as many sorts of egg cells, and in the anthers as many
sorts of pollen cells, as there are possible constant combination
forms, and that these egg and pollen cells agree in their internal
composition with those of the separate forms.

In point of fact it is possible to demonstrate theoretically
that this hypothesis would fully suffice to account for the
development of the hybrids in the separate generations, if we

might at the same time assume that the various kinds of egg
and pollen cells were formed in the hybrids on the average
in equal numbers.9

In order to bring these assumptions to an experimental proof,
the following experiments were designed. Two forms which
were constantly different in the form of the seed and the colour
of the albumen were united by fertilization.

If the differentiating characters are again indicated as A, B,
a, b, we have:

AB, seed parent

A, form round;
B, albumen yellow.

ab, pollen parent;

a, form wrinkled;
b, albumen green.

The artificially fertilized seeds were sown together with
several seeds of both original stocks, and the most vigorous
examples were chosen for the reciprocal crossing. There
were fertilized:

1. The hybrids with the pollen of AB.
2. The hybrids ,, ,, ab.
3. AB ,, ,, the hybrids.
4. ab ,, ,,9 the hybrids.

For each of these four experiments the whole of the flowers
on three plants were fertilized. If the above theory be correct,
there must be developed on the hybrids egg and pollen cells
of the forms AB, Ab, aB, ab, and there would be combined:

1. The egg cells AB, Ab, aB, ab with the pollen cells AB.
2. The egg cells AB, Ab, aB, ab with the pollen cells ab.
3. The egg cells AB with the pollen cells AB, Ab, aB, ab.
4. The egg cells ab with the pollen cells AB, Ab, aB, ab.
From each of these experiments there could then result only

the following forms:

1. AB, ABb, AaB, AaBb.
2. AaBb, Aab, aBb, ab.
3. AB, ABb, AaB, AaBb.
4. AaBb, Aab, aBb, ab.

If, furthermore, the several forms of the egg and pollen
cells of the hybrids were produced on an average in equal
numbers, then in each experiment the said four combinations
should stand in the same ratio to each other. A perfect agree-

ment in the numerical relations was, however, not to be
expected, since in each fertilization, even in normal cases, some

egg cells remain undeveloped or subsequently die, and many

even of the well-formed seeds fail to germinate when sown.

The above assumption is also limited in so far that, while it
demands the formation of an equal number of the various
sorts of egg and pollen cells, it does not require that this should
apply to each separate hybrid with mathematical exactness.

9 This and the preceding paragraph contain the essence of the Mendelian
principles of heredity.
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The first and second experiments had primarily the object
of proving the composition of the hybrid egg cells, while the
third and fourth experiments were to decide that of the pollen
cells."' As is shown by the above demonstration the first and
third experiments and the second and fourth experiments
should produce precisely the same combinations, and even in
the second year the result should be partially visible in the
form and colour of the artificially fertilized seed. In the first
and third experiments the dominant characters of form and
colour, A and B, appear in each union, and are also partly
constant and partly in hybrid union with the recessive
characters a and b, for which reason they must impress their
peculiarity upon the whole of the seeds. All seeds should
therefore appear round and yellow, if the theory be justified. In
the second and fourth experiments, on the other hand, one
union is hybrid in form and in colour, and consequently the
seeds are round and yellow; another is hybrid in form, but
constant in the recessive character of colour, whence the seeds
are round and green ; the third is constant in the recessive
character of form but hybrid in colour, consequently the seeds
are wrinkled and yellow ; the fourth is constant in both recessive

characters, so that the seeds are wrinkled and green. In both
these experiments there were consequently four sorts of seed
to be expected-viz., round and yellow, round and green,
wrinkled and yellow, wrinkled and green.

The crop fulfilled these expectations perfectly.
[He then gives the detailed results which support this

conclusion. ]

Experimentally, therefore, the theory is confirmed that the
pea hybrids form egg and pollen cells which, in their constitu-
tion, represent in equal numbers all constant forms which
result from the combination of the characters united in
fertilization.

[Mendel elaborates the theory of how characters are com-
bined and differentiated, and reports briefly some experiments
with species of Phaseolus (kidney or runner bean). He then
discusses the significance of his work.]

Concluding Remarks
With Pisum it was shown by experiment that the hybrids

form egg and pollen cells of different kinds, and that herein lies
the reason of the variability of their offspring. In other hybrids,
likewise, whose offspring behave similarly we may assume a like
cause ; for those, on the other hand, which remain constant
the assumption appears justifiable that their reproductive cells
are all alike and agree with the foundation-cell [fertilized
ovum] of the hybrid. In the opinion of renowned physiologists,
for the purpose of propagation one pollen cell and one egg cell
unite in Phanerogams into a single cell, which is capable by

IO To prove, namely, that both were similarly differentiated, and not one
or other only.
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assimilation and formation of new cells to become an indepen-
dent organism. This development follows a constant law,
which is founded on the material composition and arrangement
of the elements which meet in the cell in a vivifying union.
If the reproductive cells be of the same kind and agree with the
foundation cell [fertilized ovum] of the mother plant, then
the development of the new individual will follow the same
law which rules the mother plant. If it chance that an egg cell
unites with a dissimilar pollen cell, we must then assume that
between those elements of both cells, which determine opposite
characters, some sort of compromise is effected. The resulting
compound cell becomes the foundation of the hybrid organism,
the development of which necessarily follows a different scheme
from that obtaining in each of the two original species. If the
compromise be taken to be a complete one, in the sense, namely,
that the hybrid embryo is formed from two similar cells, in
which the differences are entirely and permanently acconm-
modated together, the further result follows that the hybrids,
like any other stable plant species, reproduce themselves truly
in their offspring. The reproductive cells which are formed in
their seed vessels and anthers are of one kind, and agree with
the fundamental compound cell [fertilized ovum].
With regard to those hybrids whose progeny is variable we

may perhaps assume that between the differentiating elements
of the egg and pollen cells there also occurs a compromise, in
so far that the formation of a cell as foundation of the hybrid
becomes possible ; but, nevertheless, the arrangement between
the conflicting elements is only temporary and does not endure
throughout the life of the hybrid plant. Since in the habit of
the plant no changes are perceptible during the whole period
of vegetation, we must further assume that it is only possible
for the differentiating elements to liberate themselves from the
enforced union when the fertilizing cells are developed. In the
formation of these cells all existing elements participate in an

entirely free and equal arrangement, by which it is only the
differentiating ones which mutually separate themselves. In
this way the production would be rendered possible of as many
sorts of egg and pollen cells as there are combinations possible
of the formative elements.
The attribution attempted here of the essential difference in

the development of hybrids to a permanent or temporary union
of the differing cell elements can, of course, only claim the
value of an hypothesis for which the lack of definite data offers
a wide scope. Some justification of the opinion expressed lies
in the evidence afforded by Pisum that the behaviour of each
pair of differentiating characters in hybrid union is independent
of the other differences between the two original plants, and,
further, that the hybrid produces just so many kinds of egg
and pollen cells as there are possible constant combination
forms. The differentiating characters of two plants can finally,
however, only depend upon differences in the composition and
grouping of the elements which exist in the foundation-cells
[fertilized ova] of the same in vital interaction.

[Mendel concludes by discussing the experiments in plant
breeding by other workers.]
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