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CLASSICS OF SCIENCE:

Laws of Heredity

Biology
Parr ONE

GREGOR MENDEL

The season for planting is here, and those
who wish to repeat Mendel’s experiments may
follow his procedure given in this extract from
his original report. You can obtain from any
seedsman the six kinds of peas—smooth, wrink-
led, green, yellow, tall and dwarf—necessary to
carry out the experiments.

EXPERIMENTS IN PLANT-
HYBRIDIZATION, by George Men-
del, 1865; translation made for the
Royal Horticultural Society and re-
printed as an appendix to Mendel's
Principles of Heredity, by William
Bateson, M .A., F.R.S., V.M.H,,
Cambridge (England) 1909.

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

The experimental plants must neces-
sarily—

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.

Accidental impregnation by foreign
pollen, if it occurred during the ex-
periments and were not recognized,
would lead to entirely erroneous con-
clusions, Reduced fertility or entire
sterility of certain forms, such as oc-
curs in the offspring of many hybrids,
would render the experiments very
difficult 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 members of the series de-
veloped in each successive generation
should be, without exception, subjected
to observation.

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
qualications.

Some thoroughly distinct forms of
this genus possess characters which
are constant, and easily and certainly
recognizable, and when their hybrids
are mutually crossed they yield per-
fectly fertile progeny. Furthermore,
a disturbance through foreign pollen
cannot easily occur, since the fertilis-
ing organs are closely packed inside
the keel and the anther bursts within
the bud, so that the stigma becomes
covered with pollen even before the
flower opens. This circumstance is of
especial importance. 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. Articial fertilization is
certainly a somewhat elaborate pro-
cess, but nearly always succeeds. For
this purpose the bud is opened before
it is perfectly developed, the keel is
removed and each stamen carefully
extracted by means of forceps, after
which the stigma can at once be dusted
over with 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 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 therefore doubtless merely acci-

dentally mixed. All the other varieties
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yielded perfectly constant and similar
offspring; at any rate, no essential
difference was observed during two
trial years. For fertilisation twenty-
two of these were selected and culti-
vated during the whole period of the
experiments. They remained constant
without any exception.

Their systematic classification is
difficult and uncertain. If we adopt
the strictest definition of a species,
according to. which only those indi-
viduals belong to a species which un-
der 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
Pistum sativum; while the rest are
regarded and classed, some as sub-
species of P. sativum, and some as in-
dependent species, such as P. quadra-
tum, P. saccharatum, and P. umbella-
tum. The positions, however, which
may be assigned to them in a classi-
catory 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 spe-
cies and varieties as between species
and’ varieties themselves.

Arrangement of Experiments

If two plants which differ constant-
ly in one or several characters be
crossed, numerous experiments have
demonstrated that the common charac-
ters, 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 vari-
ations in the case of each pair of diff-
erentiating characters, and to deduce
the law according to which they appear
in the successive generations. The ex-
periment resolves itself therefore into
just as many separate experiments as
there are constantly differentiating
characters presented in the experi-
mental plants.

The various forms of Peas selected
for crossing showed differences in
the length and color of the stem; in
the size and form of the leaves; in
the position, color, and size of the
flowers; in the length of the flower
stalk; in the color, form, and size of
the pods; in the form and size of the
seeds; and in the color of the seed-
coats and of the albumen [cotyledons].
Some of the characters noted do
not permit of (Just turn the page)
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a sharp and certain separation,
since the difference is of a “more
or less” mnature, which 1is often

difficult to define. Such characters
could not be utilised for the separate
experiments; these could only be ap-
plied to characters which stand out
clearly and definitely in the plants.
Lastly, the result must show whether
they, in their entirety, observe a regu-
lar behavior in their bybrid 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. quadratum).

%. To the difference m 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 sim-
ply inflated, not contracted in places;
or they are. deeply constricted be-
tween 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 posi-
tion 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 sub-
ject 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 34 ft. to 115 ft.

Forms of Hybrids

Experiments which in previous
years were made with ornamental
plants have already afforded evi-
dence that the hybrids, 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, &c., the inter-
mediate, 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-char-
acter resembles that of one of the
parental forms so closely that the
other either escapes observation com-
pletely 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 ap-
pear. Henceforth in this paper
those characters which are trans-
mitted entire, or almost unchanged in
the hybridisation, and therefore in
themselves constitute the characters
of the hybrid, are termed the domi-
nant, 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 re-
appear 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 inter-
esting 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 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 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 as-
sociation 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 ex-
ceeded 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 715 ft.

The hybrid seeds in the experi-
ments with seed-coat are often more

spotted, and the spots sometimes
coalesce into small  bluish-violet
patches.  The spotting also fre-

quently appears even when it is ab-
sent as a parental character.

The hybrid forms of the seed-
shape and of the albumen [colour]
are developed immediately after the
artificial fertilisation 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 natu-
rally only appear in the following
year in such plants as have been
raised from the crossed seed.

Other extracts of Mendel's laws of
heredity will be printed as the Classic of
Science in the SciENcCE NEws-LETTER next
week. It will describe the F. Fs; and
subsequent generations, and give the gen-
eral laws for reappearance of the parental
and hybrid forms with any number of dif-
ferentiating characters in the nth genera-
tion after crossing. Mendel’s biography will
appear next week.
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A new electric clock, which tells
time by red and white flashes from
16 lamps, has been installed in Bal-
timore, and can be read 20 miles
away if the weather is favorable.

A bridge over the Susquehanna
River, in Maryland, is being made
double-decked, so that south bound
trafic will pass over the ground
floor and north bound traffic will use
the upper deck.



