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CLASSICS OF SCIENCE:

Laws of Heredity

Biology
Part Two

Part 1 of Mendel's Law of heredity was
rinted as the Classic of Science in the SCIENCE
%EWS-LETTER last week. It contained the de-
scription of the experimental plants, the arrange-
ment of the experiments and the form of the
hybrids, explained so that the experiments, which
Mendel performed, can be repeated in your own
garden.

EXPERIMENTS IN PLANT-
HYBRIDIZATION, by Gregor Men-
del, 1865; translation wmade 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.

TaE Fs GENERATION

In this generation there reappear,
together with the dominant charac-
ters, 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 reces-
sive. This relates without exception
to all the characters which were in-
vestigated 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 essen-
tial 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, con-
squently the results [of the reciprocal
crosses| can be reckoned together in
each experiment. The relative num-
bers 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 seconod trial year. Among
them were 5,474 round or roundish
ones aand 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 yel-
low, 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 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 make no dif-
ference whether the pods are de-
veloped 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 de-
veloped in the first formed pods, and
these possessed exclusively one of the
two characters, but in the subse-
quently developed pods the normal
proportions were maintained never-
theless.

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 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 im-
portant for the determination of the
average ratios, because with a smaller
number of experimental plants they
show that very considerable fluctua-
tions 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 de-
veloped, and at first may be easily
overlooked. The cause of this partial
disappearance of the green colouring
has no connection with the hybrid-
character of the plants, as it likewise
occurs in the parental variety. This
peculiarity [bleaching] is also con-
fined to the individual and is not in-
herited by the offspring. In luxuriant
plants this appearance 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 super-
fluous 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
fully developed.

If now the results of the whole of
the experiments be brought together,
there is found, as between the num-
ber 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. In which of the two sig-
nifications 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. [F.].

Tue F; GENERATION

Those forms which in the first
generation [F»] 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 hy-
brids]. Of these two-thirds yield off-
spring which display the dominant
and recessive characters in the pro-
portion of 3 to 1, and thereby show
exactly the same ratio as the hybrid
forms, while only one-third remains
with the dominant character con-
stant.

In each of these experiments a cer-
tain number of the plants came con-
stant with the dominant character.
For the determination of the propor-
tion in which the separation of the
forms with the constantly persistent
character results, the two first experi-
ments are of especial importance, since
in these a larger number of plants
can be compared. The ratios 193 to
1 and 213 to 1 gave together almost
exactly the average ratio of 2 to 1.
The sixth experiment gave a quite
corcordant 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. Experi-
ment 5, which shows the greatest de-
parture, 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 1 appears, therefore, as fixed
with certainty. It is therefore demon-
strated that, of those forms which
possess the dominant character in the
first generation, two-thirds have the
hybrid-character, while one-third re-
mains 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 ® : 1 : 1 (Turn the page)
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if the dominating character be differ-
entiated according to its significance as
a hybrid-character or as a parental one.
Since the members of the first genera-
tion [F.] spring directly from the seed
of the hybrids [Fi], i is now clear
that the hybrids form seeds having one
or other of the two differentating
characters, and of these one-half de-
velop again the hybrid form, while the
other half wield plants which remain
constant and receive the dominant or
the recessive characters [respectively]
n equal numbers.

SUBSEQUENT GENERATIONS

The proportions in which the
descendants of the hybrids develop
and split up in the first and second
generations presumably 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 con-
tinued from the third generation with
a small number of plants, and no de-
parture from the rule has been per-
ceptible. The offspring of the hy-
brids separated in each generation 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, g, the recessive, and Aa
the hybrid form in which both are
conjoined, the expression

A4 24a+a
shows the terms in the series for the
progeny of the hybrids of two differ-
entiating characters.

The observation made by Gértner,
Koélreuter, and others, that hybrids
are inclined to revert to the parental
forms, is also confirmed by the ex-
periments described. It is seen that
the number of the hybrids which arise
from one fertilisation, as compared
with the number of forms which be-
come constant, and their progeny from
generation to generation, is contin-
ually diminishing, but that neverthe-
less they could not entirely disappear.
If an average equality of fertility in
all plants in all generations be as-
sumed, and if, furthermore, each hy-
brid forms seed of which one-half
yields hybrids again, while the other
half is constant to both characters in
equal proportions, the ratio of num-
bers for the offspring in each genera-
tion is seen by the following sum-
mary, in which 4 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.

In the tenth generation, for in-

Generation A4 Aa a
1 1 ] 1
2 6 4 6
3 28 8 28
4 120 16 120
5 496 32 496
n

Ratios
A Aa a
1 2 1
3 2 3
v 2 v
15 2 15
31 2 31
2n -1 2 n -1

stance, 2» - 1 = 1023. There re-
sult, therefore, in each 2,048 plants
which arise in this generation 1,023
with the constant dominant character,
1,023 with the recessive character,
and only two hybrids.

SEVERAL Diverse CHARACTERS

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 experiments showed throughout
that this invariably more nearly ap-
proaches 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, terminal white flowers,
and simply inflated 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. ...
There is no doubt that for
the whole of the characters involved
in the experiments the principle ap-
plies that the offspring of the hy-
brids in which several essentially dif-
ferent characters are combined ex-
hibit the terms of a series of combina-
tions, in which the developmental
series for each pair of differentiating
characters are umited. It is demon-
strated at the same time that the rela-
tion of each pair of different charac-
ters in hybrid union is independent of
the other differences in two original
parental stocks.

If »n represent the number of the
differentiating characters in the two
original stocks, 3" gives the number
of terms of the combination series, 4"
the number of individuals which be-
long to the series, and 2" the number
of unions which remain constant. The
series therefore contains, if the

original stocks differ in four charac-
ters, 3* — 81 classes, 4* = 256 in-
dividuals, and 2¢* =— 16 constant
forms; or, which is the same, among
each 256 offspring of the hybrids
there are 81 different combinations,
16 of which are constant.

All constant combinations which in
Peas are possible by the combination
of the said seven differentiating char-
acters were actually obtained by re-
peated crossing. Their number is
given by 27 = 128, Thereby is simul-
taneously given the practical proof
that the constant characters which ap-
pear in the several wvarieties of a
group of plants may be obtained in
all the associations which are possible
according to the [mathematical] lows
of combination, by means of repeated
artificial fertilisation.

Gregor Johann Mendel was born July 22,
1822, at Heinzendorf in Austrian Silesia,
and died at Briinn January 6, 1884. His
family was of peasant stock, and quite
poor, but the boy’s intellectual capacity
was early recognized, and, at considerable
sacrifice, they sent him to Leipnik to
school at the age of eleven. From there
he went to the gymnasium at Troppau,
and finished with a year at Olmiitz. He
then became a candidate for admission
to the Konigskloster of Augustinian
monks at Brinn. He was ordained as a
priest in 1847, at the age of 25. From
1851 to 1853 the Konigskloster sent Men-
del to the University of Vienna, where
he studied mathematics, physics and the
natural sciences. Upon his return to
Briinn he taught until, in 1868, he was
elected Prilat of the Kénigskloster. His
experiments in science were made before
the latter date, for he became so involved
in matters pertaining to the monastery,
especially in protest against government
taxes which he believed unjust, that he
was forced to put aside his scientific
work.

Mendel's laws of heredity were an-
nounced after eight years of experiment
in 1865, when the author was 43 years
old. The paper was published the next
year by the local society before which it
was read, but, although copies of it
reached most of the great scientific so-
cieties of Europe, no notice was taken
at the time of the revolutionary principles
it contained. The paper was rediscovered
and appreciated by Hugo de Vries in 1900.
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One type of the prehistoric dino-
saurs was able to renew its teeth con-
tinually as they wore out, and had a
reserve of about 400 teeth in its lower
jaw alone.



