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the giving up of the idea of relying upon
private effort.

That we lose most where the State does
least is known to Mr. Chamberlain, for in
his speech, to which I have referred, on the
University of Birmingham, he said: ‘‘As
the importance of the aim we are pursuing
becomes more and more impressed upon the
minds of the people, we may find that we
shall be more generously treated by the
State.”’

Later still, on the occasion of a visit to
University College School, Mr. Chamber-
lain spoke as follows: \

‘“When we are spending, as we are, many
millions—1I think it is 13,000,000l.—a year
on primary eduecation, it certainly seems as
if we might add a little more, even a few
tens of thousands, to what we give to Uni-
versity and secondary education’’ (Times,
November 6, 1902).

To compete on equal grounds with other
nations we must have more universities.
But this is not all—we want a far better
endowmeént of all the existing ones, not for-
getting better opportunities for research on
the part of both professors and students.
Another crying need is that of more pro-
fessors and better pay. Another is the re-
duction of fees; they should be reduced to
the level in those countries which are com-
peting with us, to say, one-fifth of their
present rates, so as to enable more students
in the secondary and technical schools to
complete their education.

In all these ways, facilities would be af-
forded for providing the highest instrue-

tion to a much greater number of students.

At present there are almost as many pro-
fessors and wnstructors in the universities
and colleges of the United States as there
are day students in the universities and col-
leges of the United Kingdom.

Men of science, our leaders of industry,
and the chiefs of our political parties all
agree that our present want of higher edu-
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cation—in other words, properly equipped
universities—is heavily handicapping us in
the present race for commerecial supremacy,
because it provides a relatively inferior
brain-power which is leading to a relatively
reduced national income. ‘

The facts show that in this country we
can not depend upon private effort to put
matters right. How about loeal effort?

Anyone who studies the statisties of mod-
ern munieipalities will see that it is im-
possible for them to raise rates for the
building and upkeep of universities.

The buildings of the most modern uni-
versity in Germany have cost a million.
For upkeep the yearly sums found, chiefly
by the State, for German universities of
different grades, taking the incomes of
seven out of the twenty-two universities
as examples, are:

£
Ist Class............ Berlin....... 130,000
Bonn
ond Class........... Gottingen } 56,000
A (Taac { Kénigsberg
3rd Class............ { Strasituns } . 48,000
4th Class........... ﬁ?ﬁi&i"g } 37,000
D

Thus if Leeds, which is to have a uni-
versity, is contene with the 4th class Ger-
man standard, a rate must be levied of 7d.
in the pound for yearly expenses, independ-
ent of all buildings. But the facts are that
our towns are already at the breaking
strain. During the last fifty years, in spite
of enormous increases in rateable values,
the rates have gone up from about 2s. to
about 7s. in the pound for real local pur-
poses. But no university can be a merely

local institution. NorMaN LOCKYER.
(To be concluded.)

MENDEL’S LAW OF HEREDITY.*
‘WaAT will doubtless rank as one of the
great diseoveries in biology, and in the
* This paper was originally published in part in
the Proceedings of the American Academy of Arts

and Sciences, Vol. 38, No. 18, pp. 5356-548, Janu-
ary, 1903.
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study of heredity perhaps the greatest, was
made by Gregor Mendel,an Austrian monk,
in the garden of his cloister, some forty
years ago. The discovery was announced
in the proceedings of a fairly well-known
scientific society, but seems to have at-
tracted little attention and to have been
soon forgotten. The Darwinian theory
then ocecupied the center of the scientifie
stage and Mendel’s brilliant discovery was
all but unnoticed for a third of a cen-
tury. Meanwhile the discussion aroused by
Weismann’s germ-plasm theory, in partic-
ular the idea of the non-inheritance of ac-
quired characters, had put the scientific
public into a more receptive frame of
mind. Mendel’s law was rediscovered in-
dependently by three different botanists
engaged in the study of plant-hybrids—de
Vries, Correns and Tschermak—in the
year 1900. It remained, however, for a
zoologist, Bateson, two years later, to point
out the full importance and the wide appli-
cability of the law. Since then the Men-
delian discoveries have attracted the atten-
tion of biologists generally. Accordingly a
brief statement of their underlying princi-
ples may not be without interest to others
also. - -

1. The Law of Dominance.— When
mating oceurs between two “animals or
plants differing in some character, the off-
spring frequently all exhibit the character
of one parent only, in which case that
character is said to be ‘dominant.” Thus,
when white mice are crossed with gray
mice, all the offspring are gray, that color
character being dominant. The character.
which is not seen in the immediate off-
spring is called ‘recessive,” for though un-
seen it is still present in the young, as we
shall see. White, in the instance given, is
the recessive character. The principle of
heredity just stated may be called the law
of dominance. The first instance of it dis-
covered by Mendel related to the cotyle-

SCIENCE. 397

“don-color. in peas obtained by crossing dif-

ferent garden varieties. Yellow color of
cotyledons was found to be dominant over
green ; likewise, round smooth form of seed
was found to be dominant over angular
wrinkled form; and violet color of blos-
soms, over white color. Other illustrations
might be mentioned both among animals
and among plants, but these will suffice.

2. Peculiar Hybrid Forms.—The law of
dominance, is not of universal applicabil-
ity ; Mendel does not so declare, though
some of his eritics have thus interpreted
him. . In many ecases the cross-bred off-
spring possess a character intermediate
between those of the parents. This Mendel
found to be true when varieties of peas
differing in height were crossed.

Again, the cross-breds may possess what
appears to be an intensification of the char-
acter of ome parent, as when in crossing
dwarf with tall peas the hybrid plant is
taller than either parenmt, or as when, in
crossing a brown-seeded with a white-
seeded variety of bean, the offspring bear
beans of a darker brown than those of the
brown-seeded parent.

Thirdly, the cross-bred may have a char-
acter entirely different from that of either
parent,, Thus a cross between spotted,
black-and-white mice, and albino mice,
produces commonly mice entirely gray in
color, like the house-mouse. Again, in
crossing beans, a variety having yellowish-
brown seeds crossed with a white-seeded
variety yields sometimes black-mottled
seed, a character possessed by neither
parent.

These three conditions may be grouped
together by saying—the hybrid often pos-
sesses a character of its own, instead of the
pure character of one parent, as is true in
cases of complete dominance. The hybrid
character may approximate that of one
parent or the other, or it may be different
from both.  There is no way of predicting
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what the hybrid character in a given cross
‘will be. It can be determined only by ex-
periment, but it is.always the same for the
same cross, provided the parents are pure.

Often the hybrid form resembles a sup- -

posed ancestral condition, in which case
it is commonly designated a reversion. Il-
lustrations are the gray hybrid mice; which
are indistinguishable in appearance from
_the house-mouse, and slate-colored pigeons
resulting from crossing white with buff
- pigeons.

3. Purity of the Germ-cells.—The great
discovery of Mendel is this: The hybrid,
whatever its own character, produces ripe
germ-cells which bear only the pure char-
acter of ome parent or the other. Thus,
when one parent has the character ‘A, and
the other the character B, the hybrid will
have the character AB, or in cases of simple
dominance, A(B)* or B(A). But what-
ever the character of the hybrid may be,
its germ-cells, when mature, will bear
either the character A or the character B,
but mot both; and As and Bs will be pro-
duced in equal numbers. This perfectly
simple principle is known as the law of
‘segregation,’ or the law of the ‘purity of
the germ-cells.” It bids fair to prove as
fundamental to a right understanding of
the facts of heredity as is the law of defi-
nite proportions in chemistry. From it
follow many important consequences.

. A first consequence of the law of purity
of the germ-cells is polymorphism of the
second and later hybrid generations. The
individuals of the first' hybrid generation
are all of one type, provided the parent
_individuals were pure. Each has a char-
acter resulting from the combination of
an A with a B, let us say AB. [In cases
of dominance it would more properly be ex-
pressed by A (B) or B (A).] But in the
next generation three sorts of combinations

* The parenthesis is used to indicate a reces-
sive character not visible in the individual.
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are possible, since each parent will furnish,
As and Bs in equal numbers. ' The possible
combinations are AA, AB and BB. The
first sort will consist of pure As and will
breed true to that character ever after-.
ward, unless ecrossed with individuals
having a different character. Similarly,
the. third sort will consist of pure Bs and
will breed true to that character. But the-
second sort, AB, will consist of hybrid in-
dividuals, like those of which the first hy-
brid generation was exclusively composed.
If, as supposed, germ-cells, A and B, are
produced in equal numbers by hybrids of
both sexes, and unite at random in fertili-
zation, combinations AA, AB and BB
should occur in the frequencies, 1:2:1.
For in unions between two sets of gametes,
each A-}B, there is one chance each for
the combinations AA and BB, but two
chances for the combination AB.

If the three forms AA (or simply A),
AB and B are all different in appearance,
it will be a very simple matter in an ex-
periment to count those of each class and
determine whether they occur in the theo-

‘retical proportions, 1: 2: 1, One such eas‘e'

has been observed by Bateson (:02, p. 183)
among Chinese primroses (Primula sinen-
sis). An unfixable hybrid variety known
as ‘giant lavender,” bearing flowers of a
lavender color, was produced by crossing

TABLE 1.

Characters, #—> A. AB. B.
Plants bearing Flowers in' Color Ma}{g:;ta Jﬁg‘;_ White.
1901, Lot 1.............. 19 27 14
1901, Lot 2. . nvoorenns 9 20 9
1902, Lot 1.............. 12 23 11
1902, Lot 2.............. 14 26 11

Totals......c.covvvne. 54 96 45
Per cent. of whole..... 29 494 22

a magenta red with a white flowering
variety tinged faintly with pink. By seed
the hybrid constantly produces plants
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bearing magenta red and white flowers
respectively as well as other plants bear-
ing lavendeér flowers. The numerical pro-
portions observed in two successive seasons
are shown in Table I. The observed num-
bers, it will be seen, are quite close to the
theoretical 1:2:1. ‘
In cases wherein the hybrid is indis-
tinguishable from one of the parent forms,
i. e., in cases of complete dominance of

TABLE II.
HEREDITY OF COTYLEDON-COLOR AMONG CROSS-BRED
PEas. \
Parents Offspring. -
Crossed. | "Gen.I | Gen.IL | Gen.1IL |Gen.IV.
G 1G.eennens [c T .G
1G......... .G
1 Y(G) 2Y(G){ 3{2Y(Gv)
J - 3{ 1Y ..... .Y
Y 1Y ceeee loeeene Y ... Y

one parental character, only two -cate-
gories of offspring will be recognizable
and these will be numerically as 3:1. But
further breeding will allow the separation
of the larger group into two subordinate
classes—first, individuals bearing only the
dominant character; secondly, hybrids;
that is, into groups A and A(B), which
will be numerically as 1:2. '
Observed results are in this case also
very close to theory. Mendel, by cross-
ing yellow with green peas, obtained, as
we have seen, only yellow (hybrid) seed.
Plants raised from this seed bore in the
same pods both yellow seed and green seed
in the ratio 3:1. (See Table II.) TUnder
self-fertilization, the green seed produced
in later generations green seed only. It
bore only the recessive character. Of the
yellow seeds, one in three produced only
yellow offspring, . e., contained only the
dominant character; but two out of three
proved to be hybrid, producing both green
and yellow seed, as did the hybrids of the
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preceding generation. These are precisely
the theoretical proportions, A 42 A(B)
+ B. , .

In the case of mice, it has been shown
independently by Cuenot (:02) and by
the writer’s pupil, Mr. G. M. Allen, that
the second hybrid generation, obtained by
crossing gray with white mice, consists of
gray mice and white mice approximately
in the ratio 3:1. (See Table II1.) The
white are pure recessives, producing only
white offspring, when bred inter se. What
portion of the grays are pure dominants
has not yet been determined with precision,
but we may confidently expeect that it will
prove to be not far from 1 in 3.

TABLE III.

HEeREDITY OF COAT-COLOR AMONG CROSS-BRED MICE
OBTAINED BY MATING WHITE MIcE (W)

wiTH GraY Mice (G).
Parents Offspring.
Crossed. Gen. I Gen.TL |  Gen.IIL
W) IW iieeienen] oee w
L 1w
G(W) 2G(W) 3 {2G(W)
J | 13 1G
G L 1G ceeeeendl oo G

A further test of the correctness of
Mendel’s hypothesis of the purity of the
germ-cells and of their production in equal
numbers, is afforded by back-crossing of
a hybrid with one of the parental forms.
For example, take a case of simple domi-
nance, as of cotyledon-color in peas or
coat-color in mice. We have here char-
acters D (dominant) and R (recessive).
The first generation hybrids will all be
D(R). Any one of them back-crossed

,with the recessive parent will produce fifty

per cent. of pure recessive offspring and
fifty per cent. of hybrids.

For the hybrid produces germ-cells D+R
The recessive parent produces germ-

cells .ot iiii i e R+R
The possible combinations are.... 2D(R) + 2R
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This case has been tested for peas and
for mice and found to be substantially as
stated.

‘We have thus far considered only cases
of cross-breeding between parents differ-
ing in a single character. We have seen
that in such cases, no new forms, except
the unstable hybrid form, are produced.
But when the parent forms crossed differ
in two or more characters, there will be
produced in the second and later hybrid
generations individuals possessing new
combinations of the characters found in
the parents; indeed, all possible combina-
tions of those characters will be formed,
and in the proportions demanded by
chance. Thus when parents are crossed
which differ in fwo respects, A and B,
let us designate the dominant phase of
these characters by A, B, the recessive
phase by a, b. The immediate offspring
resulting from the cross will all be alike,
AB(ab),* but the second and later genera-
tions of hybrids will contain the stable, <.
e., pure classes, AB, Ab, aB, ab, in addi-
tion to other (unstable or still hybrid)
forms, namely, AB(ab), AB(b), A(a)B,
A(a)b and aB(b). In every sixteen
second-generation offspring there will be,
on the average, one representing each of
the stable combinations. Two of the stable
combinations will be identical with the
parent forms, the other two will be new.
The remaining twelve individuals will be
hybrid in one or both characters.

An illustration may help to make this
case clear. Among domesticated guinea-
pigs, as among mice and rabbits, albinism
is recessive with respect to pigmented coat.
Further, there occur among guinea-pigs in-
dividuals known as ‘Abyssinians,” whose

* This is Mendel’s use of lower-case letters to
designate recessive characters, with which I have
combined the use of a parenthesis when a charac-

ter by nature recessive is not visible in the indi-
vidual.
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coat presents a curious rough appearance,
for the reason that the hair stands out
stiffty from the body in a number of ‘cow-
licks’ or rosettes. In crosses the Abyssinian
or rough coat regularly dominates over
the normal or smooth coat. Now let us
consider what happens when a ecross is
made involving both these pairs of Men-
delian characters, albinism vs. pigmented
coat, and smooth ws. rough coat. If a
white Abyssinian is bred to a pigmented
smooth guinea-pig, the young are without
exception pigmented and rough, these
being the dominant members of the-two
pairs of characters. . But the young of
course contain in a latent condition the
two recessive characters, white coat and
smooth coat, which fact may be indicated
by designating them as already -suggested,
AB(ab) [A, a referring to the rough or
smooth character of the coat and B, b to
its color].

These primary hybrids, if bred nter se,
will produce young of four different sorts,
viz.,, rough pigmented, rough white,
smooth pigmented and smooth white. A
certain number of the animals of each
sort will breed true, i. e., will produce only
their own sort when mated to animals like
themselves. Theoretically there should be
one pure individual. of each of the four
sorts in a total of sixteen young. The
four pure individuals answer to the classes
AB, Ab, aB, ab already mentioned.

But, hesides these pure individuals, there
will occur in three of the four -classes
ampure or hybrid individuals, which will
transmit to some of their young the domi-
nant character or characters which they
themselves possess, but to others of their
young the corresponding recessive char-
acter or characters. Only the class of
smooth white animals (of which there
should be one in sixteen young) contains
none but pure individuals, for they bear
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the two recessive characters (ab), and so
conceal no hidden recessives. They may at
once be set aside as pure. But in the other
three classes nothing but actual breeding
tests will serve to show which individuals
are pure and which impure or hybrid. To
each pure individual possessing one domi-
nant and one recessive character there
will be two others, exactly like 1t in ap-
pearance, but hybrid in one pair of char-
acters. This statement applies to the two
classes,. rough-white and smooth-pig-
mented, in which the impure individuals
would be designated A(a)b and aB(b)
respectively. Such impure animals bred
inter se would produce, in the case of
rough-white parents, both rough-white and

smooth-white offspring, and in the case of

smooth-pigmented parents, both smooth-
pigmented and smooth-white offspring.

In the class of rough-pigmented second-
generation offspring, which combines the
two dominant characters, there will be to
each pure individual (AB) eight which
are impure in one or both characters. Two
of the eight will be hybrid in one character
only, as in the rough vs. smooth charac-
ter they form the class A(a)B; two
‘other individuals will be hybrid in the
other character, albino wvs. pigmented,
forming the class AB(b); while the re-
maining four will be hybrid in both char-
acters, exactly like the entire first genera-
tion of offspring, AB(ab).

The task of the practical breeder who
seeks to ‘establish’ or ‘fix’ a new variety,
produced by eross-breeding,in a case involv-
ing two variable characters, is simply the
isolation and propagation of that one in
each sixteen of the second-generation off-
spring which will be pure as regards the
desired combination of characters. Men-
del’s discovery by putting the breeder in
possession of this information enables him
to attack his problem systematically, with
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confidence in the outecome, whereas hitherto
his work, important and fascinating as it
is, has consisted largely of groping for a
treasure in the dark.

The greater the number of separately
variable characters involved in a cross, the
greater will be the number of new combina-
tions obtainable; the greater, too, will be
the number of individuals which it will be
necessary to raise in order to secure all
the possible combinations; and the greater,
again, will be the difficulty of isolating the
pure, 4. e., stable forms from such as are
similar to them in appearance but still
hybrid in one or more characters. Mendel
has generalized these statements substan-
tially "as follows: In ‘cases of complete
dominance, when the number of differences
between the parents is %, the number of
different classes into which the second gen-
eration of offspring fall will be 3 of
which 2* will be pure (stable); the re-
mainder will be hybrid,. though indis-
tinguishable from pure individuals. The

. smallest number of individuals which in

the second hybrid generation will allow of
one pure individual to each visibly differ-
ent class will be 4*. (See Table IV.)

TABLE IV.

g .85 8 |8 o
D o a3 e @
S8, | 5505 82 |GuS3d
GEE| EMwE| 27 |2E,S0
oRe | RgE3 ) O |L@akg
528 | »288 | o9 |28E53
Qo | Fag L8 e 688
85 | 95EE| S8 |E§8=g
g8 | %8| % |9
n P 3 4n
1 2 3 4 Tested by Mendel
2 4 9 16 for peas and found
3 8 27 64 correct.
4 16 81| 256
5 32 243 | 1024 Calculated.
6 64 729 | 4096

The law of Mendel reduces to an exact
science the art of breeding in the case most
carefully studied by him, that of entire
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dominance. It gives to the breeder a new
conception of ‘purity.” No animal or
plant is ‘pure’ simply because it is de-
scended from a long line of ancestors pos-
sessing a desired combination of charac-
ters; but any animal or plant is pure if it
produces gametes of only one sort, even
though its grandparents may among them-
selves have possessed opposite characters.
The existence of purity can be established
with certainty only by suitable breeding
tests (especially by crossing with reces-
sives), but it may be safely assumed for
any animal or plant descended from pa-
rents which were like each other and had
been shown by breeding tests to be pure.

Special Cases under the Law of Mendel.
—TIt remains to speak of some special cases
under the law of Mendel, which apparently
are exceptions to one or another of the
principles already stated, and which prob-
ably result from exceptional conditions
known to us imperfectly. These special
cases have come to light in part through
Mendel’s own work, in part through that
of others.

1. Mosaic Inheritance.—It occasionally
happens that in crosses which bring to-
gether a pair of characters commonly re-
lated as dominant and recessive, the two
characters appear in the offspring in
patches side by side, as in piebald animals
and parti-colored flowers and fruits. The
normal dominance apparently gives place
in such cases to a balanced relationship
between the alternative characters. What
conditions give rise to such relationships is
unknown, but when they are once secured
they often prove to possess great stability,
breeding true inter se. This, for example,
is the case in spotted mice, which usually
produce a large majority of spotted off-
spring. The balanced relationship of char-
acters possessed by the parents is trans-
mitted to the germ-cells, which are, not as
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in ordinary hybrid individuals D or R,
but DR. This has been shown to be the
case in spotted mice by Mr. Allen and my-
self, in a paper published -elsewhere.
(Castle and Allen, :03.)

2. Stable Hybrid Forms.—This is a case,
in. some respects similar to the last, which
was familiar to Mendel (:70) himself. Tt
sometimes happens, as we have seen, that
the hybrid has a form of its own different
from that of either parent. To such cases
the law of dominance evidently does not
apply. In a few cases— Hieracium hy-
brids (Mendel), Saliz hybrids (Wichura)
--it has been found that the hybrid form
does not break up in the second generation
and produce individuals like the grand-
parents, but breeds true to its own hybrid
character. This can be explained only on
one of two assumptions. Either the germ-
cells bear the two characters in the bal-
anced relationship, AB, as do those of
spotted mice, or, of the two gametes which
unite in fertilization, one invariably bears
the character A, the other the character
B. Of the two explanations, the former
seems at present much the more probable.

3. Coupled Characters.—This is the phe-
nomenon of correlation of characters in
heredity. It is sometimes found that, in
cross-breeding, two characters can not be
separated. 'When one is inherited, the
other is inherited also. Thus, in cross-
ing different sorts of Datura (the James-
town weed) it has been found that purple
color of stem invariably goes with blue
color of flowers, whereas green stems are
constantly associated with white flowers.
Again in mice, rabbits and most other
mammals, white hair and pink eyes com-
monly occur together and may not be
separated in heredity. Very rarely, how-
ever, as I have observed, an otherwise per-
feetly white guinea-pig has dark eyes;
further the ordinary albino guinea-pig
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with pink eyes has usually smutty (brown-
pigmented) ears, nose and feet; and a race
of mice with pink eyes, though partially
pigmented coat, has formed the basis of
some recent important experiments in he-
-redity condueted by Darbishire (:02,:03)
at Oxford, England. These exceptional
conditions probably represent stable coup-
lings of a part only of the dominant char-
acter (pigmented coat) with the recessive
character (white coat), and are similar in
kind to the DR character of spotted mice.

Further, coupling may occur between a
number of characters greater than two,
so that they form, to all intents and pur-
poses, in heredity, one indissoluble com-
pound character. Thus, Correns (:00)
observed that in crosses between two species
of stocks (Mathiola incana DC. and M.
glabra DC.) the second generation hybrids
showed reversion to one or the other of the
parental forms in all three of the principal
differential characters studied, viz.,” hairy
or glabrous stems, violet or yellow-white
flowers, and blue or yellow seed. . A blue
seed always produced a hoary plant bear-
ing violet flowers; a yellow seed always
produced a glabrous plant bearing yellow
or white flowers.

4. Disintegration of Characters.—This is
the converse of the foregoing process. Not
only may characters apparently simple be
coupled together in heredity to form com-
posite units of a higher order, but charac-
ters which ordinarily behave as units may
as a result of crossing undergo disintegra-
tion into elements separately transmissible.
Thus the gray coat-color of the house-
mouse is always transmitted as a domin-
ant unit in primary crosses with its white
variety ; but in the second cross-bred gen-
eration a certain number of black mice ap-
pear, some or all of which are probably
hybrids. For similar black mice obtained
by crossing black-white with white mice
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-have been shown, by breed\ing tésts, to be

hybrids, since on crossing with white mice
they produce white mice, black mice, and,
in one or two cases, gray mice also. Aec-
cordingly black mice clearly belong with
grays in the category of dominant individ-
uals [D or D (R)], but they have visibly
only the black constituent of the gray coat,
the remaining constituent, a rufous tint,
having been separated from the black in
consequence of cross-breeding. There is
reason to believe that the rufous consti-
tuent may become recessive, 4. e., latent,
either' in the black individuals or in the
reverted whites, or in both. It is seen
separated from both the black and the
white characters, in the chocolate-brown
and reddish-yellow individuals obtained
in eross-breeding.

A fancier of rabbits tells me that there
oceurs a similar disintegration of the com-
posite coat-color of the ‘Belgian hare,’
when that animal is crossed with ordinary
white rabbits, the result being the produc-
tion of black, yellow and mottled - indi-
viduals, in addition to ordinary gray-
browns.

The various distinet colors or color
patches of the guinea-pig have doubtless
originated in a similar way—by resolution
of the composite coat-color of the wild
Cavia, upon crossing with an albino sport.
This subject is now undergoing investiga-
tion.

Correns (:00) mentions a case in plants,
which probably belongs in this same cate-
gory. In crossing the blue-flowered (dom-

inant) Mathiola tncana with the yellowish-

white-flowered (recessive) M. glabra, the
second generation recessives produced in
some cases pure white flowers, in others
yvellow flowers. In this case the recessive
character, rather than the dominant, un-
derwent disintegration.

5. Departures from the Theoretical
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Ratios of Dominants to Recéssives.— Con-
siderable departures are to be expected
when the number of offspring taken into
consideration is small, but with increase in
the number of offspring examined, the de-
partures should grow less. This is usually
found to be true. Mendel’s numbers are
shown by Weldon (:02) to be well within
the limits of probable error. But certain
cases have been observed in which depart-
ures of a particular sort persist even with
considerable numbers of offspring. Thus
Allen and I have found the recessive char-
acter, white, in mice to be inherited in about
three per cent. more than the calculated
number of cases, while the equally reces-
sive dancing character is inherited in about
thirty-three per cent. less than the calcu-
lated number of cases. These fairly uni-
form departures indicate, to my  mind, a
vitality, on the part of the recessive
gamete, in one case somewhat superior, in
the other much inferior, to that of the
dominant gamete. Inferior vitality of
gametes of either sort would result in
greater mortality and so in a diminished
number of individuals derived from such
gametes. S

Of course other explanations are possible,
as, that the two sorts of gametes are not
produced in equal numbers. More ex-
tended investigations of such cases can
alone make their meaning clear.

6. Reversal of Dominance.—Exceptional
cases are on record in which crossing of a
dominant with a recessive has resulted in
the production of pure dominants, or re-
cessives, instead of hybrids. Such cases
are, I believe, correctly referred by Bate-
son, to .the category of ‘false hybridiza-
tion’ as described by Millardet, a phe-
nomenon akin to parthenogenesis, in which
sexual union has served merely to stima-
late one gamete to development without
bringing about its union with the other
gamete.

SCIENCE.
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It is possible, however, that there are
cases in which one of a pair of characters
is sometimes dominant, sometimes reces-
sive. Tschermak (:01) believes that he
has found a few such cases among cross-
bred beans. Sex and certain other di-
morphic conditions found in the higher
animals and plants may prove to be cases
of this sort. .

Acceptance of Mendel’s principles of
heredity as correct must lead one to regard
discontinuous (or sport) variation as of
the highest importance in bringing about
polymorphism of species and ultimately of
the formation of new species. ‘

A sport having once arisen affecting
some one character of a species, may by
crossing with the parent form be the cause
of no end of disintegration on the part of
any or all of the characters of the species,
and the disintegrated characters may, in-
deed must, form a great variety of new
combinations of characters, some of which
will prove stable and self-perpetuating.
Even if a particular combination of char-
acters is uniformly eliminated by natural
selection under one set of conditions, it
may reappear again and again, and finally
meet with conditions which insure its
suceess.

‘We now have an explanation of the long-
recognized principle that new types of or-
ganisms are extremely variable, whereas
old types vary little. A new type which
has arisen as a sport will cross with the
parent form. The offspring will then in-
herit some characters dominant, others
latent, and polymorphism of the race re-
sults. Only selection continued through
long periods of time will serve to eliminate

completely the latent recessives, and so to

cause the disappearance of certain aber-
rant variations.

Bateson makes the pregnant suggestion
that even cases of continuous variation
may possibly prove eonformable with Men-



SEPTEMBER 25, 1903.]

delian prineiples. Take, for example, the
height of peas. It has been found in cer-
tain crosses of a tall with a dwarf variety
of pea, that the hybrid has an inter-
mediate height. Now, if the hybrid pro-
duces pure germ-cells, dwarf and tall re-
spectively, in equal numbers, the next gen-
eration will consist of three classes of
individuals, dwarf, intermediate and tall,
in the proportions 1:2:1. But if each of
the original characters should undergo dis-
integration, we might get a dozen classes,
instead of three, resulting in a practically
continuous frequency-of-error curve.

SUMMARY.

1. The basic principle in Mendel’s dis-
coveries is that of the purity of the germ-
cells; in accordance with this a cross-bred
animal or plant produces germ-cells bear-
ing only ome of each pair of characters in
which its parents differ. From it follows
the occurrence in the second and later hy-
brid generations of a definite number of
forms in definite numerical proportions.

2. Mendel’s principle of dominance is
realized in the heredity of a considerable
number of characters among both animals
and plants. In accordance with this prin-
ciple, hybrid offspring have visibly the
character of only one parent or the other,
though they transmit those of both parents.

3. In other cases the hybrid has a dis-
tinetive character of its own. This may ap-

proximate more or less closely the char--

acter of one parent or the other, or it may
be entirely different from both. Fre-

quently the distinetive hybrid character '

resembles a lost ancestral character. In
some cases of this sort, as in coat-color of
mammals the hybrid character probably
results from a recombination of the char-
acters seéen in one or both parents, with
certain. other characters latent (that is,
recessive) in one parent or the other.

SCIENCE.
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,4. There have been observed the follow-
ing exceptions to the prinéiple of domin-
ance, or to the principle of purity of the
germ-cells, or to both:

(@) Mosaie inheritance, in which a pair
of characters ordinarily related as domin-
ant and recessive occur in a balanced re-
lationship, side by side in the hybrid indi-
vidual and frequently in its germ-cells
also. This balanced condition, once ob-
tained, is usually stable under close breed-
ing, but is readily disturbed by cross-breed-
ing, 'giving place then to the mnormal
dominance.

(b) Stable
forms result from certain crosses.

(self—'perpetuating)’ hybrid
These

“eonstitute an exception to both the law of

dominance and to that of purity of the
germ-cells. For the hybrid is like neither
parent, but the characters of both parents
exist in a stable union in the mature germ-
cells produced by the hybrid.

(¢) Coupling, 4. e., complete corréla-
tion may exist between two or more char-
acfers, so that they form a compound unit
not separable in heredity, at least in certain
crosses.

(d) Disintegration of characters ap-
parently simple may take place in conse-
quence of cross-breeding.

(e) Departures from the expected ratios
of dominants to recessives may be ex-
plained in some cases as due to inferior
vigor, and so greater mortality, on the part
of dominants or recessives respectively.

(f) Cases of apparent reversal of dom-
inance may arise from ‘false hybridization’
(induced parthenogenesis). Possibly in
other cases the determination of dom-
inance rests with circumstances as yet
unknown. '

5. Mendel’s principles strengthen the
view that species arise by discontinuous
variation. They explain why new types
are especially variable, how one variation
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- causes others, and why certain variations
are so persistent in their occurrence.
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WILBUR CLINTON KNIGHT.

Tue subject of this sketch was born on
a farm at Rochelle, Illinois, December 13,
1858. Early in his boyhood his parents,
Mr. and Mrs. David A. Knight, removed
to a farm at no great distance from Lin-
coln, Nebraska. Here he grew to young
manhood, gaining the strength of body and
mind which is so often developed in unfet-
tered country life. Self-reliance and
strength of character came to him in the
struggle that he, in common with the other
members of the family, had pnvt forth in
what was then the new west, in order to
wrest from nature the daily bread. Life
in all of its forms, and the hills and rocks
appealed strongly to him. By the time
that he had secured such education as the
country school afforded he had also become
more than ordinarily familiar with the
fauna, the flora and the geological forma-
tions of his neighborhood.

Being unusually fond of athletie sports,
of fishing and of hunting, he led many a
merry party in these pursuits, frequently
to the complete exhaustion of most of his
fellows. In more recent years, his many
friends who at one time or another shared



