
CARNEGIE INSTITUTION OF WASHINGTON

ANNUAL REPORT OF THE DIRECTOR OF THE
DEPARTMENT OF GENETICS

[Reprinted from
CARNEGIE INSTITUTION

OP WASHINGTON YEAR BOOK
No.pages 211 to 257, Issued

December 12, 1
40, for the year 1940-1941,941.]



a



DEPARTMENT OF GENETICS
Cold Spring Harbor, Long Island, New York

A. F. BLAKESLEE, Director

The arrangement this past summer
whereby the symposium of the Long Island
Biological Association was devoted to a
genetic subject gave the Department an
opportunity to offer facilities of land for ex-
perimental plants to those plant breeders
who were in residence in Cold Spring Har-
bor during this period. The following in-
vestigators were thus guests of the Depart-
ment and grew on Departmental grounds
the plants listed in parentheses : Dr. M. M.
Rhoades, of Columbia University (maize)
Dr. and Mrs. B. R. Nebel, of Geneva,
New York, Agricultural Experiment Sta-
tion (Tradescantia, snapdragons, and mari-
golds); Dr. Barbara McClintock, of the
University of Missouri (maize) ; Dr. Har-
riet B. Creighton, of Wellesley College
(maize); Dr. Edgar Anderson, of Missouri
Botanic Garden (maize) ; Dr. Norman
Giles, of Yale University (Tradescantia);
Professor W. J. Bonisteel, of Fordham
University (Digitalis). It has been of
distinct advantage to the Department to
have the association of such outstanding
geneticists as were in Cold Spring Harbor
during the summer.

A detailed report of the scientific work
of the different research groups of the De-
partment for the year ending September 1,
1941, is given in succeeding pages. These
reports will be briefly summarized.

The group studying the gene have de-
voted considerable attention to the rela-
tion of genes to breaks in the chromosomes
induced by radiation. Analysis of deficien-
cies in the Notch locus made by Drs.
Demerec and Fano indicates that deficien-
cies up to about 15 salivary-gland chromo-
some bands in length may be caused by

one-event process, whereas larger deficien-
cies are induced by two events. Thus a
single-event process may have a radius of
action of about 600 A. An analysis of the
data regarding breaks in chromosomes in-
dicates that in about io per cent of cases
a break affects the locus in its proximity.
From a study of dominant lethals Dr. Fano
is led to conclude that they cannot be en-
tirely explained by single breaks in chro-
mosomes, but that they frequently involve
some as yet unobserved type of chromo-
somal rearrangement. Cooperative experi-
ments with monochromatic ultraviolet
radiation undertaken by Drs. Demerec and
Hollaender show that a difference exists
between the effects of the different wave
lengths. Since the Drosophila males when
subjected to treatment are easily injured by
shorter wave lengths, these investigators
have found it necessary with higher dos-
ages to use the longer wave lengths. Dif-
ficulties are encountered in the use of ultra-
violet radiations due to difficulties in pene-
trating the tissues surrounding the germ
cells which are treated. When these dif-
ficulties are overcome the rate of gene mu-
tations may be very high. Added evidence
has been found to show that ultraviolet
differs from X rays and radium in being
ineffective in inducing breaks in chromo-
somes although it is effective in inducing
gene changes. Drs. Kaufmann and Dem-
erec have found that the amount of sperm
transferred by a male of Drosophila
in a single copulation was sufficient for
the fertilization of a high percentage of
eggs only during the first few days of
egg-laying. When more than a single male
had mated with a given female it was
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found that differences in percentages of
the different types of offspring obtained
can be attributed to differential viability
of embryos and larvae and not to differ-
ential viability of sperms leading to selec-
tive fertilization. Dr. Brehme found that
a number of eye-color mutants in Dro-
sophila affect the color of the larval mouth
parts and spiracle sheaths and can be used
as larval characters as well.

In the group which devotes especial at-
tention to chromosomes, Miss Satina has
found additional evidence that there are
three distinct germ layers in Datura by
means of periclinal chimeras, in which
the layers are labeled by differences in
chromosome number. By periclinal chi-
meras she has shown that the stamen is a
reduced axis, and not homologous with a
leaf as is the classic belief. In a study of
chemical regulation of embryo develop-
ment, Drs. van Overbeek and Conklin
have developed a technique whereby they
are able to take out proembryos less than
0.2 mm. in length and induce them to grow
in vitro on artificial media. Others have
grown nearly matured embryos in vitro,
but no one before has succeeded with such
small embryonic growths. A factor contrib-
uting to their success was the use of coconut
milk, which supplied certain necessary sub-
stances. The technique bids fair to be of
use in securing hybrid plants which nor-
mally abort at an early stage of embryonic
growth. If the attempts being made to
grow unfertilized egg cells in vitro are suc-
cessful, a method of inducing partheno-
genesis will have been secured. Miss Satina
and Mrs. Sansome have shown that very
few viable seeds are secured from the cross
between a tetraploid and a diploid because
most of the 372 embryos abort after about
6 days. Since both the 4n and 2n parents
of the cross were from the same inbred
line, individual gene differences seem to
be eliminated as a cause of the early abor-

tion. The difficulty in securing a cross be-
tween diploids and tetraploids is an isolat- 'toceta
ing mechanism which tends to keep newly Oest
arisen tetraploids separate from populations
of diploids from which they may have ace

originated. Dr. Bergner has made a sum- olu

mary of her extensive study of the chromo-
some end arrangements in types from na-
ture of six species of Datura. Most of the

.eau l

chromosomes are found to have suffered
interchange of segments when all the spe-
cies of Datura are considered. The num-
ber of interchanges which have taken
place in any given species, however, is '-4
seen to be relatively small. A recessive have

gene type has been found in Datura which 56 Pige!
closely resembles in its external appearance :5111, wh
the quercina virus disease of this species. jolikte'
The morphological similarities suggest a "I' uusedas
similarity in nature of the virus and the :0415 th
gene or in their method of bringing about alvet tr

changes in the host plant affected. Dr. isfirstia

Warmke has found new polyploid types in a fit are i
Melandrium which are being used in fur- lit effects
thering our understanding of the sex auf liver

mechanism in this dioecious species. !oictin

There seems to be increasing agreement .6,0
as to which particular hormone from the
pituitary gland stimulates the different wirs

special organs of the body. There is wide iitanobnc
disagreement, however, as to which pitui-
tary hormones are involved in generalized
metabolic processes. For this reason Dr. gr'

Riddle and Mr. Opdyke, aided by Drs.
Bates and Miller, of the group interested in
the endocrine glands, have made a special l's!rioll!

study of the metabolism of carbohydrate
and fat. They report first on the effect of aficei

the six fractions which may be obtained -itane(

from fractional precipitation of pituitary l; lora

extracts with ammonium sulphate, regard- with

ing which there is considerable though cid

somewhat conflicting material in the litera- Iktiog
ture. The original solution and the five sallormon

fractions derived from it all contained four !ki.t

of the five hormones looked for, the origi-
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nal solution having the greatest potency in
increasing blood sugar. The fractionation
brought about a concentration of prolactin
in two fractions, and these were most effec-
tive in increasing liver fat in pigeons. Dried
preparations increased acetone bodies in
blood of rats, but fresh solutions were more
effective in pigeons and rabbits. Only the
fraction freest from both thyrotrophin and
prolactin failed to increase heat production
in pigeons. Fractions which others have
found to cause experimental diabetes (the
increased production of sugar and acetone
in the blood) in the dog were shown in
normal pigeons to have only temporary
diabetic tendencies. Pigeons will tolerate
huge doses of insulin, which soon give
rise to symptoms of diabetes for which in
mammals insulin is used as a cure. After
two or three treatments the increase of
blood sugar may amount to as much as
loo per cent. After the first injection blood
acetone and liver fat are increased, but
within 48 hours these effects are replaced
by a large increase of liver glycogen. A
single injection of prolactin results in a
great increase of liver glycogen, and this
increase is not maintained by later injec-
tions. From these findings Riddle con-
cludes that no single hormone of the pitui-
tary is responsible for the increased forma-
tion of acetone, blood sugar, or liver fat.
Rather he believes they show that the nor-
mal regulation of metabolism of carbohy-
drate and fat is more seriously deranged
when two or more participating hormones
are present in unusual concentration and
exert their stimuli simultaneously. Valid
evidence seems lacking for any unrecog-
nized pituitary hormone with specific ac-
tion on the metabolism of either carbohy-
drate or fat. By injecting a minute quan-
tity of the female sex hormone into a fe-
male dove shortly before the release of
an ovum from her ovary, Drs. Dunham
and Riddle found that male embryos from
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eggs thus treated are partly feminized.
They develop left oviducts, which are nor-
mally absent in males, and the trace of
ovarian tissue which male dove embryos
normally carry temporarily on their left
testis is both increased in amount and
made to persist much later in life. It is sug-
gested that the bisexuality shown by the
trace of ovarian tissue on the left testis of
males at hatching is itself the result of
sex hormone passed by the mother into
her maturing eggs. The present studies
confirm the earlier view of Riddle that
feminine characteristics shown by male
doves are probably caused by excess fe-
male sex hormone which the egg receives
from the mother.

The group studying mouse genetics re-
ports the discovery of a monogenic muta-
tion, screw tail, that promises to provide
valuable material for the analysis of genic
control of development in an extremely
constant genotype. This group further re-
ports that the apparent inheritance of a
tendency to spontaneous leukemia can now
be related partly to strictly genetic influ-
ence and partly to extrinsic influence de-
pending on the nurse. The significance of
this result has been established through the
cooperation of Dr. John W. Gowen, who is
carrying out statistical analyses of the inter-
relations among the extensive observations
gathered to determine by breeding tests
whether Mendelian segregation follows
the outcross of a high-leukemia strain.
Dr. Gowen's results indicate that genetic
segregation does take place, but that the
significance of the evidence depends on
the strain of the nurse. The surprising
feature of these results is that nurses from
two strains in which leukemia has rarely
been found have different effects on the
appearance of leukemia. This observation
led to a retabulation of the earlier data from
F1 matings between the strains used in the
above outcross. Even greater differences
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appeared, related to the same two strains
of nurses, and the difference between re-
ciprocal matings, reported earlier, was
found to be eliminated when the strain
of the nurses was held constant. The in-
cidence of leukemia in this first hybrid
generation varied from 74 to 5o to 35 per
cent according to the strain of the nurses.

Dr. Steggerda in his studies in anthro-
pology and human genetics has devoted
considerable attention during the past year
to characteristics of human hair in differ-
ent racial groups. It has been shown that
race, sex, age, and distance from the scalp
are all factors in producing different widths
in human hair. Steggerda has also made a
careful study of the change in color of hair
during a Io-year period for more than 400
children ranging in age from 6 to 18. Dur-
ing this age range there is a progressive
darkening of the hair amounting to about
one unit of the Fischer scale per year.
This gives a correlation of 0.53 between

hair color and age. Another study con-legl)th't3
cerns Maya agronomy. An experimenta'oides
plot, kept in corn for several years, roilorc
gradually losing in productivity. In spitosgett

as

of careful hand weeding, tough grasses

°

t
slowly invading the area. These growthr:':},

bud

ineradicable by any means available to th
Maya, seem, in addition to the normal itr;°---e
poverishment of a thin soil, to have force6i.bls

is

the Maya to employ the so-called "milpeol4t fl
system, under which any given piece old °dr°
land is left lying fallow for ten or morjutsitailal
years. This system obviously demands s t5os the do
large an amount of territory that popuko, The
tions would be forced to move more ofte:tio genes
into new areas than would be the cas3, boo the
were fertilization possible, or could ther,
grasses and weeds be combated by

°

plow / here,

ing. The difficulties of agriculture, them :1s.
fore, seem to be a possible explanation c',`ffig, Pa
the ancient Maya's apparent inability f.'duceu an
remain in a given locality for more than n'olls11131)i
relatively short time. f digerei

aefact th

dstecapaf

:,.:Rproducti

:_ad to a si
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SIMILAR EFFECTS FROM A VIRUS AND FRO/i"rt

A RECESSIVE GENE
relat

One of the recessive gene types centl

is of especial interest since it closely of can

sembles in appearance the quercina viru:;;at
case

disease. Both the quercina virus and th,:witb
the

quercina-like gene cause the elimination o*:

:

li

It

secured through X-ray treatment of seed 2 rito of

hat

spines from the capsule, the separation o
the tubular corolla into individual petal., P"IE

the extension of the stigmatic surface ol,:;'dier,

the inside of the lobes and down two side:, .'10 test
of the style, and the production of narrowl:' ot the a:
eroded leaves. Miss Satina has shown tha hot the

the separation of petals in the flower b:::1)'ps
both the quercina disease and the quer hrthe

CHROMOSOME INVESTIGATIONS

A. F. BLAKESLEE, A. G. AVERY, A. D. BERGNER, S. SATINA, H. E. WARMKE, J. T. BUCHHOLZ,

M. E. CONKLIN, E. R. SANSOME, E. W. SINNOTT, AND J. VAN OVERBEEK

GENES IN DATURA

In the last year's report a classification
made by Avery was given of the genes
distinguished in Datura, which now num-
ber approximately 500, with 77 located in
particular chromosomes. The number of
pollen-abortion genes which have been lo-
cated has been increased so that we now
have at least one pollen-abortion gene for
all except two chromosomes and have two
such genes for each of four chromosomes.
They are of unique value in determining
the position of other genes within a given
chromosome through linkages, without
the difficulties inherent in working with
double recessives.



DEPARTMENT OF GENETICS

cina gene type is brought about by the
same mechanism, namely, a more rapid
growth of the outer sides of the young
petals, which are bent inward in the form
of a letter U. The edges are thus prevented
from meeting and fusing as they normally
do in early stages in the bud. The quer-
cina disease can be transmitted to a healthy
plant by grafting, but this is not true of
the quercina-like mutant type. It is ap-
parent that genes and environmental fac-
tors may bring about similar end results
through their effects on the developmental
processes in the plant. The similarity of
the effects of certain genes and viruses
suggests that they alter the internal en-
vironment in similar manner. Both viruses
and the determiners of heredity exist as
discrete self-perpetuating particles, and
both are subject to induced mutations. The
similarity of their action supports the sug-
gestion that the chief difference between
the two may lie in the fact that the virus
particle is free and hence capable of under-
going uncontrolled reproduction, whereas
the gene is confined to a specific locus
within the chromosome and its propaga-
tion is limited by the mechanism of hered-
ity. The facts give support to the sugges-
tion of an evolutionary relationship be-
tween viruses and genes. It should be
emphasized that similarity of end results
is not proof of identity of cause; but the
similarity in the present case is so strik-
ing to one familiar with the expressions
of the virus disease that it would seem
profitable to explore the possible similari-
ties of the two forms further. It would be
of interest, for example, to test the chemi-
cal relations by means of the antigen-anti-
body reactions. Now that we have both
the virus and the gene types under culti-
vation, it is hoped such further tests will
be possible.

215

PERICLINAL CHIMERAS

In last year's report we spoke of the
new insight into the manner of develop-
ment and organization of the Datura
plant gained by means of periclinal chi-
meras, in which the individual germ lay-
ers are labeled by having a different chro-
mosome number from the adjacent tis-
sues. This work has been extended by
Miss Satina with the accumulation of ad-
ditional evidence for our former conclu-
sions and with new conclusions from new
evidence.

In order to get some idea of the preva-
lence of periclinal chimeras, a random
sample of ioo plants grown from seeds
heavily treated with colchicine were tested
for the constitution of their germ layers.
Of the ioo plants, 47 appeared to be normal
throughout; II were mixo-chimeras; in
33 plants about half the branches were
normal and the other half were periclinal
chimeras with one, two, or three of the
germ layers having duplicated chromosome
numbers. In 3 of the plants all the branches
appeared to be periclinal chimeras with the
germ layers affected in the same way;
and in 6 plants there were several types
of periclinal chimeras in the different
branches. During the past year six new
types of periclinal chimeras have been
found, which, with those previously identi-
fied, make a total of fifteen types. The
most useful for detailed studies on the de-
velopment of various organs are those in
which one of the three germ layers is octo-
ploid (8n) and the other two normal
diploid (2n).

Some morphologists who are not fa-
vored with an adequate method of labeling
the individual germ layers have expressed
some skepticism concerning our earlier
conclusions regarding the germ-layer con-
stitution of the shoot apex, especially our
conclusion that the cells of the central core
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are derived from the innermost (third)
germ layer. It seemed desirable, there-
fore, to secure additional evidence regard-
ing the matter. We are now able to report
from study of over 200 periclinal chimeras.
In all these cases the cells of the central
core have the same chromosomal constitu-
tion as the third layer, and the evidence
seems compelling that they are derived
from the third layer. Our conclusion,
therefore, stands that at least in Datura,
the shoot apex has three and only three
independent germ layers. The same three
independent germ layers are also found in
the floral apex, which shows no essential
difference in structure from the shoot apex.
The initial and early development of the
sepal and petal is similar to that of the
leaf, but that of the stamen is different and
suggests that the stamen is a reduced axis.
Detailed studies have been begun by the
use of periclinal chimeras to determine the
contribution which the different germ lay-
ers make to the development of the carpel
and ovules. A study has also been started
to find out the time and manner of dif-
ferentiation of the three germ layers in the
developing embryo.

CHEMICAL REGULATION OF EMBRYO

DEVELOPMENT

Last year we reported attempts to se-
cure haploid (In) plants in Datura through
the induction of parthenogenesis (develop-
ment of the unfertilized egg cell) by means
of injections of a wide range of chemical
substances. The basis of our attempts was
the fact that the Datura plant had shown
itself capable of producing such in plants
through some unknown but presumably
chemical stimuli. Although we failed to
find any method of inducing partheno-
genesis, we were able to show that a num-
ber of succeeding stimuli are necessary for
the full development of an embryo.

It seemed best to attack the problem
th1,1°',b, be eC

present year from a different angle, an6I',7 '1°,11
Drs. van Overbeek and Conklin have thiOPI°
summer been investigating the possibilit:osses
of taking out embryos at various stages o d sv116",

development and growing them on artil';pfeat
ficial media. Since no method of growin..llit cross
very young embryos in vitro was knows .fig but
their first step was to find a medium whicot
would support growth from the proen:o see
bryo stage to maturity. An agar mediushowr
containing nutrient salts, dextrose, cos is

nine different vitamins and growth facto];
tom a

was found suitable for growing Datucovig
embryos with partly developed cotyledon'":hisoi4
Younger embryos could not be grown c'"'; ;
this medium. A unique method of groNVAvie:
ing young embryos was discovered, hov'lfr d

ever, by adding to the nutrient a naturb
endosperm in the form of coconut mitrusPnInBy this technique it has been possible -

were t

secure the growth in vitro of proembry41° tetc
0.15 mm. long which were taken out "doubted
the embryo sac only to days after pollii0educed
tion. With the technique developed, it'imwhicli
hoped to be able to remove the egg ci by gues,
from the embryo sac by a microinjectilAe parent.
apparatus and to obtain growth and dev4 due to
opment on artificial media. If this can
accomplished we shall have solved flaSansom,
problem of artificial parthenogenesis orsinvolve

Datura. The success of coconut milk :66iablesee,
furnishing some accessory substance zploids ant

substances which stimulates the gros4itrainon
in vitro of excised embryos suggests .0fabotit8

applicability in other species. A methockiRrossgal
securing growth of young embryos on avIteds
ficial media might insure the success '4,f
many wide crosses hitherto impossibirgoatio
Such a technique would be of great tIARtohn,0
retical as well as practical importance.

!it 6d both

CROSSABILITY BETWEEN 4n AND VI DATG

When the first tetraploid (411) planO!of the

Datura was discovered, in 1917, it Otludes Ca:

d ugh
degr(
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labeled "new species" because of the diffi-
culty of getting crosses between it and the
normal parental type from which it had
arisen. When the tetraploid was used as
the male parent crosses were practically
never obtained, and when the tetraploid
was the female parent the number of
viable seeds from the cross was extremely
small. Although many hundred attempts
were made to secure offspring from the
cross 2n X 4n, only one seedling has re-
sulted. Buchholz has shown that the pri-
mary block to this cross is the fact that
the 2n pollen tubes from a tetraploid are
almost never able to grow through the style
of a diploid without bursting. The pollen
tubes in the reverse cross, 40 X 2n, appear
to function perfectly. Avery has sum-
marized the records from the cross and
finds that a total of 97 offspring have been
recorded. Of these 54 were triploid (3n),
33 diploid (2n), and io tetraploid (40).
The diploids were undoubtedly all due to
parthenogenesis of unreduced 2n egg cells,
since in those cases in which the two par-
ents were labeled by genes, the diploids
were like the female parent. The tetra-
ploids were possibly due to accidental
selfing.

Miss Satina and Mrs. Sansome have been
investigating the factors involved in the re-
duction of number of viable seeds from the
cross between tetraploids and diploids.
Tetraploids of Datura stramonium when
selfed gave an average of about 88 seeds per
capsule, but the 4n x 2n cross gave an aver-
age of only about 3 seeds per comparable
capsule. Examination of 291 ovules from
an ovary 6 days after pollination showed
that 70 per cent had a proembryo and endo-
sperm, and that 18 per cent were degenerat-
ing and probably had had both a proem-
bryo and an endosperm. Fertilization may
have occurred in some of the remaining
52 per cent, which includes cases more
difficult to classify. A high degree of ini-
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tial fertility is thus evident. Chromosome
counts of a dozen endosperm nuclei, each
from a different ovule, showed the 5n
chromosome number (6o) expected follow-
ing fertilization. Indications are present
that union of male and female gametes
takes place, although actual chromosome
counts have not yet been secured in pro-
embryos. It is probable, therefore, that
the high majority of the egg cells from
the cross are fertilized and start develop-
ment. Shortly after the sixth day, when
the proembryo is 3- to 4-celled and the en-
dosperm 16- to 32-celled, the degeneration
of both proembryo and endosperm is in-
itiated. The degeneration is often accom-
panied by the enlargement and ingrowth
of the somatic cells of the endothelium
surrounding the embryo sac. Sometimes,
however, the endothelial cells themselves
break down before enlarging to any great
extent. Both the diploid (2n) and the
tetraploid (4n) strains used in the cross
have come from the same highly inbred
and homozygous line. It is not as yet clear,
therefore, why the embryos which start
development should degenerate in such a
high proportion of the cases. It cannot be
due to a difference in genic constitution
of the male and female gametes which
fuse to form the first cell of the proem-
bryo-which seemed to be a plausible ex-
planation for the failure of the cross be-
tween diploid D. stramonium and D.
metel, earlier investigated by Miss Satina.
It is suggestive, however, that in this latter
species cross she found degeneration of
embryo and endosperm frequently accom-
panied by an ingrowth of the endothelium
which set in shortly after the sixth day
following pollination. One finds qualita-
tive differences between tetraploids and
diploids, such as differences in the shape of
leaves and capsules. It might be thought
that the failure of the 3n embryo to develop
in the majority of cases may be in some
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Ofif°1in the reciprocal cross 4n X 2n. Whereas in :odd
the 4n x 2n combination the ratios shown
in the accompanying table are less than

outsthose of the viable combinations (2n x 2n ottli
and 4n X 4n), the ratios of this VI X 475 com-
bination are seen to be greater. The ratios

pzly

between chromosome numbers in the dif-
',1de t

ferent tissues of the ovule, therefore, do
yeh

in the viable combinations.)

not appear to offer a clue to why the 3n
henembryos develop so infrequently into viable

DIFFERENT TYPES OF OVULES IN DATURA STRAMONIUM

(Plus ( +) and minus (-) signs indicate ratios higher and lower respectively than those 3e s

way due to a difference in the ratios be-
tween the chromosome numbers of the
different tissues involved in the develop-
ment of the embryo.

By the use of periclinal chimeras it is
possible to test an alteration of the chro-
mosomal ratios in the opposite direction
from those in the 4n X 2r/ cross just dis-
cussed. As a result of the discovery that
the tissue of the style through which the

ti

CHROMOSOMAL RATIOS BETWEEN TISSUES OF

Type of ovule Embryo Embryo Endosperm
Endosperm 9 tissue 9 tissue

Viable combinations:

2n X 2n

4n X 4n

Mostly nonviable combinations:

4n X 2n

2n X 4n

Parthenogenesis:

In egg from 2n

2n e from 4n 9gg

2n

3n
0 . 67

4n
0 . 67

6n

3n
0. 60 ( -)

5n
3n

4n
-0.75 (+)

1n=0.50 (-)
2n
2n

-0 . 50 ( -)
4n

2n

2n
-= 1 . 00

4n
-= 1 . 00
4n

3n
4n
-= 0 . 75 ( -)

-3n =1.50 (+)
2n

ln-=0.50 (-)
2n
2n

4n
-= 0 . 50 ( -)

3n
-2n =1 50

6n-=1 50
4n

5n

4n
=1 . 25 (-)

4n-=2.00 (+)
2n

-2n=1.00 (-)
2n
4n
-= 1 . 00 ( H
471

pollen tubes grow is epidermal in nature
and derived from what has been called the
L -1 germ layer, it has been possible to
make the equivalent of a 2n X 472 cross
without bursting of pollen tubes by polli-
nating a 475, 2/1, 212 periclinal chimera with
pollen of a tetraploid. The earlier stages
in ovule development from this cross are
being investigated, but judging from the
aborted seeds and the very small number
of good seeds in the mature capsules, it is
reasonable to conclude that the processes
of embryo disintegration are the same as

ai the

.Hte to h

at styles c

certain

pre

retardati

Rin the

:e 2 stmt

-a or tetrapl

had been

at It seem(

effec

.calight hav

cdbeen
c

seeds. The relative simplicity of this specrossabilit
cial problem, with differences betweer.4rigives

genes eliminated, leads to the belief thaws he
its solution may be of fundamental irn;,,,4 g

portance to the more general evolutionar:40k
COACT

problem of the factors involved in crossai, licY is

bility between species. Perhaps the studie',11111' the r,
now under way on the chemical regulatioCielver to

of embryo development may offer an es54t1 41
planation. Whatever the cause may tur:.q pair d
out to be, the fact that it is difficult gate that fc

secure a cross in Datura between a tetrOtties crosse
ploid and a diploid from which it ma this

to

folk
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have arisen is of interest to the student of
evolution in view of the origin of so many
species of plants through tetraploidy. It
has been pointed out that the pure-breed-
ing types which we had synthesized with
extra chromosomal material should not
properly be called "new species," since we
had failed to provide them with an iso-
lating mechanism which would keep them
from crossing with the normal 2n individ-
uals in the population from which they
were derived. We therefore doubled the
chromosomes of these synthesized types
and thus furnished the isolating mechanism
demanded.

EFFECT OF TETRAPLOIDY ON CROSSABILITY

BETWEEN SPECIES

In a series of tests of the growth of pol-
len tubes of each of the Io herbaceous spe-
cies of Datura in the styles of the other 9,
Buchholz has found certain combinations
in which the tubes are prevented from
reaching the ovary by retardation of growth
or even bursting within the style. This
past year he has made a similar study of
pollen-tube growth of tetraploids of the
same species, which had been secured by
the use of colchicine. It seemed important
to discover what, if any, effect doubling
chromosome number might have on crossa-
bility, since the belief has been current that
tetraploidy increases crossability between
species. Buchholz' work gives no support
for this belief so far as the growth of the
pollen tubes of Daturas is concerned. In
fact, in Datura the tendency is rather in
the opposite direction, with the result that
on the average relatively fewer tubes enter
the ovary in a cross between 4n than be-
tween 20 races of a given pair of species.
Preliminary tests indicate that formation
of viable seed from species crosses is not
favored by tetraploidy. If this turns out
to be generally true, it will follow that
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when tetraploids arise in nature they will
be no more likely to cross with tetraploids
of other species than are the diploids of
these species to cross inter se. We have
seen from the studies of 40 X 2n and recip-
rocal crosses discussed above that there is
a distinct check to crossability between a
tetraploid and a normal diploid from
which it has arisen. These facts appear to
have evolutionary significance.

EFFECT OF TETRAPLOIDY ON SELF-FERTILITY

The effect on fertility of doubling chro-
mosome number differs according to the
chromosomal and genic constitution of the
plant affected. In general, doubling the
chromosome number of a self-fertile plant
such as Datura to form an autotetraploid
results in some reduction in the number
of viable seed produced. It is probable that
this reduction is due in part at least to non-
disj unction in meiotic divisions, leading to
chromosomal deficiencies and excesses. An
extreme example was furnished this past
summer by cultures of Nicotiana langs-
dor ffii grown in the garden. The 20 plants
set capsules freely, but the 4n plants had
almost no capsules at all.

One of the problems that a method of
doubling chromosome number made it
possible to study was the effect of tetra-
ploidy on self-sterility. Much of the work
on this problem was done by Dr. Warmke.
Doubling chromosome number of a self-
sterile plant in some cases may increase
slightly the production of seed from selfing.
Such an increase was observed in Petunia.
Of 600 capsules from two 2n plants grown
in a screened greenhouse, 3 per cent had
seeds, whereas of about 50o capsules from
two 40 plants, 55 per cent had seeds. In
another variety of Petunia, 2 per cent of
327 capsules from 20 branches of a single
plant had seeds and 27 per cent of 187
capsules from 4n branches of the same
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plant had seeds. In neither 2/2 nor 472 cap-
sules was there a full set of seed. The
condition appears to be somewhat similar
in Nicotiana sanderae. In other so-called
self-sterile forms studied, the effect of tetra-
ploidy was less evident. Thus there was no
striking difference in the set of seeds from
self-pollinating 2/2 and 4/7 plants of the
following forms which are predominantly
self -sterile: Portulaca Parana, Cosmos sul-
phureus, Rudbeckia hirta. A difficulty lies
in the fact that many, and perhaps most,
plants which are classed as self-sterile do
set a limited amount of seed from selfing.
To discover an effect of tetraploidy on
self-fertility in the forms just mentioned,
which at best cannot be great, would re-
quire a more detailed statistical analysis
than we have undertaken. In contrast with
the uncertainties of the effect of tetraploidy
on fertility of normally self-sterile species,
doubling the chromosome number of forms
such as species hybrids which are sterile on
account of chromosome incompatibility
brings about fertility, as is seen in the pure-
breeding double diploid types we have syn-
thesized in the genus Nicotiana.

EVOLUTION OF CHROMOSOMES IN NATURE

Since the beginning of the Datura in-
vestigations it has been our belief that the
genetic findings in our detailed breeding
experiments should be related to the be-
havior of Daturas in nature. With this
idea in mind we early began the study and
collection of races from nature, first of
Datura stramonium and later of other spe-
cies of the genus Datura. Fifteen years ago
Belling in his hypothesis of segmental in-
terchange gave the clue to the chromosomal
constitution of a type from nature which
differed from the highly inbred Line
which we had been using as a standard in
our cultures. Even before this, however,
we had been able to distinguish this type
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by genetic methods. Belling's hypothesis,
which has been amply confirmed by later
study, showed that in the formation of
two of the chromosomes of this type, now 70
called Prime Type 2 (PT 2), the 1.18 0'1
and 2.17 chromosomes could be explained ii
as having been derived by interchange of
segments between the r 2 and the 17 18
chromosomes of PT 1. Our method of

;.jp

testing interchanged chromosomes shows
that a difference has occurred in the ar. ;.14
rangements of their ends, but generally Ii16
does not give positive evidence regarding lit
the length of the segments involved. With
the idea that the clue to the evolution of
a species is to be found in the evolution
of its chromosomes, an analysis has been46
undertaken of the chromosomes of the
material in our collections. This analysis u F

has been under the immediate supervision ]3,)
of Dr. Bergner. We have from time to IP
time in past reports recorded the tests with
certain individual species. It seems profita.
ble at the present time to review the prog.,.i
ress of our investigation of the whole genus u,11

We have first undertaken to make 2
study of the phenomenon of interchangeC
chromosomes in different species. Thes0
interchanges we have expressed in term:111'
of the chromosomes of our standard lim.'.1,111
in D. stramonium, which we have listeC
in the accompanying table as Prime Typ

(PT I). Interchanged chromosomes an
indicated by boldface type. In testing ar,:
unknown race for chromosomal constituz
tion, we cross it with our standard PT 16
If the race in question contains a pair o'
interchanged chromosomes, such as th(
chromosomes 1 18 and 2.17 of PT 21'
there will be seen at meiosis in the pollei
mother cells a circle of 4 chromosomes in:
volving the interchanged chromosomes cq
PT 2, in addition to io bivalents. By ade
quate tests it can be determined which
chromosomes are involved in the circle:
The table shows that including PT 1 there

`Nue,
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INTERCHANGED CHROMOSOMES IN SIX SPECIES OF DATURA IN TERMS OF CHROMOSOMES OF PRIME
TYPE I OF D. STRAMONIUM

Datura stramonium
(680 races)

PT 1
(275 races)

PT 2
(327 races)

PT 3
(62 races)

PT 4
(83 races)

PT 7
(61 races)

PT 87
(1 race)

PT 88
(1 race)

1.2 1.18 1.2 1.2 1.2 1.2 1.2

3.4 3.4 3.4 3.21 3.4 3.12 3.4
5.6 5.6 5.6 5.6 5.6 5.6 5.6
7.8 7.8 7.8 7.8 7.8 7.8 7.8

9.10 9.10 9.10 9.10 9.1020 9.10 9.10
11.12 11.12 11.21 11.12 11.12 11.21 11.12

13.14 13.14 13.14 13.14 13.14 13.14 13.14

15.16 15.16 15.16 15.16 15.16 15.16 15.23
17.18 17.2 17.18 17.18 17.18 17.18 17.18

19.20 19.20 19.20 19.20 19.2010 19.20 19.20

21.22 21.22 12.22 4.22 21.22 4.22 21.22
23.24 23.24 23.24 23.24 23.24 23.24 16.24

D. stramoniurn-continued

PT 94 PT 95 PT 2 + PT 3
(1 race) (1 race) (62 races)

Type 1
(6 races)

D. quercifolia
(12 races)

Type 2

(3 races)
Type 3
(3 races)

1.14 1.220 1.18 1.18 1.18 1.18

3.4 3.4 3.4 3.4 3.4 3.4
5.6 5.6 5.6 5.6 5.6 5.6
7.8 7.8 7.8 7.20 7.20 7.8

9.10 9.10 9.10 9.10 9.2 9.10
11.12 11.12 11.21 11.21 11.21 11.21
13.18 13.14 13.14 13.14 13.14 13.14
15.16 15.16 15.16 15.16 15.16 15.16

17.2 17.18 17.2 17.2 17.10 17.2
19.20 19.202 19.20 19.8 19.8 19.20
21.22 21.22 12.22 12.22 12.22 12.22
23.24 23.24 23.24 23.24 23.24 23.24

D. ferox
(16 races)

Type 1 Type 2
(13 races) (3 races)

D. discolor
(4 races)

D. leichhardtii
(7 races)

Type 1 Type 2
(1 race) (6 races)

D. pruinosa
(1 race)

1.18 1.21 1.11 1.18 1.18 1.18

3.4 3.4 3.4 3.4 3.4 3.4
5.6 5.6 5.6 5.6 5.6 5.6

7.2010 7.2016 7.8 7.8 7.8 7.8
9.10 9.10 9.10 9.10 9.10 9.14
11.21 11.18 12.22 11.16
13.14 13.14 13.14 13.14 13.14 13.10
15.1620

15.1620 16.18 15.12
17.2 17.2 17.2 17.2 17.2 17.2
19.8 19.8 19.20 19.20 19.20 19.20
12.22 12.22 21.15 21.22
23.24 23.24 23.24 23.24 23.24 23.24

*These chromosomes are identical with those left blank in D. pruinosa, but their end arrangements have not yet been
determined.
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are 5 recurrent types of D. stramonium
found in nature. There are also 5 prime
types which have been found only once
and hence may be considered sporadic.
The interchanged chromosomes of one of
these are not included in the table, since
the chromosomes of the interchange have
not yet been determined. The other species
of Datura have been tested in much the
same way. For each a tester type has been
established as a standard, and with it the
number of chromosomal types in the given
species can be determined. Later by the
use of proper testers from stramonium the
interchanged chromosomes of these species
have been determined. The interchanged
chromosomes of D. quercifolia and D.
ferox can be relatively easily determined,
since there is no difficulty in getting Fi hy-
brids with tester races of D. stramonium.
Datura discolor also crosses readily with
testers of D. stramonium when it is used as
a male. There is considerable difficulty,
however, in getting a cross between D. stra-
monium and D. leichhardtii, and this is
possible only when D. leichhardtii is the
female parent. Datura pruinosa will not
cross with D. stramonium, but we have
succeeded in making a partial analysis of
its interchanged chromosomes by using D.
leichhardtii as a bridging species and get-
ting the chromosomes of D. pruinosa into
the matrix of the D. leichhardtii proto-
plasm, which will allow crosses with D.
stramonium testers. It will be noted that
in the table there are blanks for 3 chromo-
somes in D. pruinosa and in the second
type of D. leichhardtii. We know that the
chromosomes in these two types are modi-
fied in the same way, but it will be neces-
sary to make one further cross in order to
be sure of the exact order of the inter-
changes involved. We have under investi-
gation ten herbaceous species of Datura.
In addition to those listed in the table,
there are 3 chromosomal types among 42

races of D. innoxia tested; 3 types among
31 races of D. meteloides; and 5 types
among 6o races of D. metel. Datura cerato-
caula has only a type among 2 races tested.
The last species mentioned we have not yet
surely succeeded in inducing to hybridize
with any other Daturas, although histologi-
cal study shows that fertilization is in-
itiated and seeds have been secured from
crosses. The difficulty may lie in the low
percentage of germination of seeds of D.
ceratocaula. This difficulty has now been
overcome for the pure species, and we hope
to secure hybrids either by better methods
of germination of the hybrid seed or by
growth of young proembryos on artificial
media by the methods of Drs. van Over-
beek and Conklin.

It will be noted from the table that
interchanges have been found in all species
in which a sufficiently large number of
races have been obtained. Not all the 12
chromosomes of our standard PT i are
involved in interchanges with the same fre-
quency. Thus it will be observed that,
in the species in the table, the 5 . 6 chro-
mosome is the only one not involved in an
interchange. There are only 2 modified
chromosomes related to the 23 24 chromo-
some, 3 to the 3.4 chromosome, and 4 to
the 13 . 14 chromosome; yet there are 6
modified chromosomes related to the 17. i8
chromosome, 7 to the I.2 chromosome,
8 to the 21 22 chromosome, 9 to the II 12

chromosome, and I° to the 15 16 chromo-
some.

Our earlier table of the geographical dis-
tribution of prime types in D. stramonium
shows that there is a certain amount of
localization of these types throughout the
world. Thus, PT 1, which is not dupli-
cated in other species, is the predominant
type only in the United States, Brazil, and
Japan. Prime Type 2 is the predominant
type in other parts of the world. Prime
Type 3 is found associated with PT 2
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throughout Peru. The i i8 and 2 17 chro-
mosomes of PT 2 are found in D. quer-
cifolia, D. ferox, D. leichhardtii, and D.
pruinosa; the 2.17 chromosome is found
in D. discolor. It would appear, therefore,
that the PT 2 of D. stramonium would
have been a better standard in that it is
more likely to represent the type to which
other races and species are related than
does the PT i which we chose as a stand-
ard. It is of interest to note that so far
as the end arrangements of their chromo-
somes are concerned, the third type of
D. quercifolia is identical with the races
of D. stramonium from Peru, which are
made up of a combination of PT 2 and
PT 3. The modified chromosomes of the
Peruvian type are also represented in the
end arrangements of the first type and of
part of the second type of this same species.
They are also represented in D. ferox.
One of the modified chromosomes of PT 3
and one of PT 2 are also represented in
D. discolor. It is perhaps of significance
that the geographical distribution of the
Peruvian type, which runs up also into
Mexico, overlaps the distribution of D.
quercifolia, D. ferox, and D. discolor.
There is certain suggestive evidence also
from the morphological standpoint which
would add some weight to the suggestion
from the interchanged chromosomes that
there is a relationship between these three
species and the Peruvian race of D. stra-
monium. The last - two species in the
table, D. leichhardtii and D. pruinosa, are
obviously rather closely related in morpho-
logical characteristics. The first is endemic
in Australia, the second is endemic in
Mexico. Datura pruinosa seems to be
closely related to especially the second type
of D. leichhardtii in its interchanged chro-
mosomes. Likeness of the end arrange-
ment of their chromosomes cannot be used,
however, as a dependable criterion of the
taxonomic relationship. If the first type
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of D. leichhardtii, for example, were
crossed with PT 2 of D. stramonium, there
would only be a single circle of 4 chromo-
somes, indicating that all the chromosomes
except 2 in the two species had the same
end arrangements. Although segmental
interchange has apparently not been the
cause of differentiation of species, it has
accompanied such differentiation and in
some ways appears to be a factor in
evolution.

In figure i are listed the configurations
in a series of crosses involving the species
D. innoxia, with other species and with
testers of D. stramonium. These crosses
will serve as an example of the extreme
difficulty involved in determining the
chromosomal end arrangements of the
species which do not readily cross with the
testers of D. stramonium. A single test
now under way should determine the
chromosomes left blank in the table for
D. pruinosa and D. leichhardtii, which
have been tested against two types of
D. innoxia. Datura innoxia will not cross
directly with D. stramonium but will cross
readily with D. leichhardtii. Accordingly
we have made repeated backcrosses of the
D. stramonium testers onto D. leichhardtii
in order to secure the stramonium tester
chromosomes in a matrix of leichhardtii
protoplasm. Our intention had been, after
several backcrosses to leichhardtii, to iso-
late these tester races in homozygous con-
dition from the selfed offspring of het-
erozygous parents. A difficulty has arisen
in that we have found it difficult to trans-
mit the modified chromosomes of the ma-
jority of these testers through the pollen,
although they will come readily through
the female parent. The heterozygous plants
from repeated backcrosses are near enough
like D. leichhardtii so that they will cross
with D. innoxia when used as females.
Half of the offspring should carry the
tester chromosomes. When the crosses in-
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dicated on the right-hand side of the dia-

gram have been made and the chromo-
somal configurations in the hybrids deter-
mined, it should be possible to determine
the chromosomal end arrangements of the
races of D. innoxia. The same method is
applicable to the races of D. meteloides,
for which we have already made a consid-
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differentiate one species from another. Al-
ready Dr. Bergner has determined by the
presence of chromosome bridges at meiosis
that inversions are not infrequent both in
hybrids between selected races in D. stra-
monium and in hybrids between different
species. The extent of inverted segments
in chromosomes may be perhaps better
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Fro. i. Tests for interchanged chromosomes in Datura innoxia. The 2n chromosome number
in all Daturas is 24. Configurations of 4 or more chromosomes in Fi's are listed on lines connecting
parents. Closed circles are represented by the sign 0 followed by the number in the circle. a is
abbreviation for open chain. The paired chromosomes are not represented. Dashed lines and circles
at right represent projected crosses to selected testers with modified chromosomes, which should
complete the determination of the chromosomes in D. innoxia.

erable number of tests. A somewhat simi-
lar treatment should be possible for D.
metel after the races of D. innoxia and D.
meteloides have been cleared up.

The study of the occurrence of inter-
changed chromosomes in species of Da-
tura is the only investigation of this scope
that has been undertaken with plants. It
gives us, however, only a partial picture
of the changes in the chromosomes which

determined by two other methods. Dr.
Bergner is endeavoring to work out a tech-
nique whereby the chromosome may be
adequately stained for comparison of

paired strands at early prophase divisions.
If such a technique is discovered, it should
be possible to match up homologous parts
of adjacent paired chromosomes through
chromomere similarity and to determine
the extent of inverted sections as Dr. Mc-
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Clintock has been able to do by use of
special technique with maize chromosomes.
Another method of determining inversion
changes which is under way is the reduc-
tion of crossing over brought about by
inversions, which we trust may be detecta-
ble through the use of pollen-abortion
genes and viable gene-type testers.

POLYPLOIDY AND THE SEX MECHANISM IN

MELANDRIUM

Dr. Warmke has continued his studies
on sex differentiation in the dioecious spe-
cies Melandrium dioicum. In this he has
isolated two new chromosome types:
2A XYY (male) and the type with an
extra fragment 2A XXX'Y (hermaphro-
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ditic-male). The first of these is important
in studying the synaptic relationships of
two Y chromosomes in a diploid indi-
vidual, which has not been possible hereto-
fore. It also provides a means of compar-
ing XY and YY synaptic affinities. The
second type, 2A XXXrY, is important in
providing confirmatory evidence for the
presence of female genes in the X chromo-
some by completing the diploid series :

Chromosome
constitution

2A XY
2A XXY
2A XVI'
2A XXVI'

Sex

Male

Male
(occasional blossom)

Hermaphrodite
(occasional d blossom)

THE GENE

M. DEMEREC, B. P. KAUFMANN, EILEEN SUTTON, AND U. FANO

X-ray and ultraviolet radiations are still
the best known agents for inducing
changes in genes and chromosomes, and
they have been utilized extensively in the
researches of the past year. In order to
take full advantage of the physical possi-
bilities, we have again cooperated with
Dr. A. Hollaender, of the National Insti-
tute of Health, Bethesda, Maryland, in
experiments with monochromatic ultra-
violet radiation; with Dr. P. A. Cole, of
the same Institute, in experiments with
ultraviolet photometry; and with Mr. L. D.
Marinelli, of the Memorial Hospital, New
York, in experiments in which refined mea-
surements of X-ray intensity were required.

CORRELATION OF DATA ON CHROMOSOMAL

CHANGES

It was suggested in Year Book No. 38
that the observed deficiencies produced
by 2500 to 3000 roentgens, which involve
the Notch locus, might arise by either of

two different processes. The longer defi-
ciencies would correspond to the usual
chromosomal aberrations involving two in-
dependent breaks and would be classified
as "two-event" processes. The short ones,
which are particularly frequent, would
arise from some different "single-event"
process, and would correspond more closely
to the mutations affecting the Notch locus
which are not cytologically detectable defi-
ciencies. Since the last report a large num-
ber of additional changes at the Notch
locus has been accumulated, and these
cases have been investigated by Dr. Dem-
erec and Dr. Fano to determine the
approximate length of single-event defi-
ciences. Comparison of data by Dr. Kauf-
mann and Miss Bishop supports the theo-
retical expectation that the inversion and
the deletion of any given chromosome
fragment are equally probable. The ex-
isting data on the frequency of inversions
enable us to evaluate the expected fre-
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quency of two-break Notch deficiencies.
Comparison with the Notch data shows
that only those Notch deficiencies covering
more than about 15 salivary-chromosome
bands can be attributed to a two-break
process. Shorter deficiencies must be due
to some other process, whose frequency
should depend, to a smaller degree, on the
X-ray dosage. Spontaneous Notches should
not involve two-break processes since the
frequency of two-break chromosome rear-
rangements is negligible in untreated
sperm. In fact, the largest deficiency ob-
served among spontaneous Notches cov-
ers 13 bands, which is just below the limit
of 15 bands set for single events. The
length of 15 bands is about 6 microns in
salivary-gland chromosomes and should
probably be about roo times smaller in
the chromosomes of the sperm, that is,
approximately 600 A. Thus a single-event
process may have a radius of action of
about 600 A.

The sterility induced in the sperms of
Drosophila by radiation, that is, the pro-
duction of "dominant lethals," is thought
to be mainly due to chromosomal changes.
Dr. Fano has considered, on the basis of
the available data, whether most of the ob-
served dominant lethals can be attributed
to chromosomal rearrangements which are
nonviable because they lead to the loss of
large fractions of chromosomes, but are
otherwise analogous to the observed viable
rearrangements. A negative answer must
be given to this question. Since, on the
other hand, dominant lethals connected
with no chromosomal rearrangement must
be relatively rare, if they occur at all, one
is inclined to conclude that dominant le-
thals frequently involve some as yet unob-
served type of chromosomal rearrange-
ment. Several facts, among which are the
rate of production of dominant lethals at
low dosage reported in Year Book No.
39 and the very low observed frequency

of terminal deficiencies and losses of whole
chromosomes, suggest the existence of some
effect of single chromosome breaks which
is more damaging than the simple loss of
a part or the whole of a chromosome.

The correlation of dominant lethals with
the observed chromosomal rearrangements
requires a preliminary understanding of
the production of such rearrangements. A
further discussion of the existing data
on cytologically detected rearrangements
showed that the production of chromo-
somal rearrangements does not fit well into
any simple scheme.

The order of magnitude of several quan-
tities related to chromosomal changes has
been evaluated by Dr. Fano on the basis
of existing data. A chromosomal break oc-

curring sufficiently close to a genetic locus it

may affect its phenotypical expression. An
appreciable amount of data on the fre-
quency of this process has been collected
by Dr. Demerec, especially for the Notch
locus. The frequency of breaks along all 1

the chromosomes is approximately known
from cytological data. One can then esti-
mate that a fraction of the order of i/to
of all breaks occurring sufficiently close to
a locus affects its phenotypical expression.
This fraction seems to be larger for the
cut than for the Notch locus, but it ap-
pears to be independent of whether the
locus is transferred into euchromatin or
heterochromatin. In the case of hetero-
chromatin, however, it is not necessary that
the break be adjacent to the changed locus.
Comparison of cytological data on the fre-
quency of euchromatic X-chromosome
breaks with the data on the frequency of
sex-linked lethals shows that both of these
frequencies are approximately 8 per cent
in sperm treated with 3000 r X rays. Since
at this dosage approximately one-third of
the lethals have been shown to be con-
nected with a chromosomal rearrangement,
it appears that about one out of every three
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X-chromosome breaks is associated with a

lethal change.

DOMINANT LETHALS

The experiments on dominant lethals by
Dr. Fano and Dr. Demerec reported in
Year Book No. 39 were continued and ex-
panded. Attempts were made to investi-
gate and reduce the sterility of untreated
material, with a twofold purpose. On the
one hand, any reduction of spontaneous
sterility and of its variability affords a more
accurate measurement of induced domi-
nant lethals. On the other hand, full un-
derstanding of the sterility phenomenon is
essential to an evaluation of its selective in-
fluence on the genetic material. Sponta-
neous sterility was not easily brought
under control, and appeared to be affected
by environmental, individual, maternal,
and hereditary factors. Experiments on this
subject are still under way. The large vari-
ability observed in the sterility phenomena
might seriously affect the accuracy of
the quantitative discussion of genetic
experiments.

The semilogarithmic plot of the residual
fertility as a function of X-ray dosage is
approximately a straight line in the range
of high dosage, between 5000 and I i,000 r,
but does not fit a single straight line at all
dosages. This seems to indicate that most
of the sterility effect, but not all of it, is
due to a "single-event" process.

The data of Drs. Demerec and Kauf-
mann on the sterility induced in mature
and immature sperm were extended by fur-
ther experiments. Young males were
treated with X rays at 4000 r. Approxi-
mately 4000 sperms used shortly after their
irradiation in fertilizing eggs gave only
about 20 per cent viable embryos, but 3200
sperms tested 24 days later proved to be
about 8o per cent fertile, that is, as fertile
as the controls. This indicates that the for-
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mation of sperm carrying dominant lethals
is selected against during the maturation
divisions, as compared with the formation
of normal sperms. No restoration of fer-
tility should then be expected when the
amount of sperms free from chromosomal
changes is so small that it cannot produce
any appreciable fertility even when the
sperms carrying dominant lethals have
been eliminated. This last expectation has
been verified by experiments at 20,000 r or
more, in which no fertility was detected
at any time after irradiation; one would
hardly expect that even a single sperma-
togonial cell would escape chromosomal
changes.

HIGH-DOSAGE EXPERIMENTS

Since the experiments with dominant
lethals showed the existence of an appre-
ciable residual fertility among the sperms
of males irradiated with Ii,000 r, it was
decided to conduct a series of experiments
with heavy X-ray treatments up to 12,000 r.
This project had a twofold purpose. On
the one hand, the occurrence of hereditary
changes among the surviving offspring of
heavily treated males is expected to be so
large that it affords an especially good
opportunity to study a large number of
individual changes per se. On the other
hand, the comparison of all the changes
obtained at 12,000 r with those obtained at
the usual lower dosages (about 3000 r)
might afford a good opportunity to detect
any possible shift in the relative frequency
of different types of changes. It was origi-
nally planned to investigate the following
points : (I) the absolute and relative fre-
quency of cytologically detectable changes
associated with the phenotypical character
Notch; (2) the absolute and relative fre-
quency of chromosomal rearrangements
associated with sex-linked lethals; (3) the
absolute and relative frequency of different
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types of cytologically detectable chromo-
somal rearrangements. The numerous ex-
periments hitherto completed showed that
the occurrence of chromosomal changes
among the surviving offspring of heavily
treated males is not consistently so high as
was expected. This finding required a
large amount of preliminary work directed
to the investigation of technical factors
which might reduce the observed fre-
quency of changes.

A series of tests for sex-linked lethals
among the offspring of males irradiated
with dosages varying from 4000 to 12,000 r
were carried out by Drs. Demerec and
Fano. They did not succeed in duplicating
the results of previous authors who had
reported a frequency of lethals reaching as
high as 35 per cent. The tests which were
carried out with the standard C1B pro-
cedure did not yield a frequency larger
than about to per cent.

The results obtained by cytological analy-
sis of salivary-gland chromosomes in lar-
vae derived from fathers receiving high
X-ray dosages are also somewhat confus-
ing. It was anticipated on two bases, (I)
egg mortality induced by dominant lethals,
and (2) extrapolation of the curves ob-
tained in the moo- to 5000-r dosage range,
that a very high percentage of all larvae
derived from fathers treated with 12,000 r
would contain deranged chromosomes.
However, the 41 per cent of altered sperm
among the first sample of too glands ana-
lyzed by Dr. Kaufmann is essentially the
same as the frequency obtained at the
5000-r level (see Year Book No. 37), al-
though the number of breaks per too
sperm (16t) exceeds somewhat that ob-
tained in the 5000-r material (125 to 144).
Before any effort can be made to interpret
such findings, a considerably largeramount
of data must be collected, not only because
of the low values but also because of
considerable heterogeneity with respect to

the number and types of breaks which were
obtained in the three different experiments
from which these ioo pairs of glands were
obtained.

COMPARISON OF BREAK FREQUENCY INDUCED

IN SWEDISH-B AND OREGON-R STOCKS

Experiments by Dr. Demerec reported
in Year Book No. 36 showed that when
wild-type flies of the Oregon-R stock were
treated with X rays, the frequency of
X-chromosome lethals was lower than
when several other wild-type stocks were
treated. As an example, the rate for
Oregon-R was about half of that for the
Swedish-b. On the contrary, the frequency
of dominant lethals induced by X rays, as
measured by the death rate during on-
togeny, was higher in the Oregon-R stock
than in the simultaneously treated Swed-
ish-b material (Year Book No. 37). Since
dominant lethals are in general referable
to chromosomal derangements, and since
some of the sex-linked lethals may also in-
volve gross chromosomal changes, a cyto-
logical analysis was undertaken by Dr.
Kaufmann of the salivary glands of larvae
derived from the two kinds of treated
males. Material useful for this purpose was
available from several other experiments in
which Swedish-b and Oregon-R males
were treated simultaneously with about
4000 roentgens and then mated with Swed-
ish-b females. Analysis of about 245 pairs
of glands from each of the two crosses
yielded approximately equal percentages of
altered sperms (35.5 + 3.06 for Swedish-b
and 38.62 + 3.10 for Oregon-R). But

whereas the Swedish-b glands showed
82.04 breaks per too pairs of glands, the
usual value for 4000 r, the Oregon-R ma-
terial gave 103.24 breaks per ioo glands.
These values indicate that the types of
changes observed following irradiation of
the Oregon-R sperms are on the average

lit
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more complex than those detected follow-
ing irradiation of the Swedish-b sperm.
The reason for these differences remains
to be determined. The possibility is now
being tested that hybrid vigor in the
Swedish-b/Oregon-R larvae is conducive
to survival of more individuals contain-
ing complex chromosomal rearrangements
than obtains in the homozygous Swedish-b
larvae.

THE y-sc REGION OF THE X CHROMOSOME

The cytogenetic analysis by Dr. Sutton
of X-ray-induced changes in the y-sc region
indicates that they and ac loci lie within the
region I A5-8 of the salivary map, and that
the sc locus is probably associated with the
doublet I B3-4.

Of 12 changes in the y locus, 4 were not
accompanied by any detectable chromo-
some abnormality, 3 were due to deficiency,
and 5 were due to "position effects." On
the other hand, 14 sc changes included only

case which appeared cytologically normal
and 2 cases of deficiency, the remaining
examples being due to "position effect"
(gross rearrangements). The sc locus thus
appears to resemble the ct locus, which is
found to be very susceptible to changes in
position, as opposed to the y and N loci,
which are less frequently affected by such
changes.

RECOVERY OF SIMPLE BREAKS

In an attempt by Miss Maydelle Bishop
to obtain simple terminal chromosome
breaks in Drosophila melanogaster, advan-
tage was taken of the fact that females
hyperploid for the right end of the X chro-
mosome in the Bar-carnation region are as
viable as the normal female (Patterson
and others, 1935). This allows one to de-
sign an experiment such that single breaks
in the forked-carnation region have via-
bility equal to or greater than that of
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double breaks involving this region and
some other region of the X chromosome,
in so far as their viability is determined by
hyperploidy. Wild-type males were irra-
diated with either 2000 or 4000 roentgens
and Bar males with moo, 2000, or 4000
roentgens, and mated to yellow vermilion
forked carnation (y v f car) attached X
females. In all, 48,081 Fi females were
examined, among which 358 two-break
hyperploid females (v f car, f car, car, and
v f females) were found, and 21 appar-
ent one-break hyperploid females (y v f,
y v, and y females). Obviously the known
double breaks outnumbered the apparent
single breaks, although both the viability
and chance expectation would lead one to
expect the opposite result. It is impossible
to say how many apparently single-hit cases
are actually of that type, but some conclu-
sions can be reached by analyzing the data.
The probability that the y v f hyperploids
are derived from deletions having a second
break distal to the leftmost marker yellow
may be tested by comparing that class with
the v f hyperploid class. The probability
of the right break in the forked-carnation
interval is the same in each case, but for
the left break there are only 3 or 4 bands
to the left of yellow as compared with
approximately 300 bands (counting double
bands as one) between yellow and vermil-
ion. As the left break approaches ver-
milion, the viability of the hyperploid v f
females is decreased. But the interval from
white to yellow, which has been shown to
have little effect on viability of hyperploid
females, has about too bands; therefore
v f hyperploid females with the left break
between yellow and vermilion should be
many times as frequent as y v f hyperploid
females with the left break between the
tip of X and yellow. Actually they are
only slightly more than twice as frequent
(36 v f as compared with 16 y v f). An-
other possibility is that a second break may
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be to the right of the centromere in the
small arm of the X. The probability of this
type of deletion should be about the same
as for a second break in the region distal to
yellow, unless the short arm is much
longer than has been supposed, or has an
exceptionally high break frequency. This
comparison leads to the conclusion that
some if not most of the apparent single
breaks are actual. Supposing that single
breaks are responsible for dominant lethals,
the data of Fano and Demerec (1941) may
be used to compute roughly the expected
frequency of any class of single breaks.
The calculated single-break frequency in
the forked-carnation region is o.o8 per cent
at 4000 r. Actually about 0.05 per cent are
recovered. In other words, about 1 out of
20 single breaks "heals" and is picked up
in the next generation. Calculations of
Fano using Sutton's data on tip deficien-
cies, involving an entirely different region,
length of interval, and method of detection
from that in the present work, show the
same factor of 20. The incidence of non-
yellow deletions may be compared with
Kaufmann's unpublished data on the oc-
currence of inversions involving the same
region to test the assumption of Demerec
and Fano (1941) that deletions and inver-
sions occur with approximately equal fre-
quency. The incidence of deletions and
inversions agrees within a factor of about
2, the percentage of deletions being slightly
higher.

CARNEGIE INSTITUTION OF WASHINGTON

EXPERIMENTS WITH ULTRAVIOLET

RADIATION

This is a cooperative project with the
National Institute of Health, in which Dr.
M. Demerec, Dr. A. Hollaender, Mrs. M.
Houlahan, and Miss M. Bishop are taking
part. During the past year experiments
were completed in which Drosophila
melanogaster males were treated with

monochromatic radiation of 3050, 313o, and
3300 A and the effect on hereditary changes
was observed through lethals induced in
the X chromosome. In the experiments
done earlier and reported in Year Book
No. 39, the effect of 228o, 265o, and 2937
A was investigated. All these wave lengths
are effective in producing lethals which
may with good reason be assumed to be
caused by changes in genes.

Some sterility was induced by all wave
lengths tested, shorter wave lengths prov-
ing to be more effective than the longer
ones. A sharp break in the effectiveness
took place between 3050 and 313o A.
Sterility is apparently due to injury pro-
duced in the tissues by radiation which
penetrates the abdominal wall. The en-
ergy required to produce sterility at 2280 A
is about 2.1 X I06 ergs per cm.', and the
sterility limit is so low that only 1 per cent
of lethals can be obtained. At 3130 A,
energy of 83.5 x 108 ergs per cm' can
easily be applied, since it sterilizes only
about 5o per cent of the treated males. Such
dosage induces about 5.5 per cent lethals.
Yellow-white flies showed higher sensi-
tivity to injury than wild-type flies.

For 3130 A, data are available indicating
that the genetic effect increases with the
dosage applied, but that the interference of
secondary factors induces a great deal of
variability in successive experiments. This
is probably caused by the absorption of
radiation by the tissues which happen to
cover the testes during irradiation. In oc-
casional experiments the percentage of
lethals obtained was as high as 5o, indi-
cating the possibility that ultraviolet may
produce mutations at a very high rate.

In one experiment with 265o A, one
translocation among 116 treated sperm was
observed. An additional 762 tests of sperm
from males which had been given similar
treatment did not disclose any transloca-
tion. None was observed among 1073
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sperm obtained from males treated at 3130
A with energy which produced 5.5 per cent
lethals. Thus these experiments gave fur-
ther support to the assumption that ultra-
violet radiation is effective in inducing gene
changes but is not effective in producing
breaks in chromosomes.

Preliminary studies of the absorption of
ultraviolet radiation in the salivary-gland
chromosomes have been made by Dr. Sut-
ton in collaboration with Dr. P. A. Cole,
of the National Institute of Health, Be-
thesda, Maryland. It has been shown by
Caspersson and Schultz that the chromo-
some bands contain a protein component
(indicated by an absorption maximum at
2800 A) as well as the nucleic acid com-
ponent (absorption maximum at 265o A).
Caspersson (1940) has also shown that dif-
ferent types of protein are found in differ-
ent regions of the chromosomes. The re-
sults obtained at Bethesda indicate that
the concentration of protein, as well as of
nucleic acid, in the bands is high.

Stocks raised at 18° C. show great vari-
ability of nucleic acid content, both be-
tween homologous bands and within bands.

In order to determine the relation of
nucleic acid content to the phenomenon
of variegation, it is proposed to measure
the absorption of bands in a white-mottled
stock carrying modifiers which enhance or
decrease the phenotypic variegation.

MOTTLEDS IN THE SECOND CHROMOSOME

In the Fi from ri p1 flies irradiated at
4000 r, an individual female was recov-
ered by Mr. T. Hinton which showed an
eye containing areas of disarranged facets
lighter in color than peach, and within
these areas, occurring singly or in groups,
facets extremely dark or black in color.
Two other similar flies were found in the
first 9000 examined, but were not viable.
A stock was obtained from the viable
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mutant, the salivary-gland preparations
from which showed an interbrachial in-
version in the second chromosome. The
break in 2L is immediately proximal to
the 26D1 band. The break in 2R is at
41A/B. Since the 41 of 2R is heterochro-
matic, the inversion causes both the bands
which are proximal to and distal to the
break at 26D2 to lie adjacent to hetero-
chromatin. The aberration being in the
second chromosome and the peach locus
on the third, a separation of the peach
locus from the mottled effect was under-
taken by Mr. K. C. Atwood. The third
chromosomes were replaced by wild-type
third chromosomes by the use of dominant
markers. The jumbled facets and black-
spotted appearance were found still to occur
with wild-type eye color and with Plum.
The mottling effect was more extreme in
flies raised at 15° C. than in those raised
at room temperature. The aberration is
lethal when homozygous. It has already
been shown that heterochromatin can
cause genes to show mottling. An attempt
was therefore made in this case to discover
which genes were near enough to the aber-
ration to be thus affected. It is possible that
clot (locus 16.5) is responsible for the dark-
colored facets, and pied (17.5) for the
roughness of the facets. This interpretation
implies that the wild-type alleles are pro-
ducing in the somatic cells a dominant c/
and a dominant pi effect.

TERMINAL ADHESIONS IN SALIVARY-GLAND

CHROMOSOMES

A study has been made by Hinton and
Atwood of terminal adhesions in salivary-
gland chromosomes. Relative frequencies
of the possible combinations differ in the
Oregon-R and Swedish-b strains of Dro-
sophila melanogaster. Data from the F1
of Oregon-R males by Swedish-b females
agree with those from Oregon-R, indicat-
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ing a dominance of Oregon-R chromo-
somes with respect to terminal adhesions.
When males were compared with females
of their own stock, the autosomes were
found to behave alike in both, but the
percentage of adhesions involving the X
chromosome was much smaller. When a
Swedish-b stock carrying a homozygous
deficiency for the tip of X was compared
with normal Swedish-b, the relative fre-
quencies of combinations were found to be
altered. At least four different self-specific
factors at the chromosome tips must be
postulated to explain the melanogaster
data. Chromosome arrangement in the
nucleus and the state of chromosome ends
in the unsmeared nucleus have both been
eliminated as interfering factors. Chro-
mosome length as a factor is being tested.
From 200 cases of terminal adhesions found
in D. pseudoobscura, a nonrandom occur-
rence of the various combinations was also
established for this species.

CARNEGIE INSTITUTION OF WASHINGTON

UTILIZATION OF SPERM BY THE FEMALE

DROSOPHILA

The analysis of the biological factors
involved in sperm transfer and utilization
reported in Year Book No. 39 has been
extended. These experiments were under-
taken to measure some of the determinable
factors which might be responsible for the
variability that occurred in different ex-
periments in which males of Drosophila
melanogaster had received similar treat-
ment. Last year's report considered the
time needed for the male to exhaust the
supply of mature sperm. The considerable
variability in the proportions of fertile and
sterile eggs laid by different females fol-
lowing a single insemination by an irra-
diated male suggested that the production
of dominant lethals might not be wholly
responsible for the sterility, but that it
might depend in part on the deposition of

unfertilized eggs. A further study of this
point has been made by Drs. Kaufmann
and Demerec, using wild type, Swedish-b
males which had not been irradiated. Each
of these males mated successively with
three females, A, B, and C. Following
copulation the female was isolated and
counts were made of the number of eggs
which she deposited and the number of
larvae hatching therefrom. It was found
that the amount of sperm transferred in a
single copulation is only sufficient to guar-
antee fertilization of a high percentage of
the eggs laid during the first few days of
laying, that on subsequent days the propor-
tion of sterile eggs increases, and that
toward the end of the egg-laying period
practically all the eggs deposited are unfer-
tilized. Similar data have been obtained
using irradiated males.

An effort has also been made to measure
the relative ability of sperms stored in the
seminal receptacles to take precedence over
sperms subsequently deposited in fertiliz-
ing the eggs. For these tests, plexus brown
speck females were provided with wild
type, Curly/Glazed, and px bw sp males
in all the possible mating sequences.
Among the progeny obtained, Curly and
Glazed were slightly more frequent than
the wild type, but px bw sp represented
only about one-sixth of the total. Similar
ratios were obtained when three females,
one fertilized by each of the three types of
males available, were permitted to lay their
eggs in the same bottle. Since in these con-
trols there could be no competition of
different types of spermatozoa, it seems
that the high frequency of wild type and
Cy or Gl and the dearth of px bw sp flies
hatching from the eggs laid by polyandrous
females are to be attributed to differential
viability of the different types of embryos
and larvae, and not to differences in vigor
or mortality among the various types of

spermatozoa tested, which might lead to
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such selective fertilization as Lobashov be-
lieved was occurring in similar experiments
which he had conducted.

LARVAL PIGMENTATION

Pigmentation of the larval mouth parts
and spiracle sheaths has been studied by
Dr. K. S. Brehme in the mutants of Dro-
sophila melanogaster which affect adult
body color. In general, the mutants whose
adult body color is lighter than wild
type are characterized by lighter pigmenta-
tion of the larval mouth parts; the tan
alleles, straw 2 and straw 3, and all the
yellow alleles except y"' show this effect.
The greatest difference from wild type is
seen in the cases of y'" and y260-28, al-
though the adults of these genotypes are
not markedly lighter in color than the other
extreme yellow alleles, such as y or y4. Cer-
tain of the mutations which lighten the
body or bristle color of the adult do not
affect the larval jaws : svr, T ;2)Bld , stw,
stw' , and y'". Larvae whose mouth parts
are markedly lighter than wild type are
readily classifiable in the third instar, and
the difference is already discernible at
hatching from the egg. Of the mutants
with darkened adult pigmentation, only
the ebony alleles increase the pigmentation
of the larval jaws. The ebony alleles con-
siderably darken the spiracle sheaths at all
stages of development.

The Malpighian-tube color of 33 eye-
color mutants has previously been reported
by other investigators. Because of the use-
fulness of this character in classifying
larvae for experimental purposes, observa-
tions have been made by Drs. Brehme
and Demerec of 66 additional mutants,
virtually completing the list of factors af-
fecting eye color. No direct relation was
found between the amount of pigment in
the eye and that in the tubes. Alleles which
have a similar effect on eye color, for ex-
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ample the ras alleles, appear to have a simi-
lar effect on tube color, whereas alleles
which have a different effect on eye color
(the white series) affect tube color in vary-
ing degrees, and in this case dark eye color
is not necessarily accompanied by dark tube
color. Two useful chromosomal aberra-
tions are readily classifiable in the larva :

T(a;3)Pale (white tubes) and In(3L)per-
simmon (almost white).

INTERNAL ANATOMY

The internal anatomy and histology of
adult wild type (Swedish-b) Drosophila
melanogaster were studied by Dr. Albert
Miller. As a contribution toward a mono-
graph on the biology of this species, a de-
scriptive account illustrated by drawings
and photomicrographs has been prepared
for each organ system, namely, the diges-
tive system, circulatory system and associ-
ated organs, respiratory system, muscular
system, nervous system, and male and fe-
male reproductive systems. Manual dissec-
tion of living and fixed material and serial
microtome sections were employed in this
study. Each system has been drawn as a
whole as viewed in lateral, dorsal, or ven-
tral dissection to show its component parts
and normal topographical relations within
the body, and photographs have been pre-
pared to show the histological details as
seen in stained sections. The description of
each system includes an account of the
organs, their location and interrelations,
their microscopic anatomy, and the visible
developmental or physiological changes
that occur during adult life.

In conjunction with the study of the male
reproductive system, a special investiga-
tion was conducted to determine the posi-
tion of the testes in the living fly and the
effect of compressing the abdomen to secure
better exposure of the sperm-containing
organs during irradiation with soft rays.
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It was found that normally only certain
portions of the testes lie near the body wall
and the seminal vesicles are surrounded
by the testicular coils; also that the degree
of expansion of the crop influences the seg-
mental position of the testes. Flattening
the abdomen effects a maximal spreading
of the testes against the ventral body wall
when the crop is undistended by food.
Thus optimal exposure of the testes to
poorly penetrating rays should be attained
by irradiating the ventral surface of undis-
tended flies when the abdomen has been
flattened by dorsoventral pressure. Cutic-
ula, epidermis, a single layer of muscle
fibers, fat tissue, and the testicular sheaths
(totaling 20 to 6o microns in thickness in
an uncompressed state) intervene between
the sperm and the source of radiation.

EDUCATIONAL PROJECT

Through the initiative of Dr. Bush, Dro-
sophila stocks have been made available to
laymen and students of biology for simple
experimentation on heredity. It has been
felt that such an experimental approach to
the subject of heredity-at first, in all proba-
bility, for the verification of established
principles-will help toward a better under-
standing of the fundamental laws con-
cerned, and may lead subsequently to the
collection of data applicable to the solution
of current research problems.

A short article was published in the
May 1940 issue of the American Biology
Teacher outlining the new project. This

article was abstracted by Science Service,
Science Digest, and Science Observer, and
thus made widely known. A 35-page
pamphlet was printed by this Institution
describing the life history of Drosophila
and the methods used in breeding and in
cytological research. Two sets of mimeo-
graphed directions for experiments were
also prepared. The first set gave an out-
line for simple experiments showing mono-
hybrid and dihybrid ratios, and the second
set described more advanced experiments
demonstrating dominance, linkage, and sex
linkage.

In answer to each request, a copy of the
pamphlet, the first set of outlines, and cul-
tures with flies were sent, and when the
first set of experiments was concluded
the material for the advanced set was
mailed on request. Extra copies of the
pamphlet are on sale at the Office of Publi-
cations. A number of colleges used the
pamphlet in the laboratory course in ge-
netics, so that the first edition was soon
exhausted and the second edition was
printed early in the summer of 1941.

During the past year 220 shipments of
cultures were made. They were sent to
34 states, the District of Columbia, Puerto
Rico, and Canada. The largest number of
shipments went to New York state (89),
Pennsylvania (17), Illinois ( r 4), Ohio (9),
Kansas (8), Massachusetts (7), Missouri
(6), and New Jersey (6). High schools
and science clubs in high schools received
122 shipments, colleges received 33, and in-
dividuals 65.

ENDOCRINE STUDIES
0. RIDDLE, R. W. BATES, B. B. WELLS,

H. H. DUNHAM,

Regulation by hormones occurs in per-
haps all phases of life, and certainly it is
very prominent in development, growth,
reproduction, and bodily maintenance.

R. A. MILLER, E. L. LAHR, G. C. SMITH,
AND D. F. OPDYKE

The pituitary gland is known to assist in
regulating all these four large aspects of
life, though the number of its hormones
and some of the effects produced by them
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are still unknown. It is especially in the
sphere of maintenance that the greatest un-
certainty now exists as to the nature and
number of participating pituitary hor-
mones, and until these questions are clari-
fied there will be doubt concerning the
hormones actually concerned in the regu-
lation of development and growth, and
likewise a lack of understanding of the
abnormality and disease which attend pitui-
tary failure in the sphere of maintenance.
For these reasons the present report, besides
noting progress on other studies, gives more
than usual attention to results of an exami-
nation of the hormones concerned in the
metabolism of carbohydrate and fat.

PITUITARY INFLUENCE ON METABOLISM OF

CARBOHYDRATE AND FAT

The anterior pituitary fractions obtained
by ammonium sulphate precipitation
which were by Young
either "diabetogenic" or inactive in the dog,
and the similar fractions tested by Camp-
bell and Keenan (1940) for their ability to
produce fatty livers and ketosis in mice,
have been extensively studied. At this time
it seems that an intensive study of these
particular fractions is the most promising
way to obtain further light on the relation
of the pituitary to experimental diabetes.
We have therefore repeatedly prepared
such protein fractions and carefully as-
sayed them (2-day chicks, pigeons, rats)
for prolactin, gonadotrophin, thyrotrophin,
adrenotrophin, and posterior-lobe hor-
mones, and also simultaneously tested each
fraction for the several following actions :
ability to induce (a) prompt (at 4 to 10
hours) or delayed (48 to 96 hours) gly-
cemia in pigeons (normal, hypophysec-
tomized, or adrenalectomized) and rab-
bits; (b) ketonemia in rats, pigeons, and
rabbits; (c) deposition of liver fat and gly-
cogen in pigeons; and (d) effects on the
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heat production and respiratory quotients
of pigeons. In an intensive study of these
related problems during the year Riddle
and Opdyke have been variously aided by
Bates, Miller, and Smith. Though parts
of the data have not yet been analyzed com-
pletely, some of the significant results will
be stated here.

Nature and actions of fractions from am-
monium sulphate precipitation. Six frac-
tions were obtained and each was studied
both in fresh solution and as a dried pow-
der. Four series of such preparations were
made. In each case the starting point was,
like that of Young, a pH 5.5 soluble frac-
tion (little prolactin) obtained from an ex-
tract (pH 8.5) of fresh, quickly frozen
beef pituitaries; this fraction, here called A,
was used in this form for many tests. From
an additional supply of this pH 5.5 soluble
fraction five additional fractions (B to F)
were prepared. The precipitate at one-third
saturation with (NH4) 2SO4 provided on
dialysis a soluble (B) and an insoluble (C)
fraction. The precipitate next obtained
from one-half saturation likewise provided
on dialysis another pair of fractions, one
soluble (D) and one insoluble (E). Fi-
nally, the protein which was precipitated
at complete saturation and thereafter was
soluble on dialysis ("albumen") was frac-
tion F.

Fractions A and D, the "active" frac-
tions of Young, contain measurable (and,
in view of synergisms, probably non-
negligible) quantities of gonadotrophin,
thyrotrophin, adrenotrophin, prolactin, and
posterior-lobe hormone; when freshly pre-
pared they produce a ketonemia (io hours
after injection and 24-hour fast) which is
considerable in rats, less in pigeons, and
only slight in rabbits; stale and dried prep-
arations lose ability to increase ketone
bodies in the blood of pigeons; little loss
was observed in rats. The two fractions
are not equally potent in producing gly-
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cemia in pigeons and rabbits, fraction A
being more potent than any fraction de-
rived from it. At 4 hours after injection
of fresh fraction A, the blood sugar of 20
normal nonfasting pigeons was increased
45 per cent, and that of 6 hypophysec-
tomized pigeons 41 per cent; the dry prepa-
rations were administered in somewhat
larger doses and increased blood sugar by
37 per cent in 23 normal and by 31 per cent
in 9 pituitaryless birds. All fractions, A
to F, in both fresh and dried form, pro-
duce in nonfasting normal or hypophy-
sectomized pigeons a glycemia at 4 hours
after injection, and usually also at io hours
in fasting birds (larger dosage with C and
F was used to demonstrate this glycemic
action) ; but daily injections of no frac-
tion, in the dosage used by us, were able to
produce a fasting hyperglycemia at the end
of 4 days. Essentially the same results were
obtained from New Zealand White rab-
bits. Especially at io hours the F fraction
most consistently increased (3o to 52 per
cent) the blood sugar of groups of rabbits.
Toxicity of the fractions was indicated oc-
casionally by fatal effects in both rabbits
and pigeons. Fraction A ("diabetogenic"
of Young) in particular, like some of our
own "adrenotrophic" preparations, pro-
duces an early and temporary extreme gly-
cemia-more than ioo per cent-in some
(not all) normal and hypophysectomized
pigeons, but we have demonstrated the still
more significant fact that it does not in-
crease the blood-sugar level of pigeons pre-
viously deprived of their adrenals.

It is notable that fractions B, C, E, and
F, in either the fresh or the dried state, also
increase (13 to 5o per cent) the blood sugar
of groups of pigeons at 4 and to hours af-
ter injection; and here also this is not main-
tained to the third or fourth day. Again,
most preparations of fractions A, B, C, and
E, in the fresh and dried state, are notably
ketogenic in rats, whereas dried D and F
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are almost free of this action. The more
immediate effect of these fractions on the
liver glycogen is not yet adequately studied,
but in normal pigeons injected for 3 or
4 days (24-hour fast), unmodified values
(0.10 to 0.25 per cent) were obtained only
with fraction C, the others giving values
with a range of from 0.45 to 1.95 per cent.

A consideration of the action of these
fractions on the liver fat-a subject which
has been investigated more widely with
the aid of preparations of purified hor-
mones-may be given simultaneously with
a statement of the results of our assays of
the hormones contained in the several frac-
tions, A to F. All preparations of frac-
tions A, B, and F contained detectable
amounts of posterior pituitary hormones.
The latter were also present in two of the
four preparations of fraction C, and prob-
ably smaller amounts in three of four prep-
arations of D. Only in the four prepara- Si

tions of fraction E did our tests uniformly 111

fail to detect posterior-lobe hormone. Pro-
lactin was present in A fractions to the lo

extent of <0.05-0.18 unit per mg.; it was
concentrated (0.22-0.50 unit per mg.) only 16

in the C fractions, leaving quantities iF

smaller than that found in A in all other
fractions (except B). It is significant that a

fractions C, B, and A, with the highest
prolactin content, were the most potent
in the production of fatty livers in pigeons
(normal, hypophysectomized, or depan-
creatized). Fractions D and F, containing
the least prolactin, apparently have the
least action on liver fat. On the other hand,
fraction E contained very little prolactin
(and no posterior-lobe hormone detectable
by our method), but in both the fresh and
the dried state it was fairly potent in in-
creasing liver fat. The gonadotrophin
found in fraction A (0.06-0.32 unit per
mg.) was usually most concentrated in
fraction D (o.19 -o.74 unit per mg.) and
least concentrated in fraction C (0.02-0.22

st
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unit per mg.). The amount of thyro-
trophin in A (0.21 -0.79 unit per mg.) was
always increased in the individual prepara-
tions of fractions B (0.53 -1.44 units per
mg.), D (0.29 -1.18 units per mg.), and in
three of the four preparations of E (0.14-
1.58 units per mg.) ; F fractions (o.12-o.17
unit per mg.) contained least thyrotrophin.
Our assays for adrenotrophin were least
satisfactory. All fractions stimulated the
adrenals of 2-day chicks, but in no case
were the four preparations of any frac-
tion consistently high or low, and often
there was poor agreement between adreno-
trophin values found in the same prepara-
tion in the fresh and the dried condition.
The data, however, provide no indication
that high adrenotrophin values were asso-
ciated with either glycemic, ketogenic, or
liver-fat potency. In this connection it
should be noted that our assays, of ad-
renotrophin, made on 2-day chicks and on
rats, wholly disagree when extracts of pos-
terior-lobe tissue are subjected to assay by
these two methods.

The care given to the assay of these sev-
eral fractions for five different hormones
has resulted in practical certainty that
every fraction thus derived from ammo-
nium sulphate precipitation contains four
of these hormones in measurable and vari-
able amounts, and that most of them also
contain posterior-lobe hormone in addition.

In line with what would be expected
from their thyrotrophin and prolactin con-
tent, all fractions-except F, which con-
tains least of both those hormones-after

to 3.5 days of treatment increased the non-
fasting respiratory metabolism of the young
pigeons on which these various studies
were made. This failure of the F fraction
to increase heat production gains added
significance from the fact that it, like other
fractions, increased the blood sugar of
normal pigeons at 4 hours (40 per cent,
nonfasting) and io hours (3o per cent,
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fasting) and of fasting rabbits (28 per cent)
at io hours after injection. This indicates
either (a) that thyrotrophin and prolac-
tin are not primarily concerned in the cau-
sation of this quick and transitory glycemia
in pigeons and rabbits, or (b) that one or
the other of the two hormones must be
present in larger amount or in a different
proportion to induce such a glycemia, or
(c) that the threshold for blood-sugar dis-
turbance by these two hormones is lower
than that required to increase the rate of
heat production.

Combining tests made with the same
fraction but after variable time and dosage,
the following average heat-production val-
ues were obtained for normal birds: + 3o
(A), +12 (B), +77 (C), +1.3 (D), ' +41
(E), -12 (F). For small numbers of
hypophysectomized birds these values
were: +56 (A), +51 (B), +56 (C), +II
(D), +70 (E); no test was made with
F. In general, it seems clear that these
fractions increase heat production to a
greater extent in hypophysectomized than
in normal pigeons. Both fresh and dried
preparations were thus active. The aver-
age of 47 determinations made with the
fresh solutions on normal pigeons was
+ 23.3; on 7 hypophysectomized, + 43.8.
In 47 tests on normal birds, dried prepara-
tions gave an average of +30.6; on 15
hypophysectomized, an average of + 43.3.

Though it is evident that some hormone
not assayed by us may be responsible for
the experimental diabetes produced in cer-
tain other animals by fractions A and D,
it is certain that the effective hormone (or
hormones) was present in our A fraction,
and it has been made evident that these
fractions do not yield the full picture of
such diabetes in the pigeons and rabbits
used by us, though in some cases the tests
were for 6 or more days. These birds, how-
ever, very temporarily yet very clearly
show diabetic tendencies-glycemia, keto-
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nemia, excess liver fat-after which the
blood-sugar level is brought rapidly and
completely under control. This control is
likewise attained in birds deprived of their
pituitaries, but, as in the cats and rats
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studied by Long and Lukens, a glycemia
is not produced in birds deprived of their
adrenals.

Prolactin and insulin actions on liver
glycogen and fat. Much interest attaches
to results of a study by Riddle and Opdyke
of the effects of prolactin and of high
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hormone, these animals are exceptionally
suited to this study. The results obtained
are sketched in figure 2. All values shown
were obtained in birds at the end of a 24-
hour fast, and in birds injected once each
24 hours.

It will be observed that prolactin mod-
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erately increases the liver fat at 5 and ro
hours, though apparently not at the end of
17 and 24 hours. Under daily dosage there-
after a variable but considerable percentage
increase of fat (the original amount of fat
considered as son per cent) occurs along
with a doubling of the size of the liver it-
self. The most remarkable effect of prolac-
tin, however, is its swift, powerful, and
nonrepeatable effect on the storage of liver
glycogen. By the fifth hour after a first
injection of prolactin the liver glycogen
has been slightly increased (to o.66 per
cent) and after 17 hours it reaches a very
extraordinary value (2.66 per cent), which
is clearly decreased at 24 hours (1.54 per
cent). Despite the repeated daily injections
of the same dose of prolactin, the glycogen
further decreases at hours 48 (1.13 per
cent), 72 (0.35 per cent), 96 (0.29 per cent),
and 168 (0.18 per cent). Thus the first
dosage swiftly piles up available carbo-
hydrate in the liver, but soon thereafter
other mechanisms of adjustment come
strongly into action and these reinforced
mechanisms can prevent a recurrence of
this abnormal storage of glycogen during
light fasting. It has been shown that when
fasting is prolonged to 48 hours, and carbo-
hydrate is less readily available, the same
dose of prolactin after ro hours will only
slightly increase (to 0.53 per cent) the
amount of liver glycogen. These data for
glycogen were obtained from 83 pigeons
of the same age and race.

Results of the parallel study made to
determine the effects of insulin on the liver
fat and glycogen of pigeons, and particu-
larly the time relations for these two effects,
are also shown in figure 2. It is notable
that the first injection of insulin (3o units
per bird) is followed by a swift temporary
increase in liver fat, and that the curve
which describes its changes is essentially
parallel with the curve for glycogen (not
fat) storage following a first injection of
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prolactin. This action of insulin is also
observed in hypophysectomized pigeons.
Likewise a first heavy dose of insulin pro-
duces a marked ketonemia in pigeons, and
this is not produced by dosage 2 days later.
Initially, liver glycogen is unchanged or
decreased by insulin, but we have observed
a sharp temporary increase at in to 17 hours
(not shown in the figure) and a durable
extraordinary increase after 36 hours.

The "diabetogenic" actions of insulin.
Insulin is much more than a cure for dia-
betes; the cure itself may be used to dis-
rupt the regulation of carbohydrate and
fat metabolism. Several years ago it was
observed that pigeons tolerate huge doses
of insulin and that, in some birds thus
treated, the short period of very low blood
sugar might be followed by a great excess
of blood sugar. Extreme glycemias (in-
crease of more than ioo per cent) have now
been shown by Riddle and Opdyke to be
the usual result of two, four daily
injections of pigeons with huge doses (3o
units) of insulin. These glycemias persist
during only a few days following a last
injection, but in this they equal or excel
any glycemias we have observed following
the use of pituitary extracts. Again, a
marked ketonemia results from the first
of such insulin injections (ro hours after
injection, 24 hours fast) at a time when
the blood sugar is still somewhat reduced
by the heavy dosage; after three daily doses,
however, when a marked glycemia is pres-
ent, no ketosis occurs. A similar ketonemia
is obtained in rats. The extent to which
injections of 3o units of insulin into normal
pigeons result in an increase of both liver
glycogen and liver fat has been noted in the
preceding paragraphs. In hypophysecto-
mized pigeons extreme fatty livers (3.66
times normal) are produced during the
first 24 hours, and thereafter this action is
progressively diminished; however, in such
birds an increase of liver glycogen has been
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found at no time between ro and 12o
hours.

Thus in normal pigeons four important
changes in the metabolism of carbohydrates
and fat-changes which are commonly de-
scribed as results of administration of an-
terior pituitary substance-have now been
observed to result also from high dosage
with insulin.

Hormones which increase liver fat. Still
other studies conducted during the past
three years have sought to learn the action
or lack of action of the various hormones
on liver fat as this action may be detected
in pigeons and rats. These studies by
Riddle, Opdyke, and Senum are still in
progress. Comparable results have not al-
ways been obtained in the two species
chosen for study, and it is still uncertain
whether apparent differences are real or
whether only time relations and degree of
response are different. It has been satisfac-
torily demonstrated that in pigeons liver
fat is increased by estrone, desoxycorti-
costerone, and insulin; also to an irregular
extent by prolactin, and consistently by
some pituitary hormone or mixture of hor-
mones other than purified prolactin, ad-
renotrophin, gonadotrophin, or thyrotro-
phin. Like Campbell and Keenan we find
that liver-fat activity of pituitary extracts
is separable from ketogenic activity, but
unlike those authors we have been able to
concentrate (though not completely to
separate) liver-fat activity from a suitable
pituitary extract by precipitation at one-
third saturation of ammonium sulphate.

The results of the several studies de-
scribed above seem to make it probable
that no single pituitary hormone is re-
sponsible for either ketogenic, strongly
glycemic (diabetogenic), or excess liver-
fat activity. These results are in better
accord with the view that normal regula-
tion of carbohydrate and fat metabolism is
more seriously deranged when two or
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more participating hormones are present
in unusual or in unfavorable concentra-
tion and exert their stimuli simultaneously.
Intensification of the activity of a single
hormone is probably less disruptive to a
very generalized and many-sided process
than is intensification of contradictory

ac-
tivities in two or more organ systems.
There is little or no valid evidence for the
existence of an extra or otherwise unrecog-
nized pituitary hormone with specific ac-
tion on the metabolism of either carbohy-
drate or fat.

This study of carbohydrate and fat me-
tabolism was aided by a grant from the
Committee on Research in Endocrinology,
National Research Council. Much techni-
cal assistance in these and other studies was
given by Mr. Louis Stillwell, Jr.

SEASONAL AND CYTOLOGICAL ENDOCRINE

CHANGES

Cyclical response in viscera. It was noted
last year that at two periods of the year,
namely April-May and October-Novem-
ber, the crop sacs of pigeons give an es-
pecially low response to prolactin. Other
data obtained by Bates and Riddle in con-
nection with that study have now been
summarized. The 239 White Carneau pig-
eons thus examined at short intervals over
a period of two years were all sacrificed
at the age of 7 weeks. Their body weight
showed an annual variation, with a maxi-
mum in winter and a minimum in late
summer. Weights of heart and adrenals
showed no obvious cyclical or seasonal
change. Length and weight of intestine
at this age were found to be independent
of body weight and essentially constant
throughout the year. If these values are
corrected to constant body weight, they
would therefore seem to show annual
cycles which are reciprocally related to
body weight. When weights of pancreas
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and liver are calculated to constant body

weight, they, however, tend to show a
semiannual cyclic variation similar to that
found, with or without that calculation, in

the crop sacs. The similarity of this sea-
sonal variation in the response of pancreas,
liver, and crop sacs to prolactin may there-
fore be regarded as still another indica-
tion that prolactin is associated with the
growth or functioning of these three or-
gans. On this view, however, one would
expect the intestine to fluctuate similarly;
actually, in these data intestinal length and
weight show neither semiannual variations
in response to prolactin nor dependence
on body weight.

A stepwise change in thyroids. Though
seasonal changes in thyroid weights of
pigeons were reported from this laboratory
nearly twenty years ago, and though the
establishment of races of doves and pigeons
characterized by hereditarily large and
small thyroid size was reported five years
later, the remarkable changes described be-
low are notable despite the fact that they
are not yet understood. Incidentally to
making numerous assays of pituitary hor-
mones during the past several years, the
thyroid weights of large numbers of un-
treated (control) pigeons have been ob-
tained by Bates, Riddle, and Lahr. White
Carneau pigeons aged 6 weeks were ob-
taMed from the same commercial hatch-
ery (Palmetto Pigeon Plant, Sumter, South
Carolina) over a period of five and a half
years, and thyroid weights from 862 such
birds were obtained 7 to io days later.
During the first two years of observation
the average weight of the thyroids was
uniformly close to 4o mg. Successive lots
of birds received in the autumns of 1938,
1939, and 194o showed a stepwise increase
In thyroid without subsequent complete
return to previous summer levels. Early
in 1941 an average weight of 179 mg. was
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attained, and in the summer of 1941 the
average was reduced to 6o mg.

The source or cause of these changes is
largely unknown, but a combination of
hereditary and environmental factors is
suspected. The nature of the changes has
received some attention. Incomplete histo-
logical data indicate that the later and
larger thyroids of these young birds were
functionally more active. A few old birds
in the parent colony have been found re-
cently to have extremely large thyroids,
13 to 14 g., which histologically seem prac-
tically inactive. Ninety-one determinations
of the basal metabolic rate made by Smith
and Riddle on young birds before and after
the period of thyroid enlargement indicate
an increase of only 5.5 per cent in the group
having larger thyroids; eight such measure-
ments made in 1941 on 2 adult goitrous
pigeons from the same colony gave basal
values 3 to 28 per cent below normal, but
with indications that the heat
production is normal. During the past
three years the thyroids of this widely
used strain or type of pigeon have been
wholly unsuitable for the bioassay of thyro-
trophin, though they earlier gave clear
evidence of suitability.

Cytological changes in adrenals. We
have reported earlier on certain relations
between the cytology of the pigeon's ad-

renal and its physiological activity. In ex-

periments with insulin, continued from

last year, Miller and Riddle find that as
early as no hours after injection cytological

changes become apparent in the cortex

which are similar to those induced by ad-

renotrophin, and this stimulation has now

been observed in the adrenals of hypophy-

sectomized pigeons. Mitoses and cytologi-

cal changes observed in medullary cells sup-

ply morphological evidence that these cells

also are stimulated by insulin. These data
apparently provide an explanation for re-
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lated observations made in this laboratory.
As noted elsewhere, Riddle and Opdyke
find that large doses of insulin repeatedly
injected into pigeons rapidly lose their
ability to depress the blood sugar and in-
deed soon produce marked hyperglycemias.
These facts suggest that both cortical and
medullary portions of the adrenal gland
actively oppose the hypoglycemic action of
insulin. Recent tests have shown that
adrenalectomized pigeons cannot tolerate
large doses. The notable, and apparently
unusual, ability of the pigeon's adrenal
gland to respond to insulin may therefore
provide an explanation for the resistance of
these birds to doses of insulin which would
quickly kill a mammal.

PITUITARY AND BLOOD STRUCTURES

The endocrine control of hemoglobin
regeneration and the maintenance of nor-
mal distribution of leucocyte types in the
blood has been the subject of preliminary
investigations by Wells, Miller, and Riddle.
Normal and hypophysectomized pigeons
have been rendered anemic by bleeding and
the hemoglobin concentration observed at
intervals of three or four days. In the first
of our studies it appeared that nutritional
factors were obscuring the influence of the
pituitary. To minimize such factors, all
subsequent experiments have been con-
ducted upon animals force-fed on 15 g.
grain daily. It is found that hypophysec-
tomized pigeons receiving large daily in-
jections of whole anterior pituitary extract
show a distinctly lower rate of hemoglobin
replacement than do similarly operated ani-
mals when left untreated. It is suggested
that the normal balance between hemo-
globin formation and hemoglobin destruc-
tion is subject to pituitary control, but the
final validity of this inference must rest
on careful exploration of such factors as
total blood volume, adequate supply of

iron and protein, integrity of hematopoietic
tissue in operated animals, etc. Our find-
ing of lower hemoglobin values in birds
treated with pituitary extract, and with
prolactin, seems paradoxical, but it is in
accord with observations made by Querido
and Overbeek, who have reported that
in rats the mechanism of blood destruc-
tion is activated by a pituitary product.

Blood smears from the ringdoves and
Carneau pigeons have been studied and
the percentage occurrence of the differ-
ent leucocyte types has been tabulated.
We have found it possible to recognize
the following distinct forms of white
cells: A, lymphocytes, small, medium,
large; B, eosinophiles with rods; C,
eosinophiles with granules; D, basophiles.
The distribution of white-cell forms in
the blood of pigeons is found so strik-
ingly inconstant that conclusions based on
apparent changes in relative occurrence
would need the support of inconveniently
large numbers of observations. It there-
fore becomes desirable to search for the
factors responsible for the wide variations
observed in normal birds and thus deter-
mine whether a particular distribution of
cells is characteristic of an individual ani-
mal or is subject to periodic change. At this
time we can only suggest that sex factors
play some part in this connection. The
male pigeon appears to have a higher per-
centage of eosinophiles with rods than does
the female. A sex difference of this type
has been noted by other workers in the
leucocytes of chickens.

HORMONES AND REPRODUCTION

In doves and pigeons the ovum breaks
out of its enclosing membranes in the
ovary-that is, it ovulates-at a fixed and
known hour in the evening. Using this
fact, Drs. Dunham and Riddle have studied
the ability of several sterol hormones to

a
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hasten, delay, or otherwise affect the proc-
ess of ovulation in these birds. A single
injection of the hormone was made at times
varying from 5 to 34 hours before the
normal hour for ovulation. From 23 tests
of the action of the corpus luteum hor-
mone, progesterone, and from 43 tests of
desoxycorticosterone acetate (a synthetic
product resembling hormones of the adre-
nal cortex), it was found that doses of only
0.1 and 0.05 mg. of these substances prevent
normal ovulation. Both substances cause
the egg membrane and the inner walls of
the follicle to break at various places and

a thus permit the flow of yolk fragments
into spaces formed within the follicular
wall. Thereafter, the external walls of one
or more of these spaces may break and per-
mit the release of more or less yolk into
the body cavity. These two substances also
decreased the amount of shell which was
placed on eggs ovulated prior to injection;
the time during which such eggs remained
in the shell gland was, however, not dimin-
ished. Considerably higher doses of andro-
sterone (6 tests), dehydroandrosterone (42
tests), and estradiol benzoate (102 tests)
sometimes produced similar effects on ovu-
lation but had no detectable effect on shell
formation. Estradiol benzoate showed a
peculiar action in that in 26 of the 102 tests
it caused a 24-hour delay in ovulation.

Other investigators have noted earlier
that progesterone and testosterone will in-
duce ovulation in certain toads (Xenopus)
and frogs; and in some mammals hitherto
tested the results resemble those observed
here in birds. The mammalian studies
have been thought to indicate that these
sterols exert their action not on the ovary
itself, but through suppression of output
of gonadotrophin by the pituitary. The
present results may be similarly interpreted.
This is the more probable in the cases
of progesterone and desoxycorticosterone,
since studies reported below by Lahr and

it
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Riddle show that these substances cause
a rapid and extensive atrophy of the testes
of adult ringdoves.

In 1937 this laboratory reported that a
commercial preparation of testosterone,
Erugon, like prolactin, estrone, and pro-
gesterone, exercised an anti-gonad action
on the testes of adult doves and pigeons.
During the past year Lahr and Riddle
have made further tests with crystalline
hormones which confirm the earlier report
for all the above-named hormones except
testosterone, and the newer study further
adds desoxycorticosterone acetate to the
list of anti-gonad sterols. Four series of
tests made with pure testosterone or its
propionate, at various levels of dosage,
have shown little or no anti-gonad action.
Three series of tests with crystalline an-
drosterone have all indicated that this hor-
mone tends to increase the weight of the
adult bird testis.

HORMONAL MODIFICATION OF SEX

Several years ago Riddle observed the
presence of left oviducts in some male
doves, and also certain elements of accen-
tuated femaleness in female doves, which
were hatched from eggs that matured in
rapid succession ("crowded reproduction") .
Somewhat later these effects were inter-
preted as actions of the increased amounts
of estrogen which eggs (yolks) formed
in rapid succession would probably con-
tain. Others meanwhile have shown that
the injection of estrogens into the albumen
of eggs of fowl during early stages of
incubation is followed by the development
of left oviducts and also of ovarian tissue
on the testes in genetically normal males.
During the past year Dunham and Riddle
have subjected Riddle's view to test. This
was done by injecting estrogen into female
doves at a time when they had in their
ovary an ovum (yolk) which would con-
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tinue its rapid growth for 26 to 34 hours
before breaking from the ovary; thereafter
these eggs were hatched, and the young
were kept alive for periods varying from

day to 9 months, and then sacrificed to
observe any modification of the sexual ap-
paratus of male offspring. The tests were
limited to the more easily measured
changes induced in males.

Only a single injection of Lc, or 0.5 mg.
estradiol benzoate (or of dehydroandro-
sterone) was given, and this always at 26
to 34 hours before the second ovum of the
dove's clutch of two eggs was to be ovu-
lated. During that time the mother bird
had opportunity to put portions of the
added estradiol into the growing (second)
yolk and perhaps later, after ovulation, to
put more into the albumen which must
form before the egg is laid. It should be
noted also that the first egg of the clutch,
though already in the oviduct at the time
of injection, might have opportunity to
take up small amounts of the injected
estradiol into its albumen but not into its
yolk. Quite in correspondence with the
difference in the opportunity for the pas-
sage of estradiol into the two types of eggs,
the males obtained from "first" eggs
showed slight but perhaps significant ef-
fects in only 3 of Io tests, whereas "sec-
ond" eggs from the highest dosage (s mg.)
all showed (5 cases) significant effects,
as did also at least 7 of the 12 cases derived
from the lowest dosage (0.5 mg.). Thirty-
one males from untreated eggs served as
controls.

Effects were observable either in the
oviducts or in the left testes, or in both
oviduct and testis, in the test males killed
at various ages from hatching to 7.6
months. One male at 9.2 months, from
treatment with o.5 mg. estradiol, seemed
then to show no effect of the treatment.
The left (sometimes also the right) ovi-
ducts often showed some degree of per-

sistence, and in several instances oviductal
remnants were wholly included in the
walls of one or more distended, fluid-filled
vesicles; these Miillerian vesicles were
wholly characteristic of the treated males
and were never found in the controls.
In connection with this study we have
found that the newly hatched dove, like
the sparrow (Witschi) and robin (Unger),
normally shows small amounts of ovarian
cortical tissue on the left testis, and that
this completely disappears within a few
days after hatching. A significant effect of
the estrogenic hormone on this tissue con-
sisted in extending, both in space and in
time, the development of this normal frag-
ment of ovarian tissue in the left testis.
Such tissue was not observed in the right
testis in any case. It has thus been demon-
strated that a female dove may herself
pass estrogen from her blood into her
maturing eggs, and that males hatched
from eggs which receive an unusual
amount of such estrogen may show, at
least for some weeks or months, develop-
mental effects of that hormone by possess-
ing oviducts or by the persistence of ovarian
tissue in their left testis. This new infor-
mation clearly suggests that the small
amount of ovarian tissue (bisexuality) of-
ten or usually present on the left testis of
the bird embryo is itself the result of
estrogen passed by the mother into her
maturing eggs.

GENETIC HERMAPHRODITISM IN

PIGEONS

The occurrence of genetically deter-

mined hermaphroditism in one strain of
pigeons in our colony has been reported
earlier. The breeding of this strain is of
course being continued. During the past
year some special study has been made by
Riddle and Dunham of hermaphrodite and
pseudohermaphrodite offspring of this
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strain of birds. Originally a true her-
maphrodite was found which proved to be
capable of very limited breeding if used as

a male. A normal sister of this hermaphro-
dite, when outcrossed to a male of another
race, produced (first generation) one true
hermaphrodite which, when bred as a male
to a sister, threw 7 true hermaphrodites
(second generation). Further breeding is
already known to have yielded 3 true her-
maphrodites in the third and 3 in the
fourth generation. Offspring in all genera-
tions are of the following types : normal
females, normal males, males with left
oviducts, and males (true hermaphrodites)
with ovotestis and oviduct on the left side
and a testis on the right side. The ovo-
testes have been found in birds whose
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ages varied between hatching and 75
months. Biopsy proved the persistence of
an ovotestis for more than 40 months. Of
special interest is a considerable proportion
of males having a left oviduct and two
testes without tissue identifiable as ovarian;
there is, however, some probability that
such tissue was present at an earlier stage
of the bird's life. Oviducts have been ob-
served to attain a weight of 1.9 g., which
is about double that of the oviduct of a
normal female not actively producing eggs.
Such development of oviducts in birds
otherwise apparently male indicates that
these birds are producing large amounts of
estrogenic hormone and thus, on the basis
of their internal secretions, their gonads
also are partly female and bisexual.

MOUSE GENETICS

E. C. MACDOWELL, J. S. POTTER, M. J. TAYLOR, E. N. WARD, AND T. LAANES

SPONTANEOUS LEUKEMIA

In the investigation of the complex inter-
actions of intrinsic and extrinsic influences
on the incidence of spontaneous leukemia
in mice, a second backcross experiment
has been described (Year Book No. 39,
1939-1940), which was designed to deter-
mine whether or not the transmitted ten-
dency leading to the spontaneous occur-
rence of leukemia is subject to Mendelian
segregation-that is, under the control of
genes in chromosomes. In this experiment
the classification of 5o males in the first
backcross to the low-leukemia strain was
based on the incidence of leukemia among
their respective progenies (total 2677 au-
topsies) in the second backcross to the low-
leukemia strain. During the past year the
histological diagnoses of these mice have
been completed and extensive studies made
of the data, which cover 14 criteria for each
mouse. The final classifications confirm
the preliminary conclusion that no single

gene plays an outstanding part and, fur-
ther, provide evidence of segregation in
that the first-backcross animals show ge-
netic diversity in regard to the appearance
of leukemia. More than this, indications
have been found of the nature of part of
this genetic influence and of an important
nongenetic influence.

The elementary analysis of these data by
means of averages, subclassifications, fre-
quency distributions, scatter diagrams, and
other graphic arrangements indicated vari-
ous heterogeneities and correlations within
as well as among the various progenies,
but the evaluation of the relative impor-
tance of these interrelations and the search
for all possible clues to any sort of factor
influencing leukemia required far more
complex and laborious statistical analyses.
This laboratory could provide neither the
experience nor the technical facilities to
carry out such an analysis with such large
numbers. Very fortunately, Professor John
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W. Gowen, of Iowa State College, while
spending a few weeks here last fall as
guest of the Department, became ac-
quainted with these data. His interest in
the general problem, as well as his long
experience in dealing with parallel statisti-
cal analyses, and the organization of sta-
tistical machinery and calculators at his
disposal, prompted his extremely gener-
ous offer to carry through the necessary
analyses of these data. Accordingly all
the data were coded, sent to Ames, Iowa,
and there transferred to punched cards.
Though the work has not been completed,
certain important results have come to
light.

The two inbred strains used in the cross
differ in three pairs of genes for color, so
that eight color classes appear in the second
backcross. Each gene appears in four com-
binations with the others. The gene for
dark eyes shows higher percentages of
leukemia than does its mate for pink eyes
in three of the four corresponding com-
binations, but the amounts of these differ-
ences do not reach statistical significance,
since, with i degree of freedom, the X2
is 0.9 with a probability (P) of 0.40. The
gene for black, however (originating in the
high-leukemia strain), gives higher per-
centages for leukemia than does its mate,
the gene for brown, in each of the four
corresponding combinations, and the gene
for dilution (originating in the low-
leukemia strain) gives higher percentages
for leukemia than does its mate for in-
tensity in each of the four corresponding
combinations. These differences are sig-
nificant since the respective X2 are 8.9 and
11.6, which, with 1 degree of freedom, in-
dicate probabilities of less than o.00i. In
the analysis of the total variance of leu-
kemia, however, the influence of each of
these genes in determining whether or
not a mouse dies of leukemia is found to
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be relatively small, in the neighborhood
of

4 and 5 per cent.
In the original cross between these

high- and low-leukemia strains, the first-
generation hybrids with mothers from
the high strain gave higher incidence of
leukemia than those whose fathers came
from the high strain. To observe genetic
influences unconfused by such possible ma-
ternal influence, the mothers in each gen-
eration of the present experiment were
taken from the purebred low-leukemia
strain; that is, the only ancestor from the
inbred high-leukemia strain was the great-
grandfather of the mice under considera-
tion. In order to produce the entire second-
backcross generation in a short period of
time, more than half were nursed by foster
mothers from our albino strain, because
these mice are exceptionally good nurses.
No consideration was given to a possible
influence of this foster nursing, for the
appearance of leukemia in this strain is
rare, as it is in the low-leukemia strain
(StoLi) used in the cross. The totals,
however, show a higher incidence of leu-
kemia among those nursed by the albino-
strain nurses (19.6 per cent) than among
those nursed by the StoLi nurses (12.3 per
cent). Within 34 of the 5o families the
percentage of leukemia is higher for the
albino-nursed young; in 12 families it is
lower, in 3 it is equal, and in 1 family
all the mice were raised by albino nurses.
The albino-nursed young gave no leukemia
in one family, and the Sto Li-nursed young
gave no leukemia in ro families. That
this difference is real is indicated by the X'
of 24.1 with 1 degree of freedom, giving
P less than o.00i. Since each family was
not divided equally between nurses from
the two strains, it is important to see how
much the heterogeneity in the distribution
of leukemia among the families of the dif-
ferent backcross sires is influenced by the
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nurse. Counting only the young nursed
by StoLi mice, the X' of 72.8 with 49 de-
grees of freedom gives a probability of
o.o15; counting only the albino-nursed
young, the X2 of 134.7 with 49 degrees of
freedom gives a probability of o.0000i.
Thus the sires are shown to be heterogene-
ous in their ability to transmit leukemia
whichever strain of nurse is used, but the
significance of this heterogeneity is con-
siderably greater when the albino-nursed
young are considered. In the analysis of
variance the F value (12.6) for effect of
nurse is highly significant, and in the
estimate of proportionate influence the con-
tribution of the nurse seems to be about
zo per cent. Here, then, are different re-
sults from nurses from two strains in each
of which leukemia is rare. An influence
must be sought that is transmitted by nurs-
ing and yet ineffective in the animals pro-
viding such influence.

With this result in mind, of
the original first-generation hybrids were
retabulated according to the strain of the
nurse. When the mother came from the
high-leukemia strain the totals showed 61.9
per cent leukemia; when the father came
from the high-leukemia strain the total
showed 42.5 per cent leukemia. But when
these reciprocal hybrids were raised by al-
bino nurses the difference in percentage of
leukemia vanished (51.3 and 52.1 per cent).
Further, when the hybrids with high-
leukemia fathers were raised by StoLi
nurses the leukemia was reduced to 35 per
cent. This is a greater difference between
albino and Sto Li nurses than was observed
in the second backcross, but it is in the
same direction and serves to confirm the
result reported above. Hybrids from high-
leukemia

mothers were also raised by high-
leukemia nurses, with a rise in the leu-
kemia to 73.8 per cent. Thus the albino
nurses have a more potent influence on the
incidence of leukemia than do StoLi nurses,
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but nurses from the high-leukemia strain
have a still more potent influence than the
albinos. It appears that the effort to avoid
the question of the influence of nursing
has resulted in finding strong evidence of
its effectiveness in influencing the incidence
of spontaneous leukemia in our mice.

Dr. Gowen's analysis has brought out
most impressively the influence of age fac-
tors. In the analysis of variance of leu-
kemia, age stands out with higher sig-
nificance than any other known effective
variable (F 22.0 with degrees of freedom

and 18) and seems to contribute about
51 per cent of the total variance. That the
sires differ genetically in their influence
on the duration of life of their respective
progenies is shown by the highly significant
age differences. The ratio of the mean
square of ages within families (degrees of
freedom 2627) and between families (de-
grees of freedom 49) is F =3.2. Thus,
from the point it is in the
inheritance that contributes to the expres-
sion of leukemia, the major item appears
to be the genetic constitution for duration
of life passed on to the second-backcross
progenies by their respective sires. But this
is not the only effect of the inheritance, for
after the duration-of-life effect has been
taken out by corrections based on a life-
expectancy table constructed from the
massed data, there still remain other, as
yet unknown, inherited characters which
contribute to the appearance of leukemia
and become especially effective when the
mice are nursed by albinos.

MITOCHONDRIA IN LEUKEMIC CELLS

Numerous investigators have estimated
roughly that the mitochondria in individ-
ual malignant cells, as compared with nor-
mal, are increased in number and decreased
in size. As a part of our cytological survey
of leukemic cells, the mitochondria in
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populations of lymphocytes of spontaneous
leukemia, of transplantable leukemia, and
of normal animals have been counted. Two
observers independently made these counts
in random samples of supravitally stained
cells on each of ten slides from each source:
i000 cells from each of four lines of trans-
plantable leukemia, i000 cells from spon-
taneous leukemia, and 2000 normal cells.
The frequency distributions of the counts
were characteristically different, with sta-
tistically significant differences between
the means. The mean number of mito-
chondria for a population of normal
lymphocytes was found to be 21.57 J.: 0.21,
S.D. 6.95 ± 0.15; for a population from
spontaneous leukemia, 27.93 ± 0.26, S.D.
8.4o ± 0.15; and for a population from
a transplantable leukemia, 32.47 ± 0.28, S.D.
8.95 -± oio. In general, the greater the viru-
lence of the population, the more numerous
the mitochondria, but instead of a reduc-
tion in size, the increase in number is ac-
companied by an unquestionable increase
in size.

These various populations, however, be-
sides differing in malignant properties,
have been shown to differ also in the
proportions of cells in the various stages of
differentiation. When the number of mito-
chondria was correlated with the degree of
differentiation, it was found that the
amount of mitochondrial material in-
creased with the immaturity and the physi-
ological activity of the cells, and that cells
of the same degree of differentiation from
all populations, whether normal or highly
malignant, showed no difference in mito-
chondria. This cell characteristic there-
fore does not offer a specific criterion of
malignancy.
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ANALYSIS OF LEUKEMIC CELLS

Through the cooperation of Dr. Albert
Claude, of the Rockefeller Institute for

Medical Research, we have been able to
gain information concerning the chemical
and physical nature of certain fractions of
leukemic tissues.

Dr. Claude has continued his study, men-
tioned in last year's report, of a fraction of
leukemic tissues isolated by means of dif-
ferential centrifugation. We have made
further tests of its antigenic activity. This
purified fraction is obtained after repeated
high-speed centrifugation, and is composed
of small particles which may be suspended
in neutral media but will agglutinate in
acid media. Microscopically, the variation
in size among the granules is not great,
and they may be stained with acid dyes
when air-dried films are prepared. Dr.
Claude has stated in published reports on
similar fractions from other tissues that
the particle size and proportion of phos-
pholipids and proteins suggest that mito-
chondrial material is included.

Two sets of animals were injected with
this material and tested for immunity re-
actions. The test dose of leukemic cells
was given ro days after the single injection
in the first experiment and ro days after
the third injection in the second experi-
ment. Transplantable line I leukemia was
used for the production of the high-speed
sediment and also for the test dose. For
results see first table on page 249.

Dr. Claude has analyzed chemically the
high-speed fraction obtained from two of
our transmission lines, one of moderate
virulence, line S, and one of high virulence,
line I. The high degree of accuracy of the
methods makes certain of the differences
seem significant. See second table (p. 249).

SCREW TAIL MUTATION

In mice the appearance of a mutation
with little variability in somatic expres-
sion and in ratios is so rare that special
mention is merited. In the present case
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interest is attached to the demonstration
of simple Mendelian segregation in a
highly inbred strain without the conven-
tional outcross. Indeed, the uniformity of
the genotypic background after 5o genera-
tions of brother-by-sister matings may well
be responsible for the value of the mutation
and its excellence as a tool for the analy-
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this appears as a deficiency of 5 per cent
in the natal sex ratios and as a reduction
from the expected 25 per cent of screw
tails to 21.1 per cent (of 649 mice) in mat-
ings between heterozygous normal parents.
In the same matings 24.7 per cent of the
704 females were screw tail. Thus, however
early the gene may start its activities, the

ANTIGENIC EFFECTS OF HIGH-SPEED SEDIMENT FROM LINE I LEUKEMIA IN STRAIN C58 MICE

No.
mice

No.
died

No.
rysurvived

Average
interval
before

death (days)

spiervr ci ve r

Experiment 1:
Sediment, 1 injection 20 19 1 7.26 5

Controls 20 20 0 6.83 0

Experiment 2:
Sediment, 3 injections 20 13 7 6.88 35

Controls 19 19 0 6.72 0

LEUKEMIA IN MICE (STRAIN C58) : CHEMICAL

COMPOSITION (IN PERCENTAGES) OF THE

"SMALL PARTICLES" ISOLATED BY DIF-

FERENTIAL CENTRIFUGATION

Element Line I Line S

Nitrogen 8.30 8.38
Phosphorus 0.97 1.31
Carbon 52.55 53.10
Hydrogen 8.00 8.57
Ash 10.75 9.10
Sulphur 0.91 1.46
Copper 0.023 0.017
Amount purified fraction in

spleen (dry weights) 10.1 10.8

sis of developmental processes. However
simple the segregation, the effects of the
screw-tail gene are far reaching. The
tightly coiled tail gives an easy identifica-
tion of the homozygous screw-tail animals
at birth, but besides this, the gene so modi-
fies growth and development that more
than two-thirds die within the first four
weeks and fertility is exceedingly low.
Before birth there is some loss of males;

serious handicaps appear largely after
birth, so that the first steps of the study of
the developmental physiology may be made
with living animals. Indeed, the first prob-
lem arises immediately after birth in the
consistent failure of the screw tails to fill
their stomachs, even with competition re-
moved and without any evidence of mater-
nal discrimination.

Ratios of 3 : I are insufficient to prove
genetic segregation, especially when the
progenies are selected by the presence of
mutants instead of being defined by the
experimental procedure. This is the diffi-
culty in interpreting human pedigrees. Ac-
cordingly, breeding tests to determine the
ratio of heterozygous and homozygous nor-
mals become especially important. Of 59
normal females, sibs of screw tails, tested by
matings with known heterozygous males,
20 were found to be homozygous normal
and 39 heterozygous (expected 19 2/3:
39 1/3). Similar tests of 18 normal fe-
males from matings between homozygous
and heterozygous normals showed that 7
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were homozygous and II heterozygous (ex-
pected 9 : 9) . In spite of the exceedingly
low fertility of screw tails, a few litters
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obtained from screw tails and heterozygous
normals included 15 screw tails and 14
normals.

ANTHROPOLOGY AND HUMAN GENETICS

MORRIS STEGGERDA AND HENRI C. SEIBERT

ANTHROPOLOGY

Corn production in Yucatdn. The au-
thor's experimental cornfield near Chichen
Itza is now in its eighth year of produc-
tion. The records of yield and cost of
production are published elsewhere, but
mention should be made that it is becom-
ing increasingly difficult to raise corn on
this plot. At present, weeds and the en-
croachment of grass, in spite of careful
hand weeding, seem to make it impossible
to grow corn for any considerable length
of time in the Maya fashion at a profit.
It is the author's belief that within a few

and grass will have be-
come so firmly established that no corn
can be grown at all on this field. Another
factor which probably hinders the growth
of corn in Yucatan after continuous pro-
duction is that the soil is only a few inches
deep. Thus, we have shown experimen-
tally possible reasons why the ancient
Maya were apparently seldom able to re-
main in a given locality for a long time
before being forced to move to a new loca-
tion; for if the population increased to
such an extent that land was at a premium
and old fields could not be left long enough
for forest to grow back, thoroughly shade
out the weeds and grass, and give the soil
a chance to build up, a shift would have
to be made to a less crowded area.

Human pedigree studies. This year the
senior author has concluded ten consecu-
tive seasons of work in the village of Piste,
Yucatan. One project in this village con-
cerned a study of the families and their

relatives. The author has now finally
checked and has on record complete pedi-
grees of the four major families in Piste,
namely, Ceme, Dzib, Tun, and Mex, as
well as one chart covering the families
of May, Mis, Ek, Cauich, and others.
These pedigrees record the names and re-
lationships of more than a thousand per-
sons, showing which individuals have been
measured and described. They have pro-
duced data on the demography of the com-
munity and are serving in the analyses of
hereditary traits which occur in these fami-
lies; and they will be guides to geneticists
and historians who wish to trace family
relationships in future studies on the primi-
tive Indians of Yucatan. The pedigrees
will be available for future investigations.

ANTHROPOMETRY

Indians of South America. Considerable
time has been spent this year in reviewing
the literature on the anthropometry of
South American Indians. This was done
in connection with a proposed handbook
on South American Indians being prepared
by the U. S. Bureau of American Ethnol-
ogy. Our part in this handbook concerns
the anthropometry of the living tribes. To
date we have reviewed anthropometric
data on more than one hundred tribes,
including their exact location and linguistic
affinities. Charts and maps are being pre-
pared to show the average statures and
cephalic indices as well as other body pro-
portions for all tribes which have been
scientifically measured.
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Growth of children of different races.
Each year more data are gathered on the
growth of children of four racial groups:
Maya and Navajo Indians, Negroes, and
Dutch whites. Individual children of
these races are measured annually and
their growth plotted and recorded. The
Maya children measured first in 1931 are
now fully grown and for the most part
have children of their own. They were
measured for the last time this year. The
children of the other races are in their
ninth and tenth years of measurement and
many of them are still growing and at-
tending high schools and colleges. Per-
haps the most interesting facts learned this
year from the growth data pertained to
the eruption time of teeth. We can now
say definitely that the order in which
teeth appear in the mouth is essentially
the same for the four races considered.
That order is as follows: first molar, cen-
tral incisor, lateral incisor, first premolar,
canine, second premolar, and then second
and third molars. This order has been
known for the white race, but it was not
known or clearly demonstrated that the
Maya Indians of Yucatan and the Nav-
ajos of Arizona followed the same pat-
tern. There are, however, significant racial
differences in the average age of individ-
uals at the time of eruption of the teeth.
Thus, the Navajo have the earliest erup-
tion time of all the races studied, and the
Negroes also erupt their teeth consistently
earlier than the whites. The Maya erupt
all teeth except the central incisors at an
earlier time than do the whites.

Female/male index. One hundred Ne-
gro males from Tuskegee Institute were
measured this year for a comparison with
the too Negro females measured last year.
Each of the 5o dimensions taken on this
college group is considered in a ratio,
showing the percentage which the female
measurement is of the male measure-
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ment. Thus, the weight of Negro females
averages about 8o per cent of that of Negro
males. Such ratios are compared with
those derived from the author's previous
work on Jamaica Negroes and Dutch
whites. The major results of this study are
summarized briefly as follows: In stature,
the sexes are more alike than they are in
weight, having an index of 93.4 per cent.
This figure is practically identical with
those obtained by the author for other
races. For example, Dutch white males
and females from Holland, Michigan have
a female/male index for stature of 93.5
per cent; Jamaica blacks, browns, and
whites have indices of 92.8, 93.3, and 92.9,
respectively. In all the measurements con-
sidered, the ratios are less than too. When,
however, body indices, composed of a
ratio of two body measurements, are con-
sidered in female/male ratio, there are
many in which the females exceed the
males. For example, for the index inter-
cristal breadth divided by biacromial
breadth (pelvis width by shoulder width),
the female/male ratio is 1.058 for Negroes
and 1.145 for Dutch whites. This trunk
index shows a marked sexual dimorphism.
The index for males averaged 70.64:L-0.25
and the females 74.76 :I:: 0.27, a difference
which is highly significant, being r t times
its probable error. The Dutch white ratio
is higher than the Negro, possibly owing
to an age difference in the individuals mea-
sured from the two races. The correspond-
ing female/male ratios for trunk index for
Jamaica blacks, browns, and whites are
1.102, 1.075, and 1.053, respectively. Simi-
larly in the study of sex ratio each of 5o
other dimensions is considered.

A STATISTICAL STUDY OF HUMAN

HEAD HAIR

We commonly speak of a "hair's
breadth," meaning a very small unit of
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measure. A recent advertisement in a
scientific journal speaks of "1/5 the width
of a human hair." Such statements sci-
entifically mean very little, for studies on
human hair show that hairs from dif-
ferent parts of the body differ widely in
their diameters. Our studies show that
races differ widely in the widths of their
head hair, this variation ranging from io
microns to 200. Similarly the variation in
size of hairs of one individual is known
to be very great. For example, one Maya
Indian had head hairs which varied in
maximum diameter from 25 to 120 mi-

continue with this analysis of hair "widths"
and also with a more general study of hair
color.

For last year's report, the area of the
cross section was determined with a pla-
nimeter and recorded in such units. The
means for each dimension were obtained
from a relatively small number of cases,

with an unequal number of males and
females in each distribution. During the
year we were able to section hairs from
two more racial groups, and for each
of the six races a mean was determined
based on five males and five females of

MEANS WITH PROBABLE ERRORS FOR CROSS SECTIONS OF HEAD HAIRS FROM IO INDIVIDUALS

(5 MALE, 5 FEMALE) FROM EACH OF SIX RACIAL GROUPS

Race No. hairs Area
(A2/100)

Maximum
diameter

GO

Minimum
diameter

GO
Index

Maya 986 41.05±0.29 79.53±0.34 64.90±0.24 82.94±0.24
Hopi 617 45.08±0.50 83.70±0.56 65.31±0.35 80.89±0.36
Navajo 1002 40.65±0.38 78.76±0.41 61.96±0.28 79.73±0.27
Zufii 643 43.37±0.49 84.33±0.58 62.81±0.33 77.19±0.36
Dutch 858 24.11±0.24 63.93±0.37 47.28±0.22 75.99±0.31
Negro 873 40.06±0.35 90.62±0.47 51.70±0.27 57.40±0.26

crons, and in a Negro the range was even
greater, namely, from 20 to 130 microns.

Hairs rarely are true cylinders, but are
more like an elongated ellipse in cross
section and consequently have a maximum
and minimum diameter. The greatest dif-
ference between maximum and minimum
diameter is among Negroes; some Negro
hairs may have a minimum diameter of
5o microns and a maximum of zoo.

In last year's report preliminary data
were given showing racial differences in
area, maximum and minimum diameters,
and index of cross sections of human hair.
In that report we described the technique
whereby Ioo or more hairs may be sec-
tioned in as little as 10 minutes, as com-
pared with two or three days with the
older technique. In this report we shall

approximately the same age. Likewise it
was determined that the formula

A- (Di+D2)2
X n\ 4

was as accurate as the planimeter read-
ings, and by applying this formula we were
able to express the area of the cross sec-
tion in square microns, a more satisfactory
unit. To avoid cumbersome figures, how-
ever, the area is expressed in square mi-
crons divided by Ioo. This change from
planimeter units to the metric system will
account for the differences between last
year's data and those in the table shown
herewith.

From the data in the table, as well as
subsequent data to be presented, we are
now able to discuss briefly the influences
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of race, sex, age, and the region of the shaft
sections on size and shape of the hair cross

sections.
Race. The Maya have the roundest hair,

with an index of 83 per cent, and the
Negroes have the most elliptical hair, with
an index of 57 per cent. The four Indian
groups have hair which averaged together
gives an index of around 8o per cent, as
compared with 76 per cent for whites and
57 per cent for Negroes. Statistically these

differences are significant and show a
natural trend for hair shape. Intraracial
differences, however, are often greater than
interracial differences. For example, the
area of the hair of to Negro individuals
averaged 40.06 ± 0.35 square units, but in
this group were individuals whose average
hair area ranged from 28.45 to 50.96 units.
For the Dutch, with the very low average
area of 24.11, the range was between 14.5
and 33.6 square units. The variation in size
and shape of individual hairs on one par-
ticular head is equally great. Neverthe-
less, the racial trends do exist.

Sex. Our data show definitely that males
of all races have rounder hair than females
for the ages from 9 to 19. These dif-
ferences are significant for all races but
the Dutch. In area the differences are
not so pronounced, although in four of
the races the male hairs are definitely
larger than the female.

Female hair in our series seems more
variable in its shape than male hair, as in-
dicated by the coefficient of variation. This
tendency is not true for hair size.

Age. The change in the size and shape
of hair with age is a problem that is now
being worked on. Although not all the
data have as yet been actually calculated,
the trend seems to substantiate that found
by other workers, namely, that in young
children the hair is small and round. The
area rapidly increases after 5 years of age
and remains fairly level until the fifties, at
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which time there is a decrease. The index
is high for the first to years of age but
then drops off slightly. In all cases, how-
ever, the variation is very great. For this
study only Maya hairs were used, a fact
that insures homogeneity of the sample.

Size and shape of head hair along its
shaft. In all the work on hair sections so
far considered, the hair sample was taken
within a few millimeters from the scalp in
the occipital region. The section that was
measured was made at about 20 mm. from
the cut surface to insure uniform and
comparable results. In the literature there
are suggestions that the hair varies in
size and shape along its shaft, but so far
no conclusive evidence for this fact has
been presented. To add further data on
this topic, long hair samples were col-
lected from 16 females : 7 American white,
ages 5o to 70, and 9 Maya Indian, ages
to to 20. In none of these samples has the
hair been artificially curled or treated.
From 8o to too hairs, all averaging 400 to
500 mm. in length, were sectioned at 20,
100, 200, 300, and 400 mm. from the origi-
nal cut. The results show that the area at
oo mm. is greater than that at 20 mm.

for 14 of the 16 samples. This is true ir-
respective of age or race. At the next too
mm. the trend is not so obvious, for in
only 9 samples does the area increase, and
in 7 there is a decrease. In the successive
intervals the trend is irregular. Some sam-
ples show a remarkable increase in size.
In all but 2 cases the hairs at the terminal
cut have a greater area than at the
beginning.

If the samples are arranged in classes
numbered I to VI as described in the
table on page 254, we see at a glance the
trends which occur in the shafts of samples
from 16 individuals. For area, the ten-
dency is to increase as the shaft grows out
from the head, but for the index or the
ratio of the maximum diameter to the
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minimum, the tendency is to decrease as
the hair is farther from the scalp. For
example, for area there are no cases in
class VI, steady decrease, and for index
there are no cases in class I, steady in-
crease. The meaning of all this is not yet
clear. Undoubtedly long hair is elastic
and hygroscopic, and its size and shape
may well be influenced by environment.
It is doubtful that dressing the hair alone
causes the observed changes, for there is
no consistent difference between the hair
of whites and of Indians, and Maya

color was matched with the Fischer-Saller
Haarfarbentafel. On this scale the graded
samples run from A, a very light blond, to
Y, a pure black. Red hair is considered
separately on another scale ranging from
I to VI.

If the colors are split into three groups-
A to G, H to P, Q to Y-and the per cent
frequency calculated for each year of age,
one finds a steady decrease in the A-G
group and a corresponding increase in the
Q-Y. If the colors on the Fischer scale
are given numbers from i to 24, cone-

DIRECTION OF CHANGE IN SIZE AND SHAPE IN HAIR CUT AT VARIOUS DISTANCES FROM THE SCALP

Class

I. Steady increase..
II. Increase

then decrease.
III. Increase

then decrease
then increase..

IV. Decrease
then increase..

V. Decrease
then increase
then decrease.

VI. Steady decrease

Area Index

M17+ M19 M45 W73 W66*

M17 M13 Mll W68 W35 M17+ M19+

M17- W52 W53 W72 M14 W66

M14 M19+ M17 M45 W52

M13 M17- M19 W35 W53 W72
M11 W68 W73

* M, Maya; W, white; 17, 19, 45, etc., age of individual.

women rarely do anything to their hair
except wash it. From these preliminary
observations we conclude that the hair flat-
tens out and expands in size as it progresses
from the scalp.

Change in hair color with age. It is gen-
erally known that hair color darkens with
age. The degree or speed of darkening has
never been measured quantitatively.

The material used in this study has the
advantage over others in that it consists
of a longitudinal series of growing chil-
dren measured and recorded over a Io-year
period. The sample consists of 220 male
and 194 female children ranging in age
from 6 to 18, all of American Dutch stock.
Each time they were measured the hair

sponding to the letters, a correlation can be
made between hair color and age. A co-
efficient of 0.526 -± 0.009 is obtained. The
regression equation indicates that for each
year in age the hair color will change al-
most 1 unit of the Fischer scale. Red hair
also darkens, giving a correlation coeffi-
cient of o.351 ±0.054. The coefficient is
negative because on the Fischer scale the
darkest red hair is I and the lightest is VI.

It is therefore evident that racial com-
parisons of hair color must be made with
the clear conception that hair color is not
a stable physical characteristic during the
growth period. Due allowances should be
made for hair material that has been ana-
lyzed from populations of unknown age.
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