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ABSTRACT

Data on the prenatal mortality rate among embryos
from the heterozygous Tortoise (To/+) show a statlisti-
cally significant increase above the prenatal mortality
rate determined for embryos from the normal {(+/+)
females. This suggests that the Tortoise gene is trans-
lated prior to day 6% post vaginal plug. The prolonged
post implantation viability observed for embryos with
the Tortolse gene indicates that the lethal effect of
this gene 1s dependent on the interaction between the

embryo genome and I1ntra-uterine factors.
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INTRODUCTION

The investigation of embryonic mortality in mice due
to a mutant gene facilifates an understanding of the causes
of abnormal development in similarly inherited human dis-
eases. By identlifying how mutant genes alter normal devel-
opment, an insight into how genes control the developing
organism may be attained (Green, 1966).

The changes induced by a mutant gene on the normal
developmental pattern of an organism are genetic, physio-
logic, biochemical, and morphoclogical in nature. The mutant
gene can accomplish these changes by altering the natural
process of DNA replication, transcription (the process by
which deoxyribonucleic acid (DNA) codes for messenger
ribonucleic acid (mRNA) ), translation (the process by which
messenger RNA codes for proteins), and the post translational
utilization of the protein synthesized. If transcription or
translation are altered, proteins necessary to normally
developing embryos may not be synthesized in appropriate
amounts. The physiologic changes that occur result in the
accumulation of products which may ultimately result in the
death of the organism. Morphologic changes result from the
accumulation of molecular errors leading to embryos with
anatomical modifications incompatible with 1life. All the

above contribute to the phenotypic expression of the lethal



mutant gene.

The phenotypic expression of a recessive sex-1linked
lethal gene may assume three forms. (1) It can make its
expression in the homozygous state (normally observable
only in females). (2) It can make its expression in the
heterozygous state (normally observable in heterozygous
females showing an appropriate number of cells with the
mutant gene active). (3) It can make its expression in
the hemizygote individual (normally observable only in
males). This project is concerned with determining the
time at which the recessive sex-linked lethal gene Tortoise
exerts its lethal effect on mouse embryos. In general, the
recessive sex-linked Tortoise gene exerts its effect pre-
nétally. . Nearly all the hemizygous Tortoise males and a
limited number of Tortoise heterozygous females are lost.
Such expression of the Tortolse lethal recessive gene will
result in a deviation from the expected Mendelian segrega-
tion ratio. By using the Punnet square to demonstrate the
mating between a heterozygous (To/+) female and a hemizygous
(+/Y) normal male, this deviation of the progeny ratio
becomes evident:

Female Gametes

To +

+ | To/+8| +/+%
Male
Gametes

Y To/Yd +/1d
(dies)




Nearly all hemizygous males which inherit the Tortoise gene
and some of the heterozygous (To/+) females will die. This
results in a ratio of 39's to 1d at birth.

Among affected animals, there are various degrees of
expression of the Tortoise gene. These can be explalned by
the Lyon's Hypothesis and/or the Gr&neberg's Hypothesis.

The Gruneberg hypothesis postulates that in the
mammalian X chromosome there exists a center from which an
inhibition of gene action spreads along the X chromosome
with diminishing intensity (Grineberg, 1967). For this to
occur, two X chromosomes must be present. Grﬁneberg (1967)
further states that "both centers are activated together
and that the inhibiting action spreads along both X chromo-
somes." However, this does not necessarily mean that both
chromosomes are inactivated equally. Cells with chromosomes
on which the normal gene is expressed will exhibit the
normal genotype, and those cells in which the chromosome
with the mutant gene is expressed will exhibit the abnormal
characteristics.

The Lyon's hypothesis postulates the random inactiva-
tion of one or the other of the two X chromosomes at an
early stage of development, the cells with the mutant
phenotype having the X chromosome with the normal gene
inactive and vice versa (Lyon, 1968). This inactivation
can be of either the maternal or paternal X chromosome
and is irreversible so that all the subsequent generations
of that cell will have the same chromosome inactive. This

3



hypothesis predicts that for sex-linked genes the hetero-
zygous females will be mosaics, that is, the tissues in
which a sex-linked gene is active should exhibit both normal
and abnormal features characteristic of the random ilnactiva-
tion (Green, 1966). 1If the Lyon's hypothesis is true, those
tissues in which more mutant genes are inactivated than
normal ones will appear normal, and those that have more
normal genes inactive than mutant ones will exhibit the
abnormal characteristics. This is one way in which the
different degrees of gene expression in the heterozygous
(To/+) females can be explained.

The embryo is also subject to non-genetic factors
which control or influence its development. Evidence in
support of the fact that the age of the dam has an influence
in prenatal mortality has been reported by Hollander and
Strong (1950). They observed that there was an increased
embryonic mortality in older female mice.

Parity, the state of having borne offspring, also
plays a factor in the prenatal development of the mouse.
It has been found that the number of corpora lutea tends to
be considerable lower in females pregnant for the first
time than in later pregnancies (Hollander and Strong, 1950;
and Rugh, 1968). This may be due to the "insufficiency of
the corpora lutea to supply the progesterone requirements
of the excessive number of implantations" (Bowman and

Roberts, 1958).



The ovulation rate has also been found to be an
important factor in embryonic mortality as demonstrated
by Bowman and Roberts (1958). They found that before
implantation, the loss of eggs increased as the number of
eggs shed per horn increased. They further state "as the
number of eggs shed into a uterine horn increases the
probability of each individual egg implanting decreases."
The ovulation rate has been found to be genetically related
by Land (1970). He reported that Follicle Stimulating
Hormone (FSH) activity and ovarian sensitivity which control
the rate of ovulation were correlated as measured by the
response to Pregnant Mare Serum (PMS). Bradford (1969),
working on the assumption that following superovulation
the ability of female mice to gestate a larger litter might
be improved because of a large number of embryos, found
that selection for litter size resulted in an increase 1in
the ovulation rate but he did not find the opposite to be
true. In other words, an increase in the ovulation rate
did not result in an increase in the litter size. One
factor which might 1limit the size of the litter or the
total number of implants per mouse surviving to birth is
"the level of some substance circulating in the maternal
blood supply" (Bowman and Roberts, 1958). This substance
could be a prostaglandin. A prostaglandin is an acid com-
posed of twenty carbon atoms. It is a 1lipid soluble com-

pound biosynthesized from the essential fatty acids which



are present in the seminal fluid and extracts from some

of the accessory genital glands (Eliasson, 1963). DNutting
and Cammarata (1969), while working with rats into which
PGE20r PGF2¢ was injected subcutaneously during the first
seven days of pregnancy, demonstrated that: (1) the prosta-
glandins had an antifertility action after implantation
resulting in the reabsorption of the implantation sites;

(2) that the prostaglandin inhibited implantation of the
zygote; and (3) that there was a delay in the transport of
the fertilized ova to the uterus as a result of the effects

of the prostaglandin on smooth muscle activity.



MATERTALS AND METHODS

Animals

The female mice used in these experiments were
litter mate homozygous C57BL/6J normal (+/+) and hetero-
zygous C57BL/6J mutant (To/+). These animals were pur-
chased from Jackson Laboratory, Maine or were produced in
our laboratory at Northern Michigan University. All
animals appeared to be in good physical condition at the

time of their use.

Matings

Sets of 1itter mates, normal and tortoise-shell,
were mated pairwise to males of the C57BL/6J strain.
Mating was determined by the presence of the vaginal plug.
The morning when the vaginal plug was observed is desig-

nated as day 1 in this study.

Collection of ovaries and uterus

Females were sacrificed by cervical dislocation
on day 6% to 15% post-vaginal plug. The intact uterus,
oviduct and ovaries were immediately removed and placed
in a petri dish containing cold physiological saline
(0.9% NaCl in distilled water). The ovary and corresponding
horn of the uterus were given code numbers and transferred

to separate petri dishes.



Corpus Luteum count

The oVaries were cleaned of all adhering tissue,
transferred to a depression slide and the number of
corpora lutea were counted under the dissecting micro-
scope. This was done by inserting a pin through the
ovary and rotating it noting the starting point. The
number of corpus luteum counted was used as an estimate
of the number of eggs ovulated by the female. There was
some difficulty in obtaining an accurate count of corpora
lutea in all stages of pregnancy observed in this study.
If the corpora lutea count was less than the number of
embryos implanted, the data was excluded from the analyses.
The data was recorded for both normal (+/+) and mutant

(To/+) female mice as outlined in table 1.

Implantation (count) sgites

The number of implantations were scored by
counting the number of embryos present in the uterus.
Both the number of normal and abnormal implantations were
recorded. There is a localized swelling at each implant-
ation site and this denotes the fact that the blastocyst
is beginning to grow rapidly. Identification of implantation
sites and abnormal embryos that died early presented
difficulties. The early 6%, 7%, 8% day uteri were observed
after clearing and bleaching to take advantage of pro-

nounced vascular changes which occur soon after the



blastocyst contacts the endometrium (Orsini, 1962).

Table 1. Experimental layout for recording
the number of corpora lutea and implantations
counted

DAYS

POST
GENOTYPE VAGINAL DETERMINATIONS

PLUG

To/+ .

+/+ .

H » Y ° .
Ul
N

In order to detect abnormal embryos, 1t was necessary
at times to stretch the uterus. These abnormal embryos
are smaller than the living or normally developing ones,
and they are characterized by a lack of color or bleaching
because circulation to the fetus has failed (Hollander and
Strong, 1950). The implantations were recorded according

to the outline in Table 1.



A total of 200 female mice were used, 100 normal
female (+/+) and 100 heterozygous females carrying the
Tortoise gene (To/+).

The number of post implantation deaths is related
to the number implanted, therefore, to obtain unbiased
statistical comparisons between tortoise and normal
females for post implantation mortality, the observed
number of dead embryos was adjusted to correct for the
difference between the two genotypes in the number of
eggs implanted. The adjusted data were subjected to

the Regression Analysis test (Woolf, 1968).
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RESULTS

The mean number of corpora lutea observed in mutant
and normal female mice at specific stages of gestation
is shown in Figure I. The two lines are in close agreement
which suggests that the genotype of the dam has no effect
on the mean number of eggs shed, i.e. the presence of the
Tortoise gene does not significantly alter the number of
eggs ovulated by the female.

The Analysis of Variance test comparing the observed
number of corpora lutea (eggs shed) indicates no statis-
tically significant difference between the two genotypes
(Table 2).

The comparison to determine the effect of fetal age
or age sacrificed on the number of corpora lutea is
statistically nonsignificant. This is expected because
the number of eggs ovulated is independent of post concep-
tion time, stage of gestation and fetal age. The pre-
implantation loss is sumarized in Figure II. This was
determined by the difference between the number of eggs
ovulated and the number of eggs implanted. The value for
the mutant genotype is consistently larger than the value
for the normal genotype.

The mean number of implants for each genotype is

plotted against days post vaginal plug in Figure III. Both

11
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plots show similar trends, with the exception that the
line for mutant genotype is consistently lower than that
of the normal genotype. This suggests that a larger
number of embryos are lost and that the lethality of the
Tortoise gene is translated by day 6% post vaginal plug.

The Analysis of Variance test comparing the number of
implants observed in the mutant and normal miée indicates
statistically significant differences in the mean number
of eggs implanted by each genotype (Table 3). The number
of implants estimated decreases significantly as the preg-
nancy advances. This is because, as gestation progresses,
i1t becomes more difficult to identify neoimplantation losses.

Within age group (day), regression coefficients for the
number of embryos implanted on the number of eggs shed were
calculated for both normal and mutant genotypes to deter-
mine if a linear relationshlip exists between the number of
eggs shed and the number of eggs implanted. Each regression
coefficient was tested for statistical significance using
the "t" test (Woolf, 1968). If the calculated regression
coefficient was significantly different from zero, the
observed number of implantations was adjusted to make them
independent of the number of eggs shed. Use of the adjusted
number in future tests of significance permits unbiased
estimates of the effect of genotype on post implantation
loss. The regression coefficients and tests of significance

are sumarized in Table 4. Significant linear relationships
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exist in days 6% through 15% in normal mice. Regression
coefficlents for the muftant mice are significant on days 7%,
8%, 9%, 10%, 11%, 12%, 13%, and 14%.

The Analysis of Variance on the adjusted number of
implants between the mutant and normal mice indicates a
significant difference in the number of eggs implanted
by each genotype (Table 5). The genotype, therefore, has
been found to be a highly significant factor indicating
that the Tortoise gene 1is exerting its lethal effect, and
that these losses increase with the age of the embryo.

The postimplantation loss is summarized in Figure IV.

Within day, regression of the number alive on the
number implanted was also obtained. This was done to deter-
mine if there exists a linear relationship between the
number of implants and the number of live embryos observed
(Table 6). Regression coefficients are significant in days
8%, 9%, 10%, and 11% for mutant mice.

An Analysis of Variance of the adjusted value for the
number of live embryos (adjusted for the within day regres-
sion coefficient) was obtained for both the mutant and normal
mice. There is a highly significant difference in the mean
number of live embryos for each genotype as shown in Table 7.
Thig is because the Tortoise gene has already been translated
and there is greater mortality in the embryocs from the
heterozygous (To/+) females. The total prenatal loss asso-

ciated with each genotype is presented in Figure V.
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DISCUSSION AND CONCLUSION

The method used in this study to determine the time
of death for embryos with the recessive sex-linked lethal
gene was to examine progressively younger litters. Work-
ing backwards in time, from 14% days to 6% days, the
younger litters were scored for dead and abnormal embryos.
It was expected that at a specific time the proportion of
dead and abnormal embryos would be equal among the off-
spring of homozygous (+/+) and heterozygous Tortoise
(To/+) females. This time would antedate the first ex-
pression or translation of the Tortoise gene. At an
interval close to this time, one would expect to find an
increase in the proportion of dead and abnormal embryos
among the offspring of the heterozygous Tortoise (To/+)
females. The occurrence of these embryos, clustered in
time, would indicate approximately the initial age at
which the lethality of the mutant gene 1s expressed or it
would mark the end of the time when the embryos carrying
the lethal gene are viable.

The data on prenatal mortality rate among embryos
from the heterozygous Tortoise (To/+) females show a sta-
tistically significant increase above the prenatal mortality
rate associated with embryos from the normal (+/+) females.

The interpretation is that the lethalify of the recessive
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sex-linked gene 1s expressed prior to the earliest, post-
vaginal plug, age at sacrifice. The observed differences
in preimplantation loss between the eggs of homozygous
normal (+/+, To/+, +/y and To/y) females further suggest
that the Tortoise gene is translated by day four postvag-
inal plug. The observed preimplantation loss attributable
to the lethality of the Tortoise gene was less than the
expected proportion (25 percent loss expected). If,
however, the values observed for the preimplantation and
postimplantation are combined, the expected proportion is
achieved. This agrees with the work of Constance (1970).
It is therefore concluded that the termination of the
viability of embryos carrying the Tortoise gene may be
delayed. This appears to be dependent on intra-uterine
factors such as the genotype of the neighboring embryos
and the number of embryos in the uterine horn.

The data analysed support the idea that the recessive
sex-linked lethal gene Tortoise is translated by day four
post vaginal plug. The embryos with the Tortoise gene
have a variable postimplantation survival time. The loss
of viability for these embryos seems to be dependent on
the interaction between the embryo genome and intra-uterine

factors.
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APPENDIX

Plots of the linear regression of number implanted on

corpus luteum count.
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NUmBER of IMPIANTRTIONS

Figures VI throuzh XV - Plots of the regreszion line of the number of corpus
luteum on the number of implanted eggs

DA )
v ih Figure VII.
1
104
q
8-
Q‘u
6 -
s—
4+
3~
a N
1
[+ ] T T T T T T T T T T 13 T L T T T T
\ 2 3 4 5 6 ¥ ) q le ] (5 I3 14 18 1o 17
DRY 6Y2 .
Figure VI.
10~ ]
%
q—
8 1 * ° _,/0“
/’/‘/
7 - . ® . e e ‘__,_,.r.-—-“""‘_Lf'
..f-”‘ "
T
b - e . . o . .
1‘/,
- o, °
5 ’.O'
l‘-
3 —
1"'
I
T 1 T 1 T~ T T T v
° ] 2 3 L] 5 e 9 8 q' ;'o 1l l‘?. 1.3 llq ! )'5 '|5 ,l-;

NUMBER OF CORPUS LUTEWM




MUMBER of ImFlﬂMfHTI ONS —

DRY QY

Fi

e IX.

i~

O

oQ +]

-0 -

(1=}

DRY ©/

Figure VIII,

+

NUMBER of

T
.

L]

¥

k]

4

3

CORPUS LUTEUM

17




NUMMBER of LMPLANTRTIOMS

i~

{071

q

s-:

4

3-

2+

DAY 1Y,

Figure XI.

q-

8+

2+

&+

pRay oY

(=

7
4

]
NYMBER

¢

T T T

F 8 9
of CORPUS Lureum

A
(3]

a

N2




AUmBER of LMPLANTR TLoNS

e

DRy i3)a

Figure XIII.

DAY 1a¥a

T T 13 T T T T s T T T .

K 1 3 4 F; A % 8 q 1o u a2 13 4 15 6 (7
NUMBER of Corpus LUuTEUmM a (




oFf LIrePLlNTRIIons

VLIREER

o 15 1 Figure XV.
W
101
q:
N
7
o
5
=
34
5
N
T 2 3 % £ ¢ % 3 9+ ®» S S A e A
vay 14/ Figure XIV. 5
T
10
4
34
-
A
-
4 4
3
24
i ]
T a 3 A 5 i = 1 g o i 2 13 4 i o 17 -
NUMBER of CoRPus LUTeum >



	Northern Michigan University
	NMU Commons
	1974

	Genetic Effects of the Recessive Sex-Linked Lethal Gene, Tortoise, on the Prenatal Mortality of Mice
	Francisco O. Calvo
	Recommended Citation


	tmp.1527782360.pdf.gz_L0

