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Chapter I

General Introduction




Sex determination and sexual differentiation have been

the most fundamental subject in bioclogy to be elucidated. Until

(D

1900, it was generally thought that the sex of a human embryo was
decided by environmental factors like maternal nutrition. Since
the rediscovery of Mendel's Laws, it has been shown that the sex
of an individual is determined by the chromosomal constitution .
Though many scientific works have been performed to clarify the
subject, many questions are still remained even today.

In higher animals, sexual reproduction involves the mixing
of genomes from their parents to create offspring that are
usually genetically different from each other. Since genetic
variation 1s the Key point of this system, sexual reproduction
has tremendous advantages for the adaptation to various

2)
environments . Development of the embryo follows the
fertilization of an ovum with a spermatozoon. Some part of the
embryo 1is destined to differentiate into a gonad and continues
the differentiation into ovaries in the female or testes in the
male depending on their genetic sex.

The first step of the elucidation of sex determination and

Y =

sexual differentiation was the identification of the Sex
chromosomes in a genome. In chickens, cytogenetic methodologies
have been attempted to describe the sex-determining mechanism
correctly. [t seemed that productive research in sex
identification depended on a chromosome methodology which reveals
Ehe structure, activity Or other functions on the
3,4)
chromosomes . However it was very difficult to identify their

sex chromosomes, especially identification of the W chromosome in

female cells. Because the number of chraomosomes 1n chickens 15




numerous (2n=7/8) and the W chromosome is comparatively small In

addition the repeatability to obtain a clear metaphase
5,6)
preparation was low . kKaryotyplng and also many other
methods, such as immunological and biochemical methods, have
7,8)
also been tried to identify the genetic sex in chickens i
It 1s now clear that the chicken has 76 autosomes and ZZ

sexX chromosomes 1n male, and ZW sex chromosomes in female. since
the composition of sex chromosome in chickens is heterogametic in
female and nomogametic in male, the ovum which has completed the

reproductive division, has a 2 chromosome or a W chromosome in a

o

fifty-fifty ratio. On the other hand, all spermatozoa have

only the 2Z chromosome. If an ovum bearing a Z chromosome or W

chromosome 1is

h

ertilized with a spermatozoon a cock (ZZ) or a hen

(ZW) 1s destined respectively. Thus sex determination in each
bird depends on which ovum 1is fertilized. This 15 Just

opposite to the mammalian, where the sex chromosome 1is XX
(female) and XY (male) and the sex determination is dependent on
the spermatozca. Therefore, it is important to clarify the

mechanism for seX determination and sexual differentiation in
)

i
1
chickens, as it compares to that of the mammals .

Recently, the knowledges about sex determination and
sexual differentiation in mammals have been rapidly accumulated.
For example, a gene locus that regulate the production of TDF
(Testis Determining Factor), guiding the undifferentiated male
gonad to the testes, has been nearly identified in a region of

9.10)
the short arm on the ¥ chromosome S

|-;|-_-!
H

urthermore, it was found

that the sexual differentiation of the brain and the secondary




sexX characteristics are induced Dy the testosterone secreted from
1053
the initially differentiated testes -
In contrast, the mechanism of the avian sex determi:

and sexual differentiation at molecular level has not yet been

[

¥
-
ft =
n

clarified. Since the composition of sex chromosome in avi
opposite to mammal, it has been considered that the major sex
determining gene would be on the W chromosome.

In chickens, not only the sex chromosome composition but
also the asymmetric growth of the gonad in female is making it
difficult to analyze the mechanism for sex determination and

sexual differentiation. In the hen, the ovaries and their duct

systems develop asymmetrically between left and riacht sides of
Y F ) Y

J=i

the body. During the gonadal sex differentiation, the left one

h

i

rT

alone differentiates into a functional ovary, while right

one ceases its growth and completely degenerates several weeks
T2
after hatching '

It was observed, however, that if the left gonad of female

15 degenerated due to disease or any other reason, the right one
13)
will make compensatory development in a rare case . Along with

such compensatory development, the secondary sex characteristics,

such as comb, wattle and spur were developed similar to that of

male. By surgical removing the left gonad of newly hatched
14)

female chicks, sex-reversal could be induced artificially .

The right gonad was caused to make compensatory development, and

the androgenic steroid or the steroid secretory cell was
confirmed. Histological structure of the right gonad widely

-

varied from testis-like to ovary-like ones, and some one among

those which were testis-like, a small number of spermatozoa were

— —_—_




observed : [t was considered to be Lmportant for the
elucidation of the mechanism of sex determination and sexual
differentiation in chickens to analyze the process of sex-
reversal induced by the left gonadal removal.

However, the studies of artificial sex-reversal

above, were done without confirmation of the genetic sex of the

e B s e

L

animals used. The males with retarded masculinization could be

fu

Recent progress of genetics enabled us to elucidate the

riddle of creatures at the molecular level. This paper describes

sex determination and sexual differentiation in chickens by use
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sexual differentiation of the gonad during
embryonic life is described to illustrate the basic knowledg

of sex determination and sexual differentiation in chickens. In
chapter TIII, artificial sex-reversal from female to male by

left ovariectomy in chickens whose genetic sex has been

confirmed by the modern karyotyping technigues was performed. And

interaction of gene and hormone on sex determination and sexual
differentiation wa s considered, Also the mechanism of

sex-reversal from hen to cock was discussed. To develop a new
method of sex 1identification in chickens, the detection of
female-specific repetitive DNA units was carried out in

chapter IV, This method was applied for sexing of chicken

45

embrvos too. For the purpose of molecular genetic analysis o
r 'y L "

the W chromosome, hybridization of the cloned W chromosome

specific DNA probe to the initially Xhol digested DNA was




performed in chapter V. And the role of the W chromosome in sex
determination and sexual differentiation in chickens was
discussed. Based on the results obtained through these

experiments, comprehensive discussion of the sex determination
and sexual differentiation in chickens was described as general

discussion in chapter VI.
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Introduction

The 1individual chicken embryo comes into existence as the
result of the union of two gametes, the ovum and the
spermatozoon. Chicken ovum is fertilized in the infundibulum,
the anterior region of the oviduct. Several spermatozoa
penetrate the inner perivitelline layer and enter the germinal
disc, the small area of cytoplasm at the surface of the yolk mass

17)
where development is initiated .

The development of gonad is unique for its alternative
differentiation. Most of the other organ rudiments can normally
differentiate into only one type of organ. The gonad,
however, normally has two options before sexual differentiation.
During the undifferentiated stage, it has potential to develop
into either an ovary or a testis. When the sexual differentiation
is induced, the gonad is first led to develop into either an

Z)
ovary or a testis, depending on their genetic sex .

During the sexual differentiation of the female chicken
embryo, asymmetric development is observed between the left and
right gonad. In the left gonad, cortical tissue differentiates

secondary, and it develops into a functional ovary. On the other

nand, the right gonad organized with medullary tissues develops

relatively 1little during the incubation period. And a few
18)
weeks after hatching it degenerates completely ;
In male, both left and right gonads develop egqually and

become functional testes.

However, i1t is not clearly determined when the asymmetric
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Materials and Methods

Fertilized eggs from White Leghorn chickens were obtained.
These eggs were incubated in a conventional egg incubator. Eggs
were incubated in a vertical position with the large end set
uppermost. Temperature was adjusted to 39°C constantly. Moisture
in the incubator was Kept at 80%, The eggs were turned
automatically several times a day to prevent sticking of the
embryo to the shell membrane. The incubation was stopped at 5,
7, 9, 11, 14, 21 days, respectively.

Egg shells of each fertilized egg were broken carefully
without inflicting a wound to the embryos. Egg shell, albumin
and vyolk were removed from the embryo. Only the embrvo was
taken and was :.soaked with saline to remove the excess of volk
and blood. The embryoc was floated in the saline for
microscopical observation.

Whole body of the embryos were observed. Abdominal cavity of
the embryo was surgically opened with a pair of forceps. The
viscus of the embryo was removed carefully without injurin the
gonads under the observation using a stereoscopic microscope.

The location of gonads at the 1left and right side was
identified. Width and length of female gonad was measured.
Photos of the whole body and the embryvonic gonads were taken
through the microscope.

Statistical analysis of the means of these gonadal
measurements were applied with T-test. Significant differences

between left and right gonads were calculated.




Results

The 5 day-old embryo of a chicken is presented in Pie. 21,
At this stage the gonad developed as vestigial. And it was very
difficult to identify the gonad accurately with microscopical
observation. Conseguently, length and width of the gonads could
not be measured at the stage.

Gonad development of 7 day-old chick embryo is presented in
Fig. 2-2. At / days of incubation the gonad development had
progressed compared to 5 days. The gonads were easily
identified. When the length and width between left and right were

compared no significant differences could be detected(Table 2-1).

Fig. 2-1. The 5 day-old embrvo of a chicken.
In this stage of development, identification of
the gonad with microscopical observation was

very difficult.




At 9 days of incubation, secondary differentiation of the
cortical tissue was observed in left gonad. In the right gonad
the development had alsc progressed, but compared to the left
gonad the development was not so distinguishable. When the
statistical calculation was performed, significant differences
were detected between left and right length, but could not be
detected at width in female (Table 2-1).

As the time passes the differences in the gonad

development has been increased between left and right.

Fig. 2-2, Gonad development of
a 7 day-old chick embryo.
Significant differences between
left and right gonad could not be
observed (x 27). RG: Right gonad
of the embryo. LG: Left gonad of

the embryo.




At 11 days, significant differences were detected both in
length and width between left and right gonads (Table 2-1).

At 14 days, development of the left gonad has been continued
while the right gonad has nearly stopped 1ts growth and
reached its maximum size in female (Fig. 2-3 and Table 2-1).

In male, no asymmetric development was observed and both

sides of the gonad continued to develop.

Fig. 2Z2-3. Gonad development of a 14 day-old chick

embryoc. In male (A, x20), the left and right gonad
developed equally. 1In female (B, x 20), asymmetric
development was observed between left and right gonad.
The left gonad developed into an ovarian gonad, while
the right one degenerated. T: testicular gonad of a
nale embryo, O: left ovarian gonad of a female embrvo,

G: degenerating right gonad of a female embrvo.




AE 21 days the left gonad (Fig. 2-4) continued its
development to a functional ovary and the right one has stopped
of 1ts development. The sign of degeneration was observed.

On the other hand, asymmetric development of the gonad could
not be observed throughout all stages of incubation in male

embryonic development.

Fig. 2-4. Gonad development of a 21 day-old
chick embryo. In male (A, x18), the left and right
gonad developed equally. In female (B, X 18),
asymmetric development between left and right gonad
was distinguished. T: testicular gonad of a male
embryo, O: left ovarian gonad of a female embryo, G:

degenerated right gonad of a female embryo.




Table 2-1. Gonad development of female duri ng embryonic 1life
a)
days of no. of gonad (mm )
incubation embrvos left right

length

B87+0.217

1,88+0.25

D)
7 10
width 0.58+0.18 0.60+0.20
length 3.12+0.29 2.3240.32
= 10
width 0.9240.19 0.72+0.34
length 4.45+0.41 2.64+0.30
11 10
width 1.61+0.23 0.71+0.24
length 5.54+0.52 2.70+0.45
1 4 10
width 1.92+0.22 0.70+£0. 21
length 6.50+0.59 2.68+0.57
"4 10
width 2.23+0.34 0.69+0.27
a )
: Values were expressed as mean+S.D. in mm.
b)

: In 7 days of incubation, morphological differences between
left and right gonads could not be observed with
microscopical observation. Therefore the of embryo
examined could hardly be distinguished.

*: Significantly different

L p4$0.05).




Discussion

The genital system of chicken embryo comprises gonad and
accessory genital organs. The primordial gonad is Cypically

composed of a medulla and a cortex. The cortex 1S potentially

ovarian tissue and the medulla is testicular. Germ cells are

developed in gonad and conducted through accessory organ. During
the sexual undifferentiated stage of gonad, there is no
18)

+

morphological difference between male and female =
The measurement of the width and 1length suggests the

initiation time of the sexual differentiation of the gonad in

chicken embryo. As the significant difference of the width ang
length between left and right gonads could not be
Observed, sexual differentiation was not yet be induced at 7
days. At 9 days significant difference was already observed.
Therefore, the seXxual differentiation of the left gonad in
female was induced between 7 to 9 days, probably at about 8 days.

Since a pair of sex chromosomes is neterogametic (ZW) in
female and homogametic (ZZ) in male, it was suggested that the
induction of undifferentiated left gonad to ovary was reqgqulated
by the ovary determining gene on the W chromoscme in chickens.
Recently, the testls determining gene which induce the
differentiation of the undifferentiated gonad to testes in male,

10)

was 1dentified on the short arm of the ¥ chromosome . These
findings also support the existence of ovary determining gene on
the W chromosome,

But the most significant difference during the sexual

differentiation in chicken embryo compared to mammals is the




asymmetric development of the gonad between left

T

This phenomenon seemed to be induced by th

{

response to estrogen between left and right gonad. Estrogen

target cells were searched for in the differentiation of chicken
embryo. The cells were observed in the germinal epithelium of the
left gonad but not in the right one. It was suggested that
the absence of the target cells for estrogen in the germinal

epithelium of the right gonad accounted for the lack of cortical
19)
differentiation to the right gonad 2

In male, asymmetric development between left and right gonad

could not be observed throughout all the stages of embryo
development. It was suggested that no genetic regulation has been

(L

induced in the di ation of wundifferentiated gonad to

.I_I-
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testes. Consequently, it is suggested that the fundamental sex is

1

not female but male in chicken.

Once the sexual differentiation of the gonad was induced

= '
rurther development to ovary in female, or testes in male was
regulated by sex hormones secreted from the initially
differentiated gonad. Secondary sex characteristics such as
comb, wattles, Spurs and feather shape were also
controlled by internal secretion of seXx hormones. The male

secondary sex characteristics is mainly induced by the regulation

of the testosterone secreted from testes and that of female's is
201
lnduced by estrogen secreted from ovary -




summary

The 1nitiation time of sexual differentiation of the
1n female embryo was determined with Stereoscopic micros:

observations.

At 7 days of incubation, the length and width between
and right gonads were not significantly different. At 9 days of

incubation, secondary differentiation of the cortical tissue

T

was observed at left gonad. And significant differences in the

gonadal measurement were detected between left and right Jlength
4

-

in female. Consequently, the sexual differentiation of the left
gonad in female has been initiated between 7 to 9 days

probably at about 8 days.

On the other hand, asymmetric development of the gonad could
not be observed throughout all the stages of incubation in male
embryonic development.

Since a pair of sex chromosomes is heterogametic (2ZW)

-
L

3

female and homogametic (2Z2Z) in male, it was suggested that the
induction of the undifferentiated left gonad to ovary was
regulated by the ovary determining gene on the W chromosome.
It was suggested that the absence of the carget cells for
estrogen 1in the germinal epithelium of the right gonad is

accounted for the lack of differentiation of the right gonad.
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Introduction

It has been known for a long time that hens could be
ey 13 1)

masculinized under rare circumstance - An 1nteresting

case o0f natural sex reversal was reported. In one hen, a Buff

Orpington, which had regularly 1laid eggs happened to be

masculinized by chance. It was recognized by her secondary sex

characteristics which changed completely to that of a male.

The experiment of artificial sex-reversal by left ovary

removal was performed, and it was found that early left
14)

ovariectomy caused masculinization of the right gonad E The

presence of androgen and androgen-producing cells in the right

gonad has been identified by some
Zlipids 23]

investigators - In these sex reversed animals, their

secondary seX characteristics such as comb growth, Spur

development, and plumage pattern appeared like that of a male.

The structure of the transformed right gonads varie

oF

according to the individual. In some cases the seminiferous
tubule 1in the transformed right gonad was dispersed among
fibrous strands, and/or lacked germ cells, and/or consisted of
sertoli cells alone. In some other cases fertile tubules with
spermatogenesis proceeding to the spermatid or the spermatozoa
stage were observed : Only once a few spermatozoa from

these transformed right gonads were isolated and inseminated into

normal hens. But there was no evidence that these spermatozoa
16)

were fertile :




confirmation

The works referred to above were done without confi

of the genetic sex of the animals used. The males with retarded

il

masculinization could be recovered with treatment. Recently, the

hnigues in chickens enabled us to

(g

development of karvotyping te

n the present

doni

clearly and exactly.

@
1]
in
-

distinguish the geneti

cnapter, artificial sex-reversal from female to male by left

1n chickens, whose genetic sex has been confirmed by

ovarliectomy

modern karyotyping techniques, was described.




Materials and Methods

1. Animals
All Dbirds used in this experiment were of the Single Comb

White Leghorn strain. Immedi

1]

tely after hatching, the chicks were

sexed by differences i

-

the morphology and size of the genital
process by a professional sex discriminator. Forty female chicks

were ovariectomized. Nine

@

f them died during the operation, and
four of them died later of leg injuries. All the other
ovariectomized chickens survived in good health. Five female and
five male chicks were reared and used as controls.

2. Ovariectomy

it

Birds were first ovariectomized between one and eight days,
and then two more successive operation between nine and
fourteen days after hatching. The ovariectomy procedure was
essentially the same as that for castration. The
last intercostal space on the left side was cut open using a
surgical blade. The portion of the peritoneum covering the ovary
was removed, with the aid of a pair of forceps to grasp the
tissues, the ovary was cut, and several pieces were removed one
after another. Since the regeneration occurred rapidly, even if
a small part of the ovary was left, the surgical removal was
completed using an electric surgical blade.
3. Analysis of karvotype

Though all chicks were sexed by differences in morphology
and size of the genital process, analysis of karvotypes was
performed to determine their genetic sex.

At about three months of age their mitotic chromosome




preparatlions were examined using the leucocvte culture
D 2
method L Blood samples were collected from the wing
vein and lightly centrifuged at 400 r.p.m. for 5 minutes. The
plasma containing the leucocytes was transferred to sterile
collection tubes containing a culture medium. The medium was
composed of S ML of RPMI-1640, 0.2 ml of antibiotic
solution (penicillin and streptomycin), and 0.2 ml of
phytohemagglutinin (PHA). The collection tubes were incubated

rt

a 39.0 °C and 5% CO2 in a water-jacket incubator for 72 hours.

Colcemid was added to arrest cells at mitosis. The cell pellet

was covered with 5 ml of 0.075 M KC1 solution for hypotonic
treatment. After the removal of the hypotonic solution the cell

pellet was covered with a freshly-made solution of methanol

._
H

oy
)

acetic acid at 3:1 for fixation. A solution of Giemsa stain
diluted in distilled water was placed on the slide. After the

slides were dried, chromosome spreads were examined with a light

l__.:
I-l1

oscope for analysis of karyotypes.

4. Observation of the secondary sex characteristics

After the performance of ovariectomy, the differences of
secondary sex characteristics between treated female chickens and

control chickens (normal male and female) were recorded until
naturity. Animals were sacrificed at about 9 months. For each
animal the body weight, comb, wattles and feathers were welghed
Or measured.
>. Classification of sex-reversed chickens according to the
secondary sex characteristics

Classification Wa s based on their secondary Sex

characteristics for the degree of sex-reversal, The




classifications are listed as follows:

1

[, High degree of masculinity: IT, Middle degree of

e

masculinity; III, Low degree of nasculinity.

r
b. Histological examinations

@ at about nine months of age,

Autopsies were performed a
testes of the male control and the transformed right gonads

re removed, then weighed

LL

W

D

the ovariectomized femal

measured (length and width of the gonads) and they were cut

a ]

small pieces. These gonads (testes and right gonads) and

Fr{

female controls' ovaries were fixed by Bouin's fluid, dehyd
in ethanol, cleared in xylene and embedded in paraplast. Serial

sectlons were cut at 7 um in thickness. Deparaplasted sections

ere stained with Hematoxylin and Eosin staining solution. These

Lil =

.,
-

sectlons were then examined with a light microscope.




Results

1. Genetic sex

The metaphase chromosomes are presented in Fig. 3=1. The

chromosomes were arranged into the 39 palrs according to
decreasing size, and again divided into 9 pairs of
macrochromosomes and 30 pairs of microchromosomes (Table 3-1).

The macrochromosomes were identified according to the size and
pesition of the centromere. The microchromosomes were too small
to distinguish between them, but they might be

2o 2]
acrocentric .

Fig. 3-1. The metaphase chromosomes produced by
the leucocyte culture method (A: female, B: male).
The 2 and W chromosomes are marked by arrows. In
some preparations the microchromosomes are
difficult to identify, but the macrochromosomes

are always distinct.




Table 3-1. Analysis of karyotype in the domestic fowl, based
on chromosome size and centromere position
female male
size order kinetochore size order kinetochore
1 and 2 metacentric 1 and. 2 metacentric
3 acrocentric 3 acrocentric
4 submetacentric 4 submetacentric
A or W metacentric Z metacentric
6 and 7 acrocentric 6 and 7 acrocentric
8 metacentric 8 metacentric
5 submetacentric 9 submetacentric
TR . %N acrocentric ? g - 329 acrocentric ?

Z: Z chromosome, W: W chromosome

?2: Uncertain




It 1s known that the sex chromosomes of birde

4 o3

nomomorpnic pair (ZZ) in the male, and heteromorphic ( ZW )
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temale, and the Z chromosome (metacentric) 15 the fifth ,
chromosome ( submetacentric) is the ninth according to decre:
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male (control)
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female (ovariectomized)
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female (control)
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* Values are expressed as number of the chickens examined.
1) Immediately after hatching chicks used for the present
study were sexed by differences in morphology and size of
the genital processes,

2) At about three months, their genetic sex was analvzed

by their karyotypes.
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The secondary sex characteristics of ovariectomlzed chickens
were Vvery variable from that of normal female {Eag. 3=2: HB. @€
5 | and E). As shown in Table 3-3, two of the ovariectomized
females were classified as showing the high degree of
masculinity (I), eleven of them to the middle degree (II) and

fourteen of them to the low degree [ I-IT) according to

observations of the secondary sex characteristics,

In highly masculinized chickens, the characteristics were
very similar to that of normal males (Fig. 3-2; A and B).
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es (low degree) the combs, and

wattles developed like the female controls. But in oth
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significantly higher than that of normal females' tpD.05). I

[l
the ni 1_1" asculiniad ~1} ‘I""]{ Tl hei T = kT, T W=
the ghily mascullinized chickens theilr growth was very noticeable

compared to the normal hens', but couldn't attain the size of the

normal males',
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(2] Plumage

L

almost all of ovariectomized chickens the sheen,

B
|_I
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shape and characte the feathers were completely changed
to those of a male. The saddle, neck and back feathers,
remarkably changed. They were distinctly extended, and the tips
were thinner and longer. The ¢tail feathers also extended
significantly longer (p<0.05) after the ovariectomy.

(3) Spurs: Normal hens rarely have spurs, but when the ovaries
were removed, they began to develop. They were significantly
longer than that of normal hens' (p<0.05) and not

very different from males'.
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(4) Body size: The ovariectomized female chickens appea

almost like males on the outside. However, their bodv wei
were significantly smaller compared to the male contro

(p<0.058).
J. Histological structure of the transformed right gonads

Compared to the normal male testes, the size and welght

the transformed right gonads were significantly smaller (p<0

but varied from one to another (Table 3-4).
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The right gonads which transformed in compe:

the ovariectomy had some variations in structures.

|
]
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the structure of the gonads were very similar to th

fu
r1
L
i
3
O

S, ln others it became testicular tissue showlng wvarious
Stages of spermatogenesis. And there was several variations
each types among these chickens. However, most of these tissue

torming the gonads were composed of the medullary cord

rTr

cortical tissues, Conseguently, the tissues constituting

right gonads may be classified as follows:

[

'} Testicular gonad, ) Ovo-testis, 3) Ovary-like gonad

1) Testicular gonad: These tissues mainly originated from

medullary cord. They

=

were consisted of several kinds
tissues. ln some seminiferous tubules, many stages of
Sspermatogenesis were found. The development of the seminifer
tubules varied according to individual. In the most develo
cases, the seminiferous tubules were regularly-shaped
enclosed a large lumen, In its lumen spermatogonia,

spermatocytes and a few spermatid were observed. But when

compared to the normal testes (Fig. 3-2: a) their spermatogenesis

were not so active (Fig. 3-2: b).
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Fig. 3-2

chickens
gonad. Male

hows active

used

The secondary sex characteristics

and histological observation of

control: Normal male (A). I

appearance

spermatogenesis (a, High degree

characteristics of

completely changed to that of

cl

normal male's (B). It shows wvarious stages of
spermatogenesis (b, x 600). Middle degree i
masculinity: The secondary sex characteristics of this
chicken have changed noticeably from that of a normal
female's (i) g2 It shows n spermatogonia and
spermatocyte LC 000). Middle degree of nasculinity:
The secondary sex characteristics of this chicken hav
been very differed from that of 3 normal female's (D).
Lt shows spermatogonia and Sspermatocytes (d, x 600).
Low degree of masculinity: The secondary Sex
characteristics of this chicken have been very differed
from that of a normal female's. But the development of
wattles and comb is almost the same as that of !
remale’'s (E). It shows the complex of medullary and
cortical tissues (e, x 600). F'emale control; Normal
female appearance (F). Normal ova Ve 3 600);
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e OpS 1to i ovary, since 1t : 1lso a female organ.
evertheless, it can actuall levelop into a testicular gonad.

The mechanism for the transformation of the right gonad into
¢ Lestlcular gonad has not vet been confirmed. But the sex-
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oCcCur 1n ovarliectomized-hypophysectomized chickens 2 It 1s

well known in mammals that there is a functional link between the

hypothalamus and the hypophysis.
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and 1t regulates the level of
gonadotrophin 1in the hypophysis, and thus the reproductive
processes are 1inrluenced. In avian species, the hypothalamus and
1ts 1link with the hypophysis are quite similar to those in
29)

mammals . These may be important in controlling the release of
the gonadotrophins such as LH and FSH.

Since the cortical tissue of the left gonad is a target organ
for estrogen, ovariectomy involves removal of the target organ
for estrogen. Consequently, negative feed back of the estrogen

was induced. After the ovariectomy, changes are occurred in the

anterior lobe of the hypophysis in a masculinized chicken.
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the formation of testicular tubules and to ¢t Leydig cell
population. s0ome other steroidogenic cells ar ilso transformed

1)

erctoli cells .

Controll e LH release from the hypophysis, testosterone
1a be secreted LYC -ne Leydlqg rall., ActCivation of the
medullary tissue of i target Jrgan for testosterone, was
induced in the right gonad.

FSH lgnt cause Sertolil cell hypertrophy and germ cell
development which exist in the medullary cord of the right gonad
at the time of ovariectomy. In both male and female of normal
chicks, At about nine days after hatching, testosterone is
secreted in small amounts from chelir gonads. Estrogen 1S

in the female's left ovary. Then testosterone in

mainly pres

L
—
et
T

the male and estrogen in the female become the predominant
32; 337
steroid at all stages until their maturity 4

In the ovariectomized female it was shown that the right
gonad, which had androgen-producing potential at nine days,
produces more estrogen at two months. However, at five months the
testicular gonad appears to produce twice as much testosterone as

22)
the two normal testes 5
1

In the normal female's left gonad, the medullary tissue

develops first and then the cortical tissue proliferates. The




L 1lat ' gradually reari S, while the cortical C1SSut
prol ral rm arl ovary. . i Les s the iedul latr
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embryo, L ! 00N stop develop Nnd regresses. Just 1 fFter
tching, ‘ retarded medullaryv t sue still remains i1 the
Lght gonad. When the ovary is removed the medullary

visions. The spermatogonia di 12 spermatocytes and then the

spermatocytes undergo a reduction division to yield spermatid,

] inally spermatids differentiate into spermatozoa. [hese

- MAVIS10NsS may De promoted by the stimulation of testosterone
Will Il l ) e _'-.g rrom TJ'::_-r ;':I..'; e 2 5 L R

-erone from the initiall
transformed right gonad induced masculinization of the secondary
SEX Naracteristics, such as comb growth spur development and
plumage change. But the body weight of sex-reversed female could

r=

not attain the weight of male. It was su

0

gested that he body
welght is determined genetically.,

Ln  recent years, synthesis of steroid sex hormones has
been demonstrated in young embryvos during or even before sex

=
)

Enzymes t

L o
ol
Y
1

differentiation. catalyze the synthesis of
these hormones, such as nydroxysteroidodehydrogenase also have
been discovered. Further research has been xriented toward the

characterization of steroid hormones. specific proteins are

being isolated in the effectors. IT 1s suggested that these
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Development of a New Method for Sex Ident]
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However it is very difficult to identi
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Il Temales DY means of chromosomal stud 25 ;
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numbezr o chromosomes ven=/8), and the

chiromosome. Furthermore the repeatability of obtainin a clear

metaphase preparation with culturing leukocytes was low .

1

Recently, it was found that the DNA fragments of about

0’ Kbp and 1.1 kbp could be separated specifically in female

)

chickens by digestion of the genomic DNA with a restriction
38,39)
enzyme, Xhol :
For the purpose of developing a new method of sex
identification in chickens, detection of the female-specific DNA

fragments was applied. This method was also applied to early

embryonic stages.
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Materia 1 Methods
Preparation of the genomic DNA 1 No L lood
Blood sample were taken e wing vei 0 1 N 91
L i 1 'i‘uJ:'.'--.!-”'!', v 2 Nepari o | 1 Cinge. About 1 Im A 0]
blood was washed j 10 ml of Dulbecco's pBRS ) sclution Afte
1trifuging at 1,500 r.p.m. for 5 minutes, red blood cells
el resuspended in 10 ml of the buffer (50 mM Tris-HCl of pH
8.0, 25 ¢ BDTA and 100 mM NaCl). SDS and Proteinase K were
idded to the cell suspension at final -oncentration of 0.5% and
220 pg/ml respectively and incubated at 37 C for several hours.
he samples were extracted three times Wwith an equal volume of
pnenol that had been equilibrated with Tris buffer (PH 8.0). The
nucleic acids ere precipitated from the agueous phase after
adding two volumes of ethansl and was dissolved in a 1 X TE
burfer (10 mM Tris-HCl (pH 8.0) and 1 mM EDTA). The samples were
further digested with RNase A and RNase Ty (final concentration 5C
pg/ml  and 100 un ts/ml, respectively) at 37°C for 3 hours and
purified by repeating extraction with phenol. The DNA was
recovered by precipitation with ethanol and was finally
dissolved in a 1 X TE buffer. The DNA concentration and the
ratio of 260nm/280nm of ¢the samples were measured
spectrophotometer (Beckman's DS
Digestion

wilth
Series 60).
L& Dt

= |
genomi¢c DNA with restriction

endonuclease.
To determine the optimum reaction condition
digestion

of Xhol for the
of genomic DNA, the dose of enzyme and reaction time
were checked. Twenty five pg of male
with 75 or

or female DNA was igested
150 units of Xhol (Toyobo Co., 1

LGS ) rac 372€ [
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After the electropho sis., tl DN/
vith rluorescent d , BChidaium bz
| V 1 Llnacor a 254 r

Phe r 5 Clme was also es
or TIfemale DNA was digested with 7
The reaction was stopped at 0.5
stopping solution. The digeste
Stained and photographed by the
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Application for sex identification of 7 day-old em

EJ_

ryos.

A = | 5 . 5 s I . -y — L e, (. N TR =
ALTer tChe determination ol Che d PP LVINg conditicon, che

procedure was applied to 7 day-old embryos. A small window was
opened in the eggshell and eggshell membrane was removed
carefully with a pair of forceps. Just beneath the membrane, a
capillary vessel was observed. About 20 pnl of blood was taken
from the capillary vessel with a syringe for 1 ml having a needle
(26CG x [ Terumo Co..,Ltd.). Using the same procedures
described above, the whole blood samples were subjected for

identification of sex.
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Wnen the reaction times of 0.5, 4 and 8 hours were
compared, the 0.7 kbp fragment in the female was more clearly
observed at 4 hours than 0.5 hour (Fig. 4-3; lane 2 and lane 3).
There was little difference between 4 and 8 hours (Fig. 4-3: lane
3 and lane 4). Reaction time over 4 hours did not seem to improve
the results.

When the procedure was applied to the 7 day-old embryo (Fig.

; 4 ' S 1 e 2 i3 = = i
4-4), the individual could be identified for the seXx (Fig. i4-

k
L
i

lanes 2, W 4 7, 8, 9 and 10 were identified as females and the

w A= b s e = . - - ) J By | ~ = # 3 v i = "
otners in lanes 3, 4, and 6 were ldentified as males).




Fig. 4-1. ExXtraction of chicken genomic DNA from

whole blood. The DNA size marker (A-Xhol digest) in

lane 1 and original DNA (25 ung) of female in lane 2,

lane 3, lane 4 and male in lane 5, lane 6 were

shown, respectively.
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6), 4 hours (lane 7) and 8 hours (lane 8). The DNA
size marker (Px174-Haelll digest) and original DNA
(25 ung) of female or male is shown in lane 1, lane

5 or lane 9

; respectively.




/7 day-old embryo of a chicken. In this

The
stage, morphological differences in the gonads
between male and female could not be observed.
Also there was 1nsufficient blood for Karvotyvpe
analysis. Consequently, it was wvery difficult to
identify the sex with morphological or karyotyping

method.
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Fig. 4- Sex 1ldentification of 7 day-old embryos by

LN

detecting the female specific repetitive DNA
fragments. The DNA samples were purified from whole

blood and digested with 75 units of XhoI. The

molecular size marker (¢#x174-HaeIll digest) was
shown in lane 1. The individuals in lanes 2, §5, T4 B,
9, and 10 were identified as females. And the others

in lanes 3, 4, and 6 were identified as males.
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However, karyological demonstration of the W chromosome in the
temale was very difficult. Because the chromosomes Were so
numerous (range = 52-92), and the microchromosomes cften
3 |

resembled each other 3

When the chicken genomic DNA of female or male was digested
IS LT, ‘:."I Fa | ; = - -y =3 W -3 i - —-'|—| - =y = — -
Dy ahol, a dense band was detected specifically in female at
ibout 0.7 kbp but not in male. since 0.7 kbp DNA sub-fragment is
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repeating about |5, U000 Cimes 111 the W CONTromosome oI the

40)

chicken ; 1L was easily detected as a clear and dense band.
Consequently, it becomes a useful marker to identifv the sex of

Hh
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blood. Using the same method, sex

achieved with only a small guanti

When the procedure was applied to

shows no morpholegical differences

chapter II for detail), sex ident

This technique could be expanded

chickens.
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are nucleated,
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the day-old embryo, which

between male and female

ification was also achieved,

to identify sex at any stage
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Since the W chromosome is female specific, it has
been considered that the genes o the W chromosome plays

mportant roles 1in primary sex determination.

Manvy scientifi YOrks have been performed to clarify the
role of the W chromosome. In 1962 direct cytological evidence
tor the W chromosome, a female-specific sexXx chromosome, Was
presented as an unpaired acrocentric chromosome in the S1zZe
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class of No. 7-8 in female chicken cells . It was reported
that about 17 of chicken genome was composed of repetitive DNA.
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Tris-HCl (pi}
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O1 nylon membrane (Amersham, Hybond-N+), the same size to the
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the DNA from the agarose gel to the membrane was continued for
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overnight at room temperature :
Preparation of the W chromosome-specific DNA probe.
One ng of plasmid DNA (pUGD06000) which contained the W

chromosome-specific 0.7kbp DNA unit was added to 50ul OE

competent cells (Escherichia coli DH54) on ice. One ml of LB

medium was added and incubated for 1 hour at 2 R Th
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transformed bacteria was streaked on LB plate containing
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Hybridizatiorn of +he Ahg r | e | B, T 32 3
ayobridizZzation of the DNA probe to the digested genomic DNA

The nylon membrane which contained the transferred DNA was

5 e Lo the plastic bag and the hybridization buffer (Amersham)
J1ThH U0 mM NaCl was poured. Pre-hvbridization was done EOX 1
aour  at 42°C. Initially labeled DNA probe of 100 ul was added to
€ Dbag and the hybridization was carried out at 42 °Cc for
overnight. After washine e membrane with primary wasl buffer

(&M Urea U.4% SDs and 0.85xser - 1= 1a r Wt
. ).4% SDE ina U.ox55C) and secondary wash buffer
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{2X88C), 0.0625ml/cm? membrane of the detection solution
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\Amersham) was added and incubated precisely 1 minute at room
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-emperature. The membrane was placed to a film cassette with the
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DNA si1de up. A sheet of autoradiography film (Hyperfilm-ECI
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Amersham) was put on the membrane and exposed for 1 hour The

stringency of the hybridization was chosen optionally changing
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the concentration of SSC in primary wash buffer and the

Lemperature during washing the membrane.
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ana /). In the male Any nybrid band could not be detected [ 23
23 lanes 1; 2, 3 id 4),

n tihe more low stringency which allowed about 40% of base-
pair mismatches, hybrid band was detected not only around 0.7kbp
k44 I, Sl N im0 i s : .
| but also at about 0.6 and 0.3kbp specifically in female (Fig. 5-

3; lanes 5, 6 and 7) but not in male (Fig. 5-3: lanes 1
2, 3. ana 4).
In another case (Fig. 5-4), hybridization was performed

extremely low stringency which allowed about 60% of base-pair

mismatches. Hybridization bands were detected at almost

region o©f the genome in female (Fig. 5-4; lanes land 2) but it
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could not be detected in male (Fig. 5-4 + lanes 3 and 4).
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lybridization of the W chromosome-specific
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DNA probe to the initially digested chicken genomic
DNA. The male genomic DNA was in the lanes 1, 2, 3 and

4., Any hybridization band could not be detected. The

{0

female genomic DNA was in the lanes 5, 6 and 7. A

hybridization band with the probe was detected at about

0.7kbp. Hybridization was performed in the condition

h

which allowed less than 5% of base-pair mismatches.
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Fig.5-3. Hybridization of the W

DNA probe to the initially digested
DNA. The male genomic DNA was in the lanes
and 4. Any hybridization band could not
The female genomic DNA was in the lanes
Hybridization bands with the probe were
only at 0.7kbp but also at about

Hybridization was performed in the

1

chromosome-specific

chicken genomic

0.

be

condition which

allowed about 40% of base-pair mismatches.
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F'ig. 5-4., Hybridization of the W chromosome-
specific DNA probe to the initially digested
chicken genomic DNA. The female genomic DNA
was in the lanes 3 and #. Hybrid was detected
at almost all region of the genome. The male
genomic DNA was in the lanes I and 2. Any
hybridization could not be detected.
Hybridization was performed in the condition
which allowed about 60% of base-pair

mismatches.
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se sequences are transcribed and show significant homology
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h the seguence of reverse transcriptase . IN contrast, a
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different from that of the mammals.

[n chickens, entire region of the W chromosome was stained
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with C banding method. Generally, this method is considered to
stain constitutive heterochromatin which includes satellite or
highly repetitive DNA . Thus, it was considered that the

detected female specific DNA Fragments correspond to the
heterochromatic region on the W chromosome. Heterochromatin was

observed as highly compacted chromatin that remains wvisible in

the light microscope during interphase. It has been suggested
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che 2normous voiLume ol 2Ygote cCcyt op tasm 1s divided inte AUMer ous
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During undifferentiated stages, there 15 no
morphological differences Dbetween male and female embrvos.

lifferentiation ! tf jonad . The development of gonad 1is
Nnig ror ts different ion, Most of the other organ rudiments
Bl normally destined to differentiate into only one type
)T organ. I'he onad, nowever, nas normally two options before
2Xual differentiation. During the undifferentiated stage, it has
potentials to develo; to either in ovary or a testis. inen

Since the W chromosome is female specific, 1t has

peen considered that the genes on the W chromosome plays
Lmportant roles in primary sex determination. The process of
Sex determination that depend on morphogenesis and
cellular differentiation are considered to be regulated by the
activity of the genes in complex interacting networks or
pathways. Within these pathways, specific genes may be rate-
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limiting or act as a swiktch . In the present study, molecular

i
(D
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genetic analysis of the W chromosome was performed by digestion

of the chicken genomic DNA with restriction enzyme Xhol. This
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