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» Sex determination 1s the process of sex

differentiation by  which whether a
particular individual will develop into
male or female sex.

- Sex  expression is governed by
chromosomes and genes. In unisexual
animals, chromosomes are of two types,
viz., autosomes and allosomes.

< Autosomes - Chromosomes which do not

differ in morphology and number in male
and female.

« Unisexual diploid individuals have two

sex chromosomes and rest are
autosomes.

» Allosomes or sex chromosomes -

Chromosomes  which differ in
morphology and number in male and

female and contain genes that determine
sex. XX FEMALE; XY MALE
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In most plants, male and female
reproductive organs are found
in the same flower is called as
Bisexual or Hermaphrodite.
Male and female reproductive
organs are found in the different
flower of same plant is called as
monoecious €.g maize, castor,
coconut)

In nematodes, earthworm both
male and female reproductive
organs are found in same
individual

In some plant male and female
flowers are produced on
different plants 1s called as
Dioecious: papaya
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Differences between Autosomes and Allosomes

Autosomes Allosomes or Sex
chromosomes

Refer to other than sex These are sex chromosomes.
chromosomes./ Chromosomes |/ Chromosomes that

that do not determine the sex |determine the sex of

of individuals individuals

Chromosome no. = 2n-1 Chromosome no. = 2

Morphology is similar in male | Morphology 1s different in
and female. male and female.

Number differs from species | Each diploid organism
to species. usually has two allosomes.

Do not exhibit sex linkage. Exhibit sex linkage.




Mechanism of Sex determination

Three important mechanisms:

1) Sex character
2) Chromosomal sex determination
3) Monogenic sex determination, and

4)  Environmental sex determination
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(1) Sex characters:
Primary: gametes

Secondary: all genitalia

(1) Chromosomal sex determination

In a diploid individual, there are 2n - 2 autosomes and two sex-chromosomes.
Three types of chromosomal sex determination:

(a) Sex determination by allosomes

(b) Diploid-haploid system of sex determination

(c) Genic balance system.
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(a) Allosomal Sex Determination

Allosomes or sex chromosomes are
generally of X and Y types, but in some
birds they are of Z and W types.

Sex with similar type of sex chromosomes
(XX) 1s known as homogametic sex and
with dissimilar type of sex chromosomes
(XY) as heterogametic sex.

There are four different
of allosomal sex systems
determination:

I. XX-XY female-male system
2.  XX-XO female-male system
3. XO-XX female-male system, and
4. ZW-ZZ female-male system
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1. XX-XY [Female-Male] System
(Drosophila, man and some other
mammals)

In this system female has two X
chromosomes, is homogametic and
produces only one type of gamete, i.¢.,
X.

The male has one X and one Y
chromosome, is heterogametic and
produces two types of gametes, viz., X
and Y.

Union of X ovum with X sperm leads
to development of female (XX) sex.
If X ovum units with Y sperm, it
produces male (XY) sex.
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2. XX-XO [Female-Male] System 2. XX-XO _
(Grasshoppers and many orthoptera FT%W qou] Yot

insects) and hemiptera (STRIUTMR 3R Fg TP Bie) 3R gHiUC
In this system, female has double X % 39 yuncll |, Ofger § €9d X URHA
chromosomes (XX) and male has single X ,
chromosome (XO). (XX) 3R gy T Udhd X TURA(XO) gial
|
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3. XO-XX [Female-Male] System
(Very few species of insects like Fumea)

In this system, female has only one X
chromosome and hence is heterogametic.

As a result of meiosis, 50% eggs of such
female carry an X chromosome and
remaining 50% have none.

On the other hand, male has two X
chromosomes and produces all the sperms
with one X chromosome. Thus, male sex is
homogametic.

Union of X sperm with ovum having X
chromosome gives rise to male sex and
union of X sperm with ovum having none
leads to development of female.
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4. ZW 7.7 [Female-Male| System
(Birds, butterflies and moths)

Female is heterogametic and produces two
types of gametes - Z and W types.

Male is homogametic and produces all the
sperms of same type carrying one Z

chromosome.

Union of Z sperm with ovum having Z
chromosome gives rise to male and union
of Z sperm with ovum carrying W
chromosome leads to the development of

female sex
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(b) Diploid-Haploid (Female-Male) System (b) fSwiIgs-gTwiigs (Wigwr-gow) yomeit

(Honey bees, ants and termites) (TES qﬂtlﬁ@'cﬁ, Sifeat 3R <He)

In honey bees, the females have diploid (2n = 32) o N _
chromosomes and drones or males have haploid (n 0 1Y iRl ¥, grarsi 9 fgaford (2n = 32) Waﬁ%
= 16) chromosomes. 3R g 1R H AU (n = 16) TURGA 81 & |
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Females are - queen and workers.

The females which feed on royal jelly develop into 0 7S Sl R M arelt grer I & [eRa et 21 i
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females.
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male bees produce haploid sperms by mitosis B{QW‘HI\M &b ST JHGAIHTSH ILGRIEIL
rather than by meiosis. Union of egg with sperm , , , &I
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GENIC BALANCE THEORY

o C B BRIDGES

o RATIO: X chromosomes/ autosomes

o X/A

1= FEMALE AA+XX=2X/2A=1

0.5= MALE AA + XY =1 X/ 2A="%=0.5

MORE THAN 1= SUPER FEMALE = AA+ XXX =3/2=1.5 AA+XXY =2X/2A =1
BETWEEN 1 AND 0.5= INTERSEX AAA+ XXY =2 X/3A =0.66

LESS THAN 0.5= SUPER MALE AAA + XY = 1/3=0.33
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Sex expression in Drosophila in relation to X/A artio
Sex Index

chromosomes (=X) sets (=A) (X/A) sex
3| 4 | 3 [43=133] Superfemale
4n | 4 | 4 | 44=10| Female
3| 3 | 3  |33=10| Female
3 | 2 | 3 |2/3=067| Intersex
4 | 2 | 4 |2/4=05| Male
3 | 1 | 3 11/3=0.33] Supermale_
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(2) Monogenic Sex Determination

Expression of sex 1s influenced by a single gene.

In Drosophila, a transformer gene (tra) which is
present on autosomes plays an important role in
sex expression.

Transformer gene is recessive and hence does
not have any effect in heterozygous condition

(Tra/tra) on either sex.

In homozygous condition (tra/tra), this gene
transforms the normal diploid females into

sterile males.
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A similar SRY gene i1s found in human.
The gene 1s  probably present on
autosome and transforms the normal
male (XY) into female.

Such males have feminine (female)

characters. They have internal
degenerated testes and are sterile. This
condition iIs known as testicular
feminization.

Similar effects of single recessive gene
on expression of sex have been found in
some other animals such as goats, pigs,
dogs, etc.
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(3) Environmental Sex Determination 3) .

Sex determination in some organisms such . : SR

as sea worm (Bonellia and Dinophilus) > 99 Sl o 9 H§f| _ ?&[ ( o 3R
and horse tail plant is governed by SRHIhed) 3R Ul &I U & a1 7 fefr fHefor
environmental conditions and also includes yaiaRuiy oRfRUAET @ FAEBa gar & ok 294
some hormonal effects. 55 et e ot R @ 2

In Bonellia, the larvae which remain free in
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- Female Borellin

i

Proboscls {may —
extend 1 meter)

- Male Boredlic (lives
svinbiobically inside
the reproductive
organs of the female)

.
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o Sex in Bonellia. An excellent example of environmental determination of sexual
phenotype is afforded by Bonellia viridis, a marine echiuroid worm studied extensively
by F. Baltzer (1935). The adult female is about an inch (2.53 cm) long and has fairly
complex anatomical organization. Male is of the size of large Protozoa and has
rudimentary organs. The males live as parasites in the uterus of the females. All larvae of
Bonellia are genetically and cytologically similar.

o |f a particular larva settles on the proboscis of an adult female, it becomes a male
individual. On the other hand, if a larva develops in isolation (i.e., in water) it develops
into a female. Further, if a incompletely developed male is detached from the
proboscis of female, it becomes an intersex. Thus, it becomes evident that proboscis of
adult female secretes some hormone-like substance which suppresses femaleness and
initiating maleness in the larvae which are attached with it.



Incubation temperature -
In turtle, Alligators and Crocodiles

Incubation temperature of egg: High (30-35°C): Female
Low (23-28°C): male
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HORMONAL SEX DETERMINATION

o Hormones and freemartin. Another classical example of hormonal control of
sex determination has been found in cattles. In cattle, when twin calves of
different sexes occur, the female member is usually a sterile intersex called a
freemartin. The freemartin has external female genitalia but infernal sex organs
are more or less like those of male. The male twin is usually normal.

o F.R. Lillie (1917) has suggested that the formation of a freemartin was due to a
fusion of the foetal membranes of the twin calves, while they were in uterus of
the mother. The fusion of the foetal membranes permitted the blood of each
twin to circulate in the blood vessel of the other. The male hormones
produced by the male twin are presumed to suppress the differentiation of the
female internal sex organs of the cotwin.



The Crew's hen.

- The Crew's hen. In birds only one gonad of a normal female develops into a functional
ovary. The other gonad remains rudimentary. If the functional ovary of a hen is destroyed,
the rudimentary gonad develops info a testis (Crew, 1923). Thus, the female sex is reversed
info male sex due to the phenomenon called sex reversal.

o During embryonic development, the XY (ZW) genotype stimulatesthe pituitary gland to
produce female hormones that cause the gonad of the hen to develop into an ovary.

After the development of ovary, the pituitary ceases to produce female hormones, due to
inhibition of the pituitary by hormones produced by the ovary, thus, acting as
developmental feed-back system.

The high level of female hormones secreted sequentially by the pituitary and the ovary is
sufficient to suppress the action of male hormone producing cells of the body such as the
steroid producing cells of the adrenal glands. When the ovary of a hen is removed, the
steroid cells of adrenal become active and provoked the development of rudimentary
gonad into testis which itself is an endocrine gland. Both

endocrine glands (e.g, adrenal and testis) produce large amount of male hormones which
sufficiently suppress the action of the female hormone cells of pituitary. Such cases of sex
reversals have also been observed in amphibians



Sex Mosaic in Drosophila

Sex mosaic - Combination of male and female
features in the body of an individual.

Drosophila flies (1 in 2000) have male tissues in one
part of the body and female tissues in other.

Individuals with such sex mosaic
are known as
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o [t results due to the loss of an X-chromosome in a particular cell
during development, i.e., when the laggered X chromosome fails
to be incorporated in a daughter nucleus and is lost forever .

o |f this event happens during first cleavage (or mitotic division) of
the zygote, then one of the two blastomeres will have AAXX
chromosomal complement and the other will have AAXO. The
portion of the body developing from AAXX blastomere will be
normal female and the portion developing from the AAXO
blastomere will be male. The cytological examination of
gynandromorphs suggested that Y chromosome does not play
any role in the determination of sex in Drosophila.



XX: FEMALE; XY: MALE

o ZYGOTE: AAXX (FEMALE)

- CLEAVAGE

o AAXX= AAXX; AAXO

© 50 CELLS

025 CELLS AAXX= FEMALE PART

025 AAXO= MALE PART

o ADULT: GYNANDROMORPH/ SEX MOSAIC






Three patterns of sex mosaic may be found in
Drosophila:

1.Bilateral sex mosaic - one side of the fly is male
and the other side is female. This is the most
common type of sex mosaic.

2.Antero-posterior sex mosaic - the front half of the
fly is one sex and the rear half of the other sex.

3.Sex mosaic in Patches - Sometimes, only a quarter
of the body is male, and rest is female or just a
small patch of tissues may be male and rest of the
body is female.
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