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HISTORY OF GENETICS

The history of genetics started with the work
of the Augustinian friar Gregor Johann
Mendel. His work on pea plants, published in
18606, described what came to be kmown as
Mendelian Inheritance. In the centuries
before—and for several decades after Mendel's
work, a wide variety of theories of heredity
proliferated. 1900 marked the "rediscovery of
Mendei” by Hopo de Vries, Carl Correns and
Erich von Tschermak, and by 1915 the basic Gregor Joham Mendel
principles of Mendelian genetics had been

applied to a wide variety of organisms—most notably the fruit fiy Drosophila
melanogaster, Led by Thomas Hunt Morgan and his fellow "drosophilists™,
geneticists developed the Mendelian model, which was widely accepted by 1925,
Alonpside experimental work, mathematicians developed the statistical framework
of population genctics, bringing genctic explanations inte the study of evolution.
With the basic patterns of genetic inheritance established, many biologists turned to
investigations of the physical nature of the gene. In the 1940s and carly [950s,
experiments pointed o DNA as the portien of chromosomes {(and perhaps other
nucleoproteins) that held genes. A focus on new model organisms such as viruses
and bacteria, along with the discovery of the double helical structure of DNA in

1953, marked the transition to the eraof molecular genetics.

In the following years, chemists developed techniques for sequencing both nucleic
acids and proteins, while others worked out the relationship between the two forms

of bielogical molecules: the genetic code. The regulation of gene expression became
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a central issue in the 1960s; by the 19705 gene expression could be controlled and
manipulated through penetic engineeriag. In the last decades of the 20th century,

many biologists focused on large-scale genetics projects, sequencing entire genomes.
Mendelian concept of hereditary

The laws of inheritance were derived by Gregor Mendel, a 19th century monk
conducting hybridization expenments in garden peas (Pisum safivim). Between
1856 and 1363, he cultivated and tested some 29,0040 pea plants. From these
experiments he deduced two generalizations which later became known as Mendel's
Laws of Heredity or Mendefian inheritance. He described these [aws in a two-part
paper, "Experiments on Plant Hybridization™ that he read to the Natural History
Saciety of Bruno on Fehruary 8§ and March 8, 1865, and which published in 1866.

&

Mendels findings allowed other scientists to predict the expression of traits on the
basis of mathematical probabilities. A large contribution to Mendel's success can be
traced fo his decision to start his crosses enly with plants he demonstrated were true
breeding, He also meassured only absolute (bimary) characteristics, such as calor,
shape, and position of the offspring, r ther than quantitative chumcteristics. He
expressed his results numerically and subjected them to stabistical analysis. His
method of data analysis and his large sample size gave credibility to his data. He
also had the foresight to follow several successive generations {F2, F3) of bis pea
nlants and record their variations. Finally, he performed “test crosses™ {back-
crassing descendants of the mitial hybridization ta the mibal true-breeding Jines) to
reveal the presence and proportion of recessive characters. Without his careful
attention 10 prucedure and detail, Mendel’s work could nat have bad the mmpact it

made on the world of genebics.
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INTRODUCTION TO MEDELS LAWS

Mendel discovered that by
crossing white flower and purple
flower plants, the result was not a
hybrid offspring. Rather than

being a mix of the two, the

offspring was purple flowered. He : - 7 irom stamens of white
flower to carpel of

then conceived the idea of heredity
units, which he called "factors",
one which is a recessive
characteristic and the other
dominant. Mendel said that
factors, later called genes,
normally occur in pairs in ordinary
body cells, yet segregate during

the formation of sex cells. Each

member of the pair becomes part
of the separate sex cell. The dominant gene, such as thepurple flower in Mendel's
plants, will hide the recessive gene, the white flower. After Mendel self-fertilized
the F1 generation and obtained the 3:1 ratio, he correctly theorized that genes can be
paired in three different ways for each trait; AA, aa, and Aa. The capital A represents

the dominant factor and lowercase a represents the recessive.

Mendel stated that each individual has two factors for each trait, one from ¢ach
parent, The two factors may or may not contain the same information. [f the two
factors are ulentical, the individual is called homozygous for the trait, If the twe
factors have different information, the individual is calied heterozypous. The
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alternative forms of a factor are called alleles. The genotype of an individual is made
up of the many alleles it possesses. An individual's physical appearance, or
phenotype, is defermined by its alleles as well as by its environment, An tndividual
possesses two alleles for each trait; one allele is given by the female parent and the
other by the male parent, They are passed on when an individual matures and
produces gametes: egp and sperm. When gametes form, the paired alleles separate
randomly so that each gamete receives a copy of one of the two alleles. The
presence of an allele doesn't promise that the trait will be expressed in the individual
that possesses it. [n heterozygous individuals the only allele that is expressed is the
dominant. The recessive allele is present, but its expression is hidden. Mendel
summarized his findings in two laws: the Law of Segregation and the Law of
Independent Assoriment.

Law of Segrepation (The "First Law™)

The Law of Segregation states that when any individual produces gametes, the
capies of a gene separate, so that each gamete receives only one copy. A gamete will
receive one allele or the other. The direct proof of this was later found when the
process of meiosis came to be known. In meiosis the paternal and matemal
chromopsomes get separated und the alleles with the characters ure segregated into
two different gametes.

The Law of Independent Assortment, also known as "Inheritance Law™, states that
alleles of different genes assort independently of one another duning pamete
forenation. While Mende!'s experiments with mixing ane trait always resulted in a
3:1 ratio between dominant and recessive phenotypes, his experiments with mixing

two traits (dihybrid cross) showed 9:3:3: 1 ratio. But the 9:3:3:1 table shows that each
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of the two genes are independently inherited with a 3:1 ratio. Mendel concluded that
different traits ar¢ inherited independently of cach other, so that there is no relation,

for example, between a cat's color and tail length, This is actually enly true for genes
that are not linked to each other,

Independent assortment gcours during meiosis 1 in eukaryotic organisms,
specifically metaphase I of meiosis, to produce a gamete with a mixture of the
organism's maternal and patemal chromosomes. Along with chromosomal
crassover, this process aids in increaging genetic diversity by producing novel
genetic combinations.

In independent assortment the chromosomes that end up in a newly formed gamete
are randomly sorted from all possible combinations of matemal and patemal
chromosomes. Because gametes end up with a random mix instead of a pre-defined
"set” from either parent, gametes are theefore considered assorted independently.
As such, the gamete can end up with any comhination of paternal or matemal
chromosomes. Any of the possible combinations of gametes formed from maternal
and paternal chromosomes will occur with equal frequency. For human gametes,
with 23 pairs of chromosomes, the number of possibilities is 2°23 or 8,388,608
possible combinations. The gametes will normally end up with 23 chromosomes, but
the vrigin of any particulur one will be mndomly selected from paternal or maternal

chrompsomes. This contributes to the genetic vanability of progeny.
Rediscovery of Mendel’s work

Mendei's conclusions were largely ignored. Although they were not completely
unknown to biologists of the time, they were not seen as generallv applicable, even
by Mendel himself, who thought they only applied to certain categaries of species
or traits. A major block to understanding their significance was the importance

attached by 19th century biologists to the apparent blending of inherited traits in the
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overall appearance of the progeny, now known to be due to multigene interactions,
in contrast to the organ-specific binary characters studied by Mendel. In 1900,
however, his work was "re-discovered" by three European scientists, Hugo de Vries,
Carl Correns, and Erich von Tschermak, The exact nature of the "re-discovery" has
been somewhat debated; De Vrigs pubiished first on the subject, mentioning Mendel
in a footnote, while Correns pointed out Mendel's priority after having read De
Vries's paper and realizing that he himself did not have priority. De Vries may not
have acknowledped truthfully how much of his knowledge of the laws came from
his own work or came only after reading Mendel's paper. Later scholars have
accused Von Tschermak of not truly understanding the results at all. Regardless, the
"re-discovery”" made Mendelism an important but controversial theory. Its most
vigorous promoter in Evrope was William Bateson, who coined the term "genetics”,
"gene”, and "allele” 10 describe many of its tenets.

The model of heredity was highly contessted by other biologists because it implied
that heredity was discontinuous, in opposition to the apparently continuous vanation
abservable for many traits. Many biologists also dismissed the theory because they
were not sure it would apply to all species, and there seemed to be very few true
Mendetian characters in nature. However, later work by biclogists and statisticians
such as R.A. Fisher showed that if multiple Mendelian factors were invelved in the
expression of an individual truit, they could produce the diverse results observed.
Thomas Hunt Morgan and his assisian's lager integraced the iheoreiical model of
Mendet with the chromaosome theory o “inhenitance, m which the chramosames of
cells were thought to hold the actual hereditary materiul, and create what 1s now
known as classical genetics, which was extremely successful and cemented Mendel's

place 1n history.
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Mendel's Laws of Inheritance

Mendei postulated three laws, which are now called after his name as Mendel’s laws
of heredity. These are:

» Law of dominance and recessive

= Law »f sepregation

e Law of independent assortment
1. Law of Dominance

Definition: The suppression of the
expressions of one {rait of a character by

another traitof the same character is called

d L B h
piminance.

e, r-r'ﬂ,ll

H P - = /I

When two homozygous individuals with a8 | B Q QE%/
one or more sets of contrasting characters ‘EJ(' BB Bb
are crossed, the characters that appear inthe ~ PISH! = =

| | lir |
F1 bybrids are dominant characters and ? b ‘@(J “r
those do not appear in F1 are recessive Bb bb

characters,

Explanation: The dominance and recessive of genes can be explained on the basis
of enzymatic functions of penes, The dominant genes - can synthesize active
polypeptides or proteins thai form functional enzymes, whereas the recessive genes
(mutant penes) code for incomplete or non-functional polypeptides. Therefore, the
dominant genes produce a specific phenotype while the recessive genes fail to do so.
In the heterozygous condition also, the dominant gene is able to express itself, so
that the heterozygous and homozygous individuals bave similar phenotype.
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Types of dominance:

(1) Complete dominance

If the phenatypes of the helerozygates as well as homozygote dominant individuals
are identical then the concerned dominant allele is said to have complete dominance.
(eg.,) In parden pew, the homazygote (YY) and helerozygate (Yy) mdividuals
produce anly vellow color seeds. {Yy—=Y Y}

(2) Incomplete dominance

Mendel always observed complete dominance of one allele over the other for all the
seven characters, which he studied, in garden pea. Later on cases of incomplete
dominance were reported. For example, in four &oi clock plant (Mirabilis jelapa)
there are two types of flowers viz., red and white. A cross between red and white
fowered plants produced plants with interiediate fower color i.e pink colorin Bl
and a modified ratio of 1 red: 2 pink: 1 White 11 F2.

Parants Red flower X White flowarRR
RR ¥ r
F1 Rr pink flowar

F2 1 Red(Rrl: 2 Pink (RR) : 1 White {rr)

(3) Codominance

Expreasion of phenotypic trait of both homozyjpotes in the heterozyaote wndition is
called co-dominance, In Co-dominance, hath alleles of gene have the full expression

in heterozypous individuals.

(eg.) Coat color in shorthorn caitle or Blood group in human beings,
In shorthorn cattle, a pair of gene controls, red and white coat color, Crosses between
red (CRCR) and white {CW Cw) cattle produce Fl offspring of reddish gray or roan.
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Superficially this would seem to be a case of incomplete dominance, but close
examination of roan animal reveals that the coat color is composed of a muxture of
red hairs and white hairs. The coat color of the roan is not itermediate between red
and white but due to the phenotypic expression of both homozypotes. Genotypic and
phenofypic ratios are identical in incomplete dominance and Co-dominance, The

difference lies in the aperating ways of the gene.
(4) Over dominance or Hetero dominance or Super dominance

The phenomenon of expression of phenotype in heterozygote in greater intensity

than in the two concermed homozygotes is called over dominance.

The over dominance is not the property of an allele, and it is due to the heterozygous

state (inter allelic interaction) of the concerned gene.
(e.g.) Eye color in fruit fly

Dominant allele WW, Ww-Red eye Recessive allele ww-White eye. Eye pigments
seprateridine and himmelblaus are present in low concentrations in ww lypes. WW
have relatively higher concentrations of these pigments. However, files
heterozygous for this gene Ww have un uppreciably higher concentrutions of these

two pigments than the two homozygotes.
Critical appreciation of Law of Dominance

Scienists conducted crosshreeding expitments G find cut the applicabiliyy of law
of dominance. The experiments were conducted by Cormrens on peas and maize,
Tschermak on peas, by De Vries on maize ete., by Bateson and his collaborators on
a variety o¢f organisms, by Davenport on poultry, by Furst on rabbits, by Toyama on
silk moth and by muny others. These scientists abserved that a large number of

characters in various organisms are related as dominant and recessive.
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Importance of law of dominanee:

The phenomenon of dominance is of practical importance as the harmful recessive
characters are masked by the normal dominant characters in the hybrids. In Human
beings a form of idiocy, diabetes, haemophilia etc. are recessive characters. A person
hybrid for alf these characteristics appears perfectly normal. Thus harmful recessive
genes can exist for several generations without expressing themselves.

Exceptions to Law of Dominance is the Incomplete Dominance. After Mendel
several cases were recorded by scientists, where F1 hybtids exhibited a blending of
characters of twa parents. These hybrids were found to be midway between the two
parents. This is known as incomplete dominance or blending inheritance. It means
that two genes of the allelomorphic pair are not related as dominant and recessive,
but cach of them expresses itself partially, As for example, in four-o'clock plant,
Mirabilis jalapa, when plants with red flowers (RR) are crossed with plants having
white fiowers (rr), the hybrid F1 plants (Rr) bear pink flowers. When these F| plants
with pink flowers are self-pollinated they develop red (RR), pink (Rr) and white ([T)

flowered plants in the ratioof 1: 2 ;1 (F? peaeration).
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2. Law of Segregation (Purity of ‘Gametes)

Explanation - The law of segregation states that when a pair of contrasting factors
or genes or allelomorphs are brounght together in a heterozygote (hvbrid) the tweo
members of the allelic pair remain together without being contaminated and when
gametes are formed from the hybrd, the two separate out from each other and only
one enters each gamete.

Example - Pure tall plants are homozygeus and, therefore/possess genes (factors)
TT,; sinilarly dwarf possess genes tt. Thetallness and dwarfness are two independent
but contrasting factors or determiners. Pure tall plants produce gametes all of which
possess gene T and dwarf plants ¢ type of gametes.

During cross fertilization gametes witht T and ¢ unite to produce hybrids of F|
generation, These hybrids possess penotype Tt. It means Fl plants, though tall
phenotypically, possess one gene for tallness and ome gene for dwarfness.
Apparently, the tall and dwarf characters appear to have become contaminated
developing only tall character, Bui at the ttme of gamete formation, the genes T (for
tallngss) and t (for dwarthess) separate and are passed on to separate gametes, As a
result, two tvpes of gametes are produced from the heterozygote in equal numerosity.,
50% of the pametes possess gene T and other 50% possess gene 1. Therefore, these
gametes are cither pure for tallness or for dwarfness, (This is why the law of
segregation is also described as Law of putity of gametes).

A

Gametes unite at random and when gametes are numerous all possible combinations

F. Plants

can occur, with the result that tall and dwarf appear in the ratio of 3 :1. The results
are often represented by Punnett square as follows:
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FR have only gena for round
Rr, R have gene for round and wrinkle
Rr have only wrinkeld gene

3
r

Rr |
R r
R RR Rr
Rr
r Rir

Round, Wrinkled - 3:1 ratio

Critical appreciation of law of segregation

It has been confirmed by cytological studies that dominance or no dominance, the
law of seprepation holds pood to all cases. Its far reaching applicability has made it

rare biological generalization,
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Monohybrid crosses

A cross is made between two true-breeding parents differing for a single trait,
producing an Fi generation. These plants are intercrossed to produce an F2

generation,

peErens
(GG = gg)

F, generaton
{af green—Gg)

a9
) F3 Qonaration
L o L LY
(3 gereen ;1 yonow)

Dihybrid Crosses
The following legends were described for peas by Mendel:
T- Tall

tt - dwarf

{3 - green (pad) gg- yellow
Pure breeding parents can be crossed to produce a dihybnd meaning that 2 genes

affectng different traits are heterozygous (segregatng) in all the f1 progeny.

Examples:
TT. GG X i, gn __» 11 Gg
TT, gg X tt, GG — TLGg
By: Or. Amr Mphamed Ali Zgology Department, Faculty of Science, SVU
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When the F1 is self-fertilized (plants) or - vy
crossed with another Tt, Gg individual, giqn. e @ |
the progeny will show the expected 3 ) e |

- B e

dominant ; | recessive phenotypic ratio o 2 2 pel O
- . - y 1 -ﬂ" b4 o S
for each trait, If the two traits are i 55 = ,

1] [wle]
independent, the two 3 : | ratios will = ¢

interact to give a tatio based on 16ths. * | e L W
- L. - i .
| e &n @ g & . &N
%

Genotypes Phenotypes = B & n =L g@. ‘% s
T.G_ Tall, Green -

r
T_. 99 Tall, yellow : Eﬁq" é" : e
it, G_ Dwarf, Green | S ﬁ;’# r.1 :
tt. ag Dwarf, Yallaw |
; ? C L E g -
I

=) | fA)| W H

3. Law of Independent Assortment

Definition: The inheritance of more than one pair of characters (two pairs or more)
15 studied simultaneously, the factors or genes for each pair of characters assort out
independently of the other pairs. Mende! formulated this law from the results of a
dibybrid cross.

Explanation: The cross was made between plants having yellow and round
cotyledons and plants having green and wrinkled cotvledons.

The F1 hybrids all bhad vellow and round seeds. When these Fl plants were self
fertilized they produced four types of plants in the following proportion:
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Yellow and round

I- Yelow and round 9
- Yelow and wrinkbed 3
3
'

lll- Green and round

IV- Gresn and wrinkled
The above results indicate that yellow and green seeds appear in the ratio of @ + 3 :
3+ 1=13: L. Similarly, the round and wrinkled seeds appear in the ratio of 9+ 3 : 3
+1 — 12:4 or 3 :1. This indicates that cach of the two pairs of alternative characters
viz, yellow-green cotyledon colour is inherited independent of the round-wrinkled
character of the cotyledons. It means at the time of gamete formation the factor for
vellow colour enters the gametes independent of R or 1, i, gene Y can be passed on
to the gametes either with gene R or 1,
Cytological explanation of the results: [n the above experiment yellow and round
characters are dominant over preen and wrinkled characters which can be
represented as follows:

- gene for yellow colour af cotyledans

Y
ll- gene for green colour of catyledons y
Ill- gene for round character of cotyledons 4

r

V- gene for wrinkled character of colylexdons

Therefore, planis with yellow and round cotyledons will have their genotype YYRR
and those with green and wrinkled cotyledons will have a genotype yyrmr. These
plants will produce gametes with gene YR and yr respectively. When these plants
are cross poliinated, the union of these gametes will produce F1 hybrids with YyRr
genes. When these produce gumetes all the four genes have full freedom to assort
independently and, therefore, there are possibilities of four combinations n both

male and female gametes.
(i) RY (i) Ry {iii) rY (iv)ry

By: Or. Amr Mphamed Ali Zgology Department, Faculty of Science, SVU
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This shows an excellent example of independent assortment. These pametes can
unite at random producing in all 16 different combinations of genes, but presenting
four phenotypes in the ratioof @: 3 3: L,

Dihybrid ratio : RR yy - Round, yellow seeded ; Rr yy - Wrinkied and greed seed

F pErTEE
AY Ay ¥ ¥
[
B Yy AR ¥y W vy e v
1 i t
il " i T .
i
i 3 i i ' i | (
o > - =

O 0 @ | &

B Y'Y A ¥y e ¥y 1 " ¥ |
g i s I 0
. - -y
O 0L | @ D |
1 1 i
o L
'r_‘ _} Aound yailre {E'ﬁ Wina e, yadiow

G Round, gheen @ Wrinkled groen

Test cross
F1 RrYy X rr yy (recessive)

1111
Critical appreciation of law of Independent Assortment-

The law of independent assortment fails {0 have a universal applicability.
Cytological studies have revealed that only those allelomorphs assort independently
during meiosis, which are located in different homologous pairs of chromosomes.
But, if the allelomorphs for different characters are present in the same homologous
pair of chromosames, these arc passed on to the same gamete. Law of independent

assortment docs not apply to such cascs.
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The Testeross:

Because some alleles are dominant over others, the phenotype of an organism does
not always refiect its genotype. A recessive phenotype (yvellow) is only expressed
with the organism iz homozygous recessive (gg). A pea plant with green pods may
be either homozygous dominant (GG) or heterozygous {Gg). To determine whether
an organism with a dominant phenctype (e.g. green pod color) is homozygous
dominant or heterozygous, you use a testcross.

The breeding of an organism of unknown genotype with a homozygous recessive.
If all the progeny of the testcross have , reen pods, then the green pod parent was
probably homozygous dominani since a GG x gg cross produces Gg progeny. [f the
progeny of the testeross contains both mreen and yellow phenotypes, then the green
pod parent was heterozypgous since a Gg x gg cross produces Og and gg progeny m
a 1.l ratio, The testcross was devised by Mendel and is still an important tool m
genetic studies.

Uses of test cross
(1) Test cross verifies the Mendel's factorial hypothesis.

According to Mendel, a monohybrid tall (Tt) produce two kinds of gametes in equal
proportion and recessive parent preduce only one kind of gamete*t’ .Hence this back
cross should give Tall and dwarf plants in 1 : 1 ratio. [n actual experiment also we
gettall aod gwarfia *1:1° ratic. Thus Mendel’s factorial bypothesis is verified.

(2) Test cross is used for identifying the genotype of an unknown parent.

A tall pea plant may be either homozygous {TT} or heterozygous {Tt). Its genotype
may be determined by test cross. [ the test cross progeny were tall, then the unknown

tall genotype is ‘*homozygous”. If that test cross progeny have tall and dwarf plants

1n £qual proportion, then the unknown genatype 15 heterazy gous.

By: Or. Amr Mphamed Ali Zgology Department, Faculty of Science, SVU
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Dibybrid Test Cross

A dihybrid Yy Rr is crossed with the double recessive parent vyrr, The dihybrid
produces four kinds of pametes namely YR, Yr,yR and yr in equal proportions. The
green wrinkled produces only one kind of gamete. The expected result is Yellow
round, yellow wrinkled, green round and green wrinkled inl:1:1;1 ratio, In actual

experiment, the name ratio was obtained.

P Yellow Round X i:a Wrinkled
Yy Rr Yy [T
G (YR)(YD) (YR) (v) (vr)
BCFy Yy Rr Yy rr vy Rr Wy Ir
1 1 1 1
Yellow - Yellow : Green: Green
Raund Wrinkled Round Wrinkled

The Back cross:

Ifthe F1 progeny 1s mated back kr one offtheir parents, the mating is termied as Back

CIONS.
Tall xDwarf Tail xDwarf
{or}
TT ft TT it
G (M () (1)
Fi Tt {Tall) Tt {Tall)
TixXTT Tt
BCiFy TE:TT BC1F Tt
By: Or. Amr Mphamed Ali Zgology Department, Faculty of Science, SVU
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PEDIGREES

What Is a Pedigree?

To understand the process of marker assisted selection (MAS), we first must
understand a pedigree. A pedigree is the family history of matings and the offspring
they produce with reference to specific genetic traits, Animal and plant breeders
have long used pediprees to help select individuals they believed to have desirable
traits. In the case of selective breeding, the researchers are interested in the presence
or absence of a trait. An organism’s pedigree helps researchers determune the
inheritance of a trait. Using modem ana lysis techniques, researchers search for the
DNA sequence of the gene(s) that controlk the trait. In the process, they may discover
other refated DINA sequences near to or present in the gene that always accompany
the gene of interest. These accompanying sequences, called molecular markers, are
usually shorter and easier to identify than the larger, more complex gene sequence.
The presence of markers for a trait of interest gives researchers a way to determine

the presence or absence of desired alleles.
Pedigree Analysis

In a pedigree analysis, information about family members 1s surmmarized in a special
kind of diagram. Each individual 15 represented by a symbol, a square for a male and
a circle for a female. [Individuals who have the trait of interest are represented by

s { @) Emnty squares (7] ) ar circies ( () represent

e e

hlack souares [!} ar cirel

—AEoe L i

individuals that do not have the trait. The symbols for individuals are arranged in
horizontal rows by generation, with eac 7 generation denoted by a Roman numeral.
Each ndividual within the generation i1s numbered. In this manner, it is easy to refer
to an individual, such as 11-2, which means the second generation, second individual.

When two mdividuals® mate, they are cormected by a honzontat line. Their offspring
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ar¢ arranged together under the connecting parental line, Siblings are arranged in
birth arder from Iefi to right.

D healthy man

() healihy woman o Imm®
B diseased manivoman (:l)_ i]——ﬁ E)

I male carrier tl d) i b

0 female carrier

With this information, the use of Mendelian rules, and the rules of probability, if is
possible to generate a hypothesis (educated guess) about the alleles that are
conirolling the trait. The hypothesis froml pedigree data usually includes whether an
allele is dominant or recessive, as well as predictions about the genotype of the
individuals in the pedigrze.

This hypothesis can be used to make predictions about the probable genotypes and
phenotypes of future offspring. Traits controlled by recessive or dominant alleles
show a definite pattem of inheritance in the pedigree diagram. Traits controlled by
a dominant allele appear in all individuals that possess one or more copies of the
allele. Individuals with homozygous dominant alleles {(AA} or heterozygous alleles
(Ana) will ¢xpress the dominant phenotype. A recessive allele cannot be detected 1n
d heterozygous individual and may stay hidden 1o 4 family for many generations
uniil 8 homozygous recessive {aaj individual appears. The parents of an offspring
that expresses o recessive trait (za) must hoth be heterozygous (Au) if they did not
express the recessive trant themselves. Another question that ofien can be answered
using pedigree unalysis 1s the probabihity that future offspring may be heterozyygous
(carners) or may be homozygous und have the recessive trait. Pedigree information

is used to determine the chance that individuals who both have a family history of a
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trait may produce offspring with the trait. We will use Pedigree 1 below as an
example ofhow a pedigree can be used todetermine if a trait is dominant or recessive
and predict the individuals® genotype and phenotype. The use of Punneit squares
also can be very helpful in deteraining the genotype of the parents and offspring,

Example: In Pedigres below, an original parent {I-2) has the trait of interest, The
absence of individuals in penerations IT and I with the trait of interest indicates that
the trait is centrolled by a recessive ailele. If the individuals with the trait of interest
are homozygous recessive, you can make predictions of the genotypes of the other
individuais. 1-2 and IV-1 have the trait, so their genotypes would be aa.

The recessive allele has traveled from the: first generation to the fourth without being
expressed. In order for an individual 1o have the trait, it must have been inherited
through a recessive allele from each parent. An individval who is a cammier
(heterozygous) would not have the trait. This is the case of the parents of [V-1.
Individuals 11I-1 and III-2 have te be heterozygous (Aa) to have the progeny IV-1
with the trait. Since individial 1-2 is homozygous recessive (aa), his offspring [I-2
and 11-3 must be heterozygous. The exact genotypes of [-1, [I1-1, 114, 11-3 through
I1I-6, and IV-2 through 1V -4 are impaossible to determine, except that they must have
either the homozygous dominant {A A) or heterozygous (Aa) genatype. The pedigree
of additianal offspring would be needed to determine their genotypes.

(O (H-O

AAOrAs Al i AA of An

L

A

® [ O [
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DEVIATION FROM MENDELANIAN RATIO

In Mendel’s dihybrid cross, each pair of allelic gene influences one character. Two
or more pairs of penes may influence sometimes a single character. Depending upon
the form of interaction the 9:3:3:1 ratio is modified in various ways. The
phenomenon of two or more genes affecting the expression of each other in various
ways in the development of a sinple character of an arganism is shown as gene
interaction.

What s Gene Interaction?

Gene interaction is the process by which the expression of two or more genes

influences one another in different ways as an eorganism develops a single

characteristic, Most of the traits that comprise living beings are coordinated by
various genes,

Types of Gene Interacéion

Gene interactions are divided into rwo categories:

1. Allelic or Non-epistatic Gene Imteraction: This gene interaction occurs
between the alleles of a single gene. When phenotypic ratios diverge from
Mendelian ratios, it is difficult for Mendelian genetics to explain some types of
inheritance. This 15 because specific alleles can often be equally or partially
domipant to each other or due to the lethal alleles. Allelic, non-gpistatic or intra-
allelic interactions are the terms used to describe genetic interactions between
alleles of a single gene.

2. Non-allelic or Epistatic Gene Interaction: This gene interaction involves
interactions hetween genes on identical or distinct chromosomes. When two or
more genes affect each other’s expression in various ways, non-altelic or epistatic
or inter-allelic interaction takes place, resulting in the development of a single

character.
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ALLELIC OR NON-EPISTATIC GENE INTERACTION

LETHAL GENES

A lethal pene causes the death of all the individuals carrying it before these
individuals reach the adulthoed.

The icthal genes are classified into following types:
a. Recessive lethal

The lethal effect is expressed in the mndividuals only when the alleles are in

homozygous siate. This condition is known as recessive lethal.

French gencticist Cuenot (1905) discovered a classic example for recessive [ethal

affecting coat color in mouse. He found that yellow coat color in mouse is produced

dominant gene 'Y, while itg recegsive gllele y produces gray / agouti color and
vellow is dominant over gray. Further he also observed that all the mouse with
vellow coat color were heterozygous {Yy) and no mouse was there in the population
with homozygous for Y allele. Cuenot supposad that the sperm carrying yvellow (Y

allele} could not penetrate egg carrving Y alleie.

Bui later Castle and Little gave the explanation that yellow bomozypotes were
forrned but died in embryonic stage. According to them, vellow had a dominant
phenotypic effect on coat color but bad at the same time a recessive effect on
lethality, so that bomozypotes for yellow were in viable, So, a cross of yellow x
vellow therefore always produced offspring in the ration 2/3 yellow: 1/3 agouti
instead of ¥ yellow: % agouti. From the above experiment it was evident that
whether the Jethal gene has a dominant or recessive phenotypic effect, it is called
recessive lethal as long as its lethality depends upon its presence in homozygous

condition
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X : =
Yellow Yellow
Yy Y'y
Spem
Y
a b :
P
y Gray-brown (agouti) Yeliow
V) ¥
Edgs Y . ) 4
=t
I Embryonic
¥y Yellow lethal
l

Y y- Y.lvf

b. Dominant lethal

The lethal gene whose lethal effects occur in heterozygous individuals 15 known as
dominant lethal. An example of a dominant lethal is the epiloia gene in human
beings, this gene causes abnormal skin growth, severe mental defects, and multiple
tumors in the heterozygotes so that they die before reaching adulthood. Therefare,
dominant Jethal cannot be maintained in the population, while recessive lethal are
maintained in heterozygous state. Thus, the dominant lethal have to be produced in

every generation through mutation.
c. Sex-Linked Lethal

This is a system in which the lethal gene is carried on the sex chromosome, usually
X. In human being’s lethal effects among the progeny may be caused accidentally
by radiation {(X-ray} freatment of the reproductive organs of the parents. According

to a study by R. Turpin in France, when women receive X-ray exposures in the
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abdominal rerion, recessive lethal mutations are induced in the X chromosome
present in the ovum, Such a woman produces meore females angd very few males in
the progeny. If the male parent is exposad to X-rays and dominant lethal mutations
are induced on his X chromosome, theret will be more boys in the progeny and few
females. This is because the single X chromosome is passed to the daughters
resulting in their death. Muscular dystrophy is due to an X-linked recessive gene
which shows a visible phenotype many vears after birth. Boys having this gene are
normal for about 10 years after which there is failure of muscular control and death
results.

d. Conditional Lethal

Sometimes an organism lives normally under one set of conditions, but when certain
chanpges are introduced in its environment, lcthality results. One of the first
conditional lethal lknown was recognized by Dobzhansky in Drosophula
psendoobscura. The flies live normally at a temperature of 16.5°C, but at 25.5°C the
fies die.
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MULTIPLE ALLELES
Allelz is a shorter term than allelomorph (another farm) is the altemate form of gene.

Many genes have two altemate forms but several other have more than two altermnate
forms. More than two alleles at the same locus give rise to a muitiple allelic series.
Multiple alleles can be defined as a se ‘& of forms of a gene situated at the same
locus of homologous chromosomes. According to Mendel, each gene had two
alternate forms or allele morphs are being dominant and the other being recessive.
Dominant being the wild type from which recessive mutant was evolved through
mutation. Likewtse, a wild type can mutate in many ways and produce many muiant
farms and 2 mutant can agam undergo another mutation and pive rise to a new
mutant. Hence, a gene can exist in more: than two allelomorphs. Uswvally, wild type
allele s dominant aver its recessive allele. wald allele 13 represented as + .
Multiple alleles czn he defined as a

= Series of forrs of 4 gene.

= Situated at the sume locus of homelogous chromosomes.

= Affecting samie charucter.
Mullaple alleles are:

= Different farms of the same gene

® That is the sequence of the bases s shghtly different in the genes lacated on

the same place of the chrumosame

i e puspla Fommry

o —

L ar Mgamickogos
Nicmetr oA pair af

o

Ahwiy b white Aoswn
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Multiple alleles are alternative states at the same locus. Remember: each individual
will only bave two alleles for a trait but there are several alleles to choose from,) The
classical example for multiple alleles is human blood group self-incompatibility in
tobacca, coat color in rabbit, self-incompatibility genes in brassica.
The number of possible genotypes in a series of multiple alicles is ' n (o+()

n=no of alleles
» Di-allelic genes can generate 3 genotypes.
v Oenes with 3 alleles can generate 6 genotypes,
» Genes with 4 alleles can generate 19 genotypes.
» Genes with 8 alleles can generate 36 genotypes.

Important features of multiple alleles:
I- Multiple alleles always belong to the same locus and one allele is present at a
locus at a time in a chromosome.
I[- Multiple alleles always control the same character of an individual.
I1- Wild type allele is dominant cver ather alleles.
1¥-There is no crossing aver in the multiple alleles.
V- In a series of multiple alleles wild type is always dominant.
Vi-When two mutant types are crossed wild form cannot be recovered.
Vil- The cross between two mutant alleles wall always produce mutant phenotype.
Examples of multiple alleles are:
1) Fur color in a rabbit,
2) ABQ) blood group in man
3) Wing type m drosophila
4) Eye color mn drosophila ete.
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1- Fur color in rabbit

In rabbits, four kinds of skin color are known.

Possible CC L'l_nl'll ) _
genotypes Ceh, Co i e, ooy e, eh [

Phenotype Dark gray Chinchilla Light gray | Himalayan Albino

@ arars

CC, Ccch, Cch, Cc Agouti (wild type)

ccheh, cehe, Chinchilla (salivary grey hair)

chch,chc Himalayan (white except black feet nose ear tail)
cc Albino (complete while)

Agouti

This has full color and is also known as wikl type. This color is dominant over all the
remaining color and produces agouti colorin F1 and 3:1 rativ in F2 when crassed with
any of the other three colors in rabbits. C represents this color.

Chinchilla

This is lighter than agouti. This calar is domiinant over Himalayan and albino and produces
chinchilla in F1 and 3:1 ratio in F2 when crossed either Himalayan or albino. This is
represented by cch.

Himalayan

The main hedy is white while the tips of ear, feet, tail and snout are colored. This calar is
dominant aver albine and produces 3:1 ratio in FZ when crossed with albino. This is
reprasentad by ch .

Albino

This has pure white fur color and is recessive to all cther types. This is represented by

c. Thus the order of dominance for fur colarin rabbits can be represented as follows.

Agaub Chinchillza Himalayan Albino
{C) (cch) {ch) ()
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Antibody

Antibody is a fype of protein, which is commonly referred to a5 immunoglobin, It is
vsually found in the serum or plasma. The presence of antibody can be demoenstrated
by its specific reaction with an antipen.

Antigen

An aniigen refers 1o a substance or agent, which when introduced into the system of
vertebrate animal like cow, goat, man eic. indoces the production of specific
antibedy, which binds specifically to this (Antigen} substance Antigen are located
in the red bloed corpuscles (RBC). If a person has a particular antigen in his RBCs,
his serum has usnally antibodies against the other antigen. In human RBC two types
of antigens viz A and B are present. Depending upon the presence or absence of
antigen A and B the blood group in man is of four types viz A, B, ABand O. A
person with blood group A has antigen ¢ on the surface of RBCs: protein with blood
group B will have antigen B those with blood group AB have antigens A and B; and
those with blood group O have no antigen on the surface of their RBCs.

BloodGroup Genotype Antiganfound Antibory Gompatible
present hlood group
A il A B Aand Q
B FE, 4 B A BandJ
AB IME AR None AB, ABO
d if MNone AB 0

Recent studies shows that untigen 15 galactosamine und B is galactose Anthibodies A,
B, AB und Nane and are naturaily present m the serum of individuals baving

A,B,AB, und () blood group respectively. The agglutination gr coagutation of RBCs

By: Or. Amr Mphamed Ali Zgology Department, Faculty of Science, SVU

-29-



Principles of tvtogenuﬁm 2™ Year Chemistry & zuulﬂgv Students

leads to clotting of blood due to interaction between antigen antibodies. The blood
group B cannot be transferred to an individual baving bleod group A because the
recipignt has antibody against antigen B which is present on the RBCs of blood
group B. Similarly, the reverse transfusion is not possible. The blood group AB does
not have antibody A and B, Hence indi riduals with AB blood group can accept all
types of blood, viz, A, B, AB, and O, Such individuals are known as universal
acceptors or recipients. The O blood group does not have any antigen and has
antibody against antipen A and B, it cannot accept blood group other than Q.
Individuals with blood group O are known as universal donors, because transfusion
of blood group O is possible with all the four blood types. The constderation of Rh
(rhesus} type is important in blood transfusion. Each blood group has generally two
types of Rh group, viz positive and negative. The same type of Rh is compatible for
hlood transfusion Opposite type lead to reaction resulting in death of the recipient.
These are few examples of multiple alleles Now it is believed that multiple alleles

are present almost for all genes.

Medical applications of blaod group inheritance

It i3 necessary to match the donor and recipient befare a blood transfusion is
made. [f A group blood is transfused into a B group man, the ‘A antigen’ of the door
reacts with ‘A antibody’ of the recipient and agglutination occurs. This agghutination
reaction may be severe or even fatal. In blood transfusion, the antigen of the donor

and antibody of the recipient must be considered and matched.
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NON-ALLELIC OR EPISTATIC GENE INTERACTION

Simple Interaction (9:3:3:1)

Inheritance of comb pattern in fowls (without modification of 9:3:3:1 ratio)
This was reported by W.Bateson and R.C. Punnett. Domestic breeds of chickens
have different comb shapes. Rose comb is found in Wyandotte breed, pea comb in
Brahmas and single comb in leghorns. Fach of these types breeds true. When Rose
comtb fow! is crossed with Pea comb, the F1 walnut combed birds are crossed
together, four kinds of combs appear in the F2 peneration in the ratio of @ wainut:3
rose: 3 Pea:l single. In this cross neither single comb nor walnut was expressed in
the original parent lines. These two phenotypes were explained as the result of gene
product interaction.

The F2 ratio of 9:3;3:1 is expected only 1 dihybrid ¢ross. The number of Walout in
F2 generation (9) indicates that they are double dominants. The number of single
comb in F2 generation (1) indicates that they are double recessives. The Walnut
comb depends on the presence of two dominant genes R and P, R alone produces

rose comb and P alone produces pea cob. The absence of both R and P produces

single comb.
rose comb pea comb walnut comb single comb

rose X pea el 3 all walnut
RRpp PP RrPp
s \
RrPp RrPp
I

F | | i

2 1 f 1 1

916 walnut 316 rose 316 pea 1116 single
RRAPP, RAPp,RrPF, or RrPp RRpp or Rrop PP or rrPp rop
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Parents Rose X Pea
RRp2 i mFP

Gametes {Rp) {rP)
Fi RrPp x Rr Pp
Wialmt
Gametes {RP}{Rp) (P} {rp)
F2 generation
(RP) (Rp} {rP) (rp)
RR PF RR Pp Rr PP Rr Pp
(RP) Walnut Walnut Walnut Walnut
RR Pp RR pp Rr Pp Rrpp
{Rpj Walnut Rose Walnut Rose
Rr PP Rr Pp rPE mPp
(rP) Walnut Walnut Pea Pea
RrPp Rr pp TPp PR
(rp) Walnut Rase Pea Single

Although the usnal 9:3:3:1 ratio was obtained, the result from this cross was nnusual
in three important respecis.

i The Fl resembles neither parent-a. new character appears in the F1 — Walnut.
ii. Two phenotypes (Walnut and single) not expressed in the ariginal parents
appeared in F2.

iii. The genes *R’ and “P’ werc non-allelic, and the comb pattern is influenced by
twa different geoes.
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Epistasis
Epistasis is a phenomenon in which the expression of one gene is masked or
prevented by another non-allelic gene. The gene which prevents the expression of
another gene 1s called epistatic gene, the gene whose expression is masked is called
hypostatic gene. Epistasis should not be confused with dominance. Epistasis is the
interaction between different genes f(non-alleles) whereas dominance is the
mteraction between different alleles of the same gene.
The term epistasis was coined by Bateson in 1909, Various types of epistatic gene
interaction are:

(1} Dominant epistasis (12:3:1}

(2y Recessive epitasis (9:3:4)

(3y Duplicate dominant epistasis {15:1)

(43 Duplicate recessive epistasis (9:7)

(5y Polymeric geng interaction (9:6:1)

(6y Dominant and recessive (inhibitory) epistasis ([3:3)
(1) Dominant Epistasis {(12:3:1)
In dominant epistasis, a dominant allele at one locus can mask the expression of both
alleles (dominant and recessive) at another locus, it is known as dominant epistasis.
When the dominant allele at one locus, for example A allele, produces a certain
phenatype regardless of the allelic condition of the other locus, then the 'A’ locus is
said to be epistatic te the B-locus. Furthermore, the dominant allele A can express
itself in the presence of either B or b, then this epistasis is said 10 be dominant
epistasis. Only when the genotype of the individual is homozygous recessive at the
epistatic [ocus (aa) can the alleles of the hypostatic locus (B or b) be expressed. Thus,
the genotypes A-B- and A-bb produces the same phenotype, whereas aaB- and aabb
produce twa additional phenotypes. The classical 5:2:3:1 ratio becomes 12:3:1 ratio.
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Example: An example of deminant epistasis is found for fruit colour viz white,
vellow and green, White colour is conirolled by dominant gehe W and yellow colour
by dominant genes G, White is codominant over both yellow and green. The preen
fruits are produced in recessive condition (wwgg). A cross between plants having
white and yellow fruits produced F1 - vith white fruits. Intermating of FI plants
produced plants with white, yvellow and preen coloured fruits in F2 was 12:3:1 ratie.
Here W is dominant to w and epistatic fo alleles G and g. Hence it will mask the
expression of G.g alleles. Hehee in F2 plants with W-G- (9:16) and W-gg (3:16)
genotypes will produce white fruits; p ants with ww{-3/16 will produce vellow
fruits and those with wwgg 1/16 genotype will produce green fruits. Thus the normal
dihybrid ratien 9:3:3:1 is moedified to 12:3:1 ratio in 1:2 generation. Similar type of

gene interaction has been reported for skin colour in mice and seed coat colour in

harley .
Parents White fruit X Yellaw fruit
WWao X wwiGG
WwiGq
White fruit
WG Wg wis wg
” WWGG WWGG WwiGo WwiG
L]
(W} (W) (W) (W)
Wwa WWwisg Wiwgg Wwlg Wwgp
(W) W) {W) (W)
WG WwiGG Wwisg vww (505 Wiwlsg
(W} (W) {¥) (Y}
WwiGg Vilwgg wwGg WWOG
wg
(W} (W) (¥} (G)
Ratio = 12 White: 3 Yeliow: 1 Green
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% 5
Parent

generation  White fruil Yellow fruil
WW gg X ww GG

i ‘

Gametes Wg wG

White fruit

F; (selfed) WwGg

%

Fy WG Wag wG wg

WWGGE WWGg WwGG WwGg
White White White While

WWGg WwWgg WwGg Wwag
White While White While

WG WwGG WwGg wwGG wwGyg
Whita White Yellow Yellow

WwGg Wwgg wwGg ERUGE
White White Yellow Rl

WG

Wg

% %
Phenotypes }H

White fruit Yellow fruit  Green frui

Phenotypic  ,, 3 1
ratio

(2) Recessive Epistasis (Supplementary gene action) 9:3:4

Recessive epistasis: The recessive allele of a locus masks the expression of both
dominant and recessive alleles at another locus. It is known as recessive epistasis.
Supplementary gene: Gene which by itself has no effect but qualitatively alters the
effect of another pene is the supplementary gene,

If the recessive genotype at one locus (ag) suppresses the expression of alleles at the
B-locus, the A-locus is said to exhibit recessive epistasis over the B locus. Onaly if
the dominant allele is present at the “A” locus can the alieles of the hypostatic B-
locus be expressed. The genotypes A-B- and A-bb produce two additional
phenotypes. The 2:3:3:1 ratio becomes a %:3:4 ratio.
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Here one dominant gene has its own phenotypic effect and other dominant gene has
no effect of its own but its presence with the first pene modified the phenotypic
expression. Thus in supplementary gene action the dominant alicle of one gene is
necessary for the development of the concermned phenotype, while the other gene

modifies the expression of the first gene.

Example:
Fanminlg
. X Y
AnCe AnCe
Oftapning phenatypec ratio Ditapring genatypes
AL &l AL
y Brown = Y =it
= o/16 | T | .| . |
| Aaoc | asct | s | Coat color in mice
G o o [ = ®,| A= brown (dominant)
| | a= black (recessive)
= 1 ! C= pigment (dominant)
proudiEi.  WE | |
; =) c= no pigment (recesive)
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(3)Duplicate dominant epistasis (15:1)

Duplicate genes are two pairs of alleles either alone or together produce the same
effect. They are identical genes but are situated on two different pairs of
chromosomes. Each gene is dominant to its allele but does not add to the effect of
the other. For more explanation, when a dominant allele at either of two Toci can
mask the expression of recessive alieles at the two loci, 1t 1s known as duplicate

dominant epistasis.

Example: In rice awn character is controlled by
two dominant duplicate genes (A and B).
Presence of any of these two alleles can produce
awn. The awnless condition develops only when
both these genes are in homozygous recessive
state (aabb). A cross between awned and awnless

strains produced awned plants in F1. Intermating

awnless

of F1 plants produced awned and awnless plants
in [5:1 ratio in F2 generation. The allele A is
epistatic {o a'b alleles and all plants having allele
A will develop awn. Another dominant allele B
is epistatic to alleles a/b. An individual with

these alleles also develop awn character.
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Parents Awned rice X Awnless rice
Adbb X aaBB
AaBb
Awned rice
\ AB Ab ab ah
AB AABB AABDH AaBB AaBh
(A) (A) (A) {A)
Ab AABD AAhb AaBh Aabb
(A) (A) (A) {A)
B AaBB AaBb aaBA aaBb
a
(&) (A) (A) (A}
ab AaBb Aabb AaBb aabb
(A) (A) (A) (a)

Ratio = 15 awned: 1 awnless
(4) Duoplicate recessive epistasis (Complimentary gene action) 9:7

Non alletic genes that act together to produce a phenotype different from that
produced by either alone. When recessive allcles at either of the two loci can mask
the expression of dominant alleles at the two loci, 1t is called duplicate recessive
cpistasis. This is also known as complementary epistasis.

Exampie for duplicate recessive epistasie the flower color in sweet pea. The purple
color of flower in sweet pea is govemned by two dominant gene say C and P when
these genes are in separate individuals (Cepp or ccPP) and white (cepp) they produce
white fiower. C cross between purple flower (CCPP) and white flower {cepp) strains
produced purple color in F1 intermating of F1 plants produced purple and white
flower plants in 9:7 ratio n F2 generation. Here the recessive allele.a. is epistatic to
B/b alleles and mask the expression of these alleles, another recessive allele b is

epistatic to A/z alleles and mask their expression,
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Parents puple X White
CCPP x ccpp
cP cp
CcPp
Purple
CP cp cP cp
cp CCPP CCPp CoPP CcPp
(P} ) ) P)
Cp CCPp GCpp CcPp Copp
P} (W) F) {W}
oF CcPP CcPp ccPP ccPp
(P} (P) W) {W)
cp CcPp Cepp ccPp ccpp
(P) (W) | (W) (W) |
Ratio = 9 Purple: 7 white
i . l

While vaniety #1
CCpp

F

All purple
Celp

Fy
Al purple
CePp

White varely #2

i -fertilizatic
PP | Beli-ferilization
~ — — -—
S e Y & ()
0 e N b b o
o -1-
L
hadll | EI Whine Wi White
F
o, | E cel'P cclfp
LcF ) C
= i g’y White While
'f?rl' .-_...'" 1 ‘.‘i“‘ whPp copp
— RN White | White | While
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{8)Duplicate genes with cumulative effects or Additive gene interaction (9:6:1)
(Polymeric gene action)

Two non-ailelic penes have similar effect when they are scparate but produced
enhanced effect when they come together. Such gene interaction is known as
duplicate genes with cumulative effect.

If the dominant condition (either homozygous or heterozygous) at either locus (out
not bath} produces the same phenotype, the F2 ratio becomes 9 6: 1. For example,
where the epistatic gencs are involved in producing various amounts of substance
such as pigment, the dominant genotypes of each locus may be considered to
produce one unit of pigment independently. Thus, genotypes A-bh and aaB- produce
one unit of pigment each and therefore have the same phenotype. The genotype aabb
produces no pigment, but in the genotype. A-B- the effect is cummiative and two
units of pigments are produced. The 9 : 3 :3 :1 ratio is modified into 9 : 6 : 1 ratio.

Exampie Sguash fruit shape: Two completely dominant genes A and B affect the
shape of the fruit, genes A and B alone (2.g. Aabb and aaBB give gives nise disc
shape fruit, the effect of A is the sume as that of B. But when bath the genes A and
B are present together they produce sphere shape fruit indicating the effect of A and
B genes of fruit shape are added together. [ndividual hamozyygous recessive for both
these wenes ure long shape fruit.
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Parents Ah BB X aa bb
Disc X Long
Aa Bb
Long awned
\‘\\\\ 8B A a8 ab
AB AAMBE AAED AaBB AaBB
(D} (D} {D} o)
Ab AABD Asibb AaBb Asbb
(O} (3) {D) {S)
8 AaBB AsBb aaBB aaBhb
a
(D} D) (S} ()
b AaBb Aabb aaBb aabhb
-1
(O} (S) (S} L)
Ratic = 9 Disc. 6 Sphere: 1 Long
Example: squash fruit shape 9:6:1
A ]
| .
- % Precursor —— Protein A—>| LS8 o
| A-B- Precursor i * Protein B —* ey 16
B Disk |
LN A
| = l
- % Precursor ———= Protein A — '
AaBb A-bb Precursor N No protein B
Disk b Sphere ¢
= 16
> a
_ : ‘.‘i\ > % Precursor iﬁ- No protein A :
— aaB- | Precursor—5— Protein 8 —
AaBb "
Disk B SphErﬂ'
a
1 L . 9 1 J
| 16 Precursor— No protein A 16
Precursor —== No protein B
aabb 3 Long
b [l SIS
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(6) Dominant and Recessive interaction Inhibitory gene action (13:3)

In this type of epistasis, a dominant allele at one locus can mask the expression of
both (dominant and recessive) alleles at second logcus. This is alse known as
inhibitory gene interaction.

Example of this type of gene interaction is found for anthocyanin pigmentation in
rice. The green colour of plants is governed by the gene [ which is dominant over
purple colour. The purple colour is controlied by a dominant gene P. when a cross
was made between green {IIpp) and (iiPP) colour plants, the F1 was green.
Intimating of F1 plants produced green and purple planis in 13:3 ratio in F2.

Parents Green  x Purple
llpp «x 1uPP

liPp
Green rice
\ P Ip ip ip
P IPP (G) Iep (G) iPP (G) liPP (G)
Ip Pp(G) | lpp(G) | Pp{G) ligp (G)
P liPP (G) iPp (G) PP (P) iPp {P)
ip liPp (G) lipp {G) iPp () iipp {G)

Ratia = 13 Green: 3 Purple
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The summary of all six epistatic ratios are given in the table:

A-B- A-bb aaB- aabh

Classical ratio 9 3 3 1
Dominant cplstasks/
E.pistatic gene interaction 12 !
Recessive epistasis /
Supplementary gene interaction
Duplicate genes with cumulative effect /
Addltve gene Interaction
Duplicate dominant genes / -
Duplicate gene interaction
Dplicate recessive genes /
{omplementary gene action
Dominant and recessive interaction/
inhibitory gene action

13

Ratip Description Interaction

Complete deminance at both gene pairs; new phenotypes result
9:3:x1 from interaction between dominart alleles, as well as from
itteraction between both honozy gous recessives

Noge (Independent
Assortment)

Complete dominance at both pene pairs; however, when one gene

is dominant, it masks the phenotype of the ather pene Dominant epistasis

12;3:1

Complete dominance at both pene pairs; however, when one gene
2:4:3 is homozygous roecssive, it masks the phenotype of the other | Recessive epistasis

Bonc
15:1 Complete dominance at buth gene pairs; however, when ¢ither |[Duplicate dominang
) eng is dominant, it masks the effeets of the other genc epistasis
Coumplete dominance at both gene pairs, however, when either . .
i . e . Duplicate recessive
9:7 gene 15 homozygous roccssive, it masks the clfect of the other N
epistasis
gene
9:6:1 Complete dominance at buth gene pairs; bowever, when gither Duplicate
o eng is dominant, it masks the effocts of the other genc interaction
(33 {omplete dominance at both gene pairs; however, when either Dominant and
' gene is dominant, 11 masks the effects of the other gene revessive epistasis
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MULTIPLE FACTOR

It s quite natoral that small differences exist among individoals of similar
genotype due to the effect of environment on genotype. On the other hand, there are
some hentable differences also exist with continuous vamation. Mast of the

econpmical traits shaw conbtinuous vanation and they are measurable ar quantifiable.
Quantitative characters:

QJuantitative characters are traits which show continuous variation and governed by
a large number of genes called multiple genes or multiple factors or pelymeric

genes of palygenes. Their inheritance follows same mendelian principies.

Qualitative characters:

Qualitative characters showdiscontinuous variation and are governed by ong or

two major genes or oligognes.
e Quantitative genetics (Inheritance of Multiple Genes)

The phenotypic traits of the different organisms may be of twa kinds, viz.,
qualitative, and quantitative. The qualitative fraits are the classical Mendelian traits
of kinds such as form (e.g., round or wrinkle seeds of pea); structure (e.g., homed,
or hamless condition in cattles); pigrnents (e.2., black, or white coat of Quinea pigs);
and antigens and antibodies (e.y., blood yraup types of man) and s an. We have
already discussed that each qualitative wraitmay be under genetic conirol of two or
many alleles of a single gene with little or no environmental madifications o
obscure the gene effects. The orgamisms possessing qualitative traits have distinet

(separate) phenotypic clusses and are said to exhibit discontimupus vanations.

The guantitative traits, however, are  economically  important  measurable

phenotypic tratts of degree such as height, weight, skin pigmentation, susceptibility
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to pathological diseases or intelligence in man; amount of flowers, fruits, seeds,
milk, meat or egg produced by plants or animals, ete. The quantitative traits are also
called metric traits, They do not show clear curt differences berween individuals and
forms a spectrum of phenotypes which blend imperceptively from one type (o
another to cause continwous wvariatioas, In comdrast t© qualitative traits, the
quantitative traits may be modified variously by the environmental conditions and
are usually govemed by many factors or genes (perhaps 10 or D0 or more}, each
contributing such a small amount of phenotype that their individual effects cannot
he detected by Mendelian methods but by only statistical methods.

Such genes which are non-allelic and effect the phenaotype of a single quantitative
traif, are called polygenes or cumulative genes. The inheritance of poly genes or
quantitative iraits is called quantitative inheritance, multiple factor inhentance,
multiple gene inheritance or polygenic inheritance. The genetical studies of
qualitative traits are called qualitative genetics.

Certain Characteristics of (Jnantitative Inheritance
The quantitative inheritance has following characteristics:
(1) The segrepation phenomenon occurs at an indefinitely large number of pene loct,

(2) If a substitution of a allele cceurs in a gene locus then such allelic
substitutions havetrivial effects,

(3) The genes for a multiple trait have different biochemical functions but similar
phenotypic effects, therefore, the phenotypic effects of gene substitutions are
interchanpeable.

(4) Blocks of penes are bound topether by inversions and transmitted as units from
inversion heterozypotes to their progeny, but such blocks are broken up by

crossing overin insertion homozygotis,
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(5) The polygenes have pleiotropic effects; that is, one gene may modify or suppress
more than one phenotypic trait. A single allele may do only ong thing chemically
but may ultimately affect many characters.

(6) The environmental conditions nave considerable effect the phenotypic
expression of poly genes for the quantitative traits, For example, height in many
plants {¢.g., corn, tomato, pea, marigold) is genetically controlled quantitative
traif, but some environmental factors as soil, fertility, texture, and water, the
temperature, the duration and wavelength of incident light, the occurrence of
parasites, etc., also affect the height. Similarly, identical twins with identical
genotypes, if grow up in different kinds of environments, show different

intelligence quotfients.
Example of Quantitative trait (Skin Color in Man)

Another classical example of polypgenic inheritance was given by Davenport (1913)
in Jamaica, He found that two pairs of genes, A-a and B-b cause the difference in
skin pigmentation between Negro and Caucasian people. These genes were found 1o
affect the character in additive fashion, Thus, a true Negro has four dominant genes,
AABRE, and a white has four recessive genes aabb, The F, offspring of mating of
aabb with AABB, are all AaBb and have an intermediate skin color termed mulatto.
A mating of two such mulattoes produce a wide variety of skin color in the
offgpring, ranging from skins as dark @s the original Negro parent to as whife as

the original white parent. The results of this cross are as follows:
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Parents: Megro Whiie
AABE x aabh
Gameias:
|
F1: Mulatto Mulatio
AaBb X AaBb

F: results:

Fhanolypas Genotypes | Ganotypic Freguency | Fhenotypic Ratio
Black (Megro) AAEB 1 1
AaBB, 2
Dark 4
AA Bb 2
AaBb 4
Intermediate aaBB 1 6
AA bb 1
) Aabb 2
Light d
Aa Bb 2
White aa hb 1 1

These resulis are clearly showing that A and B genes produce about the same amount
of darkening of the skin; and therefore, the incrgase or decrease of A and B penes
cause variable phenotypes in Fo in the ratio of 1 Negro: 4 dark: 6 intermediate: 4
light ; 1 white,
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¢ Qualitafive characters

The easiest characters, or fraits, to deal with are those invelving discontinuous, or
qualitative, differences that are govemed by one or a few major genes. Many such
inhented differences exist, and they frequently have profound effects on plant valise
aml utilization. Examples are starchy vemus sugary kernels (characlenistic of field
and sweet corn, respectively) and determinant versus indeterrminant habat of growth
in green beans (determinant varieties are adapted to mechanical harvesting). Such
differences can be seen easily and evaluated quickly, and the expression of the traits
remains the same regardless of the envirpnment in which the plant grows. Traits of
this type are termed highly heritable.

A yualitative trait s expressed qualitatively, which means that the phenotype falls
into different categones. These categonies do not necessarly have a certain order.
The pattern of inheritance for a qualitative trait is typically monogenetic, which
means that the irait is only influenced by a single gene. Inherited discases caused
by single mutations are goad examples of qualitative traits. Anather is blood type.
The covirorment bas very little influence on the phenotype of these traits.

The major differcnces between the two are following:

(ualitative genetics

Quantitative genetics

It deals with the inheritance of wsits of kind,
viz_, form, siruciure, colour, efc.

[t deak with he inheritsnce of rafs of degree,
viz., beights of |ength, weight, number, etc.

Discrete phenotypic classes ocour which display
discontinuous vanations

A spectrum of pbenotypx chsses occur which
contain ¢continuons vanahons,

Lach qualitative trait is governed by two or
many alleles of a single gene.

Eachquantitarive trait i governed by many non-
allclic penes of pol ygencs,

The phenotypic expression of a gene is not
influenced by environment.

Environmental conditions effect the phenotypic
expréssion of polygenes variously.

It concermns with individual mattings and deir

progeny.

It concems with a2 population oOf OCZanisms
consisting of all possible kinids of matings.

In it analysis is made by counts snd ratios.

[n it analysis is made by statistical method
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MODIFYING GENES

These are group of genes, which enhances or reduce the phenotypic cffect of a major
gene. Such gencs have small and cumulative effect on the expression of the major
genes. As a result, continuous variation is generated in the phenotype governed by a
single major gene, which converts qualitative character into a quantitative one. In
rats, guinea pigs and rabbits, piebald spotting is produced by recessive genes when
present in a homozypous state {ss). The degree of spotting depends upon the
modifying factors, designed as 81, 82, 83 etc. which enhances or reduccs the
expression of this spotting gene with cumulative on spotting. Most quantitative
characters of crop plants may be determined in a similar fashion, Some modifying

genes affect more than one character.

® Major and minor genes

In the pie bald spotting the modifying factors produce some spotting even in the
absence of the spoiting genes but their effect is much more pronounced in the
presence of s, Obviously the spolting pene s is a major gene controlling spotting,

while the modifying genes are minor genes affecting this trait
Inheritance of quantitative characters Concept of polygenes

Colour, sex etc which shows distinct catizpories are known as qualitative characters,
They are usvally poverned by one or major genes or oligogenes, Characters like
length of ear in corn, yield of grain, yviek of milk, stawre etc dg nat &zl ints clear
cut classes and shown more ot less continuous variation and are governed by a larpe
number of minar genes called multiple genes or polygenes. The characteristic feature
of quantitative characters is 1) continuo 8 variation and 2) a marked influence of the

environment on their expression.
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= Transgressive segregation

The appearance in F2 mdividuals with higher or lower intensity of chamcters than
the parents 1% valled as transgressive segregation. It 15 produced when the parents
have pasitive alleles of different genes affecting a quantitative traits and segregation
of these penes produse two extreme hamozygotes in F2, which transgress the
parcntal limit for the character. The reappearance of ancestor is called atavism, throw

back or reversion.
= Expressivity

The degree of phenotypic expression of a penetrunt gene is called expressivity. In
other words, the ability of u gene to produce identical phenotypes in all the
individua!s carrying it in the appropriate genotype s known as incomplete
expressivity. Many penes have incomplete expressivity, while the wild type

(normat) alleles are buffered against such vanations.
= Penetrance

The frequency with which a gene produces a phenotypic or visible effect in the
individuals, which carry it, 1s known as penetrance. 1n other waords, penetrance refers
ter the proponion of imdividuals which exhibit phenotypic effect of a specific gene
carmied by them. In general, genes express themselves in all the individuats in which
they represent m the apprapniate genotype, this 1s known as complete penetrance.
But many genes do produce the concerned phenatype in all the individuals which
carry them in the appropriate genotype. Such a situation is known as meomplete
penetrance. When a4 gene 15 present in the appropnate genotype, the per cent of
individuais in which it can express itseif is a measure of its penetrance. Thus, the
chlorophyl] deficiency gene m hima beans has a penetrance af 10 %. Almost all the

genes showing incomplele penetrance exhibit incomplete expressivity as well. Thus
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incomplete penetrance is in fact an expression of incomplete expressivity in that
some individuals show such a small expression of the pene that the trait is not
detectable,

» Pleiotroplsm

In general, ene gene affects a sinple character. But many penes are known to affect
meore than one character such genes are known as pleiotropic genes and the condition
is termed as pleiotrapy. An example of a pleiotropic gene tm human beings is the
recessive gene {s) which produces sickle cell anemia in the (s5) homozygotes. These
gene causes changes in two or more parts of characters, which are not related, then
the gene is said to be pletotropic gene.

E.g., In cotton the Punjab hairy lintless gene lic produces seeds without lint. This
gene also causes incomplete lancinations of the leaf, reduction in boll size and
fertility. In a plant a gene may produce red pigiment in several organs, such as flowers
stem, leaves but sizl] it is not correct to say that the gene is pleiotropic because the
gene has only ong general effect, the production of pigment. A gene for wing may
he vestigial gene can be called as bristle gene or a fecundity gene. A number of ather
recessive genes produce marked and often detrimental effect in human beings. They

are teferred as syndromes.
* Phenocopy

The phenomenon of multiple phenoty sic expression of a single gene is called
pleiotrapist. 11 1s an environmentally mduced change with resembles the effect a
wene mutation is called phenocepy. The: term “phenccopy™ was first proposed by
Richard Guldschmidth. He suhjected pupae of Drosophila to & high ternperature
(33°C) for a short time at different periocls in their development. Several phenotypes

appeared which were similar to the phenotypes produced by certain mutant genes.
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Goldschmidth found that the genes had not been changed by the heat treatment, and

the descendants of the phenocopies were normal in their phenotypes when they were

grown at normal temperature,

In human, the gene for discase phenylketonura has pleiotropic effect and produces
various abnormal phenotypic traits, collectively called syndrome. For example, the
affected individuals have excess guantity of amino acid phenylalanine in their urine,
cercbrospinal fluid and blood. They have short stature, mental retardation, widely
spaced incisors, pigmented patches on skin, excessive sweating and non-pigmented

hairs and eyes.

» Polydactyly

Palydactyly 1s a condibion with extra fingers and toe or toes 1n man is due ta the
presence of dominant gene F. The normal condition is produced by the genotype FP.
The genotype and pp produce polydactyly. Some heterozygous individuals are not
polvdactyly. (Pp). Therefore, the gene has penetrance of less than 100 perceat and
said to be incompletely penetrant. A gene though penetrant, may be quitc variable
in 1ts expression. The degree of expression produced by a penctrant genotype is
termed expressivity. The polydactylous condition may be penetrant in the left hand
and not in the right hand or may be penetrant in the fect and not in hands.

= Iso-alleles

These alleles, which are similar but on “sting it proves w be a different one. Blood

group A person have three slightly different types such as [A1, 142, IA3 which are

stmilar but found to be different after testing.,

a. Mutant isoalleless; Such allgles act within the phenotypic range of a mutant
character.

b, Normal isoalleles: such alleles act within the phenotypic range of a wild

character.,
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= Pseudo-alleles

The genes that are so closely linked can be separatable only by rare crossing over.
Such genes are called pseudo-alleles.

Pseudo-alleles are closely linked genes that have similar functions. Their proximity
on the chromosome makes their distinction by the complementation tests
traditionally used by geneticists difficult. For this reason, and because they have
similar functions, they were initially often considered as allelic forms of the same
gene, hence their name, The Hox cluster is an emblematic example of a pseudo-
allelic gene complex.

The first ohservations were made very early but remained puzzling until a simple
medel explaining their formation and charactenstics emerged in the middle of the
1530s: pseudo-alleles originated by gere duplication, the two copies of the gene
remaining closely associated on the chromosome, but progressively diverging in
structure and function. This model did not prevent the active discussion of new
observations on pseudo-alleles in the following vears. There is an additional, more
tmportant reason for 2 historian to be interested in this system. The study of pseudo-
alleles was an unsuccessful atiempt to bridge the gap between genes and genomes,
and to find in the structural srganization of the genome clues to how genes function.
Ax Edward B. Lewis put it in 1955: The: phenomenan of pseudo-allelism promises
to contnbute much to our understandirg of the gene — how it functions, haw it
mutates, how it evalvesl (Lewis 1955). The history of psendo-allelism illustrates the
difficuity of demonstrating that genomes are more than the addition of mdividual

FETIES.
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NON-MENDELENIAN INHERITANCE

But some characters in several organisms do not show Mendelian inhentance or
they show a non-Mendelian inheritance pattern. In such cases, the following
characteristic featurcsare observed.

(13There is consistent difference between the results from reciprocal crosses;
generally, anly the trait from female parent is transmitted.

(2)YIn most cases, there is no segregation in the F2 and subsequent generations,
Characters showing non-Mendelian inheritance may be grouped under three
broadcategories:

e Thase related 1o cellular structures and patterns,
# Those produced by intracellular parasites, symbicnts, and viruses.
# Thase assaciated with DNA containing cell organelles viz., mitochondna

and chloroplasts.
CYTOPLASMIC INHERITANCE

Besides chromosomes, various organelles of cytoplasm alse contain DNA. The
mitochondria and plastids have their own DNA and carry their genefic characters
themselves. The mechanism in which cytoplasmic inclusions (e.g., alpha, beta,
sigma and kappa particles} and organelles (plastds, mitachondriy, centnale, etc)
take part in transmission of characters from generation to generation is called
cytoplasmic inheritance. §mce cytoplasmic mheritance ix based on ¢ytoplasmic
DNA molecules, itis also called extra chromosomal inheritance.

The smaller inheritable extra chromosomal unit is called as plasma gene and all the
plasma genes of 4 cell constitute the Plasmon (like the genome). Cytoplasmic

inheritance is due to the piasma genes located in cell organelies that are integral

constituents of nermal cells.
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Characteristics of cytoplasmic inheritance:

(1)Reciprocal differences: Reciprocal crosses show marked differences for the
chamcters governed by plasma penes. In most cases, plasma genes from only one
parent, generally the female parent are transmitted, this pkenomenon is known
as uniparental inheritance,

(2} Lack of segregation: In general, F2 F3 und the subsequent generations do not
show segregation for a cytoplasmically inherited trait. This is because the {1
individuals generally receive plasma genes from one parent onty.

(3} rregular segregation in biparental inheritance: In some cases, plasma genes
from both the parents are transmitted to the progeny, this is known as biparental
icheritance.

(4) Samatic segregation: Plusma genes generally show samatic sepregation dunng
mitosis, a feature of rare occurrence in the case of nuclear penes,

(5} Association with organelle DNA: Several plasma genes have been shown to be
associated with cp-DNA or mt-DNA.

(6)Nuclear tranmsplantation: If nuclear transplantation revealas a trait to be
guverned by the genotype of cvlaplasm and not by thal of nucleus, cytoplasmic
inheritance of the trait is strongly indicated. In nuclear transplantation, nucleus
of a cell is removed and replaced by a nucleus of another genotype from a
different cell. Generally, nuclei of somatic cells are transplanted into zygotes
before the first mitotic division s initiated.

(7] Transfer of nuclear geneme through back crosses: The nucleus of a variety
or species may be transferred into the ¢ytoplasm of another species or variety
thraugh repeated back crossing with the former, which is used as the recurrent
male parent. Lines produced in this way are known as alloplasmic lines since

they have ouclet and cytoplasm from two different species. A comparison of
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the various characters of alloplasmic lines with those of the corresponding
cuplasmic line (lines having nuclei and cytoplasm from the same specics)
demonstrates cyloplasmic effects, if any an these truits. This technique 1 Ome
consuming, but extremely powerful; it has been extensively used to study the
cytoplasmic differcntiation during evolution.

(8} Mutagenesis: Some mutagens e.g.: Ethidium bromide are highly specific
mutagens for plasma genes while nuclear genes are not affected by them.
Induction of mutation by such agents in a pene indicates it to be a plasma pene,

(9)}Lack of chromasomal location: In many organisms, extensive linkape maps of
nuclear genes are available. [f a gene is shown to he located in one of these
linkage groups, it cannotbe a plasma gene. Failure to demonstrate the location
of a gene in one of the linkage groups of an organism is indicative of its
cytoplasmic location, but this is highly tentative.

(10) Lack of association with B parasite, symhiont, or virus: In many cases, a
cytoplasmically inherited character is associated with a parasite, svmbiont or
virus present 1n the cytoplasm ofthe organism. Such cases cannot be regarded
us cases of cytoplasmic mhentance:. Only those cytoplasmically inhernted
characters which arg not associated with parasites, symbionts or viruses can be
regarded as govemed by plasma genes.

The known cases of true cytoplasmic inhertance are concerned with either

chloraplast or mitochondrial traits and are usually associated with their DNA. Such

cases arc therefore often referrad to as organellar inheritance, plastid inheritance
and mitochondrial inheritance.

Mitochondria (mt DNA)

Mitochondria are present in living organisms arise from preexisting mitochondria.

They are small cytoplasmic organelles present in unimal and plant cells but not
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present in bacteria and viruses. Mitochondria provide cellular energy through
oxidative phosphorylation. Mitochondria contain a small circular DNA molecule
code for limited number of structures andl functions. The size of mtDNA ranges from
about 16 kb in mammals up to several hundred kilo base pairs in higher plants (e.g.
370 kb in maizg) and mt DNA usually found in multiple copies per organclle, The
miDWNAplay & significant role in crop improventent, Recent evidence showed that
the cytoplasmic genetic male sterility system in crop plants is due to the interaction

of mitochondrial genome to the muclear genome,

In addition to these cases of non-Mendelian inheritance, some characters in several
organisms exhibit a Mendelian inheritance pattern but the development of these
characters in an individual 1s markedly affected by the genotype of the matenal

narent of the concemed individual; such cases are classified as maternal effects.

The evidence for cytoplasmic inheritance was first presented by Correns in
Mirabilis jalapa and by Baur in Pelargonium zonale in 1908. In case of cytoplasmic
inheritance generally Lthe charucter of only ane of the two parents (usually the
female parent) is transmitted ta the progeny. As a result, reciprocal crosses exhibit
consistent differences for such characters and there is a lack of sepregation in the
F2 and the subsequent generations. Such inheritance is also referred as extra

nuclear inheritance, extrachromosomal inheritance, and matemal inkeritance.

Genes governing the traits skowing eyt plasmic inheritance are located outside the
nucleus and in the cyioplasm; hence they are referred to as plasma genes,
cytoplasmic genes, cyvtogenes, extranuclear genes or extra chromasemal genes. The
sum of all the genes present in the cytoplasm of a cell is known as Plasmon, while

all the genes present in a plastid constitute a plastron,
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CHROMOSOMES

History: W, Hofmeister in 1848, discovered nuclear filaments in the nuclei of pollen
mother cells of Tradescantia. First accurate count of chromosomes was made by W,
Flemming in 1882, in the nucleus of a cell. In 1884, W, Flemming, Evan Beneden
and E, Strasburger demonstrated that the chromosomes double in pumber by
longitudinal division during mitosis. Beneden in 1887 found that the oumber of
chromosomes for each species was constant. The term "Chromosomes” was coined
in 1888 by W, Waldever for the nuclear filaments, W.5. Sutton and T. Boveri
suggested rale of chromosomes in heredity in 1902, confirmed by Morgan in 1933.

e The structure of chromosomes varies in viruses, prokaryotes and enkaryotes :

A. Viral chromosome- In viruses there is a single chromosome bearing a single
mucleic acid molecule (DN A or RN Ab surrounded by a protein coai called Capsid.
It may be linear or circular. The viruses having DNA as genetic material are
called DNAviruses and those having RINA as genetic material are known as RNA
viruses. A lmmited amount of genetic information is present in the wviral
chromosome which codesfor little more than the production of more virus
particles of the same kind in the host «cell. In RNA viruses, often the RNA directs
the synthesis of DNA complementary to itself by reverse transcription in the
host. The RNA is then transcribed by the DNAfor the formation of new virus
particles. Such ribovirus is called retrovims. TheAIDS causing virus is a
retrovinis,

B. Prokaryotic chromosomes- Prokaryatic chromasome (e, bactena) has
asingle and circular two-stranded DNA molecule which is not enveloped by any
membrane. It lacks proteins and is in direct contact with the cytoplasm. The
bacterial chromasome is packed into the nucleoid by some RNA that appears to
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form a core, It is attached to plasma membrane permanently at least at one point,
In addition t¢ the main chromosome some extra-chromosomal DNA molecules
may also be present in most of the bacterial cells they are also double stranded
and circular but are much smaller in size, They are known as plasmids, The
plasmid may occur independently in the cyizplasm of calls or may also be found

int association of main chromosomal IDMA and called as episome,

C. Eukaryotic chromosomes- The eukaryotic chromosomes are present in nucleus
and in cerntain other organclles, like mitochondria and plastids. These
chromosomes are called nuclear and extra nuclear chromosomes respectively.
Nuclear chromosomes are double stranded long DNA molecules of linear form.
Proteins are associated with them. They are surrounded by nuclear envelope.
Mare DNA is involved in coding far more proteins than the prokaryotic
chromosomes, Extra ouclear chromosomes are present in mitochondria and
plastids. They are double stranded short DNA malecules of circular form, They
lack protein association, Less genetic information is avatlable for the synthesis
of only some particles of proteins for the organelles containing them, Cither
proteing are recgived from the cytoplasm where they are gynthesized under the

direction of nuclear chromosomes.
» Material of Chromosomes

The chromatin material of the enkaryotic chromosomes acoording 1o 11s percentage
of DNA, RNA and proteins and consequently due to its, staining property has been
classified into following by classical cytologists:

a) Euchromatin

The euchromatin is the extended form of chromatin and it forms the major, portion

of chromosomes. The euchromatin has special affinity for basic stains and is
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penctically active because its component DNA molecule synthesizes RNA
melecules only in the extended formof chromatin,

b) Heterochromatin

The heterochromatin is a condensed intercoiled state of ¢hromatin, containing two
to three times more DNA than euchromatin. However, it is genetically inert ag it
does not direct synthesize RNA (i.e,, transcription) and protein and is often
replicated at a different time fromthe rest of the DNA.

Recent molecular biolegical studies have: identified three kinds of heterochromatins,
namely constiiutive, facoltative, and condensed heterochromatin. The constitutive
heterochromatin is present at all times and in the nuclei of virtually all the cells of
an arganism. In an interphase nucleus, it tends to clump together to form
chromocenter or false nucleoli. In Drosophila, for example, most pupal, tarval and
adult cells contain large blocks of constitutive heterochromatin that lie adjacent to
centromeres. Constitutive heterochromatins contain highly repetitive satellite DNA
which is late replicaiing, it fails to replicaie until late in the 3-phase and is then
replicated during a brief period just betore the (32, The facultative heterochromatin
reflects the existence of a repulatory device designed to adjust the "dosages” of

certain genes in the nucleus

» Morphology of Chramospmes

Durinyg the interphase stage, the eukaryohc chromosomes are extended into long and
thin chromatin fibers where they lie crisg-cross 1o form the chromatin reticwlum.
They replicate 10 the S-phase and become double. At this stuge they consist of two
chromatids that are held together at one pomnt called centromere. At the time of cell
divisipn, the chromasomes condense and tightly cotl up ard become distinct at
metaphase stage. The eukuryptic chromosomes vary m number, size, shape and

positipn but they have remurkably uniform structure.
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Sister choomalids

A Homologous Pair of Chromesomes with their Attached Sister Chromatids,
» Number of Chromosomes

Eukaryotic chromosomes vary in number from two to a few hundred in different
species. In a species all the individuals have same number of chromosomesin all
of their cells, except the gametes. Since the chromosome number is constant for a

species, if is helpful in determining and taxonomic position of thespecies.
» Size of Chromosomes

In a species all the chromosomes are not of the same size. Their size also vanes
fraen species ta species. The particular chromosome of a species however has more
or less 4 constant size. The organisms havinyg fewer chromosomes have large sized
chromosomes than those having many. Generally, plant chromaosomes are larger
than ammal chromospmes and among plants the monocots have larger chromosomes

than the dicats.

» Shape of Chromosomes

The chromosomes at metaphase stage look like slender rods that may be straight
ar curved to form an arc or a letter 5. o anaphase stage they may assume J or V

shapes, depending upon the pasition of t e centromere,

By: Or. Amr Mphamed Ali Zgology Department, Faculty of Science, SVU

-51-



Principles of tvtogenuﬁm 2™ Year Chemistry & zuulﬂgv Students

¥ Position and chemical composition of Chromosomes

In a nuclevs each chromosome ts independent of all the other chromosomes in its
lecation. Thus, they may occupy any region of the nucleus, The chromatin in the
eukaryotic chromosome consists chemically of about 35% DNA, about 60%
proteing, about 3% RNA, some metal ionxs and certain enzymes,

¥ Structore of Chromosomes

At metasphase stage, since the chromosome 15 a highly condensed nucleoprotein
filament, it containg two preatly coded sister chromatids, These chromatids that lie
side by side along their length, are held together at a point called centromere, an area
of the narrow region also called primary constriction of the metaphase
chromosome. At the centromere each chromatid has a darkly staining, disc like,

fHhrmno etrmiamrs Aallad Hdooaknchara o whinh opinAdls smasvsiibalas attash Anvise
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cell divigion, Kinetochores are the sites where force is exerted to pull the chromatids
towards the poles. One or more chromosomes may have additional narrowregions
called the secondary consirictions. The part of the chromosome separaied by
secondary constrictions is termed as satellite, A chromosome with a satellite is
called sat chromosome. The size and the shape of the sateilite remain constant for
a species.Secondary constrictions are associated with the nucleoli and are known as

the nucleolar orgamizers. The chromosomes which have nucleolar organizing

reg;nﬂs arolnaum ac the nuslanlar chramaognmes, Fnde. Tha endg of rhromnenmaec
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are called telomeres. The function of telomere vares from the rest of the
chromosome. On expesure to X-rays a chromosome may break and its pieces may
rejoin, but no segment connects to the telomere, showing that the telomere has a

nolanty, and it, somehow "seals” the end.
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¥ Ultra-structure of Chromosomes

A chromatid contains a very fing filament ¢alled chromonema whichis a single, long,
double stranded DNA molecule. It is wrapped around histones to form nucleosomes.
The nucieosome and non-histone prote ns together form the chromatin fiber, The
chromatin fiber has reactive groups, probably H1 histone molecules, which act as
"folders" and crosslink the chromatin fiber changing it into a great coiled, compact

metaphase chromatid.
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Detailed schematic structure of chromosomes,
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¥ Types of Chromosomes

On the basis of the position and number of centromeres, chromosomes are classified:
(i) Metacentric: In metacentric chromosomes the centromere i3 at the middle of

the chromosome, and the arms are equal. In anaphase the chromosome appears

V-shaped, For example: human chromosome no, 3

(ii) Submetacentric: In such chromozome, the centromere is near the center of the
chromosome, and the arms are slightly unequal and in anaphase the

chromosome appears J or L shaped. For example; Human chromosome No, 1,

(iii} Acrocentric: In this tvpe the centromere 18 near ane end of the chromosome,

and the arms are very unequal. For example: Human chromosome No. 4 & 5.

(iv) Teloceniric: The centromere is at one end in such chromosomes, and the arms

are on one side only. The chromosome remains rod shaped in anaphase also

Centromere
Chromatids
/\ Sateliite
\ Secondary
Short arm Constriction
Primary .'1. r
Coniincﬂun{ Arm »
o n A
Metacentric Submetacentric Acrocentric Telocentric

Types of chromosomes based on the positiom and number of centromeres.

Diepending upon the number of centromeres there are three types of chromosomes:

(i} Acentric: The chromosome is without a centromere, which 15 formed by
breakage of the chromosome. It does not attach to spindle microtubules, sa it 15

lost in the cell division.

By: Or. Amr Mphamed Ali Zgology Department, Faculty of Science, SVU
-4~



Principles of tvtogenuﬁm 2™ Year Chemistry & zuulﬂgv Students

(ii)yMonocentric: It is the chromasome with a single centromere, and it is the most

common type.

(i) Dicentric: It is the chromosome with two centromergs and is formed by the
fusion of two chromosome segments each having a centromere. It 15 unstable and

may break when the two centromeres are pulled to opposite poles in mitosts,
¥ Functions of Chromosomes

I- Chromosomes carry bhereditary characters from parents to offspring.

2- They direct the synthesis of structural proteins and thus, help eell grow, and divide.

3- By directing the formation of necessary enzymes, they control metabohism.

4- They guide cell differentiation during development.

5- They form nucleoli at nucleolar organizer gites in daughter cells.

&= They produce variations through chonges in their penes and contribute to the
evolution of the organisms.

7- They play rele in sex determination,

8- They maintain the continuity of life by replication.
» Special types of chromosomes
Same tissues of certain organisms contain chromosomes, which differ significantly

from normal chromosomes in terms of either morphology or function. Such

chromosomes are referred to as special chromosomes.

+ Giant Chromosomes

Giant chromosomes are special, enormowsly enlarged chromosomes about 100 fimes
thicker than the ordinary mitotic chromosomes. These are seen in certain tissues of
varied groups of animals and plants. They are easily visible under light micrascope.

The giant chromosomes are of two types: polytene and lampbrush.
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(A} Polytene Chromosomes

Polytene chromosomes were first ebserved by Balbiani (1881) in Chironomus (a
dipteran larva). Because of their large size showing numerous strands these are
named as polytene chromosomes by Kollar, These bandad chromosomes occur in
the larval salivary glands (salivary gland chromosomes), midgut epithelium, and

rectum and Malpighian tubules of various genera of dipterans.

it Dol barss

structure of polytene chromosome showing nucleolar part,

These chromosomes are about 100-200 times larger than those of somatic
chromosomes. They are roughly cylindrical and exhibit a distinct pattern of
transverse striated structures consisting of alternate darkly staining band and light
staining interbands. Dark hands are rich in DNA along with a small amount of RINA
and basic proteins, They are genetically active. The inter-bands contain less of DNA
but more acidic proteins and hence they are iess active. The polytene chromosomes
are formed by repeated replication of DNA without division of chromosome into

daughter chromosomes. This amplification without separation is called
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polytenization. As a result, a thick bundle of parallel DNA moiecules all having the

same banding pattern across them is produced. Thus, there can be as many as several

thousands of chromonemata in a giant chromosome,
Functions of the Giant Polytene Chromosomes

- Poiytene chromeosomes carry genes which ultimately centrol physioclogy of an
organism. These genes are formed of DINA molecules.

- These chromosomes also help in protein synthesis indirectly. The RNA present
in the nucleolus serves as a means of trarsmission of genetic information to the

cytoplasm, leading to the formation of specific protein.
(B) Lampbirush Chromosomes

These are the largest chromosomes which can be seen with naked eves and are found
in yolk rich oocytic nuclei of certain vertebrates such as fishes, amphibians,
reptiles, andbirds. They are characterized by the fine lateral loops, acising from the
chromopmeres, during first praphase of meiosis. Because of these loops they appear
like brush; that vs why they are called lampbrush chromasomes first discavered by
Flemming in 1882 und described in shark pocytes by Ruckert (1892).

Lampbrush chromosame consists of longitudinal axis formed by 4 single DNA
molecule alang which hundreds of beads Like chromomeres are distributed. Two
symmetrical latera] loops (one for each chromatid) emerge from each chromopmere,
which are able to expand or contra: in response 0 various envirpnmenial
canditions. About 5 to 10% of the DNA 1s in the lateral loops. The axis having
campacted DNA and tightly associated proteins is transeniptionally inactive. The
loaps consist of uncompucted DNA and protems but have a good amount of RNA
and they are transcriptiobally active. A chromomere and its associated loop

carrespond with vne gene. In lampbrush chromosomes the DNA loops are the sites
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of intensive RNA synthesis. IRNA and mRNA are synthesized in large amount and
the transcription of fRNA causes the enlargement of nucleolus, or formation of
numerpus additional nucleolt. Due to the synthesis of large amounts of proteins, fats,
carbohydrates, and other molecules in the cytoplasm neededfor further development

of the embryo, the oocyte grows in size. Synthesis of proteins occurs near the loops.

Man axs of
chromosome
L)

Latetal DNA joop Chromabds RNA and Protmn

Detailed structure of lampbrush chromosome

Functions of Lampbrush Chromosome:

# Involved in the synthesis of RNA and proteins by their loops.

» Probably help in the formation of certain amount of yolkmaterial for the egg.
(C) Iso-chromosomes:

A chromosome with two identical arms and identical genes is called as
isochromosome. The arms are mirrer images of each other. IT is thought to anse
when a ¢centromere divides in the wrong plane vielding two daughter chromosomes,
gach ofwhich carries the information of one arm only but present twice, At meiosis
1sochromosomes pair in three different ways. (1) Inkcmal pairing (1} Fraternal pairing

(1} Normal painng
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Structure of isochromosomes chromosome.

In internal pairing, the two arms of the isochromosomes pair with each other. In
fraternul painng, one or bpth of the amms of the isochromosomes pair with a
homologons arm of another chromasome. [n normal pairing, the ispchramosome

pairs with another one just like it.
(D) ‘B* chromosomes:

It is a particular kind of supemumerary chromosome that may or may not be found

in organismis as extra chromosomes over and above the standard diploid or

polyploidy chremosome complements. The standard complements are called * A7

chromosome. The ‘B’ chromosomes found in natural population are recognized on

the basis of following charactenstics.

=  They ure dispensable (not found is all the individuals of the species ar all the
cells of the organisms)

& They are not homalogous with any of the basic *A” chromosames.
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» Their inheritance is non Mendalian,

» They are usually smaller than the ‘A" chromosomes.

» Generally, they are penetically inert.

» When it presents in higher number, they suppress the vigour and fertility,

*  Their origin and functions are largely unknown,

The most significant effect of *B" chromosome is on seed and pollen fertility.
Flowering time is generally delayed by ‘B* chromosomes and has nepative on
sequences for the organism as they have deleterious effect becavse of abnormal

crossing over during meiosis.

(A) metaphase, (B) lagging B chromosome due to non-disjunction. (C) Disjoined sister chromatids of the

B chromosome going to different poles, (1Y) chromosome drive occurs, the future generative nuclous
receives both sister chromatids of the B

(E) Ring chromosome:

The chromosomes of higher organisms usually have two ends and do not form a
continuous ring. However, the chromosomes of lower organisms such as
prokaryotes. (£.,coli) normally have ring shaped chromosomes. Often such
chromosomes are refecred to as gonophores. Which are more than 1 mum in length

and consists of a singlc DNA molecule.
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Chromosomes in higher organisms are not naturally ring shaped. However, ring
chromosomes have been detected in humans, Drosphifa and certain plant species.
Ring chromosames were maost thoroughly studied in maize by Mc Clintock. Normal
chromosomes da not form nngs becuuse they are believed to have telomeres an each
end. Telomeres prevent the union of chromosome arms into ring formation. A
chromosome can form a ring chromosome by fusion of the raw ends onlyif it has
two terminal deletions producing centric segment with two raw ends and two
acentric fragments. A ring chromosome lacks the genetic information that was
carried by the terminally deleted fragments. Ring chromosomes are meiotically

unstable, and they are associated with several syndromes.

Structure of ring chromosome.
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HUMAN CHROMOSOMES

Of the 46 chromosomes in a normal human somatic cell, 44 are autosomes and 2 are
sex chromosomes, The autosomes are designated as pairs 1-22, The numbers arg
assigned in descending order of the lenpth, size, and centromere position of each
chromosome paty, In a normal female the sex chromosomes are XX, and in a normal
male, they are XY.

Until the advent of certain specialized staining techniques, arbitrary identification of
individua! chromosome pairs was based on the size and position of the centromere
(4}. Varnability in the centromere position of different chromosomes allowed them
to be classified into three basic categories. A chromoseme with its centromere in the
middie is metacentric, one with the centromere closer to one end is sub-metacentric,
and one with the centromere almost at one end is acrecentric,

Based on decreasing relative size and cenfromere position, a karyotype comprised
of seven groups labeled A through G was devised. The X chromosome belonged te
the third or "C” group, whereas the Y was often placed separately. Although still

used occasionally, these letter group nemes are now considered vhsolete.
Chromosome Banding and Identification

Unequivoea] identification of individual chromosomes and chromosome regions
becume possible with the technmical developments of the late 1960s. When
chromosome preparations are treated with dilute solutions of profeplytic enzymes
(trypsin, pepsin, ete.) or salt solutions {2X 88C) and treated with a chromatin stain
such as Giemnsa, alternuting dark and light stuimed demarcations cailed bands appear
along the length of each chromosome. The banding patterns produced are specific
far each chramosome pair, thus enabling the identification not only of individual

chrompsomes but also of regions within each chromosome. Methods commonly
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used to produce these discriminative banding patterns include Giemsa or G-banding,
quinacring mustard or (Q-bandinp, reverse or R-banding and constituiive
heterochromatin or C-banding, each with its own uniqueness. In the United States
and Canada, the most frequently used methods for routine cytogenetic analysis are
G- and Q-bands, whereas in other countries (France, for example), R-banding is
meore common, Additional banding methods are occasionally employed to exemplify

specific abnormalities or chromosome regions.
THE KARYOTYPE

A karyotype is the characteristic chromosome complement of a enkaryote species.
Karyotype descoptions follow certain basic rules. When designating a karyotype,
the first item specified is the total number of chromosomes, incloding the sex
chromosomes present in that cell, followed by a comma and the sex chromosomes
in that order. Thus, a normal female karyotype is written as 46, XX and a normal
male karyotype as 46, XY. The characters are contiguous, without spaces between

items. Chromosome abnormalities, when present, follow the sex chromosome
designation usiny abbrevistions or symbols denating each abnormality. These are
listed in a specific order: Sex chromosome abnormalities are described first,
followed by autasomal changes in numerical order. For each chromosome described,
numerical changes are listed before structural abnormalities. The chromosomes are
depicted (by reamunging a microphotograph) in a standard format known as a
karyogrum or ideogram: m pairs, ordered by size and posttion of centromere for
chromopsomes of the same size. Karyotypes can be used for many purposes, such as,
to study chromosaemal aberrations, cellular function, taxanomic relationships, and to

gather information about past evolutionary events.
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Staining for the study of karyotypes:

The study of karyotypes 15 made possible by staining, Usually, a suitable dye 1s

applied after ¢ells have been arrested during cell division by a solution of colchicine.

For humans, white blood cells are used most frequently because they are easily

induced to divide and prow in tissue cutture. Sometimes observations may be made

on non-dividing (interphase)} cells, The sex of an unborn fetus can be determined by

observation of interphase cells (see amnittic centesis and Barr body).

Six different charactenstics of karyotypes are usually observed and compared:

1-

G-

Differences in absolute sizes of chromosomes. Chromosomes can vary in
absoclute size by as much as twentw-fold between genera of the same family:
Lotus tenuis and Vicia faba (legumes), both have six pairs of chromosomes
(n—6) vet V. faba chromosomes ar¢ many times larger. This feature probably
reflects different amounts of DNA duplication.

Differences in the position of centromeres. This is brought about by
translocations.

Differences i relative size of chromosemes can anly be caused by sepmental
interchange of unequal lengths.

Differences in basic number of chromosomes may occur due to successive
unequal translocations which finally remove ull the essential genetic material
from a chromosome, permitting its. loss wiathout penalty to the arganism (the
distocation hypothesis). Humans have one pair fewer chromosomes than the
gredt apes, but the genes have been mostly trunslocated (added) to other
chruomoesomes.

Differences i number und position of satellites, whsch (when they ocour) are
small bodies attached to 2 chromoeseme by a thin thread.

Differences mn  degree and  distmbution  of  heterochromatic  regions.
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Heterochromatin stains darker ¢hann cuchromatin, indicating tighter packing,
and mainly consists of genetically inactive repetitive DNA sequences.

A full account of a karvotype may therefore include the number, type, shape and

banding of the chromosomes, as well ag other cytogenctic information, Variation is

often found:

e between the sexes
e between the germline and soma (between gametes and the rest of the body)
e between members of a population (chromosome polymorphism)
» geographical variation between races
* mosaics or otherwise abnormal individuals
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Normal 46, XY male karyotype. Churscteristic G-band pattern (a) and fluorescent Q-banding
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THE IDEOGRAMS

Ideoprams are a schemafic representation of chromosomes. They show the relative
size of the chromosomes and their banding patterns. A banding pattern appears when
a tightly coiled chromosome is stained with specific chemical solutions and then
viewed under a microscope. Some parts of the chromosome are stained (G-bands)
while others refuse to adopt the dye (R-bands). The resulting alternating stained parts
Torm a characteristic banding pattern which can be used to identify a chromosome.
The bands can also be used to describe the location of genes or intgrspersed clements

on a chromosome.

Below is an ideogram of each human chromoesome. MNext to the known schematic
representation a chromosome was adde  that was rendered from DINA data. The G-
hands, areas with proporticnal more A-T base pairs, are normally colored black in
schematic representaiions. To compare the schematic ideograms the rendered
chromosomes, were colored the A-T bases black and the G-C bases white. Blue areas

in the rendered chromosomes identify bases not known yet.

The results are interesting, when comparing the schematic deograms with the
rendered chromosomes fram our project, a significant conformance can be seen.
Mast black areas on the left side show also hlack areas pn the right side and white

areas are zlsa white an the "digital” chromasomes.
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LINKAGE
Every individual organism bears severa heritable characters which are represented

by the innumerable genes present on the chromosomes. During meiosis, ihe
chrompsomes move into the pametes as units, all the genes presenton any piven
chrompsome will segregate as a proup and move together from generation to
penecration. This tendency of the genes located on the same chromosome, to stay
together in hereditary transmission, is known as linkage. The genes located on the
same chromosome are ¢alled linked penes.
The principle of linkage was discovered by Bateson and Punnet in 1906 in the sweat
pea, plant, Lathyrus odoratus. However, linkage, as a concept was put forth by
Thomas Hunt Morgan in 1910 based on his experiment on Drosophila melanogaster.
Chromosome Theory of Linkage
Morgan, along with Castle formulated the chromosome theary of linkage. It has
the follwing postulates;
e (jenes are found arranged in a linear manner in the chromosomes.
s Genes which exhibit linkage are located on the same ¢chromosome,
e (enes generally tend to stay in parertal combination, except in cases of crossing
over.
e The distance between linked genes in a chromosome determines the strength of
linkage.
e Genes located close to each other show stronger linkage than that are located

far from each other, since the former are less likely to enter into crossing over,

Linkage Groups
All the genes located on a particular chromosome, form a linkage group. Since, the
genes present on a particular chromosome have their aileles located onits

homologous chromosome, genes on a par of homologous chromosomes. Hence, the
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number of linkage groups corresponds to the number of haploid chromosomes found
in a species. Drosophila melanogaster has four linkage groups which can be
distinguished into three large and ome small linkape groups corresponding to the
four pairs of chromoesomes, Twenty-three linkage groups are present in humans
correspondingto 23 pairs of chromosar g5, Pea plant has seven linkapge groups,

corresponding to the seven pairs ofchromosomes,
Types of linkage: Linkage is classified on the basis of following three criteria.

* Based on crossing over
a) Compleie linkage
Linkage in which crossing over does not occur is known as complete linkage
or absolute linkage. In complete linkage test cross progenies possess only
parental types.
b) Incomplete linkape
In some cases, frequency of crossing aver occurs between linked genes, it is
known as incomplete linkage. In incomplete linkage, the test cross yields some
recairnbinunts besides parental combinations.
» Based on statos of genes involved
a) Coupling linkage
I refers 1o hinkage either between dominant genes or belween recessive genes.
b) Repulsion linkage
I refers to linkage of some dominant genes with some recessive genes.
» Based on chromosames involved
a) Autosomal linkage
I1 refers to hinkage of such genes, which locuted in other than sexchromosomes.
b)) X-chromosomal linkage

I refers to the linkage of genes, which located 1 sex chromosomes.
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CROSSING OVER

Crossing-over is a physical exchange between chromatids in a pair of homologous
chromosomes, It results in a new association of genes in the same chromesome, The
role of crossing-over is important for evolution to take place. In fact, crossing-over
and independent agsortment are mechanisms that produce new combinations of
genes, Watural selection can then act 1o preserve those combinations that produce
organisms with maximum fitness, that is, maximum probability of perpetuation of

the genotype,
The Concept of Crossing-Over

Following are the important features of crossing-over:

i) A gene is located on chromosomes at a particular site called a locus (plural-loci}.
The Joci of the genes on chromosomes are arrangead in a linear sequence.

ii) In a heterozygote, the two alleles of a gene occupy carresponding positions in the
homologous chromosemes, that is, allele A occupies the same position in homolog
1 that all¢le a oceupies of a species 18 fixed or constant.

ni} Crossing-over invalves the breakage and rejoining of two chromatids (of
homologous chromesomes), resulting in reciprocal exchange of equal and
carrespomnding segment between them.

1v) Chromosomes with recombined or new combinations of genes are formed by the
v) Crossing-over occurs more ar less at random along the length of a chromosome
pair. Thus, the probability of its cccurrence between two genes increases with
increasing physical separabion of the geme s along the chromosome.

When does Crossing-ver (Oecur?

Crossing-over begins at puchytene stage, after the synapsis of the homologous
chrompsomes has occurred in zygotere stage of praphase-1 of meiasis. Smce
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chromosome replication ocours during interphase, meiotic crossing-over ocours in
the post-replication four strand or tetrad stape. That is, after each chromosome has

doubled such that four chromatids are present for cach pair of homologous

chrompsomes,

Cytological basls of crossing over a b
Basexd on his results, Morgan suggested that recombination are -
formed as a result of paiong of homologous chromosomes

during medjosis. A physical exchange of chromosome part = b
takes place by a process called crossing-over. In the germs "' ¥
cells of many organisms at the time ol melosis, one can la "

actually see certain cross-shaped structures in which two of the w
==

four chromatids of homologous chromosome pairs appear 1o i

exchange parts. These cross-shaped structures are called >c

|=2

Chiasmata {singular Chiasma). l+ +
Mbolecular Mechanism of Crossing-Over a b
==

A cross-over involves a reciprocal, physical exchange between -:_EEE
homologous chromosames, This suggests that a reciprocal -Z_+_tgﬁ
exchange essentially occurs between the double helices of the N

DNA molecules found in each non-sister chromatids. For this process to take place,

two homologous chromesomes eome clnse to one another. In eukarvotes, crossin

OUs omes come clnse to one an 8, Crossin g-
over has been associated with the formati on of a structure (br set of structures} called
the synaptonemal complex which forms dunng prophase of the first meiotic division.
This structure is composed primarily of proteins and RNA and has heen identified
in a lurge number of eukaryotic species. Very little information is available about
the functions of the varous components of the synaptonemal camplex. 1t 1 knawn

that small ampunt of DNA synthests occurs at the time when the synaptonemal
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complex forms. This amount, however, 1s very small and is equivalent or ¢ven less
than 1 per cent of the total DNA in the penome, It is believed that this DNA synthesis

is involved in synapsis and/or crossing-over.
Kinds of ¢rossing over

» Agcording to its occurrence in the germinal or somatic cells following two types
of crossing over have been recognized:

Germinal or meiotic crossing over

Commonly crossing over occurs in the germinal cells of reproductive organs dunng

the process of gametogenesis which includes meicsis. This type of crossing aver is

called germinal or meiotic crossing over. It is universal in its occurrence and has

great genetic significance.

Somatic or mitotic crossing over:

Sometimes crossing over may occur during mitosis or somatic cells. this type of

CTOSSINg over in rare cases, has no genetic significance and is called somatic or

mitotic crossing over. [t has been cbserved in body cells of Drosophiia.

¥  According to the number of chiasma, crossing aver may be af the following types:

1. Single cross over:r When vnly one chiasma oceurs only al one point of the
chromosome pair. [t produces two non-crossaver chromatids and two crossover
chromatids.

2. Douhle cross pver: when crossing pver occurs at two pomts belwesn any two
given points in the same chromosome pair, it 15 culled double crassmg over. It
produces four crossovers,

(2) Recipraca] chiasma- same two chruymatids
(b) Complementury chiasma- both chromatids take part

3, Mulliple crossing pver- Crossing overs oceurs at three or more paints
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Factors controlling crossing over

High and low temperatures increase: the frequency of crossing over.

X-rays #nd other irmdiations increase the crossing over frequency.

The ape of the individual also affects the crossing over frequency. It was
found that crossing over frequency is higher in older apes,

(iene mutations affected the frequency. Some mutations are known todecrease
the frequency.

Crossing over at one point of the chromosome tends to prevent othercrossing,
over in nearby places. This phenomenon is called interference.

Crossing over does nat take place in Drosophila male, and silk wormfemales.
Thus, sex also affects the crossing over.

Crassing over is less frequent near centromeres and the tips ofchromosames.

Inversions of chromosome segments suppress the crossing over,

Significance of Crossing Over

Crossing over provides direct evidence for the linear armangement of genes in
the chromosome.
Since crossing over results in recombination of genes variations are produced.

Crossing over helps in the construction of chromosonte maps.
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SEX DETERMINATION

Nature contains a vast array of diverse mechanisms of sex determination. In lower
arganisms, the two sexes are phenotypically indistinguishable except for the
reproductive organs and in some lower cukaryotes, the two genetically distinct type
of ygametes are sometime morphologically indistinguishable and called as isogamy

(150 — means “sume’ gametes) e.g. Greem alga Chlamydomaonar reinhardiil.

In higher form, there are many distinct morphological differences between male
and female sexes. This phenomenon 1 called sexual dimorphism. Basically, the
reproductive organs and sex cells are different between males and females. This
forms primary sexuval character. The male and female sexes differ from each other

in many somatic characters, For example, mammary glands in females and beard in

'I"I"ISIII'-‘.‘Z s Wﬁﬂﬂﬂi}f QPY'I'ISII -‘."'I"'lﬂ'l'ﬂl"‘:'l'l:"fq
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Two kinds of chromosomes

In dicecious organisms, chromosomes are two kinds:

¢ Autosomes

Chromosomes containing gene, which determine the various somatic characters.

* Allnpsames

These are the chromosomes responsible for the deterrmination of sex. Allosornes are
of two types viz., X and Y. Modern geneticisls have reported many different
mechanisms of determination of sex in living organisms, Some imporiant and

carnmem mechanisms of “sex” delermination are the following:

= Hamogametic and Heterogametic sexes
The individuals carsrying the same type of sex chromosomes namely XX are called
homogametic. They give only one kind of gametes (X). The individuals having

dissimilar sex chromosome namely XY are called heterogametic. They give two
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kinds of gametes () and (Y}, Among human being and Drosophila, the female is
homogametic, In birds, moths and butterflies, the females are heterogametic, and

males are homogametic.

1) XX-XY type of sex determination

In insect like Drosophila and in human beings, the male has dissimilar sex
chromosomes XY chromosomes, In female, two similar sex chromosomes represent
XX chromosomes. The female produces anly aone kind of egg (22 autosomes + one
X chromosome) and hence homogametic. The male produces two kinds of sperms
one with 22 mnosome + one X chromosome and other with 22 autesome + one Y
chromosome and hence heterogametic. The egg (X) fertilized by (X) sperm produces
female offspring XX. The egg (X) fertilized by (Y} sperm produces male offspring
XY.

In many species including most birds, moths, and some fish the sex determination
1s identical to that of X3-XY mechanism, but female is heterogametic {usually
designed as ZW) and males being homogametic {usualiy designated as ZZ). This
mechanism of sex determination is sometimes called ZZ - ZW. However,
mechanically this system is identical 1o the XX - XY system but with the
relutionship between sex — chromosomesand sex phenotypes reversed. Stuted
differently in birds, the chromosomes compaositionof the egg determines the sex of
the offspring, whereas in humans and fruit flies, the chromosomes composition of

the sperm determines the sex of the offspring,

2) The *Y* chromosome and sex determination in mammals

In both Drosophila and bumans, normal females have XX sex chromosome
composition and noomal malgs have XY sex chromosome ¢omposition, Thus, it
might be tempting to¢ assume that in both species the pene for maleness is on Y

chromosome, In mammals the presence of *Y' chromosome is required for the
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development of male sex phenotype.

In contrast recent evidence shows that Y chromosome plays no significant role in
sex determination in Drosophila. In mammals surprisingly X chromosomes present
in any number (e.g., XXX} in the absence of Y chromosome give risc to female sex
phenatype. Sp, Y chromosome in human that is responsible for the development
of testis is called TDF(for Testis Determining Factor). The TDF gene exhibits very

dominant ¢ffect on the development of the sex phenotype.

3 XX-XO type of sex determination

In some of the insects like grasshoppers, all the eggs carry an X chromosome, but
it was tnciuded in only balf of the cells forming sperm. All the sperm however had
the usval complement of other chromosomes (autosomes). Eggs feriilized by sperm
containing the X chromosome produced zygote with two X chromosomes produced
zygotes with one ‘X" which become males. Males are referred as hemizygous for the

¥ chromosomes or for genes located on the X chromosome.,

Female 22 (autosomes)+ XX Male 22 (autcsomey+ X

AN

™.

224%X 22+X
Female male

Bridges genetic balance theory in Drosophila.

Soon after the identification of X chromosome, the sex determination in Dvosophila

was more complicated than the preliminary observation. C.B.Bridges showed that
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female determining genes were located on the X chromosome and male determining
genes were on the autosomes of Drosophila. The gengtic balance theary of sex
determination was devised to explain the mechanics of sex determination in D,
melanogaster,

Bridges experimentally produced variaus combinations of X chromosomes and
autosomes in Drosophila. A triploid female was crassed with a diploid male. The

triploid female produces four types of eggs.

(3}X2n (A) (i) X32n{A) ({i}X n (A} (VXX n(A)
The diploid male produces two types of sperms.
(1}Xn {A) (i} Yn(A)

When the four types of eggs are fertilized by the two tvpes of sperm at random
eightkinds of offspring are praduced as the table:

Sex expression in Drosophila in relation to X/A rules

Xn (A) Yn{A)
X2n(A) XX3n (A) = 2X/3 = 0.66 Inter sex X¥3n éﬁ;ﬂfj; 0.33
Xn (A) XX2n {A) = 2X/2 = 1.00 Female XY2n (&) = 1X%2 = 0.50 Male
XXX3n (A) = 3X/3 = 1.00 XXY3n (A) = 2X/3= 0.66
Xin (A) Triploidfemale: Inter sex
XXn (A] XXX2n (A) = 3X/2 1.50 Super XXY2n (A) = 2X/2 = 1.00
female Female

Eight kinds of offspring are produced as follows:

1. Triploid female with three X chromesomes and three sets of autosomes.
2. Normal diploid female with twe chromozomes and two sets of autosomes.
3. Diploid XXY female with two X chromesomes and one Y chromosome and

two setsof autosomes.
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4, Intersexes with two X chromosomes and three sets of awtosomes,

5. Intersexes with two X chromosomes and one Y chromosome and three sets of
AUtOSOMES.

6. Normal males with ong x and one Y chromosome and two sets of autosomes,

7. Super females with three X chromosonmes and two sets of autosomes,

8. Super males with one X and one Y chromosome and three sets of aufosomes.,

First, it was supposed that the XX individual is female and XY male. After finding

of non-disjunction, this eacly formulation was altered slightly that the XX is female

and X male.

The importance of Y chromosaome in the sex determination was removed:

In Bridge’s experiment, there is an individual with two X chromosomes. Yet it is nat
temale. Tt is shifted out of the female class by the additon of one set of autosomes
and it becomes an intersex. So, auiosomes also play a positive role in the
determmationof sex. The intersexes lead to the conclusion that in Drosophila, sex is
deterrmined by the X chromosomes as well us by the antosomes.

The intersex differs from fernale by the assumption of certain male characters. This
ovcurs due to “the intemal preponderance of male tendency genes™ present in the
autosomes, which are added as an additional set.

Every indrvidual has both male und female potentialities, because X chromosomes
have female tendency genes, and the autosomes bave male tendency yenes. The sex
is decided by the hulance that is, by preponderance of either male tendency genes or
the female terelency genes. The deciding factor 1s the ratio between the number of
X chromosome and number of the sets of autosomes m the zygote. This s

called *sexindex’ by Bridges.

Nupmber of X chromosonies

Sex imdex =
Number oF seis of utosomes
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If the ratio is 1.0, the individyal will be female and if it is 0.5 male will result, The
ratio between 0.5 and 1.0 result in intersex. The ratio 1.5 leads to super female

and 0.33 leads to super males.
= Haplo-diplpidy sex determination

In several species of Hymenoptera such as honeybees, ants, wasp and saw flies males
develop parthenogenetically {from unfertibzed eggs) and have a haplod
chromosome number {16 in the drone / imale honeybees). The queen honeybee and
the workers, which arise from fertilized epgs carry the diploid chromosome number
(32). So,in the boneybees, the sex is determined by the haploid and dipleid
chromosome numbers. It is soimectimes said that a drone honeybee bas no father but
has a grandfather. This is possible by the haploid dipl;dy mechamsm of sex

determination.

Similarly in the parasitoid wasp Bracen hebetor (formetly Habrobracon), the
females are diploid with 20 chromosomes and males are haploids with 10
chromosomes. Females originate from fertilized eggs and male from unfertilized
egps. This mechanismof sex determination is often referred to as haple-diploidy.

Results of the expenments by Whiting showed that the sex determination depends
upen the penetic composition of the certain region of the chromosome ie,
homozygous, heterozygous, or hemizypous status of cerfain chromosome sepments
and not on diplordy versus baploidy per se. If Xa, Xb, Xc are different chromosomal
segments, then fernale sex is produced by heterozygous of the certain chromosomal
segments (Xa, xb / xa, Xc) and male phenotype is due to hemizygous or homozygous

condition of chromosomal segments (Xa, xb, XcXaxa, Xbxh, Xcxe).
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= Role of environment and sex determination:

In some lower animals, sex determination is non-genetic and depends on factors in
the external envirenments. Males and fernales have similar genotypes, but stimuli
from environmental sources initiate development towards one sex or the other, In
the case of Bonellia, for example, females are free living form with an ovoid body
and long proboscis. The male are small, parasitic and lives in the reproductive tracts.
of the larger female. Larvae of Bonellia are potentially capable of developing either
into males or females. If the larvag are isolated, they will become females. If they
are grown near the females, they will become males. Sex determination is non-
genetic and depends on the externai environment. The hormone like substances
secreted by female has an effect to turn the larvae into males. So, presence or absence

of this hormmmone like substance in the environment determines the sex in Bonellia.
* Gynandromorphism:

Gynandromormh is an individual in which one half is male and other half is female.
The mosaic condition of sex chromosomes leads to phenotypic sex mosaic. The
Gynandromorphism 15 best studied i Drosophifa, where there are no dilutions of
thechuractenstics 1.e. the male side s fully male and the female side s fully

female. Thereare three kinds of gynandromorphism.

{i)Bilateral gynandromorphs
1t 1s found in Ernwpaifa. Une lateral s'de of the fly is male and other lateral side

isfermnale. This 15 due ko abnormal mitasis dunng early cleavage of the zyyote.

(ii}Anterior-Posterior gynandromorphs
Some gynanders posses’ male characters on the anterior side and female character
on the posterior side of the body or vice-versa. These are called anterior posterior

gynanders.
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(iiiy Sex — piebald

In some ganders, the individual is predaminantly a male or female with patches of

opposite sex seattered on it, They are known as sex-picbald,

»  Sex — mosaics

Mosaicism refers to a condition in which a person’s cell consists of two or more
populations, each with different chromosome complements. Murry Barr found a girl
in whom both buccal and vaginal smears showed two Barr bodies, thus indicating
the XXX chromosome complements. Blood cells showed no Bamr body indicating a
X0 chromosome complement. These mosaics arise as results of errors in mitosis in

early stages of embrvonic development.
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SEX LINKED INHERITANCE

Inheritance through X chromosome is called sex linked inheritance, It was
discovered by T.H. Morgan in 1910. Eve color and bar eye in Drosophifa, color
blindness and hemophilia in human and barred plumage in fowls are inherited
through X ¢chromosome,

Characteristic features of sex-linked genes,

1. Sex linked genes are located on ‘X" chromosome only.

2. In diploid. homogametic sex contains two copies of sex-linked alleles whereas
heterogametic sex contains only one sex linked allele,

3. A recessive gene, in 2 homogametic sex can express only when it is homozygous
state, whereas in heterogametic sex a recessive allele expresses i hemizygous
condition.

4. Sex linked genes follow the criss cross inhentance.

5. Sex linked gene exhibit several devi tions from the normal segregation pattem.

Criss-cross inheritance of X-chromosome in Drasophila

Female is produced when an X egg is fertilized by X sperm. Male is preduced when

Y sperm ferlilizes an X egp.
P Female MaleXXXY
Gametes  (X) (X} (Y)
-
Sy
Proageny xx Xy

A male receives an X-chromosome only from the mother and never from father. The
male receives Y chromospme only from his father, never front his mother. Thus, the

mheritance of X chromasome in Drosophila follows specific patierm. The male
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transmits his X chromosome to grandson only through his daughter, This is callad
criss- cross inheritance. The female transmits the X-chromosome beoth to her son and
daughter, The crigs — ¢ross pattern of inheritance 35 characteristics of sex-linked
genes. This distinetive criss-cross pattern, from father through daughter to grandson
replacing the usval pattern for the F| and F: segrepation is now interpreted as
evidence of sex-linkage.

Criss-cross inheritance of eye colour in Drosopkila

A cross was made between white-eved male Dresophila and red-eved female
Dvasophila by T.H. Morgan in 1910. TheF, flies were red eyved. When F; files were
intercrossed, three fourth of the F- flies possessed red eyes and one fourth white
eves. From this familiar 3:]1 ratio, it is clear that this is a monohybrid mhberitance
where red is dominant over white. But, when the F; flies were classified for both eye
color and sex. It was found that:

(1) All the F; females were red eyed.

(ri}Half of the F2 males were red eved. (iii)Half of the F2 males were white eyed.
When reciprocal cross was made between white eyed fermnale and red eyed male
the F, was composed of two different phenotypes ie., red eved females and white
evedmales. When these Fy flies were intercrossed, the Fz consisted of flies in the
ratio-2red eyed: w white eyed. When these Fa files were classified for both eye color
and sex, it was Tound that:

(iy Of two red-eved flies, one 15 male, and anatber 15 female.

(i) Of two white-eved flies, one 15 male, and another 15 fernale.
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Direct crossas
P X X XV
Red eyed female ¢ White ayed male
G (X¥) (X¥)(¥)
Fi X X"y
Red eyed female Red eyed maleG
(X)X (") XY
Fz KX Hxw Xy XWy
Red eyad Red eyad Red eyed White eyed
Femals Female Male Male
Reciprocal cross
P Xwpw X X"y
White eyed femate v Red eved MaieG
(X¥) (X*) ty)
F1 KR Xy
Red eyved fomale White eyed MaleG
(X)X () Xy
Fz2 XWXw P A Xy X¥y
Red eyed White eyed Red eyed White eyed
Female fennale male male
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In the normal Mendelian inheritance, the F- ratio does not differ fram that of
reciprocal cross. But in the inheritanc : of eye color in Drosophila, the F; ratio
depends on the sex of the parent by which eye colar is introduced.

In Drosophila, the white gye color follows a criss cross inheritance, The kind of
inheritance from father to grandson only through daughter is called crigs-Crogs
inheritance, The male transmits his red eye color to his grandsons through his
daughters, never to or through his sons. Thus, the transmissions of eve color and X
chromosome are similar, Hence, it is assumed that the gene for eve color is located

in the X chromosome and v chromosome carries no allele for eye color,
= Heolandric genes

Most sex-linked genes in male heterogametic animals are on the Xchromosome.
However, ¥ chromosome also contains few genes that praduce visible effects on the
phenotype of the organism. Such genes are called Y linked or helandric genes.
Holandric genes would be transmiited directly from father to son and never appear

in females.
» Sex-influential dominance/Sex influenced character.

The condition in which the same gene acts as dominant in ane sex andrecessive in
ather sex is called as sex influenced dominance. That is, the sex influences the gene
either tvo be dominant or recessive. The sex mfluenced genes are present i
autosomes, This differential behavior of the gene is due to female andmale sex

hormones.

Far exumple, in human being baldness s due o sex influenced gene. This traitis
dominuant in men and recessive in wamen. A man 18 bald in homozygous recessive
us well on heterozygous condition for haldness. Whereas women exhibit baldness

only m hompzygous recessive candition for baldness and heterazygous condition
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for baldness in female sex produce normal phenotype.

HYHM -Normal female and normal male
HYH" -Normal female and bald male
HPHE -Bald female and male

= Sex-limited gene expression/sex limited characters

Sex — limited genes are those which produce characteristics that are expressed in
only one fo the sexes. Sex limited genes may be located in any of the chromaosomes.
The sex kormone is found to be limiting factor in the expression of sex-limited gene.
Sex limited genes are respensible for secondary sexual characteristics. For example
heard in man and breast in women are produced by sex-limited genes. A woman
does not have a beard, though she cammies all the genes necessary for beard. Similarly,
man does not have breasts though he carmies all the genes necessary for breast. The
expression of sex-limited characteristics depends upon the presence or absence of

sex hormones.
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CHROMOSOMAL ABERRATION

Two major kinds of chromosomal aberrations:
F Structural aberrations
Chromosomes may undergo changes. This s called chromosomal mutation or
chromosomal aberration. The change may occur either in structure of the
chromusomes or n the number of chromosames. Based on these, the chromosomal
aberrations are grouped meo two major kinds- vanation in struciure and vanation in
number.
Variation in chromasome structure
These arg four kinds of vanations m the structure of chromosomes.

I. Deletion

2. Duplication

3. lnversion

4. Translocation
(1) Deletion

Definition: It is an “intra-chromosomal aberration™ in which, an interstifial or
termminal chromosomal segment is lost. That is, some genes are deleted. Based on
which it is called inter calary or terminal deficiency.

Cytological effect: In deletion heterozypotes, “deletion loop” oceurs during pairing
of bomologons chromosomes. The portion of the normal chromosome homologonsz
to the deficient segment bulges out.

Genetic effect: When a segment of a chromosome 15 absent, some genes are also
ahsent. If these lost genes are physiologically important, deietion leads to death of
the organism. Deficiencies produce unique phenotypic effects in Drosophila. The
characters such as bended, delea, gull, minute, and notch are associated with some

deletions in chromosomes.
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In buman beings, Cri-du-chat® syndrome is characterized by a mewing cat like cry
during infaney, widely spaced e¢yes physical and mental retardations, This *Cri- du-
chat’ syndrome is caused by a deletion i1 the short arm of 5™ chromoseme,
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5 del(5)

o

del(5)

A terminal deletion involving the distal short arm of chromosome 5 [del(5)(p15.3)]. Patients with
similar deletions are said to have on du chat or cal ery syndrome because of the charactenistico cat
like cry present in many during infancy.

THe0
(ERIHS 0

:
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13 del(13) 13 del{13)

yXtps)

An miterstinial deletion mmvolving the long armt of chromoesome 13 [del13)q21.3933}).
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(Z) Duplication

Definition: It is an “intrachromosomal aberration’ in which a segment isrepresented
two or more times in a chromosome,

Cytological effect: During meiotic pairing of heterozygoetes, the chromosome with
duplicated segment forms a loop to maximize the juxtaposition of similar sepments
of homelogous chromosomes.

Genetic effect: The duplications are not lethal. The unusual dosage of genes can be
investigated. Duplications are useful in evolution of new characters without loss of
original traits. Relocations of chromosomal materials, due to duplication,results in
an altered phenotype. This is called position effect.

Position effect

The position effect is an altered phenoiype due to relocation of chromosomal
material. A fly homozygous for Bar eye has four 16 A segments, two in each
chromosome. A fly heterozygous for ultra-Bar has also four 16 A segments —one in
the normal chromosome and three in the duplicated number of 16A segments, they
areexpected to be similar in phenotype. But the flies homozygous for ultra-Bar

(BB/+) produced smaller size eyes.

¢ . 2 &
] > = -
2 = =
~ =] E]

15 dup(15) 15 dup(15}

A duplication involving the distal long arm of chromosome 15 [dup {15)q24g926.3)]. This
duplication was imitially observed in the bone mamow of a patient with mental retardation and
leukemia, By obtaining a peripheral blood karyotype, we were able W demonstrate that the
duplication was constitutional and apparently unrelated to his leukemia.

By: Dr. Amr Mohamed Ali Zoology Department, Faculty of Science, SVU

-50-



Principles of tvtogenuﬁm 2™ Year Chemistry & zuulﬂgv Students
(3) Inversion

Definitlon: It is an intrachromaosomal aberration. Inversions occur when a part of

chromopsome become detached, turn thraugh 180° and reinserted in such a way that

the genes are in reverse order,

Inversions are of two kinds:

(i) Pericentric inversion: The mverted segment includes centromere,

(ii) Paraceniric inversion: The inverted sigment does not include centromere.
Centromere lies outside the inverted portion,

Origin of inversion: A chromosome may form a loop. Breakages occur at the

pointof intersection. When the siicky endk unite with new partners, inversion results.

Cytological effect: In inversion heterozygote the part of the uninverted chromosome

corresponding to the inversion forms a loop. A similar loop is formed by the inveried

section of the homologous chromosome but in reverse direction.

Genetic effects: Paracentric inversion produce dicentric and acentric chromosomes.

Pericentric inversion produce duplications and deficiencies. Inversion acts as cross

over suppressor and inversion maintains heterozygosity from generation to

generation.

-
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9 inv(9) 9 inw(9)
This benign inversion of chromosome 9 [inv(9Xp! 1q13)] represents a pericentric inversion with
breakpoints in both chromosome arms.
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Although this recurring pericentrie inversion [inv(2) (p11g13)] is considered 1o be benign,
individuals who carry this inversion might have a shightly increased nsk for miscamages.

(4) Translocation

Definition: It is an inter-chromosomal aberration where in exchange of
chromosomal a segment occurs between non-homalogous chromosomes.
Cytological effect: In the translocation heterzyzote, pairing of homolopous
chromosomal seginents is affected by a cross-shaped confipuration, This cross opens
out into a ring as chiasma terminalizes. The meiotic products are of three kinds (i)
normal, (ii) balanced and (iii) unbalanced,

Genetic effect: Translocation gives three kinds of penetic effects.

i. Translocations alter the linkape relationships of genes.

i Heterozygotic translocation causes semi sterility because most of the gametes
fail to receive full, balanced compiement of penes required for viahle
development,

iti. The phenotypic expression of a gene may be modified when it 1s translocaiedto

a new position,
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(p13.3927) dup (16q)
A normal 16, an inverted chromosome 16, and a recombinant chromosome 16 [rec{16} dup(16q)
mviI6Xpl3.3g23)] resulting from recombination within the inversion loop of the parental
imversion carrier, The recombinant chromosome 16 is misging the material distal to the short arm

breakpaint ond conmains 8 duplication of the matenial distal to the breakpoint within the long arm.
II- Numerical aberrations{Variation in Chromosome number):

Variation in number of chromosomes is called ploidy. A set of chromosomes present
in an organism is called genome. In a genome, each type of chromoesome is
represented only once, Most of the sexually reproducing plant species are diploids
1.e.,have two set of chromosomes. Any change in the chromosome number from the
diploid condition is referred to as heteroploidy. The hetereploidy 15 of two types
namely, ancuploidy and cuploidy. The wvanation in number may involve any

chromosome gr in entire sets,
*  Aneuploidy

Loss or gain of cne or more particular chromosomes occur within a set is called
ancuploidy. The aneuploidy organism bears irregular number of chromosomes.

Ancuploidy arises due to non-disjunction. Aneuploidies are of three types.
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Types of Aneuploids:

Types Genomic constitution

Monosomic 2n-1
Double moaosomic 2n-1-1
Mullisomic 2n-2
Trisomic Zni1

Double trisomic 2n+1+1
Tetrasomic 2ni2
Pentasarmic Zni3

1. Monosomic

A monosomic is an individual that lacks one chromosome of the normal complement
of somatic cells (2n-1). If the lost chromisome is one that is not absolutely essential
far the organism, it may survive but if che lost chromosome isvery important, the

organism may not survive.

2. Nullisomic

A nullisomic is an individual that lacks both memhers of one specific pair of
chromosomes (2n-2). A nullisomic diplod does not survive. However, a nallisomc
polyploidy (hexaplouly wheat éx-2) muy survive but exhibit reduced vigour and
fertility. Nullisomic analysis helps to id ntfy genes with specific chromosomes mm a

polyploidy species.

3. Polysomic
An individual having either single or one pair of extra chromosome in the diploid
complement i1s known as polysomics. Palysomics are called as hyperplowds.
Polysomics are of two types (i) trisomics and (1) tetrasomics.

(i) Trisomics

A trisomic is an individual with one chromosome more than the normal
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complement of the somatic cells (2n+1), In peneral the extra chromoesome dogs not
produced so striking effect as a missing one. In wheat, trisomics (2n—=43) are nearly
indistinguishable from normal plants. Trisomics give rise to twe kinds of gamets
i.e., one kind with ‘n’ chromosomes and other with ‘n+1° chromosomes. Trisomics
are more stable genctically than mongsamics,

(i) Tetrasomics

Addition of two chromosomes of one pair or two different pairs is known as tetras

my and such individuals are called as tetrasomics,
Use of aneuploidy

i. Aneploids are extremely useful! in several genetic studies.

ii. They are useful to determine the phenotypic effects of loss or gain of different
chromosomes.

iii. Aneuploids have been used to produce chromasome substitution lineswhich give
information on the effects of different chromosomes of avanety.

iv. They are used to produce alien addition and alien substitution lines which are
useful in gene transfers from one species inty another.

v. Aneuploid analysis permits the location of a gene as well as of a linkage group

of u sperific chromosome.
Aneuploids in Human beings

I-Down’'s syndrome

It is due to trisomic candition of 21¥ chromosome. 1t is also called Mongotian idiocy.
Affected individuals are mentally deficit and physically retarded, broad face and flat
stubby nose.

[I- Kline felters syndrome (44+XXY}

It 15 due Lo tnsormic condition of sex chromosome. The individual 15 male withX XY
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Chromosome. The individuals with this syndrome have defective dev elopement of
testis, famine character like Enlarged breast, under- developed bady hair, presence
of ong barr bedy in the body cells,

O1- Turners’ syndrome

It 15 due to monogomic condition of sex chromosgeme, The individval isfemale with
44 autosomes and one' X’ chromosome, The femalg individual is without menstrual

cycle. Na barr body is present in body cells.
The origin of aneuploids

i. Spontaneous
ii. Meiotic iregulanties
iii. Triploid individuals

iv. Translocation heterozygote
Use of aneuploids in crop improvement

a. Aneuploids are useful tooly for locating the genes on a specific chromosome.
Manesomics and nullisomics sre used for this prupase.

b. Maonospmics are also wsed in intemspecific gene transfer fe manosomics are
used 1n transferring chromosomes with a desirable genes fram one species to
another.

c. Aneuploids ure used for developing alien addition and alien substitution lines
in various craps.

d. Primary trisomics are useful in identification of chromosomes mvolved in

translocations.
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» Polyploidy
These are variation that involves entire set of chromosomes. In Euploids ihe

chrompsome number is an exact multiple of the basic or genomic number, Euploids

are differ in multiple of n or x.

Types Genomic formula
Monaploids n

Dipleid 2n

Triplowd 3n
Tetraploid An
Pentaploid Sn
Hexaploid on

1. Monoploid

The monoplvid orgamsms have one set of chrompsomes or ore genome {n) i the
nuclei of their body cells. The monoploids are often weak and sterile. Monploids
differ from haloids which carry half or gametic chromosome number {n). Io true
dipliad species, both monoploid and haplkad chromosome number is the same (n=x)

thus a monoploid can be a haplaid but all haploids cannot be monopleids.

2. Diploids
Normal diploids are known as disomx. They have regular bivalent painngduring

meiosis. Diploids alse have disomic genetics with two alleles at each locus.

3. Polyploids
Polyploids refer to any organism in which the number of chromosomes sets exceeds
two ic., an organism with more than two set of chromosomes or genome. They have

larger cells than diploids. These larger ¢ell sizes contribute to largerplant size and
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higher yield. Polyploids have generally larger, thicker and darker green leaves bigger
flower, fruits than the diploids. In ¢ach penus, there is an optimum level of
polyploidy beyond which growth may be depressed with increasing number of
chromosomes, (¢g) triploid (3n).

There are two types of Polyploids.

L Antopolyploid

In autoployploids the multiple sets of chromosomes are identical (eg).
Genome is identical with each other, Autopolyploids arise by abnormal mitosis and

meiosis and induced artificieliyby colchicines,

Auto triploid - 3x
Auto tetraploid- 4x
Auto hexaploid- bx

(eg). Banana 2n—3 x—33, Groundnut 2Zn~4x—40; Sweet potato 2n—6x—%0 andPotato
Z2n=4x—48

I1.Autotripleid

The triploid arganisms have three sets ol’chromosomes. A triploid may originate by
the union of a monoploid gamete (n} withia diploid gamete (2n). Since anautoetriploid
remains sterile and cannot produce seeds, it has great commercial value inproducing
seedless varieties of economic plantgs. Eg. Seedless water melon.

IL Auntotetraploid:

The vrggmisms with four genomes (4n) 11 the nucler of their svmatic cells are called
tetraploids. They anse due to samatic doubling of chromosome number. Doubling
15 accamplished by either spontaneously or it can be induced by chemicals such as

celchicines.
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Morphological and Cytological features of polyploids are

i

Larger in size than diploids

ii. Generally more vigorous than diploids

iii, Siower in growth and late in flowering
iv. Polyploids may bave reduced fertility than diploids
Role of polyploids and their evoluation

About 1/3 of angiosperms are polyploids. These suggest that polyploids have
significant roie in the evolution of crop species.

Allppoltyplaids have contributed wreat extent in the evolution of plants than
auto polyploids.

The identification of diploid parental species is primarily based on paising
between the chromosome of diploid and the allotetraploid species.
Allopolyploids combine the genome of difterent species, hence the resulting
individuals differ from progenitor.

Evalution is a slow process; bul due to allopolyploids new species originatevery
quickly.

Polyplotds have wider adaptation to different environmental condition than
diploids.
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GENETIC DISORDERS

Disease Gene/Defect Inheritance Clinical Features
Autosomal  dominant
Fibroblast growth (normal  parenis can Short limbs relative to trunk.
factor receplor 3 have an affected child rominant forehaad. low  nasal
Achondroplasia | (FGR3)- due la new mulation, | P '
gl . ) . raot, redundant skinfolds on ams
constitutively active | and risk of recurrance in nd |
(gain of function) subsizquent children is and legs
low)
Cyslic fibrosis trans- | Aulotsomal  Recessive | Pancrestic  insufficiency due 1o
membrane regulator | (most common genetic | fibroticlesions, obsiruction of lungs
Cystic Fibrosis (CFTR) — impaired | disonder among | due to thick mucus, lung infections
chioride lon channel | Caucasians in North | [(Staph, AurALS, Feaud,
funetion Amartay asruginasal
Duchenne Dyvsirophin Gradual degeneration of skeletal
Muscular ¢DME: _d;E“mE X-|inked recessive musche, impaired heart and
Dystrophy : respiratorymuscutatune
Impaired uptake of LOL, slevaled
Hypercholesterole LDL receptor Autosomaldominant laml_s of LOL . cholesterol
mia {commonly) {haploinsufidency) cardiovescular  disease  and
’ n Y stroka. SYymploms more savere 0
homozygous individuals
(FMR1)-CGG
trinuclectide rep-ea? X-linkad dominant Discmiar Ehl:'}WS . anlu:lpat!m
expansion in 5 i {female transmitters in succeeding
(lemides less severely
Fragile X uniransiated region ; . generations produce kcreasing
affected}  Inheritance
Syndrome of the gene | - raterized by numbers of affecterd mates) Boys
{(expansion occurs anticipation have long Facee, prominent jaws,
exclusively In the lerge ears, and mentally retarded.
mather)
Lysosomal  shorape dieenss
characterizad by splenomegaly,
Gaucher's Disease B-Glucosidase Aulosnmal recessive hepatomegaly, & bone mamow
mfiltration. Meuralogical symptoms
are not Commcn
Giliooss & X-linkad racasslve | Anamia (due 1o increased
Glucose 6- (Prominent among | hemolysis) induced by oxddizing
phosphate : . 0
dehydrogenase phosphate indivicuals cf | duge, sulfonamide antibiotics,
deficiancy dehydrogenase Medilerranean ard | sulfones {e.g.dapsane), & certain

African descent)

focds {a.9. fava beans)
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Autossomal  recessive | Enhanced absarption of dietary
(Inciclence ~03% in |ron  with  accumulalion of
Unknown gene on Caucasoid populafion. | abnormal, pigmented, iren-protein
Hemochromatosis | the short arm of Woman less affected | aggregates  (hemosidedn)  in
chromosome 6 due o increased Fon | visceral argans. rrhosis,
loss thmough | cardiomyopathy, diabetes, skin
mensitruation} pigmentation, and arlhrilis.
mWatiormation of the brain (no or
Sonic Hedgehog Autosomal dominant | Poueed  evidencs ol an
Holoproencephaly (SHH) (ha poinsuffitiency?) interhemispheric fissure),
dysmorphle faclal features, mentat
retardation
Huntingtin (HD) — . . .
Huntington CAG repeat Autcsomal dominant | Do0Mier is  characterized by
Disease expansion within {gai n-of-funclion progressive motor, .mgmhve .
. pgychlatric abnermalities. Chorea
(Huntington exon 1 nutation)Shows - . -
Chorea) {expansion octurs ankicipatian .—HDI'EI'EDGMIV.E imvoluntary jerks 1s
m 90% of patiants
in fathear)
Sterile males with long [imhs,
Kiinefeltor 509 of casos duo tn small  pgonitalla breasd
47 XY males ermrs in paternal develppment, and femining
Syndroma meiosis | body conlours, and leaming
disabiliies
Abnormaliliee of the skelaton
{disproportionate tell steture,
Fibrilin-1 gene scoliosis), heart (mitral valve
(FBN1) encodes a Autnsomal dominant pfnlapga. aoric d"“tm'
Marfan Syndrome | microfibril forming {dominant negative disseclion of the asoandu'!g
connective tissue effect} aorta), pulmonary s'_.{slem, skin
; (excessive elastiity), and
Gk joints  (hypermobiity). A
frequent cause of death s
congestiva hearl faitura.
Age of onset vares depanding
ch fraction of  muolant
Myoclonic mitochondrial DNA Inheriied.
Epllepsywith Mitochondrial Matarnal Symploms include myopathy.
DNA mutation in transmissian, dizaasa takes its name from
Ragged Red lhe t(RNAlys gene heteroplasty gbnnrmal histological
Fibers (MERRF) appearance of skaletal muscle

biopsies), dementia, myoclonic
seizuras, ataxia, ard dealness
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A pratein kinase
gene (DMPK) —
CTG repeat

Autizeomal dominanti

Cisorder ehows anlicipation.
Muscle weskness, cardiac
amhythrlas, cataracts and

Myotonic Dystrophy L s testicular atrgphy in males,
axpansion in 3 Shows anticipation . . .
) Childran bom with conganiial
urtransiated .
. F form have a characterislic apen
reguan of the gene tarnla_charead moith
Iriznalasharad monh
The disorder is characlerized
by numersus benlgn tumors
(neurofibromas} of the
panpheral narvous sysiam, bul
Micredeletion at a minarity of patients also show
Neurofibromatosis || 17¢11.2 involving Autinsomal dominant Increased incidence of
the NF1 gene malignancy{neurnfibrosarcom
a, astrocyiora, Schwann cefl
cancers and chikdhood CML -
chronic myaiogencus
leukemia}
_ Mull mutations produce a
"ﬁ;ﬂm ““‘“m{fm: milder form of the disease.
Either of the . Missense mutations that act in
enes encoding ptlons et i a8 dominant negalive mannar
Osteogenesis 9 hapl cinsuHiciency, 1o
KiDEiects the ai or a2 miseonss  mutations are often perinaial lethal. The
i chains of type | Mooones T aen® | disorders are associated with
collagen PP deformed, under minsralized
dominant  negatve i
offact bonee that are subjpcl to
frequent fracture.
Usually due o a Mental retardation, if untrealed,
muizﬂﬂn i possibly due to inhibition of
limals i i
Phenyiketonuria Phenylananine Autosomal recessive myslinalion :and disruptian of
hydroxylase naurctransmitter  synthesis.
PAH) Dietectable by newbom
{ screening and reatable
Heterozygeus individuals are
Autcesomat daminam predisposed  to  polyvoystc
Mutations in either (disease appesars Io kidney disease becausz they
Polycystic Kidney polycystin-1 follow a “two-  hil are likaly n oose tha second
Di (PKD1) or moded®, requidng the good copy of the gene during
polycystin-2 loss of both allsles of their [Hetime. Multicle renal
(PKD2) gene FOK1 or PD2 for the cysts, biood in urne, end-stage

diseasa to ba evidenl.

renal disease and
failure.

kidnay
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Prader
WilliiAngelman
(PWSIAS)

Deletion of the
PWSE raglon and
AS gene located

at 15011-q13

Can also be

caused by

uniparental
disomy nvolving
chromosome 15

Complex Parent of
oricin effects dus to
gerpmic impriniéng,

Inheriting the deleliocn through
the molher gives rize to
Angelman syndrome, which ks
characterized by short stature,
severa mental retardation,
spasticity, s=eizires, and a
charactaristic stance. Inheriting
the deietbn fmm the father
produces e mom common
Pader-Willi syndrome, which is
charactarized by obeslly,
exgessive and indiscriminate
gorging, small hands, fest,
hypogonadism and  menial
retardation. In rare cases,
uniparental disomy  invclving
chromoscma 15 producas
F¥E when hoth copies are
Inherited from the mothar and
AS when both copies are
inharted from tha falher.

Sex Reversal

Variety of causes

Warlous

See Thompeon & Thompson,
Medical Genetics, 6th ed.

Tay-Sachs

Disease

B-
Hexasaminidase
(A isoenzyma
(HEXA)

Autiasomal recessive

{conmon among Jew

of E astarn Europeaan

ancestry and Franch
C anadians).

Hypotonia, spasticity, selzures,
blindnese, death by age 2. An
early indication is a cherry red
spol on tha retina (Incidence
greatly reduced by screening)

Thalasemias

Autcrsomal Recessive

Severa anemla

Turner Syndrome

45 X females

Usually dusto a
paternal ermor in sex
chrompzome
tranarrissian

Although usualiy lethal in utero,
the defect poses Hitie risk to
survival in infamts thal do come
o lerm, Short statura, webbad
necks, broad chest with widely
spacad nipples, and sterility.
imfants show evidence of
lymphaderma in fetal life.
Intalligence is normal.
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DNA AND RNA AS A GENETIC MATERIAL

Deoxyribanuckeic acid (DNA) and Ribonucleic acid (RNA) the principal genetic
materials of living organisms are chemically called nucleic acids. Nucleic acid
especially the DNA, a universal genetic material of most of the organizms, is
having all the features required to be agood genetic material. DNA is a
macromedecule and is a helically twisted double chain of poly deoxyribonucleotides.

In prokaryotes it occurs in nucleon] and as plasmids, bath are double stranded
circular DNA. [n BEukaryates most of the: DNA s found in chromatin of nucleus. It
15 Imear. Some small quantitative of DWNA are found in mitochondna and plashids
which is generally double stranded and circular RNA also acts as genetic material

in majority of plant viruses.
Features of DN A to act as genetic material:

» Oenetic matenal can store mformation used to contrel both the development
aummetabolic activities of cell.

# It should be chemically stable so that it can be replicated accurately dunng cell
division.

# It should he ransmmitted for generations.

# It should be able to undergo mutations praviding genetic vanability required

for theevolution.
{A) Structore of DNA

Nucleic acid (DNA or RNA) first called nuclein by a Swiss chemist Friedreich
Miescher (1869) as he removed nuclei from pus cells and isolated DNA i.e.,
“nuclein” from it. NMucleic acid (DNA or RNA) are macromolecules composed of

repeating subumnit called nucleotides.
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Constitution of a nucleotide:

s A phosphate groups.

s A five-carbon sugar (ribose in RNA and deoxyribose in DNA).

s A cyclic nitrogen containing compound called a base (purines and pyrimidines).
Most commonly DNA occurs as a double helix. The two spiral strands of DNA are
collectively called DINA duplex. Two separate and anti-parallel chains of DNA are
wound around each otherin a right-handed helical manner. The DNA double helix
comes to have two types of alternate grooves major and minor with the sugar
phosphate backbone on the outer sides. The bascs paired by hydrogen bonding are

stocked on €ach other.
Chemical Compasition of DNA

Deoxyribonudfeotides {monomer} of DIMA are composed by three different types of

chemicals.

{1)Phosphorie acid {H;P{)g) hus three reactive (-OH) groups of which two are
involved informing sugar phosphate back bone of DNA.

{2)Pentose sugar {CsHw4) - DNA cantaing 2°-deoxy-D-ribose, hence the name
deoxynbose.

(3)Nitrogen bases- DNA contained four different nitragen bases (A, G, C & T).
These fourbases are grouped in to two classes an the basis therr chemical
structure.

{a)Purine bases - DNA has twa types of purmes (adenine and guanine). Each
puring is a type of nitrogen base having a double nnyg structure {i.£., 9 member

double rings with nitrogen at 1, 3, 7 and 9 positions).

Some of the common names of these bases reflect the circumstances of their

discovery. (uanine, for example, was first isclated from guane (bird manure),
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and thymine was firstisolated from thymus tissue,
(b)Pyrimidine bases: DNA has two types of pyrimidine bases (cytosine and
thyming), Each pyrimidine is a type of nitrogen containing base having a

single ring structure (i.e.6 member rings with nitrogen at 1 and 3 positions).

Nucleosides: A nitropenous base with a molecule of deoxyribose sugar (without
phosphate group) is known as nucleosidies, In nucleic acids, the nitrogen bases are
covalently attached to the 1°-position of a pentose sugar ring with the help of
glycosidic bond.

Niiregen base + sugar = nucleoside.
¥ Adenine - deoxyrbose = deoxyadenasime
¥ Guanine — deoxyribose = deoxyguanosine
¥ Cytosine + deoxyribose = deoxyeytidine
# Thymine + deoxyribose — deoxythymidine
Nucleotides- A nucleotide is formed of one molecule of deoxyribose sugar, one
malecule of phosphoric acid and anyone: of the nitrogen base, Phosphoric molecule

is attached to the 5™ — carbon atom of deoxyribose ring with the help of phosphoester
bond.

Nucleosides + phosphorie acld = macdestides

Different nucleotides of DNA are as folllows:

(1} Adenime + depxyriboge + phosphoric acid = denxyadenylic acid or deoxyadenylate / dAMP

(2} Guanine + decxyribose + phosphoric acld = deaxypusnylic actd or deoxyruanylate / dGMP

(3Cysioe +  deaxythhose < phosphoric ackdl = deoxyeylidvlic  acid  or  deosyeyudylane  2CMP
(4}Thymine+decxyribosetphosphoric acid = deoxythymidylic acid or deoxvihymidylale ! dTMP
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Baske Mucleotids Structurs (c} Witroganous bases
i, o 2
Ty e W
| ‘i il
L4 g - l |
b El PR it il N o o 1
& d .
Phosgihate W 4 Cytusiine [} Uvasall (L s POAA Thpvvibena [T) e EIAA
ol .- =
St e Epandines
e
I
f B g
(B) Sugars b w .

) Suga e e
Ony g & o : I /J O
gl !‘1.“ =_..*”§:c s we R i tines

Tl Ry b
...\Qi—c " W [_:'-"1:"’-

O T | Dhaminrss §I1 MsSamgran 1A
Madfnime o 105 Omasgibnes = UL e

Chemical structure of nucleic acids structure.

L] )
ey ) - 4 o .3
LAY — s A Tk
o - A
o L
I 1 " - i A
. | N e )
—d o by, Y, "
| L= o
a o WA
H &
o M -
L—I =
[ Ay
e e 4
] 1 :'=r'.

(@) Progressive formation of nucleoside to nucleotide (from lower to higher energy compounds, (b)
Backbone of DNA. (The backbones are formed by 3 -to-3 phosphodigster linkages).

Nitrogen bnse ' Nucleoside Nucleotide
(Nitrogen base + sugar) (nucleocide +phosphate gp.)
Adenine (A) A+S™ Adenosine adtnosin::ndnenﬂ:;-;::s;]:ate (AMP)
Guanine (C) G+3= Guanosine Guanosineﬂr:::i;j:;:am (GMP}
Thyamine (T) T+8 = Thyamidine Thmmm’:&dﬂmi TMP)
"o G5~ Cyutine Cyttine monoghospte €49

Mitrogen bases, their respective ouc leosides, and nucleotides of DNA,
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Watson and Crick Double Helizx Mode¢l of DNA:

The structure of DNA was deduced by American J, I, Watson and F.H.C. Crick in
1953 for which they received the Nobel Prize in 1962, Their double- helix model
of DNA structure model is widely accepted. Their double helix model of DNA
wag based on the data and informationgiven by so many workers like E, Chargaff,
M.H.F. Wilkins, R, Franklin and their coworkers. Main contributions in deducing
this moadel were of: Chargaff's rule, Franklin’s X-ray diffraction pattems and

Komberg’s results.

Chargaff’s rule- In 1940°s Erwin Chargaff analyzed base content of DNA using new

chemical techniques and their observations and peneralizations were called as

Chargaff *s rule. Chargaff™s rule strongly suggested that thymine and adenine as well

as cytosine and guanine were present in DNA, always bonded to each other by H-

bonds and shows some fixed inter relationship.

¢ The proportion of A always equals that of T, and the proportion of (¢ always
equals thatof Cor A= Tand G - C.

¢ The amount of A, T, G, and C in DNA vary from species to species but
A=T/G+C =constant for a particular species.

Franklin's X-ray diffraction patterns- Watson and Crick made vse of the data of
x-ray crystallographic of DNA structure from the studies of M.H.F. Wilkins, R.
ranklin

anAd
4 SrdLhd

=

air rpuagrlrare, A cegrdinge tn thair data, TINA wae n highhy nrdarad
LE%WLL T " L IR %l O I Lol L b ..]E el LLA%Ws Lk LELEARAY 4 ) NI R FRALRT M ]I.‘gll}r Uluulw,

multiple stranded structure with repeating sub structure spaced every 3.4A° along

the axis of the molecule.

Korenberg’'s results: Korenberg and his associates tried to synthesize DNA in a
medivm free of DNA but in the presence of enzyme DNA polymerase and
nucleotides-the building blocks of DNA. They found that in a DINA free medium
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with alf necessary compounds DNA synthesis does not ocour but the same happens

1.6., DNA synthesis starts only when some DNA was added as a primer to the same

medium,

The important features of their model of DNA are:

a. Two helical polynucleotide chaing re coiled around commeon axis, where the
backbone isconstituted by sugar phogphate and the bases project inside.

b. The polynuclectide chains run in opposite directions. It means, if one chain
has the polarity 5’P+ 3"OH, the other has 3'OH—* 5°P.

¢. The two chains are held together by hydrogen bonds between their bases. Three
hydrogen bonds occur between cytosine and guanine (C=0G) and two hydrogen
bonds between adenine and thymine (A—T).

d. The diameter of the helix is 20A" and bases are separated by 3.4 A" along the
helix axisand related by a rotation of 36°.

e. The helical structure repeated after 0 residues on each chain, and intervals of
34 4°

Functions of DNA:

1- DNA s genetic matertal which able to store nformation used to cantral both
thedevelopment ard metabolic activit es of cells.

2- DNA can be replicated accurately during cell division and transmitted for

3- Crossing over during meaosis produces natural recpmbination of DNA which 1s
passed anto next generation to produce variants m all sexwally reproducing
OTRATSINS.

4- DNA shle to undergo mutations praviding genetic vanability required for

evolution
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5- Differentiation of various body parts is due to differential functioning of specific
parts of DNA.

6- Developmental stages occur in the life cycle of an organism by an internal clock
of DNA functioning,

E' ) direcon

I8 Antiparalie ofatimon of girsno

Watson and Crick Double Helix Model of DNA,
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Replication is the process of formation of carbon copics on DNA. DNA functions as
its own template, DNA replication is an autocatalytic function of DNA. During DNA
replication the weak hydrogen bonds between nitrogen bases of the nucleotides
separate so that the two polynucleotide chains of DNA separate and uncoil. The
chains thus separated are complementary to one another. Each stand acts as a
template and makes its own complimentary copy over it so that the new formed DNA
duplex has one parental stand and one newly formed strand. This method of

formation of new daughter DNA molecules is called semi-conservative method of

replication.
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DNA neplication.
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Mechanism of DNA Replication:

DNA replication is the process of copyving a DNA molecule and involves
following four major steps:

1. Initigtion of DNA replication,

2. Unwinding of helix,

3. Formation of primer strand.

4. Elongation of new strand.

1. Imitiation of DNA replication- Replication is regulated by the rate of inifiation.
Replication of DNA in E. coli always begins at a definite site called origin of
replication. The E. cefi, onigin of replication lies within the genetic locus “ori’
and is bond to the cell membrane. *Ori’ contains four 9bp binding sites for the
initiator protein (DnaA-ATP). The helicase DnaB (or mobilepromoter) binds and
extends the single-stranded region for copying.

2, Unwinding of helix- Unwinding of DNA molecule into two strands results in
the formationof Y shaped structure called replication fork. Due to unwinding
positive super coiling has to be relieved by the enzyme topoisomerase or DNA

Gyrase.

3. Formation of Primer strand: As the newly fonned replication fork displaces the
narental lagging strand, a mobiie complex called a primosome, which includes
the DnaB, Helicase and DNA primas:z help in the synthesizes of RNA primers.
Both leading and lagging strand primers are elongated by DNA polymerase I11.
Need of primer is there to facilitate the action of DNA polymerase II1 as this
enzyme cannot initiate the process but can add activated deoxyribonucleotides (o

the 3' OH end of primer.
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DNA Replication (Phosphodiester Bridge 1s catalyzed by DNA polymerases).

4. Elongation of new strand: after the formation of primer strand, DNA replication
occurs in 5> 3direction and complementary deoxyribonucleotides are added
only to the free 3°OH end of the primer. A dimer of DNA polymerase [II elongates
both leading (3 3 "y and lagping strands. The leading strand shows continuous
replication while the lagging strand shows discontinuous replicatien, These short
pieces of DNA replicated against lapping strand are known as Okazaki
fragments, Okazaki fragments are 1000-2000 nucleotides long in prokaryotes, A
separate RN A primer 18 used for the synthesis of each Okazaki fragments which,
after replacing the RNA primers from deoxyribonucleotides, are later joined
together with the help of DNA ligase or DNA synthetase forming a continunous
lagging strand. Hence DNA replication is semi- discontinuous as the
leadingstrand is svnthesized comtinuously and lagging strand is formed

discontinuously in short pieces join later.
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DNA primasa

DNA-ligase RMNA primer
DNA-Polymerase [Pola)

Topoltomerase

DNA Polymerase (Pol) /
Heficase

Sgle strand,
Blir g proteins

DNA Replication. During DNA replication, a number of different enzymes work together to pull
apart the two strands so each strand can be used as a template to synthesize new complementary
strands. The two new daughter DNA molecules each contain one pre-existing strand and one newly
synthesized strand.

Recombinant DNA:

The tools and technolegies of molecular biolopy for breaking and rejoining DNA
sequences from two or more different organisms are known as DNA recombinant
technolegies. These modified DNA fraggments are called recombinant DNA, A
recombinant DNA molecule is a vector inwhich the desired DNA frgpment has been
inserted 1o cnable its clonihg in an appropriate host, This is achieved by using
specific enzymes (restriction enzymes) for cutting the DNA into suitable frapments

and then for joining together the appropriate fragments by ligation.
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(B) Structure of RNA;

RNA 15 gencrally involved in protein swnthesis but in mayority of plant and some

animal virusesit also acts as genetic material. There are two major types of RNA:

I, Mene A- H. Fraenkali'nnrat chowsad that RMNA presend in Tnhorrn
& L] E S s A J LA bl W RFII AR TALRS VT WLl FLAVELE 1 L J T R A LA LL A npE L

Mosaic Virus isits penetic material and this RNA is responsible for the infection

ir tobacco plant.

2. Non- penetic RNA- Prokaryotes and Eukaryotes where genetic information is
contained in the DNA molecole, functions of such cells are performed by a
different kind of nucleic acids called non- genetic nbonucleic acid. Non-genetic
RNA is synthesized on DNA template. Suchnon genetic RNAs can be of many
types like mENA, r RNA, &1 RNA.

Chemical struciure of RNA:

RNA is single stranded polyribonucleotide, Each ribonucleotide is made of:
¥# Phospharic acid- H3PO4

» Ribose supar- CSHI10QS5

# Nitrogen base- Adenine (A), Guanine {(G), Cytocine (C) and Uracil (L))

Many nhanucleptides join with each ather by phosphor-ester bonds Lo make 4 linear
chain of polynbunucleptide’s. The chair will remam straight under all conditons m

mRNA, may fold mndomly in r-RNA or specifically to form t-RNA
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Types of RNA:

The RNA is of following three major types: t RNA, mRNA, and r RNA.
(1} Transfer RNA or -RNA:

It is alsa called soluble or 5-RNA. Th re are aver 100 types of t-RNA. -RNA is
the smallestRNA with 70-85 nucleatides and sedimentation co-efficient of 48. 1t is
ahout 10-15% of the total weight of tRNA of the cell. Each tRNA has a
carresponding anticedon that can recognize the codon on mRNA and exhibit high
affinity for specific activated amino acids combine with them und curry them to the

site of proiein synthesis.

Robert Haolley (1965) and his colleagues reported the complete nucleotide sequence
of alanine tRNA of veast. R. Holley { (965} first of all praposed a clover leaf model

for yeast tRNA"®, Cloverleaf structure-. Five parts or arms of claverleaf structure:

(1) Acceptor stem or arm - this is a region of the tRNA which acts as a site of
attachment for the appropriate amine acid. [t is also called amino acid carrier
arm, It is formed by seven regular Watson & Crick base pairs between the 5° and
3* engd of the (RNA, The 3* terminal end of all tRNA is always CCA-OH. It is
not base- paired and is the site of attachment of the amino acid. The amino acid
is covalently bound throuph an ester linkage between the carboxyi group of the
amino acid and the 3° hydroxyl rroun of the ribose of the tRNA,

(2} Anti-codon loop or arm - The antircodon loop contains the three-nucleotide
sequence that is complementary to the codon of mRNA to which it corresponds.,
1t consists of a total of 7 unpaired bases, three of which constitute the anti-codon,
With this sitc tRNA attaches to mRNA and helps in the transport of amine acids
to the site of protein synthesis
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(3)DHU loop or D Ipop or arm - The DHU loop is composed of three or four base

pairs, It is depending on the species of tRNA, It is also variable in size containing,

& to 12 unpaired bases, The D-loop helps in binding of amino-acyl synthetase. It
has modified bases called dihydrouridine hence named so,

(4) T ¢C loop or arm- is named so because of the presence of triplet sequence of
pseudoundine (¢). [t acts as ribosome recognize arm, help in determining the site
of nibosome (A, P or E site) where the tRNA must come and attach during

translation.

(5) The extra arm- is variable in nucleotides composition and 1s lacking entirely in

some tRNA
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t-RNA structure.
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Functions of t-RNA:

The tRNA plays important role in protein synthesis. T-RNA picks up a specific
amino acid from the cytoplasm catries it to the site of protein synthesis and attaches
itself 1o ribosome in accord with the sequence specified by mRNA, It transmits its
amino acid to the polypeptide chain, I protein synthesis (RNA acts an adaptor
meolecule which is meant for transferring? amino acids to ribosomes for synthesis of
polypeptides. There are different tRNAs for different amino acids. Codons are
recognized by anticodons of tRNA, They hold peptidyl chains gver the mRNAs,

(2) Messenger RNA or (mRNA):
The structure of mRNA:

m-RNA is always single stranded having normal bases like A, G, U and C along
with only afew unusual, substituted bases. There is never hase paiting in mRNA.
It functions as a templatefor protein synthesis it carries genetic information from
DNA to aribosome und helps to assemble amino acids in their correct order. Each
amine acid in a pratein 1s specified by a set of three nucleatides in the mRNA called

codons. Bath prokaryotic and eukaryati : mRMA contains three primary regions:

a) 5° mntranslated repgion (3°UTR) - the 5° untranslated region is a sequence of
nucleatides atthe 5° end of the mRNA that does not coede for the amino acid
sequence of a protein. In prokaryatic (bactenal cell) mRNA contuins a
consensus sequence called the Shine-Dalgarno sequence (3" AGGAGGU3™),
which serves as the ribosome hinding site during translatian, itis formed of
approximately 7 nocleatides upstream of the first or sturt codon. Bukaryotic
mRMNA has no such equivalent sequences m its 5° untranslated region. This is the
sequence of the mRNA extending from the 5° end of the mRNA to the mitiation

codon. It 15 not translated into polypeptide sequence. 1t has a funetion

By: Or. Amr Mphamed Ali Zgology Department, Faculty of Science, SVU

-128-



Principles of tvtogenuﬁm 2™ Year Chemistry & zuulﬂgv Students

b)

analogous to the function of a promoter on a gene. Itwill direct the binding,

of the ribosame t0 the mitiation codon.,

Protein coding region- this region compnses the codon that specify the amino
acid sequence of the protein. This region begins with a start codon and ends with
a stop codon. This region bas 3 repions namely initiation codon, coding regton,

stop codan.

» Initiation codon- it 15 always AUCG and codes for a methionine. This is the
triptel codonat which polypeptide synthesis begins. All polypeptides ure

synthesized with an amino terminal methionine.

¥ Coding region-this is the sequence of mRNA that contains the consecutive
iriplet codons that direct polypeptide synthesis. This region starts from the
start codon and continue up to the stop codon. The coding region is often

referred 1o as the open reading frame or ORF.

Stop codon-this is the triplet codon that signals the termination of
translation. There are threc possible stop codon sequences UAA, UAG,

b o

UGA. Stop codons have no corresponding tRNA or amine acid.

3* Untranslated region (3’UTR)-This region of mRNA is the 3* un-translated
region, 4 sequence of nucleotides at the 3'end of mRINA that is not translated into
protein. This is the nucleotide sequence downstream from the stop codon. It
extends from the stop codon to the 3" end of the mRNA. It does not cade for
amino acid sequence, It may function in stabilizing the mRNA, 1In eukaryotes it
is transcribes as hnRNA which is converted into functional mRNA in the
cytoplasm by removing introns (infervening sequences) and joining topether

exons (expressible sequences)
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For the convensence the mRNA structure can be summarized as:
Cap- at 5' ¢nd, bas methylated structurg, docs not translatc.
Noncoding region-1- has [0-100 nucleotides, rich in 1) and A bases, does not translate.

The inttiation codon- AUG, codes for methiening amino acid

B W N

The coding region-about 1500 nucleotides on an average, translate proteins.

L

Termination codon- either of UAA, UAG or UGA 1.e., present, helps in termination
of erdin

6. Noncoding region-2- made of 50-150 nucleotides, does not translate, has sequence
likeAAUAAA.

7. Poly(A) sequence- 200-250 A nucleotides, does not translate, makes tail of mRNA.

Protein-coding Polyadenylation
» sogment signal
Exx "~ AAA-AAA
— A — e " ’
5 Cap 5 UTR ~an Stop 3 UTR Poly-A tail

codon codon
mRMNA showing different regions.
Functions of m-RNA:
m-RNA carries coded information to be translation into polypeptide. It directly takes
part in protein synthesis in a cell. In some viruses having RNA as genetic material,
it may undergo reverse transcription to from compact genes which are used in
genetic engineering. The phenomenon also occurs in nature and has added certain
genes in the genomes,

(3)Ribosomal rRNA (r-RNA):

Ribosomal, stable, or inscluble RNA constitutes the largest part (up to 80%) of the
total cellular RNA. It was reported by Kuntz. It is found primarily in the cytoplasm
as well as arganelle. In prokaryotes it is transcribed from ribosomal DNA which is
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a part of nuclear DNA but in eukaryotes ribosome is formed on nucleolar DNA., The

penetic instruction contained in mRINA is translated into the amino acid sequences

of polypeptides only with the help of ribosomes. Thus, ribosomes play an integral
part in the transfer of genetic information from penotype to phenotype, R-RNA is
m¢st stable type of RNA.

Structare and processing of ribosome RNA:

It forms about B0)% of the tatal cellular RNA. r- RNA consists of a single stranded
RNA which gets twisted over itself 1 certain regions due to complementary base
pairing. R-RNA strand unfold on heating and refold va coiling. It ix one the most
stable RMA among all types of RNAs. R-RNA and nbo-protems constitute

ribosomes.

In eukaryotes 4 eypes of RN As found are 28s, 185, 5.85s, and 3s. In the nucleolus
of enkaryotes, RNA polymerase-] transcribes the TRNA genes, which usually exit in
tandem repeats to yield & long, single pre-TRNA which contains one copy euch of
the 18s, 5.Bs and 28s sequences. Varous spacer seguences are rempved from the
long pre-TRNA molecule by a seriesof specific cleavages. Many specific ribose
methylations tuke place directed by small mhonuclevprotein particles {snRNPs) and
the mature rRNA molecule fold and complex with nhosomal proteins. RNA pol. 111

synthesizes the SsrRNA from unlinked genes (Figure 90).

Functions of r-RNA:

r-RNA binds to protein molecules and give rise to rbasomes. 37end af 185 rRNA
(16s in prokaryotes) has unpaired nucleotides complementary to those of region or
m-RNA, it is the site where ribosomes bind to mRNA during translation. 55 rRMNA

and swrounding protein complex provide binding site for tRNA.
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Important features of RNA:

2

P

v

RNA is copied from one strand of the double helix called the template strand.

RNA differs from DNA in that it i8 single stranded, has wracil inserted of
thymine and has ribose sngar instead of deoxyribose ribose.

Messenger RNA {(mRNA) varmies the genetic information that specifies a

particular arning acid sequence of protem synihesized.

mKEMNA bases constitute codons, 2ach codan is made of three consecutive hases

in a Tow.

FRNA joins certain proteins to form ribosomes. Ribosomes physically support
the other structures invelved in protein synthesis, and some rRNA catalyses’
formation of peptide bonds.

tRNA is clover leaf-shaped and connects mRNA codon to an amino.

In prokaryotes, RNA is translated as soon ax it is transeribed while in eukaryotes,
RNA 15 often altered (or modified) before it is actively translated.

mRNA gains a modified nucleotide cap and a poly A tail.

Many penes have intervening sequenaces called introns, which are not transcribed
and cutout from the mRNA, The protein encoding sequences in mRNA, exons,
are thenreatizched. Ribozrymes are snall RNAs with catalytic activity that can
splice introns. They join proteins to form snurps, which associate to form

spliceosomes,

After being processed the RINA must be exported from the nucleus before it 15
translated.
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precursor RNA
5.85
Pre-canacess) [ TR I TS ]

small nucleolar ribonucieoproteins Nucleotide modification
[snoRNP)

[ Les] L1
Methyl groups and

~N
Ribonuclease (RNase) Enzymes l"‘m pseudouridine ()

18S(ANA  5.85 rRNA 285 (RNA
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Processing of rRNA in a eukaryotic cell.
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PROTEIN §YNTHESIS

The replication of DNA serves to carry genetic information from cell to cell and
from generation to peneration, This information is translated into protein that
determines the phenctype of ceil by controlling its biochemical reactions, Protein
synthesis is the vital function of the cell where in the genetic information stored in
DNA 1s passed on to RNA, especially mRNA by the process of transcription. All
the three types of RNA i.e., mRNA, tRNA and rRNA together help in translating the
coded information in the form of a polypeptide (translation). The linear chain of
amino acids translated is the primary protein which undergoes configurationally

changes to form secondary, tertiary or quaternary proteins.

From DNA to Protein (central dogma): Transeription through Translation. Transcription within
the cell nucleus produces an mRNA molecule, which is modified and then sent into the cytoplasm

for translation.
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Protein Synthesis and its Mechanism:

A gene expresses itself by protein synthesis. Protein synthesis is under direct
contralof DNA in most cases or else unckr the control of genetic RNA where DNA
15 absent. Information for structure of a polypeptide 1 stored in 4 polynucleotide

chain of DNA ortRNA.

In 1938 F, Crick proposed that the concept of central dogma, which states that when
a particular pene is expressed (control a function or a reactions) its information is
copied into another nucleic acid (mRNIA) which in turn directs the synthesis of
specific proteing. So the central dogma was proposed as unidirectional flow of
molecular information from DNA to niRNA and finally to polypeptide. Later a
reverse of ceatral dogma was also found in retroviruses. H. Temin and D.

Raltimore (1970} reported that refro vinuses operate a central dogma in reverse

manner (inverse flow of information) or teminism inside host cells, This discovery
was important in understanding cancer and hence, these two scientists were anackd

Nobet Prize.

Genetic RNA of these vimuses first synthesizes DNA through reverse transcription.
This process is catalyzed by the enzyme reverse transcriptase. DNA then fransfers
information to messenger RNA which takes part in translation of the coded

information to from polypeptide.
Necessary Materials:
(1)Aminoe acids- there are some 20 amine acids and amides which constitute

building blocks or monomers of proteins. They are found in the cellular pool or
cytoplasm.
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The genetic code; it is a 5¢t of miles defming how the four-letter code of DNA is
translated into the 20-letter code of amino acids, which are the building blocks of
proteins, The genetic code is a set of three-letter combinations of nucleotides
called codons {triplet), each of which corresponds to a specific aming acid or
stop signal, The congept of codons * as first deseribed by Frangis Crick and his
cotleagues in 1961, There are 64 passible permutations, or combinations, of
three-letter nucleotide sequences that can be made from the four nucleotides. Of
these 64 codons, 61 represent amino acids, and three are stop signals, Although
each codon is specific for only one amino acid (or one stop signal), the genetic
code is described as degenerate, or redundant, because a single amino acid may
be caoded for by more than one codon. It is also important to note that the genetic
code does not overlap, meaning that each nucleotide is part of only one codon-a
single nucleotide cannot be part of two adjacent codons. Furthermore, the genetic

code is nearly umversal, with only rare vanations reported.
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The Genetic Code. DNA holds all the genctic information necessary to build a cell's proteins
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The 20 amino acids formation (rom 4 nucleotides.

(2) Ribosome- ribosome comprises two subunits which exists as separate subunits

prior to the translation of mRNA and contfain following sites (Figure 94):

s P site (peptidvl site or D site- donor site) - P site is jointly coniributed by
thelwo ribosomal subunits, mest firequently occupied by peplidyf-tRNA or the
tRNA currying growing peplide cham. . The P-site 15 also referred to as the
puramycin sensibive site. Puramycin is an antibiotic which shows similanties
with a parl of aming acyl-IRNA

e A site (amino acyl site) - A site isi situated on the larger subunit of ribosome.
It faces the funnel berween the tvwo subunits, frequently occupied by amino
acyl-tRNA, functions as acceptor for growing protein during peptide bond
formation,

s E-site — the exit site, the nbosomal site harboring decylated tRNA on transit
out fram the ribosome.

The different perts of ribosomes, connected with protein synthesis are:

a- A tunnel- [t lies between the two subunits, acts as a place for mRNA.
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b- The longitudinal groove-is part of the longer subunits which acts as a
passage of newly synthesized polypeptide.
c- Reactlve sites- P, A and E-site
d- P-site- acts as a donor of peptide chain to the newly coniing tRNA
e- A-slte- acts as abinding site for new (RIN A with its amino acid for the ¢longation
of mRNA- carrying genetic information of DNA into ¢yitoplasm for its
translation.
(3}RNA- 10 transport the respective amine acids as per their anticodons against
thecodons of mERNA.
(4) Enzymes- amino acid activating system (saminoacyl- tRNA synthetase),
Peptidepolvmerase system.
(3) ATP- as energy source.
(6) GTP- for synthesis of peptide bonds.
(7) Soluble protein inination and transfer factors

(8) Various inorganic cations (K', NHy,", Mg~ or Mn™")

P (peptidyl) site A |aminoacyl) site
E {exit) site € [ [
mRAMA-binding sl
sito : mmm '

= o

s
miANA
Different sites of ribosome (each with specified function).
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Mechanism of protein Synthesis:

Two major steps are involved in protein synthesis are; -

I- Traumscription: involving transfer of penetic information from DNA to mRNA,
1I- Traunslation: involving translation » f the language of nucleic acid into that

of apolypeptide.
I- Tramscription process:
The transfer of genetic information from DNA to mRNA in general is known as
transcription. The segment of DNA that {akes part in transcription is called
transcription unit. It has three components:

a) A promoter

b1 The structural gene

¢} A terminator

a) A promoter- pramoter sequences are present upstream (5'end) of the structural

genes pf a transeniption unit. The binding sites for RNA palymerase lies wathin
the promoter sequence. In prakaryates 10bp upstream from the start point Lies a
conserved sequence described as 10 nucleotide sequences TATAAT  or
“pribnow box” and 35 nuclkeotide sequences TTGACA as “recognition
sequence”’.

b} The structural gene- structure gene i part of that DNA strardt which has 3°-5°
polarity as transcription aceur in 5°- 37 direction. The strand of DN A that directs
the synthests of mRNA s called template or non-coding strand. The
caomplementary strand is called non-template or coding strand, it is identical in
base¢ sequence to RNA transcribed from gene, only with U in place of T.

¢) A terminator- terminator is present at 3’ end of coding strand and defines the
end of the process of transcription. The base sequence of the mRNA molecule
is complementary to that ofthe antise nse strand which served as it template. Like
DNA synthesis RNA synthesis also proceads from 5° to 3° direction (5°-37).
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Transcription ¢f mRNA in Eukaryotes:
Eukaryotes-total 4 ¢ypes of RNA polymerase, 3 types of RNA polymerase in

nucleus, one morganclles,

RNA-Polymerase 1: transcribes TRNA ( 285, 185 & 5.85)

RN A polymerase IT: transcribes pr cursor of mRN A (hnRNA- heterogenecus
nuclear RNA)

RNA polymerase III: transcribes tRNA, SSrRNA & snRNAs (smallnuclear
RNAs)

. Initiation: binding of RNA polymerase to the promoter region with the help

of an Initiation Factor- Sipma facter (binding of o-factor alter the property of

enzyme; make o function as an initiafion enzyme).

. Elongation- RNA polymerase will keep on making a complementary strand

against template strand with the help of ribonucleotides, The newly transcribed
strand keeps separating and the DNA duplex keep on folding back
instantaneously. During elongation, same RNA polvmerase acts as elongation
enzyme due to separation of o- factor from it. The direction of transcription is
also from 5° 3’like replication. So the template against which it is transcribed
has polarity of 3'—5°.

. Termination- after reaching the terminalor region newly formed or nascent

RNA falls off along with RNA polymerase. Termination is assisted by Rho-
factor(p-factar)

In cukaryoles the promoter site 15 recogmized by presence of specific nucleotide
seqquence called TATA box or Hogness hox or Pribnow Box (7 buse pair long-
TATAAA ar TATAATS) located 19-27bp upstreamn to Lhe start paint. Anather
sequernce 15 CAAT box present betwern -70 and -8{bp. The nucleotide sequence

ul the two ends of 2ll mMRNA molecules 15 the same. Narmally mRNA carries the
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codons of signal complete protein molecule (monocistronic mRNA} in
cukaryotes, but in prokaryotes, it carries codons from several adjacent DNA

cistron and becomes much longer in size (polycistronic mENA),

p—

Complementary strand

Terrnination site

85, 0ULOVDIVIU

wondcs A Ap
)1}'

RAMA fradm it

C) Termination

Termination site

VLILIUI LI LI LI
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ImANA
Eukaryotic cells transcription process.
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Processing of Eukaryotic Transcript:

#» Splicing- removal of non-funetional introns and joining of all functional exons
to make it a functional transcript. Splicing 15 important to remove the non-
functional partof genetic information the DNA has kept but RNA does not need
it. During copying from DNA, RNA does receive this non informative part in the
form of introns but remove it witlh the help of some enzymes to make it

functional.
# Capping- addition of methyl-guanosme triphosphate at 5° end of hnRNA

¥ Tailing- addition o 200-300 adenylated nucleotides at 3’end of hnRNA, addition

of these nucleotides has no relation with the template.

The fully processed hnRNA 1s ¢alled mRNA, transported to the cytoplasm for

translation.

fntron Exon Intron Exon [ntron Exon ntron

5 ¥
= 1 E h 'i RMNA
Ol . ¥
G—iP PP HA AARAR } mRNA
T 5p 5
{.apping Splcing Polyadenyiation Process

Processing of Eukeryotic Transcenpt
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1I- Translation process:
Components of Translation:
» mRNA- the mRNA serves at the template that will determine the sequence of
aminoacids in the new polypeptide. It has following components:
» 57 untranslated region or 3°UTR.
» Initiation codon.
»  Coding repion.
= Stop cadon.
» 3" untranslated region or 3'UTR.
¥ t«RNA-tRMNA, a clover leaf shaped molecule, delivers the correct amina acid to
the ribusvme as directed by the cadan on the mRNA for mearporation into the
polypeptide. [t has following arms, each with specified function:
»  Famino acid carrier arm or dcceptor arm with £ A sequence,
« Ribosome recognizing arm-to recognize A or P or E-site.
»  Anticodin arm- with 3 nucleotidles to bimd to complementary cadon.
« Enzyme recogaizing arm- to recognize specific aminoacy] synthetase.
= Send with G.
» Ribosome- protein synthesizing machinery, help in holding mRNA and tRNA
forspecific codon translation, bas following components:
« Smaller subunit { 308 or 408).
= Larger subuait { 508 or 605).
= (roove or tunnel between two subunits to hold mRNA
= Three sites- P, A and E-site.

« Enzyme, peptidyl transferase, belps in peptide bond formation.
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General steps of eukaryote tramslation:

1-

Activation of amino acids or charging of amino acids: the amino acids
attachment to the tRNA molecules is an active process and requires a lot of
energy, In the presence of ATF, an aming acid combines with its specific amine
acyl-tRNA synthetase; Mp2+ is also required in this reaction,

Aminoacylation of tRNA or charging of tRNA: It is the loading of tRNA with

the activated amino acid.

Initiation of translation: In the first step there 15 binding of mRNA with smaller
subunit of ribosome. Translation of Initiation codon (AUG)Y by a charged tRNA
with Methionine (n-formyl methionine, f-Met, in prokaryote} amine acids takes
place. It s followed by the translation of second codon by Znd charged tRNA.
After the translation of first two codons, the association af bigger subunit of
ribosome takes place to forin a complete translational complex. When two such
charged tRNA comes close, the peptide bond between two amino acids, they
carry, will take place with the help of a ribozyme calied- Peptidyl transferase
(23SrRNA molecule) enzyme. Formation of peptide bond between 1st& 2nd
amine acid takes place. UTR- {Un- Translated-Regions) is the flanks of mRINA
before Initiation and after the stop codon, which are not to be translated, but they

play role in efficient translation.

Elongation: The translated part of mRNA translocate fram one to next codon.
Regular addition of new aming acids takes place at A Polypeptide chain {PPC)
keeps elongating at the expense of energy provided by (GTP. PPC hangs in the

groove of bigger subunit of ribosome on the P-site.

Termination- Binding of releasing factors to the stop codon helps in the release

of polypeptide and terminates translation. Synthesis of palypeptide terminates
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when a nonsense codon of mRINA reaches the A-gite, There are three nonsense
codons- UAA, UAG & UGA. These codons are not recognized by any of the
tRNAs, There is no tRNA having anticodon complementary to stop codon Le.,
none of the $RNA has AUU, AUC or ACU anticodon, Finally, the ribosoms

encounters a stop codon. The polypeptide, t(RNA and mRNA are released. The

small and large subunits dissociate from one another.
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Eukaryote translation process.

The operon:
According to the operon model, several gene codes for an enzyme in some metabolic
pathways are located in sequence on chromosome. The expressions of structural
genes are controlled by some regulatory genes, The Operon means a unit of gene
expression and regulation which typically includes:
1- The structural genes: also called cistron are any peae/s other than the regulatory

genes, whose products or enzymes are involved in a specific biosynthetic

pathway and whose ¢xpression is coardinately controlled.
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2- Operator sequence:; control ¢lements such as an operator sequence, which is a
DNA sequence that regulates transcription of the structural genes.

3- Regulator gene (5): the genes, whose products recopnize the control ¢lements
e.r., a repressor which binds told regulates the operator sequence of the same
operon,

Operon has structural and regulatory genes that function as a single unit, it includes

the following:

e A repulator gene is Jocated outside the operon codes for a repressor or Apo-
reprressar protein molecule.

e A promoter Is a sequence of DNA where RNA polymerase attaches when a gene
is to be transcribed.

¢ An operator is a short sequence of DINA where repressor binds, preventing RNA
polymerase from attaching to the promoter.

e Structural genes code for enzymes of a metabolic pathway and are transcribed as

a unit.
operon
promoter operator structural genes
regulatory gene | |
—.—,-'___.—' . — 1 - A - e e t — D
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The pperon structure,
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REGULATION OG GENE EXPRESION

The gene expression is regulated at many different levels. They are

1. Transcriptional level

1. mRNA processing

1. mRMNA Lum over

1v. translation level

v. enzyme function
Most of the data indicate that regulation of {ranscription is the most important mode
of control of gene expression.
Synthesis of enzyme depends mainly on two factors. In degradative process
(catabolic pathway) the synthesis of enzyme depends on the availability of the

molecule o be d

mols ded. In biogynthetic pathway the synthesis of an enzyme
governed by end product. There are two types of gene regulation viz., (1) negative

regitlation and (2) positive regulation.
The operon model

E.Jacob and I.Monad (1961) proposcd the operon model to explain the regulation of
genes coding the enzymes required for lactose utilization in £.cofi. The operonis a
ca-ordinated unit of the gene expression. The operon consists of structural genes, the

operator and promoter,
Structural genes

The lac operon of E.coli consists of three structural genes namely z,y and a . These
structural genes transcribe a single polycistronic mRNA molecule, This mRNA
meolecule controls the synthesis of three different enzymes viz, Pp-palactosidase,
galactosidase permease and galactosidase transacerylase, All the above theee

enzymes are involved in breakdown of lactose. The function of all the structural
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genesis regulated by two controlling ¢lements namely regulator and operator, Thus,
the main function of structural genes is to control synthesis of protein through
mRNA,

Operator gene

The operator is usually located between the promoter and the structural genes. In lac
oeron of F.cefi, operator is located contiguous to the stroctural penes, It is the
binding site for the protein called repressor. When the repressor is bound to the
operatar, transcription of the structural genes cannot occur, Because the binding of
therepressor to the operator strictly prevents RNA polvmerase from binding at the

promoter site,

The promoter gene is always located contiguous with or even averlapping with
aperator sequence ar operatar. The promoter segment is a piace where mRNA
polvmerase enzyme binds with DNA. The main function of promoter gene is
toiniiate mRNA transcription. The promoter starts mRNA transcription only when
operator is free or when repressor is not bound to the operator. The binding of

repressor with operatar inactivates the promoter gene and prevents transcription.
Regulator gene

The regulator gene is located either on one end of the operon or away from the
operon. The function of the regulator gene s to synthesis a protein called repressar.

The repressor may be either active or in ictive,

In the case of an inducible operon, the free repressor binds to the operator and turing
off the transenption. When the effectorsi molecule (the inducer) 15 present, 1t binds
> the repressor and becomes repressar-inducer complex, which cannot bind the
operatar. There by the regulator gene turm on the trunsenpbon of structural genes m

the operon. [n the case of revemibie operon, the repressor 15 inactive and cannot bind
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to the operon there by transcription of structural genes in the operon is turned on.
The only repressor effectors molecule (co-repressor) is active in binding to the

operator and turn off the transcription of structural genes in the operon,
Mechanism of gene regulation in lac operon

In the absence of lactose in the medium, the regulator gene produces the active
repressor molecule. These repressor molecules will bound to the operator and 1t
strictly prevents the RNA polymerase from bhinding to the adjoining promoter.
Thereby synthesis of enzymes by structural genes involved in lactose metabolism
viz..p galactosidase, galactosidase permease and galactosidase franscetylase were
switched off. When the lactose (effectors molecule) is added to the medium, which
act as inducer, will bind to the repressor and become repressor-inducer complex.
This complex is inactive in nature, which cannot bind to the operator. The operator
is now free from repressor and RNA polymerase will bind with promoter region and
start the franscription of structural genes involved in lactose metabaolism.

Traditionally, the gene has been defined as the unit of genetic matenial controlling
the inhentance of one phenotypic charactensbie or one trait and alseobelieved that
gene was not & be sub divisible by mutation ur recombination, Ta day the gene is

precisely defined as the unit of genetic material coding for one polypeptide.

The functianal allelism of the gene is operationally defined by the cis-trans or
complementation test. Alleles may be arranged in twa ways viz when two wild
alleles are cated 10 one homolog and 1l eir corresponding mutant allele in anather
member of the homologous chromosomes (H- 7 my m2), it known us crs-arrangement
and the orgunism 1s called as vis-heterozypgotes. On the other hand when one wild
and one matani type alleles are located in each member of a given homologous

chrompsome({+ m2 / ml +), it is known as transposition and the orgumsm s called
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as trans heterozygote, Complementation iest is vsed to determine whether two

mutant alleles (mutations) belong to the same gene or two different genes,

The two mutations are considered to be in the same gene if their cis- heterozygotes
produce wiid type phenotype and trans heterozypgote produce mutant phenotype
(because no functional gene product will be synthesized), If both the cis-
heterozygotes and trans heterozygote lead to the development of wild tvpe
phenotype, then the two mutations are in two different genes (both gene products

will be synthesized in the common protoplasm).

Modern concept of pene
Now the gene can be defined as the unit of genetic matenial coding for one

polypeptide. So the gene can also be called as cistern.

Cistrepn: The portion of DNA specifivine a single polvpeptide chain,
Mutan: Mutan is defined as the smailest unit of genetic material which when

changedto produce different phenotypes.

Recon: It 1s smallest unit of DNA capuble af recombination.
The cistron contains s0 many mutons and recons, the smallest unit of mutationor
recombination. [t's a single nucleiotide pair. So the unit of genetic matenal not seb

divisible by muiation or recombination i5 known to be single nucleotide — pair.

Split Genes: In prokaryptes, polypeptide chains are encoded by continuous array
of tripletin DNA. In eukaryotes, 1he genes are discontinuous. For example, the gene
far f cham of hemoglobin interrupted by u long noncoding sequence of 550 base
pairsand a short one of 120 base pairs. Thus, the §-globin chain is split into three
cading sequences. The coding sequences are called exoms {regions which are
expressed) and the intervening sequences are called mirons. All avian and

mammilian genes mapped so fur are split genes, except the histone gene..
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PROBLEMS

{(1})Gene A is dominant over gene a. What will be the phenctypic ratio in the
offspring obtained from the following mating?
a) AaXaa b) A X aa c)Aa X Aa d) Aa X AA

{ZMn a cross between pure breeding, mund vellow seeded plant with wrinkled,
green seeded plant, he observed that all the F1s were round yellow seeded
and on selfing the F2 progenies segregated as 304 raund yellow, 102 round
green, 95 wrinkled yellow and 35 wrinkled green. Depict the cross
diagrammatically and give proof for your inference.

{(3}In the garden pea, Mendel found that yellow seed cofour was deminant to
green and roundseed shape was dominant to shrunken.
a) What phenotypic ratio wouid be: expected in the Fz frem a cross of a pure
yellow roundx green shrunken?
b) What is the Fz ratio of yellow; green and of round: shrunken

c) Give the test cross ratio.

{4}in Drosophila, ebony body colour is produced by a recessive gene e and wild
type {gray) body colour by its dominant allele e+, Vestigial wings are governed
by a recessive gene vg and nofmal wing size (wild type} by its daminant allele
Vg+. If wild type dihybrid flies are cressed and produce 256 progeny, how many
of these progeny ilies are expected in each phenotypic ciass?

{5) The normal cloven-footed condition in swine is produced by homozygous recessive
genotype mm. Amule footed condition is produced by the dominant genotype M-.
white coat colour is govermed by adominant allela of another locus B and black
by its recessive allele b. a white mule footed boar iscrossed to a sow of the same
phenotype. Among the F1 offspring, all black mule footed types were to be crossed.
What phenotypic ratic would be expected among the test cross progeny? If the
sow wasto be tesi crossed what phenotypic ratio is to be expected?
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{(6)A genetic condition on chromosome 2 in the fruit fly is lethal when
homozygous (pm/pm),but when heterozygous (pm/pm+} produces a purplish
aye colour called plum. The other hameozygous condition {(pm+/pm+) produces
wild type calour. On chromosome 3, A gene called stubble produces short, thick
bristies when heterozyaous (shisb+), but is lethal when homozyoous {sb/sh),
The homozygous condition of its altemative allele (sb+/sb+) produces bristies
of normal size (wild type}.

a) What phenotypic ratic would be expected among progeny from crossed
between plum, stubble parents?

b) If the F1 progeny are allowed to mate at random to produce an F2, what is
the phenotypic ratio that is expected?

{7)Tall tomato plants are produced by the action of a dominant allele [ and dwarf
plants by its recessive allele d. hairy stem are produced by dominant gene H
and hairless stem by recessive allele h. A dihybrid tall, hairy plant is test
crassed. The progeny were observed tobe 118 tall hairy, 121 dwarf hairiess,
112 tall hairless, 109 dwarf hairy.

a) Represent the cross diagrammatically?
b) What is the ratio of tall: dwarf or hairy: hairless?
c) Are these loci assorting independently? Give proof.

{8)In man, assume that brown eyes (B} are dominant over blue eyes {b} and right-
handedness (L)is dominant over left-handedness (I). A brown eyed, right-
handed man marties a blug-eyed right-handed woman and their first child is
blue eyed and left handed. What are the genotypes of the two parents?

{9)In soybean, broad leaf is incompletely dominant over narrow. The heterozygote
is intermediate. Purple is dominant cwver white.

a) What will ba the phenotypic ratio of Fz of a broad-leaved plant with a

homozygous purple flower crossed with a narmow leaf white fiowered plant?
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b) What will be the offspring of the cross between F+ and narrow leaf white
fiowered plant?

{10}An inhibition of pigment production in onion bulbs {l-) exhibits dominant
epistasis over another locus, the genotype iiR-producing red bulbs and iirr
producing yellow bulbs. {a) A pure white straln crossed ig a pure red straln and
produce ail white F1s and F2 white 12/16 white: 3/16 red and 1/16 yellow.
What are the genotypes of the parents? (b) In F2, 32 were found to be of
genotype iirr. Workaut the propartion of cthers.

{11} The dominant condition at one locus (A) expresses a phenolype whose
expression is intensified by ancther dominant gene in another locus {B). The
recessive genctype of locus A supprasses the exprassion of the dominant allele
at B logus which is similar to the doublerecessive.

{12}in Shepherd's purse, triangular capsule is dominant over round, and it is due
to duplicate genes C and [. What are the genotypes of the parents that would
produce the following results.

a) 15 Trianguiar and one round

b) 3 Triangular and one round

{13)Matings between black rats of identical genctype produced offspring as 14
cream coloured, 47 black and 19 albinos.
a) What epistatic ratio is approximated by these offspring?
b) What type of epistasis is operative?
¢} What are the genotypes of parents and offsprings?

{14} The hiack leghorn breed of chickens had feathered shanks. When Langshans
are crossed to the Buff Rock breed with unfeathered shanks, all F1 have
feathered shanks. Out of the 3860 F2 progenies, 24 were found to have non-
feathered shanks and 336 had feathered shanks.
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a) What is the mode of interaction of this trait?

b) Give proof using chi-square test.

{19)}An inhibitor of pigment production in onion bulbs (I-) exhibits dominant
epistasis over another locus, The genctype i R- producing red bulbs and irr
producing yellow puibs. A pure whit 2 strain is crossed fo a pure red strain and
produces all white F1 and F2 with 12/16 white, 3/16 red and 1/16 yellow. What
were the ganotypes of the parents? Prove with statistical analysis.

{16} When pure breeding two white flowered sweet pea planis were crossed, the
F1 was purple. In F2, the progeniesi segregated into 84 purple and 75 white.
(Statistically would this be considered as 1: 1 ratio. If not, how do you interpret
i.e., and) what would ba the genotype of the parents?

{17}in paddy, purple sheath is dominant over green. In a cross with purple sheath
with green sheath, the F1 is found t be green. In F2 the progenies segregated
as 1291 green and 307 purple. Interpret the segregation and give proot.

{18) Three fruit shape are recognized in summer squash {Cucurbita pepo.): Disk,
elongated and sphere shape. Pure disk was crossed with elongated and 45
disks were observed. !

a) interpret the interaction.

b) Give proof.

{19)A dominant gene S in Drosophila produces a peculiar eye condition called
star. |ts recessive allele S+ produces normal eye of wild type. The expression
of S can be suppressed by the dominant allele of another locus su-s. The
recessive allele of the locus su-s+ has no effect on s+. What is the type of
interaction involved?

{20) Two white flowered sirains of sweet pea {Lathyrus odoratus) were produced
an F1 with purple flowers. Random crossing among F1 produced 86 progeny
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plants, 53 exhibiting purple flowers and 43 with white flowers.
a) What phenoiypic ratio is approximated by the F2?
b) What is the type of interaction involved?
c) What are the probable genotypes of parents and offspring?

{21} Three fruit types are recognized in summer squash {Cuwcwrbits pepo). disc
shaped, elongated and spear shaped. A pure disc shaped variety was crossed
to a pure elongated variety. The F1 were all disc shaped. Among 80 F2, there
were 30 spear shaped, 5 elongated and 45 disc shaped. Reduce the F2

numbers ta their lowes? ratic and comment on their inheritance.

{22} A homozygous yellow rat when mated with a homozygous black rat produces
F1 all grey in colour. Brother-sister mating of F1 produced F2 progeny in the
phenotypic ratio of 27 grey: 9 yellow: 8 black:3cream coloured.

a) Explain tha hype of inheritance

b) Give the genotypes of Fz progeny.

c) What proportion of Fz rats are expecied to be homozygous among
the black colouredprogeny?

{23}in a study on the inheritance of skin celour in man, the following results were
abserved comment on the inheritance.
Negros x  White
Mullatoes (F1)
The intermating among F1 progenies produces the following Fz chitdren,
1/16 Negroes -4/16 Dark - 6/16 Intermediate - 4116 Light - 1/16 White

{24}in tomato, genotype aab bce. produces 100 g tomatoes and AABBCC
produces 160 g tomaltces, each gene (capital letiers) causing an increase of
10g. Give the weight of iomatoes inthe parents and progenies in the fallowing

Crosses:
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a) AAbbcc x aaBBcc
b) AAbbcc x AaBbCc
¢} aaBbCc x aaBbCc
d) AaBbCc x aaBBCc

{25)Height in man is caused by polygenes,
a) Can matings between individuals with intermediate height produce
children taller thaneither of the parent?
b) Can mating between twa short parents produce children tailer than
either of the parents.

{26} If the wheat kernel colour is determined by three pairs of polygenes, in a cross
AABBCC x aabbcc. What fraction of F2 would be expected to he like other
parent? How may F2 phenatypic classes result?

{27} A yellow mouse crossed with another yellow mouse gave 8 yellow, 2 black
and tan aoffspring. Two of these blacls and tan offspring gave at least one black
progeny of their own. What is the probability of obtaining yellow, black and tan
and black offspring from:

a) a cross of Fq black and tan to F1 black and tan
b) a cross of Fzblack to Fz biack
¢) a cross of Fq yellow to Fy yellow
The coat colaur in mouse is controlled by a series of alleles consisting of :
AY = yvellow AL = Yellow with black belly;
A = Agouti at = black and tan a = black

{28) Plumage colour in mallard ducks is dependent upon a set of three alleles; MR
Restricted mallard pattermn: M mallard and 'm' dusky mallard. The dominance
hlerarchy is MR M m. Determine the genotypic and phenoctypic ratios expected
in the F2 from the following crosses.
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a) MRMR x MRM
by MRM  x Mm

c) Mfm x mm

{29} Write the phenotype and genotype segragation in the following multiple allelic
series Ctosses Whera the dominance relationship is:
C> C" =»¢h > ¢

C: Coloured, G ; Chinchilla, ¢ Himalayan  ;c: colourless
1}C ¢" x cheh 2}Cc xc™h AP excc
4)CcxCc 8)co *x C con

{30}A couple believed that they have brought the wrong baby home from the
hospital. The wife s group O, her husband is group B and the child is group Q.
Could the baby be theirs?

{31}A couple preparing for mamiage have their blood typed along with other
required blood tests. Both are AB. They ask you what type of bicod group their
children may have? What would you tell thern and how would you explain your

conclusians?

{32)A man has type A blood, and his wife has type B blood. A physician types the
hlood of their four children and s amazed to find one each of the four binod
types among them. He is not familiar with genetics and calls upon you to explain
how such a thing could happen. What would you tell?

{33} A wealthy, elderly couple dried tog sther in an accident soon, a man shows up
o clairm their fortune, contending that he is their only son who ran away from
home when a boy. Other relatives dispute this claim. Hospital records show that
the deceased couple were blood fype AB and O. The claimant to the fortune
fortunately has the type Q. Do you think that the claimant was an impostor?
Explain.
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{34) Two sets of parents. Mr. X and Mrs. X and Mr, ¥ and Mrs. Y are claiming the
same baby. Blood tests give the information that Mr. X and Mrs. X belongs to

A group of blood and Mr.Y. belong t& O gmup and Mrs. Y is of AB goups, The
child belongs to O. Explain with reasons to which parents’ child cauld be given.

{35} Two (Pisum sativumj plants were crossed, and the following progenies were
obtained. What will be the most likely genotypes of the parents and offspring?
a) Tafl x Tall gene 86 Tall, 29 dwarf
b) Tall x Tall gene 124 tall
c) Tall x dwarf gene 14 tall, &6 dwarf
d) Tall x dwarf gene 5 tall, 4 dwarf

{36)John and Sue are planning to start a family. They visit a genetic counselor
seeking advice about a genetic disease that both John's and Sue's families have
suffered from in the past. There is no genetic test for this recessive trait. s
onset, which can be gradual, ocours after age 40. Bath John and Sue are in their
early 30's. They would like to determine the chances of their children inheriting
the diseassa.

A review of John's family history of the disease shows that John's paternal
grandfather (on his father's side) had the disease, but John's paternal
grandmather ang John's father do net. One of the brothers of John's father has
the disease. John's mother has the disease. Sue’s family can only trace the
occurrence of the disease back to her maternal grandparents (on her mother's
side), neither of whom had the disease. Sue's mather, father, sister, and
brothers have the disease. Construct a pedigree diagram and use Punnett
squares to answer questions 1-3.

1. What are the genotypes of John's and Sue's parents and grandparenis?

2. What are the possible genotypess of John and Sue?

3. If you are John and Sue’'s genetic counselor and, piven their family

histories, how would you expiain the chances of their chitdren inheriting the

disease?
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{37} Joe is color blind, Both his mother and father have normal vision, but his
mother's father {Jog's matemal g andfather) is color blind. All Joe's other
grandparents have normal calor vision. Joe has three sisters—Patly, Betsy, and
Lora—all with normal color vision. Joe's oldest sister, Patty, is married to a man
with normat color vision; they have two children, a 8-year-oid color-blind boy and
a 4-year-old girl with normal color vision,

a) Using standard symbols and labels, draw a pedigree of Joe's family.
b) What is the most likely mode of inheritance for color blindness in Joe's
family?

{38} Dent disease is a rare disorder of the o
kidney, in which reabsorption of | Al I |
filtered solutes is impaired and thereis  u i— [ Jj = *_, 1]
progressive renal fajlue. R. R --—6 ) :—-| Sk

3

Hoopes and colleagues studied T |3
mutations associated with Dent
disease in the following family.

On the basis of this pedigrea, what iss the most likely mode of inheritance for the
disease? Explain your reasoning.

{38)For each of the following pedigrees, give the most likely mode of inheritance,
assuming that the trait is rare. Carefully explain your reasoning.

(A) B)

IR BRI

iTT:M 663%@ S0 5&%%

By: Or. Amr Mphamed Ali Zgology Department, Faculty of Science, SVU

rl

-159-



