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UNIT — VI GENETICS

Very Short Answer Questions

3.
A.

What is Pleiotropy?
The ability of a gene to have multiple phenotypffects because it influences agaumber of

characters simultaneously is known as Pleiotré&gy.Phenylketonuria.

What are the antigens causing ‘ABO’ blood groupig? Where are Qgent?
Isoagglutinogen A (antigen A) and isoagglutineg® (antigen re the antigens

responsible for ABO blood grouping. These antigamspresent fie surface of red blood

cells. O
®
Group A Group B |®pAB Group O
Red blood
cell type
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nti-B Anti-A None Anti-A and Anti-B
en
Cel Aantigen B antigen Aand B Mone
antigens

What are the antibodies of ABO blood grouping? Were are they present?
Isoagglutinin A (anti A) and isoagglutinin B tarB) are the antibiotics of ABO blood
grouping. These antibodies are present in the hhtesma.
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What are multiple alleles?
If a gene has more than two alleles then theysard to be multiple alleles.

E.g.: In humans ABO blood groups are the best examplentdtiple allelism.

What is erythroblastosis foetalis?
Erythroblastosis foetalis is an alloimmune cdiadi that develops in an Rh positive foetus

whose father is Rh positive and mother is Rh negati
In this disorder the antibodies developed agamstRh antigen in mother, grosSyplacenta

and destroy the RBC cells of tih™® foetus during second pregnancyo

O
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6. A child has blood group ‘O’. If the father has bood group A and mother blood group
B, work out the genotypes of the parents and posdé genotypes of the other off
spring?

A. Child blood group is ‘O’, and has the genotyié€’ . Hence, if father has blood group A and

mother has blood group B, then the possible gerotyghe parents will b&*1° and 18 °
respectively.

Genotypes of the off springs
|48 - AB blood group

|41 - A blood group O
181° - B blood group O

191 - O blood group Q.

7. What is the genetic basis of blood types in an?

A. Three alleles of gene | are responsible for A@upmg They ar*, 1® and|°.
I“I*/1*1° - For A blood grou

@'

- For ABUD o digroup

1° @od group
8. What is polygeni wce?

A. cumulaﬂv% two or more genes on agknphenotypic character is known as

11B/18° - For B blogg

A
1418

polygenic

ur in humans

9. Compare the importance of Y — chromosome in hunmabeing and Drosophila.

A. In human beings Y — chromosomes are responfibléhe determination of male sex and
carry the factors for expression of maleness.
In Drosophila Y — chromosome, lacks male detemgrfactors, but contains only genetic

information essential to male fertility.
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10. Distinguish between heterogametic and homoganesex determination systems?

Heterogametic Homogametic
1. Two types of gametes are formed. 1. Similar type of gametes are formed.
E.g.: XY —in humans E.g. : XX in females

2. They play a very important role 2. It self, it can’t decide the sex of the

deciding the sex of the off spring progeny

11. What is haplodiploidy? Q

A. It is a mechanism of sex determination. In tkisstem the sex of jthe off spring is
determined by the number of sets of chromosolgs. Honeybees. .
In honeybees fertilized eggs developed into fenaald unfeitilizeéd eggs developed into

male. This means male have half the number ofcbi.e., haploid and the females

have double the number i.e., diploid hence the @iploidy.
SPo- > C )b
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12. What are Mes?
Bar o@(e condensed heterochromatin inafnie ‘X’ chromosome found in the

(o) ells of diploid females. These were ob=gryy Murray. L. Barr in female cats

and Moore and Barr in female human beings.

F.tpe
%ig
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13. What is Klinefelter's syndrome?

A. Klinefelter's syndrome an allosomal disorder @tis caused by trisomy in 93air.
A Klinefelter's male possesses an additiohahromosome along with the normal XY (i.e.,
47 chromosomes). It is an example for aneuploidy.

Symptoms: Hypogonadism, sterility, enlargement boéast, high pitched voice, etc.
Somatic cells of klinefelter’'s male exhibits baodges in their nuclei.
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14. What is Turner's syndrome? O

A. Itis an allosomal disorder. Th IS #3s due to monosomy in 2’3pair. These

females have 44 autosomes an @ X — chromosome.

Symptoms: Short struoture dal dysgenesish&kibeck, broad shield like chest and

widely spaced mp% rner’'s female dogéshow barr bodies.
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Monosomy X - Turner Syndrome 45 X
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15. |s ndrome’>
A. me is a genetic condition that caudely in physical and intellectual

deve ent. The cause of this genetic disord#regpresence of an additional copy of the
chromosome numbered 21 (trisomy irf'R1
Symptoms: The affected individual is short, withadl round head, furrowed tongue and

partially open mouth. Physical and mental develapreeretarded.
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Down Syndrome Karyotype
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What is Lyonization?
Lyonization is a process by which one of two iespof X — chromosresent in the
body cells of female mammals is inactivated. Thaciive — jchromosome is

transcriptionally inactive called heterochromatiip. 0.

What is sex — linked inheritance? ¢

The inheritance of a trait that is determinedfdygehe located on one of the sex
chromosome is called sex linked inheritance

E.g.: Colour blindness, Haemophilia, etco

Define hemizygous condition?
The condition in WhicQ th are presentnon — homologous portion of either

X — chromosome (or) Y omosomes. For these gemdated alleles are absent on

corresponding pair

E.g.: X —linked %

What is @ ss inheritance?
C heritance is also called as skipegation inheritance. The X — linked recessive

char rs do not occur in one generation. Theg #koff in that generation and are

nd Y — linked genes in males.

expressed in the next generation.
E.g.: X — linked recessive characters — Colour blindness.
Colour blindness is transmitted from grand fatherhis grandson through a carrier

daughter.
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contrastin%r
E.g.: Baldn iPFtumans
iy,
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Why are sex — linked recessive characters moremale human beings?

Sex linked recessive characters are more in madeause these genes located in the
X — chromosome.

Male possess only one X — chromosome amdlfepossess two X chromosomes.

So male needs only one copy of the mutdeliedio express the phenotype.

Why are sex — linked dominant characters morenifemale human beings?

In sex — linked dominant inheritance, the gezsponsible for genetic disor
the X — chromosome, and only one copy of the alielsufficient to c@t e disorder.
Females are more likely to be affected by sex kelihdominant ch@

/

have 2X — chromosomes, they have double chanciéwit the chara.

as the females

What are sex limited characters? ®

The genes for sex limited characters are autas wesent in both males and females.
But their phenotypic expression is limit e sex due to internal hormonal
environmentE.g.: Development of breast&%

What are sex influenced charac 0

The genes for sex influen;:@ cters aresautal genes present in both males and

n, beard in man.

females. In sex influeft ritance, the genasave differently in the two sexes.

Probably becaus opmones provide differeriulaelenvironments in males and

females. Thus )'%‘ gous phenotype may exhibé pinenotype in males and the
n

ales.

Genotype Phenotype Phenotype
in Males in Females
BB bald bald
Bb bald nonbald
bb nonbald nonbald
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How many base pairs are observed in human genef What is the average number of
base pairs in a human gene?
1) 3164.7 million nucleotide base pairs wereestsed in a human genome

2) The average number of base pairs in human ige3t00

What is ‘junk DNA'?

The entire DNA in the nucleus does not codepmteins. Some DNA codes ecific
proteins and some DNA involve in the regulatiorerpression of genes, codgs Tgs-proteins.
The remaining non — functional DNA is called junkB. O

What are VNTRS? :

°
These are repetitive DNA composed of a numbeaopies of»@!equence. The VNTR of
two persons generally shows variations, they difkauhe@b r of tandem repeats or the

sequence of bases. They are useful as genetic K’N
List out any two applications of DNA fing@fbg technology?

1. Medico — legal cases — Establish% gt (or) maternity more accurately
2. Forensic analysis — Positive identi loracfuspect in a crime
2
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Short Answer Questions

Briefly mention the contribution of T.H. Morgan to genetics?

1) T.H. Morgan worked omrosophila melanogaster for experimental verification of the
chromosomal theory of inheritance to discover tlasid for the variation that sexual
reproduction produced.

2) He also carried out dihybrid crossedrosophila to study the independent ritance
of two pairs of characters. He formulated the closomal theory of linka defined
linkage as co — existence of two or more genebensame chromoso 's experiments
have also proved that tightly linked genes showy ew recomb@)n while loosely
linked genes show higher recombination. .
3) T.H. Morgan worked on Drosophila melanogasteamn e the behavior of the two
alleles of a fruit fly’'s eye — colour gene and Iim:dvcred@inked inheritance.

4) Morgan discovery that transmission of X — s in Drosophila correlates with
the inheritance of an eye colour trait was t?‘@gevidence indicating that a specific

gene is associated with a specific chrom@ .

What is pedigree analysis? Sug quch ambysis, can be useful?
Pedigree analysis is a rec eritancecartain traits over two or more ancestral

generations of a persorf& rm of a diagrarfiauwily tree.

Uses:
- Pedigree analysi useful to study the inher#aof a specific trait, abnormality or
disease, e

- It aIsW o work out the possible genotypesfthe knowledge of the respective

phéno
j%eful to study the pattern of inheritané@aominant or a recessive trait

- The possible genetic make up of a person foriadaa also be known with the help of
pedigree chart

Genetic counselors use pedigree chart for anabfsigrious traits and diseases in family
and predict their inheritance patterns. It is ukéfupreventing hemophilia, sickle cell

anaemia and other genetic disorders in the futeneigtions.
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A. The sex determination in humans is X

O%%)S]—Egom

@

of sex indicated

Affected
. indixiduals

How is sex determined in human beings? (b
@type

Numhey of children
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In human beings both femal

Consanguinous

NY

Heterxoz es for
Male l:l D autusnnﬁ'i'tecessiw
Female @ Carrier of sex-linked
YECESFIVE
Mating er Death
Parents & l Abortion of stillhirth
Children sex unspecified
1 hoy 1 girl
(in ordex of hirth) . Proband
Dizygotic /’
twins
I 1 > Method of identifying
Monozygotic persons in a pedigree O
twins Here the prohand is
11 Child 2 in Generation II
Sex
unspecified 1 / 2

»O

ales haee same number of chromosomes

l.e., 23 pairs, 22 pairs are same les andlémm@hese are called autosomes.

In addition to these (autoso s) femalesgsses two ‘X’ chromosomes while male possess
one ‘X’ and one ‘Y’,ch Nme as allosomes.

During spermatogepe ong males, two tgpgametes are produced. 50% of the total
sperm produc % the X — chromosome and thé&88s has Y — chromosomes besides
the autosom male are heterogametic.

Fe s%er, produce only one type ahowith an ‘X’ chromosome (homogametic)
Th ISjequal probability of fertilization of avuwith sperm carrying either X or Y
chromosome. In case the ovum is fertilized withrgpearrying X — chromosome, the
zygote develops into a female and the fertilizabbmvum with Y — chromosome carrying
sperm results into male off spring. Thus, the sethe child depends on the type of sperm

involved in the fertilization.
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Describe erythroblastosis fetalis? Qh
Erythroblastosis fetalis develops in an Rh pesifoetus, whose fa@

mother is Rh negative.

positive and

In Rh positive person rhesus antigens egsemt on the surfdc %Hlood cells where as in

Rh negative person rhesus antigens are absent. o

During the process of delivery, the foetal bI@Q pass through the ruptured

placenta into the Rh negative maternal blood.

The mother’'s immune system recognizes ens and gets sensitized and produces
Rh antibodies. These antibodies are | theypass through placenta.
Generally first child is not effec @ild is delivered by the time of the mothersget

sensitized and produce antibodi

During second pregnancy,@e second child isd®Bitive, these antibodies cross the

placenta, enter the,foetal d circulation anstmby the Rh positive blood cell of foetus

(haemolysis), lea molytic anaemia and jaand o compensate the haemolysis of
%rapid production of RBC'anfrthe bone marrow, and but also from

blood cells,th
liver and iE 7’Now many large and immature blgels in erythroblast stage are

rel d irculation. Because of this disémsalled erythroblastosis fetalis.

Mention any two autosomal genetic disorders wittheir symptoms?

1) Sickle — cell anaemialt is an autosomal recessive genetic disorderacherized by
rigid, sickle — shaped red blood cells in hypoxaaditions.

Sickle cell anaemia is due to point mutation i tANA that codes for3 - globin
polypeptide chain of haemoglobin molecule, caushggreplacement of the glutamic acid

in the sixth position by valine.
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Symptoms: The sickled erythrocytes are fragile and theirtecmous breakdown leads to
anaemia called sickle — cell anaemia.
The sickled cells block the capillaries resultingpoor blood supply to tissue. This leads to
physical weakness, pain, organ damage and evelygara

What Is Sickle Cell Anemia?

Sickle cell anemia is a blood disorder that affects hemoglobin
(pronounced: hee-muh-glow-bin), the protein found in red blood
cells (RBCs) that helps carry oxygen throughout the body.

Sickle cell anemia occurs when a person inherits two abnormal genes

(one from each parent) that cause their RBCs to change shape.

Instead of being flexible and disc-shaped, these cells are more stiff O
and curved in the shape of the old farm tool known as a sickle —

that's where the disease gets its name. The shape is similar to a O

crescent moon.

® )’

Normal Red Blood Cell Sickle Cell

2) Phenylketonuria: It i; gsomal recessive, metabolic genesorder caused by a

mutation in a gen@ phenylalanine hydrosg/jldocated in chromosome 12. The
affected individu% the phenylalanine hydiasg enzyme which converts the amino
acid phen ine fhto tyrosine, results in acclation of phenylalanine in tissues later it
is co vew henylpyruvate and their derivatiull these metabolites are excreted in
uripe

Sympturis: Accumulation of these substances in the brainesmuosental retardation, failure

to walk to talk, failure of growth, etc.
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Dietary protein

RN

acid

Phenylketonuria

Melanin || Proteins | | Dopamine

Describe the genetic basis of ABO blood groupifig gp

Bernstein proposed the genetic basis of ABO dlgoouping. The etic basis of ABO
o

blood grouping is mainly dependent on the threeles! |”A® 8hd I° of the gene |,

located in chromosome 9. The alleles and 1® arérgs@\ble for the production of the

respective antigens A and B on the surface allele 1° does not produce any

o

antigen on the surface of RBC. The aIIeléfa@are dominant to the allel, but co

— dominant to each oth&érA =18 >|

A child receives one of the three Q)rmeparent, giving rise to six possible
genotypes and four possible
IAIA IAIO B| | E'I 0] (0]

The phenotypic exptessipn Bl * and I*1° are A — type blood.

pes. The gpestyre:

o

The phenotypj ssion 6f1®and 1°1° are B — type blood, and that ot1® is AB
blood type%ﬁ(enotyplépl Cis ‘O’ — type blood.
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Mother: AO+-
Father: BO-- 1
A+ A- O+ O-
B- | AB+4 AB--|BO+- |BO--
0O-|AO+4 AO--|00+-|00--
Possibilities: AB+ AB-
B+ B-
A+ A-
o+ O-
Blood Type Genotype g?ﬁﬁi‘i;e
LA AA
A I AorO
"t | Ao
fo BB
B 8 a0 BorO
A B A, B,
AB I AB AB, o
O ii 00 ')
7. D 'be% heterogamety?

A. In mgchanism, the female sex has two ‘Xorhosomes, while the male sex has only a

single "X’ chromosome. The heterogametic male maphthe following two types.

1) XX — XO type : In certain insects belonging to orders Hemipténze(bugs), Orthoptera

(grasshoppers) and Dictyoptera (cockroaches), feimas two ‘X’ chromosomes (XX) and

are, thus homogametic, while male has only singlechromosome (XO). The male being

heterogametic sex produces two types of spermbswital X chromosome and half without

X chromosome in equal proportions. The sex of tifigpang depends upon the sperm that
www.sakshieducation.com
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fertilizes the egg, each of which carries a sirlehromosome. Thus fertilization between
male and female gametes always produced zygotésomi¢é ‘X’ chromosome from the

female, but only 50% of the zygotes have an addliX chromosome from the male. In
this way, ‘XO’ and ‘XX’ types would be formed in egl proportions, the former being
males and the latter being females.

2) XX — XY type: In man, other mammals, certain insects includingsbphila, the

females possess two X chromosomes (XX) and arehiibomgametic, produce kind of
eggs, each one with one X chromosome. While theesnpbssess one one Y
chromosome (XY) and are hence heterogametic. Thegupe two kin sperms, half

with X chromosome and half with Y chromosome. Thr of embryQ) ds on the kind
u

of sperm. An egg fertilized by an X bearing spepmaduces a femal t if fertilized by a

Y — bearing sperm a male is produced.

Q . O
®) @ X

@ Sperm @ Ova @ )
(offspring)

g
XXIXY Sex-determination System

%rogamety’>

f sex determination the maledpices similar type of gametes, while

m@

Describe f.
In this

%ﬁ

female

type
1) ZO — ZZ: This mechanism is found in certain moths and biligs. In this case, female

ces dissimilar gametes. The heterogarehales may be of following two

possesses one single ‘Z' chromosome and hencéetdgametic, producing two kinds of
eggs half with Z chromosome and another half wittamy Z chromosome. Male possesses
two Z chromosomes and thus homogametic, producngjestype of sperms, each carries

single Z chromosome. The sex of the off spring ddpeon the kind of egg.
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i) ZW — ZZ: This system is found in certain insects (gypsyhjpaind vertebrates such as
fishes, reptiles and birds. In this system, thediems heterogametic and produces two
types of gametes, one with ‘Z° chromosome and tinerowith ‘W’ chromosome. On the
other hand, male is homogametic and produces atihsp of same type carrying one ‘Z’
chromosome. The sex of the off spring depends erkitid of egg being fertilized. The ‘Z’

chromosome bearing eggs produce males, but theehimosome bearing eggs produces

females.

FEMALE

Parents :
Gamates ‘ : l
II.II .
Offsprings m”’:&w 2z
MALE MALE FEMALE FEMALE @ O

9. Describe the genic balance theory of sex de‘ﬁxﬁ?

A. Genic balance mechanism of determin ax first observed and studied by C.B.

Bridges in 1921 in Drosophila. Acco thisohanism, the sex of an individual in
Drosophila melanogaster is de [ by a baldmteieen the genes for femaleness
located in the X — chromoso ose for mateloesited in autosomes. Hence, the sex

of an individual is dete?n;xﬁ the ratio of nuanlof its X chromosomes and that of its
autosomal sets, t romosome being unimpartan

erof X chromosome

Sexm
umber of autosomesse
Ind|V|d sex index of 0.5 develop imormal males and those with sex index of 1
intg"nor males If the sex index is betwednahd 1, the resulting individuals is called

inter sex: Such individuals are sterile. Some ffiase sex index of >1, such flies are called

super females or metafemales. Super male flies Aaex index value of <0.5 and are also

weak, sterile and non — viable.
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Sex index =X/A Phenotypes
0.5 Male
1.0 Female
Between 0.5 and 1 Inter sex
Below 0.5 Metamale
Above 1.0 Metafemale

Bridges genic balance theory : Ex : Drosophilla.

S.No.| SEX NUMBER | SETS SEX
OF X- OF INDEX “®
CHRO- AUTO- RATIO J
MOSOME| SOMES X/A) |
.| SUPERFEMALE XXX AA 1.5
2.| NORMAL} TETRAPLOID KKK AAAA 1.0
FEMALE} TRIPLOID XX AAA 1.0
¢ DIPLOID KX AA 1.0
3. | INTERSEX XX AAA 67
KX AAAA 67
4. |NORMAL MALE b AA 50
5. |SUPER MALE bt AAA 33

Bridges drew, crossed leploid females (3A + X)XMith normal diploid males
(2A + XY). From su

intersexes, me

a gross he obtained normaladlibfemales, males, triploid females,
and metafemales.

Explain eritance of sex linked recessiveharacter in human being?
T inked recessive characters in humangseare Colour blindness and Hemophilia,
etc.

Colour Blindness: Colour blindness if particular trait in human kgsimrenders them unable
to differentiate between the red colour and gre#aur. The gene for this colour blindness
is located on X — chromosome. Colour blindnesstessive to normal vision so that if
colour blind man marries a normal (homozygous)ovisvoman, all the sons and daughters
are normal but daughters are heterozygous, whicanmé¢hat these daughters would be
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carriers to this trait. If such a carrier woman ner a man with normal vision, all the
daughters and half of the sons have normal vismmhhalf of sons are colour blind.
Hemophilia: Hemophilia is the most notorious disease which asextommon in men than
women. This is also known as bleeder's diseasés the recessive character and is,
therefore, masked in the heterozygous conditiaividuals suffering with this disease lack
a factor responsible for clotting of blood. Consajly even a minor cut on the or in body
surface may cause prolonged bleeding leading tthd&ince it is caused b cessive

X — linked gene, a lady may carry the disease aadldvtransmit it to 50%)of her sons,

even if the father is normal. O

Describe the experiment conducted by Morgan texplain sex linka
T.H.Morgan, father of modern genetics WorkedDmsophiIQhogaster to analyse the
behaviour of the two alleles of eye colour genenFJhis e discovered sex linkage.

,\

dqwild) red eyed female, in thig

Morgan’s Experiment:

When he crossed a white eyed (mutant) m

generation all the males and females were'r

When F, generation red eyed femaiv rossed to a el mle, in thek, generation
all the females and 50% of malﬁ red eyedemdining 50% males were white eyed.
This type of inheritanc% of @ t

inheritance. &
In reciprocal crow ch a white eyed femalas crossed to a red eyed, the
[

resultant male @ gs had white eyes while fimmale offspring had red eyed. This

er from gréather to grand son is called crisscross

proves that e responsible for the white isysex linked and recessive.

E e inheritance of sex influenced chaxders in human beings?

Sex iffluenced genes are the autosomal genesemrr in both males and females. In sex
influenced inheritance, the genes behave diffeyemtlthe two sexes, because the sex
hormones provide different cellular environmenirales and females.

E.g.: Baldness in humans.

The allele for baldness behave dominant (B) inesalut recessive (b) in females.

Pattern of baldness in man:
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Genotype Male Female
Baldness (less
BB Baldness
affect)

Bb Baldness

Non - bald
Bb Non — bald

Non - bald

If a heterozygous non — bald woman (Bb) marriecetedozygous bald man ( in the

offspring the ratio of bald to non bald in the mal®geny is 3: 1 while imfermates it is

1:3, O

A man and woman of normal vision have one somd one daug;er. Son is colour
blind and his son is with normal vision. Daughter $ with négmalwision, but one of her
sons is colour blind and the other is normal. V\kla genotypes of the father,

,\

on and normal vision daughter. So

mother, son and daughter?

Man and woman of normal vision having co

the genotype of women is carrier i.eX ™ 7 an is normal i.e, X*Y ”

In the above cross colour blind son ieS a abmoman his son will be normal.

Daughter with normal vision ar son is oolblind means the must be carrier i.e.,

XX~ R
From the above reasox enotype of

Father is Q
Mother 's% - X*X~ Normal (carrier)
SO&V - X7Y Colour blind

eris - X*X~ Normal (carrier)

X*Y Normal
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Carrier Women Colour blind Mamn

Parents }(;X % Ki‘r‘
canaes @ ) ® @

Sperms
KEx© XX 50% girls carrier and
. Colour blind girl | Carrier girl | $0% girls colour blind
Offspring
@ XY XY 507 boys colour blind and
Colour blind boy|  Mormal boy | 50% boys with normal vision

O

14. A colour blind man married a woman who is the dughter of a coI@lind father and
mother homozygous normal vision. What is the probailb'@eﬂr daughters being

colour blind?
A. A colour blind man married a woman, who is d o (Qlour blind father and mother

homozygous normal vision that means the wo a.e., the genotype isX"X ™.

Here all women (daughters) are carrier
A cross between colour blind man an friloenabove result

From the above cross the pr iIfy of theiughter being colour blind is 50% %{

among the daughters %?@heir child’s.

15. A heterozygo Qman who is non — haemoplai married a woman who is
homozygou non — bald trait and is haemophc. What is the probability of her

malexchil@lr; ecome bald and haemophilic?
A. M terozygous bald and non — haemophilbh=X"Y

Woman is homozygous non — bald and haemophilib XBX ™

Thus the probability of bald and haemophilic m'aI% l.e., 50% among males produced.
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16. A woman'’s father shows ‘IP’ but her mother andhusbands are normally pigmented.

What will be the phenotypic ratio of her children?

A. In continentia pigment is an uncommon disordeherited on an X — linked dominant
manner. In this condition, a random loss of meldnim skin leads to mosaic appearance
of skin. It is occur much more often in femalegtiamales.

* A woman'’s father shows IP but her mother is naltgnpigmented, that means the woman
also shows IP.
The phenotypic of childrenis 1: 1
17. Write the salient features of HGP? OO
-

A. Salient features of HGP:

The °
Human
Genome O
Project )0
Mational
Human (b
Genome o
-y Research
A Institute, NIH
e

— The human genome, compAsed of 3164.7 million ratode bases

- Human genome cont 0,000 genes

- Each gene conw\ average 3000 bases

— Functions of genes discovered are unknown

- All protwoded by less than 2% of the gano

5 jo%t e genome consisted by repeated satpse

- osome one has highest number of genes 068 genes and Y chromosome has
the fewest genes i.e., 231 genes

- It is also identified that 1.4 millions locationghere single base DNA difference

(SNPs) occurs in humans. This information promtsa®volutionise the process of finding

chromosomal locations for disease associated segs@md tracing human history.
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18. Describe the steps involved in DNA finger prinbhg technology?

A.

DNA finger printing is a method for identifyinan individual by particular structure of their
DNA.

Steps involved in DNA Finger Printing:

1. Obtaining DNA: The DNA sample is collected from blood, salivay naot, semen, etc

2. Fragmenting DNA: The DNA is treated with restriction enzymes to DA at specific
sites and form smaller fragments.

3. Separation of DNA Fragments: The DNA fragments are separated byyeleggrophoresis
based on their charge and molecular weight.

4. Denaturing of DNA: The DNA on the gel is denatured by using/a emicals.

5. Blotting: Through a blotting technique the DNA fragmentstbe. is transferred to
nylon membrane.

6. Using probes to identify specific DNAA radioaqtive Is added to the DNA bands,
which is complementary to the DNA bands, wh@jementary to those of interested
gene fragment.

7. Hybridization with Probe: After the beWkybridizes, excess probe washédopf
washing. A photographic film is place meanier containing DNA hybrids.

8. Exposure on film to make a Qr Print:The radioactive label exposes the film
to form bands correspondin%a fic DNA bands.

Those bands form a paft& rs which constauDNA finger print.

R
S
>
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. N — | DNA i1s ‘cut’
DN A" s 5%/ e \:&) Wintonisces
do using enzymes
Current ! _
mei | wm=== | Electrical current
== | = | separates the DNA
Gel ~ | pieces in a gel
. 1. iSeparated DNA
Cell  Separated <" wn |pieces are transferred
DNA " jto a membrane D
=== |Chemicals make
Band patterns —{| = the bands visible
— _— |on the membrane

Suspect Criminal
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Long Answer Questions

What are multiple alleles? Describe multiple a#les with the help of ABO blood

groups in man?

Generally a gene has two alternative formsechilllele. Sometimes a gene may have more

than two alleles. These are referred to as mulafides. When more than two alleles exist

in a population of a specific organism, the phenooneis called multiple allelism Nultiple

alleles cannot be observed in the genotype of laidipndividual, but can b sérved in a

population.

The number of genotypes that can occur for metigleles is gi@)y the expression

where ‘n’ = number of alleles .

ABO blood groups are the best example for mdtadlelism uman beings.

The ABO blood group system was proposed byd(ari@wer. The blood groups A, B,

AB and O types are characterized by the pres &nce of antigens on the surface of

RBC. Blood type ‘A’ person have antigen m

plasma. Blood type ‘B’ person have ant@ ¥ CeirtiRBCs and anti — A antibodies in
[

the plasma. Blood type ‘AB’ person

Cs and anti — B antibodies in the

genandl B on the RBCs and no antibodies

in the plasma. Blood type ‘O’ pe e no amiggen their RBCs and both anti — A and
anti — B antibodies are preseaipi plasma.
®
Blood Group non RBC Antibodies in Plasma
A A B

B B A
%V AB o
a, b

Bernstein proposed the genetic basis of ABO blgamliping. The genetic basis of ABO

blood grouping is mainly dependent on the threeledl|”, I® and I° of the gene |,

located in chromosome 9. The allelés and 1® are responsible for the production of the

respective antigens A and B on the surface of RB@ allele |°does not produce any
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antigen on the surface of RBC. The allelésand I® are dominant to the allelé®, but
co — dominant to each othéllA =B >|O).

A child receives one of the three alleles fremch parent, giving rise to six possible

genotypes and four possible blood types. The geestgre

MA 1M, 188 159 148 1¢0°

The phenotypic expression tfl* and 1*1°are A — type blood.
The phenotypic expression ofI®and 1B1° are B — type blood, and thatAf|"9is AB
blood type. The phenotyp€l °is ‘O’ — type blood. O

QO

Describe chromosomal theory of sex determinatiéh ®
@determine the somatic

Chromosomal Sex Determination: The chromosomes
characters of an individual, are known as autosﬁromosomes do not differ in
morphology and number in male and female jgex. emosomes, which differ in
morphology and number in male and fem@x amdaco genes responsible for the
determination of sex, are known as allogomes o

sex chromosomal mechanisms. 0

a) Heterogametic Male 6

b) Heterogametic Femzﬂe

O
©
o

Ichexmosomes. There are two types of
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r heterogametic sex b Ametic sex

44 + 44 =
JL'Y xx

cn{ 5 =®

.n' /) ( mpﬁ“ g) l\_xv

Parents

(a) The X-¥ system

e ®)  ® O
(b) The X-0 a'yaim'n 4 | O

; (s (wey o
a e, = Q
? 'O
(&) Tha Z-W system

(d) The haplo-diploid system
a) Heterogametic Male:In thisjh@m, the female sex has two ‘X’ ampsomes,

while the male sex has only a.si ' chromosome

The heterogametic mal®& % of the following tyyzes:

(i) XX — XO %(X - XY

1) XX — XO Type: % insects belonging to orders Hemiptémae(bugs), Orthoptera

(Grass Ho&% Dictyoptera (cockroaches), leefas two ‘X' chromosomes (XX)

and are ogametic, while male has onlylesij chromosome (XO). The male
being et ametic sex produces two types of spdnaif with X chromosome and half
without X chromosome in equal proportions. The eéxthe offspring depends upon the
sperm that fertilizes the egg, each of which carrée single X chromosome. Thus
fertilization between male and female gametes atwproduced zygotes with one ‘X’
chromosome from the female, but only 50% of the otgg have an additional X
chromosome from the male. In this way, ‘XO’ and ‘“X¥pes would be formed in equal

proportions, the former being males and the l&t&#ng females.
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i) XX — XY type: In man, other mammals, certain insects includimgsbDphila, the
females possess two X chromosomes (XX) and arehbomgametic, produce one kind of
eggs, each one with one X chromosome. While theesnpbssess one X and one Y
chromosome (XY) and are hence, called heterogamiétey produce two kinds of sperms,
half with X chromosome and half with Y chromosorfibe sex of embryo depends on the
kind of sperm. An egg fertilized by an X bearingsp, produces a female, but if fertilized
by a Y — bearing sperm, a male is produced.

b) Heterogametic Femalein this method of sex determination, the male imilar
type of gametes, while female produce dissimilangi@s. The heterog@: emales may
be of following two types: (i) ZO — ZZ, (i) ZW -Z Q
i) ZO — ZZ: This mechanism is found in certain moths and Hlli'&eé this case, female

possesses one single ‘Z’ chromosome and henceeitdgametic;yproducing two kinds of

eggs half with Z chromosome and another half wt hfomosome. Male possesses

two Z chromosomes and thus homogametic, p estype of sperms, each carries
single Z chromosome. The sex of the off spri n the kind of egg.
i) ZW — ZZ: This system is found in cer cts (Gypsy W @nd vertebrates such as

fishes, reptiles and birds. In this s Sthe diems heterogametic and produces two

types of gametes, one with ‘Z’ ome and tinerowith ‘W’ chromosome. On the

other hand, male is homog d produces alihsp of same type carrying one ‘Z’
spring depends erkitind of egg being fertilized. The ‘Z’

chromosome. The sex Ofyth
chromosome bear@s{ roduce males, but theeRNdmosome bearing eggs produces

females. q

What is @&ss inheritance? Explain the inlr@ance of one sex linked recessive
chdrac human beings.

The linked genes are represented twice imale (because female has two

X — chromosomes) and once in males (because malerie& X — chromosome). In male
single X — linked recessive gene express it phegnodjly, in contrast to female in which
two ‘X’ linked recessive genes are necessary ferdatermination of a single phenotypic
trait related to sex.

The recessive X — linked genes have characteosfiscross inheritance.
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Crisscross Inheritance: The inheritance of X — linked recessive trait (@®nto his

grandson(Fz) through his daughter (carrier) is called crisssrotheritance. Crisscross

inheritance can be explained in humans by sexkedimecessive disorder, colour blindness.
Colour Blindness: Colour blindness if particular trait in human kgsirenders them unable
to differentiate between the red colour and gre#aur. The gene for this colour blindness
Is located on X — chromosome. Colour blindnesstessive to normal vision so that if
colour blind man marries a normal (homozygous)ovisvoman, all the sons hters
are normal but daughters are heterozygous, whicanméhat these dau rsvould be
carriers to this trait. If such a carrier woman nes a man with norision, all the
daughters and half of the sons have normal visiahrelf of sons aré colbur blind.
Colour blind trait is inherited from a male parémthis grand thyough carrier daughter
l.e., this trait shows crisscross inheritance. 6

If, carrier female is married to normal male. @ O

Characteristics of X — linked recessive traits:

- They never pass from father to son (g\J
— Males are much more likely to be affe becahsy need only one copy of the

mutant allele to express the phenot

— Affected males get the dise their camether only.

- Sons of heterozygogs f ’e., carrier femadee 50% chance of receiving mutant

alleles. These disorders&

grandsons. Q

Write an ommon genetic disorders?
An mb{@ Isorders in human beings have bBmmd to be associated with the
f

in

ically passed fammaffected grandfather to 50% of his

changed or altered genes of chromeso

Genetig“disorders broadly grouped into two catiegor

1) Mendelian disorders, (2) Chromosomal disorders

1) Mendelian disorders: These are genetic disorders showing Mendelianeipatof
inheritance, caused by a single mutation in stnectdi DNA.

Most common and prevalent Mendelian disorders ldeemophilia, Cystic fibrosis, sickle

cell anaemia, colour blindness, phenyl ketonuhalassemia, etc.
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|. Haemophilia: It is also called as bleeder’s disease.
(a) Haemophilia — A: This is sex linked recessive disorder, transmibigdemales and

affecting males. Haemophilia — A is the most commotmiting abnormality and is due to

the deficiency of clotting factor VIII.

Symptoms: The affected individuals have prolonged clottimget and suffer from internal

bleeding.

(b) Haemophilia — B: This is due to the deficiency of clotting facto. |

Symptoms: Symptoms are similar to that found imhaghilia — A.
Il. Sickle — cell anaemia:lt is an autosomal recessive genetic disor
rigid, sickle — shaped red blood cells in hypoxaadition. It is due t@w

by valine.

utation in the
B - globin gene causing replacement of glutamic acitie sixth osi.'u
Symptoms: Haemolysis leads to sickle — cell anaemia lock. The capillaries

resulting in poor blood supply to tissue leads Iuyqilc@kness, pain, organ damage,

paralysis, etc. Q

[ll. Phenylketonuria: This is an autosomal r metabolic genetarder caused by
a mutation in the gene codes for pher@ e dwydase. This enzyme catalyses the
e.

conversion of phenylalanine into Defedt this enzyme would lead to
accumulation of phenylalanine ﬁ s like pHipyruvate, phenylacetate, etc.
t

Symptoms: Mental retardati(@ o walk or talk, faiuof growth, etc
i inked disorder. It is the inability differentiate between

IV. Colour blindness: It i%
some colours. TW typic trait is dumb mutatiom certain genes located in

Sympt opia - [INRCEICOIGHNESNIRG s
(b euteranopia - Gré&mlour Blindness
Tritanopia - uBl Colour Blindness

V. T semia:Thalassemia is an autosome linked recessive m@wdder. Thalassemias
are characterized by a defect in the' ‘or ‘B’ Globin chain, resulting in production of
abnormal haemoglobin molecules leads to anaemia.

Symptoms: Anaemia
VI. Cystic fibrosis: It is an autosomal recessive genetic disordes.tte result of mutation

in the gene that influences salt and water movemenuss epithelial cell membrane.
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Symptoms: The mucus builds up in organs such as|yrancreas, Gl tracts, etc. If they are
not treated it may lead to death.

2. Chromosomal disorders:Chromosomal disorders are caused by errors inuhger or
structure of chromosomes.

Allosomal Disorders:

l. Klinefelter's Syndrome: It occurs due to the presence of additional X rotosome
along with the normal XY.

Symptoms: The resulting young sterile male shoveblie breast, small testicleSyrounded
hips, Q

lI. Turner's Syndrome: A female with 44 autosomes with one© romososueh

females are sterile.

Symptoms: Short structure, webbed neck, broad csluieé it .idely spaced nipples,
poorly developed ovaries, etc. ® O

Autosomal Disorders:

|. Down syndrome (Trisomy 21):The cause is*genetic disorder is the presehem

additional copy of chromosome numbere@.

Symptoms: Small rounded head, furr@
etc.

Il. Edwards Syndrome (Tris ' This is due to presence of an extra copy of geneti

ngue amigly open mouth metal retardant,

material on the 8chrom either in whole or a part.
Symptoms: Majori S(e with the syndrome diging the foetal stage due to defect
in heart and kidn

lll. Patau ro (Trisomy 13): Patau syndrome is due to presence of an addition
copy of c@ me number 13.
Sympt Idney and heart defects, intellectusélbility, etc.

Why is the human genome project called as megagpect?

Human genome project was an international effonnally begun in October, 1990. The
HGP was a 13 — year project coordinated by the Department of Energy and National
Institute of Health. During early years of the HG@fe welcome trust became major partner

and additional contributions came from Japan, FFaGermany, China and others.
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The total expenditure of this project is 3 biflidollars. This project almost completed in
2003.

Goals of HGP:

- ldentify all the genes (20,000 — 25,000) in hurDéNA

- Determine the sequence of entire human DNA

- Improve tools for data analysis

— Address the ethical, legal and social issuesrtiagt arise from the project

Genome sequencingDNA sequencing is the process of determining tteegordeyof the

3 billion paired chemical building blocks that makethe DNA of the 25 mes X and
Y chromosomes.

* For sequencing the total DNA from a cell is igelhand co@t}l@orandom fragments
of relatively smaller size by using restriction ymes and €lgned in suitable most using
specialized vectors.

®
* The cloning results in the amplification of DNWS which are used for sequencing

the bases.

* Bacteria, yeast are most commonly us aotbrs are called ‘BAC’ and ‘YAC'.
* The fragments were sequenced % omated B&uencers that worked based on
the principle of Sanger’s dideox thed.

* To align these sequence 1Ized computedbaograms were developed, because

it is humanly not possibfex
* These sequencew sequently annotatedexedagsigned to each chromosome.

Salient features %‘ genome:
- Theh ge e comprised of 3164.7 million ratcde bases

- Hum e e contains 30,000 genes

~{Ea e consist of an average 3000 bases

- F ons of 50% of genes discovered are unknown

— All proteins are coded by less than 2% of the geno

— Majority of the genome consisted by repeated secpse

— Chromosome one has highest number of genes 068 &enes and Y chromosome has

the fewest genes i.e., 231 genes
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- It is also identified that 1.4 millions locationghere single base DNA difference
(SNPs) occurs in humans. This information promtsae®volutionise the process of finding
chromosomal locations for disease associated segs@md tracing human history.
Advantages of HGP:

1. Identification and mapping of the genes resipbesor diseases helps in diagnosis,
treatment and prevention of these diseases.

2. It is useful to know the gene expression offedént species, cellul rowth,
differentiation and evolutionary biology.

3. To improve gene therapy for genetic disordexsabse on the abo@ the human
genome project was called a mega project. O

®
What is DNA finger printing? Mention its applications? 0
DNA finger printing is a method for identifyin'g\d'uidn.@y the particular structure of

their DNA. K&

Human DNA consists of 3 billion nucleoti% o which are identical among all
individuals. No two people have exam

Restriction fragment length polymo‘rg e chimadstic to every person’s DNA. They
are called Variable Number Repeats (VNTR%) are useful as “Genetic

markers”. The VNTRs of t & ns generally shaaviations. DNA finger printing

samgueace of base of their DNA.

es in some specifiegions in DNA sequence called

involves in identifying d&
repetitive DNA. T% nces show high degr@elgmorphism and form the basis of

DNA finger prmtu%
Protocol%ger Printing:

1. Obtaining/ DNA: DNA sample is collected from thi®od, saliva, hair roots, semen, etc.
If needed many copies of the DNA is amplified byngsPCR.

2. Fragmenting DNA (or) Restriction digestion: DNsample is treated with restriction
enzymes to cut the DNA at specific sites and fonmalger fragments.

3. Separation of DNA fragments by electrophoreBig:using agarose gel electrophoresis

the DNA fragments are separated based on theigelaard molecular weight.
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4. Denaturing of DNA: The DNA on the gel is dematlito form single stranded DNA
strands using alkaline chemicals.

5. Blotting: A thin nylon membrane is placed ovke size fractioned DNA strands and
covered by paper towels. As the towels draw maestie DNA strands are transferred on
to the nylon membrane by capillary action. Thisgass is called blotting.

6. Using probes to identify specific DNA: A radaiie probe is added to the DNA bands.

This probe is a single stranded DNA molecule thatamplementary to the gen interest
in the sample under study. The probe attaches &y pairing to those restrigiionfsagments
that are complementary to its sequence. Q

7. Hybridization with probe: After the probe hydimes, the exces@ washed off by
washing. A photographic film is placed on the meamiercontaining 2 hybrids.

8. Exposure on film to make a DNA finger print:€lhadio e fabel exposes the film to

form an image in the form of bands correspon(ﬁng; NA bands. These bands

form a pattern of bars which constitute a DNA fi é\
Applications of DNA finger printing: K
1. Conservation of wild life: Protection %ngered species, by maintairtimegr
records for identification of tissues of Qd'&ngered organisms.

2. Taxonomical applications: Stu logeny

3. Pedigree analysisinherita rn of gene through generations

4. Anthropological studie C@ng of origin and migration of human popidat

5. Medico - legal a@shing paternity and or maternity more aataly

6. Forensic analygfS Positive identification of a suspect in a crime

The proce D inger printing:
1. The pw gins with a blood or cell sample fwhich the DNA is extracted.

is out into fragments using a restrictienzyme. The fragments are then

2. c he 5
separtated into bands by electrophoresis througtyarose gel.

3. The DNA band pattern is transferred to a nyle@mhbrane.
4. A radio active DNA probe is introduced. The DNobe binds to specific DNA
sequences on the nylon membrane.

5. The excess probe material is washed away leghengnique DNA band pattern.
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6. The radioactive DNA pattern is transferred to-Xay film by direct exposure. When

developed, the resultant visible pattern is the Civder print.

TRIK
|
|
)

|

Illustrated by Rinl Roy
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