-

INHERITANCE

GeneS/Fadors
, Definition: Units of heredity that 37 made u
. Example: The gene for eye color in humans.

P of DNA and determine specific characteristics of traits.

o Definition: A specific characteristic or feature exhibited

by an organi i i -
least have two alternatives. \ ganism, which can be inherited, and a

» Example: Hair color in humans is a trait that can vary from blonde tg black

3. Alleles
» Definition: Different versions or forms of a gene that can exist at a specific locus.
+ Example: The ABO blood type gene has three alleles: A, B, and 0. )

5. Homozygous Alleles
+ Definition: Having two identical alleles for a particular gene at the same locus.

o Example: An individual with two A alleles (AA) for blood type. GET ADMISSION IN OUR ONLINE INSTITUTE
6. Heterozygous Alleles

Contact WhatsApp Number: +92 331 5014353

+ Definition: Having two different alleles for a particular gene at the same locus.
o Example: An individual with one T allele and one t allele (Tt) for tallness.
1. Dominance
* Definition: A relationship between alleles of a gene, in which one allele masks the expression of another
allele.
¢ Example: In pea plants, the allele for purple flowers (P) is dominant over the allele for white flowers (p).
8. Recessive . '
e Definition: An allele whose effects are masked in the presence of a dominant allele.
* Example: The allele for white flowers (p) in pea plants is recessive to the allele for purple flowers (P).
9. Phenotype
* Definition: The observable physical or biochemical characteristics of an organism, resulting from the
interaction of its genotype with the environment. '
* Example: A person’s blood type, such as A, B, AB, or 0.
10. Genotype
* Definition: The genetic makeup of an organism, consisting of both the visible and non-visible alleles.
* Example: The genotype for blood type could be AA, AO, BB, BO, AB, or 00.
1. Gene pool
* Definition: The complete set of different alleles in a population. _
*  Bample: The diverse set of alleles for coat color in a population of wild rabbits.

Monohybrid Cross
Definition: A genetic cross between twe individu
Bxample: Crossing a pea plant with yellow seeds

Q

als that differ in one trait.
(YY) with one that has green seeds (yy).
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11.  Transcription takes place in: A. They maintain genetic similarity N |
A. Cytoplasm B. Nucleus B. They contribute ‘°F°“‘“ adaptay, .
C. Ribosomes D. Endoplasmic reticulum C. They reduce genetlc'dlversity !

12. Why are variations important in biology? D. They stabilize genetic expression -
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12.2 Explain the law of segregation and independent assortment using a suitable example relateq tothe [ |

Students will be able to:

pea plants. 1
MENDELIAN INHERITANCE
* Genetics, as a science, began in 1900 after the rediscovery of an article —— — ?t
first published in 1866. The article was written by Gregor Johann Mendel. \ 'I:‘.",'J.'.,“:;_:n 3 ;‘::? ‘
Contributions of Gregor Johann Mendel (" P generation . I'[ -
Homorygous |

round seeds , Aok

ol

RR

R —
I(’mmnb hvuurhml !< SR
The two alleles in each
plan! separated when
gameles were lonmoed
one allele wenl into
oach gamele
T
(b)

( F, generation

* Gregor Johann Mendel was an Augustinian monk. He was the pioneer
in explaining the mechanisms of inheritance.

¢ His groundbreaking research involved experimenting with pea plants
to understand how traits are passed from one generation to the next.

Association of Inheritance with Mendel’s Laws

B
fl_ﬂhll:.ﬂn-u F

Development of Pure Breeding Plants

e In the 1860s, Gregor Mendel started his experimental work by

developing true or pure-breed varieties of pea plants. ey helacri )
s A pure breeding plant is defined as a plant that consistently produces omrapen il "
offspring identical to itself when self-fertilized. e LT_M{.]
o For example, self-fertilizing a round seed-shaped plant that § ! 3
results in offspring with round seeds is a pure breeding plant. Mencl st tenareg) @0 ‘""")?.@ ]
e To establish a pure breeding plant, Mendel repeatedly self-fertilized I i, T :}:‘U;_ M
pea plants over several generations until a consistent phenotype was ﬁ - ] j
achieved. ( F, generation o -

¥a round
Hybridization Techniques Yownrkied {O
¢ Mendel's second step involved hybridization. Hybridization is the
cross-fertilization between two plants with different traits.

o A monohybrid cross involves the breeding of two plants that
differ in a single trait, such as crossing a plant with round seeds
with another plant that has wrinkled seeds.

o A dihybrid cross involves breeding two plants that differ in two
distinct traits, such as crossing a plant with round, yellow seeds
with another plant that has wrinkled, green seeds.

Mendel’s Experimental Approach

e Mendel's successful approach included the study of single traits fi

rst
and then the analysis of combinations of two or three traits.

« This methodical approach allowed him to observe how traits were Flgure:_!\;&noh_ybud Cross
inherited independently or together. the Inheritance of Singl¢ T
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Mende"s Laws of Inheritance

pased on his detailed observations,

! ’ 0 |0 i i

These laws explain how traits are transmitted from parents to offspring

mnce of a Single Trait (Monohybrid Cross)
—_

gverview of Monohybrid Cross

» Mendel's StUdi.eS on the inheritance of single traits involved
the monohybrid cross, where two plants differing in only one
trait are crossed.

gxperimental Procedure and Initial Observations

» Mendel crossed a pure breedin

) g plant with round seeds with
another pure breeding plant th

at produced wrinkled seeds.
st generation of offspring (F1)

parents.

Generational Observations

o+ When the F1 generation plants were self-fertilized, the

resulting second generation (F2) displayed a 3:1 ratio of round
to wrinkled seed shapes.

* Mendel consistently observed this 3:1
contrasting pairs of traits he studied.

Further Generational Study

* Mendel continued his experiments by self-fertilizing the F2
generation to produce a third generation (F3).

* Henoted that one-third of the F2 plants with round seeds bred
true to produce only round seeds, suggesting they were pure
breeding like the original parent (P1).

* Two-thirds of the F2 plants with round seeds produced both
round and wrinkled seeds ina 3:1 ratio, similar to the F1 round

seeds, indicating they were not pure breeding.

All F2 plants with wrinkled seeds produced only wrinkled

seeds, indicating they were pure breeding like their respective
P1ancestor.

Interpretations of Mendel’s Results

GET ADMISSION IN OUR ONLINE INSTITUTE

"Ntroduction to Genetic Factors
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Mende| introduced the concept that contrasting forms of a trait,
Such as seed shape in peas, are determined by what he called
- "elementens." The elementens are now known as genes.
ach pea plant possesses a pair of genes. These are referred to
® dlleles. These alleles occupy the same position (locus) on
thromosomes.

ese alleles, one inherited from each parent, combine to form

e . mines the
pla T enotype deter

0 nt’s genotype. This g P

fVable characteristics or phenotype of the plant.
Ming
. "ance ang Recessiveness

ratio in all seven

a
: Tecessive ”

P generation

Round, yellow Wrinkied gres
seeds ’

O =

SEx

( -

RR YY Ty
' -
Game&s(}b fF

L

Fertilizat ‘-
L r_r\-ig‘zcrm

(b)
s

F, generation Round, yellow
seeds

O

kr Yy

: v vy
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Phenotypic ratio
9 round, yellow 3 round, green

) |
Jwninkled. yeliow - 1 wnnkled_ green

Figure: Dihybrid Cross Showing the
inheritance of Two Traits

ende| identified alleles that mask the expression of others as “dominant,” and those that are masked
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ominant alleles (€8

tters to represent d

o In his studies, he used uppercase le
“r for wrinkled seeds)-

lowercase letters for recessive alleles (e.g.,

Homozygous and Heterozygous Conditions
eles for @

trait is described @5 homozygous: and this individual is called 5

e An organism with two identical all
«gR” for round seeds anq

~homozygote.
e True-breeding plants from Mendel’

“or” for wrinkled seeds.

d homozygous genotvpes,

s p1 generation showe

Mendel’s Laws of Segregation
P . idual segregdte (separ
«  According to law of segregation, “the tWo coexisting alleles for each tfra: ':\:2 Iar;i';gff gregae (separate)
from each other at meiosis, so that each gamete receives only one of t ‘:3 ] h L
formation, resulting in €ac ga

e« Mendel concluded that alleles separate during gamete

allele for each trait.
Fertilization is a random proces

from one gamete and “r’ froma
exhibit heterozygos!

s The offspring, therefore, can
a heterozygote.

mete carrying only one

eles in the offspring: For example, the union of “R*

r of all '
It in the “Rr” genotype in the offspring.
g two different alleles for a trait. It is referred to as

s, restoring the pai

nother would resu
ty, havin

e will be a distribution of “RR"
cal 1:2:1 genotypic ratio.
dicted outcomes based

Genetic Ratios and Punnett Square

t square helps predict tha
“Rr” (heterozygous round),
henotypic ratio inthe F2 8

t among the F2 progeny, ther
and “rr”’ (homozygous wrinkled) ina typi

« The use of a Punnet
eneration, which matched the pre

(homozygous round),
. Mendel observed a 3:1p
on allele segregation.
e This consistent observation acr
stating that each gamete receive

- to form the zygote.
rinciples of modern genetics. It showe

. Mendel’s work laid the foundational p
discrete units (later called genes) and how these units exhibit dominance, segregation, and

mulate the Law of Segregation,

aits led Mendel to for
domly unite during fertilization

oss seven different tr
which thenran

s only one allele of agene pair,

d how traits are inherited through
independent

Q

assortment.

o Traits (Dihybrid Cross)

tween two individuals that are different in two traits.
Itaneously can be studied in a dihybrid cross.

Inheritance of Tw

e Dihybrid cross is a cross be
The inheritance of two traits simu

Mendel’s Study on seed Colour and Shape

characters Mendel studied were seed colour and shape.

e Two of the seven
nd (dominant) or wrinkled (recessive), and the colour of the seeds

The shape of the seeds may be either rou

may be either yellow (dominant) or green (TSI M GET ADMISSION IN OUR ONLINE INSTITUTE
Procedure and Observations T
Contact WhatsApp Number: +92 331 5014353
(rryy)

. V\l!hen N:endel cros'sed. a homozygous round yellow (RRYY) plant with a homozygous wrinkled green
plant, all the offspring in the F1 generation exhibited both dominant phenotypes, i.e round yellow
. I:ae:r::g;eoiwafe?otydpe of the F1 plants, he self-fertilized them to produce the'FZ éeneration He expeded
nt and recessive combinations would be i : ioi erati ¢
had observed in the monohybrid cross. producedin 8 3:1 ration e £2 gEneatt v
« However, he observed that the offspri
. pring were produced in four ph i inations:
?;"nd green, wrinkled yellow, and wrinkled green, in the ratio of 9.;.;;0779"3 compinaton o
. e Jipe A 9
e occurrence of recombinant phenotypes, such as round green and wrinkled yellow, was surprising.

yellOW

Interpretations of the Results
« Based on these observations, Mendel concluded that the F1 offspring (round yellow) were
w

heterozygous (RrYy) for both traits.

dihybrid, 1€
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of independent Assortment

enotype ratio in the F2 generation.

formation.”

alleles of another pair.

/:;:eTent in the experiment occurred when the F1 plants self-pollinated and produced F2 offspring.

an FLplantean produce four classes of gametes (RY, rY, Ry, and ry) in equal quantities.

# the sperms of the four classes are crossed with eggs of the four types, there will be 16 (4x4) equally probable
ays in which the alleles can combine in the F2 generation, as shown in the Punnett square in Figure.

rhese combinations result in four phenotypic categories with a ratio of 9:3:3:1.

sende! tested his seven pea characters in various dihybrid combinations and always observed a 9:3:3:1

The results of Mendel’s dihybrid experiments are the basis for what we now call the law of independent
assortment, which states that “each pair of alleles assort independently of other pairs of alleles during gamete

in other words, the alleles of each pair of contrasting traits have an equal probability of @ssorting with'the

GET ADMISSION IN OUR ONLINE INSTITUTE
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Test Your Skills

(\Nhy do some historians and scientists consider Mendel “lucky” in his choice of pea plant traits?

How might Mendel’s conclusions have differed if the traits he studied were linked on the same
Provide examples of how Mendel's laws are applied in genetic counseling and disease

How did Mendel apply the principles of probability to predict the outcomes of genetic crosses?
In what ways did Mendel's work lay the groundwork for the discovery of DNA and the modern

What is the purpose of a test cross, and how did Mendel use it to determine the genotype of

How did Mende! use genetic ratios to predict the outcomes of his crosses?
How did Mendel’s observations of the F2 generation lead to the formulation of the Law of

How did Mendel’s dihybrid crosses provide evidence for the Law of Independent Assortment?
Why was it important for Mendel to develop pure breeding lines before proceeding with his

2.
chromosome?
3.
prevention.
4,
5.
field of genetics?
6.
an organism?
7.
8.
Segregation?
9,
10.
hybridization experiments?

Multiple Choice Questions

Mendelian Inheritance

L W!Edmred the principles of genetics in
1007 -
A. Charles Darwin
. -B.Gregor Johann.Mende!
C Thomas Hunt Mdrgan.
D. Francis Crick

L What organism did Gregor Mendel use for his
"‘Nﬂments? .
A Fruit flies B. Mice
1 C Pea plants . D. Yeast
Wha
tis a pure breeding plant?

AA plant with mixed traits
8. A plant used in hybridization
C.A plant that undergoes mutation
* A plant that produces offspring identical to
! me" Wheﬂ self-fertilized
d'*s a monohybrid cross Involve?

L o R —

A. Crossing two different species

B. Crossing two plants differing in one trait

C. Crossing two plants with the same traits

D. Crossing two genetically identical plants

How did Mendel ensure his pea plants were pure
breeding?

A. By hybridization i

B. By self-fertilizing them over several generations
C. By using chemicals

D. By genetic modification

What phenotype did the F1 generation
consistently exhibit in Mendel’s experiments?
A. Wrinkled seeds 8. Mixed traits

C. Round seeds D. No seeds

What ratio did Mendel observe in the F2
generation for round to wrinkled seeds?

A 1:1 B.3:1
D.4:1
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e'“an
of Segregation . Lam
— 1eccribe the units & L:V:,e Mendel’s observations sun\marh:'\'l
8. What term did Mendel use to desc 12. Ho f genetic ratios for a Monohybyig
of inheritance? terms of § B.2:11 Crog,)
A. Chromosomes B. Eie"“e“te"s A. 1:;21-1 D. 33
C. Particles D. Cells C.1:2: ) . o
9. What are alleles according to Mendel’s research? 13. What does the 3.:;2?::(:;19;' erla::;g I the :
A. Types of proteins ge“eratioﬂ sugges_ -
B. Forms of DNA A. They are codominan o
C. Variants of 3 gene B. They are incomplete dominant
D. Types of chromosomes C. One is dominant over the other
10. what describes an organism with two different b. They are both recessive
alleles for 3 trait? H;)w did Mendel use the concept of Probayy;,
A. Homozygous B. Heterozygous 14,  etics? ity
oot Yori D. Mutant e redict weather patterns
11, Which 12w, States that each gamete recelves only A.Top

.Bls.cl'l.al

s SLO P RRCPYA] — Law of Independent Assortment
1tucica-nts Will be able to-

12 4 Exp
12,5 sp,

Overview of Meiosis

According to the law of
Pair of alleles assort ind

during gamete formati
In other

126 Evaluate ¢

one allele of 5 gene pair?

- Law of Independent Assortment
- Law of Dominance

B. To calculate genetic drift
C. To predict outcomes of genetic croggpg
D. To study population genetics

s.a\e.clm.a\n.c]u.c[13.

Relate the law
Meiosis,

ress limitationg ofi
how that independe
hat the
probabilities.
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pair.

Mechanism of Independent Assortment

® ' During metaphase | of meiosis, each homologous pair of
chromosomes aligns independently at the cell's equator,
which is crucial for independent assortrnent. .

e The first division of meiosis results' in the s;tmng ﬁ:
maternal and paternal homologues mlto daughter ce
independently of other chromosome pairs.

Genetic Variability |

e The independent positioning an

genetic combinations.

of independent assortment to the random orientation of chromosomes during

ndependent assortment and its usefulness. ‘
Nt assortment leads to variation in the gametes.

inheritance of genes and their mixing during fertilization is based on mathematic|

R

LAW OF INDEPENDENT ASSORTMENT

independent assortment, “each

ependently of other pairs of alleles
on.”

words, the alleles of each pair of contrasting trait
have equal probability to assort with the alleles of other

Science Titbits

a. Observation, assumption,  exper-
imentation, and creativity, all of them are
evident in Mendel's approach. The exper-
iments performed by Mendel were ele-
Bant and his conclusions constitute the
foundation of the modern science of Ge-
netics. Mendel s therefore appropriately
called, the father of Genetics.
b. R. C. Punnet devised what is known 35
the Punnety square for summarizing the
fusion of gametes in genetic Crosses
Punnett was a Professor of Genetics '
Cambridge University. He wrote 2 IarBZ
number of papers between 1900 aﬂm
1958, most of which helped to conf"

and extend Mendel's work. ]

|
l
|
|
|

R - varie®Y”
d separation of chromosome pairs during metaphase | lead 10 2

s
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(e Jns have 23 pairs of chromosomes. Thus, the number of possible combinations of maternal and paternal
osomes in gametes is 222, which is approximately equal to eight million different combinations.

amete produced during an individual’s lifetime contains one of these eight million potential
ions of chromosomes inherited from both parents.

' ¢ rom
' fombinat
ons of Mendel’s Law of Independent Assortment

—

umitﬂﬂ
jcability Limitations
Mendel's principles are the basis for understanding heredity. However, they do not apply to all biological

, ions.
situation R N .
His work is relevant primarily to diploid organisms. Organisms that are not diploid do not conform to these
principles- GET ADMISSION IN OUR ONLINE INSTITUTE
BADLO BY MAK
Gcﬂeﬂc Linkage ' Contact WhatsApp Number: +92 331 5014353

Genes located on the same chromosome typically do not assort independently.
fan offspring inherits one trait from a chromosome, they are likely to inherit other linked traits unless crossing
over occurs during meiosis.

sex-Linked Traits

Genes on the X chromosome follow a unique pattern of inheritance.

, Males, having only one X chromosome and a Y chromosome with fewer genes, are more prone to express
recessive X-linked traits.

significance of Independent Assortment

Contribution to Genetic Variation

o Independent assortment is a major mechanism .that contributes to genetic diversity in successive
generations. ' :

o This process, along with mutations and crossing over, allows traits to combine in new ways in offspring.

Role in Adaptation

o The new combinations of traits resulting from independent assortment and crossing over can enhance an
organism’s ability to adapt to different environments.

o These variations are often crucial for survival and evolution, allowing species to adjust to new or changing
environments. :

Usefulness and Scope of Independent Assortment

Role in Genetic Variation

* Independent assortment is a crucial source of genetic variation, alongside mutation and crossing over
* This process contributes to the diversity of traits across generations.

Impact on Evolution and Adaptation

L] . . . s )
Independent assortment, combined with crossing over, allows traits to recombine in new ways in subsequent

generations.

These new combinations of ‘characteristics can provide necessary adaptations for survival in changi
environments ' Eing
\.___ .

In T
Jie_l_igident Assortment and Variation in Gametes

G "
thetic Variation through Meiosis

L]

Meios; : .

Ind:SIS Produces genetically distinct gametes, each with unique combinations of chromosomes.

patenendent assortment during meiosis leads to these variations by randomly distributing maternal and
™al chromosomes into gametes. n

M)
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Mechanisms Contributing to Genetic Variation ey

« Crossing Over: Occurs in prophase | of meiosis, where sections of DNA are exchanged betwep., he
chromosomes, creating new genetic combinations. o

« Random Assortment of Chromosomes: Takes place In metaphase |, where chromosome:
randomly at the cell’s equator before being separated.

« Random Fusion of Gametes: Involves the combination of egg and sperm from different Parents |,

the creation of unique zygotes.

e VAN

dre |

Significance in Offspring Diversity

e+ These mechanisms ensure high levels of genetic diversity among offspring, which is vital for a4, |-
survival in varying environmental conditions.

GET ADMISSION IN OUR ONLINE INSTITUTE
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Inheritance and Mathematical Probabilities

» Probability is the likelihood that a particular event will occur.
e Itis calculated as the number of favorable outcomes divided by the total number of possible outcorne

wy x
Here, ‘P’ is the probability, ‘@’ is the number of favorable outcomes, and ‘n’ is the total number o .o
outcomes.

Examples in Everyday Life

» For example, when we toss a coin, the probability (P) of getting a head or a tail is %2, That is, ther -
favorable outcome out of two possible outcomes. '

Mendel’s Application of Probability to Genetics
e Gregor Mendel, with his strong background in mathematics, applied the principles of probability 1o :--g
inheritance.

e He realized that the segregation of alleles during gamete formation and their recombination at fert ' 4
follow predictable probabilistic rules.

Probability in Genetic Crosses

e In genetics, the probability of inheriting a specific phenotype can be calculated for different generatio:

o Inamonghybrid cross, the probability of inheriting the dominant phenotype in the F,generation 1. ‘

and the recessive phenotype is 0%.

o Inthe F; generation, the probability of showing the dominant phenotype is 3/4, while that of the rec=: ]
phenotype.is 1/4. : '

Combining Probabilities of Independent Events

e The probability of two or more independent genetic events occurring together can be determined us
product rule, which multiplies the probabilities of the individual events.

/ Test Your Skiils \-.
1.

Why are Mengel’s principles primarily applicable to diploid organisms, and how do they fall short |
for non-diploid organisms?

2. How does crossing over during meiosis affect the inheritance of linked genes?

How does independent assortment contribute to genetic diversity in offspring?

4. How does the new combination of traits resulting from independent assortment enhance a0
organism’s ability to adapt?

5. Why is high genetic diversity among offspring crucial for survival in different environmentaj 1
conditions?

w

6. How can the probabilities of different genotypes and phenotypes in offspring be predicted using
the rules of probability?

7. In a monohybrid cross, what are the probabilities of inheriting dominant and recessivé
phenotypes in the F, and F, generations?

- T+ A VATIEE B L . CEEm . s e o
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ms, to illyst
rate t
ﬁand albinism are two AUtosomal recegs; he law of independent assortment.
of them heterozygous for both traits ssive disorders, unin

s
e, Subjectiye (HSSC -

KU? ’ prOdUCe a . ’
'(:0) :olve the genetics {2) albinism? (‘:;"Bdct‘:hat Is the chance of their having a child with:
: 0
sol. problem, we can ysq the ba traits?

for both PKU (Pp) and albinism (Aa). sic principles of probability. Each parent is heterozygous

step 1: Understand the Probability of Inheriting gach 1
Since both PKU and albinism are a, rait

tosomal : .
from each parent) to express the ¢ recessive traits, a child must inherit two recessive alleles (one

isorder,

step 2 Calculate the Probabilities for Each Trait
(3) Chance of having a child with pxy (pp):

© Probab!lfty of !nher!t!ng One recessive allele (p) from one parent: 1/2
o Probability of inheriting one recessive allel f
To have PKU, the child must inherit the recesiise{z)u r!or? the other parent: 1/2
Probability of pp = 1/2 x 1/2 = 1/ ele from both parents:
Therefore, the.chance_of having a child with PKU (pp) is 1/4 or 25%.
(p)  Chance of having a child with albinism (aa):
o Probability of inheriting one recessive allele (a) from one parent: 1/2
o Probability of inheriting one recessive allele (a) from the other parent: 1/2
To have albinism, the child must inherit the recessive allele from both parents:
Probability of aa=1/2x1/2=1/4
Therefore, the chance of having a child with albinism (aa) is 1/4 or 25%.
(c) Chance of having a child with both PKU and albinism (pp and aa):
Since PKU-and albinism are unlinked traits, the probability of having both traits is the product of the
individual probabilities: '
o Probability of having PKU,(pp) = 1/4
o Probability of having albinism (aa) = 1/4
The combined probability of having both PKU and albinism:
Probability of pp and aa = 1/4 x 1/4 = 1/16
Therefore, the chance of having a child with
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both PKU and albinism is /16 or 6.25%.

3

12.2 Forany g eﬁe with a dominantallele C and recessive allele ¢, what pr?porti()ns of the offspring from a :
122 o CZ cgross expected to homozygous dominant, homozygous recessive a;;\d hEter?wngUS? s

' i ous), the offspring inherit one allele from
"Sol.  Inacross between CC (homozygous dominant) and Cc (heterozyg ) iy

" each parent: | : N
1. Homozygous dominant (ccC): Offsp_n_n

constitute 50% of-the progady. ff;c,'pripg inheriting the recessive allele from the hetéroz_ygou's and

i :No o
2. Homozygous recessive (ccl: No & . _
h Y < parent (c¢) will constitute 0% of e pros e ive allele will constitute 50% of
omOoZygous p(c i bffsp4rfng i heriting ofe dominant and one recessive allele will constitute 0
. 3. Heterozygous (CC): LR IR '

the progeny.. .

g inheriting thg-dominant allele from both .parents will

5, Lt 3 dwarf, green seeded plants resulted. (a)
] v oy ts were crossed, and some

3 Twofall yellow see:ledespz? t':'nl: I::arerl'.' plants? (b) What possible genotypes might there be among the
What were the genotyP

tall, yellow-seeded,offspring? | inheritance 0
Sol: 7o s:we this problem, we need to understand e rellow-seeds (Y) are dominant over green

' ; t), and yel
qlor..We will-assume tall;-_(FLT&QP}?‘f“a“f over.dwarf() Y

f the tréits in pea plants: height and seed

~ | R
. L . i »

ﬁf T I RS o et b2 :
X f".‘ﬁﬂ;(V).:fﬁ ‘.. ._ -.. b . -: . : . . . 2

P ."-"' 0. .t
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(a): Genotypes of the Parent Plants
The fact that crossing two tall, yellow-seeded pea plants resulted in some dwa rf, green-s'eeded offs oring
indicates that both parents must be heterozygous for both traits. This is because the recessive traits (warf
and green) can only appear if the offspring inherit recessive alleles from both parents.
Thus, the genotyr~. of the parent plants must be:
TtYy (heterozygous for both height and seed color)
(b):  Possible Genotypes Among the Tall, Yellow-Seeded Offspring _ ,
To determine the possible genotypes among the tall, yellow-seeded offspring, we will list the
combinations that result in the dominant phenotypes for both traits. '
For the offspring to be tall, they must have at least one dominant allele (T). For the offspring to haye
yellow seeds, they must have at least one dominant allele (Y).
The following all possible combinations would result in tall (T) and yellow seeds (Y):
1. TTvy
TtYy
TtYY
TTYy
. TTYy
These combinations are possible due to the independent assortment of the alleles during gamete
formation and fertilization.

mawN

12.4 A TtYy pea plant self-pollinates and one seed is picked at random for planting. (a) What is the chance
that the seed will produce a tall, green seeded pant? (b) If it turns out to be tall and yellow seeded what
is the chance that its genotype is TTYY.

Sol.  To solve this genetics problem, break it down step by step using the principles of probability and genetics.

Part (a): Probability of a Tall, Green Seeded Plant
Given a TtYy pea plant self-pollinates, we need to determine the probability of obtaining a tall, green-
seeded plant from a random seed.

1. Genotype Analysis:
o Tt: “T” (tall) is dominant over “t” (short).
o Yy:“Y” (yellow seeds) is dominant over "y" (green seeds).
2. Self-Pollination Outcomes
o When a TtYy plant self-pollinates, the possible genotypes for each gene pair can be determined using
the laws of independent assortment. : '
3. Genotype Probabilities

o Forheight (Tt): GET ADMISSION IN OUR ONLINE INSTITUTE

s Probability of TT = 1/4
BADLO BY MAK

» Probability of Tt=1/2
» Probability of tt = 1/4
o Forseed color (Yy): Contact WhatsApp Number: +92 331 5014353
s Probability of YY =1/4
»  Probability of Yy = 1/2
= Probability of yy = 1/4
4. Phenotype Probabilities
o Tall(T): Genotypes TT or Tt = Probability of 3/4
o Greenseeds(y): Genotype yy = Probability of 1/4
5. Combined Probability:
To get a tall, green-seeded plant (Tall and yy):
P(Tall, green) = P(Tall)xP(green)
P(Tall, green) = 3/4x1/4=3/16
So, the probability that the seed will produce a tall, green-seeded plant is 3 /1€.
Part (b): Probability of Genotype TTYY Given Tall and Yellow-Seeded
Given that the plant is tall and yellow-seeded, we need to determine the probability that its genotype is TTYY.
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} o qalTTor Tt | |
° yellow seeds: YY or Yy

(;ossib‘e Genotypes for Tall and Yellow-Seeded Plants:
1

0o

o TTYY
o TRV GET ADMISSION IN OUR ONLINE INSTITUTE
TtYy
. prbabilty of Each Genotype: BADLO BY MAK
VUGBSV Contact \WhatsApp Number: 492 331 5014353
S pTtvY)=2/16=1/8
o P(Ttvy)=4/16=1/4

4. Combined Probability for Tall and Yellow-Seeded:

P( Tall, yellow ) = P(TTYY) + P(TTYy) + P(TtYY) + P(TtYy)
1 2 2 4 9
P( Tall, yell S—t—+t—+—=—
(Tall,yellow ) = =+ e+ T * 16 = 16

5. Conditional Probability:
To find the probability that the genotype is TTYY given that the plant is tall and yellow-seeded, we use
conditional probability:

P(TTYY)

P(TTYY| Tall, yellow ) = ——————
(T Tal, vellow ) = vellow )

P(TTYY| Tall, yellow ) =

alwlaIH
t.ol =

1
So, the probability that a tall and yellnw-seeded plant has the genotype TTYY is 9

Hypothesize that in a dihybrid inheritance pattern of colour and texture of pea seed, the two traits are not
i jﬁrdependent.

Observation and Background
* Ithas been observed that the color and texture of pea seeds are inherited independently of each other.
Hypothesis Statement '
* We hypothesize that in a dihybrid inheritance pattern, the traits of pea seed color and texture are not
interdependent.
Explanation Based on Chromosomal Behavior
*  The independence of these traits can be explained by the behavior of chromosomes during meiosis.
* Independent assortment, a key mechanism in meiosis, implies that the genes for these traits are
located on different chromosomes.
"etic Location of Traits
Spec.ﬁca“v‘ the alleles responsible for seed color are found on one chromosome pair, while the alleles

Co for seed texture are located on a different chromosome pair.
Nelusion

Qafrangement allows each trait to be in hented independently, leading to the observed patterns of

diversity in the offspring.

.
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2. In addition to seed shape and color, Mendel

of their children?

1. In Labrador Retrievers, coat color is determined hry two
brown (b) coat color. The second gene (F) determines
will be yellow (ee) regardiess of the B gene Lye co
(£) are dominant to blue eyes (e) A black labrador wit

with genotype bbee What are the possible coat colors ant
studled the inheri

1or |s determinad by another gene, where brown eye,
) "

are dominant to terminal flowers (a). A plant heterozygous for seed
position (Aa) is crossed with another plant that is heterozygous for
possible phenotypes and their expected proportions in
3. In humans, the ABO blood group |s determined by one
are co-dominant, and | Is recessive. Another gene determines
dominant over blue eyes (b). A woman with blood type AB and
marrles a man with blood type O and blue eyes (Il bh).What are t

4. In pea plants, round seed shape (R) is dominant to wrinkled
dominant to green seed color (y). A plant that |s heterozygous
plant that Is also heterozygous for both traits (RrYy
the offspring? What Is the expected phenotypic ratio?

). What are the possible genotypes and phenotypes of

The first gene (B) determines black () »',

genes
tcolor is expressed (E) or if the cra

whether the coa
h genotype nhie is crossed ””.h a yellow Labrader
| eye colors of the pupples?

1ance of flower position. Axial flowers (4,
shape (Rr), seed color (Yy), and flower
all three traits (HrifyAa). What are the 4
the offspring? 5
gene with three alleles (1A, 1B, 1), where |A and Ik
eye color, where brown eyes (B) are
heterozygous for brown eyes (IAIBBE,
he possible blood types and eye colors

seed shape (r), and yellow seed color () i
for both traits (RrYy) is crossed with anather

Multiple Choice Questions

Law of Independent Assortment

5.

eAZ3 _
- sC. 8 million

The law of independent assortment states that:

A. Alleles of different genes separate
independently during gamete formation.

B. Each pair of alleles assort independently
during gamete formation.

C. Alleles of the same gene separate during
gamete formation.

D. Each allele pair

during cell division. .

During which phase of

independent assortment occur? .

A. Prophase | B. Apaphase Il

C, Metaphase | D. Telophase |

How . many ' possible combinations of

chromosomes:can human gametes have due to

JIndependent assartment? )

replicates independently

meiosis does

B.46
D. 23 million
What does genetic linkage affect?
“A. lhdependént‘as_sortment of genes
B. Mutation rate of genes
C. Assortment of genes located on the same
chromosome
D. The number of chromosomes in a cell
How are sex-linked traits inherited differently in
males?
A. Males inherit
chromosome. .
B. Males are mare prone to express recessive X-
linked traits..

more genes on the X

€. Males inherit X-linked traits from thelrfathe—r:;
D. Males can inherit two copies of the X §
chromosome.
6. What role does independent assortment playin |
evolution?
A. Decreases genetic diversity
B. Contributes to genetic variation and adaptation
C. Ensures genes are inherited together
D. Reduces the effectiveness of natural selection -
7.  What is the significance of crossing over in
genetic variation? : ;
A. It decreases the number of chromosomes. &
B. It creates new combinations of genes on the
same chromosome. 3
C. Itensures identical inheritance of genes.
D. It reduces the number of possible gametes.
8.  Which Mendelian principle explains the |
behavior of chromosomes during meiosis? :
A. Law of Dominance
-B. Law of Independent Assortment 3
C. Law of Uniformity D. Law of Segregation
9. Mathematically, the probability (P) is equal to:
A.P=axn B.P=a+n
C.P=a/n D.P=a-n
10. What is the probability of offspring inheriting3

recessive phenotype in the F2 generation of 3 |
monohybrid cross? 1
A. 0%

C. 50%

B. 25%
D. 75%

|1.a[z.c|3.c|4.c|5.a|s.a|7.a|a.a]g.clmE]
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herita nce,

hro ‘ .
ugh the inheritance of flower color in the 4

. S in whi :
heterozygous conditions. Some key Examply which alleles intera

es are: ct at the same genetic locus, especially in
1. Incomplete Dominance )

= al:lel‘; completely dominates over another, incomplete
M X ully dominate
offspring is a blend or mixture of both Saren the other. As a result, the phenotype of the

tal traits.
For example, when a red-flowered plant is crossed

flowers with a white-flowered plant, the result may be pink
2. Codominance

Ip codominance, both alleles at a locus are expressed equally, and the phenotype displays characteristics
of both alleles simultaneously.

A classic example is the ABO blood group system, where both A and B alleles are fully expressed in
individuals with AB blood type.

3. Multiple Alleles

While Mendel worked with genes that existed in only two allelic forms, many genes exist in more than
two forms, which is known as multiple alleles.

The human ABO blood group system is also an example of this. In
this blood group, three alleles (A, B, O) influence the blood type.

Incomplete Dominance

L]

Incomplete dominance is a pattern of genetic inheritance where neither

allele in a pair fully dominates the other. . .

* Itresults in an'offspring with a phenotype thatis intermediate between
the two parents.

* The phenomenon of incomplete dominance Was first documented by

the German botanist Carl Correns in 1899.

F, R,R,x R,R, (Self)

o
& White
R, R

urs when the phenotypic 121 R, R, R,R, ,
a blend of the parents’ Figure: Incomplete Dominance in
: 4-o'clock Plants

: Red
Key Concepts in Incomplete Dominance

* Definition: Incomplete dominance Occl
expression of the offspring’s genotype !
o pes. i lower color of the Japanese
::::“;::: Akcle;ssitc(z;f;;;z ;?a::;;‘)“"v\::z: : red-flowered plant is .crosls.lec'i u_vi'::t:); m::;z-f:,:r:ir:adn?am’ the
offsprin 0;3 P ar-lnk flowers. This shows that neither the red nor x::hn;ia :n::ﬁon gre Cr\gss_pomnatéd .
Genetich ve pi s When pink-flowered plants f.rom the F1 g cro: nat )

. atlos in Offspring: ite flowers in @ 1:2:1 ratio. This ratio reflects that‘pm owered p ant-s are
?\f:::”ng Sxhiblt red, p.ink'::‘ldr:::ﬁde and one white allele, with neither allele being completely dominant

rozygous, possessing _

Over the other.
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Genetic Problem 12.5 ' \"“’!‘: 3
When a pink flower of the four Oclock plant is crossed with a red flower plant, what is the Probability of.

(a) a red flower plant
(b) a pink flower plant
(c) the ratio of pink flower to red flower plant?
Solution:
The four o’clock plant (Mirabilis jalapa) exhibits incomplete dominance, where neither allele is COMpletely _'
dominant over the other. In this case, the red flower allele (R) and the white flower allele (W) result in 5 pink

flower when the
ey are heterozygous (RW). GET ADMISSION IN OUR ONLINE INSTITUTE
(a) Probability of a red flower plant (RR): BADLO BY MAK
Offspring will inherit one allele from each parent. Contact WhatsApp Number: +92 331 5014353

The red flower parent (RR) can only pass on the R allele.
The pink flower parent (Rr) can pass on either the R or r allele.
Therefore, the probability of a red flower (RR) offspring is 50%.
(b) Probability of a pink flower plant (Rr):
The pink flower parent (Rr) can pass on either the R or r allele.
The red flower parent (RR) only passes on the R allele.
Therefore, the probability of a pink flower (Rr) offspring is 50%.
(c) Ratio of pink flower to red flower plants:

The ratio of pink flower (Rr) to red flower (RR) plants in the offspring is 1:1.
This is because each parent contributes one allele, resulting in equal chances for each genotype

combination (RR and Rr).

Co-dominance

e Co-dominance is a type of genetic inheritance where both alleles at / . : \
a gene locus are expressed equally and independently, resulting in

a phenotype that displays characteristics of both alleles. :::igsxld;::"::iga?f ;Zc;n:::f:s‘
This inheritance maintains and visibly expresses genetic diversity in. will nat be used to represent the genes,
instead, only capital case letter
differentiated by numeric figures will

Characteristics of Co-dominance be used to represent the phenotypes.

Definition: In co-dominance, both alleles at the same genetic locus
are expressed without influencing each other. This results in a phenotype where traits from both alleles are

populations.

visibly manifested.
Example of Co-dominance: The human MN blood group system illustrates co-dominance clearly. In this

system, the alleles L™ and L" code for two different molecules on the surface of red blood cells, namely M and

N molecules. ‘

o Individuals homozygous for the L™ allele (LML™) have red blood cells displaying only M molecules.

o Individuals homozygous for the L" allele (L"L") exhibit red blood cells with only N molecules.

o . Individuals heterozygous for the M and N alleles (L"L") have red blood cells that carry both M and N
molecules, clearly showing the independent expression of both alleles.

Table - MN blood groups system in example of co-dominance

Blood Group phenotype Antigen Genotype
M blood M antigen MM
N blood N antigen NN
MN blood " Both antigen MM
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Evaluate incomplete and
' o-domi
Many patterns of inheritance which ¢ nance 2 varlation {Mendel’s ¢ om

" .‘mf'lot i
diSCOVEfed in plants and animals Such be explained on the basis of Mendel’s laws alone were
inheritance. Incomplete dominanc}: i ¢ patterns of inheritance are described as non-Mendelian
express as a blend (mixture) as agaj * 3 type of interaction where both the alleles of a given trait
Bainst a normal Mendelian pattern where one allele is dominant

ver the other. As a result of thj i i

?epresents a situation where t::‘:at;ll:lri‘f "8, an intermediate character Is expressed. Co-dominance
‘ . en

traits independently instead of ShOWingga tvs\.'lsp\.'\.rher't present together in an individual, express their

ical domi i
heterozygous progeny of the F, generation shows a l:;:r: TRissive raiticship: A= LS

homozygous parents. otype that is different from both the

The following table highlights the key di :
- y differences in h ' ous states under
incomplete dominance and co-dominance. ow alleles behave in heterozygou

Table - Difference between Incomplete Dominance and Co-dominance

——
Characteristic Incomplete Dominance Co-Dominance

—— Interaction | Both genes bl - - .

Allele Inte & end their phenotypic Both genes independently express their

in Heterozygotes effects. phenotypic effects.

phenotype of Shows an intermediate phenotype Shows both parental phenotypes
Heterozygotes between the two parental phenotypes. | simultaneously.

Examples Flower color of the 4 O’clock plant. Human MN blood group and AB blood groups:

Evaluate Incomplete and Co-dominance as Variations of Mendel’s Research

Non-Mendelian inheritance refers to genetic patterns that do not conform to Mendel’s laws of
inheritance. These patterns, observed in plants and animals, involve more complex interactions
between alleles than simple dominance or recessiveness.

Incomplete Dominance

e Nature of Interaction: Incomplete dominance occurs when neither allele in a pair is
completely dominant over the other.

e Phenot;pic Crutcome: The result of this allele interaction is a phenotype that blends the
traits of both alicies. For example, if a red-flowered plant is crossed with a white-flowered
one, the offspring may have pink flowers, exhibiting an intermediate trait.

Co-Dominance

e Nature of Interaction: Co-dominance happens when both alleles at a locus are expressed
equally in a heterozygous individual.

o _Phenotypic Outcome: Unlike incomplete dominance, co-dominance allows both traits to
appear simultaneously and independently. An example is seen in the human ABO blood
group system, where both A and B alleles are fully expressed in individuals with AB blood
type. . .

These variations from Mendel’s research show that genetic inheritance can involve interactions
that produce phenotypes blending both parents’ traits or expressing both traits distinctly,
contributing to the diversity seen in biological organisms.

—

Eﬂle and Allele

* Gene A gene is a segment of ONA that is located on a chromosome and encodes specific genetic

. information for particular trans. .
Allele Alleles are different forms of a gene that are found at the same location (locus) on homologous

chromosomes. They can influence variations in the expression of a genetic trait.

Multiple Alleles
Definition
©  When a gene exists in more than two allelic forms, it is said to have multiple alleles.

k
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Location

o Despite the variety, all alleles of 2 gene occupy the 53ame locus on a chromosome.

Expression in Individuals

o Although a gene may have many alleles, any diploid
each locus — one from each parent. Haploid cells,
one allele per locus.

Example of Multiple Alleles

o Thg ABO blood group system in humans exemplifies multiple alleles with three main forms—A g Mo
This means a person can have combinations such as AA, AO, BB, BO, AB, or 00, but only two alieles ¢,

be present in any individual.

organism (like humans) can carry only twg 3jja..
such as gametes (sperm and egg cells), coain 2

"
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/

1. In the MN blood group system, the alleles L™ and L* exhibit co-domindnce. This Teans that
individuals can be of type M (having L L), type N (having L% LM, or type MN (having L*' L¥) A man

with type M blood (L* L") marries a woman with type MN blood (L¥ L"¥).What are the possible
blood types of their children? What is the expected ratio of these blood types?

2. A farmer has 3 herd of cattle with two coat color phenotypes: red and roan (a mix of red and i
white). If two roan cattle are crossed, what are the expected coat colors of their offspring?

3. Why might codominant alleles both be fully expressed in a heterozygous organism?

4. How does the ABO blood group system in humans demonstrate codominance? ‘

Multiple Choice Questions

Exceptions to Mendelian Inheritance |

A.3:1 ' B.1:2:1

C.2:1:1 . D12 :

In the human MN blood group System, what

does a heterozygous individual exhibit?

A. Only M molecules B. Only N molecules

C. Both M and N molecules

D. Neither M nor N molecules

8. Which pattern of inheritance involves genes that
are located on the same chromosome and

1. Inincomplete dominance:
A. One allele masks the effect of another.
B. Neither allele fully dominates, resulting in a | 7.
blend of both parental traits.

C. Both alleles are fully expressed.
D. One allele changes the function of another.

2.  Flower colour of four o’clock plant shows:
A. Co-dominance

‘ B. Incomplete dominance
f C. Dominance D. None of these typically do not assort independently?
3,  Haploid cell contains: A. Incomplete dominance B. Codominance
A. Only one allele B. Only two alleles C. Genetic linkage D. Multiple alleles
C. Three alleles D. Four alleles 9. What are multiple alleles?
4. How many allelesinfluence the ABO blood group A. Alleles that cause mutations
system? B. Different forms of a gene at the same locus
A. Two alleles B. Three alleles C. Genes that express multiple traits
C. Four alleles D. One allele B Rloraoliie shsve
5. Wha: genetic concept is demonstrated when a | 10. What outcome is expected when 3 man with
red flower Is crossed with a white flower to type M blood (LMLM) marries a woman wit
produce pink flowers? MN blood (LMLY)?
A. Codominance B. Multiple alleles A. All children will have type M blood.
C. Incomplete dominance B. All children will have type N Bl500; ;
D. Mendelian inheritance C. Children will have type M or MN blood |
6. When plnk-flowered plants are crossed, what is equal ratios. - oqud
in

the phenotypic ratio of their offspring for flower D. Children will have type N or MN blood
ratios.

i

|

colert e |
. i

{

ﬁ.slz.s|3.AI4-B|5-CI6.3]7_c|8.cI9.B|1o.g




(EDERAL BIOLOGY /7~

2=

GET ADMISSION IN OUR ONLINE INSTITUTE

BADLOBY MAK

Contact WhatsApp Number: +92 331 5014353

blood group AB,

ual
. q dominance through the genetics of the human
213 Name the various human blocd Broup syst

Investigate the reasons of - —
b Investie; : of 0~ (g el e

positive) as the univeresy recipien. Negative) individyal 3s the universal donor and AB* (AB
215 mribe the occurrence of S0me other blgog
2,16 Associate the positive and negative Sroup systems.
1247 Justify why Rh incompatibility could

bl .
bz:ddgroups with the Presence and absence of Rh factor.
1218 Explain Erythroblastosis foetalis in R

et timger tF: the developing fetus and mother.
1219 SUBEESt MESUTes 16 counter the problefn of antigen-antibody reaction.

of Erythroblastosis before it oceurs. /
—

BLOOD GRoyp SYSTEMS

, Blood group systems are Classifications p
on the surface of red blood cells.

ased on : ; : i
the presence or absence of specific molecules called antigens
+ These antigens, which are usually glycoprotein molecules

» determine.an individual’s blood type
Major Blood Group Systems
+ The International Society of Blood Transfusion recognizes up to 30 major blood grou p systems
ABO and Rh Systems '

o The ABO and Rh (Rhesus) blood Broup systems are the most si
o These blood groups are important becau
blood transfusions, life-threatening com

Minor Blood Group Systems

gnificant blood groups.
se if donor and recipient blood

€ types are not compatible during
plications can occur.

e }
In addition to the ABO and Rh systems, there are over two hundred minor blood group systems.
Significance of Minor Groups

© These minor systems generally do not cause complications in blood transfusions and are considered rare
blood types.

o An example of a minor system is the MN blood group system, which is an example of co-dominance.
ABO Blood Group System

' MABO blood group system was discovered by Karl Landsteiner in 1901
i ! 28 dassic example of multiple alleles in human genetics.
This system is also present in various other primates, such as apes, chimpanzees, bonobos, and gorillas.

* The diccovery of the ABO system marked a significant advancement in our understanding of human blood
\‘Vma_mi their genetic basis.

%f the ABO Blood Group System
?;._m blood group system is characterized by the presence of specific antigens on the surface of red blood
. (RBCs).

- sntigens are glycoproteins and their presence or absence determines blood types:
: A“"tit.':l'b: When the A antigen is present on the RBCs, the blood group is classified as Type A
8 :::%m The presence of the B antigen on RBCs defines the blood group as Type 8.

A

and B Antigens- If both A and B antigens are present, the blood group is Type AB, demmstmﬁng
Nance.
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o No A and B Antigens: If neither the A nor B antigens aré present, the blood group is Type O, ingic, . .

"ha
absence of these specific antigens. lood transfusions and h
. : . . .. hility i ransfu imolie-
e This system of antigens is essential for determining compatibility in bloo asimplicat,,,. Sin
medical treatments and genetic studies. GET ADMISSION IN OUR ONLINE INSTITUTE
o

Genetic Basis of the ABO Blood Group System e
"o The ABO blood group is determined by a single autosomal gene known as the isohaemagglutinogen per.

e Itisrepresented by the symbol ‘I.

o Thisgene has three different alleles that control the blood group: ’ f .
o PAllele: Responsible for producing the A antigen on red blood cells. ABO Blood type antigens are 1.1 \

o [PAllele: Responsible for producing the B antigen on red blood cells. only found on the surface of .
o IAllele: Doesnot produce either A or B antigens, resulting-in the cells. They are also normai,
O blood type. secreted by some people in tre .

body fluids, including sali,;
tears, and urine. Such person:
e Dominance over i: Both I* and I° alleles are completely dominant over are called secretors. Whether
the i allele. This means that the presence of either 1* or I° will mask the someone Is able to secrete ther
effect ofi. . is genetically controlled by 5
e Co-dominance of I*and I: The I* and I° alleles are co-dominant to each dominant secretor gene “Se”

Dominance Relationships

other. When an individual inherits one of each of these alleles(e.g., A present on chromosome 19.
18), both antigens are equally expressed, resulting in the AB blood type.

Expression throughout Life

e Continuous Expression: The expression of these blood group alleles begins at an early embryonic stage and

continues throughout a person’s life.

e Consistency of Phenotype: Due to the constant expression of these alleles, the blood group phenotype ofan

individual remains unchanged from birth until death.

Group A Group B Group AB Group O
3
Red blood @
cell type
Antibodies N— A\r% \LV /«
in plasma 'j( \ "/( 3" ’f ‘\
Anti-B ) Anti-A None An:":‘ aB"d
nti-
Antigens in ? '
recli blood _ ' ? AZ 3 B
cells A antigen B antigen antigens None
Figure: Multiple Alleles and ABO Blood Groups %
Table: Multiple Alleles and ABO Blood Groups 4_______&
Blood Grou .
° P Antigen Genotypes Antibodies Transfusions |
(phenotype) R
A A IA14 or 4 B Aand0 {3
B B IB1B or IBi A BandO 4
AR Both 1418 None Any A4
0 None i Both onlyo _J
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3 person receives blood containin
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! lood:

“pe BB .

Type AB Blood: People with AB blgog

both - i : ,
A and B antigens anti-A or anti-B antibodies, as they naturally have

.

1ype O Blood: Individuals have nej
ype neither A nor g antigens but have both anti-A and ibodi
- . Duration of Antibody S -A'and anti-B antibodies.

garly pevelopment: The production of these anti

Lifelong Presence: These antibodies continye to bbeOdies Starks In embryanfC TN
for any external stimulus. produced throughout an individual's life without the need

overview of Human Blood Group Systems

——

, The International Society of Blood Transfusion recogni
= cognizes 33 :
systems comprising over 300 antigens. blood group f
, Some key blood group systems include ABO, MNS, Rhe H-antigen
. ' ) sus (Rh), Lutheran :
(LU), Kell (KELL), Lewis (LE), Duffy (FY), and Kidd (JK). ’ :;:nﬂie;ds th{;gggcu“% :0
+ Each Of_ these systems DIBYS‘ a crucial role in medical contexts like | antigens. It is presentgin a[lJI
transfusion and transplantation due to ‘their unique antigens and | RBCsirrespective of the ABO
antibodies. system. Persons with the

ABO System rare Bombay phenotype are
N ’ _ homozygous for the H gene
v The ABO system is the most important for transfusions and transplants as | (4H), do not express H-

it includes significant antibodies (anti-A and/or anti-B) that are naturally | antigen on their RBCs. As H

present in individuals older than 6 months. antigen acts as precursor, its
Rhe absence means the absence
sus System of antigen A and B. However,

nd most critical blood group aft.er ﬁ}BO_. the individuals produce
nistered to prevent Rh immunization in Rh- | icoantibodies to H-antigen as
well as to antigens A and B.

* The Rhesus system-is the seco
' Anti-D immunoglobulin is admi - ;
negative mothers after giving birth to an Rh-positive child.

MNS System

Itis governed by an autosomal locus © ks
Anti-M and anti-N antibodies are typically IgM types, W

th co-dominant alleles Mand LM

n chromosome 4 wi '
h rarely cause transfusion reactions.

Luth
&ran System . . .
t consists of four pairs of allelic antigens. Each represents 3 single amino acid substitution on the Lutheran
i‘m’ﬂrotein located on chromosomeé 19. Iy clini
"tibodies against this group are rare and not usuad V‘

Kell g
Ystem .
; i rum reacting to her
' g identified b tibody anti-K. It was first noticed in Mrs. Kellacher’s seru g
ified by an immune antl ; .

boryy

' $ erythrocytes. ibodi

T ) ._K antibodies €2
n € are now 25 known Kell antigens- Anti-K a ions (HTR).

m (HDFN) and hemolytic transfusi

cally significant.

n cause severe hemolytic disease of the fetus and

on react
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Duffy System Tivee

The Duffy antigen was first isolated in 2 patient named Duffy who had hemophilia
Fya and Fyb antigens on the Duffy glycoprotein result in four possible phenotypes
The antibodies, which are i2G subtypes, can cause hemolytic transfusion reactions.
Kidd System

e The Kid

@ antigen (Jk) is 2 ghycoprotein on RBC membranes that acts as a urea transporter in o L P
endotheiial cells. |

; . . ; GET ADMISSION IN OUR ONLINE INSTITUTE
* Kidd antibodies are rare but can cause severe transfusion reactions. BADLO BY MAK
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* Transfer of blood from 2 donor to a recipient is called transfusions. For a safe transfusion, it is .~ “rtang -
match the donor’s blood group antigens with the recipient’s antibodies to prevent adverse reactic. - 4
Agglutination and Compatibility .
*  This occurs when the antigens of the donor blood react with the antibodies (agglutinins) of the - scigiant
c2using the red blood cells to clump together. This reaction can lead to serious complications.
Blood Group Compatibility
Type A Blood Group A

o Individuals with type A blood can receive blood from type A or type O donors. They have anti-8 ar tibodi ‘
which means they cannot receive blood that carries the B antigen. i
Type B Blood Group ey :

PR Thoie with type B blood can receive from type B o type O donors. They have anti-A antibodies 24 cannof
accept blood with the A antigen. 4
Tvpe AB Blood Group :

o Individuals with type AB blood can receive blood from any ABO group (A, B, AB, or O) because they do net
have any ABO antibodies. This makes them universal recipients.

Type O Blood Group @

o  People with type O blood can only receive from type O donors because they ‘

have both anti-A and anti-B antibodies, which react against blood i

containing either A or B antigens. However, because type O blood lacks A @ i

and B antigens, it can be donated to any ABO blood group, making type O
individuals universal donors. \

Specizl Considerations for Rh Factor :

Rh-Negative : Figure: Blood Transfusios |

o lncﬁviduabwﬂnhmﬁvebbodmmreceive%-negaﬁvebloodmlym Model |

avoid immunological reactions. However, they can donate to Rh-positive or

Rh-negative recipients, making Rh-negative donors particularly valuable.

/- N A

1 How do antigens on the surface of red blood cells determine blood types?

2 what are minor blood group systems, and how do they differ from major 5

3. Gwe an example of 3 minor blood group system and explain its dinical signifi :

4. Why indmviduals with Type O blood are considered universal donors?

5. Amwbomhasjauﬂkza\dsfmmdwmm{amdieshmeibbod.wm blood group
system is involved, and what might be the cause?

6. Apatientv'sﬂﬂypcBbbodrecdvesatrm&omarype;\m_am”. thei ogical
response that would occur. :

7. How do the naturally ocourming anti-A antibodies in the patient’s blood contribute to this reaction? .

N
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Ge"r’an has type A blood group while
APE" . the ABO system. Explain hoyy | pe 8
. . t IS 1 ] they h
‘;TUtiO“: Itis ploss::ib,e fara person With bioggs‘s\:?e;\ V¢ four children each with different blood
e
50" fferent b c:I:;EIgr(c:Jps (A, B, AB, 0) dye 1, the ge: '
stributes one allele (A or B) to thejr offspring, resy| .Etlc.variabiiityi
0" child 1 inherits AA (blood type A) from + Tesulting in diverse
child 2 inherits BB (blood type B) from parent A,
child 3 inherits AB (blood type Ap parent B,

his wife hag

nd a persg
nw
'th blood type B to have four children each

n
AB.O blood group inheritance. Each parent
ombinations:

Geneﬁc problem 12.7

ild? Which genotypes could the father not have?
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1. Mother’s Genotype (Blood type B): |o}? o |t BADLO BY MAK
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2, Child’s Genotype (Blood type 0): i
3, Father’s Genotypes: I°i (heterozygous) or i (for Q).
The father could not have the genotype I’ because in that case, all offspring would have blood type B (i or %)

( Derive .an idea to get alternatives of blood transfusion. \
Some approa_ches are available that can decrease the need for a blood transfusion. The options
currently available are:

1. Volume expanders are used to prevent or treat the shock associated with loss of body fluids.
The most common volume expanders used include salt water (normal saline) and saline with
some chemicals added (Ringer’s solution).

2. Hematopoietic growth factors encourage the bone marrow to make more red blood cells. These
growth factors can be made in the laboratory and given to people with low blood cell counts.

3. Erythropoetinis a naturally occurring harmone produced by the kidneys. It stimulates the body
to produce more red blood cells and is used to treat anaemia. It is widely used as a transfusion

alternative. _ .
4. Aprotinin is a drug thatis given before heart surgery to reduce the risk of bleeding and the need

for transfusion.

p allele  *is more frequent in the population.

The cross between blood group O (ii) and O (ii will have blood group O (ii) in all the offspring. The
cross between heterozygous A# and A%i wil produce 25% offspring having blood group O (i), and

; 0 ing having blood group O (ii).Cross between
likewise heterozygous A’ and | f; will produce 25% offspring B g

i [ ii). That's why blood group
Biwi o4 offspring having blood group O (ii)
heterOZYSOUSAA S e FoF: example Australia 40%, Canada 39%, Iceland 47%, |

allele * “is more frequent in the population. |
Ireland 47% UK 37%, USA 37%. \

Justify why a recessive blood grou

ng humanity. : -
e to suffering ting for it as it will be used in saving lives

iy The donor is dona .
bllltvS ah 5 verse 32 “if anyone saves a life, it shall be as thoug_h
S of people owe their lives to people whom they will

other than those people, who have donated their

blood donors. Voluntary unpaid donors arg the
of human beings from the jaws of untimely

(ustlfy blood donation as a servicl
Blood donation is a social respons!
of human beings. As The Quran say otens
he had saved the lives of all mankind. Millions
never know or meet in their lifetime. They are Ir:::\lfe
blood freely and without any reward - vOlu"

; millions : _
foundation of a safe biood sugpY Tf?lc:ss:r:eicse It gives the donor a feeling of joy and contentment.
death. Blood donation Is a noble, selllés '

colour, creed, religion or
lood knows no caste, .
Mankind, 35 b i ree lives rather than
Also this is an expression of Iov;ofsgu (now that ‘one unit of blood can save th
|_race, country, continent or SeX.
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Rh Blood Group System Overview

» The Rh blood group system is the second most clinically significant blood group system after A[F\ _'
* Itwas named after its initial discovery in the Rhesus monkey by Karl Landsteiner in the 1930s.

Antigens of the Rh Blood Group System
Presence of D Antigen

o This system is primarily defined by the presence or absence of the D antigen, also known as the Rhfactor
* Rh Positive: Individuals who have the D antigen on their red blood cells (RBCs) are referrcd toas R
positive,
® Rh Negative: Those lacking the D antigen are Rh negative.
Clinical Implications 3
o The presence or absence of the D antigen is crucial in blood transfusions and:is a significant factor j m '
hemolytic disease of the newborn, also known as erythroblastosis fetalis. '

Genetic Basis of the Rh Blood Group System 8ET ADM'SS'N IN OUR ONLINE INSTITUTE
¢ The presence of the D antigen is controlled by the D gene. BADLO BY MAK
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Dominance ;

o The D allele is completely dominant over its alternative allele d.
Genotypes and Phenotypes:

o Individuals with DD or Dd genotypes possess the D antigen and are Rh-positive.
o Individuals with the dd genotype do not have the D antigen and are Rh-negative.

Implications for Blood Transfusion

Universal Donor

o The O negative (0™¢) blood type is considered the actual universal donor because it lacks both ABO and;_ ‘
Rh antigens, minimizing the risk of antigen-antibody reactions during transfusions.

Universal Recipient

o The AB-positive (AB™€) blood type is regarded as the actual universal recipient because it lacks anti-A &
anti-B, and anti-Rh antibodies, allowing it to receive blood from any donor without resistance.

i
.

Table: Rh-Blood groups system

Blood group Rh Antigen/factor Genotypes Anti-Rh-Antibody Transfusions
(phenotype)
Rh*ve Present DD or Dd Not produced Rh*¥¢,Rh™*
Rh-Ve Absent dd Produced - Rh™"*
(if stimulated) ;B

Anti-Rh Antibody and Transfusion Principles 1

e The Rh blood group system includes a specific response mechanism for the production of anti-Rh antibodié |
which is significant in the context of blood transfusians, especially for Rh-negative individuals.

Production of Anti-Rh Antibodies

Stimulus Requirement |
o Unlike antibodies in the ABO system, which are naturally occurring, the production of anti-Rh an,t,boﬁ! : _
in Rh-negative individuals requires a specific stimulus—exposure to Rh-positive blood. 4

Mechanism ;
o When an Rh-negative individual receives blood containing the Rh antigen (from an Rh-positive don '_Z
their immune system recognizes these antigens as foreign and starts producing anti-Rh antibodies-
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ﬁhroblastosis Fetalis

+ Erythroblastosis fetalis is 5 sey

ere blood dis
maternal and fetal blood. order that affects fetuses due to incompatibility between

problems and Complications in Fetuses Due to R

» Erythroblastosis fetalis can lead tq s

evere complicatj i . . .
penetrate the placenta and enter the fetal bloodstpr)cle::wtlons gL S Bypien maternal anti-Rh antibodies

h Incompatibility

Hemolysis and Its Effects

Maternal
circulation

Maternal
anti-Rh
antibodies
cross the
placenta

Initiation of Hemolysis

o The anti-Rh antibodies from the mother cause the breakdown of
fetal red blood cells (hemolysis).

Development of Anemia

o Asred blood cells are destroyed, the fetus becomes anemic. Aggluntination of fetal
Rh-positive red blood
Release of Erythroblasts : : cells leads to hemolysis

o The anemic fetus compensates by releasing a large number of Figure: Maternal-Foetal Rh-

- incompatibalit
immature red blood cells (erythroblasts) into the bloodstream, a P v

condition named erythroblastosis fetalis.

Secondary Complications BADLO BY MAK
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Organ Enlargement

o Continued anemia leads to rapid production of red blood cells by the fetus’s liver and spleen, causing

these organs to enlarge.
Bilirubin Accumulation
¢ Th f red blood cells produces _ )
da;:;?::g::t:dice evident by the yellowing of the skin and the whites of the eyes.
Post-birth Risks and Interventions
Risk at Birth

e hemolytic anemia and jaundice.
O If the baby is born aliv

e, it may suffer from sever
’

Immediate Medical Intervention ood with Rh-negative blood that does not contain anti-Rh

ely replace the baby’s bl
sues.

©  Itiscritical to immediat i
antibodies to mitigate further health i

bilirubin. High levels of bilirubin in the fetus can lead to brain
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m,\ ‘ n”\iln tosis feralis primarily ocones due to Rt incompatibility between an Bh-negative i, ~
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rosttive fetus a condition influenced by the genetic contributions of both parents, ' by ;
Genetic Contributions and Risk Assessment A e b
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o The condition Most coy

nmonly arises when an Rh-negative woman concelves a baby with y)
blood, typie ~

s} b
ally when the father I5 Rh-positive, A!h’:;
ather's Genotype Influence .

O

f

H s y
‘;;nm:y.,nu\ Dominant (DD) If the father’s penotype Is DD (homozygous dominant for the a1, o)
CTpng willinherit one Rh-positive allele (D) and will be Rh-positive (Dd). -

O Heterozygous (D). i the father's genotype is DA, there is a 50% chance each child will tnhey,; The NL;’I
Positive allele (D) and be Rh-positive e

Likelihood of Erythroblastosis Fetalis

*  Thereis a persiste
Cre s a persistent risk of erythroblastosis fetalls in any pregnancy where an Rhenegative mothe

an Rh po P , N " Ceivey 3
i hosttive fetus due 1o the potential development of maternal anti-Rh antibadies :

Prevention of Erythroblastosis Fetalis

*  Lrythroblastosis fetalis
medical interventions

, o condition caused by Rh incompatibility,can be effectively prevented i timely

Rh Immunoglobulin (Rhig) Therapy a
Role of Rhig (RhoGAM) An erythroblast is oty (od
o Rh immunoglobulin (Rhig), commonly known as RhoGAM, is blood cell which still retar call
adnunistered to prevent the pregnant woman from developing | "UCleus: 1t s the o e
antibodies against Rh-positive blood. precursor of a normal erptr . e,
Mechanism o

o Theinjection contains anti-Rh antibodies that neutralize any of the baby’s Rh-positive red blood < /ls that

might enter the mother’s bloodstream before they can stimulate her immune system to produce | or own
antibodies. "

Limitation
o This treatment is not effective for women who have already been sensitized to Rh-positive blood

Administration Schedule

e To maximize effectiveness, RhoGAM should be administered at specific times:
During Pregnancy |
o At 28 weeks of gestation prevent the mother from becoming sensitized in the later stages of pregnancy.
After Delivery

o Within 72 hours after delivery if the newborn is Rh-positive, to prevent sensitization from any fetal b"’»"i’4
cells that may have entered the mother’s circulation. :

After Pregnancy Loss

o  Within 72 hours of a miscarriage, abortion, or ectopic pregnancy to prevent sensitization followin thmé
events. b

After Invasive Procedures

o Following procedures that could potentially introduce fetal cells into maternal circulation, ‘.;ch_ﬁf
amniocentesis or chorionic villus sampling (CVS).

After Vaginal Bleeding

o Anyoccurrence of vaginal bleeding during pregnancy may warrant a dose of Rhig to prevent sensitizatioft:J
o Properly timed doses of RhoGAM are crucial in preventing the development of Rh antibodies in Rh-negatlv :
women, thereby significantly reducing the risk of erythroblastosis fetalis in current and future pregnanciés:
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all children wijl be Rh-positive (Dd).

$a50% chance of having Rh-positive (Dd) children

pend on the father's Rh genotype.

ance that each child will be Rh-positive and at risk for the

Multiple Choice Questions
Blood Group Systems

What determines an individual’s blood type?

A. Blood cells count

B. Antigens on the surface of red blood cells

C. Plasma composition

D. White blood cell type

How many major blood group systems does the

International Society of Blood Transfusion
recognize?

A 15 B. 20

C.30 D. 33 -
What are the most significant blood groups for
bloogd transfusions?

AMN and Lewis B. ABO and Rh

C.Kell ang Duffy D. Lutheran and Kidd

3 blood group system involves antigens like
Aand g;

g' Rh B. ABO
“":”N D. Duffy
o discovered the ABO blood group system?

“atson ang crick

B. Karl Landsteiner
C. Gregor Mendel
D. Charles Darwin
6. What happens if donor and recipient blood
types are not compatible during transfusion?
A. Nothing significant
B. Slight discomfort
C. Life-threatening complications
D. Minor allergic reactions
7. What is an example of a minor blood

group
system?
A. ABO B.Rh
C. MN D. Duffy

8.  Which allele is not responsible for producing any
antigens in the ABO blood group system?

A.IA B. 1B
C.i D. AB
9. Whatdoes the ‘I’ allele produce?
A. A antigen B. B antigen

C. Both A and B antigens D. No antigens
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. Nhg,
10. What kind of dominance relationship exists C.dd D. Either 0D Ny
between IA and IB alleles? 20. What happens when an Rh’"egative i,
A.Complete dominance B. Co-dominance receives Rh-positive blood? "Ny
C. Incomplete dominance D. No dominance A. No reaction
11. Whatblood group can receive from any ABO group? B. Production of anti-Rh antibodies
AA B.B C. Increased blood pressure
c.0 D. AB D. Decreased immune response
12. What type of antibodies are present in | 21. How is Rhincompatibility primarily pea,
individuals with Type O blood? A. Regular blood transfusions “Megy
A. Anti-A and Anti-B B. Anti-A and Anti-B B. Administration of Anti-D immunoglop i
C. Anti-AB D. None C. Genetic modification \
13. When do ABO blood group antibodies begin to D. Avoiding transfusions altogether
develop? : 22. What type of antigen is involved in 1, bl
A. At birth B. In embryonic life blood group system? H
C. After one year D. During adolescence A. ABO antigen B. Rhantigen :
14. What blood group is considered the universal donor? C. Fya and Fyb-antigens = D.MandNapr:...
A.A B.B 23. What blood type can receive blood fror akn'.‘
C.AB D.O donor in terms of ABO compatibility? :
15. What antigens does a person with AB blood type A A B.B
have? C.O0 D.AB
A. A only B. B only 24. What is the role of antibodies in the ABO biggg
C.Both Aand B D. Neither A nor B - group system?
16. Which blood group system includes co-dominant A. Transport oxygen
alleles LM and L? B. Prevent incompatible blood transfusions
A. ABO B. Rh C. Carry nutrients
C. MNS D. Duffy D. Regulate blood pressure
17. What antibodies do individuals with type AB | 25. What is the significance of the anti-K antibodyin
blood produce? the Kell blood group system? :
A. Anti-A only B. Anti-B only A. It is insignificant
C. Both Anti-A and Anti-B D. None | . B. It is rarely produced i
18. What is the primary clinical importance of the Rh C. It can cause hemolytic disease of the fetusa
blood group system? newborn '
A. Genetic diversity D. It aids in oxygen transport -
B. Blood transfusion compatibility’ 26. How are blood group systems relevan
C. Evolutionary biology medical contexts? '
D. Cellular function A. Only for academic purposes
19. What genotype characterizes Rh-negative B. For transfusions and transplants
individuals? C. For diagnosing all diseases
A.DD B. Dd D. For cosmetic treatments
18 |2.c |38 |4B [58 |6.C |7.C |8C |9.D [10.8|11.0[12.8]13.8|14.0 54
e cli7.D0|18.8|19.C|20.8|21.B{22.c|23.0[24.B]25.c|26.B '
/ — Polygenic Inheritance and Epistasis
Students will be able to:
12.20 Define and relate the terms polygenic and epistasis. od
12.21 Describe polygenic inheritance using suitable examples from plants (grain colour in wheat)?
animals (skin colour in man).
12.22 List at least five polygenic traits discovered in humans. So
12.23 Give an example of epistasis from mammals (coat colour inheritance in Labrador fetrieveﬁ) f”‘de“a,,

from plants (pigment phenotype in sweet pea, Lthyrus odoratus) and justify modified

ratios.
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Multiple Genes Involved

o Traits with a broad range of p
genes located at different genetic

Additive Effects

o The phenotypic intensity of these traj
Each contributing gene adds a small

Continuous Variation

loci,

ts depends on the cumulative effect of alleles from multiple genes.
ffect that may enhance or diminish the trait.

o Unlike traits controlled by a single

gene, polygenic traits do not exhibit distinct categories but instead
show a range of outcomes. They for :

m a continuous spectrum.
Role of Polygenes

Definition of Polygenes

o The multiple genes that collectively influence a polygenic trait are called polygenes. Each polygene
contributes a small, additive effect on the overall phenotype.

Summation of Effects

© The overall phenotype is the result of the summation of both positive and negative effects from all
individual polygenes. This interaction creates the continuous variation in traits like height or skin color.

Wheat Grain Color and Polygenic Inheritance

* Wheat grain color is as an illustrative example of polygenic inheritance, where multiple genes contribute to a

trait resulting in a spectrum of observable phenotypes.

Overview of Wheat Grain Color Variation
Continuous Variation

O Wheat grains display a range of color variations from white to dark red. It shows a continuous phenotypic

Variation,
Phenotypes
© ' Across global wheat populations, approximately seven distinct color phenotypes are identified, indicating
a broad genetic diversity.
G
Enetic Study and Findings
Initial cross Study

© The genetics of wheat grain color was explored through a cross between a h(:jmozygous dark red grain
ing in all F1 generation grains displaying a light red color
Plantand a homozygous white grain plant, resultingina .

This initially suggested incomplete dominance.
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F2 Generation Outcome

©  Further crossing of F1 plants revealed the F2 generation exhibited exactly seven shades of ¢, "hig
pattern confirmed the involvement of multiple genes.

Genetic Mechanism Behind Color Variation
Gene Pairs Involved '
© Three gene pairs identified as Aa, Bb, and Cc at three different loci are responsible for the color of whes, Eraim,
Allele Impact on Pigmentation

o Positive Effect Alleles: Alleles A, B, and C each contribute equally to the production of red pigmens
o Negative Effect Alleles: Alleles a, b, and c do not produce red pigment, diminishing the color inteng,,

Color Intensity Based on Allele Combination

© Six Alleles for Red Pigment (AABBC): Produces dark red grains.
© No Alleles for Red Pigment (aabbcc): Results in white grains. :
© Intermediate Combinations: Various combinations of these alleles result'in incremental shades rargm'

from light pink to moderately dark red.

Factors Affecting Pigmentation

* Environmental conditions such as light exposure, water availability, and nutrient levels also Slgnlflranﬂv
influence grain color, interacting with genetic factors to determine the final phenotype.

Range of Phenotypes in Wheat Grain Colours

Pigment allele 6 5 4 3 2 1 0
Range of phenotypes Dark Moderately dark | Red Light red | Pink | Light Pink White
red red
Ratio 1 6 15 20 15 6 1
P1 » Dark red grain plant White grain plant
Genotypes » AABBCC X aabbcc

!
Gametes y o @ @
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F, » Light red grain plant
F, x F, » AaBbCc X AaBbCc

A

®

®

AABBCC | AABbCC | AABBCc| AABbCc | AaBBCC | AaBbCC | AaBBCc AaBb;‘

AABBCC | AABbCc | AABbCc | AAbbCec | AaBbCC| AabbCC AaBch! AabbCc

AABBCc | AABbCc | AABBcc | AABbeec | AaBBCc | AaBbCe | AaBBece | AaBbcc

< @ AABbCc | AAbbCc | AABbcc | AAbbcc | AaBbCc | AabbCc | AaBbece | Aabbcc

I

AaBBCC| AaBbCC| AABBCc | AaBbCc | aaBBCC | 8aBbCC | aaBBCc | asBbCc
I

AaBbCC | AaBbCc | AaBbCc | AabbCc | aaBbCC | aabbCC | aaBbCc | aabbCc

——

AaBBCc | AaBbCc | AaBBcc | AaBbce | aaBBCc | aaBSbCc | aaBBcc | aeBbcc |

AaBbCc | AabbCc | AaBbcc | Aabbce | msaBbCe | eabbCc | eaBbcc | aabbcc

Figure: Inheritance of Wheat Grain Colour
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Gene Regulation
three genes, labeled as A, B, and C, are involved in regulating mela

rminants of Skin Color
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Jor variation grimarily depends on the amount of melanin produc
elanin than those with lighter skin.

ed. Individuals with darker skin

At least nin production.

ic Contributions to Skin Color
te incréased

Allel
Alleles for Dark Skin
The alleles for darker skin are represented by uppercase letters (A, B, C). These alleles promo

melanin production, contributing to darker skin tones.

Alleles for Light Skin
o The alleles associated with lighter skin are denoted by low

melanin production, leading to lighter skin tones.
pominance and Phenotypic Expression

dominance among these alleles;
s due to incomplete dominance.

ercase letters (a, b, c). These alleles reduce

heterozygous combinations (such as A3, Bb, Cc)

o Thereis no complete
resultin intermediate skin tone

phenotypic Range and Examples
skin Color Spectrum
o The interaction of these alleles results in at least'seven different shades of skin color, ranging from very
light (aabbcc) to very dark (AABBCC).
Intermediate Phenotypes
ch as the AaBbCc genotype, often observed in

ediate shade, su
metimes referred to

mixed African and European ancestry, sO

ss an interm

o Most individuals possé
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Examples of Polygenic Traits in Humans ?
—
Definition of Polygenic Traits
*  Polygenic traits are characteristics that are influenced by muitiple genes rather than 3 single gene
common poivgenic Tralts in Humans GET ADMISSION IN OUR ONLINE INSTITUTE
o eight
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o Skin color variation
o Susceptibility to certain diseases, such as diabetes, cancer, and heart disease
o Intelligence
o Blood pressure levels ;
o Resistance to diseases
o Autism’s development b
o Longevity, or lifespan length )
o Bipolar disorder, previously known as manic-depressive iliness or manic depression

Epistasis: Nonallelic Genetic Interactions

Definition of Epistasis

e Epistasis is a phenomenon where the effect of one gene (epistatic gene) at a locus interferes with, or mz:.5
the effect of another gene at a different locus.

Roles of Genes in Epistasis

e The epistatic gene or inhibiting gene is the one that suppresses the effect of another gene.
e The gene whose effect is suppressed or masked is referred to as the hypostatic gene.
Differentiating Epistasis from Dominance

e Epistasis should not be confused with dominance.
e Dominance involves the relationship between alleles at the same genetic locus, affecting how they expressin trzts.
e In contrast, epistasis involves interactions between different genes at different loci.

lllustration of Epistasis vs. Dominance

e It is important to note that dominance affects alleles of the same gene, whereas epistasis involves the
interaction across different genes.

)

Gm expression of ABO genotypes (locus is on chromosome ) also depends upon another gene }N
(locus is on chromosome 18) that encodes a particular H substance. The H substance is a precursor to
the A and B antigens. For instance, the 12 allele must be present to produce the B enzyme that
modifies the H substance to become the B antigen. It is the same for the /4 allele. However, if only
recessive alleles for the H substance are inherited (hh), the H substance will not be produced.
Subsequently, the 4 and B antigens also will not be produced. The result is an O phenotype by default
since a lack of A and B antigens is the O type. This seemingly impossible phenotype result has been
referred to 2s a Bombay phenotype because it was first described in that Indian city.

Table — Difference between Dominance and Epistasis

Factor Dominance Epistasis R
Number of Allele Involves a single pair of alleles. Involves two pairs of alleles.
Pairs Involved —
Expression A gene suppresses the expression of its A gene suppresses the expres-ion of an
Suppression own allele. allele of another gene. E—
Alleles Affected Only the recessive allele is suppressed. Suppresses both dominant and recessive
alleles of another gene. —
Role of Alleles The effect is only due to the dominant | Both dominant and recessive alleles can
allele. become epistatic. -
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Determination of Black and Chocolate Colors [

* Apuppy will be chocolate only if it inherits two chocolate
alleles (bb) from its parents.

* Ifa puppy inherits at least one black allele (B), whether from
one (Bb) or both parents (BB), it will have a black coat.

Figure: Coat Colour in the Labrador Retriever

Role of Epistasis in Yellow Coat Color

* The gene for yellow coat color is located at a different
locus in the DNA from the black versus chocalate color genes.
* Toexhibit a yellow coat, a Labrador must have two recessive copies of the yellow ien: (eel). )
* When two yellow alleles (ee) are present, they override the effects of the black and chocolate genes, making

the yellow gene epistatic.

Breeding Im i
plications _ , the yellow allele.
* Yellow Labrad ) will always produce yellow offspring (ee) since thzv C?tf;] Oa"::/eFI’I:i ‘;:bradz‘: (bbee), al
Ifa bl oo lee ous for both gene pairs (BBEE) i CFOSSE WIlow gene from the yellow parent
offs .ad( SebrSgor :?rr;c:zzv,gb cause the black gene is dominant and the ye
Pring will be black (BbEe) be

; i ith all three
\ masked. for both gene pairs (BbEe) can result in offspring with a
us fo

BreEdi"B two black Labradors heterozygo O 34 ratio.
Coat colors — black, chocolate, and yellow — 1
G hat is the probability
netic Problem 12.9 o crossed, 3 yellow puppy was born, wha

wer
When two chocolate coloured Labradors

in crossed?
M“""W coat coloured puppy if the parents aré et




1. Parental Genotypes
Both parents must be Fe (heterozygous for coat
color) or ee (homozygous recessive for yellow)

2. Probability Calculation

¥ both parents are Ee. each parent has a 50% chance
of passing the recessive allele (e) to their offspring

if one parent is Ee and the other is ee, each parent
will pass on the recessive allele (e), resulting in a
100% chance of the offspring being ee (yellow coat).

3. Conclusion
if both parents are Ee, there's a 25% chance (1 in 4)
of each puppy being ee (yellow coat). - @
If one parent is Ee and the other is ee, all puppies will GET ADMISSIONIN OUR ONLINE INSTITUTE

be ee (yellow coat). .{ BADLOBY MAK
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Figure: Inheritance of Coat Colour of Lat 4y
Retriever

Epistasis in Foxglove Flowers

Genetic Interactions in Foxgloves
* In foxgloves, two genes interact to determine petal coloration, but these genes are unlinked.
Gene Interaction for Pigment Production:

o - The wild-type allele ‘d’ produces light red pigment.
o The mutant allele ‘D’ produces dark red pigment.
o Both ‘D’ and ‘d’ alleles work on a precursor to produce a different pigment.

3 o W 01'.
—| 36 |Coloriess ¢ Dark L P
rsor red Pigment —
D-w- | precu distribution White
— confined [ 0
g 3 d W 1o throat Q“’
DdWw |»| 16 |Coloress _$, Laht L spots only C s
White ddW- | precursor red White
T ]
3 D w
3 3
| 16 | Colorless l Dark ‘ Pigmented T
D—ww | precursor red Red
DdWw
White S d w >
o] 76 |Colorless 4, Light &, Pigmented _ 1
ddww | precursor red fiower Light red

Figure (a): Petal Colour of Foxglove Flower Exhibits Epistasis

Figure (b): Petal Colour of Foxglove Flower Exhibits Epistasis
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mﬂce of Flower Color in Sweet Pea (
ea (Lathyrus Odor
atu

—_—
overview of Flower Color Genetics

sweet pea flowers exhibit tw
' o phenotypes for color: purple (domina . '
genetic Mechanism for Purple Color nt)and white (regessive).

r *

Anthocyanin production is controlled b
. y two ge i iri
sai (A and B) to be produced. gene loci, requiring at least one dominant allele from each gene

The dominant allele at gene “A”
processes a colorless precursor i i
: . . into an inter i ich i
;r:.ns‘formed-mto anthocyanin by the action of the dominant allele at gene Bm SRS S B
is interaction, where dominant alleles “A” and “B” complement each other, is known as complementary

gene interaction.

Eplstasis and White Color Formation
v If either gene locus is homozygous recessive (AAbb or aaBB), the dominant alleles’ expressio

resulting in white flowers.
v This scenario, where the recessive alleles prevent the expression

phenotype, is termed duplicate recessive epistasis.

Genetic Cross and Offspring Phenotypes

' Crossing two white flower plants (AAbb and aaBB

provides one of the necessary dominant alleles.
' When these Fy purple flower plants are self-fertilized, the expected Men

97, illustrating the effect of duplicate recessive epistasis in altering expe

n is masked,

of dominant alleles and lead to a different

) results in all purple F offspring because each parent
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10.

What does polygenic Inheritance  primarily
describe?

A Tralts controlled by a single gene

1 Random genetic mutations

C Traits controlled by multiple genes

D Traits notinfluenced by genetics

Which type of varlation do polygenic traits
typlcally exhibit?

A Discontinuous varlation B, Continuous variation
C. No variation D. Categorical variation
What s an example of a polygenic trait in
humans?

A. Blood type B. Height

C. Eye color D. Attached earlobes
How are polygenic traits encoded?

A. By a single gene

B. By multiple genes with one allele

C. By alleles of two or more different gene pairs
D. By non-genetic factors only

What is the effect of each gene in a polygenic
trait?

A. Negligible B. Random
C. Additive D. Counteractive
What are polygenes? A

A. Genes that mutate frequently

B. Genes without function

C. Genes contributing to a trait in an additive
manner

D. Genes that do not influence phenotypes
What phenotype is produced by the genotype
‘AABBC’ in wheat grain color?

A. White grains

B. Dark red grains

C. Light pink grains

D. Moderately dark red grains

What does the homozygous genotype ‘aabbcc’
produce in wheat grains?

A. White grains B. Dark red grains

C. Light pink grains D. Light red grains .
How does the environment affect wheat grain
color?

A. It has no effect

B. It changes genetic composition

C. It influences pigmentation

D. It reduces genetic diversity

[ Multiple Choice Questions

Polygenic inhurit;n”rl[_tr

11.

12.

13.

14.

15.

What primarily influences human skin color?
A. Single gene mutation
B. Environmental factors only

GET ADMISSION IN OUR ONLINE INSTITUTE
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C. Multiple genes regulating melanin

16.

17.

18.

and Epistasis '
"h pandoen genetic drift T

What alleles  promote  incre,.. .
production?

A Uppercase letters (A, B, C)
B, Lowercase letters (3, b, c)

Both uppercase and lowercas

-

D. Non-genetic factors
How do heterozygous combinaticn. s Bl
affect skin color?
A. Produce the darkest(possible yo- -
B. Result in intermediate skin tore-
C. Have no effect on skin color
D. Lead to the lightest possible ton=
Which definition describes epistas;<»
A. Interaction between identical ger =-
B. Interaction where one gene mask: -
another gene
C.influence of environment 0n gens - prassel
D. Suppression of mutations by a g=-= '
What is the role of an epistatic gene”
A.To duplicate the effect of ancther z29e
B To mutate another gene
C. To suppress the effect of another z:7e
D. To enhance the expression of anc~zr gens i
How is epistasis different from dominance?
A. Epistasis involves interactions bet.2en
at different loci '
B. Epistasis only affects recessive allz 25
C. Dominance does not influence phzrotypei il
D. Dominance involves multiple gene neraciig
What gene pair combination is invoived h._ :
production of anthocyanin in sweet peas!
A. aaBB B. AABB
-C. AaBb D. aabb
What is the phenotypic outcome of the §
‘DW’ in foxglove flowers?
A. Dark red pigment in throat spots
B. Uniform dark red flowers
C. Light red pigment in throat spots
D. No pigmentation
- Which scenario describes duplicate
epistasis?
A. Only dominant alleles are expressed
B. Recessive alleles at two loci supp" 1
expression of dominant alleles p
C. Two dominant alleles enhance each
effects
D. No alleles are expressed

\\ /‘""‘—" s .-v;:ﬁ__ﬁ \ ,__.r_ﬁ‘

o)

O

Ay

I




9 :;bradof Retrievers?
5, Changes black to chocolate
g. Has no effect
C Masks the effect of the g’
homoOzZygous recessiye
D. Enhances pigmentation

Bene When
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» Mendel did not know the physical nature of
chromosomes.

' GENE LINKAGE AND CROSSING OVER

genes. He also did not know that genes are components of

+ The discovery of chromosomes occurred long after Mendel’s experiments were concluded. Thus, Mendel’s

understanding of genietic mechanisms was limited.

Gene Linkage

Basic Concept of Gene Linkage
Each chromosome
thousands of genes.
Genes located on the same chromosome that
are inherited together are referred to as linked
genes.

The phenomenon where multiple genes on the
same chromosome are inherited together is
called gene linkage.

contains hundreds to

Types of Gene Linkage
Autosomal Linkage il g
* This occurs when genes are linked on
autosomes, the non-sex chromosomes.
Sex Linkage
" * This refers to genes linked on sex chromosomes.
hkage Groups' s pair of
* linked genes on the same homologous P
chromosomes form a linkage group- n organism

The number of linkage groups In @
equals the number of homologous
- chromosomes. '
on Genet;j itance
Linked egte::\:s"::\d to be inheriteq toge;hef an
Benerally do not undergo recombma“%t' assort
Because of this, linked genes (310 snfrom the
Independently, leading to devuatnonrtment.
Mendelian ratio of independent Asso

pairs of

"S- @
Gameles
All 0
F

Long wing. (Vg)
Broad abdomen (A)

Vestigial wing. (vg)
Narrow abdomen (a)

& @
0

Long wing.
Broad abdomen

bl

All

Long wing
Broad abgomen

Gametes
F,
gny  LONG WING.
Broad abdomen 1_
) %,
4 .
Figure: Linkage in Fruit Fly
|
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Detection of Gene Linkage

Method of Detecting Gene Linkage

* Gen? linkage can be detected by conducting a test cross involving two gene pairs, known as a dityy, \
* Inthiscross an individual heterozygous for two traits (F,) is backcrossed with its homozygous re, e5tive st

Analyzing Outcomes of a Test Cross

* Ifall four phenotypic combinations (both parental and recombinant types) are produced in a,

. . "l | l’l
ratlo,.lt Suggests that there is no linkage between the genes. N b

. A d-evnatron from this ratio, characterized by a predominance of parental types and fewer Fecombin .y
indicates incomplete linkage. |

* The production of only parental types suggests complete linkage.

Impact of Complete or Tight Linkage

* Incases of complete or tight linkage, recombinant types are not produced, which disturbs the 1y, LEY 1

ratio observed in independent assortment, resulting instead in a 3:1 ratio of parental combinatio,,.

Example of Linkage Study

mly,

T. H. Morgan's experiments with Drosophila provide a clear example of how linkage between Eenes af 1
the inheritance of different traits. ‘.

Morgan’s Experiment on Drosophila Melanogaster

Overview of Traits Studied

* T.H.Morgan investigated approximately 85 pairs of contrasting traitsin the fruit fly, Drosophila melanogaster:
®* Among these traits were wing length and abdomen width. '

Genetic Dominance in Traits

* Theallele for long wings (Vg) is dominant over the allele for short or vestigial wings (vg).
* Similarly, the allele for a broad abdomen (A)is dominant over the allele for a narrow abdomen (a)

Initial Cross and F, Generation

® Morgan crossed a fruit fly with long wings anda broad abdomen with another fly that had vestigial wings '
a narrow abdomen. ‘
* AllF, offspring exhibited the dominant traits: long wings and broad abdomens.

F2 Generation Observations

* When two F, flieswere mated, about 3/4 of the F, offspring displayed long wings and broad abdonic s .
* Nearlyall the remaining 1/4 of the F; flies exhibited the recessive traits: vestigial wings and a narrow 10 fomei

Gene Linkage versus Independent Assortment in Morgan’s Experiment

Expectation from Independent Assortment 1

* Based on Mendel’s law of independent assortment, which predicts a 9:3:3:1 phenotypic ratio i fihyt = :
crosses, Morgan expected a similar distribution in his experiments with Drosophila. :

Observations Deviating from Expectations

e Morgan observed a different pattern in the F, generation: most offspring either had both dominant t-aits ‘
both recessive traits, resulting in an approximately 3:1 ratio rather than the expected 9:3:1:1 1

Conclusion on Gene Linkage

® From his data, Morgan concluded that the genes for abdomen width and wing length were locate! 0

same chromosome.
® This close proximity meant that these genes did not assort independently during meiosis.
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N maternal and
homologous chromosomes are pajre Paternal chromatids during prophase of meiosis

: I, while
acton Genetic Variation

combinant chromatids f
i ::suits in the production of(;rc;?ved 93 2 result of crossing-over may carry new combinations of allel
his €rse array of gametes, each potentially carrying differenat ;:tsatci)c i?}fgr?rsl.ation

contribution to Genetic Variability

[}
]

, Crossing-over conrt‘rlbutes to gen:etic variability in sexually'reproducing organisms
it enables the exchange of genetic material between maternal and paternal chrorﬁ
_ osomes.

eifect on Offspring
|+ The genetic recombination from crossing-over results in offspring that possess different combinations of

genes than their parents.
, Consequently, crossing-over plays a crucial role in modifying the genetic outcomes in progeny enhanciﬁg the

diversity within a species.

& )

1. How does crossing-over contribute to genetic diversity?
2. Discuss the difference between the expected 9:3:3:1 ratio of independent assortment and the 3:1

ratio observed in linkage situations.
3. How did Morgan conclude that certain traits in Drosophila were linked?

4. How do linked genes violate Mendel’s law of independent assortment?

Multiple Choice Questions
Gene Linkage and Crossing Over

L What was Mendel unaware of during his genetic A. Genes assort independently
studies? ‘ B. Genes tend not to undergo recombination
A. Physical nature of genes C. Increased genetic mgtati?ns
, B. Role of proteins in traits D. Decreased ggnetrc diversity
C. Effects of the environment ' 5. How cangene I:nlfage be deteagd? '
’ D. Mechanisms of natural selection A. Pgdlgrge analysis B. Mut-atlon testing
L What are link&d genes? C. Dihybrid test cross D..Enwror.\mentat study
A.Genes that mutate together 6. What suggests.compiete Imkagg ina te:?t cr-oss?
B. Gen trait A, An equal ratio of all phenotypic combinations
es that express the same B. Only parental types are produced

C. A continuous variation in traits

C. Genes that skip generations
D. Recombinant types outnumber parental types

D:Genes on the same chromosomeé inherited

) w:\%ether ;. What was a key finding from Morgan’s
A Li:|t defines autosomal linkage? experiments with Drosophila?
-Unkage affecting only males A. Genes assort randomly

B. Traits are influenced by environmental factors
C. Linked genes do not assort independently
D. All traits are controlled by a single gene

' Lfnkage that skips generations
\ L'.nkage on non-sex chromosomes
‘. whl-‘"kage causing mutations
At results from gene linkage?
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the sex chromosomes?
B. Chromoson :

8. Which traits did Morgan study in Drosophila A mal linkage i
melanogaster? A. Autos D. Recloprocal i Nkage
A Eye color and body size C. Sex linkage 1on fro " 'ge
B Wing length and abdomen width 15. What does 3 deviation ma 1l ratig in
C. Leg length and antenna size offspring suggest?
D. Reproductive and digestive traits A. Independent ASSOIEREAS
9.  Whatis a common result of gene linkage? B Mutation occurrence
A Increased mutation rate C. Incomplete linkage
B. Deviation from Mendelian ratio of independent D. Environmental influence
assortment 16. What happens during the process of “Osﬂl‘
C. Decreased genetic diversity over?
D. Stabilization of trait expression A. Chromosomes duplicate |
10. How does crossing-over affect offspring? B. Segments between chromatids arg.cx hangeq
A Reduces genetic variation C Genes are deleted frole chromesom:
B. Creates new combinations of genes D. Chromosomes are entirely sw-appr-u:
C. Stabilizes genetic traits 17. What is the effect of complete linkage?
D. Eliminates recessive alleles A. Productfon ofionly recombinant type:
11. What is the significance of crossing-over during 8. Randomassortment of genes
melosis? C. Nérecombinant types produced
A It prevents gene linkage D. Independent assortment is confirmed
B. It leads to genetic recombination 18/ What is indicated by the production of °ﬂN
C. Itincreases chromosome number parental types in a test cross?
D. It decreases genetic diversity A. Independent assortment
12. What did Morgan’s experiments demonstrate B. Complete linkage
about gene linkage? C. No linkage
A Linked genes are inherited together more D. Environmental influence b
frequently than not 19. How is the number of linkage groups determined
B. Genes on different chromosomes are linked in an organism? B
C Environmental factors can break gene linkage A. By the number of genes
D Linkage can occur without genetic inhéritance B. By the length of chromosomes
13. How does the 3:1 ratio observed in Morgan’s C. By the strength of gene expression _
experiments relate to linkage? D.By the number of homologous pafs °‘.
A. It confirms independent assortment chromosomes
B. It is typical for unlinked genes 20. What does the presence of both parental and |
C. It indicates linked genes are not assorting recombinant types in similar ratios indicate? 3
independently A.Complete linkage  B. No linkage
D. it'suggests multiple alleles are involved C Autosomal linkage D. Sex linkage
14. Which type of gene linkage involves genes on
| Answer Key |
1A/ 20D )3.C[48 [5C|6B|7.C|/88B[98(10B[11.B]12.A113.Ccl1a.C|15€C
16.8/17.C|18.8[19.D0 | 20.8
4 ETEERTRTEERT]  sex octermination
Students will be able to:

\

12.27 Explain the - mechanism of sex determination in mammals.
12.26 identify male and female individuals from the karyotype of man.
12.27 Solve the genetic problems related to XX — XY, sex determination.
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fthes .
onsis

Male

j'lromoso ly known |
osOPhila' C(:»r:;::?sna‘:e au:ﬂ:)f;r;ir‘;i.rfuI:uf:‘f-',, have a total of eight chromosomes
0 : ts of sex r_hro)r'no« hare '(J'_')f't'c’:'l in both males .lr:r; ;:‘m les
somes, Whl(.h dl”"f h(‘lwgf_tn "‘ah.r. r”'ld ';c(;l;

Uﬁh pair C
e two identical sex chromosomes, both called XX
’ o <+ R alie .
hromosome, similar to those in female

arranged in four palrs.

ales:

e, which is hook-

iI 2 3 4 5
6 7 8 9 iO’ 1 12
13 14 15 16 17 18
g 888 8 “ . It

XX XY

9 20 22
Sex chromosomes

s in Human

s, and one Y chromosom

21
Autosomes
Figure: Chromosome

-

Figure: Chromosomes in Drosophild
romosomes in Humans B
hromosomes. These are organized into 23 pairs.
e in both males and females.

Humans have a total of 46 ¢

12 these pairs are autosome

The 23rd pair consis
o Females have two X chr

o Males have oné

omosem

s, They aré the sam

Q (Female)

chromosome (XY).
e X chromosome.

g (Male)

r
e

All egg cells produced by 3 wom

Sperm cells from a man ¢
The sex of a child is determined by

Lhe sperm that fertilizes the egg:
AnX chromosome from the spe

ontain eithe

aY chromosome-

the typeé of sex chromosome in

ina female €
male child

hild (XX)-
(XY).
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" Chapter 12 3, nh
. . n
: thrtnales (XX): They are homogametic, producing only one type of egg, each containing an x B 3
} ermining the Sex of Offspring: The sex of the offspring is determined by the type of spermrom%m! ,
the egg. thay ;¢ 8
e
o Ifan X-carrying sperm fertilizes the egg, the resulting zygote will be XX, producing a female of
0 . '] . . .
: ifay carrying sperm fertilizes the egg, the resulting zygote will be XY, producing a male off *Pring
" e : : . T ri
X Ratio: The expected ratio of male to female offspring is 1:1, indicating equal chances forthe i Ng. !
or daughter. '1th of 4 38
GET ADMISSION IN OUR ONLINE INSTITUTE lnvesngato . h ¢ dence T""s v \
BADLO BY MAK r ave foun that the
Contact WhatsApp Number: +92 331 5014353 chromosome has an SRY gene (sexdetermining S oiamii
region Y gene). When this region In a gene is reglon Y (SRY)
lacking from the Y chromosome, the individual gene

Is a female even though the chromosomal
Inheritance Is XY. This gene Is Y-linked because

it Is found only on the Y chromosome v el

—

- \
1. Compare the XY-XX sex determination system in humans with that in Drosophila
2. Tell the probability of producing X- and Y-carrying sperm in males.
3.  Whatsimilarities and differences exist in the mechanisms of sex determination between these two
species?
4q, Ho:v dc; males and females differ in their production of gametes (sperm and egg) in the XY-XX
system?

Genetic Problem 12.10

What are the chances for a husband and wife having either a boy or girl 50:50? -
The chances for a husband and wife having either a boy or girl are 50:50 due to the equal probability ¢ :
the father’s sperm carrying either an X (resulting in a girl) or a Y chromosome (resulting in a boy), pair
with the mother’s X chromosome. This leads to an equal likelihood of conc
Genetic Problem 12.11
A woman produced four daughters in successive Pregnancy. What are the
in the fiith pregnancy if it occurs?
Ans.  The likelihood of a woman having a son in her fifth pregnanc

Ans.

eiving either gender.
prospects of her getting a s

_ Y remains 50%. Each pregnancy s an
independent event determined by the random combination of the father's sperm carrying either a0

(girl) or Y chromosome (boy), maintaining an equal chance for either gender
Genetic Problem 12.12
If both parents are A™® and have an 0™¢

child. Calculate the probability of A™¢ daughterandA™ "
in'next pregnancy? :

Ans. |If both parents are A**® (Rh-positive) and have an 0™
— 50% chance of an A*® (Rh-positive) daughter.
— 50% chance of an A*® (Rh-positive) son,
pregnancy.

) Child, the probability in the next pregnanCY s

. r a ‘\.
since the Rh factor inheritance is independent "
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A type of genetic mutatior, 13 Whatare o
p A SPee lalized chromosome structy ora “"1’:’ ool e Ll
lete set of ¢l iy ke pregnancy?
¢ Acomp ete s "Womaosomes in an orga A 5050 B 7525
0 A"‘pﬂlud’:“ alter geneti lll'l‘)lll]g””n! nim C 2575 0 f,;)i;)
chromos 14, ¢,
How many omes do humang have? A Fach Pregnancy Is considered an Independent
N i 22 Event In terms of predicting the sex of the
c 46 X 0. 23 offspring. What does this mean?
How many chromosome palirs are aUtosomes | A Lach child will he the same sex
humans? B B.The sex of one child affects the sex6f the next
A 22 B, 23 C.The probability of having a-boy or girl resets
¢ 21 D. 20 with each pregnancy
what characterizes the sex chromowmu I 1 D All children will be of different Sexes
human females? n 5. i both parents have positive Rh factors but had
A XY B, XYY an O-negative child, what is the chance of having
¢ XX D X :nﬁ?ositlve child in the next pregnancy?
How many types of sperm cells do human males | rhfdl o
produce concerning the sex chromosomes? 16 - 50% P00
A One type B. Two tvoss + Howdo autosomal and sex linkage differ?
¢ Three types D. Four types A.Autosomal linkage occurs on autosomes, sex
Which chromosomes do female €gg cells contain? B lTl?]kagei ", s;xﬂc S OmesomES
AY B, Xy . Ere s no .' erence
c X D. XX g gutr:§okmal linkage does not affect inheritance
What results In a female child in Xy-xx hat aspecs of e curs in males
KX sex | 17. What aspect of s d
determination? perm determines the sex of the
off -
A An X-carrying sperm fertilizes the sPring o ARaYStEmAL
| : eRgR A. Size of the sperm B. Quantity of sperm
B.AY-carrying sperm fertilizes the (7] C. Type of sex chromosome }n th ’
C. Both X and Y carrying sperm fertilize the egg D. Speed of the sperm seperm
0. No sperm fertilizes the egg 18. What was the initial observation in Morgan’
n’s
:o: many chromosomes grez l3n Drosophila? Drosophila cross concerning offspring traits?
: ’ A. All F1 had recessive traits
C. 46 D. 22 * B. AllF1 exhibited dominant traits
What is true about the sex chromosomes in male C. F1 showed new mutations
:I:;ophlla? D. F1 were infertile
B.YY 19. What pattern of inheritance did
Cxy D. XXY that differed from expected Met'::!‘:igaa: :t’is:sr;e
In XY-XX sex determination, which sex s A.Predominance of either all dominant or all
heterogametic? recessive traits
A Males B. Females B. An equal mix of dominant and recessive traits
C Both are heterogametic C. Disappearance of dominant traits
D. Neither s heterogametic D. Only new mutations appeared
 What js the expected ratio of male to female | 20. What is the role of crossing-over in genetic
offspring in XY-XX sex determination? recombination?
: 21 B 12 A. Prevents recombination
| w;:kl D. 31 B. Facilitates the ex_change of genetic material
h chromosomes determine gender? between chromatids
: Y'ChromOSOmes B. XX-chromosomes C. Stabilizes the chromosome structure
x-chromosomes D. None of these D. Reduces the number of chromosomes
1,
1‘c‘\ 2C [3A [acC |s.B |[6.c|7.A]8A]9.C]10.A|11.C|12.B[13.A14.C[15.¢C
17.¢{18.8[19.A [ 20.8
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Students will pe able to: |
12.30 Describe the concept of sex-linkage.
1231 Explain the Inheritance of sex-linked traits (eye-colour) in Drosophila.
12.32  Describe the sex-linked inherltance of male characters due to Y~chromosome and the effect of
Hollandric genes. -
12.33  Describe the X-linked disorders with reference to the patterns of inheritance.
12.34  Name some of the sex-linked disorders of man (Red green colour blindness, Hemophilia).
12.35  Explain the techniques em

ployed for embryonic screening e.g., Amniocentesis and chronic villyg
K sampling.

N -~
R O

the traits that are controlled by alleles located on the sex chromosomes.
Types of Sex-Linked Traits

X-linked Traits: T hese trai
Y-linked Traits: These traj

ts are controlled by alleles that are located only on the X chromosome.
L ]

ts are controlled by alleles that are located only on the Y chromosome.
X-Y Linked or Pseudo Autosomal Traits

* Some traits have genes with alleles o

n both the X and Y chromosomes. These are referred to as X-Y linked or
pseudo autosomal traits. |
Unlike other sex-linked traits, pseudo autosomal traits inherit like autosomal traits, where genes are locateq
on non-sex chromosomes.
[ ]

Very few alleles are found on the Y chromosome, limiting the number of Y-linked traits.

Sex Linkage in Drosophila: The Discovery of X-Linked Inheritance

Thomas Hunt Morgan conducted experiments on Dro
Wild-type Drosophila typically have bri
Morgan focused on eye color inherita

sophila melanogaster to study sex linkage.
L ]

ght red eyes, while mutations can result in white eyes. -
nce.

Initial Observations and Crosses

* Morgan’s initial cross involved a white-eyed male and a red-e

progeny, indicating that red-eye color is dominant.
In the F2 generation, obtained by crossing F1 individuals amon
and 782 white-eyed flies, with all white-eyed flies being male.

yed female, producing 1237 red-eyed F1

g themselves, there were 3470 red-eyed flies

Deviations from Mendelian Ratios

e Morgan observed two major deviations from Mendelian inheritance:

1. The F2 generation showed a phenotypic ratio that slightly deviated from the expected 3:1 ratio of a
monohybrid cross.

2. All white-eyed flies in the F2 generation were male, suggesting a sex-linked trait.
Geneétic Explanation

e  Morgan noted that the eye color gene is located on the X chromosome (denoted as XR for red and Xr for
white), while the Y chromosome does not carry this gene.

» Females are XX and can be either red-eyed (XRXR or XRXr) or white-eyed (XrXr), while males are XY, with red
eyes (XRY) or white eyes (XrY). .

Further Testing and Confirmation

e Morgan conducted a test cross of red-eyed F2 females with the original white-eyed male, resulting in

offspring of all possible combinations, which included 88 white-eyed females, confirming that the trait could
appear in females and was not lethal.

GET ADMISSION IN OUR ONLINE INSTITUTE
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' edeyesand all male Offspring haying v o ¢ With a red-gy

& White e ed ma) an
. yes, furt : e resulted ; ]
Mom’"" Conclusion her confirming the x‘lilfr\‘kaelij fer:aig offspring having
Morgan concluded that the White-eye tro: Inheritance.
sot contribute to this trait, rAtWas carrieg op

His findings Were consistent it
sex-linked inheritance, thereby ¢

h MEndelian

Segregation pyt

he X chr.
OmMosome and that the y chromosome did

olidifyin adj
g the Justed for th ications i
Step-1 (P xP) s Concept of X-linked recessive tr:tmellcatlons niroduced by
®p-2 (F x¢. Step-3 T, = :
— — L ERREN s e cona
- . Femaie enfirmatory Test
Male || Fe
x § male Male | Female Mare
X
Y "
R=red-eye allele
r= white-eye allele '

(a) Homozygous, red-eyed
female x whit-eyed male

(b) Heterozygous female x
red-eyed male

Figure: Morgan’s Experiments on eye colour in Drosop
red eye and letter r represents the recessive white
chromosome, these are shown as superscript to the letter X. Thus the red eyed male fruit flies have
genotype X*Y, white eyed males are X'Y. The Y chromosome does not have a gene locus for eye colours

therefore; the phenotype of the male results entirely from this single X linked genes. In the female X*X®
and X"X" have red eyes and X'X' flies have white eyes.

(c) Heterozygous female x
white-eyed male

hila. Letter R represents the dominant allele for
eye. Because the alleles are carrier on the X

(d) Homozygous. white-eyed
female red-eyed male
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Sex-Linkage in Humans
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Overview of X-Linked Traits
Humans exhibit various X-linked traits, with some being recessive (e.g., hemophilia, color blindness) and

others being dominant (e.g., hypophosphatemic rickets). ‘ ‘
X-linked nginant Tragtnghese are determined by a gene located on the X chromosome that manifests in

both males and females if present:
X-Linked Recessive Traits: These are also located on the X chromos

Carrier females without showing symptoms.

ome but typically only express in males or

tallenges in Human Genetic Research e
. H u
Unlike experimental mating possible in other species,

" Anysis due o etcy reStl’iCﬁO't‘Sé;ce the inheritance of traits, following
Human ici ili digrees to tr
geneticists utilize pedig

i consistency.
3reed-upon standards and symbols for clarty and

p‘““ﬂs of Inheritance
x'u"kﬂl Recessive Inheritance

° Carrier Females: Females with oné
show symptoms but can pass the ™M vion will
Affected Males: Males with the muta

One X chromosome. iid has @ 5
oﬂspring of Carrier Females: gach chi |
Mutation.

enetic studies rely on

linked recessive mutation generally do not
X-lin '
utation to offspring.

how sym

ptoms as they have only

Figure: Hairy Pinna

0% chance of inheriting the
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o Daught f Aff . All will be carriers.
ughters of Affected Fathers w their father’s X chromosome

o Sons of Affected Fathers: Will not be affected as they do not inherit
X-Linked Dominant Inheritance

o Children of Affected Mothers: Each has a 50% chance of inheriting th
o Daughters of Affected Fathers: All will be affected. GET ADMISSION IN OUR ONLINE INSTITUTE

o Sons of Affected Fathers: Will not be affected. BADLO BY MAK
Contact WhatsApp Number: +92 331 5014353
Y-Linked Inheritance (Holandric Traits)

o Y-linked traits are inherited strictly from father to son

o Phenotypic expression is exclusively male due to the location of these genes on
region of the Y chromosome.

o Examples include hypertrichosis, porcupine man syndrome,

e mutation.

as only males possess 3 Y chromosome.
the m:m-ho;-nmognus

and webbing of toes.

Applications of Genetic Research
* Pedigree analysis remains a powerful tool in understanding the transmission of these traits acrogq

generations, aiding in the prediction and management of genetic disorders.
i

f:. cmi . / \
%ﬂ ggr E] Male <> Sex unspecified

o O Female . . Affected individuals
v Mating Het f
oM UNce o W © [,

Figure: Pedigree of recessive X Linked Offspring: 1st born is
8 left; last barn is right @ Carrier for sex

i linked recessive
db Dizygotic twins

, * Abortion of still birth

@ Monozygotic twins sex unspecified

The study of inherited Mendelian traits in humans must rely

ii
i ‘ [j Ij-o on observations made while working with individual families.
) Classical cross fertilization breeding experiments as
v performed by Mendel are not allowed in humans. Human

Figure: Pedigree of Dominant X Linked geneticists are not allowed to selectively breed for the traits

_ ‘ they wish to study. One of most powerful tools in human

: \ genetic studies is pedigree analysis. When human geneticists

i first began to publish family studies, they used a variety of

il 0 - symbols and conventions. Now there are agreed upon
: standards for the construction of pedigrees.

iii
Figure: Pedigree of Y-Linked Trait

) Test Your Skills

1. How does understanding sex linkage and inheritance patterns help in predicting and managing
genetic disorders in humans?
2. Why X-linked recessive traits are more commonly observed in males than in females?

Sex-Linked Disorders in Humans

Overview of Sex-Linked Disorders
« Humans can exhibit disorders caused by mutations in sex chromosomes, similar to how Drosophila may have
white eye color due to such mutations.

Genetics of Hemophilia

e Hemophilia is a notable X-linked recessive disorder where affected individuals have impaired blood clotting
due to a deficiency or absence of certain clotting factors..

RS B A




' mophma AandB ' B
He

mherifa"ce Pattern: HEmODhilia Aj |
' gender Prevalence: Primarij, affects o A€ inheriteq a
', Males with one affecteq x chromos €S More 4,
Ome (yh
Females must have two affecteq x chro 00 wi EXDress the gige, d
mnsmission: The gene can be Mosomes (XXM ¢ rder.

trans'“itt Oe .

i i edf Xpress the

to her sons. It is not dlrectly passed fr fat:\ an a ecteqd aterna| disorder
to his sons. om erto

son because a fath

Inheritance Pattern: Unlike A and B, Hemg

philia ¢
chromosomes but to autosomes (non-sex Chfomosos autosoma| récessive, meaning it is not linked to the sex
: m
Gender Prevalence: Affects malas and females ¢ " es), .
from each parent. qually, as it depengd

» Transmission: Can be passed down from either

5 X-linke

drece
$Sive
N femalpg. traits,

» making it rarer in females.
Brandfather through a carrier daughter
€r passes his v chromosome, not his X,

S on inheriting two recessive alleles, one

ical lmplications parent to any child regardless of gender.
Clinica

« Severity: Hemophilia can be severe, with affected indivi
: ndividuals potentiall ' | )
due to the lack of proper blood clotting mechanisms. ’ P e cath trom minor e
+ Management: It requires careful mana

gement including treatment with clotting fact
. . ' or concentrates to
prevent or control bleeding episodes. g
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Understanding Gene Notation in Hemophilia SO BADLOBY MAK

* The gene for Normal Clotting: Denoted as H. Contact WhatsApp Number: 492 331 5014353
* The gene for Hemophilia A: Denoted as h.

¢ This notation helps in understanding genetic transmission patterns and predicting the likelihood of the
disorder appearing in offspring.

Table: Haemophilia

No. Types Cause Percentage Inheritance

1. |Hemophilia A Abnormality of blood clotting factor VIlI 80% Recess'ive X linked
|_2._|Haemophilia B | Disturbance in blood clotting factor IX 20% Recesgve X linked
3. |Haemophia C Reduction in blood clotting factor XI Less than 1% | Recessive autosomal

Genetic Problem 12.13: bil
Can two normal parents have a haemophiliac child? Work out the probability. .
Solution:

Haemophilia Genetics
Haemophilia is an X-linked recessive disorder.
Males have one X and one Y chromosome (XY).
Females have two X chromosomes (XX).

Parent Genotypes
]

Normal male- XY p
O'mal female: XX or X" X (carrier, where

: use
emal male (XY) cannot be a carriér becaha.t:mophilia allele (X" X).
3 Carrier if she has one normal allele and oné

le Scenarios

: NoTmal Male XY and Normal Female nnot have 2 haemophiliac child.
* No haemophilia alleles are present. They 2

ith the haemophilia allele}
the X chromosome with t
reﬁre,iz:t;n.y one X chromosome. A normal female (XX) can
e ‘
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- Chapter 17 ), bty |
2. WHormal WMale /7 snd ¢ atrier female ;_(IIX T — In*\n(t
*  The carrier fernsle has 3 50% chance oA passing the 7 (haemophilia) allele 1o her Oﬁspru.z
Offspring Genotypes
o Daughters GET ADMISSION IN OUR ONLINE INSTITUTE
©  Inherit one 7 from esch parent BADLO By MAK
S XX (nornal or 1M :
o Song. | TOATA learrien) Contact WhatsApp Number: 92 3315014353 |
@ Inherit X from mother and ¥ from (sther, !
o XY {ramrrml) or XMy (hac-mr,plulla;,j '_
Probabilities

o

Farasonty he }.,,g.",,,ph,ha,’ (XH'/) :

Pmbahqln-{ of mother passing M. 50% or 0.5

O Probability of father passing O 100% or 1

o Combined probabilivy 0.5 21 < 0.5 or 50%

5 bora daughter g e haermophiliae (X731

5 Since the father 14 normal (XY ), he cannot pass Vs
s Therefore, the daughter cannot be haemophiliac,

&

Justification of Hemophilia Treatments

Treatments for Hemophilia A
1. Use of Desmopressin

Effectiveness: Desmopressin is effective for mild cases of Hemophilia A as it stimulates 1he '--Odvh"
produce more clotting factor VI, which is deficient in these patients. i
Mechanism: Administered typically via injection, desmopressin works by temporarily boosiing the |

e

levels of factor VIIl, thereby improving the clotting process in patients who still can Procuse some |
factor VIl naturally. '

2. Use of Octocogalfa

Effectiveness: For more severe cases of Hemophilia A, octocogalfa, a synthetic version of :lotting;

factor VI, is used. This treatment is crucial as it directly replaces the missing or defective fz<1or VM,
essential for effective blood clotting.

Mechanism: Octocogalfa is a genetically engineered protein that provides a consistent supply d
factor Vi, thus helping to manage and prevent bleeding episodes effectively. 4
Treatment for Hemophilia B

Use of Nonacogalfa

Effectiveness: Nonacogalfa, an engineered version of clotting factor I, is used to treat Hemoohilia o
which results from a deficiency in this specific factor. 3
*  Mechanism: Similar to treatments for Hemophilia A, nonacogalfa provides the necessary -lotting |
factor IX that these patients lack, helping to control and prevent bleeding. ]
Understanding the Clotting Process

Clotting Cascade

o Upon injury, a cascade of chemical reactions occurs, involving multiple clotting factors that lead t0 the

formation of a2 blood clot. This cascade starts with the activation of platelets and damaged tissue releasing &
chemicals, which interact with clotting factors in the plasma.

Final Steps :
o The cascade culminates in converting fibrinogen (factor 1) into fibrin, which forms a mesh that traps bloa‘:

cells and solidifies into a clot. This process involves up to 13 known clotting factors, each identfied g,y_,,.
Roman numerals | to Xl 3
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AR FEDERA
rance of Treatment

ention of Bleeding
treatments are essential in preventing excessive bleeding and managing
g that the necessary clotting factors are available in sufficient amounts.

prev
pleeding e-plsodﬁ by

Thesé
quality of Life

gffective management of hemophilia with these treatments allows in

reducing the risk of complications from uncontrolled bleeding

The treatments for hemophilia, through replacement therapy of stimula
t in managing the disorder. They are designed to address the specr

dividuals to lead more normal liwes,

factor production,

tion of natural
:n clotting factors

fic deficiencies
ascade and enhancing the

are importan , .
at characterize different types of hemophilia, thereby directly impacting the clotting €

¢ ability to form clots. —
ﬂ_—_—_— - GET ADMISSION IN OUR ONLINE INSTITUTE
Genetics of Colour-blindness BADLO BY MAK sl
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rmal Trichromatic Colour Vision
vision is based on three different kinds of cones
green, or blue.

No
in the retina

Normal trichromatic colour
fach cone is sensitive to one of the three primary colours: red,

gach type of cone cell has specific light-absorbing proteins called opsins.

L)
.
Opsin Genes Location
The genes for red and green opsins are located on the X chromosOme.
The gene for blue opsin is located on autosome 7.

-

Mutations and Colour-blindness

Mutations in opsin genes can cause colour-blindness. onditions like dichromacy and

It results in C

monochromacy.
Dichromacy
« Adichromate can perceive two primary colours but is unable to perceive the one whose opsin is missing due
to mutation.
o Protanopia: Red blindness
o Deuteranopia: Green blindness
o Tritanopia: Blue blindness
Monochromacy
+ A monochromate can perceive only one colour. Monochromacy represents true colour-blindness.
Blue Cone Monochromacy
en cone cells are absent, leading to red-green colour-

e trait where both red and gre

o An X-linked recessiv
disease.

blindness. It is a common hereditary

Inheritance Pattern of Blue Cone Monochromacy
ait, blue cone monoc
ndfather through a carrier

: Like any sex-linked recessive tr hromacy follows a zigzag pattern of inheritance:
It passes from the maternal gra daughter to a grandson.

.
It never passes directly from father to son.

Genetic Problem:

Whe ith norm
children? n a carrier women get married with n

al man, what will be the probably colour blind son in their

Given Information

c:"i'-'f woman genotype: X°X (where X
ormal man genotype: XY

represents the X chromosome carrying the color blindness allele)
cle

s e - sz
T - A
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Possible Offspring Genotypes
1 Daughters:
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®* Caninherit one X from each | 0O MA
» _Possible genotypes: XX (normal) or XX (carrier) BADLO BY MAK
2 Sons: Contact WhatsApp Number: 492 331 5014353

* Caninherit X from mother and Y from father.

Possible genotypes: XY (normal) or XY (color blind)
Probabilities |

We need to calculate the probability of having a color blind son.
1 Probability of mother passing X to a child:

*  50% (since the mother has one normal X and one X€)
2 Probability of having a son:

*  50% (since each child has an equal chance of being male or female)
Combined Probability

¢ Probability of having a color-blind son:

* Probability that the child is a son: 50% or 0.5

* Probability that the mother passes the X€ allele: 50% or 0.5
* Combined probability: 0.5 x 0.5 — 0.25 or 25%

Result

* The probability that a carrier woman and a normal man will have a color-blind son is 25%.

Test Your Skills \

1. Describe the inheritance pattern of hemophilia A and hemophilia B. How does this pattern affect
the prevalence of these disorders in males and females?

2. A geneticist is conducting a study on hemophilia Cin a small population. Out of 200 individuals

~ tested, 25 are found to have hemophilia C. What is the prevalence of hemophilia C in this
population? Show your calculations.

3. Anewborn baby boy is diagnosed with hemophilia B. His parents are both carriers of the disorder.
Explain how this situation could occur genetically, and outline the probabilities involved in such a
scenario.

4. John and Emily are planning to have a family. John’s maternal grandfather had hemophilia A, but
John’s mother is not a carrier. What are the chances that their son will have hemophilia A?

Understanding Gene Linkage through Large Sample Sizes

Key Concepts of Gene Linkage
Linkage and Gene Distance

1. T. H. Morgan suggested that gene linkage is associated with the
chromosome. The closer the genes, the stronger the linkage, mea
by crossing over during meiosis. ‘

Map Units i

2. Scientists use map units to measure the distances between linked
to a 1% recombination rate between two genes. This unit helps m
of genes within a linkage group.

Stability of Parental Combinations

3. Morgan also noted that the parental combinations of linked
inheritance, unless crossing-over occurs.

Physical distance between genes on 2
ning they are less likely to be separat

genes, where one map unit °°"?Spo-"$
ap the exact locations and combinat!”

genes typically remain unchanged durité

Importance of Large Sample Sizes in Linkage Studies

Statistical Power

o A large number of progeny in genetic studies provides more sta

Lo wS
f : nore statistical power. This larger datase! ?'”
researchers to observe a broader range of genetic combinations
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Wothﬁk'a] Traits
: consider the traits of hair ¢ (e, and the apiy;
he abil Loyt
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if these traits are linked (j o

0 on the observed genetic com
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Ons (e.g., BT ang bt) will be | me chromosomeland no crossing-over
gbservations in Large Samples € inherited together more frequently

- Inalarge group, it may become ey .
J while those with blonde h "?e\nden”hat ndividuals with brown hair frequenth ,
NP air often cannot. This pattern | G0, AR e
indicating linkage between these trais s More discernible/in a larger sample size,
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fechniques Employed for Embryonic Sc-eening
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Embryonic screening is a vital process used 1o detect ¢
- o

wmbryos. Below are descriptions of two primar

. enetic diseases or chromosomal abnormalkies in
Y technigues used for this purpose:

smniocentesis

1. Procedure Overview

* Anesthetic Application: A local anesthetic may
be administered to the mother to alleyiate
discomfort.

* Fluid Extraction: A needle is inserted through
the mother’'s abdominal wall and uterus into
the amniotic sac, guided by ultrasound to avoid
contact with the fetus. Around 20ml of amniotic
fluid, which contains fetal cells, is carefully
withdrawn.

2 Cell Processing |

*  Cell Cultivation: The fetal cells extracted with
the lamniotic fluid are cultured in 2 growth
medium to increase their numbef-. fonié :

*Chromosome Analysis: Once Su_ﬁlaem Cees:«:rmned under a microscope 1o identify any chromosomal
available, they are fixed and stained, ‘hehncauses Down syndrome.
abnormalities, such as trisomy 21, whic

t'hmt'"lt:\fillus Samﬁling (CVS)

' Procedure Overview
' Tissue Collection: Chorionic v
are finger-like proj.ctions of placen X
s‘mpling Methods The sampie can
""Oush the cervix, of transabdo
the placenta.

Figure: Amniocentesis

-

volves col.ucting Hssue o tiseCRRRREES S

, tic make 12
the fetus's gene )
het shaf _cervically, where 2 narre w tube is inserted
r trans wically.

» is passed through the abdominal wall into

illus sampling !
tal tissue
2 taken eiths

-dl
minally, where 2 necd
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2.
Advanhtes and Safety sanic villi allow for im \
" Rapid Results. The rapidly dividing cells of the chorionic villi allo mediate ka%%
Providing quick results to expecting parents. i "
*  Safetyand Efficacy: When performed by a skilled practitioner with ultrasound guidance, Cvg
DFOCE':! j rf ini i ‘Sa
ure with minimal complications, reracervidh L, N

;"ak!ng 't a reliable option for early
'AENOStic pren |
3 N Prenatal genetic testing.
?ecxsnan—Making Support
1
c:formed Choices: The results from CVS
den help  families make informed
ba»-'sions regarding their pregnancy, |
‘dSed_ 0N potential genetic issues |
entified through the testing.

Bo )
sa;r;z:nagm;‘:ceﬂtes;s and chorionic villus
test.n& oﬁe."hccrtf.ic:a.‘tools in prenatal genetic
Benetic hea:‘.th ;f ‘::’_I’es the ability te assess the
informeq deciir eir future children and ma-ke Figure: Chorionic Villus Sampling
s based on''comprehensive I

Eenetic infornﬂation

1. Why chorionic villys sampling (CVS) provides rapid results compared to amniocentesis.

32' :Vha: biolegical factors/contribute to this difference in timing?
: Couple has a family history of cystic fibrosis and is concerned about their unborn child’s risk of
mhentirg the condition
4. Describe how chorionic villus sampling (CVS) could be used to test for cystic fibrosis in the fetus.
5. Describe the specific genetic mutation associated with cystic fibrosis and how it could be detecteq
using CVvs
6. Describe the primary differences between amniocentesis and chorionic villus sampling (CVS) in

terms of procedure and timing during pregnancy.






