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CHAPTER 4

PRINCIPLES OF INHERITANCE
AND VARIATION

Mendel's Laws of

Inherifarnce

Inheritance of One Gene

Inheritance of Two Genes

Sex Determination
Muitcition

Genetic Disorders

Have you ever wondered why an elephant always gives
birth only to a baby elephant and not some other animal?
Or why a mango seed forms only a mango plant and not
any other plant?

Given that they do, are the offspring identical to their
parents? Or do they show differences in some of their

characteristics? Have you ever wondered why siblings
sometimes look so similar to each other? Or sometimes
even so different?

These and several related questions are dealt with,

scientifically, in a branch of biology known as Genetics.

This subject deals with the inheritance. as well as the

variation of characters from parents to offspring.
Inheritance is the process by which characters are passed
on from parent to progeny: it is the basis of heredity.

Variation is the degree by which progeny differ from their

parents.

Humans knew from as early as 8000- 1000 B.C. that
one of the causes of variation was hidden in sexual
reproduction. They exploited the variations that were
naturally present in the wild populations of plants and
animals to selectively breed and select for organisms that
possessed desirable characters. For example, through

artificial selection and domestication from ancestral

KEY CONCEPTS

» Genetics is the branch of biology dealing with inheritance and variation.

* Inheritance refers to transmission of characters from parents to offspring.
« Variation refers to differences among offspring.

* The study of heredity explains similarities and differences among siblings.

¢ IMPORTANT EXPLANATIONS

« Offspring resemble parents because of inheritance of traits.

 Differences among individuals occur due to variation.

 Humans recognised early (8000-1000 B.C.) that sexual reproduction causes
variation.

« Early humans used selective breeding and domestication to obtain desirable traits.

¢ EXAMPLES (concept understanding)

 Elephant giving birth to an elephant — shows inheritance.
* Mango seed growing into mango plant — species-specific inheritance.
* Selective breeding of plants and animals — use of variation.

¢ DEFINITIONS / TERMS

» Genetics — study of heredity and variation.
 Inheritance (Heredity) — transmission of traits from parents to offspring.
« Variation — differences in traits among individuals.

FIGURES / DIAGRAMS

* No specific figure on this page (chapter introduction layout only).

¢ MEMORY TRIGGERS (quick revision keywords)

» Genetics » inheritance + variation
» Heredity - traits passed

* Variation - differences

« Selective breeding

» Sexual reproduction - variation



Character Dominant trait Recessive trait

Seed shape (- '1-..‘I:'II )

Round Wrinkled

Seed colour gD (-
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L
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Figure 4.1 Seven pairs of contrasting traits in
pea plant studied by Mendel

wild cows, we have well-known Indian
breeds, e.g., Sahiwal cows in Punjab. We
must, however, recognise that though our

ancestors knew about the inheritance of

characters and variation, they had very
little idea about the scientific basis of these
phenomena.

4.1 MeEnDEL's LAWS OF INHERITANCE

It was during the mid-nineteenth century that

headway was made in the understanding of

inheritance. Gregor Mendel. conducted
hybridisation experiments on garden peas for

laws of inheritance in living organisms. During
Mendel's investigations into inheritance
patterns it was for the first time that statistical
analysis and mathematical logic were applied
to problems in biology. His experiments had a
large sampling size, which gave greater
credibility to the data that he collected. Also,
the confirmation of his inferences from
experiments on successive generations of his
test plants, proved that his results pointed to
general rules of inheritance rather than being
unsubstantiated ideas. Mendel investigated
characters in the garden pea plant that were
manifested as two opposing traits, e.g.. tall or
dwarf plants, yellow or green seeds. This

allowed him to set up a basic framework of

rules governing inheritance, which was
expanded on by later scientists to account for
all the diverse natural observations and the
complexity inherent in them.

Mendel conducted such artificial
pollination/cross pollination experiments
using several true-breeding pea lines. A true-
breeding line is one that. having undergone

continuous self-pollination, shows the stable trait inheritance and

expression for several generations. Mendel selected 14 true-breeding pea

plant varieties, as pairs which were similar except for one character with
contrasting traits. Some of the contrasting traits selected were smooth or
wrinkled seeds, yellow or green ds, inflated (full) or constricted green
or vellow pods and tall or dwart plants (Figure 4.1, Table 4.1].

KEY CONCEPTS

» Gregor Mendel proposed the laws of inheritance through experiments on
garden pea plants.

« He used hybridisation experiments and applied statistical analysis.

* Mendel studied contrasting traits to understand inheritance patterns.

» Experiments used true-breeding pea lines for accuracy.

¢ IMPORTANT EXPLANATIONS

» Mendel’s work (1856-1863) provided a scientific basis of heredity.

 Large sample size and successive generations increased reliability of results.
* True-breeding lines show stable traits after continuous self-pollination.

* Mendel selected plants similar except for one contrasting character to study
inheritance.

* His findings formed a framework of general rules of inheritance later
expanded by scientists.

¢ EXAMPLES (concept understanding)

» Smooth vs wrinkled seeds

* Yellow vs green seeds

* Violet vs white flowers

 Full vs constricted pods

« Green vs yellow pods

« Axial vs terminal flower position
 Tall vs dwarf plants

¢ DEFINITIONS / TERMS

» Hybridisation — crossing of plants with contrasting traits.
* True-breeding line — plants producing same traits over generations.
« Contrasting traits — two opposite forms of a character.



Character Dominant trait Recessive trait

il

Seed shape {

Wrinkled

Seed colour

Flower colour

Pod shape

Pod colour

Flower
position

Stem
height

Figure 4.1 Seven pairs of contrasting traits in
pea plant studied by Mendel

wild cows, we have well-known Indian
breeds, e.g., Sahiwal cows in Punjab. We
must, however, recognise that though our

ancestors knew about the inheritance of

characters and variation, they had very
little idea about the scientific basis of these
phenomena.

4.1 MeEnDEL's LAWS OF INHERITANCE

It was during the mid-nineteenth century that

headway was made in the understanding of

inheritance. Gregor Mendel. conducted
hybridisation experiments on garden peas for
seven years (1856-1863) and proposed the
laws of inheritance in living organisms. During
Mendel's investigations into inheritance
patterns it was for the first time that statistical
analysis and mathematical logic were applied
to problems in biology. His experiments had a
large sampling size, which gave greater
credibility to the data that he collected. Also,
the confirmation of his inferences from
experiments on successive generations of his
test plants, proved that his results pointed to
general rules of inheritance rather than being
unsubstantiated ideas. Mendel investigated
characters in the garden pea plant that were
manifested as two opposing traits, e.g.. tall or
dwarf plants, yellow or green seeds. This

allowed him to set up a basic framework of

rules governing inheritance, which was
expanded on by later scientists to account for
all the diverse natural observations and the
complexity inherent in them.

Mendel conducted such artificial
pollination/cross pollination experiments
using several true-breeding pea lines. A true-
breeding line is one that. having undergone

continuous self-pollination, shows the stable trait inheritance and

expression for several generations. Mendel selected 14 true-breeding pea

plant varieties, as pairs which were similar except for one character with
contrasting traits. Some of the contrasting traits selected were smooth or

wrinkled seeds, yellow or green seeds, inflated (full) or constricted green
or vellow pods and tall or dwart plants (Figure 4.1, Table 4.1].

FIGURES / DIAGRAMS

* Fig 4.1 — shows seven pairs of contrasting traits in pea plant studied by
Mendel.

¢ MEMORY TRIGGERS (quick revision keywords)
* Mendel » pea plant

« 1856-1863 experiments

* True-breeding lines

» Hybridisation

» Seven contrasting traits



Table 4.1: Contrasting Traits Studied by I,--"' F KEY CONCEPTS

Mendel in Pea Petal

. _ » Mendel studied inheritance of one gene using tall x dwarf pea cross.
SNo. Characters  Contrasting Traits Wy e « First hybrid generation is called F; (Filial generation).
Stamen  F, plants all showed dominant trait (tall).
Carpel  In F2 generation, both traits reappeared in 3:1 ratio.
* Traits showed no blending; offspring were either tall or dwarf.

I. Stern height Tall/dwarf
Flower colour Violet/white
Flower position  Axial/lermineal
Pod shape Inflated / constricted
Ford colour Green/ yellow ) I smoval of anthers
Seed shape Round fwrinkled p (Emasculation) ¢ IMPORTANT EXPLANATIONS

7. Seed colour Yellow /green 9 3/ L . » Mendel crossed tru e'breeding tall and dwarf plaﬂts.

» All F1 progeny resembled one parent only (dominant trait).

Let us take the example of one such \ .:, Y * Self-pollination of F;: plants produced F, generation.

hybridisation experiment carried out by (892 | * In F2, recessive trait reappeared, proving traits are inherited as discrete units.

Mendel where he crossed tall and dwarfpea ¢ <S§ @8 ) Transfer of pollen  Similar pattern observed for other contrasting traits.
plants to study the inheritance of one gene " (Follination} - '

(Figure 4.2). He collected the seeds produced \

as a result of this cross and grew them to - - N ¢ EXAMPLES (concept understanding)_

generate plants of the first hybrid generation. AT

This generation is also called the Filial - * Tall x qwarf cross - F all tall.

progeny or the F,. Mendel observed that all e F>ratio: 3 tall : 1 dwarf.

the F| progeny plants were tall, like one of e Same pattern seen in other pea traits.

its parents; none were dwarf (Figure 4.3). He

4.2 INHERITANCE oF ONE (GENE

made similar observations for the other pairs R £ ' d Lol
of traits — he found that the F always 1 ' 1 L DEFINITIONS / TERMS
resembled either one of the parents, and that ; ¥ & S 9 U . . T .
N p_._u_lni’ﬁ:_:ll_ﬂ_ﬂ e ol Lo o £ el e £ e « F, generation — first filial generation produced from parental cross.
them. P P Pk P Pk P * F, generation — offspring produced by self-pollination of F..
Mendel then self-pollinated the tall F, WM 4 = - - « Dominant trait — trait expressed in F. generation.
plants and to his surprise found that in the ) ] . . ]
Filial, generation some of the offspring were * Recessive trait — trait masked in F. but reappears in Fa.

‘dwarf"; the character that was not seen in

the F, generation was now expressed. The Figure 4.2 Steps in making a cross in pea

ranartion of plants that were dwarf were ¢ FIGURES / DIAGRAMS
proportion of plants that were dwarf were : : . . . . . .
1/4% of the I, plants while 3/4™ of the F, plants were tall. The tall and ¢ F|g 4.2 — shows stepsin maklng a Cross In pea (emasculatlon, poumatmn; offsprlng),

dwarf traits were identical to their parental type and did not show any e Table 4.1 — lists seven contrastin g traits studied by Mendel.
blending, that is all the offspring were either tall or dwarf. none were of in-

between height (Figure 4.3).

Similar results were obtained with the other traits that he studied: ¢ MEMORY TRIGGERS (qUiCk revision key WO rds)
only one of the parental traits was expressed in the F| generation while at . I\/Ionohybrid Cross
the F, stage both the traits were expressed in the proportion 3:1. The
contrasting traits did not show any blending at either F or F, stage.

* F, » all dominant

e F, > 3:1 ratio

* No blending

e Dominant vs recessive




Based on these observations, KEY CONCEPTS
] Mendel proposed that something » Mendel proposed that traits are controlled by factors (genes) passed through gametes.
Parental Rk \ Y was being stably passed down, « Genes are the units of inheritance.
% ' unchanged, from parent to offspring .
through the gametes. over y Dlﬁ.cerent forms of a gene are called alle!es. .
* Traits are expressed as genotype (genetic makeup) and phenotype (observable trait).

these things as ‘factors’. Now we call e Dominance ex P lains w hy on ly one trait appears in Fi.
them as genes. Genes, therefore, are

the units of inheritance. They

e ¢ IMPORTANT EXPLANATIONS
contain the information that is - - : ) ]
required to express a particular trait » Genes carry information required for expression of traits.
in an organism. Genes which code  Capital letters denote dominant allele and small letters denote recessive allele.
for a pair of contrasting traits are e For plant height: T (tall) and t (dwarf) are alleles.
known as alleles, i.e., they are . . .
- » Possible allele combinations: TT, Tt, tt.
« Homozygous — identical alleles (TT or tt).

]:"I generalion

slightly different forms of the same

gene.

If we use alphabetical symbols » Heterozygous — different alleles (Tt).

for each gene, then the capital letter * Phenotype of Tt is tall because dominant allele masks recessive allele.
is used for the trait expressed at the
I, stage and the small alphabet for

the other trait. For example, in case ¢ EXAMPLES (Concept underStandmg)-
. _ . o , Bl _ of the character of height, T is used « TT or Tt » Tall phenotype.
Y genemation. S ’ ™ N for the Tall trait and t for the ‘dwarf”, » tt - Dwarf phenotype-
i and T and t are alleles of each other. « F1 heterozygote showing same appearance as dominant parent.

Hence, in plants the pair of alleles
for height would be TT, Tt or tt.
Figure 4.3 Diagrammaltic representation Mendel also proposed 1"]“’-1 in a true DEFINITIONS [ TERMS . .
of monohybrid cross breeding, tall or dwarf pea variety « Gene — unit of inheritance co ntrolllng a trait.
the allelic '[_h.llI L'Ilﬂll'lt':'- for ].ll]f_'t].ﬂ are ° Alle les —9 altern atlve fo rms Of a gene
identical or homozygous. TT and tt, respectively. TT and tt are called . . . .
- P el A ] o » Genotype — genetic constitution of an organism.
the genotype of the plant while the descriptive terms tall and dwarf are o
the phenotype. What then would be the phenotype of a plant that had a * PhenOty pe — observable characteristics.
genotype Tt? « Homozygous — identical allele pair.
As Mendel found the phenotype of the | heterozygote Tt to be exactly « Heterozygous — different allele P air.
like the TT parent in appearance, he proposed that in a pair of dissimilar « Dominant — allele expresse d in heter 0Zygous Con dition

factors, one dominates the other (as in the F ) and hence is called the . . e
dominant factor while the other factor is recessive . In this case T (for * Recessive — allele masked in heterozygous condition.

tallness) is dominant over t (for dwariness), that is recessive. He observed

identical behaviour for all the other characters /trait-pairs that he studied. ¢ MEMORY TRIGGERS (quick revision keywords)
[t is convenient (and logical) to use the capital and lower case of an « Genes - factors

alphabetical symbol to remember this concept of dominance and

1'1'-3.'-1:'-5:'«:1&-1111:?-:1-5. -[:L'.h;'.l not use T for tall and d for n:{_u-'arj' because you will *Alleles>T&t

find it difficult to remember whether T and d are alleles of the same  Genotype vs phenotype

gene /character or not). Alleles can be similar as in the case of homozygotes o Homozygous VS heterozygous

TT and tt or can be dissimilar as in the case of the heterozygote Tt. Since « Dominant masks recessive

Tall Tall Dwarf




the Tt plant is heterozygous for genes controlling
one character (height), it is a monohybrid and the
cross between TT and tt is a monohybrid cross.

From the observation that the recessive parental
trait is expressed without any blending in the F,
generation, we can infer that, when the tall and
dwarf plant produce gametes, by the process of
meiosis, the alleles of the parental pair separate or
segregate from each other and only one allele is
transmitted to a gamete. This segregation of alleles
is a random process and so there is a 50 per cent
chance of a gamete containing either allele, as has
been verified by the results of the crossings. In this
way the gametes of the tall TT plants have the allele
T and the gametes of the dwarf tt plants have the
allele t. During fertilisation the two alleles, T from
one parent say, through the pollen, and t from the
other parent. then through the egg, are united to
produce zyvgotes that have one T allele and one t
allele. In other words the hybrids have Tt. Since
these hybrids contain alleles which express
contrasting traits, the plants are heterozygous. The
production of gametes by the parents, the formation
of the zygotes, the F, and F, plants can be
understood from a diagram called Punnett Square
as shown in Figure 4.4. It was developed by a British
geneticist, Reginald C. Punnett. [t is a graphical
representation to calculate the probability of all
possible genotypes of offspring in a genetic cross.

The possible gametes are written on two sides,

- , Phenotypic ratio : tall : dwarf
usually the top row and left columns. All possible VE 3 1

Genotypic ratio :TT Tt : it
1 -2 :1

combinations are represented in boxes below in the
squares, which generates a sguare output form.
The Punnett Square shows the parental tall TT Figure 4.4 A Punnett square used to
understand a typical monohybrid
cross conducted by Mendel
between true-breeding tall plants
and true-breeding dwarl plants

(male) and dwarf tt (female) plants, the gametes
produced by them and, the F Tt progeny. The F
plants of genotype Tt are self-pollinated. The
symbols £ and o are used to denote the female
(eggs) and male (pollen) of the F| generation, respectively. The F| plant of
the genotype Tt when self-pollinated, produces gametes of the genotype
T and t in equal proportion. When fertilisation takes place, the pollen
grains of genotype T have a 50 per cent chance to pollinate eggs of the
genotype T, as well as of genotype t. Also pollen grains of genotype t have

a 50 per cent chance of pollinating eggs of genotype T, as well as of

KEY CONCEPTS

» Monohybrid cross involves inheritance of one character (e.g., height).

* During gamete formation, alleles segregate so each gamete carries only one allele.
» Segregation is random, giving 50% chance for each allele.

* Punnett square is used to predict genotypic and phenotypic ratios.

¢ IMPORTANT EXPLANATIONS

* In cross TT x tt, parents produce gametes T and t respectively.

« Fertilisation results in Tt hybrids (heterozygous) in F. generation.

« Selfing of Tt x Tt produces F. generation.

* F> shows phenotypic ratio 3 tall : 1 dwarf.

* F. shows genotypicratiol TT:2 Tt: 1 tt.

« Punnett square gives a graphical representation of allele combinations.

¢ EXAMPLES (concept understanding)
« TT (tall) x tt (dwarf) » F, all Tt (tall).
* Tt x Tt » F2 showing 3:1 phenotype ratio.

¢ DEFINITIONS / TERMS

* Monohybrid — organism heterozygous for one character.
 Monohybrid cross — cross involving one trait.

« Segregation — separation of alleles during gamete formation.
* Punnett square — diagram to calculate genetic probabilities.

MEMORY TRIGGERS (quick revision keywords)
» Law of segregation

« Gametes » one allele

 Punnett square

* F> ratio » 3:1

* Genotype » 1:2:1



genotype t. As a result of random fertilisation, the resultant zygotes can KEY CONCEPTS
be of the genotypes TT, Tt or tt. . . .
e seno e 1 e In F2 generation, genotypes occur in 1:2:1 ratio (TT:Tt:tt).

From the Punnett square it is easily seen that 1/4" of the random
fertilisations lead to TT. 1/2 lead to Tt and 1/4" to tt. Though the F, e Dominance causes Ttand TT plants to appear tall.
have a genotype of Tt, but the phenotypic character seen is‘tall. At F , Phenotypic ratioin E»is 3 tall : 1 dwarf

2 ) 2 . .

3/4" of the plants are tall, where some of them are TT while others are

Tt. Externally it is not possible to distinguish between the plants with e Test cross is used to determine the genotype of a dominant phenotype.
the genotypes and Tt. Hence, within the genopytic pair Tt only one

character "T" tall is expressed. Hence the character T or ‘tall’ is said to

dominate over the other allele t or ‘dwart’ character. It is thus due to this ¢ IMPORTANT EXPLANATIONS

dominance of one character over the other that all the F_are tall (though

e senotvoe 1s TH) and in the F 3/4% of the plants are tall (thoueh  AGACISUREIRIIEE (el R ol golo [V R7R N IS Z R A7 W
1e genotype is Tt) and in the F, 3/4" of the plants are tall (though ) ) ) .
genotypically 1/2 are Tt and only 1/4" are TT). This leads to a phenotypic * Though F. genotype is Tt, phenotype appears tall due to dominance.
ratioof 3/4%tall : (1/4TT + 1/2 Tt) and 1/4* tt, i.e.. a 3:1 ratio, but a . Extern l. n nnot d t.n . h TT f m Tt
genotypic ratio of 1:2:1. xternal appearance ca O ISt gUIS ro )
B VESS VPSR VEREURISE v vl ER SEPRETERET R aun L EsERia l © \athematical probability explains ratios using binomial expansion.
to the form of the binomial expression (ax +by)?, that has the gametes . . .
bearing genes T or t in equal frequency of 2. The expression is expanded Mendel confirmed that dwarf plants are homozy.gou.S (tt) through repeated Selﬂng'
as given below :  To find genotype of a tall plant, Mendel crossed it with a recessive parent (tt).
N Ry Nty TRy DT TR IRV RV TRVE H © |n a test cross, progeny analysis reveals the genotype of the unknown parent.
Mendel self-pollinated the F, plants and found that dwarf I, plants
continued to generate dwarf plants in FF, and F, generations. He concluded ¢ EXAMPLES (Conce pt U nderstandin g)
that the genotype of the dwarfs was homozygous — tt. What do vou think . % .
he would have got had he seli-pollinated a tall F, plant? Tall (TT Or_Tt) dwarf (tt) u‘?ed & 2 t‘eSt Cr‘OSS.
From the preceeding paragraphs it is clear that though the genotypic * Observation of offsprlng ratios helps Identlfy genotype of tall plant.

ratios can be calculated using mathematical probability, by simply looking

at the phenotype of a dominant trait, it is not possible to know the

genotypic composition. That is, for example, whether a tall plant from F| ¢ DEFINITIONS / TERMS

or F, has TT or Tt composition, cannot be predicted. Therefore, to determine e Gen Oty P iC ratio — propo rtion of different gen Oty pes in offs © rin g.

the genotype of a tall plant at F,_, Mendel crossed the tall plant from F . . . .

with a dwarf plant. This he called a test cross. In a typical test cross an * Phen Oty pic ratio — pPropo rtion of observable traits.

organism (pea plants here) showing a dominant phenotype (and whose e Test cross — cross of dominant P hen Oty pe with recessive pare nt to determine gen Oty pe.

genotype is to be determined) is crossed with the recessive parent instead

of self-crossing. The progenies of such a cross can easily be analysed to . L.
predict the genotype of the test organism. Figure 4.5 shows the results of ¢ MEMORY TRIGGERS (gL"Ck revision keyWO I'dS)_
typical test cross where violet colour flower (V) is dominant over white o Genotype ratio» 1:2:1
colour flower [v). .
* Phenotype ratio » 3:1
« TT vs Tt indistinguishable
R  Test cross - with recessive
Using the genotypes of this cross, can yvou give a general definition for a
test cross? * Dominance

What ratio did you get?




KEY CONCEPTS

| Homozygous  Test cross results reveal whether dominant phenotype is homozygous or heterozygous.
" » Mendel proposed two main laws: Law of Dominance and Law of Segregation.
* Traits are controlled by discrete units (factors/genes) occurring in pairs.

¢ IMPORTANT EXPLANATIONS

Test Cross Interpretation

Ww | Ww o If all offspring show dominant trait, parent is homozygous dominant.

Dominant Phenotype @) A % « If offspring show 1:1 ratio of dominant and recessive, parent is heterozygous.

[Gcﬂﬂt}rpﬂ unknown)

Wwr Ww

Result M Nowers are violet Half of the flowers are violet and Law Of Domin ance
half of the flowers are white.

BN Unknown flower - Factors (genes) occur in pairs
is homozygous dominant Unknown flower is helerozygous i A ) ) . ) )
* In a pair of dissimilar factors, one dominates (dominant) and the other is recessive.
Figure 4.5 Diagrammatic representation of a test cross ° EXplainS Why Only one trait appears in F1 and 3:1 ratioin Fz.
Based on his observations on monohybrid crosses Mendel proposed Law of Segregatlon
two general rules to consolidate his understanding of inheritance in * Alleles do not blend and separate during gamete formation.
monchybrid crosses. Today tl rules are called the Principles or e Each gam ete receives only one allele

Laws of Inheritance: the First Law or Law of Dominance and the

Second Law or Law of Segregation. ° Homozygous parent produces one type of gamete, heterozygous produces two types.

4.2.1 Law of Dominance

¢ EXAMPLES (concept understanding)
(i) Factors occur in pairs. « WW x ww - all violet flowers » parent homozygous dominant.

(iii) In a dissimilar pair of factors one member of the pair dominates « Ww xww = 1 violet : 1 white » pare nt hete rozygous.
(dominant) the other (recessive).

(il Characters are controlled by discrete units called factors.

The law of dominance is used to explain the expression of only one of

the parental characters in a monohybrid cr in the I, and the expression DEFINITIONS / TERMS

of both in the F,. It also explains the proportion of 3:1 obtained at the F,. e Law of Dominance — dominant allele masks recessive allele in heterozygote.
4.2.2 Law of Segregation « Law of Segregation — separation of allele pairs during gamete formation.
This law is based on the fact that the alleles do not show any blending - Factors — Mendel’s term for genes.

and that both the characters are recovered as such in the F, generation
though one of these is not seen at the F stage. Though the parents contain

two alleles during gamete formation, the factors or alleles of a pair se - MEMORY TRIGGERS (qu ick revision keywords)
from each other such that a gamete receives only one of the two e Test cross » identify genotype

Of course, a homozygous parent produces all gametes that are similar . .

Of . ..u.l l 1 h m __ﬁ_u "] L_I_tIl'[_}'_‘ll- rlu_ . _1_11_._7_ E”_l_t 1111t _1f lt.m_l u. « Dominance = one trait expressed

while a heterozygous one produces two Kinds of gametes each having )
one allele with equal proportion. » Segregation - alleles separate
- Gamete - one allele

e 1:1 ratio = heterozvsous




KEY CONCEPTS

» Incomplete dominance occurs when F. phenotype is intermediate between parents.
* Neither allele is completely dominant over the other.

4.2.2.1 Incomplete Dominance « Genotypic ratio remains 1:2:1, but phenotypic ratio changes to 1:2:1.

When experiments on peas were repeated using other

BIOLOGY

Ped [m-;] White (o] iraits in other plants, it was found that sometimes
J' ' the F| had a phenotype that did not resemble either ¢ IMPORTANT EXPLANATIONS
X P-4 of the two parents and was in between the two. The i - . . .
inheritance of flower colour in the dog flower  In snapdragon (Antirrhinum), cross RR (red) x rr (white) gives F. pink (Rr).

(snapdragon or Antirrhinum sp.) is a good example

to understand incomplete dominance. In a cross * Selﬂng Of F1 prOduceS Fz W|th red, pinky and Whlte ﬂ.OwerS.
between true-breeding red-flowered (RR) and true- ° PhenOtypl C rati 0 in Fz iS 1 red : 2 plnk : 1 Whlte

F, generation b o breeding white-flowered plants (rr), the F| (Rr) was
pink (Figure 4.6). When the F, was self-pollinated * Incomplete dominance occurs because dominant allele does not fully suppress

the F, resulted in the following ratio 1 (RR) Red : 2

(Rr) Pink : 1 (rr) White. Here the genotype ratios were recessive a“.e I.e.

exactly as we would expect in any mendelian . . . e e

['l'll'.'.lI'll!:l]j:lj\-']:'l'jd cross, but Etl:ll:_" [_‘r]:l:_"I'll;'.I[_‘p"|-JL“ ratios had * G e n es CO ntro l' p rOd u Ctl O n Of e nzym es’ an d d Iffe re n CeS In e nzym e aCtIVIty lead to
changed from the 3:1 dominant : recessive ratio. | nte rm ed |ate p h en Oty pe

What happened was that R was not completely

dominant over r and this made it possible to

distinguish Rr as pink from RR (red) and rr (white) .

F, generation /3R ¢ EXAMPLES (concept understanding)

Cametes

Explanation of the concept of dominance:
".I.-'h:u exactly I1-| dominance? Wh.}: are :a:-;'.u:l'n;:- a llh'_'- les ° S N ap d ra go N f l.OWG r cCO lo ur — cC I.aS SIC exam p le Of Incom p lete d ominance.
dominant and some recessive? To tackle these

Phenotvpic ratio : red : .-':ink : white : :
. 1 - L-.u | questions, we must understand what a gene does. ° RR - red P rr - Wh|t9, Rr - p|nk-

Genotypic ratio : RR : Rr : Every gene, as you know by now, contains the
] 1 2 :1 information to express a particular trait. In a
diploid organism, there are two copies of each O DEF'N'T'ON S / TERM S
gene, i.e., as a pair of alleles. Now, these two alleles ] L. . .
need not always be identical, as in a heterozygote. o |nCOmplete dominance — condition where heterozngte shows intermediate

One of them may be different due to some cha

that it has undergone (about which you will C p h en Oty p €.

PLIN urther on. ancin the next ehapten) which mocifies - Intermediate phenotype — trait expression between two parental forms.
b" 5 Fie, g A the information that particular allele contains.
:ti &

Let's take an example of a gene that contains
the information for producing an enzyme. Now

Figure 4.6 Hesulls of monohybrid cross in _ H HP3
E the plant 5:.;1;}.;|{-ﬂ.h.-,;‘..1.. 1:‘.1“_-.]-‘_-. there are two copies of this gene, the two allelic ® M EMORY TRIGGERS (CIUICk revision keyWO rdS)
one allele is incompletely forms. Let us assume (as is more common) that ° : N : :
dominant over the other allele the normal allele produces the normal enzyme Incom plete dominance - intermediate trait
that is needed for the transformation of a ° Fl - p|nk
substrate S. Theoretically. the modified allele could be responsible for

production of - e F ratio~» 1:2:1 (phenotype)
i) the normal/less efficient enzyme, or ° RR red / Rr p|nk / rr Whlte

(ii) a non-functional enzyme, or

(iii) no enzyme at all ° NO Complete dominance




In the first case, the modified allele is equivalent to the unmodified allele,
i.e., it will produce the same phenotype /trait, i.e., result in the transformation
of substrate 5. Such equivalent allele pairs are very commeon. But, if the
allele produces a non-functional enzyme or no enzyme, the phenotype may
be effected. The phenotype/trait will only be dependent on the functioning
of the unmodified allele. The unmeodified (functioning) allele, which represents
the original phenotype is the dominant allele and the modified allele is
generally the recessive allele. Hence, in the example above the recessive trait
is seen due to non-functional enzyme or because no enzyme is produced.

4.2.2.2 Co-dominance

Till now we were discussing crosses where the I, resembled either of the

two parents (dominance) or was in-between (incomplete dominance). But,
in the case of co-dominance the F, generation resembles both parents. A
good example is different types of red blood cells that determine ABO
blood grouping in human beings. ABO blood groups are controlled by
the gene I The plasma membrane of the red blood cells has sugar polymers
that protrude from its surface and the kind of sugar is controlled by the
gene. The gene (I) has three alleles F, I and 1. The alleles F and F produce
a slightly different form of the sugar while allele 1 does not produce any
sugar. Because humans are diploid organisms, each person po

any two of the three I gene alleles. F* and P are completely dominant over
1. in other words when I* and i are present only P expresses (because 1
does not produce any sugar), and when P and i are present I¥ expresses.
But when F and F are present together they both express their own types
of sugars: this is because of co-dominance. Henee red blood cells have
both A and B types of sugars. Since there are three difterent alleles, there
are six different combinations of these three alleles that are possible, and
therefore, a total of six different genotypes of the human ABO blood types
(Table 4.2). How many phenotypes are possible?

Table 4.2: Table Showing the Genetic Basis of Blood Groups
in Human Population

Allele from Allele from Genotype of Blood
Parent 1 Parent 2 offspring types of
offspring

JALA A
11" AB
I*i A
JALE AB
I=1e B
1% | B

L ()]

KEY CONCEPTS

 Dominance depends on whether an allele produces a functional enzyme.
« Co-dominance occurs when both alleles express equally in F..
« ABO blood group is a classic example of co-dominance and multiple alleles.

¢ IMPORTANT EXPLANATIONS

Dominance (enzyme concept)

* If an allele produces functional enzyme, trait is expressed normally.

» A non-functional allele results in recessive phenotype.

« Dominant allele represents functional form, recessive represents modified/non-functional form.

Co-dominance

* In co-dominance, F. resembles both parents simultaneously.

* In ABO system, gene | has three alleles: 14, IB, i.

 |Aand IB are dominant over i.

 When I1* and |B occur together, both express - blood group AB.

» Because of three alleles, there are six genotypes and four phenotypes.

¢ EXAMPLES (concept understanding)

» AB blood group — co-dominance (both A and B antigens expressed).
* ii genotype - blood group O (no antigen).

¢ DEFINITIONS / TERMS

« Co-dominance — condition where both alleles express equally in heterozygote.
* Multiple alleles — more than two forms of a gene in a population.
« ABO blood group system — classification based on antigens on RBCs.

¢ MEMORY TRIGGERS (quick revision keywords)

* Functional enzyme -» dominant

« Co-dominance - both expressed
o« |A IB |

* AB » both antigens

* Multiple alleles



Do you realise that the example of ABO blood grouping also provides
a good example of multiple alleles” Here yvou can see that there are
more than two, i.e.. three alleles, governing the same character. Since in
an individual only two alleles can be present, multiple alleles can be found
only when population studies are made.

Occasionally, a single gene product may produce more than one effect.
For example, starch synthesis in pea seeds is controlled by one gene. It
has two alleles (B and b). Starch is synthesised effectively by BB
homozygotes and therefore, large starch grains are produced. In contrast,
bb homozygotes have lesser efficiency in starch synthesis and produce
smaller starch grains. After maturation of the seeds, BB seeds are round
and the bb seeds are wrinkled. Heterozygotes produce round seeds, and
s0 B seems to be the dominant allele. But, the starch grains produced are
of intermediate size in Bb s. So if starch grain size is considered as
the phenotype, then from this angle, the alleles show incomplete
dominance.

Therefore, dominance is not an autonomous feature of a gene or the
product that it has information for. It depends as much on the gene
product and the production of a particular phenotype from this product
as it does on the particular phenotype that we choose to examine, in case

more than one phenotype is influenced by the same gene,

4.3 INHERITANCE OF Two GENES

Mendel also worked with and crossed pea plants that differed in two
characters, as is seen in the cross between a pea plant that has seeds with
yvellow colour and round shape and one that had seeds of green colour
and wrinkled shape (Figure 4.7). Mendel found that the seeds resulting
from the crossing of the parents, had vellow coloured and round shaped
s. Here can you tell which of the characters in the pairs yellow/
green colour and round/wrinkled shape was dominant?
Thus, yellow colour was dominant over green and round shape
dominant over wrinkled. These results were identical to those that he got

when he made separate monohvbrid crosses between yellow and green

seeded plants and between round and wrinkled seeded plants.

Let us use the genotypic symbols Y for dominant yvellow seed colour
and y for recessive green seed colour, R for round shaped seeds and r for
wrinkled seed shape. The genotype of the parents can then be written as
RRYY and rryy. The cross between the two plants can be written down
as in Figure 4.7 showing the genotypes of the parent plants. The gametes
RY and ry unite on fertilisation to produce the FF| hybrid RrYy. When
Mendel self hybridised the F| plants he found that 3/4"™ of F, plants had
vellow seeds and 1 /4™ had green. The vellow and green colour segregated

in a 3:1 ratio. Round and wrinkled seed shape also segregated in a 3:1

ratio; just like in a monohvybrid cross.

KEY CONCEPTS

» Multiple alleles exist when a gene has more than two forms in a population.
« Asingle gene may show different dominance patterns depending on the trait studied.
* Inheritance of two genes is studied using dihybrid crosses.

¢ IMPORTANT EXPLANATIONS

Multiple Alleles & Dominance

 In an individual only two alleles are present, even if more exist in population.

« Example: gene controlling starch synthesis in pea seeds (B and b).

* BB - large starch grains - round seeds.

* bb » small starch grains -» wrinkled seeds.

* Bb » intermediate starch grain size, showing incomplete dominance if grain size is considered.
 Dominance depends on gene product and phenotype considered.

Inheritance of Two Genes

» Mendel crossed plants differing in seed colour and seed shape.
* Yellow colour (Y) dominant over green (y).

* Round shape (R) dominant over wrinkled (r).

» Parental cross: RRYY x rryy - F1 RrYy.

* In F;, each trait shows 3:1 ratio, similar to monohybrid cross.

¢ EXAMPLES (concept understanding)
 Starch synthesis gene (B/b) affecting seed shape.
* Yellow round x green wrinkled pea cross.

DEFINITIONS / TERMS

» Multiple alleles — more than two alternative forms of a gene in population.
* Dihybrid cross — cross involving two characters.

¢ MEMORY TRIGGERS (quick revision keywords)

» Multiple alleles » >2 forms

* BB round / bb wrinkled
 Dominance depends on trait
» Dihybrid cross - two genes
Y overy, Roverr
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