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Kita telah menyaksikan dalam kehidupan ini 
bahwa pada umumnya burung yang dapat 
terbang diturunkan oleh burung yang dapat 
terbang. 
Tanaman padi selalu menghasilkan tanaman 
padi, jagung menghasilkan jagung dan kedelai 
berasal dari kedelai. 
Tanaman kedelai yang berasal dari manga 
belum pernah terjadi. 
Pembentukan turunan (heredity) ini terjadi 
pada tingkat sel yang membawa pada istilah 
Cell Hetedity. 

 
"It is not a simple life to be a single cell, although I have no right to say so, having been a 

single cell so long ago myself that I have no memory at all of that stage of my life." —
Lewis Thomas (1913–1993) author, biologist, physician 

 
 

MY MESSAGES 
 Light yourself 

by opening your eyes, ears, mind, senses, and intuition, and  

 Don’t stay in the darkness 
and evade the light source:  
knowledge, intelligence, ingenuity, wisdom and modesty 

 
 

LEARNING OUTCOME 
Students, after mastering materials of the present lecture, should be 

able 
1. to explain the principle of genetic inheritance 
2. to explain the principle of dominance 

3. to explain the Law of Segregation 
4. to explain the Law of Independent Assortment 

5. to explain incomplete dominance, pleiotropy, polygenic inheritance, 
and multiple alleles 

 

 
Notes: 
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LECTURE OUTLINE 
 

I. INTRODUCTION 
II. CELL HEREDITY 
III. PRINCIPLES OF INHERITANCE 

Initial Studies 

Mendel’s Principles of Inheritance 

Mendel’s Experiment 

The Principle of Dominance 

The Law of Segregation 

The Law of Independent Assortment 

Terms 
IV. OTHER GENETIC CASES 

Incomplete Dominance 

Pleiotropy 

Polygenic Inheritance 

V. GENETIC PROBLEMS 

 

 

 

QUESTIONS 
 

1. What is heredity? 

2. What is zygote? 
3. What did Mendel cross? 

4. What are traits? 
5. What are gametes? 
6. What is fertilization? 

7. What is heredity? 
8. What is genetics? 

9. How many alleles are there for each 
trait? 

10.What is an allele? 

11.How many alleles does a parent 
pass on to each offspring for each 

trait? 
12.What do we call the trait that is 

observed? 

13.What is the difference between 

characters and trait 
14.Are seed shape and color 

characters or traits? 
15.Are spherical and yellow (seeds) 

characters or traits? 

16.What is the phenotype? 
17.What is the genotype? 

18.What is homozygous? 
19.What is heterozygous? 
20.What is monohybrid crossing? 

21.What case (upper or lower) is it 
written in for dominant traits? 

22.What is the one that disappears in 
the offspring? 

23.What is pleiotrophy 

24. What is Polygenic Inheritance  
 

 
 

What do you think the below picture? 

 
Blindness is a big problem: color blindness, illiterate, heartless, day blindness, 

etiquette blindness, science blindness, moral blindness, etc. 
 

Notes: 
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1. INTRODUCTION 
 

1. Zygote.  A plant of species is started from a single cell (zygote) and produces, 

from one to the next generation, the same plants different from plants of other 
species. 

2. Mechanism for heredity. Theory of evolution proposed by Charles Darwin in 
1859 showed a major problem on the lack of an underlying mechanism for 
heredity. 

3. Mix of blending inheritance. Darwin believed in a mix of blending inheritance 
and the inheritance of acquired traits (pangenesis).  

 Blending inheritance would lead to uniformity across 
populations in only a few generations and 

 This hypothesis would remove variation from a 

population on which natural selection could act.  
 This led to Darwin adopting some Lamarckian idea in 

later editions of On the Origin of Species and his later 
biological works.  

 The Lamarckian idea is that an organism can pass on 
characteristics that it has acquired during its lifetime 
to its offspring (also known as heritability of acquired 

characteristics or soft inheritance) 
 

 

2. CELL HEREDITY 
Why do I call it CELL HEREDITY? 

Because 

1. Basic Concept 
1. An organism is a building block of cells 
2. All cells arise from preexisting cells, so the genetic material must be 

replicated and passed from parent to progeny cell at each cell division 
3. The passing of traits from parents (ancestors) to offspring (heredity) occurs 

through cellular process:  
 Fertilization,  
 Segregation/Meiosis,  

 Mitosis and  
 Differentiation 

 
 

Definition 
 Heredity.  Heredity is the passing of traits from parents (ancestors) to 

offspring.  

 Characteristics. Through the process of heredity, an offspring cell or 
organism acquires the characteristics of its parent cell or organism.  

 Variations.  Through heredity, variations exhibited by individuals can 
accumulate and cause some species to evolve 

 Genetics.  The study of heredity in biology is called genetics, which 

includes the field of epigenetics (the study of heritable changes) 
 

2. Zygote 
1. The inheritance of genetic information (characteristics) occurs through 

zygote. 
- A zygote is the initial cell formed when two gamete cells are joined by means of 

sexual reproduction. 
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- The female gametophyte of most flowering plants forms four cell types after 

cellularization, namely synergid cell, egg cell, central cell and antipodal cell.  
 The antipodal cells in Arabidopsis persist beyond fertilization, even when the other cell 

types are no longer present (Song et al., 2014). 
 Synergids are two small cells lying near the egg in the mature embryo sac of a flowering 

plant 

 
 
 

 
 

 
 
 

 
 

 
- In Arabidopsis thaliana, the pollen tube 

is attracted and guided to grow into 

the ovule by small cysteine-rich 

proteins (LUREs), which are secreted 

by two synergids. 

- The synergids are part of the embryo 

sac, comprising additionally the two 

female gametes (egg and central cell), 

and three antipodal cells.  

 

  
 

 

- After pollen tube burst, two immotile 

sperm cells are released into the 

receptive synergid that degenerates. 

Thereafter, one sperm cell fuses with 

the egg cell (1) and the second sperm 

with the central cell (2).  

- A third cell fusion takes place after 

successful fertilization between the 

persistent synergid and the 

endosperm, the large fertilized central 

cell (3). The cytoplasm of both cells are 

mixed, and thus the pollen tube 

attractants quickly diluted. Additionally, 

disintegration of the persistent synergid nucleus is induced, thereby establishing a 

block to the attraction of excess pollen tubes. 
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2. The cell heredity is started from zygote resulting from the merging of an egg 

cell and a sperm cell 
3. Each of us began as a zygote (a single cell) with the potential to develop into 

a living organism composed of various types of cells. 
4. Zygotes are the basis of new developing organisms, and play an important 

role in the reproductive process.  
5. The zygote that forms after fertilization contains two sets of chromosomes, 

each of which comes from one of its two parents.  

6. This zygote cell is also called a diploid, and is represented by a distinct 
diploid number.  

7. The diploid number indicates the number of chromosomes the cell has. 
 

3. Basic Inheritance Process 
 ZYGOTE inherits half chromosome from their father and the other half 

from their mother as also occurs in human being.  

 

 

 
 
 

 The formation of zygote (chromosome recombination) in the Life Cycle of 

organisms engender parents and their offsprings are alike as shown in 
Angiosperm (flowering plants, closed seeds ) and gymnosperms 

(flowerless, open seeds). 

 
The life cycle of Angiosperm (flowering plants, closed seeds ) 
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The life cycle of gymnosperms (flowerless, open seeds) 

kingdomplantae.blogspot.com/ 
 

 One sperm fertilizes the egg cell that forms diploid (2n) zygote, and the 
other sperm combines with the two polar nuclei of the large central cell of the 

megagametophyte that forms triploid (3n) nucleus.  
 

How does the sperm and egg cell fusion take place?.  It is a complex process 
that involves many genes.  
 In Arabidopsis more than 40 genes were found to be involved in the fusion of 

polar nuclei through analyses of mutants (Maruyama et al., 2016). 
 

 
GEX2, for instance, encodes a transmembrane protein containing a filamin-like 

domain.  Maruyama et al. (2016) 

http://kingdomplantae.blogspot.com/
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3. PRINCIPLES OF INHERITANCE 
 

1. Initial Studies 
 Gregor Johann Mendel, Austrian monk (1822- 1884), published his work on 

pea plants in 1865 about the principle of inheritance including; 
1. Dominance 
2. Segregation 

3. Independent assortmen  

 However, his work was not widely known and was rediscovered in 1901 

 The idea of additive effect of (quantitative) genes was not realised until R.A. 
Fisher's (1918) paper, "The Correlation Between Relatives on the Supposition 

of Mendelian Inheritance". 

- Genes may be classified as additive genes or non-additive genes. Additive 
genes are those genes that code for the same trait and their effects work 

together on the phenotype (e.g. eye colour). 

 Mendel's overall contribution gave scientists an useful overview that traits 

were inheritable. 

 As of today, his pea plant demonstration became the foundation of the study 

of Mendelian Traits. These traits can be traced on a single locus. 

 

 

2. Mendel’s Principles of Inheritance 
a. Inherited traits are transmitted by genes which occur in alternate forms 

called alleles.. 
b. Principle of Dominance - when 2 forms of the same gene are present, the 

dominant allele is expressed. 
c. Principle of Segregation - in meiosis two alleles separate so that each 

gamete receives only one form of the gene. 
d. Principle of Independent Assortment - each trait is inherited 

independent of other traits (chance). 

 

3. Mendel’s Experiment 
a. Materials: Garden pea (Pisum Sativum L) 

 The pea was a good choice because there were a large number of true 

breeding varieties, short generation time, easy to grow and perfect flowers. 

 Mendel observed variations in the garden pea as to the height, flower 

color, seed coat color, and seed shape.  In each case there were distinct 
contrasting forms. 

 Mendel bred his plants over many generations and counted the variations 

in each successive generation. 

 He focused on 1 or 2 traits in each experiment.  After collecting all the 

data he analyzed the results and derived his conclusions. 
 

Notes: 
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b. Mendel’s Model Organism: Pea (Pisum Sativum L.) 

 
 

c. Mendel's Traits 

 
Notes: 
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d. Experimental Procedure 

Mendel crossed a tall growing variety of pea with a short growing variety  

 
The hybrids produced by crossing tall and dwarf varieties had the ability to 
produce dwarf progeny even though they themselves were tall. 

 
e. Experimental Results 

 
 

 
 Mendel found that the inheritance of traits was not due to blending but 

instead specific traits or units of inheritance were passed from generation to 
generation 
- If the fusing theory was correct you should get an intermediate height 

plant…, but instead they resembled the tall parent 
- If this generation were allowed to breed, the short variety was produced at 

a ratio of 3:1 (3 tall for every one short) 
- No matter what trait he selected for, the second generation (F2 plants) 

always contained individuals of both traits always on a 3:1 ratio. 

 
Notes: 

 
 
 



 

Page 10 of 17 
 

Botany/Cell Heredity/S.M. Sitompul  2017 The University of Brawijaya 

Mendel Monohybrid Results 

 
 
 

4. The Law of Dominance 
 In a cross of parents that are pure for contrasting traits, only one form of the 

trait will appear in the next generation.  

 Each organism has two alleles for each trait 
- Alleles - different forms of the same gene 

- Genes - located on chromosomes, they control how an organism develops 
- The trait that is observed in the offspring is the dominant trait 

(uppercase, Y) 
- The trait that disappears in the offspring is the recessive trait (lowercase, 

y) 

 If your two alleles are different (heterozygous, e.g. Yy), the trait associated 
with only one of these will be visible (dominant) while the other will be 

hidden (recessive). E.g. Y is dominant, y is recessive. 
 
Notes: 
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Mendel’s Monohybrid Cross – P to F1 

 
A monohybrid cross is a cross between 

parents who are heterozygous at one 
locus; for example,  

Yy  x Yy 
Y = yellow (dominant) 
y = green (recessive) 

 
 

 
 
 

A Punnett square, something we’ll 
cover in a moment. 

 

 
 
 

5. The Law of Segregation 
 The Law of segregation states that allele pairs separate or segregate 

during gamete formation, and randomly unite at fertilization.  This can be 
demonstrated with a “test cross” 

 The segregation of allele pairs is randomly and equally into the gametes, 
which then combine at random to form the next generation.  
- A normal (somatic) cell has two variants (alleles) for a Mendelian trait. 

- A gamete (sperm, egg, pollen, ovule) contains one allele, randomly 
chosen from the two somatic alleles. 

- E.g. if you have one allele for brown eyes (B) and one for blue eyes (b), 
somatic cells have Bb and each 
gamete will carry one of B or b 

chosen randomly. 
 

 Mendel Continued crosses to the F2 
(the grandchildren) 

What was learned? 
- The green trait was not lost or 

altered, even though it disappeared 

in the F1. 
- One trait is dominant to the other in 

its expression.  The reappearance of 
the recessive trait in ¼ of the F2 
suggests genes come in pairs that 

separate in the formation of sex 
cells. 
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 Genotypes and Phenotype: Different genotypes can produce the same 

phenotype 
 

 
 
 

 A Punnett Square: It is a Handy Way of 
Analyzing Crosses.   
- In a Punnett square for a monohybrid 

cross, the Principle of Segregation is 

applied. 

 

 
 

 
 
 

 
Test Cross 
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6. The Law of Independent Assortment 
 The Law of Independent Assortment states that the genes for different traits 

are inherited independently of each other. 

 Each allele pair segregates independently of other gene pairs during gamete 
formation (Demonstrated with a dihybrid cross). 

- For unlinked genes, the alleles from each gene segregate into the 
gametes independently of one another. 

- Some genes are linked, which means that they don't  segregate 

independently of each other and thus don't give the 9:3:3:1 ratio of F2 
offspring.  Linked genes are close together on the same chromosome 

 
 A dihybrid cross examines 2 different genes ;  

yellow x green pods, and 

round x wrinkled seeds. 
Yellow (Y) is dominant to green (y). 

Round (R) is dominant to wrinkled (r). 
 

 Initial cross:  
YYrr  x  yyRR (yellow wrinkled x green round) 
- The YYrr plant makes Yr gametes (one copy of each gene) and 

- The yyRR plant makes yR gametes. 
 

 These combine to make F1 plants that are YyRr, yellow round.  Note that 
neither parent has this phenotype. 

 

Dihybrid Cross 

 
 
 
Notes: 
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Independent Assortment 
 Two chromosomes of one parent are represented on the left. 
 Possible alleles passed on to the offspring are on the right and below. 

 Consider smooth or wrinkled peas AND tall or short plants) 
 

 
 
Why did Mendel conclude that the inheritance of one trait is independent of 
another?   

 Because it’s the only way to explain the pattern of inheritance. 
 

 

RIGHT 

 YR Yr yR yr 

YR     

Yr     

yR     

yr     

 
 

 
 

WRONG 
The alternative and incorrect 

hypothesis: dependent 
inheritance. 
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7. Terms 

 Allele – An allele is the alternative form of a gen or a group of genes) 
 Genotype - the gene combination of an organism 

AA or Aa or aa 
 Phenotype - the way an organism looks 

red hair or brown hair 
 Homozygous - if the two alleles for a trait are the same  (AA or aa) 
 Heterozygous - if the two alleles for a trait are different  (Aa) 

 Monohybrid Cross - crossing parents who differ in only one trait  (AA with aa) 
 Dihybrid Cross - crossing parents who differ in two traits  (AAEE with aaee) 

 
 

4. OTHER GENETIC CASES 
1. Incomplete Dominance 

- Some Alleles are related through 
incomplete Dominance 

- Dominance relationships may 

differ, but the Principle of 
Segregation remains the same. 

 
2. Pleiotropy  

- One allele influences many traits 

 
 

3. Polygenic Inheritance  
- A single trait is influenced by 

many genes (Height is a polygenic 
trait) 

 

Incomplete Dominance 

 

 

 

5. GENETIC PROBLEMS 
1. Chromosomal Disorders 

 Polyploidy 

- extra set of chromosomes 
- most embryos die 

 Aneuploidy 

missing a chromosome or having an extra chromosome that results from 
nondisjunction.  

- monosomy is the condition of missing a chromosome. 
- trisomy is the condition of having an extra chromosome. 

 Euploid is a normal chromosome number 

 
Notes: 
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Causes of Aneuploidy 

 

 
 

Prenatal Tests 

 

 
 

Number of chromosomes 

 Karyotype of cell 
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Autosome: 1-22 
How many genes does the 

human Genome has? 
 

What are diseases associated 
with Chromosome 1 
 

 
 


