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Meiosis adalah pembelahan sel 
reproduksi menjadi sel haploid yang 
mengandung informasi genetik yang 
lengkap. 
Peranan dari meiosis dalam kehidupan 
organism dapat dilihat dari informasi 
genetik yang akan diturunkan pada 
generasi berikutmya. 
Meiosis juga menjadi suatu proses 
yang menentukan keragaman hayati. 

 
1. The purpose of meiosis is the faithful passage of genetic information from one 

generation to another. 
2. Meiotic defects can result in sterility or developmental defects in offspring, often 

leading to premature death. 
3. Aneuploidy is one of the leading known causes of human congenital birth defects 

and miscarriage, as well as the leading impediment to successful pregnancies 
established using assisted reproductive technology. 

4. Regulation of meiosis, therefore, is of critical importance to preserving a sexually 
reproducing species 

 
We cannot always build the future for our youth, but we can build our youth for the 

future,  F.D. Roosevelt 
 
 

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

able;  
1. to explain meiosis and the importance of meiosis in the life cycle of 

sexually reproducing organisms  

2. terms related to cell heredity 
3. to explain Interphase, Prophase, Metaphase and Telophase of the 

meiosis of plant cells  
4. to explain the function of meiosis I and meiosis II 
5. to explain crossing over (recombination) 

 
 

Notes: 
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LECTURE FLOW 
 

1. INTRODUCTION 

Definition 
Cell Types in Meiosis  

Encounter of homologous 
chromosomes 
Homologous Chromosomes 

2. MEIOSIS 
Definition 

Interphase 
 

Meiosis I 

Meiosis II  
4. CROSSING OVER 

(RECOMBINATION) 
Definition 
Cytological Exchange 

 

 

 

1. INTRODUCTION 
 

1. Definition 
What is Meiosis? 
 Meiosis is the production of gametes 

- Meiosis (Greek meiōsis, diminution) is a two-part cell division process in 
sexually reproducing organisms, without the chromosomal replication, 

leading to the production of four haploid gametes (sex cells). 
What is the meiosis for? 
a. To reduce the number of chromosomes.   

- The process of cell division in sexually reproducing organisms reduces 
the number of chromosomes in reproductive cells from diploid to 

haploid, leading to the production of gametes. 
- Each gamete contain one of every pair of homologous chromosomes from 

the maternal and paternal chromosomes which are distributed randomly 

between the cells.  
- If two diploid cells went on to participate in sexual reproduction, their 

fusion would produce a tetraploid (4n) zygote. 
b. To allows genetic variability.  

- Meiosis is a vital process because it reduces the original number of 

chromosomes to half, and allows genetic variability by genetic 
recombination and independent assortment.  

c. To maintain the integrity of chromosomal number.  
- The haploid cells produced during meiosis may develop into potential 

gametes and then a new individual after fertilization with the full number 

of genes. 
- Therefore, the integrity of chromosomal number is maintained across 

generations while promoting genetic diversity and variability in forms in 
the population.  

 

2. Type of Cell in Meiosis  
What cells undergo meiosis? 

 Germ cells undergo meiosis 
- Animal germ cell lineages are separated from somatic cells in early 

embryogenesis, before organogenesis or even earlier. 
- In flowering plants, male and female germ cells originate from 

archesporial cells in the male (anther) or female (ovule) organs, 

respectively.  
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- In the model plant Arabidopsis thaliana, this process requires the 

SPOROCYTELESS (SPL/NOZZLE) gene encoding a putative transcription 
factor.  

- Another Arabidopsis gene, WUSCHEL (WUS) is essential for stem cell 
fates in the Arabidopsis shoot and floral meristems. 

- WUS gene was found to act downstream of SPL and is also needed for 
integument development. However, little else is known about how the 
initial germline is specified. 

 

 
Models for specification of female and male reproductive cells in the Arabidopsis 

anther and ovule, respectively.  Source: Wang (2011) 

 
 

 
(A) Maize is a monoecious plant. The male inflorescence, the tassel, is positioned 

apically and consists of a central spike with several lateral branches which together 

support hundreds of paired spikelets containing two florets of three stamens each. 

 
 

Notes: 
 
 

 
 

 

http://www.sciencedirect.com/science/article/pii/S0960982211005318#gr1
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(B) Left: A stamen consists of an 

anther supported by a filament. 

Right: In cross-section, the anther 

is composed of four locules 

surrounding central connective and 

vascular tissue, which are 

continuous with the filament. In 

each locule, four somatic cell types 

surround the central, reproductive 

cells that will undergo meiosis and 

become pollen.  Source: modified 

from Ma, et al. 2008). 

 
 

 

(C) Longitudinal optical section of 

propidium iodide-stained anther 1000 

μm long just after all five locular cell 

types are present.  epi, epidermis; en, 

endothecium; ml, middle layer; t, 

tapetum; pmc, pollen mother cell;  

 

 
 

 
(A) Anther development timeline based on the work including key developmental 

events, anther length and number of days after the primordial stage (dpg). The 

archesporial cells (ar) differentiate by size and morphology just before the spl and 

endothecium (en) are resolve into two distinct layers. These three layers amplify 

clonally for 2.5 days (anther sizes 250 - 750 μm) before the spl makes periclinal 

divisions to give the middle layer (Schnable et al.) and tapetum (t), which 

differentiate quickly thereafter. Archesporial cell mitoses stop at day five as they 

mature into pollen mother cells.  

 
 

 



 

Page 5 of 17 
 

Botany/Meiosis/S.M. Sitompul  2017 The University of Brawijaya 

3. Encounter of homologous chromosomes 
How homologous chromosomes find each other? 
 Chromosomes are distributed randomly within the nucleus before entering 

meiosis. 
 Homologous chromosomes must find each other within the cell nucleus 

before they recombine. 
 The first step of pairing is the most critical part of the meiotic process.  
 Meiosis failure is probably the most common cause of spontaneous abortion 

and causes a number of birth defects such Down syndrome. 
 In most organisms, the initiation of homologous pairing occurs at numerous 

sites along chromosomes by a mechanism that still remains unclear. 
 

 
Homologous chromosomes must find each other  

 

 
Boy or Girl? The Y Chromosome “Decides” 

 
 
Is the probability  

of a girl higher  

than a boy to be  

born? 

 

Diploid Diploid

Haploid Haploid

Diploid Diploid

MOTHER FATHER
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TERMS 
1. Alleles.  An allele is an alternative versions (form) of a gene or a group of 

genes. 

2. Asters.  Asters are radial microtubule arrays found in animal cells. 
3. Centrioles.  Centrioles (found in animal cells) are cylindrical structures that 

are composed of groupings of microtubules arranged in a 9 + 3 pattern.  
4. Centromere.  A centromere is a region on a chromosome that joins two 

sister chromatids.  

5. Character.  A character is a feature that can be inherited.  
6. Trait.  A trait is a certain variation of a character.  

7. Chiasma.  A chiasma (pl. Chiasmata) is a point of contact between sister 
chromatids that forms during meiosis.  

8. Chromatid.  A chromatid is one-half of two identical copies of a replicated 

chromosome.m 
9. Chromatin.  It is the mass of genetic material composed of DNA and 

proteins that condense to form chromosomes during eukaryotic cell division.  
10. Chromosomes.  Chromosomes are DNA molecules in a eukaryotic 

organism for holding and transmitting genetic information (Humans have 23 
pairs of chromosomes for a total of 46. Two chromosomes are sex 
chromosomes either X Y (male) or X X (female). The other 22 pairs are 

autosomes) 
11. Diploid.  Diploid means having two sets of chromosomes in a cell, 2n 

12. Dyad.  Dyad is the form of chromosome before mitosis.   
Chromosomes come in 2 forms, depending on the stage of the cell cycle.  
The monad form consists of a single chromatid, a single piece of DNA 

containing a centromere and telomeres at the ends.  The dyad form 
consists of 2 identical chromatids (sister chromatids) attached together at 

the centromere.  Chromosomes are in the dyad form before mitosis, and in 
the monad form after mitosis 

13. Gametes.  Gametes are cells that have undergone meiosis and have half 

the number of chromosomes as normal cells, they can now take part in 
fertilization 

14. Germ line cells.  Germ line cells are unique cells that migrate early on into 
the body into the gonads. These are the only cells in the body that undergo 
meiosis to produce gametes.  

15. Haploid.  Haploid means having one set of chromosomes in a cell, n 
16. Heterozygous.  Heterozygous means having different alleles for a specific 

character or feature 
17. Homologous chromosomes.  Homologous chromosomes are 

chromosomes with identical genetic material 

18. Homozygous.  Homozygous means having an identical pair of alleles for a 
specific character or feature  

19. Sex cells.  This are specialized cells found in the anthers (male) and ovaries 
(female) of plants; very small percentage of the total plant cells; produced 
haploid cells called pollen and ovules 

20. Somatic cells.  Somatic cells are cells of the body found everywhere in the 
body. These cells go through mitosis cell division 

21. Zygote.  Zygote is the union of two gametes, and contains the normal 
number of chromosomes which will be passed onto all new cells that form 
from it. 

 
Notes: 
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4. Homologous Chromosomes 
 Pair of chromosomes (maternal and paternal) that are similar in shape and 

size. 

- A pair of chromosomes having the same gene sequences, each derived 
from one parent. 

- Homologous pairs (tetrads, a tetrad is a group of four) carry GENES 
controlling the SAME inherited traits. 

 

 

 

 
Homologous chromosomes are similiar but not identical, and each 

carries the same genes in the same order, but the alleles for each trait may 
not be the same.  http://images.slideplayer.com/13/4018244/slides/slide_21.jpg 

 
 

2. MEIOSIS 
 

1. Definition 
 Meiosis (meion = reduce), the term coined by Farmer and Moore (1905), is 

the process of two consecutive cell divisions in the diploid progenitors of sex 
cells.  

 The process is specialized cell division resulting in cells (gametes) with half 

the genetic material of the parents  
 The two consecutive cell divisions are 

- Meiosis I (prophase I, metaphase I, anaphase I & telophase I) 
- Meiosis II (prophase II, metaphase II, anaphase II & telophase II)   
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2. Interphase 
 The meiosis is preceded by interphase, which is a period of cell resulting in 

an increase in cell mass in preparation for cell division before entering 

meiosis, and can be devided into three phases; 
- the phase prior to meiosis. 

- the period of cell growth. 
- the period of all chromosomes 

duplicated similar to 

chromosome duplication prior to 
mitosis. 

- Two centrosomes,  located 
outside the nucleus of cells, 
contain each a pair of centrioles 

in animal cells and are produced 
by the duplication of a single 

centrosome during premeiotic 
interphase. 

 

- The centrosomes serve as microtubule organizing centers (MTOCs). 

Microtubules extend radially from centrosomes, forming an aster. 
 

 
 
Notes: 
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- Plant cell centrosomes, lacking 

centrioles, function much like 
animal cell centrosomes as sites 

of spindle formation. 
- Interphase can be divided into 

three phases 
 G1 phase  
 (1st gap phase) 

 S phase  
 (synthesis phase) 

 G2 phase 
 (2nd gap phase) 
 

 

 

 G1 phase 

 The period after cytokinesis prior to the synthesis of DNA when the cell 
increases in mass in preparation for cell division.   

 This is a very active period, where cell synthesizes its vast array of 

proteins, including the enzymes and structural proteins required for 
growth. 

 
 S phase  

 The period during which DNA 

is synthesized in a very short 
time in most cells 

 G2 phase  
 The period after DNA 

synthesis prior to the start of 

prophase in meiosis. The cell 
synthesizes proteins and 

continues to increase in size 
 

 

 In the latter part of interphase, 

the cell still has nucleolus. 
 The nucleus is bounded by a 

nuclear envelope and the cell's 
chromosomes have duplicated but 

are in the form of chromatin 
(dispersed chromosomes). 

 

Notes: 
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3. Meiosis I 
A. Prophase I 
 Prophase I (pro, before), the longest phase of meiosis (about 90% of the 

meiosis time), is the pairing and crossing over of homologous 

chromosomes which can be 
divided into 5 phases 

1. Leptotene 
2. Zygotene 
3. Pachytene 

4. Diplotene 
5. Diakinesis 

 
 During prophase I, the 

condensed chromosomes 
attached to the nuclear 
envelope 
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Notes 
 

 
 
 

 
 

 
 
1. Leptotene (Leptonema, noun) 

 Leptotene (leptonema, thin threads) is the phase of the 
replicated chromosomes starting to condense into long 

strands inside the nucleus 
 The chromosomes at this stage appear as single threads 

representing  the maternal and paternal chromosomes.  

 Homologous dyads (pairs of sister chromatids) find each 
other and align themselves from end to end with the aid of 

an axial element (that contains cohesin).  
 Trial and Error Phenomenon. 

- In budding yeast (and perhaps other eukaryotes), the 

process follows a period of trial-and-error. Any two 
dyads pair at their centromeres. If they are not 

homologs, they separate and try again. 
- How the nonsisters recognize their shared regions of 

DNA homology is uncertain.  

- Double-stranded breaks (DSBs) often occur in the DNA 
of the chromatids, and these may be necessary for the 

homologs to recognize each other.  
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2. Zygotene 

 Zygotene (zygonema = paired threads), is the pairing 
process of the homolog chromosomes (synapsis or union).   

 The homolog chromosomes are hold together (bivalent 

formation) by proteins (synaptomal complex), and crossing-
over can happen between the DNA-double helices molecules 

of homolog chromosomes 
- DNA strands of nonsister chromatids begin the process 

of recombination. How they are able to do so across 
the synaptonemal complex, which is over 100 nm thick, 
is unknown.  

 
Notes: 

 
3. Pachytene 

 Pachytene (pachynema = thick threads) is the thickening and shortening 

process of chromosomes followed by the separation of four distinct 
chromatids joined at the centromeres. The nucleoli are often still visible at 

pachytene 
- Recombination nodules appear (at least in some organisms, including 

humans). They are named for the idea that they represent points where 

DNA recombination is occurring.  
- There must be at least one for each bivalent if meiosis is to succeed. 

There are often more, each one presumably representing the point of a 
crossover.  

- They contain enzymes known to be needed for DNA recombination and 

repair.  
 The steps in recombining DNA continue to the end of pachytene. 

 
4. Diplotene 

 Diplotene (diplonema, "two threads") is the phase when homologous 

chromosome pairs begin to separate and move away from one another 
except at chiasmata due to the degradation of synaptonemal complex 

 Chromatids become fully visible, and begin to pull apart revealing chiasmata  
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5. Diakinesis 

 Diakinesis (diakinesis, moving through), the term coined by Häcker (1897), 
is the process of chromosome separation from one another 

 This stage is characterized by the highly condensed 
condition of the chromosomes, the homologous pair of 

which are held together by chiasma.   
 This final stage of the prophase in meiosis is characterized 

by  

- shortening and thickening of the paired chromosomes 
- formation of the spindle fibers 

- disappearance of the nucleolus, and  
- degeneration of the nuclear membrane 

 Nucleus and nuclear membrane disappear, and 

microtubules attach to kinetochores 
- In some organisms, the chromosomes decondense and 

begin to be transcribed for a time. This is followed by the 
chromosomes recondensing in preparation for metaphase 
I  

 

 
 
 

 
B. Metaphase I 

- During metaphase I (“adjacent”),  

 chromosomes align at the metaphase plate 
(equator), and  

 microtubules of the spindle fibers attach to the 
sister kinetochores of one homologue, pulling both 
sister chromatids toward one pole of the cell; 

sister kinetochores of the other homologue pulling 
those sisters toward the opposite pole.   

- As a result, one homologue is pulled above the 
metaphase plate. The chiasmata keep the 
homologues attached to each other, and the cohesin 

keeps the sister chromatids together. 
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C. Anaphase I 
- During anaphase (“Up”) I ,  

 homologous chromosomes move to opposite 
poles.  

 the sister chromatids remain together, the 

cohesin between the chromosome arms 
breaks down allowing the chiasmata to slip 

apart.  
- As a result, the homologous dyads separate and 

migrate toward their respective poles.  
 
D. Telophase I 

- During telophase I (“end”) and cytokinesis, 
 two daughter cells are produced, each with 

one half the number of chromosomes of the 
original parent cell. 

 

 
 
 

4. MEIOSIS II 
 Meiosis II: Prophase II, Metaphase II, Anaphase II & Telophase II  

- Prophase II - Cells do not typically go into interphase between meiosis I 
and II, thus chromosomes are already condensed. 

- Metaphase II - Chromosomes line up at the equator of the two haploid 

cells produced in meiosis I. 
- Anaphase II - Chromosomes made up of two chromatids split to make 

chromosomes with one chromatid which migrate to the poles of the cells. 
- Telophase II - Cytokinesis and reformation of the nuclear membrane in 

haploid cells each with one set of chromosomes made of one chromatid. 
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A. Propahase II 
- The centrioles duplicate that occurs by separation of the two members of the 

pair, and then the formation of a daughter centriole perpendicular to each 

original centriole.  
 

 
 
B. Metaphase II 

- Each of the daughter cells completes the 

formation of a spindle apparatus. 
- Single chromosomes align on the metaphase 

plate.  
- For each chromosome, the kinetochores of 

the sister chromatids face the opposite poles, 

and each is attached to a kinetochore 
microtubule coming from that pole. 

C. Anaphase II 
- The centromeres separate, and the two chromatids of each chromosome 

move to opposite poles on the spindle. The separated chromatids are now 

called chromosomes in their own right. 
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D. Telophase II 

- Nuclear membrane forms around chromosomes which uncoil, and nucleolus 

reforms 
- Cytokinesis takes place, producing four daughter cells each with a haploid set 

of chromosomes. 
 
 

3. CROSSING OVER 
1. Definition 

 Crossing over (recombination) is the exchange of genetic material between 
homologous chromosomes that occurs during meiosis and contributes to 

genetic variability. 
 

 
- Homologous chromosomes are a pair of chromosomes with the same 

gene sequences, each derived from one parent. 

- Eighty four years ago (1932), a convincing demonstration that the genes 
were physically aligned along the chromosome was lacking. 

 

2. Cytological Exchange 
 Harriet Creighton (1909–2004) and Barbara McClintock (1902–1992) showed 

by an elegantly simple experiment in 1931 that exchange between genes was 
accompanied by exchange of cytological, i.e., physical, parts of 

chromosomes. 
 During their studies of linkage in corn, they developed a strain of corn that 

had one chromosome (number 9 of 10 pairs) with two unusual features: 
- a knob at one end of the chromosome and  
- an extra piece at the other. The extra piece of chromosome (gray in the 

figure) was the result of a translocation that had occurred at an earlier 
generation. 
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Karyogram of maize metaphase chromosomes (2n=20) after treatment of root 

tips with 100 μM bromodeoxyuridine for two DNA replication cycles and FPG 

technique. Bar=5 μm. Olympus TM BX 60 fluorescence microscope  

 

 

 
The recombination of genes occurs when homologous chromosomes exchange 

parts.  

 
 

 This unusual chromosome carried the dominant allele for colored kernels 
(C) and the recessive allele for waxy endosperm (wx).  
- Its normal-appearing mate carried the recessive allele for colorless 

kernels (c) and the dominant allele for normal (starchy) endosperm 
(Wx). 

 Creighton and McClintock reasoned that this plant would produce 4 kinds of 
gametes; the parental kinds : cwx and CW & the recombinant kinds: cwx 
and CW  produced by crossing over. 

- Fertilization of these gametes by gametes containing a chromosome of 
normal appearance and both recessive alleles cwx (a typical testcross) 

should produce 4 kinds of kernels:  
 colored waxy (Ccwxwx) kernels,  

 colorless kernels with normal endosperm (ccWxwx),  
 colorless waxy (ccwxwx) and  
 colored kernels with normal endosperm (CcWxwx).  

 


