
Genetics & Meiosis 

When a little kid asks their parents,  

“Where do babies come from?” 

The parents give an awkward, brief 

explanation involving storks… 

 

Unless their parents are biologists… 

Then the parents go on talking for hours… 

…And THIS is what they say!   



Sperm, Egg, & Other 

• Sperm and egg are male and female 

reproductive cells, termed Gametes  

• All of the other cells in a body are termed 

somatic cells (body-belonging) 

• The gamete cells have only half of the genetic 

material of a somatic cell 

• This reduction of genetic material (in gametes) 

happens during a process called Meiosis 

• The creation of somatic cells occurs during a 

process called Mitosis 

 



Cell Cycle 

• As we talked about last chapter, cells do 
not continuously divide 

• Instead, they alternate between growth 
phase (Interphase) and division phase (M-
phase) 

– HOWEVER, in the case of gametes, the “M” 
stands for Meiosis 

– The process of making more gametes is 
called gametogenesis 

– Females are finished carrying out this process 
at birth… Males begin it at puberty.   



Cell Cycle 



Meiosis 

• Meiosis is very similar to Mitosis, except 
that the end product is not just a new cell, 
but rather it is a sex cell called a Gamete. 

• You can ALWAYS tell if you are dealing 
with Mitosis or Meiosis just by counting the 
number of chromosomes 

• If there are pairs of chromosomes next 
to each other at the start then it is 
Meiosis  

• Meiosis is a nuclear division that leads 
to HALVING of the chromosome 
number 



Homologous Chromosomes 

• A chromosome that has the same size, 

shape, and contains the same “genes” is 

called homologous 

• They can also be called Homologs 

• It is the “homologs” that we notice at the 

beginning of Meiosis that differentiate the 

cycle from mitosis 

 



Sex or Auto 

• There are two different categories of 
chromosomes 

– Sex Chromosomes: The X & Y 
chromosomes are called the sex 
chromosomes because they determine the 
sex of the organism 

• They also may contain “alleles” (or traits) that 
distinguish the sexes 

– Non Sex Chromosomes (Autosomes): Are 
ALL of the other chromosomes that don’t 
distinguish sex & will be very similar in both 
sexes of an organism 



Back to Meiosis 
• It is easiest to place Meiosis into 9 steps: 

– 1.  Early Prophase I 

– 2.  Late Prophase I 

– 3.  Metaphase I 

– 4.  Anaphase I 

– 5.  Telophase I & Cytokinesis 

– 6.  Prophase II 

– 7.  Metaphase II 

– 8.  Anaphase II 

– 9.  Telophase II & Cytokinesis 



Early Prophase I 

• Chromosomes condense (super coil) 

• Nuclear envelope breaks up 

• Spindle apparatus forms 

• Homologous chromosomes pair up 



Late Prophase I 

• Crossing over of non-sister chromatids in 
homologous chromosomes 

• (And often multiple crossovers between the 
same chromatids)  

• When cells “Crossover,” they break away from 
one of the many spots they are joined together 
and “crossover” and attach to other parts of the 
homologous (not sister) chromatids 

• At these joining points (Chiasma), 
information is hypothesized to be exchanged 

• **This may be one of the greatest advances 
for Eukaryotes  



Metaphase I 

• Homologous pairs come together at a 

point called a synapsis (Or Chiasmata). 

– This is possible because similar areas 

between the two homologs attract each 

other at a molecular level 

• The resulting structure is called a Tetrad 

• During this step, the Tetrads migrate to a 

region called the metaphase plate 

• Just like mitosis, they line up down the 

center. 



Anaphase I 

• Homologs (still with 2 chromatids) 

separate and begin moving to opposite 

sides of cell 

 



Telophase I & Cytokinesis 

• Chromosomes move to opposite sides of 

the cell 

• Then the cell divides similar to during 

mitosis 

 



Prophase II 

• Now the sister chromatids coil up, 

AGAIN… 

• Spindle apparatus forms. 

• If a nuclear envelope formed at the end of 

Meiosis I, it breaks apart 

 

 



Metaphase II 

• Replicated chromosomes, consisting of 2 

sister chromatids, are lined up at the 

metaphase plate 

 



Anaphase II 

• Sister chromatids separate. 

• The unreplicated chromosomes that result 

begin to move to opposite sides of the cell 



Telophase II & Cytokinesis 

• Chromosomes finish moving to opposite 

sides of the cell.   

• A nuclear envelope forms around each 

haploid (1N) set of chromosomes 



Meiosis 

http://www.johnkyrk.com/meiosis.html 

 

http://trc.ucdavis.edu/biosci10v/bis10v/week

4/06meiosisevents.html 
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Gregor Mendel 

• Called the father of genetics 

– The branch of science that studies heredity 

• Disproved the early belief of gene blending 

• Born in 1822 to peasant parents Czech Rep 

• At age 21 he entered a monastery  

• Used the monastery gardens to study pea plant 

heredity 

• Began to piece together the idea of genes, 

dominance, and recessive.  



Gregor Mendel 

• Being overly observant, Mendel found 7 

phenotypic traits that were different 

between various plants 

• He also found that the pea plants could 

both self and cross polinate 

– This allowed him to not only view sexual 

reproduction, but also asexual reproduction 

– This also allowed him to view a plant 

genotype through careful testing  



Phenotype vs. Genotype 

• Phenotype: Physical characteristics 

– Tall, short, round, wrinkled, yellow green 

• Genotype: Genetic composition 

– TT, Tt, tt, RR, Rr, rr, YY, Yy, yy 

• Mendel was able to easily view phenotype, 
but genotype understanding is what made 
him famous 

– He found a way to view genotype w/o ever 
seeing the genes by using self pollination 



Purebred 

• As a gift to Mendel when he took over the 
gardens, he received purebred pea plants 

• This meant that if the plants were allowed 
to self pollinate, they would only produce 
similar offspring to the parent 

• Tall parent plants = tall offspring 

• Yellow seeded parents bred yellow 
seeded offspring 

– This is called breeding True. 

 



Hybrid 

• **This is not the same hybrid as a liger or 

tigon 

• This is an organism produced by cross 

breeding parents of different traits 

– Tall x short 

• Early thought suggested the offspring 

would be mixed 

– HOWEVER, Mendel found this to be untrue 



Dominant vs. Recessive 
• What Mendel found is that cross breeding 

phenotypically different parents gave some of 
each type of offspring 

• If the parent had what is called a dominant trait, 
the offspring would all contain the same 
phenotypic trait  
– Dominant traits always are given capital letters  

• If the offspring contained a recessive trait it 
would be phenotypically hidden during the first 
generation of offspring 
– However, recessive traits were visible in later 

generations   

– Recessive traits always are given lower case letters 



Incomplete & Co- Dominance 

• In some cases, alleles do not show 

dominance or recessive 

• Incomplete dominance: is when the 

heterozygous phenotype lies “somewhere 

between” the dominant and recessive 
– IE:  Red “dominant” x White “Recessive” = Pink 

“Intermittent” 

• Codominance: is when the heterozygous 

phenotype shows both allele trates 
– IE:  Red “Dominant” x White “Dominant” = 

Product that may appear Pink, but is actually a 

mix of both Red & White 



Mendel’s Great Idea 

• After the first generation of hybrids all 

showed dominant traits, Mendel allowed 

the offspring to self pollinate 

• He found most of the resulting offspring 

showed dominant traits, but a few showed 

recessive traits 

• Mendel concluded that traits (alleles) must 

be coded for by at least 2 things  

– These things are GENES 

• One gene for each chromosome 



Rediscovering a Monk  

• After Fr. Gregor Mendel released his 

second batch of experimental data 

supporting heredity by means of gene 

distribution, the head of the monastery put 

him to work, so that he was not able to 

continue his research 

• For years the world continued to go on 

believing that heredity was caused by a 

mixing of traits 

• In the early 1900s the forgotten work of a 

crazy old monk was ‘rediscovered 



Science Advanced 
• By this time, biologists had already discovered 

MOST of the major structures within cells 

• The sequence of events in meiosis and mitosis 

were also beginning to be mapped 

•  By observing the creation of haploid cells from 

diploid cells 2 things became apparent: 

• 1.  The methodical division of the chromosomes 

during Meiosis shows a likely importance of 

these structures 

• 2.  An organism has 2 factors for each trait, but 

reproductive cells only contain ONE factor until 

combined with another reproductive cell 



Proving Mendel 

• After doing many similar experiments as 
Gregor Mendel, scientists found that if 
genes did in fact ‘segregate’ (separate) 
from 2  1 in the formation of sex cells 
and then recombine to create a dominant 
vs. recessive genetic pattern 

• However, at this time, we still did have 
much proof to how where this occurred 

• Clearly we have more alleles (traits) then 
the few pieces of material being separated 
in meiosis 



Walter Sutton 
• It was in 1902 that advances in the 

microscope allowed for one scientist by 
the name of Walter Sutton to locate genes 

• Using this microscope, grasshopper 
sperm, and his own imagination allowed 
for his theory to come together 

• He compared chromosomes with the 
factors stated by Gregor Mendel 

• After doing his tests and collecting his data 
he found that chromosomes behave 
EXACTLY as one would expect the 
carriers of genes to behave 

 



Walter Sutton’s Theory 
• Sutton’s Chromosome theory of 

Heredity states that genes are located on 

the chromosomes and each occupies a 

specific place on a chromosome 

• It states a gene may exist in many forms 

(called alleles)  

• It also states that each chromosome 

contains just ONE of the alleles for each 

gene (and two are required for most gene 

expression) 



Independent Assortment 

• The law of independent assortment states that 
Genes on different chromosomes will assort 
(separate) completely independently of other 
genes. 

• This means that if height and eye color are 
located on DIFFERENT chromosomes then you 
can predict their probability using a gene cross 
(they will not affect each other) 

• Basically they have no affect on the probability 
of the other allele (Height and eye color are 
completely independent of each other) 



Gene Linkage 

• Genes on the same chromosome are 
linked together 

• This means that they are inherited 
TOGETHER 

• It was the experiment found on page 207 
in your book that showed that some genes 
must be linked 

• A cross of a GgWw x ggww should have 
yielded a 1:1:1:1 ratio, but rather it yielded 
a 41.5%:41.5%:8.5%:8.5%... 

 



Gene Linkage 

• This was perplexing… 

• It was the first time that the ‘law’ of 
independent assortment was observed to 
NOT WORK. 

• After multiple test, it was decided that 
some genes must separate as groups of 
alleles 

• These groups are called linkage groups 
and occur because of genes being located 
on the same chromosome 



Gene Linkage 

• These linkage groups occur on Every 

chromosomal pair 

• In Drosophilia (fruit fly), there are 4 linkage 

groups because they have 4 pairs of 

chromosomes, corn has 10 and 10 pairs of 

chromosomes…  How many should we 

have? 



Crossing-Over 
• We have already discussed why genes cross 

over and how it benefits the cells 

• (Crossing over allows for chromosomes to ‘FIX’ 
areas of chromosomes that were damaged & to 
allow tetrads to hang on during Meiosis I) 

• When crossing over occurs it often makes new 
genes on homologous chromosomes (at points 
called a chiasma) to fix ones that were broken 

• The problem is, the individuals with a new 
combination of genes (called Recombinants) 
often throw off the expected probability of gene 
crosses. 

• This can cause problems when predicting 
probable offspring 



Gene Mapping 

• Through understanding how genes, 

chromosomes, and alleles assort and knowing 

how crossing-over can occur, it now becomes 

possible to ‘map’ the position of genes on 

chromosomes 

• This remarkable ability allows scientists to 

pinpoint where genetic problems occur 

• It is what gives the hopes and dreams of genetic 

engineering a VERY likely possibility 

• We now have mapped the entire human 

genome, something said to be impossible only 

years ago… 



Sex Linkage 

• Two chromosomes within the human 
genome are a very mismatched pair as we 
have talked about before 

• The X chromosome (found in ALL 
humans) and the smaller Y chromosome 
(found in males only) 

• These chromosomes are the only ‘pair’ 
that is not truly homologous and allows for 
all the diversity you see between the 
sexes  



Where Do We Get Our Sex? 

• Considering meiosis, and how meiosis 
works, where do we get our individual 
sexes?  Mom or Dad 

• Meiosis divides mom’s chromosomes into 
all X chromosomes (because that is all 
she has to offer as a gamete) 

• Meiosis divides dad’s chromosomes into 
half X and half Y, therefore sex is always 
determined by the father. 



Punnett Square 

• Mendel developed a simple process for 

predicting phenotype and genotype 

• He hypothesized that gene independently 

assort as long as they are not linked 

together on the same chromosome 

• Independent assortment states that 

genes will separate according to trait, 

independent of each other 



Multiple Alleles & Polygenes 

• Multiple Alleles:  Many genes are able to 

produce more than just 2 different alleles 

– We all still only have 2 copies of each gene, 

but there can be several different “forms” 
– IE:  Hair Color 

• Polygenes:  Many traits are the result of 

more than just the interaction of 2 genes 

– These interactions depend on the number of 

genes received that code for the allele 

– These usually form a “bell curve” in frequency 
– IE:  Skin color or Race 


