Chapter 11




Genetics-scientific study of heredity
Mendel-1822

Studied true breeding pea plants-if they
self pollinated offspring would be identical
to parent plant

Wanted to cross pollinate so cut off male
flowers and hand-applied pollen from
other plants



Pollen
transfer
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Studied 7 traits
P1l-original plants
F1 first generation offspring

Made hybrids by crossing plants with different
characteristics due to different forms of each

gene (alleles)
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Two conclusions-

Biological characteristics are determined
by factors that are inherited (genes)

Some alleles are dominant and some
recessive



Mendel wanted to know if the recessive
alleles had disappeared or were still present
in the F1 generation

Crossed F1 plants to make F2 plants using
self pollination
Traits controlled by the recessive alleles
reappeared

Somehow the alleles had been separated-
segregation-occurred in gametes (sex cells)
Each F1 plant has 2 alleles for each trait and
produces two types of gametes

Results in new combinations of alleles




Mendel realized form his crosses that
when he crossed the plants he always got
the same ratios of characteristics in the
offspring

Laws of probability explain his results



Coin toss example

50% heads or tails

Probability =1/2

Each coin toss is independent of the one
before

Probability of getting heads or tails a
second and third time=1/2x1/2x1/2=1/8
Can use probabilities to predict outcomes
of crosses



Punnett squares

T t
Tall x Short All Tall Offspring
(mm () (Tt)
LI B & Tt
TT, tt=homozygous
Tt=heterozygous
t Tt

25% chance of getting each genotype
Ratio of phenotypes is 75% tall, 25%

short



Probabilities explained Mendel’s results

Probabilities describes average of a large
number of events(for many crosses for
example) but cannot predict the outcome
of a single event

Think about the coin toss example



Mendel wondered if the alleles for the
different traits segregated independently
from the segregation of alleles for other
traits

Did 2-factor crosses
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Punnett Sguare of Dihybrid Cross
Gametes from Rr¥y parent
RY Ry Y
RRYy. Rery

9:3:3:1 rati

Fq cross: Aryy = RrYy

. round yellow
0 round gresn

) wrinkled yellow

* wrinklad green
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New plants had new combinations of
alleles not seen in parent plants in a
9:3:3:1 ratio

Law of independent assortment



Some alleles are neither dominant nor
recessive

Some traits are controlled by multiple alleles
or genes

Incomplete dominance-when one allele is
not completely dominant over another one
The heterozygous phenotype is in between

the two homozygous phenotypes Ex: pink
flowers from a red-white flower cross



Co-dominance-both alleles contribute to
the phenotype

Ex: Roan cattle have both red and white
hair and appear pinkish-brown or
speckled chickens with black and white
feathers



Multiple alleles-more than two alleles
for a single gene

EX: 4 coat colors for rabbits

Polygenic traits-traits controlled by
more than one gene

Ex: skin color in humans is controlled by 4
different genes



Thomas Morgan (early 1900’s)studied
inheritance in flies (Drosophila
melanogaster) and found Mendel’s
principles were the same in flies as in
plants




Mendel reasoned that if all cells had
alleles from both parents, and alleles were
independently assorted or segregated,
when the gametes formed there must be
a process that separates the two sets of
genes so that each gamete has only one
set.

Meiosis



haplaoid diploid
chromosoms chromosomes

Haploid(1N)Diploid(2N)

Diploid (2N) fly-chromosome

8 chromosomes each with two halves
or chromatids

2N=8






Phases
of
Meiosis and

crossing over

Interphase

Prophase |
Synapsis and
Crossing over
OCCur.

Tetrad {paired homologous

chromosomes with two
chromatids each)
Metaphase |
Tetrads line up
on the metaphase
plate.

Anaphase |
Homalogous
pairs
separate.

Telophase |

Cytokinesis |

To Prophase |l

Telophase 11

HMEIOSIS 11

Prophase 11

Metaphase 11
Chromosomes
line up on the
metaphase
plate.

Anaphase 11
Sigter
chromatids
separate.

4 haploid daughter cells are formed,
egch having only one chromosome
of each homologous pair.
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- Comparing
- Mitosis and
- Melosis

’ & @ = 1 haploid set of maternal chromosomes , & # = 1 haploid set of paternal chromosomes

MITOSIS MEIOSIS

Diploid daughter cells (2n)

Starting with diploid cell (2n) containing
two pairs of homologous chromosomes
(i.e. two long and two short).

Note: Maternal chromosomes red and
patemnal chromosomes blue.

Chromosome duplication forming two
pairs of doublets.

Each doublet consists of two chromatids
held together at the centromere.

Metaphase: Chromosomes line up
in center of cell. Single file in mitosis;

Note: Homologous
chromosomes pair
up (synapsis).

During synapsis
crossing over
occurs between
chromatids.

in homologous pairs during meiosis.

During anaphase the chromatids separate . § Metaphase |
in mitosis. During anaphase | of meiosis the

homologous chromosomes move apart.

(©) E.M. Collins 2001

Haploid cells (n)

If homologous chromosomes had lined up
according to diagram at left, the haploid cells
(gametes) would contain a different combin-
ation of chromosomes. This illustrates the
independent or random assortment of

chromosomes during meiosis.
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Genes that are on the same chromosome
are linked and are inherited together

Chromosomes are groups of linked genes

Chromosomes assort independently, not
genes

ene 2
gene 1 : :|~ Linkage group
A set of genes at different
loCi on the same genhe that
except for Crossing over tend

to be inherited together.

(Unlinked genes
are genhes |loCated on
different chromosomes.



Mendel was just lucky 6 of the 7 traits he
studied were on separate chromosomes.



Genes can become unlinked by crossing
over

Crossing over of linked genes on
homologous chromosomes produces new
genetic variation and diversity

The further apart two genes on a
chromosome are the more likely crossing
over will occur

A B A B
a b a b

More cros=ing over F ewer crossing over
pos=ible for genes far pos=ible for genes

apart close togehter



Can use crossing over or recombination
rates to build maps of where the relative

positions of all the genes are on a
chromosome

Wild type \eaus

Parental genotypes =~ Recombinant genotypes
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Bla ck W H Gray Bla k
vestigial type vestigial normal
| 944 | 965 | 206 | 185 |
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Parental phenotypes Recombinant phenotypes



Drosophila Chromosome Map
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