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MCB142/ICB163 Overview

Instructors:

Professor Monty Slatkin
Professor Abby Dernburg
Professor Sharon Amacher

GSIs:
Kristin Camfield

Nat Hallihan
Hana Lee

Christine Preston
Richard Price

Kate Smallenburg
Joel Swenson



• Prerequisites: Biology 1A, 1AL, and 1B, or consent of instructor.  
Recommended: Chemistry 3A-3B or equivalent.

•You must attend the section for which you are enrolled
(If you want to change sections, it must be done through BearFacts.)

•DSP students: please contact the DSP office as soon as possible to let them 
know that you are registered for this course.
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Course policies, instructor information, and other salient information 
are all available through the course website:
http://mcb.Berkeley.EDU/courses/mcb142/

•No make-up exams (see web site). 

•Exam dates:  Oct 6 @ 6-8 pm, Nov 6 @ 7-9pm, and Dec 19 @ 8-11am.
We are aware of conflicts with Physics 8A/B; please let us know of others.

•Wait list and Concurrent Enrollment:  we hope to accommodate everyone, but
 it will probably take at least until the end of next week for the dust to settle.

MCB142/ICB163 Overview

•Textbook:  Hartwell et al., Genetics:  From Genes to Genomes.  Third Edition.

http://mcb.Berkeley.EDU/courses/mcb142/
http://mcb.Berkeley.EDU/courses/mcb142/


Inheritance means that some traits are predictable
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Identical twins reared apart show remarkable
similarities in personalities and preferences
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• This week (Lectures 1 & 2) - Dernburg

(Monday 9/1:  Labor Day)

• Sept 3 - 26 (Lectures 3-13) - Amacher

• Sept 29 - Oct 24 (Lectures 14-25) Dernburg

• Oct 27-Nov 3 (Lectures 26-29) Amacher

• Nov 5 - Dec 10 (Lectures 30-44) Slatkin

Quiz and midterm dates on syllabus posted on course website!
http://mcb.Berkeley.EDU/courses/mcb142/

MCB142/ICB163 Lectures

http://mcb.Berkeley.EDU/courses/mcb142/
http://mcb.Berkeley.EDU/courses/mcb142/
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MCB142/ICB163 Overview

Genetics is a quantitative, problem-solving branch of biology. 

Thus... skipping problem sets and cramming for quizzes and 
midterms will not serve you well in this course.

The instructors will assign reading and problems that 
emphasize the concepts that they hope you will take away.

If you do the problems early and often, and seek help from 
your instructors and GSIs when you don’t understand, you will 
likely do very well on quizzes and exams.

It is not a set of facts or formulas that can be memorized.



MCB140, Jan. 23, 2008 

“Cancer Free at 33, but 
Weighing a Mastectomy”

The New York Times, Sunday, Sep. 16, 2007

Deborah Lindner, 33, did intensive research as she considered having a preventive mastectomy after a DNA test. 



MCB140, Jan. 23, 2008 The New York Times, Sunday, Sep. 16, 2007

60-80%



MCB140, Jan. 23, 2008 The New York Times, Sunday, Sep. 16, 2007
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Take-home messages from today’s lecture 
& from Hartwell et al., Chapters 1 & 4

★ All living organisms (at least on Earth) are closely related.

★ DNA molecules encode the biological information fundamental 
to all life forms.

★ Biological function emerges primarily from protein molecules.

★ Genomes are organized into chromosomes, which are enormous strands of 
DNA packaged by proteins.

★ The size of an organism’s genome and the number of chromosomes 
are not related to each other.

★ Organism complexity is not related in an obvious way to the size or even 
the gene content of a genome.

★ Mitosis and meiosis are the key chromosome division mechanisms that 
enable faithful transmission of the genome.



Information encoded in DNA generates 
functional diversity

Four bases form the nucleotide building blocks 
of DNA:

✴ G (guanine)

✴ A (adenine)

✴ T (thymine)

✴ C (cytosine)

DNA is a double stranded helix composed of 
A-T and G-C complementary bases.

The DNA sequence “encodes” the amino acid 
sequence of the proteins that are made.  
Regulatory information in the DNA specifies 
when and where the synthesis occurs.



To make a protein from a gene, the DNA sequence is first
transcribed into single-stranded RNA by an RNA polymerase.

The product of this is a messenger RNA (mRNA).
mRNA is then translated into a protein by a ribosome.

Universal genetic code



Amino acid sequences determine
the 3D structures and functions of proteins



Organism

Genome
size

Number 
of genes

bacterium
Escherichia coli

Baker’s yeast
Saccharomyces 

cerevisiae

nematode
Caenorhabditis 

elegans

fruit fly
Drosophila 

melanogaster

mouse
Mus musculus

human
Homo sapiens

4.5 Mb 13 Mb 97 Mb 230 Mb 3,000 Mb 3,000 Mb

4500 6200 20,000 14,000
20,000-
30,000

20,000-
30,000

Neither the number of genes nor the size of the genome 
correlates directly with the complexity of an organism

Some plants (e.g., oriental lilies) and animals (e.g., salamanders) have 
more than 50-fold more DNA per cell than humans



20 bp

Inside the cell, DNA is packaged into chromosomes
Chromosomes contain a lot of DNA 

and are highly compacted!

Human genome ～3000 Mbp 
     = 3 x 109 base pairs, arranged in 23 chromosomes

Average chromosome size = (3 x 109 ÷ 23) 
     = 130 x 106 bp

1 turn of the helix (10 bp) => 3.4 nm (3.4 x 10-9 m) 

1 bp => 0.34 nm = 3.4 x 10-10 m 

Linear length of DNA in one chromosome:
(130 x 106 bp) x (3.4 x 10-10 m/bp) = 4.4 x 10-2 m 
= 4.4 cm

Cell nucleus is only ～5-10 microns (10-6 m) in 
diameter!

This means that chromosomes must be compacted 
about 5,000-fold relative to their DNA length 
to fit in a nucleus.

Chromosomes contain protein of about the same 
mass as their DNA content.

130 x 106 bp



Organism n 2n
Drosophila melanogaster 4 8

Drosophila obscura 5 10

Drosophila virilis 6 12

Pisum sativum - Mendel’s peas 7 14

Caenorhabditis elegans - a nematode roundworm 6 12

Parascaris univalens - a parasitic roundworm 1 2

Carasius auratus -Goldfish 47 94

Canis domesticus - Dogs 39 78

Homo sapiens - Humans 23 46

The number of chromosomes in a genome varies 
considerably, even among related species



metaphase
prometaphase

Mitosis is the mechanism by which dividing cells partition
their chromosomes to produce genetically identical daughters

anaphaseprophase

interphase telophase

Mitosis
=M-phase

centrosome



1n

1n

Sexual reproduction relies on MEIOSIS 

2n

haploid

diploid



Chromosome segregation during meiosis is accomplished 
through homolog pairing, synapsis, and recombination

Meiotic 
S-phase

leptotene

gametes

zygotene

pachytene

Meiosis I

Meiosis II

Meiotic 
prophase

homolog 
pairing

& synapsis

chromosome
condensation

“crossover”
recombination



Errors in meiotic chromosome segregation (“nondisjunction”)
result in aneuploidy, leading to chromosomal birth defects

Amniocentesis reveals a male fetus 
carrying 3 copies of chromosome 21

Trisomy 21 = Down Syndrome



Humans show an extraordinarily high occurrence of
meiotic chromosome missegregation.



Humans have an extraordinarily high occurrence of
meiotic chromosome missegregation.

A typical human female 
produces approximately 

450 mature eggs 
over the course of her lifetime.

 
Eggs are big cells, requiring a 
serious investment of energy.

A typical human male 
produces about 
60 million mature sperm 
per mililiter (cm3) of ejaculate.

(In 1940 it was 113 million) 

Would you guess that male or female meiosis is more 
error-prone?



Most human aneuploidy is maternal in origin



The incidence of human aneuploidy is 
strongly dependent on the age of the mother.
This “maternal age effect” is not understood.



Things worth understanding about meiosis (eventually):

•Recombinant chromosomes carry new combinations of alleles, 
resulting in genetic diversity

•Each pair of chromosomes segregates independently 
of all other pairs.  

•This independent assortment will take on new significance 
(hopefully) when we discuss Mendel’s discoveries on Friday

•We will revisit these issues in more detail in subsequent lectures

•Offspring, or progeny, inherit a mixture of recombinant and 
parental chromosomes.  

recombinant

parental


