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The human genome is a
multi-volume instruction manual

e The GENOME is a multi-volume
instruction manual

e EFach CHROMOSOME is a volume of
text

e Genes are a chapter of text in the
volume

i
1

e The text is written in a chemical
language that has a four letter
alphabet A,C,G,T NUCLEOTIDES

Our instruction manual can be read
in our DNA
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Human Genome

46 chromosomes Male Karyotype
22 pairs of autosomes

1 pair of sex chromosomes

Human nuclear DNA
Is highly packaged in chromosomes
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DNA has a double helix structure

Nitrogenous Bases
Purine nucleotides The DNA Ianguage alphabet
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Key Concepts

Two key properties of nucleic acids

ACGT Complementar
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Viruses are “nonliving” and have
the greatest diversity in genome

types
g . Viruses
ssDNA |
dsDNA
SSRNA

dsRNA
single molecules
multiple molecules
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Bacterial Genomes
Single molecules, circular dsDNA
Smaller circular plasmid genomes - extragenomic

Prokaryotic cell
Bacteria Bacterial
— chromosome

— Plasmid
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Bacterial Genomes
Single molecules, circular dsDNA
Smaller circular plasmid genomes - extragenomic

Prokaryotic cell
Bacteria Bacterial
— chromosome

— Plasmid

DN A/A\.{}\V}'ﬁh‘[}\\

Genetic information can be exchanged
between bacteria via plasmids and
between the plasmid and the bacterial
chromosome

Bacterial Genomes
Single molecules, circular dsDNA
Smaller circular plasmid genomes - extragenomic

Prokaryotic cell
Bacteria Bacterial
— chromosome

— Plasmid

DNA/ARANANIN
Viruses can infect bacteria and add

genetic information to the bacterial host
chromosome




Bacterial Genomes
Single molecules, circular dsDNA
Smaller circular plasmid genomes - extragenomic

Prokaryotic cell
Bacteria Bacterial

chromosome
C{'--—\Ptasmid

Genome is not enclosed in a separate
compartment in the prokaryotic cell

Genomic DNA is not protein packaged
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R Eukaryotic Genomes Protists

Eukaryotic cell
Animals Plants
b - Mitochondrial Nuclear chromosomes Chloroplast
chromosome /\ chromosome
i (plants)
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Mitochondria Structural Features

Mitochondrial DNA

Inner
Membrane

T saibunits of NADH
- detworcenmse

uns of cytochrome ©

Figure 1

Mitochondrial DNA
*Double stranded

*Circular
eL_ocated in the mitochondrion
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Genomes of closely related organisms
show more similar organization
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Genome Size

Flowering plants
Birds
‘ Mammals
Reptiles
Amphibians
Bony fish
Cartilaginous fish
Echinoderms
Crustaceans
Insects
Mollusks
Worms
Molds
Algae
Fungi -
Gram-positive bacteria -
Gram-negative bacteria .
Mycoplasma .
103 104 105 108 107 108
Genome size (kilobases)

Genome Size and Number of Genes

Number of

Genome Group Size (kb)" Genes
Eukaryotic nucleus

Saccharomyees cerevisiae Yeast 13,500 (L) 6,000

Caenorfiabditis elegans MNematode 100,000 (L) 13,500

Arabidopsis thaliana Plant 120,000 (L) 25,000

Home sapiens Human 3,000,000 (L) 30,000 - 100,000
Prokaryote

Escherichia coli Bacterium 4.700(C) 4,000

Hemophilus influenzae Bacterium 1.830(C) 1,703

Methanococeus jannaschii Bacterium 1.660(C) 1,738
Viruses

T4 Bacterial virus 172 (L/C) 300

HCMV (herpes group) Human virus 229(L) 200
Eukaryotic organelles

8. eerevisiae mitochondria Yeast T8(C) 34

H. sapiens mitochondria Human 17(C) 7

Marchaniia polymorpla

chloroplast Liverwort 121 (C) 136

Plasmids

F plasmid In £ coli 100 (C) 29

Kalilo In the fungus Newrospora 9(L) 2
*(" = circular DNA molecule; L = linear DNA molecule; L/C = linear in free virus, circular in cell,

Human Genome: 3.4 billion nucleotides




Differences in Gene structure

Prokaryote gene
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region for D Iscontinuous termination
transcription signals
initiation
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Eukaryotic Genes are interrupted
by noncoding intronic sequence

Chromosomal
Bacterium segment
N N S — M — . — — " f— 20kb
Gene  Gene Gene Gene Gene Gene Gene Gene Gene Gene Gene Gene Gene
Yeast
. — — — —_— . 20k
Gene Gene  Gene Gang Gene  Gene Gene Gene Gene  Gene Gene
Drosophila
EEE_ = i Ema Al mmin mimm mEm mal mma massm.u 200k
Gene Gene Gene Gene Gene Gene Gene Gene
Human
= HH-H- - = 200 kb
Gene Gene Gene

Genes of mammals have more intronic
sequence than flies, yeast and bacteria
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DNA Gene

fr? 1[;?:: ation 4!1\ 0 e /4, U,
in the DNA

sequence | S Information  Transcription
processed to

result in ""'""'"""""'"'"“'"'"“"“"l'
proteins that Information  Translation

can carryout rs,-
an essential

cell function r'\mmmsﬂ

Ribosome

e
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o 2001 Sinauer Associates. inc

Protein

Onestrand of A TEEEDANPLE"
the DNA A

sequence (the mrl!aﬁm Transcription
template) is

written into a U ——
intermediate formation Trnslation
message

Messenger
RNA

o 2001 Sinauer Associates. Inc.
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One strand of the DNA sequence
(the template) is written into a
iIntermediate message

Messenger RNA (mRNA)

P

e !
B “;ps- Addition at 3" end of growing chain
v B35 B-s P-s P-s P-s P-s_ P-s B 5
RNA ' ’ y y '
| | | | A |
DNA A 1 G T A c
ﬁgﬂ?ES'P sSHE SHE s s @ s TS HET S HETS) 3
MRNA
«Single stranded Hairpin loop

eComplex Complementary
secondary base pairing

structure

5 UAAUCCCACAG| ICAUUUU 3
-Complementary RNA transcript
sequence shows
hydrogen bonding
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(a) Nontemplate strand RNA polymerase

@N/\ J

Template strand

IG[EIPIE] -~ (? L

Guanyltransferase

(C)

AAAY

mIGIFIFIE)

@ Endonuclease /8

mIGIF[FIF)

. ARRURAR
(e) g

miG[P[PIP) g f RAUARA '—C\

Poly{A) polymerase

(f)
mIGIEIPIP)

A distinguishing feature of mRNA
is the polyA tail
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DNA
\
|

The message is
then translated

LA T

Information Transcription
into a new l
language TPV

Information

Amino acids
are a 20 letter
alphabet of the
protein
language

N tRNAs —» f':. :

Protein

Translation

o 2001 Sinauer Associates. Inc.

One code used to translate from
nucleic acid to protein sequence

Second letter

u c A G
UCU ) UAU UGU U
u uue Il uee o uAc ™ g JO% [
UUA}Leu UCA UAA Stop UGA Stop A
uuG UCG | UAG Stop UGG Trp G
cuu CCU ) CAU } his  CGU U
% o CUCl,,, CCClp,  CAC cac |, G
= CUA CCA CAA} i CGA 9 BN -
= CUG CCG | CAG CGG G
w
A AUU ACU AAU AGU U g
N A AUC tie ACC’1hr AAC}ASn AGC}Ser c
AUA ACA AAA AGA .
AUG Met ACG AAG}'-VS AGG }Afg G
GUU GCU GAU} asp GGU u
5 Guc|, ~GCCl, =~ GAC SR (GEE Gly G
GUA GCA GAA } o GGA A
G GCG GAG GGG rol

Each codoﬁ will be translated to an lamino acid
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Alanine

eamino acid

tRNA is the translator )
carrier
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mi u
3 C | G| U 5 Anticodon

] ] :é. ‘(.:. .A.
Carries the anticodon 5 Godonforalanine & mANA
The anticodon is complementary to the codon

Site of translation on the t-RNA

ucu
Uon | S _~ tRNA anticodon loop
UCG
Anticpdon
- Y _ Wobble position
3 AlG|l@™ 5
Lu l c il
5 Codon 3"  mRNA

19



Amino acids are linked together in a

protein chain
aa;

H R

Carboxyl
end

—C —€— N—C —C—OH+2(H0)

| | Il

H O i H O
\;;j?iag; T a, T aa,
~ Peptide  Peptide

(a) bond bond

Overview of the key players in translation

HoN — —= Indicates new peptide
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- aa; ) aag and aas e T
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o aq‘\ Y l-': R 2 o
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o o) o
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c Cc
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tRNA, 7, P site A site {c'\ aa;-tRANA;
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Codon Codon Codon Codon Codon Codon Codon

aayq aas aag aay

Uil A-G-C ‘/
] P i P L |
U o
AAAUCGEW C

Movement of ribosomes

aas aag aa;
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In eukaryotes
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In prokaryotes

the process R
p Information T pt I
OoCccurs 1 In nucleus
simultaneously FTTETETT TSR YEYCCOIYNY
on same MRNA Mm!mm Translation

strand rr l In cytoplasm
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