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Chromosome structure and
DNA Sequence organization

Plasmid DNA

Mitochondrial DNA T2 phage DNA

E. coli DNA 2n=6 muntjac deer



2

Viral genomes
• Nonliving particle

– nucleic acid
– protein

• DNA or RNA
– single-stranded or double-stranded
– linear or circular

• Compact genomes with little spacer DNA

In prokaryotes, viruses are
sometimes referred to as
bacteriophages.

Prokaryotic genome
• Usually circular double helix

– occupies nucleoid region of cell
– attached to plasma membrane

• Genes are close together with little
intergenic spacer

• Operon
– tandem cluster of coordinately regulated genes
– transcribed as single mRNA

• Introns very rare

Gene structure
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Eukaryotic nuclear genomes
• Each species has characteristic chromosome number
• Genes are segments of nuclear chromosomes
• Ploidy refers to number of complete sets of

chromosomes
– haploid (1n): one complete set of genes
– diploid (2n)
– polyploid (≥3n)

• In diploids, chromosomes come in homologous pairs
(homologs)
– structurally similar
– same sequence of genes
– may contain different alleles

In humans, somatic cells have
2n = 46 chromosomes.

Eukaryotic chromosomes (1)
• Cytogenetics: microscopic study of chromosomes
• Considerable difference in size and number of genes
• Variable centromere position

– telocentric: centromere at end
– acrocentric: centromere close to end
– metacentric: centromere in middle
– p arm is shortest, q arm is longest

• Telomere: end of chromosome
• Nucleolar organizer (rRNA)
• Chromomere
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Eukaryotic chromosomes (2)
• Heterochromatin

– densely stained regions of highly compact DNA
– mostly repetitive sequences

• Euchromatin: poorly stained, less compact,
contains transcribed genes

• Banding patterns (metaphase chromosomes)
– differential uptake of dyes
– G bands, Giemsa stain (A/T rich)
– R bands, reverse of Giemsa (G/C rich)

• Polytene chromosomes
– replicated, unseparated chromosomes
– present in certain tissues of dipteran insects

Nuclear DNA
• Highly organized, various degrees of coiling
• Nucleosome

– fundamental unit of chromatin
– DNA wound around histone core (octamer)

• histones are highly conserved proteins
• H2A, H2B, H3, H4

– 10 nm fiber
– solenoid, 30 nm fiber

• Higher order coiling
– solenoid loops attach to scaffold
– scaffold attachments contain topoisomerase II
– form larger diameter fibers

A haploid set of human
chromosomes consists of
about 1 meter of DNA.

Gene and mRNA size Gene topography (intron, exons, regulatory and spacer regions)

Genome sizes Genome size vs. number of genes
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Numbers of chromosomes Form and sizes of genomes

Chromosome 2 of tomato (nucleolus & nuclear organizer)

     Centromeres

• Repetitive DNA sequences where replicated
chromosomes stay attached until mitosis or
meiosis

• Kinetochores assemble on centromeres
• Microtubules assemble on kinetochores

to help separate the chromosomes during
mitosis and meiosis

7-33

Centromeres

Figure 7.36b

Figure 7.38
7-34
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Winding the DNA

Histone  octomer & DNA
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DNA scaffolding Scaffold attachment regions

Chromosome structure

Karyotype of human female/chromosome 13 Chromosome landmarks (corn)
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Polytene chromosome formation

Heterochromatin
forms the
chromocenter

Polytene chromosomes

Lampbrush Chromosomes
Visible loops of DNA covered with an RNA

matrix: sites of active transcription

7-29
Figure 7.34

Chromosome Banding

Characteristic banding pattern in stained
chromosomes can be used to identify:

• Euchromatin (transcriptionally active)
• Heterochromatin (transcriptionally inactive)
• Facultative heterochromatin (can shift between

transcriptionally active and  inactive states)

7-31

DNA Structure during development
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Centromeres

Figure 7.36b

Figure 7.38
7-34

Telomeres

• Repetitive DNA sequence located at the end of
linear chromosomes

• Protect the ends of chromosomes from being
degraded by nucleases

• Allow ends of the chromosomes to be properly
replicated

7-35

C Value Paradox
• DNA genome size (C value) does not

correlate with complexity of organism
• Genome contains highly repetitive DNA:

Transposable genetic elements
retrotransposons-LINES and SINES

• Much eukaryotic DNA is junk DNA,
lacks genes and has no known purpose

7-36
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Transposable element

Mobile elements and mutation
• Also known as transposable elements
• Encode transposase enzyme
• Types of prokaryotic mobile elements

– insertion sequence (IS)
• plasmids or chromosome
• may move from one location to another

– bacterial transposons (TN)
• include genes conferring drug resistance (R factors)
• ends consist of identical IS sequences in opposite

orientation

Transposable elements Insertional sequence (IS) in λdgal
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Prokaryotic IS elements F factor with IS elements

Transposon with inverted repeats Two different transposons

Mechanisms of transposition
• Replicative transposition

– copy of transposon left behind
– new copy inserted elsewhere in genome
– mediated by transposon-specific transposase

enzyme
• Conservative transposition

– excise from location and integrate elsewhere
– mediate by transposon-specific transposase
– transposon often flanked by duplicate repeat

sequence generated by insertion

Replicative vs conservative
modes
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Insertion results in repeats Tn3 transposon

Cointegration Eukaryotic mobile elements
• Historically, mobile elements were discovered in

eukaryotes by genetic analysis
– Barbara McClintock working with maize
– Ac (activator) element
– Unstable mutations

• Mobile elements are common in eukaryotes
– utilize transposase, as in prokaryotes
– may cause mutation by insertion into gene

• Several categories
– based on mode of replication and transposition
– also based on types of extra genes present

Rhoades Rhodes
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McClintock McClintock

Retroviral-like mobile elements
• Transpose through RNA intermediate

– e.g., copia in Drosophila
• 4-9 kb in length
• long terminal repeat (LTR)
• reverse transcriptase copies RNA into DNA

– may or may not have LTR
• In mammals, includes

– LINES (long)
• functional elements

– SINES (short)
• nonfunctional elements

Crosses

Copia-like elements in
Drosophila

Retroviruses



14

Retrovirus genes
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