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The Cell Cycle
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Chromosomes

« What are Chromosomes and

why do we care If they move
apart?

 Chromosomes are the physical
basis of inheritance (brown hair
or anything else)

* Locus - the physical location
of a gene (trait) on a
chromosome (plural = loci)




Mitotic chromosome:

replicated
chromosome

Each chromosome has 2 arms
.p — short arm (p for petit)
.d — long arm (q for queue)

centromere

L |

chromatid

Figure 5-17 Essential Cell Biology (© Garland Science 2010)



Three specialized sequences that play role in DNA replication
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Figure 5-16 Essential Cell Biology (© Garland Science 2010)



Karyotype — arrangement (by length) of a person’s
chromosomes, longest to shortest, (sex chromosomes
last).

Humans : 23 pairs of chromosomes:
22 pairs of autosomes (non-sex)

1 pair of sex chromosomes (X and Y)

— XX = female, male = XY
— Thus, X chromosome Is essential,
— Y Is not
» X Is large,
* Y Is very small (diminutive)
So Total = 23 pairs, (n=23)

Figure 5-11 Essential Cell Biology (© Garland Science 2010)
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A ka ryogram
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The DNA double helix

m Two polymers (strands) line up, then
form a

m The sides of the ladder are the

and the groups
m The “rungs” of the ladder are the
bases
m The to each

other in a specific way called “

7




Interphase chromosome from lysed
nucleus (SEM)

interphase DNA/Chromosome
IS very condense- 500X

Compared to
Mitotic DNA 10,000X !

Human DNA can stretch for 2 meters

A nucleus is between 5-8 micrometers in
diameter

Micro = 106

How DNA is packed into a cell???

« What is the mechanism for DNA 10 pm
compaction?

Figure 5-20 Essential Cell Biology (© Garland Science 2010)



Chromosomes: Structure

"Beads-on-a-String” The 30nm Fibre Active Chromosome The Metaphase Chromosome
[ | | \ | | |
er active transcription. Less active genes. During interphase. During cell division.
| | \ | | |
Add histone H1. Add further scaffold proteins. Add further scaffold proteins.

. Chromosomes consist of highly compacted DNA (Genetic Code)

.DNA is negatively charged — Phosphate (PO,") backbone

-Histones are positively charged proteins that associate with eukaryotic DNA

. Nucleosomes are basic units of chromatin structure of DNA (~150 DNA
double stranded particles) wound around a histone core

(“) nitrogen-
3 L phosphate p containing
O_T_U_ base

O 5

pentose sugar

a. Nucleotide structure



Nucleosome Core Particle — Histone Octamer

H3 H4 H2A H2B Complete Histone With
L J DNA
L I J I
H2A-H2B
H3-H4 Dimer
Dimer
T\
)
H3-H4 Histone Octamer

Tetramer



First Level of DNA Compaction (11 nm particle)
~150 bp of DNA (2 nm) wrap around a Histone core
Histone Core -- 2X (H2A, H2B, H3, H4) - 8 proteins In total

“Beads on a string” -- ~6x compaction

Chromatin = DNA plus proteins called histones 50 nm

Nano = 10°



30nm chromatin fiber- Role of H1 histone (linker histone)

histone H1

Figure 5-24 Essential Cell Biology (© Garland Science 2010)



Second Level of Compaction — Chromosome Fibers (40X)
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A) packed chromatin (Uses H1 + Histone Core)

Figure 5-21 Essential Cell Biology (© Garland Science 2010)



Mitosis requires More packing

SR dosie e /\\//\\/f\\/’\\//\ pm DT CoRACTON.

Histone Core Complex: Octomer (2- H2A, H2B, H3,

forprol hromann 2. Nucleosome “Beads on a string” — 11 nm (~200 bp)
147 bp (1.65 turns) around histone core (6X
compaction)

3. Chromatin fiber — 30 nm (H1) --- Total (40X
compaction)

- \ '/ 4. Loops (300 nm) --- Total (500X compaction)
chioHfiBasm T QQSZQS& )a ] E JOnm 5. Chromatid 700 nm --- Total (10,000X compaction)
1

|/ H4)
“beads-on-a-string” ‘\J @ 1. DNA double helix — 2 nm

30-nm chromatin
fiber of packed
nucleosomes

extended form

700 nm

|\‘ ’/cel"ntromere
entire
mitotic m 1400 nm
chromosome }.

NET RESULT: EACH DNA MOLECULE HAS BEEN
PACKAGED INTO A MITOTIC CHROMOSOME THAT

IS 10,000-FOLD SHORTER THAN ITS EXTENDED LENGTH What about durin g inte p hase?

Figure 5-25 Essential Cell Biology (© Garland Science 2010)



Interphase chromosomes occupy distinct segments of nucleus

Chromosome 9

interphase cell

nuclear nucleus | |
envelope 10 um

Figure 5-18 Essential Cell Biology (© Garland Science 2010)



http://www.nature.com/scitable/topicpage/dna-packaging-nucleosomes-and-chromatin-310

KD At the simplest level, chromatin
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Different states of chromosome compaction
during cell cycle

mi.totic
nuclear envelope spindle
surrounding nucleus
o _—— %
GENE EXPRESSION MITOSIS CELL
AND CHROMOSOME DIVISION
REPLICATION

interphase mitotic
chromosome chromosome

INTERPHASE M PHASE INTERPHASE

Chromatin and chromosomes

Figure 5-15 Essential Cell Biology (© Garland Science 2010)



Who cares about DNA compaction?

Histone Acetylation 1I Histone Deacetylation

hetero-
heterochromatin  euchromatin heterochromatin  euchromatin chromatin euchromatin heterochromatin
| ] ] | I | | |
WY |
| L /
telomere centromere telomere

Heterochromatin: condensed chromatin. So condensed genes within cannot be expressed.

The rest of the chromosome is called: Euchromatin (true chromatin).

Figure 5-31 Essential Cell Biology (© Garland Science 2010)



Human Chromosomes

Dd> >

50 million

nucleotide pairs §1 pm




Abnormal Karyotype
Chromosome 12- ataxia: genetic defect

=1

Normal Chr 12

(A) (B) Extra banding from Chr 4

Chromosomal Translocation



Do other animals also have chromosomes?



Changes in Chromosome

H c 6, )
a’
i (=] nos|
l;i( ig;] E E E H C G O H : G’:‘
! - E m / @ AR =
v v = 2 2 [SEAE [EsE
= = - | = | B B
" " 5 ™ = =g . - =
, Y 9 e, 4 0 # E = = e mE Ll Ul
Ve €630 6834 fehd a0y DN = E = REEfE =is
vl Vil VIl IX x X = a& oK HE W g 2 O X X
- — & mlit 58 . 3: 1
TR TR 248 539 =T IS [(mEmm EEN
‘“ .“ n !‘ b e ‘ ‘ ' ‘ ‘ ‘
xml gv ‘gva .XVI“ n%vu = = E 2_\;=“ E =’ E ==
. \ iR R SRER LEEE
it asss aYan 1" — S — LR i imlimllm
== . 33k mul fod ot ot E1-B-N-
XX XX pedll X = — Fam e . o
GREAT APES COMPARATIVE KARYOTYPE = = = L3l - 5 | llwfle :
fromleft: HSA PPA GGO PPY (Sumatran) b= = — 5 Pericentric inversion

Great apes: Human, Bonobo, Chimpanzee, Gorilla, Orangutan
Hominids contain 23 pairs of chromosomes (46 Chromosomes)
Non-hominid great apes have 24 pairs (48 chromosomes)

There is abundant evidence that human chromosome 2 arose from a
translocation event

. Robertsonian translocation the fusion of 2 acrocentric chromosomes
. Acrocentric — one arm much shorter than the other
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GREAT APES COMPARATIVE KARYOTYPE (HSA - PTR- GGO - PPY)

All share the same 72 = heterochromatin

Great apes:
Human (HSA),
Chimpanzee (PTR)
Gorilla (GGO),
Orangutan (PPY)

All share the same  All share the same




Human and Mouse Synteny Map

Human chromosomes Mouse chromosomes

1 2 3 4 53 6 7
M) ) ~ = @
|
|
o L " &l‘
10 11 12 13
19 20 21

Synteny: physical co-localization of genetic loci on the same
chromosome of a species or between species on different parts of

chromosomes




Closely related species can have different chromosome numbers

Indian muntjac

Chinese muntjac

Muntjac deer
Yet the same number of genes!

Can these two mate?

Figure 5-14 Essential Cell Biology (© Garland Science 2010)



Chromatin Structure: Gene regulation

Loose Condensed

The 30nm Fibre Active Chromosome The Metaphase Chromosome

Less active genes. During interphase. During cell division.

| | | [

Add further scaffold proteins. Add further scaffold proteins.

® Histones are structural proteins responsible for packaging chromosomes

® Five primary types of histone molecules

® DNA double helix is wound at intervals around a core of eight histone molecules
(called nucleosome)

® Nucleosomes are joined by “linker” DNA.

® Chromosomes are single linear DNA molecules complexed with protein
® Euchromatin actively genes (loosely wound)

® Heterochromatin is inactive genes (tightly packed)




Histone Code -- Acetyl, phosphate or methyl group additions
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Figure 5-28 Essential Cell Biology (© Garland Science 2010)



Variations in chromatin structure in a single interphase chromosome

Histone Acetylation 1I Histone Deacetylation

hetero-
heterochromatin  euchromatin heterochromatin  euchromatin chromatin euchromatin heterochromatin
| ] ] | I | | |
Wil |
| L /
telomere centromere telomere

Heterochromatin: condensed chromatin. So condensed genes within cannot be expressed.

The rest of the chromosome is called: Euchromatin (true chromatin).

Figure 5-31 Essential Cell Biology (© Garland Science 2010)



Chromatin Structure: Gene regulation

® Euchromatin
® |oosely coiled DNA that is active

® Heterochromatin
® Tightly packed DNA that is inactive
® Facultative — can be activated

® Constitutive — always off like
centromeres

® Barr Bodies

® Females have two X chromosomes,
but only one is active

® Other is tightly packed along its
entire length

® Inactive X chromosome is Barr body

® Barr body is facultative
heterochromatin

romatin remodeling complex

c. DNA unpacking



During DNA replication:
nucleosome histones are randomly distributed-

| "
—
/%%%l
W\ '
parental nucleosomes i
with modified histones

only half of the daughter parental pattern of histone

nucleosomes have modified modification re-established

histones by proteins that recognize
the same modifications they
catalyze

This type of inheritance Is called:
epigenetic Inheritance (part of histone code) .

epi= above)

Figure 5-32 Essential Cell Biology (© Garland Science 2010)



cell in early embryo

Chr. X inactivation in X, X
mammals by use of @
heterochromatin |

CONDENSATION OF A RANDOMLY
SELECTED X CHROMOSOME

p@y\p@m

DIRECT INHERITANCE OF THE PATTERN OF X CHROMOSOME CONDENSATION

A 2

DIRECT INHERITANCE OF THE PATTERN OF X CHROMOSOME CONDENSATION

AN AN AN A

only X, active in this clone only X, active in this clone

Figure 5-30 Essential Cell Biology (© Garland Science 2010)



Recap: Lecture 23

1. DNA Compaction:

Human genome spans 2 meters, fits into nucleus (5-8 ym diameter)
Active genes 500X compacted, Inactive mitotic DNA (10,000X)

2. Histone Core Complex: Octomer (2- H2A, H2B, H3, H4)

DNA double helix — 2 nm

Nucleosome “Beads on a string” — 11 nm (~200 bp)

147 bp (1.65 turns) around histone core (6X compaction)
Chromatin fiber — 30 nm (H1) --- Total (40X compaction)
Loops (300 nm) --- Total (500X compaction)

Chromatid 700 nm --- Total (10,000X compaction)
3. Chromosome Organization:

A. Chromosome vs chromatid

B. p arm, g arm, centromere

C.Ori (replication), Telomeres
D.Heterochromatin/Euchromatin

4. Epigenetics

1. Histone Code (M, A, P) — H3

2. X-chromosome inactivation (Barr bodies) |
Who cares about DNA compaction?




Chromatin Structure: Gene regulation

o neve pacnee Epigenetics -heritable
changes in gene
expression or cellular
phenotype caused by
mechanisms other than
changes in the
underlying DNA
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(c) A gynandromorph

Mosaic organism

* Aneuploid cells can
survive and undergo
further rounds of mitosis,
producing clones of
aneuploid cells

« Side-by-side existence of
aneuploid and normal
tissues

Copyright © McGraw-Hill Education. Permission required for reproduction or display 37
Hartwell et al., 5th ed., Chapter 12



, 0.5% of the DNA of the yeast genome ,
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10,000 nucleotide pairs

Yeast contains about 6300 genes, spread over 16 Chromosomes
(for human ~23000 genes)

Genes can be encoded on either of the 2 strands

Figure 5-13 Essential Cell Biology (© Garland Science 2010)



