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> Genome size: the length of DNA
associated with one haploid
complement of chromosomes

» Gene number: the number of genes
included in a genome

> Gene density: the average number of
genes per Mb of genomic DNA




500 genes

Extracellular {parasitic)
bacterium

1,500 genes
Free-living bacterium

5,000 genes
Unicellular eukaryote

13,000 genes
Multicellular eukaryote

25,000 genes
Higher plants

40,000 genes
Mammals
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Genome size

Species (Mb) numbar of genes* {(genes/Mb)*
PROKARYOTES (bacteria)
Nyvcoplasmma 0.58 500 860
Qenitalivrm
Streptococcus 2.2 2.300 1,060
D2rneunrmonia
Escherichiia coli 4.8 4,400 o250
K-12
Agrobacteriurm 5.7 5.400 9260
tumefaciens
Sinorbiizobicrm LS G,200 o230
meliloti
EUKARYOTES (animals)
Fungi
Saccharomyces 12 5,800 480
caerewvisiae
Schirosaccharomyces 12 4 200 410
pombe
Protozoa
Tetrahrhymena 220 = 20,000 = 90
thherrmopohifa
fInvertebrates
Caenorfbrabditis 97 19,000 200
elegans
Drosophita 180 13,700 80
mefanogaster
Strongylocentrotus 845 —22,000 —~26
purpuratus
Locusta 5.000 nd Nnd
miigratoria
Vertebrates
Fugu rubripes — S =31 000 = B5
Homo sapiens 2,900 27,000 9.3
Mus musculus 2,500 Er=4= Mo e e =
Plants
Arabidopsis thhaliana 125 25 . 500 200
Oryza sativa (rice) 430 = 45 000 = 100
“Lea rmays 2,200 = 45,000 = 20
Fritillaria assyriaca 120,000 nd

il e ol

Nnd



gt B RFAIE

VENBAEYIR, GeEiR B I FRFAIE:
D53 F G FHX AR E 5

QFRE r’rﬂfﬁﬁa il fEIR TR RFFE
@ e TE R EH AR, AT 5 i B

ijf:nnk.f
@Re = Em] B HIEE 7




AR NI R
DNAFIEE H 5 P R ER 47 -

0l P48 2 Y € P T DNA R B
SEH, B R RS R 2 A
BALARK




A% 2 i e £ AR ) 2H

o
« EHJA

KRR E

/

pil éﬁﬁk

* RNA (¥R 58 B X T AT S5 A8R DNA

MR,

/\‘EI'

S EAZIDNAKI10% )




o5 H it

R REERSAAEANARAE
HPIR.

Histones are conserved DNA-binding proteins of
eukaryotes that form the nucleosome, the basic
subunit of chromatin.
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The core histones share a common
structural fold

N-terminal tail histone fold
H2A Ne=—= H
HZ2B Ne——
H3 N———=—20"
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(Histone modification)

Histone tails emerge between DNA turns
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Histone Tails are chemically
modified by many types of
enzymes

Histone Proteins
(core) H2A,H2B, H3 & H4

% S ”ﬂg *
(ﬂ* Nucleosome Mﬁﬁg

Chromosome

DNA



Sites o modifications on the histone
N tails (mainly on K and R)
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Active

and silent modification at promoter

Organism Cell Type Histone Modifications Locations
Human T cells H2BK5me1, H3K9me2, Active promoters
H3K9me1, H3K27me2,
H3K27me1, H4K20me1
Human T cells H3K4me?2 Active promoters
Human T cells H3K36me1, H3K79me3 Slightly enriched at
active promoters
Human T cells H3K4me1 Enhancers, upstream
and downstream of TSS

Human T cells H3K9/K14ac, H2A.Z Active promoters, enhancers
Human, hES cell, mES cell, H3K36me3 Along actively transcribed
mouse mNPC, MEF, regions

human T cells
Human, hES cell, mES cell, H3K4me3 CpG islands, active
mouse mNPC, MEF, promoters

human T cells
Human, hES cell, mES cell, H3K9me3, H4K20me3 Transposons, repetitive
mouse mNPC, MEF, sequences, pericentromere,

human T cells telomere
Human T cells H3R2me1, H3R2me2 No enrichment at promoters
Human, hES cell, mES cell, H3K27me3 Inactive promoters
mouse mNPC, MEF,

human T cells



Histone acetyltransferase (HAT) /
Histone deacetylase complexes (HDAC)
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rliioloric geGeceiyiGinion mnmdyuccu vy
recruitment of HDAC to gene promoters
by different factors

YA

AcH4 AcH4

Tr anscription

HDACSs recruitment
DNA methyl transferases (DNMT, 2 2 2 ;

o~ |~

Gene silencing
Chromatin remodeling

methyl binding protein MeCP2 transcription factors (E2F, Rb).

Es’rrogenlﬂfﬁb'i‘ﬁ‘(‘%*E receptor (ER)

Santiago Ropero, Manel Esteller. Molecular Oncology (2007) 19-25.



A model showing a possible efTect of
HDAC2 mutation in cancer development

*Class T HDACs are involved in
gene transcription-repression
mediated by retinoblastoma (Rb, R}
J& ) protein.

*The lost of HDAC2 function could
induce the hyperacetylation and
Re-expression of genes regulated
by retinoblastoma protein Rb
(tumor-suppressor), and with
crucial functions in cell cycle
regulation.

Santiago Ropero, Manel Esteller.
Molecular Oncology (2007) 19-25.
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W\ . {,
parental nucleosomes s,
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

Figure 5-32 Essential Cell Biology 3/e (© Garland Science 2010)
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CEKRFHIR

(C-value paradox)
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Most of the human genome is repetitive DNA

Transposons = 45%

Large
ge dupff{;‘ahﬂn
] n_ —
Simple repeats = 3'5}"5"5 Exons=1%

- 0
Other Introns = 24%

Intergenic DNA
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rroporivion or runcirionai eiemenis

within genomes

28% 28%
0
204 70%
0.5%

13%

2%
85%
E. coli Yeast
S. cerevisiae
8204 0.5%
1.5%

17% 98%

5%
Drosophila Human

B Coding (protein)
B RNA
Non-coding

Nematode

C.

0.5%
0.01%

elegans

Lunfish
(dipnoil)



Transcriptional output/complexity

‘Protein coding sequence
-Human genome ~2-3 %
-C. elegan genome ~25 %
‘The majority of transcripts are non-coding RNAs

news feature ” © 2002 Nature Publishing Group NATURE|VOL 41811 JULY 2002 | www.nature.com/nature
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of the gene for the low-density lipeprotein
receptor, which is imwolved in contrelling
blead chalesteral.

The geod news, says Pubin, is that only a
handful of carefilly chosen primate genomes
are nesded to identify the most interesting
genetic alements. The phylogenetic spread that
wiald captire mest of the genetic diversty in

rrimatas headde woildd ha — in addition tn

ANCESTRAL PRIMATE " i
additicn, a wholegename
doesn't change at an even
pace; comparisons of many prirmate
sequences will reveal how  different
genomic regions have  evalved at o
different rates, I

fundthe sequen-
cing of small porticns
af the gibbon genome
to capture some of thess
realTangeEment sites.

n
com-  esting o find out whether the fiunctions
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‘says  locaticns, says Disctell.

NHRBEERZERZRN N %o, KIETIEHILRNA
* N0 BB 2 o G 225 K] 99 %72 3 [R] HY

» NAM 8] B A5 TR 21 B 2 22 57 30073 4, HA17514(0.
R BT LR . H e 2 e R S FT DN A

AT A SAAHTATLUNS LD ‘

Floasm mid ovndii s

S orame sequancryy

o b O 105

Owr prmate relalives spht from our comenon ancesions millloes of years
ago (MY AY, But their genomes could halp solve mystenes dboul cor Gwn
wvelhution anc medical problems. They could also'give us insignts into how
evolution soks and how new penes and species form.

Great apes ' Great Apas

Gnzilla

Chimparaee
0 Dirafl swsdyinns
cormpleted

Faman
D Sepusine

complcied

*f\

el

h Il 1

And genome sequences have limitations.
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! 2 Phillip Zamore says that it would be a cruel joke
Denying dogma: John Mattick believes that non- if conserved microRNAs have no function.

coding RN As underpin complex gene regulation.

University of Massachusetts
Medical School, USA

UﬂlVCf‘SlTY Of QUCCHS'GNd, AUStr'Gllﬂ Feline contrary: Sean Eddy contends that many

non-coding RNAs are just “transcriptional slop”.

Washington University School of Medicine, USA
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core particle

lhight digestion
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Molecular Biology of the Gene, Figure 7-1



linker DNA of nucleosome
! ' %

-
- -~
-

“beads-on-a-string” hucleosome includes

form of chromatin ~200 nucleotide
pairs of DNA

NUCLEASE
DIGESTS
LINKER DNA

released [}
nucleosome 11 nm
core particle Y

Figure 5-22 part 1 of 2 Essential Cell Biology 3/e (© Garland Science 2010)
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Nucleosome (/M8 ) e R B2 AN 514

Bz, H~200 bp DNAFIAHE H )\ BAAH K

146bp DNA + Histone
octamer (HEH/\E

histone —3 it &) ->Nucleosome
" core (BZ/MERZ L) +
A H1l— Chromatosome
in HerfDNll;’; | m d %
ke DI (ReEa/ME 166bp) +
linker DNA —

Nucleosome (1% /M)
(~200 bp of DNA)




Nucleosomes:

regular association of DNA with
histones to form a structure
effectively compacting DNA

Nucleosome
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viewed
from here

T

viewed
from here

an H3
histone

© histoneH2A () histoneH2B () histone H3 @ histone H4



Histone octamer (2085

200 bp DMA = 130 kD
Length = 67 nm

B H2A % 2 = 28 kO
(3 H2B X 2 = 28K

W HAx 2 =30 kO
OO HA%2 =22K0
Total protein = 108 kD

\J

B nm

&H“I:EHHD

11 nm

H3

J\ZRAE)

Top view

ISide VIEW



The assembly of a
nucleosome




How does the higher-order
chromatin structure form?



(1) RiIsTone H1 Dbinds To The linker DINA
between nucleosome, inducing tighter DNA
wrapping around the nucleosome

R
} A :'-._J
4 Y o= N .
.:'.I l,l‘l‘l:ll .I:
o - J /

H1 bound
7-27

Copyright © 2004 Pearson Education, Inc.,-h_ul‘:rlishing as Benjamin Cummings

10 nm fibers




The addition of H1 leads to more

compact nucleosomal DNA

Nucleosomal DNA in the presence of histone H1.
Nucleosomal DNA in the absence of histone H1.
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\&) INUCIeooo0me arrdys carn 10rrm more
complex structures: the 30 -nm fiber ("zigzag
model”)

4 :.]’.'.'.:__ = &N\ \ \'.I 'I
30'nm , '; 'i':.\ S ! I
fiber @/

Copyright © 2004 Pearson Educatibn, Inc., publishing as Benjamin Cummings

30 nm fibers have 6 nucleosomes/turn, organized into a solenoic

* Histone H1 and histone N-terminal tails are required for
formation of the 30 nm fiber.

- This fiber is the basic constituent of both interphase
chromatin and mitotic chromosomes. (40O -€ald Feamnarctian)




(3) Further compaction of DNA involves
large loops of nucleosomal DNA

»Additional 103-10%-fold compaction is required,
but the mechanism is unclear

» The nuclear scaffold model is proposed
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The importance of packing of DNA
into chromosomes

» Chromosome is a compact form of the
DNA that readily fits inside the cell

» To protect DNA from damage

> DNA in a chromosome can be transmitted
efficiently to both daughter cells during
cell division

» Chromosome confers an overall
organization to each molecule of DNA,
which facilitates gene expression as well
as recombination
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(C) double-stranded DNA (D) DNA double helix
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base pairs

Figure 5-2cd Essential Cell Biology 3/e (© Garland Science 2010)
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The DNA dnuble helix has two grooves
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b. RNA-RNA (dsRNA)
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