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Chromatin vs. Chromosomes

Chromatin and Condensed Chromosome Structure
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Nucleic Acids 455l (fagaall o
Nucleotides <las ISl 4 4y e Slas 53 gy (e allii g 4y 5l @l jall G gha sl

Nucleic acids

Backbones of chromosomes

Ribonucleic acids (RNA)

Nucleic acids
Deoxyribonucleic acids (DNA)

RNA and DNA are polymers (monomers: nucleotides).
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Base + Sugar - Nucleoside + Phosphate group

Nucleotide




RNA , DNA Jl oy 3,4
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RNA , DNA Jl oy 3,4

DNA RNA
HOCé:I-Iz/O\:'):H ryo\clgl-l
SUGHP\ \f,:—?/ \EH—(?)H/
DEOXYRIBOSE RIBOSE
BASE A, ‘
THYMINE URACH
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RNA , DNA 1\ o 3,4

DNA VS. RNA
* Double stranded  Single stranded
* Deoxyribose sugar * Ribose sugar
 Bases: C,G A, T  Bases: C,G,A,U
» Self replicate * Can’t self replicate

* mRNA, tRNA, rRNA

The RNA molecule

Page: 007 Both contain a sugar, phosphate, and base.



RNA , DNA Jl oy 3,4
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Bases

Cytosine (C)
(DNA and RNA)

N H,
N = N
B
sy N
H

Adenine (A)
(DNA and RNA)

O

HNJ5]/0H3
ey
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Thymine (T)
(DNA only)
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Guanine (G)
(DNA and RNA)



Sugars (monosaccharide)

RNA contains:
Ribose sugar

DNA contains:
2-Deoxy-D-ribose sugar (without O on carbon 2)

H no oxXygen

FARLS S i bonded
i . ] i to this carbon
Ribose in RNA Deoxvribose in DNA
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Nucleoside

When a pyrimidine or purine forms a glycosidic'bond to C1’ of a sugar
(ether ribose or deoxyribose).

Base + Sugar - Nucleoside
O
'
o~ N
H a B-N-glycosidic
bond

anomeric

HO OH carbon
Undine

Page: 012 ©H OH



Nucleotide

A nucleotide forms with the —OH on C5’ of a sugar bonds to phosphoric acid.

NH, Phosphate ester bond NH,
N N
J\ ‘ 0 Oék ‘
T 5 O ON < 5 A
0'—F|>—cﬂ * HO—CH, | L OTR=O=CHy
O- l, O
OH OH
deoxycytidine and phosphate A nucleotide
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Primary structure of DNA and RNA

RNA (ribonucleic acid)

NH, e /Bases
O /N =N
— A & . .
O=F—O0—CH, ,, NT"N"  Adenine s /@\E Carry all information
© NG NH, B for protein synthesis.
‘ AN
P (G o
O=—P —0—CH, \ll o 7
H - H -
(|) OH P
O= ll) —O-& é": - NH, Guanine (G)
Do G @
s l’—()—(‘iﬁ, N O  Uracil (U) @
(l) H' H
H l»‘ /" H B T
. OH" OH
Sequence of nucleotides. / B
Phosphate
. , , P
Each phosphate is linked to C3" and C5’ of two sugars. SHger

Base sequence is read from the C5’ (free phosphate) end to the C3’ (free hydroxyl) end.

-ACGU-
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fb—pP—o0 "0—P=0 .-
\\o \\\ .
°CH, '

Condensation

Ol OH reaction
Q — >
- Phosphodiester-

-0—P—0 linkage
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Base pairing in DNA: The Watson — Crick Model
Secondary Structure: DNA Double Helix

The model was developed by Watson and Crick in 1953.

In DNA there are two strands of nucleotides that wind together in a
double helix

- the strands run in opposite directions

- the bases are arranged in step-like pairs

- the base pairs are held together by hydrogen bonding

The pairing of the bases from the two strands is very specific

The complimentary base pairs are A-T and G-C (s) Rasalind Franklin it e

- two hydrogen bonds form between.Aand T cgsl Gaaall Rduudl A1 g B g ISR S
R P PEOPE W EQNE ES JLIPE PR WL TWA I B PRSP TS PTER W ""S‘UT

- three hydrogen bonds form between G and C Tl ol S g Sy gt G A s

Each pair consists of a purine and a pyrimidine, so they are the same
width, keeping the two strands at equal distances from each other
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Secondary structure of DNA

Two strands of polynucleotide form a
double helix structure like a spiral.

3D structure Sugar phosphate

backbone

Hydrogen bonds link paired bases:

Adenine-Thymine (A—T)
Guanine-Cytosine (G-C)

Sugar-Phosphate backbone is hydrophilic
and stays on the outside (bases are
hydrophobic).
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» Histone, nonhistone
proteins
A0

(+)-Duocarmycin SA

Q

30 nm

10 nm

Octameric histone core
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g H1 histone
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Nucleosome
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DNA
=~ 148 base pairs —
Linker histone H1 ——

Octamer

histones H2A, H2B, H3, H4

N-terminal
reversible chemical modifications
of histones

@ Phosphorylation: Kinases < Phosphatases

Methylation: HMT < HDM
Simple, double, triple, includes arginines

D Ubiquitination: Ubiquitine ligases < UBP

£\ Acetylation: HAT < HDAC

(, compacted = DNA not accessible,

Q
L
Q

Chemical modifications of histones

, open form = DNA accessible,
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« Euchromatin: Lightly packed form of chromatin that is rich *

in gene concentration IR Tlaatle 43 Lo € L EO . 1l - T
» Heterochromatin: Tightly packed form of DNA - Gh: < S e ""JL =N ij“ \:’ &;‘ T
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Telomeres i hll f ialeny) clwndll .1

Sister chromatids

- ‘ R Telomeres =
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parm — ' 1o R .replication sites
L, - A%\ :}f:}_:: | ! .Centromere 5384l ¢ g3all 5l avdll .3
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(light)
= ——— Telomeres
Tel7n\eres
& ' Orange-colored
 — e—— 5 regions indicate
— heterochromatin.
Euchromatin
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At times, a chrompsome | | ...at other times,
consists of a it consists of two
single chromatid. .. (sister) chromatids.
The telomeres are
the stable ends
of chromosomes.
Telomere

Centromere Kinetochore— -l
Two (sister) /
chromatids 1 Spinds - : :
microtubules s Geai SIosa :Centromere Syl egindl o) sl
}lom{ _aﬁu\ew\dmd)m\qw@@y\gﬁ#
| Bihie 3 ey Lons Glaile Gl anall G4 Gy
One One A alaty) e Gl gl dgmiall jea s (g3 el sl
chromosome chromosome Lo dua

The centromere Is a constricted < N P DA ofl . . . X

; o Wed o uau.n%“ &\s.m\ % Uﬁ)"‘“ a.lsj- uLuuY‘ ki< Q.S‘)S)Aj‘;ﬁ“ﬁ“d)h &
the kinetochore forms and the (e ke sy a-satellite DNA (o oy IS0 (S
spindle microtubules attach. 171bp L 32a) sl ana aloy DNA D (e godl ) SS
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Meiosis and Sexual Life Cycles
Human Life Cycle

oel ey Al LAl L)
Germ 4diid) LIl eaid

KEYTO LABELS Haploid gametes (n = 23) .. . . q
Haploid (n) SN dapal ‘ dpal s“wj cells
Diploid (2n) f @ , $% (1IN s Haploid 4xral
‘ e alternation of halving/doubling of
4 : Lalal Ll e V) aadl) 1S 1))
/ g \ chromosome. number each generation = - 2.
c"/ . . .o - - j
- + meiosis: reduces the number . 5813 Wi o 1363
M cell (n) F .o, . ’ - :....“ S
— &> ad of chromosomes by half Al g o Adall LAY
1 . (a1 daall Fageal
_ . - haploid gametes s
& o s g™ S + fertilization: restores the
"- 1 A zygote
Q > ) = number of chromosomes
=) A / - dzplozd zygote
MITOSIS AND + mitosis: growth and develop-
DEVELOPMENT

ment of organism to adult

Multicellular diploid
adults (2n = 46)
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Q

Cells of the_ chorion
are sampled.

10 weeks

(b) Chorionic villus sampling
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Fetal cells suspended
in the fluid around
the fetus are sampled.

(a) Amniocentesis



15th to 18th weelk | Abortion carries a risk of complications and is even more stressful for the parents

LY

Q

Under the guidance of | A small amount of | BB The amniotic fldid contains .and u:ultured.] Tests are then performed
ultrasound, a sterle needle amniatic fluid 1s fetal cells, which areseparated \ on the cultured cells.
i5 inserted through the withdrawn through from the-amniotic fluid... I'-'u \

abdominal wall into the
amniotic sac.

| the needle. b / ) '.::I
Y Q N I':'l

Ultrasound 7] \
monitor — %
Centrifuged ' :
fluid o Fetal cells
Chromosomal
) . analysis
i 15 Amniocentesis is a procedure for obtaining fetal cells ,F ¢ J’

for genetic testing.
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CVScanbe | [ Under the guidance of ...where it is placed into Suetion removes Cells of the chorion are used '
‘ performed early | ultrasound, a catheter is contact with the choriog, a small piece of directly for many genetic tests,
| inpreganancy. | | inserted through the vagina the outer layer ofthe placenta. the chonon. and cultunng is not required. |
— " | and cervix and into the uterus..\ "‘.'/.- B "z . =
\.lJ / -:__f__:_/
\ N/ =
10-11 week fetus Ultrasound monitor = // ;

/
> - Uterus /‘

Chorion

N g DnA
analysis
Cells of
chorion Chromosomal
analysis

N J N2
e TR

6.16 Chorionic villus sampling (CVS) is another procedure o Pat /
for obtaining fetal cells for genetic testing. £ "o DX
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Staining Techniques

» Meta/anaphase chromosomes

» Bands - stable and unique - distinguish/identify

chromosomes
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Arm Region Band Sub-band
3
5 z - L Ocular albinism D
1 Q
3 f— Q
p 1 > } Chronic grandlomatous disease
1 = Duchenne muscular dystrophy
4
3
— Menkes syndrome
1 1 Q 2
Q
. 1 (o
1 . 2
2 ] + Testicular feminization
1 = - N
3 — X-linked severe combined immunodeficiency
1
[} ‘1 2
- 3 X-linked agammaglobulinemia
[~ Fabry disease
1 [\
q 2 32 [\
3
2
4 S
»
5
& :}- Lesch-Nyhan syndrome
7 Hemophilia B, Hunter syndrome
=— Fragile X syndrome
8 — Hemophilia A

G6PD deficiency
X-CHROMOSOME



region

sub-
band band

telomere = pter (terminus}

SHORT ARM = p (petit)

centromere = pll+ gl

LOMG ARM = q

telomere = gter (terminus}

X Chromosome Band Pattern
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Centromere is defined by the first band on the short arm (p10)
and the first band on the long arm (q10)

Xp22.3

X chromosome, short arm region 2, band 2, sub-band 3
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Chromo=some
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