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A lIsolation of individual chromosomes
by flow cytometry

B Use of sorted chromosomes for
mapping human genes

Fracti lon of Chr by Flow Sorting (18,21,22)
1.0 —— 761 N H 1 2 3
Isolated E 9.10.31.12) F
chromosomes [ 819 23.0 Lol el
l E 0.5
V7.2 el e o
- .| Flow chamber ‘E 5'P5.2 ten| femd e
: - 2
bYs 3 3P3.6 Jei e =
- Optical sensor -
P 0.1 05 1.0 127 dal bud L
Laser O Relative Hoechst fluorescance —>  5'32.2 Jad  jeed o
%\O 3617 1— e e
TR B EL
Computer 2 16 11X 4
O
Charging coltar C Use of YACs and STSs in physical mapping
STSA STSB STSC STSD
O+
o [ ] l T ]
v ¥ v v
O- 1
Deflection ptates e) 4
3 e ————t—e———
2
O+ @) O-
/ l \ YAC clone STS present
A B C D
H 1 + + - -
2 I S
- 3 - - o+ +
4 - 4+ o+ -
Sorted chromosomes for gene transfer and mapping

D Important techniques used in physical mapping

Approach Technique Size resolution
Chromosome Flow cytometry, microcell hybrids 2x10% kb
Cytogenics Banding, FISH 2x10% kb

YACs Fragments cloned, overlapping order 100-1000 kb
BACs Fragments cloned, overlapping order 150-350 kb
Restriction sites Order restriction sites 200 kb

STS sites Order STS sites on YAC clones 100 kb

Cosmids YAC clones cut and recloned 40 kb
Plasmid/M13 Cosmid clones cut and recloned 1-5 kb
Sequencing Each isolated fragment sequenced 1bp

Note: BACs = bacteria! artificial chromosomes; FISH = fluorescent in situ hybridization;

STS = sequence-tagged sites; YACs = yeast artificial chromosomes
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DNA Gl oy

Sugar-phosphate
backbone o
HiC Nt Thymine
A H’ N/LO (pyrimidine base) C. Hydrogen bending
8
O=p-0-CH; O Ha M
0" H H
H H / XN Adening
H H | ) (purine bass)
N7 H
£ 9 |
b 5 0=P-0-CH; O Moy H
i ] o H R 4 !
£ - H Hf SN Cytosine
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% i g -’ Phosphate M " N/Lo (pyrimidine base) H CHy
H £ Sugar ? H A °
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B. Antiparallel orientation % =0 M %
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D. Watson-Crick modet
for the structure of
DNA double helix

Sugar-phosphate
backbone
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A Polymerase chain reaction B Detecting PCR products
by ethidium bromide
Target
) / sequence \ !
e —;  Swing ONA
l Denaturation
by heat

ST ) 3

Heal denature anneal primers

DNA polymerase and dNTPs
I 5
S,
S 3
3120k, el S
Heat denature anneal primers
DNA polymerase and dNTPs 1 Cycle 2
8 Py TR —— s D Detecting PCR products in an
! oy e 9 automated DNA sequencer
s - > by fluorescence
S 3
3 i S 2
3. RS
Sy 3
1 Repeat 30 cycles Cycle 3 aa b a
LY S Short forms 3 <, 5 =~ e emmimeb
3% st <R S predominate 5 WM.t @ G : :
H : : -1
: s ;
_ 2 i
C Amplification of CA repeats by PCR i : :
ae i : -2
One individual at one locus : : :
; b i H
Allelo 1 . : 1 g ,a ico
e sCAGACACAGACACACACACACACACACACACACACACA —ooere . o ol
-— H H
4 i ; -3
Allele 2 ) : :
2T CACACACACACACACACACACACACACACACACA —ore . : I
Fiestof = - Unique CA repeat “Uniqgue  Restof : Pooa 1
genome -+~ flanking - . fianking genome d e
- sequence sequence : : :
. AfterPCR: : -4
Allele 1= 136 bp :
Allsle 2 = 132bp ;
: : a
I YW

ICA © STR4S * SDysHl °  STR4S
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A Nuclelc acld hybridization

% Double stranded

Ll piguard

Tempetature

C Southern biot analysis

A 8
.
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Steroid herimones activate genes for
protein synthesis in target cells

Receplc-

|/

@ ; DNA

Complex tj

‘ Nucleus

> Ste oid

hormone

Cell
membrane

)

™~~~

Cytoplasm

Q Protein sy nthesis 0

Steroid hormones pind to receptors in cytoplasm of tar-
ge’ cells. Hormone/ -eceptor complex then miarates to
ce 1 nucleus, tind' =g to DNA and activating specific
genes'ThereSU.nn ‘ncrease in RNA produchonleaos
to synthesis of ne v pre.eins. These vhay be st uctural
proteins like those in m uscle or <nzymes that activaie
Lcther cell function.
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A RNA polynucieotiie chain formed B intramolecular hydrogen bonding
by 3'-5' phosphodiester bonds in tRNA molecules
3
g
¥ {8
Folding of RNA
O Cytosine
N’H
N//L NH,
Gusnine Anticodon
H
N
(o]
Uracit

C Classes of RNA molecules found in human cells

RNA Class 8ize Function
hnRNA Heterogeneous Precursors to other RNAs
snRNA 58-220 nucleotides RNA processing
MRNA Heterogeneous Carry information to the protein
synthesis machinery
tRNA 74-95 nucleotides Transfer amino acids
rRNA 288, 18S, 5.88, 58 Make up the ribosome structure
D Information transfer in cells .
DNA

ANRNA i
R e
snRNA mF*NA

tRANA | Transiation
rANA  Protein
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A Charging a tRNA molecule

B Ribosomes

Amino acid
+ O +

ATP

Amonoacyi -tANA
synmel&se

E-AA complex
{high-energy bond)
AMF

+P——-P

IHNA

>
O3
hl

The components

Aminoacyl- |RNA
Aminoacyl-tRNA
synthetase
(E) J

C Initiation of protein synthesis

{F2/GTP-Met-tRNA

AT ADP + P,
Scanning

[IFZ/GTP + Met-lRNA]
+ 408
8 ibosomal
subunit
+mRNA
F2/GTP 5 Cap A AN BAA a
P ADP+ P,
GTP GDP+.P; AT l th
GOPAF2 ﬂ.

D Elongation and termination
of protein synthesis

GTP/EF1
Phe-tRNA

Mat
Phe
Transiocalion
EF2+GTP
-

L tRNA

GTP/EF1
Lys-1RNA

Paplide
vand
formation
——
Met
'
3 Phe
Lys
Completg \
polypeptide A,
N-:\ﬁe(
Plhe
Lys o
" Termination
n RF + GTP
[
AA,
1
cocH s

formation
!;191
Phe

YY-




: Genetic Code ity §h13 yadlt

A Bl e 0l cdl M U3 e cpde, iy ol delsl cL::
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il acloc

A RNA polymerases involved in transcription
RNA polymerase Location RNAs synthesized
| Nucleus rRNAs—28S, 188, 5.85
il Nucleus precursor mRNA, snRNAs
il Nucleus tRNAs, 58 rRNA
Mitochondrial Mitochondria Mitochondrial RNA
B Important aspects of a typical human gene
S : : *v-HwﬁanGer:lé Do
IR |- -
¥ DNA In|1ron lmécn Inl:;on

v

C Initiation of transcription

' Mature mRNA *Cap:
R L

.71 Protain._NHpe ~————=COOH . _

Intron

Intron Intron

’_Processing-,'_
(capping; poly A additi n, splicing)

| AMAARA, “Poly Atall | -
“Foml
l Translation

18 a4

: 'RNA polymerase il '

\

D RNA is synthesized in a 5' to 3' direction
" RNA polymerase .- S
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A mRNA molecule

5 (AUGUUUAARY---------- ARy ---3
N-Met-Phe-Lys------------ stop
B The genetic code D Interactions of codons and anticodons
Second position
1] c A PG R e B e el e e R
LN SO A T MO S S
’ - AUGGGCUCCAUCGGCGCAGCAAGC +— Codonsin
uuuj ucu\, UAU\L o | UGy u €cCcGe GU mRANA
yr o S
woe S ™ uce & uAC J uac J e ™ priodons
v | > Ser NHE»-MeI--GN--Ssr--lle~
UUAT, 3 uca UAA  Stop|UGA - Stop|{A .\
Leu
UUG J ucc,/ UAG Stop|UGG Tm |G Aminoacy-ANA
cuq CCLN CAU\L y CGlN u *
IS H . 1
cuc! coc { cac | cae | c C tRNA: Translator of the genetic code
C Leu pPro Arg A 3
CUA oo cAA) N CGA A
c ~ Gin <
J AG | CGG G{28 . {C
% cug) ccg CAG G £ 5 I
8 2
(=X
@ N U £
=1 fauy ACU AAU AGU z
i ! f Asn o Ser |l 1
R AUC >ile | ACC | AAC | AGC c
r
AUA ACA AAA S AGAj A A
L - Arg
AUG. Mevsint | ACG ) AAG | S laca G
Guu Geu™ GAU GeUY u
| Asp
GUC | GCC GAC GGC s c
val Al 0
Sl aua GCA p e GAAY GGA Y la
Glu
GUG GCG : GAGj GGG G Anticodon

E Mutations: Changes in the DNA base sequence

Base Pair Substitution

Missense mutation Nonsense mutation
Normal  Mutant Normai  Mutanm
DONA AAA AGA DNA AGC ATC
BNA uuu ucu RNA UcaG UAG
Protein Phe Ser Protein Ser Stop

Base Pair Addlition or Deletion

Frameshift mutation

Normal Addition
DNA TAC AAA TTT CAA AGC DNA TAC AAA CTT TCA AAGC
RNA AUG UUUAAAGUUUCG RNA AUG UUU GAA AGUUUCG
Protein  Met-Phe-Lys - Val - Ser Protein  Met- Phe -Giu-Ser - Phe
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A Alpha-globin and beta-globin gene clusters

0 10 20 30 40 50 60 70 kb
ya, %1
¢ wclwa1 g | 8
i Lid a-globin
B ‘ , Py cluster
LCR &' seudogenes
£ Gy Ay B, 8 B B-globin
'H——i?—'ﬂl—-——-—ﬂl—{[l——D-——m———m— cluster
L—Téﬂ—““' Pseudogene

B Hemoglobin subunit composition during development

Hemoglobin subunit Developmental
composition Designation period

z,e, Hb Gower 1 Embryonic

Zod, Hb Portland ' Embryonic

aye, Hb Gower 2 Embryonic

ayga, HbF Fetal

ayb, HbA Adult, major form
ayd, HbA, Adult, minor form

Note: Hb = hemoglobin; HbA = adult hemoglobin; HbF = fetal hemoglobin

C Globin synthesis at various stages of development

Cell type @ Megaloblast @ Macrocyte ® Normocyte ]
Site of L
erythropoiesis Bo arro
50
Proporti 40 B
roportion
of total
globin 30
synthesis (%) 29 ¥
10
)

0 6 12 18 24 30 36 0 6 12 18 24 30 36 42 48
Prenatal age (weeks) Birth - Postnatal age (weeks)
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Cdk2-cyclin A

G2/M border—

21 site of activation
i of Cdc2-cyclin B
S
Cell cycle check points
G1/S border— )
site of p27 Extlt from
inhibition ot g mi ZSIts'—- .
Cdk2—cyclin E egradation o
G1/S Restriction

point (R) in
G1— site of
pRb control
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Cdk2—cyclin E

p27 p21

Cdk4—cyclin D

p21 p16
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