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Techniques to Analyze the DNA

Restriction endonucleases

Restriction enymes
cleave DNA into smaller, VQ
7N

more manageable
fragments. W

Cloning of DNA

Amplified DNA
fragments

SEL,
1

DNA fragments must be amplified
to be more useful.

Probes DNA fragment a

- Probe

A specific fragment can
be identified using a
complementary probe.




Restriction enzymes recognize palindrome DNA sequences

A Palindrome
Nomenclature:

When read in the 5'—> 3"
direction, the sequence on the

“top” strand is identical to that genus, species, strain, the final number

of the “bottom”strand. indicate the order in which the enzyme
™ was discovered:

& Haelll: The third restriction
< endonuclease isolated from the

5 -GAATTC- 3'
-CTTAAG- 5'

bacterium Haemophilus aeqyptius.




Restriction enzymes produce sticky or blunt ends

IE:I'|H Four base, cohesive ends

q :::6IC“ + i oo

"Blunt" ends

Restriction sites:

Four-base pairs: 44

Six-base pairs: 4°

Example: Human genome: 3 x10° bp

How many pieces with each enzyme?



Formation of an recombinant DNA

DNA of interest Second DNA fragment
lCIeavage by Taql

s
{}% %ﬁ@

[ DNA of interest with a “sticky”
end produced by Tagql.

Second fragment of DNA also
with a “sticky” end produced by
cleavage withTagql.

Al
7-C-G-A-G-C

Cohesive ends of two DNA
fragments form hydrogen bonds.

AGGTOGAGT GG,
. T-C-G-AfEC"TaL-A-G-C..
D

'DNA ligase forms a 3'>5' phospho-
diester bond between the fragments.




Plasmids are used to clone DNA fragments

: _ Ampicillin Tetracycline
Properties of a vector: resistance resistance
gene (AmpR) gene (TetR)

= Autonomous replication.

*Nucleotide sequence recognized
for a restriction enzyme.

»Gene for vector selection.

Plasmid pBR322
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Common vectors:

=Plasmids (10 Kb)

m\iruses

=Cosmids (37-53 Kb)

=Bacterial and yeast artificial chromosomes (BACs and YACs) 100-200 Kb and 200-500 Kb



Gene cloning

© Circular, double-stranded DNA cot ci't DNA to be amplified is cleaved by a
containing antibiotic resistance . restriction endonuclease (the same
Plasmid genes is cleaved by a restriction : =t : : enzyme as that used on the plasmid,
¢ endonuclease (for example, ¥ i 8 thus producing complementary
EcoRl). sticky ends).
O o

DNA of interest
54

DNA ligase covalently joins DNA fragments
of plasmid and DNA of interest, producing
a recombinant DNA molecule (hybrid plasmid).

Recombinant DNA is introduced into the
bacterial host by transformation.

Bacteria are grown in the presence of
antibiotics, thus selecting for cells

containing the hybrid plasmids, which
provide antibiotic resistance.

|

Bacteria are lysed and the
hybrid plasmids are isolated.

b5
v

(000

Plasmids are cut with EcoRl,
releasing many copies of the
DNA of interest.

VOO ™+ =

Daughter cells containing hybrid plasmids
Original plasmid :;';xg:::tDNA

L T ——



DNA libraries

cDNA synthesis from mRNA

MRNA 5 s AAA . . A 3

l Add oligo-dT primer

Genomic DNA libraries: Total DNA of an organism.

mRNA _ﬁﬁl'-l\lnk 3
i 125!

CcDNA libraries: cDNA generated of mMRNA sequences.

dATP, dCTP, A ¢ -
dGTP, dTTP everse transcriptase

MRNA  s— AAA . . A 3
cDNA s 11T ..T 5'

Alkali
1 cleaves mRNA

I -

dGTP, dTTP mRNA and replace it with

dATP, dCTP, | DNA polymerases remove
1 DNA

l DNA ligase

1" 1" " ..II 3I
T T 5
ds cDNA




Expression vectors are used to synthesize eukaryotic proteins

Shine-Dalgarno sequence

Bacterial
promoter Cloned
DNA

|
Bacterial transcr%ption and translation

Protein product
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PNA seduencing by ihe Sanger

dideoxy method # e tAd s

Add primer, DNA polymerase
+ dATP, dGTP, dCTP, dTTP.

Split the sample into four tubes,

They do nOt ContalnS 3"OH each with one of the four

dideoxynucleotides.

Synthesis proceeds until the dideoxy-|
nucleotide is incorporated into a
DNA strand. DNA terminating in a
dideoxynucleotide cannot be
elongated because it lacks a 3'-OH,

which is required for formation
\L \ of a 3'5' phosphodiester bond.

N
ddGTP ddATP

3'ATCCAGCTAS' 3'ATCCAGCTA S
I e r 7 ]

32p_TAGGAdT

3'ATCCAGCTAS

*2P_TAGGTCaG

3¥ATCCAGCTAS
- 1 1 T B e fol o ]
32p_.TAGGTCGAdA

3ATCCAGCTAS
= P e e
““P-TAGGTaaC

3ATCCAGCTA 5
= [ T R ]
32p_ TAGGTCGAJAT

Products formed
in tube 1

Products formed
in tube 2

Products formed

Products formed
in tube 3

in tube 4

3
Perform gel
electrophoresis. 9 TAGGTCGAadT
Read the sequence of the Lengthof 8 TAGGTCGasA
newly synthesized strand fragments
(complementary to the (base pairs) 7 TAGGTCadG
original DNA sample).
g ple) 6 TAGGTaaC
3'ATCCAGCTAS
32 U S 5 TAGGaaT
5' ““P-TAG GTCGAT 3’
4 TAGddG
ey :

® Primer




Finding the correct sequence

BN N __Emm  mam  mm
T
C
G
T
G
A
A
C

32P-TAG-



Applications of recombinant DNA technigues

ORecombinant human insulin. Recombinant insulin is synthesized by inserting the
human insulin gene into E. coli or yeast which then produces insulin for human use.

Recombinant human growth hormone (HGH, somatotropin). Before
recombinant HGH became available, HGH for therapeutic use was obtained from
pituitary glands of cadavers. This unsafe practice led to some patients developing
Creutzfeldt-Jacob disease. Produced in E. coli.

Recombinant blood clotting factor VIII. Recombinant factor VIII is a blood-
clotting protein that is administered to patients with forms of the bleeding disorder
hemophilia. The protein was obtained from multiple donors.

Recombinant hepatitis B vaccine. Prevention of hepatitis B infection is controlled
through the use of a recombinant hepatitis B vaccine, which contains a form of the
hepatitis B virus surface antigen that is produced in yeast cells.

QGolden rice is a recombinant variety of rice that has been engineered to express
the enzymes responsible for [(B-carotene biosynthesis. This variety of rice holds
substantial promise for reducing the incidence of vitamin A deficiency in the world's
population.



Allele-specific probe to detect
Probes hemoglobin mutation

m DNA from a patient with
sickle cell disease

Portion of the gene for the

D D NA frag ments BS-chain of hemoglobin S

DNA codes for valine instead of
glutamate in the sixth position
of B-globin.

L Synthetic oligonucleotide

il
-Pro - Val - Glu-- DNA

UBiotinylated probes

Oligonucleotide probe hybridizes
with a DNA fragment from the
gene for the  chain of Hb S.

QAntibodies

Probe
CTéCTG’EGGAGAAGT
R GAGGACACCTCTTCAGACGEE.

DNA fragment
coding for Hb S

GAG — GTG DNA from a normal

individual

Oligonucleotide probe fails to
hybridize with the DNA fragment

G | utam ate _—> Val | n e :?:\bt:e.e gene for the 3 chain

Probe

* CTCCTGTGGAGAAGT

- - - GAGGACTCCTCTTCAGACG:=- - -

DNA fragment
coding for Hb A




Allele specific oligonulceotide probe

v V This row was probed
‘ . <7 | with an ASO specific
*--* | for a normal A gene

This row was probed
with an ASO specific
for a mutant BS gene

= Probe hybridizes
with patient's DNA

-': :‘- = Probe does not
" hybridize to patient's
DNA

Two samples of DNA from
each individual are applied
to the membrane.




Southern Blotting

Conclusion: The DNA from the two individuals
differ in the region recognized by the probe.

This alteration in the DNA could reflect a disease-
producing mutation, or a polymorphism that may or
may not be linked to a clinically important alteration
in the DNA.

Person 1 Person 2

DNA is extracted
from white cells

Radioactive probe
hybridizes to
restriction
fragments A, B,
and C, producing
dark bands on
exposed x-ray
film.

a DNA is cleaved with
the same restriction
enzyme

C e
DNA fragments that will be A
recognized by the probe are
highlighted. DNA from Person 1 B=—
shows a restriction site not
present in DNA from Person 2.
e e
r DNA fragments c
A Millions of fragments produced
Agarose gel by restriction cleavage result in
electro- a "smear" if DNA fragments are Hybridization with
phoresis visualized by nonspecific B 32p_jabeled probe
methods.

Nitrocellulose
membrane

[0} Person 1 Person 2 —
Direction
of Denature the DNA into single strands
migration and transfer (by a blotting action)
to nitrocellulose membrane, creating
a replica of the gel. [ /

Gel




Restriction Fragments Length Polymorphism (RFLP)

Genome of non-related people: 1,200 bp or
0.1% genome: mutations and polymorphisms.

LSingle nucleotide polymorphisms: single base
changes in DNA (90% of variations)

UTandem repeats (VNTR)

Polymorphisms can occur either
in the sequence of bases at a
given locus (called SNP if only
one base is altered)

o] R

— AG|ICITCAATCG— Individual 1
— AG|A|TCAATCG— Individual 2

SNP

GC repeats

AN

—{GC GC GC GC GC’— Individual 1

Individual 2

.. there can be polymorphisms
where variable numbers of tandem
repeats (VNTR) occur. A specific
number of tandem repeats defines
a VNTR allele at a particular locus.
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!

Variable number tandem repeat sequences tend to occur in clusters,
PERSON 1 D =GC \yith the number of repeats varying between individuals. =-AGCT-

l Allele "a"

| Il

Allele "a" l

=

=
[

Restriction sites

e - (oo
% Allele "b" (5— S Nn S mm S

T T T T Allele "b"

Restriction sites

Restriction enzymes cut the
DNA on either side of these
tandem repeat sites.

estriction fragments
(Person 1)

Restriction fragments
(Person 2)

LTS
nmn
T T
i
[ |
Electrophoresis of products
with fragments identified by probes

A |

Person Person
1 2

Pattern of fragments varies from one
person to another according to where
and how many repeated units of the

VNTR are located in their genomes.

Tracing chromosomes from
parents to offspring

EcoR I site
: -
L b
Mary
Mary  Bob  Larry Mary  Bob

Figure 2 Figure 3

Larry  Child



Prenatal diagnosis

Ultrasound: gross anatomic defects

Amniotic fluids : chemical composition (a-fetoprotein), karyotyping
Chorionic villi: Karyotyping (chromosome abnormalities)

DNA: blood cells, amniotic fluid or chorionic villi

Villi cells
Placenta

Y Chorionic Implantation
villi

site

wall

Amniotic \\\
cavity

,

Amniotic
fluid

Chorionic
cavity

Amnion

W




Detection of 3S-globulin mutation

Sickle cell anemia detection
by RFLP.

Using the enzyme Mstll:
CCTNAG: Ato T mutation

u Details of a portion
of the gene for 3-globin

six of the

The A to T mutation within codon

a cleavage site for the enzyme, Mstl|.

(S-globin gene eliminates

Promotor Exon 1

g

HbS ..TCAAACAGA(

Codon for
the 6th
amino
acid in
B-globin

Hb A .. TCAAACAGACA

2
CCTG ACT CCT @G GAG AAG TCT GCC GTT...

& AAG TCT GCC GTT...

recognizes and

The restriction endonuclease Mstl|

CCTNAGG (where N is any nucleotide).

cleaves at the sequence

Electrophoresis of restriction
fragments from the DNA of normal
individuals yields a 1,150-bp
fragment using a probe specific for
the -globin gene.

[ [ | [ ]
Promotor Exon 1 Intron 1 Exon 2 Intron 2 Exon 3
B Cleavage of the gene for 3-globin
with a restriction endonuclease
Restriction site present in normal AA SS AS
DNA and sickle cell DNA
©
Restriction site present in
normal DNA but missing
in sickle cell DNA
$ [ be
Promoter Exon 1 Intron 1 Exon 2 D c— BS (1350 bp)
Y e Y
A [— mm— | B2 (1150 bp)
1,150 bp l
S
1,350 bp B

Electrophoresis of restriction
fragments from the DNA of a
patient with sickle cell disease
yields a 1,
of the loss of a cleavage site.

(]

| Electrophoresis of
restriction fragments from
the DNA of a hetero-
zygote yields both 1150-bp
and 1,350-bp fragments.

350-bp fragment because




Indirect, prenatal diagnosis of phenylketonuria using RFLP
PAH: phenylalanine (Phe) to the amino acid tyrosine

Mutations in the gene for phenyl-
alanine hydroxylase occur in all

13 exons of the gene. The majority

are missense mutations, although
splice, nonsense, and silent mutations,
as well as deletions and insertions,
have been found.

Relative frequency of mutation
in each exon: *

« = Low = High

e

=

The parents are both heterozygous for the gene for phenylalanine hydroxylase.
They, thus, have both fragment “a” (normal) and fragment “b” (defective)
cleaved by a restriction nuclease.

This child is unaffected and shows only fragment “a" when DNA is digested
with the same restriction endonuclease as her parents’ DNA. Thus, the normal

“_»

gene is associated with the polymorphism giving fragment "a.

This child is affected (lacks phenylalanine hydroxylase
activity) and shows only fragment “b” when DNA is
digested with the same restriction endonuclease. Thus,
the defective gene is associated with the polymorphism
giving fragment “b.”

A radioactive probe
hybridizes with DNA
fragments “a” and

1 2 3 4 .

: Decreasing Normal PAH gene
: size of DNA , AR .
2 P t = 5 3
: ragments a ? a Cleavage sites
H for restriction
N : R — Y PN ppe—— & Mutant PAH gene SAEHRNICN
: Yo © 5
. H O Electrophoresis
: . . ** 0% &
* * * * * et 11 % »
12 3 4 5 689 | 1213
Fetal DNA shows only fragment “b” when DNA is [ | The presence of a polymorphic site permits cleavage by the
digested with the same restriction endonuclease. | | restriction endonuclease and, therefore, yields fragment “b.”
: This means that the fetus is affected because it [Note: The polymorphic site is, in general, not the structural
Bgl Il Pwvullb EcoRlI Hindlll has inherited two abnormal genes from its alteration that causes the disease and in this case is not even
Pwulla Mspl parents and shows the genotype “bb.” in the coding part of the gene.]
o Xmnl / Legend:
~

Some sites cleaved by
restriction enzymes

Male O Female OFetus O Heterozygote . Homozygote

s Ko o 80 | Ui pincatl WAL arra & Wilens

P T ——




The Polymerase Chain Reaction (PCR)

Denature DNA into
separate strands

Anneal primers
to "flanking regions"
of single-stranded DNA

Extend primers
with DNA polymerase

The two new double-stranded

DNA molecules can be
denatured and copied by
steps 1 to 3.

Flanking region Target sequence Flanking region
A — A
([ 23 Y N N
5' 3
Direction of chain growth s 3 [TTTT[TTTT] 5
Primer (L - U
-~ Primer

5 mmmm 3 — Direction of chain growth
i i i [ [TTTT]

5

Direction of chain growth (s 3 B TTTTTTTTTTTTTTT 5
Primer 8 J

7Y n. 2
~ Primer

p
sSCLLLLLLLLLCLLLL Ly 3 == Direction of chain growth

Sequences complementary
to the original primer

3

First cycle

7

Target sequence

Primer

4

DNA of interest

Primer

Second cycle

4

Third cycle

Multiple copies of
- target sequence -




Genetic testing for cystic fibrosis using PCR

Cystic fibrosis transmembrane
conductance regulator (CFTR)

CFTR gene (DNA)

-Di]ﬂ-[l-lﬂl—fﬂl—ﬂ-l%-[li—Hﬂ-[l—H—l—[H—D—-

DMNA CHANGE IN EXON 4

-I]-I]-I-I]-[I-Hﬂ-HQ-I]—H-[H—Hﬂ-[I-(—H—[I-I—I}_“

DMNA CHANGE IN EXON 10

©

dh

—
CFTR R117H substitution

CFTR AB0EF deletion

CFTR wild type protein
ion transport nomnal

channel cannot openpropery
but meintains some function

channeldoes not fold
comectly and does not reach
membrana

Lung airway of unaffected person |

| Lung airway of person with cystic fibrosis

epithelial cells

lining lung airway mucus proteins

o @]
CFTR o
channel ® ﬂ ™
N °
o »
chioride o @
ion * v ®
] & e
e ]
’ ° &=
® g 0.
e o

mucusis hydrated by water
maolecules entering by osmosis

CFTR absent or defective,
sffecting chloride transport

—_—

—_—

L ]
. lack of chloride
LA ions affects the
[~ amount of water
O and mucus
g becomestoo
sticky.
a ®

sticky mucus traps bacteria and cannot be
cleared by tiny hairs of lung lining.

healthy

congenital
bilateral absence
ofvas deferens

cystic fibrosis

#

PCR primer

Normal CFTR gene

PCR primer

Mutant CFTR gene

PCR followed by
electrophoresis
of products

Homo-

zygote
mutant

mutant

—

(carrier) (affected)

than normal

Mutant CFTR gene is
missing three bases
(PCR gives a shorter

product)

Heterozygote has both
a normal and a mutant
allelle of the CFTR gene
and PCR produces two
products.




Microarray analysis of gene expression

Normal cell Cancer cell

* Reverse
transcriptase
~~— ~-
4\/\ CDNA =~
—\/\. w
1 |

Label with green Label with red
fluorescent fluorescent
molecule molecule

Mix cDNAs

Dark (black) spot: Neither cell
produces this message.

|
Red spot: Cancer cell produces
more of its message.

Green spot: Normal cell
produces more of its message.

Yellow spot: Both cells produce
the same amount of message.




Testing of HIV exposure by enzyme-linked
Immunosorbent assays (ELISA)

Patient 1 Patient 2 Pati?nt 3
| |
| Test blood samples by ELISA assay |

QOQ

Positive Positive Negatlve

| |
| Retest using Western blots |

Positive Negative Negative
The patient's The patient's
serum serum gave
contains a false-
antibodies  positive
to HIV response
in the
ELISA

assay

Copyright ® 2011 Wolters Kluwer Health | Lippincott Williams & Wilkins

ELISA: specificity: 1,000 HIV test results of
healthy individuals, about 15 of these
results will be a false positive. repeating
the test, could reduce the ultimate
likelihood of a false positive to about 1
result in 250,000 tests given.

The sensitivity rating, likewise, 1,000 test
results of HIV infected people, 3 will
actually be a false negative result.




TECHNIQUE

Southern blot
Northern blot
Western blot
ASO

Microarray

ELISA

Proteomics

Summary of the different molecular techniques

SAMPLE ANALYZED
DNA
RNA
Protein
DNA
cDNA or genomic DNA
Proteins or
antibodies

Proteins

GEL USED
Yes
Yes
Yes
No

No

No

Yes

PURPOSE
Detects DNA changes
Measures mRNA amounts and sizes
Measures protein amounts
Detects DNA mutations

Measures many mRNA levels
at once; detects genomic changes

Detects proteins (antigens) or
antibodies; detects genomic changes

Measures abundance, distribution,
posttranslational modifications,
functions, and interactions of
cellular proteins




Gene therapy

M

Remove some of the

1 patient's blood. Lympho-
cytes are separated from
other cells in the blood)

\/

-

Return the cells
to the patient,

and the patient
regains immune| /

function

Defective
gene
O

Infect the lymphocytes with
a retrovirus modified to
carry the normal gene for
adenosine deaminase.

N/

A
3 (O
e Nl

0

3 The gene becomes integrated
into the cell's chromosomes
and is expressed. Some of
the patient's lymphocytes
now synthesize adenosine
deaminase.




Regenerative Medicine

Regenerative medicine or stem cell therapy is the "process of replacing or
regenerating human cells, tissues or organs to restore or establish normal function".

Stem cells are biological cells found in all multicellular organisms, that can divide
(mitosis) and differentiate into diverse specialized cell types and can self-renew to
produce more stem cells.

Where do stem cells come from?

Human Developmental Continuom —————%

Single-cell 3+ day 5.7 day d-week 6-week
Embeyo Embryo Embryo Embryo Embryo Intant

t |
v Teratocarcinoma

Fetal Tissue (germ cell tumor)

E mbrvonk Stem

(ES) cells Stem celly “Adult” Stem cells
Tentiprartent Embryonic Germ ’.,“n’;“h'm Pluripotent
Lie 8 or
an(::;‘llwll':“ i Wultipotent ' Vultipotent Embryonal
R A - Carcinoma
Pluripotent Cord Blood Stem cells (FC) eells

Placental Stem cells

Piluripotent or Mulipotent Pluripotent

http://informedvoters.wordpress.com/stem-cell-research/



Stem cells used to grow new teeth

Takashi Tsuji from Tokyo University
of Science and his colleagues
removed two different stem cells
from the molar teeth of mice to
build these teeth. They transported
these cells to a laboratory where
they could grow. To influence how
the teeth grew in relation to size
and shape, the cells were put
inside of a mold to grow.

Natural tooth occlusion Bioengineered tooth occlusion

scale bar : 500 ym

When the cells developed into full tooth
units, the researchers then placed them
into the jaws of one-month-old mice.
The transplanted choppers attached
themselves to the jaw bones and
tissues on an average of about 40 days.



Therapeutic cloning

Somatic-cell nuclear transfer (SCNT)

Somatic body cell with desired genes

@ ., . MNucleus fused with denucleated egg cell leltatlons
(&9
@ — * Stresses placed on both the egg
/v cell and the introduced nucleus
@ O are enormous, leading to a high
Egg cell loss in resulting cells. For
NUC'EUSfemmd example, Dolly the sheep was

REPRODUCTIVE CLONING ——» surrogate Mother  horn after 277 eggs were used
for SCNT, which created 29
viable embryos. Only three of
these embryos survived until
birth, and only one survived to
adulthood.

THERAPUTIC CLONING

http://en.wikipedia.org/wiki/Somatic-cell_nuclear_transfer

Discuss: The micromanipulation of a nucleus from one cell into another necessarily
entails the concomitant transfer of a small quantity of cytoplasm (2%) from the donor
cell, and that cytoplasm contains intact mitochondria. What are the consequences of
this observation ?



