Chapter 19

Recombinant DNA and
Genetic Engineering
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Application of recombinant DNA technology

Recombinant o Biological reagents
DNA reagents Ge":n'ls‘:ig)e " (deve_lopmemal stages
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Gene Identification: Pathway Identification: Disease Identification:
Associate DNA segment | | Through effects on phenotype Associate gene products with
and gene products with and expression patterns, disease gene and make inferences
ion group iate gene products with about how mutant alleles
and its phenotypes. steps in cellular pathway. contribute to the disease state.




Recombinant DNA technology

¢ Active -- mid-1970s

» Genetic engineering - problems in biology,
medicine, and agriculture

» Genomics - genome at the molecular level
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Generating recombinant DNA (1)

* DNA sources

— genomic DNA from chromosomes
« usually too large to clone directly

— cDNA (complementary DNA) derived by action of
reverse transcriptase from (usually) mRNA template

— chemically synthesized oligonucleotides

+ Digestion of DNA by restriction enzyme
— recognize palindromic double-stranded sequences
— produce complementary “sticky” ends

5’-G"AATTC-3”
— dozens of such enzymes 3-CTTAAAG-S’

— sticky ends can be ligated under appropriate conditions




Recombinant DNA molecules
(C)O O O DNA

Vector of cloning interest

‘Cut Cut

U U U /o

v QQJ/
Paste.
Complementarity

00N
OUO oo >
3_H

Recombinant DNA molecules

e

Cloning recombinants

(d) Main bacterial chromosome
(@) %/ O%D O

1Bacterial 1 1
growth
O O Ow

0209 OO ©VWOY
OPMNODd Cw©O»®Y ©OSHO&

Clones

| | |

(oXe! 00 00
00p ©Ooo 00°

Purified recombinant DNA
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Purified recombinant DNA
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Analysis of Analysis of Read DNA
genomic mRNA sequence and
DNA structure and predict protein

expression sequence.

Make protein in
bacteria.

Put engineered gene
into target species.

Activity of ATP
Type Enzyme Required Cleavage Site
| Cleavage and  Yes Random sites
methylation distant from
recognition site
Il Cleavage only  No Within recogni-
tion site
] Cleavage and Yes Random sites
methylation near recogni-
tion site
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(b) Circular DNA 7 base recognition enzymes
Ircular

Some restriction enzymes
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(a) Cleavage of DNA by restriction

enzymes
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(c) Gel after electrophoresis
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Radiolabeled probe
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Probing for polynucleotide in mixture

* From mixture of restriction fragments,
mixture of mRNA, etc.

* Nucleic acids are electrophoresed, blotted
onto membrane, and membrane probed

— Southern blot: separation of DNA molecules

« can identify size of restriction fragment containing
gene sequence of interest

* such DNA can be cut from gel and cloned
— Northern blot: separation of RNA molecules

* can be used to determine conditions for gene
transcription
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Generating recombinant DNA (2)

« Insertion into vector

— cloning vectors permit replication of inserted
DNA

— include plasmids, vectors, artificial
chromosomes

— complementary restriction ends joined by DNA
ligase
— multiple fragments can be joined
* Transformation into expression system
— bacterial cell, e.g., E. coli
— eukaryotic cell, e.g., yeast




Cloning vectors Cloning vectors

* Plasmid--
: : — extrachromosomal le-str: DNA
BELIERERY Comparison of plasmids, phage lambda vectors, and cosmids extrachromosomal double-stranded DN
Size of DNA That Method of Introduction - rephcates autonomously

Cloning Vector Can Be Cloned Propagation to Bacteria

Plasmid As large as 15 kb Plasmid replication Transformation

Phage lambda As large as 23 kb Phage reproduction Phage infection

Cosmid As large as 44 kb Plasmid reproduction Phage infection

Note: 1 kb = 1000 bp
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Cutting and gluing the donor
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Recombinant plasmid
(ampR lacz™)

Transformation
of lacZ™ bacteria

Blue colonies are AmpR and LacZ*

; . 2 Plate on medium with
White colonies are AmpR and LacZ ampicillin and X-gal

Clear or no growth are AmpS or no
plasmid

lambda () phage

Highly efficient A
— The central third of 9}
lambda (A) phage is tambdaphage | <
not essential

Lambda DNA molecule

can be replaced with

foreign DNA
— Small fragments
will not be packaged
into A
« Phage genome =
needs to be 40-50
kb

Cos sites are
required for

Cosmids

+ combining parts of A phage and parts of
plasmids

* contain the cos sites of lambda,
— necessary for packaging of phage DNA

* cosmids replicate as plasmids

Up to 44 kb of foreign DNA

packaging
Cosmid
EcoRI
BamHl | Clal
EcoRl | | | Hindii
Ampicillin iy
resistance v
gene
N\

Origin of
replication

cos gene

Bacterial artificial chromosomes (BACs)

» Bacterial artificial chromosomes (BACs)

* based on F factor and can carry up to 300 kb
of inserted DNA

10



BACs
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Expression vectors

* engineered to express a gene of interest

* produce large quantities of protein
—i.e. insulin

* Bacterial promoter is required

— lac promoter

« Sequences that control transcription initiation,
termination & ribosome binding site

* Results in a fusion protein

R\Spé
Xmal
— Notl
— Bgll
pBAC 108L r =
Chloramphenicol
resistance
ori
f1 origin
T7 promoter
Expression
Ampicillin
VeCtOI' resistance

gene
PET 5.4 Kb lac'

Yeast artificial chromosomes (YACs)

» Yeast artificial chromosomes (Y ACs) can
contain 100-1000 kb of inserted DNA

* Yeast also have posttranslational
modification processes
* ORI - ensures replication
« Telomeres - chromosome stability
 centromere - attachment of mitotic spindle fibers
Soumcasto . Veser s
Hepatitis B virus surface protein
Malari parasite protein
Epidermal growth factor
Platelet-derived growth factor
arantitrypsin

Clotting factor XIlIA

CEN4
)/ _ SnaBl
SUP4
TRP1
PYAC3
CEN4 = centomere URA3
TEL = telomere
ori = origin of replication
TRP1 TELS v TEL
SUP4 lectabl ke /
surd J selectable markers BarnHI BamHl

YACS Cleave with

BamHI and SnaBl

SnaBl_ _~SnaBl
4dE ___=EmaE EsE =D
Left arm Right arm
Insert
DNA
(> 100 kb)
ori
L | | Hs b
TEL TRP1 CEN4 Insert URA3  TEL
DNA

Ti plasmid

» Agrobacterium tumefaciens
* used to transform plant cells
» T-DNA containing foreign DNA
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Ti plasmid
Cluster of restriction sites for cloning
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Mammalian cells

* DNA can be transferred to mammalian cells
— endocytosis and
— encapsulation liposomes followed by fusion
with cell membranes.

» Transgenic mice can be produced by
transferring YACs by microinjection into
the nucleus of a mouse oocyte

» Avian and mouse retroviruses

Holding
pipette

Micropipetting

Oocyte
nucleus Oocyte

Injection
pipette

Polar
body

Polymerase chain reaction (PCR)

» Must know sequences flanking desired region

* No cloning procedures necessary
Principle: DNA made in one amplification cycle is
used as template in subsequent cycle

— heat denaturation to yield single-stranded DNA

— annealing of primers (oligonucleotides) to single-

stranded DNA

— extension of primers by thermostable DNA polymerase
Highly sensitive, requiring as little as one copy of
single-stranded DNA as initial template

Polymerase chain reaction (PCR)
Amplification of target sequence

Original target
double-stranded DNA

5
= Separate strands
== and hybridize primers.

—— 3
T Primer 1

e
1Extend primers.

) 5
(b) Primer2 ~

© v vy =t
a4
= Complementary
O pimer Mto akd
toprimer2

K === =12

© S A — .
A
Complementary — gon:iﬂi'ﬂemary
to primer 2 M— P
5
Separate strands
and hybridize primers.
3 ANV N 5
(d) NNew primers —
5 ==/NVVVVVVVW 3’
lExtend primers.
©) AN
. o
Variable-length Unit-length
strands strands
VNV VNN
==V VVVVVV VN

13



(e)

]

Variable-length Unit-length
strands strands

\ M aaaaane
VIV VMV VYV V VW
Separate strands
and hybridize primers.

(f) A
5 ===V 3
Complementary’ T=_Complementary

to primer 2 >>_
3 AANMN N 5 10 Primer 1

lExlend primers.

(9)

|

aw .

Desired fragments
(variable-length strands not shown)

!

And so forth

Number of Number of Double-Stranded
PCR Cycles (n) Copies of Original DNA (27)
0 1
1 2
2 4
3 8
4 16
5 32
6 64
7 128
8 256
9 512
10 1,024
20 1,048,576
30 1,073,741,824

Polymerase chain reaction (PCR)

=

e

DNA segment
of inte

STEP-THROUGH | NARRATED

A sample of chromosomal DNA, also called genomic DNA, can be used as the
starting material for polymerase chain reaction (PCR). With PCR, an
investigator can amplify 2 single copy of a DNA segment into billions of
identical copies.

Genomic and cDNA libraries

* Consist of collections of DNA molecules
* Genomic library consists of fragments of
genome
— often constructed from partial restriction digests
— typically multifold representation of inserts
— contain introns and regulatory sequences
* cDNA libraries consist of DNA derived from
mRNA population of cell types or tissue
— limited to transcribed genes
— introns and flanking regulatory sequences absent

Clones needed

* The number of clones in a library needed to
give a certain probability of containing all
genomic sequences

N= In(1-P)
In(1- f)
— N is the number of required clones
— P is the probability of recovering a sequence
— and fis the fraction of the genome in each
clone

How many clones are needed?

99% probability of getting the DNA
» 17 kb is average insert size for a phage
 Human genome is 3.0 x 10° kb

How many clones are needed using a
plasmid?
— 5 kb average insert

14



Making cDNA cDNA

Poly(A) tail
PO tai

BAAARRAR
b

Viral reverse Oligo(dT)

vanscrptase prmer » Reverse transcriptase PCR (RT-PCR)

‘5“ — generate cDNA from mRNA
CcDNA
Hairpn loop &' — a single-stranded cDNA copy of the mRNAs

NaOH
using reverse transcriptase

RNA
5

(@m ¢ — Treatment with RNAase H

PNApdymerase | — PCR to copy the single-stranded DNA into
double-stranded DNA.

S1 nuclease
(single-strand-specific)

¥ 5
e .

Double-stranded cDNA

Restriction-enzyme
] sites.

|

Donor DNA
Restiction
fragments

Making a library of wild-type yeast

Bacterial plasmid Yeast genomic DNA

Recombinant vector

with insert 1 or 2 @

|
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sy )
@ ‘V) \ )/
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4
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@ N STEP-THROUGH | CONTINUOUS PLAY

Clone of %‘ Oh(( Clona o

donor jonor
fragment 1 fragment 2

pBR322
veetor  £goRV 185

Scal 3846, Bamhl 375
Pvul 3735 Sphl 562
Pstl 3609 Sall 651

BspMI 1063

s Cut foreign DNA and Cut foreign DNA and Vectors
creenin g a vector with Sall vector with Xbal,
1 . b l Transform bacteria Transform bacteria.
I 3 Plate on ampicin. Plate on ampicilin and X-Gal.
ampfietS ampAtets Blue White

ampf ampf!
- i -~ tet?
i \{vsen
amy Qm C
! ey p’

No insert insert insert Insert




PpBR322
ect
vector Emz}/zlzzs pUC18 vector

Scal 3846
Pvul 3735,
Pstl 3609

Ppal 3435

Cut foreign DNA and
vector with Xbal.

Cut foreign DNA and
vector with Sall.

Transform bacteria. Transform bacteria.

Plate on ampicillin. Plate on ampicillin and X-Gal.

ampF tetS ampF tetS Blue White
45 kb
BamHl BamHI
Genomic DNA } )
Saush Bacteriophage \ vector —
S5 Digest with
BamH.
Partal digest with Sau3A
(BamH1 compatible)
Isolate 15k B —
it SEmeEsae—"
CSTITTIDNITT Discard smaler
Clavesa s g hagmerts Lambda
SaudAsites  Left  Right Concatenate of many hage
B ey phag
cloning

In vitro cleavage

Genomic DNA
15kb of concatemer
Package (1 w4 Library of
into phages. genomic
” % % @ @ %DNA
‘ Infect E. coli

Plagues

Screen library by using nucleic acid probe.

Delivering recombinant DNA into bacteria

Transformation
O+ — O
N Transduction
?+ — (O
Progeny

phage
O A D

éT Infection /. a a a a\r
S + S 5. 9 9
-G — & 11771

Plate on ampicillin.

ampF tetS ampF tetS

tet

No insert Insert

Plate on ampicillin and X-Gal

Blue White

Insert

ampf amp
No
insert Insert

== _="="_"_ Recombinant DNA
e

o
FITRTEITETOINE [ =
o

) , Bacteriophages  Nitrocelluose -
= Cellular 47&/4; k%ﬂ' fier /
. N

genome
‘Ex\racl DNA. |
Cleave with g
restriction enzyme.
| Cleave. l Incubate filter with
Ligate, —t radioactive probe
gate.  —t— Filter,

Autoradiograph to
locate desired clone.

Genomic library

Ay .
. B 0 into phages
N Infection Plaque
Desired & /
clone /
Lawn of & \ )
bacteria %
Phage clone l baciatarnast
in plaque
Library of phage clanesl
prprTRIRTIRERIY — s
foreign gene.
@ [C)
T7 promoter ~ Sp6 promoter
Hindlll
Notl BamHI / Notl
cosN \ /
\ 41‘ } Cloning
strip
BAC
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Identifying DNA molecules

+ It is often a challenge to identify desired
gene in library of thousands of clones
* Using nucleotide probes
— principle based on base-pair complementarity
— colonies or phage plaques are transferred to
membrane, lysed and DNA is denatured
— probe is applied to membrane
« labeled with radioactive isotope or fluorescent dye
« probe forms double helix with complementary DNA
— hybrid DNA is identified in autoradiogram or
by exposure to exciting wavelength of light

Nucleotide probes

» Multiple possible sources
— previously cloned genomic DNA or cDNA
from another species, tissue, etc.
— PCR-amplified DNA
— synthetic oligonucleotide

« reverse translated from amino acid sequence, if
known

« synthesized by machine
— RNA, such as rRNA or tRNA
» Hybridization of probe to complement is
sensitive to temperature and salt

Finding the gene from the protein

Designing a probe

1i 2 3 4 5 6 7 8 9 10 11 12 .
Peptide
[Phe; Llle | " sequence
.. DNA
sequence
Known part of
ARk A AR A A AR

20-base region

i 1
1 1
1 1
! I GGA GUA AGA AUG GAC UGG AAC UAC GAA CCA UUA AGC ACA UGG GAA AUG AAC CAA UGG UUC GUA AGA GCA
: ! a2 & 1 IR = U 15 R 1 2 &
| Prepare 20-mer I 65U Guy goc cou clic e acy Guu cec o
1 1
: deg;n(tsrate : Perfectly complementary possible Y Cuu ucu ccu
i probe 1o screen | gjigonycleotide in the codons ' i
: genomic library. \ degenerate probe AUGGAGUGGAAGUAGGAR UGGGARAUGAAGCARUGG
1 1
TGC ATT TAC ATG CAC CAA GA G @ ;/z/z—/wa possible sequences) @ 2 2=8 possible sequences)
ene
..AAGAATACG TAA ATG TAC GTG GTT CT ATCGAATGTC...
sequence

Probes for finding proteins Finding a protein of interest

EcoRlI
‘ lac pr?moter

* Cloned genes, particularly cDNA, can be

expressed and protein product detected M Galactosidase

+ cDNA is inserted into expression vector, 1D‘gw i Eeori
designed to express insert at high level

* Membrane is laid over surface of colonies Ecbr1 VAL, om_l;f;:
induced to express inserts finker ' [

— expressed proteins bind to membrane

* Membrane is probed with antibody against
protein

Fusion protein

In vitro packaging
Plate on bacterial lawn.

& e

e ®e
e =

©
oo
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Finding a protein of interest

Overlay
nitrocellulose
filter.

Remove filter.

Master plate

Proteins bind to nitrocellulose.
Incubate filter with primary antibody.

Wash filter.
) Incubate flter with radiolabeled secondary antibody.
g 4’1\\ Autoradiography R
- iy | Y \.7
anibody /ey Xray fim

Fusion protein // \— Primary specific

boundto  =%=== antibody plaques

nitrocellulose

Functional complementation

* Library is prepared from wild-type recombinant

donor DNA

+ Cells expressing recessive mutant gene are
transformed with library

* Transformants (often obtained by selection) are
examined for wild-type expression

+ Wild-type allele

taking advantage of vector

Also called mutant rescue

+ Takes advantage of ability to perform
transformation in many species

is recovered from transformants,

Positional cloning

» Based on detailed genetic map, e.g.,
restriction map of chromosome or genome

Also called chromosome walking

— cloned landmark is used as probe to screen
library for inserts that extend from the
landmark and include DNA not in landmark
clone

— process repeated using newly isolated DNA

— eventually obtain gene of interest

FISH

, Red =Y, Blue = 18 - what genetic disease?

80 kb
A a B b (o} .- |—-— | E e Eukaryotic DNA
Cut with EcoRl; insert between
Narms. g \arms
Screen with —
gene probe A —
A
N library —
~— 14 kb—
a A clone 1
& Subclone small fragment.
Rescreen library.
a B b Adjacent \ clone 2
B Subclone small fragment, etc
= = Overlapping \ clones
generated by partial
a B b digestion
B b (v
C -
< o
4 cr. T
<o, 4 Ry ESN
JR .
Gene " 2 ) a
DNA ligase

Restriction
endonucleases

Recombinant
plasmid DNA

Plasmid contains gene
with mutated sequence
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Target
sequence

k GECA
s 3

s Mismatched

u‘éé bases

Oligonucleotide | :
-directed

mutagenesis

Y3
vomn?

Plasmid with 4 Plasmid with
L 2 )
original 5 desired
sequence sequence

1}

F

Gene tagging

* DNA, such as virus or transposon, is
introduced into cells
— acts as mutagen, randomly inserting into
chromosomes as a “tag”
— tag disrupts gene function, resulting in mutant
phenotype
 Tag can be used to isolate flanking
sequences (gene), e.g., through PCR,
screening of genomic library, etc.

Tagging with a transposon
TragEN/A\ Nucleus

Gene A*
R TR

i

Sometimes Tag DNA Tag
enters gene A%, R

causing A~ phenotype.

R

I
Disrupted A* gene

i

After restriction e ;:-‘ogbe
digestion, Tag is s
used as probe for === ===

cloning out fragment Tag + A ;equenoes

Use “A” DNA adjacent to Tag DNA in “Tag + A"
fragment to probe for A* clone in genomic library.

Figure 19-22 Copyright © 2006 Pearson Prentice Hall, Inc.

Cut with restriction enzymes and
loaded on gel for electrophoresis

Cutwith
wvith Sl
ncut e

size Cut with
markers Hindil Hindill and Sa

100k | —

B0k | —
7.0k

50k | =—

25k | =—

26
Low| — sk L2 opw
B = 40—

Model 1 Model 2
Hindil Sl Hindil sl
o8od] e | X 50 12
00812 70k 008 58 7.0k

with digestion with
Hindlll and Saf: 0.4 kb, 0.8 kb, and 5.8 kb Hindill and Sal: 0.8 kb, 1.2 kb, and 5.0 kb

Fragments generated by cutting with Hindlll and Saf are
0.4, 0.8 and 5.8 kb in length, indicating that model 1 s correct

Restriction mapping
Linear DNA

Cut with

Enzyme 1
Enzyme 1 Enzyme 2 and enzyme 2
—

Gel—|
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Restriction mapping

Restriction maps

Sequencing of DNA

Takes advantage of base-pair complementarity
Dideoxy sequencing (Sanger method) is most
commonly used

General method

— denature target DNA to form single-stranded DNA
— hybridize primer to DNA

— extend primer in mixture containing one or more
dideoxynucleotides (ddNTP + dNTPs)

— resolve resulting DNA fragments by electrophoresis
Analyze sequence results, look for open reading frame
— usually computer-assisted

6 3 8
Enzyme 1
7 10
Enzyme 2
6 1 2 8
Enzyme 1
and T T T
enzyme 2 DO @
Combined | — t
map RE1 RE2 RE1
Dideoxynucleotides

* Hydroxyl group on 3’ carbon of deoxyribose is
replaced by hydrogen (hence dideoxy)
* Incapable of being extended by DNA polymerase;
result in chain termination
* Sequencing mixture contains all ANTPs and one or
more ddNTPs
— random incorporation of ddNTP halts DNA synthesis
— for given template, all possible fragments differing in
length by single nucleotide are formed, resolvable by
polyacrylamide gel electrophoresis

— reaction can be labeled by radioactive ATP or by
fluorescently tagged ddNTPs

Dideoxy sequencing - “Sanger”

(a) 5 DNA strand 3

L N B A A A S A B B
TTAGACCCGATAAGCC%

olol

T
CA
GT

Labeled primer

DNA polymerase |
+4 dNTPs

sequencing
(b) e —————————— 1\
DNA polymerase | ==l abeled
+4 dNTPs + primer

ddATP ddTTP ddCTP ddGTP

—>»000000>>»=4>0000>0> -+

Acrylamide
gel

DNA sequence
of original strand

(©

Autoradiograph
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2’,3’- dideoxynucleotides

O O O
| | |
O=P—P—P—0O (0)
| [ [ Base
O O O

H H
—_—
Cannot form a

phosphodiester bond
with next incoming dNTP

Computer analysis (ORF)

fleading 1000 2000 3000 4000 5000 6000 7000 8000 Nygleotide
1 T T~ T~ S — -1}
2 — . .
3 — 3 mmma
4 M- =
[ — ———
6 - = 3 W -

1000 2000 3000 4000 5000 6000 7000 8000

ORF1 ORF2
Withdraw fluid.
P Centrifuge.
X ey

Fluid composition
Placenta

Amniotic
= cavity Cells{ Biochemical and
)\ ) enzymatic studies
_Uterine
. 7 wall }

Biochemical and

Cell culture { chromosomal
studies
(karyotype)

Fluorescent tags

RRNAAT G COA ACTATAGGGCGART TCGAGET CaGT

M’MWM WVMW\ Wﬂm

M ‘\ | A(M ﬂk \ wawﬁm M

Applications

+ Early detection of disease-associated alleles
— fetal cells obtained by amniocentesis or chorionic villus
sampling
— combinations of PCR, restriction digestion, Southern
blotting, and direct sequencing can identify
homozygotes as well as heterozygotes

— can identify SNPs, single nucleotide polymorphisms
+ Genetic engineering

— use of recombinant DNA technology to alter genotype
of organism

— engineered genes called transgenes are used to
construct transgenic organisms

— numerous applications in addition to study of genes

Archibald Garrod - alkaptonuria
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HomOgentlSlC aCld (homogetisate 1,2-dioxygenase
1. Black urine disease

Inherited
2. Mendelian recessive

AKU

Homegentisate 1,2 dioxygenase HGO

w

. Proposed enzyme deficiency

Homogentisic acid

t Enzyp§ HGO
Maleylacetoacetic acid

1992 -mapped to the long arm, band 2

4. AKU gene mapped
q p

Chromosome 3( I )O( )

392
AKU

1995-

5. HGO gene isolated from fungus Aspergillus

% HGO

1996 - 52% similarity

6. Aspergillus HGO finds human HGO cDNA.
HGO gene
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Northern blot to find mRNA

7. HGO as probe finds mRNA in liver.

Northen blot | === | HGO mRNA

cDNA to find gene in genomic library

8. cDNA finds gene in A genomic library.

- e mE WP O mr — " —

- — - e e e . — O —

L J
Y

HGO gene (14 exons, 13 introns)

Hybridization to chromosome 3
9. HGO clone hybridizes to 3q2.

« Cases of hybridization

o a)
ecssccce

HGO/AKU|: 1
J

PCR to find mutant sites in the gene
(proline-serine/valine-glycine substitutions)

10. PCR of exons 10 and 12 find mutant sites.

10 —=— Primer 12 <=

—

1 — >
P230S =— V300G

11. Inheritance of mutations

+/P230S OTD +/V300G
"0eomU

\ +/+ [+/P230S| +/+
P230S/V300G P230S/V300G
P230S / V300G +/V300G

TABLE 8-1__|[Some Common Genetic Discases

Inborn Errors of Metabolism
Cystic fibrosis 1/1600 Caucasians

Approximate Incidence among Live Births

2. Duchenne muscular dystrophy 1/3000 boys (X linked)
3. Gaucher disease (defective glucocerebrosidase) 1/2500 Ashkenazi Jews; 175,000 others

4. Tay-Sachs disease (defective hexosaminidase A) 1/3500 Ashkenazi Jews; 135,000 others

5. Essential pentosuria (a benign condition) 1/2000 Ashkenazi Jews; 1/50,000 others

6. Classic hemophilia (defective clotting factor VIIT) 1/10,000 boys (X linked)

7. ly ia (defective ly ly Y 1/5000 Celtic Irish; 1/15,000 others

8. Cystinuria (mutated gene unknown) 1/15,000

9. Metachromatic leukodystrophy (defective arylsulfatase A) 140,000

10. Galactosemia (defective galactose 1-phosphate uridyl transferase) 1/40,000
Hemoglobinopathies Approximate Incidence among Live Births

1. Sickle-cell anemia (defective B-globin chain) 1/400 U.S. blacks. In some West African

populations, the frequency of heterozygotes is 40%.

2. B-Thalassemia (defective B-globin chain)

17400 among some Mediterranean populations

son, M. Gilman,
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Sickle cell anemia

Amino acid sequence

Type of Hb Nucleotide sequence

—Pro—Glu—Glu—
A —CCT—GAG—GAG—
ey

Mstll

S —Pro—Val—Glu—
—CCT—GTG—GAG

RFLPs

Ancestral
chromosome

DNA

Haelll site
]

RFLP analysis

Bob’s  Joe's
DNA  DNA

Restriction —

fragment length

polymorphism Pattern Pattern
A B

@)

Huntington’s disease RFLPs

@

O]D
L.O0O0ONNO

CCAC CC CC AC AA AA CC ACAC

W= g §— ” — 3 88'! 355
EtramiPy . [ g— 8;: i"o-

iro?ﬁ‘é? by eTuTulaTula

B € ACAC BC BC BC AA BC

e -

Wi @ 0 S R~ .!.-.. -

12kb— @ @ & —|u & - R T T .l—

of—

Huntington’s disease RFLPs

I[Q

'“ o &7 B T W

AA AB ABAB  BC AB AB AB AB BC AB AB BC| BB BC AC AA BC| CD BB B
AC| AB AC AC AC AC AA BC AA BC AA BC BC @
|
AC BC BC

DNA fingerprinting

Radiolabeled
DNA probe __

DNA DNA
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g g
S>e NS
k‘:'é? & &
2 2
FLe£LE
FTISISE
SSTCISS
DNA DNA - - - - - - - - -
sample fragments === o ) o
= - - - - -
é ,».3"'\ - - . - -
% O e — X & e
2 M —cmm- T - -
'&;‘9 =& pons e = =t

MstI site missing in sickle cell

B-Globin gene
| —— 012 1.1 kb
Intron
Mstll Mstll Mstll

(missing in HbS)

S &
Radiolabeled gsf,gﬁ‘g ,55'
DNA probe ___ (§'5§§
& ? ¢ Ry - -
Southern blot analysis
Normal-cell Sickle-cell
DNA DNA
Mstll Autoradiogram
of Southern blot
Gel electrophoresis A S
~—m— = [1.3kb
= 11kb | ——
[ Hybridize
_ with labeled
-globin cDNA.
—_— 0.2kb| ==

Genetic engineering: fungi

* Mainly the yeast Saccharomyces cerevisiae
Integrative plasmids (YIps)
— derived from bacterial plasmids
— have yeast sequences that facilitate homologous
recombination with yeast chromosomes
+ Autonomously replicating vectors, e.g., shuttle
vectors with both bacterial and yeast origins of
replication
* Yeast artificial chromosomes (Y ACs)
— derived from plasmid with centromere and origin of
replication
— widely used for cloning large genomes

Selectable
yeast marker

(a) Yeast integrative plasmid (YIp)

Selectable
bacterial Bacterial replication origin
marker

Cloned region
of interest

(b) Yeast episomal plasmid (YEp)

(c) Yeast centromere plasmid (YCp)

U 2-um plasmid DNA

Yeast replication
origin
___Yeast centromere

(d) Yeast artificial chromosome (YACp)

Telomere origin centromere  of interest

Yeast
replication Yeast Cloned region Selectable

yeast marker  Telomere
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( Gene X* >

Chromosome

‘Smgle crossover at 1

L — 1
< Gene X* Marker Gene X~

Genetic engineering: plants

+ Considerable agricultural importance

+ Considerable controversy regarding health and
environmental safety
— recombinant plants often referred to as GMOs,
genetically modified organisms
* Two major methods for transformation
— Ti plasmid from Agrobacterium tumefaciens

« upon infection of plant with bacteria containing recombinant
Ti plasmids, plasmids are transferred and inserted into host
plant genome

« plasmid itself is genetically modified to include polylinker
(multiple restriction sites) and drug resistance genes

— gene gun to inject DNA-coated micropellets into cells

DNA insert inherited by Mendelian patterns

Chromosome pair Progeny
in transgenic plant ;
4
T-DNA borders =P Self %
—
—— 1 —
Segment of interest - —_—

Microinjection in animal cells

(a) Syncitial region Gonad / Nuclei
K—Aﬁ

5

— & —
e C. elegans
@2 i h
N Micropipette with  £99
DNA solution
(b) One unit of injected recombinant DNA
—

[ [ | [ [
Extrachromosomal array

Integrated array
(—%

| |
Chromosome

Genetic engineering: animals

» Numerous model systems and applications
* D. melanogaster
— transformation using plasmids derived from P
transposable elements

« one recombinant containing ends of P element
needed for insertion flanking the cloned DNA

* one containing P transposase to allow integration
— injected into posterior pole of syncitial egg
— recombinant vector integrates into host
chromosomes
— genes recovered in F, progeny of injected
individuals

Transposable element in Drosophila

(a) Micropipette with DNA solution ~ -
Nuclei 0 oo
6% o
° °
°
Anterior Posterior

~ Eventual location
Drosophila embryo of germ cells
(b) Bacterial vector
P element ends

S,
Chromosome DNA segment of interest——=a”
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Genetic engineering: mice

» Technology developed for mice is potentially
applicable to humans

« Ectopic insertions and gene targeting

— pros and cons to each method
* e.g., ectopic insertion may place gene in
chromosomal location where its expression is
affected, phenomenon called position effect
— targeted gene replacement is common tool
« gene knockout (KO) replaces active gene in entire
organism with inactive version
« KO often prepared using genetically modified
embryonic stem cells

Microinjection and targeted integration in mice

(a) 2 _— Micropipette

72 with DNA

S solution

Nucleus s
\ ’

&
——Single-cell mouse embryo

(b) Chromosome Integrated array
f_}%

Targeting Targeted insertion of vector
vector DNA by homologous recombination
P Neomycin
tk @ analog  Ganciclovir
~ Vector
Cloned .
gene

i Pz
H{g""" neo Chromosome
- |[ >

( & wi
Targetgenein /7 Wih targeted
( chromosome
\ Drug- | cell
Vectors | £giopic 9 laden ¥ with no

n P ' £>| medium insertion
\ \ insertion . 7 pes /
— s S = 2
Exon 1 = & - lom
(protein- J = | | Vectors s o < Fun’
coding Nontarget
domain) Cells to be genein &7 Chromosome| Cell with '~ Cell with
@ altered chromo- <" yith random | targeted l random
some insertion insertion ¥ insertion
) 4
4 B oo e
No insertion /// ) Cells carrying
o vector 47 >4 !avgele((!dr)nu!ancn

Nontarget < Unchanged
L gene In chromosome
(c) chromosome

Knockout mice / chimeras

(a) Targeted
o mutation
a0
(M)} fim) Newborn chimeric male
\ / . (carrying cells from two
Nomal S ala; i mouse strains)
chromosome W

Escels Black female

from b

e 8 Blastocyst-  4/a; M/Mplus A/A; M/m  Surrogate
> iﬂge embryo  Altered embryo mother,

AIA;MIM

Brown mouse

Knockout mice

plus
AlIA;MIm

Mature chimera

i Al=;m/m

Ala; MIM

Mouse gene therapy

(a)  Mouse
metallothionein Rat growth
promoter (MP) \ hormone gene (RGH)

Plasmid

Surrogate mother

lt/litegg 0 —— Y mm—Transgenic baby—‘

-
5;;:;‘;{;_.232*7]0256 s Sl e S
Inerprtaton YT YT T LI T
Transgenic large Dwarf 24 2723 23 24 2526
lit

it

H.@ -lagemice
[,© = it/iit dwarf) mice

MP RGH it it
it ‘

it

= H

it it
Large Dwarf




Gene therapy

(a) Germ-line therapy Mosaic soma
o = &

S d - kS

N -

Transgenic k e &

cell el
Blastocyst
stage

(b) Somatic therapy

éf‘— Transgene

Transgenic clones

8

Knockout mice

Target gene

Embryonic
stem cells

from black
mouse

Transferred &
sequence neo+

o
Mouse Target gene
chromosome "7 9

Homologous
recombination
neo+
=

th+

Mouse neo*

cells V
l

White \

mouse
embryo

Genetic engineering: humans

» Gene replacement therapy or gene therapy
* Many technical and ethical issues
— implications for gene pool for germ-line gene
therapy

— what traits constitute disease rather than just a
characteristic

— risk versus benefit

» Germ-line gene therapy currently
impractical

* Somatic gene therapy in clinical trials

Overview

« Recombinant DNA technology exploits features of genes, gene
expression, and DNA enzymology to create novel DNA
molecules for study.

Foreign DNA is spliced into a vector for amplification,
producing a clone of the inserted DNA.

< Restriction endonucleases cut DNA at specific target sites.

« Polymerase chain reaction (PCR) can be used for specific
DNA amplification.

« Labeled single-stranded DNA or RNA can be used as a probe
to identify molecules containing its base-pair complement.

« Virtually any nucleotide sequence, including restriction sites
can be mapped.

« DNA can be sequenced.

< Transgenes can be constructed and expressed in foreign hosts.
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