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General process of gene engineering
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Construction of recombinant
DNA molecules

I. Fragmenting Complex Genomes
INto Bite-Size Pieces for Analysis



Genome at Specific Sites

i Restriction Enzymes Fragment the

Restriction Enzymes

An endonuclease (#% A VIEE) that
recognizes specific nucleotide sequences
INn DNA and breaks the DNA chain at that

sites
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The Size of the Recognition Site Is the Primary
Determinant of Fragment Length

(a) Calculating Average Restriction Fragment Size

1. Probability that a four-base recognition site will be found
in a genome =

1/4 X 1/4 X 1/4 X 1/4 = 1/256
2. Probability that a six-base recognition site will be found =

1/4 X 1/4 X 1/4 X 1/4 X 1/4 X 1/4 = 1/4096

Different Restriction Enzymes Produce
Different Lengths of Fragments

(b} Intact Human DNA

1. Four-base

Mumber of
fragments
- of each size
) 1 kb
Rsal sitas
—_— -
2. Six-base Nurnber of
fragments
. of gach size
EcoRl sites
3. Eight-base Mumber of
fragments
. of each size
Notl sites

Distribution of fragment
sizes after digestion

0.256kb = 256 bp
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The Timing of Exposure to a Restriction
Enzyme Helps Determine Fragment Size

Intact human DNA

rYr

Enzyme cuts at one
random site in five.

Control the amount of
enzyme or the amount
of time the DNA is
exposed to the
restriction enzyme.



Gel Electrophoresis Distinguishes DNA Fragments According to Size
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Cloned linear DNA segment
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Generating Recombinant
DNA Molecules
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Cloning Step 1: Ligation of Fragments
to Cloning Vectors Creates Recombinant
DNA Molecules

+

Vectors: To serve as a vector, a DNA
molecule must have several properties:

= Autonomously replicate (H &)
= Contain convenient restriction sites
= Carry a selector marker gene CGEFEbnicIEEED
= Easy to recover from the host cell

13



There Are Several Types of Vectors

-

TABLE 9.2 Various Vectors and the Size of the Inserts They Carry

Typical Carrying

Capacity (Size of
Vector Form of Vector Host Insert Accepted) Major Uses
Plasmid Double-stranded circular DNA E.coli Upto15kb cDNA libraries; subcloning
Bacteriophage Virus (linear DNA) E.coli Up to 25 kb Genomic and cDNA libraries
lambda
Cosmid Double-stranded circular DNA E.coli 3045 kb Genomic libraries
Bacteriophage P1 Virus (circular DNA) E.coli 70-90 kb Genomic libraries
BAC Bacterial artificial chromosome E.coli 100-500 kb Genomic libraries
YAC Yeast artificial chromosome Yeast 250-2000 kb Genomic libraries

(2 megabases)
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Plasmid

Donor DNA
(@) | cleavage I AR A Y
by EcoRI : ; :
endonuclease ~ Cleavage Cleavage by EcoRl
sites endonuclease
TTA
AT A AATT AATT AATT
:9’3 o PP v PP e PP 111
Hybridization
(b) Fragments with identical
sticky ends can be joined
to form recombinant DNA
molecule
(c)

Ligation of fragments with
blunt ends is much less
efficient.
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Cloning Step 2: Host Cells Take up and
Amplify Vector-Insert Recombinants

+
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Restriction-enzyme
¢ sites # ¢

Donor DNA — ———
Restriction - —
fragments e _2
] :l | Transformation: a
@ process of cell taking up
| a foreign DNA molecule
Transformation s:%%u:l ,l, l

How Do You Know Which
Cells Have Been

Replication,

e Transformed?
How Do You Know
Whether the Plasmids
Gloe o creot  |nside Bacterial Cells
fegment “™" Contain an Insert?
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pBR322

Vector  £coRV 185

Nhel 229
BamHI 375
Sphl 562

Sall 651

Eagl 939
Nrul 972
BspMI| 1063

Scal 3846
Pvul 3735

Pstl 3609

Ppal 3435

' v R

Cut foreign DNA and -
vector with Sall. {

‘L ampR J

Transform bacteria.

|

Plate on ampicillin.

No insert Insert 18



| t
Cut foreign DNA and nser

vector with Xball.

!

Transform bacteria.

‘l’ ampR amp

v No
Plate on ampicillin and X-Gal. insert Insert 19






i 3 DNAXEE
DNA libraries

= Library: a collection of DNA clones that

contains multiple copies of nearly every
fragment in the whole genome inserted
Into a suitable vector and placed into

storage.

21
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= Making a genomic library

4L

1. Genomic library (&
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Multiple copies of genomic DNA are digested by a
restriction enzyme for a limited time so that only
some of the restriction sites in each molecule are cut.
W L . ‘
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are cut in different S —
places, providing a set I

of overlapping fragments.
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Each fragment is [
then joined to a
cloning vector... [

i

I3 .. .and transferred
to a bacterial cell, ...

B ...producing a set
of clones containing

overlapping genomic
fragments, some of
which may include
segments of the
gene of interest.

Conclusion: Some clones contain the entire gene of interest,
others include part of the gene, and most contain none of
the gene of interest.

A genomic library contains all
of the DNA sequences found
iNn an organism’s genome
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= Calculate the number of clones in a library

Genote size (hp)

Average sizeof | 2% 10% (hacteria) 33107 (fungi) 3:10° (huornan )
clone fragment | Theoretic Theoretic Theotretic
Chpd tnher tmher nnb er
53107 400 4000 600000
10 10° 200 2000 300000
03107 100 1000 150000
AN 10 S0 S00 Fa000

-— N: number of required clones
In(1—P) P: the probability of recovering
In(1—f) a given sequence

f: the fraction of the genome
In each clone

24
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2. cDNA library (cDNAXJFE
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cDNA cloning

(c) Digest mRNA with RNase. cDNA
directs synthesis of second cDNA
strand in the presence of four
nucleotides and DNA polymerase.

(a) Red blood cell precursors
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(b) Add oligo(dT) primer.

Treat with reverse transcriptase
in presence of four nucleotides.
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(d) Insert cDNA into vector.

' Primer mANA

. Growing
cDNA
« MANA

{ Reverse transcriptase

% cDNA
- MANA
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= CDNA libraries represent only the
expressed genes in a given cell type,
tissue, or stage of embryonic
development.
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Genomics Vs.
cDNA libraries

Random 100 kb genomic region

kb 0 12 24 36 48 60 72 84 96
Intron Exon
n
— N =
| | | | | |
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expressed only expressedin  expressed only
in brain all tissues in liver

Clones from a genomic library with 20 kb inserts that are homologous
to this region

— Contains part of gene A
Contains parts of genes Band C

—
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—

Contains only last exon of gene A

Clones from cDNA libraries
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Screening DNA libraries for
genes of interest

1. Screening by functional
complementation

Al

DI REEL AN

AT ik
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Isolate Gal gene of yeast

Making a library of wild type

yeast DNA

Recovery of the wild type
GAL gene
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i 2. Screening with probe (#4f)

= DNA probes:

Short single-stranded DNA, from 10 to
several thousand nucleotides in length,
are usually labeled by radiation or
fluorescent dye (ZZYeHuRl)

Hybridization Is used to identify similar
DNA sequences

31



Master plate containing genomic

o
. L]
library of mouse clones. - - ® ® \‘
- - Labeled

Disk replica human
Add labeled probe. cystic fibrosis
Colonies with complementary DNA sequences

sequences hybridize to probe and restrain it.

: : =) C‘s = Human probe
Overlay a nitrocellulose disk s .(3 ‘ ~ prob
to make a replica of the plate. - R H 1 —
Mouse gene
Nitrocellulose : Original plate

disk Wash disk, expose to X-ray film.

Remove disk from plate and lyse cells on

it and denature DNA with NaOH. Bake
and treat with UV light to bind DNA strands
to disk.

Screening a library of clones by hybridization to
a labeled probe.

Compare with original plate to locate bacterial
clone with desired genomic fragment.

See movie
32




1. Obtaining and copying gene for insulin

= Antibody can be used as probes

-__,_'—'_
Homogenize  Total Convert to cDNA : /I A
* and purify “RNA — " by reversa
Pancreas RNA transcriptase “T
see figure 8.11
(see fig ) cDNA
containing
insulin gene
@ (a) An expression vector allows production of specific
. ] polypeptide
mﬂm Insulin mMRNA E. coli expression
gxpression vecto lasmids). ~—— vector

00000

Introduce into
bacterial cells

Transform
E. coli

Propagate cells. Stimulate
expression of proteins.

Insulin protein
RNA polymerase

/ Insulin
cDNA ~

E. coli 1 '
promoter

Insulin mMBNA

Host
chromosome

Bacterial cell 33



2. Screening for insulin gene expession

Binding
g 7 sites
Fluorescent
I |_-[ag
Overlay plate Lyse cells. Treat
with nitrocellulose with NaOH. Proteins Incubate paper in solution of
paper. adhere to paper. labeled insulin antibody.
Antibodies will bind to insulin

protein.
Co— KA - :

Wash filter. Make autoradiograph. Compare with original plate in order to
find bacterial clone containing human insulin gene.

34



3. PCR Provides a Rapid Method for
Isolating DNA Fragments

Polymerase chain
reaction, PCR

A method for amplifying
specific DNA segments that
exploits certain features of
DNA replication.

How to amplify a gene of interest

Chromosome Gene of interest
(a) In vivo (b) In vitro
e
L /-
Vector Ligase Qi»,‘—o
o | é
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5 cycl f
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= = | = synthesis
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The polymerase chain reaction, part 1

5TTTT] TTTTITITT T 1l m ~ 3' Mutant
SJ-U-U-'-U-_U-! LIl g B-globin allele
Target sequence
Denatures genomic DNA
STTTTTITITIIT T III T ¥
g LLLLLEO IR LR nnnlllg

1.94°C for
5 minutes

Elongation of primers
with Tag polymerase

STITTTITIITT LTI TR @
LAV AVAVAVAVAY R 3.72°C for
2-5 minutes

2. 50-60°C for
2 minutes

Primers base pair at sites flanking
- target sequence of genomic DNA
BERRRRRRRRRRERRRRER " en i

aunaJERRNRUNNRNNRNEN 1] g
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= Amplify a DNA fragment in a genome

see movie
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4. Finding Specific Clones On The Basis Of
Genetic-map Location (Positional Cloning)

Cystic fibrosis (CF, M4 4k4k) was the first genetic
disease for which the causative gene was isolated
entirely by positional cloning

« An autosomal recessive disorder characterized by
chronic lung infections, insufficient production of
pancreatic enzymes that are necessary for digestion,
and increased salt concentration in sweat.

e It is among the most common genetic diseases In

Caucasians, occurring with a frequency of about 1 in
2000 live births. About 5% of
all Caucasians are carriers of
the CF mutation.

39
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Linkage analysis was
carried out on families
with cystic fibrosis. ..

Linkage analysis

q31-32
Chromosome 7 GG e

...and an association
was found between the
inheritance of molecular
markers from
chromosome 7 and CF.

-

|
MET D758

Further

(1.5 cM, 1500 kb)

inkage analysis

||
MET D75S340 D7S122 D7S8

Linkage studies with
additional markers
indicated that the CF
locus is close to markers
D75340 and D75122.

| (500kb)

Clones isolated Clones from the region
were isolated by

Overlapping Chromosome | chromosome
clones jump walking and jumping.
I - e Lo L T —
I I I [
| I | | I |
Linked Genes Analysis of DNA sequences
marker gene within clones revealed four

candidate genes.

I I I |

Four candidate genes

Further studies Additional studies
of linkage and eliminated three of the
expression candidate genes.

[ IS0
|
Potential CF gene

) DNA sequencing revealed
Sequencing of the presence of a 3-bp
the gene deletion in the gene of

the CF patient.

Person with CF 3-bp deletion

N =
TATCAT TGGTGTTTCCTA CFTR
TATCATCTTTGGTGTTTCCTA
Healthy person \
Sequence from coding
region of gene




Using a chromosomal walk to order a set of clones

Collection of
L [ overlapping
¢ » clones covers

the entire region
between markers

[ ]
—7q31.2

7q22 7q31.2

Direction of ——
chromosome walk
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5. DNA Sequencing Is the Ultimate
Way to Characterize DNA Structure
at the Molecular Level

Dideonucleotide chain-termination sequencing (Sanger sequencing)

AAT G CCAK G A CACT AT AGGGCGAATTCGAGC TACCCGGGGATCCTCT AGAGTCGACCTGCAGGCATGCAAGCTTGAGTATTCT
10 20 30 40 50 B0 90
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT TCCGCTCACAATTCCACACAACATA
100 110 120 130 140 150 160 170 180
F r | ("
. LAM W\A RIR /\ A[\ '\£

Next generation sequencing technology
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The gold standard for establishing the function
of a gene or genetic element is to disrupt Its
function and to understand phenotypes in
native conditions.

Reverse-genetic analysis starts with a
known molecule—a DNA sequence, an mRNA,
or a protein—and then attempts to disrupt this
molecule to assess the role of the normal gene
product in the biology of the organism.

43



Targeted gene knockout

Disrupting gene function with the use
of targeted mutagenesis

Gene A with
mutant
segment

Mutant
sequence

Chromosome
5 Gene A 3
Recombination between
mutant transgene
and chromosomal gene
Mutant gene A
Chromosome
5 3
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A basic strategy for producing a knockout mouse

1. Designing the targeting vector

% Vector
bt ) LY !,
w S L

LAY LY
,° Y, Targetgene P

th Genome

1

2. Transform ES cells with targeting vector and
select cells for recombination

‘_ﬁ’
-:‘ - - ;
LT
Tl ES cells from
l agouti mouse

3. Microinject ES cells into blastocyst from black-color
mouse

Inner cell mass

4. Transfer into pseudo-pregnant foster mother,
birth of chimeras

/' N\

MNormal Chimeras

5. Chimeric mouse bred to black mouse to create
mice heterozygous (+/—) for gene knockout

(+/-) - B Y ‘
/9 l §

(+/1)

6. Breed heterozygous mice to produce
mice homozygous (—/—) for gene knockout




Wild-type BEMP7 mutant
]

Adrenal gland

"4 Kidney

Morphological analysis of BMP7 knockout mice
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= RNA Interference (RNAI)

Disrupting gene function with the use of RNA interference

1 dsRNAis 1 Atransgene containing a 1 A transgene containing two
synthesized reverse repeat is introduced promc}tgrs in upposite%rientatiﬂns
in vitro. into the genome. is introduced into the genome.

a'a"a"a%a"a%"
5; Sr > — w
3’ EEEEE 5 — -
2 RNA transcript forms 2 Complementary RNA
l atseli-cc}ér}plememary molecules are transcribed
stem and loop. and hybridize.

2 dsRNA is injected S’W 5 a3
into cell. 3 dsRNA 5 TTTT T TTT 2, dsRNA
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s CRISPR-Cas9

DSB)
NHEJ/ NHEJl HR\ DNAZKiHR
R
i 1 ¢
MO 2 A A S
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i- Knock-in: making a transgenic organism

In a transgenic, the transgene Is often
overexpressed in order to study its effects on
the appearance and functions

49
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The figures and tables are cited from:

Genetics (From genes to genomes), Leland
Hartwell, Mcgraw-Hill Companies, Inc

Concept of Genetics, William S.Klug, Prentice Hall,
Inc

Introduction to Genetics Analysis, Anthony J.F.
Griffiths, W.H.Freeman, Inc

Principle of Genetics, D.Peter Snustad, John Wiley
& Sons, Inc

Genetics-A Conceptual Approach, Benjamin A.
Pierce, W. H. Freeman
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