Colonie High AP Biology

GENETIC  ENGINEERNG 10|
—

“Okay—is there anybody ELSE whose homework ate their dog?"

Chapter 16

Biotechnology:
DNA Technology & Genomics

Biotechnology

= Genetic manipulation of organisms is
not new
+ humans have been doing this for
thousands of years
= plant & animal breeding

Evolution & Breeding of Food Plants

= “Descendants” of the wild mustard
« Brassicagenus

DeMarco/Goldberg

The BIG Questions... E

= How can we use our knowledge of DNA to:
« diagnose disease or defect?
o cure disease or defect?
« change/improve organisms?
= What are the techniques & applications of
biotechnology?
« direct manipulation of genes for practical

purposes

Because all organisms use
the same genetic code,
scientists can make a plant
glow like a firefly.

Evolution & Breeding of Food Plants
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modern corn (right). The middle figure shows possible

Evolution of Zea mays from ancestral teosinte (left) to
hybrids of teosinte & early corn varieties
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Biotechnology Today Bioengineering Tool Kit
® Genetic Engineering = Basic Tools
« manipulation of DNA « restriction enzymes

« ligase

« plasmids / cloning

«+ DNA libraries / probes
= Advanced Tools

+ PCR

«+ DNA sequencing

« gel electrophoresis

« Southern blotting

« microarrays

«if you are going to engineer DNA &
genes & organisms, then you need a
set of tools to work with

o this unit is a survey
of those tools...

BIRII RS

Our tool kit...

Cut, Paste, Copy, Find... Cutting DNA
= Word processing metaphor... ® Restriction enzymes
* cut « restriction endonucleases
* restriction enzymes + discovered in 1960s
¢ paste « evolved in bacteria to cut up foreign
* ligase DNA (“action restricted to foreign DNA”)
+ copy = protection against viruses
= plasmids & other bacteria
* bacteria + bacteria protect their
+ transformation own DNA by methylation
« PCR & by not using the base
. sequences recognized
o find by the enzymes in their
= Southern blotting own DNA
= probes

1960s|1978

Restriction Enzymes Discovery of Restriction Enzymes E

= Action of enzyme

Madam I’'m Adam

CTGAATTCCG

o cut DNA at SpeCifiC GACTTAAGGC
sequences

= restriction site .
X

+ symmetrical “palindrome”

. CTG |AATTC CG WernerArber Daniel Nathans Hamilton O. Smith
e produces protruding ends
sticky ends e Restriction enzymes 5‘m§§a;gzum ¥
= SUCKy ends
X are named for the gelllliinnananananannaanan .

= Many different enzymes organismthey come | _ CTTARG :1 '
from: 3“\JJ\JJ\JJ\JE /. aananannn 5

+ named after organism they EcoRI = 1st
EcoRl, restriction endonuclease

are found in restriction enzyme AATTC

c 5 ]
. . in E. coli ST Yo Ty’ BiOUNIOIIuaaay
EcoRI, HindIII, BamHI, Smal found in E. coli . —“JJUJ . 3‘|;1_u;_1_uju nnnn .
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Restriction enzyme
recognition sequence . . .
Paste DNA - — Biotech Use of Restriction Enzymes

3 INC T TAAG N 5

. . ( m
* Sticky ends allow: |
Restriction enzyme ’ 3 3
« Hbonds between ="
complementary Rescﬁit?{ﬁg BNAT
Sticky ends (complementar
bases to anneal =‘éw “”G°= smg)l,e strar(\dedFI%)NAtalls)y
- Ligase Sticky end
¢ enzyme “seals” Addition of a DNA “”§= Add DNA from another m=
fragment from CTTAR source cut with same
strands ;ﬂﬂgﬂ:ﬂﬁ""ﬁ DNA fragment produced by restriction enzyme
. bonds sugar- |oaggameer 2: el the same restriction enzyme
base pairing
phosphate bonds

= covalent bond of  EmmG AATT c oG ANTT CHmm—

DNA backbone One possible combination . DNAligase
joinsthe strands.
DNA ligas
seals the strands 1
Recombinant DNA molecule mem

DNA molecule

Gel Electrophoresis Gel Electrophoresis

= Separation of DNA fragments by size

+ DNA is negatively charged
= moves toward + charge in electrical field

3.Cool the mixture 4. Gel solidified at
« agarose gel t0 65°C and pour Foom temperature.
= “swimming through Jello” into mold
Comb inserted into Comb removed;
= smaller fragments move faster mold to make wells wells remain
Mixture of DNA . %
molecules of st wi icti 2. Boil mixt :
e U U [ymﬂmmlm cut DNA 18t with restriction enzymes B
° | |
wie BT Longer molecules
Pe = = = 1. Mix agaroze
'ower - -
Power, _ = Z and buffer Finished gel
Gel - - =
Glass = = —|| Shorter molecules
7 plates °
© Anode Completed gel
° ]

Gel Electrophoresis

DNA and
restriction
endonuclease___

' aa

DA
Sarmple pNA  DNA
A Sample Sample

\ \ X ) Cathode (b)

L :
plates {,, Anode Completed gel

Lonser fragments

Shoner fragments|

- . i
Glass<—

Mixture of DNA fragments  Electric current applied, fra?ements migrate
of different sizes in down the ?el by size—smaller ones move faster
solution placed atthetop  (and therefore go farther) than larger ones

(a) of "lanes" in the gel
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Measuring Fragment Size

= compare bands to a known “standard”
« usually lambda phage virus cut with Hindlll
= nice range of sizes with a distinct pattern
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RELP

= Restriction Fragment Length Polymorphism
« differences in DNA between individuals

w x y
W G €CG
Allele 1 dgu ogee
: !
Difterencein —— "
base sequence
A z y
ACGG ccaeaG
Allele 2 ‘,Fcc nf,ac
Cut
(a) DNA from two alleles (c) Completed gel

Aliele 1 © | " ‘o «changein DNA sequence

affects restriction enzyme

- y “cut” site
Aheniim | | ‘° «will create different band
~ shor pattern
tragments. fragments

(b) Electrophoresis of restriction fragments

Polymorphisms in Populations

= Differences between individuals at the
DNA level

Restriction endonuclease Larger ., Smaller
P _cutting sites fragments fragments
v v
e~ — LY — G ®

Single base-pair
change
[~ — =) — O ©)

Sequence duplication
— P )
_‘ I I
(a) Three different (b) Cut DNA

DNA duplexes (c) Gel electro horesis of
restriction ragments

RFLP Use in Forensics

= DNA evidence -

- o (4] U]
Crime scene Suspect 1 Suspect 2

RFLP Use in Forensics

= 1st case successfully using DNA evidence
« 1987 rape case convicting Tommie Lee Andrews

“standard”
: Victim
semen sample from rapist s's semen
blood sample from suspect Suspect’s blood
“standard”

“standard”

Victim
semen sample from rapist m———- g Rapist's semen

blood sample from suspect 1 Suspect’s blood
“standard” -.'*—
I

ot % 4
3% 2% B
I N N
) Ry Do B
o ol
RFLP Use in Forensics

= Evidence from murder trial
+ Do you think suspect is guilty?

blood sample 1 from crime scene

blood sample 2 from crime scene

blood sample 3 from crime scene s
“standard” |
blood sample from suspect@

blood sample from victim 1 !

ﬁe

blood sample from victim 2

“standard” |
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Southern Blot
= Want to locate a sequence on a gel?

DNA tricti Restriction "

:n’:”": ion fragments g;n;:‘r:enulosa Paper
=5 S L e e Gel

———= e rn />

| | Sponge '9

\\/‘ o QT
Alkaline
! solution
@ Restriction fragment preparati [2] i © Blotting

Paper blot
peeled off

—
DNA probe
in solution
in plastic bag

@ Hybridization with radioactive probe @ Autoradiography

DeMarco/Goldberg

stack of paper towels remove nitrocellulose

paper with tightly bound DNA

tabaled DNA
of known sizes as
i rs

LABELED DNA PROBE
HYBRIDIZED TO
SEPARATED DNA

OTTEL
BY AGAROSE GEL ELECTROPHORESIS ONTO NITROCELLULOSE PAPER

Southern blot

= Transfer DNA from gel to
filter paper
= hybridize filter paper with

LABELED DNA PROBE HYBRIDIZED.
TO COMPLEMENTARY DNA BANDS

VISUALIZED BY AUTORADIOGRAPHY
®

Hybridization in Southern Blotting

= Use radioactive probe to locate gene on

tagged probe =
+ fragment with matching wtons = | s
sequence “lights up” aiod \ = _7 vanda
Restriction ble
Copy DNA orayme s
® Plasmids om gl

« small, self-replicating
circular DNA molecules Jericter
= insert DNA sequence into plasmid
+ vector = “vehicle” into organism
« transformation
= insert recombinant plasmid into bacteria
* bacteria make lots of copies of plasmid
= grow recombinant bacteria on agar plate
¢ clone of cells = lots of bacteria

= production of many copies of inserted gene

DNA — RNA — protein — trait

Restriction
enzyme site

filter paper joactive probe (singl DNA)
+ 90 back t0 gel FERESEHT, e =
& cut out
piece of DNA ‘ﬂﬁ é ,,;p;
you want to
collect s
fn1CS
e
a1 Gd
P 1cS
Recombinant Plasmid

= Antibiotic resistance genes as a selectable marker
= Restriction sites for splicing in gene of interest

Selectable marker Clal

= Plasmid has both EcoRI| Hind Il
“added” gene &
antibiotic resistance
gene
= If bacteria don’t pick(” Ampicillin
up plasmid then die \Jesistance
on antibiotic plates

= If bacteria pick up
plasmid then survive on
antibiotic plates

= selecting for successful
transformation

Sall

Tetracycline
resistance

Origin of J

DNA replication

LacZis one Screening System

= Make sure inserted plasmid is
recombinant plasmid Inserted DNA LacZ'
« LacZ gene on plasmid {
produces digestive enzyme ~ \__J \j

Plasmid ini
= lactose (X-gal)—>blue D’,"‘; St P:mgd wl-)u';:m
= blue colonies within LacZ' gene

« insert foreign DNA into , _—
LacZ gene breaks gene QES O =)

Bacterit ith i i
= lactose (X-gal) % blXe in.c:iv:r'&"c';:.m ammm

= whitecolonies
« white bacterial colonies

have recombinant plasmid S gene
wnchmduou produ
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Need to Screen...

= Need to make sure bacteria have
recombinant plasmid

EcoRI allin LacZ gene
BamHI

gene

Hindll
LacZ gene

broken
LacZ gene

lactose —» blue color lactose 3¢ white color

plasmid recombinant
plasmid
_amp amp
resistanc resistanc
origin of

replication

DeMarco/Goldberg

restriction sites inserted

of interest

Selection for Plasmid Uptake

= Ampicillin becomes a selecting agent

« only bacteria with the plasmid will grow
on amp plate

only transformed

all bacteria grow bacteria grow

= — (-
O @ o O S
- o o o
=y - - =l — [—
- =4 (- (-
N 4 =
LB plate LB/amp plate

Amp Selection & LacZ Screening

lacz’ gene (functional) Bacterial cell that did not take up plasmid

\O @C% \'(ngffﬁncuonal)
77

Fragment of DNA

@O /5 f \ @ &5 amgh gens

B Gerlle cl‘l' |nt§res!
Eliminate cells acterial cell without 1 Z
\without plasmid| recombinant DNA g@é’ﬁ I‘a’:’“

Idenhfy cel|s
recombman! DNA in med|a
-)

-gene of interest
-LacZ gene

-amp resistance

Colomes :Illh

\ Ampicil]ini/
LB/amp () &
Cells that did not take up the
plasmid are not resistant to
amplcﬂhn and do not form

ies on media
this antibiotic.

Cells that did not take up
DNA fragments have functional
lacZ' genes, are able to

bolize X-gal, and turn blue
on media that contain X-gal.

_— (b) \"h“‘ LB/amp/Xgal(lac)

Gene Cloning

Bacterium @ Isolation of plasmid DNA
and DNA containing gene of int
0O) — s

-l @ Gene inserted
Bacterial Plasmid \ into plagmid
chromosome
Fﬁlclﬂl\lynum DNA . GEHB 0'

iy e

(e i 55

emumuu put into
bacterial cell

Recombinant
bacterium

@ Celis cloned with gene of interest

Gene for pest | 7/
resistance

inserted into @Various applications.
plants
Basic <
;neg:::!n Gene used to alter bacteria Protein dissolves blood clots  on protein

for cleaning up toxic waste in heart attack therapy

Cut, Paste, Copy, Find...
= Word processing metaphor...

‘/CUt
= restriction enzymes
Jpaste
= ligase
Vcopy
v(plasmlds
+ bacteria
+ transformation
= PCR (chapter 11)
o find
Southern blotting
= probes

What if you don’t have your
gene conveniently on a chunk
of DNA ready to insert into a
plasmid?

Have to find your “gene of
interest” out of the entire
genome of the organism...
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Cell containing gene
of interest

DNA Libraries _

= Cut up all of nuclear DNA @ { ES‘"Z'IS"Y,%?.“"‘“
restriction
from many cells of an oNAot enzyme

chromosome

organism S——
« restriction enzyme

n H Recombinant
Clone all fragments into plasmid

plasmids at same time
+ “shotgun” cloning

= Create a stored collection of
DNA fragments

« petridish has a collection
of all DNA fragments from  g.cieria
the organism clone

() Plasmid library

DeMarco/Goldberg

Making a DNA Library

all DNA from many cells of
an organism is cut with
restriction enzymes

engineered plasmid with
selectable marker &
screening LacZ gene
) gene of interest

7 A csza
{ @ 2
o< 0O
s &
all DNA fragments /

inserted into many
plasmids @) @
clone plasmids
+ into bacteria

(& ( = (@ ( =
(®) ( =) (&) (=

Making a DNA Library

recombinant plasmids
inserted into bacteria

gene of interest

bacterial colonies (clones)
grown on LB/amp/Xgal petri
plates

Finding Your Gene in DNA Library

= | ocate Gene of Interest

o to find your gene you need some of
gene’s sequence
= if you know sequence of protein...
+ can guess part of DNA sequence
+ “back translate” protein to DNA
= if you have sequence of similar gene from
another organism...

Locating Your Gene of Interest

= DNA hybridization
« find gene in bacterial colony using a probe
= short, single stranded DNA molecule
= complementary to part of gene of interest
= tagged with radioactive P32 or fluorescence

+ heat treat genomic DNA
= unwinds (denatures) strands

« DNA hybridization between probe & denatured DNA
A

- -
7 labeled probe

genomic DNA

+ use part of this sequence = (-
@ —
[ —]
s (-
N O — /
™
Hybridization
Locate
Cloning - expose film

- plate with bacterial
colonies carrying
recombinant plasmids

- locate colony on plate
from film

Plate+fi|:% = \' 2 ,’fi|m
9 777‘\ /('
Replicate plate /' <5

- press filter paper onto e > : |~ Hybridizat brid_ization
plate to take sample of . - heat filter paper to
denature DNA

cells from every colony

filter

-wash filter paper with
radioactive probe
which will only attach
to gene of interest
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Problems...

= A lot of junk!

than genes in it
® |ntrons, introns, introns!
«if you want to clone

a human gene into i€ only tock you

. 65299 seconds,
bacteria, you can’t
have ‘em...

Solution...
+ human genomic library has more “junk”

DeMarco/Goldberg

" Don’t start with DNA
= Use mRNA

« copy of the gene without the junk!

= But in the end, you need DNA to clone into
plasmid...

= How do you go from RNA — DNA?
« reverse transcriptase!

-

Ve P o
> =)
-

e
.

coding sequences of

CELL NUCLEUS
DNA of Exon Intron Exon Intron Exon
expressed genes e
+ extract mRNA from J © Transcription
cells ey
« reverse transcriptase l o)
= RNA— DNA MANA
from retroviruses

« cloneinto plasmid
= Applications

TEST TUBE from cell and addition
Reverse transcriptase
« need edited DNA for

© Isolation of mRNA

of reverse transcriptase;

expression in bacteria coNAstrand

= human insulin

@ Degradation of RNA
© Synthesis of second
DNA strand

(no introns)

CDNAof gene p—
—

cDNA (complementary DNA) Librarie@
= Collection of only the

synthesis of DNA strand

Where do we go next?
DNA ===p RNA ===p protein ===y trait
= When a gene is turned on, it creates a trait

¢ want to know what gene is being expressed
extract mRNA from cells

How do you match
. RNA back to DNA in
mRNA = active genes 0
g cells?2?
Lo Tissuesample

< n—
-
T A — MRNA molecules
=

Microarrays

slide with spots of DNA
each spot = 1 gene

= Create a slide with a sample of each gene
from the organism

« each spot is one gene

= Convert mRNA — labeled cDNA
mRNA from cells
MEALAL LU

mRNA — cDNA

Tissue sample

reverse
1 transcriptase
= n—
mRNA molecules Luheled cDNA

(single svsnas)
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i slide with spots of DNA
Microarrays each spot = 1 gene

= | abeled cDNA hybridizes with DNA on slide

+ each spot = gene matched to mRNA
+ each spot = expressed gene
MRNA — cDNA | cDNA matched to genomic DNA

O\‘ mRNA molecules

Labeled cDNA

molecules

(single strands)
Labeled cDNA l

molecules

(single strands)

DeMarco/Goldberg

Application of Microarrays

2-color fluorescent tagging

= Comparing treatments or conditions =
Measuring change in gene expression
« sick vs. healthy; cancer vs. normal cells
« before vs. after treatment with drug
« different stages in development
= Color coding: label each condition with different color
« red = gene expression in one sample
« green = gene expression in other sample
. =gene expression in both samples
« black =no or low expression in both

“DNA Chip”

= Patented microarray technology from
Affymetrix
+ automated DNA synthesis of genes of
interest on chip
= chips are more consistent
= smaller spots/more spots
per chip
« can buy specific chips
= human chip
= mouse chip
= etc.

Biotechnology Today: Applications

= Application of DNA technologies
# basic biological research
« medical diagnostics
« medical treatment (gene therapy)
« pharmaceutical production
o forensics
e environmental cleanup
e agricultural applications

...and then there’s the ethics issues! |

Application of Recombinant DNA E

®= Combining sequences of DNA from
2 different sources into 1 DNA molecule

« often from different species
= human insulin gene in E. coli (humulin)

= frost resistant gene from Arctic fish in
strawberries

= “Roundup-ready” bacterial gene in soybeans

= BT bacterial genein corn

= jellyfish glow genein
Zebra “Glofish”

What’s next?

= After you have cloned & amplified DNA
(genes), you can then tackle more
interesting questions
«+ how does gene differ from person to
person?
= ...or species to species
«is a certain allele associated with a
hereditary disorder
«in which cells is gene expressed?
+Whereis gene in genome?
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