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ODbjectives

* Briefly describe VNTR, STR and RFLP

» Describe the principle, including the target, for:
Southern, Western, Northern and Southwestern
blots.

« Compare and contrast the 4 blotting methods.

« Given a target state the best method for
detection.

« State 2 clinical applications for detecting VNTRS,
STRs and RFLPs.

« Given the background information and results of a
blot, interpret the results.




Introduction

« A wide variety of techniques exist in the molecular
laboratory.

« Knowledge of the targets and appropriate
techniques to detect them are an integral part of
molecular methods in the clinical laboratory.

* The following slides provide a review of targets
and techniques used to detect the targets.




Introduction

 VNTR - variable number tandem repeats

— Location in a genome where a short nucleotide Is
organized as a tandem repeat

— These can be found on many chromosomes and
often show variations in length

— Each variant acts as an inherited allele allowing used
for identification

— Useful in genetics, biology research, forensics and
DNA fingerprinting




Introduction

« STR —short tandem repeat in DNA

— Occurs when a pattern of TWO or more nucleotides
are repeated and the repeated sequences are
adjacent to each other.

— Pattern can range in length from 2 to 10 bp

— Typically in non-coding intron region

— Count how many repeats of a specific STR at a given
locus can create unigue genetic profile

— Currently over 10,000 published STR seguences in
human genome

— Prevalent method for determining genetic profiles in
forensic cases.




Introduction

« STR

— Analysis is performed by extracting nuclear DNA
from cells of interest.

* DNA is amplified using PCR.

* Tested by gel electrophoresis or capillary
electrophoresis.




Introduction

 RFLP - restriction fragment length polymorphism

— Variation in the DNA sequence of a genome detected
by breaking DNA into pieces with restriction
enzymes.

— Analyze fragment by gel electrophoresis

— Important tool in genome mapping, localization of
genetic disease genes, determination of risk for a
disease, genetic fingerprinting and paternity testing




Restriction Fragment Length
v2fPolymorphism (RFLP)

Enzymes cut DNA at specific sequences
Restriction sites are often palindromes:
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Restriction Fragment Length Polymorphism (RFLP)

DNA Extracted from
Restriction eznyme cleavage
of DNA
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Can be used for species or population
identification

Human mt DNA has 2 EcoR1 restriction sites
Honey bee mt DNA has 5 restriction sites

dlgestlng human and honey bee mtDNA with the
EcoR1 restriction enzyme? Hint: mtDNA is circular in
both humans and honey bees.




Can be used for analysis of relatedness
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Using RFLP polymorphism to stuay
population genetic structure and
evolution

\ Advantages: variants are co-dominant; measures
variation at the level of DNA seguence, not protein
sequence.

Disadvantages: labor intensive; requires relatively
large amounts of DNA




RFLP - Applications

Agriculture — direct method for selecting desirable
genes such as disease resistance

Forensics

Genetic mapping

— Determine disease status of an individual, ie,
Huntington’s chorea

— Cystic fibrosis
— Sickle cell anemia

Genetic counseling — very important when
discussing results with patients or parents who
use this technology to have children who are free
of genetic disease.




Blotting

 All technigues use electrophoresis to separate.
 Difference in techniques lies in the target

* Four applications
— Western
— Southern
— Northern
— Southwestern




Western Blot

« A technique used to identify and locate proteins
based on their ability to bind to specific
antibodies.

« Detect protein of interest from a mixture of a great
number of proteins.

« Gives information about size of protein in
comparison to size marker or ladder.

Similar in principle to ELISA, but is more specific.




Western Blot

* Procedure
— Separate proteins by SDS-PAGE
— Transfer proteins onto membrane
— Add primary antibody to protein of interest

— Add secondary antibody, specific for primary
antibody, attached to an enzyme

— Add substrate to visualize bands.
* Question: What is the purpose of the blocking

agent? Hint: review SDS-PAGE link at end of
presentation.
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Southern Blot

« Southern blot hybridization is one of the most
commonly used molecular techniques to detect
specific DNA sequences using labeled probes.

* Four steps:
— DNA extraction
— Electrophoresis to separate
— Transfer to membrane

— Use labeled probes, which will hybridize to specific
sequence, to identify sequence of interest
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Separate DNA on an
Agarose Gel Transfer or BLOT DNA
fragments from GEL to
PROBE Membrane

Membrane with Radiolabeled probe
DNA bands Incubated with Bound DNA Bands

n transferredto it a Membrane n are Exposed on Film




Northern Blot

« Used to study gene expression.

 Similar to Western Blot but MAJOR difference is
that RNA is analyzed.

« Gels may be run on either agarose or denaturing
polyacrylamide, the latter being preferable for
smaller RNA fragments.

 Formaldahyde is added to gel and acts as a
denaturant to agarose.

* For polyacrylamide, urea is the denaturant.

* Not used much for diagnostic, mainly used in
research.




Northern Blot

* Three types of RNA: tRNA, rRNA and mRNA
* Northern blot isolates and hybridizes mRNA

* Procedure
— MRNA extracted from cells and purified
— Separate with electrophoresis
— Transfer onto membrane
— Use labelled probes to identify mRNA of interest
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Southwestern Blot

« Combines features of Southern and Western
blotting techniques.

» For rapid characterization of both DNA binding
proteins and their specific sites on genomic DNA.

* |nvolves identifying and characterizing DNA-
binding proteins (proteins that bind to DNA) by
their ability to bind to a specific oligonucleotide
probes.

 |dentification of protein factors that bind to genes
to turn them on or off is therefore important in
Investigating gene functions.

* Primary use is for research, not clinical
applications.




Southwestern Blot

* Procedure
— Separate proteins using SDS-PAGE
— Renatured by removing SDS in presence of urea
— Transfer to membrane

— Genomic DNA of interest is digested by restriction
enzymes, labeled and added to separated proteins.




Comparison of Blotting Methods

Southern Northern WESIGI Southwestern
y What is DNA cut with Denatured RNA Protein denatured Characterizes
separated restriction with SDS DNA binding
enzymes proteins
Probe Radioactive Radioactive gene  Antibody against Labelled DNA
gene X DNA X DNA protein X, labeled probes

with enzyme or
radioactivity

What do you Restrictionmap  How much gene X How much protein Identify
learn of gene X MRNA is present. X is present. expression of

chromosome How long is gene  How large is protein SPecific DNA
X MRNA X. binding proteins.




VNTR

« Rectangle blocks represent repeated DNA sequences at a
particular VNTR location

 Repeats are tandem — clustered together and oriented in
same direction

 Repeats can be removed or added leading to alleles with
different numbers of repeats.




VNTR

 VNTR blocks can be extracted with restriction enzymes
and analyzed by RFLP or amplified by PCR and size
determined by electrophoresis

« The picture below illustrates VNTR allelic length variation
among 6 individuals.




VNTR

 The like
same al

* VNTR a

and breeding patterns in animals.

* Important source of RFLP genetic markers used
In linkage analysis (mapping) of genomes.

* Has become essential to forensic crime
Investigation.

 May use PCR.

« Size determined by gel electrophoresis and
Southern blotting to produce pattern of bands
unique to each individual.

iIhood of 2 unrelated individuals having
elic pattern extremely improbable.

S0 being used to study genetic diversity




VNTR — Clinical Applications

« Microbiology

— VNTR typing as the next gold standard in the
molecular epidemiology of tuberculosis

— Genotyping for early diagnosis of M. tuberculosis
super-infection or mixed infection.

— Visit http://www.ncbi.nlm.nih.gov/genomes/lproks.cqi
for list of organisms

* DNA fingerprinting



http://www.ncbi.nlm.nih.gov/genomes/lproks.cgi

The following diagram illustrates how VNTR analysis can
be used to diagnose sickle cell anemia in a family.

« Parents are carriers (heterozygotes)
* Refer to http://tinyurl.com/c9xxr2 for the case study.

|:I ’ Parents

Children



http://tinyurl.com/c9xxr2

STR — Applications

Forensics

— The Federal Bureau of Investigation (FBI) has
chosen 13 specific STR loci to serve as the standard
for CODIS.

— Mass disasters
— Paternity testing
— Military DNA “dog tag”
— Convicted felon DNA databases
« Bone marrow transplant follow up

— Important for establishing graft rejection and disease
relapse

— The ratio of allele peak heights between donor and
recipient good indication of success




PCR based methods: don’'t need much
DNA

RAPD: randomly amplified polymorphic DNA
AFLP: amplified fragment length polymorphism

VNTR: variable number tandem repeats; including
. microsatellites
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RAPD: randomly amplified polymorphic
DNA

Electrophoresis of PCR products

PCR primer sequence ’

location and orientation
Amplified PCR products

Chromosomes

B
D
C
E
A







s JRAPD Analysis QesHon:
\' 1. Is the locus represented by

band “B” polymorphic?
Band A?

. Is individual 232 a
homozygote or
heterozygote for alleles
represented by band “B”?
What about individual
2367

. Does band “B” represent a
longer or shorter DNA
455 205 232 236 481 fragment than band “A”.

G1 G2 G3
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o AFLP: amplified fragment length

A
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Digestion of DNA with
two enzymes

ll Ligation of adapters
to fragment ends

Primers
complementary to
adapters and to 3’
region of some of the
fragments




AFLPs (Amplification Fragment Length
polymorphisme)
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AFLPs

Advantages: fast, relatively inexpensive, highly
variable.

Disadvantages: markers are dominant. Presence of
a band could mean the individual is either
heterozygous or homozygous for the sequence--
can't tell which.




RAPDs and AFLPs

Good for distinguishing between populations

Often used for trait mapping studies because they
are variable between the populations that are
crossed




VNTR: variable number tandem repeats




Microsatellites

\ * Not a tiny orbiting space craft

A * Most useful VNTRs

N 2, 3, or 4 base-pair repeats

« A few to 100 tandem copies

 Highly variable ——

« Many different microsatellite loci (1000s) in any
species




CHROMOSOME

CHROMOSOME FIBER

DNA DOUBLE HELIX
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Flanking Microsatellite Flanking
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Design primers to flanking regions

@ Use PCR primers P1, P2 to amplify alleles in genomic DNA samples
CA CA CA CA [CA[CA CA CA CA CA CA'CA CA|CA|CA|CA | 2=108{ —
= TIGTIGT!GTIGTIGTIGT|GT|GTIGTIGTIGT! G GT GTIGT .
| o [——
Rl * . 206p 3=102 { —
PCR product = 80 + 32 = 112 bp ji——— = =)
A B
> P2
9 Allele 2 = (CA), i am—
pooses, {CA|CA[CA[CA[CA|CA|CA|CAICA|CA|CAICA|CAICA
, . GTIGT|GTIGTIGTIGTIGTICTIGTIGTIGTIGT GTIGT]
\LLL P1 *
\ooesess PCR product = 80 + 28 = 108 bp
\:~~000'
\\poroo® Aliele 3 = (CA) e

— CA|CA|CA[CA|CA CAICA\CA CAICA|CA
GTIGTIGT/GTIGTIGT!GTIGTIGTIGTIGT!

P1
— v
PCR product = 80 + 22 = 102 bp

@ Denature PCR products and size-fractionate by polyacrylamide gel electrophoresis
(3) Autoradiography

Figure 6.7: PCR can be used to type short tandem repeat polymorphisms (STRPs).
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1718 19 20 21 22 23 24 232H 2728 29 30 3132 33 34 35

N s

-3

b 3% agarose gel 29 26 27 28 29 30 31 32 33 34 35
500bp

Fig. 2a + b: Bambara SSR fragments separated  40Cbp
by polyacrylamide (blue fragnents) and agarose
gel electrophoresis 300bp

200bp




Microsatellites

\ Advantages: highly variable, fast evolving, co-
domininant

Relatively expensive and time consuming to develop




Microsatellites

Used for within-
‘ population studies;
not as much for
between-population
studies b/c they
evolve too fast

Paternity analysis and
other studies of
Kinship




Microsatellites

Questions:
s\ 1. Isthe locus )
- represented by the

bands at the arrow

polymorphic?

e . If it is polymorphic, how
200000 many individuals are
CXTEEE heterozygous? — —

eeee 3. HOw many individuals
are homozygous for
the “short” allele? - -
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Using Computers for
DNA Sequencing




Sequencing

Often used for phylogenetics (especially sequences
j\ of mitochondrial genes).

A|so used for studies of molecular evolution (e.g.,
compare rates of synonymous vs. non-
..| synonymous substitution)




The Human Genome Project

The Human genome is now officially sequenced.
That was a big job, how did they do it?

Is there anything that a knowledge of bioinformatics
tells us that we should watch out for in the human
genome sequence?




The Biological Basis of DNA
Sequencing Technology

N and manual) relies on the Sanger method
— DNA replication with dideoxy chain termination

- — separation of the resulting molecules by polyacrylamide
gel electrophoresis.

* Then the cloned DNA must be copied in a test tube
(in vitro ) by a DNA polymerase enzyme to obtain
a sufficient quantity to be sequenced.




L I T

v, EJUEeNcing

onte ide ge fo — LEnIn B ddTHYMINE
fragment separation ) I;":.DENINE . E dd ADEMNINE

“H T “q il B cuanine § ddGUANINE
L L) II_ ¥ m CYTOSINE I =] ddCYTOSINE

DNA POLYMERASE




= ULV AL U LJIN A O

eaction

]

N

)
I
I
|
I
------- AAA
!
|
i
|
|
1

-------- E |
| | '
1 ]
I |
: I

S Sl s B e e S A g N -
i i |
| | !
| ) |
| | !

G I
| |
i |

- -4 --G--G---24--G-G-G - -'-

Fluorescence intensity

Sequence C ATAGCTGTTTCCTGTGTGAAA

LY

Oligonucleotide length

orescent dyes coupled to each

& oo

- — . -
L TRTTI

orescent dye coupled to
ction allows visualization
li-deoxy termination

ents by means of a laser
t detects the colored
yduct.

s shows four different
ctions as done with the
manual sequencing.



\f "III-IIIILI'III.IH" -"ﬁ'l{._ ,

. i P | |IrII
¥ |II II|,"'|||I I||"".“,..,| |/ | bl || AR | Iy I|II IIIII |'|| I'

|| |.~. ||| I|I|"
II||| I|||||||I|||| ||||II|I
!

r
[
||||'II .
] ||I|| |I| n I
I|| Y ||"',| Il

]

TR EER'EY




Fij643

9/22/2015

229 271

413 457

' 240352
4 ! 29717
1 : TE3706
f i T156a7
! ! W18082
! | Reso4
; AHOTE4E
: ! T15636
: ! 011246
: ! w2021 1
E : NZ5535
| i AADEZS 2
! | AB1ZT1T
! | TE9804
; ! 729814
; ! AHOSZEST
E ! < 44001 779
.
! I

RE917D

512

826 BT 940




GELASSEMEL
Eile Edit Eummanl:ls Eptiuns Erint ﬂelp

GelAssemble P 2 GCG
Absolute: 1 Relative: 1

THTEHHTHTEEETETETTTTTEETETHI@TETTTHEEHTEEHTHETTHHHTEHEEHEETTETHHEETEHTETEH
EHTEHHTHTEEETETETTTTTEETETHEETETTTHEEHTEEHTHETTHHHTEHEEHEEITETHHEETEHTETEH
TATCAATATCGGETCTETTTTTGCTGTRAECTGTTTACCATCGATAGTTRAARTCAGCACCE TG TAACGTGATGTCA

I 10 20 3l 41 RO ]l il
7
B
R
4
3 e >
2 e e e e >
C e >
oo I oo P I I | I oo I |
o RO 100 1650 200 250 200 350 400 450 RODO

sCtrl:Z2 for Command Mode, or 7 for help
Edit Mode:




“j:Se Lab has a Chromatogram viewer

Sample_0O6. Abi

FCc I e TN

GTGETAAGTIG
GTETAAGTG

M i JIMUH.

= A
C edited TGT A TGTGT
Fow GCTGT A TereT

GCAT AMGTGEGETGET

GTGETGEGTGEGTGEGTGTIG
GCATAAGTGET G TG TGET GTGTGETETIG

PN

—
o) o

T
T

[y
—
[y
[y

hu‘ i‘ﬁ*‘ e #“t‘ M‘# (A H‘

SCII'I'Il:IlE" 15. Pttll FaFcCc GG FET l-N
Cedited G CCCT AC P GCATCAGA TCACCT GGG CoCC oA T CGs
raw & CGCCCT AC A G GCATCAGA TCACCTIGIGIG CCCCATICGEA

-

SI:II'I'IplE"1EIPL|:Il I-Jﬁl I-': I-G I-TI-N

"~ edited ; AC A GHNTCT C G ; hCG T TACD G C GGT CGo A saCAaT AC T C CoCo
raw T 20 G AC A GHNTCT C (s ACiG TACZ G C GG CG A 8CAT AC T C CoCo

\’hu..AA,« W s A u‘h#ﬁ“lﬂﬁ. \n ...‘\L t‘h‘.&aﬂ!n M

"-

Eecenterl ClDEEI

<= Hider }}I Biv BEETH e <:-:|

=] )&

Show 3 I




= Contig[0001]

E o Oy e jew Surnrnary Cut Map Find Show Chroratograms Help Insert Help Reposition I fﬁ
i i

-q_El TTT
iEl Sarmple 14
iEl Sarmple 05

1EF BT7

iEl Sarmple 27

ACCTATTTETCAGTGGTTTTCA  GAAGCGATAGATA : GGEA : AAGTGAATTAT  GaAd  GAMGETTACAAAAGTICLE

ATCHCGTTEMGS : T CTCTHGTHGATCCAMT T TG TACCHAT TTCTCAMTGGHTTTCA  GAMGCCGAMACAMNACGS

ATCHCGTTEMGS : T . CTCTHGTHGATCCAMT T TG TACCHAT TTCTCANTGGHTTTCA  GAAGCCGAMACAMNACGY

ACTTATTT T TEAGTGG T T T TEAGGAAGCGATAGATAGGGA  AAGTGAAT TATGGAAAGGAMGGTALMCAAAMGTICT

iEl Sample 28 BCCTATTTCTCAGTGGTTTTES  GAAGCGATAGATA  GGA  AMGTGAATTAT  Gadd : GALKAGEGTTACAAAAGCCL -
2] d=ne tut -
S frag bases || 12220 [Za30 (2940 [Zas50 [Z9e0 [Zavo EEEN] FEEE
lected at AECTATTTI:TCAGTGGTTTTCAGGA#GCGATAGATACGGAZAAGTGAATTATTGAAA:GAAGGTKACAAAAGCEE_
SE Ec E a -..-i_]_-i-..--.-i._i_i-.i-.;..--..-.-:F.i-..i--.-.-;-.i._i_-.-.-i-.-.-.-i..--_|_.--i-..;..--..-.-_]_.--..;_.'_-i.i-i-i.--i ......... i‘i‘i‘..i---i---_i_.i---i..-
coOnsensus E
position 2952,
e

i

le 22 ¥2& of 651

T & CTC & TG GTT C L)

£
G 4G T &G 4T &G G A:h
| N MM[\[\HF

CCTATTT T T
HEETHTTTWH G \/T\/T\/TJ




....... i Aligned Reads

File Havigate Info Color Din Hisc

IEuanplEE.Fagta.Ecreen.ace.l IEuntigE Sone TagglPua:

| Search for String Conpl Cont Conpare Cont Find Hain Hin Errflﬂkh:i

e
I = I . . .. .. __ I .. .. I . I . I R I o

COMSEMSUS

ca-22.s
ca-21.s
ca-49.s

ca—-23.5

ca-49.r
ca—-22.r

Li|YYYY




B

| =uni]

r — e
J

Help Delete l

-r.

Help Insert Disniss i

9/22/2015 atchivah, JB-UB 65




Idenu,Fasta.ace IEuntigl Sone Tagsans:Ii
Search for Strlngl Conpl Euntl Conpare Euntl Find Hain H1n| Exp Errflﬂkh'l |553 33

1120 1130 1140 150 1160 117

COMZENZUS ALGACCAGCCTGLGCCAACGTGLGTGARACCCCATC T TAC TAARARAA TACAARACAAGAAT TAG

-

QGQEEQGEETGGEEQQEGTGGT:aai:HDDﬁTETETQETQQQQQTQEQQQEQQGQQTTQG

AGEC CAGRCC TR AT ST T ey e T T T e T o e T e e e ey T T e
add AB12.r to file deno.fasta_read_list, txt

as abowve but with options...
Tag: compresszion show nore info?
{Top Strand} Priner from 5Subclone {H13, plasnid} tenmplate
{Botton S5trand} Priner fron Subclone {H13, plasnid} tenpl
{Top S5trand?} Priner fron Clone {BAC, cosnid} tenplate

9/22/2

— i1 Trace Window: Contig] Pick <-- {Botton S5trand} Priner fron Clone (BAC, cosnid} tenplate

Tell phrap to not overlap reads discrepant at this location

Tear contig at this consensus position

|3512,r con

rd
[

Display traces for all reads

Put read AB12.r into its oun contig

Con (S L] r _ 1T _ T H L T H
H I i G C T & C TC ACT A
v I rhd A C = C C o C £
ABI A C G C C g C &
Scroll '
Together? Tesl ~ Ho |
Rennuel iirader
|5333,r con
r
con
H I -t
v I rhd
ABI
Scroll -
Together? TES' ~ Ho |

Renuuel irsader



MT-TE
MT-NDE
N

10 kbp
MT-ND4~ ’ B kbp

MT-NDAL~_
MT- \
MT-ND ; Bty
= . _—MT-CO1
MT-COI~" | MT-TS1
MT-ATPE " ==

— \ —
MT-ATPS .\ 1 MT-CO2

(1 LR
20090909
po0®

\‘-‘?"o



The human mitochondrial genome IS ONly TO- o
among the smallest in the animal kingdom. The circular
chromosome was completely sequenced by Sanger's
team in 1981 and the map is shown below:

ochondrial genes

inner circle: L strand

circle: H strand

. triple stranded DNA

[] ribosomal RNA



http://ghr.nlm.nih.gov/chromosome/MT/show/Genes

at 1Is mitochondrial DNA?

itochondria are structures within cells that convert the
energy from food into a form that cells can use. This
genetic material is known as mitochondrial DNA or
JOAMtDNA.

7 «\Mitochondrial DNA , all of which are
ssentlal for normal mitochondrial functlon

. Whirteen of these genes provide instructions for making
enzymes involved in oxidative phosphorylation.

[ F E EN

‘\---* oxygen and simple sugars to create adenosine
D90eS

. triphosphate (ATP), the cell's main energy source.

¥ The remaining genes provide instructions for making
molecules called transfer RNA (tRNA) and ribosomal
RNA (rRNA), which are chemical cousins of DNA. These
types of RNA help assemble protein building blocks
"% \(amino acids) into functioning proteins.




Activities

* Review tutorial on Western Blot http://tinyurl.com/awaut3

* Review VNTR animation http://tinyurl.com/dawjau

* Review DNA fingerprinting http://tinyurl.com/co2yml
 Review DNA forensics Problem set 1 http://tinyurl.com/clsqlg
* Review DNA forensics Problem set 2 http://tinyurl.com/b4tftq
* Review the RFLP applications http://tinyurl.com/djddcc



http://tinyurl.com/awaut3
http://tinyurl.com/dawjau
http://tinyurl.com/co2yml
http://tinyurl.com/clsglg
http://tinyurl.com/b4tftq
http://tinyurl.com/djddcc

Vocabulary and Acronyms to review

Intron

« PCR

Restriction enzyme

SDS-PAGE - review http://tinyurl.com/5¢c4wrx
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«  Brief History of Forensic DNA Typing http://tinyurl.com/dmbgvl
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