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Assay Development for Human
ldentification

Methods development for detecting short tandem repeats
using microarray and sequencing based platforms

Bio Assay:
Branch migration assay (DNA finger printing)

Connector inversion probe and Trinucleotide
Threading (TnT)

Platforms:
Microarray (printed array)
Luminex suspension beads array

Pyrosequencing (DNA template tailoring)



DNA Fingerprinting Using
Short Tandem Repeats (STRs)

Located in the non-expressing region of DNA
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The repeat region is variable between samples while the
flanking regions where PCR primers bind are constant

Homozygote = both alleles are the same length

Heterozygote = alleles differ and can be resolved from one another



CODIS Core STR Loci with Chromosomal

Positions |
STR website
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Spontaneous Branch Migration
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Biswas et. al. IMB, 1998, 279 795-806



tion Displacement Assay
length measurement)
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Reliability and Specificity of
Biochemistry: Branch Migration Assay

Before assay Wrong target does not Correct target causes
cause branch migration branch migration
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Numerous fluorescent experiments show reliability and specificity of biochemistry!



icroarray (Printed array)

R D16S539 (Allele 9, 10)
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ement by Luminex Bead Array

Pourmand et al. Proc Natl Acad Sci U S A. 2007 Apr 10;104(15):6146-51
Villablanca et al. Electrophoresis, 2008

Sample D29623 STR D16 (11/12 repeats)
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Luminex (xMAP)

Mean fluorescence intensity
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Branch migration assay

ranch migration assay to
le-stranded regions of DNA

nigration assay distinguishes the
heterozygous alleles

No “cross hybridization”™ between the targets



Connector Inversion Probe (CIP)

STR marker (Repeat region

GATA GATA GATA

l

CLONE STR CLONESTR = H2 |

Akhras et al. PLoS ONE. 2007 Sep 19;2(9):e915.



Using CIP assay for multiplex pathogen detection

GyrA amino acid position:

Wild Type gyrA

Mutant gyrA

Wild Type parC

Mutant parC




rinucleotide Threading

STR region by sequence
ucleotides e.g.GATIin

"/ GATAGATAGATA
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STR Specificity can be achieved by using three nucleotides

Non-specific product will not extend due to absence of 4" nucleotide
( dCTP in above example )



ssay’s Advantages

ex capability due to addition of
rimer sites with each STR

ability to analyze miniSTRs and
degraded DNA

3) Selective and specific amplification due to lack
of 4th nucleotide



encing

synthesis




ng approach for STR analysis?

ity of markers

- 3) Sequencing of Heterozygous samples is a
challenge

Pyrosequencing provide a solution for these
challenges



Dyad Pyrosequencing
Dyad Pyrosequencing strategy :

Dispension of two dNTPs instead of one to shorten
the analysis time




Pyrosequencing

It IS cost effective method compare to Capillary
Electrophoresis

No need for dye labeled primers
No need for allelic ladder

Multiplex PCR product

16 loci can be divided in to different wells and
sequence-specific primers can be used

Heterozygous sample

Can be sequenced by template tailoring



plate tailoring to sequence
terozygous sample

orin

polymerization at downstream
flanking region of STRs

1) Terminator nucleotide (ddNTP)
2) Peptide Nucleic Acid (PNA)



Concept of template tailoring (heterozygous sample)

1: No Template tailoring

Allele 7
J’ Allele 12

A AGARTAGATAGATAGCATAGATAGATAGAT |- AGGASATRCR ]
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GT 6T GT GT GT GT GT GT GT 6T GT 6T GT GT GT GT GT GT GT GT GT GT GT GT

Tariq M. A. and Pourmand N., Electrophoresis, 2009 (In Press)




Concept of template tailoring (heterozygous sample)

2: Template tailoring using ddCTP

Allele 7
Allele 12

AGATAGATAGFATAGATAGATAGATAGATAGGAGATACA |
AGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATIAGGAGATACA |

Tariq M. A. and Pourmand N., Electrophoresis, 2009 (In Press)




Concept of template tailoring
(heterozygous sample)

3: Template tailoring using PNA and ddCTP

Allele 6
PNA —5 ddcTpP Allele 11
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Tariq M. A. and Pourmand N., Electrophoresis, 2009 (In Press)




GATA172D05 (Homozygous Sample)

Terminating nucleotide has advantage
Template tailoring by PNA

TAGATAGATAGATAGATAGATAGAECTATATCA]

Tarig M. A. and Pourmand N., Electrophoresis, 2009 (In press)



GATA172D05 (Heterozygous sample)

Template tailoring by PNA

TASATAGATAGATAGATAGATAGA |GCT’ATATE’

TAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGA TJ.G#GC-' TATATC
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GATA31E08

PNA has advantage ( when 4t possible nucleotide for
terminating is not at the start of flanking region of STR)

Homozygous sample

AGAT AGAT AGAT AGAT AGAT AGAT AGATIAGGAGATACA

Tarig M. A. and Pourmand N., Electrophoresis, 2009 (In Press)



GATA31E08

PNA has advantage ( when 4" possible nucleotide for
terminating is not at the start of flanking region of STR)

Heterozygous sample

AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGGAGATACA
AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGAT AGGAGATACA
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Tarig M. A. and Pourmand N., Electrophoresis, 2009 (In Press)



samples by combinatorial

GATA31EO8
13,13
11,11
7,7
9,9
10,10
12,12
Ak3 10,13
Ak5 9,12
Ak2 Ak6 9,12
Ak4 Ak8 9,12
AkS 10,12 Ak9 9,10
Ak8 11,12 Ak11 7,12
Ak9 10,12 Ak12 7,7
Ak10 11,11 Ak13 7,10
Ak15 8,8 Ak19 11,12

Confirmation of genotypes by ABI Genetic Analyzer 3100

Tariq M. A. and Pourmand N., Electrophoresis, 2009 (In Press)



Conclusions

A simple, flexible and cost effective system (No
fluorescent dye labeling, No allelic ladder)

Pyrosequencing method demonstrates an approach to
sequence Heterozygous STR

Dyad Pyrosequencing generates unique DNA pattern,
shorten the analysis time, and increase the read-length

These assays can be used for other applications such as
monitoring “engrafting”



Future Directions

Pyrosequencing of 16 Autosomal STRs (CODIS)

Amplification of 16 STRs in multiplex format using
Connector Inversion Probe (CIP) / Trinucleotide
Threading (TNT)

Sequence-specific primer for individual marker
sequencing

Pyrosequencing of SNPs
Multiplex amplification of 50 SNPs
Sequence-specific primer for individual SNP

Use CIP/TNT for sample preparation for next
generation sequencing platforms
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Peptide Nucleic Acid (PNA)
Repeating N-(2-aminoethyl)-glycine units
linked by amide bonds

Strong hybridization kinetics

Klenow can't displace PNA oligonucleotide
bound to complementary DNA

Used PNA oligonucleotide to terminate
polymerization at flanking region of STR

l
P PNA oo, DMA
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