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Characteristics of the WAVE® SystemCharacteristics of the WAVECharacteristics of the WAVE®® SystemSystem
 Rapid separation of DNA 

molecules on the robust 
DNASep® Cartridge

 Peltier-cooled, dual 96-well PCR 
plate Autosampler

 Fully-automated system
 UV and/or fluorescence 

detection of DNA
 Computer-controlled automated 

data acquisition
 Advanced predictive molecular 

biology applications software

System ComponentsSystem ComponentsSystem Components
 Autosampler – Peltier controlled
 Pump
 Column Oven
 DNASep Column
 Inline Degasser
 UV or FL Detectors
 Computer System and Monitor
 Color Printer
 Fragment Collector – OptionalOptional
 Accelerator - OptionalOptional



The DNASep® Cartridge
The DNASep cartridge is the “heart” of 
the WAVE® Nucleic Acid Fragment 
Analysis System.

Robust, nonporous, alkylated poly(styrene-
divinylbenzene) matrix 

Buffer System: 

Buffer A: aqueous 0.1 M triethylammonium                 
acetate (TEAA), pH 7.0

Buffer B: aqueous 0.1 M TEAA, 25 % (v/v) 
acetonitrile, pH 7.0

Analytical cartridge: 4.6 x 50 mm
Preparative cartridge: 7.8 x 50 mm 

Polymeric DNASep Column: Polymeric DNASep Column: 
DNASep Column     Other HPLC column

 Base Material:         Polymer (patented)                Silica 
 Stationary Phase                  C18                         C18

Chemical bonding             Absorption
 Life time                        6000/injection           1000/3000/injection
 Temperature                        >80 oC                         <65 oC
 Organic Solvent                    100%                  not recommended



DNASepDNASep®® Cartridge Surface ChemistryCartridge Surface Chemistry
The positive charges of triethylammonium ions interact electrostatically with 
the negative charges on DNA. The alkyl groups of the triethylammonium ions 
interact with the hydrophobic surface of the alkylated DNASep® matrix.

Three Modes of OperationThree Modes of OperationThree Modes of Operation

Non-denaturing Partially denaturing Fully denaturing

Double-stranded DNA

– Sizing

– Quantification

– Purification

Heteroduplex analysis
– Mutation detection 

ss Nucleic Acids

– Oligonucleotides

– ss DNA

– RNA 



Three Modes of Operation

Non denaturing: 50 C (Size Dependent, Sequence Independent)
Sizing of double stranded DNA(up to 2000bp)
MSI, LOH
PCR quality check and purification
Quantitative Analysis (Q-RT-PCR)

Partially denaturing: 52-78 C (Size and Sequence Dependent)
Mutation Detection
SNP discovery

Fully denaturing: 78-80 C (Size and Sequence Dependent)
Oligo quality and purification analysis
RNA analysis (with RNASep column)

Principles of DNA SeparationPrinciples of DNA SeparationPrinciples of DNA Separation
 Sequence independent separation of double-stranded 

DNA fragments based on length

 Separation of DNA fragments according to their degree of
denaturation (TMHA) - Separation of co-migrating fragments

 Analysis of nucleic acids under denaturing conditions 
(oligonucleotides, single-stranded DNA, RNA) –
Separation dependent on single-stranded DNA  based on 
length and sequence

 Sequence independent separation of double-stranded 
DNA fragments based on lengthlength

 Separation of DNA fragments according to their degree ofdegree of
denaturationdenaturation (TMHA) - Separation of co-migrating fragments

 Analysis of nucleic acids under denaturing conditions 
(oligonucleotides, single-stranded DNA, RNA) –
Separation dependent on single-stranded DNA  based on 
length and sequence



General Protocol of WAVE DHPLC 
for SNP and Genetic Variation Study
General Protocol of WAVE DHPLC General Protocol of WAVE DHPLC 
for SNP and Genetic Variation Studyfor SNP and Genetic Variation Study

DNADNA
TemplateTemplate
Isolation Isolation 

PrimerPrimer
Selection &Selection &
AmpliconAmplicon

DesignDesign

PCRPCR
AmplificationAmplification

SNP DetectionSNP Detection
on WAVEon WAVE

HeteroduplexHeteroduplex
AnalysisAnalysis

PostPost--WAVEWAVE
AnalysisAnalysis

Data InterpretationData Interpretation

SequencingSequencing
forfor

Identified Identified SNPsSNPs

Genotyping and Scoring for SNPs 
and Mutations with DHPLC:

Search for the presence and absence of 
known Mutations and Polymorphisms

- Heteroduplex Analysis
- Primer Extension Assay

Genotyping and Scoring for Genotyping and Scoring for SNPs SNPs 
and Mutations with DHPLC:and Mutations with DHPLC:

Search for the presence and absence of 
known Mutations and Polymorphisms

- HeteroduplexHeteroduplex AnalysisAnalysis
- Primer Extension AssayPrimer Extension Assay



wild type    mutant                    heteroduplexes         homoduplexes

A  T G C A  T G CA     C G     T

TMHA TMHA -- HeteroduplexHeteroduplex AnalysisAnalysis
PCR products of wild-type and mutant alleles, differing by as little as a single base pair, 
are denatured by heating and re-annealed by slow cooling. The resultant wild-type and 
mutant homoduplexes melt at higher temperatures than the mismatch containing wild-
type/mutant heteroduplexes. The difference in melting temperature between homo- and 
heteroduplexes is the basis for the identification of mutations by DNA chromatography. 

Examples of Partial Denaturing Operation for 
Mutation Detection

(Temperature Modulated Heteroduplex Analysis )
TMHA

Examples of Partial Denaturing Operation for Examples of Partial Denaturing Operation for 
Mutation DetectionMutation Detection

(Temperature Modulated Heteroduplex Analysis )
TMHA



Human Y chromosome STS, 
sY81 (DYS271) with A-to-G 
mutation at position 168 of a 

209-bp  fragment 

Temperature Modulated 
Heteroduplex Analysis (TMHA)

Heteroduplexes are resolved 
ahead of homoduplexes at 
temperatures from 54 to 58oC.

Resolution of HomoResolution of Homo-- and and HeteroduplexesHeteroduplexes at at 
Different TemperaturesDifferent Temperatures
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WAVEMAKER SOFTAWREWAVEMAKER SOFTAWRE

From DNA Sequence to Gradient and MethodFrom DNA Sequence to Gradient and Method

DNA Sequence PageDNA Sequence PageDNA Sequence Page



Melting Profiles PageMelting Profiles PageMelting Profiles Page

Gradient Template PageGradient Template PageGradient Template Page



 Genotyping with DHPLC 
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Mutation DetectionMutation DetectionMutation Detection
Eight different polymorphisms including a deletion, 
insertion and a homozygous change in one amplicon. 
Eight different polymorphisms including a deletion, Eight different polymorphisms including a deletion, 
insertion and a homozygous change in one insertion and a homozygous change in one ampliconamplicon. . 

HeterozygousHeterozygous 7 (SNP)7 (SNP)

HeterozygousHeterozygous 6 (SNP)6 (SNP)

HeterozygousHeterozygous 5 ( 1 5 ( 1 bpbp insertion)insertion)

HeterozygousHeterozygous 4 (SNP)4 (SNP)

HeterozygousHeterozygous 3 (1 3 (1 bpbp deletiondeletion))

HeterozygousHeterozygous 2 ( SNP)2 ( SNP)

HeterozygousHeterozygous 1 ( SNP)1 ( SNP)

Wild type mixed with homozygous mutantWild type mixed with homozygous mutant

Wild type



Mutation Detection in p53 Exon 8-9Mutation Detection in p53 Mutation Detection in p53 ExonExon 88--99
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Application to SNP DiscoveryApplication to SNP Discovery

Discovery of a Y chromosome-specific SNP in Native Americans
From Underhill, �H�W���D�O, �3�1�$�6���8�6�$, 1996, 93, 196-200



Discovery of numerous (19) Y chromosome SNPs by DHPLC
From Underhill, �H�W���D�O, �*�H�Q�R�P�H���5�H�V�H�D�U�F�K, 1997, 7, 996-1005

Application to SNP DiscoveryApplication to SNP DiscoveryApplication to SNP Discovery

Low Level Mosaicism
Detectable 

by DHPLC But Not by Direct 

Sequencing

Alistair C. Jones, Julian R. Sampson,* and Jeremy P. 
Cheadle

�,�Q�V�W�L�W�X�W�H���R�I���0�H�G�L�F�D�O���*�H�Q�H�W�L�F�V�����8�Q�L�Y�H�U�V�L�W�\���R�I���:�D�O�H�V���&�R�O�O�H�J�H���R�I���0�H�G�L�F�L�Q�H����
�&�D�U�G�L�I�I����

�8�.



DHPLC mutation analysis of the 
hereditary nonpolyposis colon 

cancer  (HNPCC) genes 

hMLH1 and hMSH2

Elke Holinski-Feder , Y. Muller-Koch , W. Friedl , G. Moeslein ,

G. Keller , J. Plaschke , W. Ballhausen , M. Gross ,

K. Baldwin-Jedele , M. Jungck , E. Mangold , H. Vogelsang ,

H.-K. Schackert , P. Lohse , J. Murken , Th. Meitinger



Mutation analysis of the entire 
mitochondrial genome using denaturing 
high performance liquid chromatography

Bianca J.C. van den Bosch, Rene F.M. de Coo1, Hans R. Scholte2, 
Jeroen G. Nijland, Ruud van den Bogaard3, Marianne de Visser4, 
Christine E. M. de Die-Sumlders and Hubert J. M. Smeets

Department of Molecular Cell Biology and Genetics, Maastrict University, PO Box 1475, 6201 
BL Maastricht, The Netherlands, 1 Department of Child Neurology, Unviersity Hospital 
Rotterdam, Dr Molewaterplein 40, 3015 GD Rotterdam, The Netherlands, 2Department of 
Biochemistry, Erasmu University Rotterdam, POBox 1738, 3000 DR Rotterdam, The 
Netherlands, 3Department of Clinical Genetics, Academic Medical Center and 4Department of 
Neurology, Academic Medical Center, Meibergdreef 15, 1105 AZ Amsterdam, The 
Netherlands 







Primer extension schematicPrimer extension schematic

���� �G�7�7�3
���� �G�GC�7�3

primer
extension

5ô�G�GCTT
������ �E�D�V�H�V

5ô�G�GC
������ �E�D�V�H�V

G

primer���������E�D�V�H�V��

�*�$A
5ô

5�¶��

Genotyping of Mutation in the HFE Genotyping of Mutation in the HFE 
GeneGene

Using a Single-Base Extension Assay 
on the Wave System



Multiplex of HFE Multiplex of HFE ExonExon 2 Variants 2 Variants 
SBE of a WildSBE of a Wild--type at the H63D Locus in type at the H63D Locus in 

Multiplex of Multiplex of ExonExon 22

Multiplex of HFE Multiplex of HFE ExonExon 2 Variants 2 Variants 
SBE of a SBE of a HeterozygoteHeterozygote at the H63D at the H63D 

LocusLocus



Multiplex of HFE Multiplex of HFE ExonExon 2 Variants 2 Variants 
SBE of a SBE of a HeterozygoteHeterozygote at the H63D at the H63D 

LocusLocus

-Thalassemia

�‡ �&�K�U�R�Q�L�F���D�Q�H�P�L�D��

�‡ �$�X�W�R�V�R�P�D�O���U�H�F�H�V�V�L�Y�H���G�L�V�R�U�G�H�U

�‡ �&�D�U�U�L�H�U���I�U�H�T�X�H�Q�F�\���L�V���S�R�S�X�O�D�W�L�R�Q���V�S�H�F�L�I�L�F��
�‡ �'�X�H���W�R���D���G�H�I�H�F�W�L�Y�H���S�U�R�G�X�F�W�L�R�Q���R�I���E���F�K�D�L�Q��

�R�I���K�H�P�R�J�O�R�E�L�Q���$



 �6�H�Y�H�Q���'�+�3�/�&���I�U�D�J�P�H�Q�W�V�����'�+�3�/�&���o ����

 �������� �o �������E�S���O�R�Q�J

 �2�Q�H���V�H�W���R�I���3�&�5���F�R�Q�G�L�W�L�R�Q�V

 �6�H�Y�H�Q���'�+�3�/�&���I�U�D�J�P�H�Q�W�V�����'�+�3�/�&���6�H�Y�H�Q���'�+�3�/�&���I�U�D�J�P�H�Q�W�V�����'�+�3�/�&���o�o ��������

 ���������������� �o�o �������E�S���O�R�Q�J�������E�S���O�R�Q�J

 �2�Q�H���V�H�W���R�I���3�&�5���F�R�Q�G�L�W�L�R�Q�V�2�Q�H���V�H�W���R�I���3�&�5���F�R�Q�G�L�W�L�R�Q�V

DHPLC analysis of beta-globin gene: 
localization of DHPLC fragments
DHPLC analysis of betaDHPLC analysis of beta--globin gene: globin gene: 
localization of DHPLC fragmentslocalization of DHPLC fragments

IVS1IVS155’’ UTRUTR

1 2 3

IVS2IVS2 33’’ UTRUTR

DHPLC1DHPLC1

DHPLC7DHPLC7

DHPLC2DHPLC2

DHPLC6DHPLC6
DHPLC5DHPLC5

DHPLC4DHPLC4
DHPLC3DHPLC3

Human beta-globin gene project consumable kits 
Introduction

Primer extension coupled with dHPLC has been a powerful tool for 
genotyping. Based on this technique, we developed a consumable kit for 
clinical diagnosis of beta-Thalassemia disease in Chinese population. This 
kit genotypes five common disease causing mutations in human beta-
globin gene: -28(A>G), CD17(A>T), CD41/42(-TCTT), CD71/72(+A) and 
IVS-2-654(C>T). The whole protocol involves four steps: one PCR reaction 
that amplifies all mutations to be studied; one quick column purification; 
one multiplex primer extension reaction, and one Transgenomic Wave 
DNA fragment analysis. By adding one more multiplex primer extension 
and a WAVE analysis, five additional mutations: -29(A>G), IVS-1-5(G>C), 
CD43(G>T), CD26(G>A) and CD27/28(+C) can be detected. This method 
is simple and easy to use. The results are very easy to read and the 
accuracy is equal or greater than direct sequencing. 



MutationsMutations S and SWPRCS and SWPRC11 TaiwanTaiwan2 2 MalaysiaMalaysia33

(%)(%) (%)(%) (%)(%)
------------------------------------------------------------------------------------------------------------------------------------------------------------
28 (A28 (AG)G) 19.119.1 10.810.8 11.111.1

17 (A17 (AT)T) 19.119.1 10.810.8 2.82.8

4141--42 (42 (--TTCT)TTCT) 44.144.1 28.328.3 52.852.8

71/72+A71/72+A 2.12.1 0.00.0 2.82.8

IVSIVS--II 654 (CII 654 (CT)   T)   7.97.9 45.945.9 19.519.5

------------------------------------------------------------------------------------------------------------------------------------------------------------

TotalsTotals 92.392.3 95.895.8 89.089.0

--globin mutations in the Chinese globin mutations in the Chinese 
populationpopulation

���������%�U���-���+�D�H�P�D�W�R�O�����������������������������������������%�U���-���+�D�H�P�D�W�R�O�������������������������������������������������$�P���-���+�X�P���*�H�Q�H�W�����������������������������$�P���-���+�X�P���*�H�Q�H�W����������������������������
���������+�D�H�P�R�J�O�R�E�L�Q�����������������������+�D�H�P�R�J�O�R�E�L�Q����������������������

Negative control shows peaks from primer alone (Blue). 
For any given mutation in the primer extension (Red), there may be three possible results: 
�˜ Primer peak + wild type peak (W) indicate wild type for this site; (2 peaks) 
�˜ Primer peak + mutation peak (M) indicate homozygous mutation; (2 peaks) 
�˜ Primer peak + wild type peak + mutation peak indicate heterozygous mutation. (3 peaks) 

Result and interpretation



Strategies for Increasing WAVE 
System Sensitivity and Throughput

Strategies for Increasing WAVE Strategies for Increasing WAVE 
System Sensitivity and ThroughputSystem Sensitivity and Throughput

 PoolingPooling

 MultiplexingMultiplexing

 Fluorescence Detection Fluorescence Detection 

10X Pooling1010X PoolingX Pooling
Scoring-primer extension pooling for a mutationScoring-primer extension pooling for a mutation
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Heteroduplex Analysis - Multiplexing 
( 9 : 1 )

HeteroduplexHeteroduplex Analysis Analysis -- Multiplexing Multiplexing 
( 9 : 1 )( 9 : 1 )
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DNA Fragment Sizing and Its 
Applications

DNA Fragment Sizing and Its DNA Fragment Sizing and Its 
ApplicationsApplications



Non-denaturing conditionNonNon--denaturing conditiondenaturing condition

Gel-like”size based separation 40-2,000 bp

Resolution considerably better than most gel based 
systems (agarose and acrylamide)

Quantitative RT-PCR ( a difference from gels is 
exploited)

Oligonucleotide (analysis and purification

Gel-like”size based separation 40-2,000 bp

Resolution considerably better than most gel based 
systems (agarose and acrylamide)

Quantitative RT-PCR ( a difference from gels is 
exploited)

Oligonucleotide (analysis and purification

HighHigh--Resolution Resolution 
DNA Fragment SeparationsDNA Fragment Separations

Plasmid pUC18 was digested with the restriction endonuclease �+�D�HIII. 
Nine fragments were separated with the WAVE® System. On a 0.8% 
agarose gel, the 257 and 267 bp fragments co-migrated.

bp

587
������
������

������
����������������������������

174

������
����



Characteristics of DNA 
Fragment Sizing

Characteristics of DNA Characteristics of DNA 
Fragment SizingFragment Sizing

 Chromatographic separation is performed under 
non-denaturing conditions

 Gradient conditions for the sizing of unlabeled DNA 
fragments 

are predicted by WAVEMAKER™ Software
 Sizing of double-stranded DNA fragments from < 50 -

about 2000 bp 
 Sensitivity of UV detection: 0.5 ng/peak 
 Sensitivity of fluorescence detection: low femtomole range 
 Resolution: about 1% of fragment length 
 Quantitation by peak integration 
 Recovery of DNA fragments by peak capture 

 Chromatographic separation is performed under 
non-denaturing conditions

 Gradient conditions for the sizing of unlabeled DNA 
fragments 

are predicted by WAVEMAKER™ Software
 Sizing of double-stranded DNA fragments from < 50 -

about 2000 bp 
 Sensitivity of UV detection: 0.5 ng/peak 
 Sensitivity of fluorescence detection: low femtomole range 
 Resolution: about 1% of fragment length 
 Quantitation by peak integration 
 Recovery of DNA fragments by peak capture 

Fully Denaturing ConditionFully Denaturing Condition
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Wave Results

�$�Q�D�O�\�V�L�V���R�I���H�T�X�D�O��
�O�H�Q�J�W�K���R�O�L�J�R�V�Z�L�W�K��
�,�Q�W�G�L�I�I�H�U�H�Q�F�H

Analysis of (NH2)-
labeled and 
unlabeled oligos



Mouse Brain Total RNA (20 �ô g)Mouse Brain Total RNA (20 Mouse Brain Total RNA (20 �ô�ô g)g)

Analysis of large rRNAsAnalysis of large Analysis of large rRNAsrRNAs



Analysis of mRNA purified by peak 
capture from total RNA

Analysis of Analysis of mRNAmRNA purified by peak purified by peak 
capture from total RNAcapture from total RNA

Analysis of mouse brain poly(A)*mRNA (5 �ô g) 
obtained after two rounds of oligo(dT)-cellulose 

purification

Analysis of mouse brain poly(A)Analysis of mouse brain poly(A)*mRNA*mRNA (5 (5 �ô�ô g) g) 
obtained after two rounds of obtained after two rounds of oligo(dToligo(dT))--cellulose cellulose 

purificationpurification



Transgenomic fragment collector for 
on-line purification of DNA

TransgenomicTransgenomic fragment collector for fragment collector for 
onon--line purification of DNAline purification of DNA

DNA fragment collection based on:
 peak threshold detection
 time window for a peak
 positive slope detection
 combinations of the above

DNA fragment collection based on:
 peak threshold detection
 time window for a peak
 positive slope detection
 combinations of the above

True, homoduplex sequence was 
purified from a cocktail of PCR 
induced mutant species (the broad 
peak in front).
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WAVE Optimized™ BuffersWAVE Optimized™ Buffers

WAVE Optimized Buffers
Reproducibility

WAVE Optimized Buffers
Reproducibility

Batch 1Batch 1

Batch 2Batch 2

Batch 3Batch 3

Batch 4Batch 4

Batch 5Batch 5



Use of Homemade Buffers
Reproducibility Problems

Use of Homemade Buffers
Reproducibility Problems
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Origins of OptimaseTM

Polymerase (cont)
Origins of OptimaseTM

Polymerase (cont)

 Phylogenetic analysis 
– closely related to �3�����I�X�U�L�R�V�X�V(�3�I�X) 

– Stratagene 
– more distantly related to �7�����O�L�W�R�U�D�O�L�V(Vent)

– New England Biolabs.

 Phylogenetic analysis 
– closely related to �3�����I�X�U�L�R�V�X�V(�3�I�X) 

– Stratagene 
– more distantly related to �7�����O�L�W�R�U�D�O�L�V(Vent)

– New England Biolabs.

Characteristics of Optimase 
polymerase
Characteristics of Optimase 
polymerase

 Proofreading DNA Polymerase
– 5’ to 3’ polymerase activity
– 3’ to 5’ exonuclease activity
– Highly temperature stable 

 Proofreading DNA Polymerase
– 5’ to 3’ polymerase activity
– 3’ to 5’ exonuclease activity
– Highly temperature stable 



Compatibility with the 
WAVE System
Compatibility with the 
WAVE System

 Certain components of PCR buffers 
are incompatible with the DNASep
Cartridge

 For example:
– Bovine serum albumin (BSA)
– Detergents (Triton X-100, NP40, Tween).
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 Importance of high fidelity in dHPLC Importance of high fidelity in dHPLC

Mutation Discovery.com
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 Variation data on “all” genes, merged 

from multiple public sources
 DHPLC amplicon data from multiple 

sources
 Graphical web interface
 Private local data integration*
 Confidential data sharing*
 Integration with Navigator**
 Amplicon design support**

 Variation data on “all” genes, merged 
from multiple public sources

 DHPLC amplicon data from multiple 
sources

 Graphical web interface
 Private local data integration*
 Confidential data sharing*
 Integration with Navigator**
 Amplicon design support**
*August 2002; **TBD
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High-Throughput Sequence Variant 
Discovery

(Mutations and SNPs)

High-Throughput Sequence Variant 
Discovery

(Mutations and SNPs)
 World’s largest high-throughput WAVE®

DHPLC platform for mutation detection  
 Capillary sequencing confirmation and 

identification of each variant
 Proprietary multiplexing methods improve 

speed of analysis
 > 99% mutation detection efficiency
 Most reliable, efficient, and cost effective 

approach to sequence variant discovery
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Sequence Variant Discovery 
with the WAVE DHPLC Technology

Sequence Variant Discovery 
with the WAVE DHPLC Technology

 High Accuracy and High Sensivity
– > 99% detection rate of unknown SNPs, no false positives 
– Detection of variants in < 2-5% of sample

– DNASep DHPLC column chemistry
– Precise DNA melting temperature calculations for DHPLC 

conditions
– evelopment of a robust high fidelity thermostable DNA 

polymerase for PCR

 Transgenomic is a Leader in Mutation Detection 
Technology
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Novel and Non-detectable Human Signaling Protein Polymorphisms

Roy A Lynch et. al.,  Division of Cardiology, University of Cincinnati Medical Center
Physiology Genomics, July, 2002

Novel and NonNovel and Non--detectable Human Signaling Protein Polymorphismsdetectable Human Signaling Protein Polymorphisms

Roy A Lynch et. al.,  Division of Cardiology, University of CincRoy A Lynch et. al.,  Division of Cardiology, University of Cincinnati Medical Centerinnati Medical Center
Physiology Physiology GenomicsGenomics, July, 2002, July, 2002

The frequency of single nucleotide polymorphisms in downstream 
signaling proteins was determined by combination heteroduplex high 
performance liquid chromatography and double stranded sequencing of 
genomic DNA from 96 to 144 congestive heart failure (CHF) patients. 
Analysis of fifty-six coding exons in nine signaling genes revealed 
seventeen novel and eight previously reported synonymous (no change in 
amino acid) SNPs, as well as one novel non-synonymous SNP in the Rad
small G-protein. Because this initial analysis failed to detect numerous
SNPs reported in the NCBI and Celera databases, double strand 
sequencing of relevant exons from 74 to 91 CHF patients was used to 
confirm the absence of ten previously reported non-synonymous SNPs. 
Our results show that synonymous SNPs are frequent in signaling protein 
genes, whereas non-synonymous SNPs are rare, suggesting a high 
degree of evolutionary conservation among these downstream signaling 
molecules. 

Comparisons of our results to the NCBI and Celera databases indicates 
that 56% of their SNP entries are not detected in our cohort. Importantly, 
while 31% of database SNPs were verified, 69% of SNPs detected in our 
cohort are not included in these databases. These findings indicate that 
caution may be warranted in relying exclusively on SNP databases as 
catalogs for polymorphic signaling protein genes.

The frequency of single nucleotide polymorphisms in downstream 
signaling proteins was determined by combination heteroduplex high 
performance liquid chromatography and double stranded sequencing of 
genomic DNA from 96 to 144 congestive heart failure (CHF) patients. 
Analysis of fifty-six coding exons in nine signaling genes revealed 
seventeen novel and eight previously reported synonymous (no change in 
amino acid) SNPs, as well as one novel non-synonymous SNP in the Rad
small G-protein. Because this initial analysis failed to detect numerous
SNPs reported in the NCBI and Celera databases, double strand 
sequencing of relevant exons from 74 to 91 CHF patients was used to 
confirm the absence of ten previously reported non-synonymous SNPs. 
Our results show that synonymous SNPs are frequent in signaling protein 
genes, whereas non-synonymous SNPs are rare, suggesting a high 
degree of evolutionary conservation among these downstream signaling 
molecules. 

Comparisons of our results to the NCBI and Celera databases indicates 
that 56% of their SNP entries are not detected in our cohort. Importantly, 
while 31% of database SNPs were verified, 69% of SNPs detected in our 
cohort are not included in these databases. These findings indicate that 
caution may be warranted in relying exclusively on SNP databases as 
catalogs for polymorphic signaling protein genes.

High throughput sequence variant discovery in candidate genes (the world's 
largest HTS-DHPLC platform, processing up to 6000 samples per day), using a 

proprietary multiplexing method.  
Reliability and  accuracy, along with substantial cost savings in comparison 

with traditional mutation/SNP discovery methods.



At Transgenomic, we believe that the identification of modifications generated by 
functional SNPs (mutations) in the structure (activity) of the disease-related gene 
products (proteins) will be a key factor for the design of new compounds correcting or 
enhancing the effects of those mutations in the population. Through our functional 
proteomic group, the client has access to the internal expertise in molecular and cellular 
biology including DNA recombination, protein expression systems, and protein 
purification necessary for this identification. In addition, appropriate cellular models and 
protein-protein interactions assays are developed in order to study the biological roles of 
functional SNPs on protein structure and activity.
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” �Ò
� �‚ �Â�/
WAVE  system (DHPLC system From Transgenomic USA)

�� �U �� �Ã �#�� �e
” 2100A XÄXÀ����
��‚ …


� �n �á�3
” �Ò�Ã 3500A Comfirm sequencing data

	o�Š �U�‚ �†�á�Ó 509	Û 2100A �U�©	4�©�î (MLH1, MSH2),���î
��‚ (BRCA I, BRCA II),�×�¬�Ö�T
��‚

� �E �z�Ô�U�‚ 
� �‚ �ï 
” �Ò�m�¨ 2100A �I
!���• ,�z�Ô�†�á�}��

	X�Ê �á�Î �U�‚ �3�Ê�J�š�¬ 2100A Schizophrenia Gene

�Í �: �3	" 
• �~	H Oligo purity check and  purification
2100A


Š�E �Ò�¼�� �Ã �À�í 
• 3500A �, 	À�†�m�ç�†�è (B-globin Gene) 91.12.31

	X�Ê �á�Î �� �Ã XÀ�–�� �‚ 3500HT �� �î 
� �‚ (BRCA I, BRCA II),�U�© 	4�©�î (MLH1, MSH2) 92.03.31
Pakinson Disease

	o�Š �U�‚ �� �~�Ó 3500A Bacteria identification 92.05.01

�?
è �� �� �Ã 
� �‚ �ï 
” �Ò�m�¨ 3500A �2
½�2�K
� �‚ FAS gene 92.06.30

�� �U �� �Ã 
� �‚ �� �‚ �• 3500A �U�©	4�©�î (MLH1, MSH2),�ý�¬�î (AKPKD gene),
2100A �� �î 
� �‚ (BRCA I, BRCA II),XÀ�– �Ü�B�†�#�+	À (NF1)

�, 	À�†�m�ç�†�è (B-globin Gene)
�Å �Ä�Ã�Ã �Ô 92.10.01


